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Foreword

India is prone to several natural disasters, namely floods, cyclones, agricultural
drought, earthquakes, landslides and forest fires. The frequency of occurrence
of these disasters is alarming and necessitates suitable disaster management action
plan. Today nationwide, with latest technological advances, more particularly,
phenomenal growth in space technology, it is believed and accepted by Ministry of
Home Affairs, Government of India, that disaster risk reduction must be addressed
to minimise the losses while adopting suitable crisis management practices for
disaster management. ISRO through its communication and Earth observation
satellites facilitates communication needs and silos of geo-spatial data for disaster
risk reduction and management. Disaster risk reduction encompasses the pre-
paredness, early warning, response and recovery.

Timely, precise and near-real time-information delivery is the key for efficient
disaster management. The earth observation, communication, meteorological nav-
igation satellites and aerial surveys are the core observation systems to facilitate the
communication during disaster period, early warnings and geo-spatial value-added
products/services for preparedness, response, relief and mitigation measures.
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Hazard zonation maps for floods and landslides help for preparedness. Early
warnings regarding possible occurrence of floods, cyclones, landslides based on
meteorological observations are useful for local administration to plan for relief
measures. Agricultural drought vulnerability assessment helps to explore alternative
cropping practices in addition to insuring the farmer with crop insurance under the
PMFBY welfare scheme. Near-real-time monitoring of disaster through satellite
data improves the response of administrative machinery for crisis management
minimising loss to human life and property.

It is appropriate and the need of the hour that Andhra University College of
Engineering (A) and Indian Society of Geomatics—Visakhapatnam Chapter are
jointly organising an International Conference on Remote Sensing for Disaster
Management (ICRSDM-2017) at Visakhapatnam, Andhra Pradesh, India, to
strengthen the disaster management practices by connecting to various research
communities for effective implementation.

I wish the conference a grand success.

Hyderabad, India Dr. Y. V. N. Krishna Murthy
Director, Department of Space, National Remote

Sensing Centre, ISRO, Government of India
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Preface

Natural Disasters are not new to the Earth. However, the intensity, frequency and
extent of damage and devastation due to disasters are increasing year after year in
spite of many technological developments. Concerted efforts towards creating
public awareness, disaster vulnerability mapping, improved capacity-building and
resilience, and technology-driven management is the need of the day to tackle
disasters and to reduce the loss of human life and property. Satellite remote sensing
with its ability to provide data on Earth’s surface features and process-dynamics in
near-real time through its multispectral and repetitive capabilities is useful to
monitor and thereby mitigate and manage any natural calamity. It is the only
technology that can provide data on pre-event, during the event and post-event
indicators. Thus, with such authentic information from the remotely sensed data,
necessary mitigation measures can be suggested in order to overcome the
recurring/episodic occurrence of the hazards. Remote sensing in conjunction with
GIS and GPS technologies further enriches the decision-making process in disaster
preparedness and mitigation.

The Department of Geo-Engineering, Andhra University, Visakhapatnam has
conducted a three-day International Conference on Remote Sensing for Disaster
Management during 11–13 October, 2017 with the main objective of providing a
platform for exchanging ideas and experiences of scientists and experts in the field
of natural and anthropogenic disasters and their management.

Visakhapatnam, the most enchanting city on the east coast of India and a hub of
industrial activity, and is vulnerable to cyclones, coastal erosion and industrial
disasters has provided a perfect setting for the Conference. More than 100 delegates
attended and 78 research papers were presented in the three-day Conference.

The deliberations and scientific discourses during the conference led to several
useful suggestions and recommendations. The Conference has resolved that
large-scale maps based on geospatial technologies should be prepared high-lighting
the erosion prone zones along the sea coast and in the river basins, and landslide
prone zones in the mountain terrains. Such maps showing details in local languages
should be made available by displaying them in public places and governmental
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offices in disaster vulnerable zones. Disaster Management should be a part of the
school and college curriculums across all courses.

The governments should set up museums showcasing the disaster management
programs in vulnerable areas and also in major urban centres. This helps the citizens
to understand the disasters and to get practical training in disaster management
processes. Quizzes, mock drills and various other awareness programs should be
conducted towards disaster preparedness of the citizens.

Training in first aid methods is essential in rural areas. The Do’s and Don’ts,
written in local languages are to be displayed in public places. Blood donation
centres and mobile clinics shall be established in disaster prone areas. Counselling
by psychologists should be arranged to those who lost their family members in
disasters. Every office should maintain a disaster management directory.
Community education, web portal for helping in search-and-rescue operations, and
awareness creation on alternative ways to resources are to be provided.

All the 78 full papers in this Conference Proceedings are segregated into 11
sections representing case studies on the technological advancements and appli-
cation of remote sensing, geographic information system and global positioning
system in mapping and mitigation of various types of disasters. We hope the readers
will find this volume a useful reference.

Visakhapatnam, India Peddada Jagadeeswara Rao
Visakhapatnam, India Kakani Nageswara Rao
Tokyo, Japan Sumiko Kubo
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Chapter 1
GIS Based Management System
for Flood Forecast Applications

Sravani Duvvuri

Abstract Water resources of a country constitute mainly surface and ground water,
with rainfall being the basic source. Due to non-uniform variation of rainfall in
India, one region of India receives floods, and the other region is prone to drought.
This situation calls for proper management measures to effective utilization of
available water. Recent floods in large river systems called for the urgent need to
forecast flood conditions and manage the river environment. The author’s study on
identification of flood prone areas of Cauvery river basin, generated flood inun-
dation maps of several recurrence intervals by using hydrologic (SWAT) and
hydraulic (HEC-RAS) models integrated with GIS. Considering this as preliminary
study, a flood forecasting system is planned for Krishna river basin by using GIS
and Meteorological data. A display map will be prepared using ArcGIS, which
includes flood depth, extent of inundation with display maps and this information
will be provided in near real time to concerned authorities for taking necessary
action. These tools can be used to identify affected parcels to prioritize for reme-
diation. This will help further to manage the water resources in an effective manner,
without letting the water into sea or causing submergence to flood plain areas.

Keywords GIS � SWAT � HEC-RAS � Water surface profile � Flood inundation
map

1 Introduction

Flood is one of the most common hydrologic extremes frequently experienced by
any country. The rainfall received in India is not uniformly distributed both in time
and space. According to government of India flood statistics, about 400,000 km2

[5] of area is getting inundated due to floods every year. Andhra Pradesh has been
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frequently affected by severe floods and has suffered from many flood disasters in
terms of the population affected, frequency, extent of inundation and
socio-economic costs. The state of Andhra Pradesh has three major river basins;
among which Krishna is the second largest perennial river basin. The Krishna River
Basin is India’s fifth largest river basin covering an area of 258,948 km2 in
Peninsular India, which is nearly 8% of total geographical area of the country [10].
Most of the Krishna catchment area lies in the states of Maharashtra, Karnataka,
Telangana and Andhra Pradesh. The river is prone to heavy floods, especially
during the South-West monsoon season (June–September) and occasionally due to
thunderstorms. Due to rapid land use changes, encroachment and sedimentation, the
rivers may not be able to carry the excessive runoff resulting from heavy rains of
high intensity. As a result, the river overflows and water enters the flood plain.
Flood water surface elevation information is important to know the depth of the
flooding. Accurate water surface elevations can be computed using a hydraulic
model. Long-term continuous discharge measurements are available only in few
locations across the Indian River basins. Since the current study is agricultural
watershed, so the flow values at these locations can be simulated using hydrologic
model, SWAT [2] based on landuse practices, crop management, irrigation
scheduling and reservoir operation.

Flood frequency analysis is carried out for the flow values obtained from SWAT
to calculate the flow magnitudes of several recurrence intervals (2, 5, 10, 25, 50 and
100 years) using a statistical technique known as Log-Pearson type-III distribution
[9]. In order to map the level of flood inundation at different downstream reaches,
water surface profiles are needed at several places along the river reach. But they
are available at very limited places along with stream gauges. Hence, to fill this gap,
a hydraulic model such as HEC-RAS is often used to compute the flow depth at
various locations along the river reach. GIS is used to extract the geometric
information from the digital elevation data for input into a hydraulic model, and
then used to map the current spatial extent of flood waters using a mapping soft-
ware. Flood inundation mapping is one of the vital components in developing flood
mitigation measures especially nonstructural measures. Flood inundation extent and
depth can be found by using a mapping tool called HEC-GeoRAS [8]. Water
surface elevations greater than the terrain elevation are included in the inundation
depth grid.

2 Study Area

The basin is situated between East longitudes 73° 21′ to 81° 09′ and North latitudes
13° 07′ to 19° 25′ in the Deccan Plateau. There are 13 major tributaries which join
the Krishna River along its 1400 km course. About 68% population lives in rural
areas and is dependent on agriculture for their livelihoods. There are about 30 major
and medium dams and reservoirs constructed in the Krishna River Basin.
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The important soil types found in the basin are black soils, red soils, lateritic
soils, mixed soils, saline and alkaline soils. Diversified cropping pattern persists in
the Krishna River Basin. Principal cultivated crops are: paddy, sorghum, corn,
sugarcane, millet, cotton, sunflower, groundnut, turmeric, and a variety of

Fig. 1 Location of study area
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horticultural crops. The total cultivable area in the basin is about 203,000 km2,
which is equivalent to 78% of the total geographical area of the basin. The current
study is identified from Nagarjunasagar to Prakasam Barrage region as shown in
Fig. 1. The length of the river reach is 188 km.

3 Methodology

SWAT is a complex physically based distributed parameter hydrologic model
developed by the United States Department of Agriculture (USDA), which operates
on a daily time step [3]. In SWAT surface runoff is estimated using the SCS curve
number procedures [13] from the daily rainfall data. Based on the annual maxima of
discharge predicted by SWAT at different reach segments, flood frequency analysis
was carried out to predict the flood magnitudes of various recurrence intervals.
Log-Pearson Type III distribution is often the preferred statistical technique for
flood frequency analysis [12]. The flow values for different recurrence intervals

Fig. 2 Overall methodology
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from this technique is given as input into a hydraulic model, HEC-RAS to estimate
the water surface profiles. Flood inundation map is generated using HEC GeoRAS
by comparing water surface TIN (Triangulated Irregular Network) with DEM, to
compute the water surface elevation in the channel and flood plain. The overall
methodology process is shown in Fig. 2.

3.1 SWAT Model Set-Up

Hydrologic modeling was carried out by using a distributed hydrological model
SWAT. The data required to setup SWAT include topography, land use, soil,
weather and land management practices. Accordingly, the ArcGIS SWAT model
setup involves five major processes: (1) Watershed delineation (2) Landuse and Soil
setup (3) Hydrologic Response Unit (HRU) definition (4) Weather data and

Fig. 3 Digital elevation model
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(5) Land management information. ASTER (Advance Space borne Thermal
Emission Radiometer) DEM of 30 m resolution was used for watershed delineation
as shown in Figs. 3 and 4. Land use/land cover data was obtained from LANDSAT
imagery as shown in Fig. 5. Soils data collected from FAO (Food and Agricultural
Department), shown in Fig. 6. High resolution (0.5° � 0.5°) daily gridded rainfall
data (1971–2005) developed by India Meteorological Department (IMD) [11] and
1° � 1° daily temperature data from IMD (1969–2007) [14] was used as weather
data inputs for SWAT modelling. Watershed delineation was performed with a
threshold area of 10,000 km2 and 149 sub basins were obtained as shown in Fig. 4.
SWAT performs analysis at HRU level. So, a threshold of 5% is given to land use
and soil classifications. 1099 HRUs were obtained after incorporating threshold
criteria.

Fig. 4 Watershed delineation
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3.2 HEC-RAS Model Set-Up

HEC-RAS is designed to calculate water surface profiles for steady or unsteady
Gradually Varied Flow (GVF) in natural and manmade channels. Steady state
analysis isperformed in this study to calculate the water surface profiles using the
“standard step method”. In this method, water surface profiles are computed by
solving energy equation using an iterative procedure. HEC-GeoRAS is a geo-
graphic river analysis system developed using ArcGIS by U.S Army corps of
engineers [7] to function as a pre-processor for preparing the input data for
HEC-RAS from GIS and a post-processor to map the extent of flood plain. The data
needed to perform these computations are separated into geometric data (elevation,
river center-line, hydraulic structures etc.) and steady flow data (flow values of
various recurrence intervals). The geometric data required by HEC-RAS were
digitized from the Google earth imagery. The network was created on a reach by
reach basis, starting from the upstream end and working downstream. Due to the
lack of rating curve of flow data, the normal depth condition is assumed as the
downstream boundary by assuming the flow below the most downstream section is
mostly generally uniform. Many flood plain studies have used normal depth
boundary condition at the downstream boundary when the actual water profile or
rating curve information is lacking [1, 4]. Water surface profile predicted by
HEC-RAS beyond a threshold limit in the river length from the downstream
boundary, the effect would be negligible [6].

4 Results and Discussions

The output of the flood modeling is in the form of flood plain map, water surface
profiles. The flow values for several return periods at the outlet point of the
watershed was obtained by using Log Pearson Type-III distribution was plotted in
Fig. 7. It is seen from the results that flood model can simulate the flow profiles for
different flow conditions and the flood plain map shows that how much area
effected due to flood with different return periods. i.e., 2, 10, 25, 50, 100 years.
HEC-RAS provides the user with a large amount of hydraulic information in the
form of flood plain maps and water surface profiles for any station or cross section,
reach, and profile. sample output of flood plain map and water surface profiles of
the region is shown in Fig. 8. The ASTER DEM has a spatial resolution of 30 m,
which is a very coarse resolution for flood inundation mapping. So, for many
sections along the stream, the active channel portion was not clearly discernable.
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This profile will facilitate to adopt appropriate flood disaster mitigation mea-
sures. The flood profiles for different flood intensities with different return periods
can be plotted at any given cross section of river. Also, such flood profile can be
plotted for entire length of river reach.

Fig. 5 Land use/land cover
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Fig. 6 FAO soils data
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Fig. 7 Frequency analysis

Fig. 8 Flood plain map
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5 Conclusions

With the increasing availability of GIS data, the combination of SWAT, HEC-RAS
and GIS models provides a method for modelling and visualizing the spatial dis-
tribution of the catchment response for a given storm event in terms of flood
inundation area. The results of the model could be further improved if dense
network of weather stations is available along with a good network of stream gauge
data. High resolution digital elevation model or detailed channel cross section is not
available for this study. In spite of this, the study demonstrates that ASTER DEM
of 30 m resolution could be used for exploratory flood plain study of large
watersheds. HEC-RAS being a 1-D model, careful attention should be placed to
define the active channel section for modelling the flood depth by placing artificial
levees on the channel banks. Flood modeling using HEC-RAS is effective tool for
hydraulic study, handling of disaster management measures. These results obtained
in this study provide essential information for and administrative to analyze and the
manage flood hazards.
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Chapter 2
Rapid Detection of Regional Level
Flood Events Using AMSR-E Satellite
Images

Venkata Sai Krishna Vanama, Ch. Praveen Kumar and Y. S. Rao

Abstract Remote sensing plays a prominent role in the rapid detection of the flood
event at a regional level. In this paper, the potential of AMSR-E images in regional
level flood detection was identified. The study area of the research covers a part of
Krishna river basin in the Andhra Pradesh state of India. Spatio-temporal database
of daily Land Surface Water Coverage (LSWC) was developed by using
Normalized Difference Polarization Index (NDPI). NDPI is calculated using
AMSR-E brightness temperature of vertical and horizontal polarizations at
36.5 GHz frequency. The flood anomaly identified from the LSWC database is in
strong agreement with actual flood events like Ogni cyclone. To extract the hidden
information and similarities in the temporal images, image similarity was calculated
by using Bhattacharya distance. Based on the similarity values, all the images in the
database are ranked which helps in rapid flood information extraction. Among the
various flood events identified by the database, Ogni cyclone is chosen for in-depth
analysis. The SAR images acquired during the Ogni cyclone was used to validate
the results of AMSR-E outputs.

Keywords AMSR-E � Bhattacharya distance � NDPI � LSWC
Ogni cyclone
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1 Introduction

Urbanization and climate change have greatly influenced the water cycle which
resulted in the growing number of flood disasters globally [1]. The process of
flooding is highly dynamic, so a large spatiotemporal database helps in under-
standing the nature and characteristics of a particular flood event [2]. Hydrologic
and hydraulic models play a significant role in regional level flood identification
and mapping, but these models are highly data and cost-intensive [3]. The
geospatial technologies like Passive Microwave Remote Sensing (MRS) provide
continuous spatiotemporal data which is an economical way to understand and
identify the regional flood pattern. The main advantage of the MRS is its data
acquisition cannot be interrupted by cloud cover. These datasets can be analyzed
and processed to gain useful knowledge for formulating the policies and strategies
of effective flood management by the government agencies. Passive MRS Sensors
such as Advanced Microwave Scanning Radiometer-Earth Observing System
(AMSR-E) onboard AQUA satellite has successfully acquired the data over entire
globe from June 06, 2002 to Oct 04, 2011. After this Advanced Microwave
Scanning Radiometer 2 (AMSR2) onboard GCOM-W satellite was launched by
Japan to continue the data acquisition from July 02, 2012.

Many studies show that coarse resolution AMSR-E data was extensively used
for identification [4], monitoring [5], analysing [6] the spatiotemporal variability of
regional level flood disasters [7] and soil moisture mapping. Active MRS sensors
like ENVISAT Advanced Synthetic Aperture Radar (ASAR) acquire images at a
high spatial resolution which is very suitable for flood mapping at a local level, i.e.
small geographic region. Also, the combined use of both high and coarse resolution
MRS data helps in the better analysis of flood events [8]. The objective of this
research is to develop a simple and cost-effective approach for regional level flood
detection by combining the Land Surface Water Coverage (LSWC) database
developed from both active and passive MRS images.

2 Study Area and Datasets

A part of Krishna river basin in coastal Andhra Pradesh (AP) shown in Fig. 1 which
was flooded by Ogni cyclone during Oct 28–Nov 04, 2006 [9], is chosen as a study
area of the research.

Three coastal districts of AP namely Krishna, Guntur and Prakasam were
severely affected by the cyclone. Spatio-temporal datasets of Level-3 AMSR-E
Brightness Temperature (BT) acquired with Vertical (V) and Horizontal
(H) polarizations at 36.5 GHz from 2003 to 2010 were used for regional level flood
event detection, i.e. at a district level. The spatial resolution of Level-3AMSR-E BT
is 25 km, and the temporal resolution is 0.5 days, i.e. a day include one ascending
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and descending passes. ENVISAT ASAR Alternating Polarization Single Look
Complex (APS) images acquired before (26/08/2006) and during (04/11/2006) the
flood event was used. Both images were acquired in strip map mode during the
ascending pass of the sensor with a swath width of 89.35 km, the incident angle
ranging from 30.8° to 36.1° and the polarizations include VV and VH.

3 Methodology and Analysis

The methodology of the research is divided into two parts, the first deals with
processing and analysis of AMSR-E images, whereas second part deals with
ENVISAT ASAR images.

Fig. 1 Study area of the research
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3.1 Spatio-Temporal Analysis of Ogni Flood by AMSR-E
Data

Various time series plots are createdfrom AMSR-E images for the entire Andhra
Pradesh. Ithelped in quickly identifying the regional level flood events. At this point
of analysis, the time and spatial locations of flood events are identified at a grid size
of 25 km � 25 km. From the secondary sources, the list of flood events occurred in
Andhra Pradesh are identified. Ogni cyclone flood event is selected for detailed
analysis due to the availability of high-resolution active MRS data. Therefore, all
the AMSR-E images are clipped to the same spatial extent of active SAR images for
further analysis.

Level-3 AMSR-E BT images are calibrated by using the calibration factor (0.01)
as given in the AMSR-E user manual [10] to obtain the actual BT in Kelvin. After
the calibration, ascending and descending pass of AMSR-E images per day are
averaged to generate a daily mosaic for both the polarizations. This daily product is
further used to generate the normalized difference polarization index (NDPI) [11]
by using the formula NDPI = (BT36:5V � BT36:5HÞ=ðBT36:5V þBT36:5HÞ where V,H
refers to vertical and horizontal polarizations and 36.5 refers to frequencies of the
emitted microwave signal to capture the flood. This index can significantly identify
the presence of water on the land surface and can segregate the land and water
surfaces. A simple normalization technique, the minimum-maximum stretch was
applied on the index values to ease the interpretation of data which resulted in the
formation of LSWC database from 2003 to 2010. The values of LSWC ranges from
0 to 100 where the higher values represent the flooded areas, and the lower values
represent no flooded areas. For any flood-affected region, the fraction of land
surface under the water cover is high. Hence, the LSWC computed from AMSR-E
also represents a higher range of values. In addition to its applications in flood
mapping, LSWC is also one of the most important criteria in crop growth and
drought monitoring [12].

3.2 Spatial Analysis of Ogni Flood by ENVISAT Images

The ENVISAT ASAR VV SLC images are chosen for flood detection and mapping
because co-polarized images are better than cross-polarized images. VV is more
sensitive to water and results in high backscattering values than VH. The
pre-processing of both pre and during flood ASAR images include radiometric
calibration wherein radar pixel intensity, and the incident angle is used to compute
backscattering coefficient (r0). The r0vv images are multi-looked with 8 * 2 (16
looks) to remove the speckle noise. To a certain extent, multi-looking can reduce
the speckle noise, but to further reduce it, median speckle filter [13] with a window
size of 3 * 3 is used. Slant range to ground range conversion and geocoding is
performed to calculate the area of the flooded region. The simple difference method
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[14, 15] is used to highlight the flooded regions. In this method, firstly the absolute
difference is calculated from the processed r0 values of pre and during flood images
to obtain the difference image. Secondly, them asking operation is performed on
difference image by manually selecting a threshold [16] of Intensity (I) � 10.7 to
highlight the flooded regions.

4 Results and Discussions

4.1 Flood Detection from AMSR-E Images

Various time series plots such as daily, monthly and yearly are created from the
LSWC database to understand the temporal distribution of flood.

The daily, monthly and yearly variation of LSWC are obtained by day, month
and year wise averaging of all the pixels. These averages are calculated on a pixel
by pixel basis, and all the computations are done based on the data availability for a
particular day and all the missing data are omitted. Figure 2a shows the daily (first
level of spatio-temporal aggregation) variation of LSWC for the flooded year (or-
ange colour line) is plotted against all year’s average (blue colour line). Figure 2b
shows the daily variation of LSWC for all the years continuously that helps in flood
trend identification. The flooded pattern is very clear in this figure and the flooded
day, i.e. November 04, 2006, is highlighted in green colour vowel shape. The daily
LSWC of the flood year is higher than the daily average of all years. Unfortunately,
there was no pass of the satellite on some days of cyclone duration, i.e. 30th Oct
2006, 1st Nov 2006. From Fig. 2, it is also seen that some days in the time series
are having higher peaks than the flooded regions. The occurrence of high peaks
might be because of heavy rainfall during the monsoon season or the presence of
large water bodies, diverse land uses and also two pixels in the study area has the
part of the ocean. So, the microwave signal emitted from these pixels can also
contribute to high LSWC. For in-depth analysis, a special investigation through
data mining algorithms [17] and geospatial analysis is needed.

Figure 3a shows the monthly variation of LSWC for the flooded year (orange
colour line) is plotted against all year’s average (blue colour line). Figure 3b shows
a monthly (second level of spatio-temporal aggregation) variation of LSWC for all
the years. The flooded month, i.e. October, is highlighted in green colour vowel
shape. From Fig. 3, it is also observed that August month is showing the higher
LSWC percentage and also the LSWC percentage of the flooded year is lower than
the monthly average of all years. This phenomenon can be understandable from
Fig. 3b as it is showing the increasing trend of LSWC through the years 2003–
2010. Due to low variation in the data and the low intensity of cyclone occurred for
few days in October, the monthly LSWC of the flood year is lower than the monthly
average of all years in October 2006. Whereas the intensity of cyclone is increased
in the November month, the monthly LSWC of the flood year is higher than
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the monthly average of all years in November 2006. Figure 4 shows the monthly
spatial variation of LSWC in Ogni cyclone flood affected area. A standard deviation
stretch with n = 2.5 is applied on the images. The blue colour in the represents
100% LSWC, and red colour represents 0% LSWC. The low spatial variation in the
images is attributed to heterogeneous land uses, spatio-temporal aggregation, and
coarse resolution of the data.

Figure 5 shows the yearly (third level of spatio-temporal aggregation) variation
of LSWC for the years 2002–2010. An exponential regression curve is fitted to the
yearly data and obtained an R2 value of 0.8147. It is seen that there is an increasing
trend in LSWC throughout the years. The increasing trend in the LSWC attributes
to heavy urbanization in the study area as well as missing data is not accounted in
the analysis.

4.2 Image Similarity Calculation

To find out the hidden regularities and to get more information from the LSWC
geodatabase, an image with highest LSWC is chosen. Image similarity for all the
images is calculated by comparing to highest LSWC image using Bhattacharya

Flooded day

Flooded day

(a)

(b)

Fig. 2 Daily variation of LSWC in Ogni cyclone flood affected area
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distance. The smaller distance indicates a better match between the two images and
vice versa. From the results, it is found that images during the monsoon season have
high similarity values. It is mainly due to the heavy rainfall that makes the land
surface covered with more water. Based on these similarity values, all the images in
the database are ranked which helps in rapid flood information extraction. Out of
the eight images from Oct 28 to Nov 04, 2006 when the Ogni flood occurs, Oct
30th image had the highest similarity value with 0.812436 and ranked as a 14th
image in the entire database.

Flooded 
month

Flooded 
month

(a)

(b)

Fig. 3 Monthly variation of LSWC in Ogni cyclone flood affected area
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4.3 Flood Detection from ENVISAT Images

The high spatial resolution of ENVISAT ASAR images enables the accurate
identification of the flooded regions. From the AMSR-E results, temporal compo-
nent of the flood is identified but the spatial component, i.e. identification of exact
spatial locations of flooded regions can be achieved by ENVISAT ASAR VV pre
and during flood images. The spatial extent of flood area identified by difference
methods is around 631.402 m2. A threshold of intensity values greater than 10.1 dB
is chosen for flood identification. The SLC images are shown in Fig. 6, and geo-
coded images are shown in Fig. 7. In Fig. 8, the flooded area is shown in red
colour, whereas blue colour showed the permanent water body.

Fig. 4 Monthly spatial variation of LSWC in Ogni cyclone flood affected area

Fig. 5 Yearly variation of LSWC in Ogni cyclone flood affected area
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Pre flood Post flood

Fig. 6 Pre (left) and during (right) flood ENVISAT ASAR VV SLC images

Pre flood Post flood

Fig. 7 Pre (left) and during (right) flood geocoded images
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5 Conclusions

In this paper, LSWC is derived from passive coarse resolution AMSR-E BT. The
daily LSWC geodatabase in the time series from 2003 to 2010 has been created.
This geodatabase has a great potential to quickly identify the spatial and temporal
components of various flood events at a regional level. Also, first level of
spatio-temporal aggregation of data is more useful for identifying the regional level
flood event. Image similarity calculation also plays a major role in getting more
information and hidden similarities in the flood pattern. The results of AMSR-E are
also in good agreement with the active ENVISAT ASAR images. The limitations of
the LSWC geodatabase is the underestimation of the flooded area due to its coarse
resolution, and heterogeneous land uses in the study area.
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Chapter 3
GIS Technology for Assessment
of Urban Green Cover Area of Madurai
Corporation in Tamil Nadu

Nagaraju Thummala, M. Madhuri, E. Srinivas, A. Narsing Rao
and V. E. Nethaji Mariappan

Abstract India is one among the developing country that needs attention in the
planning and development of urban areas such as smart cities in intention of (urban
space index). Remote sensing and geospatial tools includes satellite based systems
together with GIS enable a planner to spatially map the urban region in near real
time condition, provide management and decision support system for urban plan-
ning. An initiative was taken up to map thematic layers Madurai Corporation using
high resolution Cartosat-2 satellite data. A visual interpretation technique was
employed to delineate spatial features that are individual trees, group of trees,
building area, water bodies, parks and temples were derived in GIS environment.
Respective thematic are listed as tree cover area 6.0190 km2, Buildings
29.0749 km2, Parks 0.1055 km2, Water bodies 4.0318 km2 and other area
17.4929 km2 out of 52.9054 km2 area coverage of Madurai municipality corpo-
ration and total number of trees 2,19,145 trees identified from crown area calcu-
lation method. Eventually a methodology is evolved to spatially define applicable
green space areas.

Keywords Remote sensing � GIS � Madurai corporation � Crown area
Number of trees � Green pace
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1 Introduction

Urban green spaces are defined as public and private open spaces in urban areas [1],
primarily covered by vegetation, or open spaces which are directly or indirectly
available for the user. Green spaces have their own ecological function in the
environment. But when we concern with urban environment then we find their
social function as well [2]. Urban areas can comprises large variety of green spaces
[2, 3], such as gardens green area near government department, private and
Industrial green areas [2]. Green crown area plays a major role in urban and
industrial areas through their social, economic and environmental benefaction to
resident’s health and wellbeing [4]. The World Health Organization (WHO)
established green space per capita standard values. According to WHO, the mini-
mum amount of green space required per capita for healthy living is 9.5 m2/person
[1]. Remote sensing a new technology that can gather information on a target
without coming in direct contact, and usually refers to the acquisition and pro-
cessing of information on the earth’s surface. From this aspect, Crown area and
number of trees planning should be an essential part of any urban area development.
In this study an integrated approach of GIS and Remote Sensing Technology has
been applied to identify and analyze the patterns of spatial information on devel-
opments of urban areas. We compare a rather unique dataset from urban trees
scrutinize their stem diameter crown width with classified different tree species
from Cartosat-2 satellite data. Number of trees calculated from individual trees and
group of crown cover area from Cartosat-2 satellite data derived from crown area
calculation method.

2 Study Area and Satellite Data

Madurai is one of the industrialized cities referred as Detroit of India The spatial
area of Madurai corporation area 53 km2. Madurai District is located at show
location map 9° 56′N 78° 07′E/9.93°N 7.12°E/9.93;78.12 as shown in the Fig. 1.
That has an average elevation of 103 m above mean sea level according to the
survey of India [5]. Madurai Corporation a tropical climate with average annual
temperature of 25.1 °C {min} to 39.8 °C (max). The humidity is generally in the
change from 59 to 81% and in the evening time is a blessing to combat the high
temperature and humidity during hottest months. The mean annual rainfall of the
Madurai Corporation is in the extent of 1283.1 to 1233.2 mm. Madurai Corporation
is underlain by various geological formations from the ancient Archaeans to the
Recent Alluvium.

Data are analysed by using suitable Cartosat-2 satellite data as inputs, new
datasets and results for various geo processing tools. This helps to make a reiterate,
well—recorded data processing workflow. Utilizer also works with ArcGIS data file
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to implement spatial analysis. Visual interpretation and different classification plays
an important role in describing spatial features of the objects by a geo spatial
organization.

3 Methodology

Urban area coverage in Madurai Corporation was mapped using digital image
processing software and ArcGIS software for digitization and classification using
Cartosat-2 satellite data. The satellite data products were found possess higher
resolution and therefore we could able to generate all themes in a precise manner.
Thematic features such as trees, buildings, parks, tanks, temples and other areas
were derived in Madurai Corporation. Area of each land uses were calculated in
square kilometer. Remote sensing is an important source of information for GIS
which are then displayed as digital images [6]. Digitizing is the process of making
features we can see on the Cartosat-2 image editable and making them. At present,
maps are mainly digitized by editing in special sizes of particular earth feature that
can be handled by a shape file layer. When preparing the catalogue, consider the
characteristics of map data so that it allows convenient access. The basic idea is to
express total crown cover area as a relation between the sum of the crown areas of
nearby trees at a time and the area of their convex hull [7]. The delineation tree
cover was carried out two ways (i) wherever the individual trees are visible at the
scale of 1:10,000 such trees are plotted as points within the framework of Madurai
corporations [2]. These usually exists as avenues trees or road side trees where the
trees are planted linearly thereby enumeration of trees were possible through visual
interpretation. (ii) In most of the places, merging of trees happen to be problem,
where all the different tree species were grouped together, were individual tree
enumeration seems to be practically not possible. In that scenario, boundary of the
grouped trees was demarcated spatially and its spatial extent was calculated and

Fig. 1 Location map of the Madurai Corporation study area
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classified areas fulfilling different tree species thresholds. With the expertise
available from the individual and the ground truth information the tree diameter is
identified. Aggregating the trees diameter to total demarcated area will provide us
the number of trees within the spatial extent. Crown area is the actual area of a tree
as observed from the space [7]. This study involve only the satellite data compo-
nent, we used Cartosat-2 data to derive the crown diameter of individual tree for a
single tree surrounding group of crown area. In spite of the fact that among the
grouping of trees, we devised a novel strategy of deriving the trees area of indi-
vidual shape file. It is well known fact that there would gaps between the trees, and
such gaps will not account for the crown area (i.e.) is to be eliminated from the
individual shape file [2]. A separate analysis was taken up on how to deduce the
gaps within and between trees to derive the actual crown area. Finally, the potential
crown cover area within the study area is determined. The results the sum of
classified areas fulfilling different tree species thresholds are compared with field
data which area is difficult to identification in satellite data. Water bodies cover with
ponds, lakes, rivers, streams and water tanks structures that are spatially sensible on
the Cartosat-2 satellite images. These features are dynamic [2] and temporal in
nature [8]. It is an illustrious that all the Madurai Corporation possesses large
number of concrete shape to accommodate all Government departments, residential
and private centres. Such attributes are identified based on reflectance properties of
Cartosat-2 satellite that are represented by light tonal differential due to earth sur-
face highest reflectance. Features such as parks and temples usually have a pattern
in the form of rectangle or square which will be a minimum requirement for
delineation of these boundaries. All these boundaries are identified in shape file
format in temples. Areas other than aforementioned features are represented as open
area. Usually such are less open area in Madurai corporation and more in all other.

4 Results and Discussion

In Madurai Corporation occupied total area 53 km2, minimum area occupied in
temple area and maximum area occupied building area as well as occupied Tanks,
Parks, Trees as shown in the bellow Table 1. In case of sparse distribution,
grouping takes place depends on the level of distribution as segments. Sample
points were selected to identify centre point of each tree species; radius and
diameter of tree crown were also performed for most of the trees. An average tree
diameter was arrived, that helped to us to derive circumference of individual tree.
The average diameter value was used as an input to derive number of trees from
each grouped shape file. Thus tree number and crown area was enumerated for
Madurai Corporation. Cartosat-2 data used to derive the crown diameter of indi-
vidual tree surrounding group of trees. Each tree area calculated (circle
area = PR2). Approximately the mean crown area radius modified according to the
(http://www.ents-bbs.org/viewtopic) that Equation as follows (1)
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Average crown spread radius ¼ longest spread þ longest cross spreadð Þ=4 ð1Þ

Finally approximately tree circle Radius value was taken as 2 to 5 m as follows
in the Eq. (2) and these values applied to classifies group crown area from
Cartosat-2 data for estimation of number of trees. Each tree area is occupied 12.56
to 78.5 m2, finally studied total number of trees from total crown area divided by
each tree area [2]. Alternatively the trees crown area can be estimated and crown
spread computed from that value Easy Acreage V1.0 (demo version) http://www.
wildsoft.org/2013 are measurement tool that calculates the area of any tree shape
area. The area is arrested as the area of a similar circle. Approximately the mean
crown area radius calculates according to the (http://www.ents-bbs.org/viewtopic)
that Equation as follows (3). The total number of trees in Madurai Corporation was
containing 235,528 trees as shown in the Table 2.

Crown spread radius ¼ area=pð Þ1=2 ð2Þ

Number of trees ¼ Total crown area
Each tree crown area

ð3Þ

TNT ¼ TCRA � Tchð Þ
PR2 ð4Þ

Table 1 Madurai
corporation different area
calculation

Madurai Municipal Corporation area

S. No Name Area (km2)

1 Total area 52.9054

2 Buildings 29.0749

3 Parks 0.1055

4 Tanks 0.1055

5 Temples 0.1097

6 Trees area 6.0190

7 Others 17.4929

Table 2 Detail of Madurai Corporation Crown area trees and individual trees from Crtosat-2 data

Crown spread
radius(m)

Total tree crown
cover area (km2)

Gaps between tree area
(km2) (convex hull)

Crown
area
(km2)

Number
of trees

2 1.30 0.08 1.22 97,133

3 2.41 0.06 2.35 83,159

4 2.10 0.18 1.92 38,216

5 0.21 0.16 0.05 637

Total 6.02 0.48 5.54 2,19,145

Individual trees 16,383
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where TNT = Total number of trees, TCRA = Total crown cover area, Tch = area of
the convex hull.

During the way of the mapping moderns, area of structure as view from satellite
data a minimum size of 2 m * 2 m size can be mapped [2].

Larger structures could be spatially arrested in a convenient manner. At all point
of time the map scale has been attached to 1:10,000 scales in order to acquire
maximum features with exact accuracy. Area calculation was carried out in ArcGIS
software to derive total area of the Madurai buildings (29.0749 km2). A separate
work on delineation of tanks was taken up by digitizing boundary of tanks, ponds,
lakes, river and streams within the study region. Boundary of water bodies was
digitized as area of the water as shown in the Fig. 2. Water level of the water bodies
may not be considered as water boundary, as water level of the lakes varies
according to the seasonal rainfall [8]. Generally lakes possess different shape as
viewed through satellite data. Lake Layer was generated for Madurai region that
accounts for (23.73 km2). These water bodies have a similar pattern as seen through
Cartosat-2 satellite data. Parks feature may be represented by the open spaces at the
centre of grassland and plantation of trees area as shown in the Fig. 2. A vey
minimum concrete shape is available in the grassland for recreation purpose. Such
structure are delineated as polygon feature from Cartosat-2 satellite imagery and
aggregated to a single layer to derive the park area of Madurai Municipal
Corporation that accounted for 3.21 km2.

Temples are widely dispensed within the Madurai municipal corporation. The
older place of warship possesses larger boundary with more open spaces and little
tree areas and recent temples are smaller in size having greenery and less open
spaces where total area of temples was of 0.85 km2 of the total area of 52 km2.
Madurai corporations.

The regions that a left other than the aforementioned themes were classified as
other regions. Such areas were not extracted from Cartosat-2 satellite data.
However, the open spaces left out after delineating all the themes are referred as
other regions. These regions include both government parcels and private parcels
that are suited for development of greenery within the Madurai Corporation
(17.49 km2).

Fig. 2 Madurai City Corporation of tree covers area, parks area, water body and temples
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5 Conclusions

A Green cover area evaluation study has been carried out to estimate the existing
green cover area in Madurai Corporation of Tamil Nadu calculable. Cartosat-2 data
with a pixel resolution of 1 m of gray scale was very efficient in deriving infor-
mation on large scale objects such as buildings, individual trees, tanks and temples
of very smaller size. The methodology adopted in this study can be utilized
effectively in other urban centres to calculate the required amount of number of
trees, green spaces and to identify the sites to create green spaces, in order to
enhance the environmental quality of the city based on WHO standards. It could be
effect that a decrease of the tree crown density in urban area leads to an increase of
population in urban area. In future studies, the method will be firstly investigated
for mixed trees and individual trees; secondly a validation with urban inventory will
be performed and evaluation of connected benefits of trees in urban planning
processes.
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Chapter 4
Insight to the Potentials of Sentinel-1
SAR Data for Embankment Breach
Assessment

Thota Sivasankar, Ranjit Das, Suranjana B. Borah and P. L. N. Raju

Abstract Embankment breaching is one of the serious issues on the innumerous
streams of the Brahmaputra floodplains during the monsoon season, which extends
from May to October, leading to major agricultural damages by inundation and sand
casting. These floodplains are highly fertile areas supporting a dense population
largely dependent on agriculture for livelihood. Therefore, continuous monitoring
and management is required so that the annual loss due to embankment breaching
can be minimized. Traditional on-site methods are laborious and time consuming.
The use of Synthetic Aperture Radar (SAR) data for this application is recommended
instead of commonly used optical remote sensing data due to its all-weather capa-
bility and high sensitivity towards dielectric constant. This study analyses the
potentials of C-band dual polarized (VV + VH) SAR data for embankment moni-
toring and breach assessment such as identification of breach locations, length of
breach and area affected due to inundation after occurrence of breach. For the
purpose of study, Solengi river, a north bank tributary of the Brahmaputra in Assam
is used as a case study. Temporal Sentinel-1 data are continuously analyzed to
monitor critical points of embankments and develop a suitable methodology to
operationalize embankment breach monitoring. The initial analysis shows encour-
aging results. This methodology, if successful, may be helpful to automate the
process of monitoring embankment breaches enabling better decision making.
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1 Introduction

Embankments are artificial constructions raised on the banks of rivers that are prone
to annual flooding in order to protect the low-lying communities and infra-structure
residing next to them. Assam is one of the states of India where huge devastation
occurs every year during monsoon due to flood leading to loss of valuable lives and
property. Artificial embankments on the innumerous streams of the Brahmaputra
valley act as lifelines during the flood season which extends from May to October.
But these embankments are highly vulnerable to breaching leading to agricultural
damage by inundation and sand casting [1]. Continuous monitoring and manage-
ment is required so that the annual loss due to embankment breaching can be
minimised. Traditional on-site methods are laborious and time consuming. Remote
sensing offers the advantage of synoptic and temporal coverage thus reducing the
effort and time required for assessment of breached areas. The use of Synthetic
Aperture Radar (SAR) data for this application is recommended over the optical
remote sensing data owing to its all-weather (clouds, fog, smoke and to some extent
rain) capability and high sensitivity towards dielectric constant [2].

Since the successful launch of the first operational space-borne SAR sensor
onboard ERS-1, SAR technology has advanced significantly and its potentials for
various remote sensing applications has been widely evaluated. Consequently,
several space-borne SAR missions have been launched by various countries, pro-
viding uninterrupted earth observation data for the remote sensing community.
Numerous studies have used SAR data for various disaster monitoring and damage
assessment applications [3–5]. On the other hand, there is a trade-off between
spatial resolution, swath coverage and temporal resolution of remote sensing data.
As far as flood monitoring is concerned, high spatial as well as temporal resolution
data covering a larger swath is required for effective planning and decision making.
The recent advancement of Terrain Observation by Progressive Scans SAR
(TOPSAR), which is an optimized ScanSAR technique, solves the problems of
scalloping and azimuth varying ambiguities [6]. Using TOPSAR, the recently
launched SAR missions, such as Sentinel-1A/1B, are capable of providing SAR
data with spatial resolution (Rz � Az: 5 � 20 m) and temporal resolution
(12 days) covering a swath of 250 km, which can be particularly useful in flood
monitoring and damage assessment [7, 8].

The backscatter thresholding technique, which is a pixel-based operation, has
been extensively adopted for flood inundation mapping. If the water fraction is
more than 50%, specular reflection is dominant that results in low backscatter [9,
10]. The histogram of SAR backscatter data over water abundant terrain is of
bimodal nature. Several techniques have been proposed to automatically determine
the threshold value based on bimodal histogram to separate water bodies from other
land cover targets [11–13]. However, the bimodal distribution may lose prominence
in some of the cases due to increased roughness caused by wind and rain [10, 14].
So, the bi-modal based automatic thresholding approaches may not be a reliable
solution for effective monitoring. Unlike the above histogram thresholding
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processes, global thresholding approaches have also been extensively applied. In
global thresholding technique, a single threshold for all the image pixels is used.
Calibrated SAR data (backscatter) is a better representation of the target properties
enabling comparison between temporal data as well as SAR data from different
sensors [15]. Therefore, this study aims to analyse temporal Sentinel-1 SAR data
and identify global threshold values for backscattering coefficients.

Sentinel-1 is providing SAR data in VV/VH polarizations for remote sensing
community since 2014. [7, 16] have observed that like-polarization can better
delineate open water features rather than cross-polarized data. However, the high
soil moisture areas along with flood inundated areas can better help for embank-
ment breach identification and its impact on the surrounding areas.

2 Materials and Methods

Around 40% of the state of Assam is prone to annual flooding which is further
aggravated due to severe erosion and embankment breaching. Majority of the
embankments in the state is prone to breaching not only due to heavy rainfall and
flooding but also due to erosion, encroachment and soil condition. The Solengi river
is one of the smaller north bank tributaries of the Brahmaputra river originating
from the Arunachal Himalayas and flowing into the Brahmaputra in Biswanath
district of Assam. The Solengi river like all other north bank tributaries of the
Brahmaputra flows through steep slopes of the Himalayas and suddenly into almost
flat terrain of the Brahmaputra plains in Assam. This sudden flattening of slope and
heavy sediment in the river results in shallow braided channel in the floodplain
region which is tremendously flashy in nature. The Solengi river is protected by
embankments on both sides of its entire course through the flood-plain. Heavy
rainfall during monsoon leads to sudden swelling of the shallow river which in turn
leads to breaching at vulnerable locations during almost every flood season.
Therefore this river has been chosen as a case study for demonstrating the capability
of SAR data for detection of embankment breach locations and assessing its
damage extent.

Sentinel-1 SAR data which operates in C-band (5.407 GHz) has been utilized
for carrying out the study. Sentinel-1, part of the European Space Agency’s
Copernicus programme, consists of two satellites launched on 3 April 2014 and 25
April 2016 which operates in four modes of acquisition viz. Stripmap (SM),
Interferometric Wide swath (IW), Extra-Wide swath (EW), and Wave (WV). The
procured Sentinel images are dual polarization (VV and VH), with spatial resolu-
tion of 5 m � 20 m (Range � Azimuth). The observation mode of Sentinel-1 is
interferometric wide swath (IW) mode having observation width of 250 km at an
off-nadir angle ranging from 29.1° to 46.0°. The details of the eight Sentinel-1 SAR
images collected over the study area between 9th April 2016 and 18th October
2016 are listed in Table 1.
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All the 8 scenes have been processed to generate calibrated and terrain corrected
Sentinel-1 SAR images using Sentinel’s Application Platform (SNAP). In this
study, Refined Lee filter of 7 � 7 pixel size was applied to both like-polarized and
cross-polarized images. Due to topographical variations of a scene and the tilt of the
satellite sensor, distances can be distorted in the SAR images. So, terrain correc-
tions are intended to compensate for these distortions so that the geometric repre-
sentation of the image will be as close as possible to the real world. The SRTM 1 s
HGT data has been used for range doppler terrain correction.

3 Results and Discussions

The eight temporal images downloaded for the entire monsoon season were
pre-processed and analysed for identification of embankment breaches. Figure 1
shows all the processed images with cross-polarized VH band in red and
like-polarized VV band in green for visualization. Two breach locations are iden-
tified and the first breach is identified on image acquired on 14th July, 2016.
Another vulnerable area for breaching is observed on image of 7th August, 2016
due to seepage of stream water as high soil moisture area is detected. Embankment
breaching in this location is finally observed on the image acquired on 24th
September, 2016. If this water leakage condition could be identified in time, the
second breach could have been prevented.

Figure 2 shows the histogram of backscatter values for both VH (Red) and VV
(Green) polarizations acquired on 14th July 2016. It is observed that the bimodal
nature of histogram, which is usually used for backscatter thresholding to separate
out land and water bodies, is not prominent in VH whereas it is completely absent
in the VV band. Therefore, global thresholding technique was applied and his-
tograms were carefully analysed for selecting the threshold values.

Like-polarization (VV) data is commonly used for detection of open-water
features, with low backscatter from open water and increase in backscatter as soil
moisture increases [7, 16]. Figure 3 shows the comparison between VH and VV
polarized data for 7th August, 2016. It is clearly seen that soil moisture areas are

Table 1 List of Sentinel-1
scenes used for this study

S. no. Polarization (s) Date of acquisition Mode

1 VV/VH 9th April 2016 IW

2 VV/VH 3rd May 2016 IW

3 VV/VH 27th May 2016 IW

4 VV/VH 14th July 2016 IW

5 VV/VH 7th August 2016 IW

6 VV/VH 31st August 2016 IW

7 VV/VH 24th September 2016 IW

8 VV/VH 18th October 2016 IW
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(a) 9
th

April 2016 (b) 3
rd

May 2016 (c) 27
th

May 2016

(d) 14 th July 2016 (e) 7 th August 2016 (f) 31 st August 2016

(g) 24 th September 2016 (h) 18 th October 2016

Fig. 1 Temporal Sentinel-1 images acquired over study area
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(a) Full view (b) Zoom view

Fig. 2 Histogram of VH and VV backscatter values on 14th July 2016

Fig. 3 Backscatter images of VH and VV polarization on 7th August 2016
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more prominent in VH polarized data with low backscatter as open water compared
to VV polarization with low backscatter from open water and high from soil
moisture areas.

This analysis identified VH backscatter is suitable for identification of breaches
and to create an inventory of the affected area due to breaching. The global
threshold of −22.85 dB for VH backscatter has been defined from the analysis.
Figure 4 shows the results of global thresholding technique applied to all the
temporal images acquired after the occurrence of the first breach. Inundated areas
due to embankment breaching and high soil moisture areas are highlighted. This
technique can be effectively used for identifying embankment breaches and areas
inundated due to breaching during the flood season as availability of optical data is
scarce due to cloud cover during this season. It is observed that the first breach
(identified on 14th July image) is of length 78.75 m affecting an area of about
65.89 acres. The second breach (observed on 24th September image) occurred
slowly due to water seepage which was observed initially on 7th August 2016
image and reached to an embankment breach of 86.27 m length with affected area
of about 30.22 acres on 24th September 2016.

(a) 14th July 2016 (b) 7th August 2016 (c) 31st August 2016

(d) 24th September 2016 (e) 18th October 2016

Fig. 4 Temporal inundated areas identified using thresholding technique
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4 Conclusions

This study was an attempt to analyse the feasibility and potential of Sentinel-1 SAR
data for embankment breach assessment. Eight temporal dual polarized (VV/VH)
SAR datasets over Solengi river, Assam has been analysed. The results of the study
shows that VH polarized data is more suitable for embankment breach studies. This
study also portrays the potential of SAR data in identifying probable locations of
embankment breaching if the breaching occurs slowly due to water seepage from
weak areas under embankments. Two breaches have been identified in study area,
where first breach was observed on 14th July 2016 of length 78.75 m with area
affected 65.89 acres and second breach has occurred slowly due to water seepage
on 7th August 2016, breaching to a length of 86.27 m with area affected
30.22 acres on 24th September 2016.

The results show that Sentinel-1 SAR data can be effectively used for
embankment monitoring and damage assessment due to breaching. The process can
also be automated using near real time Sentinel-1 SAR data along with accurate
embankment information.
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provision.
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Chapter 5
Security Issues in Geo-Spatial Big Data
Analytics with Special Reference
to Disaster Management
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Abstract In recent times the usage of Location based services is increasing due to
its wide range of applications in the science and engineering. Especially, the
Geographic Information Systems (GIS) services and applications are more user
friendly to the people. Beside the useful advantages, it has its own limitations like
data storage, data organization, data privacy and protection, etc. The specified
confronts can be solved using the Geo-Spatial Big Data (GSBD) and its security
issues. This paper discusses a few issues like Data Security, Data Privacy,
Expenses, Bad Analytics and Bad data. Also work describes threats to the GSBD
like Spammy locksmith attack, impersonation attack, Denial-of-Service attack
(DOS) and many more and its impact on the GSBD. These security issues will help
to researchers and practitioners to design and development, a novel strong security
mechanism for GSBD.
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Keywords Geospatial data � Big data � Security issues � Risks
Survey and GSBD

1 Introduction

Strong and reliable authentication mechanism for the Geo-Spatial Big Data
(GSBD). Due to the wide range of applications like scientific research, society
administration, commerce, and business Big data got popularity in the recent times
[1]. Big data is a broad term for data sets so large or complex that traditional data
processing applications are inadequate. Challenges include analysis, capture, data
integration, search, sharing, storage, transfer, visualization, organization and in-
formation privacy [14]. The term often refers simply to the use of predictive ana-
lytics or other certain advanced methods to extract the value of data, and seldom to
a particular size of the data set. Accuracy in big data may lead to more confident
decision making, which intern results in greater operational efficiency, cost and risk
reduction. Analysis of data sets can find new correlations to combat crime, spot
business trends, prevent diseases, and many more. Practitioners business execu-
tives, Scientists of media and advertising, and governments alike regularly meet
difficulties with large data sets in areas including Internet search, finance and
business informatics. Scientists encounter limitations in e-Science work, including
meteorology, genomics, connectomics, complex physics simulations, and biologi-
cal and environmental research [3, 18].

This work comprises of: (1) an analysis and requirements of security for
geosptail big data; (2) a new survey integrating both security and performance;
(3) Various types of security attacks on Big data with geospatial data. The rest of
this paper is structured as follows. Section 2 discusses previous works in the area of
Geographic Information Systems and its security improvement. Section 3 describes
the basic five issues of GSBD. In Sect. 4, it is represented various security attacks
on GSBD. Lastly, concluded the paper with future work discussed in Sect. 5.
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2 Related Works

The geospatial objects can be represented in image (raster) mode or object (vector)
mode. In object mode, individual spatial objects can be defined as a polygon or
point or a line. In image mode, individual spatial objects can be defined as a set of
contiguous cells, which are known as regions. Despite a spatial object and phe-
nomenon can be defined in object mode and image mode. Discrete spatial objects
can be more accurately present in object mode and continuous phenomena of spatial
objects are more meaningfully presented in image mode. Data sets grow in size in
part because they are increasingly being gathered from cheap and numerous
information-sensing microphones, mobile devices, Radio-Frequency Identification
(RFID) readers, cameras, aerial remote sensing, software logs, and wireless sensor
networks. The global technology investment is roughly doubled to store informa-
tion for the past 25 years with 40 months frequency; Especially in the year 2012,
every day 2.5 Hex bytes (2.5 � 1018) of data were generated; The storage became
more challenge for the large scale enterprises in determining who should own big
data initiatives that bestride the whole organization [17, 12].

As recently as early March, the Indian communications minister, Sachin Pilot,
announced to the media that the China hackers attacked government networks, but
the attempts are unsuccessful “. Toronto scientist spoken to the intelligence officials
in India on March 24, and said that a spy ring is tracking and also given certain
suggestions to the sent restricted and classified documents on the network. That the
problem still exists with the Chinese hackers in the rest of the world [15]. Many
works previously stated various problems regarding the security issues in various
domains with specific solutions [2, 4–7, 16].

3 Issues of Geospatial Big Data

3.1 Data Security

Geospatial data contain sensitive information, which will be useful for the analysis
and interpretation of numerous applications. Geo-spatial map focus mainly features
like vegetation, water bodies, rural areas, Defense and military structures, Civil
constructions, Religious buildings, burial places, Trade, crafts, production places,
Natural formations, urban areas, This risk is obvious and often uppermost in our
minds when we are considering the logistics of data collection and analysis.
Especially in military and defense information is more confidential. Data stealing is
a widespread and growing area of transgression—and attacks are getting bigger and
more destructive. Previous work refers that, In fact, five of the six most detrimental
data steal of all time from giant companies like Ever note, eBay, Chase, JP Morgan,
Target, and Adobe were carried out within the last two years. The larger the data,
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the massive the target it presents to criminals with the tools to steal and sell it. In the
case of Target, the hackers stole credit and debit card information from a bank
where 40 million customers, as well as personal identifying information such as
email and geographical addresses of up to 110 million people [9].

3.2 Data Privacy

Especially data from the various GIS web site contains a huge volume of data.
Geo-spatial Big Data awareness of confidentiality and privacy concerns related to
the integration of geo-referenced data from the public health sciences, natural and
social. It allows access to resources that analyze these problems and that offer solid
techniques, tools, and policies for safeguarding confidential data. Especially mili-
tary applications contain the bulk amount of geographical information about the
sensitive information they are closely related to the issue of security is privacy. But
in addition to ensuring that people’s personal Identity data are safe from criminals,
you need to be sure that the sensitive information you are storing and collecting
isn’t going to be disclosed through less malicious, but equally damaging
mistreatment by ourselves or by people to whom we have entrusted responsibility
for analyzing and reporting on it [19].

In Figs. 1 and 2, the high confidential information areas were presented features
like borders. If some intruder, changes the borders information on the Google map,
it leads to a big disaster internationally. So, the geographical data about the country
border representation should be care for processing massive GIS maps.

Fig. 1 Image of landsat, data, SIO, NOAA of India–Pakistan borders and this is the highly
confidently area [10]
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4 Security Threats to Geospatial Big Data

4.1 Spammy Locksmith Attack

Bryan Seely, explained an attack against Google Maps through which he set up
fake Secret Service offices in the company’s geo-database, the data are filled with
the complete fake phone numbers that rang a switch under his control and then the
data sent to real Secret Service offices, allowing him to interrupt and record
phone-calls made to the Secret Service. Seely was able to attack Google Maps by
adding two ATMs to the database through its Google Places crowd sourcing tool,
validating them through a phone verification service, then changing them into
Secret Service offices. According to Seely, they put out of action on the phone
verification service would not prevent him from conducting this attack again [13].

4.2 Impersonation Attacks

The Impersonation can be bifurcated into many different attacks like address
spoofing, device cloning, rogue base station, unauthorized access and replay. The
attacks can be detailed description leads to many problems. Instead of one another
will take the advantage and do the attack on the Geospatial big data server. This
leads to faulty information on the GIS. The Big data need to be more concentrated
with this attack [8].

Fig. 2 Image of landsat, data, SIO, NOAA of India–Tibet–China borders highly confidently
area [11]
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5 Conclusions

Ease of use and security are the two vital parameters for the GSBD analytics with
special emphasis on disaster management. The data can be dissimilated to the
destination system with proper decision and complete security, this leads to more
reliable and accurate. The present study introduces basic five issues about Big data
and its security. The usage of Big data analytics is more in the area of Geo spatial
industry, but the security is major concern over there. In future the standard and
reliable Big data server need to be constructed for the greater access and finer
decisions with spatial coordinate system.
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Chapter 6
Monitoring Convective Clouds Over
India and Nearby Regions Using
Multi-spectral Satellite Observations

Mohammd Rafiq, Anoop Kumar Mishra, Jagabandhu Panda
and Som Kumar Sharma

Abstract Convective clouds are the sources of severe weather and extreme pre-
cipitation events which often produce flooding, landslides and other disasters. The
physical characteristics of convective clouds influence the distribution of radiative
heating/cooling in the troposphere. They play a crucial role in atmospheric circu-
lation and the hydrological cycle. Present study deals with the detection of con-
vective clouds using multispectral observations at split window channels (near 11
and 12 µm) and water vapour absorption channels (near 6.7 µm) from EUMETSAT
(Meteosat 7) data. Results are compared with the observations (reflectivity-based
threshold) from Precipitation Radar (PR) on-board Tropical Rainfall Measuring
Mission (TRMM). The Results have also been validated against convective clouds
derived from rain gauge based precipitation product from the IMD data. Validation
results show a correlation coefficient (cc) of 0.79 and Root Mean Square Error
(RMSE) of 2.61 (%) against rain gauge based observations of convective clouds.
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1 Introduction

Convective cloud systems in the tropics offer the primary mechanism whereby solar
heating of the ocean is moved upward into the free troposphere where it can be
transported pole ward and eventually emitted to outer space. In the process, these
great engines of the global climate produce precipitation and drive the global-scale
circulation. Convective clouds are the source of great energy that drives the
atmosphere. These types of clouds are most often isolated clouds with sharp edges.
They are usually dense in structure and develop upright in the form of rising hills
with base at low level. These clouds are brighter on the upper surface and com-
paratively darker below with almost horizontal base. These clouds are extremely
varying in nature, as they form in an unstable environment, the sections in these
clouds can go beyond freezing point to develop ice crystals, ice pellets, snowflakes
or super cooled water droplets or combination of all. These clouds often result in
convective storms [1] thus posing huge impacts to environment. The result of which
has often seen flooding, hail and other storms. 30–40% of signal are from these
convective clouds in Intertropical Convergence Zone (ITCZ) and they are very vital
in controlling earth’s climate by exchanging moisture and heat from earth to
atmosphere [2]. Observational networks have very limited record of convective
clouds. Active remote sensors like radars have been used to observe these clouds [3, 4].
However their coverage is also very limited. Remote sensing offers an opportunity
to monitor these clouds. Indirect technique using remote sensing observations in
Thermal Infrared (TIR) and Visible (VIS) frequencies have been utilized to detect
these clouds [3, 5, 6]. It difficult to discriminate between deep convective clouds
and cirrus clouds if the measurements are being made only by utilizing the IR
radiance. As cirrostratus and cirrocumulus clouds are in contact with deep con-
vective clouds having cloud tops below −35 °C [7, 8]. To eliminate the convective
and stratiform clouds Anagnostou and Kummerow [9] developed a technique uti-
lizing SSM/I 85 GHz brightness temperature. The technique was improved by
Hong et al. [10], however these techniques cannot differentiate the cirrus with deep
convective clouds.

The advance in space science provide a better resolution radar systems with the
launch of Tropical Rainfall Measuring Mission (TRMM) which can interact with
cloud structures. Many researchers documented its usage in detecting convective
clouds and storms in tropics [11–14]. TRMM Precipitation Radar (PR) provide
more accurate observations as its capability to provide a 3-dimensional structure of
deep convective cloud systems [13]. The narrow swath of PR and poor temporal
resolution of TRMM limit its usage in identifying most of the convective clouds
that last for few days. Convective clouds during South-West Monsoon season over
Indian region were identified and net cloud radiative forcing at the top of atmo-
sphere was examined using data from Earth Radiation Budget Experiment (ERBE)
[15]. Convective clouds were identified and used for estimating rainfall over India

52 M. Rafiq et al.



from Kalpana data at 11 µm observation [16, 17]. Sengupta et al. [18] studied
structural evolution of clouds using Multiangle Imaging Spectro Radiometer
(MISR)-derived cloud fraction over Indian CTCZ. Multi-spectral observations at
6.7 and 11 µm were used from Meteosat data to identify convective clouds and
estimate rainfall over Indian land and oceanic region [19, 20]. Present study focuses
on detecting convective clouds using multispectral observations at split window
channels (near 11 and 12 µm) and water vapour absorption channels (near 6.7 µm)
from Meteosat 7 data over India and adjacent oceanic regions. Results are compared
with observations (reflectivity-based threshold) from Precipitation Radar
(PR) on-board Tropical Rainfall Measuring Mission (TRMM). We have also val-
idated the results with convective clouds derived from rain gauge based product.

2 Study Area and Data Used

Area of study is illustrated in Fig. 1 which extends from 30°S to 50°N and 50°E to
120°E including the Indian land and nearby oceanic regions (Fig. 1). India is
having 29 states and 7 union territories, land surface area is extended over
3,287,590 sq km. With more than seven thousand kilometres of coastline it is
surrounded by Arabian Sea, Bay of Bengal and the Indian Ocean.

For the present study, we have used Meteosat 7 data of Meteosat First
Generation (MFG). MFG provides images of the full Earth disc, and data for
weather forecasts. Meteosat provides observations in Thermal Infra Red (TIR) and
Water Vapor (WV) absorption band at half-hourly interval, with a spatial resolution
of 4 km. Data has been downloaded from EUMETSAT Portal (https://www.
eumetsat.int). We have used Meteosat 7 native data from Meteosat First Generation
(MFG) Spacecraft in our study. Meteosat 7 was launched in September 1997, it was
seventh and last in the MFG series of satellites. The multispectral observations in
Thermal Infrared (TIR) 10.5–12.5 µm and Water vapour (WV) 5.7–7.1 µm are
used.

For comparison of our results, we have also used observations from Tropical
Rainfall Measuring Mission (TRMM) satellite. TRMM, a joint mission of NASA
and the Japan Aerospace Exploration Agency (JAXA), was launched in 1997 to
study hydro parameters for weather and climate research. We have used
Precipitation Radar (PR) data. Reflectivity factor from level 2 Rain Characteristics
Product (TRMM Product 2A23) is used in the study. Description of the instru-
ment can be found at https://gcmd.nasa.gov and data can be downloaded at
https://disc.gsfc.nasa.gov/. For validation of our results we have also used rain
gauge based precipitation products from India Meteorological Department
(IMD) available at 0.25°.
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3 Methodology

We followed an approach developed by Adler and Negri [21] to remove cirrus
clouds for identification of convective clouds. A slope parameter SP and a tem-
perature gradient TG was computed for each local temperature minimum. These
values are given as:

Fig. 1 Study area showing Indian land mass and nearby oceans
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TG¼Tavg � Tmin ð1Þ

SP ¼ 0:568 Tmin � 217ð Þ ð2Þ

where;
Tmin is the local minimum (derived from TIR channel, 11 µm).
Tavg is the mean temperature of the 6 pixels surrounding the current pixel.
A large TG is associated with convective clouds and a small value indicates a

weak gradient and thus detects the cirrus clouds. Convective clouds with over-
shooting tops were identified using difference of 11 and 6.7 µm channel.
Convective clouds with overshooting tops are known to play an important role in
the interaction and exchange between troposphere and stratosphere. Simultaneous
observations of these clouds in the infrared window region (11 µm) and the water
vapour absorption band (6.7 µm), reveal that the equivalent brightness temperature
in the latter is larger than in the former. Negative differences (TB11–TB6.7) are
associated with convective clouds with overshooting tops [22].

Using above approach convective clouds are identified. Occurrence (in %) of
convective clouds is calculated by dividing the convective pixels with total pixels.
Observations from PR (2A23) is also used to detect the convective clouds for the
comparison with present approach of convective cloud detection from Meteosat
data. We have used a threshold of 40 dBZ (reflectivity) for detecting convective
clouds [23].

There is strong relationship between precipitation extremes and cloud top tem-
perature [19, 24]. Lau and Wu [24] investigated the climatological characteristics of
tropical rain and cloud systems over Tropics using brightness temperature (TB) data
from Visible and Infrared Scanner (VIRS) and precipitation data from Tropical
Rainfall Measuring Mission (TRMM) Microwave Imager (TMI) and Precipitation
Radar (PR) onboard TRMM. It is found that Top 10% heavy precipitation may be
associated with convective clouds. Precipitation spectrum obtained from IMD rain
gauge based product is divided into 10 bins. Top 10% heavy precipitation is used to
derive convective clouds.

4 Results and Discussion

Different case studies have been carried out to monitor the convective clouds over
Indian region and nearby oceanic regions. A few case studies are presented below
for brevity.
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4.1 Case Study I

For this case study, we have identified multiple convective events in July 2007 over
Bay of Bengal (*90°E, 14°N) and Western part of Indian region (*73°E, 19°N).
Figure 2 shows occurrence (%) of convective clouds over study area.

These convective systems brought heavy rainfall over Bay of Bengal and
Western Ghats. Few localized convective systems over India Ocean can also be
identified. It can be inferred that a maximum of 24% convective clouds (from
Fig. 2b) occur over Bay of Bengal which is matching with the observations from
present technique (Fig. 2a). Convective systems over Bengal and Bangladesh
caused heavy flooding over these regions. Similarly occurrences of convective
clouds over Western Ghats are also comparable from present technique and that
from Radar observations. Scattered convective systems over Mumbai, Central India
and North-eastern parts of Indian region can also be observed from present tech-
nique. These observations are consistent with observations derived from ground
based rain gauges (Fig. 2c).

4.2 Case Study II

For this case study, we considered the occurrences of convective clouds in July
2008.

Multiple isolated convective clouds were identified over India and nearby oceanic
regions. Figure 3 shows the occurrences of these clouds. These convective clouds
caused heavy rainfall over these regions. A maximum of 28% coverage of convective
clouds were identified over Bay of Bengal and nearby regions (*15°N, 89°E)

Fig. 2 Fraction of convective clouds (%) from a present technique, b from PR observations
c from rain gauge based IMD product during July 2007
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from Precipitation Radar observations (Fig. 3b). This observations is matching with
observations from present technique. Present technique also shows convective
coverage of about 18–20% over Indo-Gangetic Plains. This observation is con-
sistent with PR and ground based observations (Figs. 3b, c). Convective cloud
coverage over Equator can also be identified from present technique. This obser-
vation is consistent with Radar observation. Similarly convective cloud coverage of
about 10–15% can be observed over Western Ghats from the three observations.

Fig. 3 Fraction of convective clouds (%) from a present technique, b from PR observations
c from rain gauge based IMD product during July 2008

Fig. 4 Scatter plot between
convective clouds from
present technique and rain
gauge based product
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4.3 Statistical Validation with Rain Gauge Based Product

Convective clouds obtained from present technique is validated against observa-
tions derived from IMD rain gauge based product (Fig. 4).

It can be seen that convective clouds obtained from present technique is
matching with the observations derived from rain gauge based product. Validation
results show a correlation coefficient (cc) of 0.79 and Root Mean Square Error
(RMSE) of 2.61 (%) against rain gauge based observations of convective clouds.

5 Conclusion

Satellite based multispectral observations is used to detect convective clouds over
India and nearby Oceanic region. Few cases of convective clouds have been dis-
cussed during 2007–2009. Performance of the technique has been evaluated with
space based radar observations onboard TRMM and rain gauge based observations
from IMD. Results reveal that present technique is able to monitor the coverage of
convective clouds efficiently. Approach adopted in the present study to monitor
convective clouds is very crucial given the limitation of station and radar data and
sampling errors associated with microwave sensors. TRMM data is limited from
1997 to 2015. Moreover, availability of Meteosat data from 1995 onwards presents
unique opportunity to maintain a long term data of convective clouds which will be
very useful for study focussing on climate change. Which is reported in changing
the atmospheric dynamics by changing the variability of precipitation [25–27].
Methodology proposed in the present algorithm finds application in operational
contests where MFG, MSG, and MTG data are available in near real time.
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Chapter 7
Design and Fabrication of Solar
Powered Unmanned Aerial Vehicle
for Border Surveillance

R. Vijayanandh, J. Darshan Kumar, M. Senthil Kumar,
L. Ahilla Bharathy and G. Raj Kumar

Abstract Unmanned Aerial Vehicles (UAVs) are one of the important types of
aircraft, which are controlled by a remote controller or pre-programmed method.
Nowadays UAV is being proposed for many critical applications including
surveillance, mapping, etc. In general, the surveillance around the international
border has been carried out by soldiers. Monitoring the border through soldiers is
not perfect surveillance, due to the natural factors of human beings may be the error
will occur in the border surveillance. To avoid this problem, the monitoring of the
border region is to be covered by UAV. Enemy’s activities around the dangerous
and large border coverage area are difficult task to handle in border monitoring, so a
normal UAV is not suitable for this process. Hence advanced solar UAV is a better
solution for this monitoring because it’s having unique characters like high oper-
ational speed, more stability, long life, etc. This paper proposed to motivate
research on aerospace renewable energy sources and primary aims are to make
calculations and respective designs to create an e-aircraft model, capable of pow-
ering its flight using solar energy, overcoming the challenges by increasing the
speed, range, and endurance of the UAV using the solar power in order to provide
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full-time border surveillance. The overall 3D solar UAV is modeled by CATIA V5
with the inclusion of theoretical design values. The intruders detection in borders
through image processing has been completed using MATLAB.

Keywords Border surveillance � Image processing � Renewable energy
Solar cells � UAV

1 Introduction

The modern world needs an innovative solution in the non-renewable energy field,
because of its excessive usage. Solar power thus is an interesting option also it is the
best alternative, which has needed to be investigating for usage of all aircraft.
A solar powered UAV is an aircraft that turns on electric motors rather than internal
combustion engines, with electrically coming from solar cells, and batteries. In
recent years, the level of interest in the development of fixed-wing UAVs for
various missions has risen significantly. A crucial issue concerning these aircraft is
their high power consumption compared to their limited energy storage capability.
The ability for an aircraft to fly during a much extended period of time has become
a key issue and a target of research, both in the domain of civilian aviation and
UAVs. The required endurance is in the range of a couple of hours in the case of
law enforcement, border surveillance, forest fire fighting or power line inspection.
One possibility to increase the up-time is through the use of solar cells [1].

In order to reach the target endurance, the design of the aircraft has to be thought
very carefully, as a system composed of many subsystems that are continuously
exchanging energy. One of the milestones of this paper is the selection of the
general configuration for an UAV and primary objectives are that the design should
make efficient use of solar cell converge on the wing with aerodynamic design
consideration. The first component considered is the wing, whose basic configu-
ration is determined by area limitations and solar-cell coverage optimization,
thereby final consideration in configuration selection is the conventional wing. Note
that the rectangular shape of the wing is not very efficient aerodynamically, but
allows for maximum coverage of solar cells over the wing area, which is an
important parameter to maximizing speed. The shape of the fuselage is keep as
small as possible to reduce its contribution to parasite drag also realized that UAV
would want a fairly long fuselage to move the airplane’s centre of gravity (e.g.) as
far forward as required for stability reasons. Figure 1 shows the overall concept of
proposed solar flight.
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2 Theoretical Design Approach of a Solar UAV

Theoretical analysis of a solar UAV comprises of Aerodynamics, Structures,
Propulsion, Systems and Instrumentations. In general, initial step of theoretical
analysis is need to estimate or fix the speed of an UAV before estimating its weight.

The aerodynamics part of a solar UAV is responsible for external configuration
layout, component sizing, airfoil selection, stability calculations and control surface
sizing, flight testing to resolve to handle quality issues and modifying the test bed to
arrive at a final design. For fixed wing UAV, the ratio between span and chord in
average model aircraft is between 1:7 and 1:8; thereby the chord is 137/7 = 19.5 cm
and the wing surface area determined as 2671.5 cm2. Aspect ratio as 7.02, Altitude
as 0.5–1 km, flight speed as 8–12 m/s. The speed range, at which the airflow will be
smooth and laminar, can be estimated using the value of Reynolds number is
170 � 103. The airfoil has been selected for fixed wing of Solar UAV is
NACA4418. Optimized speed of the solar UAV is 30 km/hr, which based on
account the limited capacity of solar cells and its safety. The mass and life of a solar
UAV either determine by top-down approach or bottom-up approach. Choose the
top-down approach, since it is easier to make a plane lighter than to increase its lift.
The lift and mass have been calculated as 10.3173 N and 1.05 kg respectively
through aviation’s lift formula. The lift produced by a semi-span of the wing should
be proportional to the half of the UAV’s weight. From then on each structural
member is designed for its specification. The spar design is optimized to withstand
the maximum load on the wing while minimizing the overall structural weight. The
front spar is placed 20% of the chord leaving space for slat actuators and the rear spar

Power management 
unit

PAYLOAD ENERGY STORAGE 
UNIT

PROPULSION

CHARGE 

SOLAR 
ARRAY 

Fig. 1 Concept of proposed solar flight

7 Design and Fabrication of Solar Powered Unmanned Aerial Vehicle … 63



at 70% of the chord is allowing space for flaps and actuators. Both the front spar and
the rear spar can carry bending loads, which are the function of the movement of the
centre of pressure. It also becomes necessary to consider the wing thickness (height)
available at the spar location i.e. usually rear spars have lower spar height thus
requiring a larger spar cap area to provide the required moment of inertia which
would take the bending. But in the case of laminar flow airfoil, the maximum
thickness occurs at the rear. Hence the rear spar height will be more than the front
spar [2].

The propulsion group is assigned two major tasks for this paper, which are
selection of the motor and selection of the propeller. Selection of motor for solar
UAV concern several parameters. i.e., launching system of solar UAV, types of
propellers configuration, solar panels configuration on the aircraft. After surveying
the motors available, finally GT2213-09KV1180 motor has been selected for solar
UAV. Selection of motor is based on ability to custom the wind power thereby it
would operate at the desired current and voltage, the cost of the custom wound
motor and the electronic speed controller, the brushless motor controller combi-
nation is almost efficient after figuring in losses [3]. For propeller selection, a
recommendation has been given to the maximal propeller size, in which the pro-
peller’s maximal diameter plays vital role than maximal lead. A propeller with its
lead being similar to its diameter is best suited for fast-flying airplanes, whereas a
propeller with a small lead and larger diameter is excellent at providing the maximal
force. Here the selected specification of the propellers are lead is 17.78 cm,
diameter is 25.40 cm and speed of propeller is 34.3 m/s.

2.1 Solar Panel Test

A solar cell is a solid state device, which converts the energy of sunlight directly
into electricity by the photovoltaic effect. For critical application, the requirement of
the electricity is more so cells are often linked together in groups known as solar
modules. Number of solar cells is depends upon the output power requirement [4].
A typical solar cell on the FR 4 sheet has been shown in the Fig. 2.

The placement of solar cells on non-lifting surfaces is ruled out to minimize drag
and decrease the sensitivity to side winds. However, if required it is decided to put

Fig. 2 Fabrication of solar
cells on the Fr 4 sheet
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solar cells on the rudder and elevator as they would be more effective during dusk
and dawn. To integrate the stiff solar cells the following designs are considered
(a) the first consists of distorting the airfoil shape by placing the cells on the top cut
into pieces (b) the second solution consists of extending the trailing surface of the
wing (c) the third involves placing Solar cells inside the wing, enclosed by an
anti-reflective coating on top [5]. With the help of solar arrangement possibilities
and calculation of wing surface area, we can finalize the arrangement of solar cells
in our UAV.

Short circuit current and open circuit voltage of each cell array has been initiated
the solar panel test. In which, the arrays are then individually numbered and their
electrical characteristics are recorded for health confirmation. Solar testing of a UAV
revealed that some cells did not provide the minimum rated short circuit current to be
within specification. Several subsequent tests of the solar cells are performed using
all 12 cells, which are soldered together and mounted on a sheet of cardboard for
overall voltage measurement. Panel test occurred at several different times during the
day, but usually, results are taken between 11 AM and 3 PM on relatively sunny days
with constant voltage. This variance in testing times gave us an idea how the output
from the cells would change in relation to the sun’s position in the sky. The current is
highly sensitive to the attitude of the cardboard w.r.t the sun so it is shifted from
perpendicular to the sun to about 0°, 30° and 45° away from the sun, which
demonstrates the cell require direct sunlight throughout the flight and high light
intensity. Table 1 shows the solar cells testing output at various angles of incidence.

Solar UAV for forest surveillance is must want a battery as light as possible, yet
powerful enough to supply sufficient energy so Ni-Mh Battery is the best option.
The renewable energy source is the only way to reduce the weight of an UAV by
decrease the components which involves in their propulsion unit [6]. Weight
reduction and high-speed achievement is the prime techniques of this solar UAV
thereby dimensions of the one solar cell are given here: Length is 25 mm; Breadth
is 60 mm; Output voltage is 0.5 V; Output current is 1.5 A; Length of one solar
panel as 150 mm; breadth is 135 mm; number of solar cells on wing as 24, which
are connected in the series manner. Overall weight estimation and its comparison
have been listed in Table 2.

Table 1 Solar cell testing at
various angle of incidence

Degree of orientation
to the sunlight

Time (hrs) Voltage (V)

0 12 14.02

12.5 13.19

13 12.59

30 12 12.59

12.5 13.02

13 12.38

45 12 12.01

12.5 11.66

13 11.68
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2.2 Design and Fabrication of Solar UAV

Figure 3 shows the different views of a solar UAV, which has been modelled by
CATIA. The solar UAV dimensions are has been derived from the standard ana-
lytical approaches. The individual components of a solar UAV have been designed
with the help of literature survey, existing UAVs design and finally with the
inclusion of aerodynamics consideration. Figure 4 shows the final prototype of
solar UAV with estimated dimensions.

Table 2 Weight estimation Element First plan mass (g) Actual mass (g)

Engine 135 70

Battery 120 50

Servo motors 10 38

ECU 10 35

Receiver 15 12

Propeller 15 10

Solar panels 500 200

Frame 500 500

Payload 50 50

Total weight 1290 965

Fig. 3 Different views of solar UAV
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3 Result and Discussions

The military use of UAVs has emerged because of their ability to operate in
dangerous locations while keeping their human operators at a safe distance.
Nowadays smaller UAVs are more comfortable than larger UAVs for critical
applications. The handling of dangerous applications with smaller UAVs is a
challenging task, but this task can be efficiently deals with the help of advanced
avionics techniques such as intelligent video surveillance system, moving object
detection techniques, feature extraction and template matching. After long survey
the most appropriate method is selected and suggested for this paper, in order to
recognize the intruder’s image and efficiency is measured, which is nothing but the
intruder’s images are recognized by vision based navigation system. Important
component for vision based navigation is localization of perfect intruder’s detection
algorithms, sensing the intruder’s by camera, and finally representations of the
border environment. In this work consist of two major steps; first one is creation of
the solar UAV prototype and the next one is creation of moving intruder’s detection
matlab algorithm and its verification. Finally the integration of these two works
practically will be carried out in future for the purpose of recognize the intruder’s
entering in the border region by autonomous solar UAV. Theoretically to know the
intruders status in the border region, image processing and signal processing
approaches are the methods available in MATLAB. For this work the image pro-
cessing approach is selected to capture the intruder’s images in the border with the
help of smaller UAV [7].

Fig. 4 Solar UAV
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3.1 Image Processing

In this paper there is survey of different object detection techniques and for object
identification as intruders techniques such as enemy matching, edge based match-
ing, skeleton extraction are studied. In image-processing applications, the bright-
ness of the image and template can vary due to lighting and exposure conditions, so
the images can be first normalized. Higher level image processing algorithms have
been implemented as finite state machines the high-level control loop cycles
through states representing goals. A classification algorithm typically performs
better using the statistics extracted using the features instead of using the original
data. The intruder’s detection algorithms developed for this paper followed the
same overall step-by-step with exchangeable sub-components. In this paper, stan-
dard vision features such as different intruder’s identification, enemies shape, and
weapons identification have been used. In addition the analyser also explored the
different intruder’s features and shapes learning techniques to obtain features that
outperformed the standard feature set. The main work of this algorithm is to dif-
ferentiate the intruder’s image from the own country people’s image and takes the
needful action when an aerial images capture in the camera [8, 9]. In this paper,
image processing has been simulated by MATLAB with the help of reference
images and aerial images are taken from the internet. The verification of image
detection algorithm is vital part in this paper, which may give confidence about
intruder’s prediction. Figures 5 and 6 show the reference image and UAV captured
image, which are taken from the internet. All the images are taken from the internet
for the purpose of verify the derived algorithm.

The matching percentage of images are simulated by MATLAB, the result file
show in the Fig. 7 is the matching percentage of same images. The matching region
in captured image compare with reference image is 100, because both the images
are same for the purpose of verification.

Fig. 5 Reference image
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3.2 Vision Based Navigation for Future Surveillance
by Autonomous Solar UAV

In future this paper suggest the intruder image capturing techniques to be captured
by vision based navigation by video surveillance in order to increase the enemies
detection accuracy level in the monitoring area as a reference background for image
subtraction. Real time videos will be captured in the border region with the help of
rotating camera, which is attached in the autonomous solar UAV. These videos are
splits in the form of frames to compare it with reference. Ground control station is
the major part of the system, which is used to collect the video captured by the
camera. After collecting the images from video, processing of that video in real time
is done by the laptop using MATLAB. The error matching percentage of border
images will be evaluated with the help of modern techniques and typical kind of
intruder’s inputs. If the error matching percentage is more than 50% then the alert
system will be activate by ground controller and the output will be delivered in the

Fig. 6 Solar UAV captured image

Fig. 7 Enemy detection result
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solar UAV. This solar UAV can be used in surveillance, monitoring of border
regions that are large distances from the base station and also takes the necessary
action with the help of warning system such as create the sound and send the
intruder’s position images to the ground controllers [9]. The step-by-step procedure
of image processing of border region by autonomous solar UAV explained in
Fig. 8.

4 Conclusions

Each and every component’s specification of a solar UAV has been derived from
theoretical calculation. The overall design of a solar UAV has been modelled by
CATIA V5. The numerical progression of image processing and matching per-
centage of an enemy has been completed by MATLAB. Extensive test, numerical
progression and respective calculations showed solar UAV is capable of flying,
with solar power. Solar UAV has unique characters such as more comfortable
flight, high lifespan with low power consume so it can able to reliable and capable
to withstand any critical environment for a practical application such as intruders
detection, activation of warning system. With the help of solar panels, the UAV can
able to track any intruders as well as cover the whole predefined border region with
long duration. Hence the proposed solar UAV is a better solution for border
surveillance. In future the autonomous solar UAV for border surveillance will be
added.

Fig. 8 Working flow chart of
autonomous solar UAV
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Chapter 8
Quality Evaluation of CartoDEM
in Different Resolutions

E. Venkateswarlu, I. Raghuramulu, T. Sivannarayana, G. P. Swamy
and B. Gopala Krishna

Abstract The primary goal of Cartosat-1 mission is to generate, archive and dis-
seminate seamless Digital Elevation Model (DEM) to facilitate the Remote sensing
users and cartographers. The production approach identified for generating
CartoDEM is through processing based on Ground Control Points (GCPs) using
Augmented Stereo Strip Triangulation (ASST) software system. DPGS-NRSC has
generated and disseminated 10 m CartoDEM covering India and surrounding
countries, part of south- west Asia and in the process of generating DEM covering
Australia. 30 m DEM is ported on Indian EO portal Bhuvan for visualization and
free download. To explore the improved performance of the DEM, we carried out
comparative quality analysis of CartoDEM data with 2.5, 5 and 10 m resolutions
generated in operational mode. This study has confirmed the enhanced performance
of 2.5 m CartoDEM in terms of hydrological, terrain category and contour analysis.
This geospatial input is one of the decision making tools for understanding
spatio-temporal variations and better management.
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1 Introduction

Digital Elevation Model (DEM) is a digital representation of the Earth’s relief that
consists of an ordered array of elevations relative to a datum, and referenced to a
geographic coordinate system. A DEM can be defined as a regular two-dimensional
array of height values describing the varying elevation of an area’s terrain [1].

DEMs are useful for many purposes, and are an important precondition for many
applications [2]. They are particularly useful in regions that are devoid of detailed
topographic maps. DEMs have been found useful in many fields of study such as
geo-morphometry, as these are primarily related to surface processes such as
landslides which can directly be depicted from a DEM [3], archaeology as subtle
changes due to previous human activity in the sub surface can be inferred on
detailed DEMs, forestry, e.g. height of trees and relation to preferred tree stem size,
hydrology, like deriving drainage network and overland flow areas that contribute
to suspended sediment loads and analysis of glaciers and glaciated terrains.

Several techniques and tools are suitable for DEM extraction like digital aerial
and terrestrial Photogrammetry, airborne and terrestrial laser scanning, Global
Positioning System (GPS) with its different measurement approaches and active and
passive remote sensing, with optical satellite imagery systems.

With the launch of the Indian remote sensing satellite Cartosat-1, an along-track
stereoscopic imaging mission, possibilities for operational availability of
high-resolution stereo-imagery from space for the remote sensing and cartography
user communities have emerged [4]. The high-resolution stereo data beamed from
twin cameras onboard Cartosat-1 mission facilitates topographic mapping up to
1:25,000 scale. An initiative to generate a database of seamless, homogeneous
DEM, named as CartoDEM and associated ortho-image tiles at country level has
been undertaken by ISRO. CartoDEM generation system in NRSC has produced
the digital surface model covering India and surrounding countries and part of
South West Asia using improved software version-3. At present, DEM generation
of Australia is under progress.

To explore the improved performance of the CartoDEM, generated data with
2.5, 5 and 10 m resolutions for quality assessment.

2 Quality Assessment

A comparative study is carried out to analyze the CartoDEM data with 2.5, 5 and
10 m resolutions generated in operational mode through indigenously developed
software—Augmented Stereo Strip Triangulation (ASST). Sample data sets selec-
ted are covering different elevation ranges from 100 to 5700 m. Following
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parameters are compared between the data sets with different resolutions—DEM
statistics, slope distribution statistics, spatial profiles, terrain categories, contours,
stream networks and DEM derivatives (Table 1).

DEMs of the study sites were transformed into the same projection system for
quantitative and qualitative assessment. Quality evaluation is done through com-
putation of accuracy measures, visual comparison of derivatives.

Analysis and Results
Elevation range, Mean and Std. dev. of 2.5, 5 and 10 m DEMs are matching
(Table 2).

Slope Distribution Statistics
Slopes are derived for all the DEM tiles and slope distribution statistics like
maximum slope, average slope and std. dev. are computed. It is observed that
maximum and average slopes are matching. Standard deviation of 2.5 m DEM
slope is more than 5 and 10 m which shows the presence of subtle details (Table 3).

Surface Spatial Profiles
The spatial horizontal profiles were extracted for the cells that fall along the hori-
zontal cursor line (red) of all three DEM tiles and compared. A graph of elevation
profile was produced for comparison. It observed that 2.5 m DEM shows better
details in areas of higher elevation range (Fig. 1) and no significant variation in
details in plain areas of 2.5 m, 5 m and 10 m DEMs.

Terrain Category Analysis
Terrain analysis employs the digital elevation data in conjunction with other
geospatial information like slope, aspect and relief to describe the landscape for

Table 1 Source data for
analysis

Tile id. CartoDEM Tile SW corner co-ordinates

A. db_33.000N_77.625E

B. db_31.000N_77.000E

C. db_30.500N_76.875E

D. db_28.500N_76.375E

Table 2 DEM statistics

Tile id. CartoDEM (2.5 m) CartoDEM (5 m) CartoDEM (10 m)

Min–Max Mean–Std.
dev.

Min–Max Mean–Std.
dev.

Min–Max Mean–Std.
dev.

A. 4275–5768 5108–256 4278–5768 5108–256 4280–5760 5108–256

B. 796–2019 1288–221 796–2018 1288–221 797–2018 1288–221

C. 210–313 265–11 216–318 265–11 216–305 265–11

D. 107–206 165–4 112–191 165–4 113–190 165–4
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visualization. It is evident from Fig. 2 that significant details are extracted in 2.5 m
DEM than 5 m and 10 m DEMs.

Hydrological Analysis
The hydrologic tools allow to determining the flow direction, calculating flow
accumulation, delineating watersheds, and creating stream networks. Stream net-
works can be delineated from a DEM using the output from the Flow Accumulation
function. Flow accumulation in its simplest form is the number of upslope cells that
flow into each cell. More lower order streams are delineated in 2.5 m DEM. Visual
inspection of delineated streams (Fig. 3) shows that 2.5 m DEM has more details
than 5 and 10 m DEMs.

Contour Analysis
Contours are polylines that connect points of equal elevation values and useful for
surface representation. They allow simultaneous visualization of flat and steep
areas, ridges and valleys. Contours are derived for all the DEM tiles with 10 m

Fig. 1 Profiles of db_33.000N_77.625E data
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interval and overlaid for comparison. The distribution of polylines shows how
values change across a surface. The 2.5 m DEM contours appear smooth without
any rapid fall (Fig. 4).

Visual Comparison of Derivatives
DEM derivatives like slopes, aspects and terrain relief maps are generated for all
data sets and compared.Visual comparison of Figs. 5, 6, 7 confirms that 2.5 m
DEM has more details in areas of higher elevation range.

Green Color: Areas 
with Slope >50 deg 
and Aspect- South
faced

Fig. 2 Terrain category of db_33.000N_77.625E data
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3 Discussion and Conclusions

From the spatial profiles, 2.5 m DEMs show better details in areas of higher ele-
vation range. No significant variation in plain areas of 2.5, 5 and 10 m DEMs. From
terrain category analysis, significant details of areas with a particular slope and
aspect are visible in 2.5 m DEM than 5 and 10 m DEMs. Visual comparison of
derivatives like slope, aspect, relief shaded maps confirms that 2.5 m DEM has
more details in areas of higher elevation range. Elevation range, mean, std. dev. are
matching in three resolution DEMs.

From Slope distribution statistics, Maximum and average slopes are matching.
Std. dev. of 2.5 m DEM slope is more than 5 and 10 m which shows the presence
of subtle details. From Hydrological analysis, 2.5 m DEM depicts more flow
accumulation details than 5 and 10 m DEMs. From Contours analysis, 2.5 m DEM
depicts more details than 5 and 10 m DEMs. From the results interpretation, DEMs

Fig. 3 Stream networks of db_33.000N_77.625E data
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Fig. 4 Contours of db_33.000N_77.625E data

Fig. 5 Slopes of db_33.000N_77.625E data

Fig. 6 Aspects of db_33.000N_77.625E data
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generated from coarsely sampled elevation points may have severe limitations in
their use for hydrological analysis. The performance of the DEM depends on its
spatial resolution and the landscape it represent. This study has confirmed the
enhanced performance of 2.5 m CartoDEM in terms of hydrological, terrain cate-
gory and contour analysis. DEM interpretation based on resolution which contains
details about sampled point elevations will be taken up for the future work.
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Chapter 9
Multi-angle LIDAR for Remote Sensing
Smoke Emissions from Wildfires

Y. Meenakshi and Yellapragada Bhavani Kumar

Abstract Wildfires generate plumes of smoke which release toxic pollutants into
the atmosphere and affect the surrounding air quality significantly. Smoke contains
carbonous particles that influence the regional climate patterns. Wildfires some-
times generate thick smoke layers that cause poor visibility and accidents.
Generally smoke tends to disperse in form of layers in the atmosphere. Aircraft
measurements are performed to understand the dynamics of smoke plumes.
However, these measurements involve cost and enormous amount of exercise.
Significant amount of information is required for understanding the dissipation of
smoke from wildfires. Occasionally, smoke generated from wildfires cross political
boundaries and influence chemical composition of atmosphere. Recently, at a unit
of Department of Space (DOS) located near Tirupati, a laser radar system was
developed indigenously for remote sensing smoke layers in the atmosphere. The
developed laser radar system uses a novel multi-angle method to track the smoke
layers in the atmosphere. The LIDAR (Light Detection And Ranging) system uses
visible wavelength for probing smoke layers. The system was operated during dry
season to remote sense smoke layers produced by wildfires that occurred in the
nearby reserve forest. During the observations, the LIDAR system was found
suitable for tracking smoke plume boundaries, its top height, dispersion and change
of its intensity with time.
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1 Introduction

Wildfires occur by actions of Nature or human and are generally seen in dry season.
Strong plumes of flame stem from large forest area produce smoke. Smoke basically
originates from incomplete burning of organic material of forest wood. Smoke from
forest fires cause devastation, which can spread easily to neighbouring areas due to
local winds. Smoke contains minute particles of ash or soot that cause warming and
suffocating effect. Remote sensing is an advanced method to locate forest fires.
Space-borne (satellite based) instruments equipped with onboard sensors provide
information on forest fires over the earth surface. However, smoke sensing is
difficult. Active remote sensing instruments provide real-time monitoring of smoke.
Radars cannot detect smoke particles due to their limitation in operating frequen-
cies. However, laser radars sensitive to backscattering from airborne particles and
detect smoke clouds.

LIDAR utilises the principle of radar for sensing smoke. But, LIDAR uses laser
pulses for probing the atmosphere. Each laser pulse of LIDAR produces huge
number of photons that interact with basic constituents of the atmosphere.
Scattering from atmospheric components constitute signal in LIDAR. Smoke
plumes change the composition of atmosphere and hence located easily using
LIDAR. The initial applications of laser radar were to monitor smoke generated by
local power plants and factories [1]. Over the last thirty years, significant devel-
opments have been made in the field of remote sensing particularly in the area of
LIDAR technology. Addition of scanning capability to LIDAR helps to identify the
position of smoke accurately. The lidars have been employed to understand
atmospheric structure, composition and dynamics [2–4]. Several researchers
reported the use of LIDAR for detection of smoke from fires [5–12]. The selection
of laser wavelength of LIDAR plays a key role in the operational range of LIDAR.
Visible wavelengths provide longer range. However, ultraviolet (UV) wavelengths
present limited range due to higher molecular extinction [13] and infrared spectrum
experience lower target backscattering efficiency [14].

Recently, an elastic backscatter LIDAR was developed at a unit of Department
of Space located near Tirupati. The location of LIDAR is a rural site situated in the
Chittoor district of Andhra Pradesh. The LIDAR uses green visible laser for probing
the atmosphere. The LIDAR was utilized to probe the smoke layers from wildfires
that occurred at nearby hills of reserve forest. This paper presents the LIDAR
observations of wildfires smoke.

2 Description of LIDAR Site

A map taken from Google that indicated in Fig. 1 shows the topography of LIDAR
site of NARL. The LIDAR was developed at the site of National Atmospheric
Research Laboratory (NARL), a unit of Department of space that located near a
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village named Gadanki (13.5°N, 79.2°E, 375 m AMSL) in Chittoor district of
Andhra Pradesh. The NARL is a remote sensing centre and it is involved in the
development of radars and lidars for atmospheric studies. The NARL operates high
power radar and uses a large antenna. One can see the Indian MST radar antenna in
Fig. 1. The Gadanki is situated 36 km away from Tirupati, a famous temple town of
south India. The NARL site is situated in the tropical part of India and its climate
features resemble semi-arid region. The village Gadanki experiences hot tropical
climate throughout the year, but months of January and February is cold. The east
and southern part of LIDAR site is surrounded by hills, which is a part of
Panapakam reserve forest. The Northern and western sides of LIDAR contain
agricultural lands and village settlements. During dry season, we see wildfires
occurrence around hills that located in the south-eastern side of NARL.

3 Description of LIDAR Instrument

Figure 2 illustrates the LIDAR instrument that used in the study and Table 1 gives
the brief specifications of LIDAR instrument employed. Our LIDAR uses a diode
pumped Nd:YAG laser that produces a narrow pulse laser at 532 nm wavelength
for probing the atmosphere. This wavelength is not eye-safe. Several researchers
employed eye-safe wavelength for horizontal LIDAR works such as probing of
smoke layers [15, 16]. Our LIDAR collects photon returns from the atmosphere
using a custom built telescope of diameter 150 mm. A high gain PMT converts the
collected backscattered photons into electrical pulses. A transient recorder unit acts
as data acquisition unit and produces LIDAR signal. A dedicated computer with
custom built software controls the transient recorder unit and stores the recorded
data. The opto-mechanical support of LIDAR allows multi-angle operation of

Fig. 1 Map showing the LIDAR site of NARL that located amid of hills of Panapakam Reserve
forest in Chittoor district of Andhra Pradesh. Thick red circle shows the location of LIDAR at
NARL site. The right-side of the red circle is the radar antenna
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LIDAR. It permits LIDAR orientation at different elevation and azimuth angles.
The LIDAR sensed smoke signal is shown in Fig. 3. The LIDAR signal indicated in
Fig. 3 was detected in the near horizontal direction at an elevation of 5°. An intense
signal at 1800 m range in Fig. 3 represents the smoke return from wildfires.
The LIDAR records temporal variation of signals and presents its strength in milli
volts. Our LIDAR supports fast time sampling of smoke signals. The temporal
integration of LIDAR signal shown Fig. 3 is around two seconds.

The LIDAR observation of wildfires is shown in Fig. 4. The event took place
during dry season. The illustrated figure shows patches of wildfire occurrence at this
location. Local winds influence the smoke emanate from these fires. The fire site
location is about 1.9 km away from the NARL site, however, sometimes smoke get
transported over NARL site due to local winds. One can see thick smoke layers that
swirl into the atmosphere from fire points.

The temporal variation of smoke intensity captured by LIDAR is shown in
Fig. 5. The signals show that the occurence of wildfire event near NARL site and
detection of eminated smoke layers by LIDAR system. Many peaks of layers of

Fig. 2 LIDAR system used
in the study
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smoke is seen in the signals that contribute to the whirling nature of smoke while
mixing with the atmosphere. Figure 5 illustrates several smoke profiles that inte-
grated over a period of 60 s. Figure 5 provides smoke profiles recorded from 2009
LT to 2017 LT.

4 Conclusions

We developed a LIDAR system that operates on the principle of radar to detect
smoke layers in the atmosphere. The LIDAR system uses green wavelength and
possible to operate at multi-angles. The multi-angle provision helps to cover the low
elevation angle. The LIDAR signals recorded during wildfires event represents the
range resolved data and gives exact location of smoke emission in the atmosphere.
The system was operated during dry season to remote sense the smoke layers
produced by wildfires that occurred at nearby reserve forest range. We utilized the

Table 1 LIDAR specifications

Parameter Specified

Laser Diode pumped Nd:YAG laser

Wavelength 532 nm

Pulse duration 10 ns

Polarization >100:1

Transmitter FOV (field of view) 200 µrd

Telescope 150 mm diameter

Field of view 400 lrad

Detector High gain PMT

Data acquisition Transient recorder

Range resolution 15 m

Fig. 3 LIDAR sensed smoke
signal trace. The vertical axis
indicates strength of the signal
and horizontal axis provides
range. One can observe the
smoke signal as narrow spike
at 1800 m range obtained in
the near horizontal direction
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Fig. 4 Wildfires occurrence on hills near NARL site. One can see the spreading of smoke plumes
at fire points. It is a regular event that generally seen during dry season at this location

Fig. 5 Temporal variation of smoke intensity that emanate from wildfires
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LIDAR to track the smoke layers in the atmosphere. During the observations, the
LIDAR system was found suitable for tracking smoke plume boundaries, its top
height, dispersion and change of its intensity with time.
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Chapter 10
Urbanisation and Tank Systems
Adjoining Hyderabad—A Rapid
Assessment Using Remote Sensing
Techniques

K. Ramesh Reddy, P. Narender Babu and E. Srinivas

Abstract Hyderabad in the Deccan plateau forms a distinct socio-cultural and
natural setting and is known for its water bodies such as tanks and reservoirs formed
with a long history that still continue to influence the livelihoods of many.
Hyderabad’s urbanisation with drivers such as rapid industrialisation, surge in IT
industry, housing for different classes of population, real estate boom, etc., have
exerted tremendous pressure on the tank systems. The present study taken up in
Sangareddy district, Telangana, with a prime objective to bring out effects of
urbanisation on tank systems and map the spatial and temporal changes of tank
catchments, submergence and command area using the Remote sensing techniques.
Multi Spectral LANDSAT series and Sentinel 2 data from 2004 to 2016 are used to
study the change pattern and understand the changes in terms of plotting, con-
struction and other uncultivated areas. The Satellite data analysed supported by
ground truth and relevant secondary data indicates that the tank systems are prone
to severe degradation affecting the inflows, storage, irrigation, groundwater
recharge and other indirect livelihoods like fisheries. More than 50% of the com-
mand area is lost in the last 15 years.
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1 Introduction

Based on the geographic, climatic and topographic back ground, tanks are the back
bone of agriculture in Telangana region. Farmers’ dependency on tank system has
been quite high due to the topography and rainfall pattern in the region. Though the
construction of tanks in Deccan region has a long history, since Satavahanas period
dated variously from 271 BCE to 30 BCE, Kakatiya reign is known for the tech-
nical expertise in the development of tanks system. Similar sprit has been carried by
the Muslim rulers of the Telangana region as well.

Hyderabad, having the rich history of 400 years is best known as City of lakes.
Nizam’s government has taken interest in the tank development in Hyderabad to
mitigate droughts. However, with the change in climate, erratic rainfall pattern,
improper maintainance of tank system by the community, unplanned growth of
urban settlements, surge in the IT industry, housing for different classes of popu-
lation, real estate boom, etc., gradually affected functioning of tank systems in the
region.

The current study focuses on Yenki Cheruvu tank of Sangareddy district, 44 km
away from city with a tank command area of 152 acres. The prime objective is to
bring out the effects of urbanisation on tank system. Study attempts to map the
spatial and temporal changes of tank catchments, submergence and command area
using the Remote sensing techniques. Multi Spectral ortho-rectified satellite data of
LANDSAT series 5 and 8 for the periods 2004 and 2016 and Sentinel 2 data for the
period 2016 are used to bring out the changing pattern of tank system. Trends in
land use pattern are mapped to understand the changes in terms of plotting, con-
struction and other uncultivated areas.

2 Materials and Methods

2.1 Study Area

As per the reorganisation of districts taken up in Telangana state during November
2016, selected study tank falls in the newly formed Sangareddy district located in
North west direction of Hyderabad city. Yenki Cheruvu in Muthangi village,
located 44 km away from Hyderabad city centre lies at latitude 17 32 34N and
longitude 78 13 15E. From the secondary data source of Minor Irrigation
Department, this tank is selected as it is adversely affected by urbanisation. Yenki
cheruvu has a registered ayacut area of 152 acres with a catchment of 3.81 km2.
Total submerged area of tank is 84 acres. Extent of Muthangi village is 8.09 km2

area with a population of 8777 (Fig. 1).
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2.2 Datasets

For tracking the spatial and temporal changes in tank catchments, submergence and
command area, multi spectral ortho-rectified satellite data of LANDSAT series
5, 7 and 8 for the periods 2004 and 2016 and Sentinel 2 data for the period 2016
were obtained from the public domain service of USGS data centre. Landsat data
provide one of the most valuable datasets for mapping and monitoring the earth
surface [1].

Cadastral maps from web site http://bhuvan.nrsc.gov.in/governance/twris village
Pahanis (land details of farmers) are from http://mabhoomi.telangana.gov.in/
GramaPahani_drs.aspx portal.

Landsat-8 has increased capabilities such as new spectral bands in the blue part
and cirrus cloud-detection portion of the spectrum, two new thermal bands,
improved sensor signal-to noise performance and several developments in radio-
metric resolution and duty cycle that allows a significant increase in collection of
number of images per day [2].

Loca on Map

Telangana State

Yenki Cheruvu Tank System

Sangareddy District

Fig. 1 Location map showing Yenki Tank, ayacut and catchment area
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2.3 Methodology

For analysing the effects of urbanisation on tank system, study used GIS softwares
such as Arcgis and ERADAS. Cadastral map of the study area is obtained from two
different sources, one from the Mandal Revenue office (MRO) and one from
Bhuvan web site (http://bhuvan.nrsc.gov.in/governance/twris) to identify the tank
ayacut boundary. Village Pahanis were download from http://mabhoomi.telangana.
gov.in/GramaPahani_drs.aspx portal for the purpose of identifying the tank aya-
cutdars (farmers whose land is irrigated by selected tank water). Tank related
secondary data has been collected from Command Area Development Authority
(CADA) Irrigation department, Telangana and from the stakeholders (farmers) of
the tank. Tank ayacut boundary has been marked with the geo-coordinates obtained
using GPS instrument with the help of Village revenue officer (VRO)/Neeruganti
and overlay of tank ayacut layer on cadastral map was done duly cross checking
with the tank ayacutdars survey numbers from village Pahani. Water spread area
and catchment area of the tank has been delineated using traverse method along
with the GPS and same has been depicted using ArcGIS software.

Remote sensing satellite sensors record digital numbers (DN) of ground features
at different wave lengths based on the reflectance capacity of the ground features.
All the DN values are stored in the form of bands. The Landsat Thematic Mapper
(TM) sensor carried on Landsat 4 and Landsat 5 consists of seven spectral bands
with a spatial resolution of 30 m for Bands 1 to 5 and 7. Band 6 was acquired at
120 m resolution, re-sampled to 30-m pixels. Landsat 7 consists of eight spectral
bands with a spatial resolution of 30 m for Bands 1 to 7. The resolution for Band 8
(panchromatic) is 15 m.

Sentinel-2 mission is a land monitoring constellation of two satellites
(Sentinel-2a and Sentinel-2b) providing global optical imagery with 13 spectral
bands using MSI (Multispectral Imager) instrument [3].

As the objective of the study is to bring out the changes in tank ayacut, tank
catchment and tank water spread area, unsupervised classification has been used to
classify the raster pixels based on the DN value it contains. To perform the
unsupervised classification, ISODATA algorithm technique is used that resulted in
creation of unlabeled clusters or classes in the satellite image. Using the above
method, study area (tank ayacut, tank catchment, tank water spread) is classified
into vegetation, settlement and water spread extent. To have image classification
accuracy, training samples are created based on the ground truth sample position
and create a signature to apply on the images.

Accuracy assessment is an established component of the process of creating and
distributing thematic maps [4].

The combined use of Sentinel-2A and Landsat-7/8 poses a number of technical
challenges due to the differences in their orbital, spatial, and spectral response
functions, and image processing chains. Infact, although the radiometric charac-
teristics of these sensors are similar, they are not identical and can lead to slight
differences in surface reflectance and retrieval quantities as confirmed by the
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inspection of the data [5]. The study estimate of the encroachment of water spread
area of 6.69% was lower than that of the state average of 10% [6], 15.86% in the
Kolar district [7] and 20–60% in Tamil Nadu [8].

3 Results and Discussion

The study has facilitated the assessment of effects of urbanisation on tank system
resulting in changed land use pattern. Temporal changes in the study area have been
brought out using the time series Landsat Thematic Mapper (TM) 2004 and Landsat
Enhanced Thematic Mapper (ETM) 2016. Sentinel 2 data of the same period at
20-m resolution is analysed to see the variability of Landsat-8 (30 m) analysed data
results. Study focused on vegetation, urban settlements, water spread area in the
tank catchment, ayacut and tank areas. Changes in terms of area are assessed
separately in the tank system. Study results are presented in Table 1.

3.1 Changes in Ayacut Land Use

The most striking feature observed in ayacut land use change is 149.30% decline
of vegetative cover from 2004 to 2016. At the same time, area under urban set-
tlements increased sharply from 4.89 acres in the year 2004 and to 34.92 acres in
2016 which is 6 times of that in 2004. Decline in vegetation during 2016 is a direct
result of increase in urbanisation in the ayacut area and indirectly affected by
increase of urban settlements in catchment area thus affecting the inflows into the
tank (Fig. 2; Table 2).

Catchment area of the tank which is a key land for tank inflows has reduced with
increase in urban settlements by 45.12% and there was a decline of 288.27% of
vegetation. Even with poor water inflows to the study tank, it is found from the
analysis, that there is a slight increase of tank water spread area from 32.04 acres in
2004 to 33.59 acres in 2016. Reasons for the above has found support from the
secondary data collected from the irrigation department. Rupees 46.76 lakhs has
been spent under Mission Kakatiya Phase I for removal of silt in the tank,
improvement of sluices and improvement of channels to the fields etc. (Fig. 3).

As a result of rapid urbanisation, farmers lands in the command area are sold out
for real estate plotting with is evident in the satellite image analysis. This can be

Table 1 Percent change in tank system from 2004 to 2016

Tank system Settlement (%) Vegetation (%) Water (%)

Ayacut 85.99 −149.30 –

Catchment 45.12 −288.27 39.76

Tank (water spread) 97.50 −16.36 5.30
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substantiated by the fact that the land values have risen sharply from about Rupees
25 lakhs in 2004 to as high as 70 lakhs to 1 crore per acre in 2016.

From secondary data source, it is observed that around 80 families have been
directly or indirectly dependent on fisheries for their livelihood for a period of at
least 3 months in a year. Encroachments and change in land use in the catchment,
foreshore and water spread area with urban settlements and draining of urban
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Fig. 2 Change analysis in the tank catchment area

Table 2 Change of landuse pattern with reference to registered tank area, ayacut and catchment

Year Tank system and
Reg. area (acres)

Settlement
(acres)

Settlement
(%)

Vegetation
(acres)

Vegetation
(%)

Water
(acres)

Water
(%)

2016 Ayacut (152) 34.92 22.97 15.79 10.39 _ _

Catchment (631) 54.71 8.67 43.59 6.91 18.46 2.93a

Tank area (83.9) 8.90 10.60 12.23 14.58 33.58 40.03

2004 Ayacut (152) 4.89 3.22 39.36 25.90 _

Catchment (631) 30.02 4.76 169.24 26.82 11.12 1.76

Tank area(83.9) 0.22 0.27 14.23 16.96 31.80 37.91
aInterception by the water bodies in the Catchment
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sewerage to tank area has led to tank water pollution. This adversely affected the
livelihood of the families dependent on fisheries directly or indirectly.

As mentioned earlier, Sentinel 2 data for the study area has also been analysed
along with the LANDSAT 8 for the period October 2016. Sentinel 2 data analysed
at 20 m resolution also shows similar trend as Landsat 8 (Fig. 4).

3.2 Changes in Tank Water Spread Area

It is clear from the analysis that tank encroachment in the year 2016 increased to
97.2% compared to 2004. This is due to the placement of the tank adjoining the
busy Hyderabad-Mumbai National highway. Monitoring of the encroachments
periodically by the Irrigation Department or by the local body such as Water User
Association (WUA) can reduce such activities. Local institution (WUA), which is
not active in Telangana may be activated to increase people participation. Tanks are
not only the sources of irrigation for the farmers but also serve to protect the local
ecosystem through different ecosystem services. In other words, if the land value
exceeds significantly downplaying the returns from agriculture, it doesn’t neces-
sarily mean the need to do away with the tank systems.
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4 Conclusions

Tank systems are traditional means of livelihoods in Telangana that have been
ecologically and economically productive since ages. Yenki cheruvu tank system is
one such system that has got seriously deteriorated in the last 15 years. Due to the
recent developments around Yenki cheruvu such as development of Outer Ring
Road (ORR), proximity to the Hyderabad city and tank being adjacent to national
highway, there is a huge transformation from agriculture land to urban property
along with surge in land values. As tank systems serve much beyond the irrigation
needs in the form of ecosystem services including provisioning, supporting, regu-
lating and cultural services, it is important to protect them despite the fall in
irrigated area under it. Involvement of institutions such as NGO’s, WUA’s in the
initial phases of tank restoration and encroachments through motivation can give
positive results. Government has to use the technology and services of GIS and
Remote Sensing experts in mapping the issues around the tanks in the pre-urban
and urban areas for sustainable ecosystem management.

Further research can be done using GIS and Remote sensing techniques to map
the selected tank systems, which includes catchment, ayacut and tank water spread
areas in and around Hyderabad city to bring out the vital statistics about effects of
urbanisation on tank system and help in ecological conservation. This kind of study
may also contribute to the sharpening of methods and techniques for delineation of
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tank system and continuous monitoring. This can be eventually developed into a
Decision Support System for the policy makers and administrators. Remote sensing
high-resolution satellite data and results can help in framing the regulations for
preserving the tank system for future generations.
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Chapter 11
ACE and HDP of Tropical Cyclones
Induced Disasters and Financial Loss
Over China Coast During Last Decades
(1995–2016)

Venkata Subrahmanyam Mantravadi, Shengyan Yu
and Juncheng Zuo

Abstract Northwest Pacific Ocean (NWP) is known to be having higher number of
tropical cyclones (TC) than all over the world. About 87% of the typhoons occur in
the latitudinal belt between 20°N and 20°S and two third of all typhoons occur in
the Northern Hemisphere. China is one of the countries suffering from the devas-
tation caused by typhoons along the coast of the NWP and South China Sea (SCS).
The intensity variations have been verified with the TCs landfall at China coast and
also due to El Nino. It is found that during El Nino years the number of TCs
reduced, however the intensity is higher. TCs which are having higher intensity are
going to devastate the coastal area by means of heavy rainfall, strong winds, storm
surges, etc. Alternative measures to assess hurricane intensity or damage potential
include Accumulated Cyclone Energy (ACE) and Hurricane Destructive Potential
(HDP). This work details the relation between the disasters occurred at China coast
and ACE and HDP of TC landfall over China coast during 1995–2016. The year
2005 experiences higher finance losses due to marine disasters mainly due to TCs
and higher ACE and HDP. TCs generated in the SCS doesn’t having much influ-
ence on financial losses, however the TCs generated, passing through NWP to SCS
are having higher intensity and produce higher losses. The losses due to the passing
of TCs over coastal areas of China also found. Further, financial losses over coastal
provinces are given separately with respect ACE and HDP.
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1 Introduction

Tropical cyclone (TC) intensity defined by maximum wind speed during the storm,
thereby create damage through wind, waves, or storm surge over coastal area.
Tropical cyclones (TC) classified into four categories as per Saffir-Simpson scale:
tropical depression (TD), topical storms (TS), typhoon (TY) and intense typhoon
(ITY). The ocean has long been recognized as having a fundamental impact on TC
intensity [24, 25] and warm SST of about 27 °C is critical for formation and TC to
intensify Chan et al. [7]. The occurrence of strong hurricanes indicating upward
trend in worldwide attributing to climate change [33] and the strongest hurricanes
are becoming stronger with rising ocean temperature [14].

Atkinson [1] is the first scientist noted that the number of TCs developing in the
eastern part of the North Western Pacific (NWP) during the El Nino of 1972 was
higher than Neutral years. Several studies have been focused on the total number of
TS and genesis location in relation with El Nino [4, 8, 11, 17, 20, 26, 31, 32].
However, there is an interannual variability of typhoon activity, higher intensity, and
TS predictability still unknown maybe because of difference in data and method-
ology, results found are not consistent and also it is important to examine the relation
between ENSO (El Nino Southern Oscillation) and the TC activity. Pudov and
Petrichenko [28, 29] found an increase in the intensity of TC in El Nino years and the
genesis location shifts led by the SST change. The mean cyclogenesis region usually
moves toward southeastern of WNP and in La Nina years the location tends to
central Pacific region [12, 19, 35]. Though there is no significant linear relation
between the number of TC and ENSO, however, a nonlinear relation between ENSO
and the number of TC has been found in several studies [3, 5, 9, 10].

The accumulated cyclone energy (ACE), which is otherwise known as TC
destruction potential, is associated with the evolution of the character of observed
large-scale climate mechanisms including various large scale features. This index is
also considered important to analyze the impact of the climate change on TC
activity [15, 16]. Trenberth [30] noticed that Atlantic hurricane activity has been
significantly enhanced since 1995 in terms of the ACE index. Klotzbzch [22] found
ACE is having significant correlation with four fields [Sea level pressure (SLP),
2-m temperature, 850-mb zonal wind (U850), and 200-mb zonal wind (U200)],
which have significant impact on Atlantic basin TC activity. However, the May–
June-averaged 2-m temperatures over the eastern tropical and subtropical Atlantic
has strongly correlation with August–October 2-m temperatures in the main TC
development region, while the 200-mb zonal wind flow over the tropical Indian
Ocean is shown to strongly correlate with ENSO [23] and also having significant
correlation with ACE over Atlantic.

Bell et al. [2] developed the hurricane destructive potential (HDP) index to
convey the seasonal magnitude of hurricane activity. HDP is calculated by—
summing the squares of the estimated 6-hourly maximum sustained wind speed
(V2 max) for all periods in which the system is a hurricane. The HDP represents the
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ACE for the time in which the cyclone is a hurricane or TC. Early work by Gray
and Landsea [18] estimated that HDP increased exponentially such that a category 4
or 5 storm produced 100 to 300 times higher than the physical and economic
damage as a category 1 hurricane. Pielke et al. [27] estimated the economic costs of
hurricanes that made landfall on the Atlantic or Gulf Coasts of the United States
from 1900 to 2005 by normalizing the dollar estimates for damage according to
changing societal conditions. The economic impacts of hurricanes yielded similar
results in that the economic costs of hurricane damage increased exponentially as a
function of hurricane category.

The major implication of this study will be the assessment of the trends in
strength, duration and intensity of TCs as well as the damage potential and loss due
to TCs over the China coastal region. This work details the variation of TCs landfall
over China coast (eastern and southern) during 1995–2016. ACE and HDP cal-
culated with respect to wind intensity of TC, and the financial losses occurred due
to TC. The relation between ACE and HDP with the financial losses over China
coast, east and southern coasts also presented.

2 Data and Methodology

The best-track dataset obtained from JTWC [13] over the period 1995–2016, which
includes track, intensity, duration (TC life time). This dataset consists of six hourly
center locations, maximum surface wind speeds and minimum central pressure for
all TCs. TC tracks landfall over China coast with respect to wind intensity during El
Nino (2009), La Nina (1999) and neutral (2013) years are given in the Fig. 1. The
number of TCs landfall over China coast, minimum central pressure, duration (or
Life time of TC) and maximum surface wind speed for every TC used to calculate
ACE and HDP. The monthly sea surface temperature Nino-3.4 indices over the
period obtained from National Center for Environmental Prediction (NCEP)
National Oceanic and Atmospheric Administration (NOAA). To obtain the
anomalies ERSSTv4 data has been used over the Nino regions with the base period
1981–2010. The criteria for the El Nino are positive anomalies higher than 0.4 °C,
for La Nina negative anomalies less than −0.4 °C, and in between are neutral years.
The data is freely available in the website http://www.cpc.ncep.noaa.gov/data/
indices/sstoi.indices. The annual Nino-3.4 SST compared with number of TC to
find out the variations of TC formation due to El Nino/La Nina/neutral years.

Previous studies have briefly examined the relationship between typhoon
intensity and El Nino events, ACE and HDP been used to measure the destructive
power of TC [3, 19, 21]. It is a quantity that combines the number, lifetimes, and
intensities of tropical cyclones occurring in a basin over a given period of time, the
method of computing ACE is:
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ACE ¼ 10�4
XN

i¼1

XT

j¼1

V2
ij;

N is the total typhoon number in one year, T is the total number of 6-hourly
estimate in a typhoon, and V is the 6-hourly maximum sustained wind speed in
knots. HDP is same as ACE but for the TC wind is equal and greater than 65 knots.

3 Results and Discussion

3.1 Variation of TC Over NWP and Relation with El Nino

TC formation over NWP during the period 1995–2016 and TCs landfall over China
coast are given in the Fig. 2. Over NWP during the study period, mean genesis of
24 TC, wherein 8 TCs are landfall over the China coast (includes both east and
south coast). Around 34% of TCs are landfall over China coast with mean duration
of 5 days with mean wind speed of 71 knots. During the study period, maximum
wind speed of 125 knots attained by a TC in the years 2010 and 2013. Maximum
duration of TC is about 14 days in 2003. Maximum number of TC (31) genesis
occurred in the year 2013 over NWP, however the TC landfall over China coast are
11 (35%). Lowest formation of TC over NWP in the year 1998 is 16 in which 6
TCs landfall over China coast. Lowest percentage of TC landfall over China coast
is 15% in the year 1996 and maximum of 55% in the year 1999.

During the study period, there are 5 El Nino, 5 La Nina and 12 Neutral years and
mean variations of TCs during El Nino/La Nina/Neutral years are given in Table 1.
Variation of Nino 3.4 SST anomalies and TC generation and TC landfall over
China coast are given in Fig. 3. Over the NWP generation of TC are higher during
El Nino years and lower during La Nina, however the number of landfall over

El Nino (2009)  La Nina (1999) Neutral (2013)

Fig. 1 TC tracks landfall over China coast with respect to wind intensity during El Nino (2009),
La Nina (1999) and Neutral (2013) years. (In the track wind speed indicates as follows: Blue circle
<35 knots, green 35–45 knots, yellow 46–59 knots, red >60 knots)
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China coast are higher in neutral years. Mean duration of TCs are higher during El
Nino years, with higher life time of 12 days when compared with other. During El
Nino (La Nina) the mean annual TC generation is higher (lower) over NWP [6].
Mean wind speed is higher in neutral years; however when compared with indi-
vidual TC, wind speed is higher in La Nina Year.

Fig. 2 Time series of a TC genesis over NWP and TC landfall over China coast; b mean duration
(life time of the TC) and mean wind speed during the study period

Table 1 List of El Nino, La Nina and Neutral years with mean number of TCs, duration, wind
speed and pressure during the study period

Years Mean
number
of TC
genesis

TCs
landfall
at China
Coast

Mean
duration
(days)

Mean
Lowest
pressure
(hPa)

Mean
Max.
wind
speed
(knots)

Max
wind
speed
(knots)

Max
duration
(days)

El Nino 1997, 2002,
2004, 2009,
2015

26 7 6 963 69 102 12

La
Nina

1998, 1999,
2007, 2010,
2011

19 7 5 961 70 105 9

Neutral 1995, 1996,
2000, 2001,
2003, 2005,
2006, 2008,
2012, 2013,
2014, 2016

24 8 5 957 73 100 10
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One can clearly identify that after El Nino year the number of TC generation as
well as landfall of TC at China coast reduced rapidly. During 1997, which is an El
Nino year 28 TC genesis occurred over NWP, but only 7 TCs landfall over China
coast which is 25%. However 1998 is a La Nina year genesis of 16 TC over NWP
and 6 TCs landfall over China coast (38%). Similarly, 2009 is an El Nino year,
genesis of 22 TC in which 9 TCs landfall over China coast (41%) and 2010 is a La
Nina year genesis of 14 TC over NWP and 6 TCs landfall over China coast (41%).
This clearly indicates that the formation of TCs is lower in La Nina which
immediately flowed by El Nino; however the landfall percentage over China coast
is higher. This feature is divergent for neutral year after El Nino, there is no
reduction in TC formation in NWP, however TC landfall over China coast increase.
Table 1 clearly indicating that maximum TC duration is higher in El Nino than La
Nina and neutral years, however maximum wind speed is higher in La Nina year.
The mean duration of typhoon tends to increase during strong El Nino events [3]. In
El Nino years, genesis location shifts to south-eastern Pacific Ocean [19, 34], the
typhoon will experience a longer duration over Ocean before landing, and clearly
explains for higher intensity TCs.

In neutral years the genesis of TCs and landfall over China coast has variability
including in duration and wind speed. However, the TCs intensities are higher in La
Nina year with reduction in genesis of TC over NWP. The percentage of landfall
over China coast is lower during El Nino years (27.3%), higher in La Nina years
(38.1%) and in neutral years 33.6%. There is a positive relation between Nino 3.4
SST anomalies and the genesis of TCs over NWP (correlation coefficient of 0.40),
however the relation between Nino 3.4 SST anomalies and landfall over China
coast is indicating an inverse relation (−0.18), which is not significant.

Fig. 3 Time series of Nino 3.4 SST anomalies as bars with genesis of TCs over NWP and TC
landfall over China coast (blue and red Line). SST anomalies are indicating as follows: El Nino
years (red), La Nina (blue) and rest of them are Neutral years
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3.2 Variation of ACE, HDP and Financial Loss Over China
Coast

ACE and HDP calculated by using the wind speed as given formula and presented
in Fig. 4 including Financial losses over China coast. ACE is higher on 2000 but
HDP is lower, leading to lower financial loss. Higher financial losses
(329.8 billion Yuan) observed on 2005 due to higher wind speed of 105 knots with
the mean of 84 knots of TCs landfall over China coast leading to higher HDP. From
the Fig. 3 it is clearly observed that even though ACE is higher, due to HDP the
disasters over the coastal area higher leading to higher financial losses. In the year
1998, the financial losses are at minimum during the study period due to lower ACE
and HDP. The year 2014 indicating lower ACE and HDP, however the financial
losses over the China coast is 135.78 billion Yuan is mainly due to longer duration
of TC and sustained higher wind speeds for longer time, which devastated over the
coastal area. Another higher financial loss occurred during 1997, which is an El
Nino year having higher intensity of TCs.

From the Table 2, it is clearly observed that during El Nino and neutral con-
ditions financial losses over China coast is higher. This is due to during El Nino, the
intensity of TC is higher leading to higher ACE and HDP. However during neutral
conditions, the numbers of TCs are higher leading to higher ACE and HDP pro-
ducing higher financial losses over China coast. The distribution of ACE per year in
El Niño (La Niña) years is shifted to larger (smaller) values, and their differences
are statistically significant [3]. The correlation between Nino 3.4 SST anomalies
and ACE is 0.32, however Nino 3.4 SST anomalies and HDP is 0.37. This reveals
the total number of TC is not significantly correlated with El Nino, although for
strong El Nino events a relationship can be identified [4, 8]. El Niño years have a
large tendency toward more intense TCs. These intense TC dominate HDP and are
mainly responsible for the relationship between HDP and El Nino. La Niña years
have a lower tendency toward a lower number of TC with their intensity. In neutral

Fig. 4 Time series of ACE (accumulated cyclone energy), HDP (hurricane destructive potential)
and financial loss over China coast during the study period
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years the number of TC landfall over China coast are higher with different inten-
sities of TC, which leading to higher financial losses than El Nino and La Nina
which are having lower TC landfall over China coast.

3.3 ACE, HDP and Financial Losses Over East and South
Coast of China

China coast further divided into east and south coast and compared the difference in
ACE, HDP and financial losses over both coasts. ACE, HDP and financial losses
over eastern coast are higher than southern coast. The percentage of TCs landfall
over southern coast (17.6%) is higher than eastern coast (10.4%) over China coast.
Even tough, higher TCs landfall in the southern coast of China; HDP is lower,
leading to lower financial loss. From this study, it is observed that the number of
TCs generated over SCS is higher, which are having lower wind speeds than the
TCs generated over NWP and landfall over southern coast. TCs generated over
NWP are having higher ACE and HDP by which disasters are occurring and
leading to higher financial loss (Table 3).

There is a clear east–west pattern, with more tropical cyclone activity over east
of the Philippines and SCS. Shift in the genesis position in the NWP induced by
ENSO [9, 11, 32]. It is observed that in the year 2005, higher ACE and HDP are
higher over eastern and southern coasts due to large number of TC and higher
intensity leading to higher financial loss. The mean ACE due to TC landfall over

Table 2 ACE, HDP and Financial losses over China coast during El Nino, La Nina and Neutral
conditions

ACE (10−4 knot2) HDP (10−4 knot2) Financial loss (billion Yuan)

El Nino 107.215 80.7275 308.0

La Nina 62.5775 50.43 87.2

Neutral 112.3025 84.4825 329.8

Table 3 Mean distribution of number, ACE, HDP and financial loss over Eastern and Southern
Coast of China during the study period

Mean no. of TC Mean ACE Mean HDP Mean financial
loss (billion Yuan)

East coast 2.4 30.8 24.1 76.3

South coast 4.1 22.2 11.2 62.7

Passing TC 1.2 19.7 13.4 a

aFinancial loss due to passing TCs are included in East coast or South coast with respect to passing
area
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eastern, southern and passing TCs are 30.8, 22.2 and 19.7 respectively. The mean
HDP over east coast, south coast and passing TC over eastern and southern coasts
of china are 24.1, 11.2 and 19.7 respectively, which clearly indicating that disasters
due to passing TC are also higher mainly over eastern coast of China.

4 Conclusion

Following conclusions given from this study:

1. 34% of mean number of TCs landfall over the China coast with standard
deviation of 10% which genesis over NWP.

2. Over 23% of TCs are landfall over southern coast when compared with eastern
coast of China.

3. When La Nina followed by El Nino generating less number of TCs over NWP
and landfall over China coast.

4. TC generated over NWP having higher ACE and HDP, produce higher disasters
and financial losses over China southern coast.

5. In the eastern coast of China during El Nino years, higher TC intensity leading
to higher ACE and HDP producing higher financial losses.

6. The year 2005 is having higher financial losses over China coast due to higher
number and intensity of TC leading to higher ACE, HDP over eastern and
southern coast.
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Chapter 12
Disaster Preparedness: Veterinarian
Perspective

K. Raja Kishore and K. Vijaya Sri

Abstract Livestock is owned by 70% of the world’s poor which is also the group
most vulnerable to the impacts of disasters. Animals are impacted by the same
disasters and emergencies as humans—natural, manmade, large, and small where
veterinarians play a very important role. Disaster management is an expanding
speciality within the veterinary profession. Until recently, veterinary relief had
consisted of emergency aid or recovery activities, most of which are based on little
scientific fact. Veterinarians started to look at how their knowledge on animal
health and husbandry, and the relationship between animals and people can be used
to protect not only the lives of animals but also the people affected by disaster. It is
essential that a veterinary practice should have a written disaster plan comprising of
preparedness measures, data on medical record and available manpower i.e. vets,
para veterinary staff etc., liaison with local, state, national organizations,
co-ordination with non-governmental organizations, insurance and legal issues etc.
to combat the occurrence of disasters in advance. The inclusion of animal welfare
measures in national and regional disaster management plans strengthens the
humanitarian response, builds community resilience and protects food security.
Offering training, advice, expertise and guidelines to the veterinarians helps in a big
way to protect their animals during disasters. Hence, relief plans and measures
should be developed for livestock at all phases of disaster for effective management.

Keywords Disaster � Livestock � Preparedness � Relief plan � Veterinarian role
Welfare measures
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1 Introduction

Disaster is an abrupt, devastating event bringing great damage, loss, destruction and
desolation of life and property. This involves both public and private property
resulting in psychological, economical, political and cultural devastation [1]. The
damage caused by disasters is unpredictable and varies with place of occurrence,
climate etc.

The Sendai Framework for Disaster Risk Reduction 2015–2030 gives the out-
lines to reduce disaster risk, to address existing challenges and prepare for future by
focusing on monitoring, assessing, and understanding disaster risk and sharing such
information [2]. The Sendai Framework notes that, the disaster action plan requires
the strengthening and coordination between various institutions and sectors.
Further, it requires investments in research to use the technology to develop
multi-hazard Early Warning Systems (EWS), preparedness, response, recovery,
rehabilitation, and reconstruction.

During disasters, there is a huge loss to livestock along with the human affecting
the food security of the people. This leads to a grave situation if animals are not
figured properly in preparedness and mitigation activities of disaster relief plan.
Veterinarians have an immense role in combating the loss to livestock during
disasters which needs proper training and adoption of a multidisciplinary approach.
In India, the Veterinarian aid is not up to the mark and scientific approach for
development of nation’s disaster relief plan.

2 Disasters and Livestock in India

In India, prevalence of various disasters like drought, earth quakes, floods,
cyclones, manmade disasters, fire accidents etc. is more common. These can be
categorized into natural or man-made disasters. Whether natural or manmade,
disasters will have a negative impact and it will severely cripple society due to
improper planning. Disasters affecting livestock will affect the weaker sections in
developing countries, especially as their dependence on animals for livelihood is
huge. Almost 70% of the livestock owned by 67% is owned by small and marginal
farmers and landless labours in India [3]. The loss of animals is not being projected
accurately in various disasters which create a large gap for improvement of live-
stock disaster preparedness activities.
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3 Impacts of Disasters on Livestock

The impact of a disaster can be categorized as direct, indirect or tertiary [4]. Human
lives, livestock, government and private property will have a direct impact in any
disaster. The indirect effects are related to agricultural output, exports, imports,
unemployment etc. while health hazards, funds allocation and community migra-
tion are categorized under the tertiary impacts. In developing countries, livestock
plays an important role in providing milk, meat, eggs etc. which forms the basic
source of income to the farmers [5]. In these countries, the poor disaster action plan
creates threat to food supply, occurrence of zoonotic diseases leading to loss of both
human and animal population and will have a significant impact on public mental
health. Therefore, disasters affecting livestock will have a negative impact on the
rural infrastructure of a country creating a large gap between the production and
distribution of food and goods. The impact of disaster on livestock urges for an
effective management plan to study the relationship of animals with disasters. This
should include several preparedness activities and managemental strategies for
protection of livestock during disasters.

3.1 Focus on an Essential Relationship

The increased frequency of disasters incurs direct and indirect losses to livestock
production resulting in great stress to humans in terms of availability of food.
Hence, it is essential to have a clear focus on the relation between livestock and
human for an effective disaster management plan.

(i) The loss of livestock results in a long-term malnutrition and deficient food
supply.

(ii) The national and regional disaster management plans should include animal
welfare measures to have effective human response in protection of livestock
during disasters.

(iii) There should be a platform for providing knowledge and resources to live-
stock owners for an effective disaster management plan.

3.2 Phases of Emergency Management of Livestock During
Disasters

Disaster management is generally divided into four time bound phases viz. pre-
paredness, rescue, recovery and rehabilitation [6] and the same will apply to live-
stock during disasters.

12 Disaster Preparedness: Veterinarian Perspective 115



Preparedness phase: Every country/state should have its own policy for live-
stock on prevention and management during disasters. It will help to handle the
disaster in first 48 h by its own community. The data about the available resources
regarding the staff, hospitals, drugs etc. will help positively to provide the veteri-
narian aid in time.

Rescue phase: Disasters occur without warning and this phase comes normally
between 48 and 72 h of occurrence. During this phase, the animal health compo-
nent includes heard health, care of pregnant, young and new born animals and
prevention of disease risk through vaccination, sanitation etc.

Recovery phase: This phase normally comes after 2–3 days when outside helps
start. The carcasses of the dead animals should be safely disposed. Control rooms
should be setup for exchange and co-ordination of veterinarian aid. During this time
the damage assessment is also done to evaluate claims.

Rehabilitation phase: This is the phase in which the community is back on the
normal life. During this time there will be reconstruction of damaged or lost vet-
erinary facilities based on the experience gained from the disaster handling.

3.3 Livestock Managemental Strategies During a Disaster

The following are some of the effective managemental strategies to save livestock
during any disaster.

(i) Set up of rescue camps and quick and rapid evacuation of animals is the best
measure. This depends on the type of disaster and requires proper identifi-
cation of animals.

(ii) Adequate feeding and watering of animals should be should be done to meet
the nutritional needs. Availability of feeds and fodder during disasters is very
critical and utilization of non conventional feed sources such as urea,
molasses, feed blocks, silage feeding must be done.

(iii) The animals suffering from illness and injure should be kept separately and
provide treatment. Reduce the risk of disease spread by proper sanitation,
vector control and mass vaccination against common diseases.

(iv) The carcass of the dead animals should be burned or buried as per the
protocol. Avoid throwing them into rivers and streams which will lead to
water pollution. The animal waste can be used as manure or fuel after drying.

(v) Strengthen the Veterinary support by deputing the required staff to the needy
places. Provide adequate drugs and medicines for effective treatment.
Control rooms should be set up to exchange and coordinate veterinary
support between public and private agencies.
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4 Role of Veterinarians in Disaster

The increased relationship between humans, livestock and climate, the role of
veterinarian became more important in improving public health, quality of food and
water and reducing the incidence of zoonotic diseases. The achievement of these
goals are hugely dependant on the type of disaster-may be natural or manmade
affecting the animal and human health [7, 8].

During disasters, the veterinarian support should be of high standard to control
the death of animals. This can be achieved by preparing a local pre-disaster plan at
village or mandal level. Veterinary aid should be provided in all stages of disasters
to increase the chance of survivability of animals [9, 10]. The activity of veteri-
narians will be efficient and more fruitful if they work in association with the local,
national, international people and NGOs dedicated to animal health care. The
people involved in disaster management should work by partnering with local and
national governments, non-governmental organizations to deliver expert emergency
response for animals during disasters. With this background, the importance of
building veterinary aid at different levels of society has been highlighted to protect
the animals during disasters. This helps in development of policies, planning and
programmes, as a pre-requisite for sustained disaster management.

4.1 Disaster Preparedness for Veterinarians

Animals are equally susceptible to disasters like human. Type of disaster and
emergency preparedness and response are important issues to the Veterinarians for
effective recovery efforts during and after disasters. Veterinarians should be aware
of the possible emergencies during disasters which can be abridged by training and
participation in the programmes. It is essential to encourage veterinary leadership in
local, state and national level to deal with “all hazards/all species” preparedness for
disasters. Hence, it is required by Veterinary Councils and Disaster Management
Authorities to strengthen the Veterinarian Committees with expertise and guidance
in the following roles:

(i) Address the importance of readiness of veterinary and paraveterinary staff to
react to the disaster situations.

(ii) The impact of the disasters on livestock and human health should be
highlighted.

(iii) Develop proper action plan and guidelines for handling livestock during
disasters.
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5 Veterinary Services and Disaster Reduction

With the rapid development of resources, prevention measures etc. the high inci-
dence and impact of disease outbreaks is an on-going challenge for the many years.
Biological disasters are considered to have greater impact on human and animal
health, especially zoonotic diseases [11, 12]. Hence, it is required to integrate the
specialized activities, adopting a multidisciplinary approach to combat the spread of
zoonotic diseases as it will lead to huge economic losses. The Veterinary Authority
should prepare its disaster reduction plan to focus the activities at each stage
(preparedness, rescue, recovery and rehabilitation) in the disaster reduction cycle
and for each type of disaster, either natural or manmade [13, 14]. Further, veterinary
support or aid should be provided based on the time and need during disasters and
work in association with the similar bodies. This has to be strengthened by pro-
viding proper training to the staff involved so that they can handle any type of
disaster involving livestock and human [15, 16]. Despite many efforts to build
Veterinary aid, the dynamicity in the occurrence of disasters always keep some gap
to react and respond. Hence, the development of strategies to manage disasters
should be a continuous process and can be best achieved by identifying weaknesses
and adopting the improved preparedness measures.
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Chapter 13
Delineation of Target Areas
for MGNREGA Related NRM
Activities Using Web GIS and Multi
Thematic Geo Spatial Datasets

Venkumahanti Tejaswini, G. S. Pujar, G. Jai Shankar,
K. Mrutyunjaya Reddy and Suribabu Boyidi

Abstract Development of Indian villages is critically dependent on the availability
of water and it’s judicious use, especially in the context of fast altering climatic
trends and land degradation. This paper concentrates on selecting suitable sites for
the implementation of natural resource management activities and aims to choose
tentative sites for the planning of water conservation activities such as farm ponds,
check dams, plantation, horticulture and other drought proof activities. The
approach is done by considering the rules and regulations of an Indian labour act
called MGNREGA (Mahatma Gandhi National Rural Employment Guarantee Act)
designed at improving the rural inadequate and to make resilient resources of
mission water conservation. Here, multi thematic geo spatial data sets of Vayalpad
mandal of Chittoor district are considered. The inputs used are Land Use Land
Cover (LULC), Digital Elevation Model (DEM), Road map, Drainage map, slope
map and other topographical features. These layers are tested using allowable
thresholds for understanding sensitivity of decisions.
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1 Introduction

Remote Sensing and geographic information technology has developed at a
remarkable pace over past two decades. This paper concentrates mainly on the
planning of suitable sites for mission water conservation activities using GIS. The
data analysis in this paper is done using spatial analysis, decision support system,
proximity and overlay tools, conversion tools and other advanced geo processing
techniques. To perform this, we consider MGNREGA related NRM activities
which refer to the management of natural resources such as land, water, soil, plants,
and animals with a particular focus on how management affects the quality of life
for both present and future landscapes interact. MGNREGA abbreviated as
Mahatma Gandhi National Rural Employment Guarantee Act is an Indian labour
law and social security measure introduced by the Government of India with main
aim of enhancing livelihood security in rural areas by providing not less than one
hundred days of unskilled manual works as a guaranteed employment in a financial
year to every household in rural areas as per demand resulting in productive assets
of prescribed quality and durability [1]. The entire approach is done using the core
principle of ridge to valley which means that the ridges are treated first and then
progressively approaching the valley. This would help in reducing the velocity of
water, prevention of silt deposition in water harvesting structures and soil conser-
vation in the downstream sites. There are three categories in it. Ridge treatment,
Drainage treatment and Area treatment. As per MGNREGA, there are 141 NRM
works which comes under 17 concentrated areas of improvement. These include
development of rural infrastructure, water harvesting, soil and moisture conserva-
tion, ground water recharge structures, water management etc. The verification and
validation of planning sites is provided by one of the applications of web GIS called
BHUVAN. Bhuvan is a software application which allows users to explore a 2D/3D
representation of earth. It offers detailed imagery of Indian locations with spatial
resolution ranging up to 1 m. The satellite scenes of LISS-IV and Cartosat data is
used as the input imagery for the analysis part. IWMP (Integrated Watershed
Management Programme) has a focal point at development of rain fed or degraded
areas through participatory watershed approach. Accordingly, drought prone area
programme (DPAP), desert development programme (DPP) and Integrated water-
shed development programme (IWDP) of department of land resources have been
integrated. This consolidation is for optimum use of resources, sustainable out-
comes and integrated planning. The area of consideration is included in IWMP.
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2 Study Area

2.1 Description

The study area is an IWMP that comes under Vayalpad mandal of Chittoor district
in Andhra Pradesh. It is located 94 km away from district headquarters. The area is
located between 13.38N and 78.37S coordinates. The concentrated area comes
under one of the watershed management programmes called IWMP-46 imple-
mented in 2011–2012 which is about 720 ha. It is in the elevation of 670 m from
the mean sea level and the district receives an annual rainfall of 918.1 mm. which
specifically proves it’s a rain fed area (Fig. 1).

Fig. 1 Study area—Chittoor—IWMP 46 and micro watershed—4c3B611f
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3 Methodology

3.1 Work Flow for Planning Suitable Sites

Stage 1: Select an area to implement planning based on ridge to valley principle.
Stage 2: Consider multi thematic dataset of four layers

1. Land use land cover
2. Road network
3. Drainage network
4. Digital elevation model.

Stage 3: Use the DEM map for understanding the relief features of the terrain and
classify the area into different zones.
Stage 4: Apply proximity (buffer) to input layers (roads, drainage, settlements) to
find the tentative sites considering the future extent.
Stage 5: Make an union of all these above input proximity layers.
Stage 6: Delineate the wastelands which come under these proximity zones. This
derived data for acquisition of gap area which are neither undertaken by MGNEGA
nor by IWMP [2].
Stage 7: Apart from the above layers, consider the decadal rainfall data for rainfall
design and run off estimation which is a key step towards successful analysis.
Stage 8: Extract the suitable sites for suggesting various NRM activities and their
accessibility for implementation (Fig. 2).

LULC TERRAIN ROAD DRAINAGE

INTEGRATION

DECISION MAKING AND RULE SET

TENTATIVESITES

IMPACTZONE 

MGNREGA IWMP

IWMP-46 DEM

CATEGORIES INTENDED

Water 
conserva on

Structural 
measuresvegeta on

proximity

Fig. 2 Methodology to implement planning of activities
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4 Satellite Data

1. PAN of 2.5 m resolution—CARTOSAT
2. LISS-IV of 5.8 m resolution and Planet lab data.

5 Software Required

1. Arc GIS
2. ERDAS IMAGINE
3. SHARE X (for image capturing).

6 Input Thematic Layers

6.1 LULC

LULC pertaining to the study area is considered. It includes the five main categories
such as agricultural land, forest land, built up, wasteland and water bodies [3]. This
theme is tested every time for checking the suitability to plan each NRM activity
and to assign the weighted value of site based on suitability criteria to a particular
activity (Fig. 3).

6.2 Road Network

Roads play an important role in planning because they serve the purpose of rural
connectivity to implement the activities (both labour and machinery). The road map
for the study area contains five major categories National High way, Village road,
Cart road, and District road and foot path. In the suitability analysis Proximity
zones as discussed above are created to evaluate the threshold levels which are
helpful for planning. This is shown in Fig. 4a.

6.3 Drainage Network

Drainage network is a key to implement mission water conservation activities [4].
The flow direction estimate is primarily decided by its drainage pattern and number
of streams with their respective order. Drainage buffer having a distance of 50 ms is
created to allow the extent as shown in Fig. 4b.
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Fig. 3 Input thematic layers (LULC, road map, drainage map, slope and DEM)

Fig. 4 a Proximity road buffer. b Drainage buffer- 50 m distance
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6.4 Digital Elevation Model

To better understand the elevation of the terrain at each pixel, the DEM points its
exact altitude from the mean sea level [5, 6]. The minimum and maximum
elevations for the study area are 423 and 669 m from MSL. All the discussed input
thematic layers with their specifications are shown in Fig. 3.

7 Proximity Zones

Buffer zones of 50 m for drainage network and 10–100 m by a factor of 20 m each
i.e. 20 m to footpath, 40 m to cart track, 60 m to village road, 80 m to district road
and 100 m to national highway are created. These buffer zones help for the analysis
to check the accessibility to carry out the planning of various activities. Proximity
zones can even help for planning in case of further extension of the terrain features
(natural or manmade).

8 Rainfall Design

Rainfall design and its estimation of return period plays a crucial role to make a
long run planning. It can be analysed by performing rainfall probability analysis of
the area i.e. amount of rainfall during a year at or above which the catchment area
will provide sufficient runoff. Initially, annual decadal rainfall data is collected and
they are arranged in an order giving ranks 1, 2, 3, 4, 5 … (maximum rainfall gets
rank 1 and so on).

8.1 Probability of Rainfall and Return Period

The occurrence of probability for each ranked observation is calculated from the
Eq. (1) for the last one decade.

Probability ð%Þ ¼ m� 0:375
Nþ 0:25

ð1Þ

where p is the percentage of rainfall, m is the rank of the observation and N is the
total number of observations. Once probability is calculated, the return period T in
years can be estimated by using the expression and Table 1.
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T ¼ 100
p

ð2Þ

where T is the return period and p is the percentage of probability. For example, the
return period with 50% probability will be T = 100/50 i.e. two years. Table 1 gives
the annual decadal rainfall of the study area. The percentage probability can be
computed using Eq. (1).

From Fig. 5, it is clear that there is an expectation of 50% probability to get
rainfall of 900 mm. Thus, according to Indian Meteorological Department, this area
can be considered as a rain fed region. The finally fitted curve would show the
probability of occurrence of rainfall value of a specific magnitude. The yellow line

Table 1 Decadal rainfall
data rank wise with %
probability

Year Rainfall (in mm) Rank Probability (%)

2005 1543.9 1 5.55

2006 844.6 8 67.77

2007 1092.2 2 14.44

2008 953.3 4 32.22

2009 754.4 10 85.55

2010 1079.5 3 23.33

2011 921 5 41.11

2012 740 11 94.44

2013 856 7 58.88

2014 900 6 50

Fig. 5 Graph showing % probability and rainfall
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on x axis indicates the 50% probability and the same line on y axis indicates the
amount of rainfall at that probability which is 900 mm. This can be computed for
every unit and the probability can be estimated.

9 Results and Discussions

9.1 Wasteland Extraction

The total number of wastelands found to be 560 polygons. Of them those which are
in the vicinity of the road network are 302 covering an area of 249.32 ha and of
drainage network are 318 with an area of 323.22 ha. The waste lands near the
settlements are 32. Total wastelands that are neither under the coverage of
MGNREGA nor IWMP projects (highly concentrated areas in the planning) are
182. The waste lands are categorized to various classes based on their area and
those which are greater than 10 ha are not considered under planning (Table 2).

The number of waste lands in the vicinity of the roads is 302 and in the vicinity
of drainage network are 318 which possess the area of less than 10 ha each
(Fig. 6a, b). Of them, the waste lands which are neither undertaken by NREGA
NRM programme nor by IWMP, are the main targeted areas for suggesting the
planning (Fig. 7).

9.2 Integrating Input Data

All the inputs that are taken above are integrated against each layer with respect to
their threshold levels so that some common areas can be evolved with the help of
which planning can become easier and more helpful so that it can serve multiple
purposes. Fig. 8 illustrates the output obtained by performing union to the above
input layers and proximity zones.

Table 2 Classification of wastelands in area

Class Category (ha) Total area (ha) No. of wastelands

1 <2 218.42 450

2 >2 to <4 167.71 58

3 >4 to <6 111.40 23

4 >6 to <8 102.81 15

5 >8 to <10 37.88 4

6 >10 (NA) (NA)
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Fig. 6 a Waste lands near roads. b Waste lands near drainage

Fig. 7 Total waste lands covered neither by NREGA nor by IWMP activities

130 V. Tejaswini et al.



10 NRM Activities—Check Dams

Check dams are to be planned in an area having an annual rainfall less than
1000 mm. and the site should be along the drainage channel (preferably on the
second and third order streams). The water way should be on the slope of not more
than 30°. Height of the check dam must be in between 2 and 3 ft and its length
varies between 6 and 10 m [7]. The spacing between the check dams must be in
such a way that toe of the upstream check dam is equal to the elevation of the
downstream check dam’s crest [8].

10.1 Estimating Peak Rate of Run off

The approximate dimensions of the weir are determined by taking into account the
peak run off from the catchment. Peak run off can be estimated by using a rationale
formula given below.

Q ¼ CIA
360

ð3Þ

Fig. 8 Union of LULC, buffered roads, buffered drainage, elevation zones
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where Q is the peak discharge in m3/s, c is the run off coefficient taken as 0.5 with
respect to available soils, I is the maximum rainfall intensity for the time of con-
centration taken as 2 mm/h (as per rainfall census of APSDS) and A is the drainage
area of the diversion channel, the peak rate of run off can be calculated as 0.05 m3/s.
From this, the length of the weir can be computed suing the below equation.

L ¼ Q

1:711� h
3
2

ð4Þ

h is the depth of the flow i.e. 0.3 m and by replacing the above values the
approximate length of the weir can be 6 m across the drainage channel.

10.2 Input Thematic Maps

After taking the slope, elevation from mean sea level, drainage pattern, rainfall, run
off estimation and hydrology into consideration, 7 suitable sites are planned for the
construction of check dams for the given micro watershed having an area 720 ha.
This output is shown in Fig. 9.

11 Farm Ponds

Farm ponds can be made on any and every crop field (moderately cultivated) in the
rain fed regions [9]. It should be made in the farming area so that protective
irrigation can easily be given and site should be relatively flat. The main

Fig. 9 Input thematic layers for the construction of check dams and the output tentative sites for
planning

132 V. Tejaswini et al.



requirement is that the farm ponds must be lying on the slopes <3% i.e. along very
gently sloping terrain [10]. For regions having mean annual rainfall varying from
500 to 750 mm, farm pond of 500 m3 capacity can be constructed. Selection of
suitable sites for the farm ponds depends on soil type, infiltration rate, slope,
topography, drainage pattern, and rainfall distribution. The catchment area of the
site should be more than 2 ha. If we want to provide 10 cm of protective irrigation
to crop over 1 ha, we need 1000 m3 of water. Volume of water required is the
product of area of the irrigated land and depth of irrigation (1 ha � 1000 m3). Farm
pond whose dimension is 500 m2 will yield this amount of water in 1 ha.

Fig. 10 Slope direction based on elevation
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11.1 Direction of Water Flow

The direction of the water flow is very important while planning sites for the farm
ponds in each field because farm pond must be constructed mostly along the corner
which directs the water flow [11]. In order to perform this analysis, we need to

Fig. 11 Hydrology—flow direction and its orientation

Fig. 12 Input layers considered for planning farm ponds and output site selection for farm ponds
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consider the DEM, run the hydrology (flow direction) tool of Arc GIS, perform
resampling, covert this raster resampled data into point and display them in terms
of directions with respect to particular orientation angles as shown in Figs. 10, 11
and 12.

12 Horticulture

Horticulture is a fruit, vegetable and ornamental agriculture that involves intense
care with respect to gardening, agriculture in green house, land scape architecture.
Consider LULC map, convert to raster, reclassify it based on category.
Consider DEM map, reclassify it into elevation zones. Consider slope map convert
to raster, reclassify and save these inputs. Table 3 informs that the layer influencing
the planning of the horticulture under land use land cover is 35% with corre-
sponding weighted values of each category are defined. Similarly, the layer
influencing the planning under road network is 15%, layer under drainage is 30%
and the layer influencing planning of horticulture by DEM is 20%. For example, in
Table 3, under LULC, waste lands are given the highest weightage followed by
water bodies, built up, agricultural land and forest as shown Table 3.

Table 3 Weighted overlay
values to each layer and ranks

Raster % Influence Field Weighted value

LULC 35 Waste lands 6

Water bodies 5

Built up 4

Agricultural land 2

Forest 3

Road 15 Village road 4

National highway 3

Cart track 5

Foot path 6

Slope 30 Level to nearly level 3

Moderate sloping 4

Gentle sloping 5

Very gentle sloping 1

Steep slope 1

DEM 20 455–486 m 6

487–518 m 5

519–550 m 3

550–566 m 2
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12.1 Weighted Overlay

From Fig. 13, the suitable sites for the planning of horticulture are obtained by
computing percentage influence and weighted values with reference to each layer as
shown in Table 3. Grey colour patches are the most important sites which con-
tribute for high suitability and the further suitability is explained colour wise as
shown above.

13 Conclusions

The main objective of this project is to suggest some inputs for implementing NRM
activities under MGNREGA. The above results show all tentative sites for the
implementation of farm ponds, check dams, plantation and horticulture by using
some tools of Arc GIS. In this study the input thematic maps that include LULC,
Digital elevation maps, terrain, slope map, road map, drainage map are considered.
Initially the waste lands where there is a possibility to implement the activities are

Fig. 13 Tentative sites to
plan for horticulture
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delineated. The wastelands concentrated are 182. Of them the total number of sites
suitable for check dams are tentatively 7 and 28 most suitable sites are derived for
implementing horticulture. The all possible sites for constructing farm ponds are
delineated based on the corresponding dimensions of each farm and these are tested
for understanding sensitivity of decisions.
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Chapter 14
Dynamic Changes of Plantations
in the Selected Watershed Project Areas
of Andhra Pradesh Using Bhuvan
Geo-Information

G. Sravanthi, K. Mruthyunjaya Reddy, G. S. Pujar
and Peddada Jagadeeswara Rao

Abstract IWMP aims to enhance the judicious use of natural resources, particu-
larly based on soil and water conservation measures. NRSC/ISRO has designed and
developed the required technological interventions (Srishti & Drishti) for moni-
toring and management of IWMP watersheds through Bhuvan-Integrated
Watershed Programme (IWMP). In order to analyze the changes in plantations,
IWMP watershed projects corresponding to 6 Agro climatic zones of Andhra
Pradesh were selected as they facilitate the specific growth scenario of Plantations
in these IWMPs. Dynamic changes in plantations provides us the information of
Land cover changes which helps in implementing the sustainable developmental
activities in the IWMPs for the growth and for balancing the hydrological cycle
properly. The procedure to detect changes in plantations involves a comparison of
two or more satellite images acquired at different times that can be used to evaluate
the differences in spectral responses. The method of change detection involves
analysing the changes in plantations using online Bhuvan geo information and
analysing through image processing techniques.
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1 Introduction

Remote sensing technology in combination with geographic information system
(GIS) can render reliable information on Plantation cover. Urban growth, in pop-
ulation has been a major factor which has altered natural vegetation cover, due to
anthropogenic activities. The results of these have left significant effects on local
weather and climate. The use of remote sensing data in recent times has been of
immense help in monitoring the changing pattern of Plantations.

The analyzation of the dynamic changes of plantations in the IWMP (Integrated
Watershed Management Programme) watershed projects provides us the informa-
tion of Landover changes which helps in implementing the sustainable develop-
mental activities in the IWMPs for the plantation growth and for balancing the
hydrological cycle properly.

The current study focuses on the change detection of plantations and their spatial
distribution. Spectral characteristics of features may change over time and these
changes can be detected by collecting and comparing multi temporal imagery.
Change detection procedures intend to find and where appropriate, to interpret the
alterations of objects or phenomenon between the different acquiring times t1, t2,…
tn. when using multi temporal remote sensing image data, the value of an image
pixel or object at time t1 can be compared with the value of the corresponding image
pixel or object at time t2 in order to determine the degree of change. The change
analysis includes visual interpretation using Bhuvan geo based information and then
confirming the changes using image processing techniques. The image processing
methods for change analysis involves both per pixel based image analysis and object
based image analysis methods. This is because the coverage changes were affected
by the seasonality and the potential usage of high resolution satellite images for the
extraction of information from local to national scales.

2 Data and Software Packages

In this study satellite data of Resourcesat-2 LISS-IV data and Planetlab imagery
Rapideye and Planetscope are used. For the change detection multi temporal
satellite images (T0 & T1) were used. T0 data is acquired from LISS-IV and T1
data is acquired from planet labs satellite imagery. The LISS-IV sensor is a mul-
tispectral high resolution camera with a spatial resolution of 5.8 m at nadir. The
payload provides multispectral imagery covering a swath of 70 km as compared to
23 km swath of Resourcesat-1. The data is acquired in three spectral bands namely
visible and near infrared (B2, B3 and B4). Planet’s satellite constellations image the
entire world every day. The planetscope analytic data is orthorectified, multispectral
data from satellite constellation with four multispectral bands namely blue, green,
red and near infrared and having ground sample distance of 3.7 m (at reference
altitude of 475 km).
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Software packages used were Arc GIS 10.2.1 which is used for discovering
geographic information, analysing the information and for creating maps.
ERDAS IMAGINE 2016 is aimed primarily at geospatial data processing and for
the enhancement of digital images and for the image processing methods that are
involved in change detection. eCognition 9.1 used for extracting information from
images using a hierarchy of image objects (group of pixels) and is used for image
segmentation and classification processes. It solves image analysis tasks through
earth science based rule sets and workflows.

2.1 Study Area

For analyzing the changes in Plantations six Agroclimatic Zones of Andhra Pradesh
were considered. The Agroclimatic zones facilitates understanding with respect to
specific growth scenario in Plantation. Agroclimatic zones refers to soil types,
rainfall, temperature and water availability which influences the type of plantations.
Therefore to study and analyze the Plantation growth, different IWMPs from each
district corresponding to these Agroclimatic zones were selected. They are North
Coastal Zone (Vizianagaram), Godavari Zone (West Godavari), Krishna Zone
(Prakasam), Southern Zone (Kadapa), Scarce Rainfall Zone (Ananatapur), High
Altitude and Tribal Areas Zone (High altitude and tribal areas of Visakhapatnam)
(Fig. 1; Table 1).

Fig. 1 Image showing the six selected IWMPs of Andhra Pradesh
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3 The Hybrid Method

Hybrid method of change detection involves analyzing the changes in plantations
using web portal Bhuvan Geo information and through image processing
techniques.

3.1 Change Analysis Through Bhuvan Geo Information

The primary analysis of changes in plantations were observed and identified in the
six IWMPs of six different agroclimatic zones of Andhra Pradesh using Bhuvan geo
information and the changes that are associated with these watersheds were iden-
tified as mainly two kinds, they are increase in plantations and felling of plantations.
The increase in plantations was further categorized into two types namely large
plantation associations and moderate to small plantation associations. The felling of
plantations were also categorized into two types namely removal of small patches
of plantations and removal of large patch of plantations. These different categories
were considered as instances and were identified by visual interpretation using
Bhuvan geo information for all six IWMPs that have been selected each for one
district of Andhra Pradesh. The total number of instances for each category was
given in Table 2.

The large plantation associations were considered as one instance. For illustra-
tion from Table 2 the more number of instances of large plantations established that
were identified in Southern zone i.e., in Kadapa district IWMP-29 are 25 instances.
Figure 2 illustrates the association large plantations (Fig. 3).

3.2 Change Analysis Through Image Processing
Techniques

This paper gives an overview of the analysis using both pixel based and object
based methods. The object based methods which aim to delineate readily usable
objects from imagery while at the same time combining image processing and GIS

Table 1 Represents the
study area

Districts Type of agro climatic zones IWMPs

Anantapur Scarce rainfall zone IWMP-32

Kadapa Southern zone IWMP-29

Prakasam Krishna zone IWMP-36

Visakhapatnam High altitude tribal zone IWMP-11

Vizianagaram North coastal zone IWMP-10

West Godavari Godavari zone IWMP-01

142 G. Sravanthi et al.



T
ab

le
2

T
hi
s
ta
bl
e
de
pi
ct
s
th
e
ch
an
ge

an
al
ys
is
of

pl
an
ta
tio

ns
us
in
g
B
hu

va
n
w
eb

ba
se
d
G
eo

in
fo
rm

at
io
n
sy
st
em

S. no
.

T
yp

e
of

ch
an
ge

V
eg
et
at
io
n
ch
an
ge

G
od

av
ar
i

zo
ne

H
ig
h
al
tit
ud

e
tr
ib
al

zo
ne

K
ri
sh
na

zo
ne

N
or
th

co
as
ta
lz
on

e
Sc
ar
ce

ra
in
fa
ll
zo
ne

So
ut
he
rn

zo
ne

T
ot
al

1
Pl
an
tin

g
L
ar
ge

pl
an
ta
tio

ns
es
ta
bl
is
he
d

12
10

7
6

5
25

65

M
od

er
at
e
to

sm
al
l

pl
an
ta
tio

n
es
ta
bl
is
he
d

56
51

34
16

69
12

8
35

4

2
Fe
lli
ng

R
em

ov
al

of
sm

al
l
pa
tc
h
of

ve
ge
ta
tio

n
9

0
6

2
1

4
22

R
em

ov
al

of
la
rg
e
pa
tc
h
of

ve
ge
ta
tio

n
1

0
0

0
0

0
1

T
ot
al

78
61

47
24

75
15

7
44

2

14 Dynamic Changes of Plantations in the Selected Watershed … 143



functionalities in order to utilize spectral and contextual information in an inte-
grative way. To avoid salt and pepper effect image can be divided into homoge-
neous regions prior to classification, instead of classifying the individual pixels. The
most common approach used for building objects is image segmentation. High
resolution satellite images offer great spectral heterogeneity and spatial variance.
Because of spectral heterogeneity and spatial variance in the image, segmentation
techniques were used. With this approach, segments not only have spectral prop-
erties, but also region based metrics as shape, texture, structure, size and context.
Object-based image analysis (OBIA) involves pixels first being grouped into
objects based on either spectral similarity or an external variable such as ownership,
soil or geological unit. Many variables may be determined, categorized as spectral,
shape. Spectral variables are mean value and standard deviation of a specific
spectral band; shape variables include size, perimeter and compactness. This can be
achieved from ecognition tool which used patented image segmentation and clas-
sification processes (Fig. 4).

Fig. 2 Identifying the association of large plantations on Bhuvan Srishti

The moderate to small plantations that are established are shown in the below image

The removal of large association of plantations are shown by the image below

Fig. 3 Identifying the plantation changes in Bhuvan IWMPs
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A pixel has been the basic unit of image analysis and change detection tech-
niques since the early use of RS data. An image pixel is the atomic analytical unit in
these techniques whose spectral characteristics are exploited to detect and measure
changes mostly without considering the spatial context. In this paper image dif-
ferencing method has been applied.

3.3 Image Differencing

Two precisely co-registered multi-temporal images are used to produce a residual
image to represent changes. The difference can be measured directly from radio-
metric values of the pixel or on the extracted/derived/transformed images such as
texture or vegetation indices. In this paper we have considered the vegetation
indices i.e., NDVI of two multi temporal images for change detection [1].

Mathematically, the difference image is:

Id x; yð Þ ¼ I1 x; yð Þ � I2 x; yð Þ

where I1 and I2 are the images obtained from t1 and t2, (x, y) are the coordinates of
the pixels. The resulting image, Id, represents the intensity difference of I1 from I2.
This technique works only if images are registered. The NDVI image of T0 data
and the NDVI image of T1 data were given as inputs to the image differencing tool
in change detection tools. The obtained difference image, T0 data (LISS IV) and T1
data (Planetscope) were compared for the confirmation of change detection and

Fig. 4 Change detection using object based image analysis method
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exported to Arc GIS for creating polygon features for the changes obtained and then
quantified (Fig. 5).

4 Results and Discussions

In the present study the dynamic changes of plantations in Anantapur district
IWMP-32 belonging to scarce rainfall zone of the six agro climatic zones of Andhra
Pradesh were detected using the object based image analysis method performed
separately on each of the multi temporal data. In this study area along with the
plantations, a great change in natural stream vegetation has also been identified. The
number of increase in plantations, number of felling of plantations and the number
of persistence plantations of periods T0 and T1 were briefly depicted in the Table 3.

The total area under the plantations that are identified in Anantapur IWMP-32
over the time period T0 (3rd March 2012) is 71.48 ha and the total area under the
felling of plantations that are detected through object based analysis for the T0 data
is 17.03 ha. Similarly the total area of plantations and the area under felling of
plantations for the T1 (12th December 2015) are 112.65 and 69.49 ha (Fig. 6).

The changes in plantations were identified in Kadapa district IWMP-29
belonging to the southern zone of the six agro climatic zones of Andhra Pradesh
were detected by the method of integration of Bhuvan based analysis with the
image differencing methods as shown in Fig. 7.

Fig. 5 Change detection using image differencing method [2]

Table 3 Changes that are identified in T0 and T1 data of Anantapur IWMP-32

Count of object ID Class name T1

Class name T0 Natural stream
vegetation T1

Plantations established
in T1 data

Area without any
plantations

Natural stream
vegetation T0

227 55 160

Plantations T0 18 36 18

Area without any
plantations

217 82
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The total increase in the area of the plantations = 370.44 ha and the total area
under the felling of the plantations = 2.11 ha (Fig. 8).

Similarly for all the six IWMPs of different agro climatic zones of Andhra
Pradesh the dynamic changes of plantations were identified by both the Bhuvan

Fig. 6 Change detection in Anantapur IWMP-32 (T0 & T1) using OBIA method [3]

Fig. 7 Image showing the Increase in plantation and felling of plantations
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Fig. 8 Change detection through image differencing method in Kadapa IWMP-29

Fig. 9 Image showing the Young plantations through image differencing method
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based geo analysis and through the image processing techniques involving both the
per pixel based image analysis methods and the object based image analysis method
(Fig. 9; Table 4) [4].

The total area under the persistence plantations (plantations that were remained
unchanged) that are identified in the West Godavari district IWMP-01 is 157.00 ha
and that are identified in Vizianagaram IWMP-10 are 500.72 ha.

5 Conclusions

Remote Sensing data of multi spectral spatial and temporal data acquired through
space borne remote sensors is of immense help for monitoring requires in watershed
project. In the present study multi temporal data sets in conjunction with GIS, pixel
based and object based image techniques are used to study the changes in
Plantations in the watersheds that helps in implementing the sustainable develop-
mental activities in the IWMPs for the growth and for balancing the hydrological
cycle properly. In this study it is observed that by integrating the Bhuvan based
analysis with the image processing methods, the dynamic changes in plantations
were quantified.
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Chapter 15
Role of Remote Sensing System
for Disaster Area Response

G. Anjaneyulu and A. Suseela

Abstract Natural screw ups are excessive events in the earth’s machine that bring
about death or harm to human beings, and harm or lack of precious items, which
include buildings, verbal exchange systems, agricultural land, woodland, natural
surroundings and so on. The financial losses because of natural screw ups have
proven a growth over the past four decades, resulting from the multiplied vulner-
ability of the global society, however additionally because of a boom inside the
wide variety of weather-associated failures. For the natural disasters, a huge amount
of data is required for remote sensing to get the information. Satellite far off sensing
is the suitable device for disaster management, since it offers facts over massive
regions, and at quick time intervals. Although it can be utilised inside the diverse
stages of catastrophe management, which incorporates prevention, preparedness,
relief, and reconstruction, in practice up until now it is in maximum cases used for
caution and tracking. In olden days, remote sensing as used as a warning system for
the natural disasters. The use of faraway sensing facts isn’t possible without a
proper device to deal with the big amounts of facts and integrate it with facts
coming from other assets, inclusive of maps or measurement stations. Therefore,
collectively with the boom of the faraway sensing packages, Geographic
Information Systems have emerged as increasingly more important for disaster
management. This thesis offers a examine of using faraway sensing and GIS for a
number of vital catastrophe types.
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1 Introduction

Natural screw ups are excessive sports within the earth’s tool (lithosphere,
hydrosphere, biosphere or surroundings) which differs considerably from the pro-
pose, resulting in loss of life or harm to humans, and harm or lack of treasured
accurate, alongside houses, communiqué systems, agricultural land, wooded loca-
tion, natural environment. They get the information on the effect of effect of the
natural systems upon the socio-monetary system [1]. This effect may fast in
earthquakes and slow in droughts and increases gradually. It is crucial to differ-
entiate between disaster and hazard. A potentially unfavourable phenomenon
(threat), which consists of an earthquake via itself isn’t taken into consideration a
catastrophe at the same time as it happens in uninhabited regions. It is known as a
catastrophe whilst it occurs in a populated region, and brings damage, loss or
destruction. Natural screw ups occur in lots of components of the arena, even
though each form of catastrophe is constrained to positive areas. Figure 1 shows the
information about the natural disasters like earthquake, floods, droughts and the
cyclones in a worldwide.

Are focuses specifically in the world’s plate limitations?
Disasters can be categorized in numerous ways. Those may be include:

• Natural screw ups are sports which may be due to in easy terms herbal phe-
nomena and produce harm to human societies (which includes earthquakes,
volcanic eruptions, hurricanes);

• Human-made failures are sports which can be because of human sports (which
include atmospheric pollutants, commercial enterprise chemical accidents,
principal armed conflicts, Nuclear accidents, oil spills;

Fig. 1 World map of natural disasters

152 G. Anjaneyulu and A. Suseela



• Human-delivered on disasters are herbal disasters which may be improved/
annoyed by means of manner of human effect.

In desk 1 the numerous disasters are categorised consistent with this kind, the
usage of a few intermediate schooling. A landslide, as an example, can be handiest
herbal, due to a heavy rainfall or earthquake, but it is able to moreover be human
brought on, because of an over steepened road cut. The effect of natural failures to
the global environment is becoming increasingly more excessive over the past a
long term. The stated wide variety of catastrophe has dramatically multiplied, as
well as the rate to the global economy and the amount of humans affected.

2 Disaster Management

One manner of managing natural risks is to disregard them. In many areas, neither
the populace nor the government chooses to take the hazard because of herbal risks
appreciably, due to many wonderful motives. The final number one terrible event
may have happened long term inside the beyond, and is simplest consider as a story
from the past. People may additionally moreover have moved in the place these
days, even as not having the knowledge on ability risks. Or it can be that the hazard
because of natural risks is taken as a right, given the various dangers and problems
faced with in people’s everyday lives. Cynical government may overlook about
risks because the media exposure for their useful resource deliver after the catas-
trophe has took place has a good deal extra impact on electorate than the give up
investment of budget for catastrophe mitigation. To correctly lessen the influences
of herbal disasters a whole strategy for disaster manipulate is wanted, which is also
known as the catastrophe manage cycle (see Fig. 2).

Disaster manage consists of ranges that take area earlier than a catastrophe takes
place, disaster prevention and catastrophe preparedness, and three tiers that take
place after the superiority of a disaster, disaster treatment, rehabilitation and
reconstruction.

Fig. 2 The disaster management cycle. Source National Policy on Disaster Management
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Disaster manage is represented right here as a cycle, for the cause that occur-
rence of a catastrophe event will in the end affect the manner society is making
equipped for the Subsequent one.

The records required for catastrophe manages are coming from genuinely con-
sidered one of kind clinical disciplines, and must be included. Data integration is
one of the strongest factors of GIS. In favoured the subsequent types of information
are required:

• Data at the disastrous phenomena (e.g. Landslides, floods, earthquakes), their
vicinity, frequency, price etc.

• Data at the environment wherein the disastrous sports activities ought to pos-
sibly take region: topography, geology, geomorphology, soils, hydrology, land
use, plant life and masses of others.

• Data on the factors that is probably destroyed if the occasion takes place:
infrastructure, settlements, populace, socio-monetary statistics and so on.

• Data at the emergency comfort property, which embody hospitals, hearth bri-
gades, police stations, warehouses and loads of others.

The quantity and shape of statistics that must be saved in a GIS for disaster
manages relies upon very masses on the level of utility or the size of the control
mission. Natural risks data need to be blanketed robotically in improvement
planning and investment venture preparation. Development and funding tasks need
to embody a price/advantage analysis of making an investment in risk mitigation
measures, and weigh them toward the losses which might be probably to arise if
those measures are not taken [2] Although the choice of the scale of analysis is
commonly decided by means of the supposed software program of the mapping
consequences, the selection of a analysis approach stays open. This desire is based
upon at the sort of problem, the supply of statistics, the provision of monetary
assets, the time available for the research, in addition to the expert experience of the
experts involved inside the survey. See additionally Cova [3] for an outline of the
usage of GIS in emergency control. In the subsequent sections the use of a ways
flung sensing for four forms of herbal disaster is discussed.

3 Remote Sensing and GIS Tools

Mitigation of herbal screw ups may be a hit only at the same time as unique facts is
received approximately the predicted frequency, person, and importance of risky
events in a place. Many styles of records which can be needed in natural catastrophe
manipulate have an crucial spatial element. Spatial facts are data with a geographic
thing, including maps, aerial snap shots, satellite TV for pc imagery, GPS infor-
mation, rainfall records, borehole data and so forth. Many of those data will have a
exceptional projection and co-ordinate machine, and need to be brought to a
common map-basis, an awesome manner to superimpose them. We now have get

154 G. Anjaneyulu and A. Suseela



proper of access to records collecting and putting in place generation like some
distance off sensing and geographic data structures (GIS), which have examined
their usefulness in disaster manipulate.

First of all, far flung sensing and GIS offers a data base from which the evidence
left in the back of with the aid of manner of failures that have befell earlier than may
be interpreted, and blended with exclusive statistics to arrive at risk maps, indi-
cating which regions are possibly risky. The donation of chance should be the
premise for any catastrophe management mission and ought to supply planners and
choice-makers with excellent enough and understandable facts. Remote sensing
statistics, on the facet of satellite tv for pc tv for laptop images and aerial snap shots
allow us to map the variability’s of terrain houses, alongside side plant life, water,
and geology, every in area and time. Satellite pictures provide a synoptic assess-
ment and provide very beneficial environmental records, for a big variety of scales,
from whole continents to information of a few metres. Secondly, many types of
failures, which include floods, drought, cyclones, volcanic eruptions, and so on.
May have wonderful precursors. The satellites can find out the early tiers of these
sports as anomalies in a time series. Images are available at normal brief time
durations, and may be used for the prediction of each fast and sluggish failure.

Then, whilst a disaster takes place, the rate of information collection from air and
place borne structures and the opportunity of data dissemination with an identical
swiftness make it possible to show the incidence of the catastrophe. Many screw
ups may also affect large regions and no different device than some distance flung
sensing should offer a matching spatial insurance. Remote sensing moreover lets in
monitoring the occasion in the course of the time of prevalence whilst the forces are
in whole swing. The vantage function of satellites makes it best for us to take into
account, plan for and operationally show the event. GIS is used as a tool for the
making plans of evacuation routes, for the layout of centres for emergency oper-
ations, and for integration of satellite TV for laptop facts with unique relevant
statistics in the design of disaster warning structures.

In the disaster remedy phase, GIS is noticeably beneficial in combination with
Global Positioning Systems (GPS) in are seeking out and rescue operations in
regions which have been devastated and in which it is hard to orientate. The effect
and departure of the disaster occasion leaves in the back of a place of big devas-
tation. Remote sensing can help in damage evaluation and aftermath monitoring,
imparting a quantitative base for comfort operations.

In the disaster rehabilitation section GIS is used to organise the damage facts and
the put up-catastrophe census records, and in the evaluation of web sites for
reconstruction. Remote sensing is used to map the ultra-modern state of affairs and
update the databases used for the reconstruction of an area, and might help to save
you that this type of disaster takes region once more.

The extent of statistics wished for catastrophe control, mainly within the context
of incorporated improvement making plans, surely is an excessive amount of to be
treated via manual techniques in a timely and effective way. For instance, the post
catastrophe damage opinions on homes in an earthquake stricken metropolis, may
be masses. Each one will need to be evaluated one at a time as a way to decide if the
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building has suffered irreparable harm or now not. After that every one reports must
be combined to derive at a reconstruction zoning interior a fairly small period of
time.

4 Conclusions

The decade of the 1990s, genuine because of the fact the International Decade for
Disaster Reduction, has no longer prompted a discount of the losses because of
herbal disasters. On the other, the information show a rapid increase, both asso-
ciated with an developing vulnerability of massive part of the earth’s populace, in
addition to to an boom inside the wide variety o f climate associated sports. The
decade of the 1990s moreover confirmed a fast boom inside the technological
competencies and tools that may be applied in disaster control. Some of those
equipment address the gathering and management of spatial facts, consisting of
some distance flung sensing and Geographic Information Systems. Although not
one of the latest satellites turn out to be specifically designed to be used in catas-
trophe mitigation, maximum of them moreover have examined their usefulness in
disaster prevention, preparedness and remedy.

The operational programs particularly use imagery with low spatial selection,
coming from meteorological satellites or NOAA-kind satellite tv for pc tv for
computer. The Turn-Around-Time (TAT) is the time required some of the photo is
obtained until the solution must take transport of for the caution or monitoring of a
selected threat. This differs strongly one shape of catastrophe to a few exceptional.
For instance for wildfire the TAT can be very quick (0.5 h), for cyclone’s and
floods it is 24 h, and for drought it’s miles weeks. The TAT depends on many
elements, inclusive of the region of the occasion, the satellite constellation, the
climate conditions (cloud loose pictures or radar), the records receiving compo-
nents, records evaluation components (e.g. Visible interpretation or computerized
evaluation) and industrial and crook components. In the various climate associated
failures, obtaining cloud free pix for harm assessment is usually a immoderate
hassle. For some styles of failures, which include floods, debris flows or oil spills,
SAR is the solution in that case. For other kinds of screw ups (e.g. Landslides,
earthquakes, wildfires) focused optical pictures should be used.

In the section of disaster consolation, satellite tv for pc tv for computer far flung
sensing can only play a feature inside the identification of the affected regions, if
sufficiently massive. Structural harm to homes can’t be placed with the bad decision
of the modern structures. Near Real Time harm and the area of viable victims has
now end up viable with the availability of the number one civilian optical Very
High Resolution (VHR) project, IKONOS-2, even though this could first rate make
a difference if appropriate enough temporal selection, swath-coverage and prepared
get right of entry to to the records can be completed. The temporal decision pro-
vided thru person satellites, mainly considering cloud cover, will now not be
enough, and VHR will not turn out to be operational in harm mapping until a couple
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of satellites are used. This capability is of excessive issue to consolation companies
who require NRT imagery to find feasible victims and structures at risk, and
additionally to map any adjustments to get admission to that could have happened.
With the predicted availability of VHR information, co-ordination of strive and
motivation to gather imagery becomes paramount. Ideally, their desires to be a
single co-ordinating body for the ordering, receiving, schooling and dissemination
of statistics.

In most times, the availability of GIS databases, containing statistics about
elements at hazard, if blended with less centred pictures containing the increase of
the area affected, will permit for a quick evaluation of the variety of men and
women and homes affected.
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Chapter 16
Integration of Multiple Technologies
in Web Environment for Developing
an Efficient Framework for Emergency
Management

V. Bhanumurthy and Vinod Kumar Sharma

Abstract Emergency management is a multi-disciplinary endeavor of applying
science, technology, planning, and management to deal with extreme events.
Effective emergency management demands availability of right data in right format
at right time to enable disaster managers for taking efficient decisions at the time of
crisis. Technologies and tools including remote sensing, geographical information
system (GIS), web services and communication technologies have tremendous
potential to support decision making process at the time of emergency. Integration
of the available technologies and tool at a common platform for addressing
emergency management is a challenge. Different technologies and tools have their
own communication protocols and different data standards. To overcome this
limitation in integrating all relevant multidisciplinary technologies, a comprehen-
sive framework is proposed with the capabilities of database organization, inte-
gration, and decision making tools. This framework is a chain of action for dealing
with all phases of emergency management life cycle. It facilitates the necessary
components such as preparing for and recovering from a disaster or emergency
situation. The integrated system yields as disaster dashboard services, multi-scale
geospatial database, decision making tools, set of mobile applications for relief
management. To test the capabilities of the framework in real time, it has been
translated into a comprehensive emergency information system for National
Disaster Response Force (NDRF) as a proof of concept in the form of geo portal. It
is an end to end solution fulfilling all the requirements of the NDRF at ground
starting from initiating an event to successful completion of the event.
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1 Introduction

Emergency management is the discipline dealing with risk and risk avoidance [1].
Emergency situation can arise due to a disaster, caused by a technology or natural
process. Emergencies or disasters are no respecters of national borders and may not
occur at convenient times. It can happen at any time, at any place. Emergency
response demands rapid decisions in short time. In emergency conditions, the
decision makers may commit mistake due to pressure. To minimize the manual
mistake, it is very important to have emergency plans in place. WHO [2] recom-
mends launching of a coordinated response mechanism for comprehensive emer-
gency management. Response to deal with emergency situation relies on execution
of one or more response plans. Command and control centre are responsible for
proper execution of response plans on ground. The command and control center
gives directions to the team on the field based on current situation. A commander on
field coordinate and executes the relief activities with the help of support staff on
ground, which has been monitored by the control center. New information about the
emergency situation have been updated from the ground to the control center which
has been analyzed and appropriate decisions have been transferred to on field team
for execution. The activities during a disaster or an emergency incident are mostly
tiresome and have to be carried out under severe pressure [3]. Selection of emer-
gency plan for execution on the ground depends on the type of emergency or
disaster event. Some time it become difficult to execute the emergency plans on
ground due to adverse conditions, which includes bad weather, non-accessibility of
the site, non-availability of equipments and many more. Hence, a set of optional
plans has to be made for implementing most appropriate or suitable one. Real-time
monitoring and control of response activities have been considered as integral parts
of effective emergency response where the technologies play an important role. The
ultimate objective of emergency management is to bring down the extent of disaster
impact on the lives or property Therefore, emergency management means to
identify challenges and be prepared for possibilities and threats through competence
and comprehensive insight in activities and operations [4].

Emergency manager need rapid sharing of the database or information to analyse
the situation. It requires the disaster-specific data for data interpretation, analysis
and for the rescue and relief operations. Further, detailed spatial information at the
larger scale, high resolution satellite data complementing the vector database and
detailed spatial attributes with proper linking of secondary information, etc. in
addition the above-mentioned database is essential. The most critical and difficult
part is to immediately capture the information accurately following a disaster in
terms of extent and impact of the event. Such information is important and essential
requirement for effective response and decisions making. Unfortunately, the envi-
ronmental and adverse situations prevailing after a disaster event prevent the timely
acquisition of such information through conventional collection methods, such as
ground surveys or telephonic reports. During such situations technologies such as
Remote Sensing (RS), Global Positioning System (GPS), mobile devices,
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communication satellites etc. are of immense use. Image Processing (IP)
techniques, Geographic Information Systems (GIS) help in analysing the data
received by various means in decision making. The technological advancements in
the field of computer science, Information Technology (IT) and Open Geospatial
Consortium (OGC) standards have significantly changed the GIS, allowing users to
take advantage of new distributed mechanism. Internet GIS has become an
important back bone for disseminating spatial database for emergency managers.
Therefore, the emergency information systems with robust communication net-
works with the background of well-structured database, Location Based Services
(LBS), decision support tools, etc. need to be integrated into a platform or a portal
to assist the people responding to crisis, disasters and calamities.

For enabling the data/information and tools for decision making, an appropriate
framework has to be developed with well-defined component for storing static
database, ways and means to obtain field data in real/near-real time, integration of
data obtained from multiple sources, communication channel/connectivity for
exchange of information, dissemination of information to disaster managers and
public. Sometimes, appropriate information is required at right time (preferably
near-real time) for situation assessment during response. Therefore development of
a suitable framework for emergency management has been proposed through
integration of multiple technologies for effective management of emergency event.

2 Design Objectives and Multi-disciplinary Technologies
for Emergency Management

Emergency management is a key challenge and priority issue for any country. It
involves multi-disciplinary fields for real-time decision making. Sometimes,
appropriate information is required at right time for situation assessment during
response. Various technologies including Remote Sensing, Geographic, Mobile
Technology and Global Positioning System and Web Technology have got
potential role to play in managing emergency situations. Therefore, it is proposed to
develop a suitable framework for emergency management through integration of
various multi-disciplinary technologies. This framework results effective exchange
of information for decision making, communication among response teams and
disaster managers besides information on the situation prevailing at disaster site in
real/near real-time.

2.1 Design Objective

The objective of the research is to develop a suitable framework for addressing
emergency management through integration of multidisciplinary technologies for
effective decision making.
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The framework is intended to demonstrate and utilise on pilot basis for National
Disaster Response Force (NDRF), a premier organisation of Ministry of Home
Affairs, Government of India for carrying out relief and rescue operations.

2.2 Multi-disciplinary Technologies for Emergency
Management

Today a host of technologies and tools such as Remote Sensing (RS), Geographical
Information System (GIS), Global Positioning Systems (GPS), Internet, Web ser-
vices, Database systems, Information Technology (IT), Communications etc. are
widely used in various fields contributing to the geographic mapping and analysis
of the Earth and human societies. Availability of these technologies in Free and
Open Source Software (FOSS) has open up many new avenues for implementation
of emergency management framework. Integration of these diverse technologies
into a seamless environment provides an effective and easy to use solution for
implementation of geoplatform for decision making process for emergency situa-
tions. Some potential technologies are discussed in the following sections.

2.2.1 Remote Sensing

Remote sensing is the acquisition of information about an object or phenomenon
without making physical contact with the object. Remote sensing makes it possible
to collect data from inaccessible areas. Remote Sensing has a growing relevance in
the modern information society. Furthermore, remote sensing exceedingly influ-
ences everyday life, ranging from weather forecasts to reports on climate change or
natural disasters [5]. The Earth observation satellites covering large areas at various
spatial and temporal scales in real-time have become valuable sources of infor-
mation related to atmosphere and earth surface. Polar orbiting satellites have the
advantage of providing much higher resolution imageries, even though at low
temporal frequency, which could be used for detailed monitoring, damage assess-
ment and long-term relief management. Geo-stationary satellites provide continu-
ous and synoptic observations over large areas on weather including cyclone
monitoring [6].

Satellite images acquired prior and after disaster event show the areas affected
thereby assists the disaster managers in assessing the damages.

2.2.2 Geographic Information System

Geographic Information System (GIS) is a computer based information system used
to digitally represent and analyse the geographic features present on the earth’
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surface and the events that taking place on it. GIS technology plays an important
role in the emergency management activities. The important phases of emergency
management require variety of database from various sources. This data is typically
a spatial data along with attributes and live information as an important input for
development of emergency management systems. By utilising the capabilities of
GIS, one can share the information through databases on computer generated maps
for visualisation. Most of the data requirements for emergency management is of
spatial nature and need spatial support for visualisation and decision making. The
capabilities of GIS make very large impact on the planning, mitigation, prepared-
ness and response phases through database integration, organisation, and interfac-
ing with high level programming languages for implementation of geoportals [7].

2.2.3 Mobile Technology and Global Positioning System

Use of mobile and GPS technologies in disaster management should be seen as a
new era to aid better management of disaster relief operations. The use of mobile
applications in disaster management and emergencies has greatly improved due to
the leading advances in telecommunication and remote sensing techniques. Mobile
technology has its wide application in area of disaster management. The technology
is helpful in tracking people in disaster prone areas. Users can be tracked with the
help of GPS in mobile phones. As the technology is advancing, the area of mobile
usage has greatly expanded due to 3G, social networking, video, android, etc which
has led to enormous growth in communication and enhanced channels of com-
munication [8]. Use of smart phones has greatly come over all the technologies due
to reduced cost and improved capability. Use of latest technologies enabled in
android mobiles help in providing location using GPS, quick internet access and in
some mobile devices pre-disaster warning. The users have the capability to receive
updates about the disaster events and also pass the messages to others who could be
affected.

2.2.4 Web Technologies

The World Wide Web (WWW) is the universe of network-accessible information,
an embodiment of human knowledge. Web browsers on the client side for rendering
data presentation coded in HTML, a web server program that generates data pre-
sentation, an application server program that computes business logic, and a
database server program that provides data persistency. The three types of server
programs may run on the same or different server machines. Web browsers such as
Internet Explorer, Google Chrome etc., can run on most operating systems with
limited hardware or software requirement. Adobe Flex is another technology often
used in Web 2.0 applications. Compared to JavaScript libraries like jQuery, Flex
makes it easier for programmers to populate large data grids, charts, and other
heavy user interactions. HTML5 offers many new technologies that allow content to
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be delivered to users in a more streamlined and personalized manner. Web 2.0 sites
have recently started using Javascript/Ajax framework. There had been a rapid
development in field of web. It has its impact in almost every area such as edu-
cation, research, technology, commerce, marketing etc. So the future of web is
almost unpredictable.

All the above mentioned technologies have been integrated together on a plat-
form, resulting in a framework to manage the emergency situations.

3 Methodology

Implementation of proposed framework for addressing emergency management,
involves seamless integration of multiple technologies such as Remote Sensing
(RS), Geographic Information Systems (GIS), Global Positioning Systems (GPS),
Database Management Systems (DBMS), Web GIS, Location Based Services
(LBS), Information Technology (IT), Communication Technologies etc.

The multi-disciplinary technologies has been integrated and connected together
(Shown in Fig. 1) in the proposed framework to manage emergency situations. The
framework have been implemented on a geo-web platform to address the real time
emergency situation. The possible emergency phases including Relief
Management, Medical services, Contingency plan and Evacuation have been
incorporated as a module in a web based spatial decision support system (SDSS).
The web based SDSS have been implemented using 3 components:

1. Organisation of database
2. Availability of organized data as an service coupled with web interface
3. Customization of spatial DSS tools, disaster dashboard and communication

protocols

The detailed workflow of developed emergency management information sys-
tem is shown in Fig. 2.

The first major step is to collect and organize the heterogeneous spatial and
non-spatial database. Database schema and automatic procedures have developed
to arrange and organize the data layers collected from different resources in a
seamless way.

The organised data have been coupled with a web based interface developed
using open source web technologies to execute data driven web interface. OSGEO
open source standards have been followed in development of the web portal. DSS
tools have been developed to perform complex GIS operations on to the data for
generating the relief and rescue plans. Further the portal is organized, depending on
the type of natural disasters. Individual disaster specific modules helps the decision
makers to view, analyze and interpret the disaster specific data in an efficient
manner. An end to end solution for addressing the emergency situation have been
developed to manage the emergency situation. To test the capability of the
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Fig. 1 Multi-disciplinary technologies for emergency management

Fig. 2 Workflow for EMIS
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developed system in real time, the framework have been customized as per the
needs of Natural Disaster Response Force (NDRF) for carrying out relief and rescue
operations.

4 Application Case Study

To test the framework capabilities in disaster situation, a dummy disaster situation
cum mock drill has been organized by the NDRF officials. The Graduate level
officials has been fully trained to use the system developed in web environment,
before the mock drills. The framework customized for NDRF has been categorized
into 5 modules namely:

1. Situation assessment—Alerts, warnings, live news from disaster dashboard.
2. Map Viewer—Battalion wise/Head Quarter map interface for visualization of

multi-scale data services with standard GIS tools.
3. Disaster incident reporting—Incident reporting from the field and subsequent

approval from the HQ.
4. Decision support tools—Customized decision support tools for relief and rescue

operations.
5. Communication—One to one/many communications means through text mes-

sages, live audio video chat, mail etc.

Detailed working of each modules is explained below.

4.1 Situation Assessment Module

A web based disaster dashboard integrating the information about alerts and
warning from different nodal departments along with disaster news has developed
as shown in Fig. 3.

Live feeds from different nodal departments as an service has been integrated
into the dashboards. In addition, heterogeneous data from different resources has
been transformed and organized for visualization, analysis and alert generation.

4.2 Spatial Online Map Viewer

An open source spatial web viewer is developed (Fig. 4) facilitating, visualization
of multi-scale data services with standard GIS tools to NDRF officials. They can
select the datasets to view and analyze, from data driven options provided in spatial
web viewer.
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4.3 Disaster Incident Reporting

Android based mobile application has been developed to report the disaster inci-
dents to the central server from the field in near real time using GPRS. Below
mentioned android based mobile applications (Fig. 5) has developed and given to
NDRF officials to test the same on ground:

1. Relief management
2. Geo-Spatial data collection
3. Geo-Tagging of emergency facilities

The incident reported using the mobile application from field can be visualized
on to the portal and appropriate decisions can be communicated back to the field in
near real time. A sample incident reported by the NDRF officials during the mock is
shown in Fig. 6.

Fig. 3 Live data integrated into disaster dashboard
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4.4 Decision Support Tools

Decision makers for taking decisions on the reported events needs certain complex
tools, which can help them in analyzing the situations. Complex tools like shortest

Fig. 4 Spatial web viewer for data visualisation

Fig. 5 Android based mobile application
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path and proximity analysis can help decision makers to know which are the
hospitals near the incident location and which is the shortest path to follow to reach
the hospital in less time. To facilitate this, proximity analysis and shortest path tools
are integrated and executed on spatial DSS as shown in Figs. 7 and 8.

Fig. 6 Disaster incident reporting and decision making

Fig. 7 Executing shortest path
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4.5 Communication Module

An audio/video chat with live stream transfer communication shown in Fig. 9 has
been implemented in web environment. Using this module more than 2 people can
interact with each other by sending text, audio and video. It facilitates live reporting
and communicating the decisions from control room to field.

The above explained modules clearly indicated the capability of the framework
developed by integrating the multiple technologies to manage the emergency sit-
uation. The framework inform of a geo web portal available at http://ndrf.nrsc.gov.
in/central/ in internet domain, for NDRF is helping them in managing the emer-
gency situation in real time.

Fig. 8 Executing proximity analysis

Fig. 9 Communication module showing text/audio/video chat
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5 Conclusion

Emergency management involves multi-disciplinary effort, requiring various kinds of
data available for emergency managers in right format for effective decision making.
No single tool or technology available cannot manage the emergency situation effi-
ciently. There is a need to utilize the services, expertise and availability of different
software modules/technologies in an integrated manner, seamlessly. Complexity and
nature of available technologies, restricts the direct integration with each other. To
overcome this an effective and robust framework is proposed, developed and suc-
cessfully tested in real time for managing the emergency situation. The developed
framework is robust, secure and interoperable in nature. It facilitates relief and rescue
organisation with a facility of incident reporting from field using mobile application,
which further helps in triggering the response by the responding agencies, in addition
of integrating various warning and alerts provided by different nodal agencies. Its
ability to organize the multiple, huge heterogeneous data make it an efficient data
repository with complex spatial analysis tools, managing important databases like
emergency facilities including hospital information. It is an end to end solution for the
decision makers by the technological experts.
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Chapter 17
Assessment of Soil Erosion in Upper
Tungabhadra Sub basin by Using
Universal Soil Loss Equation
and Geospatial Techniques

Nekkanti Haripavan, G. V. Ramalingeshwararao, G. Abbaiah
and G. Sai krishna

Abstract Soil erosion is an acute problem in India. Soil erosion not only affects the
agriculture sector by directly decreasing the crop productivity but also indirectly
exacerbates water scarcity by reducing the storage capacity of reservoirs. It is
important but very difficult to estimate the precise extent of soil lost in a particular
hydrological event of a watershed. Many experimental and theoretical methods
were proposed to get the volume of soil lost. Graphical models were also developed
for finding the computational and graphical results for soil erosion using different
software programmes. Remote Sensing and Geographical Information System
Software are emerging as important tools for estimating soil erosion. The main
objective of the present study is to find out the quantity of soil lost from Upper
Tungabhadra Sub basin by using Universal Soil Loss Equation (USLE), Remote
Sensing (RS) and Geographical Information System (GIS). This is accomplished by
determining the Soil erodibility (K), Rainfall erosivity (R), Topographic factor
(LS), cropping factor (C) and conservation factor (P). The Tungabhadra Upper sub
basin constitutes 45 watersheds having different geographical patterns with an
average annual rainfall varying from 200 to 2500 mm. The factors affecting the
erosion have been obtained by developing Rainfall erosivity, soil erodibility,
Digital Elevation Model, Land use Land cover, and Annual rainfall maps.
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Keywords USLE � GIS � RS � DEM

1 Introduction

Soil erosion is a serious problem in today’s scenario. Technically, the eroded soil
can be calculated by using USLE (Universal Soil Loss Equation) along with an
advanced GIS tool. It is difficult to calculate or estimate the soil loss of an area or
catchment or a basin through field study in a reasonable time. One could attempt a
GIS based assessment which certainly saves much time and could also meet the
accuracy expectations for formulating realistic erosion control measures.

Soil erosion

Soil erosion occurs due to heavy rains which erode the top layer of the soil. Soil
erodibility can be estimated by the physical properties of the soil. Texture is an
important characteristic affecting erodibility, but structure, organic matter and
permeability also plays a key role in estimating the erodibility. Generally, soils with
faster infiltration rate, higher levels of organic matter and improved soil structure
show greater resistance to erosion. Sand, sandy loam and loam-textured soils tend
to be less erodible than silt, very fine sand and certain clay-textured soils. Tillage
and cropping practices reduce soil organic matter levels, cause poor soil structure,
or result in soil compaction, contribute to increases in soil erodibility.

USLE (Universal Soil Loss Equation)

ARS scientists W. Wischmeier and D. Smith, has developed the most widely
accepted and utilized soil loss equation to predict average annual soil loss and
which can estimate long-term annual soil loss and guide conservationists on proper
cropping, management, and conservation practices.

The USLE for estimating average annual soil erosion is

A ¼ RKLSCP

A = average annual soil loss in t/ha (tons per hectare)
R = rainfall erosivity index
K = soil erodibility factor
LS = topographic factor—L is for slope length and S is for slope
C = cropping factor
P = conservation practice factor
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GIS (Geographical information system)

GIS (Geographical Information System) is a prominent tool used in today’s
research advancement as it provides facility of create, edit, modify, analyse, store,
and retrieve both spatial and non-spatial data. It gives the both graphical and
attribute results which can be used for further analysis where needed. With GIS we
can generate slope map, rainfall intensity map, soil map, Land Use map which are
used to calculate the soil loss.

2 Area of Study

The work has been carried out for Tungabhadra Upper sub-basin of India’s second
largest Basin Krishna with an extent 74° 48′ to 76° 29′E, 13° 7′ to 15° 44′N
covering an area of 28,519.41 km2. It covers 12 districts of Karnataka state with 45
watersheds (Figs. 1 and 2; Table 1).

Fig. 1 Study area of Tungabhadra upper sub-basin, Krishna basin
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Fig. 2 Tungabhadra upper sub-basin with watershed boundaries

Table 1 Areas of 45
watersheds and their share in
the Tungabhadra Upper Sub
Basin

Sl. No. WaterShed code Area (km2) % Area

1 C04TUU01 508.63 1.78

2 C04TUU02 601.89 2.11

3 C04TUU03 923.94 3.24

4 C04TUU04 808.76 2.84

5 C04TUU05 557.26 1.95

6 C04TUU06 636.88 2.23

7 C04TUU07 758.94 2.66

8 C04TUU08 702.33 2.46

9 C04TUU09 853.22 2.99

10 C04TUU10 833.94 2.92
(continued)
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Table 1 (continued) Sl. No. WaterShed code Area (km2) % Area

11 C04TUU11 520.17 1.82

12 C04TUU12 413.86 1.45

13 C04TUU13 756.15 2.65

14 C04TUU14 478.31 1.68

15 C04TUU15 690.47 2.42

16 C04TUU16 667.22 2.34

17 C04TUU17 551.56 1.93

18 C04TUU18 641.39 2.25

19 C04TUU19 664.11 2.33

20 C04TUU20 876.53 3.07

21 C04TUU21 507.92 1.78

22 C04TUU22 823.27 2.89

23 C04TUU23 562.74 1.97

24 C04TUU24 705.53 2.47

25 C04TUU25 587.19 2.06

26 C04TUU26 761.2 2.67

27 C04TUU27 446.92 1.57

28 C04TUU28 734.83 2.58

29 C04TUU29 557.78 1.96

30 C04TUU30 650.31 2.28

31 C04TUU31 737.82 2.59

32 C04TUU32 425.4 1.49

33 C04TUU33 568.83 1.99

34 C04TUU34 798.76 2.8

35 C04TUU35 921.24 3.23

36 C04TUU36 384.28 1.35

37 C04TUU37 572.05 2.01

38 C04TUU38 347.82 1.22

39 C04TUU39 331.6 1.16

40 C04TUU40 510.57 1.79

41 C04TUU41 479.82 1.68

42 C04TUU42 527.7 1.85

43 C04TUU43 739.34 2.59

44 C04TUU44 646.4 2.27

45 C04TUU45 744.51 2.61
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3 Methodology

The amount of eroded soil has been calculated by obtaining the parameters R, K,
LS, C, P. These parameters are derived by using GIS. The steps involved are,
preparing the raster and vector database of annual rainfall map, rainfall erosivity
index map, soil map, soil erodibility map, DEM (Digital Elevation Model), slope,
aspect and LULC by performing surface analysis (Fig. 3).

4 Experimental Investigations

Digital Elevation Model, slope, slope length maps are obtained from Carto DEM 1
ArcSec from Bhuvan—NRSC, Rain fall map, Rain fall Erosivity maps are com-
posed from the data obtained from Annual rainfall data from IMD, Soil map, Soil
Erodibility maps are composed from the data obtained from Geological Survey of
India.

Factor values have been adopted depending on the area of study, soil type and
cultivation habits. The values for the factors are as follows.

Rainfall erosivity index ‘R’

The relationship between erosivity index (R) and annual rainfall has been devel-
oped by Singh et al. (1981) after analyzing the data collected from 45 stations
distributed in different rainfall zones throughout the country. The relationship can
be expressed as

R ¼ 79þ 0:36 � annual rainfallð Þ

Soil erodibility factor ‘K’

Fig. 3 Work flow of USLE using GIS
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The factor quantifies the cohesive character of a soil type and its resistance to
dislodging and transports due to raindrop impact and overland flow sheer forces
(Table 2).

Topographic factor ‘LS’—L is for slope length and S is for slope

Steeper slopes produce higher flow velocities. Longer slopes accumulate runoff
from larger areas and result in higher flow velocities.

Table 2 Soil erodibility
value

Type of soil K factor

Alluvium 0.17

Red loamy 0.15

Black 0.142

Red and Black 0.16

Fig. 4 Rain fall map
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Cropping factor ‘C’

The ratio of soil loss from land cropped under specified conditions to corresponding
loss under tilled, continuous fallow conditions. It measures the combined effect of
vegetation cover and management variables.

Conservation practice factor ‘P’

The ratio of soil support practice to the corresponding loss with up and down slope
culture. Practices included in this term are contouring, strip cropping and terracing
(Figs. 4, 5, 6, 7, 8, 9; Tables 3 and 4).

Fig. 5 Soil map
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Fig. 6 Digital elevation model
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Fig. 7 Slope map
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Fig. 8 LULC map

17 Assessment of Soil Erosion in Upper Tungabhadra Sub basin … 183



Fig. 9 Soil erosion map

Table 3 Crop management
factor

C factor

Settlement 0.25

Mining 1

Agriculture 0.28

Shrubs 0.15

Forest 0.05

Barren 0.75

Water 0
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5 Results and Discussions

In this analysis, different themes have been developed by using GIS and integrated
with USLE concept to estimate the soil erosion. Based on experimental results, the
severity of the erosion for watersheds is categorised in to very severe and gullied,
moderate and slight. In this, watersheds C04TUU9, 21, 35, 39, 46 fall under very
severe and gullied, C04TUU1, 6, 8, 22, 23, 33, 35, 36, 37, 38 under Moderate,
C04TUU4, 14, 23, 25, 26, 27, 28, 29, 30 under slight level of erosion respectively
(Table 5).

Table 4 Conservation
practice factor

P factor

Settlement 1

Mining 0.6

Agriculture 0.5

Shrubs 0.23

Forest 0.6

Barren 1

Water 1

Table 5 WS code and soil loss

WS code R K LS C P Soil loss Ton/ha/year

C04TUU01 1249 0.17 23.24 0.14 0.56 3.94486855

C04TUU02 727 0.17 13.35 0.18 0.55 1.61092968

C04TUU03 619 0.17 11.21 0.11 0.66 0.88494563

C04TUU04 547 0.15 6.21 0.19 0.57 0.56230822

C04TUU05 403 0.15 5.21 0.17 0.61 0.32992496

C04TUU06 1159 0.17 2.31 0.15 0.51 0.34148203

C04TUU07 979 0.17 4.23 0.16 0.55 0.60507833

C04TUU08 727 0.17 4.3 0.15 0.53 0.42360151

C04TUU09 583 0.17 0.8 0.19 0.55 0.08093114

C04TUU10 511 0.15 0.85 0.32 0.64 0.13329489

C04TUU11 475 0.17 0.98 0.15 0.57 0.06925223

C04TUU12 511 0.17 0.96 0.18 0.62 0.09476219

C04TUU13 547 0.15 0.85 0.26 0.59 0.10795459

C04TUU14 547 0.142 0.84 0.25 0.54 0.08838945

C04TUU15 511 0.142 0.96 0.27 0.58 0.11075382

C04TUU16 439 0.15 0.3 0.25 0.54 0.02690634

C04TUU17 439 0.15 0.2 0.24 0.58 0.01835058

C04TUU18 367 0.142 0.35 0.25 0.55 0.0250501
(continued)
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6 Conclusions

The soil erosion can be controlled if it is predicted accurately and if necessary
management strategies and practices are taken. The Universal Soil Loss Equation
model has been accepted and used most widely to predict the soil erosion and GIS
(Geographical information system) plays an important role in identifying the areas
of erosion. So by integrating USLE and GIS we can get better results.

Table 5 (continued)

WS code R K LS C P Soil loss Ton/ha/year

C04TUU19 439 0.142 0.6 0.27 0.56 0.05670988

C04TUU20 439 0.142 0.22 0.27 0.58 0.02169966

C04TUU21 439 0.142 0.85 0.26 0.59 0.08239815

C04TUU22 727 0.17 0.99 0.13 0.61 0.1003105

C04TUU23 547 0.17 0.36 0.17 0.59 0.03386567

C04TUU24 547 0.17 0.96 0.25 0.56 0.12484305

C04TUU25 439 0.142 0.7 0.24 0.56 0.05920524

C04TUU26 511 0.142 0.8 0.28 0.56 0.08955421

C04TUU27 511 0.142 0.12 0.27 0.57 0.01318764

C04TUU28 511 0.142 0.68 0.27 0.55 0.07387345

C04TUU29 439 0.142 0.21 0.26 0.55 0.01900207

C04TUU30 475 0.142 0.89 0.26 0.58 0.08977793

C04TUU31 439 0.142 0.76 0.29 0.57 0.07779865

C04TUU32 331 0.142 0.75 0.22 0.55 0.04244961

C04TUU33 259 0.142 0.88 0.29 0.60 0.05636756

C04TUU34 331 0.142 0.98 0.34 0.65 0.10334945

C04TUU35 331 0.142 0.36 0.35 0.70 0.04218809

C04TUU36 259 0.16 0.35 0.28 0.55 0.02236715

C04TUU37 259 0.16 0.32 0.28 0.55 0.02055761

C04TUU38 259 0.16 0.21 0.28 0.54 0.01335112

C04TUU39 331 0.16 0.92 0.24 0.61 0.07241627

C04TUU40 313 0.142 0.95 0.28 0.56 0.06550186

C04TUU41 313 0.142 0.98 0.27 0.56 0.06725594

C04TUU42 331 0.142 0.3 0.32 0.59 0.02658589

C04TUU43 313 0.16 0.2 0.38 0.68 0.02571867

C04TUU44 313 0.16 0.6 0.31 0.63 0.057503

C04TUU45 313 0.16 0.2 0.17 0.70 0.01223023

A = 10.9288528

Total annual soil loss = 10.92 Ton/ha/year
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Chapter 18
Hydrological Viability Analysis
for Minor Irrigation Tanks—A Spatial
Approach

Y. Raja Rajeswari and N. Bhaskara Rao

Abstract Most of the minor irrigation tanks are interconnected cascades, which
allows run-off and return flow of the upstream command area to the downstream
tank. This facilitates reuse of water in the command area and increases available
water for irrigation. The nature has can use of water transportation to irrigation
tanks, into the storage results in of storage capacity which in turn of tank perfor-
mance. Rehabilitation projects have been undertaken to bring the more agriculture
land under from on assured irrigation system. The prediction of water availability in
a tank is in important process for sustainable use of water resources in a tank
cascade system. The land use/land cover map is prepared using IRS, LISS-III
resolution satellite imagery reveals water usage and demand for different devel-
opment activity. The problems in drainage courses and tank catchment boundaries
identified using SOI 1:50,000 scale toposheet and spatial discrepancy have been
adjusted with the satellite image. This study identified issues of earthen channel,
catchments and head works, area the major problems are to be restored. Remedial
measures suggested to improve the tank cascade system.

Keywords Land use and land cover � Tank cascade system � Command area

1 Introduction

To capture monsoon runoff tanks, had been using as a system traditional irrigation in
many parts of India. In general tank comprises of catchment area, feeder channels;
water spread area, outlet structures (sluices), flood disposal structures (surplus weir)
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and command area. A study that more than 70–80% of minor irrigation tanks have to
be renovated for normal functioning. Tank Rehabilitation/Restoration/Renovation is
termed as “the tanks which are dysfunctional are brought to normal functioning by
way of undertaking works on breach closing, tank bund strengthening and repairs or
reconstruction of sluices and weirs”. Many tanks are found in the form of cascades,
which is defined as a series of small and medium tanks that are inter connected at
suitable locations in one single common water course [4, 8]. These tanks are,
interlinked in term of hydro-geologically and socio-economically to ensue of stor-
age, conveying and utilization. If the hydrology of one or few tanks is altered by
increasing the storage capacity through rehabilitation programs or command area by
developing new paddy lands, the entire cascade hydrology changes Panabokke, C.R
(8). In long run, such changes will have a socio-economic impact on the surrounding
communities depending on the water availability of the system. Therefore, it is
important to take the total tank cascade system rather individual tank into account
when planning, development and operations.

Anbumozhi, V (1) analyzed the fundamental reasons to improve the irrigation
systems, in which rehabilitation arises because of failures in adequately maintaining
irrigation systems. This problem is endemic throughout the world, but especially in
the developing countries, due to severe financial constraints. Many works have
been done by various researchers for finding out the way and need to improve the
performance of the tank system through rehabilitation process. Now a days, the
Remote Sensing and Geographic Information System (GIS) best tools for identi-
fication and mapping the catchment and command area of minor irrigation tank
system. This paper describes briefly the role of Remote Sensing and GIS in the
process of rehabilitation of tank cascade system. Toposheets are used for tank
position along the drainage courses and catchment boundary. The changes in the
linkage of tank cascade and land use due to natural and anthropogenic activities are
updated using Remote Sensing and GIS technology.

2 Study Area

The study area covers Tulgam village, Pathapatnam Mandal, Srikakulam district
Andhra Pradesh. The catchment boundary is taken from Geo-rectified SOI Map
toposheet to study drainage and tanks all along the catchment. The study area
covered in 65N 14 SOI topo-sheets of 1:50,000 scale. The study area covers
32.31 km2. and located 83.8538–83.9218 East Longitude and 18.6516–
18.7191 North Latitude (Fig. 1).

In this study, IRS-ID LISS-III satellite data of 2017 have been used. The details
act is which are given in Table 1. In addition, SOI 65N/14 toposheet of 1:50,000,
hydrographic data and other collateral data used.
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Fig. 1 Location map

Fig. 2 Methodology
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3 Data and Methodology

The toposheet 65N/14 in collected from the Survey of India and is digitized and
then the study area is delineated in QGIS software. Further, the more tanks which
are connected in a cascade manner are delineated, its catchment (Fig. 3). The
catchment each tank is also delineated besides, water spread area and number of
inlet channels (Fig. 2).

4 Drainage

The surface drainage of an area is very methodology of the study important from
the point of hydrological regime of the area. Initially, rainfall received is absorbed
by the soil and once it gets saturated it goes out as surface runoff. The surface runoff
varies with surface conditions namely length and degree of slope, raggedness, soil
texture and structure, cover conditions and lithology of the terrain. Every geo-
graphical area has a defined drainage system/pattern that determines the ground
water potential [2].

Table 1 Characteristics of IRS Satellite data

Season Name of the satellite Sensor resolution Row Path Data of pass

Rabi IRS-P6 LISS-III—
23.5 m

059 105 24th January 2015

Fig. 3 Stream ordering and catchment of the study area
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The drainage of the study area is extracted through onscreen digitization from
the toposheet 65N/14 of 1:50,000. The drainage which includes streams, canals and
tanks are covered in the study. Stream ordering has been followed, because it is
universally accepted in this catchment highest stream order is 4th order (Table 2).

5 Land Use/Land Cover

The LU/LC of the area are delineated through on screen digitization on IRS 1D
LISS III satellite image in QGIS. For Rabi season IRS-P6 LISS-III satellite data of
24th January 2015 is used. Supervised classification technique has been imple-
mented using the maximum likelihood algorithm and classifications procedure is
applied on each scene separately using spectral reflectance and field knowledge.
Before classifying the images using supervised classification technique, unsuper-
vised classification was done to attain spectral signature of real land use and land
cover. The maximum likelihood algorithm is used for different class segments with
separate training data set. The entire study area is broadly divided into eight cat-
egories; namely agricultural cropland, scrub land, deciduous forest, plantation,
water bodies, scrub forest, built up land, fallow and others (Table 3) and these are
shown in Fig. 4.

Table 2 Stream orders list S. no. Stream Count

1 1st order 99

2 2nd order 53

3 3rd order 24

4 4th order 1

Table 3 Land use/land cover
categories

S. no. Class name Km2 Percentage (%)

1 Agricultural cropland 9.279 28.72

2 Scrub land 2.030 6.28

3 Deciduous forest 16.712 51.72

4 Plantation 1.809 5.59

5 Water bodies 1.479 4.57

6 Scrub forest 0.6 1.85

7 Built-up land 0.104 0.32

8 Fallow 0.295 0.91

Total 32.308 100
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6 Surface Runoff Estimation

Rainfall–Runoff modelling is an essential part in water resources planning and
management. The soil conservation service curve number (SCS-CN) is a simulation
model that analyzes runoff volumes from the rainfall. It is one of the efficient
methods to estimate direct runoff volume in unguaged catchments [3, 9]. It uses the
curve number (CN) to determine the runoff volumes. Curve number varies with the
terrain conditions. The SCS-CN method uses Land use/Land cover, Soil informa-
tion and antecedent soil moisture conditions of the catchment [5]. The modifications
suggested by the Ministry of Agriculture, Govt. of India, to suit Indian conditions
are included in the study. A brief account of inputs and formulae of the SCS method
adopted for the present study is given below (Fig. 5).

Fig. 4 Map of satellite imagery & LULC

(a) Soil texture (b) Hydrological soil Groups 

Fig. 5 Map of soil texture & Hydrological soil
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(a) Rain gauges in the neighborhood of the tank catchment are taken and weighted
average rainfall of catchment arrived using Thiessen polygons [6].

(b) Hydrological soil groups map is prepared based on soil classification map.
(c) Integrating Hydrological soil groups and Land use/Land cover information, a

weighted Curve number—CN (II) for each tank catchment is arrived based on
cure number table (Table 4).

7 Results and Discussion

The objective of the study is to map the land use/land cover of the study area, to
have detailed information on the spatial variation to identify the problems in the
drainage course of the tank cascade system through GPS survey and to suggest
suitable analysis to measure the base data.

The Minor irrigation tank system components consist of drainage course,
catchments, tank bund, sluice and surplus weir locations. The problems identified
are excessive weed growth-choaking of sections of canal, thereby reducing the
velocity of flow and causing the deposition of sediment, silt accumulation, aquatic
weed growth in water submerged areas is a problem because some of this growth
eventually reaches the canals,

Total curve number was assigned using the unique land use and hydrological
soil group. The ratio of total curve under and its corresponding area gives the
weighted curve number (WCN). This generated weighted curve number is a factor
for runoff estimation. Demand calculated 10 acres per one mcft of water. 75%
dependable yield was estimated for each tank in the cascade using SCS Curve
method. The tank wise details are shown in Table 5.

Table 4 Tank—75% dependable yield estimation (Monsoon)

S.
no.

Year Rainfall
(mm)

Runoff
(mm)

S.
no.

Year Rainfall
(mm)

Runoff
(mm)

1 2006 1210 312.7 11 1998 966 106.64

2 2014 1043 275.47 12 1999 721 103.11

3 2010 1443 249.71 13 2001 951 96.73

4 2003 1158 234.35 14 1997 1086 63.67

5 2012 1501 229.89 15 1996 643 63.05

6 2005 1119 204.81 16 2002 834 59.89

7 2015 1074 184.95 17 2008 700 58.95

8 2009 894 151.53 18 2011 772 54.86

9 2013 1028 141.95 19 2004 798 54.77

10 2007 883 136.98 20 1995 441 54.55

21 2000 730 29.34

75% yield in mm—59–89
75% yield in mcft—33.95
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8 Conclusions

The need to Registered Ayacut area water demand and improve irrigation systems
results from deferred maintenance, scarcity of water resources, and a disproportion
between the technological state of agricultural production and rising environmental
concerns. Changing institutions and management within irrigation systems are now
viewed as a catchment area and tank improvement process. This study is conducted
towards hydrological viability of minor irrigation tank system. It was found that
most of the irrigation tanks do not receive the surplus water from the upstream
tanks. Through Rainfall, Runoff and GIS tracking over the drainage course and tank
system the problems were identified and suitable remedial measures were suggested
for augmenting more water to the tank cascade hydrologic system. For optimum
utilization of financial resources it is suggested to receive and restore only those
tanks that are hydrologically viable. Hence it is recommended that the rehabilitation
of irrigation tank system is very essential, In this study, the and GIS and GPS are
proved to be the most effective tools in discerning tank cascade water system.
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Chapter 19
Applications of RS and GIS Techniques
for Disaster Studies in East Godavari
District, Andhra Pradesh, India

K. Padma Kumari and K. Srinivas

Abstract Natural Disasters are inevitable events. The onset of occurrence is
generally short period with prior warning and in many cases without. These dis-
asters cause havoc by loss of life and property in a large scale. From time
immemorial, man has been facing the wrath of the nature but could not control it.
The only possibility is providing mitigation steps. The present study is an area
which has a metaphor—“The rice bowl of Andhra Pradesh”—East Godavari
District, Andhra Pradesh, India, encapsulates 81°30, 82°40 East Longitude and 16°
25, 18°00 North Latitude. East Godavari district is vulnerable to 4 hazards, viz.
Cyclones, Floods, Landslides and Tsunamis. The climatic condition of the study
area is semi humid with an annual rainfall of 1200 mm, temperature range between
23.5 and 45.9 °C. The District is flanked on the North by Visakhapatnam District,
South by Krishna district, West by West Godavari District with a part of Telangana
State and on the East by Bay of Bengal covering an area of 10,807 km2. Naturally
the study area classified by Uplands, Plains and Delta made up of Gondwana sand
stones, Basalt, Ash Beds and rich minerals. The Godavari and its distributaries
named Gowthami and Vasistha River provide the surface water. Mapping of Land
use/land cover, Geology, Geomorphology, Rainfall, DEM were prepared to gen-
erate Flood Zonation Map, Shoreline Change Map, etc. using Landsat-8 data
processed over ArcGIS and ERDAS software on 1:50,000 scale. Risk Zone map is
developed for better mitigation purpose.

Keywords ArcGIS � ERDAS � Remote sensing � GIS � Disaster management
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1 Introduction and Literature

East Godavari District is known as rice bowl of Andhra Pradesh with lush paddy
fields and coconut groves. It beckons tourists to have a glimpse of its rich cultural
heritage. The entire East Godavari district is broadly classified into 3 natural
divisions are Deltas, Upland, and Hill tracts. In East Godavari District there are 5
revenue divisions and consist of 60 revenue mandals with Kakinada being the
district head-quarters.

The northern part of the study area covered by 6 mandals, the south-east
coastline of the district by 13 mandals, the western boundary of the district is
defined by the river bank of Godavari with 11 mandals along the river. The major
river is Godavari along with its distributaries Vainateyam and Vasishta. The general
elevation of the east Godavari varies from a few meters near to the coast to about
300 m up hills in the agency. Average annual rainfall is 1280 mm. In the past,
many Cyclones in the Bay of Bengal have frequently hit the shoreline of the study.
A small island named Hope Island is at 11 km from Kakinada coast in the Bay of
Bengal, makes a natural harbor at the shoreline. Hope Island is one of the major
protruding deltas on the east coast of India bordering the Bay of Bengal and is a
densely populated zone of intense economic activity. As a result, the seaward bulge
of the delta overlaps the continental shelf across by about 30–35 km when com-
pared to the general trend of the east coast. Several studies on the nature of coastal
landforms along the delta front also indicated increased sedimentation rates through
the river during the nineteenth century and even over a major part of the twentieth
century. Padma Kumari et al., studied on application of Remote Sensing and GIS
techniques on Geomorphology [1], Land Use/Land Cover studies [2], Shoreline
Morphometrical Analysis [3], Shoreline Erosion and Deposition (2013) and the
respective changes [4] of East Godavari district, Andhra Pradesh, India. Nageswara
Rao [5] studied on Coastal Morphodyanamics and Asymmetric development of the
Godavari Delta, Subsidence of Holocene sediments in the Godavari delta, Coastal
erosion and habitat loss along the Godavari delta. Nageswara Rao [6] Impacts of
sediment retention by dams on delta shoreline recession: evidence from the Krishna
and Godavari deltas India. National Disaster Management Guidelines (2007) pre-
pared by National Disaster Management Authority, Government Authority of India.
Thulsi Rao [7] has studied on Coastal and marine nature conservation in EGREE
region. Ramasubramanian [8] examined the Mangrove wetlands conservation and
management in Andhra Pradesh. Murthy [9] presented the recent changes in the
coastal environment along the east coast India-impacts of climatic events.

The major advantage of GIS is that it allows identifying the spatial relationship
between features and temporal changes within an area over time. Prasada Rao and
Mahadevan [10] based on an analysis of multi-date maps spread over a period of
100 years traced the growth of a 21 km long sand spit at the delta, east of Kakinada
that began around AD 1850 and reached more or less the present shape by the 1958
owing to increased sediment supply from the catchment due to deforestation.
Sambasiva Rao and Vaidyanadhan (1937) reported overall cumulative accretion of
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land due to development of several other sand spits at the distributaries mouths of the
Godavari during the period between 1937 and 1977, 1987, based on the study of
toposheets. Bhanumurthy and Naidu [11], Sastry et al. [12], in their studies addressed
that remote sensing images have been effectively used for monitoring shoreline
changes and coastal management in different parts of India. Desai et al. [13], Nayak
[14], Singh and Dilip kumar [15], Chen [16], Sreekala et al. [17], applied Remote
sensing on various features on the surface. Padma Kumari et al. (2014) identified
change and sea-level rise at the Uppada area highly eroded lead to an increase in the
cyclone-prone area and loss of life.

2 Study Area

East Godavari district lies in the North-East coast of Andhra Pradesh, India and
bounded on the North by Visakhapatnam district and the state of Orissa. On South
East part of the study area, Bay of Bengal covers the coastline. The neighbors on the
West are Khammam and West Godavari districts. The district headquarters is
Kakinada. With the spatial coordinates 16 30, 18 20 North and 18 30, 82 30 East,
covers 10,807 km2 (Fig. 1). The study area is mainly covered by Agriculture land use
for Farming, Grassland and other purposes. Annual rainfall is 115 cm. The district
flourishes with fertile soils, good rainfall. Climate is mostly hot and humid. The
hottest part of the year late May to early June with maximum temp. 38–42. Major
rivers are Godavari, Pampa, Thandava and Yeluru rivers. The general elevation of the
east Godavari varies from a fewmeters near to the coast to about 300 m up hills in the
agency. Average annual rainfall is 1280 mm. A small island named ‘Hope island’
located at 5 km from Kakinada coast makes it natural harbor (Table 1).

Being in the coastal region, study area is prone to cyclones and depressions. East
Godavari district with a coastline of 177 km covering three revenue divisions is
vulnerable to cyclones and storms which are frequent in Bay of Bengal. In the East
Godavari district 13 coastalMandals are highly vulnerable to cyclones and storms and

Fig. 1 Study area
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have been identified as disaster prone. The villages viz. Chollangi, Chollangipeta, G.
Vemavaram, Patavala, Coringa, Polekurru, Neelapalli and P. Mallavaram falling
under Tallarevu Mandal and Bhairavapalem and Gokullanka falling under
Ipolavaram Mandal are highly cyclone/ storm prone.

3 Objectives

The main objective is to prepare maps of Land use/Land cover, DEM, Watershed
map, etc., and to generate Risk Zone Map using Remote Sensing and GIS over the
East Godavari district, Andhra Pradesh, India.

4 Data Used and Methodology

Toposheets on 1:50,000 scale were procured from Survey of India which were used
to prepare Base Map. Landsat-7 & 8 scenes were downloaded to prepare Landuse/
Landcover Maps and to analyse the pre-post analysis of the disaster. CartoDEM
data from bhuvan was used to generate Slope and aspect maps. Thematic maps
were also prepared by procuring maps like Geology, Geomorphology from NRSC,
Soil map was prepared by using the data from National Bureau of Soils Survey and
Land use Planning, Nagpur. Rainfall Data was Procured from India Meteorological

Table 1 History of disasters in study area (1860–2015)

S. no. Date of occurrence Disaster type Description

1 19.12.1869 Earthquake Magnitude: 3.7

2 12.06.1893 Cyclone

3 04.09.1895 Cyclone

4 28.10.1903 Cyclone

5 25.05.1904 Cyclone

6 30.09.1915 Cyclone

7 21.10.1916 Cyclone

8 13.10.1933 Cyclone

9 05.05.1955 Cyclone

10 04.11.1969 Cyclone

11 31.03.1980 Earthquake Magnitude: 3.8

12 02.10.1980 Earthquake Magnitude: 4

13 15.10.1982 Cyclone

14 30.07.1990 Earthquake Magnitude: 3.6

15 04.11.1996 Cyclone

16 26.12.2004 Tsunami

17 12.10.2014 Cyclone
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Department (IMD), Kakinada. Population and demographic data as per
Census-2011 was collected from http://www.censusindia.com web-site, Historical
Data was collected from different sources like disaster management websites, IMD,
CWC etc., for the occurrences of disaster in the study area (Table 2; Fig. 2).

5 Results and Discussion

Based on the methodology adopted in this study, various maps are generated using
Remote Sensing and GIS techniques for Disaster studies in East Godavari District,
Andhra Pradesh, India.

5.1 Land Use/Land Cover Classification System

The Land use indicates the usage of land which means man made usage of the
earth’s surface like built-up lands, agriculture and etc. Land cover is the natural
coverage of surface of the earth like forests, water bodies, natural drainage patterns,
rivers, oceans, mountains, snow etc. Information on land use/land cover of the area
is very important for planning and development activities of agriculture, horticul-
ture, industries and infrastructure and also damage assessment/monitoring by soil
erosion, landslides and floods.

Understanding Land use/ Land cover categories, their spatial distribution and the
pattern change is very essential for resource mapping, management and

Table 2 Landsat specification

LandSat-7 ETM+ LandSat-8 OLI—TIRS

Bands Wavelength (µm) Resolution (m) Bands Wavelength (µm) Resolution (m)

Band 1 0.45–0.52 30 Band 1 0.43–0.45 30

Band 2 0.52–0.60 30 Band 2 0.45–0.51 30

Band 3 0.63–0.69 30 Band 3 0.53–0.59 30

Band 4 0.77–0.90 30 Band 4 0.64–0.67 30

Band 5 1.55–1.75 30 Band 5 0.85–0.88 30

Band 6 10.40–12.50 60 Band 6 1.57–1.65 30

Band 7 2.09–2.35 30 Band 7 2.11-2.29 30

Band 8 0.52–0.90 15 Band 8 0.50–0.68 15

Band 9 1.36–1.38 30

Band 10 10.60–11.19 100

Band 11 11.50–12.51 100

Date of acquisition: 8th December 2000 Date of acquisition: 15th and 24th January,
2015
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conservation activities [18]. This helps in the analysis of environmental conditions
and the associated problems. Several thematic classes such as road network, human
habitant, drainage, forest and plantation classes can be classified from the satellite
imagery. Land use map of the study area (Fig. 3) was prepared using application
software ArcMap-10.1.

The total area of land use/land cover of various crops and other infrastructural
facilities of Godavari District is 12,778.53 km2 and is given in Table 3.

From the current LU/LC studies it is evident that the major land share is owned
by CropLands (41.74%). The next major share is followed by land use category
Built-up Lands (17.31%), Mangrooves (8.29%), Forests (8.03%) and Saltpan
(6.18%) (Fig. 4).

5.2 Geology and Geomorphology

Geomorphology is one of the significant theme information for all the application
projects. Hence, the geomorphic maps proposed to be prepared would furnish to the
different resource information needs of the country like geo-environment,
geo-engineering, geo-hazards, mineral and ground water exploration and interdis-
ciplinary themes like soil, land use/ land cover and forest, etc. This is useful in

Toposheet
Satellite Imageries

(Landsat-8) CartoDEM Thematic Collateral

Geo-rectification 

Digitization

BASE MAP
-  Roads 
- Railways 

PRE & POST 
Data

-  LULC 
-  Change Detection 
- Shoreline -  DEM

- Slope & Aspect 
-  Watersheds 
-  Drainage 

-  Geology Maps 
-  Geomorphology 

Maps 

Geo-Rectification 

-  Historical Data of
previous
occurrences etc... 

-  Statistics of
Damage
Assessment etc.. 

-  Demographic Data 
etc.. 

-  Forests
-  Waterbodies 
-  Habitations 

-  Flow Direction etc.. Digitization 

-  Spatial Analysis
-  3D Analysis
-  Buffer Analysis
- Network 

NO  GROUND
TRUTH

YES -  Flood Risk Zonation Map 
- Escape Route Plan Map 
-  Damage Assessment Map 

Fig. 2 Flowchart of the methodology
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Fig. 3 Land use/land cover classification based on satellite image
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identification of some of the sample locations, e.g. in the channel/braided/point bars
of stream sediments, channel bars and point bars.

In this study, structural hills (34%) are at northern part belongs to Eastern Ghats
Mobile Belt, exposing all the characteristic litho units of the Eastern Ghats Super
group viz, made up of Khondalite, Charnockite, and Migmatite groups of rocks and
rich minerals. Intermotane valley, buried Pediplain, Denudational and Residual hills
are 28%, Deltaic plain (18%) is characterized by fluvial to fluvio marine and marine
deposits of Quaternary age, Coastal plain (8%) are majority of the landforms.
Abundant existence of Mangroves (6%) present at the coastal ecosystem with rich
Fauna and Flora. The Deccan Traps occur 2 km North-East of Rajahmundry and
extend in ENE-WSW direction. Limestone Intertrappeans, rich in Gastropod and

Table 3 Landuse/landcover classification

S.no Category Area (km2) %

1 Built-up lands 2211.55 17.31

2 Croplands 5334.25 41.74

3 Degraded forests 121.23 0.95

4 Forests 1025.72 8.03

5 Mangroves 1059.37 8.29

6 River 213.04 1.67

7 Saltpans 789.93 6.18

8 Sand beds 108.15 0.85

9 Sea 183.26 1.43

10 Waterbodies 1732.03 13.55

Total 12,778.53 100.00

Sand Beds
0.85%

Waterbodies

Sea 13.55% Area (%)
1.43% Built-Up Lands

17.31%
Saltpans

6.18%
River 
1.67%

Mangroves 
8.29%

Forests 

Croplands
41.74%

8.03% Degraded
Forests
0.95%

Fig. 4 Pie-chart of East Godavari district land utilization
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Lamellibranches fossils, occur near Kotilingala, Korukonda and Kateru.
Rajahmundry Formation, named after the type locality, Rajahmundry, is an
ensemble of fine-grained, purple to varicoloured Sandstone, Grit and Conglomerate,
overlie by current bedded Sandstone with Clay and Shale bands, intermittently
exposed between Rajahmundry and Samalkot. It is equivalent to Warkalli Beds of
Kerala and Cuddalore Formation Tamil Nadu.

5.3 Shoreline Change Analysis

Identifying the zones of erosion and deposition was done based on the convexity
and concavity of the shoreline by using a mathematical model adopted by Li et al.
[19]. This is also referred as dynamic method of shore line segmentation. Zones of
erosion and deposition were derived by extracting the shoreline information from
Landsat-7 dated 8th Dec’2000 and Landsat-8 dated 15th Jan 2015 (Tables 4 and 5).
The overlap or cross over points or intersections on these both lines after conversion
to polygons has evolved different areas Graphs 1, 2 and Figs. 5, 6.

Table 4 Erosion maxima and minima (2000–2015)

Erosion maxima and minima along Godavari Delta Front (2000–2015)

Zone of erosion Erosion_Max (km2) Erosion_Min (km2)

Bhairavapalem 0.6015

Addaripeta 1.0439

Masanitippa 1.509

Uppada 2.2500

SPIT 4.1361

Total 8.5809 0.6015

Table 5 Deposition maxima and minima (2000–2015)

Deposition maxima and minima along Godavari Delta Front (2000–2015)

Zone of deposition Deposition_Max (km2) Deposition_Min (km2)

Nemam 0.2248

Uppulanka 0.3543

Valasapakalu 0.553

Kottapeta 0.6893

SPIT 6.8977 0.0400

Total 6.8977 1.8637
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Shoreline change results from coastal erosion, the effect of the breaking waves in
the near-shore zone, and near-shore currents. The breaking waves in the near-shore
zone and the near-shore currents are responsible for the transportation of beach
sediments that results in shoreline change.

The morphometric changes that took place during different periods are mapped
and geometry of the shore was arrived at and is mapped in Fig. 7.

5.4 Risk Zone Analysis of Cyclone and Flood

Based upon the selected methodology criteria, the risk zones for the listed disasters
are represented in the Fig. 8.

Graph 1 Graph of
deposition maxima and
minima (2000–2015)

Graph 2 Graph of erosion
maxima and minima (2000–
2015)
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6 Conclusions

From the LU/LC studies, it is evident that half of the study area is Crop land. In this
scenario, even a little hindrance in the natural conditions shall bear a greater loss in
socio-economic conditions.

In the study are the mandals prone to the occurrence of various disasters are as
tabulated in Table 6.

With the mitigation of increasing frequency and intensity of disastrous events as
a result of climate change, it is more prudent to model these risk zones and low
lying areas for both emergency management and development planning.

Fig. 5 Zones of erosion and deposition with settlements
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The remote sensing and GIS technology has potential use for not only risk
mapping it can also be used in the scientific based damage assessment, monitoring,
identification of damaged zones, improvement in forecasting and warning models,
updating maps, effective and reliable communication etc.

Fig. 6 Zones of erosion and deposition
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Fig. 7 Geology map

19 Applications of RS and GIS Techniques … 211



Fig. 8 Disaster prone zones in East Godavari district
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Chapter 20
A Study on the Utility and Geochemistry
of Groundwater in Ponneri Taluk
of Thiruvallur District, Tamilnadu

S. Sivakumar, K. Srinivasaraju, M. Shanmugam, D. Thirumalaivasan
and C. Lakshumanan

Abstract Groundwater, throughout the world it had become important for human
survival. Its physical, chemical and bacteriological properties determine the suit-
ability for human consumption. 27 groundwater samples have been collected in
south west monsoon season representing the Ponneri Taluk, Thiruvallur district of
Tamilnadu. The physicochemical parameters include pH, TDS, cations such as Ca,
Mg, Na and K, anions such as Cl, SO4, HCO3 and NO3, PO4. The samples were
classified with sodium absorption ratio, salinity hazard, residual sodium carbonate,
sodium percentage (Na%) and permeability index for irrigation, Total hardness and
corrosivity index. The classification for drinking water is obtained by drinking
water quality index (DWQI). The geochemistry has been studied using piper plot.
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1 Introduction

Groundwater is a significant and major source of freshwater which is used for
drinking and irrigation purpose in worldwide. The quality of groundwater is
principally controlled and varied from discharge to recharge regions, nature of host
rock and anthropogenic activities. Further, the nature and amounts of dissolved ions
in natural water is mainly dependent by their mineralogy and solubility of rock
forming minerals [13]. The quality of ground water is function of various chemical
constituents which determines its suitability for drinking purposes [1, 6, 17, 19].
The quality of groundwater is now the concern of all experts in countries of the
world because 80% of the diseases and deaths in the world are related to water
contamination UNESCO (2007), UNDP (1971). Intense agricultural activities and
urban development leads to a high demand on groundwater resources and it directly
or indirectly plays a significant role in regulating groundwater chemistry (Lowrance
et al. 1997; Fakir et al. 2002; Cardona et al. 2004). The input of fertilizers as well as
disposal of domestic wastes degrades the groundwater quality in developing
countries (Oladeji et al. 2012) and also urbanization, deterioration in groundwater
quality occurs (Nkotagu 1996; Stigter et al. 1998; Zilberbrand et al. 2001). The
nature of the rock formations, topography, soils, atmospheric precipitation, quality
of the recharged water and sub-surface geochemical process are some of the
parameters affecting groundwater quality (Todd 1980; Fetter 1994). The informa-
tion on hydrochemistry is vital to determine the origin of chemical composition of
groundwater (Zaporozec 1972). Hence the physiochemical analysis of groundwater
is important to evaluate its geochemical process and quality that influences the
suitability of water for industrial, domestic and irrigation purposes. The aim of the
study is to assess the geochemistry and groundwater quality with special emphasis
on drinking water quality index and suitability for irrigation and domestic purposes.

2 Study Area

The study area located in Thiruvallur district, Ponneri Taluk villages as followed as
Kolur, Agaram, Uppunelvoyal, Periyaveppathur and Keerapakkam, in Tamilnadu,
has the following districts as its neighboring limits. The neighbouring places to the
study area include Kancheepuram in the South, Vellore in the West, Bay of Bengal
in the East and Andhra Pradesh in the North. The months between April and June
are generally very hot with temperature going up to an average of 37.9 °C. During
the winter (December–January) the average temperature is 18.5 ºC. The total area
extent of about 22.51 km2 (Fig. 1). The study area is located between north
Latitude of 13°24′30″ and 13°29′30″ and East Longitude of 80°12′00″ and 80°15′
30″. The coastal areas receive more rains than the inland regions. The average
normal rainfall of the district is 1104 mm. Out of the total, 52% of the rainfall
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occurs during the northeast monsoon period and 41% during south west monsoon
period. The soil characteristics of the study area includes mostly sandy, mixed
with soda or other alkali or stony. The porous formations in the district include
sandstones and clays of Jurassic age (Upper Gondwana), marine sediments of
Cretaceous age, Sandstones of Tertiary age and Recent alluvial formations. As the
Gondwana formations are well-compacted and poorly jointed, the movement of
ground water in these formations is mostly restricted to shallow levels. The district
underlain predominantly by sedimentary formations, Ground water exists very low
phreatic conditions of shallow level of waters [3].

3 Methodology

A total number of 27 water samples were collected from borewells covering the
entire study area during the South west monsoon (SWM). Sampling and analysis
were carried out using standard procedures [2, 12]. The various parameters of water
like pH, Temperature, TDS and conductivity of the water samples were measured in
the field using a portable water-analysis kit. Analysis of ions such as Calcium,
magnesium, bicarbonate, and chloride were determined by Ti-Trimetric method.

Fig. 1 Study area location map
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Flame photometry (ELICO CL 378) was used to analyze Sodium and Potassium.
Phosphate, and Sulfate were determined by spectrophotometry (ELICO SL 171
minispec). The range of spectrophotometry is 340–1,000 nm with an accuracy of
±2.5 nm.

4 Results and Discussions

The maximum, minimum, and average values of the various surface and ground-
water chemical parameters are given in Table 1. The dominating ions in the sam-
ples are found in the order,

Na[Ca[Mg[K ¼ Cl[NO3 [HCO3 [ SO4 [ PO4

4.1 Spatial Distribution of Electrical Conductivity

Electrical conductivity is directly associated with the concentration of ions present
in water and it creates problems when it is excess in nature. Dissolved solids present
in groundwater contains inorganic elements such as carbonate, bicarbonate, chlo-
ride, sulphate, phosphate and nitrate of calcium, magnesium, sodium, potassium,
iron, and small amount of organic matter and dissolved gases. Higher electrical
conductivity is noted as patches in north east, south west and middle regions.

Table 1 Maximum, minimum and average chemical parameters of groundwater

S. no. Chemical constituents Statistical parameters Average

Maximum Minimum

1 pH 8.8 7.7 8.2

2 EC 5090 334 2712

3 TDS 5950 240 3095

4 Cl 1595 124.07 859.53

5 HCO3 201.3 6.1 103.7

6 CO3 30 0 15

7 NO3 256 20.77 138.385

8 PO4 5.8 0 2.9

9 SO4 22.57 0 11.285

10 Ca 732 16 374

11 Mg 218.4 0 109.2

12 Na 801.2 36.4 418.8

13 K 94.8 5 49.9

All values are in mg/l except pH and electrical conductivity (EC) in µs/cm
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Lower EC is observed in southern and northern regions. The higher EC is observed
along the Pulicate lake due to sewage effluents disposal and also due to saline water
intrusion (Fig. 2)

4.2 Drinking Water Quality Index

In general assessment of drinking water is comparing the ionic concentration with
various Indian and international standards such as BIS, ISI, WHO. This type of
evaluation is simple and detailed, but it does not provide a wholistic picture of the
region. To overcome this problem, drinking water quality has been used. It is a
rating, which reflects the influence of chemical parameters of water. The drinking
water quality index (DWQI) is a significant process to assess the suitability of
groundwater for drinking purposes. This index was calculated by assigning weights
(w) to the water quality parameters (a) based on their threats on human health and
also to water quality. The relative weight (Wa) is computed using

Wa ¼ WaPn
a¼1 Wa

Fig. 2 Spatial distribution of electrical conductivity (µs/cm)
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where Wa = weight of water quality parameter; a and n = number of parameters.
Weights (Wa) in a scale of 1–5 based on their importance, were assigned to the
parameters as presented in Table 2. Because of their importance in assessment of
drinking water quality, weightage of 5 was assigned to pH and TDS. Other
parameters were assigned suitable weights between 1 and 4 based on their impor-
tance in the water quality evaluation of the region (modified from [11, 16, 18]).

A quality rating scale (qa) for each parameter and concentration was calculated
by dividing its concentration in each water sample by their standards

qa ¼ Ca

Sa
� 100

where Ca = concentration of water quality parameter (a) in milligrams per liter and
Sa = WHO standard for water quality parameter (a) in milligrams per liter. The sub
index (SI) was determined for each parameter, which in turn is used for determining
the DWQI as follows:

SIa ¼ Wa � qa

DWQI ¼
X

SIa

The drinking water quality was classified based on DWQI values of less than
1000, 1000–2000, 2000–3000, 3000–4000, and greater than 4000 as excellent,
good, poor, very poor, and unsuitable, respectively (Table 3).

The DWQI maps of the SWM denote majority of the samples in this season are
dominated by excellent to good categories. Good category are noted towards form

Table 2 Weights of parameters WHO and ISI Standards (mg/L) for SWM season

DWQI parameters Weight Relative weight WHO standard (2017)

Ca 4 0.13 75

Mg 3 0.10 50

Na 3 0.10 200

K 2 0.06 20

Cl 3 0.10 200

NO3 4 0.13 50

SO4 1 0.03 200

HCO3 1 0.03 350

pH 5 0.16 8.5

TDS 5 0.16 1000P
Wa = 31 1.00
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northern to southern region. Some patches of poor and unsuitable samples are
scattered in southern and north eastern parts. This may be caused due to the
leaching of ions, salinity of groundwater, direct connect with nearby coast by the
impact of Pulicat lake [7] etc. (Fig. 3).

The samples falling in under moderate category is spatially distributed from
mid-south to north and north western regions. The poor water quality may be due to
the presence of excess amounts of TDS, Na, HCO3 and Cl present in the study area.

Table 3 Percentage of samples for DWQI

DWQI (WHO-2017) Category Samples

<1000 Excellent 2

1000–2000 Good 4

2000–3000 Poor 8

3000–4000 Very poor 7

>4000 Unsuitable 7

Fig. 3 Spatial distribution of Drinking Water Quality Index for Southwest Monsoon period, with
sampling points
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4.3 Classification for Agriculture Purpose
(Irrigation Quality)

4.3.1 Sodium Adsorption Ratio and Sodium Percentage

Sodium adsorption ratio is a measure of the suitability of water for use in agri-
cultural irrigation, as determined by the concentrations of solids dissolved in the
water. In order to assess the water quality for irrigation purposes, Na or alkali-
hazard expressed in terms of sodium adsorption ratio (SAR) is widely used. If water
used for irrigation are high in Na+ and low in Ca2+, the ion-exchange occurs and
Na+ concentration increases, which destroys the soil structure. The SAR of the
water samples in SWM period is computed, using the formula (Hem 1991)

SAR ¼ Naþ =
p

Ca2þ þMg2þ
� �

=2
Sodium Adsorption Ratioð Þ

Na% ¼ NaþKð Þ= CaþMgþNaþKð Þ½ � � 100
ðSodium PercentageÞ

The distribution of SAR based on [14] classification is given in the Fig. 2 by
classifying it into excellent, good, poor and unsuitable (Table 4).

From the sodium percentage results, it has been found that excess sodium per-
centage is the due to the establishment of tight arrangements of dispersed soil
particles saturated with sodium. During winter season, sodic soil has poor infil-
tration and drainage but during summer season, it become quite hard. The distri-
bution of Na% classification after [20] is categorized into excellent, good,
permissible, doubtful, and unsuitable categories. Sodium reacts with CO3 to form
alkaline soils whereas with Cl forms saline soil. Both these soil do not help in the
growth of plants [8, 9]. Classification of groundwater for irrigation purpose was
calculated as, followed as above the formula.

The higher Na% is mainly due to long residence time of water, dissolution of
minerals from lithological composition, and the addition of chemical fertilizers by
the irrigation waters [10, 15]. According to Eaton (1950), Na percentage is clas-
sified into two categories as safe and unsafe (Table 5).

4.3.2 Residual Sodium Carbonate

The RSC equals the sum of the bicarbonate and carbonate ion concentrations minus
the sum of the calcium and magnesium ion concentrations, where the ions are

Table 4 Sodium absorption
ratio hazard

SAR Hazard Samples

<10 No harmful effects from sodium 26

10–18 Appreciable sodium hazard 2

18–26 Harmful effects could be anticipated 1

>26 Unsuitable for irrigation NIL
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expressed in meq/L. A negative RSC indicates that sodium build up is unlikely
sufficient since calcium and magnesium are in excess of what can be precipitated as
its carbonates. A positive RSC indicates possibility of sodium build up. The excess
carbonate in the solution will enhance the precipitation of CaCO3 in soil which in
turn will increase sodium in the solution.

Further, during the process of dispersion of ions, Na is likely to be dominated
[5]. The dominance of alkaline earth ions influences the suitability of water for
irrigation purpose. RSC = (CO3 + HCO3) – (Ca + Mg). According to the [14],
residual sodium carbonate is classified into four categories, such as High, Medium,
Low and None. In southwest monsoon only two samples are affected by Residual
Sodium Carbonate parameters (Table 6).

4.3.3 Permeability Index

The soil permeability is affected by long term use of irrigation water. For irrigation,
the suitability of water was assessed based on PI of water and can be classified as
class I, class II and class III orders (Table 7).

The permeability index (PI) of the water was derived by Doneen [4] by using
major cations and HCO3 concentration using the following expression;
PI = [{Na + (√HCO3)}/(Ca + Mg + Na)] � 100 Permeability index is an essential
factor to determine the quality of irrigation water in relation to soil for improvement
in agriculture (Thilagavathi et al. 2012). When there is a deficient in micronutrients,
it will result in the rise of HCO3 related toxicities.

Table 5 Sodium percentage
hazard

Percentage sodium Water class Total no. of samples

<20 Excellent 2

20–40 Good 7

40–60 Permissible 8

60–80 Doubtful 5

>80 Unsuitable 5

Table 6 Residual sodium carbonate hazard

RSC Hazard Samples

<0 None 25

0–1.25 Low, with some removal of calcium and magnesium from irrigation
water

2

1.25–
2.5

Medium, with appreciable removal of calcium and magnesium from
irrigation water

NIL

>2.5 High, with most calcium and magnesium removed leaving sodium to
accumulate

NIL
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4.4 Hydrogeochemical Processes

Piper (1944) classified hydrogeochemical facies using trilinear plot (Fig. 4). It
consists of two lower triangular fields and a central diamond shaped field. The
Triangular fields are plotted separately with epm values of cations (Ca, Mg) alkali
earth, (Na + K) alkali, (HCO3) weak acid and (SO4 and Cl) strong acid. Water
facies can be identified by projection of plots in the central diamond shaped field.
This plot has been used by several authors to understand the hydrogeochemical
facies (Karanth1991; Chidambaram 2000; Subramani et al. 2005; Anandhan 2005;
Thivya et al. 2013; Thilagavathi et al. 2012). The geochemical evolution plot has
six sub-fields, viz. 1. (Ca–HCO3 type); 2. (Na–Cl type); 3. (mixed Ca–Na–HCO3

type); 4. (mixed Ca–Mg–Cl type); 5. (Ca–Cl type) and 6. (Na–HCO3 type). In study
area, samples are clustered in the fields of 2, 4 and 5 the majority of the samples are
concentrated in the Ca–Cl type which shows that predominance of anthropogenic
impact such as industries. Na–Cl type generally indicates a strong saline nature in
groundwater and also due to anthropogenic activities (Pulido-Leboeuf 2004;

Table 7 Permeability index Water class PI (%) Samples

Class I >75 8

Class II 25–75 16

Class III <25 3

Fig. 4 Piper plot to understand the geochemical processes
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Prasanna et al. 2010; Thilagavathi et al. 2012) (Fig. 4). The samples have been
collected in south west monsoon, hence some representations are observed in zone
4 of Mixed Ca–Mg–Cl type indicates the leaching processes in groundwater
(Thivya et al. 2015).

5 Conclusion

The analysis of chemical properties of the groundwater in the study area reveals the
dominant ions as Na and Cl. The study brings out the fact that some of the samples
are suitable for drinking purpose and some samples fall in poor categories which
can be use after the treatment. Classification on irrigation quality based on SAR,
RSC, permeability index most of the samples are suitable for agricultural purposes.
According to the corrosivity ratio, all samples fall in unsafe category which is
unsuitable for domestic purpose. The major reason for the Hydrogeochemistry
found is inferred to be caused by saline water intrusion and anthropogenic activities.
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Chapter 21
Assessing the Spatial Patterns
of Geotagged MGNREGA Assets
on Bhuvan Using GIS Based Analysis

Kaja Divya, K. Mruthyujaya Reddy, G. S. Pujar
and Peddada Jagadeeswara Rao

Abstract Mahatma Gandhi National Rural Employment Guarantee Act
(MGNREGA) of 2005 which aims at enhancing livelihood security in rural areas of
the country by providing at least 100 days of guaranteed wage employment. As per
MGNREGA, creation of durable assets and strengthening of livelihood is an
important objective of the scheme. In this regard, the Ministry has adapted
GeoMGNREGA, to create a Geographical Information System (GIS) solution to
visualize, analyze and explore the data of assets created under the MGNREGA.
NRSC/ISRO supports MoRD for geotagging of assets. Spatial analysis helps in
defining new forms of representation for better understanding the assets and
identifies the spatial patterns of it. This option was explored by showing the pro-
cedural method of (a) Categorization and quality assessment of asset information
(b) Consider the consisted assets of 23,498 (neglecting all inconsistent assets),
calculate spatial density by means of Hotspot mapping using Kernel Density
Estimation, Hotspot analysis and Grid based analysis using ArcGIS (c) finding the
desktop position with respect to and Land Use and Land cover. Study proves that
GIS gives us a better synoptic perspective to MGNREGA asset mapping, analysis
and sets perspectives in data quality as well.
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1 Introduction

Rural Employment Creation is the vital process in mitigating economic delinquency
of rural poor and should be tackled using best of the technological paradigm
available. So, the Central Government formulated the Mahatma Gandhi National
Rural Employment Guarantee Act (NREGA) [1]. The MGNREGA notified on
September 7, 2005, aims at enhancing livelihood security of households in rural
areas of the country by providing at least 100 days of guaranteed wage employment
in a financial year to every household whose adult member’s volunteers to do
unskilled manual work [2]. As per the MGNREGA, creation of durable assets and
strengthening of livelihood is an important objective of the scheme. As per the
information available with NREGA, around 30 lakh assets are created annually
across the country under the rural job scheme, which involves activities like
Irrigation Facility, Water Harvesting, Rural Sanitation, Road connectivity, Drought
Protection and Land Development [3]. The Ministry of Rural Development has
adapted Bhuvan based GIS solutions to visualize, analyze and explore NREGA
asset related data and also to manage them efficiently. The creation, availability and
effective communication of geo-spatial information and services are very big
challenges. In this regard, Ministry has decided to implement Geo tagging of assets
under Mahatma Gandhi NREGA using ISRO Bhuvan webGIS portal. Desk based
moderation of geo-tagged images available in the Bhuvan portal will be done at the
Bhuvan Geo-platform to ensure quality adherence. The existing database is used for
analyzing and applying spatial statistical analysis.

2 Study Area

The study was set to West Godavari in Andhra Pradesh. It occupies an area of
approximately 7742 m2 and Eluru is the headquarters of it. The district was situated
between 80º 50′ and 81º 55′E, of the eastern longitudes and 16º 15′ and 17º 30′N, of
northern latitudes. Khammam District lies to the north, East Godavari District to the
east, the Bay of Bengal to the south, and Krishna District to the west. The district is
located in delta region of the Krishna and Godavari rivers. The district has popu-
lation of 3,934,782 as per the 2011 census. The study has selected West Godavari
district for two reasons, one is it is the district where the scheme seems to have been
implemented successfully compared to other districts, with highest amount of
expenditure and with the participation of poor and NGO’s, and the second reason is
that the west Godavari represents all the typical features of the state, like chronic
drought areas, agency (tribal) areas, and settled irrigation areas (Fig. 1).
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3 Methodology

The overall methodology of this research is given in Fig. 2. In order to find the
spatial patterns of geotagged MGNREGA assets in West Godavari district, various
vector data layers of the district were collected from Bhuvan-Geoportal and state
level nodal agency. These vectors were constructed by digitizing various maps with
scale of 1:50,000. The research consists of the following distinct stages.

1. The first step is the categorisation of MGNREGA assets based on the type of
activity that takes place in the study area and checking for data consistency.

2. Applying Spatial Statistics to the consisted assets like hotspot mapping tech-
niques by means of Grid analysis, hotspot analysis and kernel density estimation
(KDE) using ArcGIS.

3. Finally, we use proximity analysis to know the distribution of assets with
maximum vicinity of Land class features.

Fig. 1 Location map of the study area
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4 Results

4.1 Sectorwise Assets Created and Geotagged in West
Godavari

The total assets in West Godavari district are categorised into different fields based
on the type of activity taken place. The Major activities that are covered in West
Godavari district are: Micro Irrigation works (24,057), Rural Sanitation (10,072)
and Drought Proofing (3961) (Fig. 3).

4.2 Grid Based Analysis of Understanding the Spread
of Completed Assets Geotagged in West Godavari
District

In order to combat the problems associated with different sizes and shapes of
geographical regions, uniform grids (or quadrats) can be drawn in a GIS as a layer
over the study area and thematically shaded. Therefore, all areas used for thematic
shading are of consistent dimensions and are comparable, assisting the quick and

Fig. 2 Flow chart of the study
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Fig. 3 Sectorwise assets created and geotagged in West Godavari

Fig. 4 Grid based analysis for the spread of completed asset geotagged in West Godavari
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easy identification of density of assets. Here, the grid size choosen is of 1 m2. The
range of assets in each grid varies. For Micro Irrigation works(IC), the range is
1-214 (Fig. 4).

4.3 Analysis of Internal Match of Work Code Contents
to Asset Identity

The MGNREGA assets are categorized into 17 major categories and 153 sub
categories [4]. A test analysis is carried out to understand the identity of Completed
Assets for their precise categorization and visualization. As an example consider a
single MGNREGA asset that is extracted from Bhuvan-Geoportal which contains
the following information.

From Table 1, Desilting comes under the category of Water Harvesting struc-
tures (WH) but, in the database it is under Micro Irrigation works (IC). Thus, the
Category identity in work code does not match with category identity for a sub-
category name. So, the mismatch arises. While verifying the internal consistency
for the overall data in the district, there is some inconsistency present in the data
which can be verified by considering the category short names depicted from the
workcode of each asset is compared with subcategory and its corresponding codes.
The total number of completed assets which have correctly aligned subcategories
are 23,498 (out of 54,254 completed assets) considering all the aspects such as sub-
category names, category codes and subcategory code including work code. Thus,
the efficiency of completed assets which have understandable identities is 43.3%
(Table 2).

While analysing the data, we identified there are 1865 assets in the database
which do not have either subcategory name, category and sub-category code except
work code information i.e., assets without any identities are 1865. Likewise the
number of assets without having category/sub-category identities is 6990 assets as
shown in Table 3.

4.4 Hotspot Mapping Techniques

Three Hotspot mapping techniques were chosen and used for generating hotspot
maps [5]. These techniques were Hotspot analysis, grid thematic mapping and
Kernel Density Estimation. These techniques were chosen as they are the most
common techniques used for generating hotspot maps of consisted MGNREGA
assets. Each of these techniques also requires certain parameters to be set for them
to operate for them to generate a visual map output [6] (Figs. 5, 6 and 7).
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4.4.1 Hotspot Analysis

This technique requires Incident point data to be aggregated to polygonal census
output areas to generate a count of assets for each output area. This was performed
using the standard routines in ArcMap. The selection of the thematic range method
and values for determining the Hotspot threshold are explained below as they also
apply to grid thematic mapping and KDE.

Fig. 5 Point map
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4.4.2 Grid Thematic Mapping

ArcGIS software enables analysts to specify a grid lattice that can be positioned
across the study area. The parameter the user must decide is the size of each square
grid cell. There is little guidance on which cell size to select; if the cells are too
large, the resulting hotspot map will only show coarse geographic patterns of
Assets, and if too small it can be difficult to discern any spatial patterns from the
hotspot map. For this research, a grid cell size of 1 m2 was chosen. Once the grid
had been calibrated, functions in ArcMap were used to calculate a count of the
number of asset points within each grid cell.

Fig. 6 Hotspot analysis
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4.4.3 Kernel Density Estimation (KDE)

KDE hotspot maps were generated using Hotspot Detective. This technique
requires two parameters to be entered by the user—the cell size and the bandwidth
(also commonly referred to as the search radius). Hotspot Detective determines
default settings for these parameters after performing an analysis of the input data.

4.5 Proximity Analysis

Roads, Drainage, Settlements, Wastelands, and Waterbodies are the important
landscape features which will facilitate huge and access.

Fig. 7 Kernel density estimation
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4.5.1 Distribution of Assets with Maximum Vicinity from LULC

Considered the consisted NREGA assets and calculated the distribution of assets
with Maximum vicinity from LULC by means of calculating the minimum distance
of each asset corresponding to individual landscape feature and plotted in the
histogram.

4.5.2 Distribution of Assets Within 50 m from LULC

Considered the consisted NREGA assets and calculated the distribution of assets
based on distance from various land class features by means of categorising the
classes based on the distance of each asset from individual landscape feature. Thus,

Fig. 8 Grid based analysis
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count of assets within 50 m range is being plotted as shown in Fig. 8. This analysis
reveals that a high amount of MGNREGA assets are located near to the settlements
(Figs. 9 and 10).

4.5.3 Distribution of Assets from Landcover Categories

As MGNREGA is a rural employment scheme, but there are some assets that are
being covered in the forest, urban areas and industrial areas. The analysis shows
that 120 activities are done in the urban areas in the name of Rural development act
(Fig. 11).

16000

14000

12000

14461

10000

8000

6000

4000

2000

0 

1255 1806

4764

1308

Waste
Lands

Settlements  Drainage Road       Waterbodies

Fig. 9 Distribution of assets
with max. vicinity from
LULC

1600

1400

1200

1000

80

60

14652

11792

4000

2000

0 

1227

3578

2537

Waste
lands

Drainage Road       waterbodiesSe lements

Fig. 10 Distribution of assets
within 50 m from LULC

240 K. Divya et al.



5 Conclusion

The results show that the above three Hotspot techniques not only have similarity in
size (in m2) for each suitability class, but they also have similarity in spatial dis-
tribution of each class in whole study area. Their spatial comparison had 75%
similarity in the distribution of assets in the study area.
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Chapter 22
Detection of Landslide Using High
Resolution Satellite Data and Analysis
Using Entropy

Ibrahim Shaik, S. V. C. Kameswara Rao and Balakrishna Penta

Abstract High Resolution Remote Sensing satellite images offer rich contextual
information, including spatial, spectral, and contextual information. In order to
detecting the Landslides using high resolution remote sensing data effectively
various methods have been suggested. Pixel based approaches are applied to extract
information from such remote sensed data, only spectral information is used. Object
based classification approaches give good results not only for spectrally same but
also compositionally different features. In this study, object oriented classification
based on image segmentation is used to detecting Landslides from high resolution
remote sensing data, validation and analysis using Entropy. Entropy is the measure
of uncertainty in any data and is adopted for maximisation of mutual information in
many remote sensing applications. The popular available versions like Shannon’s,
Tsalli’s and Renyi’s entropies were analysed and comparative suitability of the
various available entropy versions in context of validation and analysis of
landslides.
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1 Introduction

High resolution satellite images have many applications in various commercial and
civil areas in recent years like meteorology, forestry, agriculture geology and
landscape. High resolution satellite images have rich contextual information [1].
The information includes shape, texture and spatial characteristics. In order to deal
such rich information content for information extraction, pixel-based approaches
have faced substantial difficulties. In order to estimate more accurate results object
based feature extraction is a newly and widely used method recently used in many
study areas. Object based image analysis is implemented in order to extract relevant
surface information, combining spectral and spatial information [2]. There by, with
the object based approach not only the spectral information in the image will be
used as classification information, the texture and context information in the image
will be combined into classification as well. The concept of object based infor-
mation extraction is that to interpret an image, the relevant semantic information is
represented by meaningful image objects and their mutual relationship rather than
individual pixels. Entropy as a measure of uncertainty associated with information
was introduced by Claude E. Shannon being inspired from the common entropy
concept in physics [3]. The principle of entropy is to use uncertainty as a measure to
describe the information contained in a source. Different versions of entropies have
been applied for the effective automation of various remote sensing analysis. The
entropy is related to the concept of Kolmogorov complexity of an object is a
measure of the computational resources needed to specify the object.

2 Study Area and Data Sets

Landslides are the one of the most important types of natural hazards. Landslides
triggered by the heavy rainfall are the most common in hilly regions. The factors
which influence landslides are slope angle, climate, weathering, water content,
vegetation, geology and slope stability. Landslides occur when the slope changes
from a stable to unstable condition. The study area, in Jammu Kashmir had con-
siderable landslide damage following heavy rains in 2014. The following data sets
are used to detection of Landslides using eCognition software (Fig. 1).

3 Methodology

First of all both pre and post monsoon images are orthorectified using autosync
function in ERDAS. In this study the concept of the object oriented information
extraction has been used for the accurate identification of landslides [4]. For high

244 I. Shaik et al.



resolution satellite imagery, beginning with the initial pre-processing,
object-oriented image analysis is performed using the software eCognition. This
process has been carried out into three steps: Multiresolution Segmentation, cre-
ation of General Classes, and Classification rules (Rule Base). Thereby an initial
image segmentation step groups the pixels that are similar in spectral context to get
meaningful image objects on an arbitrary number of scale levels. Parameters are set
for different object features such as shape, scale and spectral features. These image
segments have to be calculated on different scale on hierarchical levels on the basis
of trial and error process for achieving proper segmentations of objects of interest
(Fig. 2) [5, 6].

4 Rule Set for Landslide Detection (eCognition)

Accurate segmentation is an important issue in the context of object-oriented
classification. During the segmentation process meaningful image objects are cre-
ated on the basis of several adjustable factors of homogeneity and heterogeneity in
colour and shape. In this process algorithm select as multiresolution segmentation.
In segmentation settings, the layers using for the segmentation (Post image) is made

Fig. 1 Study area
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as 1 and layers not used for segmentation (pre layers and other layers) is made zero
and scale parameter is 20. The value of the scale parameters influences the average
object size. This parameter influences the maximal allowed heterogeneity of the
objects. The larger the scale parameter the larger the objects become. Size of the
segments/objects obtained from segmentation technique (a pre-requisite for
object-based classification) is determined objectively through a newly created
plateau objective function (POF) [7]. POF is a statistical function, created using
intrasegment variance and spatial autocorrelation (Moran’s I). To remove the
background in edit process algorithm made as “assign class” and in threshold
condition is created. Process tree (Rule Set) for detecting the landslides is shown in
Figs. 3 and 4.

Fig. 2 Flow chart
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5 Entropy Analysis and Accuracy Assessment

Entropy is the measure of uncertainty associated with information in many remote
sensing applications. The uncertainty affects the quality of information extracted in
remote sensing and propagates in processing, transmitting and classification pro-
cess. In this study we used various types of entropy as a special criterion for
visualizing and evaluating the uncertainty of the results. Classification performance
is evaluated by criteria such as accuracy and reliability. These criteria do not show
the exact quality and certainty of the classification.

Fig. 3 Process tree

Fig. 4 Landslide map
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5.1 Shannon’s Entropy

Claude Shannon defined a formal measure of entropy, called Shannon entropy.

S ¼ �
Xn

i¼1

pi log2 pi ð1Þ

where pi is the probability of occurrence of an event
Shannon entropy is used globally, for the whole data or locally to evaluate

entropy of probability density distributions around some points. In this study we
determine the entropy of landslide areas using Shannon entropy.

5.2 Renyi’s Entropy

Renyi entropy is defined as follows. It has similar properties as Shannon entropy
but it contain additional parameter a which can be used to make it more less
sensitive to the shape of the probability distributions.

Ia ¼ 1
1� a

log
Xn

i¼1

pai

 !
ð2Þ

I has maximum = ln nð Þ for pi ¼ 1=n.

5.3 Tsallis Entropy

Tsallis entropy is defined as follows. we determine the entropy of landslide areas
using Tsallis entropy. The results of entropy value of each landslide event using
above three equations given in Tables 1 and 2.

Table 1 Entropy of each
landslide

Landslide event S Sa Ia
1 0.042 0.021 0.034

2 0.038 0.023 0.038

3 0.039 0.022 0.039

4 0.038 0.023 0.040

5 0.036 0.022 0.037
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Sa ¼ 1
a� 1

1�
Xn

i¼1

pai

 !
ð3Þ

The comparative analysis of the different entropies in context of landslide
detection were analyzed and various statistical parameters namely Kappa statistics
as over all accuracy were computed for accuracy analysis. The investigation of
entropy shows that Tsallis entropy is gave better accuracy.

6 Results and Discussion

Application of remote sensing for landslide detection and assessment have under-
gone an impressive development in recent years. From the experiment, it can be
seen that the classification accuracy has been improved greatly by the newly arisen
object-oriented approach. Besides, the whole procedure proves efficient and feasible
because of the following reasons: firstly, use of objects multi-feature including
spectrum, shape, texture, shadow, context, spatial location. Secondly, the object
oriented approach of information extraction guarantee the classification accuracy by
making full use of high resolution images information. Thirdly, with manually
adjustment of different parameters, multi scale makes image object resolution
adaptive for specific requirements, data and tasks.

The uncertainty between urban area and landslides is overcome by using concept
of entropy. Results shows that using post and pre monsoon images, the landslides
have been detected accurately. The entropy value ranging between (0.036–0.042)
for Shannon entropy, (0.021–0.022) for Tsalli entropy and (0.034–0.040) for
Renyis entropy. The entropy values for urban and landslide areas are clearly dis-
criminate using Tsallis entropy. By using Tsallis entropy we can reduce the
uncertainty between urban and landslide areas. In this study importance of object
based classification method for detection of landslides has been studied. The
entropy analysis is shows hat using temporal data one class of interest was better
identified compare to using one date image. This study provides importance of
entropy for landslide studies.

Table 2 Accuracy
comparison

S.
no

Entropy Kappa
statistics

Overall accuracy
(%)

1 Tsallis (Sa) 0.96 95.40

2 Shannon
(S)

0.92 92.00

3 Renyi’s
(Ia)

0.91 91.00
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Chapter 23
Determination of Surface Water
Infiltration on Newly Developed
Pervious Concrete Surface on Sandy
Loamy Soil of Visakhapatnam
and Surrounding Areas by Using
Remote Sensing and GIS Technology

Bodasingu Ravi Kumar, Gummapu Jai Sankar, Pendyala Stephen,
S. Ganesh, M. Neeraj Kumar and A. Shravan Kumar

Abstract This exploration work includes in deciding the invasion rate through
pervious solid segments. While compressive quality was done on the solidified
pervious solid 3D squares, invasion rate of water through the segments were resolved.
Pervious cement enables fine activity of water to penetrate at high rates, ordinarily
100–200 in. 60 min, while the hidden soils will invade water a much lower rate, more
often than not by 1–2 requests of extent. Pervious cement is a permeable structure
which permits free entry of water through the solid surface and into the dirt without
trading off the toughness or honesty of the solid. This kind of solid surface can be
utilized as an invasion media for Tempest water administration. Tempest water
administration has turned into an issue for some urban areas and districts because of
increment in urbanization of private and business advancement. Pervious cement
with Concrete + Flyash is most financially savvy and an ecologically amicable
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arrangement, which is accessible as porous asphalt keeping in mind the end goal to
deal with the uncontrolled run-off, decreases contamination and increment ground-
water table. Having less fines, this material has more voids proportion and invades
Tempest water. Pervious cement has been utilized as a part of many places, for
example, parking areas, Pathways, shoulders, walkways, avenues, neighborhood
streets and for Arranging at Open utility Spots. As a part of this study the infiltration
test was conducted on Different soils in Visakhapatnam city, Andhra Pradesh, India.
The main objective behind the selection of sub soil which were predominate in
Visakhapatnam and its surrounding areas with coverage of 90% of the villages of the
district. These Soils are poor textured and easily drained. These soils are mapped by
using the Remote Sensing imageries and GIS Techniques.

Keywords Capillary action of water � Storm water management parking lots
Foot paths � Pervious concrete � GIS

1 Introduction

Pervious solid which is otherwise called permeable concrete and penetrable cement.
It has been observed to be a dependable tempest water administration thought for
the most concretized ranges. Pervious cement is a blend of rock, bond, compound
admixture and water. Pervious cement is utilized as open cell a structure which
permits storm water to channel through the asphalt and into the sub review soils. At
the end of the day, pervious solid aides in securing the surface of the asphalt and its
condition. It can permit the entry of 0.014–0.023 m3 of water for every moment
through its open cells for each square foot 0.0929 m2 of surface range which is far
more prominent than most rain events. Pervious cement is harsh finished, and has a
honeycombed surface. Little measure of water and synthetic admixture are utilized
as glue. The glue at that point frames a thick covering around total particles, to keep
the streaming off the glue amid blending and setting. This glue keeps up bond
between the total to have interconnected voids which enable water and air to go
through it. It likewise brings about high penetrable solid that channel rapidly.
Pervious cement can be utilized as a part of an extensive variety of utilizations, in
spite of the fact that it’s essential use in asphalts which are lingering streets, low
volume asphalts, parking garages, Trails, shoulders, walkways, avenues, neigh-
borhood streets and for Arranging at Open utility Spots.

2 Study Area

The study area is situated in and around the Visakhapatnam city in Visakhapatnam
area of Andhra Pradesh. Visakhapatnam is an exceptionally conspicuous city on the
east bank of the nation. The aggregate region of the Visakhapatnam city constitutes
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around 550 km2, which including the uninhabited slopes and boggy territories. The
number of inhabitants in the city is more than 2.8 million. Quick industrialization in
the territory, with subsequent increment in populace caused major issues in water
supply administration in the Visakhapatnam city and its encompassing zones.
Another significant disadvantage in the territory is that there are no major or minor
streams streaming in the region of the city and it has increased the steadfastness on
groundwater sources. Then again, the concretization of the surface region in the city
is genuinely influencing the groundwater energize as the greater part of the water is
running off into the ocean. Furthermore, the urban and modern contaminations
alongside seawater interruption are having an unfriendly effect on the nature of
ground water. In this foundation, there is each need to comprehend the condition
and nature of ground water in the city, with a specific end goal to get ready for
better administration of water supply in this urban setting, which is an essential
concern (Fig. 1).

An integrated approach of Remote Sensing and GIS for evaluation of land use,
land cover, Hydrogeomorphology, Geology and slope followed by determination of
surface water infiltration on newly developed pervious concrete surface in different
soil types of Visakhapatnam and surrounding areas.

Methods followed in the study comprise field-work, laboratory work, remote
sensing and GIS work following the standard scientific procedures.

• Selection of an area to determination of surface water infiltration on newly
developed pervious concrete surface in different soil types of Visakhapatnam.

• Creating thematic maps from Satellite data

– Preparation of Geology map from existing Geology Map
– Land use land cover M from Satellite data
– Geomorphology map from Map Satellite data
– Slope map from contour of survey of India topo sheets

Fig. 1 Study area—location map GVMC, Visakhapatnam
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METHODOLOGY

LITERATURE STUDY

PROBLEM IDENTIFICATION DATA COLLECTION

Geology

Geomorphology

MAPS FROM IRS 1D, LISS-III BASE MAP

IMAGE 
PROCESSING

Land use / Land cover map

SATELLITE DATA TOPOGRAPHICAL MAP

COMPRESSION STRENGTH PREVIOUS CONCRETE SAMPLE
PLACEMENT IN THE FIELD

SURFACE WATER 
INFILTRATION RATE

EXPERMENT AND RESULTS

FIELD DATA

Slope

Fig. 2 Methodology and procedure for planning suitable locations to find the infiltration rate

Fig. 3 Geology map
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Fig. 4 Geomorphology

Fig. 5 Land use land cover
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• Preparation of Pervious concrete without fine aggregate.
• Lab and field experimental approach for testing the pervious concrete on sandy

soil.
• Placing the pervious concrete on the sandy loamy soil and calculating the

infiltration rate.

Apart from the above steps, consider the run off estimation which is a key step
for determination (Figs. 2, 3, 4, 5 and 6).

2.1 Data Used

The details of the different data used in this study is given below

• IRS 1C-LISS III and IRS 1D-LISS III data
• Survey of India toposheets—65 0/1, 65 0/2 & 0/3, 65 0/5, 65 0/6, scale

1:250,000.

Fig. 6 Slope map

256 B. Ravi Kumar et al.



• Code books of Civil Engineering: ISO 17785-1:2016, IS 456-2000
• Reference maps of various data
• Field data

Software Used

• ARC GIS
• ERDAS IMAGINE.

2.2 Experimental Approach

ASTM C 1701 [1] is the standard infiltration test for pervious concrete. The
technique comprises of 4 principle parts: Introducing the infiltration ring,
pre-wetting the solid, testing the solid and computing the outcomes.

In the first place we need to clean the internal and external surface of infiltration
ring. The infiltration ring must have certain sizes and to be set apart with two lines
inside to play out the test accurately. The ring is put on the pervious solid surface
and secured with plumber’s putty around it. Presently pre-wet the solid surface and
infiltration ring with 3.6 kg of water keeping up the head of water between the two
stamps on the inside of the ring. Start stop-watch timing when the water hits the
pervious solid surface. At the point when water is never again introduce at first
glance, record the slipped by time of the pre-wetting. The time taken determines the
amount of water to be used in the actual test. We take 18 kg of water which is
utilized for the test and record the weight. Include the correct measure of water to
the ring. Similarly as with the pre-wetting stage, we will start stop watch timing
when the water impacts the pervious solid surface and keep up the water head
between the two lines which are set apart on the penetration ring. Once more, when
water is never again present of the surface, record the last time of the test. With the
information gathered, we can play out the invasion computation by utilizing the
mass of the water, the distance across of the penetration ring and time of the test.
With that data we have our last invasion rate comes about.

Geology of the area, Geomorphology features, Land use and Land cover features
and slope studies were also important factors to understand the infiltration rate of
surface water on various soils of the study area.

Infiltration Calculation:

I = KM/D2ðT)

I Infiltration rate in Mt/h
M Mass of infiltrated water in kg
D Inside diameter of infiltration ring in mm
T Time required for measured amount of water to infiltrate the concrete in h
K 4,583,666,000 (constant)
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Similar studies were carried out by Scientists world wise referred and recom-
mended that ASTM C 1701 for Assessing surface Invasion of Penetrable
Interlocking Solid Asphalts. ASTM C 1701 is a reasonable and fast test strategy for
measuring sub-surface penetration by recreating a little water driven head at first
glance test region like those created by extraordinary rain storms and contributing
spillover. Conshohocken [3] Stormwater administration strategies look to diminish
the negative impacts of land utilize changes by decreasing and weakening surface
spillover and by advancing invasion rate. Pervious cement is a sort of permeable
asphalt that can be utilized as a penetration rehearse for stormwater administration.
It has an open-evaluated structure and comprises of painstakingly controlled seg-
ments of coarse total, concrete, water, and admixtures. Mangala et al. [7] have
contemplated the invasion rates of various soils and they reasoned that dirt testing
empowers a fruitful and powerful tempest water administration plan that joins an
appropriate penetration rate for outline counts. Obla [8] has compressed that
Pervious concrete is a critical application for maintainable development. He like-
wise decided the void proportion and invasion rate of pervious solid surfaces. The
void substance can go from 18 to 35% with compressive qualities of 27–28 MPa.
The penetration rate of pervious solid will fall into the scope of 80–720 l for every
moment per square meter. Gâştescu and William [5] has suggested the properties of
Water resources and wetlands. Dagadu and Nimbalkar [4] have condensed the
Invasion Investigations Of Various Soils Under Various Soil Conditions And
Examination Of Penetration Models With Field Information. Single-ring and
double fold rings are utilized to evaluate the invasion rate of various soils.
Wanielista et al. [10] have considered the performance of pervious concrete at sites
and examined infiltration rates for pervious concrete parking lots and their subsoils
and improved maintenance techniques. They likewise clarified the distinctive ele-
ments which will impact the dirt penetration attributes. GIS considers additionally
done by, King [6] has analyzed the status of GIS activities in water assets
administration in South Africa to decide if the way and setting of the execution
procedure have obstructed or advanced improvement of choice help usefulness in
GIS. He inferred that there are a few issue regions adding to absence of under-
standing the ability and restrictions of GIS. From the study of Solomon and Quiel
[9] Groundwater ponder utilizing remote detecting and geographic data frameworks
(GIS) technique is developed. This model was proposed as an adjustment in light of
the Exceptional list, has been created with the goal of accomplishing more
prominent exactness in the estimation of particular defenselessness to nitrate

Fig. 7 Double ring test, one dimensional flow at soil-concrete interface, single-ring infiltrometer,
laboratory core test
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contamination. It depends on a multiplicative model that coordinates the danger of
groundwater contamination by nitrate identified with various land uses and con-
siders both the negative effects, after some time, of some of these utilizations on
aquifer media and further more the defensive impacts of others. Chopra et al. [2],
gave a thought on Morphometric examination of two sub-watersheds was conveyed
utilizing remote detecting and GIS methods (Figs. 7 and 8; Table 1).

3 Results

Compressive strength results of all the combinations of Pervious Concrete samples
have achieved moreover same results 22–23 N/mm2.

INFILTRATION RATE: Lab Test
From ASTM D 1557 code book, a formula is used to find the infiltration rate of

water passing through the pervious concrete to sub grade soils (Figs. 9 and 10).

Fig. 8 Laboratory test and field test with and without soil surface through pervious concrete

Table 1 Concrete 28 days compressive strength results (all values in N/mm2)

S. no Cubes with pure
cement

Cubes with
cement + flyash

Cubes with
cement + GGBS

Trail 1 Trail 2 Trail 1 Trail 2 Trail 1 Trail 2

1 23.12 22.75 22.47 21.81 23.79 22.37

2 Avg. = 22.94 Avg. = 22.14 Avg. = 23.08
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I=KM/D2*t 
I-Infiltration Rate     
K-Constant Value (4583666000) 
M- Mass of the Water in Kg 
D- Diameter of the Ring in mm and     T- Time in Sec 

Values with Pure Cement:
Trail-1 
I=KM/D2 *t 

 4583666000*18/(300)2*(32)=28.6 Mts/hrs 
Trail-2 
I=KM/D2 *t 

  4583666000*18/(300)2*(29)=31.61 Mts/hrs
Trail-3 
I=KM/D2 *t 

  4583666000*18/(300)2*(30)=30.55 Mts/hrs 
 Average Value I= (28.6+31.61+30.55)/3 = 30.25 Mts/hrs 
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Fig. 9 Average infiltration
rate in lab
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rate in the field
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Values with Cement + Flyash:
Trail-1 
I=KM/D2 *t 

4583666000*18/(300)2*(38)= 24.12 Mts/hrs 
Trail-2 
I=KM/D2 *t 

4583666000*18/(300)2*(41)=22.36 Mts/hrs 
Trail-3 
I=KM/D2 *t 

4583666000*18/(300)2*(42)=21.82 Mts/hrs 
 Average Value I= (24.12+22.36+21.82)/3 = 22.77 Mts/hrs 

Values with Cement + GGBS:
Trail-1 
I=KM/D2 *t 

4583666000*18/(300)2*(60)=15.27 Mts/hrs 
Trail-2 
I=KM/D2 *t 

4583666000*18/(300)2*(58)=15.80 Mts/hrs 
Trail-3 
I=KM/D2 *t 

4583666000*18/(300)2*(59)=15.53 Mts/hrs 

 Average Value I= (15.27+15.80+15.53)/3 = 15.53 Mts/hrs 

INFILTRATION RATE: Field Test  
Values with Pure Cement:

Trail-1 
I=KM/D2 *t 

4583666000*18/(300)2*(63)=14.55 Mts/hrs 
Trail-2 
I=KM/D2 *t 

4583666000*18/(300)2*(75)=12.22 Mts/hrs 

          Average Value I= (14.55+12.22)/2 = 13.38 Mts/hrs

Values with Cement + Flyash:
Trail-1 
I=KM/D2 *t 

4583666000*18/(300)2*(57)=16.08 Mts/hrs 
Trail-2 
I=KM/D2 *t 

4583666000*18/(300)2*(60)=15.27 Mts/hrs 
 Average ValueI=(16.08+15.27)/2 = 15.675 Mts/hrs 

Values with Cement + GGBS:
 Trail-1 
I=KM/D2 *t 

4583666000*18/(300)2 *(96) = 9.5 Mts/hrs 
 Trail-2 
I=KM/D2 *t 

4583666000*18/(300)2*(110)= 8.3 Mts/hrs 
  AverageValueI= (9.5+8.3)/2=8.9  Mts/hrs 
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4 Conclusions

The population of the Visakhapatnam city is more than 2.8 million. Fast industri-
alization in the region, with ensuing increment in population caused major issues in
water supply administration in the city and its surrounding zones. The con-
cretization of the surface range in the city is genuinely influencing the groundwater
energize as the vast majority of the water is running off into the ocean. The pervious
concrete and subsoil system displays infiltration rates of nearly the same magnitude
as the subsoil in the locations where the pervious concrete infiltration rate is higher
than that of the subsoil. Proper mix design and placement techniques will be
presented in detailed specifications at the completion of this project. This field test
may also be applied to soils with lower infiltration rates as seen in the case of Site.
Different types of materials like Cement, Fly ash, and GGBS are used in pervious
concrete to find the infiltration rate of water through these samples. From the
Results of experimental approach: Cement and Cement + Flyash pervious concrete
has more infiltration rate in both sub-grade and non-sub-grade soils. The pure OPC
and OPC + Flyash can be recommended for the use of pervious concrete over the
subgrade soil. As both the cement and Flyash are of fineness materials and more
fines are in Flyash passing through 45 micron. Also in commercials point of view,
the combination of OPC + Flyash gives us more saving than choosing the pure
Ordinary Portland cement (OPC). We can adopt the usage of pervious concrete with
the combination of OPC + Flyash, as this is an Environmental Eco-friendly product
by minimizing the CO2 emission into Environment and also the compressive
strength results of all the combinations of Pervious Concrete samples has achieved
moreover same results 22–23 N/mm2. The simple test set-up’s used in this study are
suitable to determine the water permeability and infiltration rates for pervious
concrete in the Visakhapatnam area.
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Chapter 24
Integrated Approach for Local Level
Drought Assessment and Risk Reduction

M. Kavitha, Gajanan Ramteke, A. Kamalakar Reddy
and N. Narender

Abstract Timely information about the onset of drought, extent, intensity, duration
and impacts can limit drought related losses of life, human suffering and decrease
damage to economy and environment. Drought assessment and monitoring is
essential for the agricultural sector to take appropriate mitigation measures. Drought
indices derived from satellite data play a major role in assessing the health and
condition of crops. The study emphasize upon the use of RS and GIS techniques for
drought monitoring in Telangana state, which is one of the drought prone state of
India. Agricultural drought risk areas were identified based on classifying the
deviation of the Normalized Difference Vegetation Index (NDVI) and Normalized
Difference Wetness Index (NDWI) from the mean values by using surface reflec-
tance from MODIS satellite data during 2002–2015. Areas facing a combined
agricultural and meteorological drought were assessed using an integrated approach
involving different indicators viz. mandal wise NDVI and NDWI deviation, rainfall
deviation and dry spells. Integrating all indicators, mandals were categorised as
“Normal” agricultural situation in 235, “Mild” in 169, “Moderate” in 33 and
“Severe” in 06 mandals of the state. The study revealed that, western (South-West
and North-West) part of Telangana state is more prone to drought. Alternate con-
tingency plans were prepared based on the results of this study for entire state.
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Dry spell
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1 Introduction

Rising water demand for agricultural sector is to be found to exist in many parts of
the world and further challenged by the impact of droughts [1]. Drought is related to
the timing and the effectiveness of the rainfall. All types of drought originate from a
deficiency of precipitation [2–4]. Below normal precipitation induced meteoro-
logical extremes communicate the drought [1, 5]. Deficit rainfall triggers meteo-
rological and subsequently agricultural drought, further transmitted into
hydrological drought [6].

A wide range of drought identification and assessment indices are introduced
over the globe for meteorological, agricultural and hydrological droughts viz.,
Palmer drought severity index (PDSI); Rainfall anomaly index (RAI); Normalized
difference vegetation index (NDVI); Surface water supply index (SWSI);
Standardized precipitation index (SPI); Soil moisture drought index (SMDI),
Normalized difference wetness index (NDWI); Vegetation condition index (VCI),
Reconnaissance drought index (RDI). These indices have been used in different set
of facts or circumstances that surround a situation or event [7].

Rainfall is the main source to derive the meteorological drought indicators. The
spatial extent of drought cannot be properly identified unless there is a good dis-
tribution of meteorological stations throughout the area [8]. Even then requirement
of time and cost for data preparation and chances of error may hinder the proce-
dures of drought mitigation [9]. Also, drought indices calculated at one location is
only valid for single location. A key limitation of meteorological based drought
indicators is their lack of spatial detail as well as they are dependent on data
collected at weather stations [10].

The prediction and monitoring of drought requires rapid and continuous data,
and information generation or gathering is not possible using conventional methods
[11]. Satellite remote sensing based indices are diverse and accepted for its low
cost, synoptic view, repetition of data acquisition and reliability [12]. Thus, drought
monitoring through satellite based information has been popularly accepted in
recent years [13]. Normalized difference vegetation index, normalized difference
wetness index and vegetation condition index are some of the satellite remote
sensing derived and extensively used indices in different ecological regions with
varying conditions.

Satellite-based observations have proven very useful for detecting vegetation
condition anomalies. However, the specific cause(s) for the vegetation stress may
not always be determined solely from the remotely sensed data. The anomalies in
vegetation condition may be triggered from various natural (e.g. flooding, fire, pest
infestation and hail damage) and anthropogenic consequences (e.g. landuse land
cover, agricultural management practices). Though, remote sensing data provides a
means to monitor detailed spatial patterns of vegetation conditions, however, it is
difficult to distinguish drought related vegetation stress from vegetation changes
caused by these other drivers without additional information [14]. Accordingly, the
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integration of meteorological and satellite remote sensing data provides substantial
approach to better spatiotemporal assessment of drought at local level.

The semi-arid rainfed area of Telangana state is characterized by high variability
in rainfall and runoff over space and time. The rainfall is seasonal in character with
short rainy season of 3–4 months and the state experiences dry conditions for 8–
9 months in various parts and more so in southern parts [15]. Agriculture is the
major occupation for two-thirds of the population in the state. The impact of
drought is quickly felt in the parts of state due to non-availability of irrigation
facilities, erratic distribution of rainfall, changes in the monsoon pattern, presence
of hard rock aquifer in large areas which limits scope of groundwater exploitation
[16]. During most of the years, some parts of the state experience drought which do
not have access to water resources other than rainfall. Therefore, there is need to
develop strategies for drought monitoring and mitigation as a protection from
drought in the state. In this context, Telangana State Remote Sensing Applications
Centre (TRAC), a nodal agency for remote sensing and geographical information
system applications in the state, has established an integrated seasonal condition
monitoring system. An integrated seasonal condition monitoring system mainly
focuses on:

• Concurrent monitoring of seasonal conditions using remote sensing, weather
network data and continuous ground truth.

• Develop an early warning (monitoring and forecasting) using suite of indicators
to identify drought prone areas, which help to preparedness and implement
appropriate disaster risk reduction measures.

• Early warning to the districts and mandals.1

The specific focus of this study is to assess the impact of meteorological and
agricultural drought with an integrated approach using satellite remote sensing and
climatic information at mandal level.

2 Study Area

Telangana state of India is the twelfth largest state in terms of both area and the size
of population in the country with a geographical area of 114,840 km2 and having a
population of 35.194 million [17]. Telangana is strategically located in the Deccan
plateau in a semi-arid region. The climate is predominantly hot and dry. The state
experiences seasonally dry conditions during winters and summers. The extreme
temperature vary from a maximum of even 50 °C during summer and minimum of
8 °C during winter in some parts. The thermal regime permits arable crop pro-
duction round the year subject to availability of water. The average annual rainfall

1Mandal is an administrative division of India denoting a sub-district comprised several villages or
village clusters.
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in the state is about 906 mm, 80% of which is received from the South-West
monsoon (June–September). There has been an acute deficiency of rainfall in 2014
and 2015 recording a deficit of −31 and −14% consecutively. The actual rainfall
received during South-West monsoon of 2014 and 2015 was 494.7 mm and
611.2 mm against the normal rainfall of 713.6 mm, respectively [15]. The rainfall
in the state is erratic and uncertain with uneven distribution in various mandals,
thus, making agriculture a proverbial gamble in monsoon. The state is divided into
three Agro climatic zones: North Telangana zone, Central Telangana zone and
South Telangana zone. There are varied soil types including sandy loam, red sandy,
deep red loamy and shallow to very deep black soils. Cotton, Rice, Soybean and
Maize are the major crops cultivated in both rainfed and irrigated agriculture.

3 Data Used

3.1 Satellite Data

The MODIS Terra 16-day vegetation index (VI) product (https://e4ftl01.cr.usgs.
gov/MOLT/MOD13Q1.005) starting from first fortnight of June to the second
fortnight of September for the years 2002–2015 was used in the analysis. The data
were processed through appropriate image processing software to derive the NDVI
and the reflectance of near-infrared and shortwave infrared.

3.2 Rainfall and Dry Spell Data

Mandal wise rainfall and dry spell data provided by Directorate of Economics and
Statistics (DE&S), Government of Telangana for the South-West Monsoon season
is used for the present study. This data is used for computation of meteorological
drought indices.

4 Materials and Methods

4.1 Standardized Precipitation Index (SPI)

McKee et al. proposed SPI, awidely used meteorological drought index [18]. SPI
compares precipitation with its multi-year average based on the long-term precip-
itation record for a desired period. The classification scheme of SPI values for
meteorological drought risks are placed at Table 1. Values above zero indicate wet
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periods and values below zero indicate dry periods. For any given drought, SPI
represents how many standard deviations its cumulative precipitation deficit devi-
ates from the average [12].

4.2 Rainfall Anomaly Index (RAI)

Rainfall Anomaly Index is effective and simple meteorological drought index [19].
RAI uses the average precipitation over weekly, monthly or annual time periods to
characterize relative drought. Rainfall anomaly of each year was calculated using
long term average rainfall of the study area. Average annual rainfall for a period of
28 years (1988–2015) is used in the RAI analysis. The years with low RAI values
indicate negative departure from mean seasonal rainfall which boosts drought years.

4.3 Vegetation Index

The crop/vegetation reflects high energy in the near infrared band due its canopy
geometry and health of the standing crops/vegetation and absorbs high in the red
band due to its biomass and photosynthesis. Uses of these contrast characteristics of
vegetation in near infrared and red bands indicate both the health and condition of
the crops/vegetation. Normalised Difference Vegetation Index (NDVI) is widely
used for operational drought assessment because of its simplicity in calculation,
easy to interpret and its ability to partially compensate for the effects of atmosphere,
illumination geometry etc. [20–23]. NDVI is derived by the difference of these
measurements and divided by their sum. The vegetation index is generated from
each of the available satellite data irrespective of the cloud cover present. To
minimize the cloud, monthly time composite vegetation index is generated.

Table 1 SPI values
classification

SPI value Category

>2.0 Extremely wet

1.5–1.99 Very wet

1.0–1.49 Moderately wet

−0.99 to 0.99 Near normal

−1.0 to −1.49 Moderately dry

−1.5 to −1.99 Very dry

< −2.0 Extremely dry
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4.4 Surface Wetness Index

Shortwave Infrared (SWIR) band is sensitive to moisture available in soil as well as
in crop canopy. In the beginning of the cropping season, soil back ground is
dominant hence SWIR is sensitive to soil moisture in the top 1–2 cm. As the crop
progresses, SWIR becomes sensitive to leaf moisture content. SWIR band provides
only surface wetness information. When the crop is grown-up, SWIR response is
only from canopy and not from the underlying soil [24]. NDWI using SWIR can
complement NDVI for drought assessment particularly in the beginning of the
cropping season. Higher values of NDWI signify more surface wetness.

4.5 Vegetation and Wetness Indices Deviation

The deviation of NDVI and NDWI from normal is calculated using the mean value
of the total period from 2002 to 2014. The following equation is used to calculate
the deviation.

NDVIDev ¼ NDVIi � NDVImean
NDVImean

� �
� 100

where, NDVIDev is NDVI deviation in ith year, NDVIi is NDVI for ith period,
NDVImean is the long term average of NDVI.

Above mathematical expression is also used to calculate the deviation of NDWI,
similarly. NDVI and NDWI threshold values of deviation are used to classify
agricultural drought area in the study region (Table 2).

Proper identification of drought risk areas is needed for formulating and
implementing contingency plans. Therefore, a comprehensive and integrated
approach is established using both agricultural and meteorological indicators to
identify the drought prone risk areas in Telangana state.

Pre-processing of satellite data involved conversion of HDF format to IMG
format, re-projection, subset, NDVI and NDWI computed from model maker, and
time composite data is derived for the season [10]. NDVI maximum value is
composited for the period of one month. In order to remove interference of forest
area NDVI with agriculture area, the forest and other non-agricultural areas of the
state were masked by using the landuse land cover layer [25]. Based on deviation of

Table 2 Agricultural
drought risk classification
using NDVI and NDWI
deviations

Deviation (%) Class

� 0 No drought/normal

0 to −10 Mild drought

−10 to −20 Moderate drought

< −20 Severe drought
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these indices with respect to normal year (2013), mandal wise statistics are derived.
The relative deviation of NDVI/NDWI from that of normal and the rate of pro-
gression of NDVI/NDWI from month to month gives the indication about the
agricultural situation in the district which is then complemented by ground situation
as evident from rainfall and sown area. Drought assessment and reporting of
information is carried out on fortnightly basis. Seasonal NDVI and NDWI pro-
gression, i.e. transformation of NDVI and NDWI from the beginning of the season,
comparison of NDVI and NDWI profile with previous normal years—relative
deviation, weekly rainfall status compared to normal, dry spells, weekly progres-
sion of sowings and historical drought prone border line areas are integrated and
taken into consideration for assessing agricultural drought situation in the state/
district/mandal.

5 Results and Discussion

5.1 Meteorological Drought Analysis

Monsoon period i.e. June to September is considered for Kharif season rainfall
analysis as well as dry spell analysis. Rainfall deficiency in current year (2015)
continued to persist as experienced in previous year. The state received an average
rainfall of 611.2 mm during the South-West Monsoon (June–September), as against
the normal rainfall of 713.6 mm which resulted in a deficiency of 14% (Fig. 1).
Status of rainfall is categorised into four categories based on the departure from the
long-term average of the rainfall viz., excess (+19% or more), normal (−19 to
+19%), deficit (−59 to −20%), scanty rainfall (−99 to −60%) and no rain (more
than −99%). It is revealed from the analysis that mandals located in western part of
state shows deficit rainfall status. However, normal rainfall in northern mandals is
more than state average during monsoon period. Deficit rainfall status in 36 man-
dals of Mahaboobnagar district is witnessed. This may be attributed to the less
actual rainfall received during monsoon period compared to remaining districts in
the state.

Monthly rainfall of Monsoon season (June–September) for a period of 28 years
(1988–2015) is considered to analyse SPI. Figure 2 shows monthly SPI for the
state. It is evident from figure that SPI considerably coincide with the drought years.
Further, low SPI for the months of July and August triggered meteorological
drought over the years. Annual rainfall anomaly index for the Monsoon period
(Fig. 3) shows that 16 years experienced below-normal rainfall. Rainfall anomaly
directly measures the shortage of rainfall, and is the difference between the
observation and the long-term mean. It is clearly illustrates from the figure that
below normal rainfall continuously extended from 1991 to 1997.

A wide gap of 21 days or more between two consecutive rainy days in season is
called dry spell. Mandals located in South-Western and central part of the state has
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experienced at least one dry spell in Monsoon season. Total 42 mandals of
Mahaboobnagar district shows dry spells followed by Ranganreddy and Nalgonda
district. There is no evidence of 3, 4 and � 5 dry spells in any mandal of the state.
Figure 4 presents the combined criteria meteorological drought using rainfall
deficiency, dry spell, SPI and RAI. It is clear from the figure that 98 mandals are
under meteorological drought situation.

Fig. 1 Spatial distribution of cumulative monthly rainfall deviation for South-West Monsoon
2015
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5.2 Agricultural Drought Analysis

The cropping season starts in the month of June with onset of monsoon. The above
normal distribution of rainfall has increased the progression of sowings in the
month of June. The excess rainfall in the month of June, all over the state has
helped achieving more than normal crop sowings. From the NDVI analysis, it is
evident that the crop condition is normal till the first fortnight of July and due to
subsequent dry spell situation, the condition degraded and crops suffered vegetation
stress (Figure of temporal variation of NDVI is not shown here). NDVI showed
negative deviation in the month of September and this may be accounted for the
reduced chlorophyll content and leaf water content of severely affected crops.
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Maize, soybean and cotton crops experienced severe vegetation and moisture stress
during critical stages. NDWI is higher during August unlike NDVI, since NDWI is
water sensitive index, the residual soil moisture could sustain the crop during July,
however extended dry spells have increased moisture stress in crops during the
month of August. In the districts of Mahabubnagar, Nalgonda, Rangareddy, Medak
and Karimnagar cotton crop is affected in flowering and boll formation stages
which drastically affected the crop yield later on. In spite of good rainfall in the
month of September the crops were not recovered from the stress caused due to the
dry spell conditions prevailed during the months of July and August. Agricultural
drought risk areas are identified by generating anomaly of NDVI and NDWI.
Temporal and spatial variability of NDVI (Fig. 5) and NDWI (Fig. 6) are observed
which attributed to the uneven and erratic distribution of monsoon rainfall. The
onset and extent of vegetation and wetness stress can be clearly observed from the
maps of consecutive months. The South-Western and central parts of the state
showed significantly more NDVI and NDWI deviation indicating vegetation and
moisture stress during season. The deviation above zero indicates the normal
vegetation condition.

Fig. 4 Meteorological drought map for South-West Monsoon 2015
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5.3 Integrated Criteria for Drought Assessment

Integrated meteorological and agricultural drought monitoring plays an important
role in order to track the drought severity. The drought situation in the state is
assessed using meteorological as well as satellite remote sensing derived agricul-
tural drought indicators. Rainfall deviation, dry spells, SPI, RAI, NDVI and NDWI
deviation are used in the integrated drought assessment criteria. Integrated seasonal
condition of drought provides prediction information and assesses the risk associ-
ated with drought impacts. Early warning resulted from integrated drought

Fig. 5 NDVI deviation for South-West Monsoon period 2015
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monitoring plays an important role in coping with drought and its impacts.
Integrated seasonal condition of drought for monsoon period of 2015 has been
prepared for entire state (Fig. 7). It demonstrated normal situation in 235, mild in
169, moderate in 33 and severe in 06 mandals of Telangana state.

Fig. 6 NDWI deviation for South-West Monsoon period 2015
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6 Conclusions

Telangana State Remote Sensing Applications Centre (TRAC), a nodal agency for
remote sensing and geographical information system applications in the state, has
established an integrated seasonal condition monitoring system. Concurrent mon-
itoring of seasonal conditions using remote sensing, weather network data and
continuous ground truth has been involved in an integrated seasonal condition
monitoring system. An early warning system is developed using a suite of indi-
cators to identify drought prone areas in the state. Satellite remote sensing derived

Fig. 7 Integrated assessment of seasonal condition for drought monitoring for South-West
Monsoon 2015
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drought indices and meteorological indices, in support with ground data has ade-
quately recognized and illustrated the onset and severity of drought situation.
Though, an integrated approach can satisfactorily recognize the severity of drought
situation in the state, frequency and interval of consecutive rainfall events carry an
important role than total seasonal rainfall, particularly at the critical stages of the
agricultural crops. Government of Telangana has prepared alternate contingency
plans based on the results of this study for entire state to cope with the disastrous
effects of drought. Policy makers found that alternate contingency plans were
helpful to reduce the agricultural crop failure risk and ameliorate impact of drought.
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Chapter 25
Temperature and Vegetation Indices
Based Surface Soil Moisture Estimation:
A Remote Sensing Data Approach

V. Vani, K. Pavan Kumar and Mandla Venkata Ravibabu

Abstract In environmental and agricultural modelling soil moisture condition is
one of the main parameter. To estimate surface soil moisture using an operational
algorithm at fine spatial and temporal resolutions (thermal and optical sensors) with
the help of Ts(Land Surface Temperature)/VI(Vegetation Index) space based tri-
angle method. Theoretical solutions of dry and wet edges were derived from this
method. Based on this method we calculated Soil Moisture Index using more than 8
images for year from 2007 to may 2011 for a part of Murrumbidgee catchment in
southern new south wales, Australia. Insitu Soil moisture data for 20 agricultural
stations were used for validating the satellite observed Soil Moisture Index. The
Results indicated that the general pattern of the SMI variation follows the trend of
field soil moisture measurement. Different soil backgrounds influenced the SMI
computing using optical satellite image. Estimation of regional soil moisture in
areas with less ground information (insitu observations) is achieved with the help of
SMI model.
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1 Introduction

Surface soil moisture is an important parameter in land surface processes, energy
and water which segregate the plant, soil and atmosphere. It gives the quantity of
water in soil. Knowledge of soil water content play a significant role in many
agricultural applications, like the requirement of water for crop growth and irri-
gation support for productivity [1]. Soil moisture data, collected from different
depths below surface over the period are valuable to analyse the condition of
various parameters of land resources and response between the climate system and
earth. The rate of evaporation from the soil is a result due to exchange of the energy
between atmosphere and land surface. Groundwater linked with surface water in
vertical migration of the soil moisture supports vegetation to grow. Measuring the
accurate in situ soil moisture for long-term in large scale area is too expensive to
maintain, because of which insitu soil moisture stations are limited. Local surface
soil water condition shows high variability in the surface soil moisture due to spatial
variation of terrain, vegetation cover and soil properties [2].

Soil moisture is used for planning irrigation, crop yield estimation and to monitor
drought condition [3]. It is very useful to study subsequent precipitation patterns,
water quality and temperature change [4]. Satellite images provide information of an
area with timely intervals repeatedly, which provides instantaneous measurement of
soil moisture in short time. The recent development in the satellite sensors provides
detailed study with high spatial image resolution perspective. Many researches
established different methods to retrieve the soil moisture by establishing a rela-
tionship between vegetation and surface temperature using optical and thermal bands
of satellite data. The Normalized Difference Vegetation Index (NDVI) is used to
estimate the vegetation cover and Land Surface Temperature (LST) is used to cal-
culate the surface Temperature. The soil moisture index is calculated from LST/VI
space [5]. The space is a scatter plot between NDVI and LST is shown in a triangular
shape which is known as triangle method. The temperature is sensitive to vegetation
cover and the surface soil moisture content. The sensitivity of LST to soil moisture
and vegetation cover can be clearly seen in the scatter plot [6]. The LST/VI feature
space is limited with the dry and wet edge. Wet edge indicates maximum evapo-
transpiration and sufficient soil moisture and dry edge represents where the evapo-
transpiration is minimum with water stress vegetation [7]. The dry edge or driest
point of vegetation depends on the type of vegetation and coverage. The wet edge
LST was taken as minimized surface temperature and dry edge as maximized surface
temperature. Based on the view of surface temperature with fully vegetated area the
triangular and trapezoidal methods are developed [8].

In present study surface soil moisture Index (SMI) is calculated from Landsat
images of January and March months from 2007 to 2011 to estimate soil moisture.
Lambin and Ehrich [9] described the feature space of the LST and NDVI in
trapezoidal shape, which is an empirical parameter to estimate SMI. Validation of
index is carried using in situ soil moisture measurements from observation centres
located in southern New South Wales, Australia. OzNET is one of the soil moisture
network centre located in the study area.
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2 Study Area and Data Source

The study area (Fig. 1) is located at the 144° 4′ 16″E, 33° 43′ 50″S to 147° 28′ 26″E,
35° 30′ 32″S is a part of Murrumbidgee catchment in southern New South Wales,
Australia. The study area is approximately 29,500 km2. The Murrumbidgee Soil
Moisture Monitoring Network (MSMMN) has thirty eight insitu soil moisture
monitoring stations distributed across the Murrumbidgee River basin. The MSMMN
consists the data of soil moisture up to root zone (up to 90 cm depth) and monitor at
38 sites at Murrumbidgee River Catchment. The soils vary from sandy clayey, where
western plains being dominated by the finer-textured soils and the eastern half of
catchment being occupied by medium to coarse textured soils. The average annual
precipitation is 300 mm. Major land use land cover is agriculture with sufficient
irrigation and steeper parts are occupied with Eucalypts forests [10].

Landsat 5 TM images were downloaded from the USGS web site. The Landsat-5
images of January and March data for 2007, 2008, 2009, 2010 and 2011 is used to
study the SMI with reference data. The data available in the study area is cloud free.
Reference data from in situ soil moisture stations information data acquired from
the OzNET centre website. The 20 stations of OzNET centre with their land use and
elevation is used in present study [11].

3 Methodology

Normalized Difference Vegetation Index and Land Surface Temperature were
calculated for different Landsat images. The NDVI and LST images were used to
construct NDVI-LST feature space and to calculate the Soil Moisture Index values.

Fig. 1 Location of the study area in Murrumbidgee river catchment
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3.1 Normalized Difference Vegetation Index (NDVI)

NDVI is the most commonly used vegetation index to study the vegetation. It is
proposed by Rouse et al. [12]. The vegetation phenology gives less reflectance in
visible light and more in NIR for green vegetation, where as sparse vegetation
reflects a great portion of visible light and less portion in NIR. NDVI calculation
uses reflectance characteristics of vegetation in visible and NIR regions as a ratio.

NDVI is derived as:

NDVI ¼ NIR� RED
NIRþRED

ð1Þ

where, NIR—reflectance in Near Infra-Red band, R—Reflectance in Red band.
The NDVI values are between −1 and +1. Positive values increases with green

vegetation and negative values indicate the non-vegetated surface features like
water, ice, snow or clouds.

3.2 Land Surface Temperature (LST)

To calculate the LST from thermal band of the satellite data is used, that the
temperature at the interface between the earth’s surface and its atmosphere. The
thermal band for Landsat-5 is TIR band 6 is used to derive surface temperature of
the area brightness temperature can be derived in Kelvin’s converted into Celsius.
This method follow 3 steps:

Step 1: The digital number (DN) was first converted into spectral radiance (L).

L ¼ LMIN þ LMAX � LMINð Þ � DN
255

ð2Þ

where, L = Spectral radiance, DN = Digital Number, LMIN = 1.238 (Spectral
radiance of DN value1) and LMAX = 15.600 (Spectral radiance of DN value 255).

Step 2: The Spectral radiance was converted to temperature in Kelvin

TB ¼ K2

ln K1 þ 1ð Þ ð3Þ

where, K1 = Calibration Constant 1 (607.76), K2 = Calibration Constant 2
(1260.56), TB = Surface Temperature.
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Step 3: Convert from Kelvin to Celsius

TB celsiusð Þ ¼ TB � 273 ð4Þ

3.3 Soil Moisture Index

The SMI is computed based on the LST-NDVI feature space of Landsat images,
where NDVI and LST are used as input parameter for model and the empirical
coefficients are used to estimate warm edge and cold edge from linear regression
equation of LST-NDVI resulting in trapezoidal shape (Fig. 2).

All types of land cover fell within the trapezoid of the LST-NDVI space. The
upper envelope of the trapezoid, A-C, represents the dry condition, is called as dry
edge (warm edge). This warm edge gives the upper limit of the LST for vegetation
cover. The lower limit of the trapezoid, B-D, corresponds to the well-watered
condition, is called as wet edge (cold edge). The SMI values were validated using
in situ soil moisture data.

SMI defined as

SMI ¼ LSTmax� LST
LSTmax� LSTmin

ð5Þ

where, LSTmax—maximum surface temperature for NDVI
LSTmin—minimum surface temperature for NDVI
LST—land surface temperature
The empirical parameters are calculated from Eqs. 6 and 7

LSTmax ¼ a1NDVI þ b1 ð6Þ

LSTmin ¼ a2NDVI þ b2 ð7Þ

where, a1, a2, b1, b2 are empirical parameters.

Fig. 2 Scatter plot of
LST-NDVI feature space
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4 Results and Discussion

In the current study to compare Soil Moisture Index with in situ soil moisture
observations, the data was considered for the months of January and March from
2007 to 2011. For every unique NDVI value the minimum and maximum LST was
acquired with 0.01 interval and determined dry and wet edge. The linear regression
equation values are shown in Table 1.

The cluster of pixels with uniform NDVI values were considered to eliminate
extreme values for building a true relationship between LST and NDVI. In all the
images it has observed that the slope is negative for dry edge and positive for wet
edge. The linear regression equations are applied in the model and calculated SMI.
The obtained SMI values are between 0 and 1. It is observed that the SMI value ‘0’
belongs to dry soil or absence of soil moisture and the value ‘1’ represents wet soil
area. Some of the SMI images are presented in Fig. 3. The observed soil moisture
from the insitu stations were compared with the Satellite image derived Soil
moisture index values. Of all the computed images, there is a close relationship
between March 2008 SMI values and observed values.

The observed soil moisture and SMI graphs are shown in Fig. 4.
From the above plots it is clear that general pattern of the SMI variation followed

the normal trend of field soil moisture except k11 and y11 sites. For the 2010 April
and Jan 2011 most of the SMI values are gave similar values to the observed Insitu
parameters with difference ±0.02 and the RMSE values are between −0.12 and
0.19. In all the years of study, the average deviation of the SMI with observed
values were ±0.05. The relation between LST and NDVI shows the reflection of
the observed soil moisture. The time series revealed the estimated soil moisture
match the trend line of field surface soil moisture, the seasonal variations show low
in rainy season [2]. The method has evolved no mathematical rules to identify the

Table 1 Dry and wet edges in NDVI/LST space estimated by linear regression

Date Dry edge R2 Wet edge R2

26-01-2007 y = −10.19x + 37.29 0.973 y = 5.19x + 17.29 0.941

16-04-2007 y = −16.78x + 56.06 0.982 y = 5.799x + 17.21 0.962

13-01-2008 y = −18.04x + 33.42 0.927 y = 14.15x + 24.25 0.978

17-03-2008 y = −20.05x + 40.53 0.984 y = 7.326x + 19.56 0.952

31-01-2009 y = −24.21x + 51.08 0.989 y = 3.368x + 31.21 0.819

05-04-2009 y = −16.91x + 30.21 0.955 y = 5.992x + 12.43 0.899

18-01-2010 y = −26.62x + 43.97 0.988 y = 9.714x + 23.60 0.903

24-04-2010 y = −6.983x + 21.92 0.693 y = 22.72x + 3.677 0.969

05-01-2011 y = −21.13x + 44.61 0.96 y = −1.734x + 24.26 0.804

27-04-2011 y = −10.04x + 26.51 0.966 y = 3.077x + 12.12 0.554

286 V. Vani et al.



pixels in the dry and the wet edges. It is purely subjectivity depends on the pro-
posed algorithm that identifies the wet edge and the dry edge. From the results it has
been concluded that the SMI can be measured by using satellite data to estimate soil
moisture where there is a lag of availability of ground information.

Fig. 3 Soil moisture index image of 13th January 2008 and 17th March 2008

Fig. 4 Trend of the soil moisture from observed sites and SMI values
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5 Conclusion

The Surface Soil Moisture is retrieved based on the visible, NIR and thermal
infrared remotely sensed data acquired from Landsat images using the trapezoidal
LST/NDVI feature space. The dry edge and wet edge were derived from visual
interpretation of the LST/NDVI feature space. The wet edges shows the positive
correlation between NDVI and LST where the dry edges always show the negative
correlation. The LST/NDVI space estimate surface SMI for each pixel once the
spatial distribution is well defined. This method can improves the ability of retrieve
the soil moisture condition for a large spatial area with in high temporal frequency.

The SMI values for the images showing the difference from ±0.003 to ±0.14
and the RMSE values are between −0.12 and 0.19, the average deviation from the
observed values is ±0.005. The study made a bold attempt to estimate surface soil
moisture index under different temporal conditions. The advantage of soil moisture
condition acquiring through remotely sensed data, can give the large spatial scale,
which helps significantly in the understanding and monitoring the environment
conditions.
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Chapter 26
Runoff Estimation by Using Optimized
Hydrological Parameters with Special
Reference to Semi-arid Agriculture
Watershed

Nagaveni Chokkavarapu, Pavan Kumar Kummamuru
and Venkata Ravibabu Mandla

Abstract GIS technology is used to estimate the spatial heterogeneity of the
hydrological parameters of a watershed. Hydrological models help to overcome the
spatial variability and parameter uncertainties. Runoff is important parameter of
hydrological cycle. Soil and Water Assessment Tool (SWAT) which is a physical
distributed model developed to forecast runoff, sediment, erosion and nutrient
transport from agricultural watershed helps to understand the hydrology of a
watershed with rainfall, temperature, solar radiation, wind speed and relative
humidity. SWAT simulates better results in both gauged and ungauged watersheds.
In the present paper, Krishna river catchment area known as Jurala watershed in
Mahabubnagar district, Telangana state of South India is taken to study surface
runoff from agricultural areas as this area receives less annual rainfall and agri-
culture is mostly dependent on seasonal rainfall. Soil has less water infiltration
capacity and bottom layer calcium carbonate deposits make soil alkaline due to bore
well irrigation. To suggest proper water conservation methods, understanding
hydrology of this watershed is important. To simulate runoff from this agriculture
watershed SWAT model is used for 11 years from 2000 to 2010. The results are
calibrated with observed values.
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Keywords Hydrological modeling � Agriculture watershed � Runoff
SWAT

1 Introduction

Sustainable development mainly depends on proper management of natural
resources. Water resources management assures improvement in quality of
ecosystems and human life standards. Watershed is defined as an area draining into
a single water body or river. Spatial modelling of hydrology in a watershed helps to
assess the total water yield within the basin [1]. Different hydrological models are
available to study the processes running in a watershed. Watershed management is
important as it serves as hydrological unit [2] which is closely associated with
economical, agriculture, social security and life supporting processes for human life
[3]. Data availability and accuracy plays major role in the final output. In remote
and inaccessible areas hydrological parameter reliable data availability is uncertain.
In many areas in India water stress is caused due to low or lack of rainfall,
unpredictable rainfall pattern and also caused due to improper methods to conserve
and manage in a sustainable method. This difficulty can be overcome by using
mathematical models to calculate hydrological parameters of a watershed using
remote sensing and GIS techniques to extract and evaluate different hydrological
parameters. Increasing complexity of real world scenarios is becoming challenging
for planning and decision making process. For planning and execution of projects,
surface runoff estimation based on rainfall is necessary. In arid and semi arid
regions rainwater harvesting plays important role for sustainable practice of agri-
culture. Modelling runoff is important for sustainable growth, where selection of
suitable methods to quantify the hydrological parameters of watershed is essential
[4]. SWAT model estimates runoff [5], sediment [6] and agricultural chemical
quantities in watersheds with varying land use practices [7]. Hydrology parameters
of SWAT are precipitation, evapotranspiration, infiltration, percolation and runoff.
From recent past computer based hydrological modelling made it easy to estimate
runoff in gauged and ungauged watersheds. Runoff is strongly influenced by veg-
etation cover and land use [8] as these two influence infiltration [9], erosion and
evapotranspiration. Existing hydrological models require input parameters for the
identification of similar areas with same hydrologic response [10]. SWAT is a
continuous time model developed by United States Department of Agriculture’s
Agricultural Research Service (USDA-ARS) and Texas A&M university, to study
the impact of land management/use practices on agricultural and forest watersheds
with different soils, land use and slope [11]. Surface runoff directly influences the
erosion process.

Better management practices in high runoff areas and steep slope areas are
important for sustainable development [12]. Runoff production in a watershed
depends upon process of infiltration, rainfall intensities and internal storage
capacities. Rate of infiltration also influence by type of land use practice, slope,
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vegetation cover and soil properties. Different researchers have been evaluated
SWAT model across globe in gauged and ungauged watersheds [13]. Their findings
reveal that SWAT model is capable of simulating hydrological processes with
maximum accuracy. The SWAT model requires many hydrological parameters
related to land use land cover, soil, and climate. These parameters need to be
calibrated and validated before using in the model for more realistic values [14].
Calibration and validation of SWAT model is necessary for reducing uncertainties
arising due to spatial variability of soil, land use land cover and slope parameters for
more realistic and proficient examination [15, 16]. It can be better applied to
ungauged basins. In this paper we attempted to test SWAT model capabilities to
simulate runoff of the watershed.

2 Study Area and Significance

The Jurala watershed is part of Krishna basin in southern India. The watershed
covering an area of 1857 km2 lying in between Matkal, Narva, Kothakota,
Atmakur, Gadwal, Dharur taluk of Mahboobnagar district in Telangana. This study
area is drought-prone with a mean annual rainfall of 604 mm. Agriculture largely
depends on rainfall and tank/well irrigation. Geographically the area extends
between 77° 36′ 3″E to 77° 55′ 46″ longitude and 16° 09′ 43″N to 16° 40′ 54″N
latitude (Fig. 1). Major part is undulating plains with a gentle slope cover.
Dominant soils are red sandy soils, black soils. Heavy black soils with rain fed
conditions are cultivated with cotton, sunflower, chillies, maize, redgram, green
gram (kharif season), jower, bengal gram, sunflower (rabi) season. Light soils
(sandy red and sandy loamy soils) under rain fed conditions are cultivated with
castor and maize (kharif), jower, cotton, ground nut, red gram, green gram (rabi).
Another category of soils in this area are saline or alkaline soils (problematic soils).
In present study area saline soils have canal water access and grown only paddy.
Forty eight percent of the total area belongs to agricultural land. Sixty eight percent
of the agriculture land belongs to kharif season that entirely depends on rainfall,
wells/tanks. Southwest monsoon variability leads to failure in the crops. Agriculture
area is mostly in low rainfall and less fertile soils. Current fallow land reflects low
fertility of soils and non availability of farming. Nutrients in soils are nitrogen
(low), phosphorous (medium), potash (high) amounts. Red sandy soils occupy
largest part and are permeable and well drained. Major irrigation is of three types
i.e. canals from Jurala project, tank irrigation, tube or bore well irrigation. Ground
water plays major role in agriculture. Cropping pattern depends on local climatic
conditions, soil type and type of irrigation. Paddy is mainly grown under canal,
tanks and well irrigation. Rain fed area is cultivated with jower, bajra and grams.
Commercial crops like chillies, cotton and ground nut are grown under canal
irrigation.
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3 Data Used

3.1 Digital Elevation Model (DEM)

SRTM (Shuttle Radar Topography Mission) DEM of 90 m spatial resolution is
used for watershed delineation. Information acquired and calculated from DEM are
slope length, slope classes and elevation. Total 25 sub basins and streams are
delineated from SRTM DEM using SWAT delineation process Fig. 2 and Table 1.

Fig. 1 Location of the study area

Fig. 2 Schematic diagram of
Jurala watershed (Sub
watershed and streams are
delineated from SRTM DEM)
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3.2 Land Use Map

Land use map was obtained from National Remote Sensing Application Centre
(NRSA), Hyderabad. Dominant type of land use is agriculture including kharif crop
and Rabi crop. Kharif and Rabi crop accounting for 48.94%. Current fallow land
occupies 32%, unused waste land 8.24%, forest 5.37% Figs. 3 and 4.

3.3 Soil Map and Database

Soil map is obtained from NBSS&LUP, Nagpur on 1:50000 scale. In case of lack of
soil survey, soil information can be taken from, the FAO soil map of the world or
ISRIC world soil information. Soil attributes for each soil type related to soil map
should be added to user soil database in SWAT. Soil database includes different
physiochemical and soil textural properties like water content, saturated hydraulic
conductivity, bulk density, soil organic carbon content for each soil and different
layers. Using SPAW which is a pedotransfer function soil properties like water
content, and saturated hydraulic conductivity are calculated using soil physical
properties like soil particle size (sand, silt, clay) and bulk density. Major soils found

Table 1 Percentage of slope
and area distribution of the
Jurala watershed

Slope (%) Area (km2) % of Total

0–10 1817.18 97.85

10–20 20.58 1.11

Above 20 19.34 1.01

Fig. 3 Land use class distribution in the study area
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in present study area are clay loam and sandy clay loam [17]. Depending on rate of
infiltration soils are further classified into hydrological groups A, B, C, D Table 2.

The rate of transmission of water, nature of texture, structure and degree of
swelling when saturated, yield similar runoff amounts. In our study area most of
soils belong to group C and D with more runoff rate [18]. According to USDA soil
classification these soils belongs to Vertisols. These are swelling and shrinking

Fig. 4 LULC classes of Jurala watershed

Table 2 Classification of
hydrological soil group based
on soil texture

HSG Infiltration (mm/h) Soil texture

A High >25 Sandy loam

B Moderate >12.5–25 Silt loam or loam

C Low 2.5–12.5 Sandy clay loam

D Very low <2.5 Clay loam
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heavy soils mostly found in river basins, lake bottoms and black swamps. CaCo3 is
present in calcic zone in diffuse form or discontinuous amounts. Often it occurs in
surface horizon.

3.4 Weather Database

Rainfall data is obtained from CWC (Central Water Commission), Krishna Basin
from automatic meteorological stations or rain gauges. Precipitation daily data is
used for this area to calculate runoff. Temperature (minimum, maximum), solar
radiation, relative humidity and wind speed data is used in weather input files.
Using WXGEN stochastic weather generator model gaps in observed weather data
were filled.

4 Model Description

SWAT was developed to study the impact of different land use practices on water,
sediment and agricultural yields in watershed with various types of land use
management practices and different soils, slopes. Land use change impact on runoff
generation was analyzed by [19] in three different regions to demonstrate the long
term impacts on runoff with varying soils, slope and vegetation cover. To simulate
hydrological parameters in SWAT input data is required like weather data, land use
map, soil map, topography, vegetation occurring in the watershed. In SWAT,
watershed processes calculation is based on land phase and water phase. Processes
that occur on land phase are calculated based on water balance Eq. (1).

SWt ¼ SWoþ
Xt

i¼1

PREC � SURQ � ET � PERCO� BFð Þ ð1Þ

where:
SWt = soil water content (mm), SWo = soil water content available for plant

uptake, t = time (days), PERC = amount of precipitation, SURQ = amount of
surface runoff (mm), ET = amount of evaporation (mm), PERCO = amount of
percolation (mm), BF = amount of base flow (mm).

Surface runoff parameter is estimated by using modified Soil Conservation
Service (SCS) curve number method. The SCS curve number is calculated using
land use, soil permeability, and preceding moisture conditions. It calculates surface
runoff as per the following Eq. (2).
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Qsurf ¼
Rday � Ia
� �2

Rday � Ia þ S
� � ð2Þ

Qsurf is the surface runoff (mm), Rday is the rainfall for the day (mm), Ia is the
initial abstractions.

SWAT is a spatially distributed hydrological model developed to calculate
water, sediment, pesticide and nutrient transport from agricultural and forest
watershed scale. SRTM DEM is used for watershed delineation as a first step in
which watershed has been divided into different sub basins which allows assessing
hydrologic processes in different sub basins within a watershed and analyzing
localized land use management practice impacts on total yield. After giving soil
map, land use land cover map as input HRU (Hydrological Response Units) are
created which describe spatial variability in terms of slope class, soil type and land
use cover within a watershed. Each HRU is a homogeneous unit area of land use
and soil properties to quantify the relative impact of vegetation, soil and climate
changes. SWAT uses a modified Soil Conservation Service-Curve Number (SCS
CN) technique to calculate runoff.

5 Sensitivity Analysis

In present study watershed was divided into 25 sub-basins, number of HRU’s 105
based on land use land cover, slope and soil type. The model was calibrated on
monthly basis by comparing simulated runoff and measured runoff values. Initially
the model was simulated for 2000–2003 period. Prior to model calibration, iden-
tifying and quantifying sensitivity parameters is an important step to address the
quantity and quality of model output data to given parameter sensitivity.

Sensitivity analysis was performed to assess the parameter sensitivity to
hydrological response. Selected parameters were given ranking based on relative
sensitive values to calibrate and validate model based on SWAT user’s manual [7]
parameter range. The most sensitive parameters are ALPHA BF, CN2, SOL K,
EPCO, SOL AWC, GW DELAY and ESCO which are important to simulate runoff
in a semi arid basin. Selection of these parameters is dependent on field data which
change spatially across the watershed. Optimized parameter values belong to site
specific in terms of local soils, land use land cover and climate. If any change occur
in these field conditions, the values of sensitive parameters also need to be changed
otherwise it affects the best model results. The present sensitive parameter values
are taken based on local soils, land use land cover and semi arid climate conditions
(Table 3).

Curve Number (CN): Curve number gives the runoff potential in an area
considering soil group, soil condition and type of land use. CN values range from 1
to 100. As CN number increases the runoff also increases. Below table shows
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different curve numbers used for land uses according to Indian conditions like
conservative tillage practices and land cover conditions of the watershed [20]
Table 4.

6 Model Performance

Watershed models are defined as powerful tools for simulating different hydro-
logical processes and their effect on watershed processes and management like
water and soil conservation. The accuracy of simulated data compared to observed
values and constituent values can be established by quantitative statistics [21].
Nash-Sutcliffe Efficiency (NSE) and Percent Bias (PBIAS). The simulated values
using SWAT and observed values for Jurala watershed were compared monthly to
analyze temporal distribution for the 2000–2010. The goodness of fit is evaluated

Table 3 List of sensitive parameters, ranking based on relative sensitivity and optimal values for
SWAT calibration

Number Parameter Default
value

Description Optimal
value

1 ALPHA
BF

0.048 Base floe alpha factor (days) 0.524

2 CN2 68–89 SCS runoff curve number for moisture
condition

Table 4

3 SOL K 14.2 Saturated hydraulic conductivity 1.22

4 EPKO 0.95 Plant uptake compensation factor 0.885

5 SOL AWC 0.12 Available water capacity of the soil layer 1.25

6 GW
DELAY

31 Ground water delay time (days) 2

7 ESCO 0 Soil evaporation compensation factor 0.01

Table 4 Curve numbers for
landuse land cover classess in
Jurala watershed

S. no Land use Hydrological soil group

A B C D

1 Cropland 72 81 88 91

2 Double crop 62 71 88 91

3 Scrub land 36 60 73 79

4 Fallow land 74 83 88 90

5 Waste land 96 96 96 96

6 Degraded forest 45 66 77 83

7 Water 100 100 100 100

8 Deciduous forest 36 60 73 79

9 Settlements 89 92 94 95
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by statistical measures using co-efficient of determination (R2) and Nash and
Sutcliffe [21] between simulated values and observed values. Generally model
efficiency of simulated values is judged satisfactory if NSE > 0.50, RSR � 0.70,
PBIAS ± 25%. For calibration process identification of key parameters and
parameter precision is needed. The range of NSE values is from 1 to negative 1. If
value is zero, then the model result is no better than average annual runoff and
between zero and one indicates model predictive ability as nearly true. If NSE value
is one then it is said to be model is perfectly predicted simulated values with
observed values.

7 Results and Discussion

The simulated runoff values for the year 2000–2003 were compared with measured
runoff values for validation Fig. 5. Relationship between measured and simulated
values is shown by the coefficient of determination R2 as 0.72 and NSE as 0.84.
According to the results SWAT simulated more realistic values (Fig. 6).

Results of the simulations shows that peak rate of runoff values are observed
from August to October of each year. Annual rainfall of this area is 604 mm during
monsoon season. Present study area has salt affected land of 34.22 km2 of total area
during 2005–2006 which is irrigated with canal water and grown only paddy. Area
under not cultivation was 10.33 km2 which is under barren area for the year 2005–
2006. Makthal, Dharur, Dhanwada, and Ghatt talukas are affected with soil erosion.
Most of the soils belong to hydrological group D in this area which is characterized
with high runoff potential. They have very low infiltration rates during wet con-
ditions and mainly constitute clay with high swelling potential. June and July
months show low rates of runoff due to complete dry conditions of the top layers of

Fig. 5 Observed and simulated runoff values at Jurala watershed from 2000 to 2003
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soil. Upon the saturation with water in the top layers from the month of August to
October runoff volumes are high. This area is mainly under agriculture use.
Dominant types of soils are shallow gravelly red soils next to calcareous moist
clayey soils. Rate of runoff volume depends on type of land use and soil charac-
teristics. Red sandy soils in Atmakur, Gadwal, Kothakota mandals are irrigated
under Jurala project Table 5.

As irrigation from jurala project is assured paddy is main crop. Groundnut and
sunflower are also grown under canal irrigation in some areas as commercial crops.
Devarakadra, Dharur, Maldalkal mandals are majorly irrigated with tanks and rice
is cultivated during kharif season and Bengal gram during rabi season. Red soils are
dominant type with tank irrigation in present study area with rice grown in kharif
and maize in rabi season. Black soils with tank irrigation spread in atmakur,
devarakadra, dharur, ghatt, matkal, maldalkal mandals. Rice is grown in both Rabi
and kharif season. Rain fed area constitutes 63% of total cropped area. These higher
values reflect poor soil conservation practices. Agriculture and fallow land occupy
highest percentage of land use may cause significant soil erosion. Soil erosion
causes loss of soil nutrients making soil low fertile. Eroded sediment can absorb
and transport pesticides, heavy metals, nitrogen, phosphates from agricultural runoff
into downstream causing serious threat to aquatic life. Sub watershed wise land use
land cover classes are shown in Table 6.

The temperatures are high during summer season which increases the rate of
evapotranspiration. As major crop is rice which require more irrigation supply also
adds increasing rate of evaporation. High rate of evapotranspiration is observed
when compared with rate of runoff. Major area is under tube well irrigation which
shows pre monsoon ground water levels are low during summer season. Sub
watershed W04 shows low runoff and high infiltration volumes when compared
with other sub watersheds. Agriculture is dominant land use and sandy loam soils
that increases rate of infiltration thus reduces runoff. In watershed W05 deciduous

Fig. 6 Observed and simulated runoff values at Jurala watershed from 2004 to 2010
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forest, scrub forest and agriculture are major land uses that reduces amount of
runoff. Soil infiltration rate is high in vegetated area. Sub watershed W12 also
shows less runoff values as it receives low amount of rainfall. This watershed is
irrigated with canal water and cultivated throughout year. Major crop in this area is
rice. The sub watershed with clay soils results in high volumes of runoff water.
Spatial variability of rainfall and runoff for each watershed is shown in Table 7,
Fig. 7 for the period 2005–2009.

Table 5 Percentage area of soil classes of each sub watershed of Jurala watershed

WS 1 2 3 4 5 6 7 8 9 10

W01 0.00 0.00 0.00 2.40 0.00 61.46 0.00 13.12 0.00 23.02

W02 62.65 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 37.35

W03 18.53 0.00 0.00 0.00 0.00 4.66 0.00 33.57 0.00 43.25

W04 0.00 0.00 18.09 4.17 0.00 11.11 16.96 31.77 0.00 7.90

W05 0.11 0.00 0.00 2.61 0.00 0.00 20.20 77.07 0.00 0.00

W06 0.00 0.00 0.00 0.00 0.00 2.96 0.00 65.10 0.00 31.94

W07 31.90 7.55 0.00 6.83 0.00 0.00 0.00 11.40 0.00 42.32

W08 0.00 0.00 65.20 0.00 0.00 0.00 34.80 0.00 0.00 0.00

W09 0.33 45.00 0.00 0.00 0.00 20.17 0.00 0.00 0.00 34.49

W10 0.00 0.00 0.00 0.00 0.00 55.78 0.00 0.00 0.00 44.22

W11 0.00 0.00 20.29 0.00 0.00 0.00 35.28 44.43 0.00 0.00

W12 0.00 20.54 0.00 8.17 0.00 7.63 0.00 9.68 0.51 53.48

W13 0.00 0.00 0.00 0.56 0.00 0.31 0.00 59.47 0.00 39.66

W14 73.43 0.00 0.00 0.00 0.00 0.00 0.14 0.00 0.00 26.42

W15 0.00 0.00 0.00 10.93 0.00 59.62 0.00 0.00 0.00 29.46

W16 0.00 0.00 0.00 1.09 0.00 0.00 39.68 57.37 0.00 1.85

W17 0.00 0.00 0.00 0.00 0.00 22.26 0.00 37.92 0.00 39.92

W18 0.00 0.00 54.45 3.34 0.00 0.00 21.20 3.09 0.00 17.92

W19 46.02 4.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 49.41

W20 0.00 0.00 0.00 0.00 0.00 0.00 20.20 79.80 0.00 0.00

W21 0.00 0.00 0.00 0.00 0.00 19.20 0.00 49.48 0.00 31.31

W22 61.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 38.52

W23 0.46 0.00 0.00 0.66 0.91 7.92 56.22 0.00 0.00 33.84

W24 34.42 0.00 0.00 20.86 0.00 4.36 0.00 8.07 0.00 32.29

W25 0.00 62.84 0.00 0.00 0.00 10.52 0.00 0.00 0.00 26.64

Name of the soils: 1 loamy to clayey skeletal deep reddish brown soils; 2 moderately deep black
clayey soils; 3 clayey to gravelly clayey moderately deep dark brown soils; 4 waterbodies; 5
moderately deep calcareous black soils; 6 loamy to gravelly clay deep dark reddish brown soils; 7
deep black clayey soils; 8 shallow gravelly red soils; 9 Settlements; 10 moderately deep calcareous
moist clayey soils

302 N. Chokkavarapu et al.



T
ab

le
6

Pe
rc
en
ta
ge

ar
ea

of
L
U
L
C
cl
as
se
s
of

su
b
w
at
er
sh
ed
s
of

Ju
ra
la

w
at
er
sh
ed

(k
m

2 )

Su
bw

at
er
sh
ed

K
ha
ri
f

R
ab
i

K
ha
ri
f
+
ra
bi

Fa
llo

w
la
nd

D
ec
id
uo

us
fo
re
st

D
eg
ra
de
d

fo
re
st

W
as
te
la
nd

W
at
er

Sc
ru
bl
an
d

B
ui
ltu

pl
an
d

W
01

34
.7
3

4.
99

2.
05

32
.6
8

0.
00

0.
00

17
.2
8

3.
95

3.
81

0.
51

W
02

16
.1
2

0.
28

0.
21

39
.1

0.
00

0.
00

38
.3
1

0.
85

4.
76

0.
38

W
03

45
.7
1

4.
12

1.
29

36
.7
4

0.
00

0.
00

6.
75

0.
75

4.
01

1.
25

W
04

34
.9
9

8.
18

13
.4
7

26
.9
3

0.
00

0.
00

6.
24

2.
19

6.
75

1.
25

W
05

21
.0
6

14
.0
9

16
.3
4

19
.0
8

3.
11

10
.7
9

4.
75

0.
96

9.
35

0.
47

W
06

45
.5
1

1.
01

0.
79

44
.6
4

0.
00

0.
00

8.
18

0.
05

0
0.
39

W
07

37
.1

6.
79

13
.3
1

33
.4

0.
00

0.
00

2.
53

2.
57

0.
07

0.
74

W
08

39
.5
5

6.
65

6.
08

31
.1
7

0.
00

0.
00

11
.2
3

0.
82

3.
51

0.
98

W
09

32
.8
2

5.
55

4.
38

51
.7
2

0.
00

0.
00

0.
68

1.
02

3.
56

0.
28

W
10

14
.1
7

9.
42

23
.2
5

37
.0
7

0.
00

0.
00

5.
91

4.
81

3.
92

1.
44

W
11

29
.2
4

9.
04

7.
00

33
.1
5

0.
00

0.
00

15
.4
8

1.
68

3.
74

0.
67

W
12

35
.4
7

11
.7
6

18
.1
2

16
.9
5

0.
00

0.
00

1.
15

6.
02

7.
09

3.
45

W
13

61
.1
2

1.
6

0.
87

27
.2
2

0.
00

0.
00

4.
5

0.
85

3.
02

0.
82

W
14

40
.9
1

0.
18

0.
23

37
.2
9

0.
00

0.
00

16
.9
9

0
4.
11

0.
29

W
15

23
.2
9

11
.7
1

17
.3
3

24
.1
5

0.
00

0.
00

6.
95

8.
83

7.
5

0.
24

W
16

40
.3
1

3.
36

1.
18

37
.1
8

0.
98

0.
45

5.
95

0.
86

8.
89

0.
84

W
17

36
.8

2.
01

0.
96

34
.5
7

0.
00

0.
00

20
.3
7

0.
36

4.
41

0.
52

W
18

32
.0
1

5.
97

12
.5
5

36
.2
9

0.
00

0.
00

2.
18

1.
81

8.
44

0.
75

W
19

41
.3
6

0.
89

0.
91

46
.2
5

0.
00

0.
00

5.
1

2.
14

2.
71

0.
64

W
20

38
.9
1

12
.4
7

11
.1
4

27
.1
4

0.
00

0.
23

2.
28

0.
61

6.
17

0.
93

W
21

38
.1
3

5.
47

1.
49

47
.6
3

0.
00

0.
00

3.
87

0.
5

2.
21

0.
7

W
22

39
.1
2

3.
04

5.
33

39
.5

0.
00

0.
00

8.
88

1.
06

2.
62

0.
46

W
23

34
.3
9

2.
97

0.
74

37
.2
3

0.
00

0.
00

18
.9
9

1.
77

3.
59

0.
13 (c
on

tin
ue
d)

26 Runoff Estimation by Using Optimized Hydrological … 303



T
ab

le
6

(c
on

tin
ue
d)

Su
bw

at
er
sh
ed

K
ha
ri
f

R
ab
i

K
ha
ri
f
+
ra
bi

Fa
llo

w
la
nd

D
ec
id
uo

us
fo
re
st

D
eg
ra
de
d

fo
re
st

W
as
te
la
nd

W
at
er

Sc
ru
bl
an
d

B
ui
ltu

pl
an
d

W
24

18
.7
7

8.
69

9.
54

31
.5
1

0.
00

0.
00

7.
22

21
.1
2

2.
89

0.
26

W
25

51
.2
9

3.
53

12
.8

23
.2
7

0.
00

0.
00

0.
73

3.
06

5.
04

0.
36

304 N. Chokkavarapu et al.



T
ab

le
7

R
un

of
f
va
lu
es

of
Ju
ra
la

su
b
w
at
er
sh
ed
s
fr
om

20
05

to
20

09

SW
R
F2

00
5

R
O
20

05
R
F2

00
6

R
O
20

06
R
F2

00
7

R
O
20

07
R
F2

00
8

R
O
20

08
R
F2

00
9

R
O
20

09
A
re
a
(k
m

2 )

W
01

10
45

29
9

94
2

21
0

11
05

29
4

10
12

18
1

73
0

19
8

31
.8
8

W
02

10
20

33
8

80
4

23
8

90
4

27
8

93
4

21
0

71
0

25
3

40
.0
4

W
03

12
03

28
5

11
62

24
9

12
06

26
2

10
97

13
7

86
7

20
9

48
.7
5

W
04

10
45

31
0

94
2

22
2

11
05

30
7

10
12

19
1

73
0

20
7

40
3.
27

W
05

10
45

19
5

94
2

10
9

11
05

16
1

10
12

69
73

0
13

6
11

9.
38

W
06

10
45

30
8

94
2

21
9

11
05

30
5

10
12

19
1

73
0

20
4

34
.5

W
07

10
45

24
4

94
2

16
7

11
05

22
6

10
12

12
4

73
0

16
6

47
.0
8

W
08

10
45

29
5

94
2

20
8

11
05

29
0

10
12

18
1

73
0

19
6

44
.3
6

W
09

10
20

28
2

80
4

16
9

90
4

20
7

93
4

17
9

71
0

20
0

61
.4
2

W
10

10
20

34
0

80
4

21
4

90
4

26
1

93
4

21
9

71
0

23
9

12
.3
6

W
11

10
45

32
8

94
2

23
6

11
05

32
9

10
12

21
2

73
0

21
6

38

W
12

10
20

10
3

80
4

42
90

4
39

93
4

31
71

0
88

90
.7
8

W
13

10
45

24
3

94
2

15
9

11
05

22
4

10
12

12
8

73
0

16
4

35
.1
4

W
14

10
20

22
8

80
4

15
3

90
4

17
2

93
4

12
6

71
0

18
0

47
.4
1

W
15

10
20

26
5

80
4

15
8

90
4

18
9

93
4

16
4

71
0

19
0

32
.5
39

W
16

10
45

31
6

94
2

22
5

11
05

31
4

10
12

19
9

73
0

20
9

11
9.
7

W
17

10
45

30
2

94
2

21
4

11
05

29
9

10
12

18
4

73
0

20
1

63
.9
9

W
18

10
45

31
2

94
2

22
3

11
05

31
0

10
12

20
2

73
0

20
4

35
.1

W
19

10
20

23
7

80
4

15
4

90
4

17
6

93
4

13
5

71
0

18
1

75
.7
3

W
20

10
45

30
9

94
2

21
7

11
05

30
3

10
12

18
7

73
0

20
6

69
.6
1

W
21

10
45

31
3

94
2

22
4

11
05

31
1

10
12

19
7

73
0

20
7

30
.3
3

W
22

10
45

25
6

94
2

17
8

11
05

23
9

10
12

13
1

73
0

17
4

40
.2
4

W
23

12
03

33
6

11
62

29
6

12
06

31
8

10
97

17
9

86
7

24
0

13
5.
16

W
24

10
45

38
7

94
2

29
4

11
05

40
2

10
12

24
4

73
0

26
1

16
7.
4

W
25

10
20

21
3

80
4

12
0

90
4

14
2

93
4

12
1

71
0

15
9

32
.7
5

R
F
R
ai
nf
al
l;
R
O

R
un

of
f

26 Runoff Estimation by Using Optimized Hydrological … 305



8 Conclusions

The Jurala watershed with an aggregated area of 1857 km2 is simulated for runoff
volumes. Results indicated that model could adequately anticipate the runoff vol-
umes with NSE of 0.95. Temporal changes in runoff volumes at 25 sub watersheds
were adequately simulated by model. For sustainable development appropriate land
management practices need to be developed to control runoff volumes. Results
showed that runoff values are more from agriculture and fallow land uses. This
results in low infiltration rates of rainwater and decreased levels of ground water
during pre monsoon and post monsoon (NRSA-WRIS). This area is mainly
dependent on rainfall hence suitable soil conservation practices must be adapted.
Furthermore bore well irrigation is more than canal and tank/well irrigation for
agriculture. Lower annual rainfall and increasing rate of ground water with drawl
further result in low fertility of soil and loss of water through evaporation process.
Such conditions may aggravate soil erosion lowering soil nutrients and sedimen-
tation of reservoirs in the downstream area. Efforts should be made to increase
ground water levels by artificial recharging wells/tanks. Identifying key parameters
to improve soil fertility and water holding capacity using organic manure, drip
irrigation, sprinklers to conserve water and nutrients in soil is important. Treating

Fig. 7 Annual mean runoff
values for each watershed
from 2005 to 2009 of Jurala
watershed
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saline soils with suitable chemicals to decrease salt content can improve soil con-
ditions. Wasteland and barren land reclamation policies are recommended to
address this problem. The present study proves that the SWAT model can better
predict hydrological parameters.
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Chapter 27
Automatic Landing Site Detection
for UAV Using Supervised Classification

Sudheer Kumar Nagothu and G. Anitha

Abstract UAVs plays an important role in day today life. They are used in a
variety of applications like search and rescue, power line management etc. During
operation of the UAV, sometimes it gets in operated and it has to be landed in the
immediate neighborhood. The landing should occur in a proper location because
improper landing or landing on the undesirable platform will cause UAV loss. Here
a supervised classification is implemented for finding the landing site. In a popu-
lated area to land on rooftops a rule set is formed, such as length width, area etc. to
locate the rooftop. Similarly train set of buildings, roads and lakes are composed to
segregate the area, and an appropriate landing site for a UAV is determined. The
results are compared with K nearest neighbor and Support Vector Machine
algorithm.

Keywords Supervised classification � Landing � UAV

1 Introduction

Unmanned Aerial Vehicles plays an important role I a day to day life. They are used
in many applications like monitoring power lines, wreckage search operations,
smart farming etc. During UAV operation, it may be required to land the UAV in
emergency situations. Proper landing site has to be determined instantly in order to
avoid the loss of UAV. INS-GPS integrated system is also used to determine the
precise landing location [1–11]. The normal landing sites in an emergency are
roads, rooftops etc. In this paper in order to find the landing sites a set of rules are
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formed, or a supervised learning algorithm such as Support vector machine or a K
nearest neighbor is implemented.

2 System Working

Various classification algorithms such as k means clustering, SVM is discussed
here. Classifying an image using rules is also discussed. The image to be classified
is given in Fig. 1. Here ENVI software is used to process the image [1].

2.1 Rule Based Classification

Here a set of rules is formulated in order to find a feature available in the image.
The rules are formulated using various attributes such as spectral, spatial and tex-
ture etc. The rules to classify the image include band ratio, area, length, average
pixel value etc. the rules to identify the buildings in an image are given in Fig. 2.
With these rules it is possible to identify the building in an image.

Fig. 1 Image to be classified

310 S. K. Nagothu and G. Anitha



2.2 Support Vector Machines

SVM is an algorithm motivated theoretically. It is developed from Statistical
learning theory. It is applicable in many fields (text, bioinformatics, image recog-
nition …) [12].

2.3 K Nearest Neighbor Classifier

The characteristics of each training set are considered as a different dimension in
some space, and the characteristic observation value is coordinated in that
dimension, so getting a set of points in space. The distance between the training set
and entire range is measured. K closest data points to the new observation is picked.

The training set of buildings, road, trees and grass field is shown in Fig. 3a and b.

3 Results

3.1 Rule Based Classification Results

By using the rules defined for rooftop as shown in Fig. 1 the buildings available in
the image can be identified as shown in Figs. 4 and 5.

The Fig. 5 shows the rooftops with boundaries. We can further modify the rules
in order to get the accurate result.

3.2 Supervised Learning Classification Results

It is a Process of using training data to assign objects of unknown identity to one or
more known features. Here we select various training sets such as roads, buildings,
and trees etc. as shown in the figure which are assigned to a particular color.

Fig. 2 Rules for building
classification
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Fig. 3 a Number of objects of each feature for training set. b Training set for buildings, roads,
trees

Fig. 4 Rule based
classification result
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After performing the supervised classification it is possible to get all the features
available in the image corresponding to the training set given as shown in Fig. 6
and all the features are assigned with the indicated color as shown in Fig. 7.

Here we are assigning the buildings as known feature which are located with red
color and all other features are unknown which is located with yellow color.

Fig. 5 Rule based
classification result with
boundaries

Fig. 6 Training set for
buildings, roads, trees
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As shown in Fig. 8 the known features (buildings) are compared with all other
features using SVM and K nearest neighbor algorithms and the results were shown
in Figs. 9 and 10.

Fig. 7 Support vector
machine result

Fig. 8 Training set of
buildings (red)
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Fig. 9 K nearest neighbor result

Fig. 10 Support vector machine result
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4 Conclusion

Detecting an emergency landing site for a UAV using supervised learning is
implemented. The determination of the landing site, such as buildings, roads is also
done by defining the rules. The training set of buildings and roads is used to classify
the images using SVM and k means clustering, and a proper landing site is found in
emergency situations.
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Chapter 28
Evaluation of Risk Potential
of Industries and Natural Hazards
in the Wards of Hyderabad, India–AHP
Multi-criteria Modeling Perspective
Using Remote Sensing and GIS

Murali Krishna Gurram and Nooka Ratnam Kinthada

Abstract The study aimed at evaluating the combined risk potential of various
industrial and natural factors at micro level in the municipal wards of Hyderabad
(include 150 wards and 3 other administrative areas), which is the capital of the
state of Telangana, India. High resolution imagery was used to precisely map the
locations of different categories of industries (chemical, manufacturing and mining)
and influence of natural factors (earth quakes, cyclones, floods, landslides and fire)
across the Hyderabad city, whereas the GIS technology was used for the integrated
assessment of all the spatial information layers thus extracted. Analytical Hierarchy
Processing (AHP) multi-criteria modeling technique was used for the overall
assessment and mapping of the risk potential comprehensively at the municipal
ward level. The results indicate that majority of the wards (82 and 51 no’s
respectively) covering an area of 676.23 km2 are susceptible to industrial risk,
therefore categorized as ‘Poor’ and ‘Very Poor’. In terms of the natural risk, ‘flood’
is found to be the most disastrous event which has high influence. Evaluation of
combined risk due to natural factors indicate that out of total 153 ward areas 108
wards covering 620.08 km2 are found with very low risk and rated as ‘Excellent’.
Only 17 wards are found with high risk potential, therefore rated as ‘Very Poor’ and
10 wards as ‘Poor’, which are mostly confined to the eastern and northern fringe
parts of the city of Hyderabad.
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1 Introduction

Rapid aggregation of population for better living opportunities coupled with
industrialisation phenomenon are becoming complex and unmanageable scenarios
as they increasingly pose a major risk to the socio-economic as well as environ-
mental sustenance of the urban areas. Intensive anthropogenic activities are grad-
ually transforming the overall structure of the society from predominantly rural to
urban. This indeed resulting in major irreversible changes in production and con-
sumption of natural resource and the way people interact with nature. The growing
needs are certainly creating unwarranted pressure on the finite natural resource.
Larry [9] states that while the urbanization creates new opportunities, the economic,
social and demographic trends also lead to urban differences or issues. Alberti and
Waddell [1] analysed the impact of urban development patterns on ecosystem
dynamics and how they alter the ecological conditions (e.g. species composition).
Lambin et al. [8] explained the environmental problems associated with urban
sprawl. David [4] analysed the implications of population growth and urbanization
on climate change due to greenhouse gas (GHG) emissions.

As urban areas strive to become the hubs of socio-economic growth centres, they
also become hotspots for industrial development which are associated with various
risk factors either in the form of pollution or industrial disastrous. The risk potential
of the location depends on the type, scale and nature of the industry existed. At
large, the risk impact would be gradual and is directly proportional to the distance
from which the population located from the industry. On the other hand, as the
process of urban growth continues in the form of a sprawl, it tends to ignore or alter
the natural geographical setting or equilibrium of the location which in circum-
stantial occasions may turn to be a threat to the population manifested over there.
Also the population of an urban area may susceptible to certain natural risks which
are purely borne out of the locational disadvantage. Various researchers like
Robinson and Herbert [14], Ali et al. [2], Condon [3], UNDP [19], TERI [18]
studied the dynamics of urban environmental change in the context of sustainable
development. In similar studies elsewhere, Jamal et al. [7] studied the urban
environmental change in relation to the urban development.

Evaluation and mapping of risk potential due to both man made (i.e. different
types of industries) and natural (floods, cyclones, earth quakes etc.) phenomena is
essential for designing adequate mitigation and management strategies in urban
areas as the consequences may prove to be highly disastrous. As per the guidelines
documented by European Commission [6] specifies that the risk analysis is the
process to comprehend the nature of risk to determine its impact.

In this backdrop this study was conducted on the municipal wards of Hyderabad
city, which is a major metropolitan city in India facing challenges in its path to
land-water, environmental and economic resource development. The study employs
the Remote Sensing and GIS techniques for decision support coupled with a widely
accepted Analytical Hierarchy Model (AHP) multi-criteria evaluation model
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to assess the risk potential of the municipal wards due to industry and natural
hazards. EPTRI [5], Sarath and Ramani [17] and Murali Krishna et al. [11, 12]
studied the pollution scenario and their impact on Hyderabad.

2 About the Study Area

Hyderabad officially called as Greater Hyderabad Municipal Corporation (GHMC)
comprises of 150 municipal wards and 3 administrative areas (BHEL, Osmania
University and Cantonment) is geographically situated between 17° 19′ to 17° 30′
Northern latitudes and 78° 23′ to 78° 30′ eastern longitudes. Hyderabad is an urban
district and capital of the State of Telangana in southern India, comprises twin cities
of Hyderabad and Secunderabad. While GHMC extends in 625 km2 of area
Hyderabad metropolitan is extended in 1905 km2 and is 5th largest metropolis in
India. According to the estimates derived for 2015 based on Census 2011 data
(68,09,970), GHMC has a population of 79,03,714 with an average density of
10,230 persons/km2. The city extended on a hilly rugged undulated terrain lies on
Deccan plateau with various lakes (Himayatsagar, Hussainsagar etc.) and small
rivers (Musi, Esa etc.) and rivulets traversing through it. Floods and cyclones are
the prominent natural hazards by which city get affected occasionally. As the city
continued to expand in size and population, most of the lakes and river drainage
courses have been encroached and now being subjected to heavy flooding during
rain seasons. The city is only 500 km away from the coastline and is also subject to
cyclonic storms originated in the Bay of Bengal. It also exposed to man-made
hazards stemmed from heavy industries located across the city. The various types of
risks to which the city is susceptible are euphemistically termed as ‘complex
hazards’, which include a wide spectrum of risks [10]. Most of the urban problems
emanates due to the catastrophes caused by these ‘complex hazards’ which even-
tually results in the breakdown of the socio-economic equilibrium.

3 Methodology for Evaluating and Mapping the Risk
Potential

The methodology derived and implemented for the evaluation of industrial and
natural hazard risk potential in the municipal wards of Greater Hyderabad
Municipal Corporation (GHMC) can be applied elsewhere for evaluation and
strategy development as applicable for similar urban scenarios.

In order to study the dynamics of urban phenomena in detail, high resolution
satellite imagery, other thematic map and attribute data is used as inputs so that the
trends can be identified and depicted at micro level. The results would then be taken
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as a basis for deriving an efficient strategy plan for the effective mitigation of the
risk. The methodology used for the study is mentioned below.

• Administrative units and high resolution satellite image are geo-referenced to
use them as the base maps for generating input thematic maps. These
geo-referenced inputs are assigned with the real world coordinate system
(WGS84 projection) to make them ready for vector data extraction.

• Digital Elevation Model (DEM) is generated using IRS-P5 CartoSAT-1 data and
used for analyzing the elevation and slope aspects especially for mapping the
low lying zones of the study area.

• Population distribution was mapped to see the influence of industries and natural
hazard risk in each location being considered.

• As the study requires an in-depth understanding of physical and natural aspects
of the urban area with regard to risk potential, it seeks to probe the combined
influence of these parameters at ward level. Risk potential due to industries on
the municipal wards of Hyderabad is assessed based on the proximity of the
population to certain types of industries located.

• Since the study necessitates a multi-criteria approach which evaluates the sce-
narios effectively, the analysis was carried out within the framework of AHP and
GIS. A structure for parameterization and integration of AHP and GIS frame-
work is conceived using the themes generated. Exceptional vigilance is drawn
into the model and analytics employed.

• The combination is also used as decision support tool to calculate the weights of
each factor based on several alternatives. A weighted average criterion is
engaged and the composite weights computed are integrated to produce map
themes representing sustainability scores of wards.

The model draws its inputs from the risk vulnerability assessment for integration
and finally arriving at a theme which rates the wards according to their vulnerability
to various types of risks. The diversified risk indices taken into account along with
their AHP integration weights are Industrial Risk (0.575) and Natural Hazard Risk
(0.425). Final risk index map output thus generated can be used to propose a
solution with recommendations.

4 Results

The results derived from the study suggest that the stake holders, government and
non-government agencies should adopt the best practices for the mitigation and
sustainable development of GHMC. The research work utilizes the power of GIS
and Remote Sensing technology for its fullest potential by mapping and modelling
various environmental, industrial, demographic and topographical parameters to
arrive at logical conclusions for the risk assessment at micro level in GHMC.
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4.1 GIS-AHP Multi-criteria Analysis

The Analytic Hierarchy Process (AHP) is a multi-criteria decision support tool
which can be employed to solve complex decision problems related to the
real-world. Initially developed by Satty [15, 16], AHP integrates the real-world
phenomena by decomposing it into multiple hierarchical structures of objectives,
criteria, subcriteria etc. and alternatives. Murali Krishna et al. [13] successfully
implemented AHP multi-criteria evaluation using GIS especially for environmental
sustainability mapping of Hyderabad. The pertinent outcomes are derived using a
set of comparisons and the process is called pairwise comparison. The pairwise
comparison helps obtaining the weights required to indicate the importance of
decision criteria. Simultaneously, the relative performance measures the alternatives
with regard to each individual decision criterion. Consistency Index (C.I.) which is
one of the components of AHP provides a mechanism for improving consistency of
comparison.

Pairwise comparison method is used to determine the relative importance of each
parameter used in the study. Assigning appropriate weights to all parameters,
indices, sub-criteria and criteria (Table 1) ensures relative importance of factors
which compensates to arrive at a decision. This helps in simulating different
real-world scenarios where adjustments are to be made to accommodate tough
choices to make an informed decision to use a right alternative among the choices
existed.

4.2 Industrial Risk

It is noticed that, industries are the main source of pollution in Hyderabad which
contribute for the major part of air, water, noise and solid waste pollution and
deteriorates the environmental quality and sustainability of urban areas. The risk
vulnerability of areas and population mostly depends on the proximity to industry.
The risk vulnerability and intensity on the population living nearby industry varies
depending on the type of industry. In view of this, the section emphasizes to
evaluate the intensities and extent of risk posed by various types of industries
located in different parts of Hyderabad. Though there are many types of industries
existed, for the sake of analysis convenience all the industries have been grouped
into 3 major categories such as, chemical, manufacturing and mining. The fol-
lowing sections analyze the aspects of risk posed by these industries to population

Table 1 AHP hierarchy criteria for risk evaluation

Risk Vulnerability

Risk due to industries Risk due to natural hazards

Chemical Manufacturing Mining Earth quakes Cyclones Floods
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and map the wards according to their extent and exposure level. The risk vulner-
ability classes are derived from the inputs taken from greencleanguide.com where
the regulations for green belt development around industries in India are mentioned.

4.2.1 Risk Due to Chemical Industries

The results obtained from the analysis to assess the risk vulnerability of wards due
to its proximity to industries categorized as chemical is shown in Fig. 1. Various
classes mapped based on the proximity or distance radius measured in kilometer are
‘Very Poor’ (<0.250), ‘Poor’ (0.251–0.500), ‘Moderately Good’ (0.501–1.00),
‘Good’ (1.001–2.00) and ‘Excellent’ (>=2.001).

It is noted that majority of the wards (112) covering an area of 449 km2 are
found in Excellent category showing very low susceptibility. Only 13 wards with
105.24 km2 area and 15 wards with 85.30 km2 area are found in ‘Very Poor’ and
‘Poor’ classes respectively. Around 3 wards are found in Good and the remaining 9
wards are in ‘Moderately Good’ category. The wards found in ‘Very Poor’ or
‘Poor’ category are in fact located very close to the chemical industries i.e., within
the distance radius of <0.250 km and 0.250–0.500 km. These wards are especially
located in the industrial zones like, Jeedimetla, Bollarum etc.

Fig. 1 Risk due to proximity to chemical industry
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4.2.2 Risk Due to Manufacturing Industries

Risk vulnerability of wards is assessed due to their proximity to nearest manu-
facturing industries in kilometer is identified and mapped (Fig. 2). The classes thus
mapped are ‘Very Poor’ (<0.150), ‘Poor’ (0.151–0.300), ‘Moderately Good’
(0.301–0.600), ‘Good’ (0.601–1.00) and ‘Excellent’ (>=1.001). It is noticed that
majority wards (107) covering 478.06 km2 of area are found in Excellent category
indicating very low susceptibility to risk. Around 20 wards covering 108.31 km2

and 11 wards covering 50.98 km2 of area are found in ‘Good’ and ‘Moderately
Good’ categories, respectively. Only 9 wards are found in ‘Poor’ and 5 wards are in
‘Very Poor’ category. The results indicate risk due to manufacturing industry is
very minimal as compared to chemical industry.

4.2.3 Risk Due to Mining Industry

Risk vulnerability of wards due to its proximity to mining industry is analyzed
spatially and mapped (Fig. 3). The classes are derived based on the proximity or
distance radius measured in kilometer to the mining industry. The classes are ‘Very
Poor’ (<0.500), ‘Poor’ (0.501–0.800), ‘Moderately Good’ (0.801–1.500), ‘Good’
(1.500–3.000) and ‘Excellent’ (>=3.001). Majority of the wards (146) having an
area of 658.66 km2 are found in ‘Excellent’ category indicating very low risk

Fig. 2 Risk due to proximity to manufacturing industry
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vulnerability. This is also because of the reason that most of the mining activities
within GHMC are already completed. Only 2 wards are found in ‘Very Poor’
category.

4.3 Natural Hazard Risk

Natural hazards are the events which occur due to the severe or extreme climatic
disturbances in a region. Natural hazards become natural disasters when they cause
damage to lives and livelihood of the people. Depending on the type of topography
and climate that they experience natural hazards are common everywhere in the
world but they occur in many forms. However, the study consideration only some
of those eventual risks like earthquakes, cyclones, floods etc. to which the people of
Hyderabad may susceptible to. The following sections in detail analyses the risks
due to natural hazards.

4.3.1 Risk Due to Earthquakes

The various seismological studies and geological reports confirm that Hyderabad
region lies on the Deccan Plateau of India is less prone to earthquakes. The seismic

Fig. 3 Risk due to proximity to mining industry
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map published by National Geophysical Research Institute (NGRI) is taken as a
reference. The map shows Hyderabad under Zone—II which is classified as ‘Least
Active’ and is prone to very less intensive earthquakes of magnitude only <4.5 on
Richter scale. Hence, for integrated risk evaluation, the study classifies all the wards
of Hyderabad in ‘Good’ category.

4.3.2 Risk Due to Cyclones

Being situated 500 km away from the coastline, Hyderabad is likely to susceptible
to cyclonic storms which may arise in the Bay of Bengal from time to time.
According to the map published by India Metrological Department, (IMD), Govt.
of India, Hyderabad region comes under the High Damage Risk Zone.

4.3.3 Risk Due to Floods

Hyderabad experiences heavy rains during south-west monsoon season (June–
October) and most of the low lying areas get affected by floods. Population,
especially living in slums where there is no proper storm water drainage system is
vulnerable to flood risk. Based on the percent area vulnerable to floods the wards
have been classified into 5 classes, where ‘Very High Risk’ indicates high vul-
nerability and ‘Very Low Risk’ indicates very low vulnerability. Figure 4 shows
the wards classified according to their vulnerability to flood risk. Most of the wards
are classified into ‘Very Low Risk’. Four wards (w.no. 13, 17, 18, 73) near old city
are identified with ‘Very High Risk’, while 13 wards are found with ‘High Risk’.

5 Discussion

The risk potential evaluation in the municipal wards of Hyderabad indicates varying
trend across the wards. The wards characterised with high risk potential requires
immediate attention from the administrative authorities to mitigate the risk by
implementing necessary measures as mandatory. The risk index maps generated
highlights the levels of risk potential in wards and helps as decision tools for taking
adaptive measures. The thematic information can also be used by the rescue teams
to precisely identify those locations for intervention on priority basis and plan their
actions effectively during any event.
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5.1 Industrial Risk Index

The industrial risk index includes the risk sub-indices that are grouped based on the
nature of the industry. This includes Chemical Industries (0.633), Mining Industry
(0.260) and Manufacturing Industries (0.106). Figure 5 shows majority of wards
(82 and 51 respectively) covering an area of 676.23 km2 are found in ‘Poor’ and
‘Very Poor’ industrial risk category. Only 17 wards are found in ‘Moderately
Good’ category, while 1 ward (w.no. 46) is found in ‘Good’ class. The overall risk
scenario indicates very alarming picture of the wards in GHMC, which needs
immediate attention.

5.2 Natural Hazard Risk Index

This index takes the various natural hazards into account such as landslides (0.043),
Fire (0.064), Cyclone (0.184), Floods (0.278) and Earth quakes (0.429). Flood is
the major risk found to be active among all. The integrated analysis resulted in
overall natural hazard risk map (Fig. 6), which indicates 108 wards covering
620.08 km2 in ‘Excellent’ category with very low risk. The remaining 17 and 10

Fig. 4 Wards classified according to their vulnerability to flood risk
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each in ‘Very Poor’ and ‘Poor’ category which are mostly confined to the eastern
and northern fringe parts of the city.

The integrated risk map (Fig. 7) shows overall risk vulnerability scenario across
the wards of GHMC which takes into account the diversified risk emanating due to
various industrial and natural aspects. The composite risk vulnerability map (Fig. 7)
shows majority wards (95) covering 441.19 km2of area with 45,40,750 of popu-
lation comes under ‘Excellent’ category indicating very low risk vulnerability.
Around 29 wards having 15,77,568 population with 111.35 km2 are found under
‘Good’ category with relatively low or no risk. Around 16 wards are found under
‘Moderately Good’ category indicating low susceptibility to risk. These wards are
mostly located in the eastern and northern fringe areas of the city having a popu-
lation of 10,35,939 and extended in 138.42 km2 of area. A total of 6 wards (w.no. 7,
8, 100, 101, 120 and 140) are found in ‘Poor’ category indicating high suscepti-
bility to risk. These wards are having 3,34,457 of population and extended in an
area of 26.64 km2. The remaining 7 wards (w.no. 99, 103, 107, 118, 122, 123, and
131) especially wards surrounding Jeedimetla, Bollaram etc. industrial areas are
found in ‘Very Poor’ category with high vulnerability to both industrial and natural
hazard risk. These wards are having a population of 3,93,487 population and
covering an area of 28.87 km2.

Fig. 5 Industrial risk map
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Fig. 6 Natural hazard risk map

Fig. 7 Overall risk vulnerability map of the wards of GHMC
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6 Conclusions

The integrated risk vulnerability rating is the result of diversified risk aspects
considered of type industrial and natural. Increase in air pollution levels is mainly
due to rapid growth in industrial activity and vehicular population. The results show
majority wards in either ‘Excellent (95 wards) or ‘Good’ (29 wards) with a total
population of 61,18,318 and area 552.54 km2 with no or low risk. At the same time
the analysis also identified wards (13 no’s) susceptible to high or very high risk and
categorised them as ‘Good’ and ‘Excellent’ respectively. These wards cover a total
area of 55.51 km2 and have a population of 7,27,944. These wards are mostly found
around the industrial pockets of GHMC, where environmental risk is most immi-
nent. The methodology employed helps analyzing the characteristics of various risk
parameters at micro level and identifies the level and extent of risk potential in the
municipal wards of Hyderabad. The diversified risk indices take into account the
various heterogeneous risk parameters of different forms and sources. The map
outcomes essentially help in formulating strategies to mitigate the risk with a short
and long term perspectives. The multi-criteria evaluation method developed for the
study is flexible to include any other relevant parameters for further analysis which
have direct or indirect influence on the urban environment at micro or macro level.
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Chapter 29
A Review on Role of Telemedicine
in Disaster Management: A Pharmacist
Perspective

Anusha Nutakki, Vijay Kotra, Sathish Kumar Konidala
and Nagarjuna Babu Etukuri

Abstract Telemedicine is the use of electronic means of telecommunication like
teleconference, phone or email consultation to transfer the medical data from one
place to other place. In India nearly 75% of people live in rural villages. More than
600 million people in rural India lack access to basic health care facilities. Because
of poor facilities in health care centers and also people travel to speciality hospitals
in cities for their treatment very few doctors are available in the rural areas. More
over if any disaster occurs in such regions there is an urgent need for the medicines
and specialists. In such cases this telemedicine plays an important tool for diagnosis
and treatment of patients who are badly affected and not possible to transfer them.
This also helps to create awareness for the people affected by disasters. This helps
in reducing the consultation time of specialists. Thus this review focuses on the
importance of telemedicine especially in the rural areas as a valuable source for
diagnosis and treatment during disasters.
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1 Introduction

Disaster is a serious disruption which causes injuries or some critical health impact in
a relatively short period of time. In such cases one effective approach for diagnosis
and treatment with in short period of time is telemedicine. Telemedicine is the
transfer of medical information through the phone or the Internet or other networks
for consulting, diagnosis, treatment and prevention of diseases or injuries. It also
helps for educating health providers about advancements in health and research. This
telemedicine can be simple like two doctors discussing a health issue over the
telephone. It seems to be also complex involving the use of satellite technology and
some other equipment for consultation between specialists of medicine in two dif-
ferent regions. It is helpful in reducing the consultation time of a specialist especially
in the rural areas and in the regions where the transfer of patients is impossible. In
India about 68.8% of the people live in rural areas and more than six hundred million
people in these areas do not have least health facilities also. Most of the patients in
these rural areas need to travel distances to have access to quality medical care and
for medical specialist consultation. In this view telemedicine provides very fast
patient data transmission regarding consultation by a specialist, diagnosis and
treatment of a disease or illness, imparting information to the patients for rehabili-
tation and to improve their health status. So this can reduce the time of travel, patient
expenses, effective use of resources, increased quality in diagnosis and therapy, easy
consultation of emergency and critical cases and improved patient awareness and
education or training purpose. Therefore telemedicine is the promising tool for
delivering safe and quality medicine very efficiently.

2 The Telemedicine

Telemedicine unit mainly consists of four systems

• The bio-signal acquisition system
• For capturing of image a digital camera
• Personal computer
• A communication system like telephone or satellite system.

The bio-signals from the biosignal acquisition system are collected from the
patient and are transmitted to the Base unit, and biosignals includes:

• Electrocardiogram (ECG)
• Oxygen Saturation
• Heart Rate (HR)
• Blood Pressure (BP)
• Temperature
• Respiration.
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The choice of personal computer is dependent on the application of tele-
medicine. This telemedicine unit can also be used to collect and transfer patient
images to the base unit. The telemedicine user need to connect the patient and bio
signal monitor and the personal computer is to be switched on. As the telemedicine
unit is automatic the personal computer connects to the base unit [1].

2.1 Base Unit

The base unit is nothing but the doctors unit. The incoming signals are displayed in
the personal computer of the base unit. A portable personal computer with global
system or telephone service for communication is used if the base unit of a doctor is
out of the hospital area. The personal computer within the hospital area can be
connected to the hospital information network with telephone system.

2.2 Telemedicine Services

The telemedicine system services can be categorized into two types:

• Audio
• Video

Audio service can be by using telephone either offline. E.g. the doctor sends the
heart beat of a patient and records by the device analyze and thus gives the report,
or online. E.g. the voice of the patient is directly sent to the doctor for the result.

3 Importance of Telemedicine in Disasters

Initially telemedicine system is used in clinical care for diagnosis, treatment, and
training, but gradually this has played an important role in disaster management.
This can be used before the disaster, at the time of disaster and rehabilitation. In
these three steps the telemedicine can be used for effective treatment [1].

Before the disaster: It mainly emphasizes on the prevention of disasters.
After the disaster: With in short span of time after the disaster.
Rehabilitation: The induced effects of disaster after some period of time.

By this telemedicine it is possible to share the medical knowledge which is very
much essential in some critical cases and during disaster emergencies where the
specialists are unavailable in many rural and remote areas.
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The first application of this telemedicine was in 1985, during Mexico City
earthquake by the National Air and Space (NASA) that had destroyed all terrestrial
telecommunications infrastructure. It became possible to transfer audio to interna-
tional rescue organizations through Advanced Communications Satellite (ATS-3).

In India telemedicine started at Apollo Arragonda Hospital in Andhra Pradesh in
2000 [4]. By today more than 500 telemedicine centers were linked with about 50
specialist hospitals. Department of Information Technology (DIT), Ministry of
communication and IT (MCIT), Government of India providing Telemedicine and
Tele-health Education facilities in Kerala; 3 mobile telemedicine units to cater rural
population of Kerala and TN focusing on early detection and preventive medicine.
Government of India is aiming to implement e health. The steering committee of
planning commission for the 12th plan also suggested that all district hospitals and
primary health centers and sub-centers are to be connected with telemedicine or
similar audiovisual media to encourage M-health (to reach the remote corners of the
country [3]. Several projects of telemedicine have been introduced by different
organizations like The Department of Information Technology-Government of
India (DIT), Indian Space Research Organization (ISRO), Ministry of Health and
Family welfare-Government of India, state governments, medical institutes in both
the public and the private sector. Thus in India this telemedicine system is growing
faster opening new hope for the implementation of this system in disaster man-
agement. By employing this tool an unexpected incident which causes heavy loss to
public health can be managed.

Advantages of telemedicine:

• Improved quality of health
• Reduction of health care costs and consultation time
• Prevention of medical errors
• Increased administrative efficiencies and
• Decreased paperwork
• Early detection of outbreak of infectious diseases in and around the country
• Improved chronic disease management.

Applications of telemedicine:

• Consultation through various means like telephone, E-mail, or video
conferencing.

• Tele-education for development of research, science and technology.
• During Medical emergency in critical situations and in disasters access to

medical care within a short period of time.
• Tele-surgery which can reduce costs, waiting time, travelling, etc.
• Telemedicine has applications in different medical specialties as telecardiology,

telepathology, telegenetics, teleoncology, teleradiology etc.
• For exchange of Health information, Teletraining, Telemonitoring and

Telesupport.
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4 Issues and Challenges

Though this telemedicine system is advantageous yet there are some challenges.
This includes some difficulties in the introduction of new technologies [2], technical
considerations regarding software’s etc., unknown handling of equipment and
computers by untrained personnel, high initial investment, acceptance by the public
because of lack of awareness, some unresolved legal and ethical concerns. Hence
all these factors hinder the introduction of this telemedicine system, which can be
slowly rectified by implementing some awareness programmes, allocation of some
funds, training for the technicians etc.

5 Conclusions

Telemedicine system can be certainly a boon in disaster management. Telemedicine
may not prevent the disasters, but it will surely be a significant tool in responding
for the public good. Especially in the areas badly affected by disasters and where
there is no transportation facilities and in the cases where immediate medical care is
required and also in cases where we cannot transfer the patients this telemedicine
tool can be very supporting for diagnosis as well as treatment. Also at present the
country became super power in the field of science and technology making positive
approach towards this system. Thus it offers ample opportunities for accessing safe
and quality medical services especially in the rural and remote areas. Finally var-
ious studies and reports also shows that one of the best solution to help victims in
disasters and to access health facilities for the people of rural areas where the
specialists are unavailable is the telemedicine. So it is worth if efforts are taken to
encourage this telemedicine for effective and quality medical care.
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Chapter 30
Geospatial Flood Risk Mapping
and Analysis Tool

S. Johny Samuael, J. Sahaya Arul and Jeni Chandar Padua

Abstract Floods are an important concern in the world, calling for improved
intervention strategies like rapid flood mapping using remote sensing and GIS. The
central focus of this work is to mark the flood zones of any desired location and
prepare flood hazard maps. Flood mapping as presented in this paper uses
sophisticated multi-objective optimisation algorithms to identify and assess flood
risk. This android application can be used as a Geo-spatial Tool for analysing the
probability of floods in any desired location and checking the safety level of the
user’s location/property and alert the inhabitants thereby helping to evacuate or
relocate them to safer zones. This application shows a clear demarcation of risk
zones which have maximum flooding and also the safe zones. The two scanning
options provided would give results for analysing an individual property or a whole
city and provide the possible risk zones in the measured radius. The Algorithm
which uses the principle of Artificial Intelligence is highly efficient in sensing the
topography of the location regardless of whether it is a mountain or a plain and
provides results with great efficacy.
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1 Introduction

Flood is one of the main factors causing loss of human life, damage to property,
leakage in nuclear plants, destruction of vegetation and loss of animal diversity.
Populations affected by floods were found to be influenced by post traumatic stress
disorder symptoms [7]. In the case of flash floods which occurs rapidly, the damage
is high accompanied by landslides, mud flows, bridge collapse, damage to build-
ings, and fatalities [9]. Flood mapping is one of the powerful tools to identify high
risk flood zones. Hence, studies on mapping floods has been done in countries like
United States [13], China [11], Egypt [6], Saudi Arabia [5, 15], India [3] and Ghana
[8]. These studies are found to help in infrastructure planning, risk management and
disaster response services during floods.

Identification of flood risk areas help in planning effective emergency responses
leading to creation of flood hazard maps which promote greater awareness on the
risk of flooding and be prepared during the onset of floods [18]. Though there have
been various flood risk mapping and studies done, it is seen that many of them have
major problems which lead to them not being accessible to the general public and
also not efficient enough to give accurate details regarding the occurrence of floods.
Also, old flood hazard maps seem to be contradictory showing certain areas which
are actually on elevated areas, as being located in flood hazard areas. Due to such
wrong manual mapping, there have been problems in identifying flood prone areas
at the global level. This was mainly because the analysis was based on the sea level
and could not map the continental areas which could be affected by river flooding
[16, 17].

Another major problem associated with flood mapping is that, surveying and
analysing a particular area and executing the algorithms manually has been found to
be difficult especially for a larger area. Hence, studies on flood mapping is limited
to smaller areas, thereby making the process of mapping or surveying the global
flood prone areas a difficult mission. Though several global mapping efforts such as
Aqueduct and near-real-time early warning such as the Global Flood Awareness
System (GloFAS) exist, scales are often too coarse to be applied locally and
empirical validation remains a challenge. In general, community level information
is difficult to obtain [14]. There is no proper way by which individual or private
property can be analyzed and it is highly difficult for the common man to find out if
the land/house in which he resides or is planning to buy, is located in a flood free
area.

This android based Geospatial flood risk analysis tool, mentioned in this paper
might be a global solution to this problem of flood mapping which prevails all over
the world. Here, the idea of remote sensing has been integrated to the algorithms
and also, formulas were used to generate user-friendly flood maps automatically, for
any desired location thereby helping to analyse flood risk zones of the whole world.
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2 Materials and Methods

Smart phones are the most widely used technologies in the field of telecommuni-
cation [2] and android operating system has been found to lead the smart phone
evolution [1]. Hence, this highly efficient Geospatial flood risk analysis tool was
developed in a Smartphone platform running android OS. The major principle of
this tool is remote sensing, which can identify the flood zones in any part of the
earth from any place. For geospatial analysis, this application uses Shuttle Radar
Topography Mission (SRTM) data which is downloaded for the desired location.
This is because, SRTM data delivers a digital terrain model of better spatial reso-
lution and accuracy than traditional free global DEM datasets at near-global cov-
erage [12]. The algorithm uses artificial intelligence to sense the topography of the
location and shifts the formula accordingly thereby giving accurate results even in
mountains and plains. This tool was developed in a laptop having the following
specifications: Model Name: Hewlett-Packard Probook 441s; Processor: Intel Core
i7; Ram: 4 GB; OS: Windows 7 (32 bit).

The software used to develop this tool was Basic4Android V5.80 which was the
latest version during the time of development. This android based Geospatial flood
risk analysis tool was tested in different smart phones and in different places around
the world. In order to check the accuracy of the tool, historic flood maps prepared for
various locations have been compared with the results of this analytical tool. The
debugging was done using B4A Bridge using the following smart phone with the
following specifications: Model Name: Samsung Galaxy J7 Prime; Model Number:
SM-G610F; Android Version: 6.0.1; RAM: 3 GB; Internal Storage: 32 GB.

The tool is user-friendly and the location to be mapped for flood risk, is selected
either by Global Positioning System (GPS) or by selecting a point on the Google
Map using a custom marker. Though the other flood mapping tools found online
have used Google overlay tiles to portray the flood zones, this Geospatial flood risk
mapping tool is equipped with markers to make it user friendly. The use of markers
help in comparing the location of study with the surrounding location, thereby
making the analysis equivalent to a manual survey. Using markers, a quadrilateral
area is formed around a given location of study with desired length and breadth so as
to show the flood analysis related to that area. The user can check the altitude of the
place under study and the area surrounding them. The data is then fed into the
sophisticated multi-objective optimisation algorithms, which in return plots the
points in different shades according to their level of flood risk, the legends of which
are presented with the limit values. Two different scanning options have been pro-
vided—property level and area level scanning, which use different algorithms and
provide results accordingly. The tool was tested on various mobile phones and
tablets in a controlled environment and the fairness of the tests were maintained.
Various locations around the globe were analyzed to confirm that the tool works
globally, in order to make the experiment fair. Also, no human or animal was harmed
or disturbed during the development, testing, redesigning, debugging or finalizing
the project. The working principle of the flood mapping tool is given in Fig. 1.
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3 Result

The Geospatial Flood Risk Analysis Tool was found to perform well in all the
android mobile phones and tabs running android version 4.4 and above, in any
location giving accurately scanned results. The location to be studied is chosen by
the user in three options—entering the details in the address bar, dropping a pin
manually or using GPS to pin point the location. The tool scans the location and the
surrounding areas and provides the results in the form of a visual format consisting
of a screen with coloured markers which demarcates the various zones. Legends are
displayed neatly to understand the meaning of the coloured markers. The app was
found to work well in android mobiles of various brands. The results were accurate
giving the possible flow of water in any area which is analysed. The safety level of
the study area is also identified. The tool gives a clear demarcation showing the risk
zones where the flooding would be maximum and the safe zones where the flooding
would be minimum. The scanning options namely—Area Level Scanning and
Property Level Scanning gives accurate results. Area Level Scanning displays
results of a whole village or city that could be acquired according to custom
requirements, whereas Property Level Scanning gives results for a private/
individual property and the area around it. In order to validate the accuracy of the
results, certain locations were chosen which were already studied by researchers

Retrieval of the coordinates  of the selected point from Google Maps. 

Calcula ng coordinates around the central point in  

a quadrilateral pa ern for a described distance 

Acquisi on of Geospa al SRTM Data 

Op misa on and pre-processing of acquired data 

Sensing the loca on and

Mathema cal analyses of the op mized data

Post processing and spo ng the flood hazard zones

Placing markers according to the flood hazard risk and 
alloca ng different colours to each markers

changing the algorithm 
according to the topography 

Fig. 1 Working principle
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using manual means and their results were compared with the results of the analysis
done by this analytical tool.

The results in Fig. 2a, b show that the map generated by this tool correlates
accurately with the HECRAS simulation of the Coliseum Area. The legends for the
result is given in Fig. 3. In the map, the places which are blue in color denote the
flooding areas and those that are green are safe for people to move to, before a flood
or to live in during a flood. The user can zoom into the location and view the study
areas under:(1) Normal mode, (2) Terrain mode and (3) Satellite mode. The results
were accurate when cross-checked with the history of flooding in various areas. The
results of the testing showed increased accuracy as regards the flood-mapping-data.

The results of the Property Level Scanning shows shades of blue areas which
denote accumulation of water in these areas at various intensities which is probable
to flow into the user’s location, from this area. Whereas red, pink, and such colors
show the barrier regions which might stop the flooding water.

Figure 4a shows the photo of coliseum area during the 1979 floods taken by
NOAA (National Oceanic and Atmospheric Administration). Figure 4b is the
zoomed flood map showing the centre reference point (Coliseum Area). Figure 4c
shows the scanned result of the same area using this tool.

Figure 5a–c depicts a point 3109 m above the sea level. This analysis proves
that this tool can be used to find the flood risk even in mountains. The blue area
shown in the map is likely to be flooded. The place was heavily flooded and 5000
were killed and 19,000 were stranded during the 2013 North India Floods [10].

Fig. 2 a, b HECRAS simulation of the 1979 flood extend in the coliseum Area [19] compared to
the flood map generated by the Geospatial Flood risk analysis tool
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Fig. 4 a–c Floods as depicted by American Journal of Geographic Information System 2012
compared to the property level analysis flood map generated by the Geospatial Flood risk analysis
tool

Fig. 3 The Legends for area level analysis of 1979 flood generated automatically by the
geospatial flood risk analysis tool
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4 Conclusions

Floods can happen anywhere at any time. And in most of the areas around the
world, floods happen due to heavy rains flooding the rivers or due to accumulation
of surface water due to insufficient or ineffective drainage facilities, in thickly
populated areas. Floods affect more people globally than any other type of natural
hazard.

It is seen that most of the ‘flood mapping data’ and ‘risk analysis data’ using
elevation models are found to be outdated, inaccurate and hence not reliable.

Hence, great potential exists for new technologies to support flood disaster risk
reduction. In addition to existing expert-based data collection and analysis, direct
input from communities and citizens across the globe may also be used to monitor,
validate, and reduce flood risk.

New technologies offer great potential for rectifying problems associated with
existing flood risk analytical tools, thereby serving in effective humanitarian
response and recovery.

Lidar based data, in which airplanes map local terrain, by firing laser pulses on
the ground, were found to provide much more accurate data than the old methods.
But as Lidar technology is highly expensive and inaccessible to researchers who
have limited funding [4].

Hence, researchers concentrated on updating and digitizing maps for the pop-
ulated areas using old and existing flood maps. But, flaws were seen to exist in this
system. Because, when old maps were digitized, the new imagery was not seen to
line up correctly with the old maps, leading to a “warping” effect which gave a
wrong analysis which showed areas that are actually safe, as being in the flood
hazard area. Due to this, there were problems in identifying flood prone areas.

Fig. 5 a Area level analysis of Badrinath, Uttarakhand. b The centermarker shows the Badrinath
temple. c The legends for the analysis of Badrinath
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It was seen that there had been dozens of home owners filing complaints to
governmental organisations that the flood maps used for charging insurance on their
property were wrong.

Hence, at the global level, most of the countries which face heavy flooding are in
need of an efficient, cost effective and reliable flood mapping tool to satisfy their
needs like finding the exact areas which are flood prone and charging flood
insurance on people residing in such flood prone areas [16].

In countries which lack proper drainage facilities, and have no proper flood
mapping data available, having a flood mapping tool is the need of the hour.

As individual/private property cannot be analysed without support from
organisations, it is extremely difficult for the common man to find out if the land/
house which he resides or is planning to buy, is located in the flood free area.

Hence, this geospatial analytical tool might be a global solution to the problem
of flood mapping which prevails all over the world and can be used as a “flood
probability analysis tool/risk mapping tool” during floods or by the general public
to analyse their location for insuring a specific property against floods.
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Chapter 31
Soil Erosion Assessment of Hilly
Terrain of Paderu Using USLE
and GIS

Ramprasad Naik Desavathu and Peddada Jagadeeswara Rao

Abstract To assess and predict soil erosion of the Paderu Mandal, is a part of
Eastern Ghats of India, was found out with the assistance of Universal Soil Loss
Equation (USLE) coordinated with Geospatial technologies. Discoveries from this
study, the average value of rainfall erosivity factor (R) was observed to be
535.722 MJ mm ha−1 h−1 year−1 and soil erodibility factor (K) varies in between
0.21 and 0.27 t h MJ−1 mm−1. Slope steepness and flow accumulation were to
calculate topographic factor (LS) and it is dimensionless. The land use map was
derived from IRS P6 imagery of LISS III data (2011) and utilized for examining the
crop management factor (C), where support the practice factor (P) value is 1, these
is no major conservation practices in the study area. All erosion factors are
incorporated and analyzed in GIS environment. Finally, annual soil loss evaluated
and furthermore the rate of erosion classes was contemplated. The average annual
soil loss of entire study area is 113 t ha−1 year−1. Around 70.80% of the area is
under moderate class (5–10%), 22.06% of the area under slight (0–5%) and rest of
classes are high, high and extreme erosion respectively.

Keywords Soil erosion � Universal soil loss equation � GIS � Land use

1 Introduction

Soil erosion in hilly/mountainous region removes the valuable fertile topsoil,
further reduce the soil productivity for agriculture development [5, 23]. Livelihood
of the people in this region is mainly dependent on farming system and especially
on sustainable agriculture [12]. Landslide, mudslides, collapse of man-made
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terraces, soil loss from steep slopes and decline of forest/pasture areas are the main
reasons for degradation of soil resources, which is limited in the region [13, 20, 29].
It has been observed that surface and gully erosion, is a common phenomenon and
agriculture land has expanded to areas having marginal soil cover. Thus, natural
resources in mountainous terrain are significantly afflicting from land degradation
as a result of intensive deforestation, overgrazing and subsistence agriculture due to
population pressure, vast-scale road development and mining etc. along with
anthropogenic activities [14]. As a consequence of deforestation combined with the
impact of the high rainfall, the fragile terrains with steep slope have become
affected to severe soil erosion [25]. Consequently, it is essential to assess soil
erosion affected areas for soil conservation practices. Further, forecast of soil ero-
sion rates are needed to evaluate soil losses and to determine the adequacy of
control measures for designing and implementation on a regional scale [27, 32].

Researchers have created many predictive models that estimate soil loss and
identify areas where conservation measures will have the greatest impact on
reducing soil loss for soil erosion assessments in different region of world [2, 3, 8,
11, 16, 17, 30, 31]. However, owing to its simplicity, the universal soil loss
equation continues to be the most widely utilized model for soil loss estimation,
which makes them applicable regardless a limited measure of input data, is
accessible. For this study Universal Soil Loss Equation (USLE) used to estimate
annual soil loss, its spatial distribution and status with the aid of Remote Sensing
(RS) and Geographic Information System (GIS) [1, 4, 7, 9, 10, 18, 28, 33, 35] for
preparing sustainable soil erosion management strategies with reasonable costs and
better accuracy, particularly in the fragile and heterogeneous erosion-susceptible
hilly ecosystems [26].

2 Materials and Methods

Paderu Mandal is situated in between the latitudes of 18° 18′ to 17° 56′ and the
longitudes of 82° 32′ to 82° 53′ covered by Survey of India (SOI) toposheets no.
65K9, 65K13, 65J12 and 65J16 on 1: 50,000 scale. The total area is 435 km2,
which is surrounded by Pedabayalu Mandal on north, Hukumpeta Mandal on
north-east, on south-east by Cheedikada Mandal, on south is Madugula Mandal and
G. Madugula on north-west (Fig. 1). Rainfall data of last twenty years (1991–2011)
is gathered from six rain gauge stations surrounding Paderu Mandal and District
Statistic Abstracts of Visakhapatnam. Soil maps have been taken from Department
of Agriculture (Government of Andhra Pradesh). Digital Elevation Model
(DEM) of the study area was taken from Shuttle Radar Topographic Mission data
downloaded from the United States Geological Survey website. Land use/cover
map was prepared by using LISS-III data (23.5 m of spatial resolution) of IRS P6
dated March 2011.
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2.1 Estimation of Annual Soil Loss (A)

To compute average annual soil loss (A) by soil erosion factors like rainfall, soils,
land use/cover, topography, and soil conservation practices. These factors are
involved for the estimation of soil erosion, mapping the spatial distribution and its
status with help of GIS in the study area as follows (Eq. 1):

A ¼ R �K � LS � C � P ð1Þ

where A is computed Soil loss (t ha−1 year−1), R is the Rainfall-Runoff Erosivity
factor (MJ mm ha−1 h−1 year−1), K is the soil erodibility factor (t h MJ−1 mm−1),

Fig. 1 Location map showing imagery of IRS P6 of the study area
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LS is the slope length factor and slope factor (dimensionless). C is the crop man-
agement factor (dimensionless) and P is the supporting conservation practice factor
(dimension less).

2.1.1 Rainfall-Runoff Erosivity Factor

Rainfall-Runoff Erosivity (R) is the potential ability of rainfall to cause soil erosion
[19]. It is the product of rainfall kinetic energy and the maximum of thirty minutes
intensity of rainfall [34] and measured in MJ mm ha−1 h−1 year−1. Non-availability
of these two (intensity and kinetic energy of rainfall), average annual rainfall (Rn)
has been used to estimate R-factor, which is derived from Eq. (2).

R ¼ 79þ 0:363Rn ð2Þ

where: Rn is Average Rainfall in mm.
R is the Rainfall Runoff Erosivity Factor.

2.1.2 Soil Erodibility Factor (K)

Soil Erodibility Factor (K) is the combined effect of rainfall, the rate of runoff and
infiltration on soil loss; it is a quantitative estimation of erodibility of a specific soil
type. Soil texture is the main factor affecting the ability of the soil to erode,
however, the other factors affecting K factor are soil structure, permeability, and
organic matter content. Soil Erodibility Factor (K) is calculated using the rela-
tionship between soil texture class and organic matter [24].

2.1.3 Topographic Factor (LS)

Topographic factor (LS) is the combination of both slope length factor (L) and
slope steepness factor (S) where slope length factor is the ratio of soil loss to the
field slope length and slope steepness factor is the ratio of soil loss to the field slope
gradient. It can be evaluated from a digital elevation model (DEM) using unit
stream power hypothesis. In this study, slope steepness and flow accumulation are
prepared from ASTER DEM (30 m of resolution) to estimate topographic factor
(LS) by using raster calculation in GIS environment as follows Eq. 3 [6, 15].

LS ¼ flow accumulation½ � resolution=22:13ð Þ0:6�ðSinð Slope of DEM½ �
� 0:0175=0:0896Þ1:3Þ

ð3Þ
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2.1.4 Crop Management Factor

C factor is fundamentally the vegetation cover percentage and is defined as the ratio
of soil loss to specific crops to the equivalent loss from tilled, bare test-plots. The
value of C relies on vegetation type, the phase of development and cover per-
centage. The C factors are related to the land-use and are the reduction factor to soil
erosion vulnerability. Accordingly, it is very important to have great information
regarding land-use pattern in the study to generate reliable C factor values. Crop
and Management factor (C) is calculated from Land use/Land cover generated the
map.

2.1.5 Supporting Conservation Practice Factor (P)

In order to prevent exposure of the land to be cultivated to erosive rain the natural
protection offered by grass or close-growing crops in the system needs to be sup-
ported by practices that will slow down the runoff thereby reducing the amount of
soil erosion. Such essential supporting practices are contour cultivation; strip
cropping, terrace system and waterways for the disposal of excess rainfall.
Conservation practice factor (P) in the Universal Soil Loss Equation is the ratio of
soil loss with a specific supporting practice to the corresponding soil loss with up
and down cultivation [21].

3 Results and Discussions

Annual soil loss of the study area was studied with the help of USLE incorporated
with GIS studies. All the USLE parameters (Rainfall Erosivity, Soil Erodibility,
Topographic factor, Crop management and Conservation Practice factors) are
determined either in spatial format (or) in numerical format, used to evaluate the
annual soil loss of the Paderu Mandal.

For this review, average annual rainfall of last 20 years of six surrounding rain
gauge stations was utilized to get the spatial distribution of rainfall, which varied
from 945 to 1490 mm. The Rainfall Erosivity factor (R) was calculated from
average annual rainfall presented in Table 1 and its spatial distribution is shown in
Fig. 2. The resultant annual rainfall erosivity factor is varied from 447.690–
594.581 MJ mm ha−1 h−1 year−1. This shows the value of R-factor also varies
according to rainfall distribution. The average value of entire R-factor for the study
was found to be 535.722 MJ mm ha−1 h−1 year−1. The value of Soil erodibility
(K) of the study area can be evaluated using the relationship between soil texture
class and organic matter where both of them are derived from the soil map of the
study area, prepared by National Bureau of Soil and Land Use Planning [22]. The
study area has 2 types of soil viz., sandy loam and sandy clay loam. The values
which were assigned to the K factor by considering soil types are shown in Table 2.
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Based on soil map and soil erodibility texture the K factor is varied between 0.19
and 0.27 t h MJ−1 mm−1 as shown in Fig. 3.

LS factor is calculated by using flow accumulation, a slope of the study area and
cell size of used DEM. (all cells with flow accumulation greater than and equal to 6
were assigned as value 6. as DEM has a resolution of 30 m. Hence the flow
accumulation cannot exceed 6 grid cells). The topographic factor is dimensionless
and ranges in between 0 and 118.

In this study, on-screen visual interpretation was made to arrange the land use/
land cover using IRS P6 imagery of LISS III data (2011) and identified features are
agricultural land, built-up land, forest, scrubland and water bodies appeared in
Fig. 4. The land use map was used for analyzing the C value. After changing the

Table 1 Rainfall stations in and around Paderu Mandal and Spatial distribution of annual rain fall
from 1991 to 2011

Stations Name Longitude Latitude Annual rainfall (mm) R-factor

1 Paderu 82.661 18.078 1239 529

2 Pedabayalu 82.594 18.286 1379 580

3 Hukumpeta 82.698 18.150 1154 498

4 G. Madugula 82.538 18.011 1490 620

5 Madugula 82.819 17.914 1304 566

6 Cheedikada 82.894 17.927 945 422

Fig. 2 Rainfall erosivity factor (R) map of the study area
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coverage to a grid, a corresponding C value was assigned to each land use classes
using re-class method in GIS (Fig. 5). The C factor value and their evaluated spatial
distribution according to land use/cover and crop management factor are shown in
Table 3. Further P-factor is also derived from same land uses of the study area and
its value range is 0–1. Where the lowest value 0 represents very good erosion
resistance area like manmade erosion resistance facility and maximum value 1
represents no erosion resistance facility like forest area. In the study area, no
significant conservation practices are followed. Hence, all the land uses were
assigned P factor of 1.

Their impacting parameters were incorporated and analyzed using Raster cal-
culator in GIS environment. The annual soil loss map of study was obtained and
reclassified in the following scales of priority: Slight (0–5 ton/ha/year), Moderate
(5–10 ton/ha/year), High (10–20 ton/ha/year), Very High (20–40 ton/ha/year) and
Severe (>40 ton/ha/h) annual erosion classes as per Indian conditions. The details of
an aerial extent and spatial distribution of soil loss with their rate of erosion classes
shown in Table 4 and map in Fig. 6. The annual soil loss evaluated for the entire

Table 2 Soil erodibility factor (K)

Textural class Organic matter

<0.5 2 4

Sandy loam 0.27 0.24 0.19

Sandy clay loam 0.27 0.25 0.21

Fig. 3 Soil erodibility factor (K) map
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Fig. 4 Land use/cover features derived from IRS P6 imagery of LISS III data (2011)

Fig. 5 Crop management factor map (C) of Study area
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Table 3 Distribution of land use/cover, C-factor and P-factor of study area

Land use/cover class Area (km2) Percentage of area (%) C-factor P-factor

Built up land 9.13 2.10 1 1

Dense forest 70.3 16.16 0.004

Open forest 152.4 35.03 0.008

Scrub forest 93.62 21.52 0.008

Scrub land 9.2 2.11 0.7

Plantation 10.8 2.48 0.28

Agriculture 87.73 20.17 0.28

Water bodies 1.82 0.42 0

Total 435 100

Table 4 Aerial extent and spatial distribution of soil loss with their rate of erosion classes

Erosion class Rate of erosion Annual soil loss
(ton/ha/year)

Area (km2) Percentage (%)

Slight 0–5 25 96 22.06

Moderate 5–10 80 308 70.80

High 10–20 5.2 20 4.60

Very high 20–40 2.2 8.4 1.94

Severe >40 0.6 2.6 0.60

113 435 100

Fig. 6 Annual soil loss (A) of study area
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study is 113 t ha−1 year−1. Most of the area i.e. about 308 km2 of the study area is
found to be moderate erosion class (5–10%), which constitutes 80 t ha−1 year−1 of
annual soil loss (70.80%) of the total geographical area (435 km2), while rest of
areas covered by slight, high, very high and severe erosion classes are 22.06, 4.60,
1.94 and 0.6% respectively. Thus created soil loss maps helps in checking the
erosion losses implementation of soil conservations structures effectively.

4 Conclusion

This research study demonstrated that the integration of USLE with geo spatial
technologies (Remote Sensing, Geographical Information System and Global
Positional System) to model soil erosion assessment is cost effective, timely and
reliable information in spatial as well as temporal domain, particularly out of reach
areas like hilly terrain, where ground based perceptions are difficult. The procedure
and methodology developed in the study has immense potential for adoption at
micro level to delineate and prioritize the erosion risk areas for efficient planning
strategies for conservation measure without any negative impact on environmen-
tally sensitive hilly region.
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Chapter 32
Impact of Climate Change on Tropical
Cyclones Frequency and Intensity
on Indian Coasts

Sushil Gupta, Indu Jain, Pushpendra Johari and Murari Lal

Abstract Climate change is projected to exacerbate intensity of tropical cyclonic
storms in selected ocean basins with the rise in sea surface temperatures. Almost all
of the tropical cyclonic storms are concentrated in the East Asia, North America,
and the Central American regions. The North Indian Ocean—the Bay of Bengal and
the Arabian Sea, generates only 7% of the world’s cyclones. However, their impact
is comparatively high and devastating, especially when they strike the East Indian
and Bangladesh coasts bordering the North Bay of Bengal due to high population
density clustered around low lying areas along these coastlines. The tropical storms
typically do not reach a high intensity in the Arabian Sea due to the unfavorable
wind shear; dry air feed from Thar Desert and relatively lower sea surface tem-
peratures. However, the Arabian Sea basin has also produced a few strong tropical
cyclones particularly as seen in the recent years. In general, cyclones in North
Indian Ocean tend to peak during May, October and November. This paper presents
comprehensive analyses of the cyclonic disturbances data of the North Indian
Ocean of 140 years (1877–2016) and investigates the likely impacts of climate
change on tropical cyclones frequency and intensity on Indian coasts based on
historical cyclone data and recent model based findings on plausible changes in
Indian Ocean SSTs and circulation systems.
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1 Introduction

Tropical cyclones are among the most damaging natural hazards of the world. The
North Indian Ocean (NIO) accounts for about 7% of global Tropical Cyclones
(TCs). Out of these 7% of the cyclones, most forms in the Bay of Bengal
(BoB) than the Arabian Sea (AS), which is about 4 times higher [1, 2]. In NIO,
there are two cyclone seasons: pre-monsoon (March to May, MAM) and
post-monsoon (October to December, OND). Some of the cyclonic disturbances
also form in transitional monsoon season (June to September, JJAS). However,
during the peak summer monsoon season, the depressions and deep depressions in
BoB generally do not intensify to cyclonic storm category due to moderate vertical
wind shear. On an average about 5–6 TCs form in the BoB and the AS every year,
of which 2–3 reach severe stage. Most of the severe cyclones of the BoB form
during the post-monsoon season in the months of October and November. A few
severe cyclones form during May also but the post-monsoon cyclones are severest
due to which this season is also known as storm season in south Asia [3].

Tropical disturbances have resulted in colossal socio-economic losses to life and
property, especially along the east coast of India, Bangladesh and Myanmar every
year due to cyclones in the BoB. Due to the high population density and rapid
increase in infrastructure projects in the coastal regions of India, the economic
losses are increasing leaps and bound. However, loss of life has reduced in recent
years to a greater extent due to the advancement in science and technology of
cyclone warning facilities and evacuation of a large number of human populations
and animals prior to its landfall. The recent October 2013 Cyclone Phailin and the
October 2014 Cyclone Hudhud are the two examples on the east coast of India that
made landfall near Gopalpur on October 11 at about 2130 IST and at
Visakhapatnam on October 12 at about 1330 IST, respectively. For both of these
cyclones, the loss of lives have been reduced considerably, thanks to leanings from
1999 Odisha Super Cyclone in which more than 10,000 people perished; however,
economic losses of buildings and infrastructure have increased enormously. For
example, industrial losses in 2014 Cyclone Hudhud at Visakhapatnam city alone
surpassed over INR 4000 Crores, while total losses from this cyclone were esti-
mated over INR 36,000 Crores. Therefore, any change in the TCs frequency and
intensity in the BoB and AS would have far reaching socio-economic consequences
for India and neighbouring countries.

There have been a few studies on the long-term trends and TCs frequency and
intensity over the BoB [3–11]. The TCs data was analysed for a period of 122 years
during 1877–1998 [8, 9], and for a period of 129 years during 1877–2005 [3]
(Table 1).

Most of these studies have emphasized a marginal decrease in the annual fre-
quency of cyclones; however, there is an increasing trend in the frequency of
Severe Cyclonic Storms (SCS) over NIO. Trend analysis reveal that the SCS fre-
quency over the BoB has registered significant increasing trends in past 129 years
during the intense cyclonic months, though this does not necessarily imply that SCS
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frequency has increased continuously decade after decade [3]. In fact there has been
a slight decrease in SCS frequency after peaking during 1966–1970, although this
does not alter the long term trend much. Moreover, the intensification rate (denoted
hereafter by SCS/CS) during November, which accounts for highest number of
intense cyclones in the NIO, has registered a steep rise of 26% per hundred years,
implying that a tropical depression forming in the BoB during November has a high
probability to reach to severe cyclone stage [3].

This paper presents comprehensive analyses of the long-term cyclonic distur-
bance data of the NIO of the past 140 years (1877–2016) and investigates the likely
impacts of climate change on TCs frequency and intensity on Indian coasts (BoB,
AS) based on historical cyclonic disturbances and recent model based findings on
plausible changes in Indian Ocean SSTs and circulation systems.

2 Decadal Frequency Analysis of Tropical Disturbances

The long-term decadal frequency analysis of tropical disturbances in the BoB and
AS for a duration of 140 years (1877–2016) has been presented in Figs. 1 and 2,
respectively. The sources of tropical storms data are India Meteorological
Department publication (IMD) and International Best-Track Archive for Climate
Stewardship (IBTrACS).

It can be seen from Fig. 1, that there is a general decreasing trend in the decadal
frequency of cyclonic disturbances in monsoon, pre-monsoon, and post-monsoon
seasons from 1970s onwards in BoB. Similar observations can also be made in the
decadal frequency of cyclonic disturbances in monsoon, pre-monsoon, and
post-monsoon seasons from Fig. 2, over AS. Both these analyses also corroborate
the earlier studies (for example [3, 12, 13]).

3 Intensity Analysis of CS and SCS

As mentioned earlier, we have analysed 140 years of tropical cyclonic disturbances
data during 1877–2016. While, Singh [3] and other authors analysed this data as
total numbers of CS or SCS numbers (Table 1), we not only analysed it as CS or

Table 1 Frequency of TCs
in the BoB during 1877–2005

Type of tropical
disturbance

Month

May Jun. Sept. Oct. Nov.

Cyclonic storm (CS) 59 35 92 41 116

Severe cyclonic storm
(SCS)

44 5 40 16 65

SCS/CS 0.75 0.14 0.43 0.39 0.56

Modified after Singh [3]
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Fig. 2 Decadal frequency analysis of tropical storms (1877–2016) over Arabian Sea
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SCS but also divided in two segments, i.e., pre- and post-1970, and 1980 and rate of
intensification (SCS/CS), so that we could analyse the impact of climate change on
TCs intensity for both BoB and AS (Tables 2, 3, 4 and 5).

Table 2 clearly shows that rate of intensification of tropical storm in the BoB has
increased significantly in the months of May, Oct and Nov post 1980s. In general,
similar, observations could also be made for AS (Table 3), however, in the month
of October, it has not changed.

If we take it pre- and post-1970s, then the rate of intensification is much more
evident in the months of May, Oct and Nov in the BoB than pre- and post-1980s
(Table 4). Similarly, for AS, rate of intensification is now much more evident in

Table 2 Pre- and post-1980, intensity analysis of CS and SCS over Bay of Bengal

Type of tropical
cyclone

Pre-1980 Post-1980

May Jun. Sept. Oct. Nov. May Jun. Sept. Oct. Nov.

CS 7 26 29 34 11 0 1 1 6 4

SCS 14 2 14 18 30 5 0 0 12 15

SCS/CS 2.00 0.08 0.48 0.53 2.73 INF – – 2.00 3.75

Table 3 Pre- and post-1980, intensity analysis of CS and SCS over Arabian Sea

Type of tropical
cyclone

Pre-1980 Post-1980

May Jun. Sept. Oct. Nov. May Jun. Sept. Oct. Nov.

CS 2 3 2 7 4 0 1 0 1 1

SCS 3 2 2 7 16 2 2 0 1 3

SCS/CS 1.50 0.67 1.00 1.00 4.00 INF 2 – 1.00 3.00

Table 4 Pre- and post-1970, intensity analysis of CS and SCS over Bay of Bengal

Type of tropical
cyclone

Pre-1970 Post-1970

May Jun. Sept. Oct. Nov. May Jun. Sept. Oct. Nov.

CS 6 25 27 30 10 1 2 3 10 5

SCS 13 2 11 17 22 6 0 3 13 23

SCS/CS 2.17 0.08 0.41 0.57 2.20 6.00 – 1.00 1.30 4.60

Table 5 Pre- and post-1980, intensity analysis of CS and SCS over Arabian Sea

Type of tropical
cyclone

Pre-1970 Post-1970

May Jun. Sept. Oct. Nov. May Jun. Sept. Oct. Nov.

CS 1 3 2 6 4 1 1 0 2 1

SCS 3 2 1 6 12 2 2 1 2 7

SCS/CS 3.00 0.67 0.50 1.00 3.00 2.00 2.00 INF 1.00 7.00
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pre- and post-1970s than pre- and post-1980s for the month of May, Oct and Nov
(Table 4) and this change could be attributed to the recent warming as a conse-
quence of impacts of ongoing climate change.

4 The Influence of Climate Change on Tropical Cyclones

In a study [14], the behavior of Indian summer monsoon in a high resolution
climate model and reported that under double CO2 conditions, fewer cyclonic
depressions formed in the month of June. The historical cyclonic disturbances data
studied in this paper also corroborate this finding.

Another study published in Nature Geosciences [15] reported that future pro-
jections based on theory and high-resolution dynamical models consistently indi-
cate that greenhouse warming will cause the globally averaged intensity of TCs to
shift towards stronger storms, with intensity increases of 2–11% by 2100. Existing
modeling studies also consistently project decreases in the globally averaged fre-
quency of TCs, by 6–34%. Balanced against this, higher resolution modeling
studies typically project substantial increases in the frequency of the most intense
cyclones, and increases of the order of 20% in the precipitation rate within 100 km
of the storm centre.

Recent global climate models continue to project future decreases in global TC
numbers. However, increases in the intensities of the strongest storms and increased
rainfall rates are projected. Some studies suggest that, by the end of the century, the
number of category 4 and 5 cyclones is expected to double, with heavier rainfall
[16]. Globally, the consensus projection is for decreases in TC numbers by about 5–
30%, increases in the frequency of categories 4 and 5 storms by 0–25%, an increase
of 0–5% in typical lifetime maximum intensity, and increases in TC rainfall rate by
5–20% [16]. Recent high-resolution modeling studies suggest that the frequency of
the most intense storms, which are associated with particularly extensive physical
effects, will more likely than not increase substantially in some basins under pro-
jected 21st century warming and there is medium confidence that TC rainfall rates
will increase in every affected region [16]. We obtain similar results for both BoB
and AS basins from our analysis of the downscaled high resolution global model
data sets produced under CMIP5 experiments. Detailed data analysis is still in
progress to strengthen our findings which would be published elsewhere.

5 Conclusions

Our analysis of long-term 140 years of cyclonic disturbances demonstrates that
there is a general decreasing trend in the decadal frequency of cyclonic disturbances
in monsoon, pre-monsoon, and post-monsoon seasons from 1970s onwards in both
BoB and Arabian Sea. Moreover, there is a general increasing trend in the Intensity
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of TCs pre- and post-1970s and 1980s in the months of May, Oct and Nov. This
change could be attributed to the recent rising trends of BoB and AS as a conse-
quence of impacts of ongoing climate change. The high resolution climate model
analysis also suggests that the frequency of the most intense storms in Bay of
Bengal and Arabian Sea will likely to increase under projected warming during the
21st century while the total number of cyclonic disturbances should decrease. The
analysis also suggests an increase of 10–15% in the rainfall associated with these
disturbances within the area under influence of the storm winds.
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Chapter 33
Study of Loss of Contact
for Rectangular Footings
Resting on Soil

M. Kondala Rao, N. Gopika, K. S. Vivek and C. Ravi Kumar Reddy

Abstract Urbanization with its advantages has been constantly attracting people
towards towns and cities. Land availability for providing facilities for residential and
commercial activities has become a major problem. The engineering solution to this
crisis has been addressed through the construction of multistoreyed buildings.
Conventional structural design methods neglect the Soil-structure interaction
(SSI) effects which is the major concern for risks. The differential settlements and
underestimation of foundation pressure are the negative effects of SSI which are to be
addressed for urban disaster risk management. In this aspect, an attempt is made in
this paper to address some of the issues related to SSI. To quantify the parameters
influencing the SSI, A Rectangular footing with L/B (Plan dimensions L, B) Ratios
varying from 1.2 to 2 is modeled in ANSYS using SHELL63 elements. The
SHELL63 element is capable of modeling the soil underneath the footing. The loss
of contact of footing with soil is quantified by Relative Rigidity (RR) and Critical
Relative Rigidity (CRR). The analysis is carried out by varying the eccentricity of
concentrated load, plan dimension ratio and the Poisson’s ratio of soil. It is found
that, as eccentricity of concentrated load increases the CRR decreases from 77 to
81%, for a particular L/B Ratio and Poisson’s ratio of footing. As the poisons ratio µ
increases the CRR value decreases from 6 to 8%, for a particular L/B ratio of footing.
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1 Introduction

Most of the civil engineering structures involve some type of structural element
with direct contact with ground. When the external forces, such as earthquakes, act
on these systems, neither the structural displacements nor the ground displacements,
are independent of each other. The process in which the response of the soil
influences the motion of the structure and the motion of the structure influences the
response of the soil is termed as soil-structure interaction (SSI). Conventional
structural design methods neglect the SSI effects. Neglecting SSI is reasonable for
light structures in relatively stiff soil such as low rise buildings and simple rigid
retaining walls. The effect of SSI, however, becomes prominent for heavy structures
resting on relatively soft soils for example nuclear power plants, high-rise buildings
and elevated- highways on soft soil. Soil-structure interaction (SSI) analysis eval-
uates the collective response of three linked systems: the structure, the foundation,
and the soil underlying and surrounding the foundation. Problems associated with
practical application of SSI for building structures are rooted in a poor under-
standing of fundamental SSI principles. A rigid base refers to soil supports with
infinite stiffness (i.e., without soil springs). A rigid foundation refers to foundation
elements with infinite stiffness (i.e., not deformable). A fixed base refers to a
combination of a rigid foundation elements on rigid base. A flexible base analysis
considers the compliance (i.e., deformability) of both the foundation elements and
the soil.

1.1 Brief Description of Terms and Parameters
Used in the Paper

(1) LOSS OF CONTACT: To have a loss of concept, footing should have lesser
rigidity when compared to that of the soil rigidity.

(2) RELATIVE RIGIDITY (RR) (L. Barden)
Relative Rigidity which is a dimensionless quantity has been defined to
incorporate both the footing and soil properties in a soil structure interaction
problem as (L. Barden) follows

Relative Rigidity ¼ PL4ES=4EIð1� l2Þ ð1Þ

where, L = length of the footing, ES = modulus of elasticity of the soil,
E = modulus of elasticity of the footing, I = moment of inertia of the footing
about the shorter dimension = BD3/12, l = Poisson’s ratio of the footing.

(3) MODULUS OF ELASTICITY:
Modulus of elasticity and modulus of sub grade reaction are elastic properties, a
relation exists between them; the relation is given by (Terzaghi)
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KS ¼ ES=Bð1� l2SÞ ð2Þ

where, ES = modulus of elasticity of soil, B = width of the footing,
lS = Poisson’s ratio of soil

(4) Critical Relative Rigidity (CRR)
It is the Relative Rigidity at which the footing just starts losing the contact. If
the Relative Rigidity of the footing is less than the CRR, the footing will be in
full contact with the soil. If the Relative Rigidity of the footing is greater than
the CRR, the footing will experience loss of contact. This term quantifies the
factors influencing the footing contact with the soil.

(5) Modulus of Sub grade Reaction (ks)
It is defined as the ratio of applied stress to the deformation of soil. In other
words it is the pressure required for unit deformation of soil. It is found from
the plate load test results usually. This parameter is very often used in the
analysis of soil structure interaction. The modulus of sub grade reaction is not a
constant but a function of size of foundation.

2 Literature Review

Most of the studies on rectangular plates resting on elastic foundation are based on
the classical thin plate theory as presented by Timoshenko and Krieger [5]. Khaiat
et al. [4] analyzed plates on elastic foundations by the initial value method.
However, the assumption that the foundation’s reaction is proportional to plate
deflection is not practicable in many cases. The solution method required to
determine the response of plates on tensionless foundations is complicated because
the contact region is not known a priori.

Plates of infinite extent, circular and rectangular shape on tensionless foundation
and subjected to rotationally symmetrical load, were studied by Karniya [3],
Villaggio [9], Weistrnan [11]. Zekai [12, 13] studied the problem of rectangular
plates on tensionless foundations subject to uniformly distributed load, concentrated
loads and moments, using the finite element technique. Weistrnan [11], Zekai [12,
13] showed that regions of no contact can develop under beams and plates that are
supported on a tensionless foundation, and that the extent of no contact depends on
the ratio of loads in combined loading rather than the levels of these loads.
Chakrabarti and Tripathi [1] analyzed embedded steel plates with anchors in the
reinforced cement concrete base. In all these studies the effects of transverse shear
have been neglected. There is a definite need to study the behaviour of the plates
resting on tensionless foundations, considering the realistic factors from actual
engineering situations.

Plates on elastic foundation occupies a predominant role in the modern engi-
neering mechanics, since the soil exhibits a very complex behaviour, it’s response
to external loads is studied. Number of investigators has done the work on footings
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founded on elastic support. But many of them have not considered loss of contact
phenomenon and the partial contact of footing with the soil. The springs can carry
only the vertical force. Vlasov and Leont’ev [10] developed a parameter model for
plates resting on elastic soil layer, where the parameters are uniquely computed
using the material properties and geometry of the soil.

However, they have introduced another arbitrary ‘ϒ’ to represent the vertical
deformation profile in the soil in their equations. But they did not provide any
mechanism to determine the value of ‘ϒ’. Vallabhan et al. [7, 8] developed an
iterative procedure to compute the value of ‘ϒ’ uniquely for a beam an elastic
foundation problem. Recently, Daloglu and Ozgan [2] and Turhan [6] developed a
new model using rectangular finite elements to represent the plate, along with a set
of consistent stiffness matrices to represent the soil. They have solved the example
problems and compared with the results obtained by few other researchers. They
have arrived at a conclusion that there is not a unique value for the modulus of sub
grade reaction ‘K’ for a soil. At least two parameters are necessary to represent the
effect of soil. The values of the two parameters depend on the material properties of
the soil; depend of the soil medium, stiffness of the plate, and distribution of the
loading. Coming to lift-off phenomenon, if the edge of plate is not anchored against
lifting off, it is possible to have loss of contact. Transmission of forces will be
carried out only within the contact region. This was later supported by Zekai
[12, 13] who has done work on circular and rectangular footings. He has considered
an elastic circular thin plate on a tensionless foundation. The plate as assumed to be
loaded transversally by a uniformly distributed load, a concentrated load and an
external moment. But no investigation has so far been carried out to obtain the
maximum contact pressure incorporating all the factors like Relative Rigidity,
eccentricity to footing width ratio, column to footing width ratio and partial contact
of footing with the soil and without the assumption that soil can take tension

3 Methodology

ARectangular Plate of Plan dimensions (3.6 m � 3 m, 4.2 m � 3 m, 4.8 m � 3 m,
5.4 m � 3 m, 6 m � 3 m) L/B Ratios varying from 1.2 to 2 considering the two
way distribution is modeled using the suitable element for the analysis that is shell 63
of the footings for different eccentricity to footing width ratio (e/B)ratios, different
eccentricity to length of footing ratio (e/L) that is eccentricity up to middle one third
ratio. SHELL63 has both bending and membrane capabilities. Both in-plane and
normal loads are permitted. The element has six degrees of freedom at each node:
translations in the nodal x, y, and z directions and rotations about the nodal x, y, and
z-axes. Stress stiffening and large deflection capabilities are included. The geometry,
node locations, and the coordinate system for this element are shown in The element
is defined by four nodes, four thicknesses, elastic foundation stiffness, and the
orthotropic material properties. Orthotropic material directions correspond to the
element coordinate directions. The element coordinate system orientation is as
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described in The thickness is assumed to vary smoothly over the area of the element,
with the thickness input at the four nodes. If the element has a constant thickness,
only TK (I) need be input. If the thickness is not constant, all four thicknesses must be
input the elastic foundation stiffness (EFS) is defined as the pressure required pro-
ducing a unit normal deflection of the foundation. The elastic foundation capability is
bypassed if EFS is less than, or equal to, zero. For certain no homogeneous or
sandwich shell applications, the following real constants are provided: RMI is the
ratio of the bending moment of inertia to be used to that calculated from the input
thicknesses. RMI defaults to 1.0. CTOP and CBOT are the distances from the middle
surface to the extreme fibers to be used for stress evaluations. Both CTOP and CBOT
are positive, assuming that the middle surface is between the fibers used for stress
evaluation. If not input, stresses are based on the input thicknesses (Fig. 1).

4 Results and Discussions

The results that are obtained from the analysis of a rectangular plate using the
ANSYS12.0 software are discussed here. Model calculations are done by taking
rectangular Footing of sizes 3.6 m � 3 m (L/B = 1.2), 4.2 m � 3 m (L/B = 1.4),
4.8 m � 3 m (L/B = 1.6), 5.4 m � 3 (L/B = 1.8), 6 m � 3 m (L/B = 2.0) and the
poisons ratio is 0.15 and the thickness Of Footing is assumed as 300 mm;
RR = 100 And Assume a concentrated load of 500 kN.

Sample Calculations:

RR
Ks

¼ 12�P� ð3600Þ4
4� 22361� ð300Þ3

Fig. 1 Modeled rectangular
plate using ANSYS
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Poisson’s Ratio = 0.15, If RR = 100, modulus of the sub grade reaction is
obtained as KS = 0.0381 (Fig. 2).

The CRR values are obtained for different poisons ratio (0.30–0.40) for the
different L/B ratios varying from 1.2 to 2.0 considering the two way distribution
and eccentric concentrated load in both the transverse and longitudinal direction up
to the middle one third of its shorter and longer span with reference to those values
graphs are plotted for the following cases

1. CRR versus e/L Ratios for a particular L/B ratio considering a Poisson’s ratio
with eccentricity in longitudinal direction.

2. CRR versus e/B Ratios for a particular L/B ratio considering a Poisson’s ratio
with eccentricity in transverse direction.

3. CRR versus poissons ratio µ for a Particular eccentricity in longitudinal
direction.

4. CRR versus poissons ratio µ for a Particular eccentricity in transverse direction.

From the Fig. 3 it is observed that as the eccentricity of concentrated load in the
longitudinal direction increases for a poisons ratio, the Critical Relative Rigidity
(C.R.R) decreases from 77 to 81%, for a particular L/B Ratio of footing this is
because as the L/B Ratio is kept constant, the footing Rigidity is constant, if
eccentricity increases there is every chance of loss of contact to bring it in contact
with soil, soil rigidity should be reduced, hence Critical Relative rigidity value
reduces. From Fig. 4 it is observed that as the eccentricity of concentrated load in
the transverse direction increases for a poisons ratio, the Critical Relative Rigidity
(C.R.R) decreases from 79 to 85%, for a particular L/B Ratio of footing this is
because as the L/B Ratio is kept constant, the footing Rigidity is constant, if
eccentricity increases there is every chance of loss of contact to bring it in contact
with soil, soil rigidity should be reduced, hence Critical Relative rigidity value
reduces.

Fig. 2 Vertical displacement
of the plate
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From Fig. 5 it is observed that for a particular eccentricity in the longitudinal
direction as the poisons ratio µ increases the Critical Relative Rigidity (C.R.R)
value decreases from 6 to 8%, for a particular L/B ratio of footing. This is because
as the L/B ratio is kept constant, the footing Rigidity is constant if the poissons ratio
increases there is every chance of loss of contact hence to bring it to contact with
soil, soil Rigidity should be reduced, hence Critical Relative Rigidity (C.R.R) value
reduces.

From the Fig. 6 it is observed that for a particular eccentricity in the transverse
direction as the poisons ratio µ increases the Critical Relative Rigidity (C.R.R)
value decreases from 6 to 8%, for a particular L/B ratio of footing. This is because
as t he L/B ratio is kept constant, the footing Rigidity is constant if the poissons
ratio increases there is every chance of loss of contact hence to bring it to contact
with soil, soil Rigidity should be reduced, hence Critical Relative Rigidity (C.R.R)
value reduces.
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5 Conclusions

Following conclusions have been drawn:

1. As eccentricity of concentrated load in the longitudinal direction increases for a
poisons ratio, the Critical Relative Rigidity (C.R.R) decreases from 77 to 81%,
for a particular L/B Ratio of footing.

2. As the eccentricity of concentrated load in the transverse direction increases for
a poisons ratio, the Critical Relative Rigidity (C.R.R) decreases from 79 to 85%,
for a particular L/B Ratio of footing.

3. For a particular eccentricity in the longitudinal direction as the poisons ratio µ
increases the Critical Relative Rigidity (C.R.R) value decreases from 6 to 8%,
for a particular L/B ratio of footing.

4. For a particular eccentricity in the transverse direction as the poisons ratio µ
increases the Critical Relative Rigidity (C.R.R) value decreases from 6 to 8%,
for a particular L/B ratio of footing.

5. For a L/B ratio as the poissons ratio µ increases for a particular eccentricity in
the longitudinal direction the Critical Relative Rigidity (C.R.R) value decreases
from 7 to 8%.

6. For a L/B ratio as the poissons ratio µ increases for a particular eccentricity in
the transverse direction the Critical Relative Rigidity (C.R.R) value decreases.
From 7 to 8%
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7. When eccentric concentrated load in the longitudinal direction is applied at the
middle one third of its longer span dimension always a loss of contact will
occur.
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Chapter 34
Geospatial Technologies as an Aid
to Decision Support System
for Assessment of Urban Floods
in GHMC Areas of Hyderabad

Prathapani Prakash, Aswini Kumar Das, K. Sreenivasulu
and G. Sreenivasa Reddy

Abstract Urban flooding is a manmade disaster. Increased surface imperviousness
due to urbanization along with encroachments of nalas and waterbodies and
inadequate drainage infrastructure system are the chief culprits for urban flooding.
Flooding in an urban area brings about severe economic, structural, and environ-
mental damages, and can be associated with casualties too. The current paper
illustrates the role of GIS technology in urban drainage mapping and analysis. It
identify the pre-disposing factors that lead to urban floods and explains the effect of
each factor on urban floods, the trend and relationship to each other. The flooding in
some areas of GHMC during September 2016 came as a grim reminder of the
unprecedented Musi floods of 1908 and the recent floods in August 2000. There are
about 403 different waterbodies like tanks/lakes/reservoirs in GHMC areas as
identified from the Survey of India toposheets on 1:25,000 scale. Alarmingly, only
a minuscule 169 lakes have a water spread of over 10 ha, an indication of how
intertwined political and real estate ambitions have dealt a death blow to many
waterbodies. To address city’s problems, especially inundation of areas, remod-
elling of storm water drains (nalas) and identifying the obstructing structures on
nalas and lake beds, Remote Sensing & GIS technologies are effective tools. The
majority of GHMC area is drained by Musi river catchment. The Digital Elevation
Model (DEM) of the entire drainage basin of GHMC is prepared using cartosat data
and micro watersheds are also delineated. The daily surface runoff is calculated
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during the flood days using Automatic Weather Stations (AWS) rainfall data. The
natural drainage course is identified from the Survey of India Toposheets on
1:25,000 scale and it is compared with Revenue and Urban parcels data to find out
the encroachments and bottle necks in drainage course. The required nala widths are
calculated by making use of hydrological parameters. Finally a model storm water
plan is developed by making use of existing nala widths to overcome the flood
menace in GHMC. Hence Geospatial technology is an effective tool in mapping and
analyzing the spatio-temporal data and to inform the stakeholders and decision
makers of the locations in controlling flooding and improve decision making.

Keywords Floods � GIS � Nalas � Remote sensing � Urban � Watershed

1 Introduction and Background

India is struggling with disasters for many years. In India about 55% of land area is
vulnerable to earthquakes, 12% of area is flood prone and 8% area is with cyclones
and about two thirds of India is drought prone area. In Telangana state the major
disasters are droughts and floods with occasional cyclones. As compared to other
areas the urban areas are more vulnerable to floods as the anthropogenic influences
in disturbing the natural water courses like streams/rivers/tanks etc. are more. In
Greater Hyderabad area, the improved urbanization combined with decreasing
green cover area the major cause of ill effects of floods along Musi river.

Geospatial technologies like Remote Sensing & GIS are cost effective tools to
understand and plan the flood menace over a period of time [1]. The legacy map
datasets like Survey of India toposheet maps and base maps of municipalities etc.
when combined with Remote Sensing data could improve the decision making in
and the causes of floods. A study has been taken in GHMC area of Hyderabad to
arrest floods and to improve further plan of action.

2 Study Area

The study area i.e. Greater Hyderabad Municipal Corporation (GHMC) covers the
entire Hyderabad District and parts of Ranga Reddy, Medchal Malkajgiri and
Sangareddy districts Fig. 1, lies in between latitudes 17.19°–17.62°N and longi-
tudes 78.22°–78.70°E and covering the topographic sheet nos. 56 K/2, 3, 6, 7, 8,
10, 11 & 12. The study area covers an area of 1437 km2 including HMDA area and
up to Outer Ring Road of Hyderabad. The population of the city is around 1 crore
and the average actual rainfall during 2004–16 years of the study area is 750 mm as
against to normal rainfall of 790 mm (Fig. 1).
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3 Aim and Objective

The main aim and objective of the current study is to generate different thematic
maps on rainfall intensity, rainfall distribution; Kuntas/Tanks, Nalas, Stream/River
network, Drainage system (pre and post periods) and preparation of a model storm
water plan [2]. In the process, the following thematic layers/maps are generated:

• Spatial distribution of Rainfall and its intensity
• Micro watersheds to understand quantum of flow water generated with respect to

intensity of rainfall in a catchment area
• Municipal ward map and cadastral data depicted over hydrology particulars like

nalas/kuntas etc.
• Natural drainage course and present drainage course
• Digital Elevation Model (DEM)
• Waterbodies disappeared/Irregularities in natural drainage course like elimina-

tion due to human interference and illegal constructions.

Fig. 1 Location map of study area
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4 Methodology

Overall methodology used for the plan preparation is schematically shown in
Fig. 2. Data was collected to capture the background to the problem and also to
perform a situation assessment [3].

A brief methodology and list of activities carried out to achieve the specific
objectives are as indicated below:

• The Survey of India Toposheets (Parts of 56 K/2, 3, 6, 7, 8, 10, 11 & 12—1999
Year) on 1:25,000 scale of the study area are procured and made co-terminus
with high resolution satellite imagery.

• The drainage system including waterbodies are marked and compared with the
latest high resolution imagery to know the irregularities in natural courses.

• The Digital Elevation Model (DEM) is generated by using the cartosat data.
• The Micro watersheds are delineated by making use of DEM and Survey of

India Toposheets.

Fig. 2 Methodology for
preparation of storm water
plan
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• The daily rainfall data during September 21–25 is collected from the Directorate
of Economics & Statistics (DES) as well as Automatic Weather Data (TSDPS).
The daily average rainfall as well as maximum ranfall is calculated.

• The micro watershed wise daily runoff generated during flood days (September
21–25) is calculated in CuSecs with the formula: Runoff water = Area of Micro
Watershed X Rainfall.

• The cadastral/town survey maps are geocoded on to high resolution satellite
imagery to identify the exact deviations in nalas courses.

• The deviations in nalas courses are identified and used in preparing storm water
plans.

5 Remote Sensing and GIS Layers

5.1 Base Map

The Base Map depicting the natural drainage course like stream network, roads,
tanks, reservoirs are prepared using Survey of India Toposheets on 1:25,000 scale.
These maps are later referenced to high resolution satellite imagery of Cartosat-1
and World View 2 (Fig. 3).

Fig. 3 Base map from survey of India toposheet
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5.2 Digital Elevation Model (DEM)

The Digital Elevation Model of Musi catchment around GHMC area is prepared by
using the cartosat data which depicts the elevation variations and low lying areas
(Fig. 4).

5.3 Micro Watersheds Map

The micro watersheds are delineated in Musi catchment area and the daily volume
of rain water generated during flooding days is calculated and as shown in Fig. 5.

5.4 Existing Nalas Map

The existing nalas (173 nos) map with segments is prepared by making use of high
resolution satellite data and the blue prints collected from GHMC are made
co-terminus (Fig. 6).

Fig. 4 Digital elevation model (DEM) of the study area
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Fig. 5 Micro watersheds of GHMC area

Fig. 6 Existing nalas map
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5.5 Cadastral/Town Survey Maps

The non-referenced cadastral maps collected from the Central Survey Office and the
Town Survey maps of GHMC area are digitized and geocoded on to high resolution
satellite imagery for further studies (Fig. 7).

6 Results and Discussion

There are several causes for causing floods in GHMC area every year. The
improved urganization and deforestation, the land becomes obstruction free and
water flows with greater speed into water courses and causes flood. Combined to
this, the instant heavy rainfall in urban area also causes water to flow its banks,
resulting flooding of nearby areas. There are about 500 tanks/waterbodies are either
partially or fully affected with built up areas during 1970–2016. This has reduced
the water retention capacity of an area and aggravates the floods. Even the widths of
Major Streams/Musi River courses are reduced greatly. At some places the steams
are either partially diverted with reduced widths.

Fig. 7 Cadastral/town survey map
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7 Conclusion

The flood in GHMC is a manmade disaster one involving encroachment of natural
drainage courses like streams/rivers/tanks etc. The garbage disposal in the natural
streams obstructs the already reduced stream widths locally and catalysed with
heavy downpour in a short time which leads to flooding in the surrounding areas.
The following are the other conclusions as stated below:

• The present study carried out systematic studies using Remote Sensing and GIS
techniques and clearly identified the reasons/solutions for rational storm water
management.

• The city has only 1500 km of storm water drains against the required length of
5000 km. The GHMC should identify the water logging hot spots using GIS
techniques and geotagg the same so that the affected areas can be monitored on
the map as and when they are inundated.

• The Nizam’s city once flaunted a seamlessly designed network of lakes in a
cascading system. The system allowed surplus water from one lake to cascade
into the next and eventually flow into the Musi River. But presently the chain of
tanks system has been ruptured repeatedly over the past many decades.
Waterbodies along these networks have been ruthlessly blocked to make way
for real estate projects, which in turn has resulted in frequent inundation of
localities. There is a need to fix and restore the Full Tank Levels of all water-
bodies and also establish the linking system.

• The storm water drains, constructed during the Nizam’s era, were planned for a
population of five lakh and needs to be redesigned to suit to the present times.

• The Remote Sensing based GIS data can be used in preparing the storm water
plans.

Acknowledgements Authors are thankful to Telangana State Remote Sensing Applications
Centre (TRAC), Hyderabad for giving permission to carry out this work at esteemed office.
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Chapter 35
Towards Resilient Transportation
Systems for Effective Cyclone
Management—City of Visakhapatnam

Varsha Akavarapu and Maqbool Ahmed

Abstract Climate change and sea level rise, have been a constant phenomenon
affecting millions of people through cyclones and sudden flooding effects the
performance of the infrastructure systems. The mobility plays a very crucial role in
infrastructure systems, for the prosperity, growth and the movement of communities
at all levels. At the local and regional levels, transportation serves a very large
crowd working effectively and performing diverse activities all at the same time,
which makes people vulnerable to any kind of disruptions. This highlights the
requirement of robust transportation systems to, absorb effects from disturbances
that are caused due to several reasons and ensure operational continuity.
Visakhapatnam, has been a victim of major cyclones over the years. Approximately
448 km of road has been disrupted with a loss of Rs. 1,111 Crore. Since the
occurrence of HUD HUD, “Planning for resilience” has been initiated by the
governmental agencies and in this context, Visakhapatnam has been cited as one of
the first cities undergoing major structural changes for the same. In this regard, this
paper would focus mainly on measuring the resilience of the transportation systems
by evolving a context specific framework measuring across the four major
dimensions of resilience—Robustness, Redundancy, Resourcefulness and Rapidity.

Keywords Resilient infrastructure systems � Planning for resilience
Disaster management � Transportation systems � ICRSDM
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1 Introduction

Advances in the automobile industry have caused considerable increase in global
temperatures triggering climate change that further heightens the occurrence of a
disaster. A disaster—natural or man-made, is an extreme disruption of the func-
tioning of a society that causes widespread human, material, or environmental losses,
that exceed the ability of the affected society to cope with its own resources [1]. The
Modernist’s view and social understanding of the disasters argues that, the distinc-
tion made is artificial, considering the fact that disasters result through the action or
inaction of the people and their social, economic and political structures [2]. Further,
researchers have claimed that it is often the result of human activities that degrade the
environment. While this can form one argument as to what causes the disasters occur,
the other argument arises from the background of the people—their socio economic
status due to which they live in the areas susceptible to the sudden disruptions. Both
the arguments are again compounded by the sudden, seasonal or annual fluctuations
besides the unpredictability of the frequency, timing and the magnitude of the dis-
asters, which lead to economic losses. In such scenarios where the quality of life of
people is hampered, it has become an imperative for various states to plan for
mitigation, essentially involving pre-disaster planning in order to strengthen the
social and physical systems of disaster prone areas before the onset of a calamity.
Such, planning interventions for effective mitigation of the disasters has taken
precedence since the 1980s under the pretext of disaster risk reduction, which was
also one of the major agenda’s of the Hygogo (2005-2015) and Sendai framework
(2015-2030). Both the plan of actions, especially the Sendai framework of action,
that has been announced as a continuation to the Hyogo framework has set the
agenda for sustainability through which disaster risk reduction and climate change
are proposed to be addressed and approached in the years to come.

Disaster Risk Reduction (DRR) as a construct, intends to systematically avoid
(prevent) and limit (prepare/mitigate) disaster risks with regard to losses in lives and
the social, economic and environmental assets of communities and countries [3]
which specifically is defined as an approach that targets multiple hazards, reducing
the vulnerability through planned measures and strengthening the capacities and
thus enhancing the resilience of the communities and their livelihoods. With such a
definition, it becomes important to shift the focus away from merely responding to a
disaster after its occurence to initiate risk reduction based strategies well before the
disaster actually strikes.

The UNISDR in 2015, after evaluating the progress of HFA (2005–2015),
proposed for an agenda for sustainable development—“Transforming our World:
2030”—a transformative plan of action for all countries and all stakeholders. This is
an intense plan of action for all the countries, including all the stakeholders to
implement 17 Sustainable Development Goals (SDGs) and about 169 targets per-
taining to the SDG’s, out of which 25 targets relate to disaster risk reduction in 10
of the 17 SDG’s—firmly establishing the role of disaster risk reduction and building
resilience as a core development strategy re-affirming the urgent need to reduce the
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risk of disasters. The 2030 agenda also resonates with the SENDAI framework for
Disaster Risk Reduction (formulated in the same year of 2015 up until to 2030)—
identifying the need to build resilient infrastructure in order to make cities and its
residents resilient [4]. Investing in disaster risk reduction has become a precondition
for developing sustainability in an ever changing climatic condition due to the plan
of action initiated by the UN.

India, after participating in the SENDAI framework convention has identified the
requirement to plan for resilience and has selected tier—1 and 2 cities, justifying
that the urban areas are the most susceptible to external shocks and stresses (in-
cluding climate change). D ue to the fact, that their ecosystems are continuously
challenged by various socio-economical factors. These theat impact the urban poor
the most - often due to their locational and residential factors or their lower ability
to adapt to and respond to calamities. In this repesct certain states in India, such as
Gujarat (Surat), Andhra Pradesh (Visakhapatnam) and Assam (Guwahati) have
taken commendable strides in planning for climate change by incorporating resi-
lience into their state level disaster plans and further detailing out context specific
resilience in the city level disaster plans.

2 Focus of the Study

When a natural disaster is struck, it is the people, infrastructure and the economy
that are most adversely hit. Certain types of infrastructure play vital roles in
underpinning our economy, security and way of life. These complex and often
interconnected systems have become so ubiquitous and essential to workings of
day-to-day life that they are easily taken for granted. Often it is only when the
important services provided by such infrastructure (Fig. 1) are interrupted such as
access to electricity, health care, telecommunications, transportation, access to
sanitation, water. For example—that we are conscious of our great dependence on
these networks and of the vulnerabilities that stem from such dependence [5].

There is no universal definition of Critical Infrastructure (CI). CIs include a
range of engineered systems, assets and facilities which are essential for day-to-day
societal functions, as well as continued economic and societal functioning in the
aftermath of a disaster event. Critical Infrastructures are divided into physical and
socio-economic systems. Physical CI deal with all the basic services, while
socio-economic systems encompass organisational and communicational systems.
As can be noticed in Fig. 1, all of the CI's are interconnected and inter-dependent
systems that fail in the absence or disruption of any other system and it is the
transportation system that connects each of the components and hence should be
identified as the most critical of the infrastructure systems that require planning for
structural resilience.

Transportation systems and networks are critical for the prosperity and growth of
communities at all levels, i.e. local, regional, national or international [6]. At the
local and regional level, the expansion of large, modern cities due to the increase of
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population forces the transportation systems to effectively serve a large crowd
performing diverse activities all at the same time, increasing its complexity mani-
fold. At the national and international level, globalisation has forced researchers and
experts to design and implement complex and large scale systems to integrate all
the transportation means in multinational routes for passengers and cargos. Due to
this complexity, transportation systems are: (a) multi-modal in terms of passengers
and freights transportation, (b) multi-faceted in terms of impact to the society and
(c) multi-parametric in terms of design operation and management [7]. In any case,
robust transportation systems are required to absorb effects from disturbances that
are caused due to several socio-political-environmental reasons and yet ensure
operational continuity [7].

• The components of transportation systems can be divided into two categories:
the internal (physical) and the external components [5]. While the internal
components deal with the structural variables, the external components deal with
the organisational and political constructs of the transportation systems. It can be
understood from Fig. 2. Here that transportation systems, irrespective of the
division are highly dependent on the road networks to function and hence, one
of the focus of the study would be to look into how to make the physical
structures resilient? The next section - details out the literarture that was studied
and anlysed in order to formulate a framework that can measure the current
scenario of resilience in an given area and identify its strengths and weaknesses.

Infrastructur
e Systems 

Transport 

Electricity; 
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supply  

Communic
ations 

Banking 
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Finance 
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Services 

Governmen
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Fig. 1 Critical infrastructure
systems (CI’s) [5]
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3 Conceptualising Resilience and its framework
of measurment.

Resilience’ as a term was first employed by a Scottish engineer to describe the
strength and ductility of steel beams in an applied context as a descriptor for
robustness of cladding of iron ships (1858) [8]. It was in the early 20th century that
‘resilience’ as a term evolved to be applied in various schools of thought—medi-
cine, psychology, engineering and textile industry [9]. Late 1950’s gave rise to the
identification of characteristics of resilience in engineering (robustness and
redundancy) and later in psychology (resourcefulness and recovery–addressing
vulnerability) [10]. It was in the 1990’s when resilience as a concept transitioned
from natural ecology [11] to human ecology [12]. In the social sciences, resilience
is often considered as a strategy to disaster risk reduction (first mentioned in the
Hyogo framework of action) as a means for the socio-ecological systems to bounce
back after they have been hit by an uncertainty. Ever since, engineering and the
social science disciplines have identified ways to measure resilience both qualita-
tively and quantitatively. Bruneau et al. [13], conceptualised a quantitative
framework to measure and define seismic resilience of communities through
identifying 4R’s – Robustness (strength or resistance), Redundancy (alternative
options during stress), Resourcefulness (ability to identify problems) and Rapid
recovery (speed with which losses are overcome and re-stability is achieved) across
4 dimensions: Technical, Organizational, Social and Economic (TOSE) constraints
(Fig. 3) [14], while measuring the resilience for transportation systems added 10
variables along the lines of four dimensions mentioned above. While resilience had
become quite a prominent concept in the field of engineering, the social sciences,
especially the school of spatial planning and geography, began drawing dimensions
and formulating frameworks to measure resilience across geographies and com-
munities [8]. Resilience as stability, resilience as recovery and resilience as
transformation.

The more advancement humans make, greater is its impact on the society and the
more it becomes necessary to build resilience into the communities and
infrastructure [15]. Sudden impacts to human life cannot be averted, nor can be the

Fig. 2 Interdependency of transportation systems on road network
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uncertainty that it brings. The society can only be prepared to minimize the impact
and return to a normal setting within the shortest possible time, and with the help of
as little external resources as possible. Resilience in spatial planning, especially in
disaster management is a tool that is extensively utilised in the pre-disaster planning
process, to measure the standing of a society/a locality/a city/a region as against to
an impending impact—necessarily involving mitigation measures. It can also form
a part of the post-disaster planning process, where adaptation measures are con-
centrated upon, essentially serving as a tool for DRR in both the contexts. Manyena
et al. [16] highlight that disasters are accompanied by change, and that instead of
resilience involving ‘bouncing back’ after an event, it should involve ‘bouncing
forward’ and ‘moving on’. They argue that ‘bouncing back’ does not signal change,
and may involve returning to the conditions that may have caused the disaster in the
first place. They conclude that resilience can be viewed as the ‘intrinsic capacity of
a system, community or society predisposed to a shock or stress to bounce forward
and adapt in order to survive by changing its non-essential attributes and rebuilding
itself’. Resilience is considered the ultimate objective of hazard mitigation, that is,
“action taken to reduce or eliminate long-term risk to people and property from
hazards and their effects” [17]. Levina [18] proposes two key differentiators in
resilience definitions, the first being the ability of a system to withstand a distur-
bance without changing (whether by improvement or deterioration), implying that
no damage is done whatsoever, and the second, differentiator is the ability of the
system to recover when damage has already occurred. Supplementing to this
argument, Maguire and Cartwright (2008) [19] identify three views of resilience:
resilience as stability, resilience as recovery and resilience as transformation.

In the context of DRR, it becomes important to understand the various
approaches mentioned to measure resilience, not necessarily mean the same as the
strategy of building resilience [19]. For example, vulnerability—is a key concept
which can be viewed as a component of resilience or could be considered as one
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Fig. 3 Dimensions of
Resilience [13]
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end of a spectrum [18]. In certain scenarios, like in Belize, a vulnerability assess-
ment in terms of aqua culture was taken up to identify the vulnerable species and
plan for resilience. Similar studies were taken up in the pacific islands where
LiDAR images were used to map hazards as a means to identify key areas vul-
nerable to climate change [20]. As a contrast, an integration of the social sciences
and engineering approach was undertaken in the Republic of Mandova which
resulted in changes in Infrastructure design and operations in hospitals [21]. A risk
assessment technique could also be adopted as a measure for resilience, like in
Madagascar where policies for flood resistant infrastructure and various standards
for transport were formulated [22]. In cities like New Orleans, resilience is
enhanced through community-led actions, where people unite to build strong
neighbourhoods to overcome disasters [23]. Through this, it can be understood that
resilience can be measured across the TOSE (Fig. 3) dimensions irrespective of the
discipline or school of thought, where understanding vulnerability, hazards and/or
risks help in creating a shared learning process among various stakeholders in
creating or rather building resilience. Overall, an integrated framework, empha-
sising on the role of specific systems or system components in formal or informal
institutional setups, can help build a case to work towards resilience—measuring
first and building next. The next section will detail out the measurement aspects of
resilience, in terms of transportation systems, along the simensions mentioned in
the above section.

3.1 Transportation Systems and Resilience—The
Construction of a Framework

It is understood from the above sections that the idea of resilience when viewed
through a critical lens, considers not only natural calamities, but encompasses
disaster reduction, more generally, but not limiting to financial shocks, terrorism,
chronic stresses and so on. Producing a meaningful index, for something as com-
plex as the resilience of a city—including an all hazards approach is burdened with
reputational, conceptual and execution risk [23]. Human wellbeing in the urban
context often relies on a complex web of interconnected institutions, infrastructure
and information. Cities are also known as growth centres since they are the hubs of
economic activity, opportunity and innovation. These very areas are also places
where sudden shocks occur that may result in social breakdown, physical collapse
or economic deprivation [24]. In such scenarios, risk assessments and certain
measures to contain foreseeable hazards will prove to play an important role in
urban planning. Several frameworks were developed since after the Hyogo
Framework and the recent Sendai Framework to measure the current resilience in
urban contexts. However, most of the measuring techniques developed are either
hazard specific or dimension (TOSE) specific, measuring the susceptibility to dis-
ruption across specific sectors. For example Brueneu et al., [13] developed a
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framework to quantitatively assess and enhance the seismic resilience of commu-
nities—increasing the vulnerability of the communities involved to various other
risks. Similarly, New Zealand developed a National infrastructure policy in 2011
[25], which specifically entails the techniques to measure resilience of transporta-
tion systems, where an all hazards approach was chosen, where the framework was
proved to be highly subjective dveoid of technicalities. Understanding the quali-
tative aspect of the study helped in highlighting the importance of quantitative
aspects of research and since this study is limited to understanding resilience and/in
terms of transportations sytems, it becomes necessary to look into how the concepts
of resilience can be linked to transportation systems and if there are any qualitatuve
and quantitatvie methods to measure how strong the systems are for future impacts?

As it has been established, the resilience of transport systems to natural hazards
has a determining influence on key transport performance indicators, such as reli-
ability, safety, and cost effectiveness. These, and should be specified as a key goal
and objective in transport planning. In order to increase the strength of trans-
portation systems or any infrastructure in that matter, hazard mitigation and climate
change adaptation should be integrated within transport plans through the greater
use of hazard mapping tools and contextually appropriate design approaches.
Setting resilience as a key transport objective also goes hand-in-hand with an
approach that seeks to understand the role of the asset in the network and its
contribution to the economy and community. This entails a greater consideration of
the principles of redundancy, safe failure, diversity, and flexibility in the
development.

The world bank technical report of 2015 has made a resilience measuring
framework involving spatial planning attributes, infrastructural planning attributes
linking them with environment and post disaster risk and recovery planning support
identifying certain factors effecting the resilience of transportation systems in
specific (Fig. 4).

A SMART Transportation Alliance technical Report of 2015 has identified two
major or key aspects of transportation resilience—that of Risk Analysis and Risk
Mitigation. The proposed adaptation process sets out to be implemented periodi-
cally as a part of the local/regional/national transportation network decision-making
process. Various technical measurements exist to understand the technicality of the
transportation systems. One such method is the Network Robustness Index, which
measures the robustness of a network based on certain indicators on TransCAD
[26].

A transportation Resilience measuring framework was thus developed, through
the literature study, involving both the qualitative and quantitative methods and the
principles of resilience—robustness, redundancy, resourcefulness and rapid
recovery, which are captured through various methods.

• Robustness—through the application of Network Robustness Index.
• Redundancy through a performance Index—evolved based on the context of the

case being investigated.

394 V. Akavarapu and M. Ahmed



• Resourcefulness, through context specific indicators evolved for conflict man-
agement and social protection.

• Rapid Recovery, through context specific criteria evolved only for the organi-
sational management (Fig. 5).

The context of the framework, on broader terms is divided into three major
aspects—Regional Assessment—which deals with the regions as a whole; for
example: areas with a specified boundary defined on the basis of administrative
terms or prone to disasters or areas high in below poverty line population etc. The
second aspect, is the Specific Asset Assessment (SAA), which heavily relies on one

Fig. 4 Factors effecting resilience of transportation systems

Fig. 5 Transport resilience framework (author)
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particular asset—be it a building of a particular land use or a structure of cultural
importance and the third aspect is the Network Assessment—which is basically the
analysis of a particular network—be it the road network or the water supply net-
work or the communication lines. After specifying the context, the first major
assessment is to delineate the area of study based on its vulnerability to cyclones
and this includes the Cyclone Risk assessment—which also consists of cyclone
vulnerability assessment, social vulnerability assessment, economic vulnerability
assessment and a physical vulnerability assessment—all of which have underlying
and specified attributes which lead to the delineation of the area that is highly prone
to cyclonic disruption. The delineated area will then be measured for resilience
using varied qualitative and quantitative methods inclusive of the four major
dimensions of resilience—robustness, redundancy, resourcefulness and rapid
recovery. Robustness is measured through Network Robustness Index which
measures the strength of the road network through delay caused in total time of
travel, while moving from one place to the other. Redundancy, resourcefulness and
rapid Recovery are measured through indicators developed through literature which
are then marked on a scale of 1–4 on the basis of how the indicators were dealt in
the past when severe cyclonic storms took place in the case study area. The marks
achieved in all the indicators are then summed up to understand the present scenario
and considering the scores, interventions for the future—“planning for resilience”
are considered.

4 Case Study—City of Visakhapatnam

The City of Visakhapatnam, also known as Vizag, is one of the important cities on
the east coast of India. It is the industrial capital of the state of Andhra Pradesh. Its
health infrastructural facilities and educational opportunities made it as the destiny
for the people of the bordering state like Orissa, and Chhattisgarh. Visakhapatnam
experiences a variety of natural disasters throughout the year Visakhapatnam has
been hit by many cyclones over the years, of which HUD HUD has been the worst.
The city then devised a Disaster Management plan for the city. When the transition
from the Hyogo Framework of Action to Sendai Framework of Action took place,
the world bank sponsored certain projects in the India—Surat, Assam and Andhra
Pradesh, to plan for its infrastructure to be resilient and the Greater Municipal
Corporation of Visakhapatnam has taken up the project and is presently working
towards planning for resilience and incorporating it in the DMP. This research is to
identify certain mechanisms, firstly to understand the level of resilience in the city
and then to plan for it—hence to understand the mechanism, transportation systems
have been selected and the framework developed will be applied for the city of
Visakhapatnam.
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4.1 Demonstrating the Framework

The context of the framework, on broader terms is divided into 3 major aspects—
Regional Assessment—which deals with the regions as a whole; for ex: areas with a
specified boundary defined on the basis of administrative terms or prone to disasters or
areas high in below poverty line population etc. The second aspect, is the SpecificAsset
Assessment (SAA), which heavily relies on one particular asset—be it a building of a
particular land use or a structure of cultural importance and the third aspect is the
NetworkAssessment—which is basically the analysis of a particular network—be it the
road network or the water supply network or the communication lines.

After specifying the context, the first major assessment is to delineate the area of
study based on its vulnerability to cyclones and this includes the Cyclone Risk
assessment—which also consists of cyclone vulnerability assessment, social vul-
nerability assessment, economic vulnerability assessment and a physical vulnera-
bility assessment—all of which have underlying and specified attributes (constructed
based on the case area-susceptible to change according to the context) which lead to
the delineation of the area that is highly prone to cyclonic disruption (Fig. 6).

The delineated area (Fig. 7) will then be measured for resilience using various
qualitative and quantitative methods inclusive of the four major dimensions of
resilience—robustness, redundancy, resourcefulness and rapid recovery.

Robustness is measured through Network Robustness Index which measures the
strength of the road network through delay caused in total time of travel, while
moving from one place to the other (Fig. 8).

Fig. 6 High cyclone prone area (in red)
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Fig. 7 The delineated area of study

Fig. 8 Increase in travel time—NRI
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Redundancy, resourcefulness and rapid Recovery are measured through indi-
cators developed through literature which are then marked on a scale of 1–4 on the
basis of how the indicators were dealt in the past when severe cyclonic storms took
place in the case study area. The marks achieved in all the indicators are then
summed up to understand the present scenario and considering the scores, inter-
ventions for the future—“planning for resilience” are considered.

The rest of the dimensions were measured based on certain evolved indicators
which were marked again, based on the marking scale specified and a cumulative
score for the present resilience as observed in the city was achieved.

Dimension Aspect of
measurement

Measure Item of measurement Score

Robustness Structural Network robustness
index

Road network 2

Accessibility to
evacuation shelters

Road network 3

Exposure of critical
assets to cyclone

Social infrastructure 4

Design Design codes for
resilience

DDMP, building
bye-laws

2

Redundancy Procedural Access to lifeline utilities Road network 3

Network availability Road network 2

Action plans Plans documents 3

Access to emergency
services

Cyclone reports/
public survey

3

Access to emergency
services for emergency
vehicles

Cyclone reports/
public survey

3

Resourcefulness Procedural Social protection Evacuation shelters 3

Transport
mechanisms to
evacuation shelters

2

Conflict management Mobile technology 4

Radio
communications

4

Backup equipment 3

Rapid recovery Interdependency Organizational
capabilities

Roles and
responsibilities

4

Responsiveness 3

Skills/tool/resources 2

Total 50/
68
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Certain gaps were identified, which are to be considered and addressed while
planning for disaster resilience

• Increasing robustness should be a priority—addressing it structurally.
• Design codes for resilience to be developed.
• Redundancy—to be improved based on the past experiences of Phailin and

HUD HUD.
• Organizational resilience should be targeted.

5 Conclusion

The Application of the transport resilience framework highlighted certain gaps in all
of the four dimensions. When the aspect of robustness is considered, the network
robustness Index was again considered, taking 2017 as the base case year. Traffic
volumes were projected using the for the years 2030 and 2050 using time-line
multiple regression analysis where the constants involved were—the total popu-
lation and the employed population—projected for 2030 and 2050 respectively and
the NRI was built for the same at a + 1 iteration, removing each link for each of the
iteration. For the year 2030, the change observed from the base case is 8.7%,
indicating that disruption of certain major links, exceeding the capacity can cause
re-routing troubles, since the performance i.e., the flexibility is targeted (Fig. 9).

For the year 2030, the change observed from the base case is 24.7%, indicating
that disruption of even one major link, exceeding the capacity indicating that the
disruption of any link in the case study will lead to the automatic disruption of all
the links—owing to a travel time difference of up to 33 min. In such scenarios,
certain design codes for resiliency targeting the network should be developed
alongside the building bye-laws. Since climate change predicts that future extreme
storm events are going to occur, some planned infrastructure changes include:

Fig. 9 Projected NRI—2030 and 2050
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• Reconstruct and upgrade streets damaged by cyclones to include resiliency
features;

• Integrate a variety of climate resiliency features into future street reconstruction
projects;

• Including water management best practices and tools. These features allow
water captured on streets to soak into the ground rather than flow into the sewer
system, resulting in lower drainage loads on both sewers and wastewater
treatment plants;

• Installing bioswales (planted areas in the sidewalk designed to capture storm
water from the adjacent roadway) and/or pre-cast permeable concrete gutters,
and adding or raising bulkheads top help prevent street flooding;

• Make sure traffic signal electronics are above flood levels and include emer-
gency generators;

• Install floodgates and raise entrances to flood vulnerable traffic tunnels.
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Chapter 36
Application of GIS and Remote Sensing
Technique in Drainage Network
Analysis: A Case Study of Naina–Gorma
Basin of Rewa District, M.P., India

Vimla Singh, L. K. Sinha and Ampa Ganga Bhavani

Abstract The Drainage network analysis of river basin found to be helpful in
offering a quantitative description of the existing drainage network, which play a
key role in any hydrological analysis such as groundwater potential assessment,
watershed planning and environmental management. In the present study
Geographical Information System (GIS) and Remote Sensing (RS) techniques are
applied for identification of morphological features of the drainage in the Naina–
Gorma Basin. The study deals with analysis of linear and areal aspects of the
drainage basin. The drainage network was classified according to Strahler’s system
of classification and it reveals that the basin has mainly sub-dendritic to dendritic
type of drainage pattern. It is observed that the drainage density value is low i.e.
1.64 in the basin region which indicates that the basin has highly permeable subsoil
and having thick vegetative cover leading to good groundwater potentials in the
study region.

Keywords GIS & RS technique � Morphological feature � Drainage network
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1 Introduction

India is a country of diverse having unique geographical features with the mainly
monsoon type of climate. The importance of water cannot be underestimated
because of its life supporting properties, hence, nowadays greater emphasis being
set for its efficient management to achieve optimal and sustainable development.
Present paper focuses GIS based analysis of drainage network for the purpose of
better understanding of the hydrologic system of the region. Keeping the objective,
drainage morphometry has been performed which is the measurement of the shape,
characteristics, behavior and drainage pattern of the study region. The morpho-
metric characteristics of various river basins have been calculated earlier by many
researchers using conventional method [4, 10, 12], remote sensing and GIS
methods [1, 2, 5, 7, 11]. In the present study drainage characteristics of Naina–
Gorma basin computed for various linear and areal parameters using GIS and RS
technique. The investigation of the drainage network provides significant and
valuable key in understanding the Geo-hydrological behavior and expresses the
most frequent climate, geology, geomorphology of the study region. Drainage
network analysis of the basin using GIS and RS is helpful in watershed manage-
ment like flood management and ground water potential zone mapping [9].

Fig. 1 a Location map of the study area. b Field picture showing (a) A view of Naina river
(b) Vegetation in the region and tributary of Gorma river (c) Topography of the study area
(d) Erosion and ravines in the basin
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2 Study Area

The concern river, Naina–Gorma is a tributary of the Belan river. The basin area
lying between 24° 35′ 00″–24° 57′ 30″N latitudes and 81° 37′30″–82° 15′ 00″E
longitudes, acquiring an area of about 1420 km2 scale (Fig. 1a).

Physical features of the study area are shown in Fig. 1b. The reason behind the
selection of this basin is that it is untouched area and till there is no work of that
kind is carried out. The Naina–Gorma river flows from south to north (source to
mouth), all rivers and its tributaries of basin take their sources over the Rewa
plateau and from northern flanks of kaimur range. The study area lying between the
Son river in the south and Belan river in the north with various topographic
characteristics. The region having slopes gradually northward from Kaimur range to
the Rewa Scarps and to plain countries.

It is important to note that the general slope of the region is from south-east to
north but height of the Rewa Scarps is gradually decreases northward from Rewa
plateau to Vindhyan uplands and plain countries. The southern margins of the study
area have been demarcated by Sardaman protected forest i.e. in Damodargarh block
and tahsil and beside this forest, Son river flows parallel to the Kaimur Range.

Fig. 1 (continued)
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Fig. 2 SRTM DEM of Naina–Gorma Basin
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Geologically the Rewa district are comprised of two major geological formations,
Upper Vindhyan groups and Lower Vindhyan groups but in the Naina–Gorma
basin only Upper Vindhyan groups are covering the major portion of the regions
and the Archaeans consist of granites and gneisses besides recent alluvium.

3 Methodology and Data Set

The primary source of the data is the Survey of India (SOI) Toposheets viz. 63H/9,
10, 13, 14 and L/1, 2 on 1:50,000 scale. For recent topographical picture, satellite
image of the IRS-1C (LISS III Data, 2008) on the scale 1:50,000, have been used.
SRTM DEM of 90 m resolution data has been used for the terrain evaluation in the
study basin (Fig. 2). The basin boundary marked on Arc GIS platform after geo-
referencing of the toposheets. The drainage pattern (Fig. 3) of the study area has
been digitized using toposheets and various other parameters computed with the
help of Arc GIS 9.6 software. Method that used in the study is described in the
given flow chart.

Fig. 3 STRTM DEM Drainage map of the Naina–Gorma Basin
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4 Result and Discussion

The morphometric parameters of the Naina–Gorma river basin are categorized as
linear and areal aspects. The parameters were calculated using provided equation
for each parameter. The result found is tabulated in Tables 1 and 2.

Table 1 Bifurcation ratio and stream length ratio of Naina–Gorma Basin

Stream
order (l)

Number of
stream (Nl)

Total length of
stream (Km)

Bifurcation
ratio (Rb) = Nl/N
(l + 1)

Stream length ratio
Rl ¼ �Ll=�L l�1ð Þ

1 2376 1296.23 5.30 –

2 448 473.40 4.43 1.95

3 101 270.21 4.59 2.54

4 22 165.21 3.67 2.81

5 6 85.75 3.00 1.90

6 2 42.75 2.00 1.47

7 1 2.58 – 0.13

Total 2956 2259.11 Average Rb = 3.28

Table 2 Linear and areal morphometric parameter of Naina–Gorma Basin

Morphometric parameters Symbol/formula References Result

Stream order u Strahler [13] 7th

Stream number Nu Horton [4] 2956

Stream length Lu Horton [4] 2259.11

Bifurcation ratio Rb Schumn [8] 3.28

Stream length ratio RL Horton [4] (Table 1)

Area (km2) A Arc GIS 1425.85

Perimeter (km) P Arc GIS 201.57

Basin length (km) (Lb) Lb Arc GIS 140.52

Drainage density (km/km2) (Dd) Dd = Lu/A Schumn [8] 1.64

Stream frequency (Fs) Fs = Nu/A Horton [3] 2.08

Texture ratio (T) T = N1/P Horton [4] 3.41

Elongation ratio (Re)
Re ¼ 2

ffiffiffiffi

A
p

=p
Lb

Schumn [8] 0.30

Circularity ratio (Rc) Rc ¼ 4pA
P2

Miller [6] 0.43

Form factor ratio (Rf) Rf = A/Lb2 Horton [3] 0.072

Where
Lu = Total stream length of all orders
Nu = Total no. of streams of all orders
N1 = Total no. of 1st order streams
П = 3.14
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5 Mapping of Linear Aspects

Linear aspect of drainage network includes number of streams, order of stream,
stream length (Lu), Bifurcation ratio (Rb) and stream Length Ratio (RL). The result
obtained has been presented in Table 1. The first and foremost parameter computed
is Stream Number which is order wise total number of streams of the drainage and it
is directly proportional to the size of the river basin and inversely proportional to
stream order of the studied basin. Total 2956 stream segments have been found in
the study region. Stream ordering of the drainage were perform using Strahler
method [12]. for better presentation geometric relationship is graphically shown in
form of straight line while the log value of these variables (stream order and stream
number) and (stream order and stream length) plotted (Figs. 4 and 5), the analysis
suggesting that the area comes under normal basin category.

Stream Length (Lu) is the number of streams of various orders counted and their
length is measured in the basin [13].

Figure 5 shows plot of the logarithm of stream order against stream length. It
shows linear pattern which point toward the homogeneity in rock feature subject to
weathering and erosion characteristics of the basin. The plot (Figs. 4 and 5) shows
the normal trend in the basin that indicates the terrain have gentle slope, low relief
and homogenous lithology.

Fig. 4 Regression of
logarithm (stream number vs.
stream order) of basin

Fig. 5 Regression of
logarithm (stream length vs.
stream order) of basin

36 Application of GIS and Remote Sensing Technique … 409



Bifurcation Ratio (Rb) characteristically ranges between 3.0 and 5.0 in studied
basin, showing that the geologic structures do not distort the drainage pattern of
basin [13]. Rb value 3.28 indicates that the drainage pattern are less disturbed by
geological structures of the region. The value of RL indicates their mature geo-
morphic phase. Stream length ratio (RL) in basin shows an increasing trend as
move from lower order to higher order of streams but after 4th order of streams it
shows decreasing trend, indicating some early life features. Whereas, basin changes
in RL from one order to another is the sign of late youth to established stage of
geomorphic development of basin (Table 1).

6 Areal Aspects of the Drainage Basin

Drainage density (Dd), Stream frequency (Fs), Texture ratio (T), Elongation ratio
(Re), Circularity ratio (Rc) and Form factor ratio (Rf) were calculated for the aerial
aspects of the drainage basin and results have been shown through Table 2.

The Ratio of total streams length per km2 area in the basin (km/km2) is repre-
senting Drainage density (Dd) of the basin which illustrates the proximity of
spacing of streams in the region. Dd of the study area is 1.64 km/km2 (Table 2),
indicates that the region has highly porous subsoil, gentle slope and dense vege-
tation cover. Texture Ratio (T) is a significant factor in morphometric analysis of
river basin, depending on the implicit lithology, permeation capacity and relief
aspect of the terrain feature. In the study region the texture ratio of the basin is 3.41
and categorized as moderate in nature. Stream Frequency (Fs) which is the total
number of stream segments per unit area in the basin found to is 2.08, value of Fs
for the basin show evidence of positive correlation with the Dd value of the area,
representing the increase in stream population with increasing value of Dd.
Elongation Ratio (Re) is an important indicator of basin shape, it helps to draw an
idea regarding the hydrological character of a drainage basin of the study region.

The Re value of the study area contained is 0.30 which implies that study basin
comprises low relief and elongated in shape. Circularity Ratio (Rc) value of the
basin is 0.43, supports the Miller’s range [6] showing basin is elongated in shape,
and have highly permeable soil condition. Dimensionless ratio of basin area to the
square of basin length is represented by Form Factor Ratio (Rf) (Tables 1 and 2), Rf
value of the basin calculated 0.072, showing lower value and hence, represents
elongated shape of basin with flatter peak of flow for longer duration.

7 Conclusion

The drainage analysis of drainage network found to be useful in river basin eval-
uation which ultimately provides a tool in watershed management regarding soil,
water, and natural resources management of the study area. The morphometric
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parameters of the drainage evaluated using GIS and RS technique, helpful in
understand the various terrain features like nature of the bedrock, infiltration
capacity, runoff potential, etc. The drainage network analysis shows that the basin
encompasses low to high relief terrain and elongated shape. Drainage network of
the basin mapped is mainly dendritic type, representing homogeneity in texture of
rock which is devoid of structural control of the area. The linear pattern of the
graphical representation indicates weathering erosional characteristics of the study
area. Similar studies using of high quality satellite data will surely helpful in
assessment of landforms and their processes which lead a better planning and
management approach like flood management and ground water recharge zone
identification of the region in the future.
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Chapter 37
Impact of Land Use/Land Cover
and Mangrove Degradation on Coastal
Erosion in Godavari Delta Region,
Andhra Pradesh—A Geospatial
Approach

A. Kavya, A. Ganga Bhavani, Peddada Jagadeeswara Rao
and V. Bala Chandrudu

Abstract The study focused on spatio-temporal changes in land use/land cover and
degradation of mangroves which in turn identification of coastal erosion zones
along the 185-km long coast line of Godavari delta region, India. This work ana-
lyzed multi-date satellite imagery of Landsat 4, 5, 7 and 8 TM and ETM sensors of
2002, 2011, and 2017 which revealed rapid changes in land use/land cover, man-
grove degradation and coastal erosion. From the year 2002 to 2011, a decrease in
area of about 36.6 km2 of mangroves and coastal erosion of 4.535 km2 is observed
whereas from 2011 to February 2017 there is a considerable increase of 19.88 km2

in mangroves is observed. During 2002 to 2017, severe beach erosion of 0.184 and
0.418 km2 occurred at Uppada-Konapapapeta coast and Nilarevu river mouth
respectively. Similarly, an accretion of 0.526 km2 is observed in Vakalapudi. This
study assessed 16.722 km2 of mangrove degradation and 4.103 km2 of coastal
erosion because of conversion of mangroves into aquaculture and agriculture. This
study suggests construction of sea walls, groins and to prevent conversion of
mangroves into aquaculture and agriculture lands are the suitable measures.
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1 Introduction

Natural disasters such as tsunamis, storms, earthquakes, forest fires, coastal erosion,
etc. are occurring globally. Coastal erosion is one of the major problems for
developing shorelines everywhere in the world. Coastal erosion is the loss of land in
the coast into the sea due to natural processes such as tides, waves and currents [1].
About 60% of the world’s population lives within 100-km of the coast. As the
economic activities in the coastal zones are increasing, pressure is increasing on
coastal eco-system. The rate of beach erosion in recent years is increasing due to
changes in coastal dynamics and severe anthropogenic activities [2]. This is further
intensifying owing to deforestation. Coastal erosion and shoreline management
plans are often implemented on an action-reaction and post-disaster basis, resulting
in installation of hard engineering structures, such as, groins, seawalls, and
breakwaters. These hard stabilization structures usually alter the natural environ-
ment of the coast, producing negative impacts [3]. Mangrove and salt marsh veg-
etation can afford context-dependant protection from erosion, storm surge and
potential tsunami waves and conversion of these areas for agriculture, aquaculture
and industrial purposes. The major reason for the conversion of mudflats into
agriculture lands is, during high tide the sediment is carried into mangroves and
during low tide water is moving back into the sea leaving the sediment. Reiteration
of this process leads to rise in the elevation of tidal flats over a period of time [4].
The study area, Godavari delta region is enriched with hydrocarbons and extensive
paddy agriculture and coconut plantation. Godavari delta coast is being experienced
by coastal erosion. Studies revealed more erosion than accretion in Godavari delta
region [5]. A study carried by Rao et al. [6] revealed that an area of 20.1 km2 had
been eroded from 1965 to 1990, similarly, 10.4 km2 from 1990 to 2000 and
7.1 km2 from 2000 to 2008. It is revealing that erosion is dominating than accretion
in Godavari delta coast region [6].

2 Study Area

The study area, Godavari delta region is located between 81° 43′ 25.058″E–
82° 19′ 4.687″E lat and 16° 30′ 59.877″N–17° 9′ 17.483″N long (Fig. 1). Taking
into consideration of creeks (back waters) and aquaculture in Godavari delta region
a 20 km buffer from the sea coast to inland has been considered as study area. The
study area is covering 3125 km2 in East Godavari and West Godavari districts,
Andhra Pradesh. The area has significant importance in terms of agriculture,
mineral resources, wetland habitats, fish production, oil and natural gas resources
and a huge delta with coast line of 185-km [7]. The area is also famous for
mangrove forests which are popularly known as Coringa reserved forest, covers
213.03 km2.
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3 Methodology

The Landsat satellite data have been downloaded from the website www.usgs.gov.
in. The data mosaicked in ERDAS Imagine-2014, thereafter, digitization of land
use/land cover is carried out in ArcGIS-10.3. Survey of India toposheets 65H/7, 11,
14, 15; 65L/1, 2, 3, 5, 6 and 65K/4 and 8 were performed geometric correction in
ERDAS Imagine-2014, a buffer of 20-km from coast line to inland was delineated
in ArcGIS-10.3. The study area (AOI) is delineated on mosaicked satellite images.
The methodology adopted in this study is shown in Fig. 2.

Landsat 5 (TM, ETM), 7 (ETM+) and 8 (OLI, TIRS) imagery with spatial
resolution of 30 m are taken for land use/land cover. Toposheets and other col-
lateral data of the study area are used for correlation. Band combination of 5, 4, 3
are used for Landsat 8 and 4, 3, 2 are used for Landsat 7, 4 and 5 to get false color
image and AOI (Area of Interest) of the study area. Land use/land cover is carried
out following the standard visual interpretation techniques of guidelines.
Digitization of coast, mangroves, built-up area, aquaculture and agriculture (Fig. 2)
is done using 2002–2017 satellite imagery in ArcGIS-10.3 and change detection is
calculated. The 21-km long spit popularly known as Hope Island is in north eastern
side of the Godavari delta region was initiated during 19th century [8]. The bay
head delta was characterized by extensive mangrove forest during the early part of
20th century [9].

Fig. 1 Location map (Mosaic of Landsat TM image dated October 16 and November 10, 2016)
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4 Land Use/Land Cover

Land is the most important natural resource endowment on which all the man’s
activities are based. The knowledge on the spatial distribution of land use/land
cover and its pattern of change, promotes to understand how the land is being
utilized. The land use/land cover are delineated through on-screen digitization
following the standard visual interpretation techniques in ArcGIS-10.3 is shown in
Fig. 3a, b. In this seven land use/land cover categories have been identified namely
agriculture and plantation, mangrove forests, beach, river and creeks, built-up,
wetlands-saltpans and aquaculture-ponds. Change in land use/land cover from
2002, 2011 and 2017 in Godavari delta region is shown in Table 1.

Mangrove degradation and coastal erosion in Godavari delta

SOI toposheets -65H/7, 11, 14, 15 ;  
65L/1, 2, 3, 5, 6 and 65K/4, 8

Geometrically 
corrected ERDAS

Imagine-2014

Base map (AOI)

Satellite Imagery Landsat 4,
5, 7 and 8

Band combination 
ERDAS Imagine 2014

Land use/ Land 
cover ArcGIS-10.3 

Land use/ Land cover

Coastal erosion at Konapapapeta and Uppada,
Accretion at Kakinada and Vakalapudi and Field 

observations of beach profiles

Identification of coast line parameters

Recommended suitable remedial measures

Sustainable mangroves and coastal eco-systems

Mangrove 
forest 

Aquaculture
And ponds 

River
and 

Creeks 

Agriculture Built-upBeach

Fig. 2 Conceptual framework of the study area
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Fig. 3 a Land use/Land cover based on Landsat TM-2002. b Land use/Land cover based on
Landsat OLI and TIRS-2017

37 Impact of Land Use/Land Cover and Mangrove Degradation … 417



T
ab

le
1

A
re
as

of
la
nd

us
e/
la
nd

co
ve
r

S.
no

.
N
am

e
of

fe
at
ur
e

A
re
a
in

20
02

(k
m

2 )
A
re
a
in

20
11

(k
m

2 )
%

ch
an
ge

in
ar
ea

fr
om

20
02

to
20

11
A
re
a
in

20
17

(k
m

2 )
%

ch
an
ge

in
ar
ea

fr
om

20
02

to
20

17

1
A
gr
ic
ul
tu
re

an
d
pl
an
ta
tio

n
21

72
.1
69

22
57

.1
09

3.
91

19
34

.0
62

(−
)1
4.
31

2
M
an
gr
ov

e
fo
re
st

21
3.
03

17
6.
43

(−
)1
7.
18

19
6.
30

8
11

.2
6

3
B
ea
ch

22
.2
43

17
.7
08

(−
)2
0.
38

18
.1
4

2.
43

4
A
qu

ac
ul
tu
re
-p
on

ds
24

6.
27

18
7.
16

(−
)2
4.
00

28
3.
53

51
.3
2

5
B
ui
lt-
up

22
3.
42

5
25

4.
09

1
13

.7
2

43
5.
25

71
.2
9

6
R
iv
er

an
d
cr
ee
ks

14
6

14
6

0
14

6
0

7
W
et
la
nd

s
an
d
sa
ltp

an
s

72
.8
7

57
.5
02

(−
)2
1.
08

78
.1
39

35
.8
8

418 A. Kavya et al.



5 Mangrove Forest Role in Coastal Erosion

Mangroves and coast are interdependent to each other. Mangroves and coast help
each other in protecting environment from disasters. Destruction of mangrove
forests or salt marshes to make way for shrimp farms is directly affecting the delta
coast. Figure 4a, b is clearly showing that in 2002 the Hope Island is connected to
the land, during that time the mangroves are thick and dense whereas in 2017 the
mangroves near the Hope Island are degraded and the tail part of the spit is sep-
arated from the land. All over the Godavari delta region from the year 2002–2017
mangroves witnessed degradation by 7.8% and coast eroded about 18.44%
(Table 2).

6 Field Observations

Field studies at Konapapapeta and Uppada sea coast revealed erosion and defor-
estation of Coring mangrove forest. Severe erosion is observed at Uppada and
Konapapapeta beach (Fig. 5), where the sea waves removed the existing road and
encroached into the agricultural fields. To arrest erosion, a sea wall was constructed.
After taking these measures at Uppada coast, the near area Konapapapeta coast has

Fig. 4 a, b Showing temporal variation of mangroves and coast at Hope Island

Table 2 Change detection of
mangroves and coast from
2002 to 2017

Area/year 2002 2017 Change in % (%)

Mangroves 213.03 196.308 (−)7.8

Beach 22.243 18.14 (−)18.44
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been eroded, where similar technique has been used. Near Vakalapudi and
Kakinada coast deposition observed. It is assumed and attributed that the Hope
Island might be the reason for changing the wave intensity and velocity besides
seasonal and global changes.

Temporal change of 15 years shows that there is a deposition at Kakinada port
and erosion at Uppada coast which is above the Kakinada port (Fig. 5b).

7 Results and Discussion

Satellite data of 10 years have shown that deforestation of mangroves and coastal
erosion is increasing. It is observed, aquaculture which plays an important role in
degradation of mangrove forests. The Landsat imagery browsed and downloaded
from the Earth Explorer and the areas of mangroves, coastal erosion and aqua-
culture is calculated in ArcGIS-10.3.

In the year 2002, the coast is about 22.243 km2 and the total area of mangroves
is 213.03 km2, whereas the area covered by aquaculture is about 246.27 km2 in
Godavari delta region. In the year 2008, the coast is eroded to 14.93 km2 and the
mangroves reduced to 180.91 km2, whereas the area under aquaculture has
decreased to 230.93 km2. In the year 2011, the coast has gained 2.778 km2 and
total coast area in this year is 17.708 km2 and the mangroves have again reduced to
176.43 km2, the area which covered the aquaculture is at 187.16 km2. In the year
2017, the area under mangroves has increased to 196.308 km2 and an accretion of
around 0.432 km2 is observed, whereas, area of aquaculture is 283.533 km2.

Observed in this study, from the past 15 years aquaculture is increased an area of
15.13%, whereas mangrove deforestation and coastal erosion are 7.84 and 18.44%

Fig. 5 a Showing erosion in Konapapapeta beach near Uppada, Andhra Pradesh within 50 days
and b showing erosion at Uppada coast and deposition near Kakinada port

420 A. Kavya et al.



respectively. It is clearly showing that aquaculture impact on deforestation of
mangroves. If mangroves are degraded it directly influences the coastal erosion
(Fig. 6).
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Chapter 38
A Geospatial Approach to Assess
the Liquefaction Vulnerability of Kutch
District, Gujarat—A Case Study

Kuntal Ganguly, Peddada Jagadeeswara Rao,
K. Mruthyunjaya Reddy and Bendalam Sridhar

Abstract The study investigated the influences of earthquake on soil liquefaction
utilizing multi-temporal datasets of Landsat ETM+ and ancillary datasets of seis-
micity, LULC, soil, hydrology, Peak Ground Acceleration (PGA) and Modified
Mercalli Intensity (MMI) of the earthquake. The study has identified vulnerable
liquefaction zones of Kucth region of Gujarat using Remote Sensing and GIS based
multi-criteria analysis technique. The obtained results have categorized the study
area into 6 vulnerability zone- very low, low, significant, high, very high and
severe. The results shown that the NDMI value was increased significantly from
−0.01 to 0.20 after earthquake. It has been observed that most of liquefaction has
been predicted for Wetlands land use category. The study has also shown lique-
faction probability equally high for those areas having red gravelly and red loamy
soils.
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1 Introduction

Soil liquefaction occurs whereby a soil substantially loses strength and stiffness in
response to an applied stress, usually earthquake vibration or other rapid loading,
causing it to behave like a liquid. Liquefaction is more likely to occur in loose to
moderately saturate granular soils with poor drainage, such as silty sands, sandy
silts, clayey sands [1] or sands and gravels capped or containing seams of imper-
meable sediments [2]. Earthquake liquefaction is a major contributor to urban
seismic risk [3]. Historically, liquefaction-related ground failures have caused
extensive structural and lifeline damage around the world. Recent examples of these
effects include the damage produced during the 2001 Bhuj–India, 2010 Haiti, 2010,
and 2011 New Zealand earthquakes. It is observed from these earthquakes, that the
occurrence of co-seismic liquefaction, and thus the distribution of liquefaction
related damage, is generally restricted to areas that contain low-density, saturated,
near-surface (<40 feet depth) granular sediments that are found in regions prone to
seismic ground motions exceeding a specified threshold level [4]. As the prediction
of seismic event is still rudimentary, the developments in science and technology
can be effectively used to minimize the devastative effects of an earthquake. The
calamities of the recent earthquake made the scientific community in India [5–8]
and abroad [9–11] to contribute from different angles converging towards MSZ
[12]. One among the important components of MSZ is mapping the liquefaction
potential (LP) areas. It is not over emphasized to state that maximum devastation to
structures is caused due to liquefaction related ground failures [13, 14]. Though the
Kutch area has witnessed several devastative earthquakes in the recent history [15]
not much work has been done on liquefaction assessment in particular. The ability
of geospatial technologies have proved its effectiveness at decision support level.
Thus, the Remote Sensing and GIS can be utilised as a management tool in prior to
the occurrence of the event.

2 Study Area

The area is covering the Kutch district of Gujarat state of India having total geo-
graphical area of 45,612 km2. The study area is located between 22° 44′ 08″N to
24° 41′ 30″N latitudes and 68° 7′ 23″E to 71° 04′ 45″E longitude. The great Rann
of Kutch is a salty low land and marshy region surrounding Kutch located in the
north of the district. The alluvial plain stretches northwards for over 400 km, and
joins the Rann of Kutch. Structurally, the Kutch represents a rift basin of Late
Triassic-Early Jurassic, manifest the longest evidence of the Mesozoic succession in
the western India. The geo-techtonic activities are scattered in the landscape of this
area are the proof of palaeo-seismic indicators (Fig. 1).
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3 Data and Softwares Used

In the present study the published data has been utilised from different government
and non-government sources and has been analysed and presented for particular
applications. The data sources are listed below:

Hydrology and Soil data sources: NATMO, Kolkata
PGA and MMI data sources: USGS

Satellite image specifications are listed in Table 1.
In the present study the Erdas Imagine 2014 has been used for digital analysis of

satellite images. Whereas ArcGIS 10.3 has been used for GIS modeling and
analysis.

Fig. 1 Location of the study area

Table 1 Landsat ETM+
image specifications

Sensor Platform Path/
row

Band Spatial resolution
(m)

ETM+ Landsat
7

149/43
149/44
150/43
150/44
151/43
151/44

1–5
6–7
PAN

28.5
59.5
14.5
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4 Methodology

In the present study a conceptual framework has been developed to analyse the
liquefaction probability of the study area. The detailed work flow is given in Fig. 2.

4.1 Normalized Difference Moisture Index (NDMI)

Normalized Difference Moisture Index (NDMI) has been derived from Landsat
spectral bands 4 and 5 to assess the surface wetness of the study area before and
after the earthquake event. NDMI has been calculated using the following equation:

NDMI = [Band 4� Band 5�= Band 4 + Band 5½ �

NDMI values ranges from +1 to −1, where, (+1) indicates the high moisture
condition and (−1) indicates the low moisture or dryness (Fig. 3).

4.2 Land Use/Land Cover (LULC)

LULC map has been prepared using Landsat ETM+ imageries. The supervised
classification approach has been adopted to extract 6 major level 1 LULC classes
required for the study. The obtained LULC classes are- Built-up, Cropland, Forest,
Wastelands, Wetlands and Rann (Fig. 4).

Fig. 2 Conceptual framework of the study
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4.3 Seismicity Mapping

The seismicity of the study area has been done by utilizing historical earthquake
data of 340 years (1668–2008). The data has been further utilized to identify the
isoseismic character of the study area (Fig. 5).

4.4 Soil and Hydrology Mapping

Soil and hydrology is the most important factor for liquefaction occurrence for any
study area has been mapped from the data published by NATMO. The required
classes for the study has been digitized and used for further analysis of the study
(Figs. 6 and 7).

Fig. 3 NDMI map of the study area
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4.5 Peak Ground Acceleration (PGA) and Modified
Mercalli Intensity (MMI)

PGA and MMI data has been obtained to display the extent and variation of ground
shaking throughout the affected region immediately after earthquakes. PGA can be
exhibited in ‘g’ (acceleration due to earth’s gravity), can be exclaimed as either a
decimal or percentage, in m/s2 (1 g = 9.81 m/s2) or in Gal, where, 1 Gal = 0.01 m/s2.
So, 1 g = 981 Gal. Whereas, MMI scale was used for measuring the intensity of an
earthquake, composed with the scale of 12 increasing level of intensity that range from
imperceptible shaking to catastrophic destruction (Figs. 8 and 9).

4.6 Weighted Overlay/Multi-criteria Analysis

Weighted Overlay Analysis (WOA) is a method for a combined analysis of
multi-level maps. A weight indicates the relative importance of a parameter with
respect to the study objective. WOA method considers the relative importance of
the parameters and the classes of each parameter. In the present study, thematic
maps were overlaid on each other and ranks and weights were assigned to each

Fig. 4 LULC map of the study area
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category in the theme to create a predictive model. Hence, LULC, soil, hydrology,
NDMI, seismicity, PGA, MMI layers have been utilized as input to multi-criteria
analysis (Table 2).

5 Results and Discussion

In present study a multi-criteria evaluation model was utilized by incorporating the
multiple datasets into a standard measuring scale. These layers were further
arranged on the basis of its weights and ranks of every factor and its impact on
liquefaction vulnerability of Kutch region of Gujarat.

Depending on the seismicity, PGA, MMI, NDMI, LULC, Ground water depth
and soil texture the liquefaction vulnerability has been assessed. The seismicity
mapping shows higher to lower seismological condition in terms of magnitude
(<4 to >7) over the region. As the study focuses on vulnerability assessment, so,
highest rank has been given to the highest isoseismic zone (>7 magnitude) and
lowest rank to the lowest isoseismic zone (<4 magnitude).

Fig. 5 Isoseismal map of the study area
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On the basis of susceptibility to soil liquefaction, the soil classes have been
ranked from highest to lowest. Hence, the red gravelly and red sandy soils were
assigned highest rank followed by red loamy; coastal and older alluvium; saline and
saline alkaline soil and shallow, medium and deep black soil. Hydrological con-
dition also plays an important role as ground water depth is a critical parameter in
assessing liquefaction potential. Liquefaction is more prone in areas where ground
water level lies within 10 m of the ground surface; although in some cases lique-
faction have taken place in areas where ground water deeper than 20 m. Thus, in
WOA highest rank has been given to higher water table (less than 10–40 m),
whereas, rocky area has been assigned to lowest rank. Similarly, the NDMI derived
surface wetness has been ranked by highest to lowest in highly saturated to low
saturated respectively. The pre and post-earthquake NDMI has also given signifi-
cant results as the values have changed from −0.01 to 0.20, indicates rapid response
to earthquake event (Fig. 10).

Fig. 6 Soil map of the study area
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The study reveals that, mostly red gravelly (25.87%) and loamy soils (20.63%)
were characterized by a highly liquefaction probable zone followed by older allu-
vium soil (15.16%) and sandy soil (12.34%) (Table 3).

The PGA influences the soil and ground water table. PGA values have extreme
variability over distances of a few kilometers, particularly with moderate to large
earthquakes. The PGA of Bhuj earthquake showing the highest ground motion in
the central part of the Kutch district, which was the epicenter of that menace and it
is decreasing from the centre towards outside. Thus, on the basis of the severity of
PGA and its catastrophic destruction (MMI) ranks have been given to the PGA and
MMI. The results show that, the study area has been categorized into six vulner-
ability zones, namely- severe, very high, high, significant, low and very low zone
(Fig. 11).

Fig. 7 Soil map of the study area
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It has been observed that, parts of Bhuj, Bhachau and Rapar are more vulnerable
to liquefaction. The reason behind the high liquefaction vulnerability is due to
sandy and gravelly soil, high ground moisture condition and high ground water
depth. It has also been noticed that, 200–415 m2 area under the moderately high
liquefaction zone for Rapar and Bhachau taluk, whereas, 750–850 m2 area of
Abdasa is having the low liquefaction vulnerability. It has also been noticed from
the analysis of the relation of LULC with the obtained results that, there is a strong
relationship between wetlands and liquefaction. The results show that, the proba-
bility of liquefaction is very high in the regions where water table is high (Fig. 12).

Fig. 8 PGA of the study area during earthquake
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Fig. 9 MMI of the study area during earthquake

Table 2 Ranking thematic layers for multi-criteria analysis

Themes Weights
(%)

Types Ranks Remarks

Soil 35 Deep black soil 1 Liquefaction is more likely to occur in loose to moderately
saturated granular soils with poor drainage, such as silty
sands or sands and gravels capped or containing seams of
impermeable sediments

Medium black and
laterite soil

3

Salt waste and
shallow black soil

5

Saline and saline
alkaline soil

6

Coastal alluvial
and older alluvium
soil

7

Red loamy soil 8

Red gravelly and
sandy soil

9

Ground
water
depth

20 Saline zone and
rocky area

1 Generally liquefaction occurs in those areas where ground
water is very near to the surface (10–30 m)

>150 m 3

50–150 m 5

40–50 m 6 Higher depth, hence, less liquefaction prone

<10 m 8 Low depth, hence highly liquefaction prone

10–40 m 9

(continued)
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Table 2 (continued)

Themes Weights
(%)

Types Ranks Remarks

NDMI 10 Low saturated 1 Higher moisture condition of the surface, hence
liquefaction proneModerately

saturated
6

Highly saturated 9

LULC 10 Built-up 8 In any type of LULC liquefaction is more prone to
wetlands where the ground water table is high. on the other
hand settlement areas are generally cautious about
liquefaction as it results in destruction property and lives

Cropland 6

Forest 2

Wastelands 3

Wetlands 9

Rann 1

PGA 10 Severe 9 Higher PGA condition of the surface, hence liquefaction
proneVery high 8

High 7

Moderately high 6

Moderate 4

Low 2

Very low 1

MMI 15 Destructive 9 Higher MMI condition of the area, hence liquefaction
proneSevere 8

Very high 7

High 6

Moderately high 5

Fig. 10 Pre and Post earthquake NDMI
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Table 3 Relation between
soil and liquefaction
probability

Soil types High liquefaction (%)

Coastal alluvial soils 15.659

Deep black soils 0.747

Laterite soils 2.314

Medium black soils 0.515

Older alluvium soils 15.162

Red gravelly soils 25.877

Red loamy soils 20.630

Red sandy soils 12.348

Saline and saline alkali soils 0.014

Salt waste 1.633

Shallow black soils 5.101

Fig. 11 Liquefaction vulnerability map of the study area
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6 Conclusions

The outcome of the current study envisaged the fact that, liquefaction vulnerability
can be assessed using geoinformatics. The integrated approach of liquefaction
assessment involved, influencing factors like soil type, surface moisture and
groundwater depth, ground acceleration, intensity of earthquake, land use pattern to
characterize the controls on liquefaction. The study has identified that maximum
part of Bhuj is the high seismological liquefaction vulnerable zone, whereas the
Mandvi and Bhachau are the next. The analysis also reveals that, the most vul-
nerable area of Kutch district the isoseismicity is very high during the last 340 years
of data analysis. Although many studies have already evaluated the post-earthquake
liquefaction and suggested efficient technique to map the post- liquefaction inci-
dents, but the present technique will be helpful to evaluate the liquefaction vul-
nerability for earthquake prone areas. Thus, the present study will also accredit
planners and disaster management groups to execute an action plan for pre and post
disaster preparedness and management in a systematic and scientific manner.
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Chapter 39
A Study on Assessment of Pollution
in Godavari Estuary East Coast of India
by Using Trace Metals Concentration
in the Sediments

Hari Prasad, P. Bhanu Murty, M. Sanyasi Rao and Rajesh Duvvuru

Abstract In recent years there has been a rapidly growing interest on the heavy
metallic content in estuaries and on the nature and the pathways by which they are
introduced into the system. A total of seven sampling stations were fixed along the
longitudinal stretch of the estuary, starting from head to mouth of the estuary for the
collection of surface and bottom waters and sediments has done seasonally. In
which water and sediment samples were collected during pre-monsoon (March),
onset of monsoon (June), monsoon (September) and post-monsoon (December) by
using Niskin water sampler and Van Veen Grab respectively for a period of one
year during 2016. Hydrographic parameters of temperature, pH, and salinity were
analyzed for the collected samples with standard methods. Sediment trace metals
like cadmium, copper, iron, nickel, lead and zinc were estimated from the collected
sediment samples by atomic absorption spectrophotometer after proper acid
digestion. The organic carbon content was determined by the method of El-Wakeel
and Riley (1957). Temperature, pH and salinity exhibited distinct spatial and sea-
sonal variations in estuarine waters of the Gauthami Godavari. Temperature and pH
showed an increasing trend from post-monsoon (winter) to pre-monsoon (summer)
in accordance with the variation of atmospheric temperature in the study region.
Enrichment factors of the metals were calculated based on the data, cadmium in
Stations. 1, 2 are moderately polluted during monsoon season due to the anthro-
pogenic source. Compared to all metals were studied, zinc and cadmium are more
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enriched. All the metals are moderately enriched in the upstream of the estuary due
to natural and anthropogenic sources and also higher enrichment was observed
during pre and post-monsoon season except cadmium which is in the monsoon
season.

Keywords Estuary � Trace metals and pollution

1 Introduction

The estuary can be regarded as a dynamically evolving land form that undergoes a
life cycle from valley creation, followed by a drowning phase, and ending with
progressive infilling [10]. According to Dionne [7], an estuary could be divided into
3 sectors: (a) a marine or lower estuary in free connection with open sea, (b) a
middle estuary, subjected to strong salt and fresh water mixing and (c) an upper or
fluvial estuary characterized by fresh water, but subjected to daily tidal action.
Chemistry of estuary should be considered in the context of the physical processes
of water circulation which occur in them, since the distribution of dissolved and
particulate substances are controlled by the circulation and mixing of their waters
[2].

The physico-chemical processes which act on rocks and soil of the catchment
area normally control the concentration of trace metals in the fluvial and estuarine
sediments. Due to anthropogenic input, abnormal concentration of heavy metal are
observed in sedimentary phases in several estuaries. The chemical behaviour of a
trace metal during its transport within the estuary is determined mainly by its
chemical form in which it is transported. It could be either (1) in solution as
inorganic ion or (2) adsorbed on to surfaces of solid organic particles, (3) coating on
detrital particles after co-precipitation with and sorption on to mainly iron and
manganese oxides, (4) in lattice positions of detrital crystalline material, or
(5) precipitated as surfaces possibly on detrital particles.

2 Geology of the Godavari Drainage Basin

Godavari River receives its sediments from a variety of geological formations
which represent nearly a complete cross-section of the geology of peninsular India.
More than half of the drainage basin of the Godavari consists of the Deccan traps of
Late Cretaceous-Plaeocene age. They are essentially doleritic or basaltic
(Tholeritic) in composition. Upon weathering the Deccan Traps gave rise to laterite,
bauxite, and the black cotton (chernozem) soils. The more commonly occurring
minerals are augite, diopside, enstatite, magnetite, epidote, biotite, zircon, rutile,
apatite, and chlorite. Descending from the Deccan plateau the Godavari river first
traverses through a small terrain composed of Archean granites, and unclassified
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(Dharwars) which are regionally metamorphosed igneous and sedimentary (Pelitic)
rocks. These are composed of Phyllites, Quartzites, amphibolites and granites,
associated with thick deposits of syngenetic, metasediments manganese ores, and
bands of dolomitized marble. Heavy minerals that are likely to be contributed by
these reocks are hornblends, biotite, tourmaline, almandine, zircon, epidote, sphene,
kyanite and staurolite (Fig. 1).

3 Physiography of the Study Area

The river basin comprising 3,12,812 m2 which is spread over six states and thirty
districts in central India, located between the Latitudes 16° 15′ to 16° 45′N and
longitudes 81° 45′ to 82° 25′E. The basin climate is tropical with an average annual
rainfall of 1512 mm y−1. About 85% of the total annual rainfall occurs during
southwest monsoon (June–September) and the remaining 15% during northeast
monsoon (October–January).

4 Geomorphology of Godavari Basin

The various geomorphic features recognized in the depositional environments of
the Godavari Delta are Estuary, Mangrove Swamp, Mud flat, Tidal Creek, Lagoon,
distributary mouth bar, Shore face, Spit, Point bar and Natural levee. In the lower
delta plains of Godavari Delta, and the River channels behave as estuarine channels
as they show strong influence of tides.

Fig. 1 Geology of the study area
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5 Station Locations and Characteristics

In this present study bottom waters and bottom sediment samples were collected at
seven stations in the estuarine waters of Gautami Godavari in which Station 1, is
located near the stretch of Gauthami Godavari at Kotipalle, head of the estuary.
Station 2, is located at the centre of the river Gauthami Godavari at Dangeru, it is
around 8 km down to the Kotipalle. Station 3, is located at the middle of the estuary
of Gauthami Godavari near Yanam. Station 4, is located middle of the river at
Vrudha Gautami which is a stretch of Gautami Godavari, about 5 km down to
Yanam. Station 5, is located at the centre of the river channel at Balusutippa.
Station 6, is located at the centre of the creek of the mangrove forest area. Station 7,
is located at the centre of the mouth of the estuary, it is connected to the coastal
waters of the Bay of Bengal (Fig. 2).

Fig. 2 Map showing sample station locations
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6 Sampling Procedure and Materials

Seasonally water and sediment samples were collected for about an equally spread
over the mid-point of a pair of consecutive neap and spring tides, suitable dates
were selected for the purpose on which, the sampling could be done between 08.00
and 12.30 h in the third week of every season for a period of one year during 2016
in March (pre-monsoon), June (onset of monsoon), September (monsoon) and
December (post-monsoon) at all seven stations (St. 1 to St. 7). Surface water
samples were collected by using a clean plastic bucket and bottom water samples
are with Niskin water sampler (5 l). Sediment samples were collected using a Van
Veen Grab. The collected water and sediment samples were transported immedi-
ately (within one hour after the collection of the last sample) to the shore laboratory
at Yanam, provided by National Institute of Oceanography, Regional Centre,
Visakhapatnam.

7 Sediment Analysis

The collected sediment samples were homogenized and air-dried at room temper-
ature, before that all sediments samples were freed from thick granules and shells.
A portion of the sample (*50 g) was taken for grain size (sand, silt & clay %)
analyses. For grain size analysis, samples were treated with 35% H2O2 and 1 N HCl
to remove organic matter and carbonate respectively [19]. After treatment, sediment
samples were wet sieved through 230 mesh (0.0625 mm) ASTM sieve for sepa-
ration of sand samples. Size analysis of very fine particles was carried out by pipette
analysis method [11].

Sediment Organic Carbon (Corg): The organic carbon content was determined
by the method of El-Wakeel and Riley [8]. To a powered sediment sample (0.5 gr),
a known quantity of acid dichromate (20 ml 1 N) was added and left for 30 min
when all organic matter present in the sample is oxidised. The excess dichromate is
back-titrated with ferrous ammonium sulphate using diphenylamine as internal
indicator.

7.1 Determination of Metals in the Sediments

For the heavy metal analysis, sediments were dried at 70 °C and finely powdered
and sieved through 284 mesh after they were digested (known weigh) in a mixture
of HF–HClO4–HNO3 [12]. Samples were analyzed on a flame AAS (Aanalyst 100
Perkin Elmer) after calibration with suitable E-Merck elemental standards.
For cadmium analysis, a Graphite-AAS (ZL 4110 Perkin Elmer) was used.

39 A Study on Assessment of Pollution … 443



The precision of the analytical procedure was checked using a triplicate analysis of
a certified reference material (NIST) from the Department of commerce, USA.

Enrichment Factor (EF): A number of different enrichment calculation meth-
ods and different reference material have been reported [1, 5, 14–16, 18, 20]. The
degree of anthropogenic pollution was established by adapting enrichment factor
ratios (EF) used by Sutherland et al. [18].

8 Textural Characters of Sediments

Textural characteristic of estuarine sediments are strongly influenced by several
factors, including source area composition of adjacent lands, climate, length and
energy of sediment transport and redox conditions in the depositional environment
[3, 6]. Numerous studies have analyzed grain size properties which can suggest
sources and hydrodynamic conditions of marine sediments [4]. Moreover, spatial
variations in sand, silt and clay ratio can help to determine present estuarine
environment conditions.

Sand: The sand content in the sediments of the Gauthami estuary ranged from
22.35 to 79.25% with an average of 47.45%. Seasonally higher percentages of sand
were observed during post-monsoon season, followed by monsoon and onset of
monsoon. Lower sand content were observed during pre-monsoon season
(Table 1).

Silt. The silt content in the sediments of the Gauthami estuary ranged from 8.35
to 43.45% with an average of 25.54%. The silt content in the sediments of estuarine
waters of Gautami Godavari is higher at Balusutippa area and lower at Dangeru
area (Table 2).

Clay: The clay content in the sediments of the Gauthami estuary ranged from
12.40 to 45.48% with an average of 27.97%. Higher concentrations clay was
observed mangrove area due to higher accumulation of fine grained sediments
(Table 3).

Table 1 Station-wise
statistical summary of sand
(%) in the estuarine sediments
of Gautami Godavari

St. no. Min. Max. Average S.D

Kotipalle 32.35 44.55 38.93 5.23

Dangeru 65.20 72.25 68.63 3.20

Yanam 62.36 79.25 71.05 8.44

V. Gauthami 93.25 71.45 49.61 14.88

Balusutippa 22.35 38.35 31.77 7.18

Mangrove area 26.12 39.34 32.50 5.47

Bhiravapalem 31.78 53.52 39.70 9.93
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9 Sediment Organic Carbon

The organic carbon content of the sediment has a major role in maintaining the
fertility of the sediment and thereby flourishing the biological productivity.
Knowledge of the nature, origin and transformations of organic matter in sediments
provides valuable information on the cycling of trace metals in the aquatic envi-
ronment (Table 4).

The distribution of organic carbon content in the study area exhibited distinct
spatial and seasonal variations and was found to be within the range from 1.16 to
3.41% with a mean value of 2.61%. These values are generally less than the limit
for a polluted estuary. Except Kotipalle and Dangeru, all stations recorded higher
values during all seasons. Lower organic content at stations 7 associated with the
prominent coarse sandy sediment fractions. The high organic carbon in the estuary

Table 2 Station-wise
statistical summary of silt (%)
in the estuarine sediments of
Gauthami Godavari

St. no. Min. Max. Average S.D

Kotipalle 23.25 31.55 28.40 3.65

Dangeru 9.25 12.55 11.03 1.54

Yanam 8.35 19.25 12.99 4.63

V. Gauthami 12.25 33.25 26.00 9.39

Balusutippa 38.00 43.45 41.04 2.43

Mangrove area 28.40 29.25 28.97 0.39

Bhiravapalem 26.12 32.25 30.34 2.90

Table 3 Station-wise
summary of clay (%) in the
estuarine sediments of
Gauthami Godavari during
2016

St. no. Min. Max. Average S.D

Kotipalle 23.90 39.20 32.68 7.71

Dangeru 15.20 24.50 20.35 3.85

Yanam 12.40 24.40 20.21 5.33

V. Gauthami 16.30 28.62 24.39 5.59

Balusutippa 23.50 34.20 29.70 5.15

Mangrove area 31.40 45.48 38.53 5.81

Bhiravapalem 20.36 37.50 29.97 7.65

Table 4 Station-wise
summary of organic carbon
(%) in the estuarine sediments
of Gauthami Godavari

St. no. Min. Max. Average S.D

Kotipalle 1.16 3.41 2.52 1.04

Dangeru 1.28 3.30 2.48 0.94

Yanam 2.02 3.16 2.62 0.60

V. Gauthami 2.11 3.16 2.67 0.56

Balusutippa 2.21 3.11 2.69 0.47

Mangrove area 2.20 3.35 2.72 0.50

Bhiravapalem 2.25 3.04 2.58 0.34
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can be ascribed to high productivity of the overlying waters, sewage discharges and
clayey nature of sediments. Sediment organic carbon exhibited a decreasing trend
towards the mouth. This may be due to flushing of organic matter and finer fractions
of the sediments by tidal action.

10 Trace Metals in Sediments

Heavy metal contamination in estuarine and coastal sediment has been an
increasing eco-toxicological problem, because the estuarine and coastal areas are
often receives anthropogenic and industrial wastes from their geographical areas.
Estuaries and coastal areas are among the most productive marine ecosystems, it is
an important that contamination by trace metals in these sediments should be
monitored for effective remedial actions against metal pollution. The contaminants
in sediments depend on variety of factors such as basin geology, physiography,
chemical reactivity, lithology, mineralogy, hydrology, vegetation, land use pattern
and biological productivity.

Cadmium: Cadmium, the least abundant metal in the sediments of Gauthami
Godavari estuary ranged from 17.16 to 35.14 µg g−1 with an overall mean con-
centration of 25.10 µg g−1. The lowest (17.16 µg g−1) values of cadmium were
observed at the mouth of the estuary (Bhiravapalem) and highest values
(35.14 µg g−1) were recorded at head of the estuary (Kotipalle and Dangeru)
(Table 5).

Copper: Copper concentrations in the sediments of Gauthami Godavari estuary
ranged from 21.25 to 207.50 µg g−1 with a mean value of 78.71 µg g−1, and the
lowest value is 21.25 µg g−1 was observed at the mouth of the estuary
(Bhiravapalem) and highest value (207.50 µg g−1) was observed at head of the
estuary (Kotipalle). Copper showed significant seasonal variation with higher val-
ues during pre-monsoon and post-monsoon season comparatively lower values
during monsoon and onset of -monsoon seasons. High saline conditions, which
might cause the dissolved copper to precipitate and flocculate, finally settled into
the bottom sediments (Table 6).

Table 5 Station-wise
statistics of cadmium
concentration (µg gr−1) in the
estuarine sediments of
Gauthami Godavari during
2016

St. no. Min. Max. Average S.D

Kotipalle 25.20 29.50 27.24 1.76

Dangeru 24.30 35.14 28.37 4.74

Yanam 23.50 33.72 27.28 4.47

V. Gauthami 22.50 31.16 25.64 3.84

Balusutippa 20.15 30.15 23.90 4.35

Mangrove area 18.25 28.17 22.45 4.17

Bhiravapalem 17.16 26.18 20.86 3.87
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Iron: Iron concentrations in the sediments of Gauthami Godavari, Estuary
ranged from 902 to 1472 µg g−1 with an overall mean concentration of
1194.50 µg g−1. The lower concentration of iron (902 µg gr−1) were observed at
the mouth of the estuary (Bhiravapalem) and higher concentrations of iron
(1472 µg gr−1) at the head of the estuary (Kotipalle) with a annual mean concen-
tration of 1194.50 µg gr−1. Iron content was found to be the highest among all the
metals at all the stations (Table 7).

Nickel: The Concentration of nickel recorded its minimum of 43.15 µg gr−1 at
mouth of the estuary (Bhiravapalem) and maximum of 116.48 µg gr−1 at head of
the estuary (Kotipalle). The annual mean concentration during this study period was
82.07 µg gr−1. The average concentration of total nickel in Godavari estuary was
higher than Indian average (37 mg/kg), but it was less than world average as well as
average shale concentration (Table 8).

Lead: Lead concentrations in the sediments of Gauthami Godavari, estuary
ranged from 30.10 to 62.50 µg g−1 with an overall mean concentration of
44.45 µg g−1. The lowest (30.10 µg g−1) values of lead was observed at the mouth
of the estuary (Bhiravapalem) and highest value (62.50 µg g−1) was observed at
head of the estuary (Kotipalle) (Table 9).

Zinc: The concentration of the zinc in the sediments of Gauthami Godavari
estuary ranged from 453 to 1130 µg gr−1. The overall annual mean concentration
during the investigation was found to be 831.89 µg gr−1. The lowest (453 µg gr−1)
and highest (1130 µg gr−1) concentrations of zinc were recorded respectively at
stations Bhiravapalem and Kotipalle. The Bhiravapalem station recorded minimum
level of zinc in all seasons due to the sandy nature of sediments (Table 10).

Table 6 Station-wise
summary statistics of copper
(µg gr−1) in the estuarine
sediments of Gauthami
Godavari

St. no. Min. Max. Average S.D

Kotipalle 38.50 207.50 104.43 79.01

Dangeru 36.30 185.00 95.33 71.17

Yanam 34.20 176.00 89.93 66.98

V. Gauthami 33.10 133.00 75.40 49.34

Balusutippa 32.15 107.50 68.16 40.14

Mangrove area 26.12 102.60 60.56 37.67

Bhiravapalem 21.25 101.50 57.19 38.90

Table 7 Station-wise
summary statistics of iron
(µg gr−1) in the estuarine
sediments of Gauthami
Godavari

St. no. Min. Max. Average S.D

Kotipalle 989 1472 1249.75 208.65

Dangeru 963 1467 1240.00 217.08

Yanam 935 1425 1209.00 2011.63

V. Gauthami 930 1422 1202.50 211.74

Balusutippa 925 1408 1188.00 209.07

Mangrove area 912 1407 1158.75 2011.88

Bhiravapalem 902 1403 1113.50 217.86
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11 Metal Enrichment in Sediments

The quantification of trace metal enrichment in the sediments of Gauthami
Godavari estuary was attempted by calculating the enrichment factor. In this study
Fe was selected as a normalization constituent and enrichment factor calculated
using the equation.

Enrichment Factor = X/Feð Þ Sample X/Feð ÞRef,

where (X/Fe) sample is the ratio of the concentration of element ‘X’ to that of iron
in the sample sediment, and (X/Fe) Ref, is the same ratio in the sediment from a far
upstream station, which is free from industrial pollution. It was found that all the
trace metals were enriched in Godavari estuary to varying extents. The enrichment

Table 8 Station-wise
summary statistics of nickel
(µg gr−1) in the estuarine
sediments of Gauthami
Godavari

St. no. Min. Max. Average S.D

Kotipalle 86.32 116.48 100.64 12.42

Dangeru 73.15 113.94 95.01 17.11

Yanam 70.16 105.16 90.46 14.86

V. Gauthami 63.15 92.70 82.70 13.33

Balusutippa 52.23 84.60 73.35 14.48

Mangrove area 49.20 76.72 67.56 12.45

Bhiravapalem 43.15 74.52 64.76 14.53

Table 9 Station-wise
summary statistics of lead
(µg gr−1) in the estuarine
sediments of Gauthami
Godavari

St. no. Min. Max. Average S.D

Kotipalle 40.10 62.50 52.44 9.39

Dangeru 38.50 58.30 48.86 8.26

Yanam 35.30 55.50 46.14 8.42

V. Gauthami 33.20 51.60 44.16 7.85

Balusutippa 31.40 49.50 41.91 7.61

Mangrove area 31.01 47.20 40.33 6.79

Bhiravapalem 30.10 41.30 37.35 4.96

Table 10 Station-wise
summary statistics of zinc
(µg gr−1) in the estuarine
sediments of Gauthami
Godavari

St. no. Min. Max. Average S.D

Kotipalle 736.00 1130.00 994.25 179.11

Dangeru 713.00 1105.00 970.50 179.07

Yanam 676.00 1008.00 860.00 144.04

V. Gauthami 630.00 1004.00 827.00 154.48

Balusutippa 515.00 985.00 781.50 195.34

Mangrove area 496.00 865.00 710.00 155.84

Bhiravapalem 453.00 823.00 680.00 159.00
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factors showed no significant seasonal variation except in the case of lead.
Enrichment factors for lead exhibited seasonal variation with higher values during
pre-monsoon and post-monsoon seasons.

12 Geochemical Normalization and Enrichment
Factors (EF)

In an attempt to compensate for the natural variability of total trace elements in
sediments, normalization was done so that any anthropogenic metal contributions
could be detected and quantified. Loring [13] indicated that the natural miner-
alogical and granular variability is the best compensated by the geochemical nor-
malization of major and trace metal data (Table 11).

13 Inter-relationships Among Texture and Trace Metals

Distribution of texture (sand, silt, clay, organic carbon) and trace metals (Cd, Cu,
Fe, Ni, Pb, Zn) in sediments in the estuarine waters of Gauthami Godavari is mainly
controlled by the inputs of river runoff including weathering materials, domestic
sewage, agricultural back runoff, leaching from paints of fishing boats and industrial
effluents released into the river (Table 12).

Table 12 Inter-relations between sediment texture and trace metals in the sediments of Gauthami
Godavari

Parameter Sand Silt Clay OC Cd Cu Fe Ni Pb

Silt −0.90

Clay −0.84 0.60 N = 28
P = < 0.05OC −0.21 −0.21 0.33

Cd 0.42 −0.41 −0.51 −0.51

Cu 0.14 −0.31 0.25 0.88 −0.25

Fe 0.12 −0.21 0.22 0.89 −0.50 0.88

Ni 0.33 −0.40 0.12 0.45 −0.31 0.70 0.75

Pb 0.20 −0.31 0.22 0.56 −0.32 0.87 0.87 0.94

Zn 0.22 −0.33 0.11 0.62 −0.25 0.77 0.86 0.93 0.97
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14 Summary and Conclusion

The temperature values in the surface waters of Gauthami estuary varied from 26.50
to 31.80 (°C) with an average of 29.62 (°C), where as in the bottom waters, the
temperature ranged from 25.60 to 31.40 (°C) with an average of 28.84 (°C) during
the study period. The values of pH in the surface waters varied in the range of 7.20
to 8.20 with an average of 7.71, where as in the bottom waters, the pH values varied
from 7.43 to 8.30 with an average of 7.94. The salinity values ranged from 0.23 to
31.83 psu with an average of 15.43 psu in surface waters and from 4.63 to 34.26
psu with an average of 10.13 psu in the bottom waters.

Temperature and pH showed an increasing trend from post-monsoon (winter) to
pre-monsoon (summer) in accordance with the variation of atmospheric tempera-
ture in the study region. It also exhibited in general, a decreasing trend from surface
to bottom waters in all seasons. The pH and salinity values are lower at head of the
estuary and gradually increase towards the mouth of the estuary. Lower pH and
salinity values were observed during monsoon season. The vertical pH and salinity
distribution (gradient) in this estuary suggests slight stratification in monsoon,
partial/well mixed conditions in post/pre-monsoon seasons.

The sand content in the sediments of the Gauthami estuary ranged from 22.35 to
79.25% with an average of 47.45%. Lower sand content were observed during
pre-monsoon season. The silt content in the sediments ranged from 8.35 to 43.45%
with an average of 25.54%. The clay content in the sediments varies from 12.40 to
45.48% with an average of 27.97%. The organic carbon content in the sediments
varied from 1.162 to 3.41% with a mean value of 2.61%. The high organic carbon
in the estuary can be ascribed to high productivity of the overlying waters, sewage
discharges and clayey nature of sediments. Seasonally higher organic carbon
content was observed during pre-monsoon and post-monsoon than that of than that
of monsoon season. Cadmium, the least abundant metal in the sediments of
Gauthami Godavari estuary ranged from 17.16 to 35.14 µg g−1 with an overall
mean concentration of 25.10 µg g−1. The decrease in concentration of cadmium
during pre-monsoon and onset of monsoon seasons may be attributed to the for-
mation of chloride complexes, occurring during the mixing of fresh water with
seawater and to the desorption of exchangeable metals due to the increasing con-
centration of major ions.

Copper concentrations in the sediments ranged from 21.25 to 207.50 µg g−1

with a mean concentration of 78.71 µg g−1. The higher content of copper during
pre-monsoon season may be due to existing biogeochemical changes in the estuary
itself and also to the hydrological and sedimentalogical character, which vary along
with reduced river discharge conditions during this season and also coincided with
salinity maximum of the ambient water. Iron concentrations in the sediments of
Gauthami Godavari estuary ranged from 902 to 1472 µg g−1 with a mean con-
centration of about 1194.50 µg g−1. Iron recorded higher values in upper reaches
which may be due to its proximity to wastewater discharged from the densely
populated coastal delta. The Concentration of nickel recorded its minimum of
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43.15 µg gr−1 to a maximum of 116.48 µg gr−1 with annual mean value of
82.07 µg gr−1. Lead concentrations in the sediments of Gauthami Godavari, estuary
ranged from 30.10 to 62.50 µg g−1 with an overall mean concentration of
44.45 µg g−1. The concentration of the zinc in the sediments of Gauthami Godavari
estuary ranged from 453 to 1130 µg gr−1. The overall annual mean concentration
during the investigation was found to be 831.89 µg gr−1.

Significant negative correlations are observed between sand and clay indicates
that enrichment of silt and clay. Significant positive correlations were observed
between organic carbon all metals may be attributed to the enrichment of metals are
associated with fine grain sediments. The positive relationship between trace metals
and organic carbon in the sediments was due to the simultaneous coagulation and
setting of metals along with organic carbon derived from urban sewage or industrial
effluents. Nickel, lead and zinc showed high positive correlation with iron indi-
cating the existence of their strong association with oxides and hydroxides of iron.
From these observations it was observed that the sediments of Gauthami Godavari
is not much polluted.
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Chapter 40
Preliminary Analysis of Flood Disaster
2017 in Bihar and Mitigation Measures

Amarjeet Kaur, Tarun Ghawana and Nakul Kumar

Abstract Flooding is a regular disaster in Indian state of Bihar causing major
human lives and economic losses. High vulnerability of Bihar towards floods is
usually on account of its geo-climatic conditions and other contributing factors. The
paper aims to conduct a preliminary analysis of the flood disaster 2017 in Bihar and
to suggest sustainable mitigation measures. Satellite imageries based analytical
maps from different sources are included showing the spatial rainfall analysis,
flooding extent changes, crop damages etc. The paper discusses briefly the previous
studies about embankments and floods. Mitigation measures suggested include
policy, institutional, innovative physical and community participation measures.
Recommendations mention that the transboundary nature of the catchment areas
requires enhancing coordination not only between line departments but also on
international scale.

Keywords Flood disaster � Mitigation � Bihar

1 Background

Flooding is an annual disaster event for Indian state of Bihar. In recent past several
floods have devastated the state with Kosi river being he most common culprit.
These floods of 2007, 2008, 2016, as expected, resulted in severe human and
infrastructural loss. High vulnerability of Bihar towards floods is usually on account
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of its geo-climatic conditions and other contributing factors. South-West Monsoon
rain often results in flooding situation in Bihar. Almost all rivers in northern Bihar
originate from Nepal or Tibet and have 75% catchment area outside the state
boundaries. Total flood prone areas in the state is approximately 68.80 lakh ha,
accounting for 73% of its total geographical area and 17% of the total flood prone
area in the country [4]. The paper aims to conduct a preliminary analysis of the
flood disaster 2017 in Bihar and to suggest sustainable mitigation measures.

2 Methodology

Satellite imageries from National Remote Sensing Centre are used to show the
flooding extents in several areas of Bihar on different dates. Loss data during
August month is also included Mitigation measures are suggested further.

3 Analysis

In July and early few days of August month of 2017, heavy precipitation was
received in north-eastern parts of India along with southern Nepal and Bangladesh.
This has caused widespread flood, refer to Fig. 1.

Fig. 1 Flooded regions in Bangladesh, India and Nepal. Source [2]
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The satellite image analysis can help in decision making based on advanced
modeling results overlay. Figure 2 shows the weekly (24–30 August 2017) spatial
rainfall analysis in Northern India. In the highlighted area, several basins in the
western part and some upper basins in lower eastern part were still having high
rainfall (=>50 mm). However, most of the basins in the highlighted area were
having weekly rainfall ranging from <1 to 20–35 mm.

Figure 3 shows the flood at initial stages in Bihar state on 4th July, 2017 while
Fig. 4 shows the extent flood inundated areas and the orientation of floods in the
state on 4th September, 2017. These images show the extent of flooding largely in
those areas that are marked ‘liable to flood’ in the flood zones map of Bihar, refer to
Fig. 5.

District wise satellite estimated flood extent in Darbhanga is 582 m2, in East
Champaran 624 m2, in Madhepura 4 66 m2, in Samastipur 456 m2, in Sitamarhi
453 m2, in Khagaria 501 m2 and in Muzaffarpur 55 m2 [12].

Table 1 shows district wise flood impact, around mid-August 2017 in terms of
affected population, number of deaths, number of relief camps and number of
people in relief camps. The highest number of affected population is in Katihar
(0.12 million) and Sitamarhi (0.15 million) districts. Highest number of deaths have
occurred in Araia (20) followed by Sitamarhi (11). High number of relief camps are
running in Sitamarhi (152) and Araria district (95) and the highest number of
evacuated population is in Araria (62,000) followed by Supaul (60,000) and West
Champaran (46,000). High numbers of people are sheltered in relief camps in each
district with Araria (37,000) top on the list.

Due to Kharif season, rice crops had been sown which are now damaged, refer to
Fig. 6a, causing economic loss to the farmers besides loss of livelihoods. For this
paper, flooding in Bihar state has been analysed since it is the highest receiver of

Fig. 2 Weekly spatial rainfall analysis on basin level in India. Source [3]
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flood waters from rivers in upstream Nepal. The large scale flooding has seriously
affected the state. Four districts, Kishanganj, Araria, Purnea and Katihar, located
along the Indian-Nepal border in Bihar were under high inundation affecting nearly
one million people. Flood inundation and damages are also reported in other dis-
tricts: Darbhanga, Madhubani, Sitamarhi, Madhepura, Saharsa, Supaul as well as
East and West Champaran, refer to Fig. 6b [7].

Fig. 3 Flood inundated areas in Bihar, 4 July, 2017 India. Source [6]

Fig. 4 Flood inundated areas in Bihar, 4 September, 2017 India. Source [6]
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4 Embankments and Floods

In Bihar, flooding usually incurs due to rivers overflow because of extreme rainfall
in the catchment areas or discharge of large amount of stored water from reservoirs.
Flooding of rivers results in breach of embankments or excessive soil erosions [11].

Embankments are a dominant feature of flood management structural measures
in Bihar which can be considered as short-term measures. They are popular as
cost-effective and time-saving measures. However, the disadvantage of these
embankments are that siltation deposit required to make fertile the flood plains are
stopped which hinders the process of land formation by rivers, river bed level rises
especially in aggrading ones, prevents natural drainage and damages occurring due
to breaches.

A study was conducted by Second Bihar State Irrigation Commission (1994) of
aggradation of the Kosi rivers bed. The commission findings included that from
1955 to 1962, no silting was found at the river cross-sections between Chatra and
Supaul of 102 km reach which was a degrading reach. This period 1955–62
approximately corresponds with the commencement and completion of the
embankments [10].

5 Field Visit of CDMS

CDMS officials went on a field study tour to Bihar for several days starting within
months of August and September with staff of other relevant organizations. During
the visits, the Director also visited several relief camps and learnt first-hand about
the flood disaster situation. It was observed that approach to disaster management is
still response centric instead of mitigation and prevention. There is a need to check

Fig. 5 Flood zones in Bihar. Source [12]
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the effectiveness of early warning system to avoid or reduce the disaster impacts on
human lives & economy. Accountability should be fixed of concerned staff (Fig. 7).

6 Mitigation Measures

Policy Measures

• Zonation development for localized mitigation measures could help in spatial
planning on regional and local level to promote area specific development
programmes considering flood mitigation. As an example, this can be under-
stood from the fact that the flooding of Gandak shall not affect Saharsa or
Supaul areas. Similarly flooding of Kosi shall not affect Gopalganj or Chapra.
The idea is to make development river-centered. Thus, the development plan

Fig. 6 a Mapping crop damages in Araria district of Bihar, India and b Mapping inundation
extent in the Gandak river and its surroundings (Bihar, India). Source [9, 4]

Fig. 7 Interaction with flood victims during visit to flood affected areas in Bihar
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would include tackling often flooding rivers as an integral part of planning and
management process [11].

• Flood management in Bihar is a complex task which requires international
cooperation with Nepal. This will result in sustainable long-term flood man-
agement. A skilled workforce familiar with advanced technologies and efficient
administration should be involved in policy making and implementation pro-
cess. A participatory approach including all stakeholders at each stage is crucial
for the successful interventions [10].

Institutional Measures

• Reviewing and monitoring, considered as best practices, the disaster prepared-
ness activities on the highest level are required including political figures and
senior administrators.

• Anticipated positioning of dedicated disaster response forces such as national
and state level disaster response forces to minimize the response time and to
initiate confidence building measures along with capacity development of local
level responders.

• Active use of technology such as active WhatsApp group on disaster manage-
ment, to facilitate timely decisions and respond. It can help in direct commu-
nication with the concerned stakeholders and quick dissemination of
information to the incident commander. SMS based Early Warning System
involving Indian Meteorological Department and Central Water Commission
can also help in early response [8].

Innovative physical Measures

• To Convert streams/rivulets as reservoirs:
Flood water needs to be stored for later use which can be achieved by converting
streams/rivulets as reservoirs. Besides this, geospatial based hydroinformatics
would be required. For this, the rivulets and tributaries need to be properly
structured and meticulously maintained [11].

• Detention Basins:
Detention basins in the form of depressions, locally called ‘chaurs’, exist in the
state. These detentions can absorb a considerable amount of water of the first
flood of the season [1].

• Furthering this process, smooth passage to flood water should be provided by
desiltating its bed to avoid inundation and by harvesting the inundating waters in
reservoirs, ponds and rivulets for productive utilization and to avoid erosion of
banks and embankments [11].

• The revival and maintenance of traditional methods of diversion and storage of
flood water for multipurpose activities including irrigation etc. [11].

• Roads construction should consider the natural flow pattern on the local and
regional levels so as not to obstruct the natural flow of water which could result
in flooding.
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• Watershed principles based green coverage initiatives so as to regulate the
excess runoff causing heavy erosion and thus siltation problem during flood
disaster situations.

Community Participation Measures

• Larger involvement of senior citizens from the local areas will be required who
have better understanding and knowledge about the traditional practices to deal
with floods [11].

• Community consensus should be developed in rural areas to change crop pat-
terns on mass scale to grow water resistant varieties which will reduce the crop
damages during flooding events.

• Awareness camapaigns for community, training of officials of line department
for capacity building [5].

7 Discussion

Bihar needs a combination of flood measures addressing various needs of early
warning to effective international cooperation. As a part of structural measures,
embankments creation and maintenance is required as well as creation of
multi-purpose dams to create adequate protection from floods. Water detention
measures could moderate flooding situations. Under non-structural measures flood
plains zoning and management, flood proofing, flood forecasting and warning,
disaster preparedness and response planning, etc., may be tried [10].

8 Conclusion

It can be concluded that Bihar floods are caused not only due to geo-climatic
conditions but also due to lack of a comprehensive management ineffective to a
great extent in its implementation. It predominantly relies on embankment measures
which become ineffective during excessive rains causing large inflow of water in
the Bihar rivers. The transboundary nature of the catchment areas requires
enhancing coordination not only between line departments but also on international
scale. There is a need to introduce and adopt innovative mitigation measures giving
due space to water storage measures along with advancement of relevant tech-
nologies. Community participation is a must for ensuring the sustainability of the
flood management measures.
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Chapter 41
A Spatial Disaster Management
Framework for Smart Cities—A Case
Study of Amaravati City—Flood
Management

Abhishek Arepalli, S. Srinivasa Rao and P. Jagadeeshwara Rao

Abstract A Disaster is an event that causes substantial loses to life, property and
environment during a very short time. In this age where urbanization is at its prime,
most of the population density is found concentrated in cities. Hence a disaster
around such huge population bursts can cause a substantial loss of life and property.
The concept of smart cities is a rapidly growing phenomenon for many developing
nations. The infrastructure of such cities is being revamped in order to achieve the
smart city goals. In this context, many sectors and development indices are taken
into consideration for making a city smart. For new cities where everything is built
from scratch, this is a more easier task to plan everything from smart city
point-of-view. But for existing cities this poses a real challenge as the existing
framework has to be replaced or redesigned accordingly. Most cities have little
practices for disaster preparedness and put all efforts on disaster response and
recovery. An effective Disaster Management plan has to effectively handle all
stages of disaster—preparedness, response and recovery. To make this Disaster
Management plan more effective, a spatial component is proposed in our study. The
spatial component in a disaster management framework helps to better understand
the disaster and take necessary steps for its management. In this paper we con-
centrate on the inclusion of smart city concepts into a spatial disaster management
framework to prepare a robust plan in all stages of a Disaster.
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1 Introduction

The Information and Communication Technology (ICT) framework sets a paradigm
for many other transfer protocols whenever a new technology is to be adopted into
an existing framework. Based on those guidelines, we try to design a geospatial
framework for the smart cities which tackles many issues in a smart city either an
existing city or a newly planned city. The most challenging of these issues is the
disaster management of such smart city.

1.1 Disaster Management

The Disaster Management is organization and utilization of resources during the
three phases of a Disaster viz., Preparedness, Response and Recovery. Economic
losses are high when Disaster strikes in a highly populated area. According to the
latest report, 85% losses of Economic resources were due to 4 major disasters viz.,
flooding, earthquake, cyclones and severe weather in highly populated areas [1].
According to Annual Disaster Statistical Report, flooding and cyclones are cause of
major economic losses in India [2].

1.2 Smart City

A definition by the International Telecommunication Union (ITU)’s Focus Group
on Smart Sustainable Cities (FG-SSC) reads: “A smart sustainable city is an
innovative city that uses ICTs and other means to improve the quality of life,
efficiency of urban operation and services, and competitiveness, while ensuring that
it meets the needs of present and future generations with respect to economic, social
and environmental aspects” [3]. Cities are engines of growth for the economy of
every nation, including India. Nearly 31% of India’s current population lives in
urban areas and contributes 63% of India’s GDP a per the Indian Census of year
2011. With increasing urbanization, urban areas are expected to house 40% of
India’s population and contribute 75% of India’s GDP by 2030 [4].

1.3 Integration of Disaster Management into Smart City

Though a disaster cannot be completely avoided, by taking necessary steps to create
a effective structure and channel for dissemination and organization of data, most of
the damage can be reduced [5]. Smart City databases could help create such
effective channel of communication among various functionaries during a crisis.
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1.3.1 Integration of Disaster Management Techniques to an Existing
City

In a case where Disaster Management needs to be integrated to an existing city, the
preparedness activities may have a limited coverage or scope. Hence, in such cases
the response activities take high priority.

1.3.2 Integration of Disaster Management Techniques to New City

In case of a new planned city most innovative techniques in Disaster Management
can be integrated right from the planning phase. Hence, an integrated Smart
Disaster Management system could be envisaged from the stage of its conception.

2 Geographic Information Systems Framework

The quality of life of the urban population in the present age has utmost promise of
improvement only through the effective integration of various digital and techno-
logical systems into a developmental environment where everyone could be an
active or a passive participant. To make this a realization a better understanding of
the city through a spatial domain is of primary concern.

2.1 Spatial Data for Disaster Management

All the data collected in reference to a Disaster Management System could be
analyzed in terms of spatial relations. The future predictions and modeling can be
done using GIS and Remote Sensing data analyzing the past trends. The modeling
of the disaster requires various data layers pertaining to factors and effective
parameters related to each Disaster that prevails in a certain city [6]. By targeting
the frequently occurring disasters in a certain city we can easily optimize the
database and thus effectively address the disaster in question.

2.2 Spatial Attributes and Service Layers for a Disaster

Identifying the relevant Spatial Data for Disaster Management is of prime impor-
tance. In this paper we attempt to categorize the Disaster management database into
3 Categories viz., Essential Services, Response Services and Disaster Services
(Refer Fig. 1).
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3 Disaster Management of Smart City Using Geo-spatial
Tools

The Disaster Management of a city consists of planning for disaster, training for
response and designing contingencies for recovery. The involvement of Geo-spatial
tools to design and plan above procedures effectively could help manage the
resources effectively [7]. Many trending technologies like IoT could help better
management of disaster in case of smart cities [8]. Combining these technologies
could cater needs of greater number of communities in smart cities. The following
case discusses a case where Geo-spatial tools were used to create a better Disaster
Management Systems for a new planned Smart City.

3.1 Flood Risk Management in Amaravati City

The newly formed Andhra Pradesh Capital Region comprises of rapidly growing
Vijayawada, Guntur cities and 9 towns such as Tenali, Mangalgiri, etc., along with
the new capital city Amaravati. The Green field area of 217 km2 on the banks of
river Krishna in Guntur District is notified as capital city for Andhra Pradesh State
by GoAP. The Capital Region is also prone to floods. Management of the flood
waters, especially within the Amaravati Capital city will be one of the key con-
siderations in the planning of city.

3.1.1 Prevent: Reinforce and Realign the Existing the Krishna River
Bund

The existing river bund along the Krishna River is approximately 3–5 m above the
highest recorded flood level of the Krishna River. The realignment of the Krishna
River Bund is proposed for the Seed Development area where the initial start-up

•  Transport 
• Power
• Water
• Sewerage
• Waste Management

Essential 
Services

• Police
• Health
• Fire

Response 
Services

• Contingency Routes
• Shelter homes
• Emergency Food
•  Cleanup Action Plan 

Disaster 
Services

Fig. 1 Various services in
disaster management database
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phase will take place. This will protect an additional land area between the Krishna
River and the seed area for development.

3.1.2 Control: Detain Storm Water

The location of the detention ponds are determined based on the future landuse.
Most of the ponds are sited within the vicinity of green spaces to maximize their use
as green spaces. These detention ponds are to detain storm water run-off during
heavy rainfall, and then discharge slowly into the reservoirs for water conservation.

3.1.3 Control: Detain Storm Water Externally

In addition to the internal detention ponds within the Capital City, it is recom-
mended that two external detention ponds be constructed outside the Capital City
boundary to detain water upstream close to source. This will help to reduce surface
runoff into the Capital City planning area.

3.1.4 Conserve: Create Raw Water Storage Using Reservoirs

Three reservoirs have been proposed within the Capital City in order to with hold
the in-falling drain and storm water (see Fig. 2). Reservoir R1 is fed by storm water
that flows from the south-eastern half of the City, Reservoir R2 is located at an
higher altitude which is favorable to be a reservoir due to its natural abutment and
Reservoir R3 being a natural low-lying area it has the capacity to act as a detention
pond. The three reservoirs will augment water supply to the Capital City by pro-
viding raw water storage.

3.1.5 Buffer: Provide an Extensive Green and Blue Drainage Network
Using Canals

A minimum buffer of 30 m is proposed to be reserved along all the major canals. In
the future, there should be no development of permanent structures within these
flood control reserves. As part of the blue network a series of permanent channels is
proposed. These channels will retain water permanently in them to form a canal
network around the city.
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3.1.6 Dispose: Discharge Excess Water into Krishna River

As a final measure of protection, it is recommended that a comprehensive system of
sluice gates and pumps are provided at the outfalls of the Capital City boundary
where the surface runoff discharges into the Krishna River.

3.1.7 Protect: Raising of Platform Levels

Based on the topographical survey, it is noted that the ground level of the existing
villages are at +25 m above mean sea level (AMSL). In addition, it is understood
that the historical flood level of the Krishna River is at around +21.7 m AMSL.
Hence, the minimum platform level for future developments within the Capital City
should be set at +25 m AMSL or at a level higher than the historical flood level in
the particular area, subject to further detailed hydrological studies for the
Kondaveeti Vagu catchment.

Fig. 2 Potential reservoir sites and blue network
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4 Conclusion

The most robust Disaster Management System can be prepared for a smart city
using the Geo-spatial Tools. The involvement of such tools from planning stage
could definitely help to prepare a more robust responsive system and prevent any
loses by planning to avoid the disaster effecting areas or remodeling existing areas
to reduce the losses due to disaster. A smart city in all aspects could become a
leading example by integrating such geo-spatial planning and preparing ahead for
disasters.
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Chapter 42
Study on Drought Monitoring Based
on Spectral Indices in Noyyal River
Sub-watershed Using Landsat-8
Imageries

J. Brema, T. S. Rahul and James Jesudasan Julius

Abstract Drought is an extreme condition due to moisture deficiency and has
adverse effect on society. Agricultural drought occurs when there is a reduction in
soil moisture which produces serious crop stress and affects the crop productivity.
The recent advances in the field of earth observation through different satellite
based remote sensing systems have provided avenues for researchers to conduct
continuous monitoring of soil moisture, land surface temperature and vegetation
indices at a global scale. This research study is focused on Noyyal river sub-basin,
which comes under a semi-arid region. In this study, Landsat 8 [Operational Land
Imager (OLI) and Thermal Infrared Sensor (TIRS)] images of the year 2014, 2015,
2016 and 2017 were used for drought assessment in the summer season. The
summer season spans from March to May in Coimbatore. Therefore, in the study
the indices are compared corresponding to the months of summer for four con-
secutive years. The analysis of vegetation cover using NDVI, VCI, TCI, WSVI and
VHI indices demonstrates the impact of the drought in the agricultural scenario in
the sub-basin.
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1 Introduction

Drought, which occurs with a frequency involving complex factors, a natural
catastrophe that has to be managed by the policy makers in time. It occurs in all
climate regions and is one of the prime calamity throughout the earth. Out of all the
types of natural calamities, drought has the direct impact on agriculture. As such, a
drought survey and identification of drought vulnerable zone physically is a difficult
procedure with more time consumption. Remote sensing technology provides
coverage throughout the earth in order to facilitate the identification and monitoring
of the drought calamity. The implementation of satellite image based drought
indicators helps to understand drought impact zone [1, 2]. To monitor drought
continuously, Normalized Difference Vegetation Index (NDVI) and Land Surface
Temperature (LST) are successfully used. NDVI is a representation of the vege-
tation condition with the help of spectral characteristics of red light, near infrared
band or their simple combination, based on the strong absorbing property of
chlorophyll [2]. The following indices can be used to assess the drought condition,
Water supplying vegetation index (WSVI), Vegetation Condition Index (VCI),
Land Surface Temperature (LST) and Vegetation Temperature Condition Index
(VTCI) respectively. The main objective of this research study is to assess the
variations in drought in Noyyal river basin using various indices derived from
satellite images.

2 Literature Review

Drought is defined as a deficiency of precipitation over an extended period of time
resulting in water shortage that causes extensive damage to crops [3]. The remote
sensing study shows a drastic change in the builtup land during the period 2000 and
2010 in the Coimbatore corporation limit [1]. A drought is a term relative to normal
conditions while water shortage is an absolute term for water demand [4]. In order
to have a continuous monitoring of vegetation changes over a long period and
spatially, satellite imagery are to be used for deriving various indicators [5].
Variations in vegetation can be assessed by conducting a comparative analysis of
derived NDVI indices [6]. NDVI and LST were found to be closely correlated in
several land use and land cover categories, especially in vegetated areas. Data from
remote sensing is very good for vegetation cover monitoring; it can provide very
good information about the vegetation cover [7]. One of the most widely used
indicators for vegetation monitoring is NDVI. Satellite derived NDVI is considered
as the basis for assessment [8]. The spatial pattern of LST in the study area was
arrived at to depict the scenario on urban heat island. The study included a real-time
field work performed during the overpass of Landsat-5 satellite on 21/08/2011 over
Salt Lake, Turkey. Normalized Difference Vegetation Index (NDVI), Vegetation
Condition Index (VCI), and Temperature Vegetation Index (TVI) were used to
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evaluate the impact of drought in the region during the period from 1984 to 2011.
The results showed that real-time ground and satellite remote sensing data were in
good agreement with correlation coefficient value of 0.90. The remotely sensed and
treated satellite images and resulting thematic indices maps showed that dramatic
land surface temperature changes occurred (about 22 °C) in the Salt Lake Basin
area during the 28-year period (1984–2011).

3 Study Area

The Noyyal river basin, sprawls for about 175 km from west to east with an average
width of about 25 km. The widest part is located in the central portion with an width
of about 32 km. Total extent of the basin is about 3646 km2. The basin lies between
the latitudes 10° 53′ 1.06″N to 11° 21′ 57″N and longitudes 76° 37′ 49″E to 78° 12′
55.06″E. The sub-watershed considered in this study lies in the head reach of the
basin which comes under Coimbatore district, TamilNadu, India as shown in Fig. 1.
The total areal extent of the sub-watershed is around 1631.54 km2.

4 Materials and Methods

Landsat imageries for the study were downloaded from the U.S. Geological Survey
website (i.e., landsat.usgs.gov). The months of April and May corresponding to the
years 2014–17 were included in the study, as these months reflect the highest
vegetation proliferation in a year. Landsat images has a high spatial resolution of
30 m, which is available in a standardized, orthorectified format. Band 5 and Band
4 were considered for NDVI estimation Band 10, Band 11 and thermal infrared
bands were considered for estimating land surface temperature in the
sub-watershed. From the corresponding bands of the geocoded satellite images,
the land surface temperature was calculated from emissivity and NDVI values of

N 

Sub-watershed

Fig. 1 Study area

42 Study on Drought Monitoring Based on Spectral Indices in Noyyal … 475



the sub-watershed. The NDVI is estimated as a ratio between measured spectral
reflectance in the red and near infrared portions of the electromagnetic spectrum.
The two spectral bands, Band 4 and Band 5 were chosen as more suitable for the
NDVI calculation, as they are affected by the rate of absorption of chlorophyll by
the density of green vegetation on the surface. NDVI was calculated as follows:

NDVI ¼ Float Band 5� Band 4ð Þ=Float(Band 5þBand 4) ð1Þ

where, NDVI values range between −1 and 1.
The Land surface temperature was estimated by using the equation:

T10 ¼ K2=lnðK1=Lk þ 1Þ� 273 ð2Þ

T10 = Top of atmosphere brightness temperature, Lk = Top of atmosphere
spectral radiance, K1 = Band-specific thermal conversion constant,
K2 = Band-specific thermal conversion constant. K1 and K2, Rescaling factor
values for the above Eqs. 1 and 2 were obtained from Meta data of the satellite
images.

LST10 ¼ T10=ð1 þ kT10=qð Þln eð Þ ð3Þ

Emissivity, e ¼ 0:004Pv þ 0:986 ð4Þ

where, Pv is Proportion of vegetation, LST10 is land surface temperature (in
Kelvin); T10 is radiant surface temperature (in °C); k is the wavelength of emitted
radiance (11.5 µm); q is h � c/s (1.438 � 10−2 m K); h is Planck’s constant
(6.26 � 10−34 J s); c is the velocity of light (2.998 � 108 m/s); s is Stefan
Boltzmann’s constant (1.38 � 10−23 J K).

The Vegetation Condition Index (VCI), the Temperature Condition Index (TCI),
and the Vegetation Health Index (VHI) have been calculated using the values of
NDVI, LST10, etc. VCI and TCI data were used to calculate VHI, a vegetation
drought index which incorporates overall vegetation health and its severity to
indicate agricultural drought extent at any time of the year. The VCI, TCI and VHI
have been classified and shown in Table 1.

Table 1 Classification of the
VCI, TCI and VHI values in
terms of drought

Sl. no. Drought category Value

1. Extreme <10

2. Severe <20

3. Moderate <30

4. Mild <40

5. No � 40
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5 Results and Discussions

The LST map generated corresponding to Band 10 image acquired on 02.05.2014 is
shown in Fig. 2. The temperature is very high nearer to the urbanised locations like
Tirupur, Coimbatore corporation etc. In order to assess the impact of landuse
changes on meteorological parameters, the daily maximum and minimum tem-
peratures from the meteorological stations were used for correlation. The linear
trends computed for the 4 years showed a slight increase in maximum temperature.
The standard deviation (S.D.) and the co-efficient of variation (Cv) for both were
less for maximum and minimum temperatures indicating only minor variations
from year to year.

The maximum NDVI value has decreased from 0.55 to 0.52 showing an indi-
cation of decrease in vegetation in the study period. The values of NDVI in the
sub-watershed during May 2014 is shown in Fig. 3. The lowest positive and
negative NDVI values are observed in the year 2017. Figure 4 shows the rela-
tionship between NDVI values with respect to years.

From Fig. 5, it can be seen that there is a decrease in NDVI value during the
period of 4 years. The relationship between NDVI and surface radiance temperature
was studied for each year through correlation analysis. The Land Surface temper-
ature values tend to correlate negatively with the NDVI values. The highest NDVI
was found in the year 2014 as 0.552. However, the lowest negative NDVI value
was found in 2017 as −0.025. It can be concluded that a strong negative correlation
exists between the land surface radiance temperature and NDVI as higher vegeta-
tion content tends to lower the land surface temperature.

Karunya Nagar

Coimbatore Airport

Karunya Nagar

Coimbatore Airport

N  

Fig. 2 LST map of the sub-basin
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The saturation of soil moisture is directly related to the presence of sufficient
precipitation which is highly required for sustained agriculture. Hence, in the study
to determine the precipitation status in the study area the Water Supplying
Vegetation Index (WSVI) was calculated. The WSVI is an indicator based on the
relationship between normalized difference Vegetation Index and surface temper-
ature, which provides effective estimation of surface moisture condition. The WSVI
values ranges from −4 for extreme dry (Arid area) to +4 for highly moist condition.
The results showed that the WSVI value in the study area ranges from 0.00119 up
to 0.0176. It can be inferred that the moisture level in most of the study areas are
experiencing more moisture deficit, the moisture levels ranged from moderate to
very low moisture levels, which is an indication of less rainfall. The NDVI depicts
the variations in vegetation extent, whereas the VCI classifies vegetation variations
between 0 and 100 to represent the relative variations in the moisture condition
from extremely bad to optimal position. The value of the VCI index was 99.97,
100.01, 100.10 and 100.03 during the May months of 2014, 2015, 2016 and 2017.

N

Fig. 3 NDVI Map of the sub-basin
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Fig. 4 Estimated extreme
NDVI values
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The VCI value of the 2014 is lower than the consecutive years, due to less rainfall
received in the post monsoon season of 2013. Figure 6 shows the degradation of the
health of crop due to insufficient soil moisture present in the soil. The TCI of the
study area is shown in Fig. 7. The TCI value is high in and around the
Thondamuthur block and very low nearer to the Tirupur and Pongalur blocks.

N

High : 0.0176467

Low : -0.00119291

Fig. 5 WSVI during May 2014

N

High : 99.9782

Low : -3.13055e-006

Fig. 6 VCI during May 2014
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Spatial variation of VHI during 2014, 2015, 2016, and 2017 are shown in Figs. 8
and 9. The Figures show that extreme drought was experienced during 2014, 2016
and 2017. There is high vegetation index in the regions of Tirupur, Avinashi and
Pongalur due to regional increase in rainfall during the year 2015. The maps show
that drought extent in research area has been significant throughout, from mild
drought to severe drought.

5.1 Statistical Analysis

The correlation co-efficient values for LST found to be 0.819 and 0.884 for bands
10 and 11 at Karunya university. The correlation co-efficient values were found to
be 0.432 and 0.505 for bands 10 and 11 at respectively Coimbatore airport. The
results of the LST map also correlated with the drought regions corresponding to
VCI and VHI maps. Table 2 shows the estimated values of various indices in the
sub-watershed for the years 2014–2017.

From Table 2, it can be seen that the least average WSVI value were observed as
0.01764, 0.02298, 0.0197 and 0.0192. It is observed that vegetation condition is
better during the year 2015 compared to the other three years. Due to the disparity
in the rainfall region wise the vegetation index is high in certain regions and very
low in certain regions of the basin. The greater fluctuation is observed in the
Tirupur and Erode region of the basin.

N

High : 99.9641

Low : -0.000124122

Fig. 7 Temperature condition index during May 2014

N N 

High : 84.1869

Low : 7.16777

High : 75.158

Low : 13.2806

Fig. 8 Vegetation health indices during May 2014 and 2015
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6 Conclusions

In this research, the potential of remote sensing to study the temperature variation
and its effect on NDVI in the sub-watershed of Noyyal basin with the help of
Landsat 8 has been demonstrated. The result shows that there is a decrease in
maximum NDVI values during the study period. The findings of the research
highlight the importance of the remote sensing studies in the determination of
hydrological drought indices. In this paper, an attempt has been made to derive the
Vegetation Health Index (VHI) from the indices of Vegetation Condition,
Normalized Difference Vegetation, and the Temperature Condition which were
derived from Land Surface Temperature (LST) for a study period from 2014 to
2017. The variation in the drought indices is obviously visible in the lower end of
the sub-watershed. The results of VHI estimates can contribute to monitor the onset
of agricultural drought as early warning system.

N N

High : 92.0747

Low : 8.62169

High : 80.5204

Low : 8.71136

Fig. 9 Vegetation health indices during May 2016 and 2017

Table 2 Estimated NDVI values in the sub-watershed

Indices Category 2014 2015 2016 2017

NDVI Minimum −0.42 −0.05 −0.05 −0.025

Maximum 0.552 0.547 0.547 0.52

WSVI Minimum −0.00119 −0.00186 −0.0017 −0.000804

Maximum 0.01764 0.02298 0.0197 0.01925

VCI Minimum 3.13 � 10−6 −0.0065 −0.0149 −0.000903

Maximum 99.97 100.001 100.10 100.03

TCI Minimum −0.000124 −0.022 −0.0002 −0.0177

Maximum 99.96 99.997 99.998 99.99

VHI Minimum 7.16 13.28 8.621 8.7113

Maximum 84.18 75.158 92.074 80.52
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Chapter 43
Vibration Measurement of a Steel
Bridge Using Smart Sensors:
Deployment and Evaluation

J. Brema, J. Santhosh Kumar, K. Prathibaa and T. S. Rahul

Abstract Civil infrastructure provides the means for a society to function and
include buildings, pedestrian and vehicular bridges, tunnels, factories, conventional
and nuclear power plants, etc. Structural health monitoring (SHM) represents one of
the primary applications for new sensor technologies. In these cases, structural
health monitoring (SHM) can be implemented for damage detection and charac-
terization strategy of engineering structures. The design, fabrication, and con-
struction of smart structures are one of the ultimate challenges to engineers as they
form the essence of system intelligence and the cores of smart structures technology
centers around innovative sensors and sensor systems. In this study, an attempt has
been made to monitor the force and vibration components in a Whipple truss bridge
and has been verified it analytically. This paper presents a novel piezoelectric cable
vibration sensor prototype for use in a monitoring system that can easily evaluate
the vibrations of a steel bridge quantitatively. Results obtained using sensor were
compared with results obtained with accelerometers and Abaqus software and it
was found that the natural frequencies of vibrations estimated from both procedures
are in good agreement. However, additional investigation is required to improve the
accuracy and reliability of proposed sensor.
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1 Introduction

Structural Health Monitoring (SHM) is the process to observe and check the pro-
gress or quality of (something) over a period of time; keep under systematic review.
It gathers information on routinely basis and used to check a project or a structure as
it functions. This method of implementing a damage detection and characterization
strategy for engineering structures is referred to as structural health monitoring
(SHM). A significant challenge in developing an SHM strategy for civil infras-
tructure is that except for certain types of public and private housing, every
structure is unique. Major drivers in this area have been the oil industry, operators
of large dams and highways agencies, whose installations have received the greatest
attention and research effort. Residential and commercial structures have received
relatively little attention due to potential obligations and consequences of owners
knowing about poor structural health. The effectiveness of maintenance and
inspection programmes is only as good as their timely ability to reveal problematic
performance, hence the move to supplement limited and intermittent inspection
procedures by continuous, online, real-time and automated systems.

Truss bridge is a whose load-bearing super structure composed of connected
elements usually forming triangular units. The connected elements (typically
straight) may be stressed from tension, compression or sometimes both in response
to dynamic loads. Truss bridges are one of the oldest types of modern bridges.
A truss bridge is economical to construct because it uses materials efficiently.
A Whipple truss is named after its inventor Squire Whipple. It is usually considered
a subclass of the Pratt truss because the diagonal members are designed to work in
tension. The main characteristic of a Whipple truss is that the tension members are
elongated, usually thin, and at a shallow angle, and cross two or more bays
(rectangular sections defined by the vertical members).

The fundamental objectives of civil infrastructure monitoring are as follows:
modifications to an existing structure; monitoring of structures affected by external
works; monitoring during demolition; structures subject to long-term movement or
degradation of materials; feedback loop to improve future design based on expe-
rience; fatigue assessment; novel systems of construction; assessment of
post-earthquake structural integrity; decline in construction and growth in mainte-
nance needs and the move towards performance-based design philosophy.

2 Literature Review

Chen et al. [1] have conducted a study to monitor the contents of vibration of a
bridge analytically as well as experimentally. The authors have concluded that the
purpose of establishing a vibration monitoring system is to obtain the vibration
response of the bridge structure in the course of running process, to get the change
of the dynamic character which includes natural vibration frequency, damping and
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vibration mode, and to provide evidences for the safety evaluation of the bridge
structure. Washer et al. [2] have proposed a study to establish vibration remote
monitoring system of the bridge structure, a efficient and reasonable sensor layout
project needs to be designed in the light of the monitoring propose firstly.
According to the theoretical analysis result and the actual condition, the 891-4 type
vibration sensors were adopted to monitor the vibration displacement; the MEMS
acceleration sensors were adopted to monitor the acceleration. Fabian et al. [3]
researched on the acquisition device of vibration signal is the 1601 network data
acquisition processor which was autonomously developed. Various analog signals
which were transmitted by sensor system were collected, and then the analog to
digital conversion was completed by the network data acquisition processor.
Chaurasiya [4] have conducted a study using several current vibration sensors
which were used widely in basic principles and features. Nagayama et al. [5] have
concluded in the study the wireless sensor system installed in a suspension bridge
can measure the traffic induced vibrations and this monitoring demonstrates quick
and easy installation, measurements, and sensor removal as well as its capability to
capture dynamic behavior of the bridge.

3 Methodology

The lifetime of bridge structures nowadays is supposed to be 100 years, without a
significant failure during the service life. The failures on bridge structures are by
initial inspection visually detectable. The main goal of the research is to investigate
conventional defects and failure causes and to prepare recommendations to design
new bridges without inherent failures and with higher durability. The automated
cracks which cause by heavy moving trucks and also by any other natural
calamities to be identified by placing the vibration sensor in the truss bridge which
will be connected to a alarming sound signal module. The inspection guide on
rectifying crack in the bridge will be the result of the project.

3.1 Proposed System

In proposed method we develop a advanced method of sensing cracks in the joints
with the help of vibration sensor. Here vibration, force sensors are placed for
monitoring the accurate level of the physical quantities of the moving load and dead
load in the structure. force sensor and vibration sensors is placed for measuring the
pressure of the structure and also its vibration, if any abnormal data to be found by
the sensors it will automatically alert by voice module(APR).
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3.2 Sensors

Measurement system comprises of sensors, transducers and signal processing
devices. A sensor is a device that detects a change in a physical stimulus and turns it
into a signal which can be measured or recorded; a transducer converts a physical
quantity to an electrical quantity and hence enables transfer of power from one
system to another in the same or in the different form. The types of sensors used in
this project are:

a. Force Sensor
b. Vibration sensor

3.2.1 Force Sensor

Force Sensing Resistors (FSRs) are very thin, robust, polymer thick film
(PTF) devices that decrease in resistance when increased pressure is applied to the
surface of the sensor. FSRs are not a load cell or strain gauge devices though they
have many similar properties. They are more appropriate for qualitative rather than
precision measurements.

With its paper-thin construction, flexibility and force measurement ability, the
Thin Force sensor can measure force between almost any two surfaces, up to 1 kg.
To ensure utmost accuracy, a small disc (included) can be placed directly on the
sensing pad before applying force to the disc. This will ensure that all the force is
applied directly to the sensing pad and not to the surrounding surface (Tables 1, 2
and 3).

3.2.2 Vibration Sensor

Vibrations produced by Heavy load Trucks machinery are vital indicators of
machinery health. Vibration analysis is used as a tool to determine the bridge
condition and the specific cause and location of problems, expediting repairs and
minimizing costs. Monitoring vibration levels over time allows prediction of
problems before serious damage can occur. Vibration sensors are sensors for

Table 1 Sensor properties Sl. no. Sensor type Force sensitive
resistor

1. Sensor output type Ratio-metric

2. Force min 1 N

3. Force max 20 N

4. Maximum measurement
error

10%
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measuring, displaying, and analyzing linear velocity, displacement and proximity,
or acceleration. The purpose of establishing a vibration monitoring system is to
obtain the vibration response of the bridge structure in the course of running pro-
cess, to get the change of the dynamic character which includes natural vibration
frequency, damping and vibration mode, and to provide evidences for the safety
evaluation of the bridge structure. Vibration Frequency can be measured in terms of
Hertz. The components in the monitoring system is as follows. The micro controller
(PIC16F877A) consists of force sensors, vibration sensors, LCD display and APR
module. And the power supply unit includes step down transformer (230–12 V
AC), Bridge rectifier, filter circuit and voltage regulator (IC 7805).

4 Results and Discussions

4.1 Ansys

ANSYS is an American computer-aided engineering software developer head-
quartered south of Pittsburgh in Cecil Township. ANSYS Mechanical is a finite
element analysis tool for structural analysis. In civil engineering, it also gives us
result of bending moment, shear moment diagram, Equivalent truss, Total defor-
mation, Minimum combined stress and Maximum combined stress. The results are
shown in Figs. 1, 2, 3 and 4.

In Fig. 2, it is observed that the stress is maximum at the end and minimum at
the edges of the truss and in the total deformation in this truss is maximum at the
center and minimum at the both edges.

Table 2 Electrical properties

Sl. no. Parameters Value

1. Current consumption max 1.5 Ma

2. Output impedance 3.3 Kx

3. Supply voltage min 4.5 V DC

4. Supply voltage max 5.3 V DC

Table 3 Physical properties

Sl. no. Parameters Value

1. Sensing area 126.7 mm2

2. Operating temperature minimum −30 °C

3. Operating temperature maximum 70 °C

4. Lifespan 10 million actuations
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Fig. 1 Deformation results from Ansys

Fig. 2 Equivalent stress results

Fig. 3 Axial force in the members
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4.2 Abaqus

Abaqus is a software for finite element analysis and computer-aided engineering,
originally released in 1978. It is used in automotive, aerospace, civil and industrial
products industries. Here it has been used to find out the frequency of the designed
truss (Fig. 5).

According to the result obtained, the frequency (Hz) of the truss is maximum at
the center and minimum at the ends for the given load of 7 kN.

The following procedure was used to determine the natural frequency
theoretically:

k ¼ w=D; x ¼
ffiffiffiffiffiffiffiffiffi

k=m
p

; f ¼ x=2p

Fig. 4 Bending moment in the members

Fig. 5 Frequency results obtained from Abaqus
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k—stiffness of the spring
Δ—deflection
f—frequency.

4.3 Experimental Values

As the force sensor can sense up to maximum of 1 kg only, the values obtained
from the experiments were scaled down and the values are given in Table 4.

The experimental values and the observed values correlate well and it have been
represented using the graph given in the Fig. 6.

5 Conclusion

The truss was analyzed with the help of the softwares such as Ansys and Abacus to
obtain the load carried by the members, to design the truss and to study the fre-
quency in the members respectively. The various parameters of the truss were also

Table 4 Load versus frequency

Sl. no. Load (kg) Frequency (Hz)

1. 0.133 0.0059

2. 0.285 0.0091

3. 0.428 0.013

4. 0.571 0.016

5. 0.714 0.02

6. 0.850 0.024

7. 1.000 0.034

Fig. 6 Load versus frequency curve
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verified experimentally. It is observed that it is possible to obtain the data from truss
bridge which will save human life in advance. The real-time monitoring, the
real-time displaying, the real-time analyzing and the real-time alarming function are
shown in this system. It could provide technical support for discovering the
abnormality and damage of the bridge, avoiding the occurrence of bridge collapse
accident, ensuring the running safety of bridge structure.
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Chapter 44
Space Technology Based Disaster
Management and Its Societal
Implications

Dhruvi Bharwad

Abstract ISRO has been pioneer in embarking the concept of using space tech-
nology based societal benefits. It started with vision to utilize space technology for
national development. It is also evident that ISRO has actively responded to many
developmental spheres of the country. Within last three decades, there has been
paradigm shift in the ways of using space technologies for socially relevant fields
and disaster management is no exception. Apparently, in present context, when
discussing about ISRO and space technology, mostly it is linked with space
expeditions, spacecrafts and satellites. Nevertheless, the fact is that these satellites
are used to address the developmental need and challenges of the country. ISRO has
successfully demonstrated diversified use of satellites benefitting the society
directly as well as indirectly. In this context the present study argues that disaster
management is an inclusive approach and it addresses disasters from socio-political
milieu and ISRO’s approach towards disaster management from societal perspec-
tive. ISRO’s earth observation initiatives coupled with geo spatial technologies and
satellite communication and navigation are catering many user driven applications
for disaster management, climate and environment. These applications are opera-
tionally addressing various natural disasters like floods, cyclone, drought, land-
slides, earthquakes and forest fires. This approach study further narrates how ISRO
is instrumental in building disaster resilient nation through its proactive approach. It
is a qualitative attempt to understand societal implications of ISRO’s space based
disaster management approach and Disaster Management Support (DMS)
programme.
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1 Introduction

India is one of the most disaster prone countries across the globe and is vulnerable
to many disasters such as floods, cyclone, drought, landslides, earthquakes and
forest fires. According to National Disaster Management Authority (NDMA) more
than 58.6% of the landmass is prone to earthquakes of moderate to very high
intensity; over 40 million hectares (12%) of its land is prone to floods and river
erosion; close to 5700 km, out of the 7516 km long coastline is prone to cyclones
and tsunamis; 68% of its cultivable area is vulnerable to droughts; and, its hilly
areas are at risk from landslides and avalanches. Moreover, India is also vulnerable
to Chemical, Biological, Radiological and Nuclear (CBRN) emergencies and other
man-made disasters. The vulnerability profile as depicted by NDMA further states
that disaster risks in India are further compounded by increasing vulnerabilities
related to changing demographics and socio-economic conditions, increasing
urbanization, development within high-risk zones, environmental degradation, cli-
mate change, geological hazards, epidemics and pandemics. Clearly, all these
contribute to a situation where disasters seriously threaten India’s economy, its
population and sustainable development.

The recent disasters and its socio-economic impact on the country at large, has
resulted in the need to adopt a multi-dimensional approach involving diverse sci-
entific, engineering, financial and social processes to reduce vulnerability in
multi-hazard prone areas. In view of this, the Government of India has brought
about a paradigm shift in its approach to disaster management. The change is from
“relief and emergency response” to a balanced approach covering all phases of the
Disaster Management Cycle. This approach acknowledges disaster management as
a part of the development process, and investments in mitigation are perceived to be
much more cost effective than relief and rehabilitation expenditure. In this regard,
Government of India has taken various initiatives in area of disaster preparedness,
mitigation and response through networking of various institutions, institutional
capacity building, and policy interventions at all levels. Disaster Management is
now being institutionalized into development planning through proactive approach.
Various ministries and institutions are in place to cater the efficient disaster man-
agement. The role of satellite technology and space based inputs cannot be ignored
in ensuring effective disaster management. Various kinds of Satellites, including
communications, navigation and remote sensing are useful tools in disaster
management.

The Indian Space Programme envisioned the use of space technology for the
benefit of common man. There has been paradigm shift in the ways of using space
technologies for socially relevant fields and disaster management is no exception.
The Indian Space Research Organization (ISRO) has successfully demonstrated
diversified use of satellites benefitting the society directly as well as indirectly. The
study discusses approach of space technology in managing the disasters and its
societal implications. It further discusses the approach of ISRO’s disaster man-
agement initiatives in light of its societal implications by using secondary data from
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open sources. The present study explains that disaster management is an inclusive
approach and it addresses disasters from socio-political milieu and ISRO’s
approach towards disaster management from societal perspective.

2 Space Based Disaster Management: ISRO’s Initiatives

As per data available on Press Information Bureau of and India and ISRO portal at
present, India has 13 earth observation, 3 meteorological, 13 communication and 7
navigational satellites in operation. The data from earth observation and meteoro-
logical satellites in conjunction with ground based information, and services
derived from communication & navigation satellites are being used towards
Disaster Management Support. The data obtained from meteorological satellites is
used for cyclone track, intensity & landfall predictions and forecasting of extreme
weather events. The data from earth observation satellites is used for monitoring
disaster events and assessing the damages. The communication satellites help to
establish emergency communication in remote and inaccessible areas and naviga-
tion satellites are used for providing location based services. The fishing sector is
being supported through advisories on Potential Fishing Zones and the ocean state
forecast generated using satellite data helps the shipping sector. Space Application
Centre (SAC) has developed Disaster Management Synthetic Aperture Radar
(DMSAR) for flood mapping, landslide, earthquake assessment etc. The dedicated
space infrastructure for disaster management includes INSAT 3D and INSAT 3DR.

ISRO has developed very comprehensive space based Disaster Management
Support (DMS) programme and been implementing the same through concerned
ministries. Under the DMS programme earth observation satellites along with
meteorological and communication satellites are used for providing support and
services. The programme does monitoring of natural disasters like earth quake,
flood, landslide, cyclone, forest fire etc. The programme also supports a National
Database for Emergency Management (NDEM). Apart from these, the programme
actively responds in many other ways like providing support to International dis-
asters, providing infrastructure for undertaking aerial survey and capacity building
initiatives. The programme also contributes in identifying hazard zone of the
country and provides near real time information in case of emergencies. The pro-
gramme also offers near real time mapping of floods, cyclones and forest fires as
well as landslide inventory, hazard zone identification and earthquake damage
assessment. The major components are shown in Fig. 1.

Specific disaster centric services targeted by the DMS programme are as follows:
Flood and Cyclone (Monitoring and Prediction): Nationwide monitoring of flood

and cyclone is carried out and hazard zones are identified. Early warning for flood
and cyclone is also disseminated in coordination with Central Water Commission
(CWC) and India Meteorological Department (IMD). Through the programme
ISRO provides operational services towards delineation of flood affected areas and
hence helps in planning critical relief operations. ISRO is supporting the efforts of
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India Meteorological Department to predict the tropical cyclone track, intensity and
landfall. After the formation of cyclone, its future tracks are regularly monitored
and predicted on an experimental basis at Space Application Centre (SAC), ISRO.
Real time flood and cyclone prediction helps the disaster management authorities in
effective management by taking appropriate measures to reduce the loss of lives and
property.

Agricultural Drought: The operational methodology developed by ISRO for
prevalence, severity level and persistence of agricultural drought is now institu-
tionalized by setting up Mahalanobis National Crop Forecasting Centre (MNCFC)
under the Ministry of Agriculture. Currently, ISRO is concentrating on upgrading
the methodology for monitoring the drought and efforts are on to develop early
warning systems for agricultural drought.

Forest Fire: Forest fires in India have environmental significance in terms of
tropical biomass burning, which produces large amounts of trace gases, aerosol
particles, and play a pivotal role in tropospheric chemistry and climate. Active
forest fires are detected from the satellite images and the information is uploaded
daily to the Indian Forest Fire Response and Assessment System (INFFRAS)
website during the forest fire season—February–June.

Earthquakes: Remote Sensing and GIS provide a database from which the
evidences left behind by disaster can be combined with other geological and
topographical database to arrive at hazard map. These data can be made use to
create a very large scale base information of the terrain for carrying out the disaster
assessment and for relief measures.

Landslides: Landslides pose a threat of lives and property in mountain areas.
Earth observation plays vital role in collecting information on landslides particu-
larly across inaccessible mountains. Under the programme extensive landslide
hazard zone mapping in the state of Himachal Pradesh and Uttarakhand has been
done. Landslide inventory has also been prepared in case of extreme emergencies
like Kashmir earthquake (2005), Sikkim earthquake (2011), Kedarnath disaster
(2013) and J&K floods (2014). These maps are very useful for development
planning and policy making.

Fig. 1 Major components of DMS (Source www.sac.gov.in)
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Infrastructure development for Disaster Management: Apart from these initia-
tives, repository of data to support emergencies a National Database for Emergency
Management is also maintained. Further under the programme ISRO has set up a
satellite communication based virtual private network. Through the network
effective communication support is provided during disasters and it can be accessed
from terrestrial network whenever required. Thus the network helps in restoring
basic communication in affected areas.

Natural disasters like floods, cyclone, landslides, earthquakes and forest fires
damages the natural resources and incurs significant economic losses. But at the
same time there are slow and onset disasters like drought, heat wave and cold wave,
cloud burst etc. have potential to turn into disaster by incurring economic as well as
human life losses. Satellite technology through its forecast and advisories can easily
avert the losses arising out of such potential disastrous events. Indian satellites are
instrumental in providing advisories, forecasts, alerts and early warnings for
weather events on daily basis, which is accessible through its web portals.
Meteorological and Oceanographic Satellite Data Archival Centre (MOSDAC),
ISRO provides data on heavy rainfall alerts, heat waves, cloudburst, dust storm etc.
in near real time. The Indian Geo Platform—Bhuvan also offers information on
hailstorms, flood warning, flood vulnerability and other disaster related services.
Such information dissemination mechanism helps in minimizing the risk. Some of
such products are shown in Figs. 2, 3 and 4.

Fig. 2 Heat wave prediction across India, April 2016 (Source www.mosdac.gov.in)
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Fig. 3 Heavy rainfall prediction (Source www.mosdac.gov.in)

Fig. 4 Cyclone PHAILIN (Source www.mosdac.gov.in)
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3 Societal Implications of ISRO’s Disaster Management
Initiatives

Disasters pose serious risk to life, property and infrastructure. Timely information
about onset of disasters can help in preventing such losses to a great extent. It also
helps in planning response accordingly. Earth observation satellites and commu-
nication satellites together can easily ensure effective disaster management. It
provides synoptic and unbiased information on disasters that can help in damage
assessment, preparedness and mitigation, early warning, impact assessment and
emergency communication. Some of the aspects of space technology like
Geographical Information System, Global Positioning System, and Earth
Observation have been proved very crucial for disaster management. All these
aspects are very useful to disaster management authorities and concerned response
agencies in planning their response to disaster situation as well as for decision
making, policy making.

ISRO’s disaster management initiatives ensures timely support and services from
aero-space systems, both remote sensing and communications, towards efficient
management of disasters in the country. The emergency communication capability
of DMS programme is major element for planning relief and rescue operations. It
also helps in making emergency response more accurate. It also helps in damage
assessment and planning long term mitigation strategy. The database generated
through DMS programme helps to a great extent in planning developmental
activities as well as for preparing disaster management plans. Hence it is useful in
making national, state as well as district level disaster management plans. The
programme also addresses many other social dimensions. The initiatives planned
under the programme not only aim at reducing damages during disasters but also in
planning long term mitigation measures. With the help of earth observation many
important activities are done for disaster management. It plays important role in
identifying disaster affected area, damage assessment and in monitoring and pre-
diction of disasters. All these factors are inevitable components of socially
responsive disaster management.

One of the major areas to build resistance to natural disasters is through capacity
building. There are many stakeholders, government and non-government as well as
the community (scientists, managers, planners, grassroots, media and general
masses). All of them have different level of knowledge capacity hence in order to
bring them to single platform; the database generated through space technology can
be easily utilized. This type of database provide access to disaster related infor-
mation like factors responsible for disasters, its repercussions, natural impact as
well as human induced impact, prediction etc. The early warning dissemination also
helps in planning response and gives time to community for preparedness and
hence empowers community to face disasters. Moreover, such space based disaster
management enables better disaster response for relief and rescue, timely assess-
ment of damage and mitigation planning reduces economic and human life loss and
improves overall disaster response mechanism.
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The other societal dimension addressed by space based disaster management is
strong remote sensing applications of Indian remote sensing satellites. Some of
important initiatives are Groundwater Prospects Mapping under Drinking Water
Mission, Forecasting Agricultural output using Space, Agro-meteorology and Land
based observations (FASAL), Forest Cover/Type Mapping, Grassland Mapping,
Biodiversity Characterization, Snow & Glacier Studies, Land Use/Cover mapping,
Coastal Studies, Coral and Mangroves Studies, Wasteland Mapping etc. They play
crucial role in reducing vulnerabilities arising out of resource scarcities. The
information generated by large number of projects have been used by various
departments, industries and others for different purposes like development planning,
monitoring and conservation of natural resources. Early warnings, weather forecast
and nowcast, advisories, near real time alerts etc. provides information regularly
which can be of significant use to administration in decision making. Access to
disaster or potential disastrous events is a step towards building disaster resilient
nation, as it reduces vulnerabilities.

4 Conclusion

Over the past few decades, there has been an increase in disaster occurrence
resulting in human and economic losses. This is because of increasing vulnerability
of people to natural disasters. Vulnerability to natural disasters is integrally linked
with poverty, resource scarcity, poor coping capacity and lack of disaster resilience.
Many a times hazardous situations are common for both rural and urban areas but
its adverse impact can be seen more in rural areas, because they are ill equipped
with necessary skills, infrastructure, capacities and coping mechanism. Poor socio
economic conditions, illiteracy, increasing demographic pressure and poor
geo-climatic surroundings further increase their vulnerability. Hence managing
disasters skilfully by addressing such social dimension becomes utmost priority.
This cannot be achieved without reliance on satellite technologies and space based
inputs. It is underlying fact that disasters should be addressed with proactive and
holistic approach. The strong remote sensing application front of ISRO coupled
with satellite communication and navigation capabilities are addressing emergency
communication, damage assessment, prediction, early warning, advisories, alerts
etc. Such initiatives eventually reduce vulnerability and enhance coping capacity of
masses as well as administration. Hence the Indian Space Based Disaster
Management practices have resulted in building disaster resilient nation, by
showcasing diversified use of its technologies and applications, benefitting the
society. But at the same time there is strong need for capacity building and sen-
sitization of local bodies in order to take maximum advantage ISRO’s disaster
management initiatives. If local bodies are sensitized towards the effective use of
space based disaster management, the it can reach easily reach to the remote and
most vulnerable population in true spirit.
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Chapter 45
Integrated Methodology for Delineation
of Salt-Water and Fresh Water Interface
Between Kolleru Lake and Bay
of Bengal Coast, Andhra Pradesh, India

Harikrishna Karanam, Jaisankar Gummapu
and Velaga Venkateswara Rao

Abstract Kolleru Lake is the largest natural fresh water lake located between
Krishna and Godavari deltas in Andhra Pradesh in India, is acting as a natural flood
balancing reservoir and is fed directly by water from the seasonal rivers Budameru,
Ramileru and Tammileru. Land use conversions to aqua-culture and
Over-exploitation of groundwater are becoming the sources for salt-water intrusion.
Present land use activities has large contribution for the change of water quality.
Hydrogeomorphology feature are indicates that paleo beach ridges and buried river
courses are potential aquifers around the Kolleru Lake. Though there are number of
open wells present in the villages used for potable water earlier, people switched
over to imported water as their drinking water source may be due to significant
contamination of groundwater resources. Integrated study of remote sensing,,
hydrochemistry, hydrogeology and geophysical investigations revealed the extent
of salt-water intrusion up to the northern part of the lake which is about 40 km
away from the Bay of Bengal coast line. The electrical resistivity of aquifers is less
than 1.0 Xm having salinity of more than 1.2 ppt and the resistivity is around
20 Xm where the salinity is less than 0.5 ppt, has also served as an excellent criteria
for delineating the fresh-water and salt-water interface.
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1 Introduction

Kolleru is one of the biggest shallow fresh water lakes in India which is located
between the deltas of Krishna and Godavari River in the state of Andhra Pradesh,
India. The lake serves as a natural flood balancing reservoir of these two rivers. The
lake receives water from the seasonal Budameru and Tammileru streams and it is
connected to the Krishna and Godavari irrigation system by over 66 inflowing
drains and channels. The catchment of the lake extends up to 9036.30 km2. The
people in the deltaic region between Kolleru Lake and Bay of Bengal coast mainly
depend on agriculture and fishing. Since last two decades aquaculture is developed
inside the coastal area encroached into the agricultural lands and into the Kolleru
Lake also [1]. Groundwater is the main drinking water source to the population
other than the limited surface storage ponds in the study area. Potable groundwater
source exists at shallow depth in the limited geomorphic units and people are
exploring the source through open wells that are in the range of 3–5 m depth and
almost every house having an open well. An attempt is made to understand the
problem with multidisciplinary approach to suggest some solution to improve the
drinking water situation particularly the area between lake and the coast area.

Saltwater intrusion is contaminated coastal aquifers especially in and around the
Kolleru lake region, many farmers to take aquaculture as a more profitable source of
income, where salt water is used from the nearby creaks [2]. Saline or brackish
groundwater is present below fresh groundwater in coastal and deltaic areas [3]. The
coastal aquifers are generally fragile in nature and the shallow aquifers are easily
depleted due to overexploitation of groundwater inmany parts of India andworldwide
[4]. Geophysical, geochemical and remote sensing techniques are used to directly or
indirectly supervise saltwater in coastal aquifers, because of the very high chloride
concentration in seawater. However, total dissolved-solids concentration or specific
conductance of groundwater samples are other indicators of groundwater salinity [5].

Electrical Resistance survey is one of the familiar surface geophysical method to
demarcate the sub-surface layers includes aquifers and to certain extent the quality
of groundwater [6]. Seawater has a high attention of dissolved ions, its presence in a
coastal aquifer can be inferred from measurements of the spatial distribution of
electrical conductivity [7].

2 Study Area

The study area is located in two districts namely West Godavari and Krishna,
Andhra Pradesh, India. The area covered in this investigation is about 3861.97 km2

lying in between 80° 50′ to 81° 39′E longitude and 16° 17′ to 16° 59′N latitude.
Location map of the study area is shown in Fig. 1. The study area lies in between
the delta regions of Krishna and Godavari rivers which include 16 mandals in West
Godavari district and 15 mandals in Krishna district.
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3 Geomorphology

The geomorphological features that are favourable for accumulation of groundwater
and possibility of occurrence of fresh water are (i) up land areas with sand stone
formations may consists of series of aquifers to deeper depth, (ii) paleo beach ridges
that consists of thin sand deposition may have good permeability and forms a good
yielding aquifer (iii) flood plains consists of silty sands and silty clays and can hold
some quantity of water in top thin layer and (iv) lake bed may consists of silty clay
and clay can hold some quantity of water in the form of aquiclude.

4 Hydrogeology

A total number of 194 observation wells in different villages covering the entire
study area were inventoried for 4 years to study the behavior of the aquifer and the
locations of these wells are presented on the geomorphology map as shown in
Fig. 2. All the inventory wells are dug wells and shallow filter points being used for
domestic needs. Water levels are measured with automatic water level indicator and
coordinates were measured with Global positioning system (GPS).

Fig. 1 Location map of the study area

45 Integrated Methodology for Delineation … 505



Minimum depth of water table is recorded as 0.20 m at Malkapuram during post
monsoon period and maximum depth in the same period was 4.12 m at Paturu.
Minimum depth of water table was 1.19 m during pre monsoon period at Penumaka
lanka and maximum depth was 6.1 m at Paturu village. Nearly 50% of the wells
indicated more than 3.0 m depth of water table during pre monsoon period, about
10 wells recorded more than 4 m depth and 2 wells recorded more than 5 m depth
during pre monsoon period.

5 Integration of Chemical Data

Chemical parameters of groundwater samples are well explained above comparing
the WHO and IS:10500 standards. Broadly the areas of maximum desirable,
maximum permissible and beyond permissible limits are demarcated. Here an
attempt is made comparing the areas of beyond permissible limit of TDS with all
the other parameters. Red boundary line enclosure in Fig. 3 is highest TDS area.
Same area with same geographical coordinates superposed over the thematic maps
of all over the other 8 parameters. Figure 3a is the areal distribution of TDS and

Fig. 2 Wells and VES locations on geomorphology map
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Fig. 3b is the aerial distribution of Ca over which the boundary of beyond per-
missible limit of TDS is super posed. Majority of the beyond permissible area of Ca
is coinciding with that of the boundary of TDS. Similarly EC, chlorides, salinity,
sodium, potassium and magnesium parameters highest permissible areas matching
with TDS beyond permissible limits. Thus integration of the chemical parameters
clearly indicates the areas of salinity/polluted groundwater zones.

Fig. 3 Comparison of TDS high concentrations with other parameters
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6 Resistivity Survey

Electrical resistivity method is one of the most commonly used techniques to
delineate aquifer composition, groundwater, bedrock, and fresh/salt zones [8].
Many successful attempts in delineating the shallow and deep aquifers using VES
measurements with Schlumberger configuration were made in the recent past [9,
10]. In this work Schlumberger resistivity method has been utilized to demarcate
saltwater and freshwater. In a general way the resistivity is also controlled by the
amount of water present. The more porous or fissured a rock, the lower the

Fig. 4 Spatial distribution of top layer resistivity
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resistivity. Higher degree of saturation or greater amount of water presents in pore
spaces and fissures also decreases the resistivity [11].

Top soils resistivity in paleo beach ridges, lake plain and uplands are higher and
varies between 3 and 68 Xm. Flood plain deposition, marine built plain and marine
lagoon plain having top soil resistivity varies between 2 to 27, 1 to 15 and 0.3 to
15 Xm respectively. The most dominant geomorphic unit which is favorable for
good potable water is paleo beach ridges having top soil resistivity between 8 and
50 Xm. Spatial distribution of top layer resistivity has shown in Fig. 4.

In the present paper, geophysical resistivity studies and chemical analyses of
ground water for TDS, conductivity and salinity of different open wells are com-
pared. Finally, an attempt made to compared analysis of Vertical Electrical
Soundings (VES) data and chemical data of observation wells nearby sounding
resistivity location which are more related.

7 Integration

The final step of GIS application in this study is to analyze all data layers through
the process called “Overlay”. Index Overlay is a spatial operation in which
superimposed of thematic layers onto another to form a new layer. In this study
overlay process was performed under the contributory rule, using arithmetic
operation as a key function. This kind of overlay is so called “Arithmetic overlay”,
which means that values assigned to two or more input themes are combined
arithmetically (+, –, *, /) to produce an output grid [12]. Two or more thematic
layers may be combined, subtracted, multiplied, etc., to create a new layer with new
value for each grid cell [13]. There are a number of applications in the literature
where both geoelectrical method and groundwater quality studies have been inte-
grated together [14].

In this case the map classes occurring on each input map are assigned different
scores, as well as the maps themselves receiving different weights as before. It is
convenient to define the scores in an attribute table for each input map. The
averages score is than defined by the equation

�S ¼
Pn

i SijwiPn
i wi

where �S = Weighted score for an area object (polygon, pixels)
Sij = Score for the j-th class of the i-th map
wi = Weighted score for the i-th map.
There are several methods available to determine inter class dependencies or

inter map dependencies such as Binary map analysis, Fuzzy logic and Index
Overlay with Multi-class maps. Here an attempt has been made to use multi class
maps in Index overlay method [15].
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The input layers which are considered for the analysis of groundwater vulner-
ability zones are Salinity, Total Dissolved Solids (TDS), Resistivity, Electrical
Conductivity (EC), Total Hardness (TH), Sodium (Na), Chloride (Cl), Calcium
(Ca), Magnesium (Mg), Potassium (K), Nitrate (N03), Sulphate (S04), Total
Alkalinity (TA) and Hydrogen Ion Concentration (PH). The score values for all
individual classes for each map will be assigned along with the map weightages will
be entered as an attribute data for the purposes of index overlay analysis purpose to
obtain a new spatial vulnerability map.

Map Weights

M1 = Weightage * [class (Salinity)]
M2 = Weightage * [class (TDS)]
M3 = Weightage * [class (Resistivity)]
M4 = Weightage * [class (EC)]
M5 = Weightage * [class (TH)]
M6 = Weightage * [class (Na)]
M7 = Weightage * [class (CI)]
M8 = Weightage * [class (Ca)]
M9 = Weightage * [class (Mg)]
M10 = Weightage * [class (K)]
M11 = Weightage * [class (N03)]
M12 = Weightage * [class (S04)]
M13 = Weightage * [class (TA)]
M14 = Weightage * [class (PH)]

Calculate sum of weighted conditions and divided by normalization factor

New Vulnerability Map ¼

�M1þ �M2þ �M3þ �M4þ �M5þ �M6þ �M7þ �M8

þ �M9þ �M10þ �M11þ �M12þ �M13þ �M14
SUM

2
66664

3
77775

Depending upon the levels of concentrations of these chemical parameters in the
study area these were assigned with a particular weightage number and multiplied
to obtain a map which is used for further analysis. In the same way depending upon
their levels of concentrations the other chemical parameters were also assigned with
a particular weightage and multiplied to obtain maps which as used for overlay
analysis of all these chemical parameters along with resistivity of the study area to
obtain salt water intrusion areas. Thus each grid cell data is calculated and repre-
sented in the form of map showing the saline and non-saline groundwater zones in
Fig. 5.

The above figure shows that the groundwater in uplands, flood plains and paleo
beach ridge zones are under non saline. The areas of paleo lagoons, marine plains,
marine marshy lands shown in the non potable groundwater zones. Saline
groundwater zones extend into the lake area and the continuous big brown patch
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between lake and the coast may be the main route of salt water intrusion towards the
land. There are several potable groundwater patches in pink color shown in Fig. 5
very near to the coast also may be due to presence of sand dunes which hold the
fresh water.

Fig. 5 Broad classification of groundwater as per the integration of hydrochemical data and
aquifer resistivity
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8 Conclusion

Physical and geomorphological evidences indicate that the features- uplands and
flood plains are not influenced by the marine activity and groundwater in these
regions are potable. The other geomorphic features- paleo beach ridges, lake plains,
marine plains, paleo lagoon, marine swamps are influenced by marine activity since
Holocene period in which paleo beach ridges and some silty sands and silty clays in
the lake plains consists of potable water at shallow depth due to their leaching out
nature of salts and good rechargeable conditions of groundwater. In the deeper
zones of all the marine influenced areas consist of saline water may be due to sea
water intrusion and also salts locked up in the clay formations.
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Chapter 46
Identification of Landslide Hazard
Zones Along the Bheemili Beach Road,
Visakhapatnam District, A.P.

B. Sridhar, Peddada Jagadeeswara Rao, Gudikandhula Narasimha
Rao, Rajesh Duvvuru, Ch. Anusha, D. Sanyasi Naidu, E. Srinivas,
T. Sridevi, M. Madhuri and Y. Padmini

Abstract Roads and Highways are the index of development of any nation. The
study area considered covers the recent road expansion in between MVP colony to
Bheemili, is a strategic important road which connects Visakhapatnam and
Bheemili. Therefore, the work has been taken up to study the areas liable to collapse
along the road expansion. The geological vulnerable zones were located using the
spatial technology coupled with civil engineering studies The existing road has
been widened removing a small part of Kailasagiri hill at Thenneti Park, is liable to
slide as landslide. Soil creep and slump are the major hazards near Rama Naidu
Cinema Studios. The road is connecting to bad lands popularly known as
ErramattiDibbalu, where soil erosion is more prominent. A huge marine sand dunes
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deposited on both sides of the road near INS Kalingas during cyclones. Resorts,
educational institutions and fisherman colonies are the major land uses, whereas,
thick vegetated hills are the major land cover. The road crosses over small streams
where culverts and bridges were constructed. The study has identified landslides
vulnerable zones and suggested mitigation measures.

Keywords Landslides � Remote sensing � GIS � Geomorphology
Drainage pattern

1 Introduction

Roads and Highways are the arteries which connects different places is the index of
development of any nation. India has the longest Highway road network which
connects Kashmir to Kanyakumari. It connects Northern border to Southern tip of
India has a length of 2535.74 km. The roads connect different areas of varied types
of topography and climate conditions, etc. India has one of the finest road systems
in the world. Delhi, Chandigarh and other major metropolitan cities in India have
good road network. Recently, Government of India has taken up expansion of the
existing roads with a view to accommodate increasing load traffic. Romans had
taken up the earliest road contractions. Constructions of major roads have come up
during industrial area. America has excellent road network followed by European
countries. In Japan, 8 tired road systems have been constructed to divert the heavy
traffic to different places. Owing to scarce land, underground roads and railway
systems being taken up in most parts of the world.

The present study, recent road expansion in between MVP colony to Bheemili is
a strategic important road which connects Visakhapatnam and Bheemili. This road
has a length about 23 km and passes along the sea coast of Visakhapatnam and
Bheemili. The old Dutch settlement of Bheemili is the second oldest municipality in
India. The expansion of existing road has consumed remove hill rock masses which
are barely exposed onto the road may likely to collapse as slip landslides, etc.
Hence, this topic has been taken up to study the areas liable to collapse along the
road. The present topic has been taken up with the following objectives. The study
is confined to recent expansion of four lane roads connecting between
Visakhapatnam to Bheemili. The road laid adjacent to the sea coast of Bay of
Bengal, and it is under the natural vagaries of sea coast on one side and land and its
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natural activities on the other side render the road vulnerable. Recently, IT Parks,
Rama Naidu Cinema Studio, several resorts and urban built up come into existence.
This anthropogenic activities has altered the topography along the road system.
The major important places located enroute of this road are Rushikonda,
Bojjannakonda, Erramattidibbalu, etc. Apart from natural and historical impor-
tances, INS Kalinga as Indian Navy is established adjacent to this road. Traffic load
is increasing year after year. In view of the traffic load recent road expansion has
been taken up in place of old road network. This activity has led to cutting of hill
flanks, foothills, sea sand dunes, culverts, drainages and highly denuded land forms
etc. Hence, this topic has been taken up to study the soil creep, rock creep,
solifluction, land slips, landslides, tidal action and beach erosion along the Bhimili
road. The area is covered with khondalite suite of rocks belonging to Archaean age.
Hills are composed of khondalite suite of rock. The isolated hillocks are formed at
the foot hill area and are composed of charnockite and quartzite rock types. These
rocks are later intrusives into the country rock. The strike of the rocks is NNE-SSW
and thus coincides with the general trend of the Eastern Ghats. However, local
variations are also identified [1, 2].

2 Study Area

The area of investigation is located in between 17° 73′ and 17° 80′ North latitude
and 83° 32′ and 83° 45′ Eastern longitudes. Geographically, the area is covering
236 km2, out of which approximately half of the area covers under the jurisdiction
of GVMC and rest comes under the Bheemili municipality. The study area is a part
of Visakhapatnam and Bheemili municipalities of Visakhapatnam district of
Andhra Pradesh (Fig. 1).

The study is confined to recent expansion of four lane roads connecting between
Visakhapatnam to Bheemili. The road laid adjacent to the sea coast of Bay of
Bengal, and it is under the natural vagaries of sea coast on one side and land and its
natural activities on the other side render the road vulnerable. Recently, IT Parks,
Rama Naidu Cinema Studio, several resorts and urban built up come into existence.
This anthropogenic activities has altered the topography along the road system.
The major important places located enroute of this road are Rushikonda,
Bojjannakonda, Erramattidibbalu, etc. Apart from natural and historical impor-
tances, INS Kalinga as Indian Navy is established adjacent to this road. Traffic load
is increasing year after year. In view of the traffic load recent road expansion has
been taken up in place of old road network. This activity has led to cutting of hill
flanks, foothills, sea sand dunes, culverts, drainages and highly denuded land forms
etc. Hence, this topic has been taken up to study the soil creep, rock creep,
solifluction, land slips, landslides, tidal action and beach erosion along the
Bhimili road.
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3 Methodology

Maps have been utilized for better organization, income gathering, and so forth for
a huge number of years. Be that as it may, it is just inside the most recent couple of
decades that the innovation has existed to consolidate maps with PC designs and
databases to make Geographic Information Systems or GIS. The subjects in the
above realistic are just a little case of the wide exhibit of data that can see or dissect
with a GIS. GIS is utilized to show and break down spatial information which are
attached to databases. This association is the thing that gives GIS its energy. Maps
can be drawn from the database and information can be referenced from the maps.
At the point when a database is refreshed, the related guide can be refreshed too.
GIS databases incorporate a wide assortment of data including; geographic, social,
political, ecological, and statistic. It is evaluated that roughly 80% of all data has a
“spatial” or geographic part. So when settling on choices about siting new offices,
making climbing trails, ensuring wetlands, coordinating crisis reaction vehicles,
assigning memorable neighborhoods or redrawing administrative regions, geology
assumes a noteworthy part.

Non-spatial (attribute) data: Attribute data have been generated either at the
time of digitization of the polygon/polyline/point feature or after the digitization.
All the feature attributes for all the layers have been assigned before the GIS
analysis is taken up.

Fig. 1 Location map of the study area
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Assignment of weights: Weight values have been assigned depending upon the
feature parameter and its importance on assessment of landslide vulnerable zones
along the Bhimili road [3]. The output maps generated in the intersection were

Fig. 2 Methodology adopted for landslides vulnerable zones along the Bhimili road
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again intersected with the features to obtain the final output of erosion zones in the
study area.

Integration of thematic layers: In this study, geology, soil, geomorphology,
land use/land cover and slope thematic layers have been used in GIS analysis.
Toposheets have been used for digitization of drainage pattern of the area. Onscreen
digitization has been carried out and assigned stream orders (Fig. 2).

4 Results and Discussions

4.1 GIS Analysis

GIS with its capability of map overlaying, reclassification, proximity analysis, and
other mathematical operations is used in carrying out criteria based analysis.
Thematic layers are overlayed in GIS environment to locate land slide\soil creep
zones. Weights have been assigned to geology, geomorphology, land use/land
cover and soil. Using Analysis tool in ArcToolbox, intersection was performed to

Fig. 3 Intersection map of geology and geomorphology
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geology and geomorphology. The combined output is further assigned weightage
and intersected with land use/land cover and soil map to locate landslide vulnerable
zones along the Bhimili road.

4.2 Integration of Results

Thematic maps of geomorphology, geology, land use/land cover and soil were
prepared and overlayed after assigning non-spatial (attribute) data and weightage
factors to each theme. The values of weight age factor ranges from 0 to 10 and these
have been assigned on the basis of landslide prone characteristics. The GIS analysis
was carried out in ArcToolbox (Extension of ArcGIS-10.3) environment. The final
output is generated after successful execution shows the landslide zones are about
62 km2 area (Figs. 3 and 4).

Fig. 4 Intersection map of soil and land use/land cover
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5 Conclusions and Future Scope

Thematic layers are overlayed in GIS environment to locate erosion zones. Weights
have been assigned to geology, geomorphology, land use/land cover and soil. Using
Analysis tool in Arc Toolbox, intersection was performed to geology and geo-
morphology. The combined output is further assigned weightage and intersected
with land use/land cover and soil map to locate soil erosion zones. The values of
weightage factor ranges from 0 to 10 and these have been assigned on the basis of
erosion characteristics. The GIS analysis was carried out in ArcToolbox (Extension
of ArcGIS-10.3) environment. The final output is generated after successful exe-
cution shows the landslide zones are about 62 km2 area. Landslides appear almost
associated with developed area around the hill areas. Such as drainage, soil,
geology, land use and land cover and slope reveals that the road has been con-
structed along foothills, marine sand dunes and bad land topography. The existing
road has been widened removing a small part of Kailasagiri hill at Thenneti Park, is
liable to slide as landslide. Soil creep and slump are the major issues near Rama
Naidu Cinema Studios. The road is connecting bad lands popularly known as
Erramatti Dibbalu, where soil erosion is more prominent and getting deposited on
road leads to skidding of two wheelers. A huge marine sand dune deposited on both
sides of the road near INS Kalinga. Resorts, educational institutions and fishermen
colonies are the major land use, whereas, thick vegetated hills are the major land
cover. The road crosses over small streams where culverts and bridges were con-
structed. The study has identified landslides vulnerable zones and suggested miti-
gation measures.
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Chapter 47
GIS Science for Monitoring
of the Health & Emergency Services
During Disaster in Tribal Area, East
Godavari, Andhra Pradesh, India

Suribabu Boyidi, G. Jaisankar, T. Sridevi, B. Ravi Kumar,
K. M. Ganesh, N. C. Anil, U. Sailaja, Rehanaz Sheik,
Tulli C. S. Rao and K. Ananda Ratna Kumar

Abstract GIScience for monitoring of the health and emergency services during
disaster in tribal area is an important issue in now a days. The habitation in the
study area is Monitoring of Disaster, health and all emergency services can be
extended to the population in an effective manner for emergency health services in,
the during disaster. The road network map along with the locations of habitations
and master table information are the main inputs of modules. The input data is fine
tuned as per the requirements as Arc GIS 10.3 standards and network analyst
module is used to get the final out puts and reports. The output report includes
travel time from one destination to another and route length. The calendar for
covering the study area is generated by integrating the travel time and health and all
emergency services at each Health Habitation.
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1 Introduction

Disasters have proved to be an enormous challenge to most of in the study area of
east Godavari tribal continent. The challenges extend also into the fact that modern
or current technological trends have not been put to use for an effective manage-
ment of such disasters. One other factor is the poor management or underutilization
of the infra structures roads available. Others, such as unplanned and unregulated
land use, urbanization, poor enforcement of building standards, and other
development-linked factors increase the vulnerability of the population and
infrastructure, making the situation even more disturbing.

2 Study Area

Tribal area of East Godavari district is considered as a pilot area for preparing the
module [1]. The study area is a part of Addateegala, Gangavaram, Y. Ramavaram,
Rajavommangi, Rampachodavaram, Devipatnam, Maredumilli, Yatapaka,
Kunavaram, VRPuram, Chinturu of eleven Mandals including recently added
mandals of East Godavari of Andhra Pradesh, which covered by 4 CHNC, 1 AH. It
has 18 No’s of PHC, 95 sub centers, 9 No’s of Ambulances (108), 14 No’s of
Police Stations, One Fire Station and 829 habitations covering of Total population
is 349,919. This area is the border of Telangana, Chuttheesgud and Odisha states
and one district of Vishakhapatnam (Fig. 1).

3 Methodology

Introduction to Geographical Information System (GIS) is a “PC framework for
catching, overseeing, coordinating, control, breaking down and showing informa-
tion which is spatially Reference to the Earth”. What is recognizes GIS from
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different types of development framework, for example database and spreadsheets
is that GIS manages spatial data. GIS has the ability to relate layers of information
for a similar point in space joining dissecting lastly, mapping out to the results. In
expansive terms, Land Data Framework could be characterized as a PC based
device for mapping and breaking down things that exists and occasions that occur
on earth. GIS innovation coordinates regular database operations, recognize GIS
from other data framework and make it significant to an extensive variety of open
and private endeavors. Road network and shape file of study area PHC, CHC, PS,
FS, Ambulances and habitations Spatial Database is used to monitor during disaster
or any other emergency service in this area.

Fig. 1 Location map of the study area
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4 Component of GIS

Functional elements that make GIS operations are hardware, software, data, people
and a method where hardware is the computer on which GIS operates. Today GIS
software runs on a wide range of hardware types, from Administrative central
system servers to desktop computers used in stand-alone or network (internet or
intranet) configurations. In the above GIS Tribal Area 11 Mandals.xls table PHC
Head Quarters are defined. The GIS_Tribal Area 11 Mandals.xls table contains
records which are separated and given name as SC. Software of course provides
functions and tools necessary to store, analyze and display geographic information.

Natural Disasters: (1) Floods, (2) Cyclones, (3) Forest fires, (4) Landslides,
(5) Drought, (6) Spread of epidemics, (7) Earth quakes, (8) Severe wind storms,
(9) Snow or ice storms, (10) Severe extreme in temperature.
Data Inputs: The following are the inputs, Shape file of Habitation.
Data base table: GIS Tribal Area of Two Revenue division’s xls. CHNC, PHC,
SC, Fire station, Police station and Ambulance Data.

Shape file of Road, Tribal Area 11 Mandal Boundary,
The following codes are generated and added to the Master table and Shape File

Generate

SC_Code Sub Center code
PHC_Code Primary Health Center Code
CHNC_Code Central Health and Nursing Clustering code
SC_HQ Sub center Head Quarters
PHC_HQ Primary Health Center Head quarter
CHNC_HQ Central Health and Nursing Clustering Head Quarter
PS_HQ Police Station Head Quarter
FS_HQ Fire Station Head Quarter
Amb_HQ Ambulance (108) Location Head Quarter

Creating shape file for Central Health and Nursing Clustering Primary Health
Centers, and Sub Centers.

In the above GIS_Study Area 11 Mandals table CHNC head Quarters are
defined. Thus GIS 11 Mandals table. These 4 CHNC records are separated and
given name_CHNC. It is linked to the GIS_Tribal Area 11 Mandals file, these row
tables joined with reference to Habitation codes. After joining the shape
(GIS_Tribal Area 11 Mandals_CHNC) file is exported to the same locations. Thus a
shape files (GIS_Tribal Area 11 Mandals_CHNC) with rows is created which
represent the CHNC (Central Health and nursing clustering) shape file. These 18
PHC records are separated and given name PHC. It is linked to the GIS_Tribal Area
11 Mandals shape file by joining with reference to Habitation code. After joining
the shape (11 Mandals_PHC) file it is exported to the same location. Thus a shape
files(11 Mandals_PHC) with rows is created which represents the PHC (Primary
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Health Center) shape file. In the above GIS Tribal Area 11 Mandals.xls table PHC
Head Quarters are defined.

Web GIS: One of the current progress in GIS innovation is online GIS. Well being
information is put away in a local server which can be gotten to from different
terminals associated with the server through web or intranet. Factual and epi-
demiological and disaster monitoring techniques should be created to ensure sin-
gular privacy while getting to information [2]. Web based GIS innovation dispenses
with the customary technique for stream of data and data is in a split second
accessible over the globe. Dynamic maps distributed on the web enable patients to
find the most advantageous administrations to their home and habitation or work
easily. Ref. [3] distance of a CHC, PHC, PS, FS, and area covered by a particular
health and disaster program.

Applications of GIS in Health

GIS is being utilized by general wellbeing executives and experts, including
strategy creators, analysts, disease transmission specialists, provincial and region
medicinal officers [4]. Some of its applications in general wellbeing are said
underneath: (1) Analyze spatial and temporal trends. (2) Identify gaps in immu-
nizations. (3) Map populations at risk and stratify risk factors. (4) Document health
care needs of a community and assess resource allocations. (5) Plan and target
interventions. (6) Manage patient care environments, materials, supplies and human
resources. (7) Monitor the utilization of health centers. (8) Route health workers,
equipments and supplies to service locations. (9) Publish health information using
maps on the Internet. (10) Locate the nearest health facility [5].

5 Analysis

Topology: Create personal geo database (Network) in this data and create the new
feature dataset. These feature dataset is imported to the road network arc shape file,
right click feature dataset select the new topology and click on all next buttons, tick
mark on the road shape file and click next button in this add two rules they are
(1) Must not overlap and (2) must be single part. These rules are added then build
the topology is built.
Creating the Network Dataset: Start the ARC Catalog and create a personal
geodetic base. In this data base create the feature dataset these feature dataset import
to the feature class give a file name (road shape file name, these road shape file must
be apply to the clean and topology) and give output file name. Select the feature
dataset and right click new network dataset then build the network dataset. Select
the network dataset properties go to direction and click direction and apply prop-
erties to the following [1].
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Network Analysis: GIS gives the capacity to rapidly get to the geo statistic flow of
an association current administration zone as opposed to the possible interest for
administrations at another area [6]. It can distinguish catchment territories of well
being focus and further more find appropriate site for another well being office [7].
Effective monitoring administrations conveyed at home can be planned for a more
proficient way by investigating transportation components and road designs, and by
suggesting the most productive route. GIS Provides convenient data about where
well being administrations are found and guidelines and maps on the best way to
arrive (Table 1; Fig. 2).

6 Output and Results

The output of the above Monitoring module is as follows
Generation of codes and headquarter names and added to the master table, the

final master table i.e., GIS_Tribal Area 11 Mandals contains 4 No’s of CHNC, 18
No’s of PHC, 95 No’s of SC, 14 No’s of Police stations, 9 No’s of Ambulance
(108) Location, One Fire Station and 829 Habitations. A master table generation
showing the details of HABCODE, DMVCODE, DNAME, MNAME, VNAME,
HNAME, Population, NAME_SC, CODE_SC, SC_DIST_HAB, NAME_PIC,
CODE_PHC, PHC_DIST_SC, NAME_CHNCS, CODE_CHNCS, DIST_PHC,
CHNC_HQ, PHC_HQ, SC_HQ, PS_HQ,FS_HQ, Amb_HQ and WAIT_TIME.
Service time, start time and end time is generated, wait time (field) used Minutes at
the time load location then generate the service time. Generation of Road Network
layer using SHAPE FILES OF AH, CHNC, PHC, SC and Habitations: Open the
network analysis window, Click new route then generate the new layer.
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7 Conclusion

A.“GIScience for Monitoring of the Health & Emergency Services during disaster
in tribal area, East Godavari, Andhra Pradesh, India” has been evolved for Rampa
Chodavaram Area Hospital(AH) and 4 CHNC of study area using the Network
Analyst program in the ARC GIS software. A calendar showing the coverage of
population spread over 829 habitations in the above 4 CHNC with 18 PHC’s and 95
sub centers. The habitations under the Sub Centers are identified in a rational way
keeping in view of the population, treatment time and the distance between the
habitations and the respective PHC, SC and CHNC. The total time coverage has
come to the Ramp Chadavaram AH. GIS aids in faster and better monitoring of
health mapping and analysis than the conventional methods. It gives well being
experts fast and simple access to expansive volumes of information. It gives an
assortment of Dynamic investigation devices and show systems for observing and
administration of calamity. The potential outcomes that can be investigated are
boundless, contingent upon the expertise and innovative utilization of the scientists
and the readiness of well being division administration to asset its usage. Wellbeing
executives, experts and scientists require preparing and client in GIS innovation,
information and epidemiological and disaster monitors techniques in order to use
GIS properly and effectively.

Fig. 2 Locations of emergency services in the study area
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8 Recommendations

Online Tracking of Vehicle with GPS: GPS (Global Positioning System) is a
system of Earth-orbiting satellites, each providing precise time and position
information which enables GPS receiving devices to compute position on the earth.
Signals must be received from at least satellites in order to establish the receiver’s
position in latitude (or a national coordinate system provided with the equipment).
GPS configuration consists of three parts: (1) Twenty-four HRS Navy satellite
orbiting the earth. (2) Portable mobile receiver (aerial plus portable console).
(3) Base station receiver positioned at a known geographical position, in order to
perform the differential correction of the raw satellite signals.
Information with SMS Facility: The villages in the Habitations can be provided
with SMS information about coverage of the sub centers/Habitations along with
data and time. Necessary SMS action can also be sent to village centers before
starting to the particular village which facilitates the effective organizing of the
village camps. Also the information regarding the coverage of the villages can be
sent to concerned CHNC, PHC, PS, FS, AMB, SC and authorities.
Travel Routes with Alternative: When road network is affected by problem of
Rain Accident, Heavy Traffic then Dynamic new road network can be generated
and the updated alternative road network maps can be sent to all sub centers and
primary health centers which makes it easy to travel any emergency service [9].
Online access to monitoring system: NET (Network Enable Technology/Network
Extended Technology) can be used to make the above module accessible to the
implementation officers at CHNC’s who can run the network analysis by them-
selves and can fix the tentative calendars to cover the CHNC’s.
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Chapter 48
Inventory and Monitoring of Glacial
Lakes in Himalayan Region Using
Geo Spatial Technologies

P. Satyanarayana, E. Siva Shankar,
E. Amminedu and N. Victor Babu

Abstract The glaciers consist of a huge amount of perpetual snow and ice and are
found to create many glacial lakes. Abrupt release of large amounts of stored water
in these lakes results in a catastrophic outburst flood. Several such incidents of flash
floods were reported all over the world and also in Himalayas region of India
causing huge economic losses. To mitigate the impact of these types of events, prior
knowledge about the location, the areal extent and the volume of these lakes is very
essential. The location of these glacial lakes in rugged and remote terrain makes it
difficult to monitor them manually. Remote sensing plays a vital role in creating
inventories and monitoring of the glacial lakes quickly and accurately due to wider
coverage and repetivity. The satellite images provide greater details for the eval-
uation of physical conditions of the area. This paper discusses a case study on the
inventory and monitoring of glacial lakes or water bodies in Sutlej basin using
satellite remote sensing. The study area is Sutlej basin from its origin to Bhakra dam
situated in Western Himalayas. This basin is highly rugged terrain with abundant
natural water resource in the form of snow pack and glacial lakes. The Inventory of
glacial lakes or water bodies was done using Indian Remote Sensing LISS-III data
and monitoring using AWiFS data. A total of 197 lakes or water bodies have been
identified whose water spread area is greater than 2 ha. 40 lakes with area greater
than 10 ha were monitored during June–August 2007. The change in water spread
area statistics was observed in 23 lakes with a variation of greater than ±10%.
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1 Introduction

Ice in the form of Glaciers is the largest reservoir of fresh water on Earth, and second
only to oceans as the largest reservoir of total water. Glaciers cover vast areas of
Polar Regions but are restricted to the highest mountains in the tropics. Glaciers are
large masses of snow, re-crystallized ice and rock debris that accumulate in great
quantities and begin to flow slowly downwards under the pressure of their own
weight. Several elements contribute to glacier formation and growth. Figure 1 shows
the various zones of a glacier. Accumulation zone is the area, usually the part of the
glacier with the highest elevation where snow fall accumulates, adding to the gla-
cier’s mass. As the snow slowly accumulates and turns to ice, the glacier increases in
weight, forcing glacial movement. Further down the glacier is the ablation area,
where most of the melting and evaporation occur. Between these two areas a balance
is reached, where snowfall equals snowmelt. Here, the glacier is in equilibrium (firm
line). Whenever this equilibrium is disturbed, either by increased snowfall or by
excessive melting, the glacier either retreats or advances at more than its normal
pace. Glaciers form when yearly snowfall in a region far exceeds the amount of snow
and ice that melts in a given summer. In this way, massive quantities of snow
accumulate in relatively small periods of geologic time.

A retreating glacier often leaves sections of ice behind which will melt to create
glacial lakes. A glacial lake is defined as water mass existing in a sufficient amount
and extending with a free surface beside and/or in front of a glacier and originated by
glacier activities and/or retreating processes of a glacier. These lakes are often found
surrounded by drumlins, along with other evidence of the glacier, such as moraines,

Fig. 1 Different zones of glacier
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eskers and erosional features such striations and chatter marks. There are 500 million
inhabitants of the Indus, Ganges and Brahmaputra river basins, who rely on the
perennial supply of melt-water from the Himalayas [4]. Glacial hazards like glacier
ice falls, glacier surges, catastrophic debris flows and glacial lake outburst floods
(GLOF) are some of the phenomenon that affects vulnerable settlements downstream
the main valleys of this region. Periodic or occasional release of large amounts of
stored water in a catastrophic outburst flood is widely referred to as a jokulhlaup
(Iceland), or a Glacial Lake Outburst Flood (GLOF) (Himalaya). A jokulhlaup is an
outburst, which may be associated with volcanic activity, and a GLOF is a catas-
trophic discharge of water under pressure from a glacier. A huge displacement wave
generated by rockslide or a snow/ice avalanche from the glacier terminus into the
lake may cause the water to top the moraines and create a large breach that even-
tually causes dam failure [3]. Different mechanisms that triggers these events are
melting ice cores in the moraines, increasing lake water level and related hydrostatic
pressure, groundwater undercurrents and erosion and sudden mass movements into
the lakes can lead to a dam burst, discharging millions of cubic meters of water and
debris mixture. These GLOFs are highly destructive in nature and lead to long-term
environmental degradation and to a high socio-economic loss.

1.1 Remote Sensing and Implication on Glacier Studies

Glaciers and glacial lakes are generally located in remote areas, where access is
through tough and difficult terrain. The Inventory of glacial lakes using conven-
tional methods requires extensive time and resources together with undergoing
hardship in the field. This is especially true that for most of the high-alpine areas of
the Himalayas are inhospitable. Satellite remote sensing due to its synoptic cov-
erage and high repetivity plays a crucial role in creating inventories and monitoring
of the glacial lakes quickly and accurately. Successive satellite images over an area
constitute time series of satellite imagery leading to a better understanding of
glacier retreat and glacial lake formation. Use of these satellite images and aerial
photographs for the evaluation of physical conditions of the area provides greater
accuracy. Enhanced satellite images draped over Digital Elevation Models
(DEM) are highly useful to provide an insight to morphological, glaciological and
geomorphological features. For a sound definition of hazard scenarios the inter-
pretation of satellite images and DEMs must always be integrated. Digital image
analysis techniques are very useful for the quicker study of glacier, glacial lakes.
Presently a constellation of 6 Indian Remote Sensing (IRS) satellites viz. IRS-1C,
IRS-1D, IRS-P4, IRS-P6, Cartosat-1 and Cartosat-2 are available for natural
resource mapping and monitoring. The Linear Imaging Self Scanning (LISS-III)
sensor with a spatial resolution of 23.5 m on IRS-1C, 1D and P6 has a ground
swath of 141 km. Advanced Wide Field Sensor (AWIFS) sensor on board IRS-P6
with 56 m resolution and swath of 740 km has a revisit frequency of 5 days.
AWiFS sensor is highly suitable for monitoring of glacial lakes due to high
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receptivity and reasonable spatial resolution. With the availability of more spectral
bands it is now possible to differentiate snow and cloud easily in the middle infrared
portion of the spectrum, particularly in the 1.55–1.70 µm wavelength band. In this
wavelength, the clouds have a very high reflectance and appear white on the image,
while the snow has a very low reflectance and appears black on the image. In the
visible, infrared bands the spectral discrimination between snow and clouds is not
possible, while in the middle infrared it is possible. The reflectance of snow is
generally very high in the visible portions and decreases throughout the reflective
infrared portions of the spectrum (Fig. 2).

International Centre for Integrated Mountain Development (ICIMOD) developed
spatial and attribute database of the glaciers and glacial lakes of whole Nepal in
2001 using remote sensing and geographic information systems techniques.
Bajracharya et al. [1] reported that there are altogether 3252 glaciers covering an
area of 5322 km2. Huggel et al. [2] assessed the hazards due to glacial lake out-
bursts using remote sensing in the Swiss Alps. The observations from an outburst
event from a moraine-dammed lake in the Swiss Alps showed the basic applica-
bility of the proposed techniques and they had recommended a systematic appli-
cation of remote sensing based methods for glacier lake hazard assessment.

2 Case Study

Inventory mapping and monitoring of glacial lakes or water bodies using satellite
remote sensing was discussed here with a case study of Satluj Jal Vidyut Nigam Ltd
(SJVNL). Monitoring of glacial lakes with lakes of specified size was carried out
for 3 months of June, July and August 2007.

Fig. 2 Spectral reflectance
curves of different forms of
Ice
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2.1 Study Area and Data Used

The study area is Sutlej basin in Western Himalayas. The river Sutlej is one of the
main tributaries of Indus and has its origin near Manasarovar and Rakas lakes in
Tibetan plateau at an elevation of about 4500 m. It travels about 300 km in Tibetan
plateau in North-Westerly direction and changes direction towards South-West and
covers another 320 km (approx.) up to Bhakra gorge where 225 m high straight
gravity dam has been constructed. This western Himalayan basin is highly rugged
terrain with abundant natural water resource in the form of snow pack The Sutlej
basin is geographically located between 30° 00′N, 76° 00′E and 33° 00′N, 82° 00′E.
Characteristics of the basin and inaccessibility of the major part of it make remote
sensing application ideal for hydrologists to monitor the snow cover information of
the region and to make inventory of glacial lakes and water bodies in the basin
Fig. 3 shows the location of the study area and 4 sub basins of Sutlej study area.

Most of the area in the present study falls in the inaccessible high mountain
region of Himalayas. Hence, the Inventory of glacial lakes/water bodies was done
using remote sensing methods. IRS LISS-III and AWiFS data sets were used for
inventory mapping and monitoring respectively. About 10 LISS-III scenes are
required to cover the entire basin. Browsing of satellite data was done to select the
suitable cloud free data over the study area. Table 1 shows the data used for
inventory mapping. For glacial lakes identification from the satellite images, the
image should be with minimum snow cover and cloud free. Hence, the satellite data
during the period Jul–Aug–Sep–Oct were considered. The cloud free/partially cloud
free LISS-III images from IRS-P6 satellite were procured during the year 2006. In
case of non-availability of cloud free IRS-P6 satellite images for the year 2006,
additional LISS-III images from IRS-1D during the year 2005 and 2004 were used.

For Monitoring of lakes browsing was done for all possible AWiFS and LISS-III
combinations during June to August 2007. Even partly cloud free satellite data sets
were used in the study. Table 2 shows the data used for monitoring study.

Fig. 3 Location of the study area
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2.2 Methodology

Majority of the study area being in Himalayas across international borders, the
topographical maps covering the region are not available and the geo-referenced
Landsat Thematic Mapper images covering the study area were downloaded from
the available Internet resources. The individual image segments are tiled to prepare
a reference image covering the whole basin area. With the spatial resolution of
LISS-III (23.5 m), the inventory of lakes can be done by identifying lakes of 2 ha
or more in area. Each of the LISS-III satellite data sets was individually rectified
with the reference image prepared from the downloaded TM data sets. The

Table 1 IRS-P6 satellite data
used in the study of inventory
mapping

Path–row Date Satellite Sensor

95–48 05 Oct 2006 IRS-P6 LISS-III

95–49 05 Oct 2006 IRS-P6 LISS-III

96–47 10 Oct 2006 IRS-P6 LISS-III

96–48 10 Oct 2006 IRS-P6 LISS-III

96–49 10 Oct 2006 IRS-P6 LISS-III

97–48 02 Sep 2005 IRS-P6 LISS-III

97–49 07 Sep 2004 IRS-P6 LISS-III

98–49 26 Sep 2006 IRS-P6 LISS-III

99–49 01 Oct 2006 IRS-P6 LISS-III

100–49 06 Oct 2006 IRS-P6 LISS-III

Table 2 Satellite data used
for monitoring in the study

Date Path–row Satellite Sensor

02 Jun 2007 95–48 IRS-P6 AWiFS

07 Jun 2007 96–48 IRS-P6 AWiFS

12 Jun 2007 97–48 IRS-P6 LISS–III

17 Jun 2007 98–49 IRS-P6 AWiFS

22 Jun 2007 99–49 IRS-P6 AWiFS

27 Jun 2007 100–49 IRS-P6 AWiFS

06 July 2007 97–48 IRS-P6 AWiFS

11 July 2007 98–49 IRS-P6 AWiFS

16 July 2007 99–49 IRS-P6 AWiFS

20 July 2007 95–48 IRS-P6 AWiFS

25 July 2007 96-48 IRS-P6 AWiFS

30 July 2007 97–48 IRS-P6 AWiFS

04 Aug 2007 98–49 IRS-P6 AWiFS

09 Aug 2007 99–49 IRS-P6 AWiFS

14 Aug 2007 100–49 IRS-P6 AWiFS

18 Aug 2007 96–48 IRS-P6 AWiFS

28 Aug 2007 98–49 IRS-P6 AWiFS
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geometric rectification was performed using polynomial transformation of third
order with resulting Root Mean Square (RMS) error less than one pixel. The
rectified IRS LISS-III images were tiled to get a single image covering the entire
basin. The Sutlej river basin boundary is superimposed on the satellite image of the
basin and the lakes whose areal extent is equal to or greater than 2 ha have been
identified and the lake boundaries were digitized using Erdas/Imagine vector
module tools. The digitized polygons have been cleaned for open ends and built
into a polygon layer. All the polygons have been assigned polygon ID’s. The area
of the lake was calculated using the digital techniques by counting the number of
pixels falling inside the water body polygon. Water spread area is considered to
represent the boundary of lake. The geographic latitude and longitude of the center
of the lake has been computed using attribute information of the polygon layer.
Figure 4 shows the flowchart describing the methodology adopted in this study.
The hydro-meteorologically dissimilar regions have been identified and divided
into 4 regions namely Spiti, Lower Sutlej, Tibet region and Tsomori regions. The
lakes falling in each of the 4 regions of Sutlej basin have been extracted into
separate layers. The lakes polygon has been superimposed on Survey of India topo
sheet grid of 1:50,000 scale and the lake attributes have been updated with topo
sheet reference. The lakes have been numbered based on the region in which they
are falling. i.e. All lakes in Spiti region are numbered starting from 1001, Lower
Sutlej region starting from 2001, Tibet region starting from 3001 and TsoMori
region starting from 4001. Monitoring was carried for glacial lakes with lake area
greater than 10 ha in size. With the spatial resolution of AWiFS (56 m) the mon-
itoring of lakes can be done by identifying lakes of 10 ha or more in area. The
above mentioned procedure was adopted for the process of procurement of satellite
data, geometric rectification and lake area digitization. The lake areas derived using
the latest data were compared with the lake area estimated during the inventory
study. The comparison was repeated for all the data sets during June to August
2007. There are some lakes which are snow covered and cannot be fully distin-
guishable in the satellite data. The lakes or waterbodies which are partly snow
covered or fully snow covered and could not be distinguishable were not reported
(Figs. 5 and 6).

2.3 Results and Discussion

There are 40 glacial lakes/water bodies in Satluj basin whose areal extent is equal to
or greater than 10 ha. The areas of these 40 lakes computed from satellite data of
June–August 2007, were compared with the areal extent estimated in the inventory
study. In the month of June 2007, of the 2 lakes located in spiti region one lake (no.
1017) is under snow cover and a reduction in areal extent is observed in the other
lake (no. 1009). Two lakes are located in lower Sutlej region, of which one lake (no.
2007) in snow covered and increase in lake area is observed in other lake (no.
2004). In Tibet region, 34 lakes out of 40 lakes are located. 6 lakes are observed to
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be under continuous snow cover. No change is observed in Rakas, Manasarowar
and Kongyyu Tsho lakes. Reduction in area is observed in 10 lakes and increase in
area is observed in 5 lakes. In 3 lakes no water is observed as these lakes appear to
be shallow depressions. 7 lakes are cloud covered and no observation could be
made against these lakes. Tsomori region consists of 2 lakes, no change is observed
in Tsomori and a reduction in area is observed in another lake (no. 4009). During
July 2007, of the two lakes located in Spiti region, increase in areal extent is
observed in one lake (no. 1017) and a reduction in areal extent is observed in the
other lake (no. 1009). Two lakes are located in lower Sutlej region, of which one
lake (no. 2007) in continuously cloud covered and increase in lake area is observed
in other lake (no. 2004). In Tibet region, 8 lakes are observed to be under con-
tinuous cloud cover and no observation could be made against these lakes. No
change is observed in Rakas and Manasarowar lakes. Reduction in area is observed
in 10 lakes and increase in area is observed in 12 lakes. In 2 lakes no water spread is
observed. In addition to the above 34 lakes in Tibet region, 3 lakes are observed

Fig. 4 Flowchart of methodology for inventory mapping and monitoring
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with lake area greater than 10 ha in the satellite image of 16-July-07. These lakes
with lake numbers 3007, 3032 and 3033 have water spread areas 7.73, 4.87 and
7.79 ha respectively in the inventory study report. The water spread area of the lake
(no. 3032) again reduced to less than 10 ha in the satellite image of 30-July-07.

Fig. 5 False colour composite image of Satlej basin

Fig. 6 Glacial lakes/water bodies greater than 10 ha in area in Satlej basin with SOI grid
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Tsomori region consists of 2 lakes, no change is observed in Tsomori and a
reduction in area is observed in another lake (no. 4009). In the month of August
2007, of the two lakes located in Spiti region, increase in areal extent was observed
in one lake (no. 1017) and a reduction in areal extent was observed in the other lake
(no. 1009). Two lakes are located in lower Sutlej region, decrease in areal extent in
one lake (no. 2007) was observed and increase in lake area was observed in other
lake (no. 2004). In Tibet region, 36 lakes out of 42 lakes are located. 16 lakes are
observed to be under continuous cloud cover and no observation could be made
against these lakes. Reduction in area was observed in 6 lakes and increase in area
was observed in 10 lakes. In 3 lakes no water spread was observed and 1 lake was
completely snow covered. Tsomori region consists of 2 lakes, no change was
observed in Tsomori and a reduction in area was observed in another lake (no.
4009). Out of total 42 lakes, 16 lakes are cloud covered and no water spread was
observed in 3 lakes. The Tsomori lake remain unchanged. The change in area
statistics could be observed in 23 lakes. Out of these 23 lakes, in the case of 16
lakes the variation in water spread area was greater than ±10%. Two lakes (no.
3057 and 3083) could not be mapped even once during the period June, July and
August due to either snow cover or cloud cover. Lake no. 3033 has increased its
size by about 104% (increased from 7.79 to 15.92 ha) whereas lake no. 3116 was
completely empty as on 18-Aug-07. Table 3 shows the consolidated statement of
status of lakes during June to August 2007.

Table 3 Glaical lakes/waterbodies in Satlej basin

S. No Lake No Toposheet No Area (ha)

1 1001 52H7 4.58

2 1002 52H7 3.71

3 1003 52H7 4.81

4 1004 52H7 11.99

5 1005 52L10 7.63

6 1006 52L10 4.76

7 1007 52L10 2.33

8 1008 52L10 3.69

9 1009 52L11 78.18

10 1010 52L15 6.18

11 1011 52L15 2.17

12 1012 52L16 3.08

13 1013 52L16 2.28

14 1014 52L16 5.39

15 1015 52L16 6.29

16 1016 52L16 3.98

17 1017 52L16 13.60

18 1018 52L16 3.99
(continued)
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Table 3 (continued)

S. No Lake No Toposheet No Area (ha)

19 1019 52L3 2.93

20 1020 52L7 2.71

21 1021 52L7 2.60

22 1022 53I5 5.00

23 1023 53I9 3.77

24 2001 53I10 3.18

25 2002 53I10 6.11

26 2003 53I15 2.78

27 2004 53I2 12.20

28 2005 53I7 4.38

29 2006 52L15 4.21

30 2007 52L15 10.04

31 3001 52L15 3.77

32 3002 52L15 5.45

33 3003 52L16 6.18

34 3004 52L16 2.72

35 3005 52L16 2.90

36 3006 52L16 2.75

37 3007 52L16 7.73

38 3008 52L16 8.63

39 3009 52L16 2.57

40 3010 52L16 4.54

41 3011 52L16 4.27

42 3012 52P11 4.11

43 3013 52P12 4.77

44 3014 52P16 2.85

45 3015 52P3 2.43

46 3016 52P3 4.11

47 3017 52P3 11.45

48 3018 52P3 2.92

49 3019 52P3 3.65

50 3020 52P4 6.55

51 3021 52P4 21.47

52 3022 52P4 2.25

53 3023 52P6 2.29

54 3024 52P6 3.81

55 3025 52P7 8.57

56 3026 52P7 20.58

57 3027 52P7 3.25

58 3028 53I10 2.86
(continued)
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Table 3 (continued)

S. No Lake No Toposheet No Area (ha)

59 3029 53I13 16.22

60 3030 53I13 3.56

61 3031 53I13 2.79

62 3032 53I13 4.87

63 3033 53I13 7.79

64 3034 53I15 7.36

65 3035 53M11 30.42

66 3036 53M12 3.22

67 3037 53M13 3.19

68 3038 53M13 2.17

69 3039 53M13 8.64

70 3040 53M13 3.77

71 3041 53M13 3.21

72 3042 53M13 4.04

73 3043 53M13 2.35

74 3044 53M13 32.71

75 3045 53M16 2.39

76 3046 53M8 3.41

77 3047 53M8 4.80

78 3048 62B6 2.96

79 3049 62B6 4.66

80 3050 62B6 21.28

81 3051 62E12 7.52

82 3052 62E13 6.30

83 3053 62E13 2.61

84 3054 62E13 3.94

85 3055 62E13 7.53

86 3056 62E3 4.30

87 3057 62E3 11.20

88 3058 62E3 2.71

89 3059 62E3 3.50

90 3060 62E4 6.90

91 3061 62E4 2.96

92 3062 62E4 2.38

93 3063 62E4 3.07

94 3064 62E4 4.11

95 3065 62E4 2.56

96 3066 62E4 7.88

97 3067 62E4 49.55

98 3068 62E4 18.95
(continued)
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Table 3 (continued)

S. No Lake No Toposheet No Area (ha)

99 3069 62E4 5.21

100 3070 62E8 7.58

101 3071 62E8 4.94

102 3072 62E8 7.86

103 3073 62E8 3.43

104 3074 62E8 3.58

105 3075 62F10 13.96

106 3076 62F10 13.17

107 3077 62F11 2.26

108 3078 62F11 6.24

109 3079 62F11 6.78

110 3080 62F11 22.78

111 3081 62F11 4.83

112 3082 62F11 2.82

113 3083 62F11 16.20

114 3084 62F11 8.06

115 3085 62F11 3.95

116 3086 62F13 24.04

117 3087 62F13 2.88

118 3088 62F15 2.95

119 3089 62F15 4.06

120 3090 62F15 21.06

121 3091 62F15 3.02

122 3092 62F15 13.57

123 3093 62F15 6.27

124 3094 62F15 6.46

125 3095 62F15 3.51

126 3096 62F15 2.69

127 3097 62F15 8.42

128 3098 62F15 5.40

129 3099 62F15 43.76

130 3100 62F15 10.13

131 3101 62F7 5.35

132 3102 62F7 2.51

133 3103 62F7 7.97

134 3104 62F7 6.95

135 3105 62F7 191.09

136 3106 62F7 9.85

137 3107 62F9 5.61
(continued)

48 Inventory and Monitoring of Glacial Lakes in Himalayan Region … 547



Table 3 (continued)

S. No Lake No Toposheet No Area (ha)

138 3108 62J2 14.79

139 3109 62J2 11.68

140 3110 62J2 13.44

141 3111 52P12 3.22

142 3112 52P16 3.52

143 3113 52P16 2.41

144 3114 52P16 2.24

145 3115 62A11 15.76

146 3116 62A11 85.32

147 3117 62A15 3.68

148 3118 62E4 2.34

149 3119 62E4 2.31

150 3120 62E4 6.34

151 3121 62E8 3.24

152 3122 62E12 4.06

153 3123 62E12 2.16

154 3124 62E12 2.13

155 3125 62F9 2.93

156 3126 62F13 4.31

157 3127 62F13 5.18

158 3128 62J1 2.36

159 3129 62J2 5530.86

160 3130 62J2 3.74

161 3131 62F14 4.14

162 3132 62F15 15.50

163 3133 62F9 342.25

164 3134 62F9 6.42

165 3135 62F9 5.14

166 3136 62F9 7.33

167 3137 62F9 67.55

168 3138 62F9 17.20

169 3139 62F9 46.28

170 3140 62F6 41,225.34

171 3141 62F2 26,268.07

172 3142 62F11 7.97

173 3143 62F11 3.73

174 3144 62F11 3.68

175 3145 62F7 3.43

176 3146 62F7 4.05

177 3147 62B10 3.21
(continued)
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3 Conclusions

The glacial lakes located in Himalaya Mountains pose great dangers to the
inhabitants of the Indus, Ganges and Brahmaputra river basins due to glacial
hazards. The GLOF is some of the natural phenomenon that affects vulnerable
settlements downstream the main valleys of this region. Proper inventory of glacier
and glacial lakes and their risk potential is important information to mitigate the
losses due to these flash floods. The study shows the importance of remote sensing
in creating inventories as well as monitoring of the glacial lakes quickly and
accurately. The LISS-III sensor with a spatial resolution of 23.5 m is highly useful
in identifying and inventory mapping glacial lakes or waterbodies. The AWiFS
sensor due to wider coverage and high repetivity plays crucial role in regular
monitoring of lakes.

Table 3 (continued)

S. No Lake No Toposheet No Area (ha)

178 3148 62B10 5.33

179 3149 62B6 2.41

180 3150 53M12 5.24

181 3151 53M8 3.67

182 3152 53M4 10.84

183 3153 52L15 5.76

184 3154 53M13 4.72

185 3155 53M13 2.58

186 3156 53M13 2.48

187 4001 52K4 2.75

188 4002 52K4 6.01

189 4003 52L5 14,515.26

190 4004 52K8 3.52

191 4005 52K8 6.59

192 4006 52K8 5.83

193 4007 52K8 7.77

194 4008 52K8 9.53

195 4009 52K8 40.18

196 4010 52L5 3.92

197 4011 52L5 2.89
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Chapter 49
Geospatial Study on Landslide
Vulnerability Mapping in the Environs
of Araku Valley, Visakhapatnam
District, Andhra Pradesh

Ch. Anusha, Peddada Jagadeeswara Rao, Y. Padmini and B. Sridhar

Abstract The study area, the Araku Valley and its environs of Visakhapatnam
District, Andhra Pradesh is characterized by hills, belongs to Eastern Ghats Mobile
Belt often experiences landslides, hence, this study is taken up to identify potential
landslide vulnerable zones. Study area has the highest elevated broad gauge rail,
passing through the undulated terrain and roads are passing through hair-pin bends
experiences landslides causing disruption of rail and road network. Large number of
springs, streams, thick weathered materials and rock masses are exposed to road
and rail track are the potential zones for landslides/slips/creep/slump, etc. very often
during heavy rains, the area is experiencing debris slides along roads leading to
disruption of communication. In this study, thematic maps such as drainage,
geology, geomorphology, land use/land cover and slope are extracted from the SOI
toposheets, IRS-ID, LISS-III, SRTM satellite data and other ancillary data. The
thematic maps are overlayed to select a landslide vulnerable zone map of the area in
ArcGIS-9.2. In addition, socio-economic conditions of the area have studied with a
view to protect them by adopting suitable remedial measures. Study helps in
understanding future landslide zone prediction, land use planning for establishment
of different economic activities and to identify the villages whose stability against
landslides.
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1 Introduction

Landslides occur due to a combination of trigger mechanisms and susceptibility
factors such as fragile and complex geology, steep slopes, rugged topography,
variable climatic and microclimatic conditions, rainfall, earthquake and vegetation
degradation [1, 2]. Landslides are triggered by many extrinsic causative factors such
as blasting and drilling, cloudburst and flash-floods [3]. Causal factors such as slope
inclination, relationship between slope and structural discontinuities, many other
tectonic factors often aggravate the instability of slope (Venkatachalam et al. 2006;
Tolia et al. 2006; Singh et al. 2011). In India, landslides are one of the major natural
disasters which account monetary loss nearly 1000–1500 million per annum. The
Himalayas are the major vulnerable landslide prone hills in comparison to other hill
ranges in India. There are several episodes of landslides being occurred in Eastern
Ghats, as a result, damage has taken place to the life and property and several
strategic constructions have been severely affected.

Araku often called as Andhra Ooty and Borra caves are the cynosure. These
tourist hill stations are located more than one kilometer above msl. Several
landslides/soil creep had been taking place along the ghat sections of
Visakhapatnam to Araku state highway and Dandakaranya-Bolangir-Kiriburu
(DBK) railway-line. This resulting in disruption of road between Araku with other
parts of Visakhapatnam. Fortunately, the events are not very severe, therefore, there
is no major loss of property and life. However, railways are being affected and often
closes rail transportation. A major landslide occurred in the midnight of 3rd/4th
August, 2006 at Kodipunjuvalasa village of Araku mandal, Visakhapatnam district
buried 18 people under the debris [4]. Hence, this study has been taken up to
identify the landslide vulnerable zones with a view to reduce the loss of life and
property.

2 Study Area

The study area comprises of four tribal mandals namely, Araku, Ananthagiri,
Hukumpet and Dumbriguda, is characterized by high altitude hilly terrain covering
1938 km2, located between 18° 11′ 5.715″ North lat 82° 52′ 35.121″ East long in
Visakhapatnam district, Andhra Pradesh (Fig. 1). Araku valley and Borra caves are
the major tourist centres, attracting tourists from all over the world. Araku is called
as “Andhra Ooty” and the area is a cynosure to the tourists. Study area belongs to
Eastern Ghats Mobile Belt (EGMB) of Precambrian age [5, 6]. It is covered by
metamorphic rocks and igneous intrusives, namely khondalite, charnockite, por-
phyroblastic granitoid gneiss, leptynite and quartzite. The area has high altitude
bauxite, apatite, gemstone, vermiculite and china clay minerals.

Study area is famous for dry deciduous and semi-evergreen forests, altitude
ranges from 450 to 1670 m above msl. Hills are covered by hydrophilic soils which
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supports forests and vegetation. Forest products such as honey, tamarind, pineapple,
vegetables, turmeric, coffee, pepper and coco are the major products. The area is a
natural habitat for wild flora and fauna. Cheetahs, deers and porcupine are the major
animals besides wide variety of plant species. The area is well connected by road
and rail. State high-ways and roads are passing through the steep hair pin bends.
High elevated broad gauge rail-way line passes through this area, popularly known
as DBK rail-way line. Roads and railway lines are being affected by the landslides.
In addition, landslides/rock slips/soil creep are very severe in rainy season. Keeping
in view of these issues, the present study has been taken up to identify the landslide
potential zones using geospatial technologies.

The area is characterized by hills, which are mostly relict hill masses. The
average annual rainfall of the Visakhapatnam district is around 1200 mm, however,

Fig. 1 Location map
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the study area receives excess rainfall than the district average (Fig. 2). Excess
rainfall coupled with anthropogenic activities is the major causative parameter for
landslide/slips along the road. The landslide occurred at Kodipunjuvalasa village in
2006 is a rainfall induced one which claimed nearly 18 people [4]. In 2016, a major
landslide occurred near Borra railway station which disrupted rail traffic.

3 Thematic Layers

3.1 Drainage and Lineaments

The drainage pattern of the area is extracted through visual interpretation from the
geometrically rectified toposheets in ArcGIS-9.2. Observed slight shift of major
river courses at various places has been adjusted in accordance of satellite image.
High drainage density reflects hard rock substratum with steep slopes, thus the area
is contributing run-off. Study area is the catchment for Gosthani, Sarada rivers and
other non-perennial rivers. Dendritic, sub-dendritic, radial and parallel types of
drainages are seen with high drainage density (Fig. 1). The river courses are not

Fig. 2 a Soils. b Geology and structure. c Geomorphology. d Drainage buffer
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wide as in the case of plains. Narrow and small river courses are perennial, because
springs and ground water contributing sustained flow. In this, highest sixth order
stream [7] is given ranking to the river Sarada. There are innumerable number of
streams, rapids, waterfalls and springs triggering the landslides along the state
highway and railway line.

The lineaments are the linear, curvilinear mapable structures which can easily
identify on the satellite image [8] (Fig. 1). These could be faults, joints, shear zones,
etc. These are structurally controlled may trigger landslides either by rain induced
or by small local tremors or by any anthropogenic activities. The lineaments pro-
motes denudation, acts as conduits to store and transmits water. There are innu-
merable number of springs are being controlled by lineaments. The lineament
structures have not been properly understand in laying roads, railway lines and
constructions. Observed rock slips, debris slide contributing by the lineaments
intersected with railway line and roads are the major potential landslides zones.

3.2 Soils

The study area is covered by different types of soils namely black clay soil, brown
gravelly clay soil, brown gravelly loam soil, red clayey soil, red gravelly clay soil
and red loamy soil (Fig. 2a). Red soil with clay, gravel and loam are the major
categories in the area and these are derived from the parent khondalite rock. Gravel
materials derived from the fractured rocks. There are admixed with clay and sand
with different proportions. It is porus and permeable, if it is saturated with water
liable to slide as slump/creep. Red loamy soils are more dangerous than red gravelly
clay soils. Gravel, sand and clay may have more binding property than red loamy
soils. In field study observed these two soils are slided as debris slide/slump/creep
along the major roads. Black clayey soil and brown gravelly loamy soils are
confined to the river valleys.

3.3 Geological Setup

The geology of the study area belongs to Precambrian age, characterized by the
occurrence of intrusive meta igneous bodies and meta sediments [9]. The area,
comes under the Eastern Ghats Mobile Belt (EGMB) is characterized by hilly
terrain which is mainly composed of khondalite suite of rocks. The major rock
types are khondalite, charrnockite, porphyroblastic granitoid gneiss are the major
rock types which occupy 30% each in the area. However, leptynite, quartzite,
calc-granulite are occurring as intrusives. The general strike of the rocks is
NNE-SSE, however, local variations observed [5, 6] (Fig. 2b). In tropical and
equatorial regions, weathering processes create superficial layer with varying
degree of porosity and permeability [10].
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The charnockite, leptynite and quartzite rocks are hard and not easy to weather,
however, these are fractured/fissured. Steep slopes with fractured rock masses are
potential zones, liable to slide as landslides/rockslide. The area is enriched with
bauxite, vermiculite, apatite, gemstones and manganese mineral resources.

3.4 Geomorphology

The geomorphic classes of the study area has been delineated on IRS-R2 satellite
data following the visual interpretation techniques. In this, fifteen geomorphic
classes of fluvial and erosion origin are delineated (Fig. 2c) [11]. Residual and
structural hills are stable in terms of rock composition and structure. Because of
mound like structure, inselbergs and pediment inselberg complex are not experi-
encing landslides. The geomorphic processes which are active liable to slide in any
form of landslide. The denudational hills covered by porus and permeable soils,
saturated with water liable to slide at steep slopes as soil slump.

3.5 Land Use/Land Cover and Slope

The land use/cover of the study area has been carried out on the geometrically
rectified IRS-P6, LISS-III satellite data. Delineation of different land use/cover
classes were made through onscreen digitization. Remote sensing data have been an
attractive source in the determination of land use/cover thematic mapping, pro-
viding valuable information for delineating the extent of land cover classes, as well
as for performing temporal land use change analysis and risk analysis at various
scales [12].

In this study, 29 land use/land cover classes were delineated through onscreen
digitization in ArcGIS-9.2 (Fig. 3a). Forest is the major land cover, covers
1307.81 km2. High density forest is observed in Ananthagiri mandal.
Discontinuous and deforestation is more in Dumbriguda and Hukumpet mandals.
The forest in this area is a habitat for different wild flora and fauna.

Agriculture is in plains and valleys. Single crop cultivation land use is in Araku
and Dumbriguda mandals with an area of 137.24 km2. Similarly, double crop
agriculture is observed in valleys which accounts 26.67 km2. The area is famous for
world famous turmeric, lakka, pineapple and jackfruit, etc.

Gullied lands are identified in valleys and in foothills is covering 36 km2. Most
of the waste land/gullied lands are delineated in Araku and Dumbriguda mandals.
Silver Oak in forest areas is supporting coffee, pepper cash crops is covering
19 km2 in Ananthagiri, Araku and Dumbriguda mandals. Deforestation affects soil
erosion, migration of fauna and extinction of native plant species covers 36.78 km2.
Rural built-up is in Araku Valley, sporadic built-up has also been delineated in

556 Ch. Anusha et al.



other mandals. Mostly, the built-up are residential houses, schools, government
offices and tourism cottages, etc. covering 10.60 km2.

The slope of the area has been divided into steep (>1000), moderate (450–
1000 m) and low (<450 m) (Fig. 3b). It is presumed that the steep and moderate
slopes with fractures, sparse vegetation and anthropogenic activities further inten-
sifying the landslide activity. In this study, khondalite suite of rocks, porphyrob-
lastic, calc-granulite have been considered to identify landslides. On the basis of
slope and rock types, the study area has been divided into three landslide vulnerable
zones mostly confined in Araku, Dumbriguda, Hukumpet and Ananthagiri.

4 GIS Analysis

Geographic Information Systems (GIS) analysis has been carried out in
ArcGIS-9.2, considering the importance of different classes of thematic layers. In
this study, geology, drainage, soils, slope and land use/land cover thematic maps
have been used. Multi-criteria weight overlay method was followed to obtain
landslide vulnerability index map of the area [murthy].

Several socio-economic parameters have also been considered because the area
is famous for tourism, coffee plantation, turmeric and other forest products. This
study also focused on vulnerable tribal hamlets in order to reduce life and property.
The area is often experiencing blockage of road and railway line which disrupting
communication.

Different thematic maps such as roads, drainage were considered for buffer
analysis. In this, state high-way road and rail-way line have been assigned 100 and
200 m buffer respectively. Fourth and Fifth order streams were assigned 400–
500 m buffer zones with a view to assess landslide activity respectively. The output
is overlayed on major tribal hamlets and major tourist resorts which are having
close vicinity to moderate to steep slopes are identified as vulnerable to landslides.

Fig. 3 a Land use/land cover. b Slope of the study area
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The thematic layer classes of drainage, lineaments, geology, geomorphology,
road and railway line, soil and land use land cover designated with respective
weights [13] are essential to develop database, which provides various categories of
landslide vulnerable zones. Least vulnerable is indicated with 1and highest with 10.

5 Landslide Vulnerability Index

Low slopes are the beginning part of hilly terrain of Araku Ghat road, where the
area is covered by thick forests. Observed, debris slide and slump along the
Visakhapatnam-Araku state-highway. A few landslips also identified in the upper
catchment of Thatipudi reservoir. Only khondalite suite of rocks considered, rest of
the rocks are hard and stable not easy to experience landslides. Moderate slopes
have been experienced landslide/debris slide/soil creep, etc. Thick forest is covered
in Ananthagiri mandal, no major landslides reported, except debris slide and slump
along the Visakhapatnam-Araku state-highway and DBK railway line.

High vulnerability zones are very few, these are identified on the basis of steep
slopes, fractured khondalite rock and structural/denudational hills have chosen to
identify the high intensity landslide zones. A discontinuous patches are identified in
this analysis (Fig. 4).

Fig. 4 Landslide vulnerability map
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Sl.
No

Slope Road/rail Mandals Type of land
use/cover

Landslide
vulnerability

Remedial
measures

1 450–1000
1000–1667

State
highway

Araku
valley
Ananthagiri
Dumbriguda

Single crop,
Deforested
land,
Terraced
cultivation,
Forest, Gullied
land

Moderate to
high

Afforestation
Retaining
wall
Stability of
soils

2 450–1000
1000–1667

Railway
line

Araku
valley
Ananthagiri
Dumbriguda

Forest, Gullied
land,
Deforested
land,
Scrub land,
Single crop,
Terraced
cultivation

Moderate to
high

Afforestation
Grouting
Riveting and
bolting

6 Results

In this study, toposheets, IRS-ID,IRS-P6 and SRTM satellite data have been used to
extract thematic maps reveales landslide hotspot zones. The thematic maps are
analyzed in ArcGIS-9.2 to identify potential landslide zones. Observed that the
khondalite intercepted with later intrusives and these intrusive hill masses are
highly fractured are vulnerable areas coupled with structural deformities and drai-
nages. Study identified vulnerable hamlets whose stability against landslides and
remedial measures suggested to overcome.
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Chapter 50
Assessment of Coastal Erosion Along
the Srikakulam District, Andhra
Pradesh State Using Satellite Data
of 1990–2000 and 2000–2016 Time
Frames

Y. Padmini, Peddada Jagadeeswara Rao and Ch. Anusha

Abstract Rising mean sea level (MSL) is one of the major concerns not only for
the small islands but also for the mega-cities and the villages in the low elevation
coastal zones globally. With recent projections from the IPCC, suggests that sea
level may be *0.6 to 1.5 m higher than present by 2100 AD, and the most direct
impact of the sea-level rise is on the coastal zones. Since these narrow zones that
fringe the world oceans are low-lying, the sea-level rise would lead to accelerated
erosion and shoreline retreat, besides leading to saltwater intrusion into coastal
groundwater aquifers, inundation of wetlands and estuaries, and threatening historic
and cultural resources as well as infrastructure. The present study will address the
shoreline changes along the Srikakulam district through the analysis of multi-date
satellite imagery during 1990–2016. The results show that an area of about
288.06 ha, at a rate of 11.07 ha/year was lost due to erosion along the coastal
regions of Srikakulam district.
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1 Introduction

During the last century, concentrations of greenhouse gases have increased sig-
nificantly in the atmosphere as a result of burning fossil fuels since the industrial
revolution leading to increasing global average temperature which is estimated to be
0.8 °C, the rise in temperature in the past three decades alone was 0.6 °C at the rate
of 0.2 °C per decade as greenhouse gases became the dominant climate forcing in
recent decades [5, 7, 13, 17]. Perhaps the most commonly recognized impact of
global warming is the eustatic rise in sea level [1] due to thermal expansion of
seawater and in addition to ice-melt water [10]. The analysis of long-term
tide-gauge data from various stations along the Indian coastal regions, indicated that
sea levels are rising at a rate of about 1.0–1.75 mm per year due to global warming
[15, 16]. Shorelines are always subjected to changes due to coastal processes, which
are controlled by wave characteristics, sediment characteristics, beach form, etc. [8].

Studies examining long-term and short-term shoreline changes have generally
utilized satellite data [3, 9]. Recent studies along the east coast of India, indicated
pronounced erosion, more than accretion [2, 4, 6, 11, 12, 14]. In this background, a
study is taken up to assess the shoreline changes along the Srikakulam district,
Andhra Pradesh state through the analysis of multi-date satellite imagery during
1990–2016.

2 Study Area

Srikakulam district is the northern most district of Andhra Pradesh state with
177 km long coastal region. As per the 2001 census, Srikakulam has the 4th highest
concentration of people living in the coastal Andhra Pradesh with Ichchapuram,
Sompeta, Tekkali, Narsannapeta, Srikakulam and Chipurupalle taluks bordering the
sea coast (Fig. 1). The National Highway No. 5 and the Howrah-Chennai broad
gauge railway pass through this region. This entire region is characterized by
number of tidal-backwaters, headland-bay configuration rocky structures, beach
ridge-swale complexes, mudflats, saltpans, etc.

3 Materials and Methods

The present study is based on the interpretation of remote sensing imagery to assess
the changes along the coastal regions of Srikakulam district, Andhra Pradesh state.
Shoreline changes along the Srikakulam district have been estimated by comparing
three sets of satellite images spread over the past two-and-half decades. Landsat TM
image of Path 140/Row 47 dated November 28, 1990; Landsat ETM+ image of
Path 140/Row 47 dated November 28, 2000 and Path 141/Row 47 dated December
08, 2000; and Landsat OLI/TIRS image 140/Row 47 dated November 19, 2016 and
Path 141/Row 47 dated November 20, 2016 covering the Srikakulam district were
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downloaded from USGS website [http://earthexplorer.usgs.gov] in TIFF format and
were digitally processed and were geo-coded. For tracing the shoreline from the
Landsat satellite imagery, near infra-red band images were chosen, since the
land-water boundary is sharper in that band. The shoreline positions have been
traced from all the datasets and then overlaid to find out the changes through
overlay analysis. Area lost by erosion and gained by deposition along the entire
Srikakulam district during the respective time periods were computed using Union
option in the overlay analysis in ArcGIS.

4 Results

Initially, between the 1990 (Landsat TM) and 2000 (Landsat ETM+) the region
revealed a net loss of 140.41 ha of area along the entire *175-km-long coast.
Among the 6 taluks, Ichchapuram coastal stretch faced severe erosion with an over
loss of about 44.1 ha during this period, followed by Tekkali, Chipurupalle,
Sompeta, Srikakulam and Narsannapeta taluks with 32.3, 24.6, 22.3, 15.8 and
1.4 ha respectively (Table 1; Fig. 2). Narsannapeta taluk which is least effected
from erosion, showed pronounced deposition along its 22 km long coastal stretch
(Table 2). And, most of the deposition is mainly observed along the mouth of the
Vamsadhara river (Fig. 2).

Fig. 1 Mosaic of landsat OLI images dated November 19 and 26, 2016 showing the Srikakulam
district and surroundings of Andhra Pradesh state. Thick yellow line is the Srikakulam district and
thin yellow line is the Taluk boundary along the coastal region
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Between 2000 (Landsat ETM+) and 2016 (Landsat OLI/TIRS), there was a net
loss of another 147.65 ha area. During this period, northern three taluks i.e.
Ichchapuram, Sompeta and Tekkali faced severe erosion when compared with the
southern taluks of Srikakulam district (Table 1; Fig. 3). Even during 2000–2016,
deposition is observed along the mouth of the rivers. Interestingly, 64% of the
Ichchapuram taluk showed erosion along its coastal stretch. On the whole, during
the 26-year period between 1990 and 2016, the overall loss of area is about
288.06 ha, at a rate of 11.07 ha/year (Fig. 3).

Fig. 2 Landsat ETM+ satellite imagery dated 2000 of Srikakulam district showing the areas of
erosion/deposition and stable coast during 1990–2000 time interval
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5 Conclusion

Srikakulam district of Andhra Pradesh state is one of the coastal districts which is
severely affected with cyclones, floods, etc. In this background, the present study
helped to find out the area/taluks which are under severe erosion to sea level arise.
Further detailed studies on Land use/Land cover changes on high resolution satellite
imagery coupled with digital elevation models (DEM) will definitely ascertain to
demarcate the areas under threat to cyclones, coastal floods, and further helps to
build a socio-economic vulnerability index for the Srikakulam district regions, this
will help the decision makers to take necessary preparedness measures to reduce the
severity of the disasters.

Fig. 3 Landsat OLI_TIRS satellite imagery dated 2016 of Srikakulam district showing the areas
of Erosion/deposition and stable coast during 2000–2016 time interval
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Chapter 51
Landslide Susceptibility Mapping
Using GIS-Based Likelihood
Frequency Ratio Model: A Case Study
of Pakyong—Pacheykhani Area, Sikkim
Himalaya

Satyanarayana Prasad Nerella, Simhachalam Alajangi
and Dinesh Dhakal

Abstract Himalayan region has highly undulating terrain which is a witness of
ongoing orogeny process. The region comes under major seismic zone. These
combined geo-environment factors cause numerous occasions of landslides and
subsequently major loss of life and property. Landslides in the Himalayan terrain
are sometime highly inaccessible. But geospatial technique provides capability of
reaching every part of the inaccessible area, identifying all types of landslides and
determining landslide prone zone on the basis of major causative factors. The study
was carried out to prepare the Land Slide Hazard Zonation mapping using
geospatial techniques in the two Gram Panchayat Unit (GPU) namely: Pakyong and
Chalamthang-Pacheykhani in East District of Sikkim state. Remote sensing data
and Toposheets were used to delineate drainage pattern, lineaments, structural
features, lithological features, soil and land/use land/cover type of the study area by
applying digital image processing techniques. Apart from the above, Digital ele-
vation model data was used to generate primary topographic attributes namely,
slope, aspect, and relative relief. Analyzed the various factors that influence the
landslides. Weightage have been given to each and every layer using frequency
ration model in geospatial environment. Integrated the weightage layers for the
preparation of land slide hazard zonation mapping of the study area.
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1 Introduction

A Landslide also referred to as mass movement, slope failures, slope instability and
terrain instability, is the mass movement of soil and derbies down a steep slope.
Most of the terrain in the mountainous areas has been generally subjected to slope
failure under the influence of a variety of causal factors and triggered by events
such as earthquake or extreme rainfall. Heavy rainfall and ground water on the hills
saturate rocks and soil that decreases shear strength. This phenomenon not only
causes loss of life and property, they also pose severe threats to physical infras-
tructure, lake and disrupt social and economic development [1].

Landslides as one of the most damaging natural hazards in the mountainous
terrain like Himalaya as a result the study of landslides has drawn worldwide
attention mainly due to increasing awareness of socio economic impacts of land-
slides [2]. Himalayan region has highly undulating terrain which is a witness of
ongoing orogeny process. The region comes under major seismic zone. These
combined geo-environment factors cause numerous occasions of landslides and
subsequently major loss of life and property. Landslides in the Himalayan terrain
are sometime highly inaccessible. But geospatial technique provides capability of
reaching every part of the inaccessible area, identifying all types of landslides and
determining landslide prone zone on the basis of major causative factors. Since
landslide hazard zonation is very much related to spatial information. GIS can be
effective in analyzing the various factors at various location of a given area.

2 Aims and Objectives

1. Determine the various factors that will influence the zonation of landslides.
2. Determine the frequency ratio and weight of different layers.
3. Integration of the different layers using GIS to prepare landslide hazard zone.

3 Study Area

The study was carried out in the two Gram Panchayat Unit (GPU) namely: Pakyong
and Chalamthang-Pacheykhani covering the total area of 1235.59 ha, located under
Pakyong Sub-Division of East District shown in Fig. 1. The study area lies between
88° 34′ 10.67″E–88° 36′ 17.04″E and 27° 11′ 30.21″N–27° 14′ 41.09″N and alti-
tude ranging from 460 to 1940 m. The entire study area is a portion of a hill with
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Pakyong town on the northern boundary ridge and Rangpo khola gorge at southern
boundary. The climate of the study area is classified as warm temperate with
average annual temperature of 18 °C and average annual rainfall of 2550 mm. The
greater part of the rainfall is received between May and September. The maximum
temperature is usually recorded during July–August and minimum during
December–January.

4 Methodology

In this study Remote sensing data was further used to delineate drainage pattern,
photo lineaments, structural features, lithological features, soil and land/use land/
cover type of the area by applying digital image processing techniques. Geological
features were analyzed using criteria such as color, tones, topography and stream
drainage pattern from the imageries and toposheets. Apart from the above Digital
elevation model data was used to generate primary topographic attributes namely,
slope, aspect, and relative relief. Detailed methodology used for preparing landslide
hazard zonation mapping is given in Fig. 2.

Fig. 1 Study area map
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5 Data Preparation and Analysis

The digital image processing techniques were used to prepare the land use and land
cover. The contours and drainage were extracted from the 1:50,000 scale topo
sheets. DEM was prepared from the contours. The soil map is prepared from the
NBSS source data is shown in Fig. 3. The lithology prepared based on the Geology
and Mineral Resources of Sikkim shown on Fig. 4, consist of Daling Group with
Buxa Formation and Gorubathan Formation. The slope, aspect and relative relief
are derived from DEM. From the slope map of the study area as on Fig. 5, the slope
angles in this region are between 0° and 42°. The aspect of a study are as on Fig. 6,
shows the large fluctuation of aspect in the study area due to hilly regions and
various ridges. The relative relief map of study area shown in Fig. 8, portrays the
real distribution of such variations which has been classified into five groups. The
drainage network map as shown in Fig. 7, of study area shows that the overall trend
of the drainage basin is from northwest to southeast. Land use and land Cover of
study area as on Fig. 9, resulted into eight land/use and land/cover classes such as
Water Bodies, Airport construction area, Dry Agriculture Land, Fallow Land,
Landslide area, Settlement area, Vegetation and Wet agriculture land. According to
Onagh et al. land use is also one of the key factors responsible for the occurrence of
landslides, since, barren slopes are more prone to landslides. The overall lineament
pattern of study area as on Fig. 10, shows a nearly similar trend as that of drainage
pattern. Landslide inventory map is prepared from satellite imageries and field
investigations is shown in Fig. 11.

Analysis: Geographical location of the landslide area was prepared and con-
verted into grid for the spatial analysis. To investigate triggering factors, different
thematic map were used and relational analysis was carried out. The area of the

Topographic Map Satellite Imageries

Geo-referencing

Digital Interpretation 

Limited Field 
Checks

Thematic Layers

Weighted Rating 

Landslide Hazard Zonation

Fig. 2 Methodology used for landslide hazard zonation mapping
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Fig. 3 Soil map

Fig. 4 Lithology map
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Fig. 5 Slope map

Fig. 6 Aspect map
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Fig. 7 Drainage map

Fig. 8 Relative relief
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Fig. 9 Land use land cover
map

Fig. 10 Lineament map
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landslide in a particular class of each of factor maps was determined. Percentage of
area covered by landslide for each factor class for different factors was computed by
simple mathematical calculation. Frequency ratio method presented by Lee and
Talib is one of the new methods used in landslide studies [3]. For every class of
data layers, frequency ratio was calculated by the combination of landslide map
with criterion map. The following equation is use for calculation of frequency ratio
(Fri).

Fri ¼ Npix sið Þ=Npix Nið ÞP
Npix sið Þ=PNpix Nið Þ

Npix sið Þ = The number of pixels containing slide in class (i)
Npix Nið Þ = Total number of pixels having class (i) in the whole areaP

Npix sið Þ = Total number of pixels containing landslideP
Npix Nið Þ = Total number of pixels in the whole area.

Pixel dimensions were 10 m × 10 m in the study area. When the quantity of Fri
was larger than one, relationship is positive between landslide occurrence and the

Fig. 11 Landslide inventory
map
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class of a data layer and if this ratio is smaller than one, then relationship is
negative. The units’ weight of every data layer was calculated using equation given
below and the weighted layers was combined together in GIS.

w ¼ 1000� Npix sið Þ=Npix Nið Þ � 1000
X

Npix sið Þ=
X

Npix Nið Þ

w = The weight of every unit in a data layer,
Npix sið Þ=Npix Nið Þ = Density of landslides in every unit of a data layerP

Npix sið Þ=
P

Npix Nið Þ = Sum of landslide pixels per sum of total pixels of study
area.

The following table shows the Frequency ratio and weighted unit of different
Land Use and Land Cover (LULC) in study area (Table 1).

The analysis shows that frequency ratio is highest in Sinking Zones, of LULC
class. Therefore, we can infer that this LULC of study area is more prone to
landslide. The weighted score for the frequency of occurrence of the landslide is
calculated accordingly.

Npix sið Þ = The number of pixels containing slide in class (i)
Npix Nið Þ = Total number of pixels having class (i) in the whole area

Similarly the units’ weight of every data layer is (From Figs. 12, 13, 14, 15, 16,
17, 18 and 19) calculated and the weighted layers were combined together in GIS
environment to make final landslide Susceptibility Map shown at Fig. 20.

Zonation map of landslide was verified using the following equation given
below (Gavynav et al. and Ayalew et al.). Landslide inventory map was combined
with landslide risk zonation map and for every risk class number of pixels was
calculated. Accuracy of the map was checked by using the following formula
(Table 2).

AF %ð Þ ¼ AFi=AsciP
AFi=Asci

AF %ð Þ = Percentage area of every landslide risk class
AFi = Number of pixels for landslide in every risk class
Asci = Total number of pixels for every risk class.
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Fig. 12 Weighted map of
soil

Fig. 13 Weighted map of
lithology
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Fig. 14 Weighted map of
slope

Fig. 15 Weighted map of
aspect
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Fig. 16 Weighted map of
lithology

Fig. 17 Weighted map of
elevation
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Fig. 18 Weighted map of
LULC

Fig. 19 Weighted map of
Dist. From river
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6 Results and Conclusion

Layer-wise analysis for the higher frequency ratio can be summarized from
Table 3.

AF confirms the accuracy of landslide risk map in the study area. According to
data in Table 2 AF is 89.91, 8.39, 1.56, 0.13, and 0.01% respectively in landslide
risk classes of Severe, High, Moderate, Low and Very Low. Analysis of the

Fig. 20 Landslide
susceptibility index

Table 2 Risk categories of zoning landslide map in study area

Susceptibility index AFi AFi (%) Asci Asci (%) Fri AF (%)

Very low 2 0.06 13,458 10.98 0.00014861 0.01

Low 66 1.96 47,311 38.58 0.001395024 0.13

Middle 566 16.82 33,852 27.61 0.016719839 1.56

High 2494 74.12 27,753 22.63 0.089864159 8.39

Severe 237 7.04 246 0.20 0.963414634 89.91
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land-slide susceptibility shows that 0.20% of the study area falls on severe landslide
susceptibility, 22.63% area is under high susceptibility, 27.61 and 10.68% under
moderate and low landslide susceptibility respectively. Therefore, more than 50%
area in the selected study area falls under moderate to high landslide susceptibility.

The factors responsible for occurrence of the landslide in the study area are
inferred as under:

1. Land-use and Land cover: the most vulnerable zone is in the sinking zone class
because of high activity of the ground water movement.

2. Elevation of the land: the lower elevations and foothills (174–460 m) are the
most susceptible to landslides because of higher probability of occurrence of the
ground water and activities of corresponding base-flows.

3. Type and characteristics of the Soil: soil with Loamy, Skeletal, Mesic lithic
udorthents class, are another major factor for occurrence of landslide at high and
severe risk zone of study area as these soils are characterized sand, silt and small
amount of clay. Void ratio of this soil is high resulting in high porosity, as a
result movement of ground water in this type of soil is high resulting in
occurrence of soil creeping.

4. Lithology: Interbanded chlorite-sericite schist class is also one of the major
factors for occurrence of landslide, this is a weak rock which contain smooth
surface with low frictional resistance resulting in high probability of occurrence
of landslide.

5. Proximity to the Lineaments: the study shows that the area near to the lineament
(0–200 m) have the frequency ratio high (1.60) which increases the danger for
occurrence of landslide. Similarly area near to the river and streams (0–100 m)
has a high frequency ratio (1.37) making this area unstable, because the
Himalayan streams and river, during the monsoon have a high potential of
carrying the debris and soils which comes in its course, making that area high
risk to landslide and debris flow.

Table 3 Layer-wise analysis for the higher frequency ratio

Thematic layers High frequency ratio

Land-use and Land cover Sinking zone class

Elevation 176–460 ASL

Aspect Towards south-east

Lithology Inter banded chlorite-sericite schist/phyllite and quartzite (ptdg1)

Distance from the river 0–100 m Distance

Slope 0°–8.5° and 16.9°–25.3°

Soil Loamy, skeletal, mesic lithic udorthents

Dist. from the lineaments 0–200 m Distance
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7 Conclusion

Landslide hazard zonation helps in identifying strategic points and geographically
critical areas prone to landslides and also useful for town planners to plan civil
constructions in relatively safe zones in addition to this, environmentally unstable
slopes can be given adequate attention by planning suitable control measures.
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Chapter 52
Demarcating of Aquifer Zones
with Geophysical and Geospatial
Approach in South Western parts
of Rangareddy District, Telangana
State, India

G. Sakram, Sreedhar Kuntamalla, N. Madhusudan,
Ratnakar Dhakate and Praveen Raj Saxena

Abstract Aquifer zones are identified by the Geophysical Electrical Resistivity
Survey method. This method is useful to delineate the subsurface formations,
weathered zone, fracture pattern, etc. An attempt made to identify the subsurface
lithology and aquifer zones by geo-electrical resistivity method in parts of
Rangareddy District, Telangana State, India. The study area consists of Granites,
Basalts of Deccan Traps and Laterites. Electrical soundings have been conducted
along 5 profiles across and along the lineaments. In total 148 Vertical Electrical
Soundings (VES) were conducted. Integrated studies of interpretation of geomor-
phologic and geophysical data were used to prepare a groundwater potential
map. Geo-electrical parameter and sections have been prepared based on resistivity
of the soundings. From the interpretation of results the shallow aquifers is due
geomorphologic features and the potential of deeper aquifers is determined by
lineaments such as faults and joints.
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1 Introduction

Exploration of groundwater in hard rock terrain is a very challenging and difficult
task when the promising groundwater zones are associated with fractured and
fissured media. In this environment, the groundwater potentiality depends mainly
on the thickness of the weathered/fractured layer overlying the basement.
Groundwater is vital for sustaining many streams, lakes, wetlands, and other
dependent ecosystems [1]. Global groundwater resources are in a state of crisis [2]
because of over abstraction in many semiarid and arid regions and the uncertain
consequences of climate change [3] and [4]. Groundwater is an essential part of the
hydrological cycle and is a valuable natural resource providing a primary source of
water for agriculture, domestic, and industrial uses throughout the world. Nearly
half of all drinking water in the world [5] and about 43% of all water effectively
consumed in irrigation [6] is sourced from groundwater.

Surface investigations allow us in deciding the information about type, porosity,
water content and the density of subsurface creation [1]. Vertical Electrical
Sounding (VES) measurements have been carried out using Schlumberger electrode
configuration. The Direct Current (DC) electrical resistivity techniques have been
widely used to image the geoelectric structure of the shallow subsurface earth [7].
Considerable research work has been carried out by many researchers around the
globe on identification of aquifer zones using resistivity method. Lineament anal-
ysis followed by resistivity survey is cost effective while studying geomorphologic
data [8]. Integrating hydrogeomorphological data with geophysical investigations
[9–12] have evolved a simple and rapid approach for demarcation of groundwater
potential.

The decrease in precipitation on the area led to the water table lowering.
Consequently, many wells, which had been productive, became dry and many trials
to drill new producing wells failed. As the recharge became tremendously poor, the
water table dropped down and the groundwater flow became almost controlled by
the basement structures. Therefore, the present study was suggested to reduce the
competitive drilling of dry bore wells, to identify deeper aquifers in the form of
fractures, faults, joints, Intertrappean and infra trappean formations by using geo-
electrical resistivity method for groundwater exploration and sustainable water
supply in the study area.

2 Location of the Study Area

The study area is located in South-Western part of the Rangareddy district at a
distance of 90 km from Hyderabad, covering an area of 118,162 ha. Exists between
17.05 to 17.28 North latitudes and 77.76 to 77.99 East longitudes. The average
elevation is about 590 m above mean sea level (M.S.L) and falls in the Survey of
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India Toposheet no. 56G16 (Fig. 1). Average annual rainfall is about 833 mm. The
minimum and maximum temperatures range from 15.1 to 40.9 °C [13].

3 Geological Background

The Prominent geological formations in the study area are Archaean granites,
gneisses and the younger Deccan traps. The Archaean crystalline rocks occupy
major part of the study area comprising older metamorphic rocks, peninsular
gneissic complex (PGC) and younger intrusive rocks. Intrusive of dolerite dyke are
visible in the SSW part of the study area. The basaltic flows of the Deccan Traps
cover the granitites in the NE and a part in NW part. The geological map of the
study area is shown in Fig. 1.

Fig. 1 Location map with drainage and geology
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4 Geomorphologic Units

The landforms in the study area are the products of different geomorphic processes
such as erosion, deposition, crustal movements coupled with climatic changes
operating on the surface. Landforms identified from the satellite images is helpful in
identifying favorable zones for groundwater [14]. The specific geomorphologic
unit’s identified using FCC (False Color Composite) for interpretation are defined
and described below. Such studies have been carried out in different parts of India
by [8, 15–19]. The various geomorphologic units identified are shown in Fig. 2,
and a brief summary of each geomorphologic unit for groundwater prospects is
given in Table 1.

4.1 Lineament Density Map

Lineaments are the main features that control the occurrence and movement of
groundwater and are the weak zones where accumulation occurs. The lineaments
present in the study area have varying dimensions. Based on the concentration and
length of lineaments, a lineament density map was prepared. The lineament map as
shown in (Fig. 3) was superimposed on a grid map of 1.1 cm by 1.1 cm (2 km by
2 km), and the total length of lineaments passing from each of grid was measured
and plotted in the respective grid centers [19]. The values obtained for each grid
were interconnected by is lines and based on the concentration and length of
lineaments (Table 2).

5 Geophysical Survey

Electrical Resistivity Method is the most widely used method all over the globe
because of its efficacy to detect the water bearing layers, besides being simple and
inexpensive to carry out the field investigations [20]. The resistivity measurements
are normally made by injecting current into the ground through two current elec-
trodes (C1 and C2), and measuring the resulting voltage difference at two potential
electrodes (P1 and P2). From the current (I) and voltage (V) values, an apparent
resistivity (pa) value is calculated. pa = k V/I; where k is the geometric factor
which depends on the arrangement of the four electrodes. The VES data was
analyzed with the curve matching using master curves of three, four and five-layer
cases for various ratios of absolute resistivity given [21]. The Observed
three-layered earth model classified into A, Q, H and K type curves. Similarly
four-layer curves as AA, HK, KH, HA, KQ, QH and a five-layer curve HKH
identified in the study area.
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6 Results, Discussion and Interpretation

One hundred forty eight vertical electrical soundings (VES) using Schlumberger
configuration with 100–150 m half current electrode separation (AB/2) were carried
out. The location of these VES is shown along with the geomorphologic map of the

Fig. 2 Geomorphological map with soundings of the study area
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area in Fig. 2. The VES data are first interpreted using the curve matching tech-
nique [21] and then by Inversion Iteration Method. The interpreted results of VES
are given based on resistivity ranges of different sub-surface layers are calculated
and given in Table 3. After analyzing the resistivity data interpretation, it is found
that the resistivity of the aquifer zone ranges from 10 to 250 Ω m for shallow and
deeper aquifer.

Profile line AA1 (Fig. 4) revealed that the line is made up of four layers the first
layer is the thin resistive top soil, which is absent at the NE end of the profile line
(which is at station 49 and 51), it has resistivity range of 39.2–3975 Ω m and a
thickness range of 0.8–10 m. The second layer is interpreted as the weathered rock
with lower resistivity value, it has resistivity range of 1.9–95,875 Ω m and a
thickness range of 0.2–9.7 m, the thickness is higher at stations P6 and P11 and
relatively shallow at station P5. The third layer is interpreted as the fractured rock
with low resistivity and massive rock with high resistivity value; it has resistivity
range of 31–88,432 Ω m and a thickness range of 2.9–19.9 m. The fourth layer
which is infinity also observed a fresh basement rock and has resistivity range of
75.8–4140 Ω m.

The profile BB1 (Fig. 5) revealed that the line is also made up of five layers the
first layer is the thin resistive top soil, it has resistivity range of 19.3–2820 Ω m and
a thickness range of 0.8–16 m. The second layer is interpreted as the weathered
rock with lower resistivity value; it has resistivity range of 3.9–344 Ω m and a
thickness range of 0.4–12.3 m. The third layer is interpreted as the fractured rock
with low resistivity and massive rock with high resistivity value; it has resistivity
range of 30.7.

Table 1 Geomorphic units of the study area

Geomorphic
units

Area
in (ha)

Type of area Groundwater prospects

Pediplain 44,292 Red brown and black clayey Good recharge and fracture
zone

Plateau (Deccan
traps)

47,525 Steep slope and dissected by
deep and narrow valleys

Poor recharge zone

Pediment 16,913 Receding hill/mountain slope Poor recharge zone

PIC (pediment
inselberg
complex)

1117 Small hills Poor recharge zone

Inselberg 64.17 Barren, rocky and small hill
structure

Very poor groundwater

Valley fills 6004 Unconsolidated material
deposited by any weathering
agent

Moderate to good recharge
zone

Dyke Ridge 55 Isolated flat top hill Acts as runoff zone/barriers
for groundwater movement

Linear Ridge 77 Intrusion of magma into host
rocks

Acts as runoff zone/barriers
for groundwater movement
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The profile line CC1 (Fig. 6) revealed that the line is made up of four layers the
first layer is the thin resistive top soil, it has resistivity range of 234–6865 Ω m and
a thickness range of 3.15–17.4 m. The second layer is interpreted as the weathered
rock with lower resistivity value; it has resistivity range of 12.3–44,963 Ω m and a

Fig. 3 Lineament map of the study area

Table 2 Criteria for selecting groundwater prospects map using lineament density and shallow
and deep aquifer thickness

Sl. no. Lineament density (m/m2) Weathering thickness (m) Groundwater prospects

1 >1.5 >30 Very good

2 1.0–1.5 20–30 Good

3 0.5–1.0 10–20 Moderate

4 <0.5 <10 Poor
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thickness range of 1.65–48 m. The third layer is interpreted as the fractured rock
with low resistivity and massive rock with high resistivity value; it has resistivity
range of 6.18–4559 Ω m. The fourth layer which is to infinity also suggests a fresh
basement rock and has resistivity range of 21,089 Ω m.

Table 3 Resistivity ranges of different sub-surface formation

Resistivity ranges (Ω m) Sub-surface/lithology formation

0–20 Clayey layer

20–50 Hard murram

50–120 Semi-weathered to fractured rock

100–250 Fractured rock

>250 Hard rock

Source Ramanuja Chary [22]

Fig. 4 Profile AA1 in the study area

Fig. 5 Profile BB1 in the study area
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The profile line DD1 (Fig. 7) revealed that the line is made up of four layers the
first layer is the thin resistive top soil, it has resistivity range of 5.75–1505 Ω m and
a thickness range of 1.5–56 m. The second layer is interpreted as the weathered
rock with lower resistivity value; it has resistivity range of 23.3–10,234 Ω m and a
thickness range of 5–218 m. The third layer is interpreted as the fractured rock with
low resistivity and massive rock with high resistivity value; it has resistivity range
of 19.6–45,867 Ω m. The fourth layer which is to infinity also suggests a fresh
basement rock and has resistivity range of 512 Ω m.

The profile line EE1 (Fig. 8) revealed that the line is made up of four layers the
first layer is the thin resistive top soil, it has resistivity range of 15.1–305 Ω m and a
thickness range of 9.1–29.9 m. The second layer is interpreted as the weathered
rock with lower resistivity value, it has resistivity range of 6.82–4153 Ω m and a
thickness range of 2.2–48 m. The third layer is interpreted as the fractured rock

Fig. 6 Profile CC1 in the study area

Fig. 7 Profile DD1 in the study area
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with low resistivity and massive rock with high resistivity value; it has resistivity
range of 22.2–150,000 Ω m and a thickness range of 5–7.5 m. The fourth layer
which is to infinity also suggests a fresh basement rock and has resistivity range of
2319–22,732 Ω m.

7 Conclusion

Remote sensing data used to interpret the different geomorphological units
including structures like lineaments to identify the zones of groundwater prospects.
The various geomorphic units are classified in terms of groundwater prospects, as
poor, moderate, good and very good. From VES, it is found that the shallow and
deeper aquifer thickness varies spatially and is to some extent controlled by
structures. Aquifer thickness is high where the lineament density is high, and such
regions possess better groundwater potential. The geomorphic units like valley fills
show high degree of weathering. By carrying out comparative study of geomorphic
units, lineaments and vertical electrical surveys, one can achieve better results for
future groundwater prospects.

8 Ground Water Prospect Map

The groundwater prospects are complicated in the study area where different rock
formation present. The deeper aquifers in hard rock terrains are potential only when
they are fed by fractures. The top two layers act as an unsaturated zone, allowing
the downward passage of water and contaminants to the aquifer. The aquifer zone is
primarily unconfined, and hence, the availability of water largely depends on the
aerial recharge. Groundwater table is relatively flat, except at the pumping regions.

Fig. 8 Profile EE1 in the study area
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The area experience severe drought conditions and shortage for drinking purpose in
the dry seasons. Shallow dug wells, which tap weathered zone, with transmissivity,
but they are limited in number. The groundwater prospects in the plateau region of
the study area are poor to moderate. Based on lineament density and shallow and
deeper aquifer thickness, the groundwater potential map has been classified into
four major groups [19] (Table 2).

This new groundwater prospect map shown in (Fig. 9) reveals that areas where
the lineament density is high possess thick aquifer thickness zones and are good
potential regions for prospecting groundwater.
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Chapter 53
Estimating Aquifer Characteristics
by Conducting Pumping Tests: A GIS
and Remote Sensing Approach in South
Western Part of Mahbubnagar District,
Telangana State, India

Sreedhar Kuntamalla, G. Sakram, N. Madhusudhan and E. Srinivas

Abstract A method to estimate aquifer characteristics has been developed by
conducting pumping tests. The method requires long-duration pumping tests on a
confined aquifer with significant seasonal water-table fluctuations. The interpreta-
tion of pumping tests under initial conditions provides information on the change in
hydrodynamic parameters in relation to the initial water-table level. Aquifer char-
acteristics like Transmissivity, permeability and storage coefficient were determined
by conducting pumping tests. The transmissivity linearly decreases compared with
the initial water level, suggesting a homogeneous distribution of hydraulic con-
ductivity with depth. The hydraulic conductivity is estimated from the slope of this
linear relationship. The extrapolation of the relationship between transmissivity and
water level provides an estimate of the aquifer thickness. The hydraulically active
part of the aquifer is located in both the weathered and the underlying densely
fractured zones of the crystalline basement. However, no significant relationship is
found between the aquifer storage coefficient and initial water level.
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1 Introduction

Pumping tests are an important method for studies of hydraulic aquifer properties.
Stressing the aquifer, by pumping water, and monitoring resultant water table
drawdown in unconfined aquifers or the potentiometric surface in confined aquifers,
important hydrogeologic parameters can be obtained at the scale of water usage.
These parameters include transmissivity and storage coefficient as well as derived
quantities such as permeability in some cases. At smaller scales, Darcy-type tests
may be conducted, for example, core analyses [6, 12, 16]. At larger scales,
numerical models are frequently constructed to constrain hydrogeologic parameters
[1, 2, 7, 9–11, 15].

Considerable research efforts favor interpretation of pumping test data by
employing hydraulic tomography and inverse numerical modeling [17], although a
discussion of the limitations of these methods has begun [3]. At sites with limited
numbers of wells, and/or wells with relatively short well screens, the data required
for hydraulic tomography may be impractical to gather and may be beyond the
scope of the investigation. Although analytical models that account for unconfined
conditions, partial penetration, and so on are available, classic Theis curve matching
[13] and, in particular, Jacob distance-drawdown [4, 5] relationships are still widely
used for many field applications [14].

The aim and objective of this paper is to estimate the aquifer characteristic from
pumping test carried out in the study area.

2 Location of the Study Area

The study area is located in Gangapur Village, South-western part of
Mahabubnagar district, Telangana State, 100 km away from Hyderabad city, it lies
on latitudes 16.790 and 16.795 North and longitude 78.191 and 78.199 East falling
in survey of India toposheet number 56 L/1 (Fig. 1). Remote sensing (RS) and
geographic information system (GIS) has proven to be efficient, rapid and cost
effective technique producing valuable data on geology, geomorphology, linea-
ments and slope as well as a systematic integration of these data for exploration and
delineation of groundwater potentials zones [8]. The study area boundary is super
imposed on the remote sensing data of geo referenced and merged data of IRS-P6
LISS-IV during 2012 (Fig. 1) in the digital mode obtained from the National
Remote Sensing Centre (NRSC), Hyderabad. The spatial resolutions of LISS-IV
data is 5.8 m.
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3 Geology of the Study Area

Geologically the study area is predominantly covered by peninsular gneissic
complex, which is predominant rock type of Archaean, is dominant in Telangana
State. It is intruded by Clospet granite and dolerite dykes.

4 Methodology

A Pumping test is conducted mainly; (i) To determine well characteristics and to
obtain information about the performance and efficiency of the well being pumped
and; (ii) To determine the aquifer characteristics. There are two main types of tests
conducted for achieving the above mentioned objectives.

(i) Step Draw down Tests and
(ii) Aquifer performance tests.

The Step draw down test provides information about the well characteristics
where as the aquifer performance test helps in determination of hydraulic properties
of the aquifer. The procedure of method is to evaluate the properties of the aquifer.

Fig. 1 Location map of study area (LISS-IV Image from NRSC, Hyderabad, during 2012)
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The analysis of pump test data has been made using the Cooper–Jacob straight line
method for the determination of aquifer parameters. A semi-logarithmic graph of
values of scattered drawdown and residual drawdown data are often interpreted as
describing straight lines from different directions. The procedure for determination
and finding parameters of confined aquifer outlined as follows:

Plotted the field measurements on semi-logarithmic coordinate paper in which
the water levels from ground level (GL) in metres is plotted along the linear y-axis
scale and the time (t) in minutes since pumping started is plotted along the loga-
rithmic x-axis scale for step draw down test.

Plotted (S/Q), where “S” is drawdown and “Q” is the discharge along the linear
y-axis scale and the discharge (Q) in litre per minute (lpm) is plotted along the
logarithmic x-axis scale for the step draw down test, this forms a linear equation in
S/Q and Q, so if S/Q is plotted against Q the resultant graph is a straight line with
slope C and intercept B. Plotted residual drawdown in (m) on semi-logarithmic
coordinate paper along the linear y-axis scale and the time (T/T1) in minutes
(min) is plotted along the logarithmic x-axis scale for the step drawdown test.
Determine the slope of the straight line per one log cycle each of one drawdown test
(Δs) and recovery test (Δs′).

Plotted the constant discharge measurements for aquifer performance test on
semi-logarithmic coordinate paper in which the drawdown (S) is plotted along the
linear y-axis scale and the time (t) since pumping started is plotted along the
logarithmic x-axis scale.

Plotted residual drawdown in (m) for aquifer performance test on semi- loga-
rithmic coordinate paper along the linear y-axis scale and the time (T/T1) in minutes
(min) is plotted along the logarithmic x-axis scale. Determine the slope of the
straight line per one log cycle each of one drawdown test (Δs) and recovery test (Δs′).
Extend the straight line of the drawdown test only until it intercepts the time axis
where, (s) equal zero and after that read the value of (to).

The computation of the aquifer parameters Transmissivity ‘T’, Storage coeffi-
cient ‘S’ and specific capacity can be performed in the following formulas as
follows:

T ¼ 2:303Q
4pDS

ð1Þ

S ¼ 2:25Tto
r2

ð2Þ

C ¼ Q
S

ð3Þ
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K ¼ T
m

ð4Þ

where: Q = pumping rate in m3/h, T = Coefficient of transmissibility or
Transmissivity, Δs = Slope of the curve for one log cycle, S = Coefficient of
storage, to = time value in days of the intercept of the straight line portion of the
drawdown, r = distance in meters from the discharging well, C = specific capacity,
S = drawdown in pumping well, K = Hydraulic conductivity or Permeability,
m = thickness of the aquifer.

The ultimate draw down in a well measured at the designed rate Q of continuing
pumping for a given period is different from theoretical draw down due to well
losses.

Sw = BQ + CQn (Rorabaugh’s Method) where n = 1.5–3.5 depending on the
values of Q.

Sw/Q = B + CQ (Jacob’s Straight Line Method).
where: B is aquifer loss coefficient and C is well loss coefficient.

The plot of Sw/Q versus Q gives a straight line. The intercept Sw/Q gives
formation loss coefficient slope gives the C well loss coefficient. The efficiency of
the well is calculated by well loss divided the draw down BQ/Sw.

5 Results and Discussion

The pumping test exercise was carried out for one production well in the study area.
The total depth of the bore well was 83 m; static water level measured as 12.36
(GL-m) metres from ground level, 4 inches submersible pump was placed at 60 m
below ground level with 3HP was used to perform the test.

5.1 Step Drawdown Test

Four step drawdown tests for two hour each were performed to examine the effect of
turbulent and lamina flow of various pumping rates of the production well followed
by a recovery test for 2 h was conducted in the study area, Table 1. First step was
pumped at 5400 l/h, with a dynamic water level of 36.62 m leaving a drawdown
down of 24.26 m and specific capacity of 3.7 (l/min/m). Second step at 7200 l/h,
with a dynamic water level of 42.94 m leaving a drawdown down of 6.32 m and
specific capacity of 19 (l/min/m). Third step at 9000 l/h, with a dynamic water level
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of 51.20 m leaving a drawdown down of 8.26 m and specific capacity of 18.2 (l/min/
m) and fourth step at 10,800 l/h, with a dynamic water level of 51.25 m leaving a
drawdown down of 0.05 m and specific capacity of 3600 (l/min/m) (Graphs 1, 2, 3
and 4).

Values for B and C in the step drawdown equation are determined from the
graph where S/Q plotted against Q.

Table 1 Step drawdown data of the production well

Time
(min)

1st step 2nd step 3rd step 4th step

WL
(GL-m)

Draw
down m

WL
(GL-m)

Draw
down m

WL
(GL-m)

Draw
down m

WL
(GL-m)

Draw
down m

0 12.36 0.00 36.62 24.26 42.94 30.58 51.20 38.84

0.5 13.78 1.42 36.89 24.53 43.00 30.64 51.22 38.86

1 14.26 1.90 36.97 24.61 43.17 30.81 51.22 38.86

1.5 14.73 2.37 37.14 24.78 43.29 30.93 51.22 38.86

2 15.44 3.08 37.27 24.91 43.40 31.04 51.23 38.87

2.5 15.88 3.52 37.44 25.08 43.50 31.14 51.24 38.88

3 16.36 4.00 37.60 25.24 43.68 31.32 51.24 38.88

4 17.34 4.98 37.94 25.58 43.76 31.40 51.24 38.88

5 18.20 5.84 38.28 25.92 43.89 31.53 51.25 38.89

6 19.03 6.67 38.57 26.21 43.99 31.63 51.25 38.89

8 20.54 8.18 39.08 26.72 44.21 31.85 51.25 38.89

10 22.02 9.66 39.46 27.10 44.47 32.11 51.25 38.89

12 23.49 11.13 39.81 27.45 44.74 32.38 51.25 38.89

14 24.54 12.18 40.09 27.73 45.01 32.65 51.25 38.89

18 26.40 14.04 40.57 28.21 45.72 33.36 51.25 38.89

24 28.52 16.16 40.68 28.32 46.70 34.34 51.25 38.89

30 30.55 18.19 40.89 28.53 47.49 35.13 51.25 38.89

40 33.03 20.67 41.14 28.78 48.75 36.39 51.25 38.89

50 34.17 21.81 41.83 29.47 49.51 37.15 51.25 38.89

60 35.05 22.69 42.13 29.77 50.15 37.79 51.25 38.89

80 35.77 23.41 42.51 30.15 50.80 38.44 51.25 38.89

100 36.24 23.88 42.78 30.42 51.13 38.77 51.25 38.89

120 36.62 24.26 42.94 30.58 51.20 38.84 51.25 38.89

Note WL water level, GL-m from ground level in metres
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Graph 1 Showing the step drawdown cures

Graph 2 Showing the S-Q curve
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5.2 Residual Drawdown for Step Drawdown Test

See Tables (2 and 3).

Graph 3 Showing the S/Q
curve

Graph 4 Showing the
residual drawdown for step
drawdown test
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5.3 Aquifer Performance Test

A large number of analytical methods are available for analyzing aquifer pumping
test data such as Cooper–Jacob [4], Theis [13]. These methods are the best
agreement to estimate average aquifer parameters. To illustrate the validity of the
proposed method, a well penetrated a confined aquifer is pumped at a uniform rate
constantly at 10.8 m3/h for 64 h followed by a recovery test of about 100 min. As
shown on the pumping test data, after 3840 h of continuous pumping the maximum
drawdown measured was 36.95 m. The evaluated Transmissivity value of the
pumping test data on the semi log graph curve shows 3 (l/min/m), whereas the
recovery test shows a value of 1.93 (l/min/m). Discharge measurements were
observed that after 150 min of pumping the drawdown started to stabilize as
illustrated by subsequent measurements.

The initial drawdown of 2.23 m is actually casing storage discharged before the
aquifer respond. The measurements of the Recovery data shows the 100% after
80 min of pump stoppage. The Transmissivity values for the pumping test and
recovery shows an excellent aquifer respond. Drawdown (s) during the pumping
period (t) is measured in an observation well 200 m away (Fig. 1). The water levels
in the observation well not sharing the same aquifer of pumped well there is no
fluctuation of water, the level remained constant, since it is quite far away from the
well. The pump was shut down after 3840 min; thereafter, measurements of residual
drawdown (s) and recovery time (t) were taken (Tables 4 and 5; Graphs 5 and 6).

Table 3 Well Loss
estimation from step
drawdown test

Well losses

Aquifer loss coefficient (B) 0.456

Well loss coefficient (C) 0.002

Effective drawdown (Se) 32.82 m

(Here 5 m taken as a seasonal variation)

Table 4 Constant discharge data of the production well

Time since pumping
started in (minutes)

Water level
from GL m

Draw
down
(m)

Time since pumping
started in (minutes)

Water level
from GL m

Draw
down
(m)

0 14.24 0 1320 51.19 36.95

0.5 16.47 2.23 1380 51.19 36.95

1 17.46 3.22 1440 51.19 36.95

1.5 18.41 4.17 1500 51.19 36.95

2 19.32 5.08 1560 51.19 36.95

2.5 20.14 5.9 1620 51.19 36.95

3 21.11 6.87 1680 51.19 36.95

4 23.16 8.92 1740 51.19 36.95
(continued)
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Table 4 (continued)

Time since pumping
started in (minutes)

Water level
from GL m

Draw
down
(m)

Time since pumping
started in (minutes)

Water level
from GL m

Draw
down
(m)

5 24.69 10.45 1800 51.19 36.95

6 26.6 12.36 1860 51.19 36.95

8 29.33 15.09 1920 51.19 36.95

10 33.29 19.05 1980 51.19 36.95

12 36.02 21.78 2040 51.19 36.95

14 38.23 23.99 2100 51.19 36.95

18 40.59 26.35 2160 51.19 36.95

24 43.05 28.81 2220 51.19 36.95

30 44.45 30.21 2280 51.19 36.95

40 46.16 31.92 2340 51.19 36.95

50 48.76 34.52 2400 51.19 36.95

60 50.45 36.21 2460 51.19 36.95

80 51.16 36.92 2520 51.19 36.95

100 51.18 36.94 2580 51.19 36.95

120 51.18 36.94 2640 51.19 36.95

150 51.19 36.95 2700 51.19 36.95

180 51.19 36.95 2760 51.19 36.95

240 51.19 36.95 2820 51.19 36.95

300 51.19 36.95 2940 51.19 36.95

360 51.19 36.95 3000 51.19 36.95

420 51.19 36.95 3060 51.19 36.95

480 51.19 36.95 3120 51.19 36.95

540 51.19 36.95 3180 51.19 36.95

600 51.19 36.95 3240 51.19 36.95

660 51.19 36.95 3300 51.19 36.95

720 51.19 36.95 3360 51.19 36.95

780 51.19 36.95 3420 51.19 36.95

840 51.19 36.95 3480 51.19 36.95

900 51.19 36.95 3540 51.19 36.95

960 51.19 36.95 3600 51.19 36.95

1020 51.19 36.95 3660 51.19 36.95

1080 51.19 36.95 3720 51.19 36.95

1140 51.19 36.95 3780 51.19 36.95

1200 51.19 36.95 3840 51.19 36.95

1260 51.19 36.95
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Table 5 Recovery data for constant pumping of the production well

Time since pump
started (T)

Time since pump stopped
(T1) in (minutes)

T/T1 Water
level

Residual
draw down

3840 0 0.00 51.19 0.00

3840.5 0.5 7681.00 49.71 36.95

3841 1 3841.00 49.43 35.47

3841.5 1.5 2561.00 48.75 35.19

3842 2 1921.00 48.26 34.51

3842.5 2.5 1537.00 47.67 34.02

3843 3 1281.00 46.48 33.43

3844 4 961.00 45.75 32.24

3845 5 769.00 45.21 31.51

3846 6 641.00 44.67 30.97

3848 8 481.00 43.40 30.43

3850 10 385.00 41.39 29.16

3852 12 321.00 38.67 27.15

3854 14 275.29 35.56 24.43

3858 18 214.33 28.70 21.32

3864 24 161.00 25.08 14.46

3870 30 129.00 21.84 10.84

3880 40 97.00 18.59 7.60

3890 50 77.80 16.51 4.35

3900 60 65.00 15.43 2.27

3920 80 49.00 14.26 1.19

3940 100 39.40 13.99 0.02

Graph 5 Drawdown curve
for constant pumping
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6 Conclusion

This paper carried out simple and easy method to determine the aquifer properties
from pumping and recovery tests. Data analysis done using the Jacob–Cooper
semi-log method which derives aquifer Transmissivity, T, values from plots of the
Constant Rate Discharge tests and Recovery tests on the pumped borehole. The data
obtained from pumping and recovery tests, from semi- log method suggested, as the
maximum drawdown (s) and residual drawdown during recovery (s′) versus log the
time since pumping started (t) and time since pumping stopped (t1′). It is concluded

Graph 6 Recovery curve for
constant pumping

Table 6 Summary of aquifer characteristics

S.
no.

Aquifer characteristics

1 Pumping method Continuous pumping rate

2 Pump intake depth 60 m

3 Static water level 14.24 mbgl (meter below ground level)

4 Pumping time 64 h

5 Last pumping water level 51.19 m

6 Transmissivity constant discharge
test

3.00 m2/day

7 Permeability constant discharge test 0.33 m/min

8 Transmissivity recovery test 1.93 m2/day

9 Permeability recovery test 0.21 m/min

10 Storage coefficient of the well 68

11 Effective drawdown (Se) 32.82 m (here 5 m taken as seasonal
variation)

12 Specific capacity of the well 4.87 l/min
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that overall, the draw down and abstraction rate during pumping test reveals good
performance of the borehole and moderate yielding aquifer, below is a summary of
aquifer parameters derived from the above semi log graphs Table 6.
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Chapter 54
Integrative Spectrum Sensing
in Cognitive Radio Using Wireless
Networks

Bosubabu Sambana, Linga Srinivasa Reddy, Dharavat Ravi Nayak
and K. Chandra Bhushana Rao

Abstract The entire operation of cognitive radio completely depends on the
spectrum sensing technology in various areas. The main function of cognitive radio
is to detect unused or unchecked spectrum and sharing it to other user without
causing harmful interference to the primary user induced by reporting phase.
Initially it requires different phases such as detection phase and reporting phase. In
detection phase cognitive users detects the presence of primary users (Authenticated
user). In reporting phase cognitive user forward their detection report to fusion
center on existing system. In this, we proposed to analyze the effect of ROC
(Receiver Operating Characteristics) with and without dedicated reporting channel
in various specifications.

Keywords Network management � Cooperative spectrum sensing
Cognitive radio � ROC � Spectrum � Network � WLAN � Fusion center
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1 Introduction

This paper gives us an idea about Cognitive radio detects the unused spectrum and
shares it with the other users. The use of cognitive radio improves the Efficiency of
wireless spectrum resources. Energy detection, matched filter detection and feature
detection: these three are the main categories of signal processing. In order to
reduce the fading effect in wireless system, a cooperative spectrum sensing tech-
nique is used. In this technique the detection results from various cognitive users are
obtained and then combined it at the fusion center together by using various logic
rule such as AND fusion rule and OR fusion rule.

The cooperative spectrum sensing process needs two phase: detection phase and
reporting phase. For the spectrum sensing process one cannot be designed and
optimized these two phases in isolation as they are not independent to each other. In
detection phase cognitive users detects the presence of primary users (Licensed
user) and cognitive user forward their detection report to the fusion center in
reporting phase.

At the fusion center the results are combined by the logic rule. But there is a
need to take care of time duration of both the phases as both the phases could affect
each other. If the time duration of any phase is more then it will degrade the
performance of overall spectrum sensing at the fusion center.

2 Background

Cognitive radio: Cognitive radio may be defined as part of radio systems that
perform spectrum sensing in a continuous manner which dentify spectrum holes
(unused radio spectrum) dynamically and then perform operation in a time domain
when it is not used by primary users. “A cognitive radio may be defined as a radio
that is aware of its environment and the internal state and with knowledge of these
elements and any stored pre-defined objectives can make and implement decisions
about its behavior”.

Cognitive radio has four main functions which are:

(1) Spectrum Sharing
(2) Spectrum Management
(3) Spectrum Mobility
(4) Spectrum Sensing

Spectrum Sharing: Spectrum scheduling is done in this method. This method
will decide which secondary user of the cognitive radio network can have the access
to unused portion of the radio spectrum at some particular time.

Spectrum Management: Spectrum management may be defined as the process
of choosing the optimal available spectrum band among the radio spectrum so as to
fulfill the requirement of user for proper communication.
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Spectrum Mobility: Spectrum mobility is the process in which one secondary
user interchanges its frequency of operation with other secondary user present in
network.

Spectrum Sensing: Spectrum sensing is the process which is used to detect
unused portion of radio spectrum and shares it by estimating the interference level
of the primary user.

Advantages of Cognitive Radio:

• Efficiency and utilization of spectrum is improved.
• Reliability of link is enhanced.
• Capable of finding open frequency for accessing the spectrum.
• Helps in improving the performance of SDR (software defined radio)

techniques.
• Enhancement in user throughput and system reliability.
• leads to improve the wireless data network performance.
• General and selective spectrum access issues are solved by using Cognitive

radio.

Disadvantages of Cognitive Radio:

• Security in a cognitive radio is a major concern and lot of work is to be done to
achieve security in cognitive radio.

• Software reliability is not there in cognitive radio.
• It is difficult for cognitive radio to keep up with higher data rates.
• More efforts need to be put forward so that we can implement cognitive radio in

real world.

Spectrum Sensing: The most important and crucial task of cognitive radio is to
detect the unused portions of the radio spectrum. Cognitive radio has a character-
istic that it can sense the spectrum holes and shares it with another secondary users
without affecting the work of primary user.

In spectrum sensing, secondary users keep track of primary users to find spec-
trum holes which are also known as spectrum bands. Spectrum holes can be
classified as: temporal spectrum holes and spatial spectrum holes. In temporal
spectrum holes, primary user does not use spectrum for the transmission for that
particular amount of time so at that time secondary user can use the spectrum for
transmission whereas in spatial spectrum holes, primary user activities is bound to a
particular area and secondary user can use the spectrum outside that area.

So in cognitive radio, to detect the presence or absence of the primary user
various spectrum sensing techniques of cognitive radio such as Matched filter
detection, Cyclostationary Feature detection, Energy detection, Higher order
statistics, Waveform based sensing, and Eigen value based have been deployed but
the performance of every spectrum sensing technique is different in different sce-
narios (Fig. 1).
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3 Related Work

Work proposed by Mohapatra et al. [2] focuses on spectrum sensing techniques,
their performance, effectiveness under different transmission conditions. It is based
on energy based detection and Cyclostationary detection. Simulation results of
different techniques are compared and these techniques detect the presence of
primary signal under low SNR condition. In this work, two methods i.e. Energy
detection and Cyclostationary based detection are compared and from the simula-
tion results it is observed that if sufficient information about primary user signal is
not gathered by receiver, but the power of random Gaussian noise is known to the
receiver then Energy detector is optimally suited for this case but this Energy
detector doesn’t give better performance in case of uncertainty in noise power as
well as fading channels.

Work proposed by Kapoor et al. [3] focuses on hybrid model technology in
which proper channelization of three techniques i.e. energy detection, matched filter
detection, Cyclostationary detection have been presented for detecting unused
spectrum bands i.e. underutilized sub bands of radio spectrum for better utilization
of spectrum for increasing spectrum efficiency.

Work proposed by Waleed et al. [4] introduced a new local spectrum sensing
scheme I3S (Intelligent spectrum sensing scheme) to improve the utilization effi-
ciency of radio spectrum with increasing reliability and decreasing sensing time. In
this proposed work, either combined energy detector and Cyclostationary detector
is used or match filter detection based on power and band of interest. Then in this
proposed I3S is compared with existing detection techniques, and this system gives
more reliable results with less mean detection time. Work proposed by Rao et al. [5]
discusses the simulation of the energy detection spectrum sensing algorithm for
Cognitive Radio under low SNR condition.

The energy detection algorithm is known for its simple implementation but the
method to calculate the threshold value lacks in both clarity and defined steps. So in
this paper author made an effort to enhance the traditional energy detection tech-
nique by fusing it with the statistical Principal Component Analysis
(PCA) technique. This methodology is used for different range of SNRs, different
values of Pf and frequencies of interest.

Fig. 1 Different spectrum sensing techniques
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4 Proposed Work

We proposed new method for exiting spectrum sensing in Cognitive Radio using
Wireless Networks. Those methods are represents strongly evidence of current
working stages

System Description: Time duration for detection phase and reporting phases are
a and 1-a fractions respectively of one time slots. It is to be assumed that a is same
for all cognitive users. CUs forward their detection report to fusion center (FC) over
the orthogonal Sub-channel. Sub-channels are equally divided in reporting phase,
resulting in multiple time slots. These all CUs will interfere primary user
(PU) potentially in the reporting phase so in order to reduce this interference as
much as possible we use a concept of selective relay based cooperative sensing
scheme where all cognitive users sends their detection report to the fusion center in
a selective fashion depending on the presence or absence of primary user. If CU
detects that PU is absent in that case it will transmit an indicator signal with
encoded cyclic redundancy code (CRC) to the FC else no signal is transmitted.

At the fusion center the signal is decoded and if it is successfully decoded then it
means CU detection report says that PU is absent else primary user is present. So
the possibility of causing interference is reduced and controlled also as CU will
interfere the PU only when it fails to detect the presence of PU.

Signal Model: In this model we use a Rayleigh fading and it is constant during
one whole time slot. N0 is the power spectral density of the additive white Gaussian
noise (AWGN) that is same for the entire receiver. Assume that Pp and Ps are the
transmit power of PU and CU. Let Hp = H1 denotes the presence of primary user
and Hp = H0 represents absence of it. In the detection phase, the signal received at
CUi for the k time slots, can be solve in various methods.

4.1 Spectrum Sensing Techniques

• Energy Detection

In this technique primary signal based on sensed energy is detected. This technique
is best suited for detecting independent and identically distributed signals in high
SNR conditions, but not optimal for detection of correlated signals. This method of
spectrum sensing is very simple to implement as in this prior knowledge of primary
signal is not required but this method requires proper knowledge of noise power
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and hence it is vulnerable to noise uncertainty. Three parameters defined in spec-
trum sensing for calculating the performance are:

(1) Probability of Detection (Pd).
(2) Probability of Miss Detection (Pm).
(3) Probability of false alarm (Pf).

The probability of detection is defined as a metric in which Secondary user declares
the existence of a primary user when the spectrum is occupied by the primary user
whereas the probability of false alarm is defined as a metric in which secondary user
declares the existence of the primary user when the spectrum is idle. The probability
of miss detection is a metric in which secondary user declares the non existence of a
primary user when the spectrum is occupied. The probability of miss detection is
basically, Pm = 1 − Pd. False alarms tends to reduce performance of radio spec-
trum and probability of miss detection causes hindrances in the work of licensed
primary user, So in order to have better performance we should achieve maximum
probability of detection with minimum probability of false alarm. Energy Detection
method of spectrum sensing requires various components like band-pass filter, an
analog to digital converter, square law device and an integrator. First the input
signal is passed through a band-pass filter of bandwidth W. Then the filtered signal
is squared and integrated over an observation interval T. Finally the output of the
integrator is compared with a threshold value to decide whether primary signal is
present or not (Fig. 2).

The energy detection technique can be defined by following two equations:

X(t) ¼ fn(t)g H0 ðWhite Space)
X(t)fh � s(t)þ n(t)g H1 ðOccupied)

where X(t) is the signal received by secondary user, s(t) is the signal transmitted by
primary user, n(t) is the additive white Gaussian noise (AWGN) and h is the
amplitude gain of the channel.

Advantages:

1. Knowledge of the primary user’s signal is not required in prior.
2. Easy to implement.

Disadvantages:

1. Energy detection technique does not perform well in low SNR conditions.
2. This technique of spectrum sensing cannot distinguish between the primary user

signal and noise signal.

Fig. 2 Energy detector block diagram
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3. It is difficult to select a suitable threshold value for Comparing it with the value
of the energy signal.

• Matched filter detection

The most optimal method for spectrum sensing in cognitive radio is a matched filter
detection technique because it maximizes received signal to noise ratio and it takes
least time. But it requires the prior knowledge of primary users. So every time it
requires different signal receivers for each signal type that leads to the implemen-
tation complexity. The operation of matched filter detection is expressed as [4]:

Y½ �¼
X

½n� k� x ½k�
k¼�1

where “x” is the unknown signal (vector) and is convolved with the “h”, the
impulse response of matched filter that is matched to the reference signal for
maximizing the SNR (Fig. 3).

Advantages:

1. It maximizes the SNR which makes it a optimal detector among all other
sensing techniques.

2. Matched filter technique is faster as compared to other techniques.

Disadvantages:

1. These techniques also require the prior knowledge of the primary user signal.
2. Computational complexity is high as compared to other sensing techniques.
3. Power consumption is high.

• Cyclostationary Feature Detection

Noise rejection capability makes Cyclostationary a better detection technique as
compared to other spectrum sensing techniques. The presence of primary user is
detected by using Cyclostationary property of user signal. For checking primary
user presence, cyclic correlation function is used instead of power spectral density
function.

Cyclostationary feature detection is able to discriminate between primary signal
and noise as spectral correlation is applied to the modulated signal. This algorithm
gives optimal results for low SNR value. This method basically detects the presence
of primary users by using the periodicity in received primary signal. Because of

Fig. 3 Matched filter block diagram
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periodicity, periodic statistics and spectral correlation features are exhibited by the
Cyclostationary feature detection method (Fig. 4).

Advantages:

1. It gives better performance than energy detection technique and also gives
satisfactory results in low SNR regions.

2. Prior knowledge of signal characteristics is not required in the case of
Cyclostationary.

Disadvantages:

1. It has more computational complexity as compared to other methods for
sensing.

2. It requires more sensing time as compared to the other techniques used for
sensing.

5 Conclusions

In this paper we have presented the concept of selective relay based cooperative
sensing scheme in cognitive radio network without dedicated reporting channel. We
obtained the ROC from proposed method as well as from traditional method and on
comparing we found that with this proposed scheme we can save the dedicated
channel resources without reducing the ROC performance.

Efficient utilization of radio spectrum is provided by the cognitive radio which
uses the method of spectrum sensing to utilize the spectrum holes present in the
spectrum. Spectrum sensing is one of the most important task of cognitive radio. In
order to sense the spectrum various spectrum sensing techniques are proposed
which have their own advantages and disadvantages. And in this paper we have
reviewed three main spectrum sensing techniques which are Energy Detection,
Matched Filter Detection and Cyclostationary feature Detection. The main advan-
tage of Energy detection is that it is simple to implement and it does not require
information about the primary user signal but it does not perform well in low SNR
values.

On the other hand Matched filter detection is better than energy detection as it
starts working at low SNR of even −30 dB s. Cyclostationary feature detection is
better than both the previous detection techniques since it produces better results at

Fig. 4 Cyclostationary
detector block diagram
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lowest SNR values. The Cyclostationary feature detection spectrum sensing out-
classes the other two sensing techniques, but the processing time of Cyclostationary
feature detection is greater than the energy detection and matched filter detection
techniques and it is more complex as well. As all the techniques are proposed only
with limited number of parameters like probability of detection, probability of
missed detection, probability of false alarm but in real time various other parameters
are to be used with respect to the signal vicinity. This paper can prove a useful
means to understand the concept of spectrum sensing in cognitive radio.
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Chapter 55
A Geospatial Study on Solid Waste
Management for the Visakhapatnam
Smart City

Neela Victor Babu, Suribabu Boyidi and Sridhar Bendalam

Abstract Municipal solid waste era is among the most noteworthy sources
which debilitate the worldwide ecological wellbeing. Site choice is a vital and
important issue for waste administration in quickly developing nations like India.
Due to the intricacy of waste administration systems, the determination of the
proper solid waste landfill site requires thought of various option arrangements.
Remote detecting information have been utilized to current states of the land
utilize/arrive cover and geomorphology of the investigation range. All compo-
nents influencing the site condition were considered according to the rules of
waste administration and dealing with rules (2008) that incorporate physical
condition, manmade system offices. A Geographic Information System (GIS) was
utilized for choice of landfill locales. Reasonableness maps were reviewed from 0
(least reasonableness) to 10 (most astounding appropriateness) utilizing spatial
information advancements. Reasonable landfill territories speak to ideal destina-
tions. The chosen locales are Kottatalarivanipalem (1.81 km2), Denduru
(1.56 km2), Yeduruvanipalem (1.07 km2), Pydivada Agraham (1.03 km2),
Mantripalem (0.97 km2), Mindivanipalem (0.91 km2) and Ramayogi Agraharam
(0.89 km2). The landfill site which covers expansive range may last longer per-
iod. My work can offer a sitting strategy and gives fundamental help to leaders in
the evaluation of waste administration issues in the territory and other quickly
creating urban areas in India. The outcomes demonstrates the Greater
Visakhapatnam Municipal Corporation (GVMC) dumping site ought to take after
the rules and suggestions given by the scientist for additionally overseeing and
kill ecological issues in the environ of GVMC.
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1 Introduction

The term smart cities became buzz word in the global arena. In recent times urban
development became a key issue globally. Especially India like densely populated
countries, the problem is more concern about urbanisation. According to the recent
statistics states that, % migrated from rural to urban. This reflected in many sever
issues like pollution issues, subject the off by introducing the concept of smart cites
it the urbanisation became one of the major issue more challenging and other
developing countries. Municipal solid waste is, disposed of/rejected material reg-
ularly being forgotten from the diverse open sources. Examinations in think about
zone uncovered that, fast development in populace amid the current decades
brought about expanding amount of urban solid wastes. Municipal solid waste
comprises of everyday devoured and disposed of things, for example, sustenance
wastes, holders, item bundling, and different random like private, business, insti-
tutional and modern sources. The natural issues existing in the urban territories of
creating nations, municipal solid waste administration and its effect on groundwater
quality have been the most conspicuous in the current years [1]. The Greater
Visakhapatnam Municipal Corporation (GVMC) is the second greatest municipal
corporation in the territory of Andhra Pradesh, India. Age of municipal and modern
solid wastes expanding quite a long time is posturing ecological difficulties around
there. A large portion of the ventures have their own particular component for
taking care of mechanical solid waste. There are no significant surface water bodies
in the zone and the reliable groundwater assets are being dirtied at a disturbing rate.
Directly, groundwater quality is the real concern and in this manner rose as a
standout amongst the most vital ecological issues. Water interest for drinking and
residential purposes has been expanding because of progress of ways of life of
individuals and statistic weights [2]. Consequently, this investigation has been
taken up to find out groundwater contamination hotspots in the environs of GVMC
region. The modern effluents of the Zinc smelter-Alum production line in Mindi
Visakhapatnam, move toward groundwater development and stream towards
swamp arrive through local locations because of topographic control [3].

2 Study Area

The examination territory covering around 1143 km2 has all the earmarks of being
saucer formed and lies in the middle of 17° 31′ 42″ to 17° 55′ 29″ Northern lat.
furthermore, 83° 2′ 5″ to 83° 25′ 17″ Eastern long (Fig. 1). The elevation of
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Kailasagiri and Yarada konda slope runs around 507 and 357 m above msl indi-
vidually. The eastern side is encompassed by the Bay of Bengal. The region has
been secured with deciduous timberland around 33.33 km2, declining quickly
because of urbanization and industrialization [4]. The examination zone is inhab-
itated with around 2 million populaces other than major and other auxiliary busi-
nesses. According to 2001 statistics, the decennial development rate of populace in
the territory is around 22.44%. The high thickness of populace is around 3670 km2

in urban regions though less thickness in provincial regions. Strong waste creating
from the urban condition is contaminating water, soil and air, other than unhygienic
environment. The city strong waste is being arranged at Kapulauppada, open sterile
landfill site throughout the previous two decades. In any case, the household
squanders are dumped in unlined sewage wastes (rivulets) bringing about pollution
of surface and groundwater. In provincial condition, strong squanders are dumped
in unlined sewage depletes and surrendered burrowed wells, prompting ground-
water contamination. In GVMC, modern effluents and civil strong waste dump
brings about groundwater contamination other than ocean water interruption
(contamination) at places along the ocean drift.

Fig. 1 Proposed landfill sites in GVMC
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3 Methodology

The examination zone covering around 1143 km2 seems, by all accounts, to be
saucer formed and lies in the middle of 17° 31′ 42″ to 17° 55′ 29″ Northern lat.
what’s more, 83° 2′ 5″ to 83° 25′ 17″ Eastern long (Fig. 1). The elevation of
Kailasagiri and Yarada konda slope runs around 507 and 357 m above msl sepa-
rately. The eastern side is encompassed by the Bay of Bengal. The region has been
secured with deciduous timberland around 33.33 km2, declining quickly because of
urbanization and industrialization [5]. The investigation region is inhabitated with
around 2 million populaces other than major and other subordinate enterprises.
According to 2001 statistics, the decennial development rate of populace in the
region is around 22.44%. The high thickness of populace is around 3670 km2 in
urban zones while less thickness in rustic regions. Strong waste producing from the
urban condition is contaminating water, soil and air, other than unhygienic envi-
ronment. The metropolitan strong waste is being arranged at Kapulauppada, open
sterile landfill site throughout the previous two decades. In any case, the local
squanders are dumped in unlined sewage seepages (rivulets) bringing about pol-
lution of surface and groundwater. In country condition, strong squanders are
dumped in unlined sewage depletes and relinquished burrowed wells, prompting
groundwater contamination. In GVMC, mechanical effluents and city strong waste
dump brings about groundwater contamination other than ocean water interruption
(contamination) at places along the ocean drift.

4 Results

The substance parameters acquired in this investigations uncovering that the pH
differs from 6.43 to 7.73 of soluble nature inside as far as possible. The electrical
conductivity (EC) values are in the middle of 226–4237 ls. The groupings of Ca+,
SO4

�, F- and Cl-particles are watched nearer to the most extreme reasonable points
of confinement in the towns of Sukkavanipalem and Kapulauppada. These towns
are in low lying territories of Hindustan Zinc Ltd. also, Kapulauppada sterile
landfill site separately. The convergences of TDS and TH and Na+, Mg2+, and Fe
have surpassed greatest admissible points of confinement in Kapulauppada and
Sukkavanipalem. The higher substance in these towns could be drainage from the
unlined sewage deplete. These components cause cardio vascular maladies which
are accounted for in delicate water zones. Up until this point, no case has been
accounted for with respect to contaminated groundwater in the zone. The principle
hotspot for sodium in groundwater assets is plagioclase feldspars, feldspathoids and
earth minerals. Sodium content around 200 mg/l might be destructive to people
having heart and renal maladies and in ladies with toxemia related with pregnancy
[6]. The centralization of sodium differs from 10 to 540 mg/l. Two examples
observed to be overabundance of Na+ than the most extreme admissible breaking
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points in Kapulauppada and Sukkavanipalem. The calcium is a noteworthy con-
stituent of most volcanic, changeable and sedimentary rocks.

The primary wellspring of Ca+ in groundwater is individuals from the silicate
mineral gatherings like plagioclase, pyroxene and amphibole among molten and
changeable rocks and limestone, dolomite and gypsum among sedimentary rocks.
Transfer of sewage and mechanical squanders are likewise essential wellspring of
calcium. Focuses up to 1800 ppm has been found not to disable any physiological
response in man [7]. The calcium extends in the middle of 16–160 mg/l. The
magnesium focuses in the investigation zone fluctuates from 5 to 136 mg/l.
Kapulauppada and Mulagada tests are having overabundance content than as far as
possible in Table 1. Iron is basic to all creatures and is available as hemoglobin,
however at more elevated amounts they are poisonous [8]. Iron focuses in the
groundwater shift from 0.10 to 1.30 mg/l.

Iron is fundamental to all living beings and is available as hemoglobin, however
at larger amounts they are poisonous [8]. Iron fixations in the groundwater shift
from 0.10 to 1.30 mg/l. Kapulauppada landfill territory, Kapulauppada town and
Mulagada territories are having higher focus. Chloride substance of more than
250 mg/l makes the water salty; nonetheless, exorbitant chloride fixation influences
the taste, however there is no known physiological peril in the zone. The chloride
levels in common water are an essential thought for the choice out in the open water
supplies [9]. Gajuwaka, Sukkavanipalem, Kapulauppada town and Kapulauppada
dump yard site tests have higher chloride content. The fluorine is the most plentiful
component and is broadly appropriated all through nature [10]. Fluoride assumes a
key part in water quality administration because of its unfavorable wellbeing
impacts. Fluoride additionally causes respiratory disappointment, hypotension and
loss of motion. Loss of weight, anorexia, frailty, squandering and cachexia are
among the basic discoveries in ceaseless fluoride harming [11]. The fluoride content
in the investigation region runs in the middle of 0.68–1.94 mg/l. The towns which
have higher fluoride content and surpassing as far as possible are, Kapulauppada
dump yard, Kapulauppada, Autonagar and Sukkavanipalem. Local sewages and
mechanical effluents, other than natural oxidation of decreased sulfur species, may
add sulfate to water. Water with sulfate fixation up to 500 mg/l or more will be
severe taste [12]. The sulfate content in the region ranges from 10 to 298 mg/l. The
higher substance of these components in these towns could be leachates from the
unlined sewage channels, dumping strong waste in an informal way and further-
more leachates from the strong waste dump yard at Kapulauppada site. Broken up
metals in many occurrences are found at unnaturally higher focuses in view of
mechanical procedures. In higher measurements, these metals demonstrate deadly
to life forms, including people. Follow metals, subsequently, constitute a note-
worthy class of components having environmental centrality. At more elevated
amounts they are poisonous [13]. A standout amongst the most essential environ-
mental issues today is groundwater sullying [14] and wide decent variety of con-
taminants influencing groundwater assets. Substantial metals get specific concern
considering their solid danger even at low fixations [15]. In the examination ter-
ritory Al ranges from 3.87 to 30.17 (ppb) in Akkireddipalem, Balachervu, Dabala
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Table 2 Trace metals concentration in the study area (in ppb)

Element
conc. (ppb)

C.
Musirivada

Adavivaram Kommadi
Junction

Sabbavaram Aripaka Dabala

Li 1.6746 0.7611 2.1592 3.1623 6.0194 22.3094

Be 0.0046 0.0230 0.0114 0.0313 0.0125 0.0118

Al 3.86 7.9242 30.1741 11.0255 5.7687 25.4382

V 17.8497 0.5882 19.3064 6.1375 13.4416 18.0372

Cr 0.1782 0.2937 0.8685 0.1956 0.4075 6.1812

Mn 1.7482 68.5895 3.2524 3.3514 0.9185 2.1773

Fe 4.9407 15.2143 24.0505 50.8324 6.3886 13.6235

Co 0.0318 0.1315 0.0924 0.0651 0.0374 0.0082

Ni 0.6197 1.2617 9197 1.5812 0.6137 0.7387

Cu 0.2393 1.1918 3.0481 0.9206 0.9623 2.7580

Zn 2.9793 12.0117 19.1614 93.2401 2.1704 2.9184

Ga 4.1687 28.7125 10.1392 42.8035 19.0475 18.6542

As 0.192 0.1331 1.2001 0.2741 0.3618 4.1750

Se 0.4175 0.6285 2.3485 2.1017 2.9232 2.9161

Rb 0.1252 0.7914 0.3312 2.6676 2.7926 5.5457

Sr 370.232 398.501 338.077 1121.57 796.542 1043.87

Ag 0.0122 0.0631 0.0842 0.0235 0.012 0.000001

Cd 0.021 0.0155 0.0496 0.1492 0.005 0.0349

Cs 0.002 0.0052 0.0156 0.0103 0.0101 0.0301

Ba 27.6117 177.987 51.2904 266.70 121.312 115.282

Tl 0.0025 0.0082 0.0154 0.0163 0.0160 0.0181

Pb 0.1647 0.3094 1.2171 0.3580 0.0536 0

U 0.2815 0.7862 4.3914 2.6183 1.9142 33.8513

Element
conc. (ppb)

Akkireddypalem Balacheruvu Lankelapalem Sirasapalli P. Agaraharam

Li 4.6864 12.7007 3.2131 2.78298 2.8307

Be 0.0261 0.0243 0.0113 0.0113 0.0085

Al 21.8684 16.5070 12.8503 7.9686 7.2376

V 10.6507 8.6760 4.6124 12.8016 12.7702

Cr 0.6481 0.9927 0.2512 0.8232 0.7795

Mn 3.8085 82.4661 25.632 1.0952 1.0281

Fe 6.6591 3.1844 4.9882 1.1502 1.3165

Co 0.1294 0.6043 0.1193 0.0810 0.0798

Ni 1.1481 1.7875 1.3283 0.3312 0.3922

Cu 4.2340 1.805 9.2659 1.3065 1.2751

Zn 16.0084 5.1180 31.105 0.9822 1.2733

Ga 28.4885 13.2320 22.6401 15.4475 15.3901

As 0.3972 0.7345 0.5023 2.4923 2.4633

Se 2.0141 4.1592 1.0445 3.4922 3.4976
(continued)
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and Kommadi towns. Mn ranges from 0.91 to 82.46 in Balachervu, Adavivaram
territories (Table 2). Cu ranges from 0.23 to 9.26 with a normal of 2.455. Se runs in
the middle of 0.41–3.49 with a normal of 2.32 every one of the qualities are inside
as far as possible. In our nation, a large portion of the groundwater is constantly
contaminated by modern and household squanders. Zinc is one of the fundamental
components required for legitimate working of the body framework [16]. Zn ranges
from 0.98 to 93.24 with a normal of 17.00 in Akkireddipalem, Sabavaram and
Kommadi territories. The Ni can cause unfavorably susceptible responses separated
from being cancer-causing [17].

5 Conclusions

Therefore, chemical monitoring of water sources become an essential part of water
management. The measurements and characterization of these metals are necessary
to understand their distribution and pathways in the ecosystem and to assess the
impact of their discharge into environment. The results of physical, chemical
parameters and trace metals of groundwater have been compared with the Bureau of
Indian standards-10500 (1991) and World Health Organization. The area chosen for
study is significant for industries, coastal environment and dense population. So far,
no major studies have been carried out on solid waste interaction with groundwater.
In this study, it is observed that the groundwater regime is being highly polluted
due to improper dumping of solid waste in unlined sewage drains, besides geo-
logical causes.

Table 2 (continued)

Element
conc. (ppb)

Akkireddypalem Balacheruvu Lankelapalem Sirasapalli P. Agaraharam

Rb 0.6292 4.1634 4.2426 6.5451 6.4875

Sr 1161.71 1691.81 725.261 559.1043 549.407

Ag 0.0205 0.4335 0.094 0.0705 0.0521

Cd 0.031 0.017 0.0237 0.0032 0.0044

Cs 0.0070 0.0150 0.0137 0.0155 0.0166

Ba 170.333 68.8953 138.362 92.4742 93.1877

Tl 0.0424 0.0615 0.0292 0.02302 0.0226

Pb 0.1647 0 0.5348 0 0.0503

U 1.2550 13.264 1.0817 4.2619 4.2601
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Chapter 56
Landslide Susceptibility Mapping
Using AHP Along Mechuka Valley,
Arunachal Pradesh, India

Amitansu Pattanaik, Tarun Kumar Singh, Mrinal Saxena
and B. G. Prusty

Abstract An integrated approach based on remote sensing and GIS is described
for generating Landslide Hazard Zonation and to identify the weaker zones in
Mechuka valley in the West Siang district of Arunachal Pradesh. Remote Sensed
images are combined in the GIS environment with other spatial factors which
influences the occurrence of Landslides. Important terrain factors having an influ-
ence on the Landslide occurrence are identified and corresponding thematic layers
are generated. These layers include DEM, Slope angle and direction, Lineaments,
Drainage, Geomorphology, Landuse/Landcover, Topographic Wetness index and
Stream power index. Analytical Hierarchy Process (AHP) modelling is used to
assign weightage to the causative factors. Layers are first divided into classes for
assigning the ratings and weighted are assigned to the factors on the basis of their
influence on landslide occurrence. LHZ map of the study area is generated after
assigning the weightages.
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1 Introduction

Landslides, a common natural hazard often results in tremendous loss of lives and
economy every year due to unpredictability and ignorance. The losses caused by the
impact of the hazard can be minimized by recognizing the locations prone to
landslides. To prioritize an area of hazard- mitigation efforts, it is beneficial to have
a Landslide-susceptibility zonation [1]. Landslide Hazard Zonation (LHZ) is a very
important content of landslide hazard prediction modelling [2]. In general, the LHZ
map divides the landslide prone hilly terrain into different zones according to the
relative degree of susceptibility to landslides [3]. The process of creating these
maps requires several qualitative or quantitative approaches [4–6]. A number of
factors determines the stability of the slopes but the main controlling factors are
Land cover/Land use, Drainage pattern, Lineaments, Slope angle, aspect and
anthropogenic activity [7]. AHP model is used to assign weights to the causative
factors. The AHP is a theory of measurement for dealing with quantifiable and
intangible criteria has been applied to numerous areas, such as decision theory and
conflict resolution [8]. In this method, weight of each layer depends upon the
judgment of expert, so that the more precise is the judgment, the more compatible is
the produced map with reality [9].

Various qualitative and quantitative methods have been conceived for
landslide-susceptibility analyses which are mentioned below. Analytical hierarchy
process methodology is adopted for preparing landslide susceptibility maps by
NRSA [10]. An integrated approach using remote sensing and geographical
information system (GIS) is suggested by Sarkar and Kanungo [11]. Rawat and
Joshi [12] demonstrate a landslide-susceptibility zonation using the landslide index
method. Gokceoglu and Aksoy [13] adopts image processing techniques and
deterministic stability analyses for landslide susceptibility mapping. Pachauri and
Pant [14] uses geological attributes for landslide hazard mapping.

The upcoming tourist destination near Indo-China border, the mountainous
terrain of Mechuka is hosting a small airport and an old famous monastery. Due to
the combined effect of snowfall and rainfall, the area is prone to natural mass
movement. Hence it warrants a detailed investigation of slope failure analysis. In
the present study an attempt has been made to find out the weaker zones or land-
slide susceptibility mapping using AHP. Here, landslide hazard map is developed
by assigning weights to the causative factors on the basis of their effect on landslide
susceptibility. The AHP method is used for assigning weight to the causative
factors. The LHZ map is prepared and analyzed by using AHP model and inte-
grating GIS and the data obtained from satellite imagery.
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2 Study Area

Mechuka valley in West Siang district of Arunachal Pradesh located about 29 km
from Macmohan line at 6000 ft (1829 m) above sea level surrounded by pine trees
and thorn bushes is selected for this study, which range from longitude 93.969286
to 94.236334 and latitude 28.434752 to 28.751586. The river Yargyapchu flows in
the Mechuka valley from west to east direction. Mechuka is connected to Aalo by a
185 km road which is of strategic importance connecting further to the border
village Yarlong from Mechuka. The singing formation is well exposed in the
Mechuka quartzite, marble and amphibolites in the lower part and sillimanite schist
in the upper part (Fig. 1).

3 Causative Factors Layer Preperation

The key issue in forecasting the landslide or other geological hazards is the iden-
tification and collection of the relevant predictors whose nature, character and role
vary depending on the types of disaster and geological, geomorphological and
climate setting of the region affected by the extreme event [15]. In this paper, a total
of 10 layers are created that contributes towards occurrence of landslides. These

Fig. 1 Study area map
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layers are: Slope map, Aspect map, Drainage Map. Lineament Map, Road Network,
Landuse/Landcover map, Stream power index, Topographic Wetness Index, Soil
Erosion Map and Geomorphological Map. A Digital Elevation Model of the study
area was used to extract information about slope, aspect, SPI and TWI.

3.1 Digital Elevation Model (DEM)

DEM of the study area is extracted from the ASTER GDEM Ver. 2 satellite data
with DEM accuracy (stdev.) of 7–14 m and posting interval of 30 m. A DEM of the
study area is shown in Fig. 2.

Fig. 2 DEM map of the
study area
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3.2 Slope

Slope map of the study area is prepared from the digital elevation model of the area.
The slope map shows the slope angle of the terrain ranging from 0° to 88°. The
slope value are divided into five different ranges and then reclassified into five
values from 1 to 5 based on their steepness. Slopes having slope angle between 30°
and 45° are more susceptible to landslides (Fig. 3; Table 1).

3.3 Aspect Map

Aspect is also considered an important factor in the preparation of landslides hazard
zonation maps. Aspect map shows the direction of the hill slopes ranging from 0° to
360°. The aspect of the area is classified into flat, north, northeast, east, southeast,
south, southwest, west and northwest facing classes. It is reclassified to give the
slope orientation values ranging from 0 to 6 with 6 contributing highest and 0
contributing lowest to the landslide occurrence (Fig. 4; Table 2).

Fig. 3 Slope map of the
study area
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Table 1 Slope statistics Slope subclass Slope Rating value

A 0–15 1

B 15–30 4

C 30–45 5

D 45–60 3

E 60–80 2

Fig. 4 Aspect map of the
study area

Table 2 Aspect statistics Aspect subclass Aspect Rating value

A Flat 0

B North 1

C North east 2

D East 3

E South east 4

F South 6

G South west 5

H West 5

I North west 2
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3.4 Lineaments

Lineament map is formed by digitizing the lineament map of scale 1:50,000 of the
study area provided by Bhuvan. Thy types of lineaments found in the study area are
mainly Geomorphic lineaments, Drainage parallel. As the distance from the lin-
eaments become smaller, the fracture of the rock masses and the degree of
weathering increases resulting in greater chances of landslide occurrences [16]. So
the ring buffer of the lineament is prepared showing 100, 200 and 400 m distances
and the weightage is given based upon the distance from the lineaments (Fig. 5;
Table 3).

Table 3 Lineament rating value

Distance from lineaments (subclass) Distance from lineament (meters) Rating value

A 0–100 4

B 100–200 3

C 200–400 2

D >400 m 1

Fig. 5 Reclassified lineament map
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3.5 Drainage Map

Improper drainage pattern results into increase in fluid pressure and increase in
weight due to the addition of water which can lead to the occurrence of the land-
slides. Drainage map is prepared by digitizing a drainage map provided by GSI.
Buffering of drainage pattern is done and value are given on the basis of the
distance from the drainage (Fig. 6).

3.6 Land Use/Land Cover

The land use/land cover map is prepared from sentinel satellite imagery data having
resolution of 20 m of the study area. Supervised classification is done to divide the
study area into five classes: (1) Grass/grazing, (2) Water, (3) Built up,
(4) Deciduous forest, (5) Agricultural land. From various investigations, it is learnt
that landuse/vegetation cover, especially of a woody type with strong and large root
system helps to improve the stability of slopes [17].

Non forest area which are nearer to river and built up are more susceptible to
landslides as compared to forest areas. The area covered by different classes are
given in Table 4. Based on their effect on the landslide occurrence relative weights
are given to the classes. The rating value are given in Table 5 (Fig. 7).

Fig. 6 Drainage map
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Table 4 Land use/land
rating value

Landcover subclass Landcover Rating value

A Evergreen forest 1

B Water body 3

C Builtup/agriculture land 4

D Grass/barren land 5

Table 5 Land use/land cover
statistics

Feature of land use/land cover Area covered (m2)

Water 4,093,462.25

Built up/agriculture 2,790,991.83

Grass land/barren land 39,427,565.44

Evergreen forest 413,647,840

Fig. 7 LU/LC map of the
study area
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3.7 Soil Erosion Map

The soil erosion map is created by digitizing the erosion map of the study area
having scale 1:50,000 provided by BHUVAN. The type of erosion which occurs in
the study area is sheet erosion. The area which are affected by sheet erosion are
shown in the map (Fig. 8).

3.8 Geomorphology Map

The geomorphology map is created by digitizing the geomorphology map of the
study area obtained from the BHUVAN having a scale of 1:50,000. The geomor-
phology map is divide into three classes: (a) Moderately dissected structural hills,
(b) Low dissected structural hills, (c) Wetlands. Relative rating is given to them on
the basis of their influence on the occurrence of the landslide. Moderately dissected
hills are more prone to landslides than lowly dissected structural hills (Fig. 9;
Table 6).

Fig. 8 Soil erosion map of
the study area
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3.9 Road Network Map

A road network map is developed by digitizing the district map of West Siang.
A multiple ring buffer is created around the road network dividing the distance
around the road in 4 categories. The area closest to the roads are more susceptible to
landslide (Fig. 10; Table 7).

3.10 Stream Power Index

Stream Power Index can be used to describe the potential flow erosion at a given
point of the topographic surface. Stream Power index is calculated for a given point
using the slope and flow accumulation values of that point and putting into the
equation:

Fig. 9 Geomorphology map

Table 6 Geomorphology
rating

Geomorphological feature Rating value

Snow cover 1

Low dissection 1

Moderate dissection 2
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Fig. 10 Road network map

Table 7 Road map rating Distance from roads (m) Rating value

0–100 4

100–200 3

200–400 2

>400 1

Fig. 11 Stream power index
map
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Ln FAþ 0:001ð Þ � Slope=100ð Þþ 0:001ð Þ

where, FA = Flow Accumulation Values and Slope = Slope Angle (Fig. 11).

3.11 Topographic Wetness Index

Topographic Wetness Index is a steady state Wetness Index. It is commonly used
to quantify topographic control on hydrological processes. Topographic Wetness
Index can be calculated for a given point by using the flow accumulation and
slope values for a given point. Equation for calculating topographic wetness
index is:

Ln FAþ 0:001ð Þ= Slope=100ð Þþ 0:001ð Þ

where, FA = Flow Accumulation Values and Slope = Slope Angle.

LHZAHP

RATING

Slope

Ascept

Lineaments

Drainage

LU/LC 

Soil Erosion

Geomorphology

Road Network

SPI

TWI 

Weightage

Fig. 12 Methodology chart
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4 Methodology

The weighting-rating system is applied to perform LHZ [18]. The various causative
factors are rated on the basis of their effect on landslide occurrence. Firstly, each
layer is broken into smaller factors, then these factors are weighted based on their
importance, and eventually the prepared layers are assembled and the final map is
produced. It is based on three principles: decomposition, comparative judgment and
synthesis of priorities [19] (Fig. 12).

5 Result

The study area is divided into four classes on the basis of the degree of landslide
susceptibility by landslide hazard zonation map. The areas covered under the four
classes are shown in Fig. 13. The four classes are: Very Low, Low, Medium and
High susceptibility zones. The area covered by each classes is mentioned in
Table 8. The weaker zones along the road network are shown in Fig. 14.

Fig. 13 LHZ map
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6 Conclusion

In this paper the landslide hazard zonation mapping is done by integrating both
remote sensing and GIS, the remote sensing based parameters and data are eval-
uated by the help of GIS techniques to create the LHZ map and to detect the weaker
zones in the study area. The LHZ map divides the area into four zones from very
low susceptibility risk to high susceptibility risk. The weightage is assigned to
causative factors and LHZ map is prepared by the use of analytical hierarchy

Table 8 Weightage table Landslide casual factors Weighted values

Slope 0.20

Aspect 0.10

Distance from drainage 0.15

Distance from lineament 0.15

Landuse/landcover 0.05

Topographic wetness index 0.10

Stream power index 0.10

Distance from roads 0.05

Soil erosion 0.05

Geomorphology 0.05

Fig. 14 Patches of weak
zones around the road
network
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process (AHP). This study suggests that the causative factors must be selected with
care and the rating scheme must be improved iteratively by evaluating the results.
The south facing slope has a greater influence on landslide occurrence which may
be because of the direction of the wind flowing and climate in Himalayan region.
This method can be very effective for the rapid assessment of the risk of landslide
even in inaccessible areas. Afforestation of barren lands, proper drainage arrange-
ment and controlled settlement and infrastructure facilities are very important for
reducing and controlling the landslide activities in the study area.
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Chapter 57
Geo Spatial Study on Fire Risk
Assessment in Kambalakonda Reserved
Forest, Visakhapatnam, India:
A Clustering Approach

Gudikandhula Narasimha Rao, Peddada Jagadeeswara Rao,
Rajesh Duvvuru, Sridhar Bendalam, Roba Gemechu,
Dadi SanyasiNaidu and Kondapalli Beulah

Abstract Wild fire classifications can be demonstrated as a stochastic opinion
process wherever actions remain considered through their spatial positions then
incidence popular interval. Group examination licences recognition of the
planetary/period decoration circulation of wild fires. Such investigates remain
valuable to support excitement supervisors in classifying hazard zones, applying
precautionary actions and steering policies for an effectual dissemination of the fire
fighting possessions. This research objectives to classify burning adverts in wild
excitement structures via means of the Space-time Image Statistics Change (SISC)
ideal besides a Geographical Information System (GIS) on behalf of statistics plus
consequences conception. The image geometric procedure habits a perusing gap, it
transfers through universe and interval, identifying native extremes for actions in
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exact zones ended a certain period of time. Lastly, geometric consequence of every
collection is assessed over proposition analysis. The case revision of wild fires
recorded via the forest provision in Kambalakonda Reserved Forest,
Visakhapatnam (India) from 2000 to 2016. Such dataset contains of geo referenced
solitary actions with position of the burst facts plus other facts.

Keywords Wild fires � Cluster exploration � Point patterns � Space-time image
statistics change

1 Introduction

Forests cover around 30% of the whole earth terrestrial part in addition to require a
key role in the lifespan on ground. For example, they are important for special
guideline of CO2 and O2, earth preservation, instruction of the hydrological series,
though concurrently provided that habitation aimed at numerous classes and
valuable harvests [1]. Plantation delivery plus arrangements remain frequently
exaggerated through excitements. That proceedings may benefit woodland
bionetworks through adaptable classes arrangement besides inducing herbal growth
and imitation; though, excitements can harshly impend the fundamental atmosphere
after they remain unrestrained otherwise once the forestry environments stay non
fire altered. Wild excitement spectacles display composite and uneven
spatio-temporal deliveries, they sort the situation tough on behalf of demonstrating
in addition forecasting of that performance [2].

Visakhapatnam remains normally never exposed towards large otherwise mutual
plantation excitements; however, roughly 20 excitements yield place each year in
its ground, terminating awake to 100 hectares of woodlands those remain prized in
the direction of the country’s public commercial segments in addition aimed at the
shield in contradiction of additional normal dangers. The mainstream of the jungle
excitements in this district are located in the built-up region, dry leafs, etc. [3]. Wild
fires incidence, strength and dissemination are measured by the concurrence of
diverse issues those are occurrence of oil, excitement conductive ecological cir-
cumstances in addition explosion vitality [4]. Once excitement occasions remain
persistent with reliable in a specific zone ended a definite era of interval, they
typically consequence of an exact excitement management [5]. Now a day’s fires
are mostly the outcome of resolution wars in background corruption as a concern of
anthropogenic events.

In this perspective, the main goal of the current revision is to notice
spatio-temporal gatherings of plantation excitements, by way of examine with
explosion reasons of subsequent collections. That information should additional
assistance fire supervisors and native establishments to describe in addition to
develop excitement strategy as well as switch actions. Normally, spatial gathering
study may define through intimate of procedures pointing by alignment
three dimensionally disseminated substances viewing a native over compactness.
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Those procedures could be gathered in universal in addition to native approaches.
At main cluster pursues towards mathematically describe those proceedings below
revision demonstrates an accidental scattering otherwise grouped configuration.
That subsequent cluster, native approaches, proposes to classify and find clusters in
space [6].

The following section (Sect. 2) describes the study area, the data set collected by
the Forest Survey of India, and the scan measurements procedure applied in the
expansion of this study. Section 3 describes the consequences found after simu-
lations. Sections 4 present a discussion and conclusions, correspondingly, drawn
from the analyses.

2 Materials and Methods

2.1 Study Area

The State of Andhra Pradesh is placed in the middle of eastern half of the Indian
Peninsula lying between 12° 41′–19° 54′N latitudes and 76° 46′–84° 45′E longi-
tudes. The Greater Visakhapatnam Municipal Corporation (GVMC) is one of the
biggest fire regions in Andhra Pradesh. The study area is Kambalakonda Reserved
Forest spread over 7146 hectares located near Visakhapatnam, Andhra Pradesh,
India. Although quite often a natural phenomenon, wildfires constitute a very
dangerous environmental hazard that causes significant ecological damage and
many human casualties every year around the world [7].

The expansion of the wild land urban interface (WUI) areas of our modern cities,
the drought caused by the elevation of the mean temperatures, as well as short-
sighted human interventions, have created favorable conditions for more frequent
forest fire eruptions that are getting increasingly complicated to deal with.
A wildfire behavior simulation program capable to estimate accurately the fire’s
propagation path can be an important tool for effective crisis management [8]. The
following Fig. 1. Location map of Kambalakonda Reserved Forest Region,
Visakhapatnam, India.

2.2 Forest Fire Geo-Database

General statistics of plantation excitements in Kambalakonda Reserved Forest,
Visakhapatnam, India has been gathered by the Forest Survey of India. Beginning
since 1985, the statistics consumes remained prepared for interactive geodatabase,
which supplies geo-tagged evidence to only excitement measures: Latitude and
longitude directs of the explosion facts, day of main apprehension, time of
excitement extermination, explosion reason, blackened zone, angle, and elevation.
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On behalf of current revision, examined whole plantation excitements documented
among January 1st 1985 in addition to November 30th 2016 including number of
excitement measures [9]. From this geodatabase, numerous datasets were mined to
accomplish dissimilar replications concerning fire-origins with diverse covering
eras. Merely the two more important revisions are described in this paper: The first
examination by all the occasions permitting a completes examination of all
excitements, and the another examination seeing only the actions due to lightning in
Simhachalam hills, kappa Rada Konda, Kailasapuram Konda and Seethammadhara
konda etc.

Since the technique suggested on that research never differentiate bunches
payable to the growth danger of excitement otherwise payable towards the diverse
environmental occurrence circulation on dissimilar periods, the main dataset, that
contains all excitements, was split into four clusters in order to get further similar
fire regime situations as likely for a complete numerical examination. It describes
after Hudhud cyclone effect of fire regions in Visakhapatnam from 2014 to 2015
due to the reason of dry leafs, dry plants and trees. Hudhud produced wide
destruction to the municipality of Visakhapatnam besides the adjacent regions of
Vizianagaram and Srikakulam of Andhra Pradesh in 2014 [10].

The most capable fire-preventative natures measured at examines. The leading
excitement groups reformation applied in 1985, an efficient use of helicopters for
together conveyance of the excitement battalions in addition terrestrial fire fighting
in 2014; an execution of dual defensive permissible performances (1989 and 2015)
pointing in elimination boiling events at those exposed places. The sudden
excitement dataset remained distinctly examined above whole training time (2014–
2016) including an overall of 34 occasions, specified which excitement command is

Fig. 1 Location map of Kambalakonda Reserved Forest, Visakhapatnam, India
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fairly dissimilar after the anthropogenic affected excitements besides the ignition
amounts never exaggerated through which procedures stated overhead.

As shown in Fig. 2, the dissemination of the yearly sum of excitements
throughout the entire study era is somewhat uneven, with an overall implication in
the direction of minor fire incidences (<60 events per year) over 2014 [11]. The
yearly burnt parts in Fig. 3 are usually of minor dimensions (<500 ha per year) with
a tendency to lesser standards after 1985; nevertheless, fires can get out of switch
when fire-prone situations are present through the year.

2.3 Space-Time Image Statistics Change

Image measurement signifies a group of approaches, recycled and improved in
various areas, to examine for native extremes of actions (clusters) in together space
and/or period. The highest determination is to control whether or not an experiential
collection, expected to fit to an arbitrarily dispersed design, is statistically important
or has slightly happened by accidental. The technique remained first established in
fitness discipline by Naus, and additional recently, on one occasion extra in the
fitness area, Kulldorff industrialized three-dimensional and spatio-temporal delays.

Fig. 2 Land use land cover map of Kambalakonda Reserved Forest, Visakhapatnam
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At the present time, these approaches are applied in a big diversity of arenas. For
the morally three-dimensional image measurements, the area below learning is look
over through rounded gap focused at every occasion. Every space changes diago-
nally the whole zone, changing its range constantly after zero up to a static higher
boundary. Every ring receipts the nearest neighbor events position decreasing
confidential and associates them with those lying external. Below the useless theory
of three-dimensional chance, these proceedings are incidental to be dispersed
rendering with recognized separate formal arbitrary procedure, such restrictions
must be assessed. Assumed that supposition, these proceedings remain arbitrarily
then autonomously dispersed with an exact part.

The likelihood function, demonstrating the possibility that an exact region
comprises a cluster, is calculated for each imaginable perusing gap in addition the
single exploiting task signifies maximum probable collection. That numerical
consequence to engaged possible collections are assessed in mandate towards
examine or not those must happened through accidental [12]. On behalf of such
determination, Monte Carlo hypothesis testing stood achieved through a huge
amount of accidental duplications database produced below the unimportant
assumption.

Fig. 3 Satellite image of Kambalakonda Reserved Forest fire clusters
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The abundant of full probability beginning the actual dataset remains associated
by the abundant of extreme probability after accidental datasets. Intended for
example, any probability relation through greatest probable bunch goes beyond
90% over the ideals in the Monte Carlo imitations. Finally bunch is measured to be
important by 5% level (p-value 00.05). That technique, it is likely toward castoff a
bunch at what time the equivalent p-value is overhead the static onset price.
Grounded at this wanted onset, the amount of Monte Carlo imitations remains
recognized.

That computing technique of the space-time image measurements are the version
of the morally three-dimensional image number in universe and period. This
spherical gap remains substituted through a piston by the circular improper on
behalf of physical universe and elevation consistent with interval period at possible
collections. Chamber’s dimensions may growth since null up to an extreme worth
in together interplanetary and period. By way of decently longitudinal image
measurements, all chamber calls every occasion physical position then, moreover,
the situation calls every likely period era.

Let C be the total number of observed cases and Czd the number of cases
observed within a zone z in a day d. The expected number of cases UA for a
space-time cylinder A can be estimated as the sum of Uzd (the number of expected
cases per day and per zone) belonging to cylinder A:

UA ¼
X

zd€A

Uzd; Where Uzd ¼ 1=C
X

z

Czd

 !
X

d

Czd

 !

Let CA be the number of observed cases in a cylinder A. Inferring that this
variable follows hyper geometric distribution and that C is large compared toP

z€ACzd and
P

d€ACzd, then CA can be considered to be Poisson-distributed
with mean UA. Thus, a Poisson Generalized Likelihood Ratio (GLR) can be
computed as follows:

GLR ¼ CA=UAð ÞðCÞA C� cA=C� uAð ÞðC�CÞ
A

This proportion is considered and exploited for each likely chamber and Monte
Carlo imitations are made to examine the arithmetical implication of the noticed
clusters. SISC technique is a arithmetical tool exact valuable for the study of the
supply of ecological information [4].

3 Results

In the current study intentions were achieved with SaTScan software established by
Martin Kulldorff. The platform permits the operator to specify all the necessities
to achieve the investigation, such as contribution statistics, organizes scheme,
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study era, sum of Monte Carlo repetitions, etc. Regarding the participation statistics
and the study era, cluster examines were showed for four datasets as labeled in and
for each one a SaTScan imitation was achieved [13]. All fire proceedings were
stated as separate positions by every opinion demonstrating one fire incidence
(case) and the connected date of fire-ignition in the presentation of day-month-year.
The outcomes are non-overlapping clusters recognized by the reflective space-time
variation ideal [14].

4 Conclusions

The exhaustive fire catalogue from Visakhapatnam permitted the identification of
the excitements included in all of the noticed five clusters. The investigation of
triggered fires, mutual with the consequences of the SISP examines (groups posi-
tion and border time), delivers actual valuable evidence regarding the features of the
clusters and their physical and sequential works. Likewise, the recognition of
sudden excitement groups might be a first opinion for a shallower investigation for
excitement inhibition in the hilly areas, in assessment of the dryer and fast fire
richer summer times in the prospect. This procedure should be an exact compu-
tationally severe, taking up to many days or weeks.
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Chapter 58
Signatures of Last Glacial Cycle
and Tectonics Along Gopalpur-Konark
Coastal Tract, Odisha

B. M. Faruque

Abstract The signatures of transgression of Last Glacial Cycle (LGC) can be
inferred from the continental shelf sediments and onshore landforms. The sea level
lowered to 122 m exposed, almost the entire width of the continental shelf, to
subaerial condition. The LGC transgressive sea level reached the present sea level
about 6–7 ka BP. The rise of the sea level above the psl has given final shape to
Mahanadi delta and evolved Lake Tampara as a trace of the palaeoshoreline, now
located at 5.90–7.25 m above the present sea level. Two major lakes—Samang
Lake and Sar Lake, originally brackish water turned fresh water after the shoreline
receded from these water bodies, are the remnants of palaeoshoreline north of Puri.
Bhargavi river which meandered southerly till early Holocene took a westerly turn
due to the ENE–WSW trending ridge to the north of Puri, and alternating linear
depressions. There is an increase in the episodes of beach erosion in some parts of
Odisha. It is relevant to mention here that the erosion occurring along the Puri
beach, is triggered by strong wave events and lowering of atmospheric pressure.
The problem of erosion needs to be handled in a way that does not interfere with the
natural systems.

Keywords Last glacial cycle � Palaeobeach ridges � Abandoned channels
Closed basin � Dunes

1 Introduction

The rhythm of climatic change was much more complex than the simple idea of
climatic alternation, and the studies during the last few decades have revealed that
every glacial period was interrupted by minor interglacial phases, during which the
ice front receded, and similarly each interglacial stage was punctuated by colder
phases during which ice sheets formed afresh or made notable advance in their
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shrunken conditions. The Quaternary climatic history has been subdivided on the
basis of the drift deposits and the four major glaciations have been named in the
ascending order as Gunz, Mindel, Riss and Wurm with intervening warmer periods.
The most important phenomenon related to these climatic variations, observable all
over the globe, was that of the world wide glacio-eustatic sea level changes. A close
relationship, however, existed between climatic stages and the eustatic sea levels,
glacials lowered the sea levels, while interglacials were periods of high sea levels.

Last Glacial Cycle has left various types of impressions on the continental shelf
and along the onshore rocky promontories of east coast of India. Indications of low
sea level stands from some offshore geomorphic features were brought to light by
the geoscientists [1] of GSI Marine Wing during the cruises on board GSI Research
Vessel Samudra Kaustubh. An attempt has been made in this study to collect
evidences of low and high sea level stands related to the Last Glacial Cycle, off
southern Odisha coast of India. The signatures of regression, transgression and still
stands are retained in the continental shelf with or without geomorphic expressions
in the sedimentologic, palaeontologic, and chemical character of the seabed
sediments.

2 Objective and Area of Study

In this paper an attempt has been made to unravel the impact of Last Glacial Cycle
in the sediments and palaeo-geography of the continental shelf and the onshore
140 km long coastal tract from Gopalpur to Konark in southern Odisha. The stretch
of coastal tract from Gopalpur to Konark spread over a length of 140 km forms a
part of stable coastline with well developed beach, berm and dunes, generally
accreting, though in short stretches there are episodes of beach erosion near
Gopalpur, Aryapalli, western fringe of Puri and Ramchandi. The study area can be
divided into three sectors based on the land forms, coastal processes and fluvial and
lagoonal inputs. (I) Western: Gopalpur to Palur: The alluvial and coastal plain to
aeolian flat monotony is broken by occasional inselbergs and bornhardts in the
western part from Gopalpur to Paluru derived from the Eastern Ghats rocks, Traces
of palaeo-shoreline as elongated strips of brackish water-turned-fresh water lakes,
three generations of dune and the beach on the western sector from Gopalpur to
Palur. (II) Central: Palur to Satpara: The central area from Palur to Satpara
consists of the sand bar spit and deltaic sediments enclosing the Chilka Lagoon
from the Bay of Bengal. (III) Eastern: Satpara to Konark: The eastern part of the
area from Satpara to Konark is made up of deltaic sediments of Mahanadi dis-
tributaries—Daya, Bhargavi and Kushabhadra—with the alluvial plain, the mud
flats, abandoned channels, channel avulsion, the marshy wetlands of Samang and
Sar lakes, the aeolian flats, three generations of dunes and a sandy beach. The
deltaic plain is characterized by a number of ENE–WSW trending basement faults
which were reactivated during Cenozoic period [2].
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3 Last Glacial Cycle, Continental Shelf and Mahanadi
Delta

The glacials in the tropics, away from the polar areas, did not have actual glacial
ice, but the glacials and interglacials were adequately reflected in the comparable
climatic conditions. The late Quaternary glacials and interglacials in the tropical
areas are manifested as arid-cold or warm-humid climates and are recorded in the
shelf sediments as signatures of regression and transgression respectively.
Advancing shoreline writes its story on the sediments of the continental shelf. So
the impact of the Last Glacial Cycle (LGC) can be seen in the palaeostrandlines
formed during the Last Glacial Maximum. The lowering of the sea level due to
LGC began about 35 ka BP. The intensification of cooling lowered the sea level to
122 m (Fig. 1) from the present sea level, during the Last Glacial Maximum (ca.
18 ka BP), which exposed, almost the entire width (about 50 km) of the continental
shelf, in this sector, to subaerial condition. By about 14 ka BP deglaciation sets in
and sea level begins to rise with the transgression [3]. The process of transgression
has given the final shape to the continental shelf and the shoreline present today.
Beginning with the Last Glacial Maximum this paper tries to record the imprints of
glacial cycle in various landforms, mineral assemblages and sediments (Fig. 1).

The flat continental shelf between Gopalpur and Puri is interrupted by shore
parallel, low relief beach ridges at 30, 62, 76 and 122 mwater depth [4]. The width of
the shelf is about 50 km in this sector and the shelf break occurs at 150 to 180 m
depth. The four ridges picked up in the seismic as well as bathymetric records vary in
relief from 3 to 6 m in general, and the Ridge I at 122 m depth has a relief of 17 m
(Fig. 1). The ridges in the outer shelf are rich in biogenic and chemogenic carbonate
sediments where as those in the inner shelf zone are rich in silicate sands which also
contain heavy minerals (Fig. 2) in this sector [5]. The ridges have been numbered
Ridge I (122 m), Ridge II (76 m), Ridge III (60 m) and Ridge IV (30 m). The
Ridge-I at 122 m, was formed during the Last Glacial Maximum has a radiocarbon
date of 13,820 years BP [4]. The ridges I and II are made up of grainstones composed

Fig. 1 Shallow seismic record showing profile of the width of the continental shelf between
Baruva and Godalpur
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of coarse silica and carbonate sand, bioclasts of small bivalves and coralline debris
(generally Acropora and Porites) often cemented together with calcareous matrix.
Chemogenic precipitates in the form of ooids have been picked up from depths of 90
to 120 m. The concentration of ooids increases to its west in the Andhra Pradesh
sector. The ridge is prominent in its uniform morphology in all the transects and from
observations by other workers in this area [6]. The swales are composed of silty fine
sand to silty clay, fining progressively towards shelf break. The presence of coarse
sand (58.32 to 89.7% of +230 fraction) and buried coral colonies, shell fragments
point to a high energy environment and their formation can be attributed to nearshore
environment of deposition, formed during the low sea level.

The swales, intervening the ridges, are generally flat seafloor for a width of about
11 km between two consecutive ridges, usually composed of silty clay to clayey
silt, except near the ridges where the sediment texture changes to coarse sand. There
are massive Red sediment ridges buried sometimes under younger sediments, which
were formed during the arid climate of LGM (Fig. 3).

Though no dates are available in this sector, it is surmised from data from
adjoining areas that the LGC transgressive sea level reached the present sea level
about 6 to 7 ka BP. The rise of the sea level above the present level has given final
shape to the Mahanadi delta and the shoreline with the beach, fore dune, older
dunes, aeolian flat, linear lakes and the mudflat.

Beach ridges in Mahanadi delta are few because of a dominant fluvial action
which wiped out most of the beach deposits. The oldest beach ridge is recognised
by a small patch of relict sandy ridge at 35 km from the present coast [7].

Fig. 2 SEM micrograph of heavy minerals
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Mid-Holocene palaeo-strandline north of Puri passes along the northern shores of
Sar and Samang lakes [4]. The northern bank of Chilka Lagoon constitutes the
palaeo-shoreline of this area before the onset of Holocene transgression. The sed-
iments dumped by the western distributaries of Mahanadi in the northern part of
Chilka embayed Chilka (Fig. 4a) from the open Bay of Bengal. And littoral current
from the south carrying sediments from south developed the sand bar from the
southern end near Palur to enclose the bay into a lagoon. Some of the coastal
geomorphic features are well preserved in western and eastern parts of the study
area that expose geomorphic features such as spit, swash zone, active berm, fore
dune ridge, back dune series, red sediments from older dunes, older ridge and
swale, and a vast expanse of alluvial plain and restricted low level laterite duricrust

Fig. 3 Sea level curve for Bay of Bengal

Fig. 4 a Sat image of Chilka Lagoon. b Map of Mahanadi Delta
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near Gopalpur. The coastal stretches under erosional phase exhibit a steep (9°–12°)
beach face, a narrow and seaward sloping berm and a fore-dune with scarped toe.

Nageswar Rao and Sadakata [6] have identified four stages of growth for
Mahanadi Delta. In the beginning (Stage I to Stage II) the growth of the Mahanadi
Delta was rapid in the southern front which was built by sediments being brought
by Daya, Bhargavi and Kushabhadra rivers. But later (Stage II to Stage III and IV)
the southern front had ceased to grow whereas the north eastern front around
Dhamra kept growing steadily. During this phase, two very significant changes had
taken place. The rivers Bhargavi and Kushabhadra were debouching into the Bay of
Bengal traversing southerly from its ramification off Mahanadi near Cuttack. Both
the rivers Bhargavi and Kushabhadra, had become sluggish, resulting in the
southern delta front registering no growth during stages III and IV of
Nageswar Rao and Sadakata [6]. Sometime in the Holocene period Bhargavi river
took a westerly turn (Fig. 4b), and instead of falling into Bay of Bengal it
debouched into Chilka Lagoon. Here the author would like to refer to a study by
Fuloria et al. [2] of Oil India Limited. According to Fuloria et al. [2] Mahanadi
Basin, a peri-cratonic basin was initiated probably during Late Jurassic by rifting
and subsidence of the Pre-Cambrian Basement by a number of major faults with a
dominant ENE–WSW trend and subordinate NNE–SSW and NNW–SSE trends.
Fuloria et al. [2] describe that the major part of delta building process was initiated
after a regression of Early Middle Miocene and continued till Recent with minor
fluctuations. Of these basement faults those along ENE–WSW trends had the
maximum influence on the basin formation and its configuration during Cretaceous
period. These faults, parallel/sub-parallel to the present day coast line divided the
basin into a number of linear depressions and uplifts like: Cuttack-Chandbali
Depression, Bhubaneswar-Kendrapara Uplift, Paradeep Depression,
Nimapara-Balikuda Uplift, Puri Depression and Konark Uplift from north to south
in the onshore part [2, 8].

The author believes that the ENE–WSW trending ridges (Fig. 5) and alternating
linear depressions (inferred by Fuloria et al. [2]) might have got reactivated along
their faults and the Nimapara-Balikuda Uplift caused the westerly swerve of
Bhargavi river to debouch in Chilka Lagoon. Remote sensing studies followed by
ground truthing have revealed three sets of lineaments traversing the Mahanadi
delta viz. (1) Northeast–southwest, (2) northwest–southeast and (3) east–west [9].

Various drainage patterns like abandoned channels and closed basins, channel
avulsion, ox-bow depressions and swamps characterise the southern front. On the
north-eastern front, one comes across zones of meandering belts and braided river
system, narrow floodplains of upper deltaic plain, presence of certain geomorphic
features such as beach ridges, palaeo-sand dunes and tidal flats demonstrate that the
delta today is building in its northeasterly front around Dhamra.
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4 High Sea Stands

Lake Tampara, a trace of the palaeoshoreline is now located at 5.90 to 7.25 m
above the present sea level. In the eastern sector around Puri town, the alluvial plain
has two major natural lakes—Samang Lake in the west and Sar Lake to the east,
originally brackish water lakes turned fresh water after the shoreline receded from
these water bodies. A small river offshoot of Bhargavi meandering southerly, met
the palaeoshoreline at Samang Lake, which is a remnant of brackish water body
developed along the palaeoshoreline. Samang Lake is now three kilometres away
and 8 m above the present shoreline. When the shoreline receded from the Samang
Lake position the branch of Bhargavi had become dormant and remained a closed
basin, before losing its fluvial properties. Samang and Sar lakes have degraded into
marshy wetlands and swampy mud flats. Older dunes, stabilized and aligned par-
allel to the present shoreline are seen in the north of Gopalpur to Chhatrapur and in
some parts of Satpara, which were formed during high sea stands of late Holocene.

5 Shoreline Changes, Erosion and Accretion
in Recent Times

Chilka shoreline: The south-eastern part of Chilka Lake is bordered by a linear
barrier spit which is about 42 km long and 150 m wide. Except at two points in the
north eastern part where the sea water used to flush into the lake, two-three decades

Fig. 5 Ridges and linear depressions in the basement rocks under deltaic sediments (Fuloria et al.
[2])
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ago, the channel linking Chilka with Bay of Bengal is practically closed now and
makes news when it ever opens, as it did in August 2008.

Kushabhadra-Prachi beach and west of Puri: A study of Marine Wing of GSI
carried out in the year 1985–87 reveals that the stretch of 18 km long shoreline
between Kushabhadra and Prachi has accreted a minimum of 63 m of land in about
52 years (i.e. from 1928 to 1980). Konark temple was erected in the 12th century
AD on the beach and today it is 3 km away from the shoreline. Puri beach: The
marine drive to the west of Puri town runs parallel to the shoreline for about 2.5 km
of which 1.4 km is affected by erosion in July 2007.

6 Factors Contributing to Changes Along the Shoreline

The present day signals of the interglacials are seen in the form of cyclonic storms
landing in this sector of Odisha quite often. Coastal areas have varied topography
and are generally dynamic environments. Continental and oceanic processes con-
verge along coasts to produce landscape capable of rapid changes. There are five
factors which could be contributing to beach erosion.

1. Sediment Budget
2. Longshore Current
3. Sea Level Rise/Episodic sea level rise due to Low pressure
4. Wave energy/Cyclone/Surge
5. Subsidence/Neotectonics.

Along Puri coast three coastal elements appear to have contributed to beach
erosion.

Sediment budget: The coastline along Puri-Konark sector is nourished by sand
through longshore current which transports sediments from west to east during
greater part of the year. The three distributaries Daya, Bhargavi and Kushabhadra
ramifying from Mahanadi have gone sluggish and transport no sediments. The
Daya and Bhargavi rivers debouch into Chilka Lagoon and the sluggish flow of
these rivers have been the reason of Chilka Lagoon getting clogged.

Longshore Current: Longshore current has been shifting sands from west to
east in this sector. The sediment brought in by the river Rushikulya is transported to
the eastern side of the river by littoral current. Some researchers opine that the
opening of Mangalakat on the west of Puri town has disrupted the sand movement
along the innershelf zone due to long shore current. And have caused the beach
erosion of August 2016. A sediment starved shelf will only get eroded if the littoral
current remove its sediment to further east. The author of this paper does not
subscribe to the idea that Mangalakat opening is the sole reason for beach erosion.

Wave energy/Cyclonic surges: All the events of beach erosion recorded in this
sector are synchronized with rainy season during July–August, is a clear pointer to
the low atmospheric pressure giving rise to episodic sea level rise and strong wind
surges during the swell causing the beach erosion.
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7 Conclusion

Coastal erosion is not necessarily a disastrous phenomenon, however, problems
crop up when erosion and cultural activity come into confrontation. Our activities
perhaps come in the way of natural processes. This is compounded by the global
warming and its consequential rise in sea level and erratic weather pattern, like
increase in the frequency of storm surges, irregular monsoon and long dry seasons,
unusually hot summers.

It is relevant to mention here that the erosion occurring along the Puri beach, is
triggered by strong wave events and lowering of atmospheric pressure which gives
rise to swell in the sea level, compounded by south westerly strong winds. The
beach along southern part of Puri town has on record two very prominent events
which eroded the beach up to a depth of 3 m in July 2007 and August 2016. The
author does not subscribe to the reason suggested by some authors that the opening
of Mangalakat channel on the western part of the town has caused the beach
erosion. Any study on the changes along the shoreline during the Last Glacial Cycle
must take into account all the parameters of palaeogeography, like the distribution
of landforms, the strength or weakness of fluvial system, the longshore current
direction, the condition of hot and humid or cold and arid climate which was a part
of Last Glacial Cycle. It is relevant to include older basement structural elements
and their possible reactivation during the formation of younger sediments. The
problem of erosion needs to be handled in a way that does not interfere with the
natural systems. Any interference with the natural processes produces a variety of
secondary or tertiary changes, many of which may have adverse consequences.
Stabilisation of the coastal zone by the use of engineering structures protects the
property of a few at the cost of a larger community. The policy makers must explore
the eco-friendly alternatives. The best solution is to keep away from beach, dune
and older dunes.
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Chapter 59
A Geospatial Study on Emergency
Response Management System
to Combat Fire Accidents—A Case
Study of Chennai, Tamil Nadu

T. Sridevi, Peddada Jagadeeswara Rao, Suribabu Boyidi, P. Madhu
Chandra, B. Sridhar and M. Madhuri

Abstract Urban fire is one of the most disturbing problems for many cities around
the world. Fire risks in urban areas have increased over the years especially in
metropolitan cities which are characterized by dense population, frequent traffic
jams, congested roads and presence of slums. The effect of major fire breakout is
disastrous and the consequent damage will run into heavy loss of lives and property.
The objective of this paper is therefore to establish a GIS (Geographic Information
System) [1] based emergency response management system where fire services can
identify the optimal route from its station to any fire incident. Since access to a fire
incident and timely intervention play a crucial role in managing urban fire, the
optimal route was modeled based on the distance of travel, time of travel, and the
delays in travel times. Besides using this analysis to timely respond to urban fire
emergency services, analysis also performed on the spatial distribution of fire
accidents to understand the scenario of previously occurred fire accidents.
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Keywords Network analysis � Optimal route � Geo-database � Impedance
Turn table

1 Introduction

Fire incidents in urban areas are frequently destroying and brings about death toll
and property. Because of the Rapid increment in population, industrialization,
settlements, tall structures, and so forth.

The financial cost to the Nation is extraordinary since flame flare-ups have a
tendency to worsen the destitution level in the nation. Crisis reaction benefit,
particularly in the zone of urban fires, is in this manner imperative to spare the
nation from losing rare assets. TNFS has 25 fire stations all through the city. These
stations were outfitted with present day procedures to protect lives, property, and
common assets for the economic advancement of the general population of Chennai
city. Indeed, even today, regardless of these cutting edge procedures of fire antic-
ipation and concealment, fires keep on damaging properties particularly in the
southern area of Chennai because slums and socioeconomic factors.

The objective of this paper is to set up a Geographic Information System
(GIS) based emergency response management system for TNFS where time plays
important role. In building up fire emergency response database [2], crisis readiness
arranging is a critical issue that can affect individual’s lives. In the event that
arranged legitimately and actualized rapidly, it can spare hundreds or thousands of
human lives and moderate a portion of the financial misfortunes in influenced
territories.

As indicated by ESRI [3], there are five reflex time grouping for overseeing
urban fire: (1) Dispatch time, which is the measure of time that it takes to get and
process a fire call; (2) Turnout time, which is the time from when units recognize
notice of the fire incident to the starting purpose of reaction time; (3) Response
time, which the time that starts when units are in transit to the fire episode and
finishes when units land on the scene; (4) Access time, which is the measure of time
required for the team to move from where the contraption stops to where the fire
exists; and (5) the measure of time required for fire division units to set up, associate
hose lines, position stepping stools, and get ready to extinguish the fire.

2 Study Area

The study area chosen is south Chennai. This area was chosen considering the fact
that this area majorly contains slums and congested roads and settlements (Fig. 1).

674 T. Sridevi et al.



The Road network map of the area has been digitized, projected, and
geo-referenced in GIS environment at scale of 1:25,000 using SOI toposheets.
Satellite images of IRS 1C and IRS 1D has been used to digitize new roads and
minor roads (Figs. 2 and 3).

Fig. 1 Study area, Chennai city

Fig. 2 Study area road network
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3 GIS Network Analysis for Optimal Path

As one of the main functions of GIS, network analysis [4] plays an important role in
optimal routing, traffic estimation, urban planning, electric power, and closest
facility [5]. This network (as implemented in ArcGIS) is used, among other things,
to build an immediate, rapid and efficient emergency fire response system for the
study area. Given the data of roads and cost attributes, the network analyst can be
used to analyze problems such as optimal routing, closest facility and service area.

The TNFS could identify the optimal route from its service station to the fire
incident and could also perform analysis to locate the closest fire hydrant. In net-
work analysis, the most fundamental and the most critical problem is the compu-
tation of optimal route between different locations on a network. The optimal route
(also called the least cost path) in this paper is the path of lowest impedance or the
lowest cost. This route takes into consideration all the impedances (which include
the distance, travel time, number of signals and turns, intersection delays, volume of
traffic and parking).

4 Impedance Factors

An optimal route in a network is the route of lowest impedance, also called the
least-cost path. Impedance is a measure of the amount of resistance, or cost,
required to traverse a path in a network or to move from one element in the network

Fig. 3 Fire stations in Chennai city
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to another. Resistance may be a measure of travel distance, time, and speed of travel
multiplied by distance. Higher impedance values indicate more resistance to
movement, and a value of zero indicates no resistance. With this objective of
optimizing travel time, the various impedance factors that play a significant role in
deciding the travel time such as volume of traffic, type of road, road width, number
of junctions, and turns are analyzed in determining the optimal route having the
minimum travel time.

The travel time utilized for the streets in the investigation zone depended on the
speed limits of the streets. With as far as possible and the separations known, the
travel times for the different streets were then figured. One way confinements were
likewise considered in this investigation. A field called one way was added to the
database table of the street include class and was demonstrated by the example of
digitizing. Crossing point delays at street intersections were additionally utilized as
one of the impedances since a few intersections in the investigation range are
known to be especially congested constantly.

5 Methodology

A detailed road network map of the study area is prepared using SOI toposheets and
IRS-1C and IRS-1D satellite data by using On-Screen Digitization in ARC GIS
Desktop platform. Geo database is prepared for fire stations and road network.

For optimal routing, the accident spot was geocoded using locate address
function. The link and turn impedance values are assigned using turn table and
journey speeds are assigned to all the links of the road network. The time impe-
dance is calculated using the following formula:

Time impedance ¼ 18 � length of the arc=5ð Þð Þ=journey speeds

Turn impedances are assigned to specific turns using set turn command. Optimal
route was found from fire station to the place of fire accident using network
analysis.

6 Results

An emergency response management system [6] for fire services has been devel-
oped for TNFS to find optimal route from their location to any place of fire accident.
This system includes a database of the fire stations, (Table 1), and with this, queries
could be made to locate fire incident on the GIS interface within a particular service
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area (Fig. 6). As can be seen in Fig. 6, proximity analysis such as spatial buffering
tool could be performed to suggest possible locations and allocations of fire
hydrants.

As appropriate access to a fire occurrence and time assume a pivotal part in
overseeing urban fire, the most limited and speediest courses in light of time of
travel are examined and the outcomes exhibited in Fig. 5. The most brief course (as
in Fig. 4) between a specific fire station and a fire episode was computed utilizing
geometric separations as it were. Essentially, the speediest course (Fig. 4) be that as
it may, was discovered considering the travel time, the turns and the crossing point
delays. That is, this course joins the impedance factors.

Table 1 Fire stations in Chennai city

S. no Division Name of the fire station Total number of fire calls

1 North division Esplanade 41

2 Washermanpet 124

3 Royapuram 40

4 Tondiarpet 84

5 Senbium 87

6 Vyasarpadi 104

7 VOC Nagar 79

8 Vepery 50

9 Kilpauk 129

10 Ennore 45

11 Secretariat 3

12 Korukkupet 63

13 Manali 46

14 Athipattu 95

Total = 990

15 South division Egmore 123

16 Triplicane 71

17 Mylapore 118

18 Teynampet 100

19 Saidapet 48

20 Guindy 127

21 Ashok Nagar 127

22 Koyambedu 109

23 J.J Nagar 84

24 Raj Bhavan 78

25 Thiruvanmiyur 80

Total = 1065

Source TNFS
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The fire department in the wake of accepting a crisis require a fire episode can
query the created database to discover the area of that fire occurrence (Fig. 5a) and
notwithstanding the show of the area of the fire episode, a content depiction of the
route to this area (Fig. 5b) is likewise shown. Coordinating every one of the
impedances, the optimal route is shown in Fig. 6a. This demonstrates the minimum
cost route from that specific fire station to any fire area. This way is the one with the
least impedance inside the street organize in the investigation zone or it is a way
that the aggregate sum of its weights is insignificant.

Fig. 4 Optimal route from fire stations to fire incident
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Fig. 5 Directions for optimal routing

Fig. 6 Service areas for enquiry
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7 Conclusion

When a fire incident is reported, to the fire department, they can query the database
to find the location of that fire incident Table 2 and in addition to the display of the
location of the fire incident, a text description of the direction to this location
(Fig. 5) is also displayed. Integrating all the impedances, the optimal route is dis-
played in Fig. 4. This indicates the least cost route from that particular fire station to
any fire location. This path is the one with the lowest impedance within the road
network in the study area or it is a path that the total amount of its weights is
minimal.
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Chapter 60
Road Network for Disaster Guide
in Rural Area, East Godavari District,
AP, India—A Case Study of Spatial
Approach

Shaik Rehanaz Begum, G. Jaisankar, Suribabu Boyidi,
B. Ravi Kumar, K. M. Ganesh, T. Sridevi, N. C. Anil,
U. Sailaja and K. Dileep

Abstract This guideline is intended to assist state, local, and tribal area during
disaster management for professionals in the initiation of response activities during
the first 24 h of an emergency or disaster. It should be used in conjunction with
existing emergency operations, plans, procedures, guidelines, resources, assets and
incident management systems. It is not a substitute for public emergency pre-
paredness and planning activities. The response to any emergency or disaster must
be a coordinated community effort. The guide begins with a brief section on public
emergency preparedness assumptions. The next section provides guidance and
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information on public health emergency response actions that should be initiated
during the first 24 h of an incident. The road network map along with the locations
of habitations and master table information module. The report includes the travel
time from one destination to another. Master table for covering the study area is
generated by integrating the travel time.

Keywords Disaster � Analysis � Roads � Travel time

1 Introduction

Disaster management essentially deals with management of resources and infor-
mation towards a disastrous event and is measured by how efficiently, effectively
and seamlessly one coordinates these resources [1]. The ability to effectively deal
with disasters has become a challenge to modern technology. It is apparent that
disaster problems cut across various disciplinary lines [2]. One cannot effectively
address disaster management difficulties by focusing on the isolated problems of a
single type. Effective disaster management is influenced by the activities of a host
of independent organizations at national and inter-national level. Disaster man-
agement at the individual and organizational level deals with issues of planning,
coordination, communication and risk assessment. Communication is one of the
key issues during any emergency, pre-planning of communications is critical [3].
Miscommunication can easily result in emergency events escalating unnecessarily.
Preparedness measures can take many forms ranging from focusing on individual
people, locations or incidents to broader, government-based “all hazard” planning.
There are a number of preparedness stages between “all hazard” and individual
planning, generally involving some combination of both mitigation and response
planning.

2 Study Area

East Godavari district is situated on north east of Andhra Pradesh in the geo-
graphical coordination of 16° 30′ and 18° 20′ of the northern latitude and 81° 30′
and 82° 36′ of the eastern longitude. The study area is bounded on the north by
Visakhapatnam district and the state of Odisha, on the east by Peddapuram revenue
division and west by Godavari River and south by the Chattisgarh state. Study area
is the border of 3 states Telangana, Chattisgarh and Odisha. As per 2011 census
there are 552 habitual villages.

The total area covered in study area is 4580.67 km2 and total population is
218,385 in this area. Now total mandals are 7 and 1 revenue division and it had one
assembly constituency, revenue division is Rampachodavaram. The study area is
only had 45% road network facility from each village of all type of roads are
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metalled roads, unmetalled roads and cart track.

3 Methodology

The Landsat satellite data have been downloaded from the website www.usgs.gov.
in. The data mosaicked in ERDAS Imagine-2014, thereafter, digitization of land
use/land cover is carried out in ArcGIS-10.3. Survey of India toposheets 65G/10,
11, 12, 13,14, 15; 65K/2, 3, 6,7 were performed geometric correction in ERDAS
Imagine-2014, a buffer of 20-km from coast line to inland was delineated in
ArcGIS-10.3. The study area (AOI) is delineated on mosaicked satellite images.
The methodology adopted in this study is shown in Fig. 1.

Land sat 8 (OLI, TIRS) imagery with spatial resolution of 30 m is taken.
Toposheets and other collateral data of the study area are used for correlation. Band
combination of 5, 4, 3 are used for Landsat 8 to get false color image and AOI
(Area Of Interest) of the study area. The standard visual interpretation techniques of
NRSA (1990) guidelines are followed. Digitization is done using 2017 satellite
imagery in ArcGIS-10.3. Using the toposheets of AOI we identify the road network
and villages. Perform the network analysis.
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3.1 How GIS Works

GIS stores data about the world as a gathering of topical layers those can be
connected together by topography. This straightforward yet amazingly effective and
flexible idea has demonstrated important for tackling some true issues extending
from following conveyance vehicles, recording subtle elements of arranging
applications and displaying.

3.2 Network Analysis

The network analysis in the GIS based on the following the new route features they
are

Stops feature layer: This layer stores the system areas that are utilized as stops in
route analysis. The Stops layer is symbolized by default in four types: Located

Flowchart:
Road network analysis in Rampachodavaram revenue division of East 
Godavari District

SOI toposheets -
65G/10,11,12,13,14,15

;  65K/ 2, 3, 6,7

Geometrically corrected 
ERDAS Imagine-2014

Base map (AOI)

Satellite Imagery Landsat 8Band combination erdas 
imagine 2014

Extraction of road 
network and 
villages

Emergency services

Hospitals Fire Stations Police Stations

Identify different types of 
roads and calculate area and
length

Identify routes between 
villages to emergency

Proposal of new routes

Fig. 1 Conceptual framework of the study area
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Stops, Unallocated Stops, Error and Time Violation Stop. You can modify the
symbology in the Layer Properties dialog box of Stops. There is a new symbology
category, Network Analyst Stops, added for the stops network analysis class. You
can modify the symbol, color or text symbol for any type of stop. When a new route
analysis layer is created, the Stops layer has no features. It is populated only when
network locations are added into it.

3.3 Stop Properties

ObjectiD: The unique ID of the network location is assigned automatically.
Name: The name for a network location is assigned automatically when it is

added to the map. You can rename the network location by clicking it, selecting the
existing text and replacing it with the new name.

RouteName: This represents the name of the route to which the stop belongs.
Using this name property, stops within one route analysis layer can be assigned to
multiple routes.

Barriers feature layer: Barriers are used in route analysis to denote points from
which a route cannot traverse through. The Barriers layer is classified by default in
three types: Located, Unallocated and Error. The symbology of each can be
modified in the Layer Properties of the Barriers layer. The Barriers layer functions
as any other feature layer in Arc Map. When a new route analysis layer is created,
the Barriers layer has no features. It is populated only when network locations are
added into it.

Route feature layer: The Route feature layer stores the resultant route of route
analysis. As with other feature layers, its symbology can be accessed and altered
from the Layer Properties dialog box. The Route layer on the Network Analyst
Window is empty until the analysis is complete. Once the best route is found, it is
displayed on the Network Analyst Window.

4 Analysis

4.1 Network Analyst Layers

GIS can handle complex network problems, such as road network analysis. A GIS
can work out travel times and the shortest path from two points. This facility can be
build into more complicated models that might require estimates of travel time,
accessibility or impedance along a route system; an example is how a road network
can be used to calculate the risk of accidents. There are of courses, other types of
network analysis involving stream networks [4]. Network Analyst layers are special
group layers used to express and solve network routing problems. Each sub layer in
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a Network Analyst layer represents some Aspect of the routing problem (such as
Stops, Facilities, Barriers or incidents) and the routing solution (such as shortest
route lines or service area polygons). These sub layers reference features that are
held in memory, not on disk. A common task in network analyst models is to
extract these in-memory features and write them as feature classes on disk. The
Select Data tool is used in this task. The model below calculates a shortest route.
The first process creates the Network Analyst Route Layer and the second process,
add locations, adds the customers to be visited on the route. The third process,
solve, calculates the route. After Solve, The layer contains two sub layers: Stops
(the customers) and Routes (the shortest Route). Select Date is used to select the
Routes from the in-memory layer and the model uses Copy Features to copy the
routes to a new feature class on disk.

4.2 Applying

Road networks are vulnerable to natural disasters such as floods, earthquakes and
forest fires which can adversely affect the travel on the network that remains intact
after an event. However, not all road links equally affect the travel conditions in a
given network; typically some links are more critical to the network functioning
than the others [5]. Typically after the occurrence of an event some places become
less accessible. Studying and analyzing vulnerability of road networks will help in
prioritizing the planning, budgeting and maintenance of road sand also will be
useful in preparing emergency response plans. Studying and analyzing vulnerability
will help in developing the mitigating measures. The analysis of vulnerability has
far wider applications such as in planning and maintaining road networks, priori-
tizing and budgeting, preparing for emergency response. Modeling the performance
of a network under degraded conditions is essential in transport planning for
developing mitigating measures [6]. It helps the planners understand how the
network can absorb disturbances, and also how to deal with and adapt so that the
road network retains essentially the same function, structure and identity.

Rural road connectivity, and its sustained availability, is a key component of
rural development. Rural roads are connecting areas of production with markets and
connecting these with each other or to the state and national highways. The
unavailability of database is major constrain to the access of rural roads [7]. This
paper envisages consolidation of the existing rural road network to improve its
overall efficiency as a provider of transportation services for people, goods and
services. This study has undertaken an extended attempt to develop geographic
information system (GIS) based rural road database so that planners, decision
makers, researchers and other different level authorities in the rural road sector will
be benefited from the final output.

Network analysis has been proposed to select shortest path, service area
accessibility and closest facility, location allocation of a facility and shows the
vehicle routing in terms of travel time, between two locations in the study area. The
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interface of the system is user friendly and Inter active. It holds the spatial data layer
dynamically linked to the attribute data, organized according to different adminis-
trative hierarchies of local authority bodies, ITDA project officer, each and every
mandal magistrate (MRO) and other officials etc. Effectiveness of proposed
framework will be expanded with the assistance of calamity observing based
question framework for recovering non-spatial traits for the entire chain of
command.

4.3 Customized GIS Application

An intuitive and user friendly GUI (graphical user interface) with customized
disaster based query and search and shortest distance toolbar in addition to built in
tools and buttons of OPENLAYERS makes it to perform all required tasks for
decision making, monitoring and planning for case as disaster. Customized queries
enables the user to generate complex queries for affected area statistics, latitude
longitude situation and other real life experiences at the place for disaster man-
agement. Queries of this sort are possible in detailed hierarchy at all levels of
administrative boundaries like districts, mandals and villages etc.

In cases like disaster, due to dynamic nature of system data regarding road
network could be embedded into the system in spatial as well as non spatial form
with the help of back end POSTGRESS SQL, data regarding damaged and effected
portion of road network in the state could be inserted into the system and viewed
with the help of user friendly front end interface for planning and decision making
(Fig. 2).

5 Conclusion and Proposals

In the study area of East Godavari tribal area Rampachodavarm revenue division to
identify road network from Rampachodavarm to each and every study area 7
mandals and villages for suggest and monitor disaster and emergency services
network with respect to all different levels of officials. Customized view interface
facilities of the road network with respect to all different levels of administrative
units. Customized menu—bar and drop downs enables user to easy access and
retrieval of information for selected road information like surface condition, base
type, location, shortest distance, village connectivity status, unconnected villages,
other possible alternative for damaged part of road and other required information
can be obtained. Preparation and printing of thematic maps of desired scale will also
possible and set up. Such an application is very beneficial for the situation like
disaster for monitoring situation and managing road network in after disaster sit-
uation. The identified main road is 20% and including unmetalled roads and cart
track roads are 45% of whole area.
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Fig. 2 a Villages. b Roads generated. c Different types of roads in study area
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The total study area occupied is 4580.91 km2. The total length of main roads in
AOI is 325.12 km. The total length of unmetaled is 190.15 km and the length of
cart tracks road is 732.48 km. The total population of AOI is 2,18,385 and the total
villages are 554.
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Chapter 61
Public Health Emergencies During
Disasters—A Strategic Response

Surya Rao Kutikuppala

Abstract In recent times disaster management has gained momentum in India, in
particular due to the rise in vulnerabilities to disasters. However, concerns have
been raised about the efficacy of public health emergency response system in the
wake of recent floods, cyclones, earthquakes and the threat of epidemics. Successful
and workable plans need to be in place to reduce human suffering, loss of life and to
contain the spread of epidemics and dangerous diseases in disaster-affected regions.
We cannot forget the age old adage—“A stitch in time saves nine”. Timely and well
thought out response with necessary preparedness shall be instrumental to any
successful disaster response efforts. Contagious diseases that pose a health risk to
people have always existed. The risk just multiplies during these difficult times of
disaster occurrence thereby putting additional stress on the public health system.
Hence, strategic planning for immediate care in the form of first-aid for the injured;
timely evacuation; prioritizing the medical provisioning to those affected/injured
based on the assessment of the available resources; making provision for food and
safe drinking water in the temporary shelters; enhancing the health services to
protect the affected public from the spread of diseases should be a top priority.

Keywords Disaster management � Hudhud cyclone � Emotional support
Public health

1 Introduction

Disaster by definition means any occurrence that causes damage, ecological dis-
ruption, loss of human life or deterioration of health and health services on a scale
sufficient to warrant an extraordinary response from outside the affected community
or area [1]. In part, it suggests that the resources from within the affected com-
munity wouldn’t be sufficient to deal with the situation. Etymologically speaking,
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the term is derived from the Italian word ‘Disastro’, which is a combination of the
word ‘dis’—expressing negation and ‘astro’ meaning star. Thus disaster means
‘ill-starred event’ [2].

The Asia-pacific is the most disaster-prone region of the world. Over the last two
decades, approximately 41% of all reported disasters in the world occurred in this
region [3]. In 2015, South Asia, of which India is a part, accounted for a staggering
64% of the total global fatalities Inter-alia, the Bhopal gas tragedy in 1984 has
spurred policy measures with new and more effective strategies to scientifically face
the challenges posed by disasters and to alleviate the suffering and human loss [4].
These figures and major disasters point towards the pressing need for systematic
improvement in disaster preparedness and upgradation of public health emergency
response systems in this region. Amongst the recent disasters that created large
scale destruction was the Hudhud cyclonic storm that struck Visakhapatnam and
adjoining regions of coastal Andhra Pradesh in Nov, 2014. The coastline of India
stretching around 7500 km is probably the most cyclone battered region on the
planet earth, leading to very severe loss of life and economic damage. While natural
disasters cannot be avoided altogether, the scale of its damage can certainly be
minimized with appropriate planning and well coordinated policy for disaster
prevention, mitigation, preparedness, emergency response, rehabilitation and
reconstruction, in order to minimize loss of life, property, including agricultural
crops and livestock.

There are various types of disasters such as cyclones, floods, droughts, cloud-
burst, storm surge, landslides, earthquakes, volcanic eruptions, industrial chemical
and nuclear accidents. While response for some disasters can be planned in advance
based on meteorological projections, others occur without warning signs making it
very difficult to respond. Hence, the public health emergency response system has
to be tuned based on the nature and type of disaster. There cannot be ‘one size fits
all strategy’ to deal with all the disasters as the effects vary from disaster to disaster.
On the basis of this understanding, the response network has to focus on the
following major aspects:

(a) Immediate first-aid for pain relief.
(b) Dealing with potential spread of contagious diseases.
(c) Protecting the wider elements of public health—Safe drinking water, nutritional

needs, sanitation, safe disposal of the dead etc.

As it is well known, there are 3 phases in the disaster management cycle:
Pre-disaster phase; disaster phase; Post-disaster phase. Each phase will require its
own set of measures that are to be undertaken in a comprehensive and coordinated
manner for a successful strategy.
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2 Public Health Emergency and Information
Dissemination

Disasters often create conditions for public health issues, especially in context of the
scarcity of safe drinking water, diseases spreading due to stagnant and contaminated
water and lack of sanitation leading to cholera, gastro enteritis Amoebic Dysentery,
Bacillary Dysentery, Diarrhea, typhoid, hepatitis A, hepatitis E etc. Epidemic out-
breaks are a scenario that we should be vary and ready during a disaster situation. It
is of paramount importance to educate the public and keep them informed about
public health emergencies and provide the information needed to protect and save
lives during epidemics. When unexpected disasters keep happening across the globe,
some find it extremely difficult to face them. Yet, preparedness based on scientific
approach with focus on creating awareness will certainly help people dealing with
disasters much more effectively and efficiently [5].

2.1 Contingency Distribution Network

When disaster strikes, often many will not have access to food, water and electricity
for some time. We need to be prepared for providing the required potable water,
food supplies, clothing, temporary sanitized shelters and emergency kits, that can
provide essential supplies for all the affected till reasonable normalcy is achieved. It
may include canned foods and other staples. A normally active person needs to
drink at least half gallon of water per day. We have to store at least 3-day food
supply and consider storing a two-week supply of water. In such a situation, safety
of pets and livestock needs to be factored [6].

2.2 Local Community/Neighborhood Approach

The ability of communities to manage disaster situations can be considerably
enhanced with a team approach and being skillfully and effectively trained to face
situations in advance.

Periodical mock-drills can boost their confidence and ability to face any unex-
pected eventualities. In the process, they have to identify warning signals, develop a
plan to help the children, elderly and differently abled. Children and youth should
be made aware about the possible fallouts of fire, extreme weather conditions and
other hazardous situations so as to prepare the ground for collective action [7].
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2.3 Immediate Coordinated Response to Disaster Situation

The search and rescue efforts following the impact of a disaster are crucial to reduce
loss of life. During this phase, the first-aid acts as a very useful tool in alleviating
human suffering. At the same time, healthcare resources have to be redirected
towards disaster relief. Emergency services are to be maximized in these hours of
need. Additional provision should be made for food and shelter at the healthcare
service points itself.

The disasters also put tremendous pressure on the limited healthcare facilities
and personnel available. Such situations require drawing upon the philosophy of the
great British philosopher and jurist, Jeremy Bentham who elaborated the principle
of “Greatest happiness of the greatest number”. The medical approach of triage is
the process of deciding which patients should be treated first during disasters based
on how sick or seriously injured they are rather than the ‘first-come-first-serve’
basis. The higher priority is to be given to those victims whose chances of survival
increase by simple intensive medical intervention. The overall idea is to maximize
the number of survivors than focusing on morbid patients, with questionable
benefit, who require a great deal of attention [8].

2.4 Relief in Temporary Shelters

Utmost care is to be taken to avoid over-crowding and poor sanitation in temporary
relief centers else there are high chances of acute respiratory and Gastro-Intestinial
infections. If we fail to follow strict hygienic principles, providing emergency food,
water from different sources to the affected in shelters may itself be a source of
infectious diseases.

2.5 Dealing with Epidemics in the Aftermath of Floods

Floods and the consequent overflowing of waters, stagnation of water pools could
result in epidemics like gastro enteritis, food poisoning, water-borne diseases,
cholera, typhoid, jaundice, vector-borne diseases like malaria, dengue etc., so there
should be careful, effective planning towards a specific disaster management
strategy keeping in view public health as a top agenda [9]. Moreover, large number
of dead bodies of human and animals during floods can obstruct the efficiency of
the rescue efforts in addition to contaminating the water streams resulting in variety
of diseases. Therefore, appropriate disposal is of major importance [10].
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2.6 Restoration of Normalcy

The healthcare services are to be recognized and prioritized based on the pattern of
health needs. After few weeks of the disaster, ecological health measures like
reviving the green cover, securing the integrity of the water supply network, food
safety and kitchen sanitation at temporary shelter camps, vector-control to prevent
dengue, malaria, leptospirosis, plague etc., become more significant.

2.7 Emotional Support

A healthy mind has got remarkable healing power during stressful situations. The
difficult times of disaster tests the resilience and strength of the victims. Emotional
support to overcome the anxiety and mental unease of the agony that they have
undergone is an important step in reintegrating disaster survivors into the main-
stream society. With counseling, Yoga practice and meditation resilience is to be
developed through thought process and actions [11]. More importantly, the
orphaned and displaced population during disasters have to be provided with
suitable institutional support of the government and the NGOs.

3 Conclusions

Disasters make one thing very clear that local, national and transnational capacities
are critical. Therefore, we need to build capacities through educational program-
mers; “Information Education Communication” campaigns through traditional and
modern media; organizing mock-drills so as to prevent, prepare, respond and
recover from emergencies and disasters. Timely policy blueprint on public health
responsiveness to different disasters should be developed and made accessible.
Special training and skills should be imparted to the volunteers, civil society and in
particular to the public health staff who are supposed to be the front line soldiers in
the relief efforts. Further, all the national and international resources are to be
mobilized and utilised to the fullest during disasters. The STATE’s capacity to
respond to disasters is crucial. It cannot do it alone and will definitely require the
support from the first-response force i.e. the local non-affected community and
Non-governmental organizations. International organizations also have a critical
role to play by providing financial and material resources during disasters. Not only
this, the international organizations provide key impetus to national governments in
developing and adopting the risk reduction frameworks and other policy initiatives.
In this regard, WHO recognized the commitment and leadership of Mexico in the
field of disaster risk reduction, especially through the Safe Hospitals Initiative [12].
Following the devastating 1985 earthquake in Mexico City, the Ministers of Health
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of the Americas were urged to establish strategies on Disaster Risk Reduction in
Health. Mexico has gone a step further to apply the Safe Hospitals principles to the
protection of other critical infrastructure, including schools, transportation network
and hotels, which should be replicated by countries across the world, including
India. Effective management of psychological trauma/stress and anxiety levels that
would be faced by the affected in the aftermath of the disaster will go a long way in
enhancing their ability and resilience to cope with the situation when they are
rehabilitated. Hence, innovative ideas have to be coupled with actions to stabilize
the situation in a public health emergency scenario.
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Chapter 62
Integrated Assessment of Climate
Change Impacts on Maize Crop in North
Coastal Region of Andhra Pradesh,
India

Chukka Srinivasa Rao and Peddada Jagadeeswara Rao

Abstract Current crop productivity in North Costal Andhra Pradesh of India is low
compare to other locations of Andhra Pradesh region and due to projected climate
change this may be further worse. The present study investigates the
spatial-variability of impacts of climate change on maize crop yields in the north
costal districts of Andhra Pradesh of India and examines the adaptation strategy
contributions on crop yield. Five future climate models with RCP 8.5 pathways
were selected in this study and the projections from these models were integrated
with DSSAT crop simulation model to simulate the impact on rainfed maize crop
productivity over North Costal Andhra Pradesh region. Influence of amount rainfall
and onset of monsoon and rainy days on rainfed maize yield was significant in
North Costal Andhra Pradesh region. Rainfed maize productivity is expected to
decrease to a maximum of 16% from the present yield level due to change in
climate. The climate change impacts could be reduced by early sowing (altering the
sowing date) to June last week/July first week against July second/third week.
Supplement irrigation during delay monsoon will give yield increase under future
climate.
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1 Introduction

Climate change is considered as major global level issue in recent and becoming
more and more complex than it was before. The climate change issue is part of the
greater challenge of sustainable development. According to the latest scientific
findings, since the pre-industrial era the earth’s climate system has changed on both
global and regional scales. North coastal Andhra Pradesh is highly vulnerable to
seasonal fluctuations with respect to temperature, rainfall, relative humidity, wind
speed and radiation which cause uncertainty in crop production. Characteristically
agriculture is very sensitive to climate conditions, this is one of the important sector
most susceptible to the impacts and risks of global climate change [1, 2].
Adaptations is the main factor that will influence and shape future severity of
impacts of climate change on food production [3]. It is very difficult to understand
the impact of the changes in climate on agriculture; a variety of effects are likely to
occur at different stages of crop growth.

Coupled with climate models, crop models can simulate to study the effects of
climate change on agriculture. Crop simulation models using weather-soil-crop
dynamics and integrate crop resources capture principles can assist in the evaluation
of the impacts and find adaption options in a wide range of climates, season and soil
types. The crop models have been developed with different levels of biological
details [4] and run for various environmental conditions and management to sim-
ulate crop growth and development processes.

Maize (Zea mays L.) is important cereal crop which has special characteristics
that include its carbon pathways (C4), wider adaptability, higher multiplication
ratio, desirable architecture, superior transpiration efficiency, high versatile use etc.
In North costal Andhra Pradesh region maize crop grown mostly as Kharif crop and
productivity under rainfed condition is highly influenced by the climate variations
and expected to be vulnerable to adverse climate changes [5]. We need to evaluate
the relative potential of adaption options, and to develop effective strategies to cope
with climate risk. Main objectives of this study are (a) assess the climate change
impact and (b) identify adaption options to minimize the climate change impacts on
rainfed maize in North costal Andhra Pradesh.

2 Materials and Methods

Integrated assessments have been done using crop simulation models of DSSAT for
Maize crop in North Coastal region of Andhra Pradesh. The study area comprises of
North Costal Part of Andhra Pradesh spreading between 17° 15″ and 19° 15″ of the
northern latitude and 82° 00″ and 84° 47″ of the eastern longitude. About 60% of
its area is cultivated purely under rainfed conditions and even the remaining area is
mostly dependent on the rainfall received for water storage or ground water
recharge even though which is termed as irrigated area. The climate is characterized
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by high humidity throughout the year with high temperature in summer season and
good seasonal rainfall. About 96% soils of this region are medium fertility com-
prises of Sandy loams, Red and Sandy soils. The yields of Maize are many a times
were unpredictable due to erratic distribution of rainfall coupled with many other
biotic factors. Maize crop under rainfed ecosystem was considered for this study
(Fig. 1).

Thirty years (1980–2010) of observed climate data has been obtained from
ANGR Agricultural University and these baseline weather datasets have quality
controlled for outliers and if found such values were corrected by using AgMERRA
data which were prepared based on a combination of daily outputs from retro-
spective analysers, gridded temperature and precipitation station observations and
satellite information for Solar radiation and rainfall. In order to create a represen-
tative 30 years weather series for each location, neighbouring sites from the highly
spatially resolved WorldClim data. A total of 115 grid points were used for this
study. Using the “delta” method the future climate projections were created, in
which changes from baseline for Representative Concentration Pathways (RCP) 8.5
for mid-century were applied. Physical and chemical properties of the soil were
estimated for each grid based on the available soil profile data and expert knowl-
edge. Crop management details were collected for each location from the farmers.
DSSAT crop simulation model coupled with climate data were analysed to

Fig. 1 Study area
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understand spatial variability impact in maize productivity. Potential adaptation
choices were customized to suit the spatially varying impacts.

3 Results

Observed climate and its variability over the study area were analysed through
observed data. The annual maximum temperature was found 31.6 °C and it varies
from a minimum of 18.6 °C to a maximum of 46.2 °C with a standard deviation
derived for 20 years is 2.9. The annual minimum temperature was found 23.5 °C
and it varies from a minimum of 9 °C to a maximum of 34.6 °C with a standard
deviation derived for 20 years is 3.6 (Table 1).

Climate projections from the selected GCMs were studied as seasonal and
annual averages to know the changes predicted. To represent the possible spatial
variations by mid-century, grid to grid comparison was studies to extract the pro-
jected changes. The absolute change in maximum temperature and minimum
temperature from base period to that of mid-century was calculated. Similarly
percent change of rainfall was computed. Spatial variation in rainfed maize pro-
ductivity simulated using DSSAT model over North costal Andhra Pradesh for the
current climate (mean productivity of 1981–2010) is depicted in Table 2. From the
analysis, it could be noticed that average productivity of 5246 kg ha−1. Nearly 2/3
grids are falling under the range of 4500–6000 kg ha−1. Spatial response of maize
productivity for the future climatic conditions was studied using the future climate
date generated by five GCMs depicting Cool/Wet, Cool/Dry, Middle, Hot/Wet and
Hot/Dry situations under 8.5 scenarios for mid-century.

Table 1 Climatic normal of
weather parameters over north
costal Andhra Pradesh

Parameter Statistics Annual SWM NEM

Maximum
temperature

Mean 31.6 32 29.5

Max 46.2 45.8 38.9

Min 18.6 19.8 18.6

SD 2.9 2.4 2

Minimum
temperature

Mean 23.5 25.5 20.2

Max 34.6 34.6 30.8

Min 9 17 9

SD 3.6 1.8 3.6

Rainfall Mean 1003 709 197

Max 1368 1139 443

Min 650 389 36

SD 188 146 108
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DSSAT simulation indicated that the magnitude of benefit of early sowing and
increased fertilizer adaptations got reduced in future climatic conditions when
compared to adaptation applied under current climatic conditions.

DSSAT simulated yield changes under future climatic conditions as a result
adaption strategies was estimated by comparing with the future yields simulated
without adaptation. In RCP 8.5 scenario early sowing exhibited positive effects in
most parts of North costal Andhra Pradesh. Results indicated that delayed sowing
under future warmer climate would result in yield decline in rainfed maize and
could not be recommended.

4 Discussions

Integration of climate and crop model was considered to assess the spatial vari-
ability of climate change impact on productivity of rainfed maize. Annual maxi-
mum temperature was projected to increase from 1 to 2.8 °C and annual minimum
temperature was projected to increase from 1.1 to 2.8 °C and annual rainfall was
projected to change both negatively and positively (a decrease of −18.5% to an
increase of +51.5%) by RCP 8.5 by the end of mid-century. Monsoon rainfall
projections were studied as it plays vital role in rainfed agriculture of this region.
The spatial spread of rainfall projections was analyzed. The spatial variation could
also be attributed to the increased temperatures and subsequent increase in evap-
oration that intensifies the hydrological cycle [6]. Baseline rainfed maize yield
simulations varied between the locations and ranged between 6945 and 3647 kg
ha−1 with an average productivity of 5255 kg ha−1 (Table 3).

Impact of change in climatic parameters in the future on rainfed maize yield
would dependent on the interplay of the agro-climatic variables, as well as other
non-climate variables, but such analyses can help the scientists to identify the most
important variables to consider under future climate change. The benefits of
adaptation strategies were evaluated by comparing maize productivity with and

Table 2 Spatial variability of baseline maize yield (mean of 1981–2010) over north costal
Andhra Pradesh

Yield class (kg/ha) Frequency
(no. of grids)

% of grids Mean yield (kg/ha) SD (kg/ha) CV (%)

3501–4000 7 6.1 3796 139.9 3.7

4001–4500 14 12.2 4220 136.9 3.2

4501–5000 23 20.0 4864 111.8 2.3

5001–5500 27 23.5 5304 151.4 2.9

5501–6000 23 20.0 5730 128.0 2.2

6001–6500 18 15.7 6145 95.5 1.6

6501–7000 3 2.6 6660 246.7 3.7

Total 115 100 5246 1010.2 19.6
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without adaptation in the current as well as future climatic conditions. Under
current conditions, rainfed maize productivity was compared with and without
adaptation option (Table 4).

Results indicated that advancing the date of sowing by 15 days produced con-
siderably higher yield gains. This might be due to favorable environment prevailed
during the critical stages of growth with early planting. Early date of sowing as
adaptation option in the present study showed consistent increase in yield with all
the five climate models projections compared to future without adaptation. Results
of the current study showed that the negative impacts of future climate change could
be reduced under early date of sowing, than normal and late planting (Table 5).

Table 3 Projected changes in annual maximum temperature over north costal Andhra Pradesh

Future models Change in max temperature Change in min temperature

Hot-dry 2.1 2.0

Middle 1.8 1.6

Hot-wet 1.8 1.9

Cool-dry 1.1 1.3

Cool-wet 1.3 1.7

Table 4 Variation in rainfall change projected over north costal of Andhra Pradesh across
seasons and scenarios

Models Annual SWM NEM Summer

Highest Lowest Highest Lowest Highest Lowest Highest Lowest

Hot-dry −4.8 −18.5 −12.1 −20.1 15.5 −1.6 −20.3 −43.8

Middle 10.3 −4.9 10.3 −7.8 21.8 7.7 −6.9 −21.8

Hot-wet 51.5 22.1 82.3 43.5 −1.7 −23.3 35.5 −44.5

Cool-dry −1.1 −4.4 0.9 −5.8 2.2 −9.3 12.2 −9.8

Cool-wet 34.5 7.2 16.7 0 60.9 16.2 122.4 −26

Table 5 Per cent variation in maize yield from Baseline yields for different models projected over
north costal of Andhra Pradesh

Future models Dry yield (kg/ha) % Variation from Baseline yield

Hot-dry 4354 −16

Middle 4933 −5

Hot-wet 5562 7

Cool-dry 5102 −1

Cool-wet 5291 2

704 C. S. Rao and P. J. Rao



5 Conclusions

Advancing the sowing date for 15 days for better maize productivity at macro level
under current and future climatic conditions and early maturity varieties with
resistance to high temperature was suggested. Irrespective of the scenarios and
models studied, the minimum and maximum temperatures are projected to increase.
Rainfall influence on yield of rainfed maize was significant. In future due to climate
change, it is expected that the rainfed maize productivity will be reduced to a
maximum of 16% from the current yield levels. Early sowing (changing the sowing
date from July second/third week to July first week/end of June) during Kharif
season may reduce the impact of the future climate change. Supplement of irri-
gation during critical stage will also improve the productivity.
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Chapter 63
Comparison of Tsunami Arrival Times
Using GIS Methods: A Case Study
in the Makran Subduction Zone, West
Coast of India

Praveen Mupparthi, G. Jai Shankar and Kirti Srivastava

Abstract Western Indian Ocean is not free from tsunami threat. Earthquakes along
the Makran Subduction Zone are rare but cannot overlook the seismicity in this
region, as the historical tsunamis have not been properly documented due to lack of
instrumental data. Documented reports and letters about the historical tsunamis
from this subduction zone that caused damage to the surrounding regions like Iran,
Oman, Southern Pakistan, India, Maldives and other bordering countries of the
Arabian Sea. The earthquake recorded; observed and documented on 27th
November 1945 in the Northern Arabian Sea generated a Tsunami caused devas-
tation and destruction in the neighboring countries. This paper presents the esti-
mation of tsunami arrival times computed using GIS methods at different locations
along the Western Coast of India and compared with the arrival times computed
using the Tunami N2 model. The results obtained are in good agreement with an R2

value of *0.8. This provides information to assist with the rapid tsunami evacu-
ation operations and further helps to develop a decision support system for local
decision makers.
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1 Introduction

The Makran Subduction zone is located in the southwestern part of Pakistan and
southeastern Iran. The length of the Subduction zone is*1000 km and has resulted
due to the convergence between the Arabian plates with the Eurasian plate as shown
in Fig. 1 [1]. In this region the Oman oceanic lithosphere slips below the Iranian
micro-plate and is characterized by extremely shallow subduction angle [2]. This
region is divided into two by the Sistan Suture Zone based on morpho-tectonic
features, contrasting seismicity patterns and the varying rupture histories.

In 326 BC Alexander’s Navy is known to have been destroyed due to large
earthquake near the Indus delta/Kutch region due to massive sea waves in the
Arabian Sea [3]. Documented evidence revealed that in 1008 an earthquake had
generated a tsunami [4, 5]. Ambraseys and Melville [6] and Byrne et al. [7] have
documented the occurrence of 1765 earthquake as a great rupture beneath the
easternmost end of the Makran Subduction zone which generated a tsunami.
Merewether [8] generated reported that on 19th April 1851 an earthquake occurred
and a tsunami got inundating several houses in Gwadar region.

The earthquake which was recorded, observed and documented was the 27th
November 1945 Makran earthquake in the northern Arabian Sea which generated a
tsunami and caused devastation and destruction. Epicenter of this earthquake is
located at 63.48°E, 25.15°N off the Makran coast in the northern Arabian Sea about
100 km south of Karachi and about 87 km south west of Baluchistan, Pakistan. The

Fig. 1 Tectonic map of Makran subduction zone
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magnitude of the earthquake is estimated to be around Mw 8.1 with an estimated
focal depth of around 25 km [7, 9, 10]. This earthquake triggered a tsunami with a
maximum run-up height of 11 m along the Makran cost and the waves propagated
from the epicenter and reached Karachi with a wave height of about 2 m [10, 11].
This earthquake is known to have caused the eruption of a mud volcano a few miles
off the Makran coast of Pakistan and ruptured the entire eastern segment of the
Makran Subduction zone.

1.1 Application of GIS Technology in Tsunami Evacuation

GIS techniques have been used extensively in tsunami modeling. Romstad et al.
[12] studied the effect of rockslide tsunami hazard to several Norwegian lakes
where the input data is a raster based digital elevation model. The DEM which is
embedded within the GIS has been used by Volker [13], to calculate the land slide
volume. Using these GIS techniques several authors have studied the tsunami risk
assessment [14, 15] and modeling [16]. Spatial patterns of damage areas through
different land characteristics have been studied [17] by Sirikulchayamon et al. [18].
GIS technology has been used in Indian Tsunami early warning system based at
INCOIS, Hyderabad that performs 24 X 7 operations right from data reception,
display, analysis, modelling, and decision support system for generation of tsunami
advisories following a standard operating procedure [19].

In the present study, different GIS methods were used to calculate the tsunami
arrival times for a known source in Makran subduction zone for different locations
identified along the Indian West coast.

2 Study Area

The West Coast of India from Gujarat to Maldives of the Indian Ocean has been
considered as the study region. 11 locations covering Dwaraka, Porbandhar,
Mangrol, Diu, Mumbai, Ratnagiri, Goa, Mangalore, Kerala, Karachi, Maldives with
a possibility of occurrence of tsunami inundation along the coast were selected to
estimate the tsunami arrival times using GIS techniques for comparison. Epicenter
of this earthquake is located at 63.48°E, 25.15°N off the Makran coast in the
northern Arabian Sea about 100 km south of Karachi and about 87 km south west
of Baluchistan, Pakistan as shown in Fig. 2.
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3 Materials and Methods

3.1 Datasets Used for the Study

The ETOPO2 Bathymetry data of Indian Ocean from the National Geophysical
Data Centre has been used for tsunami wave propagation with a good coverage of
topography information with uniform vertical and horizontal spacing (www.noaa.
ngdc.gov.in). The horizontal datum is WGS-84; the vertical datum is Mean Sea
Level. ETOPO2 is in the Cylindrical Equidistant Projection (sometimes called
Latitude-Longitude, or Geographic). The horizontal grid spacing is 2-minutes of
latitude and longitude (1 min of latitude = 1.853 km at the Equator). The vertical
precision is 1 m. The grid values represent the elevation at the grid intersections at
odd multiples of 2 min of latitude and longitude, averaged over the cell’s area.
Coverage of ETOPO2 is +90° to −89°58′ in Latitude and −180°W to +179°58′ in
Longitude with the number of cells 5400 rows of data (180 � 30), each with
10,800 columns of data (360 � 30). Figure 3 shows the ETOPO2 bathymetry data

Fig. 2 Location of the Tsunamigenic earthquake Epicenter and locations identified for tsunami
arrival times estimation
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of the Indian Ocean. ARCGIS v.10.1 software has been used as a tool to estimate
the tsunami travel times and the TUNAMI N2 code for the model results on travel
times.

3.2 Methodology: GIS Techniques

GIS technology has been used to estimate the tsunami travel times using bathy-
metry as one of the important parameter for tsunami wave propagation. The key to
being able use GIS techniques shows an accurate DEM representing the desired
bathymetry of the Indian Ocean. Three GIS techniques were used in the study like
Con Tool method, Profile Method and Contour Line method. The epicenter location
of the tsunamigenic earthquake is considered as source point as mentioned in
Sect. 3. The methodology implemented in the estimation of the tsunami arrival
times is shown in Fig. 4.

Fig. 3 ETOPO 2 bathymetry data of the Indian Ocean
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3.2.1 CON (Conditional Tool Method (Conditional Tool Method)

Using ArcMap, for the bathymetry data of the Indian Ocean the areas below the sea
level were isolated into a new raster data by taking the average values of the depth
(bathymetry) and elevations (topography) i.e. dividing the land and the sea with
their respective constant values using the conditional tool to generate a new raster in
order to select the locations of the tsunami affecting areas on the land. The speed of
the tsunami is calculated by using the expression shown in Eq. (1) and a new raster
image showing the speed pixels will be generated.

Speed ¼
Z ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðð½rasterdata� � �1Þ � 9:8Þ
p

ð1Þ

The vector data representing the point and line features of the locations will be
overlayed on the raster image representing the speed of a tsunami. The various
tsunami speeds that crossed the line features between the epicenter and the city
locations will be extracted into new raster images with various tsunami speeds
along with their respective lengths. These extracted raster images were converted
into polygons by converts each speed pixel into a polygon and intersected with the
line features of the locations by creating new vector line features which gives the

Fig. 4 Methodology on comparison of Tsunami travel times
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length for each speed pixels. The data obtained from the vector line feature is used
to calculate time (in sec) travelled by a tsunami by using Eq. (2)

Time ðin secÞ ¼ length of each line segment (m)
Speed (m/s)

ð2Þ

3.2.2 Profile Method

The profile of the ocean floor elevations from the epicentre to the locations were
generated by creating profile graphs using 3D analyst tools. The data from this
graph was exported into excel to perform the speed calculations using Eq. (3)
which further used to compute the travel times.

Speed ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ð9:8 � ðdepthÞÞm=s

p
ð3Þ

3.2.3 Contour Line Method

In this method, contour lines were generated with an interval of 2000 m using
spatial analyst tools on the bathymetry data. 2000 m interval is chosen because it
generates a manageable amount of contour lines and reasonable final destination
travel times. Depth is decided to be the middle number in between the contour lines.
So in between shore and 2000 m contour the depth would be 1000 m, and so on. It
is to mention that not all of the values where going to be the same but considered
that if we took the middle number, it would close to the mean number. Then the
lengths were measured from source to the next contour line and from each contour
line started a new segment. This is done until the end point is reached. Then taking
the depth of the ocean in Eq. (1) the tsunami speed is computed. This gives how
fast the tsunami moves at certain depth. Then the length needed to be divided by
how fast the wave was traveling in that section of the ocean. All of the lengths
where then multiplied by the corresponding speed of the tsunami and then added up
to find a total time.

3.3 Tsunami Modeling

Tsunamis are long waves which are mainly generated by the movement of sea
bottom due to earthquakes. The generation of tsunami waves has been discussed by
several researchers [20–23]. Initial sea bottom deformation is an important
parameter in order to obtain the initial surface wave conditions. Mansinha and
Smiley [24] have given a complete set of analytical expressions to obtain the
internal as well as surface deformation. To obtain this one needs the information
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pertaining to the earthquake source parameters such as fault length, width of the
fault, focal depth, dip angle, slip angle and displacement. Once the initial wave is
generated one of the wave fronts would start moving toward the deep ocean and the
local shoreline.

Since the vertical acceleration associated with tsunami waves is small compared
with the gravity acceleration, tsunamis waves are usually resolved using 2D
hydrostatic models and mathematically it is expressed as
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In the above equation M and N are expresses as

M ¼ uðhþ gÞ ¼ uD; and N ¼ vðhþ gÞ ¼ vD ð7Þ

where D is the total water depth given by h + η, t is time, h(x, y) is unperturbed
depth, g is the gravitational acceleration, u and v are components of the horizontal
velocities, M and N are the discharge fluxes in the x- and y-directions.

3.3.1 TUNAMI N2 Model

Imamura et al. [20] used a finite difference technique based on Leap-Frog scheme to
develop a code to solve the tsunami wave propagation i.e. TUNAMI-N2. The
formulation uses the central difference method with a second order truncation error.
The associated boundary conditions were taken using Mansinha and Smilye [24]
method and open Sea boundary conditions i.e. at the open sea the boundary con-
dition is free transmission and the boundary condition on land is assumed to be a
perfect reflector. The frictional coefficient used in this study is 0.025. The code is
being used extensively by tsunami modelers to quantify the tsunami propagation,
and compute the arrival times at different locations.

3.4 Case Study of 1945 Makran Tsunamigenic Earthquake

In this study we modeled the 27th November 1945 tsunamigenic earthquake of
magnitude 8.1 which occurred in the Makran Subduction Zone. The epicentral
coordinates of the source are 63.48°E, 25.15°N as shown in Fig. 2 [7]. The rupture
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parameters used in the numerical modeling for the Makran tsunami are given in
Table 1. Tsunami arrival times at 11 locations selected along the West Cost of India
were obtained from the model results and GIS methods as well are shown in
Table 2. In the present study, GIS tools implemented to compute the arrival times
of a tsunami wave mainly depends on the depth of the ocean along the path (line)
between epicenter and the site locations which varies with the distance and the

Table 1 Rupture parameters of 1945 Makran tsunmigenic earthquake

Parameter Lat Lon Magnitude Fault
length

Fault
width

Slip Strike Dip Rake Focal
depth

Value 63.48°E 25.15°N 8.1 150 km 70 km 7 m 246° 7° 89° 27 km

Table 2 Rupture parameters of 1945 Makran tsunmigenic earthquake

Location Latitude Longitude Distance (km) GIS Methods Model

Con-tool Profile Contour
line

TUNAMI
N2 code

Dwaraka 68.964 22.325 650 147.4 138.05 150 136.95

Porbandhar 69.586 21.637 745 170.4 148.27 157.8 143.4

Mangrol 70.051 21.083 814.62 175.02 173.04 168 142.6

Diu 70.895 20.704 911.82 208.7 202.39 225.6 206

Mumbai 71.87 18.99 1099.16 203.85 200.95 199.2 191.1

Ratnagiri 72.67 16.94 1305.14 245.4 228.32 268.2 165.45

Goa 73.76 15.408 1505 232.8 218.13 237 207.1

Mangalore 74.256 12.932 1739.83 185.4 183.74 267 194.95

Kerala
(Neendakara)

76.535 8.936 2239.21 285.6 263.37 303.6 271.7

Karachi 66.654 24.838 371 49.46 48.76 132.6 69

Maldives 78.825 4.47 2500 218.53 216.49 211.2 214.35

Fig. 5 Comparison of Tsunami travel times computed using GIS methods and TUNAMI N2
model
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comparison shows that they are in good agreement with the model output and the
among the three GIS method implemented, the CON tool methods shows a good
correlation with an R2 value of *0.8 (Fig. 5).

In Profile method tsunami arrival time depends mainly on the line length
between source to the location, whereas in the Contour Line method the line
segment length between two contours from source to the location and finally in
Con-Toll method the arrival time depends on the line length from source to the
location.

4 Conclusions

The Makran subduction zone has generated many significant earthquakes which
further caused great tsunamis in the past. This paper showed that the tsunami arrival
times at 11 locations along the west coast of India using different GIS techniques
and comparison with the results obtained from tsunami mode. Analysis shows that
the arrival times obtained are seen to be in agreement at most locations with a few
minutes variation. The variation in arrival times is due to the fact that the TUNAMI
N2 uses the fault segment as a source where as the GIS techniques uses the
epicenter point as a source. In TUNAMI N2 code the boundary conditions such as
free transmission at open sea and the boundary condition on land is assumed to be
the perfect reflector which is not considered in GIS techniques. GIS based tech-
niques are fast way of obtaining the tsunami arrival times at different locations and
provides information to assist with the rapid tsunami evacuation operations and
further helps to develop a decision support system for local decision makers.
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Chapter 64
Study on Sustainable Management
of Groundwater Resources in Greater
Visakhapatnam Municipal Corporation,
Visakhapatnam District, India—A
Hydro Informatics Approach

Dadi Sanyasi Naidu and Peddada Jagadeeswara Rao

Abstract The growing urbanization and industrialization are the major sources for
polluting water sources. As a result, surface and groundwater resources are unsuit-
able for domestic and industrial and agricultural purposes. The study area, the Greater
VisakhapatnamMunicipal Corporation (GVMC) is the largest municipal corporation
in the state of Andhra Pradesh, India. It is covering an area of 545 km2 bounded by
Bay of Bengal, Kailasagiri and YaradaKonda. A systematic delineation of ground-
water potential zones using modern techniques is essential for proper utilization and
management of this precious natural resource. In this study SOI, IRS-1D and SRTM
satellite data have been used to delineate thematic maps such as drainage, soil,
geomorphology, geology, lineament, land use/land cover, and slope. Besides
quantity of groundwater resources has been assessed using GEC Norms-1997 based
on Novel the proposed Hydro Spatial Analysis Information System (HAIS) model.
A comparative analysis was conducted on various open GIS software’s like
Spatialite-GIS, QSWAT, OGR2OGR and GDAL.
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1 Introduction

The Geographic Information Systems (GIS) have turned into a helpful and vital tool
in hydrology and to hydrogeology in the logical study and administration of water
resource [1]. Environmental change and water pollution are the major concern. GIS
systems already were for the most part static in their geospatial representation of
hydrologic components [2]. Hydroinformatics is a branch of informatics which
focuses on the utilization of Information and Communications Technologies (ICTs)
in tending to the undeniably major issues of the impartial and effective utilization of
water for various purposes [3]. The proposed Hydrospatial Analysis Information
System (HAIS) gives a comprehension of groundwater distribution and quantity;
weather conditions are improving or more terrible after some time; and how regular
components and human exercises influence those conditions. Observing information
are coordinated with geographic data on hydrological attributes, arrive utilize, and
other landscape includes in models to stretch out water-quantity comprehension to
unmonitored regions. With a clear user interface (UI) and an attention on visualizing
information sources of info and yields, HAIS recognizes groundwater quantity and
spatial distribution conditions and streamlines the way to a rundown appraisal. The
gathered information might be put away in a wide range of routes, going from Excel
spreadsheets through to complex social databases. Be that as it may, it is frequently
hard to get to the required data without the help of a database master.

The rest of this paper is organized as follows. Section 3 discusses HAIS sche-
matic diagrams and algorithmic approach. Section 4 describes the simulations and
comparative analysis of various open source GIS software’s. Lastly, the paper was
concluded with future works in Sect. 5.

2 Related Works

The Open source extends normally are chipped away at by a group of volunteer
software engineers. Open source GIS programs depend on various base program-
ming dialects. SpatiaLite is an open source library expected to stretch out the SQLite
center to help completely fledged Spatial SQL capacities [4]. Then the QSWAT by
running QSWATinstall1.3.exe or a later form. This includes a few documents to the
SWATEditor: a task database and a reference database in Databases, SWATGraph in
the SWATGraphfolder, and furthermore stores the TauDEM executable in another
Catalog [5]. The OGR toolbox is a sub unit of the Frank Warmerdam (FW) Tools
Toolkit The Frank Warmerdam (FW) Tools Toolkit is a toolbox accessible in both
Linux furthermore, Windows executable frame and also source code shape [6].
GDAL is an interpreter library for raster and vector geospatial information designs
that is discharged under an X/MIT style Open Source permit by the Open Source
Geospatial Foundation. As a library, it shows a solitary raster conceptual information
model and single vector dynamic information model to the calling application for
every bolstered design [7]. The HAIS architecture and working procedure discussed
in the next section.
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3 Hydro Spatial Analysis Information System (HAIS)

3.1 System Design

This section describes various activities and class diagrams for the designation of
the HAIS. System design is the process of defining the architecture, components,
modules, interfaces, and data for a system to satisfy specified requirements.

The HAIS is classified manly into four classes. All four classes uses the all the
packages. In addition DisplayShapeFile method uses additional package called
SharpMap for displaying data on the output screen or user interface. Figure 1 shows
the level-2 use case diagram of the entire system. Whereas the class diagram. The
interconnection between each class was clearly demonstrated in Fig. 2 and Table 1
describes the functionalities of each specific class.

3.2 Algorithms of Modules

3.2.1 Algorithm for Create Database, Tables and Load ShapeFile,
Raster Data into SQL Server

Step 1: Use CREATE DATABASE command with name—
HydroGeomorphology‖

Step 2: Use ALTER DATABASE command to modify database default values
Step 3: Use CREATE TABLE command to load Shapefile, Raster Data
Step 4: Load the ShapeFile into table created using—Shape2Sql‖ tool

Fig. 1 Level-2 use case diagram of the system
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Step 5: Use Update command (SQL) to clean the geom column in above loaded
table with MakeValid and STIsValid function

Step 6: Load Raster Data using SQL server Import/Export Wizard.

3.2.2 Algorithm for Display Images and Maps on User Interface
Screen

Step 1: Declare an object to connect SQL server.
Step 2: Declare SharpMap.Map object
Step 3: Declare SharpMap.VectorLayer object
Step 4: Set the following properties values to VectorLayer

Database connection string
Database Table Name
Column Name

Step 5: Add the above VectorLayer to Map Declared in the Step 4
Step 6: Declare PictureBox control on User Interface.

Fig. 2 Class diagram of HAIS

Table 1 Functionalities of the each class of HAIS

S. no Class name Functionality

1 LoadShapeFileDB It stores the shapefiles into the SQL database

2 LoadRastertoDB It performs storing of Raster files into SQL database

3 AnalysisEngine It computes all groundwater estimations

4 DisplayShapeFile It generates user interface window for the end user for the
roundwater estimation results
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Step 7: Set the Map to PictureBox crated in Step 6.
Step 8: Declare DataGrid to display data for Shapefile.
Step 9: Get the Data from Database and set result Dataset to DataGrid Defined in

Step 8
Step 10: Declare DataGrid to display data for Raster File.
Step 11: Get the Raster Data from Database and set result Dataset to DataGrid

Defined in Step 10.

3.2.3 Algorithm for Groundwater Estimation

Step 1: Provide groundwater estimation Input file
Step 2: Execute the GroundWaterEstimationAnalysisEngine, it will give the

following results
Step 2.1: Recharge In Command area Monsoon season
Step 2.2: Recharge from rainfall
Step 2.2.1: Rainfall infiltration method (I)
Step 2.2.2: Water table fluctuation method (W)
Step 2.2.3: PD expressed as percentage (I)
Step 2.2.4: Recharge considered when PD = >(−) 20% and <(+)20% = 32.446

Ha.m
Step 3: Recharge from other sources
Step 3.1: Recharge from surface water
Step 3.1.1: Recharge from tanks
Step 3.1.2: Total groundwater resource
Step 3.1.3: Net annual groundwater available
Step 4: Recharge In Command area Non Monsoon season
Step 4.1: Recharge from rainfall
Step 4.1.1: Rainfall infiltration method (I)
Step 4.1.2: Water table fluctuation method (W)
Step 4.1.3: PD expressed as percentage (I)
Step 4.1.4: Recharge considered when PD = >(−) 20% and <(+)20% = 32.446Ha.m.

4 Simulation and Results Analysis

The HAIS were divided into three modules in the examination stage that were
appeared in the utilization case level-1 diagram. Usage is the most significant stage
in accomplishing a framework and giving the client’s certainty that the new
framework is compelling and helpful. Execution of another application to supplant
a current framework assumes essential part. The entire system is developed using
WinForms as front end as 199 well as RDBMS- MS-SQL Server 2012 is a back end
of the system. Middle tier is developed using C# DOT NET frame work 4.5 for
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communicate between front end and back end. It plays a crucial role in detection of
groundwater levels in specific zones. Whole program is tried exclusively at the
season of improvement utilizing the information base and has checked that this
program connected together in the path indicated in the projects determination, the
framework and its surroundings is tried as per the general inclination of the client in
recognizing of groundwater potential zones. On the off chance that the picture
demonstrates blue shading then that is spoken to as water body around there.
Something else that shows red shading, then it can treat that is lesswater levels.
A basic working methodology is incorporated so that the client can comprehend the
diverse capacities obviously and rapidly. At first as an initial step the executable
type of the application is to be made and stacked in the normal server machine
which is available to the whole clients and the server is to be associated with a
system. The last stage is to record the entire framework which gives segments and
the working methodology of the shape documents from client necessities. This
framework ought to be evaluated quantity and amount of groundwater in chosen
region; furthermore it indicates groundwater potential zones (Fig. 3).

Figure 4 shows result window of Monsoon and Non-Monsoon season, but both
consists of water sources form rainfall and other sources. Rain fall filtration button-
It shows Pre-filtration is the filtration that takes place prior to water entering the
tank. These are typically gravity fed filter systems. Prefiltration is typically the only
filtration required when using the collected rainwater for irrigation. Post-filtration is
the filtration that takes place after the collected rainwater has left the tank.
Post-filtration systems are typically a pressurized system that filters to a much lower
number of microns than typical pre-filters. Post sediment filtration and disinfection
is usually required anytime the water will be used for indoor use such as flushing
toilets, washing clothes, or shower usage. Water table fluctuation: The water-level
rise DH(tj) is estimated as the difference between the peak of a water-level rise and
the value of the extrapolated antecedent recession curve at the time of the peak. The
recession curve is the trace that the well hydrograph would have followed had there
not been any recharge. Extrapolation of the recession curve is not always
straightforward. At least two approaches can be used to estimate DH(tj) in the WTF
method: graphical extrapolation and calculation from a master recession curve
(MRC). Finally it calculates total groundwater resource and net annual groundwater

Fig. 3 Shape files loaded from database
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available in monsoon and non-monsoon seasons. And it calculates total annual
recharge in study area as well as calculation of population for 2021 and 2031. That
is completely depending upon user requirements and groundwater availability.

4.1 Comparative Study on Groundwater Sources Tools
Memory Sizes

Hydro Spatial Analysis Information System (HAIS) is efficient analysis software for
spatial distribution and quantity assessment of groundwater. When comparing to
remain software tools, it is accurate and fast process time software. HAIS occupies
less memory and limited functionalities to compute the water quantity also. But HAIS
supports more number of databases without change of source code (Fig. 5).

Fig. 4 Screenshot of the command area recharge from rainfall

Fig. 5 Various groundwater
sources tools memory sizes
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Figure 6 describes software process time in seconds in Groundwater software
tools. Most probably the above four software tools processing time is same.
But HAIS shows outstanding processing time when compared to remaining all
software tools. Processing speed of HAIS is less than or equal to 50 s.

Figure 7 refers groundwater total performance level based on processing time
and memory occupation. GDAL shows bad performance when comparing to
remain software tools. But HAIS describes good performance level in all software
tools. Every customer or user should be depending upon performance levels.
Therefore HAIS must be fulfilling user desires in short span of time (Table 2).

Fig. 6 Various groundwater
software process time in
seconds

Fig. 7 Various groundwater
total performances
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5 Conclusions and Future Scope

The growing urbanization and industrialization are the major sources for polluting
water sources. As a result, surface and groundwater resources are unsuitable for
domestic and industrial and agricultural purposes. The study area, the Greater
VisakhapatnamMunicipal Corporation (GVMC) is the largest municipal corporation
in the state of Andhra Pradesh, India. It is covering an area of 545 km2 bounded by
Bay of Bengal, Kailasagiri and YaradaKonda. A systematic delineation of ground-
water potential zones using modern techniques is essential for proper utilization and
management of this precious natural resource. In this study SOI, IRS-1D and SRTM
satellite data have been used to delineate thematic maps such as drainage, soil, geo-
morphology, geology, lineament, land use/land cover, and slope. Besides quantity of
groundwater resources has been assessed using GEC Norms-1997 based on Novel
The proposed Hydro Spatial Analysis Information System (HAIS) model 221.
TheHAIS provides an easy understanding ofwater-quantity analysis. This software is
bifurcated into two modules; they are (i) User Interface and (ii) Processing unit. The
User interface displaying the geographical map for the users. The processing unit will
perform all background computations that are required for the groundwater estima-
tions. The HAIS application is related to the Hydroinformatics application with
respect to the spatial coordinates. HAIS helps in researchers and practitioners in
reduction of computation time for the spatial water quantity analysis. The HAIS
application was tested successfully and all results are accurate with geographical
maps. At present the HAIS is limited to the desktop application.
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Chapter 65
Disaster Management Emergency
Responsive Mechanism Using GIS
and Networking with Android
Technology
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Abstract Emergencies, post disasters which are very crucial in times and require
quick actions. In cities and towns where the population is very high and the traffic is
a day to day issue, We have come across many incidents where the ambulance got
stuck in the traffic and ultimately resulted in the death of the victim. So the basic
solution for this problem is to reach the victim’s basic location and his/her state of
condition to the emergency service providers as soon as possible and the emergency
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vehicles such as Ambulances or Fire engines has to reach the victim as quickly as
possible. So, some kind of new mechanism has to be developed in order to over-
come this problem with the help of technology. This technology has to be common
and widely used to reach large mass. The basic technology used by every individual
these days is a Smartphone and the internet. On this ground truths an android
application named “DIGI SURAKSH” has been developed. This app if installed on
an android device will be to able to locate the nearest ambulances and can even
send a request to the nearest ambulance. The ambulance driver who also has an
android device installed with the driver version of this app gets notified on the
request of victim or victim’s attendee and when the request is accepted by driver, a
shortest and fastest route to the requested location by the user is displayed on the
map in his android device. So, an android app with GIS technology as backbone
and making use of android and computer networking serves us the solution. The
pieces of technologies that are to be combined together to get the outcome are
ArcGIS runtime SDK version 100.1.0, Android Studio 2.3.3 and the Android build
tools 26.0.1 which works on the devices with SDK versions 21 and above which
means all the post lollipop devices support this application. The database used is
NOSQL database, Firebase by Google.

Keywords Android app � Disaster monitoring � Online GIS � GPS
Technology � Base map � Firebase � ArcGIS

1 Introduction

The word ‘emergency’ originated from Latin word ‘emerge’ which means ‘arise,
bring to light’. Oxford dictionary defines emergency as “serious, unexpected, and
often dangerous situation requiring immediate action. According to Wikipedia,
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“emergency” is a situation that poses an immediate risk to heath, life, property, or
environment: [4, 5] Most emergencies require urgent intervention to prevent a
worsening of the situation, although in some situations, mitigation may not be
possible and agencies may only be able to offer palliative care for the aftermath.
Any situation of emergency arises directly or indirectly through a hazard. Hazards
can be dormant or potential which is an agent that has the potential to cause harm to
a vulnerable target. An event that is caused by interaction with a hazard is called
an incident. The risk associated with an incident depends upon the consequences of
the hazard. If there is no possibility of a hazard contributing towards an incident,
there is no risk.

2 Different Types of Emergencies Post Disasters

1. Medical Emergencies, 2. Fire Emergencies, 3. Security Emergencies: The pur-
pose of any Emergency Department is to save lives. An emergency is any medical
problem that could cause death or permanent injury if not treated quickly. Severe
pain in some instances can also be a medical emergency, such as the pain associated
with kidney stones or appendicitis and heart strokes [2] (Table 1).

Table 1 Previous database of disaster

Year No. of accidents No. of persons Accidental severity

Total Fatal Killed Injured

2007 40,749 73,650 84,647 408,711 20.8

2008 406,726 73,589 85,998 435,122 21.1

2009 429,910 79,357 92,618 464,521 21.5

2010 43,925 83,491 94,968 465,282 21.6

2011 460,920 93,917 105,749 496,481 22.9

2012 479,216 101,161 114,444 513,304 23.9

2013 484,704 106,591 119,860 523,193 24.7

2014 486,384 110,993 125,680 515,458 25.8

2015 499,628 119,558 134,513 527,512 26.9

2016 497,686 121,618 142,854 511,394 28.6

Source Information supplied by states/UTs police department accidental severity: number of
persons killed per 100 accidents
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3 Methodology

Related GIS applications

Environmental modeling 

Utilities applications  

Transportation 

Natural resource 
Management 

Population and 
socioeconomic 
Modeling

     GIS  in 
emergency
Management

Related technical issues 

Geographic data modeling, 

Accuracy and uncertainty 

Spatial decision support systems 

GIS and remote sensing 

Spatial data integration 
Real time GIS 
3-dimensional GIS 
GIS and GPS

GIS BASED DISASTER
MANAGEMENT DIGITAL

ANDROID APP

4 Current Emergency Services Trends in India

It is terms like ‘The Golden Hour’ and the ‘Platinum Ten Minutes’ that epitomize
the significance of Emergency Medical Services (EMS) everywhere throughout the
world. A patient who gets fundamental care from prepared experts and is trans-
ported to the closest social insurance office inside 15–20 min of a crisis has the best
shot of survival. EMS is a fundamental piece of the general human services
framework as it spares lives by giving consideration quickly. It’s this acknowl-
edgment that has prompted innovative work in EMS [3]. Throughout the years a
few headways have been made and examine is in progress to make benefits that
give therapeutic help to patients at the most punctual. Be that as it may, the territory
of EMS differs radically from created to creating nations like India. Despite the
advancement in the human services segment over the previous decade, India is yet
to make a solitary, complete EMS that can be gotten to all through the nation as
compared to developed countries with proper emergency systems in place, there is
no single system which could play a major role in managing emergency medical
services in India. There is a fragmented system in place to attend the emergencies in
the country. 102 is the emergency telephone number for ambulance in parts of India
(5). There are different emergency numbers in India’s 29 states and seven Union
Territories. Hospitals in the country provide different telephone numbers for
ambulance services. Clearly, India is in need for proper emergency medical service
that can be accessed from anywhere in the country. The existing fragmented system
falls terribly short of meeting the demand.
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Trauma continues to be one of the major causes of death in India. To avoid
preventable deaths and disabilities, India has planned to have a common effective
system that could provide emergency care with equity of access. In a bid to address
this problem, The Centralized Accidents and Trauma Services (CATS) was set up
by the Delhi Government in the early 1990s. This service was later expanded
throughout the country. Unfortunately, it didn’t succeed despite having a toll free
number (102) that was made available through various media. More recently,
NGOs and hospitals have come forward to provide their own EMSs. There have
been considerable efforts by states across India to develop emergency services.
Organizations like Emergency Management and Research Institute (EMRI) and
American Association of Physicians of Indian Origin (AAPI)’s EMS are banned by
corporate. EMRI is an exception in the otherwise struggling EMS system.

EMRI was established in 2005. In any case, its operations were restricted to
Hyderabad and Andhra Pradesh with a dream of reacting to 30 million crises and
sparing 1 million lives per year. EMRI handles medicinal, police and fire crises
through its 108 crisis benefit. Satyam is the innovation accomplice of EMRI. EMRI
has additionally gone into PPP with Indian Emergency Number Authority, National
Emergency Number Association, American Association of Physicians of Indian
Origin (AAPI), Shock Trauma Center, Stanford University USA, Singapore Health
Services, City of Austin in Texas, USA and Government of AP. EMRI likewise
includes an exploration foundation, which does medicinal research, frameworks
research and operations examine. Through this, EMRI gives look into papers to
aversion and administration of crises. EMRI’s different administrations incorporate
free therapeutic counsel on telephone on another toll free number 104 with access to
more than 200 restorative specialists and a few more paramedics. It has gone into an
association with Stanford Hospital, the School of Medicine for preparing 150
paramedics and 30 paramedic educators over a two-year time span in India. In spite
of the fact that a positive, this is probably not going to take care of the demand for
paramedics in the nation. “So far neither of these two administrations in Mumbai
(AAPI) or Hyderabad (EMRI) have the sort of HR and gigantic preparing software
engineers required”, agrees Dr. N. Bhaskara Rao, Chairman, Center for Media
Studies, New Delhi. In 2007, with the expansion of Ambulance Access for All
(AAA’s) administrations, American Association of Physicians of Indian Origin
(AAPI) established Emergency Medical Service (EMS) for Mumbai. AAPI has
teamed up with the Confederation of Indian Industries (CII) and marked a MOU to
embrace the development of the medicinal services segment in India, particularly in
rustic territories. This assertion is to give information and innovation exchange and
give EMSs to create human services offices in India. Another such office, Life
Support Ambulance Service (LSAS) working in Mumbai for a long time in rela-
tionship with London Ambulance Service, UK, has now made advances into Kerala
and has 500 ambulances that can be come to on a toll free number 1298. Recently,
the Gujarat state government set up the Gujarat Emergency Medical Services
Authority (GEMSA). Establishment of Kidney Diseases and Research Center
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(IKDRC), U.N. Mehta Institute of Cardiology and Research Center, Gujarat Cancer
Research Institute (GCRI), EMRI and Public Health Institute, Gandhinagar have
gone into a few other PPP undertakings to enhance the crisis benefits in the state.

5 GIS Application in Emergency Services

An essential advance in looking at the part of GIS in crisis administration is
choosing a calculated structure to help sort out existing innovative work exercises.
One such system that shows up broadly in crisis administration writing is “thorough
crisis administration” (CEM) (Drabek and Hoetmer 1991) [2]. This depends on the
fleeting measurement of debacles and recuperation. Moderation includes moves that
are made to wipe out or decrease the level of long haul hazard to human life and
property from risks. Readiness is worried about moves that are made ahead of time
of a crisis to create operational abilities and encourage a successful reaction to and
crisis the reaction stage includes moves that are made. Quickly some time recently,
amid, or specifically after a crisis happens, to spare lives, limit harm to property,
and improve the adequacy of recuperation. The recuperation stage is portrayed by
action to return life to ordinary or enhanced levels. In inspecting the GIS writing,
maybe it is more fitting to decrease the four periods of complete crisis adminis-
tration into three stages: moderation, readiness and reaction, and recuperation. This
is just in light of the fact that many, GIS created in the readiness stage are used in
the reaction stage. As such, frameworks intended to enable crisis directors to react
to a real debacle are every now and again used to prepare crisis work force and
create readiness designs. From a GIS point of view, this serves to obscure the
readiness and reaction stages into a solitary stage. In any case, GIS applications in
the periods of alleviation (e.g. chance mapping) and recuperation (e.g. harm eval-
uation) are obviously unmistakable from the proposed combined readiness and
reaction stages [1].

6 Software Approach to Emergency Services

GIS sciences can be used to improvise the existing emergency service providing
methods. Along with GIS, Android technology has to be integrated with it to reach
every single person. As android is the mostly used mobile operating system through
out the world. Arcgis 10.4.1 serves the purpose of creating maps for an area. All the
datasets has to be created and the network analysis has to be done.
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7 Analysis using Android Technology

Topology: Make individual geo database (Network) in this database and make the
new component dataset. These element dataset is foreign made to the street curve
shape record, right snap highlight dataset select the new topology and tap on every
next catch, tick stamp out and about shape document and snap next catch in this
include two guidelines they are (1) Must not cover and (2) must be single
part. These guidelines are included at that point fabricate the topology is con-
structed. Begin the topology and amend all line blunder, hub mistakes at that point
end the topology, spare the topology and close ARC GIS before the system is
assembled the topology might be erased Right snap include dataset and select new
system dataset. Snap to every single next catch at that point construct the system
dataset. After the system is manufactured the layer is taken into Mxd.

Creating the Network Data set: Start the ARC Catalog and create a personal
geodetic base. In this data base create the feature dataset these feature dataset import
to the feature class give a file name (road shape file name, these road shape file must
be apply to the clean and topology) and give output file name. Select the feature
dataset and right click new network dataset then build the network dataset. Select
the network dataset properties go to direction and click direction and apply prop-
erties to the following

The Network Attribute: Network attributes are properties of the network ele-
ments that control reversibility over the network. Examples of attributes include the
time to travel a given length of road, which streets are restricted for which vehicles,
the speeds along a given road, and which streets are one-way. Network attributes
have five basic properties: name, usage type, units, data type, and use by default.
Additionally, they have a set of assignments defining the values for the elements.
Network attributes are created either in the New Network Dataset Wizard (when
defining a new network) or on the Network Dataset properties dialog box on the
attributes tab.

Directions: Directions can be displayed in Arc Map after the generation of a
route in route analysis and closest facility analysis to display directions, on the
Network Analyst toolbar; click the Directions A Sample from the Arc GIS map
showing the route from the victim’s current location to the Emergency service
provider (Ambulance in this case). The blue marker indicates the current location of
the user.

Window button. The Directions Window displays turn-by-turn directions and
maps with the impedance. If the impedance was set to time, the Directions window
displays the time taken for each segment of the route. Additionally the Directions
window can display the length of each segment. If the route supports time windows,
the Directions window displays the Attar_[time] and Wait_[time] attributes.
However, the violation_[time] and Attar_[length] attributes are not supported
(Fig. 1).

Network layer contains 3 properties they are (a) stops (2) barriers (3) route, In
the Network Analyst window, right click stops and click load locations click
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browse button and choose a point feature class. In the table of contents, right-click
the Route layer and click properties. Click the Analysis Settings tab set the route
properties to be used in the analysis if you want to set properties for the directions,
click the Directions tab.

Android’s Role: The Android studio with the version 2.3.3 and with the build
tools 26.1.0 has been utilized in the working model. Application package index
(Api) provided ESRI’s ArcGIS runtime sdk with version 100.1.0 for the network
analysis and the display of baseman and even the location services of the user and
the routing services in the runtime. The exchange of spatial data between the victim
and the emergency service provider is done through the NOSQL database by
Google named Firebase and all the user’s data such as phone number and other
primary details are stored in the Firebase and can be retrieved anytime. The Android
and the Arc GIS provided together facilities in displaying the different emergency
provider’s current location. The victim or a person in need of emergency service
can open this app which is preinstalled and the app lands him to an activity showing
him a map with a blue marker indicating his current location. On swiping the left
navigation drawer or by clicking on the hamburger at the top left corner displays
him a list view showing different Emergency service providers such as ambulance,
Fire stations and Police patrolling vehicles. Based on the requirement of the user,
selects an option from the list view. On selecting one of the options a layer gets
added to the base map showing the nearby corresponding emergency service pro-
viders. For example if a user selects an ambulance service from the list view a layer
with the nearby ambulances gets added to base map with a marker of an ambulance
shape indicating the location of the ambulance. This location of the ambulance is
updated in real time. On changing the location of the ambulance the new location
gets updated in the database further resulting in the updating of the new location on
the user’s device as well as shown below (Fig. 2).

A Sample from the Arc GIS map 
showing the route from the victim’s 
current location to the Emergency
service provider (Ambulance in this 
case). The blue marker indicates the 
current location of the user.

Fig. 1 Android app location identification image
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8 Results

Online Tracking of Vehicle with GPS: GPS (Global Positioning System) is a
system of Earth-orbiting satellites, each providing precise time and position
information which enables GPS receiving devices to compute position on the earth.
Signals must be received from at least satellites in order to establish the receiver’s
position in latitude (or a national coordinate system provided with the equipment).
GPS configuration consists of three parts: (1) Twenty-four HRS Navy satellite
orbiting the earth. (2) Portable mobile receiver (aerial plus portable console).
(3) Base station receiver positioned at a known geographical position, in order to
perform the differential correction of the raw satellite signals.

Travel Routes with Alternative: When road network is affected by problem of
Rain Accident, Heavy Traffic then Dynamic new road network can be generated
and the updated alternative road network maps can be sent to all sub centers and
primary health centers which makes it easy to travel any emergency service.

Online access to monitoring system: NET (Network Enable Technology/
Network Extended Technology) can be used to make the above module accessible
to the implementation officers at hospitals who can run the network analysis by
themselves and can fix the tentative calendars to cover the hospitals.

9 Conclusion

The DIGI SURAKSH for Monitoring of the Health & Emergency Services during
disaster and the distance between the habitations and the respective hospitals. GIS
aids in faster and better monitoring of health mapping and analysis than the con-
ventional methods. It gives well being experts fast and simple access to expansive
volumes of information. It gives an assortment of Dynamic investigation devices

Map showing an ambulance layer 
added to the base map pointing 
the current location of the user 
and the ambulance markers 
indicating their corresponding real 
time locations. 

Fig. 2 Android app corresponding real time application image
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and show systems for observing and administration of calamity. The potential
outcomes that can be investigated are boundless, contingent upon the expertise and
innovative utilization of the scientists and the readiness of well being division
administration to asset its usage. Well being executives, experts and scientists
require preparing and client in GIS innovation, information and epidemiological
and disaster monitoring techniques in order to use GIS properly and effectively.

10 Proposals

This approach can be more extended in passing on information about the arrival and
the travel of the ambulance to the traffic constable who is serving at any point on the
route generated between the victim and the Emergency service provider. Another
version of this application for the traffic police has to be created connecting the
user’s application, the emergency service provider’s application and the traffic
police men’s application. There will be the spatial data exchange between these
applications. By making use of this mechanism the traffic police man can be pre
notified about the ambulance’s arrival in that route and he can take necessary
actions to take the traffic factor into control assuring the smooth travel of victim to
the emergency service center.

In case of medical emergency, the hospitals require the victim’s basic infor-
mation. It is so mandatory that hospitals does not provide the medical services other
than first aid to the victim without filling a form containing his basic details called
an Out Patient Form (OP Form). There are many cases which lead to patient’s death
because of the delay in filling the out patient form. We can overcome this with a
facility of providing the victim’s details through the app that shows a list of nearby
hospitals and selecting one among them. All the departments that are providing
emergency services has to work on a single platform together for providing better
services to the public.
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Chapter 66
Impact of Water Conservation
Structures on Hydrology of a Watershed
for Rural Development

Vinit Lambey, A. D. Prasad, Arpit Chouksey and Indrajeet Sahu

Abstract A watershed is an area of land from which all rain water drains to a
common location. In their natural state, streams and their associated floodplains
provide a variety of important functions including the movement of water and
sediment, storage of flood waters, recharge of groundwater, treatment of pollutants,
dynamic stability, and habitat diversity. Disturbances to this system, either natural
or human-induced, places stress on the system and has the potential to alter
structure and/or impair the ability of the stream to perform ecological functions.
Water conservation structures are helpful in maintaining the desired flow require-
ment and sediment yield within the watershed area. In this study, Jonk River, a
tributary of Mahanadi basin has been selected to assess the impact of conservation
structures for disaster risk reduction, sustainable agriculture and rural development.
The outlet of Jonk River is located near Rampur in Chhattisgarh. Total area of the
watershed is computed as 3424 km2. Soil and Water Assessment Tool (SWAT) has
been used to calculate the discharge and sediment flow on daily and monthly basis
for the year of 2001 considering two case scenarios i.e. with and without ponds as
conservation structure (20 ponds in the villages are considered along the buffer area
of the centreline of jonk river). The simulated discharge and sediment flow data has
been compared with the observed data and the correlation coefficient is found to be
0.84 & 0.77 respectively. The annual discharge and sediment flow value in “with
pond scenario” has been detected to be reduced by 69.27 and 64.10% respectively.
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The results observed in the present work can be used for site suitability analysis of
soil and water conservation structures in the areas those are prone to soil erosion
and floods. The study also reveals that the applications of Geographic Information
Systems (GIS) and Geospatial Data Management can be used efficiently for
watershed management and rural development.

Keywords Watershed � SWAT � Sediment flow � Discharge � Geoinformatics

1 Introduction

Water is an essential element for survival of living things. It is vital for increasing
growth of agriculture, industries and leads to rural development, economic devel-
opment of the region. A watershed is comprised of land areas and channels and may
have lakes, ponds or other water bodies. The flow of water on land areas occurs not
only over the surface but also below it in the unsaturated zone and further below in
the saturated zone [8] which can be enhanced by providing water conservation
structures. This results in improvement of ground water level and can significantly
contribute in development and management of rural areas. To deal with water
management issues especially in rural areas, one must quantify the different ele-
ments of hydrologic processes taking place within the area of interests and analyse
them. Geographic Information Systems (GIS) is a suitable tool for the efficient
management of large and complex database and to provide a digital representation
of watershed characteristics used in hydrological modelling. It has improved the
efficiency of modelling process and ultimately increased the estimation capabilities
of hydrological modelling [1].

Hydrological models coupled with geoinformatics such as MIKE-SHE,
TOPMODEL, HEC-GeoHMS, VIC, WATFLOOD and SWAT, are capable of
simulating spatio-temporal variations in hydrological processes. Many previous
studies have demonstrated the ability of SWAT in detecting the impacts of land use
and climate change on hydrological components in different areas [2, 4, 5, 7, 9].
SWAT model is physically based, efficient and capable of continuous simulation
for a long period. Therefore, Soil and Water Assessment Tool (SWAT) model has
been chosen to simulate or estimate the changes in runoff and sedimentyield over
daily, monthly and annual timescales.

In the present study SWAT Model is used to assess the impact of small water
conservation structures over discharge and sediment yield which helps in devel-
oping the part of rural areas which are affected by soil erosion and floods. Jonk
watershed, which is a tributary of Mahanadi basin, has been selected as study area.
The model has been run for two case scenarios i.e. watershed with pond as con-
servation structures and watershed without ponds or any conservation structure. The
study has been carried out for the year 2001. However more emphasis was given to
the monsoon season.
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2 Study Area

The Jonk watershed lies between geographic latitude 20° 28′ and 21° 44′N and
longitudes 82° 20′ and 83° 00′E (Fig. 1). The river Jonk originates from Nuapada
district of Orissa at an elevation of 700 m from MSL. It merges with Seorinarayan,
upstream of Hirakud Dam after travelling the distance of 182 km having a drainage
area of 3424 km2.

The climate of the area is characterized by hot summer except during
south-western monsoon. The watershed receives about 90% of the rainfall during
monsoon which is active from middle of June to the end of September. Normal
minimum temperature is 10 °C and maximum temperature is 43 °C (CWC).
Geologically, the watershed consists of gneiss rock formation. The sub-basin
comprises of alluvial formation of various thickness.

3 Materials and Methods

Soil and Water Assessment Tool (SWAT) is a semi-distributed, partially physically
based, data driven model and requires several types of data such as rainfall, tem-
perature, land use, soil, wind velocity, etc. [6]. Data has been collected from various
sources and carried out post-processing processes on the datasets. The methodology
of the study is presented in Fig. 2.

Fig. 1 Jonk watershed
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3.1 Land Use Database

False color composite (FCC) image of Landsat 8 (dated: 9th Nov 2013) has been
used for this study. The image was re-projected to UTM 44 N projection using
ArcGIS software. The land use map has been derived using maximum likelihood
method under supervised classification by using ERDAS Imagine software.

3.2 Soil Database

Soil dataset has been obtained from Food and Agriculture Organisation (FAO) [3].
The necessary input information required by the SWAT model was extracted from
the same database for each soil type, namely soil texture, Hydrological Soil Group
(HSG).

3.3 Weather Database

SWAT requires daily values for precipitation, maximum and minimum tempera-
ture, solar radiation, relative humidity and wind speed for modeling of various
physical processes, soil and rainfall being the most important. Daily meteorological
data was collected from India Meteorological Department (IMD).

Fig. 2 Methodology for estimating discharge and sediment flow
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3.4 SWAT Project

Advanced Spaceborne Thermal Emission and Reflection Radiometer (ASTER)
Digital Elevation Map (DEM) of 30 m resolution has been used for this study.
DEM was converted from geographic coordinate system to projected coordinate
system (UTM, datum: WGS84). The processed DEM has been imported to SWAT
project to start watershed delineation. After importing to SWAT project, streams are
defined based on the drainage area threshold. The outlet for the whole watershed
has been defined near Rampur for delineation of watershed boundary. The water-
shed sub basin parameters are calculated with locating the positions of the reser-
voirs. For each sub basin land use data and soil data are defined. As the runoff
depends on the actual hydrologic conditions of each land cover and soil present in
the watershed, therefore impact of each landuse is considered. Hydrologic response
unit (HRU) is defined as 20% for landuse, slope and soil class for each sub basin.
One of the main sets of input for simulating the watershed in SWAT is climate data.
Climate inputs consist of precipitation, maximum and minimum temperature, solar
radiation, wind speed and relative humidity. The daily precipitation records of 2001
were used which were analyzed to develop the climate-input files required for the
model. After addition of all the above data, the SWAT model is set up and run on
the basis of daily and monthly simulation. In this case study, the main emphasis is
on the reduction of discharge and sediment flow in the Jonk watershed by addition
of ponds as water conservation structures. In SWAT, runoff volume is estimated
from daily rainfall using the modified SCS-CN (Curve Number Method) and
Green-Ampt methods. The SCS-CN equation is:

Qsurf ¼
ðRday � IaÞ2

ðRday � Ia þ S)
ð1Þ

where, Qsurf is accumulated runoff, Rday is rainfall depth for the day, Ia is the initial
abstractions commonly taken as (0.2 * S), S is the retention parameter which is
given as

S ¼ 25;400
CN

� �
� 245 ð2Þ

The discharge is calculated with the help of rational formula which is written as:

Qpeak ¼
C � i � A

3:6
ð3Þ

where, Qpeak is the peak runoff rate (m3/s), i is the rainfall intensity (mm/hr), C is
the runoff coefficient, A is area of the sub basin (km2) and 3.6 is the unit conversion
factor.

66 Impact of Water Conservation Structures … 743



Similarly, the sediment flow is obtained from the Modified Universal Soil Loss
Equation (MUSLE) which is given as:

Sed ¼ 11:8 � Qsurf � Qpeak � areahru
� �

0:56 � KUSLE � LSUSLE � CUSLE
� PUSLE � CFRG ð4Þ

where, Sed is the sediment yield on given day (metric tons), Qsurf is the surface
runoff volume (mm/ha), Qpeak is the peak runoff rate (m3/s), areahru is area of HRU
(ha), KUSLE is the USLE soil erodibility factor, LSUSLE is the USLE topographic
factor, CUSLE is USLE cover and management factor, PUSLE is USLE land
practice factor, CFRG is coarse fragmentation factor.

Here, the SWAT model has been run for the total 20 ponds (Table 1) in the
villages that fall in the buffered area of 2 km on both sides from the centre line of
the river (Fig. 4).

Table 1 Location of ponds
in villages

Name Longitude (oE) Latitude (oN)

Pond 1 82.65 21.14

Pond 2 82.64 21.43

Pond 3 82.61 21.44

Pond 4 82.57 21.56

Pond 5 82.60 21.51

Pond 6 82.65 21.36

Pond 7 82.66 21.28

Pond 8 82.61 21.24

Pond 9 82.62 21.08

Pond 10 82.61 20.99

Pond 11 82.58 21.00

Pond 12 82.49 20.90

Pond 13 82.46 20.82

Pond 14 82.46 20.81

Pond 15 82.41 20.75

Pond 16 82.43 20.75

Pond 17 82.51 20.90

Pond 18 82.62 21.31

Pond 19 82.67 21.36

Pond 20 82.53 21.59
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4 Results and Discussion

A physically based SWAT model has been used for assessment of the impact of
small water conservation structures on hydrology of a watershed and the results
obtained are quite satisfactory. Figures 3, 4, 5, 6, 7 and 8 shows the maps of River
centre line buffer area, LULC, Slope, Drainage network, Hydrologic response unit
and Soil respectively. The results obtained are for the period of July to October i.e.
from pre-monsoon to post- monsoon period. The annual mean reduction of the
discharge due to pond construction is found to be 69.27% while mean reduction in

Fig. 3 Jonk river centreline
buffer map

Fig. 4 Land use and land
cover map
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sediment flow due to construction of pond is found to be 64.10%. From the above
study, it can be concluded that construction of small water conservation structures
can be very helpful in controlling the discharge which can cause floods and con-
trolling the sediment flow which causes the sedimentation of the reservoirs. The
maximum daily discharge and sediment flow in Jonk watershed is found to be 2.97
cumecs and 1.937 � 105 t/ha/yr respectively for the year 2001 when there was no
pond as water conservation structures and the same is reduced to 1.984 cumecs and
0.29 � 105 t/ha/yr due to presence of pond (Figs. 9 and 10). The maximum
monthly discharge and sediment flow is also observed to be decreased from 2.13 to

Fig. 5 Slope map

Fig. 6 Drainage network
map
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1.25 cumecs and 5.05 � 105 to 1.22 � 105 t/ha/yr respectively due to addition of
pond as water conservation structures (Figs. 11 and 12). The comparison of dif-
ferent parameters with the both case scenarios is shown in Table 2. The reduction in
monthly discharge due to addition of water pond as water conservation structure is
found to be 41–89%. The reduction in monthly sediment flow due to addition of

Fig. 7 Hydrologic response
unit map

Fig. 8 Soil map
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water pond as water conservation structure is found to be 32–88%. Due to addition
of the water structure, the flow of sediment is reduced which results in less soil
erosion also the capacity of reservoir will increase. Deposit of sediments will

Fig. 9 Plot of observed and simulated daily discharge (cumecs) in two scenarios

Fig. 10 Plot of observed and simulated daily sediment flow (t/ha/yr) in two scenarios

Fig. 11 Plot of simulated monthly sediment flow (t/ha/yr) in two scenarios
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increase the percolation of the water in the ground, which results increase in ground
water recharge in and around the 20 rural areas. This is a good sign for the
population in terms of quality of life and development of the region.

5 Conclusion

The study of Jonk watershed area using the SWAT model is reliable for estimation
of monthly discharge and sediment flow. The simulated discharge and sediment
flow data has been compared with the observed data and the correlation coefficient
is found to be 0.84 & 0.77 respectively. The annual discharge and sediment flow
value in “with pond scenario” has been detected to be reduced by 69.27 and 64.10%
respectively. The results observed in the present work can be used for site suitability
analysis of soil and water conservation structures in the areas those are prone to soil
erosion and floods. The study also reveals that the applications of GIS and
Geospatial Data Management can be used efficiently for watershed management
and rural development.

Fig. 12 Plot of simulated monthly discharge (cumecs) in two scenarios

Table 2 SWAT model standard output

Hydrological parameters Scenario 1 (without pond) Scenario 2 (with pond)

Precipitation (mm) 768.7 768.7

Lateral soil runoff (mm) 29.00 30.00

Shallow aquifer runoff (mm) 0.00 0.20

Deep aquifer runoff (mm) 0.20 0.90

Deep aquifer recharge (mm) 0.40 1.60

Total aquifer recharge (mm) 7.60 31.30

Total water yield (mm) 106.70 130.40

Percolation out of soil (mm) 7.85 32.35

Total sediment loading (t/ha) 1.50 1.45
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Chapter 67
A Geospatial Study
on Visakhapatnam Smart City Based
on Hydrogeochemistry Analysis

Neela Victor Babu, Peddada Jagadeeswara Rao, Suribabu Boyidi
and Sridhar Bendalam

Abstract Groundwater tainting because of ocean water interruption is a surely
understood issue in Madhurawada panchayat (group of villages). This investigation
endeavor to give answers the hydrogeochemistry idea of groundwater synthetic
parameters in Madhurawada Panchayat. In the ponder we apply existing field bore
well and burrowed well perception which join with research facility water test
examination as indicated by WHO and BIS norms and obviously aberrant
addressing with the villager. The outcome has demonstrated the sullying level of
EC, TDS, TH, Ca+, Na, Cl−, F−, and Fe in the Paradesipalem, Boravanipalem,
KommadiJn, Marikavalasa, Thotlakonda, Jodugullapalem and Boddapalem in both
bore well and burrowed wells over the farthest point of reasonable farthest point for
drinking limit. Calcium and magnesium are the predominant cations display in
groundwater beside sodium and chloride in this district. In this manner, order ought
to take at the season of groundwater utilization.

Keywords Ground water samples � GIS � GVMC � Hydrogeochemistry
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1 Introduction

The term smart urban communities moved toward becoming trendy expression in
the worldwide field. Lately urban advancement turned into a key issue interna-
tionally. Particularly India like thickly populated nations, the issue is more worry
about urbanization. As indicated by the current insights expresses that, % moved
from rustic to urban. This reflected in many disjoin issues like contamination issues,
subject the off by presenting the idea of smart refers to it the urbanization wound up
noticeably one of the significant issue all the more difficult and other creating
nations. Metropolitan strong waste is, discarded/rejected material consistently being
overlooked from the assorted open sources. Examinations in consider zone revealed
that, quick improvement in masses in the midst of the present decades realized
growing measure of urban strong squanders.

The natural issues existing in the urban zones of creating nations, squander
administration and its effect on groundwater quality have been the most conspic-
uous in the current years [1]. The Greater Visakhapatnam Municipal Corporation
(GVMC) is the second greatest civil partnership in the territory of Andhra Pradesh,
India. There are no real surface water bodies in the zone and the trustworthy
groundwater assets are being dirtied at a disturbing rate. By and by, groundwater
quality is the real concern and hence rose as a standout amongst the most critical
ecological issues. Water interest for drinking and local purposes has been
expanding because of progress of ways of life of individuals and statistic
weights [2]. The modern effluents of the Zinc smelter-Aluminum manufacturing
plant in Mindi Visakhapatnam move toward groundwater development and stream
towards bog arrive through local locations because of topographic control. Hence,
this investigation has been taken up to discover hydrogeochemistry attributes of
groundwater in the Madhurawada Panchayat, Visakhapatnam area, Andhra
Pradesh.

2 Study Area

The investigation zone is covering roughly 102 km2. In the year 2004 the
Madhurawada is real panchayat in Visakhapatnam region, in the year 2006, 100
km2 Visakhapatnam Municipal Corporation was stretched out to 545 km2 zone of
Greater Visakhapatnam Municipal Corporation (GVMC). In this complexity the
Madhurawada Panchayat was converged in Greater Visakhapatnam Municipal
Corporation (GVMC). The GVMC is popular for significant enterprises, regularly
called as Industrial City or Visakha Steel City. The region has four noteworthy
slope ranges viz., Kailassa, Yarada, Naraka and Kambalkonda. Whatever remains
of the zone is portrayed by undulating geography. The waste is for the most part
dendritic to sub-dendritic (Fig. 1).
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3 Methodology

In post storm, around 14 groundwater tests were gathered covering the whole
Panchayat amid February, 2014. In Monsoon, around 27 water tests were gathered
adjoining the unlined sewage channels (gedda) amid August 2014 to recognize the
water quality parameters regarding physical and substance on the premise of APHA
Standard System [3]. Orderly work has not been done for the collection of higher
toxicants in these zones. The convergences of physical, substance parameters in
groundwater tests were contrasted and the Bureau of Indian Standards (BIS) and
World Health Organization (WHO). The examples were investigated for deciding
the groupings of different concoction components, for example, pH, EC, TDS, TH,
BOD, COD, TA, Ca+, Mg2+, HCO3, Cl

−, F−, and Fe. Tests were broke down in
research facility utilizing Flame Photometer for, Ca+ and Mg2+ components, they
were examined by EDTA Titrimetric technique. NO3

�, PO4
3�, Fe were investi-

gated utilizing UV Visible Spectrophotometer strategy, SO4
� by Gravimetric

technique, F− by Orion Ion specific strategy, Cl− by Argentometric Method. Every
one of these strategies are a piece of APHA system for the examination of water
quality. The information are introduced by utilizing flute player graph to see the
focus level of hydrogeochemical particle.

Fig. 1 Greater Visakhapatnam Municipal Corporation Study Area
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4 Results

The synthetic parameters acquired in this investigations uncovering that the pH
differs from 6.12 to 7.76 of soluble nature inside as far as possible. The electrical
conductivity (EC) values are in the middle of 0.99–840 ms. The centralizations of
Ca+, Mg2+, F− and Cl− particles are watched nearer to the most extreme reasonable
breaking points in the towns of Boyapalem, Paradesipalem, Boravanipalem,
Mangamaripeta and Kapulauppada. These towns are in downstream territories of
Kapulauppada landfill site. The groupings of TDS and TH and Na+ and Fe have
surpassed greatest reasonable breaking points in Kapulauppada, Thotlakonda and
Mangamaripeta. The higher substance in these towns could be drainage from the
unlined sewage deplete. These components cause cardio vascular ailments which
are accounted for in delicate water zones. Up until now, no case has been accounted
for in regards to contaminated groundwater in the territory. The principle hotspot
for sodium in groundwater assets is plagioclase feldspars, feldspathoids and dirt
minerals. Sodium content around 200 mg/l might be unsafe to people having car-
diovascular and renal sicknesses and in ladies with toxemia related with pregnancy
[4]. The grouping of sodium fluctuates from 10 to 540 mg/l. Two examples
observed to be abundance of Na+ than the most extreme admissible points of
confinement in Kapulauppada and Thotlakonda. The calcium is a noteworthy
constituent of most volcanic, transformative and sedimentary rocks. The main
wellspring of Ca+ in groundwater is individuals from the silicate mineral gatherings
like plagioclase, pyroxene and amphibole among volcanic also, changeable rocks
and limestone, dolomite and gypsum among sedimentary rocks. Transfer of sewage
and mechanical squanders are likewise critical wellspring of calcium. Fixations up
to 1800 ppm has been found not to impede any physiological response in man [5].
The calcium extends in the middle of 16–160 mg/l. The magnesium focuses in the
examination zone shifts from 5 to 136 mg/l. Kapulauppada and Mulagada tests are
having abundance content than as far as possible in (Table 1). Calcium and mag-
nesium are the predominant cations introduce in groundwater beside sodium and
chlorine in this district. Be that as it may, the development of bicarbonate is nearly
at immaterial rate. The motivation behind why the centralization of carbonate
increments in this investigation may be because of the accessible carbonates In
these stone may have broken up and added to the groundwater framework amid
water system, precipitation penetration and groundwater development. Also, if the
Ca2+ and Mg2+ exclusively began from carbonate and silicate weathering, these
ought to be adjusted by the alkalinity alone. Nonetheless, the majority of the
focuses are put in the Ca2+ + Mg2+ side, which shows abundance calcium and
magnesium got from different process, for example, switch particle trade responses.
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5 Conclusions

This exploration work expected to get reply about hydrogeochemistry of
Madhurawada panchayat, Visakhapatnam District, Andhra Pradesh, India.
Examinations in think about territory uncovered that, quick development in pop-
ulace amid the current decades brought about expanding the utilization of
groundwater. Amid this examination, it is watched that the higher substance of
various components in groundwater is because of effluents, from ventures and
leachates from dishonorable treatment of urban strong squanders. Along these lines
suitable sewerage for the modern waste is high prescribed.
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Chapter 68
Remote Sensing and GIS Approach
for Planning and Analysis of Storm
Water Drainage System

Ch. Ramesh Naidu

Abstract Floods are among the most destructive acts of nature. World-wide, flood
causes damage to agriculture, houses and public utilities amount to billions of
dollars each year in addition to the loss of precious human and cattle lives. India is
no exception as far as floods are concerned. Severe floods occur almost every year
in one part of the country or the other causing tremendous loss of life, large scale
damage to property and untold misery to millions of people. In building sustainable
and smart cities Storm water modeling and management is a challenging task in the
proposed smart cities in India. Recent floods in urban areas in India and across the
world have brought susceptibility and helplessness of Smart Cities to disasters into
attention. Geospatial technologies can help cities to prepare and mitigate the
impacts of floods—as they design and build the smart systems. While storm water
modeling with GIS can help ULB’s exercise caution in mitigate the risk, it also
offers a huge potential for development of the area. It is now important that Disaster
planning, Modeling and Mitigation are closely interrelated with sustainable
development of the smart cities. Using RS and GIS technology cities can evaluate
potential risks in future. With the use of RS images and GIS technology the
required information for flood analysis can be developed in the form of spatial and
non-spatial database.

Keywords Storm water drainage network � Geo spatial technology
Rational method � Storm water modeling � Urban local bodies

1 Introduction

Urban catchments are very dynamic in nature due to the lack of pervious surfaces.
Because of rapid and un controlled developments, day by day the percentage
imperviousness is increasing in urban catchments. In result quick flow of runoff
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happens and reaches to outlets with in short time from urban micro catchments.
Almost all Urban Local Bodies (ULB) are facing the same scenario. Most of these
ULBs does not have proper surface and sub surface drainage system. Storm water
drainage system is very essential to accommodate and regulates certain percentage
of surface run off. Geo Spatial technology helps planners and design engineers to
prepare a storm water network conceptual plan by analyzing the existing topog-
raphy, soil, landuse and climate conditions. Satellite images provide a better spatial
and temporal resolution to identify the nature of the topography, drainage system
and physiography. GIS provides tools to check the network continuity, determine
the flow direction, flow velocity and simulate the flow with reference to hydraulic
gradient line. Building a storm water network and components with reference to its
micro catchments in GIS platform facilitates a better decision support system for
effective planning and maintenance operations by the concerned engineers and
managers.

2 Methodology

Before the design, planning of storm water drainage system involves geographical
understanding of the study area includes existing transportation system and traffic,
existing underground utilities, climate, physiography, terrain slope, landuse and
soil. Using Remote Sensing images and Geo Spatial technology these topographical
features and physical facilities can be interpreted and developed in the form of
thematic layers.

For design considerations, storm water drainage system must have adequate
capacity to take and transport the storm runoff for the design frequency. It should be
capable to withstand the future developments. To plan and design storm water
drainage system, it requires high resolution satellite images to produce large scale
GIS database. In addition to planimetric details, elevation and slope often needed in
determining the flow characteristics for analysis and hydraulic simulation. To
design the network, road levels along the road centre and road edges to be collected
using Electronic Total Station and Auto level instruments. The survey observations
can be digitally imported and integrated in GIS software. Further using the DEM,
flow direction, catchment and sub catchment boundaries and flow accumulation
points at micro level can be interpreted from watershed tools available in GIS
software. These flow directions and flow accumulation areas helps to determine and
locate inlets and outfall locations. Alternatively stereo satellite images can be used
to produce topographical contours and subsequently generates slope and 3D terrain.

Rational method is most suitable method for finding discharges of urban
catchments when catchment area is less than 200 acres. Sometimes a run off
hydrograph is essential when components like detention tanks and pumping stations
are a part of storm network. The formula for calculating Runoff volume is,
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Q ¼ 10CIA

where

Q Run-off in Cumec/h
C Coefficient of Runoff
I Intensity of Rainfall in mm/h
A Area of Catchment in hectares.

Catchment run off depends on run off coefficient, rain fall intensity and time of
concentration. Run off coefficient directly depends on landuse and soil conditions of
the catchment. Rainfall intensity changes with rainfall return period or recurrence
frequency. Rainfall intensity can be determined by plotting the Intensity-Duration
and Frequency (IDF curves) curves. Most of the urban local bodies are designed the
storm water drainage system with 1–10 year return periods. If the return period
increases the runoff also increases. The time of concentration varies catchment wise
and mostly depends on the average slope. Time of concentration decides the inlet
spacing and size of the pipe. The storm drains are usually designed by considering
full gravity flow using the design frequency discharge.

After preliminary planning of inlets, pipe network and outfalls of all the
catchments can be digitized in the GIS platform in the form of thematic layers.

Fig. 1 Rainfall-runoff and drainage network simulation
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The network continuity checks can be managed with GIS tools. The runoff cal-
culated from the rational method is used to define the capacity of the storm drain
which includes drain size and gradient required to convey the run off discharge.
Drain size and gradients can be decided by simulation in Epa SWMM software after
importing the network from GIS to Epa SWMM. Figure 1 shows the steps to
manage rainfall- runoff and drainage system simulation.

3 Conclusions

The Rational method of estimating storm water discharge is mostly useful for
manual design of storm drainage system. Using Epa SWMM, these flows can be
used to simulate the drain sizes and velocity. Geo Spatial database can be used
effectively to calculate the input parameters required for hydraulic modeling in
Epa SWMM. Inputs like landuse, sub catchment boundaries and slope allows the
user to run the functions and routines simultaneously to determine the time of
concentration, catchment areas, length of the drain, run off coefficient for all the sub
catchments within the main catchment. Though there are some limitations in
rational method for urban flooding studies, it is simple and justifies the modeling of
average intensity of rainfall.
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Chapter 69
Classifications of SAR Images
Using Sparse Coding

Battula Balnarsaiah, G. Rajitha and Balakrishna Penta

Abstract In this paper a novel Sparse Coding for Classification of Synthetic
Aperture Radar (SAR) Images is proposed. Features utilized in SC (Sparse Coding)
are extracted from the multisize patches around each pixel to precisely describe the
complex terrains. In these one or two level thresholds techniques are introduced in
the sparse coding for classifier of SAR Images to the restrict the range of recon-
struction residual, which classifies the consistent classified points, and the rest of
the pixels are considered as the indecisive ones in the original SAR image.
Compared with habitual SC of SAR image classification and support vector
machines (SVM) in a number of fixed-size patches. Later, the performance measure
parameters like accuracy, kappa coefficient and time are calculated and compared
for all RISAT-1 images sizes. The above mentioned classifications techniques are
development and performance parameters are calculated using MATLAB 2014a
software.

Keywords We image classifications � Sparse coding (SC) � Synthetic aperture
radar (SAR) � Multisize patches
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1 Introduction

The Synthetic Aperture Radar of raw data image user defined different type’s
categories. The raw data of remote sensing can be categorized in lot of various
customs. The images of pixel based on procedure use statistical models for predict
the best parameters that fit to the raw data views. The Bayesian inference for
pixel-based information extraction was proposed. The fields of Markov Random
parameters were predictable en suite to the image SAR [1]. Presently methods for
different categorization of optical images are applied intensively to the remote
sensing data that is raw data of SAR image [2, 3]. In the literature, most various
classifications have been employed to the remote sensing data, including the
K-nearest neighborhood and support vector machine (SVM) [4]. The sparse code
representation classification methods [1] have become very popular [5]. Presently,
the research of automatic classified based on high-resolution SAR image has
obtained rapid development [3]. Different classifiers can be used in classification of
image such as support vector machine (SVM) [6], and sparse code-based classifi-
cation (SC) [7]. Sparse representation has been also applied to remote sensing
image processing, such as SAR image compression [8], hyperspectral imagery
classification [5].

2 Literature Review

SAR images cannot be segmented successfully by using traditional methods
because of the existence of speckle noise in SAR images [7]. For example, simple
classification methods based on thresholding techniques of gray levels are generally
inefficient to classify the images with speckle noise, due to high degree of overlap
between the distributions of the different classes [3]. SAR image Classification is
various from classification of normal images, an efficient algorithm for identifica-
tion of texture of Synthetic Aperture Radar (SAR) images is developed, one of the
most important classification is support vector machine (SVM), it is utilized for as a
wavelet transform feature extraction of SAR image classifications [8]. A new
classification method for detection of ship in TerraSAR-X images, is proposed
based on sparse representation in feature space by X. Xing [9]. An application to
pattern extraction from noisy signals is described in [10]. Sparse
Representation-Based Classification (SRC) with random projections-based features
can outperform a number of conventional face recognition schemes [8, 11].
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3 Study of Area

In many different classifiers have been employed to the remote sensing data,
including the K-nearest neighborhood and support vector machine [4]. In recent
years, the sparse representation-based classification methods have become very
popular [5]. Sparse coding has been used successfully in several classification
scenarios. The advantages of wavelet transform, sparse coding, and dictionary
learning were used for classification purposes [8]. Hierarchical sparse representa-
tion features were used for SAR data classification in [9]. Zhao et al. [10] proposed
to characterize SAR patches using a discriminate feature that is generated in a semi
supervised manner and spare ensemble learning procedure. A multi kernel joint
sparse graph was proposed to segment SAR images [11]. A supervised method
based on sparse representation for PolSAR image classification was proposed in.
The classification via sparse representation and multitask learning was presented for
target recognition in the SAR image [12]. This letter was motivated by the fact that
interferometric SAR (InSAR) data contain phase information, which is usually not
used [1].

4 Proposed Method

In this letter, we utilize a gray-level histogram [10, 11] and a gray-level
co-occurrence matrix (GLCM) [10] to get the features of a SAR image. Gray-level
histogram is stable in the presence of noise and over change in view and can be
used to distinguish and characterize the objects. GLCM is also used to represent
SAR image texture, and we utilize a range of different size patches to adequately
capture both microtextures and macrotextures in the original SAR image(RISAT-1
Image). We add a two level-threshold techniques to SC (Sparse Code), which
separates from the initial SAR images of the consistent pixels, and the outstanding
ones will be classified in the same way in the later layer until a traditional sparse
code classifier outputs the final result Fig. 1. The feature of a fixed-size patch
cannot well represent terrains experimental results show that the proposed method
outperforms SVM and traditional SC within different fixed-size patches in terms of
classification accuracy and enhances the visual effect in several real SAR images.

4.1 Sparse Code (SC)

The A single class that lies in a linear subspace is SC, it can express to the samples.
Assume that classes are known, e.g., we can identify a dictionary constructed by
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concatenating feature vectors of those classes. The testing sample can be formulated
by a series of training samples as follows:

y ¼ Dw0 2 Rm ð1Þ

where w0 ¼ 0; . . .0;ui;1;ui;2;ui;ni;0. . .; 0
� �T2 Rna coefficient vector is whose

entries are zeros except those associated with the ith class. The sparser the coeffi-
cient w0 is, the easier it can estimate the identity of the y testing sample. It is
necessary to find the sparsest solution to satisfy y ¼ Dw0. Based on the afore-
mentioned analysis, the problem about SC can be modeled as

w0 ¼ argmin wk k0 subject to Dw ¼ y ð2Þ

where �k k0 denotes the ‘0-norm. Depending on the development in sparse and
compressed sensing, it has been proved that if the solution w0 is sparse enough, the
solution to ‘0 minimization problem equals to the solution to ‘1 minimization one,
which can be relaxed as

Feature 
Extraction

Input
SAR Image

SVM
Classification

Intermediate
Image

Threshold 
Condition-1

SC

Threshold 
Condition-2

Classification
of SAR 
Images

Fig. 1 Classification of SAR
image
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ŵ1 ¼ argmin wk k1subject to Dw ¼ y ð3Þ

ŵ0 Let di: R
n ! Rn be the characteristics function for each class. For w 2 Rn,

diðwÞ is a new coefficient vector in which nonzero entries are the ones in w that
associated with class i. Using the vector diðwÞ; we can get a linear reconstruction
ŷi ¼ DdiðŵÞ approximate the testing sample y [10].

As follows:

mini ri yð Þ ¼ y� Ddi ŵ
� ���� ���

2
ð4Þ

4.2 Dictionary Training of Multisize Patch Using SC

The framework of our method is shown in Fig. 1. In this section, we will introduce
the proposed method in detail. Sparse coding applications are constructing a dic-
tionary is the first step. The dictionary in our method is not constructed directly by
pixel values. In this method 16-D and 4-D feature vectors are produced by
exploiting statistics properties in the gray-level histogram and utilizing texture
statistics distribution in GLCM, respectively. We select ni vectors of training
samples from the ith class in the hth layer as columns to construct a matrix

Ah
i ¼ xhi;1; x

h
i;2;...; x

h
i;ni

h i
2 Rm�ni where m denotes the dimension of the feature

vector. Then we define the dictionary Dh as the concatenation of the ni training
sample vectors of all K defined classes in the fixed hth layer

Dh ¼ Ah
1;A

h
2; . . .;A

h
K

� � ¼ xh1;1;x
h
1;2; . . .; x

h
K;nK

h i
ð5Þ

where Dh denotes a fixed dictionary. Let h = {h1; h2;...;; hHg enumerate the H latent
layers; H also means the total classification number.

Multisize Patch SC (Sparse Coding) using Two Level Thresholding
Techniques (TLTT) Algorithm

1. Constructing initial dictionary (h = 1 or 0): Given K classes, select ni samples
from each class randomly, each sample is represented by an m-dimensional
vector that constrict the initial dictionary Dinit ¼ Ainit

1 ;Ainit
2 ; ::;Ainit

K

� �
; init = �1,

where the feature vectors are extracted by the patch in the first layer that is zero
level layer of given input image.

2. Sparse Coding techniques of classification (1� h�H� 1Þ: classify all pixels
the first layer at the zero level and uncertain points. Determine which category
of the testing sample y belongs to.
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3. Constructing hth dictionary (2� h�HÞ: Select n number of points from each
class which is labeled as new training samples in the previous layer, and extract
the feature vector xhi;j at h-th layer. Arrange these vectors as columns to construct

the H dictionary Dh ¼ Ah
1;A

h
2; . . .;A

h
k

h i
2 Rm�n.

4. Classification at the last layer (h − H): Utilize the Hth dictionary DH to classify
the uncertain points or pixels in SAR (RISAT-1 image) image by traditional
sparse coding of classifier.
To deal with the challenge, we develop a sparse coding representation classifier
with a two level-threshold techniques (TLTT) to improve the classification of
the SAR image. We make a judgment on the residual ri yð Þ to approximate the
reliability of classified pixels. In other words, if ri yð Þ lies in a specified range.
Here, we explicitly describe SC with the judgment of residual ri yð Þ at the
hth 1� h�H� 1ð Þ layer, i.e., two level threshold techniques (TLTT) decision
condition. The minimum residual rhmin yð Þ in the hth layer is given by

sh ¼ rhmin yð Þ ¼ mini¼1...K rhi yð Þ ð6Þ

hh ¼ argmini¼1...K rhi yð Þ ð7Þ

where K and h denote the number of the class and the label with the minimum
residual. The label of each pixel under the residual judgment is determined as
follows:

Label yð Þh¼ minirhi yð Þ; sh �D1; rhi6¼hh
yð Þ � sh

��� ����D2

uncertain, else

(
ð8Þ

where D1 andD2 represent the threshold techniques parameter. The proposed
algorithm is summarized in Table 1.

Table 1 Classification accuracies and kappa coefficients of image

Method SC 8 � 8 SC 6 � 6 SVM 8 � 8 SVM 6 � 6 Multi patch
SVM

SC using
TLTTa

Accuracy (%) 93.62 93.62 96.60 93.80 90.16 96.82

Kappa 0.8972 0.8922 0.9448 0.8983 0.8686 0.9728

Time (s) 101.02 101.18 47.24 48.06 47.85 216.21
aTwo Level Threshold Techniques-TLTT
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4.3 Influence of Thresholds

To test the influence of thresholds on the classification result, a C-band uninhabited
airborne vehicle synthetic aperture radar (UAVSAR) sub image (598 � 430 pixels)
with 3-m resolution in Tanjavur City in India, is selected, as shown in Fig. 2a. This
image consists of three types of land covers: trees, temple, and vehicles. It is
difficult to obtain the ground-truth map of the SAR imagery (RISAT-1 Image), so
we manually select some representative points to quantitatively evaluate. The
training samples are randomly selected in them. The number of land markings are
or Points that is identification temple, tree and vehicles are 1026, 842 and 628
respectively. As per according to the terrain in image 1, we represent the patch size
8 � 8. The two level threshold techniques are also very important for connecting
classification at different layers.

Fig. 2 Three typical structures of classification process for image. a Original SAR image
(RISAT-1 image). b First layer. c Fifth layer. d Last layer. e–f show the classification results, and
g RGB classifications of SAR Image later containing uncertain points. h Final results of SAR
Image classification. i SVM classifications of SAR Image
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5 Results and Discussion

In this section, we investigate the classification performance of our method and
compare it with the traditional SC and SVM in several patch sizes. In order to
accurately calculate the classification accuracy and kappa coefficient, we carry out
our algorithm with D1 ¼ 0:14 and D2 ¼ 0:05 contrast methods repeatedly for 50
times, and then average the results. The quantitative evaluation of different methods
for Image1 is shown in Table 1. Multisize patch-SVM is a method that utilizes a
long feature vector concatenated by feature vectors of several used patches in SC.
Figure 2 shows the classification results of Image1, Fig. 2a is the result of the
proposed method, and Fig. 2b shows the result of Multi-Patch-SVM. It also can be
seen that the results obtained by the SC and SVM methods at 8 � 8 size. The
accuracies of our method will be greater than 97%. The reason could be that the
number of uncertain points varies with two level threshold techniques at each layer,
which results in the variation of the final classification result.

6 Conclusion

In this letter, a new classification of SAR image method based on SC is imple-
mented. The two level threshold techniques (TLTT) to usual planned method
mainly add judgment condition to new traditional algorithms is SC and Multisize
patches its various features of RISAT-1 images. This is investigated by the quan-
titative evaluation and the visualization results in SAR images classification. Our
future work will focus on feature extraction and automatic selection of patches to
improve the classification performance of SAR images that is RISAT-1 raw data
image.
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Chapter 70
A Case Study on Soil Erosion and Risk
Assessment in Thandava Reservoir
Catchment, Visakhapatnam District,
A.P.—A Geo-spatial Approach

Madhuri Mulpuru, Peddada Jagadeeswara Rao and T. Sridevi

Abstract Soil erosion by water occurs throughout the world, especially more in the
humid/sub-humid mountainous region. It is the process of detachment or entrain-
ment, transportation of surface soil particles from original location and accumula-
tion of it to new depositional area. This research paper aim to study the soil erosion
risk assessment. Remote sensing has become significant source by providing syn-
optic real-time and accurate data related to land and soil. It enables homogeneous
information over large area with high temporal resolution, and can therefore greatly
contribute to assess reliable regional erosion (Siakeu and Oguchi 2000; King and
Delpont 1993). A GIS can be used to scale up to regional levels and to quantify the
differences in soil loss estimates produced by different scales of soil mapping used
as a data layer in the model. The integrated use of remote sensing and GIS could
serve to assess quantitative soil loss at several scales and also to identify the
potential risk areas for soil erosion (Sahaatel 1992). Several studies showed the
potential utility of GIS technique for quantitatively assessing soil erosion hazard
based on various models (Sahaatal 1992; Shrestha 1997; Suresh Kumar and Sharma
2005). Bear on our mind the above discussion, the present study aims at charac-
terizing the land resources through remote sensing and other ancillary data and to
integrate these information in GIS to compute quantitative soil loss using RUSLE
model for sustainable development.
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1 Introduction

Soil erosion by water occurs throughout the world, especially more in the humid/
sub-humid mountainous region. It is the process of detachment or entrainment,
transportation of surface soil particles from original location and accumulation of it
to new depositional area. Various human activities disturb the land surface of the
earth, and thereby induce the significant alteration of natural erosion rates. Soil
erosion by running water has been recognized as the most severe hazard threatening
the protection of soil as it reduces soil productivity by removing the most fertile
topsoil. In the world map on the status of human-induced soil degradation (UNEP/
ISRIC 1990), it is accounted that loss of topsoil and terrain deformation due to soil
erosion are the consequence of deforestation, removal of natural vegetation and
overgrazing in the mountainous regions (Shrestha 1997). Soil erosion is a global
environmental crisis in the world today that threatens natural environment and also
the agriculture. The soil erosion risk assessment can be helpful for land evaluation
in the region where soil erosion is the main threat for sustained agriculture, as soil is
the basis of agricultural production.

2 Study Area

The non-perennial Thandava reservoir catchment area is located in the hilly terrain
of the Eastern Ghats region of Visakhapatnam district, Andhra Pradesh. The
catchment area of Thandava reservoir is 467 km2 and constructed with the gross
storage capacity of 4960 Mcft. It is a major category non-perennial river with one
tributary namely Bodderu (ThandavaNadi). Thandava reservoir is located between
17° 45′ 50″ North latitude and 82° 15′ 20″ East longitude. The study area is cov-
ered in the survey of India toposheet 65K/5, 65K/6, 65K/9, 65K/10 on 1:50,000
scale and IRS-1D-LISS-III digital data of 2011 have been used for extraction of
thematic information on the drainage pattern, geomorphology, geology, and soils.
The reservoir drainage pattern gives the information about the land evaluation in the
region where soil erosion effects (Fig. 1).

3 Objectives

Remote sensing provides significant source for real-time and accurate data related
to land and soil. It enables homogeneous information over large regions, and can
therefore greatly contribute to regional erosion assessment (King and Delpont 1993;
Siakeu and Oguchi 2000). A GIS can be used at regional level scales to quantify the
deviation in soil loss estimates produced the model by considering soil map data
layer at different scales. The integrated use of remote sensing and GIS could help
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to assess quantitative soil loss at various scales and also to identify areas that are at
potential risk of soil erosion (Sahaatel 1992). Several studies showed the potential
utility of GIS technique for quantitatively assessing soil erosion hazard based on
various models (Sahaetal 1992; Shrestha 1997; Suresh Kumar and Sharma 2005).
Bear on your mind the above discussion, the present study aims at characterizing
the land resources through remote sensing and other ancillary data and to integrate
these informations in GIS to compute quantitative soil loss using RUSLE model for
sustainable development.

Fig. 1 Base map of Thandava reservoir
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4 Methodology

Using SOI toposheet, the contour lines with vertical elevation intervals of 20-m
were traced on tracing sheet based on visual interpretation method. This manually
traced contour map have been exported into GIS platform and perform visual based
digitization to prepare vector layer. The elevation data were processed followed by
graphic simulation was carried out in which an elevation (or Z profile) was recorded
at every X, Y location to make topographic data more useful. Surfacing function in
“Image Interpreter” was used to generate a DEM, which is a one-band image, to
represent as topography where the pixel value indicates the elevation. A gray scale
was used to differentiate variations in terrain and in the mean time ASTER 30 m
resolution DEM data was draped on the contour based DEM for further clarifica-
tion. Slope map was generated in ArcGIS 9.3 software by using DEM.

Soil erosion can be estimated using erosion models. Many of the complex
interactions that influence rates of erosion have been considered in soil erosion
modeling by simulating erosion processes in the watershed. The arbitrary infor-
mation related with soil type, landuse, landform, climate and topography are
required by most of these models to estimate probable soil loss. They are intended
for particular set of conditions of specific area. The Universal Soil Loss Equation
(USLE) (Wischmer and Smith 1965) was intended to anticipate soil loss from sheet
and rill erosion in particular conditions from agriculture fields. The modified ver-
sion of USLE, Modified Universal Soil Loss Equation (MUSLE) (Williams and
Berndt; Meyer 1975), is applicable to different conditions by considering hydro-
logical runoff factor for sediment yield estimation. The process based continuous
simulation model, Water Erosion Prediction Project (WEPP) (Lane and Nearing
1989), had developed to replace USLE (Okoth 2003). Areal non-point source
watershed environment response simulation (ANSWERS) (Beasley et al. 1980)
intended to estimate soil erosion inside a watershed. The European Soil Erosion
Model (EUROSEM) (Morgan et al. 1991, 1992) is a solitary process-based model
for surveying and hazard forecast of soil disintegration from fields and small
catchments. The mean annual soil loss can be derived from Morgan, Morgan and
Finney (MMF) model (Morgan et al. 1984), which is an empirical model, based on
field-sized areas on hill slopes with strong physical base.

5 Revised Universal Soil Loss Equation (RUSLE)
Calculation

The factors causing erosion such as climate, soil properties, vegetation cover and
management practices are considered for estimating soil loss. The RUSLE equation
is a multiplicative function of five factors controlling the rill and inter-rill erosion
[1] and can be expressed as:
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A ¼ R � K � LS � C � P ð1Þ

where:
A is the mean annual soil loss expressed in ton\ha * year
R is rainfall and runoff erosivity index (in MJ * mm\ha * year)
K is soil erodibility factor (in ton * ha * h/ha * MJ * mm)
LS is slope Steepness and slope Length factor (dimensionless)
C is the cover factor (dimensionless)
P is the conservation practice factor (dimensionless).

The final quantitative RUSLE values shows the quantity loss of soil in ton/ha per
year, ranging from less than 1 to very high soil loss rates (223.6 ton/ha). For a better
visual understanding of these quantities, RUSLE values have been grouped in five
classes of soil erosion risk following Bergsma classification (Table 1) [5, 19].

The first two classes are considered in the range of soil loss tolerance values.
Medium and high classes need conservation applications to maintain a sustainable
productivity, while the last class (very high), is very dangerous because it can be
destructive in few years if no intervention are done and soil loss level is maintained
constant in the future. Not relevant (NR) polygons correspond to villages, urban
areas and water bodies, which has not been considered in the evaluation.

Soil erosion risk map (Fig. 2) has been generated by applying the final RUSLE
values on the land unit map which had been created in ArcGIS 9.3 through raster
calculator. Figure 2 shows the soil erosion risk map for the study area. In order to
better understand the results, it is important to analyze them in relation with soil,
morphological and topographical characteristics, paying attention even to the land
cover.

6 Results and Conclusion

The RUSLE model show that, very low and low classes erosion are scattered in the
upper most part of the study area due to the structured topographical nature of the
Land Units and represent almost 25.9% of the study area. The Very Low class is
occupying 8.47% of the study area in correspondence to deciduous forest coverage,
where the low erosion risk class allows the forest to keep reserved and conserved.
These types of soils are deeper and have better permeability than in other places

Table 1 Soil erosion risk
classes and equivalent
RUSLE values [19]

Soil erosion risk class RUSLE value

Very low (0–5 ton/ha * year)

Low (5–12 ton/ha * year)

Medium (12–25 ton/ha * year)

High (25–60 ton/ha * year)

Very high More than (60 ton/ha * year)
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of the study area because of the structured morphology which enables conserving of
soil sediments lost by erosion due to runoff. Low class is occupying 17.44% of the
study area and has been found in the Jadumulu, Sitarampadu, and Totamamidividi
village. The increasing of soil loss amount is mainly due to slightly greater incli-
nations in comparison with the previous landforms. The Medium class in the study

Fig. 2 Erosion risk map

776 M. Mulpuru et al.



area is only in KitapParvatam and Somagiri and some pocket areas as 11% of the
study area. In this case, the combination of the different factors computing soil loss
rates gives an intermediate situation.

The High class is mainly concentrated in the Singadhar, Domalagonda and
Gopararam representing 13.88% of the study area. In both places slope length factor
is increasing considerably and the absence of stone bunds along the contours allows
a significant loss of soil, which is not sufficiently stopped by land cover (scrubs).
The most dangerous situation (Very High class), has been found in correspondence
to strongest slopes, absence of soil conservation practices and low vegetation cover
to face the strong water erosion. Surprisingly this class is occupying 49.19% of the
study area that accompanied with valley fill which excessively observed in
Sarabhannapalem, Bangarampeta, Krishnadevipeta, Totaluru, nagapuram and
Jagampeta. The uncertainties regarding data sources may introduce larger uncer-
tainties in soil erosion estimates. Great attention should be paid to the evaluation
and preprocessing of data sources, such as data interpolation, conversion, and
registration.
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Chapter 71
Spatial Distribution of Groundwater
Quality Parameters in Amaravathi
Region—A GIS and Remote Sensing
Approach

J. Netaji, G. N. M. Lavanya, P. Srinivas, K. Govind Sourabh
and G. Bhogayya Naidu

Abstract Groundwater is the most important natural resource required for drinking
to many people around the world, especially in rural areas. The resource cannot be
optimally used and sustained unless the quality of groundwater is assessed. The
study described here uses geographic information system (GIS) technology to map
groundwater quality for drinking and construction, utilizing data generated from
chemical analysis of water samples collected from the area under study. In this
work, we are going to study various geographical features of Amaravathi by col-
lecting different types of data related to ground water. All this data is used to
interpret a map and digitize it with the help of Q-GIS software. Using GIS con-
touring methods, spatial distribution maps of pH, TDS, TH, Cl, HCO3, SO4, NO3,
Ca, Mg, Na and K, have been created. Form this map one can easily assess the
quality of water present at various places of this area and also it helps in taking
decision of what are the improvements that are to be made in the water usage and its
quality. The physico-chemical results were compared to the standard guideline
values as recommended by the World Health Organization (WHO) for drinking and
public health in order to have an overview of the present groundwater quality.
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1 Introduction

GIS in Water Resource Engineering presents a review of the concepts and appli-
cations of GIS in the various sub-fields of water resource engineering. After a
summary review of analyses and database functions, the book addresses concepts
and applications in the respective areas:

Surface Water Hydrology, Groundwater Hydrology, Water Supply and Irrigation
systems, Wastewater and Storm water Systems, Floodplain Management, Water
Quality, Water Resource Monitoring and Forecasting, River Basin Planning and
Management.

In this work we are going to map the ground water quality parameters of
Amaravathi region. This is done using the software QGIS [1] the details of water
quality of the region are collected and are plot on a map using the techniques in
QGIS by this project we are going to gain knowledge of quality of ground water in
this area and what are the measures to be taken in order increase the quality if there
any impurities or irregular properties QGIS is free and open source software.

Using GIS contouring methods [2, 3], spatial distribution maps of pH, TDS, TH,
Cl, HCO3, SO4, NO3, Ca, Mg, Na and K, have been created. An interpolation
technique, ordinary Inverse Distance Weighted (IDW), was used to obtain the
spatial distribution of groundwater quality parameters.

2 Materials and Methods

The proposed capital region of Andhra Pradesh is taken as the area of interest in
order to perform this water analysis as this is the developing area due to the capital
one has very use by knowing the quality of water one requires the quality of water
at that area. The area consists of places in and around Thulluru which is central part
of our proposed capital city. The area extends from bank of Krishna river and is
extends up to Mangalagiri and Vaikuntapuram on other side it is spread in the area
of 200 km2. Dependency on groundwater is currently very high and it is preferred
for drinking purpose by large number of the population. Because of the inadequacy
and concern over quality of tap water, ground water will continue to be a significant
source of domestic water supply for this city (Fig. 1).

Amaravathi is the recent developing city and many changes are going to take
place in this region based on various aspects population may increase very rapidly
and it is necessary to supplies adequate amount of water to the people who are
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ought to come and many industries and other companies are going to be established
in future so it is very important to know about the quality of water at this region as it
is the very essential to survive.

2.1 Ground Water Sample Collection and Analysis

As a part of study the ground water samples from various regions of the city are
collected for testing [4]. The samples are taken from various villages. The samples
taken are analyzed for various physico-chemical parameters. Bottles used for water
sample collection are first thoroughly washed with the water being sampled and
then were filled. After collection of the samples, the samples are preserved and
shifted to the laboratory for analysis (Table 1).

Fig. 1 .
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3 Preparation of Water Quality Maps

The locations of the various points in the city are collected such as the location of
each village in the study area is collected by using hand held GPS trackers. The
latitude longitudes of these points are noted in a tabular form.

3.1 Coordinate Reference System

It is the reference system of points i.e., any point collected on the ground refers to a
certain point the points are calculated as a distance from one fixed point each
country has its own coordinate reference system. One need to specify this system in
order to locate the points collected in site exactly place at the respective points in
maps (Fig. 2).

The points are thus located in the map and then the area of interest is located on
map by tracing and joining feature boundaries by using add feature option which is
located in toolbar of q-gis and then the area is clipped in order to get only the area
that we are opted to study this layer may be saved as different shape file the data
now obtained is the vector data.

Fig. 2 .
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3.2 Collection of Coordinate Points

The coordinates of the bore wells present in each village of the amaravathi region
are found by using the hand held GPS tracker. The presence of bore wells in the
areas are known previously and then their location with latitude and longitude are
located just by placing this instrument over that and by just tracing the location
these data is noted down in a prescribed manner for future use. The trackers works
on the CRS principle i.e., the locations are given corresponding to the CRS of our
country.

4 Maps of Various Properties in pH

pH may be defined as the negative logarithm of the hydrogen ion concentration
measured in moles per liter. Acidic water has a pH below 7; alkaline water, above
7. The health effects of pH on drinking water depend upon where the pH falls
within its range. The U.S. Environmental Protection Agency, which
classifies pH as a secondary drinking water standard, recommends a pH between
6.5 and 8.5 for drinking water (Figs. 3 and 4).

Fig. 3 .
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5 Sulphates Content in Considered Area

Sulphate may have a laxative effect that can lead to dehydration and is of special
concern for infants. With time, people and young livestock will become acclimated
to the sulphate and the symptoms disappear. Sulphur-oxidizing bacteria pose no
known human health risk. The Maximum contaminate level is 250 mg/L (Figs. 5
and 6).
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6 Chlorides Content in Considered Area

Chloride is not toxic to human health at low levels but does pose taste and odor
issues at concentrations exceeding 250 mg/L. The good news is that chlorides can
easily be removed from water with either a reverse osmosis system or a distiller
(Figs. 7 and 8).
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7 Total Hardness Content in Considered Area

Total hardness is the combination of carbonate and bicarbonate hardness. Carbonate
hardness caused duo to the presence of carbonates and bicarbonates of calcium and
magnesium bicarbonate hardness is caused due to the aluminates and sulphates of
calcium and magnesium (Figs. 9 and 10).
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8 Total Dissolved Solids Distribution Map

A total dissolved solid (TDS) is a measure of the combined content of all inor-
ganic and organic substances contained in a liquid in molecular, ionized or
micro-granular (colloidal sol) suspended form. Total dissolved solids are differen-
tiated from total suspended solids (TSS), in that the latter cannot pass through a
sieve of two micrometers and yet are indefinitely suspended in solution The two
principal methods of measuring total dissolved solids are gravimetric analy-
sis and conductivity Total dissolved solids are normally discussed only for fresh-
water systems, as salinity includes some of the ions constituting the definition of
TDS [5] (Figs. 11 and 12).

9 Map Representing the Sodium Content

Sodium is a common element in the natural environment and is often found in food
and drinking-water. In drinking water, sodium can occur naturally or be the result of
road salt application, water treatment chemicals or ion-exchange softening units.
Sodium is not considered to be toxic. The human body needs sodium in order to
maintain blood pressure, control fluid levels and for normal nerve and muscle
function. Sodium is a mineral commonly found in food and water. Your body needs
sodium daily to regulate fluids, maintain blood pressure, and for muscle and nerve
functions. If the sodium concentration in your drinking water is 20 mg/
L, drinking up to 2 L of water per day will add 40 mg of sodium to your diet,
about 2% of a teaspoon of salt. For healthy adults, this sodium level in drinking
water does not pose a risk (Figs. 13 and 14).
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10 Map Representing the Calcium Content in the Area
Considered

Calcium is LIKELY SAFE for most people when taken by mouth or when given
intravenously (by IV) and appropriately. Calcium can cause some minor side effects
such as belching or gas. Calcium is possibly unsafe for both adults and children
when taken by mouth in high doses. Avoid taking too much calcium. The Institute

Fig. 11 .
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of Medicine sets the daily tolerable upper intake level (UL) for calcium based on
age as follows: Age 0–6 months, 1000 mg; 6–12 months, 1500 mg; 1–8 years,
2500 mg; 9–18 years, 3000 mg; 19–50 years, 2500 mg; 51+ years, 2000 mg.
Higher doses increase the chance of having serious side effects (Figs. 15 and 16).

Fig. 13 .
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11 Carbonate Hardness Distribution Map

Carbonate hardness, or carbonate alkalinity is a measure of the alkalinity of water
caused by the presence of carbonate (CO2�

3 ) and bicarbonate (HCO�
3 ) anions.

Carbonate hardness is usually expressed either as parts per million (ppm or mg/L),
or in degree KH (dKH) (from the German “Karbonathärte”) (Figs. 17 and 18;
Table 2).
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12 Results and Conclusions

In the present investigation an attempt was made to evaluate and to map ground
water quality of Amravati region. Spatial distribution of ground water parameters
was carried out through GIS. These groundwater quality maps are useful in
assessing the usability of the water for different purposes. Moreover the maps are
made in easily understood format using the GIS. It is shown that the majority of the
samples presented a pH value within the maximum permissible limit, except for one
or two samples which reflected a pH value exceeding this limit. The Water Quality

Fig. 17 .
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Index is a very useful and an efficient tool to summarize and to report on the
monitoring data to the decision makers after any disasters in order to be able to
understand the status of the groundwater quality; and to have the opportunity for
better use in future as well. From the above maps it is easily understood the quality
scenario of the ground water distribution in our area. One can easily access the
properties of water. It is seen that some of parameters are exceed in some of the
regions in such regions the remedial measures may be taken in order to reduce
the effect of the water. It is seen that from maps the water is somewhat within limits
in regions of Thullur, Inavolu, Borupalem, Nelapudi. The water in these regions is
within parameters.
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Table 2 Area within and beyond limits of various parameters

Parameter Area within
the limits (km2)

Area beyond
the limits (km2)

Total area
taken (km2)

pH 139.496 70.504 210

Chlorides 70.33 139.67 210

Sulphates 87.56 122.44 210

Calcium 97.3 112.7 210

Magnesium 93.6 116.4 210

Total dissolved solids 153 56.908 210

Total hardness 110 99.97 210
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Chapter 72
An Integrated Study on the Status
of Surface Water Bodies in GVMC
Area Using Geo-Spatial Technologies

L. Tejaswini, E. Amminedu and V. Venkateswara Rao

Abstract The Visakhapatnam Municipal Corporation (GVMC) area was 120 km2

till January 2006 and now expanded to 540 km2 by adding 32 villages and renamed
as Greater Visakhapatnam Municipal Corporation. Major activity of the included
villages was agriculture and the irrigation is through number of surface water bodies
like ponds and tanks. After urbanization these became idle under encroached by
public and private organizations for residential and other activities. There is a need
for conservation of these water bodies for managing the urban storm water and
useful for recharging the aquifers. Change of Land use pattern abruptly from rural
to urban environment resulting in more runoff i.e. double to triple than the soil
covered area. As per the topographic sheets 1976, the no. of water bodies in GVMC
are 401 and the total area of these is 1097.32 ha. Water bodies area range between
minimum 0.001618 ha and maximum 128.52 ha. Out of the 401 water bodies, 114
disappeared under major industries like Steel plant, NTPC and other residential
areas. The total area of tanks lost due to the encroachment is about 263.96 ha and
84 water bodies are partially occupied or near to occupation in which 50.95 ha
occupied by settlements and the remaining 235.65 ha are near to occupation. The
remaining water bodies are 203 which are little away from the well developed
centers and the area is about 546.72 ha. In future these may also get affected by the
intense urbanization. The negative impact of occupancy of water bodies is already
well experienced in the major cities like Chennai, Mumbai and Hyderabad. Keeping
in view of the lessons learnt from these cities, water bodies are to be protected
which are about to occupation. The main advantages of protecting the water bodies
are: (i) to conserve the storm water and avoid inundation in the low lying areas,
(ii) to recharge the ground water, (iii) to store the transported water from Godavari

L. Tejaswini (&) � E. Amminedu � V. Venkateswara Rao
Department of Geo-Engineering, Andhra University, Visakhapatnam, India
e-mail: tejuishu93@gmail.com

E. Amminedu
e-mail: eamminedu@gmail.com

V. Venkateswara Rao
e-mail: vrvelagala@gmail.com

© Springer International Publishing AG, part of Springer Nature 2019
P. J. Rao et al. (eds.), Proceedings of International Conference on Remote Sensing
for Disaster Management, Springer Series in Geomechanics and Geoengineering,
https://doi.org/10.1007/978-3-319-77276-9_72

795

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-77276-9_72&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-77276-9_72&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-77276-9_72&amp;domain=pdf


flood flows by developing the existing water bodies. Some physical measures are
suggested to conserve the water bodies.

Keywords GVMC � Disappeared tanks � Tanks under threat � Storm water
management � Aquifer recharge

1 Introduction

Throughout history much of the world has witnessed ever-greater demands for
reliable, high-quality and inexpensive water supplies for domestic consumption,
agriculture and industry [1]. The urban growth has also affected water resources
both, qualitatively and quantitatively in the region [2]. The effect of urbanization
declines, in relative terms, as flood recurrence intervals increase [3]. Catchment
urbanization can alter physical, chemical, and biological attributes of stream
ecosystems. In particular, changes in land use may affect the dynamics of organic
matter decomposition, a measure of ecosystem function [4]. The mechanisms of
interactions between groundwater and surface water (GW–SW) as they affect
recharge–discharge processes are comprehensively outlined, and the ecological
significance and the human impacts of such interactions are emphasized [5]. The
transformation of other land use types into urban area dynamically continued in the
North-East and Southern parts of the city. In the North-East direction, the urban
growth was mostly due to growth industrial and residential area in Southern part,
mostly due to residential growth [6]. The effects of watershed urbanization on
streams are well-documented.

2 Study Area

The study area Visakhapatnam Municipal Corporation (VMC) has extended its
jurisdiction from 120 km2 till 2006 to 540 km2 in 2006 by engulfing 32 adjacent
villages in the urban fringe areas in view of better development of the area and
renamed as GVMC. The boundary covering the toposheets 65O/1NE, 65O/1NW,
65O/1SE, 65O/1SW, 65O/2NE, 65O/2NW, 65O/2SE, 65O/2SW, 65O/5NE, 65O/
5NW, 65O/5SE, 65O/5SW and 65O/6NW on 1:25,000 scale. The area is bounded
between 17° 53′ and 17° 86′ Northern Latitudes and 83° 08′ and 83° 40′ Eastern
Longitudes. The location map of the study area is shown in Fig. 1.
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3 Methodology

The Resourcesat-2; LISS-III satellite data of 2013 has been downloaded from the
website www.bhuvan.nrsc.gov.in. The data mosaicked in ERDAS Imagine-2014,
thereafter, extraction of water bodies is carried out in ArcGIS-10.3. Survey of India
topographic sheets 65O/1, 65O/2, 65O/5, 65O/6 were Geo-coded in ERDAS
Imagine-2014, finally it is updated using satellite imagery Resourcesat-2: LISS-III.
The study area (AOI) is delineated on mosaicked satellite images. The methodology
adopted in this study is shown in Fig. 2.

Flow chart:

See Figs. 3 and 4.

4 Categorization of Water Bodies

Surface water bodies mainly the tanks are categorized as per the present condition
such as (i) tanks occupied or encroached between the year 1976 and 2014, (ii) tanks
encroached partially or about to occupy by the urban development and (iii) tanks
unaffected so far.

IINDIA Andhra Pradesh Visakhapatnam

GVMC Area

Fig. 1 Location map of the study area
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4.1 Tanks Completely Encroached Between 1976 and 2013

The area of investigation is limited to GVMC area. In assigned areas of
Visakhapatnam Steel Plant and NTPC, about 48 number of tanks disappeared and
the total area of these tanks is about 134.27 ha and details of each category is listed
in Table 1. Going by authentic topographic sheets of 1976 an example is shown in
Fig. 5. The cricket stadium came up at Potina Mallayyapalem as shown in Fig. 6 is
the place of two tanks of covering an area of 9.85 ha. In the earlier GVMC area,
two tanks between Isukathota and Sitammadhara and one at Sivajipalem has
completely occupied by the residents. And many tanks are disappeared under steel
plant and NTPC. The tanks disappeared are identified in Fig. 5.

Status of surface water bodies in GVMC area

SOI topographic sheets-
65O/1SE,SW,NE,NW,65O/2SE,SW,NE,NW,

65O/5SE,SW,NE,NW,65O/6

Geometrically corrected using ERDAS 
Imagine-2014

Mosaicking of topographic sheets

Extraction of water bodies within the GVMC 
boundary using arc GIS 10.3

Resuorcesat-2: LISS-III Satellite image

Band combinations using ERDAS 
Imagine-2014 

Extraction of water bodies within the 
GVMC boundary using arc GIS 10.3

Identify the status of water bodies from satellite image and 
categorize the water bodies

Tanks 
disappeared

Tanks under 
thread

Tanks 
Unaffected

Calculate the areas of water bodies in each category

Impact of occupancy of water bodies

Some physical measures are suggested to conserve the water bodies

Fig. 2 Conceptual framework of the study area

798 L. Tejaswini et al.



Fig. 3 Tanks extracted from the topographic sheets of SOI 1976

Fig. 4 Tanks identified from the Resourcesat-2: LISS-III sat image dated on 3rd Feb 2013
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4.2 Tanks Under Threat

The tanks under threat defines that they are in danger state or in a state where they
are getting degraded. Examples for such tanks in our study area are Sujatanagar,
Airport, Sakopuram area, Kottapalem and Silparamam–Madhrawada. Nearly 50%
of Sujatanagar tank occupied between 2010 and 2016 and few satellite images
acquired during that period is shown in Fig. 7. The tanks under the threat are
identified Shown in Fig. 5.

Table 1 Shows the categorization of water bodies

Category No. of water bodies Area in hectors

Disappeared water bodies 114 263.96

Tanks under threat Occupied area 84 50.95

Near to occupation 235.65

Tanks unaffected 203 546.72

Total 401 1097.32

Fig. 5 Map shows the categorization of water bodies in GVMC area
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4.3 Tanks that Are Unaffected

These tanks are little away from the well developed canters. In future these may
also get affected by the intense urbanization. These tanks are to be protected now
itself to be available in future for management of urban storm water are shown in
Fig. 5.

Fig. 6 Shows the tanks being occupied due to urban activity (Potinamallayyapalem stadium)

(i) (ii) (iii)

Fig. 7 (i) Shows the sujatanagar tank in topographic sheet 1976 (ii) & (iii) shows the occupation
of sujatanagar tank images taken from the Google earth dated on 18-03-2012 & 22-05-2016
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5 Results and Conclusions

The GVMC area has about 401 tanks, a majority of them meant for irrigation before
the villages are merged with GVMC. Quite shockingly over a period of time 114 of
them had disappeared due occupation by private people or by government
authorities for other purposes. Another 84 have been badly affected by unbridled
and unplanned urbanization. Some of the tanks are affected by sewerage and sullage
water accumulation at present GVMC is going for underground drainage system,
the affect of sewerage/sullage pollution into the water bodies get reduced. At pre-
sent the GVMC population depending on groundwater source at least by 50% of
their domestic water requirement. Storm water storage in surface water bodies will
increase groundwater source and become an augmentation source for GVMC water
supply. The tanks are getting gradually less in number when compared to the earlier
times. This can be proved by Table 2.

(1) There are 401 tanks as per topographic sheet of given GVMC area. So far 114
tanks are occupied by the residential and various purposes of urban activities.
And still 84 tanks are under process of occupation, so there is a threat of losing
all water bodies in urban area.

(2) Nearly 50% of water requirement is met from ground water source, and towns
of sub urban areas mainly depend on ground water.

(3) The present tanks are acting as ground water recharge sources, so hence it is
very essential to protect the tanks for holding the storm and recharging the
ground water.

6 Protection Measures to Be Taken up by GVMC

As per the survey of India topographic sheet of the year 1976, there are about 401
tanks in the present boundary of GVMC area. Total area of the tanks bed is about
1097.32 ha or 10.973 km2 which is about 2.03% of the geographical area of
GVMC (540 km2).

Table 2 Surface water bodies as per the present land use/land cover derived from Resourcesat 2:
LISS-III satellite imagery and comparing with the toposheet 1976

Category Water bodies extracted
from topographic sheets

Water bodies
extracted from
satellite image

Disappeared
water bodies

Occupied
area

No. of
water
bodies

401 287 114 –

Area in
hectors

1097.32 782.37 263.96 314.95
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(1) All the tank boundaries should be identified by GVMC in collaboration with
the land survey department.

(2) Some trenches are to be made along the boundary of the tank in the fore shore
area to avoid encroachment by the neighbors.

(3) The tanks should be de-silted and depth should be increased to accommodate
the additional runoff created due to urbanization.

(4) The de-silted material may be used for increasing the width of the bunds as well
to improve parks over them. Bigger tanks can be used for aqua sports and
making them as tourism spots.

(5) The protection of water bodies is not only useful to improve surface and ground
water potential and also can be utilized as flood flow storage tanks when water
is transported from outside the area say when Polavaram water comes to Vizag.

(6) The Government of Andhra Pradesh has proposed to transport 24 T.M.C of
water to Visakhapatnam through Polavaram left Main Canal. Protected and
improved water bodies can be used as storage system for transported water.

References

1. Loucks, D.P., van Beek, E., Stedinger, J.R., Dijkman, J.P.M., Villars, M.T.:The use of system
dynamicssimulation in water resources management

2. May, C.W., Horner, R.R., Karr, J.R., Mar, B.W., Welch E.B.: Effects of urbanization on small
streams in the puget sound lowland ecoregion, University of Washington, Seattle, Washington

3. Hollis, G.E.: The effect of urbanization on floods of different recurrence interval an Agu
Journal

4. Chadwick, M.A., Dobberfuhl, D.R., Benke, A.C., Huryn, A.D., Suberkropp, K., Thiele, J.E.:
Urbanization affects stream ecosystem function by altering hydrology, chemistry, and biotic
richness

5. Sophocleous, M.: Interactions between groundwater and surface water: the state of the science
6. Analysis of urban growth using Landsat TM/ETM data Hemant Balwant Wakode & Klaus

Baier & Ramakar Jha & Raffig Azzam

72 An Integrated Study on the Status of Surface … 803



Chapter 73
Morphometric Analysis
and Characterization for Sub-watershed
Delineation in Gomukhi River Basin
of Villupuram District, Tamilnadu
Using GIS

V. Govindaraj and C. Lakshumanan

Abstract In India is developing country and back bone of the India economy is
agricultural activities. The most of Indian agricultural practices involved into river
irrigation system. Rivers water flow in northern India is perennial system but south
India rivers non-perennial system. The most of the district of Tamilnadu are affected
by drought in the every year, so that need for the scientific way of watershed
planning and management. The water resources are important for the human life, to
conserve the water resources for future generation. The drainage basins, catchments
and sub catchments are the fundamental units for administrative purposes to con-
serve natural resources. The catchment management concept recognizes the inter-
relationships among the linkages between uplands, low lands, land use,
geomorphology, slope and soil. The Planning of sub watershed and prioritization is
indispensable for sustainable development, particularly in the drought prone areas.
The Morphometric characterization is important to recognize hydrological behavior
of the basin for carrying out management strategies of the river basin. The Gomukhi
river basins located in the Kalvarayan hills of Villupuram district in Tamilnadu state
total area covered about 1122.67 km2. The 69 sub watershed was delineated and
each sub-watershed morphometric analysis like, bifurcation ratio, stream length,
drainage density, stream frequency, form factor, elongation ratio, circularity ratio,
constant of channel maintenance, length of overland flow, drainage texture, relief
ratio, total stream length, mean stream length, stream length ratio, basin length,
basin parameter, basin area, Compactness constant was calculated, these parameters
was computed through geo-statistical techniques for identifying critical and priority
sub-watersheds. The Sub-watershed was classified into very high, high, medium,
and poor priority zones. There illustrate that 56.15% of sub watersheds are very
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high susceptible zones, which shows potential sub-watershed area for preferential
conservation works planning and management.

Keywords Morphometric parameters � Statistical analysis � WSA technique

1 Introduction

The study of watershed is having its crucial role in socio-political-ecological
aspects, as various activities involved in watershed program directly/indirectly
satisfying the demand of food for survival, as well as providing life support services
by social and economic security mainly to rural people. The criteria for selecting
watershed size also depend on the objectives of the perspective of development and
terrain slope. In hilly areas or where intensive agriculture development is planned,
the size of watershed relatively preferred is small. The Majority of population of
India depends on agriculture and agro-based activities. To enhance various agri-
cultural practices, Government of India and its respective bodies/departments/
organizations implemented and has been implementing suitable and sufficient
programs under watershed development schemes. These schemes comprehensively
aimed to achieve two things, the first, success of conservation of natural resources
with formation and strengthening of the local level institutions in rural areas; the
second, its multiplier effects in social mobilization, women empowerment, com-
munity development and livelihood improvement as well as good governance at
local level, Management of multi-dimensional and voluminous data to the admin-
istrative bodies is a challenge and managing temporal changes, related information
from respective sources being difficult. The real challenge on planning and man-
agement of available natural resources at a micro-level is due to high precision in
data requirement. Therefore, micro-level hydrological units are chosen circum-
spectly for improved planning and management approach by solving the key issues
such as soil degradation, soil erosion, droughts, and floods. Natural drainage system
characteristics in the forms of morphology, topography, soil properties.

2 Study Area

Gomukhi river basin located in the eastern side of Villupuram District, southern
side of Salem district, western side of Dharmapuri district, northern western side of
Tiruvannamalai district and south eastern side is Cuddalore district. The area
geographically falls between 11° 31′ 40.7″N to 11° 51′ 53.185″N and 78° 36′
44.894″E to 79° 7′ 45.337″E. The areal extent of the river basin about 1122.67 km2

and covers SOI toposheets 58I/9, 58I/10, 58I/13 and 58I/14 on 1:50,000 scale. The
total population is around 452,443 out of this 228,385 male population and 224,058
female population and population density is 403 for per km2 in census of India in
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2011 data. In the study area almost tropical deciduous forest and reserved forest
area covered 130.97 km2. The maximum temperature is during the summer season
is 38 °C and minimum temperature during the winter season recorded is 22 °C and
also the basin gets around 75% of rainfall from the North-East monsoon during the
winter months and its 25% rainfall receiving the South-West monsoon during the
summer month. The average annual rainfall is around 1085. The maximum rainfall
receive in the north-western region of the basin is 1260 mm and minimum rainfall
receives around 792 mm in the western region of basin. The Gomukhi river flowing
from west to east direction and major catchment is in the north western side of the
Kalrayan hills. The Kalrayan hills are the major range of hills situated in the Eastern
Ghats of Tamil Nadu. The study area falls in the Kalrayan hills is around 369.5 km2

and highest elevation point observed in the nearby the area of Kallur village
(1257 MSL, 1298 MSL) of north western region (Fig. 1).

3 Methodology

The base maps of were prepared using Survey of India (SOI) Topographic maps on a
1:50,000 scale (Fig. 2). The 30 m resolutionDigital ElevationModel (IRS-P5 DEM)
data was downloaded from the NRSA (Bhuvan) for cartosat-1. Based on these data,

Fig. 1 Location map
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the slope, and topographic elevation maps for the watersheds were prepared. The
drainage network of the watersheds were SOI Toposheets no. 58I/9, 58I/10, 58I/13
and 58I/14 (1:50,000). It’s digitized in ArcGIS 10.1 platform. The stream order was
classified according to drainage order following Strahler [9]. The 14 morphometric
parameters calculated and used statistical analysis for (SPSS-14) software correlation
matrix and rotated component factor score analysis and identify the magnitude con-
trolling, run-off controlling, basin shape is controlling characterization of the
sub-watershed [1]. Themorphometric, based prioritization given after that correlation
frequency and finally used Weighted Sum Analysis techniques.

4 Results and Discussion

The Morphometric analysis was performed through the measurement of linear
aspects, areal aspects and relief aspects of the basin. The stream orders are designed
by using Strahler [9] (Fig. 3).

Stream length (Lu): According to Horton’s second law, total length of stream
segments was maximum in first order streams and decreased with the increase in
stream order. The sub-watersheds is sw-4, sw-6, sw-8, sw-9, sw-11, to, sw-sw-45

Fig. 2 Base map
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to sw-49, sw-51, sw-52, sw-54, sw-55 to sw-59, sw-61 to sw-69 were satisfying
Horton’s general statement that the number of stream segments has an inverse
relationship with stream order number.
Stream order (U): The classification of stream order is important to index the size
and scale of the basin. According to Strahler’s system [8] of stream ordering, the
drainage of the watershed has been classified and the main stream is of 5th order
stream. The present study area total 2038 (1751.60 km2) stream order observed
respectively first order stream 1560 (1010.71 km2), second order stream 352
(376.33 km2), third order stream 103 (259.32 km2), fourth order stream 20
(88.89 km2) fifth order stream 3 (16.35 km2).
Bifurcation ratio (Rb): The considered bifurcation ratio as an index of reliefs and
dissections. Strahler [8] demonstrated that bifurcation ratio shows only a small
variation for different regions with different environments except where powerful
geological control dominates if the bifurcation ration of a stream network is low
than there is higher chance of flooding as the water will be concentrated in the
channel rather that spread out as a higher bifurcation will be indicate. The bifur-
cation ratio can also show which parts of a drainage basin are more likely to flood,
comparatively, by looking at the separate ratios [3]. The present study area sw-1-3,
sw-5, sw-7, sw-9, sw-10, sw-13, sw-17, sw-24, sw-25, sw-29, sw-30, sw-32, sw-34,
sw-36, sw-40-41, sw-44, sw-45, sw-48, sw-50, sw-53, sw-57, sw-60, sw-62, sw-64,

Fig. 3 Drainage map
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sw-68-69 value range 5–11 more geological structurally disturbed sub watershed
region.
Stream length ratio (RL): The stream length ratio is the ratio of mean of segments
of order (Lu) to mean of segments of next lower order (Lu-1) [4]. Stream length
ratio was estimated as the ratio of mean stream length of any given order (u) to the
antecedent order of mean stream segment length (u_1). The RL between different
sub-watersheds showed an increase in the stream length ratio from lower to higher
stream order and shows the developed geomorphic stage of streams, whereas in the
sw-53, sw-54, sw-60, sw-61, sw-63 and sw-65 a change was obtained from one to
another stream order, suggesting the delayed youth phase of geomorphic devel-
opment of streams.
Length of overland flow (Lg): Lg refers to that flow of precipitated water, which
moves over the land surface and leads to the Stream channels that generally depend
on slope length and land cover conditions. The Lg values less than 0.20 is observed
in sw-1-24 and sw-29, sw-30, sw-54 to sw-60. This indicates short flow-paths, with
steep ground slopes, reflecting the areas associated with more run-offs and less
infiltration this is sub watersheds area more soil erosional causes so this area need
for the soil conservation activity [10]. The Lg values between 0.20 and 0.30 is
observed in sw-28, sw-31-34, sw-64, sw-67, sw-68, indicating the presence of
moderate ground slopes, where the run-off and infiltration are moderate. The Lg

Fig. 4 Physiography characteristics of sub-watershed
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value more than 0.30 is observed in sw-37 to sw-40, sw-47, sw-48, sw-49, sw-52,
sw-53, sw-65, sw-66, sw-69 indicating the occurrence of long flow-paths, and thus,
gentle ground slopes, which reflects areas of less surface run-offs and high infil-
tration rate its sub watershed best suitability for artificial recharge structures.
Stream frequency (Fs): It is known as the ratio of streams numbers per unit area of
the basin. Melton [5] analysed the direct relationship of drainage density and stream
frequency with runoff processes. The stream frequency value less found in
Sub-watershed is sw-45, sw-46, sw-48, sw-52, sw-64, sw-, sw-60, sw-32, sw-26,
sw-35, sw-67 which reflects areas of less surface run-offs and high infiltration rate.
The Fs value moderate observed in sw-21, sw-24, sw-23, sw-17, sw-9, sw-8, sw-57,
sw-3, sw-29, sw-10, sw-36, sw-19, indicating the presence of moderate ground
slopes, where the run-off and infiltration are moderate. The Fs value high to very
high observed in sw-2, sw-11, sw-7, sw-1, sw-4, sw-56, sw-55, sw-20, sw-54, sw-5,
sw-41 sw-18, sw-14, sw-42, sw-6, sw-15, sw-16, sw-22. This indicates with steep
ground slopes, reflecting the areas associated with more run-off and less infiltration
rate compares to other sub watershed.
Form factor (Ff): The value of form factor is less than 0.30. Smaller the value of
form factor, more elongated will be the sub-watershed is sw-1 to sw-3, sw-7, sw-12,
sw-15, sw-17, sw-19, sw-21, sw-25, sw-27, sw-29, sw-30, sw-34, sw-35, sw-66,
sw-64, sw-68, sw-69 whereas, elongated sub watershed with low form factors have
lower peak flow of longer duration. The sub watershed is sw-5 to sw-11, sw-13,
sw-14, sw-16, sw-18, sw-20, sw-22, sw-23, sw-24, sw-26, sw-28, sw-31, sw-32,
sw-33, sw-38, sw-41 to sw-46 for high form factors more than 0.30, have high peak
flows of shorter duration.
Elongation ratio (Re): The value of Re approaches 1 if basin shape approaches to a
circle and generally it varies from 0.6 to 1.0 over different geological and clima-
tological conditions. Typical values are close to 1 for areas of very low relief and
are between 0.6 and 0.9 for regions of strong relief and steep ground slope [9]. The
sub watersheds is varying from 0.60 to 0.90 signifying the steep slope with high
relief of the region. The sub watershed is sw-4, to sw-14, sw-41, 43, sw-46, sw-65,
sw-67. The sub watershed in sw-1, sw-44, sw-45, sw-47 to sw-64 and sw-68, sw-69
are oval shape while are less/more elongated in nature. The Regions with low
elongation ratio values are susceptible to more erosion whereas regions with high
values correspond to high infiltration capacity and low runoff.
Circularity ratio (Rc). As basin shape approaches to a circle, the circulatory ratio
approaches to unity [6]. Various hydro-geological parameters like land usages,
relief, and drainage patterns signifies the Rc of the watershed. Greater the value is
more is the circularity ratio. It is the significant ratio which indicates the stage of
dissection in the study region. Its low, medium and high values are correlated with
youth, mature and old stage of the cycle of the tributary watershed of the region.
The Rc value between 0.30 and 0.50 in sw-39, sw-40, sw-44, sw-48, sw-50, sw-51,
sw-53, sw-54, sw-55, sw-56, sw-59, sw-60, sw-61, sw-62, sw-64, sw-66, sw-68.
This indicates highly permeable homogenous geologic materials present in the area,
the watershed is elongated in shape, low discharge of runoff and highly perme-
ability of the subsoil condition. The Rc values are between 0.50 and 0.80, which is
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less than unity, and indicates almost an elongated and circular in shape of the sub
watershed is sw-1, sw2, sw-4 to sw-31, sw-33, sw-35, sw-36, sw-38, sw-41, sw-42,
sw-63, sw-65, sw-67, sw-69. The highest value of Rc (0.80) for sw-11 is due to
delay in topographical development/ maturity stages and assortment of various
geological conditions.
Drainage density (Dd): Drainage density is estimated as the ratio of total length of
channels of all orders in the basin to the drainage area of the basin [4] and depends
on permeability of sub-surface material, vegetation types and relief. Generally, less
Dd is usually occurred in highly permeable sub-surface earth conditions where land
is covered with dense vegetation and relief is low. High drainage density is the
result of weak or impermeable sub-surface material, sparse vegetation and moun-
tainous relief. Low density leads to coarse drainage texture while high drainage
density leads to fine drainage texture. The percent study observed in sw-31, 32,
sw-37, 40, sw-45 to 50, sw-52, 53, sw-62 to sw-64, sw-68 low value of Dd this
region good groundwater potential it sw-26, sw-34, sw-65 to 68, sw-69 sub
watershed is moderate groundwater potential, the sub watershed is sw-1, sw-3,
sw-4, sw-7, sw-8, sw-9, sw-10, sw-12, sw-13, sw-59, sw-60 observed high value
range (2.49–3.73) more runoff less infiltration most topography is high. The drai-
nage density value very high (>4.97) observed in sw-2, sw-5, sw-54 to 57 very high
runoff no infiltration rate mostly soil erosional accruing place while soil conser-
vation structure more important.
Drainage texture (T): Drainage texture ratio (Rt) was estimated as the ratio of total
number of stream segments (Nu) of all orders to the perimeter (P) [4]. The drainage
texture depends upon a number of natural factors such as climate, rainfall, vege-
tation, rock and soil type, infiltration capacity, relief and stage of development
(Smith 1950). According to the T value classification of five category is very coarse
(<1), coarse (1–2), moderate (2–3), fine (3–4) and very fine (>4).
Compactness constant (Cc): It derives the relationship between actual hydrologic
basins to the exact circular basin having the same area as that of hydrologic basin. It
is directly proportional to the erosion risk assessment factors. The present study of
Gomukhi river basin classified in three category is the Cc values is less than 1. It is
less vulnerability for risk factors, while Cc values between (1 and 2)… it is
moderate vulnerability for risk factors while Cc higher values (>2) indicates great
vulnerability and represents the need of implementation of conservation measures.
Constant of channel maintenance (C): Constant of channel maintenance depends
upon the rock type and permeability, climatic regime, vegetation cover, relief, the
duration of erosion and climatic history. The sub watershed value of less than 0.30
is sw-1 to sw-30, sw-33-36, sw-41, sw-42-45, sw-54-59, sw-60, sw-64, sw-67 this
values indicate that magnitude of surface area of watershed is needed sustain unit
length of stream segment, also close dissection. The higher values is observed in
>50 is sw-31, sw-32, sw-37-40, sw-46-53, sw-61, sw-62, sw-63, sw-65, sw-66,
sw-68, sw-69 this sub watershed indicate that higher basin area is required to
maintain 1 km length of a stream as compared to low C value of sub watershed.
Basin relief (H): The basin relief or total relief is the maximum vertical distance
between the lowest and the highest points in the watershed. Schumm [7] measured
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it along the longest dimension of the basin parallel to the principle drainage line,
and Strahler [8] obtained it by determining the mean heights of the entire watershed
divide above the outlet. The maximum relief was observed in sw-2 (1298M) other
than above 1000M relief was observed in sw-2-3, sw-5, sw-10, sw-30, sw-34,
sw-27-29.
Relief ratio (Rh): Relief ratio is estimated as the ratio of the basin relief and the
distance over which the relief was measured [7]. Furthermore, a hydrological
characteristic of a drainage basin bears correlation with the relief ratio. The value of
Rn in sub watershed of Gomukhi river basin more than 1 (Above 700 m) is sw-2-4,
sw-6, sw-10, sw-11-16, sw-18, 19, sw-21-23, sw-41, sw-42, sw-54-57, this sub
watershed occurring more erosion process. High value of relief ratio is the char-
acteristics of the hilly region. This sub watershed slop range is very steep slope
(>35%) while moderate relief ratio between range (0.03 and 0.09), moderately slope
(5–10%) of sub watershed is sw-1, sw-5, sw-7-9, sw-17, sw-20, sw-25, sw-26,
sw-28, sw-29-34, sw-36, sw-43-46, sw-48, sw-58, sw-59, sw-60, sw-63, sw-64,
sw-65, sw-67, elevation range is 300M–700M. Than very gently sloping (3–5%) of
sub watershed is sw-35, sw-37, sw-38, sw-39, sw-40, sw-47, sw-49, sw-50-53,
sw-61, sw-62, sw-66, sw-68-69.
Ruggedness number (Rn): The areas of low relief but high drainage density were
as ruggedly textured as areas of higher relief having less dissection. Extensively

Fig. 5 Sub-watershed prioritization map
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high value of ruggedness number occurs for a high relief region with high stream
density and low value of ruggedness number occurs for a valley and Pedi plan relief
region with low stream density. The present study of observed the Rn value range
Very high (>2), High (1–2) and low (<1) respectively.
Rotated component Matrix in Sub-watershed Wise: Factor-1 is highly domi-
nated magnitude controlling sub watershed (Fig. 4) is sw-2,3, sw-7, sw-9,
sw-24-32, sw-34,35, sw-37-40, sw-43-53, sw-61-63, sw-65, sw-66, sw-68, sw-69.
Factor-2 is highly dominated run off controlling sub watershed is sw-1, sw-4, sw-6,
sw-11, sw-14-16, sw-18-20, sw-22, 23, sw-36, sw-41, 42, sw-54-57. Factor-3 is
highly dominated shape controlling sub watershed is sw-5, sw-8, sw-10, sw-12, 13,
sw-17, sw-21, sw-33, sw-58-60, sw-64, sw-67.
Prioritization on the basis of morphometric parameters: In the current study the
gomukhi river basin 69 sub-watershed divide based on the topography condition
and 3 order base.

Prioritization = Fs + Rb + Dd + Dt − Rc − Ff − Re + Cc + Bs where Fs is the
stream frequency; Rb the bifurcation ratio; Dd the drainage density; Dt the drainage
texture (Dt); Rc the circularity ratio; Ff the form factor; Re the elongation ratio; Rc
the circularity ratio; Cc the compactness constant; and Bs is the basin shape. Finally
the compound parameter values of all the 69 sub watersheds were estimated on the
basis of weightages of each morphometric component (Fig. 5).

5 Conclusions

In this research, efforts were made to demonstrate the imperative role of remote
sensing, GIS and statistical approaches in morphometric characterization as well as
assigning priorities to all the sub-watersheds of the study area. Morphological
characterization carried out through the measurement of linear, areal, and relief
aspects illustrated their correspondence with hydrologic behaviour of the watershed
and considered as an accomplished contrivance for prioritization of hydrological
units. The Statistical analysis techniques and rotated compounded factor score
analysis techniques is very much use full for river management activity and micro
level planning purpose. The result shown in the highly susceptible zone fall that
sw-1-3, sw-5, sw-7, sw-10, sw-15, sw-17, sw-22, sw-34, sw-36, sw-41, sw-42,
sw-60 obtained first ranking on the basis of integrated weightage analysis. This sub
watershed area mostly in hill area high run off and low infiltration ratio so need for
soil conservation activity and sw-31, sw-35, sw-46, 47, sw-48, sw-51, 52, sw-63,
sw-66, 67, sw-37, 38, sw-49, sw-61, sw-65 this sub watershed are more suitable for
artificial recharge zones and farmable for the ground water potential zone.
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Chapter 74
Restoration of Ecological Balance
Through Regression Analysis
in Kothapally Agricultural Fields

G. Venkata Ramana, R. Suresh Kumar and P. Balakrishna

Abstract The broad objective of the present study is to estimate the daily runoff
from the rainfall data using SCS-CN (Soil Conservation Service-Curve Number)
method for Kothapally agricultural field. The data of daily, monthly, and yearly
rainfall, temperature, relative humidity, wind speed, evaporation data of 11 years
data from 2006–2016, was collected from the ARI (Agricultural Research Institute,
Rajendra Nagar), Hyderabad. The data collected such as rain fall and also analyzing
temperature, and humidity and wind velocity, relative humidity which is collected
from the ARI (Agricultural Research Institute), Rajendra Nagar data collected from
the International Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
and NIRD (National Institute of Rural Development) Hyderabad, and Fifth eco-
nomic census 2005 issued by the Directorate of Economics & Statistics, Hyderabad.
The present study area Kothapally agricultural field involves collection of service
data like satellite data, survey of India topo sheets, and prepares various thematic
maps like base map, contour map, drainage map, soil map, slope map, land use/land
cover map are prepared by using survey of India topo sheets and satellite imageries.
The methodology is used for the analysis of data is the Soil Conservation
Service-Curve Number (SCS-CN) for computation of runoff, and regression anal-
ysis by using rainfall and estimated runoff of daily, monthly, yearly from collecting
data and also calculate the correlation coefficient and coefficient of determination.
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1 Introduction

Watershed degradation is a phenomenon by which the potentiality of the watershed
is getting reduced over time , which can be conformed to the forest loss, and the rate
of soil erosion increment: Malleswara Rao [1] Kothapally agriculture field consists
of the land that drains water, sediment and other material to a common point. Land
evaluation, non political borders, defines Kothapally agriculture field boundaries.
Integrated watershed development is the strategy adopted in the country for sus-
tainable development of dry land areas and a recent comprehensive assessment of
watershed programs in India undertaken by International Crops Research Institute
for the Semi-Arid Tropics (ICRISAT) consortium revealed that integrated water-
shed can be become the growth engine for sustainable development of dry land
areas by improving the performance two third of the country. In the present study,
[2] SCS curve number runoff simulation model is used to assess the harvesting
potential of a watershed. The model is developed at ICRISAT. Hyderabad. The
runoff simulation is helpful for planning of a watershed, to improve the crop pro-
ductivity and for proper planning of crops. Capece [3] found that the best results for
estimating runoff in Florida flatwoods with a modified SCS equation included an
antecedent depth to the water table. Water table depth controls the formation of
variable source areas, which play a significant role in the production of runoff,
especially toward the end of the wet season. Variable source areas are regions that
generate runoff before other regions of the catchment as a result of having soil that
fills to capacity more quickly than at other locations. The water table depth is the
indicator of available soil storage. As the water table rises in the wet season, the soil
storage decreases and the total area of saturation increases, causing the source of
runoff to increase. Water for human consumption, wildlife industry and recreation
are all impacted by activities that occur within kothapally agriculture field.
Kothapally agriculture field management planning works protects the water
resources by empowering local people to provide for the environmental, social and
economic health of the community. Kothapally agriculture field is also useful for
soil conservation natural resources available to mankind. Bultot et al. [4] simulated
the impact of Land use changes on stream flow by means of lumped parameters
models. In their studies, the effects of land use changes were estimated by altering
the proportions of existing vegetation types in the catchment, rather than intro-
ducing new species which may have given problems in obtaining the hydrological
model parameters. It is a driving force for all development activities and devel-
opment of forests and vegetation. According to U.S Soil conservation Technical
Release (TR - 55) [5], presents a numeros methods for estimating the different
parameters involved the runoff and peak discharges. Heatwole [6] stated that since
the curve number method is storage based, it should be a good model for analyzing
the flat woods watersheds in Florida, if an appropriate estimate of the S parameter
can be determined. The idea is that the concepts of the SCS method are useful and
could be adjusted to suit a different interpretation of the original methodology.
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Garg and Sen [7] in their study stated presented a new algorithum to Identify
watershed features kike channels ridges and overland flow panteas from a dem
location data of discreate points of a watershed. Kothapally agriculture field is an
ideal unit and accepted approached for planning, development and management of
land water resources. Kothapally agriculture field management requires the
understanding of relationship among land use, soil and water. The entire life
depends on water and is one of the important and is of great importance to people
and environment. Sridhar et al. [8] the use of Geographical Information Systems
(GIS) in water resources has a rich heritage. Some of the key contributions include
prepartion of base maps of water features of the landscape, digital elevation models
delineating watersheds and stream networks, geospatial data preprocessors sup-
porting water resources simulation models, floodplain maps built using automated
hydrology and hydraulics and precisely measured land surface elevation. Besides,
Pahari [9] suggested that the Remote Sensing and GIS can be successfully used for
monitoring land use dynamics and soil erosion in a mountain watershed then for
making sustainable land use modeling. Providing water in desired quantity and
quality has been a constant Endeavour of all the countries. According to Kachroo
[10] proposed a value of Nash coefficient of efficiency R2 of 90% which indicates
fairly good model values of R2 in the range 60–80% would indicate un satisfactory
model fit.

1.1 Identification of Problem of Kothapally
Agriculture Field

The success of Kothapally agriculture field management largely depends on the
community’s participation. In a recent review [11], (Kerr et al. 2000) on the
Kothapally agriculture field projects in India, it was observed that most Kothapally
agriculture field projects did not address the equity issues of benefits, community
participation, scaling-up approaches, monitoring and evaluation. Moreover, most of
these projects relied heavily on government investments and were structure-driven
(rainwater harvesting and soil conservation structures), and failed to address the
issue of the efficient use of natural resources (soil and water). This is mainly due to
the lack of technical support to such projects implemented by Non Governmental
Organisations (NGOs).

1.2 Objectives of the Study

1. To delineate the Kothapally agriculture field map, to overlay various thematic
layers, to prepare drainage map, using ARC GIS environment.

2. To prepare the Triangulated Irregular Network (TIN) map, to develop Digital
Elevation Model (DEM) for the study area.
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3. To prepare Land Use/Land Cover map of Kothapally agriculture field.
4. To compare the results of rainfall and measured runoff using regression analysis

and calculation of correlation coefficient.

2 Study Area

The kothapally agriculture field is located in Kothapally village (longitude 78° 5′ to
78° 8′ E and latitude 17° 20′ to 17° 24′ N), SankarPally Mandal, Ranga Reddy
district, Telangana. The village Kothapally is situated 47 km from Hyderabad
towards South East direction, the state capital of Telangana. The population of the
village is 1492 with 274 households. The total land area is 507 hectares, with an
average landholding per household of 1.7 hectares. The Kothapally kothapally
agriculture field is characterized by undulating topography and black soil.

3 Methodology

As with correlation, regression is used to analyze the relation between two con-
tinuous (scale) variables. However, regression is better suited for studying func-
tional dependencies between factors. The term functional dependency implies that
X determines the level of Y. For example, there is function dependency between
age and blood pressure since as one age’s blood press increases. In contrast, there is
no functional dependency between arm length and length since increasing the
length of an arm will have no effect on leg length (or vice versa).

Correlation describes the strength of a linear relationship between two variables.
Linear means “straight line”. Regression tells us how to draw the straight line
described by the correlation. As with correlation, regression is used to analyze the
relation between two continuous (scale), variables. However, regression is better
suited for study functional dependencies between factors. The term functional
dependency implies that X (partially) determines the level of Y. In addition
regression is better suited then correlation for studying samples in which the
investigator fixes the distribution of X Regression analysis is used to predict the
value of a dependent variable based on the value of at least one independent
variable. Explain the impact of changes in an independent variable on the depen-
dent variable. Dependent variable we wish to explain where as the Independent
variable used to explain the dependent variable.

The Regression models are four types:

1. Positive Linear Relationship
2. Relationship NOT Linear
3. Negative Linear Relationship
4. No Relationship.
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3.1 Regression Model

Correlation describes the strength of a linear relationship between two variables.
Linear means “straight line”. Regression tells us how to draw the straight line
described by the correlation. As with correlation, regression is used to analyze the
relation between two continuous (scale) variables. However, regression is better
suited for studying functional dependencies between factors. The term functional
dependency implies that X determines the level of Y.

The algebra that a line identified by its slope (the angles of the line describing the
change in Y per unit X) and intercept (where the line crosses the Y axis).
Regression describes the relation between X and Y with just such a line (Fig. 1).

Ŷ ¼ a + b x

�x ¼
X

x /n

ŷ ¼
X

y/n

ȳ represent the predicted value of y
a represent the intercept of best fitting line, and
b represent the slope of the line

The goal is to determine a line minimizes the sum of the squared residuals. This
line is called the least squares line. The slope (b) of the least squares line is given
by:

Fig. 1 Graphical
representation of Regression
analysis model
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b ¼ SSxy
SSxx

a ¼ �y� b�x

where SSxy is the sum of the cross products and SS xx is the sum of the squares for
variable x.

SSxy ¼
X

xy
P

x �P y
n

SSxx ¼
X

x2
ðP x)2

n

SSyy ¼
X

y2
ðP yÞ2

n

where SSyy sum of the squares of y

R2 ¼ b � SSxy
SSyy

n = number of items
R2 is another important measure of linear association between x and y
(0 � R2 � 1)
In the single independent variable case, the coefficient of determination is R2 = r2

R2 = Coefficient of determination
r = Simple correlation coefficient

3.2 Coefficient of Determination (R2)

Correlation is a statistical technique used to determine the degree to which two
variables are related. This number services as an evaluation of the closeness of the
relationship and represents. The proportion of variation in y “explained” by vari-
ation in x, how closely data points cluster around the regression line Necessarily,
(0 < R 2 < 1). The sign of r denotes the nature of association while the value of r
denotes the strength of association. If the sign is positive this means the relation is
direct (an increase in one variable is associated with an increase in the other variable
and a decrease in one variable is associated with a decrease in the other variable).
While if the sign is negative this means an inverse or indirect relationship (which
means an increase in one variable is associated with a decrease in the other).
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Range between −1 and 1
The closer to −1, the strong negative linear relationship
The closer to 1, the strong positive linear relationship
The closer to 0, the weaker the linear relation.

This number services as an evaluation of the closeness of the relationship and
represents the proportion of variation in y “explained” by variation in x. How
closely data points cluster around the regression line.

4 Results and Discussions

4.1 Kothapally Agriculture Field Average Slope

Kothapally agriculture field average slope offers information about the kothapally
agriculture field influences radically the value of the time of the concentration and,
directly the runoff generation by a rainfall series of methods have developed esti-
mated Ha average slope of kothapally agriculture field The method proposed by
earlier and Leclerc (1964) consists of calculating the weighted mean of the ele-
mentary surfaces the exists between two lines (Musy 2001),

Ia = D � L/A
Ia = Average slope of kothapally agriculture field
D = Equiv distance between two consecutive contour lines = 5 m
A = Area of the kothapally agriculture field in km2 = 5.07 km2

L = Total length of Contour lines in km = 2500 km
Average slope of kothapally agriculture field is 2.5.

4.2 Drainage Density

It is the ratio of the total length of all streams of all order in the kothapally
agriculture field to the area of kothapally agriculture field. Where,

Dd =
P

L/A (where Dd = Drainage density; Sigma L = Total length of all order
in km; A = Ares of kothapally agriculture field in km2)

Dd = 12.7/5.07 = 2.5.
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4.3 Based on the Results the Overall Analysis of Total
Rainfall

The yearly average rainfall of the study area of eleven years from Table 1 is
850.37 mm based on the data collection the highest rainfall was recorded according
to the data 1375.65, 1165, 1159 mm, for the years of 2008, 2009, 2010, respec-
tively, based on the results it is observed that the extreme irregularities, 640.70,
486.70, 649.82, 522.3, 899.00, 965.30, 1135.65, 1165.00, 1159.00, 659 mm, from
2006 to 2016 respectively. The highest rainfall was observed from data
1375.65 mm, for the year of 2013, and the lowest rainfall is recorded was
486.70 mm for the year of 2007.

4.3.1 Based on the Overall Analysis of Total Runoff

The yearly average calculated runoff of the study area from Table 1 is 454.98 mm
based on data collected in the rainfall of eleven years the calculated rainfall excess
using SCS-CN method it is observed that the particular years runoff is high 806.64,
778.16, 759.42 mm, for the years of 2013, 2014, 2015, respectively this is also
extreme irregularities changes from 2006 to 2012 and then decreasing trend from
2013 to 2016.

The highest runoff was observed 806.64 mm, for the year 2013, and the lowest
runoff was observed was 162.68 mm for the year of 2007. Generally rainfall and
runoff goes on first increase sand then decreasing trendy (Fig. 2; Table 2).

Table 1 Rainfall & runoff
data from the year 2006–2016

S. No. Year Rainfall (mm) Runoff (mm)

1 2006 640.70 183.79

2 2007 486.70 162.68

3 2008 649.82 345.07

4 2009 522.30 283.88

5 2010 899.00 550.43

6 2011 965.30 284.71

7 2012 831.68 501.18

8 2013 1375.65 806.64

9 2014 1165.00 778.16

10 2015 1159.00 759.42

11 2016 659.00 348.86

Average 850.37 454.98
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4.3.2 Regression Analysis Between Monthly Rainfall and Estimated
Monthly Runoff for the Year 2016

The regression analysis between rainfall and runoff of the year 2016, as shown in
Table 3. The rainfall and runoff of the year 2016 the highest rainfall recorded
245.10 mm in the month of July whereas calculated runoff was 173.65 mm, for the
month of July, and lowest rainfall 45.40 mm, for the month of October and lowest
runoff was 23.57 mm, for the month of October, the total rainfall recorded was
628.00 mm and total calculated runoff 348.86 mm, for the year of 2016, the rainfall
and runoff 0.00 recorded was no rainfall and runoff The X and Y co-ordinates it is
observed that the there is a stronger linear relationship between X and Y,
(0 < R2 < 1). The procedure as follows first select the rainfall and runoff in the
excel sheet go to insert and select the chart X Y (Scatter) and select the layout select
the trend line select the linear trend line, then select the display chart and select the
R2 value chart and close and displayed the trend line chart. The Y = 0.630x − 3.921
and the R2 value was 0.947 shows the strong positive relation between rainfall &
estimated runoff for the year 2016. The regression analysis between monthly
rainfall and estimated monthly runoff using SCS-CN method for the year 2016 is
shown in Fig. 3.

4.3.3 The Overall Regression Analysis of Rainfall and Runoff
from the Year 2006–2016

The regression analysis between of yearly rainfall and estimated runoff in x-axis
and y-axis respectively, the coefficient of determination of R2 value which is linear
relationship between x & y axis, from Table 4, from the year 2006 to 2009, is
0.906, 0.918, 0.967, 0.989, slowly increasing and from 2010 to 2012 also

Fig. 2 Graphical comparison of rainfall and runoff for the study area from 2006–2016
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increasing highest coefficient of determination recorded is 0.98, and changes were
observed from 2013 to 2016 slowly goes on decreased. The averages R2 value can
be computed was 0.958. It is concluded that the R2 value is more than 0.90, means
nearer to one the runoff condition of study area is more accurate.

Based on results of regression analysis from the year 2006 to 2016 from the
Table 4, the highest rainfall recorded was 1375.65 mm, for the year of (2013) and
lowest rainfall was recorded was 486.70 mm, for the year of (2007) and the highest

Table 3 Regression analysis between monthly rainfall and estimate monthly runoff using
SCS-CN method for the year 2016

S. No. Month Rainfall (mm) Runoff (mm)

1 Jan 0.00 0.00

2 Feb 0.00 0.00

3 Mar 0.00 0.00

4 Apr 0.00 0.00

5 May 0.00 0.00

6 Jun 104.40 40.2

7 Jul 245.10 173.65

8 Aug 97.00 46.15

9 Sep 136.10 65.29

10 Oct 45.40 23.57

11 Nov 0.00 0.00

12 Dec 0.00 0.00

Total 628.00 348.86

Fig. 3 Regression analysis between monthly rainfall and estimated monthly runoff using SCS-CN
method for the year 2016
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calculated runoff recorded was 806.64 mm, and lowest runoff recorded was
162.68 mm, for the year (2007). The X and Y co-ordinates it is observed that the
there is a stronger linear relationship between X and Y, (0 < R2 < 1).The procedure
as follows first select the rainfall and runoff in the excel sheet go to insert and select
the chart X Y (Scatter) and select the layout select the trend line select the linear
trend line, then select the display chart and select the R2 value chart and close and
displayed the trend line chart. The runoff data shows a increasing trend line
equation, Y = 0.778x − 184.8 and the R2 value was 0.928 from the year 2006–
2016. The regression analysis of yearly rainfall and estimated runoff from 2006–
2016 is more accurate is shown Fig. 4.

Table 4 Regression analysis
of yearly rainfall and
estimated yearly runoff using
SCS-CN method from the
year 2006–2016

S. No. Year Rainfall (mm) Runoff (mm)

1 2006 640.70 183.79

2 2007 486.70 162.68

3 2008 649.82 345.07

4 2009 522.30 283.88

5 2010 899.00 550.43

6 2011 965.30 284.71

7 2012 831.68 501.18

8 2013 1375.65 806.64

9 2014 1165.00 778.16

10 2015 1159.00 759.42

11 2016 659.00 348.86

Average 850.37 454.98

Fig. 4 Regression analysis of yearly rainfall and estimated yearly runoff using SCS-CN method
from the year 2006–2016
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4.3.4 Comparison of Correlation Coefficient and Coefficient
of Determination Values from the Year 2006–2016

The analysis of Table 5, the correlation coefficient of estimated runoff the coeffi-
cient of determination of R2 value from 2006–2016 the highest R2 value was 0.989
for the years 2009, and lowest R2 value was 0.906 for the year 2006. The averages
R2 value can be computed was 0.958, and in the calculated R2 average value 0.980
for the year 2009 and lowest correlation value was 0.899, the average calculated R2

value was 0.954, from the results it is concluded that the observed and calculated R2

value was nearer to one, means, there is strong positive relation between rainfall
and estimated runoff, the variation in the trend line of rainfall & runoff has obtained
shows the increasing trend for the period of 2006–2016 the runoff condition is more
accurate.

5 Conclusions

1. The Runoff measurement using SCS-CN method which is accurate, stability for
calculating the runoff and is used for better water management practices.

2. The rainfall and estimated runoff using SCS-CN method the regression analysis
is used to calculate the perfect results of coefficient of determination. The
analysis of rainfall and runoff from the year 2006–2016 of the eleven years using
SCS-CN method.

3. The highest rainfall recorded as 1375.65 mm for the year 2013 whereas cal-
culated runoff was 1062.07 mm, for the year 2013 and lowest rainfall
486.70 mm for the year 2007 and lowest runoff was 289.86 mm for the year
2007, and mean rainfall of the eleven years from 2006–2016 was 850.37 mm
and average estimated runoff was 454.98 mm. The runoff data shows a

Table 5 Comparison of
coefficient determination
values of rainfall and runoff
from the year 2006–2016

S. No. Year R2 (Observed) R2 (Calculated)

1 2006 0.906 0.899

2 2007 0.918 0.920

3 2008 0.967 0.971

4 2009 0.989 0.980

5 2010 0.956 0.942

6 2011 0.958 0.960

7 2012 0.982 0.973

8 2013 0.972 0.967

9 2014 0.970 0.965

10 2015 0.976 0.970

11 2016 0.947 0.950

Average 0.958 0.954
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increasing trend line equation, Y = 0.778x − 184.8. it is concluded that the
rainfall and runoff correlation is more accurate.

4. The rainfall and runoff analysis shows that it is necessary to create network of
runoff management structures for recharge of ground water and recycling for
irrigation & domestic purpose, and reduces runoff and soil loss, improve the
land cover (vegetation),

5. Kothapally agriculture field management is used for conservation, up gradation,
and optimum utilization of natural resources land, water and vegetation in an
integrated manner.

6. Kothapally agriculture field is required to effectively consider the ecological
effects of various alternative actions, economic benefits and costs of alternative
actions ensuring long term sustainability of the ecosystem and better standard
living of people.

References

1. Malleswara Rao, B.N.: GIS based action plan for water resources management, a case study
of a central India kothapally agriculture field. In: Proceedings of 3rd international conference
on hydrology and kothapally agriculture field management, vol. II, pp. 956–964 (2010)

2. “Use of Satellite Data for Kothapally Agriculture Field Management and Impact assessment”,
J. Int. Crops Res. Ins. Semi-Arid Tropics (ICRISAT), Patancheru, Andhra Pradesh, India,
149–157, (2008)

3. Capece, J.C.: Estimating runoff peak rates and volumes from flat, high-water-table kothapally
agriculture fields. Master’s Degree thesis, University of Florida, Gainesville, Florida (1984)

4. Bultot, F., Dupries, G.L., Gellens, D.: Simulation of land use changes and impact on the water
balance-a case study for Gelgium. J. Hydrol. 114, 327–348 (1990)

5. U.S. Soil Conservation Service Technical Release 55: Urban Hydrology For Small
Kothapally Agriculture Fields. USDA (U.S. Department of Agricultural), June 1986, (1986)

6. Heatwole, C.D.: Field and basin scale water quality models for evaluating agricultural
nonpoint pollution abatement programs in a South Florida flatwoods kothapally agriculture
field. Ph.D. dissertation, University of Florida, Gainesville, Florida (1986)

7. Garg, N.K., Sen, D.J.: Determination of kothapally agriculture field features for surface runoff
models. ASCE, J. Hydrol. Eng. 18(4), 427–447 (1994)

8. Sridhar, P.S.N., Jowhar, T., Garg, A., Kedareswarudu, U.: “A Framework of Information
Technology for Water Resources Management”, Int. J. Comp. Appl, Vol. 30, No. 5,
September 2011, (2011)

9. Pahari, K., Delsol, T., Murai, S.: Remote sensing and GIS for sustainable kothapally
agriculture field management a study from Nepal. Paper presented at the 4th symposium on
high mountain remote sensing cartography, Karlstad- krishna- Thoma, 19–29 Aug 1996

10. Kachroo, R.K.: Homs work shop on river flow forecasting Nanjing China. Unpublished
international report, Department of Engineering Hydro, University college Galway Ireland
(1986)

11. Joshi., Pangare., Shiferaw, B., Wani, S., Bouma, J., Scott.: “Watershed development in India:
Synthesis of past experiences and needs for future research”, Indian J. Agri. Eco, July 2004,
(2000)

830 G. V. Ramana et al.



Chapter 75
Intelligent Object Tracking in River
Floods, Andhra Pradesh, India
Using MOTSC Approach

Rajesh Duvvuru, Peddada Jagadeeswara Rao,
Gudikandhula Narasimha Rao, Sridhar Bendalam
and Suribabu Boyidi

Abstract Disaster management (DM) and aerial remote sensing plays an extensive
environmental and economic disruptive role in human life. It goes beyond the
capability of the affected society or community to deal with using its own resources.
Floods are the recurring major disaster which resulting in huge loss of life and
property year after year, though the world is being equipped with modern tech-
nology. Floods are the most common and widespread major natural disasters in
India. In the past two decades, Information and communication Technology
(ICT) has taken a giant leap in the development of various applications related to
Internet-of-Things (IoT) especially in Geographical Information Systems (GIS) and
DM applications. Still automatic recognition or identification of motion objects
such as humans and animals float in the flood water and its spatial coordinates is a
big challenge in the area of DM. This paper introduces a novel Motion Objects
Tracking with Spatial Coordinates Algorithm (MOTSC) to focus light on flood
related disasters. MOTSC analyze and recognize motion objects and also finds it
spatial coordinates. The results obtained in this study reveal that the MOTSC is
proved to be an innovative approach for the Dynamic Flood rescue operation.
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1 Introduction

In recent times the applicability and usage of ICT became more popular because of
its wide range of utilization in GIS. Many GIS applications like Geographic
information storage, Disaster management, Hydrology, Historical geographic
information systems, waste management, spatial, crime mapping, wastewater sys-
tems, storm water systems, pattern identification, Public Participation GIS, visual
presentation of spatial relationships, Road Networking, Traditional knowledge GIS,
Spatial Data mining, remote sensing etc [1]. Among the specified applications
Disaster management is one of the key issues where GIS, ICT and IoT has to
concentrate more in saving valuable human life’s and their assets. Disaster man-
agement majorly classified as accidental or man made and Natural DM’s [2].
Earthquakes, cyclones, Droughts, Floods, volcanic eruptions, Landslides,
Avalanches are designated under the Natural Disaster (ND), Whereas Fire acci-
dents, major rail and road accidents etc. are categorized as Accidental Disaster
(AD). Presently, various applications are available for warning and perdition of AD
and ND according to their needs like Disaster Alert, Disaster Radar, Disaster
Warning System and more, but these applications provide information about pre or
post Natural disasters. For instance ND like major Flood Disaster time to time
updated information is unable to collect and retrieve the data from real-time sce-
nario [3, 4]. Due to flaw specified, National Disaster Response Force (NDRF) is
unable to take right decision at right moment in rescuing the valuable lives [5]. If
the data is available in the form of Satellite data and aerial data about floods but its
analysis were made manually. Manual analysis and Time-to-time updates are two
key factors in saving time in taking right decision. These two parameters reflects in
saving the life’s those who are about to sink and in dangerous situation.

As it was stated earlier Indian Subcontinent are more prone to Floods. According
to the recent report by Geological Survey of India (GSI) 2012, more than 50% of
lands were identified as flood affected areas. It covers 11 states of India that
includes Uttarpradesh, Bihar, Punjab, Rajasthan, Assam, West Bengal, Haryana,
Orissa, Andhra Pradesh, Gujarat and Kerala. Also reports states that the major flood
prone areas of India cover almost 12.5% area of the country. Uttarakhand floods in
2013 and Jammu and Kashmir floods in 2014 few among the major floods, where
4021 and 150 lost their lives respectively. In the literature of DM, floods can be
predicted and alert systems are available, but still Dynamic Flood Rescue System
(DFRS) is not available yet [6–9].

This paper discusses mainly about DFRS and Floods and its management
through Pattern Recognition (PR). Flood can identified and mapping by using
satellite data. But, identifying the objects automatically in the motion flood water is
still a major challenge for the researchers and practitioners. For instance Identifying
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the humans objects in the flood water is bit tough task. If the recognition were
made, there is a possibility of rescuing those sorts of people from running flood.
The pattern recognition is applicable on two different types of data; first one is static
and next dynamic. Normally, motion flood water is in dynamic in nature, but the
data can be obtained through two different modes; they are static Image and
dynamic videography. Flood data can be obtained through satellite image, if clouds
were not present; else data can be acquired through aerial photography and
videography [10–12]. Static data object distortion and identification is easier than
dynamic data. But the acquiring of the static data is a typical task, because of cloud
presence. In dynamic flood data object tracking and identification are two functions
are needed to perform, whereas in static image only identification function is suf-
ficient. In the literature of artificial interalliance, there are many pattern recognition
and object tracking ageratums are available like Kanade-Lucas-Tomasi (KLT),
Continuously Adaptive Mean Shift (CAMShift), Hungarian algorithm, Kalman
filtering and much more [13–16].

The rest of this paper is organized as follows. Section 2 discusses literature
works in the area of Flood mapping, satellite data, Object Tracking algorithm, and
Pattern recognition algorithms. Section 3 explains the Dynamic Flood Rescue
System (DFRS) and Motion Objects Tracking with Spatial Coordinates Algorithm
(MOTSC). In Sect. 4, we present the simulation and results analysis of the pro-
posed algorithm. Lastly, the paper was concluded with future works in Sect. 5.

2 Related Works

The As it was specified in an earlier section, disaster management plays a vital role
in serving and saving people. To a certain extent disaster warning systems are
helping people by forecasting the alerting and dissemination of the information to
the concerned group of organizers. Tseng and Chen designed and developed a
probabilistic model for calculating the loss of earthquakes and how to manage the
disaster [17]. Yap illustrated the role of ICT in disaster management in developed
countries with respect to climate change [18]. Chanuka Wattegama explained in
detail about application of ICT for Disaster management. ICT is used for Disaster
Prevention, mitigation, preparedness, response and recovery [19]. Especially this
work was limited to the flood and its Emergency management. Bedient et al.,
addressed the Flood warning systems through the radar-based rainfall estimation
using next generation radar (NEXRAD), their model exemplifies the design,
implementation, and results in the advanced flood warning system, developed for
the Texas Medical Center, which make use of the NEXRAD radar for hydrologic
forecast in the Brays Bayou watershed of Houston, Texas [20]. The later NEXRAD
model was adopted by many researchers to model various such incidents. Vieux
and team developed a model on the basis of NEXRAD for the Distributed
hydrologic prediction through sensitivity to accuracy of initial radar rainfall input
and soil moisture conditions [21]. In continuation Vieux once again proposed a new
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model for the flood forecast to assess distributed flash flood forecasting accuracy,
using radar and rain gauge input for a physics-based distributed hydrologic model
[22]. Whereas Mason et al., introduced a vital technique for the flood detection in
the urban areas. With the help of TerraSAR-X synthetic aperture radar data the
flood detection was taking place. The observed results were TerraSAR-X, 76%
right was made detection, with 25% associated false positive rate. The urban water
pixels were considered, and also shadow and layover regions, these results fell to 58
and 19%, correspondingly [23]. Schumann extended TerraSAR-X and proposed a
sequential aerial photography and SAR data for observing urban flood dynamics
[23]. Developing country like India, have rich expertise in handling the disasters.
The Govt. of India organization National Disaster Management (NDM) works
intelligently in saving the people from disaster [24]. For instance the recent
National Disaster Response Force (NDRF) teams were sent to the Nepal’s
Earthquake for rescuing the people of Nepal [25].

Even NDM has good experiences in facing the disaster; it need more help
through ICT, especially in handling the floods in India and other parts of the world.
Till now floods can be detected through various satellite data, but identification of
people and rescuing them is still a critical task for NDRF teams and other country
teams in the world.

3 Motion Object Tracking with Spatial Coordinates
Algorithm (MOTSC)

This section further classified into three subsections, they are Assumptions and
Notations, Object tracking KLF Algorithm, Object Spatial Coordinate Identification
Algorithm and MOISC algorithm. Random probability distribution function time is
assumed to perform the whole rescue operation manually. Slow moving flooded
river is chosen for experimentation because this experimentation is the first of its
kind. It is also assumed that, they obtained data will be useful to NDRF to take the
right step.

3.1 The Object Tracking KLF Algorithm

Step 1 An array of tracks is initialized using initialize Tracks function creates,
where each track is a moving object.

Step 2 Fetch the next frame from the video file.
Step 3 Binary Mask, Boundary boxes and Centroid of objects are identified

using detect Objects function.
Step 4 Kalman filter is applied to each track to predict the centroid to update

bounding box.
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Step 5 Cost effective object, assigning and detections are as follows:

Step 5:1 Object detection cost is calculated using the Euclidean dis-
tance method. However the experimental output is displayed
by M � N matrix. Where M is the number of tracks, and N is
the number of detections.

Step 5:2 Track assignment and unassignment problem represented by
the cost matrix using the assign Detections to Tracks function.

Step 6 Next the update Assigned Tracks function updates, current assigned
track with respect to the detection.

Step 7 Identify every unassigned track as invisible, and increase its age by 1.
Delete Lost Tracks.

Step 8 The delete Lost Tracks function deletes tracks that have been invisible
for too many consecutive frames.

Step 9 New tracks are created from unassigned detections. Where, unassigned
detection is represented with a new track.

Step 10 Lastly the display Tracking Results function is called for bounding box
and label ID display for each.

3.2 Object Spatial Coordinate Identification (OSCI)
Algorithm

The algorithm identifies the object and its initial spatial coordinates. Also tracks its
intermediary coordinators’ and final coordinates for the contiguous spatial coordi-
nates. Each frame is subjected to identification of the object for its spatial coordi-
nates. OSCI combines object identification and Georeference in a static frame.

Step 1 Goto to Google earth and identify the area where flood is flowing and
record the approximate latitude and longitude.

Step 2 Initialize the El-shayalSmart software, download the shape by providing
the initial coordinates.

Step 3 Load the shape file into Matlab MapViewer software. So that coordi-
nates are identified along with the object.

Step 4 Repeat Step 1 until all frames are processed ELSEGOTO next step.
Step 5 Stop.
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3.3 The MOTSC Algorithm

MOTSC algorithm combines KLF algorithm and OSCI algorithm. Figure 1 shows
the proposed architecture of the Dynamic Flood Rescue System (DFRS).
Step-by-step representation of MOTSC algorithm is as follows:

Step 1 Initially acquire the video of the flood of the river through Camera
Sensor.

Step 2 Forward and store the flood data from Camera Sensor to the Workstation
or Personal Computer for video processing and analysis.

Step 3:1 Apply KLF procedure on the video for the detection of object and its
tracks.

Step 3:2 Then apply OSCI mechanism for contagious spatial coordinates. These
coordinates are sent to the NDRF team.

Step 4 According to the computed spatial coordinates the NDRF team will take
decision and perform the Rescue Operation.

Step 5 GOTO Step 1 IF object is not rescued ELSE Step 6.
Step 6 Stop.

4 Simulations and Results

4.1 Simulation of Object Tracks Through KLF Algorithm

Flood data on Gostani River are acquired through a Sony video camera with a
resolution of 576 � 720 dpi. Gostani River geographically located in Andhra
Pradesh, India with 17° 56′ 18.03″N and 83° 25′ 17.10″E as spatial coordinates.
The river originated in Ananthagiri Hills of the Eastern Ghats and flows via the
Borra Caves. Before joining the Bay of Bengal it flows for 120 km through an
estuary near Bheemunipatnam. The river basin drains the two coastal districts of

Fig. 1 Architecture of dynamic flood rescue system (DFRS)
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Visakhapatnam and Vizianagaram. The Gosthani’s river covers a total drainage area
of 2000 km2 and it is a minor river. The present flood video is collected on 23rd
June 2015 at Thagarapuvalasain Gostani River. Data is acquired on a cloudy day
and there is no rain. In this experiment air filled car tube is used to float on the river
water instead of human beings. Car tubes are assumed as human heads with black
hair. At the time of collection of field data the Gostani river water runoff is 256 most
c/s. In general, the flood estimations were made based on the inflow and outflow of
the nearby reservoir. The Thatipudi reservoir is situated on the Gostani River. For
the past 15 years data collected from the Irrigation Department, Government of
Andhra Pradesh, India. The data contains the following attributes for the flood
estimation in the Gostani River (Fig. 2).

Fig. 2 Screenshot of the tracking of objects in the Gostani River flood water video frames
experimentation results at frame numbers 475 (a), 870 (b) and 1107 (c)
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4.2 Simulation of the OSCI Algorithm

4.2.1 Simulation of the Shape File Acquisition Using El-ShayalSmart

The shape files acquired using Google and all El-shayalSmart. Initial coordinates
are given in the Elshayal Smart and connected to the Google earth through an
interface. Shape file is downloaded in Grayscale. Once again after saving the file in
Google earth we obtained the original color image.

4.2.2 Simulation of the Geo-Referencing Using Maltab’s Mapviewer

After obtaining the Gostani River shape file the data is loaded to the Mapviewer
tool and spatial coordinates obtained. The map scale is set to 1:0 ratio and Map
units in Meters.

4.2.3 Results of MOTSC Algorithm

The object detection and tracking was done using KLF simulations, Matlab and
Elshayamal used for Georeferencing. With the tracking object and obtained coor-
dinates the data are provided to the NDRF to perform the rescue operation. Few
estimated coordinates according to the track of the objects are shown in Table 1,
taking video frames into consideration. This model is first of its kind. The present
manual method may consume more time to identify objects and to compute its
spatial coordinates.

The Overall Performance of MOTSC (OPMOTSC) can be calculated in Eq. 1.

OPMOSTSC ¼ AKFkþ
Xn

K¼0

GTk ð1Þ

Where Xk is the Kalman filter function to estimate the object track and GT
summation of total time taken for Georeference of the required area.

Table 1 Information to the NDRF to go rescue operation

Frame no. Spatial coordinates (appox.) Time of the event (in sec)

Latitude (N) Longitude (E)

475 17° 56′ 20.42″ 83° 25′ 19.39″ 19

870 17° 56′ 21.10″ 83° 25′ 20.10″ 67

1107 17° 56′ 21.33″ 83° 25′ 21.17″ 126
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5 Conclusions and Future Scope

Reducing the loss of human life from natural disasters has been a billion dollar
question yet to be answered. Especially managing disaster like floods is more
complex. Current manual methods estimations are limited to pre and post flood
events. To rescue the people from the flood, NDRF team needs instant information
to go for the rescue operation. MOTSC approach addresses this issue through object
tracking and also finding approximate coordinates of the object. MOTSC comprises
of KLF and OSCI algorithm. The obtained object detection and spatial data will be
helpful to NDRF team. Manual methods will consume more time to rescue the
people from floods. The proposed method is partially automated. If the spatial
coordinate time is reduced, the rescue operation will be faster; this results in saving
more human lives from the flood disasters.
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Chapter 76
Identification of Landslide Hazard
Zones in Greater Visakhapatnam
Municipal Corporation, Andhra
Pradesh, India—A Geospatial Approach
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Ch. V. Rama Rao, Rajesh Duvvuru, G. Narasimha Rao,
Dadi Sanyasi Naidu, Ch. Anusha and G. V. Vidya Sagar

Abstract The study area, Greater Visakhapatnam Municipal Corporation (GVMC)
is the largest one which occupies an area of 545 km2 is also a gateway to industries
and tourism in Andhra Pradesh. The area is characterised by hilly terrain with
moderate valleys and coastal plains comes under the Eastern Ghats. The area has
been covered by reserved forests, within the jurisdiction of GVMC. Owing to
industrialisation, urbanisation and migration of rural people encroaching into the
Kailasagiri and Yaradakonda thick vegetated hill ranges leading to deforestation.
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Thatched and asbestos roof houses, single to multi-storied buildings are being
constructed in the foothills of these two hill ranges without following the building
norms and topographic conditions. Rainfall induced landslides/slips are more
common claiming innocent lives. In this study, SOI toposheets, IRS-P6-LISS-III
satellite imagery and SRTM-30 data used to generate drainage, geology, geomor-
phology, land use/land cover, slope revealing fractured and jointed khondalite
rocks, altered drainage, erosion, fluvial and marine landforms. Jointed khondalite
hillocks, porous and permeable, weathered zones and erosion by different agencies
are the potential landslide zones. The Soil Bearing Capacity (SBC) ranges from 28
to 40 t/m2 in the foothill areas. Study suggests, terrain characteristics are to be taken
into account besides SBC before taking up of constructions in hilly terrain. Terraced
or split level foundation with adequate retaining wall support is a suitable technique
which can withstand to the hill slope conditions.

Keywords Eastern ghats � Khondalite � Landslides � Landforms
Split level foundation

1 Introduction-Landslides

The landslide is a result of a wide variety of geoenvironmental processes, which
include geological, meteorological and human factors. The important factors that
influence landslides are lithostratigraphic units which include structure, degree and
depth of weathering, geomorphology, slope and aspect. The upper layer of soil
porosity, permeability and structure, land use and land cover, particularly anthro-
pogenic activities in hilly terrains and cloudburst are the induced factors [1, 2]. The
Himalayan mountains experiences about 10% world landslide/soil creep, etc.,
which disrupt communication, loss of life and property. The South India is having
oldest hills which are partially stable to landslides. However, the number of major
landslides being occurred in different places leading to ecological imbalance. The
study area, the GVMC comes under the South India, where the hills are covered by
dry deciduous and semi-evergreen forests. A major landslide occurred in the
midnight of 3rd/4th August, 2006 at Kodipunjuvalasa, Araku Mandal,
Visakhapatnam district, buried 18 people under the debris [3].

2 Study Area

The study area, Greater Visakhapatnam Municipal Corporation (GVMC) is located
between 17° 56′16.26″ to 17° 59′25″ North lat and 83° 40′31″ to 83° 53′50″ East
long. The city appears as a saucer shape bounded by the Bay of Bengal on eastern
side covers 545 km2 (Fig. 1). The area comes under Eastern Ghats comprising
khondalite suite of rocks. Hills are covered by hydrophilic soils which supports dry
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deciduous forests. Later intrusives of charnockite and quartzite hillocks are highly
fractured and huge rock blocks are exposed in places. A marine creek has a length
of about 1 km which extends up to the Visakhapatnam Airport.

The altitude of the area varies from 0 to 350 m above MSL with an average
annual rainfall of 1201 mm.

According to 2011 censes, the total population in GVMC is around 1.73 million
[4]. It is one of the fastest developing cities in India often it is called as “industrial
city”. The natural topography has been altered due to various constructions. Foothill
soils removed for laying roads and other major constructions besides encroach-
ments leading to deforestation. A historical pilgrim centre Lord Narasimha Swamy
temple and Kailasagiri park with a sea view is developed over the hill ranges.
Similarly, several military establishments have come up in recent years in Yarada
Konda hill range. Huge number of urban slums are in the hills which are vulnerable
to landslides. There is rainfall induced landslides in hilly areas in GVMC (Table 1).
Hence, this study is taken up to identify the Landslide Hazard Zones (LHZ) using
geospatial technologies.

Fig. 1 Location map (Study area as viewed on IRS P6-LISS-III, January, 2011)

Table 1 Landslides occurred in recent years in GVMC area

Year of landslide Area Loss of life Injured

2011 Krishna Nagar, Gajuwaka 2 5

2012 Bojjanna Konda 1 –

2013 Pentayya Nagar 3 –

2015 Simhagiri Colony, Gajuwaka 2 –

2015 Sanjeevayya Nagar 4 3

Source Saakshi Telugu daily news paper, Dt. 13-10-2015, Eenadu, 21-12-2015

76 Identification of Landslide Hazard Zones … 843



3 Data Used

In this study, IRS P6-LISS-III satellite data of 2011 and 2016 have been used
(Table 2). The SRTM-30 m data, rainfall and temperature data collected from IMD,
Visakhapatnam district, Visakhapatnam Geology and Mineral map (GSI, 2001),
soils map is derived from the District Soil map (Assistant Director of Agriculture,
Visakhapatnam) and Survey of India toposheets 65 O/1, 2, 3, 4, 5 and 6 on 1:50,000.

4 Results

4.1 Drainage and Lineament Density

Drainage density reflects the signature of climate on the topography which dictates
the boundary conditions for surface hydrology [5]. The less permeable rock is, the
less infiltration of rainfall, which conversely tends to be concentrated in surface
runoff. As shown in Fig. 2a, the study area has fifth higher order streams [6]. The
drainage in the study area has been severely altered due to urban built-up. Several
constructions have been constructed on hills which are altering drainage courses
resulted in landslides/soil creep, etc.

Lineament map generated following the standard visual interpretation techniques
on satellite imagery with major controlling features of drainage on toposheet map
(Fig. 2). Lineaments provide important information on sub-surface fractures that
may control the movement and storage of groundwater [7] and use of satellite data
defines the spatial zones based on the geomorphology and its associated structures
[8]. Landmass denudation coupled with anthropogenic activities transformed the
lineaments as potential landslide/landslip zones.

Table 2 Particulars of data used

Data type Sensor &
resolution (m)

Scale Data derivatives

Satellite
data

IRS-P6 LISS-III-23.5 1:50,000 Land use/cover &
geomorphology, lineamentsIRS-P6 LISS-III-23.5 1:50,000

SRTM C-band and
X-band 30

1:50,000 DEM

Toposheet 65 O/1, 2, 3,
4, 5, 6

– 1:50,000 Drainage & lineaments
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4.2 Geology

The geology of the study area belongs to Precambrian age, characterized by the
occurrence of intrusive meta igneous bodies and meta sediments [9]. It is composed
of high-grade metamorphic rocks and igneous rocks. The different rock types and
structural trends were digitized in ArcGIS-9.2 (Fig. 2b). Spatial discrepancy of
different rocks has been adjusted considering terrain elements on the satellite image.
The strike of the rocks is NNE-SSW, however, local variations are identified at
places [10–12].

Majority unscientific constructions are made in the foothill areas of Yarada and
Kailasa hills. Areas such as Kancherapalem and Thatichetlapalem hills consists of
khondalite and granite gneiss which are highly fractured. Hills are covered by thick
hydrophilic soils, admixed kankar. Removal of materials in small areas for con-
structions in hill slopes are liable to slide as landslides/soil creep, etc. during heavy
rains on human habitations, causing monetary and human loss.

4.3 Geomorphology

Geomorphology involves study of landforms, reconstruction of process responsible
for their origin and study of the influence of tectonics in time and space. In this, 17
geomorphic classes of erosion, fluvial and marine origin were delineated following
of visual interpretation techniques (Fig. 3). In tropical and equatorial regions,
weathering processes create a superficial layer with varying degree of porosity and
permeability [13]. Geomorphology and lineament, it is well known fact that the
geomorphological characteristics of an area affect its response to a considerable
extent of landslide/soil creep occurrence. Thus, linking of geomorphological

Fig. 2 a Drainage and lineaments of the study area. b Geology of the study area
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parameters with hydrological characteristics of an area provides a simple way to
understand their hydrological behaviour. The piedmont slopes, alluvial fans and
cones are being occupied by urban built-up. Industries along the seashore occupied
mudflats. Part of the HPCL storage tanks and the Visakhapatnam airport are on
mudflats.

4.4 Land Use/Land Cover

Land use/land cover mapping serves as a basic inventory of land resources for all
levels of government, environmental agencies, and private industries throughout the
country. Visual interpretation and classification of IRS-P6 LISS-III November 2009
and January, 2011 satellite data resulted into 23 land use/cover classes carried out
following the standard visual interpretation techniques [14]. In this analysis, 12 land
use and 1 l land cover categories demarcated, out of which urban built-up area
covering 139.22 km2 is the major land use, whereas forest with 104.11 km2 is the
major land cover (Fig. 4a). Economic development and population growth have
triggered rapid changes to Earth’s land cover throughout the year, and there is every
indication that the pace of these changes will accelerate in the future.

Cities grow and spread which consumes agricultural area. The urban sprawl
often infringes upon viable agricultural or productive forest land, neither of which
can resist nor deflect the overwhelming momentum of urbanization. All land use
planning processes in most of the countries are based on geomorphological units
[15]. The study area has been expanded from a small fishermen colony to the largest
municipal corporation. The study area has unique saucer shape topography, major

Fig. 3 Geomorphology of the study area
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hills are covered by thick reserved forests. Greenery is reducing year after year, due
to developmental activities. The forests in the GVMC are the natural habitats for the
wild flora and fauna which are under threat due to encroachment. The urbanisation
is moving towards Madhurawada–Ananadapuram, Pendurthy–Sabbavaram and
industrial corridor towards the southern side has emerged as one of the fastest
growing cities in India. Urbanisation is in plains, encroachments, IT Park and Naval
establishments are in hilly terrain. The encroachment areas are often experiencing
landslides/landslips resulting in loss of life and property.

4.5 Digital Elevation Model

A Digital Elevation Model (DEM) can be represented as a raster is referred to as a
secondary (computed) DEM [16]. SRTM-30 satellite data used to generate DEM
map (Fig. 4b) of the area. The DEM of the study area varies from 0 to 350 m above
the msl. Plains and valleys are under urban built-up, whereas, the hills are covered by
thick forests. Hills near the Thatichetlapalem, Kancherapalem, Hanumanthavaka,
Arilova, Krishna Nagar and Gajuwaka are fractured/fissured. The encroachments in
these hilly areas, altered the natural topography, became potential landslide zones.

4.6 Landslide Hazard Zones

The study area has dominated by hills, majority constructions unauthorized. These
are mostly in Kancherapalem, Arilova areas, where most of these constructions

Fig. 4 a Land use/land cover. b Digital elevation model map (DEM)
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were not followed any building norms and experiencing landslides during rainy
season (Fig. 5a, b).

4.7 Remedial Measures

Observed during the field study, there are few single story buildings constructed in
the hill slopes had been experienced settlements and foundation failure in Dayal
Nagar, Gajuwaka, Visakhapatnam. It reflects that these constructions have not been

Fig. 5 a, b. Kancherapalem and Arilova areas as viewed on Google Earth (19th February, 2017)

Fig. 6 Terraced foundation
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followed any scientific measures. Keeping in view of this, a terraced foundation
with adequate retaining wall support has been suggested. To let out drainage,
sufficient provision is to be provided (Fig. 6).

5 Conclusions and Discussion

Low altitude hills in GVMC are covered by urban settlements. The natural drai-
nages have been altered due to urban built-up. Because of the constructions, the
topography has been altered, which triggers into landslides, soil creep, rock slip,
etc. This has been resulted in deforestation, removal of soil and earth materials at
the foothills. During rainy season, landslides are taking place only in the con-
structed part in hilly areas. Urban area (139.22 km2) is the major land use and forest
(104.11 km2) is the major land cover.

Construction areas ranging from 30 to 200 km2 are made up of load bearing and
a few are RCC. These are constructed on uneven hill slopes without understanding
the surrounding geologic set-up. Safe RCC structure with proper foundation design
is suggested to overcome the landslide problem. In general, the physical charac-
teristics of soils in hilly areas are gravel 5%, sand 45%, and fines 50% with SBC
values ranges from 3.00 to 35 t/m2. The physical characteristics of hilly areas are
54% gravel 21% sand and 25% fines with SBC ranging from 28 to 40 t/m2. Road
expansion of the existing Bheemili beach road, the hills en-route were partially
removed. These hill masses are highly vulnerable to landslides.
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Chapter 77
Flood Inundation Simulation
of Mahanadi River, Odisha During
September 2008 by Using HEC-RAS
2D Model

Tushar Surwase, G. SrinivasaRao, P. Manjusree, Asiya Begum,
P. V. Nagamani and G. JaiSankar

Abstract Odisha state witnessed severe flooding in the years 2003, 2008, 2009 and
2011 which affected major districts like Cuttack, Khurdha, Jagatsinghpur, Puri and
Kendrapada. HEC-RAS 2D is a hydraulic model which is used to simulate water
flowing through rivers and open channels. In addition, the model also provides the
depth of water, velocity and water surface elevation with respect to time. Using this
model, part of Mahanadi River stretch from Tikarpara to Mundali was taken as the
study area for simulating floods during September 2008. Inputs to the model like
CARTO DEM at 10 m posting, discharge data, roughness co-efficient were pro-
vided and flood inundation was simulated. The flood extent from the model was
validated with the satellite derived flood extent obtained from RADARSAT
satellite. Model performance was evaluated based on the parameters F1 and F2
where, F1 and F2 are measures of fit which range from 0 to 1 and −1 to 1
respectively. If the fit value is closer to 1, it indicates that the model performance is
better. Sensitivity analysis is carried out to investigate the model performance for
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different roughness coefficients of the flood plain. From the study, it is observed that
the model performed well for roughness coefficient 0.020 and the measures of fit F1
and F2 were found to be 0.85 and 0.74 respectively. A flood hazard map was
prepared based on the flood depth for the study area.

Keywords Flood simulation � HEC-RAS 2D � Mahanadi river
Satellite � Flood hazard

1 Introduction

Riverine floods are the floods caused by the water overflowing from the river banks
into the flood plains. Flood is the most prominent natural hazard in India and its
frequency is higher than any other natural calamities, in India, 8 million hectares is
the average area which is affected by floods annually and 40 million hectares is the
total area which are liable to floods in which 4.18% is contributed by Odisha which
is 1.672 million hectares [10]. Odisha state witnessed severe floods in the year
2003, 2008, 2009 and 2011 which affected major districts like Cuttack, Khurdha,
Jagatsinghpur, Puri and Kendrapada. Though some control measures like Hirakud
Dam, Barrages, Embankments and are constructed across the Mahanadi River but
due to High rainfall in the upper as well as in lower catchment these control
measures were not able to control the flood for the year 2008. Several cattle’s and
cultivated paddy fields were swamped by the flood. The death count of Human lives
was about 90 and about 4, 30,856 people were affected and there was immediate
response from Rescue and Relief team, they evacuate the people to safer places and
provided them with temporary shelters [4]. The satellite remote sensing data is used
in order to analyze and evaluate the flood extent, so this analysis is only limit to the
specific discharges at the time of flood events [7]. So in order to look for future
events, the use of HECRAS 2D model allows flood inundation simulation for
different flood events and Discharges. HEC-RAS is Hydrologic Engineering
Center-River Analysis System is a freely available and popular Hydraulic model
developed by United States Army Corps of Engineers (USACE). The flood inun-
dation can be simulated by using 1D one dimensional or 2D two dimensional
model. HEC-RAS earlier version was limit to 1D model which can be used to
analyze the flow in open channel (natural or artificial). 1D model is congenial for
the study of water flowing below danger level in the channel which can be con-
sidered model to be 1 dimensional behavior because the water is constraints by its
banks but when water levels exceeds danger level and water comes to the flood
plain there is possibility of water to move in two directions. So taken this into
account USACE has developed 2D model version 5.0.1 in Feb 2016. The study
uses HEC-RAS 2D Model Version 5.0.1 February 2016 release for simulating the
floods for September 2008 Mahanadi river flood. The simulations performed by
inputting daily river discharge values at the time of flood event which was obtained
from Central Water Commission. The model shows the simulation results in the
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form of flood extent with depth and velocity which helps to developed flood hazard
map based on depth. The results were further validated with RADARSAT satellite
image which shows better resemblance in terms of view as well as in terms eval-
uated values. From present study it has been notice that the model is more sensitive
to manning’s roughness coefficient ‘n’. The sensitivity analysis has been carried out
for different manning’s ‘n’ assigned for flood plains.

2 Study Area

The study area is a part of Mahanadi river in Odisha also falls in Mahanadi Graben
[1] stretching from Tikarpara to Mundali as shown in Fig. 1, the floodplains lies
between the latitudes 20° 12′00″N and 20° 36′30″ and longitudes 84° 46′00″ and

Fig. 1 Study area.
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85° 40′00″. The topographic condition of Odisha state comprises of fertile land
mainly paddy lands along East Coast and forested highlands in interior. The
average elevation is 45 m above mean sea level and having mild slope of 4 cm/km.
The soil type observed for the study area is Laterite soil which occupies 0.7 MHa of
lands in Khurda, Cuttack, Puri, Dhenkanal, Keonjhar, Mayurbhanja and Sambalpur
districts [4]. As laterite soil contains impermeable clay it favors the inundation. The
area downstream of Hirakud dam to Mundali intercepts a catchment of 48,700 km2

which is responsible of floods in Mahanadi deltaic area [8].
The September 2008 flood event was reported as unprecedented flood situation

by Ministry of Home Affairs Government of India, because its severity and
Magnitude has crossed the Disaster for 1982 and 2001 flood which was observed to
be greatest flood event [4]. There was immediate response from ODRAF, NDRF,
and NAVY (INS Chilika) with boats for rescue operation. On the other hand Indian
Air force was immediately flies into service for Airdropping food packets in the
Marooned areas for rescued people.

3 Data Used

Data used for simulation were mainly two types geographic data and river discharge
data of Mahanadi River in Odisha. Geographic data deals with Digital Elevation
Model (DEM) from CartoDEM 10 m resolution data which is a product of
CartoSAT 1 satellite designed and maintained by Indian Space Research
Organization (ISRO) Government of India—Department of Space. The study area
starts from Tikarpara gauging station which is located at downstream side of
Hirakud Dam. The discharge data at Tikarpara gauging site on Mahanadi River
recorded and maintained by Center Water Commission (CWC), Ministry of Water
Resource Government of India. For study area, the daily discharge data at Tikarpara
gauge site was obtained from CWC. The study simulated the flood event in between
September 02, 2008 and September 30, 2008. This time was selected because it was
severely affected by flood event. Land use Land Cover (LULC) was also considered
for the study area to separately give the manning’s roughness coefficient for river
channel and floodplains. For floodplains a unique value of roughness coefficient
was given as study is carried out by sensitivity analysis.

4 Methodology

HEC-RAS Version 5.0.1 model was used to simulate the September 2008 flood
event. This version of HEC-RAS has capabilities to solve 2D Full momentum
equation (Saint Venant equation) or 2D Diffusion wave equation. The methodology
chart as shown in Fig. 2 shows a brief outline of the model.
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The study area was defined by a 2D closed polygon. The 2D polygon area is the
area within which inundation is about to occur. The 2D polygon is defined by two
methods for optimization of 2D cells. One is to define polygon which will cover the
inundated area previously observed by satellite in severe condition for study area.
Second method is adopted when satellite data is not available for the study area. The
polygon is defined by connecting higher elevation like mountain where inundation
will not extend beyond the features. After defining the polygon the computational
cells are generated, the cells are in rectangular grid called staggered grid and at the
boundary of 2d polygon the cells may be non staggered grid which is composed by
polygons having 3 to maximum 8 sides. The spacing of rectangular cell was kept to
be 10 m × 10 m so as to have closer towards the DEM used 10 m × 10 m reso-
lution. Further, Two boundary condition has been assigned to study area one
Hydrograph Boundary condition Representing observed discharge at Tikarpara
upstream side. The width of river at Tikarpara is 760 m covered by 76 cells. The
inflow hydrograph as shown in Fig. 3 was assigned to these 76 cells. Second
boundary condition normal depth was assigned at Mundali downstream side.

Considering topographic conditions and DEM values, slope value of 0.001 was
used. Before starting for simulations hydraulic property tables are computed. The
properties like hydraulic wetted perimeter and cross sectional area are computed for
every 2D computational cell. Manning’s Roughness coefficient 0.032 for river
channel (nr) used, study by prabeerkumarparhietal [8] for the same study area.
Manning’s roughness coefficient for flood plains (nf) was selected based on the
sensitivity analysis [7] in which three roughness coefficient for flood plains was
considered 0.020, 0.030, 0.040 for three different simulations as shown in Table 1.

This version of HEC-RAS has capabilities to solve 2D Full momentum equation
(Saint Venant equation) or 2D Diffusion wave equation. Full momentum equation
includes all parameters such as Gravity, Pressure, Friction, Corollis effect,

Fig. 2 Methodology flow chart
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Acceleration, Turbulent eddy viscosity. Diffusion wave equation only includes
Gravity, Pressure, and Friction parameters. For present study Full momentum
equation (as shown below) was used as it takes all parameters in account.

Fig. 3 Flow hydrograph at Tikarpara gauge station (CWC)

Radarsat- 23/09/2008 at 0800 hrs.

Fig. 4 Flood inundation observed by RADARSAT satellite image and its delineation

Table 1 Simulation for different roughness coefficient

Simulation Roughness coefficient
for channel (nc)

Roughness coefficient
for floodplains (np)

1 0.032 0.020

2 0.032 0.030

3 0.032 0.040
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where, h is the water depth (meters), p and q are the specific flow in the x and y
directions (m2/sec), s is the surface elevation in (meters), g is gravitational accel-
eration m/sec2, n is the manning’s resistance, ρ is the density of water (kg/m3), τxx,
τyy, τxy are the components of effective shear stress and f is the Corollis (/sec).
Computational time step was calculated based on the courant friedrich lewy
condition

cr ¼ CDt
Dx

ð3Þ

where, cr is courant number, c is celerity (m/sec), Dt is computational time step
(sec), Dx is grid cellsize (m). The celerity ‘c’ calculated considering the maximum
water depth observed at Tikarpara station. Thus Eq. 3 can be return as

ffiffiffiffiffi

gh
p
Dx

Dt
1

¼ � 1 ð4Þ

Since c ¼
ffiffiffiffiffi

gh
p

g is gravitational acceleration (m/sec2), h is the maximum depth of water observed
at Tikarpara station. The evaluation of model performance was done based on
measures of fit F1 and F2 [3, 7, 2]

F1 ¼ A
AþBþC

F2 ¼ A� B
AþBþC

where, A is correctly predicted flood cell by model, B is over predicted flood cells
and c is under predicted flood cells, F1 is the value ranges from 0 to 1, F2 is the
value ranges from −1 to 1. The value F1 and F2 found closer to 1 means model
performance is better. The flood hazard map was prepared according to flood water
depths which are categorized into flood hazard by Japan ministry of land infras-
tructure and transport [6] (Table 2).
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The flood hazard has been classified in 5 categories H1,H2, H3, H4 and H5. H1

Flood hazard (depth less than 0.5 m) or also titled very low hazard zone. Where
people do not exposed to any hazard and people can evacuate on footeasily. H2 flood
hazard (depth 0.5–1 m) also known as low hazard zone where people may get
exposed to hazard especially children’s, cattle’s and animals, in this, evacuation on
foot for adults become difficult. H3 flood hazard (depth 1–2 m) people may get
drowned in this zone but they are safe in their homes where plinth level is 1–1.2 m
above ground level. H4 Flood hazard (depth 2–5 m) is a high flood hazard where
people are not safe even inside their house so in this zone people should make their
way towards roof for safety purpose. H5 extreme flood hazard is the zone where
single storied house may drowned and people are not at all safe in this scenario even
if they make their way towards the roof. Sensitivity analysis is carried out for study
area for three different roughness coefficients for flood plains by using GIS tools.

5 Results and Discussion

HEC-RAS simulated results are in the form of inundation extent with depth, water
surface elevation and velocity with respect to time. Simulated raster results are
stored in two decimal floating point numbers in tiff file format. Simulated results
can be generated for desired date and time from simulated period. For present study,
results for specific time 23rd September 2008 at 0800 h as shown in Fig. 5 was
selected to validate with RADARSAT satellite microwave data acquired on the
same date and time and delineated flood from RADARSAT satellite can be
observed with one in Fig. 4. The F1 and F2 measures of fit have been evaluated for
all the simulation using GIS tools shown in Table 3.

The maximum simulated depth of inundation was considered for generating the
flood hazard map. The depth is classified into five categories H1 to H5 as shown in
Fig. 6. Many villages on the north side and south side of river have extreme and
high hazard zone. Villages lying on the north side floodplain such as Kokulpur,
Megha, Dhurukuda, Ostla and Chaasnara and villages lying on the south side flood
plains such as Similia, Singabilli, Nilkantapur are in extreme hazard zone. The
villages on the north side flood plain such as Kandarpur, Ostia, Fulabadi, some part
of Chaasnara, khandahata, Kantatahara, Bishnupur, Kanthipur, Gaudapadapatna,
Dhurkudia, Patenigam and south side of flood plain such as Gayalbank,

Table 2 Flood hazard
classification according to [6]

Flood hazard Depth (meters) Hazard

H1 <0.5 Very low

H2 0.5–1 Low

H3 1–2 Medium

H4 2–5 High

H5 >5 Extreme
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PathapurKusupangi, Ghasiput, Harirajpur, Banki, Bilipada, Manipur,
Barapadanapur, Nistipur, Ambajit are in high hazard zone. From flood report, flood
depth of 2.43 m was observed at Bilipada and Pathapur villages [9]. All theses
villages were affected by flood [5]. The velocity map shown in Fig. 7 was generated
for extreme inundation extent. Velocity variation can be observed in velocity
map. Velocity for river channel is in the range of 1.4–2.85 m/s, where as in flood
plains velocity ranges from 0 to 1.4 m/s.

Fig. 5 Simulated flood by HEC-RAS at 23/09/2008 at 0800 h

Table 3 (a) Model performance with respect to different roughness coefficient, nc is roughness
coefficient for channel, np is roughness coefficients for floodplains and F1, F2 are measures of fit.
(b) Flood inundation area observed and simulated

(a)

Sr.
no

Roughness
coefficient

Correctly
predicted
flood cells ‘A’

Over
predicted
flood cell ‘B’

Under
predicted
flood cell
‘C’

F1 F2

nc np

1 0.032 0.020 1,553,668 206,750 52,092 0.85 0.74

2 0.032 0.030 1,554,075 519,470 51,685 0.73 0.50

3 0.032 0.040 1,554,381 745,570 48,379 0.67 0.35

(b)

Sr.
no

Roughness
coefficient

Flood
observed
(FO) hectares

Flood
simulated
(FS) hectares

F0/FS

nc np
1 0.032 0.020 17,057.6 18,125.10 0.94

2 0.032 0.030 17,057.6 21,252.30 0.80

3 0.032 0.040 17,057.6 23,483.30 0.72
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Fig. 6 Flood hazard map

Fig. 7 Velocity map
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6 Sensitivity Analysis

Sensitivity analysis has been carried out for three different roughness coefficients
for floodplains. The simulated inundation results for three roughness coefficients
(0.020, 0.030 and 0.040) for flood plain is shown in Figs. 8, 9 and 10 respectively.
More inundation can be observed for 0.040 followed by 0.030 comparatively to
0.020 roughness coefficient. The inundated area statistics for different roughness
coefficient is shown in Table 3. Inundation is increasing on floodplains with
increase in roughness coefficient for floodplains.

Fig. 8 Results for roughness coefficient 0.020

Fig. 9 Results for roughness coefficient 0.030
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7 Conclusion

The simulated result of flood inundation extent shows best performance when
compared with Radarsat satellite image. The model performance is best in case of
roughness coefficient 0.032 for channel and 0.020 for floodplains. The villages
Kokulpur, Megha, Dhurukuda, Ostla Chaasnara Similia, Singabilli, Nilkantapur are
most vulnerable as simulated flood depths in some part of these villages are greater
than 5 m. The villages Kandarpur, Ostia, Fulabadi, some part of Chaasnara,
khandahata, Kantatahara, Bishnupur, Kanthipur, Gaudapadapatna, Dhurkudia,
Patenigam, Gayalbank, PathapurKusupangi, Ghasiput, Harirajpur, Banki, Bilipada,
Manipur, Barapadanapur, Nistipur, Ambajit are having flood depths ranging from 2
to 5 m falls in high hazard zone, In this zone people can not be safe at homes, so in
such scenario they are suggested to make their way towards roof in case of houses
constructed in Reinforced cement concrete or load bearing structures. The
HEC-RAS model is sensitive to manning’s roughness coefficient, for study area the
simulated area of inundation is increasing with increase in manning’s roughness
coefficient values.

Acknowledgements Authors are grateful to U.S Army Corps of Engineers for developing and
providing HEC-RAS software freely available. Authors are also grateful to ISRO NRSC (National
Remote Sensing Center) for providing geographic as well as hydrologic data without which study
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Fig. 10 Results for roughness coefficient 0.04
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Chapter 78
Distribution of Seasonal Snow Cover
Mapping Using Satellite Data in Sutlej
Basin

E. Srinivas, T. Nagaraju, E. Sivasanker, K. Sreedhar
and K. Ramesh Reddy

Abstract Snow is an essential resource present in the Himalayas. Snow cover is
important for both climatological studies as well as hydrological applications. Snow
cover area measured for snow melt runoff for planning hydropower projects. In this
study, ablation pattern of cloud cover on Snow cover area (SCA) carried out to
evaluate elevation zone wise and seasonal snow cover area for Sutlej basin. This
technique can be used for estimation of snow melt run of in Sutlej basin using
multispectral satellite data. The maximum SCA observed from satellite data were
88% February month while 20% of basin area by the end of May in the study area.
The snow cover in lower elevation zones is generally disappearing in April and
May months whereas the snow melt runoff in June is primarily from higher ele-
vation zones. The results are acceptable and can be employed. Such result study of
snow cover monitoring can provide vital inputs for planning the hydro-electric
power projects as well as irrigation and drinking water supplies.
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1 Introduction

The Himalayas is the youngest mountain which is formed by continent collision
between the northward moving Indian plate and the Eurasian plate during 50–60
million years ago [1]. The Himalayas is 2500 km long mountain ranges from west
to east comprised of 30 mountains rising more than 7300 m and includes the
highest mountain peak (8848 m) of the Everest. Sutlej River in Western Himalayas
contributes a major extent of inflows into Bhakra reservoir in Himachal Pradesh,
India [2]. The snow cover accumulated in winter months melts in lean summer
months which are vital during the period of high demand for water and power [3].
The snow cover varies year to year [4]. The snow that melts during summer months
provides substantial runoff during lean period for hydro-electric power generations
as well as irrigation and drinking water supplies. The terrain being hazardous and
inaccessible across high altitudes and across international borders. The remote
sensed satellite data provides the most appropriate and valuable information during
winter season and melts in subsequent summer months. In North India, availability
of snow melt runoff is very critical. The classification of satellite image is an
information extraction process that involves pattern recognition of spatial properties
of various surfaces features and categorizing the similar features. The objectives of
the present study are snow cover map in Sutlej basin and to estimate elevation zone
wise snow cover area using Boolean algebra model.

2 Study Area and Data Used

Sutlej river basin in Western Himalayas is the study area. The river Sutlej is one of
the main tributaries of Indus and has its origin near Manasarovar and Rakas lakes in
Tibetan plateau at an elevation of about 4500 m (approx.) [3]. Its length is 47,000
km2 in the area. The Sutlej basin is geographically located between 30° 00′N, 76°
00′E and 33° 00′, 82° 00′E. Characteristics of the basin and inaccessibility of the
major part of it make remote sensing application ideal for hydrologists to monitor
the snow cover information of the region and assess the resulting water resource [5].
Geographically, the mountain ranges extend throughout the basin with altitudes
ranging from about 2200 to 7000 m above mean sea level [1]. The most important
factors controlling the climate and weather types in the Himalayas are altitude and
aspect. Snow is the least during August. Fresh snowfall starts at the end of
September and continues till the end of March [6]. During summer months namely,
April–May–June, vast amount of snow melt results in heavy runoffs in snow field
rivers such as Sutlej [4]. For the snow cover mapping, the satellite data from
AVHRR sensor onboard NOAA satellite resolution is 1.1 km NOAA/AVHRR
Images imaging at about 13:30 h local are used in this study.
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3 Methodology

Snow cover in Sutlej basin was mapped using ERDAS/Imagine digital image
processing software. The digital analysis steps can be classified into
(I) Pre-processing, (II) Classification (III) Post (statistic)-classification processing
(VI) Estimation of snow cover area elevation wise from NOAA/AVHRR data. The
data processing steps were done with digital image processing techniques using
Erdas Imagine s/w. The bands 1 (0.58–0.68 lm) and 2 (0.725–1.1 lm) of the
AVHRR give maximum differentiation between non-snow [7] and snow covered
areas and with cloud. The middle Infra Red band 3 (3.55–3.95 lm) assist in
separating clouds from snow. It has been observed that in the band 3, clouds on the
Himalayas usually occurring near the snowline appear to have quite a low reflec-
tance compared to snow [8]. This phenomenon helps to separate such clouds from
the surrounding snow. In the thermal band, high clouds have definite high range of
digital values compared to snow, assisting in the identification of such clouds. To
have a better control over classification parallel-o-piped algorithm has been adop-
ted. Before classification, the first step is to create a signature file. The signature file
is used to store the definition of classes to be classified in the form of thresholds in
different bands of the satellite data.

In the present study, snow is taken as one class or object. In this if we select
some pixels of snow then the similar DN value of pixels in the image will be
selected and grouped as one object. This process is completed until all the pixels
covered with snow are selected. There fore if any little amount of snow is not
selected then by increasing the threshold values we can select the unselected snow.
The fine tuning must be done by slightly increasing or decreasing the threshold
values by repeated iterations with marginal increase or decrease so that snow is not
over classified or under classified. This process is to be complete until all the snow
pixels are selected. The overall objective of image classification procedures is to
automatically categorize all pixels into image into specific land cover classes or
themes. The set of radiance measurements obtained in various discrete wavelength
bands for each land cover represent the spatial response pattern. The variability in
spectral response pattern of land features from the basis for their discrimination on
the satellite data. The satellite data may contain some amount of cloud cover in
some parts of the region of interest. To ascertain whether snow is present under the
cloud or not, it is necessary to compare with a reference image of that region
approximately of the same time period such that no major error is made in editing
the image. To minimize such editing errors, a snow cover mask of the region was
generated which contains maximum likelihood snow cover in that region using a
series of past images of that area during that period. This image is generated using
union algorithm as specified below Table 1 for each month namely March, April,
May and June months.

The classified snow image is edited using maximum snow mask to eliminate
cloud cover. The cloud pixels are replaced with the corresponding pixels of max-
imum snow mask image. The Boolean algebra used for editing the cloud pixels with
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the help of snow cover mask of the study area. The classified image is used to
extract the snow cover portion of Sutlej basin using the Sutlej basin mask image.
The classified images are shown in the Fig. 1. Snow cover area Statistics in the
Sutlej basin are computed by generating a matrix using classified image and ref-
erence basin mask. The snow cover area within the basin is expressed as percentage
of total basin area denoting snow cover area available in the basin as on that date.
Thus, the snow cover area values have been computed for all the images. The
classified snow image is compared with basin mask image to compute the snow
cover area within the basin.

The elevation of the terrain has a dominant role in snow accumulation. High
elevation in general terms witness lesser, which in terms leads to higher snow
accumulation temperature [1]. The digital elevation model of Sutlej basin at 30 m
resolution has been taken from ASTER data available freely from http://glcfapp.
umiacs.umd.edu:8080/esdi/index.jsp. Digital terrain model is defined as the digital
representation of spatial distribution of terrain characteristics. Sutlej basin elevation
map as shown in the Fig. 2.

Table 1 Truth table of
editing cloud pixels

Condition Input value Mask Output value

Cloud-snow Cloud Snow Snow

Cloud-non snow Cloud Non snow Non snow

Snow-non snow Snow Non snow Non snow

Snow-snow Snow Snow Snow

Fig. 1 Snow cover area decreased monthly wise of Sutlej basin on a 22 Feb, b 21st Mar, c 24th
Apr, d 21st May, e 02 Jun and f 26th Jun in 2003 year
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4 Analysis and Results

The NOAA/AVHRR satellite data during the period February to June months of the
years 2000, 2001, 2002, 2003 and 2004 have been used in this study since the snow
cover depletion and the resultant snow melt runoff is predominant in this period
considering the data availability and suitability. Snow cover mapping was done
using digital image processing techniques for Sutlej basin. The Sub basin wise
snow cover area statistics were computed. The snow cover area existing on different
dates in Sutlej basin is shown in Table 2. The Tibet portion of Sutlej basin is
approximately 60% of the total basin area. The snow cover in Tibet region depletes
early in summer months whereas the snow cover in Spiti, Lower Sutlej regions
deplete slowly and continue till the end of June month. The snow cover area
approaches maximum possible value in the month of February and the depletion
starts in the month of March depending on the prevailing temperature conditions.
The maximum SCA (within the dataset used in this study) observed from satellite
data is 88% recorded on 22 Feb 2003. The SCA is approximately 20% of basin area
by the end of May in general. The year to year variation in SCA is very significant.

Fig. 2 DEM satellite image for the Sutlej
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The Sutlej basin has been divided into 5 elevation zones as shown in Table 3
using DEM of Sutlej basin considering the frequency distribution of the area and
elevation. The elevation zone mask image has been developed as shown in the
Fig. 3. Elevation zone wise snow cover area identified as shown in the Fig. 4.

The snow cover area in each elevation zone has been computed using the snow
cover map. The minimum elevation in the Sutlej basin is about 500 m and maxi-
mum elevation is about 7400 m. It is observed that about 65% of the basin area is
above 4500 m. Elevation about 10.75, 8.53 and about 15% of the basin area is in
zone 1, zone 2 and zone 3 respectively as shown following Table 4.

It is observed that zone 1 contains snow cover generally up to March and Zones
3, 4, 5 contain the snow cover predominantly till June end. The snow in zone 1 and
zone 2 generally disappeared by the middle of May month. The snow melt in later
part of May and June months is predominantly from zone 3, zone 4 and zone 5.
This implies snow cover above 4500 m elevation is contributing to the snow melt
runoff in later part of summer months. The snow melt process is controlled by snow
water equivalent and the energy input the snow pack. As the melting period

Table 2 Snow covers area in Sutlej basin

S. no Date Snow cover area in Sutlej basin (Area in km2)

Total SCA
(% of total
basin area)

Spiti
(10,087)

Tibet
(29,970)

Lower-sutlej
(11,418)

Total area
(51,475)

1 22-Feb-03 9834 29,949 5361 45,144 88

2 22-Feb-04 9446 17,693 4388 31,527 61

3 11-Mar-03 8735 22,236 4746 35,717 69

4 21-Mar-03 7133 13,962 4113 25,209 49

5 31-Mar-03 9428 21,448 5052 35,928 70

6 15-Mar-04 7030 6837 3450 17,317 34

7 01-Mar-04 9084 13,707 4247 27,039 53

8 07-Apr-03 8678 13,091 3992 25,761 50

9 24-Apr-03 6921 9325 4108 20,354 40

10 04-Apr-01 6347 25,283 3275 34,906 68

11 06-Apr-01 8601 18,123 4574 31,298 61

12 05-Apr-02 5367 18,392 3202 26,961 52

13 14-May-03 6648 11,642 4677 22,966 45

14 16-May-03 5877 9262 3041 18,180 35

15 21-May-03 5514 7232 3788 16,534 32

16 10-May-04 4290 2996 2829 10,115 20

17 23-May-01 3902 8452 3650 16,004 31

18 24-May-01 4151 7184 3837 15,172 29

19 06-May-04 6158 7159 3696 17,013 33

20 29-May-04 4016 3684 2175 9874 19

21 02-Jun-00 3423 4062 3926 11,411 22
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Table 3 Elevation zone wise snow cover area

S. no Date Zone 1 Zone 2 Zone 3 Zone 4 Zone 5 Total km2

(51,472 km2)

1 01-Mar-04 0 1190 2792 9105 13,955 27,042

2 11-Mar-03 32 1934 5033 14,560 14,159 35,718

3 15-Mar-04 0 532 1543 4588 10,657 17,320

4 21-Mar-03 0 896 2352 9832 12,130 25,210

5 04-Apr-01 37 1367 4897 15,777 12,830 34,908

6 05-Apr-02 19 1014 2673 11,365 11,139 26,210

7 06-Apr-01 88 1483 3096 12,171 14,457 31,296

8 07-Apr-03 0 807 2580 9429 12,945 25,762

9 24-Apr-03 50 944 1885 5908 11,568 20,355

10 10-May-04 3 281 626 1774 7431 10,114

11 14-May-03 34 1280 1832 6600 12,922 22,668

12 29-May-04 0 134 366 1410 7963 9873

13 06-May-04 0 456 1182 3783 11,593 17,015

14 22-Feb-03 248 3594 7617 18,026 15,661 45,145

15 16-May-03 4 253 775 4698 12,452 18,181

16 21-Mar-03 0 896 2352 9832 12,130 25,210

17 31-Mar-03 36 2085 3797 14,382 15,627 35,928

18 15-Apr-04 4 339 782 4380 10,580 16,084

Fig. 3 Elevation zones in Sutlej basin
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advances, the temperature keeps rising accelerating the snow melt runoff. Initially,
lower elevation zones contribute to the runoff and slowly the higher elevation zones
start contributing. For the purpose snow melt runoff modeling, elevation zone wise
contributions are modeled during the summer months.

5 Conclusions

In snow cover map studies, energy input to the snowpack is an important com-
ponent. The conclusions of the present study are summarized hereunder. In this
study, the NOAA/AVHRR data have been used to compute snow cover in Sutlej
basin in Western Himalayas. The ASTER Digital Elevation Model has been used to
identify 5 elevation zones within the Sutlej basin. The snow cover in each elevation
zone has been computed. It is observed that about 65% of the basin area is above
4500 m elevation in Sutlej basin. The snow cover in lower elevation zones is
generally disappearing in April and May months whereas the snow melt runoff in

Fig. 4 Elevation zone wise Snow cover area in Sutlej

Table 4 Elevation zones in
Sutlej basin

Zone Elevation Range Area (Km2) % of Basin

Zone 1 0–2500 m 5533 10.75

Zone 2 2501–4000 m 4393 8.53

Zone 3 4001–4500 m 7713 14.98

Zone 4 4501–5000 m 18,124 35.21

Zone 5 5001–7500 m 15,709 30.52

Total 51,472
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June is primarily from higher elevation zones. Generally below 4000 m in Sutlej
basin, do not explain the variability in the vertical plane as the snow melt is
predominantly from elevations above 4500 m. This experiment with larger data set
can improve the accuracy of estimation.
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