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Abstract The landuse/land cover change has a significant
influence on the hydrological response of a river basin. The
run-off characteristics are naturally changing due to reduction
of initial abstraction that increases run-off volume. Thus, it is
necessary to quantify the changes in the run-off characteristics
of a catchment that occur due to changes in landuse/land
cover. These changes can be sudden or continuous.
Physically based conceptual models have developed to find
out surface run-off, and one of the models used in the present
study is the Soil Conservation Service curve number (SCS-
CN) model which has a broad range of applications. The
present study is on the application of the SCS-CN model to
analyse the impact of various landuse/land cover change in
the run-off characteristics of a catchment of Narmada basin in
Madhya Pradesh, India. The study includes the preparation of
a landuse/land cover map of different years from the satellite
imageries, drainage network, and development of a database
by using a geographic information system (GIS) and a run-off
generation with the model to estimate the impact of landuse
change on run-off.
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Introduction

Quantification of the impact of landuse and land cover
change in the run-off dynamics of a river basin has been
an interesting area for hydrologists in recent years. Little
is known till now if there is a well-defined quantitative
relationship between the landuse properties and the run-
off generation mechanism. Different methodologies have
been implemented in an attempt to fill in the deficiency of
knowledge in the subject, but no general and credible
model has been established yet to predict the effect of
landuse/land cover changes (Kokkonen and Jakeman
2002). In the earlier days, assessment of the impact of
landuse/land cover changes on the run-off was mainly
done through catchment experiments, and different results
were obtained, with some even opposing the findings of
the others. Langford (1976), as for example, found out
that there is no significant increase in water yield as a
result of burning down of a stand of eucalyptus. In con-
trast, after observing results from a number of catchment
experiments, Hibbert (1967) concluded that increase in
water yield occurs due to reduction of forest cover.
Bosch and Hewlett (1982) furnished the changes in water
yield due to changes in the amount of cover of different
types of vegetations. According to Hollis (1975), urbani-
zation leads to an increase in run-off. He also concluded
that while small, frequent floods are increased many times
by urbanization, large rare floods are not significantly
affected.

Nowadays, the hydrological models are used with var-
ious approaches to find out the impact of landuse/land
cover changes. Lorup et al. (1998) and Schreider et al.
(2002) calibrated models for a reference period when
there is little change in landuse/land cover and applied
the calibrated model to a subsequent period in which
changes in landuse have taken place. They implemented
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trend analysis between the modelled and the observed
run-off to investigate changes in the catchment run-off
that is arising for landuse/land cover changes. Fohrer
et al. (2001) used a physically based model for the pre-
diction of the impact of landuse/land cover changes
through sensitivity study of the model. Wooldridge et al.
(2001) worked on the regionalization of the parameters of
a simple model for forest and non-forest classification and
several climate regions for predicting the impact of
landuse/land cover change on the hydrologic response of
a catchment. Another attempt to implement hydrological
models to investigate the impact of landuse/land cover
change has been furnished in Braud et al. (2001), Bultot
et al. (1990), and De Roo et al. (2001). The most rational
way to model the impact of landuse/land cover changes
on the run-off of a river catchment would be through the
implementation of spatially distributed and physically
based hydrological models, where the land surface char-
acteristics of the catchment are represented and all the
processes influenced by them are modelled using param-
eters that can be physically estimated. However, such
models are highly demanding in terms of their data re-
quirement and computational effort, which increases fur-
ther as the size of the catchment increases. This limits
their applicability to small or mesoscale catchments. Even
under such a restriction, results obtained from previous
studies done on the application of such approach were not
promising (Parkin et al. 1996). Beven (2000) said that a
different approach is still to use for rainfall-run-off
models which are not entirely physically based. He also
concluded that some of the processes required a few data,
but more computational effort. Nonetheless, model cali-
bration leads to a nonunique set of parameters, and this
makes it difficult to associate the parameters estimated
through calibration with the land surface characteristics
of the catchment. Therefore, prediction of the effect of
landuse change depends on the uncertainty associated
with the model parameters. Application of such an ap-
proach to assess the impact of landuse changes in meso-
scale catchments was reported in Brath et al. (2003),
Bronstert et al. (2002), and Ranzi et al. (2002).
Modelling large-scale catchments using such kind of
models is impractical due to the problem of acquiring
the amount of data needed in the models, and thus, a
different approach should be implemented.

In the 1950s, the Soil Conservation Service (SCS) of
the United States Department of Agriculture (USDA
1972, 1983, 1985) was given the task of developing a
system to relate the amount of surface run-off from rain-
fall to soil cover complexes. The theory of the Soil
Conservation Service curve number (SCS-CN) explains
that the run-off can be related to soil cover complexes
and rainfall through a parameter known as a curve number
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(CN). The Soil Conservation Service curve number (now
called Natural Resources Conservation Service curve
number (NRCS-CN)) method is simple and produces bet-
ter results (Stuebe and Johnston 1990; Ponce and
Hawkins 1996; Mishra and Singh 1999 and 2002;
Michel et al. 2005; Mishra et al. 2005; Schneider and
McCuen 2005). Many researchers (Pandey and Sahu
2002; Nayak and Jaisawal 2003; Zhan and Huang 2004;
Gandini and Usunoff 2004) have used the geographic
information system (GIS) technique to estimate run-off
curve number values throughout the world. In India,
Pandey and Sahu (2002) concluded that the landuse/land
cover is an important parameter for the SCS-CN model.
Nayak and Jaisawal (2003) developed a good correlation
between measured and estimated run-off using GIS and
CN. They said that GIS is an efficient tool for the prepara-
tion of maximum input data required by SCS-CN model. In
recent years, for estimating CN values and for a better way
to incorporate antecedent moisture content, some attempts
have been made (Mishra and Singh 2006; Jain et al. 2006;
Sahu et al. 2007; Brocca et al. 2008; Kannan et al. 2008;
Mishra et al. 2008; Soulis et al. 2009). Changes in landuse/
land cover have a significant influence on the relations of
rainfall run-off (Yang and Yu 1998) and changed run-off
and soil cover accordingly (Kim et al. 2002). The impact of
landuse/land cover changes from a forest catchment has
been analysed by Okonski (2007). For evaluating the
hydrological impact, the information on changing
landuse/land cover in a watershed is important. The
use of satellite remote sensing data and GIS along with
the SCS-CN model is appropriate to analyse the hydro-
logical response along with the effect of landuse/land
cover change.

In this study, the impact of landuse/land cover change from
1990 to 2009 in a part of the Narmada river basin was
analysed to obtain a change in run-off and future run-off due
to landuse change. It is necessary to assess the impact of
landuse on run-off as the demand of the people increases with
the increasing population, which modifies the existing landuse
and thus affects natural resources. Thus, to plan for any action,
it is necessary to know the run-off or future run-off of a region.
The SCS curve number method was used to calculate the run-
off, and with the use of satellite images, landuse/land cover
maps of 1990, 2000, and 2009 were generated. The results
indicate an increase in run-off at the gauge of Mandaleswar
with time as the landuse changes.

Study area
Narmada is the largest west flowing river and is the fifth

largest river of India as per water availability. It rises from
Amarkantak in Madhya Pradesh at an elevation of 1057 m.
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The Narmada river makes the traditional boundary between
north India and south India and flows westwards over a length
of 1312 km and then falls into the Arabian Sea through the
Gulf of Cambay. It flows through the states of Madhya
Pradesh (1079 km), Maharastra (74 km), and Gujarat
(159 km).

The study area is the sub-catchment of a part of the Narmada
river basin. The study area lies within 21° 23" 7.7" N to 22° 55’
8" N and 75° 21" 7" E to 77° 21' 17" E and covers an area of
20,561 km?. The outlet of the study area is Mandaleswar. In
Fig. 1, the location map and drainage map of the study area are
shown along with the gauge site of Mandaleswar.

The climate of this basin is humid and tropical, although at
places, extremes of heat and cold are often encountered. In a
year, four distinct seasons occur in the basin. They are
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Fig. 1 Location map of study area
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(i) The winter ranges from November to February.

(i1) The summer ranges from March to mid-June.

(iii) The southwest monsoon ranges from mid-June to mid-
September.

(iv) Post monsoon ranges from mid-September to October.

Here, the mean annual temperature varies from 7.5 °C to
42.5 °C. The annual rainfall in the hilly and upper plain areas
of the basin is around 1400 mm, but in lower plains, the
annual rainfall decreases rapidly and comes to around
650 mm. The soils in the upper hilly regions of the basin are
mostly shallow red and yellow with low fertility. The upper
Narmada plains are broad and fertile areas well suited for
cultivation with deep black soils up to the East Nimar district.
These soils are highly water retentive in nature. Thereafter,
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there are medium black soils in the West Nimar, and in
Barwani district, it is mixed with skeletal red and yellow soils.
The lower hilly portions in the study area have mostly shallow
red and yellow and skeletal soils of low fertility (National
Bureau of Soil Survey and Landuse Planning 1996).

Data set
In the present study, following data are acquired:

» Spatial data collected are topographic maps from Survey
of India (SOI) and satellite images from the United States
Geological Survey (USGS).

* Hydrological data of 20 years of river flow data at the
gauging station of Mandaleswar.

* Rainfall data from three rain gauge stations within the
study area for 40 years.

Methodology

Landsat TM data sets were acquired from USGS [website
http://glovis.usgs.gov]. Data sets were projected in UTM
projection zone 44 and WGS 84 datum. The 1990 image was
considered as base data, and the 2000 and 2009 images were
co-registered by a first-order polynomial model with 0.5-pixel
root-mean-square error (RMSE) accuracy. After geometric cor-
rection and radiometric normalization, the images of 1990,
2000, and 2009 were classified using the Maximum
Likelihood Classification technique into five landuse classes.

Fig. 2 Flow chart of
methodology

The accuracy assessment was then performed with the classi-
fied images.

The image of the year 2000 had some portion under cloud
cover. But all the images of the same year do not have equal
cloud cover. Covered areas were replaced from 3 June 2000 of
145/45 path-row, 25 May 2000 of 146/44 path-row, and 9 May
2000 of 146/45 path/row which were not under cloud in these
images. Then, the image correlation was performed between
these images which resulted in a high correlation. Then, the
clouded areas were digitized to demarcate them and were
replaced by cloud free areas from other images of the same year.

The surface run-off data series of 1990, 2000, and 2009 were
analysed with the help of the SCS-CN model, and the stream
flow of these years were calculated. All these data were cali-
brated and validated with the observed flow of the river at the
gauging site. The values of the SCS-CN were taken from the
range of CN values for different landuse types, and calibrated
values were compared with the observed values to get the
minimum error between the calculated and observed run-off.
Validation was done with the observed data. Finally, the effect
of landuse/land cover change on the run-off was analysed from
1990 to 2009 in this study area. The future run-off was esti-
mated by taking rainfall as a constant of the year 1990 and
taking linear regression of the run-off of 19 years for future
projection. Thus, the impact of landuse change is evident over
the study area. The general methodology is given in Fig. 2.

Data for landuse/land cover map preparation

The remote-sensing technique was used to prepare the landuse/
land cover map of the study area. Properties of satellite images
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Table 1 Properties of satellite

data, landuse/land cover map of Sl. no. Path/row Acquisition date Pixel size Sensor Source

1990 1 146/44 6th January, 1990 30 Landsat TM USGS
2 146/45 6th January, 1990 30 Landsat TM USGS
3 145/45 15th January, 1990 30 Landsat TM USGS
4 146/44 3rd February, 2000 30 Landsat TM USGS
5 146/45 3rd February, 2000 30 Landsat TM USGS
6 145/45 3rd June, 2000 30 Landsat TM USGS
7 146/44 December 12, 2009 30 Landsat TM USGS
8 146/45 December 12, 2009 30 Landsat TM USGS
9 145/45 3rd November, 2009 30 Landsat TM USGS

for preparing landuse/land cover map of 1990, 2000, and
2009 are tabulated in Table 1. The area was covered by three
images. The image which covers the largest part of the study
area was considered as the mother or base image, and the
common area was taken from this image only. The rest of the
areas not covered by this image was only taken from the other
two images, and all three were mosaiced. After mosaicing,
histogram matching was done.

Accuracy assessment

A variety of approaches have been developed to assess the
accuracy of thematic maps (Congalton 1991; Stehman and

Czaplewski 1998; Smits et al. 1999). The ‘error matrix’ (also
called confusion matrix, confusion table, and contingency
table) is central to most measures of thematic map accuracy
(Story and Congalton 1986; Smits et al. 1999; Foody 2002). A
sample error matrix is generally a square array of numbers set
out in rows and columns which express the number of sam-
pling units assigned to a particular category relative to the
actual category as verified on the ground (Congalton 1991).
In this study, the error matrix has been prepared for a total
of 130 sample points taken from the whole area randomly.
Although a rule of thumb says that 50 samples for each
landuse should be taken in the error matrix (Congalton
1991), but due to lack of time and accessibility in this case,

Table 2 Accuracy assessment

for the years 1990, 2000, and Class name Reference Classified Number of Producer’s User’s
2009 totals totals correct points accuracy (%) accuracy (%)
1990
Water body 2 2 2 100 100
Built-up 2 2 50 50
Dense vegetation 36 36 27 75 75
Light vegetation 55 56 46 83.64 82.14
Fallow land 35 34 26 74.29 76.47
Total 130 130 102 e
2000
Water body 1 1 100 100
Built-up 9 9 7 77.78 71.78
Dense vegetation 37 37 28 75.68 75.68
Light vegetation 45 47 36 80 76.60
Fallow land 38 36 28 73.68 77.78
Total 130 130 100 s
2009
Water body 3 3 100 100
Built-up 8 6 66.67 75
Dense vegetation 40 40 30 75 75
Light vegetation 23 22 17 73.91 77.27
Fallow land 55 57 45 81.82 78.95
Total 130 130 101
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Table 3 Kappa statistics in

different landuse conditions in Class name Kappa Kappa Kappa
different years statistics (1990) statistics (2000) statistics (2009)
Water body 1 1 1
Built-up 0.49 0.76 0.73
Dense vegetation 0.65 0.66 0.64
Light vegetation 0.69 0.64 0.72
Fallow land 0.68 0.69 0.64

it was limited to 130 samples. The overall accuracy explains the
total accuracy, where the number of sampling points obtained
from the field match with the samples of the digital classification.

Hydrological method-SCS-CN approach for run-off
calculations

The Soil Conservation System curve number model was used
for run-off simulation in the Narmada river catchment at the
gauging site of Mandaleswar. The impacts of landuse/land
cover on the surface run-off were observed, which have a direct
effect on the stream flow. The parameter CN is a transformation
of S (potential maximum soil moisture retention), and it is used
to make interpolating, averaging, and weighting operations
more linear (Egs. 1-5, source: Chow et al. 1988).

0= 1 s 0
But,/, =02 xS

0= Tivss g
When P>0.2S, otherwise Q=0

S = #—254 (3)

where Q is the run-off (mm), P is rainfall (mm), S is the
potential maximum soil moisture retention (mm) after run-
off begins, and /, is the initial abstraction (mm) (due to
infiltration, evaporation, interception) losses before run-off
begins, and CN is the curve number value.

The overall curve number was obtained by individual
landuse/land cover curve number. This curve number is then
used to determine the run-off in the catchment for the years

1990, 2000, and 20009.
(A41CN + AyCNy + A3CNy + +ooeeee +4,CN,)
CN = 4
(A1+A2+A3+ ......... _‘_An) ()
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Here, CN is the overall curve number (4, +A4,+A43+————— +
A,) is the overall area of all landuse/land cover. 4, to 4,, are the
areas of different landuse/land cover classes, and CN; to CN,, are
the corresponding curve numbers of the landuse/land cover
classes.

Generation of run-off from rainfall using SCS-CN method

Surface run-off was estimated with the average rainfall
data of three rain gauge station, which are Mortakka
(latitude—22° 13" 30" N, longitude—76° 2’ 20" E),
Mandaleswar (latitude—22° 10" 48" N, longitude—75°
40" 12" E), and Khandwa (latitude—21° 50" N, longi-
tude—76° 20" E) for the years 1990, 2000, and 2009.
The study area is a sub-catchment of Narmada river near
Mandaleswar which covers 20,561 km?. Mandaleswar is
the outlet of this catchment. River run-off of Narmada
river at Mandaleswar was estimated using surface run-off,
total catchment areca of Narmada river at Mandaleswar,
and base flow. The total catchment arca was subdivided
into five landuse classes which are dense vegetation,
light vegetation, fallow land, built-up area, and water
body. From these five landuse classes, surface run-off
by SCS-CN method was computed and finally, future
flow was observed.

Calculation of run-off change due to landuse/land cover
change

The rainfall data and landuse/land cover data of 1990
were used to get the run-off of the year for the study
area. Run-off (R;) is a function of rainfall (P;) of 1990
and landuse/land cover (LU;) of 1990 or R,=f (P, LU,).
The rainfall (R;) of 1990 and landuse/land cover
(LU,) of 2000 were used to calculate run-off for the year

Table4  Overall kappa statistics and overall accuracy in different years

Category 1990 2000 2009
Overall kappa statistics 0.68 0.67 0.67
Overall accuracy (%) 78.46 76.92 77.69
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Fig. 3 Landuse/land cover maps of 1990, 2000, and 2009

2000. Here, run-off of 2000 (R,) is a function of rainfall
(P;) of 1990 and landuse/land cover of 2000 (LU,) or
R,=f (P;, LU,). The factor having an impact on run-off
due to landuse/land cover change is calculated by the
given equation,

po 2R
Sk

(5)
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Here, F is the factor that has been utilized for generating
future run-off. ) R, is the total run-off of 2000 and ) R, is the
total run-oft of 1990.

Results and analysis

This section presents the results of landuse/land cover classi-
fication of the years 1990, 2000, and 2009 and run-off esti-
mation using existing landuse/land cover, calibration, and

Table 5 Area and percentage of landuse/land covers of 1990, 2000, and 2009

Sl. no. Landuse/land 1990 2000 Difference from 2009 Difference from
cover type 1990 to 2000 (%) 2000 to 2009 (%)
Area (km?) Percentage Area (km?) Percentage Area (km?) Percentage
1 Forest and dense v 6239 30.34 5892 28.65 -1.69 4863 23.65 —=5.00
egetation
2 Light vegetation 7187 34.94 7380 35.86 +0.92 4302 20.92 —14.94
3 Fallow land 6236 30.33 5776 28.09 —2.24 8703 4233 +14.24
4 Built-up area 770 3.74 1359 6.61 +2.87 1971 9.59 +2.98
5 Water body 129 0.65 154 0.79 +0.14 722 3.51 +2.72
Total 20,561 100 20,561 100 0 20,561 100 0
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estimating future run-off at the gauging station of

Mandaleswar of the river Narmada.

Table 6 Curve number values

2009

2000

1990

Year

83.78 86.22

83.26

Weighted average CN

Accuracy assessment

The accuracy assessment of the years 1990, 2000, and 2009 is

furnished in Table 2.

validation. The major finding is to assess run-off change due

to the landuse/land cover change of the catchment area and
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Fig. 5 a—c Scatter plot of calculated and observed river run-off at Mandaleswar gauge in the year 1990, 2000, and 2009

In 1990, the producer’s accuracy for water body, built-up
area, dense vegetation, light vegetation, and fallow land are
100, 50, 75, 83.64, and 74.29 %, respectively. And the user’s
accuracy for these classes are 100, 50, 75, 82.14, and 76.47 %,
respectively.

In 2000, the producer’s accuracy for water body, built-up
area, dense vegetation, light vegetation, and fallow lands are
100, 77.78, 75.68, 80, and 73.68 %, respectively. And the
user’s accuracy for these classes are 100, 77.78, 75.68, 76.60,
and 77.78 %, respectively.

Similarly, in 2009, the producer’s accuracy in the year 2009
for water body, built-up area, dense vegetation, light vegeta-
tion, and fallow lands are 100, 66.67, 75, 73.91, and 81.82 %,
respectively. And the user’s accuracy for these classes are 100,
75,75, 77.27, and 78.95 %, respectively. The kappa statistics
of different landuse/land cover condition in different years are
given in Table 3.

Table 4 gives kappa for water body, built-up area, dense
vegetation, light vegetation, and fallow land in the year 1990,
which are 1, 0.49, 0.65, 0.69, and 0.68, respectively. The

kappa statistics for these classes in the year 2000 and 2009
are 1, 0.76, 0.66, 0.64, and 0.69 and 1, 0.73, 0.64, 0.72, and
0.64, respectively.

The overall kappa statistics for the years 1990, 2000, and
2009 are 0.68, 0.67, and 0.67, respectively, and overall accu-
racy for the years 1990, 2000, and 2009 are 78.46, 76.92, and
77.69 %, respectively (Table 4). According to Landis and
Koch (1977), the kappa value of the classified result is within
the range of 0.61 to 0.80 which means the strength of
agreement is substantial.

Landuse/land cover change from 1990 to 2009

Landuse/land cover maps of 1990, 2000, and 2009 are shown
in Fig. 3.

Here, it is described how the landuse/land cover change
from the year 1990 to 2009 has occurred by using the
remote sensing technique. Landuse maps of the study area
were extracted for the years 1990, 2000, and 2009. The results
are shown in Table 5.
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Table 7 Total run-off in the year 1990, 2000, 2009 and future
projection

Year Annual total run-off (mm) Difference (mm) Percentage
1990 161.6 0 0

2000 170.24 8.64 5.35
2009 188.91 18.67 10.97
2014 192.96 4.05 2.15
2019  200.09 7.13 3.69
2024 207.22 7.13 3.56

The results revealed that there is a significant decrease
in the area of forest and dense vegetation from the year
1990 to 2000 by 1.69 % of the total area and from 2000 to
2009 by 5 %. The decrease from the year 1990 to 2009
was 6.69 % of the total area. Similarly, the area of light
vegetation increased from the year 1990 to 2000 by
0.92 % of the total area, but decreased from 2000 to
2009 by 14.94 %. The decrease of light vegetation area
from the year 1990 to 2009 was 14.02 %, and this is
mainly because of the growth of built-up areas in place of
light vegetation. Declination in the area of fallow land has
occurred from the year 1990 to 2000 which is 2.24 % of
the total area, and suddenly in the next decade from 2000
to 2009, it has increased by 14.24 %. This result is due to
a high rate of deforestation. Thus, on average, there was
an increase in fallow land from the year 1990 to 2009
which was 12 % of the total area. Rise in built-up area is
obvious, from 1990 to 2000, it was 2.87 % and the
increase from 2000 to 2009 was 2.98 %. The increase
from the year 1990 to 2009 was 5.85 % of the total area.
The area of water body increased insignificantly from
1990 to 2000 by 0.14 % and quite significantly from
2000 to 2009 by 2.72 % because of the construction of

the Indira Sagar dam within this decade. Therefore,
an increase of water body area from 1990 to 2009 became
2.86 % of the total area.

Curve number values

The run-off calculation was made from the rainfall data by
SCS-CN curve number method for 1990, 2000, and 2009. The
results were calibrated and validated with the observed river
flow. The weighted average CN value and the different values
of curve number are tabulated in Table 6.

Here, it is observed that the weighted average of CN is
increasing, and the graphs are indicating increasing run-off
from 1990 to 2009.

Run-off values

The rainfall of three rain gauge stations within the study area
was taken, and surface run-off was calculated with the SCS-
CN curve number method. Base flow was used for estimating
river run-off on a daily basis. The results were validated with
the observed run-off data series for the years 1990, 2000, and
2009.

Comparison between calculated and observed run-off
for the year 1990 is shown in Figs. 4a and 5a, the 2000
run-off is given in Figs. 4b and 5b, and 2009 is presented
in Figs. 4c and 5c.

From all of these results, linear regression calculation was
done. In the year 1990, the R? value is 0.791 that is quite good.
In the year 2000, the value of R* is 0.758 which is also good.
And in the year 2009, the R” value is 0.836 which is impres-
sive. From these graphs, it is concluded that the relation
between observed run-off and calculated run-off was best for
the year 20009.

Fig. 6 Run-off change due to 60 1
change in landuse in 1990, 2000,
and 2009 50 4
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Fig. 7 Run-offina 5 year
intervals due to landuse change
considering average daily rainfall
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The result of the impact of landuse/land cover change on run-
off is tabulated in Table 7.

From the table, it is observed that annual total run-off of the
year 1990 was 161.6 mm, and total run-off of the year 2000
was 170.24 mm. So the difference is 8.64, and the percentage
of run-off difference from 1990 to 2000 was 5.35. Similarly,
from 2000 to 2009, the run-off increased by 10.97 %. In 2014,
the annual total run-off is estimated to be 192.96 mm which
will be an increase of 2.15 %; in 2019, it will be 200.09 mm
with an increase of 3.69 %; and in 2024, the run-off will be
207.22 mm with an increase of 3.56 %. In case of future run-
off estimation, a linear trend of the previous years of 1990 to
2000 and 2000 to 2009 was followed (Fig. 6).

Future run-off calculation in a 5-year interval for 2014, 2019,
and 2024 using landuse/land cover change condition

Three processes were adopted for generating future run-off. In
the first process, the future run-off in a S-year interval from
2009 was calculated by considering the linear trend of run-off
from the initial 3 years. Rainfall of 1990 was taken as con-
stant, and run-off of 1990, 2000, and 2009 were calculated
with the changing landuse of different years. Prediction of
run-off in the years 2014, 2019, and 2024 due to changing
landuse was computed by taking the 1990 rainfall as constant
and considering the linear trend of run-off from 1990 to 2000
and 2000 to 2009. Thus, the impact of change in landuse/land
cover on run-off was emphasized and estimated for the future,
if the rainfall remains constant. The rainfall used was average
daily rainfall (Fig. 7 and Table 7).

Two other methods adopted for estimating future run-off
are by observing the rate of change/year of run-off from 1990
to 2009 (19 years) and from 2000 to 2009 (9 years). For the
19 years rate of change/year, there is an increase in run-off of

Months

3.81 % from 2009 to 2014, 7.33 % from 2014 to 2019, and
10.24 % from 2019 to 2024. For the 9 years (2000 to 2009)
rate of change/year, an increase of 5.49 % is found from 2009
t0 2014, 10.41 % from 2014 to 2019, and 14.14 % from 2019
to 2024.

Conclusion

Results from the curve number model developed by the Soil
Conservation Service have shown that the overall weighted
curve number has increased from 83.26 in 1990 to 83.78 in
2000 and to 86.22 in 2009. This implies that the surface run-
off increases with time while infiltration decreases. This anal-
ysis shows that the estimated surface run-off increased by 5 %
in 10 years from 1990 to 2000 due to changes in landuse, in
case the rainfall remains the same and increases to almost
double from 2000 to 2009. The future river run-off data series
was calculated with the help of the SCS-CN model by con-
sidering the average rainfall data of the study area.

There is a continuous process of increase in population,
which results in an increasing demand leading to drastic
changes in landuse. There have been alterations and
changes in natural resources and environment with variations
in vegetation, agricultural land, settlement, etc. Change in
landuse has an impact on the surface run-off causing change
in flow. This study has helped in assessing the future run-off
change due to changing landuse, on the basis of which various
measures and plans can be taken such as conjunctive use of
water, developing irrigation projects, etc. which largely
depends on the landuse pattern. This study with the SCS-CN
model can be extended to any other watershed for assessing
the impact of landuse/land cover changes on run-off in the
future.
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