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Abstract The present study focuses on drought analysis with an aim to understand the
drought vulnerability, estimate and map the drought duration and severity in drought
prone North Interior Karnataka region, India. A detailed analysis were carried out
using rainfall data of more than 178 (with greater than 30 years data) stations to
understand the drought characteristics. Rainfall descriptive variability, percentage oc-
currence of drought incidences and spatial distribution of rainfall were derived. In
order to evaluate the drought severity and its extent and to map, method proposed by
Ponce et al. (2000) and the Geographic Information System has been used. The
method by Ponce et al. (2000) characterize drought based on intensity, duration and
recurrence interval using mean annual precipitation of a location. The results obtained
for the study area indicate that, the region is mostly semi-arid with drought occur for
more than 50 % of the time. The majority of the drought events are of moderate
intensity with few extreme intensity events. Further, it is noticed that, in many station,
the rainfall show a decreasing trend. Since, rainfall in this region are mostly declining
due to climatic change, the area would experience increasing drought severity in the
forthcoming years. The outcome of the study would be useful in understanding the
drought pattern, severity and extent in the study area which can be used by scientists
and water management professionals to plan drought mitigation measures.
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1 Introduction

Drought is one of the most damaging climate related hazards to impact society. Drought
studies are getting more attention in the recent past because of changing climate resulting from
global warming and its impact on increasing drought like situations in many parts of the
World. Although drought is a naturally occurring phenomenon throughout most parts of the
World, its effects have tremendous consequences for the physical, economic, social and
political elements of our environment. Drought is a slow creeping disaster and it can last
any number of days and the severity cannot be predicted. It has extensive spatial dimension
and thus can have serious implication on the socio-economic stability of an entire region. As it
is not possible to avoid droughts, drought preparedness can be developed and drought impacts
can be managed.

Being a natural hazard as well as a disaster (Paulo et al. 2012), drought is characterized by
its severity, duration and areal extent. Together with these, characteristics such as frequency
and vulnerability are also important as these characteristics are beneficial in developing
drought policies, monitoring systems, mitigation strategies and preparedness plans.

Drought is characterised by simple mathematical indices. This index is a single number that
characterise an aspect of drought at a particular region. Drought planners usually rely on these
indices to decide when to start interventions and decide mitigation and adaptation strategies
(Ponce and Pandey 2000). There are a variety of indices that describe drought based on the
classification whether it is meteorological, agricultural, hydrological or socio-economical. As
basic definition of drought is defined as precipitation deficit, it is treated as the most important
meteorological variable controlling formation and persistence of drought. There are a number
of studies which reported precipitation as principal indicator of drought (Alam et al. 2013;
Asati 2012; Abdulrahim et al. 2013; Bhakar et al. 2006) and have studied rainfall character-
istics to define droughts. Drought indices use rainfall data either singly or in combination with
other meteorological elements to derive the characteristics of drought (WMO 1975). Some of
the commonly used drought indices are the PDSI (Palmer 1965), the Deciles (Kinninmonth
et al. 2000), the SPI (McKee et al. 1993, 1995), vegetation condition index (Liu and Kogan
1996) national rainfall index (Gommes and Petrassi 1994) and many others with rainfall data
as input to most of these indices. Comprehensive review on these indices can be found in
specific publications (Richard and Heim 2002; Hayes 2007; Tsakiris et al. 2007; Mishra and
Singh 2010).

Droughts have a strong temporal and spatial component because of the variability in rainfall
(Sen 2008). Drought vulnerability defined in terms of severity and extent are very much useful
for decision makers who can conceptually visualize the hazard risk and convey information to
other sectors to ensure that they will act timely and effectively to tackle the drought related
losses. Mapping of the drought disaster is one of the adaptation strategies to consequences of
increasing climatic variability and changes.

India being a drought prone country with nearly 1/6th of its geographical area
affecting about 12 % of its population. During the last century, India witnessed worst
droughts in the years 1917–18, 1965–66 and 1986–87, 2002, 2009 and 2012 (Manual
for drought management 2009, Ministry of Agriculture and external affairs. Food and
Public distribution). Drought disasters have become a national priority for the Indian
Government particularly as climate change causes erratic monsoons. Drought prone
areas of the country are mostly found in arid, semi-arid and sub-humid regions which
experience very less average annual rainfall. Arid region of Rajasthan and east of
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Western Ghats, which falls under rain-shadow region are the most drought prone areas
in the country (Jain et al. 2007).

Karnataka ranks second, next only to Rajstahan in India, in terms of total geographical area
prone to drought (Nagaraja et al. 2011). Among its 30 districts, 18 are drought prone. These
districts fall mainly in the Deccan plateau to the lee ward side of Western Ghats. As almost
90 % of the population in this semi-arid region is dependent on agriculture for their livelihood,
drought events brings devastating effects on agriculture as well as economy of the region.
According to reports, the state faced severe most consecutive droughts during the years 2001–
02, 2002–03 and 2003–04, 2009 and 2012 which resulted in huge economic loss to the State.
In spite of the frequent drought occurrences in these region, there are no comprehensive
contingency plans for drought mitigation or preparedness for facing the drought. Some
attempts were made at State level, but these efforts are lacking at district level or taluk level
where such interventions would be more significant. Therefore, there is a need to understand
the drought characteristics and mapping of the same from the bottom level so as to make the
interventions more effective and meaningful. Thus the present study is aimed at understanding
the drought vulnerability by developing a methodology which can be used to develop
contingency plans for drought management and mitigation.

In this study, an attempt has been made to analyse the rainfall characteristics to define
drought vulnerability in the drier belt of Karnataka, India. The study is intended to
understand rainfall characteristics that define drought conditions in a semi-arid region
comprising of seven districts in North Interior Karnataka. In addition to the classification
based on aridity indices, spatial and temporal rainfall variability was also studied to
define drought characteristics. Drought intensity, duration and frequency were estimated
using the methodology developed by Ponce et al. (2000). Severity of drought was also
estimated and its spatial variability has been mapped using geographic information
system. The outcome of the study would be useful in understanding the drought pattern,
severity and extent in the study area which can be used by scientists and water
management professionals so as to plan drought mitigation measures.

2 Materials and Methods

2.1 Study Area

The study has been carried out for most drought prone districts in Northern Karnataka
comprising of seven districts namely Bagalkot, Bidar, Bijapur, Gulbarga, Koppal, Raichur
and Yadgir distributed within 34 taluks. Geographically the area lies in the Deccan Plateau
located between 15° 09′ to 18° 25′ N and 74° 54 to 77° 42 E comprising of total area of 59943
sq.km which constitutes almost 31.2 % of the total geographical area of the state. The total
population in the region is about 9265783 as per 2011 census. Agro ecologically, this region
forms the hot, semi-arid plateau region of the state. Agriculture is the main occupation in the
region; farming and agriculture related business are the major source of income for most of the
people in the district. Land use is broadly classified as forest, cultivable lands, barren and
rocky lands of which cultivable lands form the major portion. According to ASCR, 2008–09
almost 83 % of the land is under cultivation of which 70 % of gross cultivated area is rain-fed
and rest of 30 % area is supplemented with irrigation. Irrigation projects constructed on Bhīma
and Krishna rivers form the major source of irrigation.
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Being situated in drier areas of the State with high temperature and less humidity, region
receives very less rainfall. On an average, the region receives about 650 mm of rainfall in
about 50 days. Monsoon rainfall contribution is almost 75–80 % which generally breaks by
mid-June and lasts till end of October. Both rainfall and temperature are highly variable both
spatially

2.2 Data Used

Daily rainfall data available for 178 rain gauge stations in the study districts have been
collected from Directorate of Economics and Statistics, Karnataka. These stations are main-
tained by various organisations such as meteorological department, water resources develop-
ment organisation, Karnataka forest department and private agencies and estates. These data
have compiled and checked for quality and consistency. The missing and erroneous data have
been corrected using standard procedures using HYMOS software. Locations of rain gauge
stations have been presented in Fig. 1 (Fig. 1 Raingauges with locations in the study region).

2.3 Methodology

2.3.1 Aridity Index

An aridity index is a numerical indicator of the degree of dryness of the climate at a given
location which serves to identify and locate regions that suffer from deficit of available water.
A number of methods have been recommended in literature to estimate the aridity index. In

Fig. 1 Rain gauges with locations in the study region
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this study, a method proposed by De Martonne (1926) which uses precipitation and temper-
ature data to estimate aridity index has been used to estimate the aridity index. The aridity
index can be calculated using the formula

AI ¼
P

T þ 10
þ 12p

t þ 10

� �

2

Where P is the mean annual precipitation in mm, T is the mean annual temperature in deg
C, p is the precipitation of the driest month in mm and ‘t’ is the temperature of the driest month
in deg C. Climate types proposed by De Martonne (1926) is as under

Aridity index value Climatic class

<5 Arid

5–12 Semi-arid

12–20 Dry sub humid

20–30 Moist sub-humid

30–60 Humid

>60 Wet

2.3.2 Rainfall Variability Index (RVI)

Rainfall variability index ((δ) is calculated as

δi ¼ Pi−μ
σ

Where δi is the rainfall variability index for the year i, Pi is the annual rainfall for the year, μ
andσ are the mean annual rainfall and standard deviation for the data period chosen for the
study. A drought year occurs if δi is negative.

According to WMO (1975), rainfall time series can be classified into different climatic
regimes.

P < μ −2σ ‐‐‐ extreme dry
μ − 2σ < P< μ − σ ‐‐‐ dry
μ − σ < P < μ þ σ ‐‐‐ normal
P> μþ σ ‐‐‐ wet

2.3.3 Drought Characterisation

Drought intensity, duration and frequency were estimated using the conceptual model
developed by Ponce et al. (2000) as shown in Table 1. The conceptual approach is applicable
to subtropical and mid latitude regions, and is limited to meteorological droughts lasting at
least 1 year.

In the Ponce et al. (2000) methodology, the climate types, which encompass the climatic
spectrum from super-arid to super-humid, are defined in terms of ratio of mean annual
precipitation Pma to (mean) annual global terrestrial precipitation Pagt. The ratio, Pma/Pagt =1
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represents the middle of the climatic spectrum. This enables the division of climatic spectrum
in sub-tropical and mid-latitudinal regions into the following eight types

The conceptual model is also defined in terms of ratio of annual potential evapotranspira-
tion Eap to mean annual precipitation Pma. The ratio Eap/Pma =2 describes the middle of
climatic spectrum. To complement to the description, the length of rainy season Lrs is also
indicated. The drought duration varies between 1 year at extremes of climatic spectrum and
6 year at the middle. The Station Index (S) is defined as;

S ¼ Pma−P
Pma

Finally, the regional annual index RI for each year, is the average of station index of all the
stations during that year

RI ¼ 1

N

XN
1

S

For drought events lasting more than 1 year, intensity is the summation of individual annual
intensities. Longer drought durations are associated with higher intensities.

The dry periods (droughts) are generally followed by corresponding wet periods. Therefore
recurrence interval (reciprocal of frequency) is always greater than the drought duration.
Drought recurrence intervals increase from 2 year on the dry side of climatic spectrum (super
arid) to 100 years on the wet side (super-Humid).

For any year for which P is the annual precipitation, drought intensity is defined as the ratio
of the deficit (Pma-P) to the mean Pma. For any year an intensity of {(Pma-P)/Pma} =0.25, is
classified as moderate (Table 2).

Table 1 Conceptual model of
drought intensity, duration
and frequency

Type Classification

Super-arid Pma/Pagt <0.125

Hyper-arid 0.125≤Pma/Pagt <0.25

Arid 0.25≤Pma/Pagt <0.5
Semi-arid 0.5≤Pma/Pagt <1
Sub-humid 1≤Pma/Pagt <2
Humid 2≤Pma/Pagt <4
Hyper-Humid 4≤Pma/Pagt <8
Super-Humid Pma/Pagt ≥8

Table 2 Drought intensity classi-
fication for duration
of one year

Classification Type

(Pma-P)/Pma =0.25 Moderate

(Pma-P)/Pma =0.50 Severe

(Pma-P)/Pma =0.75 Extreme
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3 Results & Discussion

3.1 Summary of Statistical Parameters

Statistical parameters of daily time series at selected stations in the study area have
been presented in the following Table . The areal average rainfall and rainy days
estimated for the study area using Thiessen polygon method show that the region
receives 629 mm of rainfall in about 46 days. Rain generally starts after mid-June and
lasts till mid-October.

Rainfall is highly variable in the study region. Western and North-western districts,
Bijapur, Koppal and Bagalkot receive average annual rainfall of 539, 558 and
576 mm falling within 43, 38 and 50 days. Raichur district in the central part of
the study region receives 581 mm in about 41 days. Eastern districts Gulbarga and
Yadgir gets about 668 mm (within 49 days) and 731 mm (in 56 days) of rainfall.
Bidar situated in the northern part of the study region receives comparatively higher
rainfall. Coefficient of variation of annual rainfall is also very high in the study
region with high variation occurring in the eastern part of the study area.

Out of the total annual rainfall, the contribution of monsoon rainfall is about 62.8 % falling
within June to September period. Mid-August and September months receive higher rainfall
and February has the lowest rainfall. Contribution of non-monsoon rainfall is only about 20 %.

While the annual minimum rainfall varied between 101.5 and 372.6 mm for stations in the
region, annual maximum ranged between 638 mm to 1285 mm. Maximum one day rainfall
observed varied from 62.3 to 140.3 mm in the study region. The highest mean monthly total is
160 mm in September and lowest is 3 mm in February. Data from individual stations show
very high spatial and temporal variation in rainfall and rainy days.

Inter-annual and intra-annual variations were also analysed which show pronounced
variation in the rainfall pattern. The monsoonal (June-November) and non-monsoonal
(December to May) rainfall patterns were also analysed separately which showed that the
monsoonal rainfall followed the annual rainfall variations.

3.2 Spatial Variability of Rainfall

The isohyets map prepared by Inverse distance weight method (IDW) in ArcView 3.2
GIS platform of the study area is presented in Fig. 2. Figure 2 Isohyets map of the
study area). From the Table 3 and the map, we can see that rainfall has high spatial
variability across the region.

The isohyets map show that rainfall gradient is trending towards east and north in the study
area. Western districts are comparatively lesser rainfall. The region, being situated mostly in
the lee-ward side of the Western Ghats, rainfall in the region is dependent on the exposure of
monsoon winds and the distance from the mountain belt.

3.3 Aridity Index

For few stations, based on availability of temperature data, aridity index which defines the
dryness of the region has been developed using the method provided by De Martonne 1926
detailed under section 2.3.1. Results are presented Table 4. It can be seen from the table that
the area is falling under semi-arid to dry-sub humid category
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3.4 Rainfall Variability

Annual rainfall variability indices for few rain gauge locations are presented in the following
graphs (Fig. 3 Annual rainfall variability indices for few stations in the study area).

Annual rainfall variability indices for the observed study stations showed that most of the
stations had more dry years than normal or wet years. For 90 % of the stations considered,
drought conditions persisted between 2002–2004. The percentage occurrence of drought
conditions at few stations are shown in Fig. 4 (Fig. 4 Percentage of drought occurrences at
selected locations). Out of the 178 stations considered, 88 % of the stations had more than
50 % of the drought occurrences which indicate the extent of drought conditions in the study
area.

3.5 Drought Intensity, Duration and Severity

Drought analysis for the study area was carried out for the 178 stations falling within the
geographical area of the study region. The length of data varies from 30 to 58 years. These data
were subjected to the analysis using the methodology detailed by Ponce et al. (2000). The
average drought intensity-duration and frequencies were calculated and presented in Table 6.
The period chosen for the calculation of index starts with 1950 because most of the station has
data from then onwards.

Fig. 2 Isohyets map of the study
area
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Table 4 Aridity classification at selected locations in the study region

Sl.no Station name District Aridity type

1 Badami Bagalkot Semi-arid

2 Bagalkot Bagalkot Semi-arid

3 Bilgi-Bldg Bagalkot Semi-arid

4 Ilkal Bagalkot Semi-arid

5 Jamakhandi Bagalkot Semi-arid

6 Rabakavi Bagalkot Semi-arid

7 Aurad Bidar Dry-Sub-Humid

8 Basavakalyan Bidar Semi-arid

9 Bhalki TQ Off Bidar Dry-Sub-Humid

10 Bidar TQ Off Bidar Dry-Sub-Humid

11 Dubalgundi Bidar Semi-arid

12 K Chincholi Bidar Semi-arid

13 Kamathana Bidar Semi-arid

14 Lakhangaon Bidar Semi-arid

15 Manhally Bidar Dry-Sub-Humid

16 Tkushnoor Bidar Dry-Sub-Humid

17 Bijapur Bijapur Semi-arid

18 Devarahippargi Bijapur Semi-arid

19 Sindhgi Bijapur Semi-arid

20 Tikota Bijapur Semi-arid

21 Indi Bijapur Semi-arid

22 Talikote Bijapur Semi-arid

23 Managuli Bijapur Semi-arid

24 Ramanahally Bijapur Semi-arid

25 Mamdapur Bijapur Semi-arid

26 Afazalpur Gulbarga Semi-arid

27 Aland Gulbarga Semi-arid

28 Chandrapur Gulbarga Semi-arid

29 Chincholi Gulbarga Dry-Sub-Humid

30 Gulbarga Obsy Gulbarga Semi-arid

31 Nalwar Gulbarga Semi-arid

32 Narayanpur Gulbarga Semi-arid

33 Sedam TQ Off Gulbarga Semi-arid

34 Dotihal Koppal Semi-arid

35 Gangavathi IB Koppal Semi-arid

36 Kanakagiri Koppal Semi-arid

37 Koppal Koppal Semi-arid

38 Kukkanur Koppal Semi-arid

39 Yelburga Koppal Semi-arid

40 Arakere Raichur Semi-arid

41 Deodurga Raichur Semi-arid

42 Kallur Raichur Semi-arid

43 Kurkunda Raichur Semi-arid

44 Manvi Raichur Semi-arid
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The estimates of drought intensity and duration for stations located within Bagalkot
district indicated that the district had an average drought intensity of about 0.54 with
variations between 0.30 and 0.88 between stations. While average duration of drought
were 2.37 years, longest duration observed was 3.57 years. Bijapur district had an
average intensity of 0.59 which varied between 0.2 and 1.11, with average duration of
2.26 years and average return period of 3.7 years. Longest duration with frequency more
than 4 years was observed in few stations of the district. In Bidar district, average
drought intensity is 0.52 with variation between 0.31 and 0.99. average duration was
2.3 years. Longest duration of 4.2 years was observed for Hallikhed in this district.

Table 4 (continued)

Sl.no Station name District Aridity type

45 Raichur Obsy Raichur Semi-arid

46 Yermarus Raichur Semi-arid

47 Gurmittakal Yadgir Semi-arid

48 Saidapur Yadgir Semi-arid

49 Shahapur Yadgir Semi-arid

50 Yadgir TQ Off Yadgir Semi-arid

Fig. 3 Annual rainfall variability indices for few stations in the study area
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Gulbarga had an average drought intensity of 0.7 varying between 1.9 and 1.24 among
stations with duration 2.58 years with longest duration 4.0 years. Yadgir, with average
intensity of 0.77 which had similar pattern as Gulbarga showed variations between 0.47
and 1.21 with average duration of 2.94 years and longest duration of 4.25 years. Raichur
and Koppal districts showed more or less similar patterns. In Koppal, average drought
intensity was 0.56 with variations between 0.35 and 0.9 and average duration is
2.26 years. Maximum duration observed was 2.75. For Raichur district average drought

Fig. 5 Histogram showing the occurrences of different intensities of droughts during the study period

Fig. 4 Percentage of drought occurrences at selected locations
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intensity was 0.59 which varied between 0.32 and 0.77. The district recorded average of
2.19 years, longest being 3.36 years.

For all the stations, the intensities were ordered and divided into the categories based on
average duration of 2.5 years as 1. Moderate (less than 0.625) 2. Severe (0.625–1.25) and 3.
Extreme (greater than 1.25). A histogram was drawn for these events and is presented in the
Fig. 3

From the histograms (Fig. 5- Histogram showing the occurrences of different
intensities of drought during the study period), it is evident that the occurrences of
drought intensities under of moderate category are the highest followed by severe and
extreme intensities. In Bagalkot, the district observed 231 drought events of which
70.5 % were moderate, 19.9 % were severe and 9.6 % were extreme. In Bidar, out of
the 259 drought events, 73.4 % occasions experienced moderate, 20.8 % were severe
and 5.8 % were extreme droughts. From the histogram above, it is seen that in
Bijapur, out of 458 drought events, the study area has experienced the extreme
droughts events only 58 times. In Raichur and Koppal district, 72 % of the times,
drought were moderate intensity, 19.4 % were severe and 7.6 % were extreme
conditions. In Gulbarga and Yadgir districts, out of the 361 events, 64.8 % times
were moderate, 21.1 % time were severe and rest were extreme drought events. Thus,
it was evident that most of the time, the study area was under moderate drought
conditions.

Further, a relationship was established between the drought intensities and the
probability of eir occurrences presented in Fig. 6. (Fig. 6 Relationship between

Fig. 6 Relationship between probabilities of exceedance and drought intensity for the study area
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probabilies of exceedance and drought intensity for the study area) which would help
us to predict and know the average duration of future drought and its intensity based
on the annual rainfall values. From the above figures it could be seen that there are
very few higher intensive drought events have occurred which were about 10–15 % of
time during the study period. However, the events having drought intensity less than 1
have occurred most of the time

3.6 Spatial Distribution of Droguht Severity

After computing the severity for all the stations, the drought severity map was
generated using GIS platform. A number of interpolation methods exist for mapping.
To name a few are the Thiessen polygons, inverse distance weighing and geo-
statistical methods like Krigging and co-Krigging. Some studies have compared and
indicated that inverse distance weighing – the IDW (Tonkaz 2006) whereas some
others proved Krigging (Sanaei and Ghahraman 2006) as a superior method. In this
study, few methods were tried out and found that Krigging proved to be a better
method for the study area. Map showing drought severity has been presented in the
Fig. 7 (Fig. 7 Drought severity map of the study area).

Overall categories of drought show that the most frequent and severe droughts
occur in the northern regions. Northern and western portions of the study area are
under severe drought conditions. Extreme drought conditions persists in the central
region. Moderate drought severity occurred only in very few locations. Out of the
total area, about 50.4 % area were under extreme drought, 41.1 % under extreme
drought and 8.5 % under moderate drought.

Fig. 7 Drought severity map of study area

5628 V. Jayasree, B. Venkatesh



4 Conclusion

Drought analysis for North interior Karnataka region consisting of seven districts has been
performed using the methodology developed by Ponce et al. (2000). Climatic data for 178
stations with record varying 30–58 years were analyzed for drought intensity, duration and
frequency. From the analysis following points were noted;

1. The study region experienced drought conditions on more than 50 % of the occasions
during the study period

2. The region has undergone highly intense drought condition for a period of 10–15 % of
total period of the study

3. Incidences of moderate drought events were more, where as severe droughts, though
occur on less occasions have average drought durations of more than 2 years.

4. The decadal average rainfall index shows that the drought would continue even in the
coming decades.

5. Rainfall trends estimated for selected stations spread across the study region showed a
declining trend indicating increasing drought severity in the coming years

Further it is suggested to study the effect of rainfall deficiency on the water resources using
the suitable drought index.
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