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ABSTRACT 

Three set of data collected from representative three agro climatic zone of Chhattisgarh state viz., 
Chhattisgarh Plain (Raipur), Northern hills (Ambikapur) and Bastar plateau (Jagdalpur) were analyzed to obtained
trend of moisture regime and intensity of drought in the respective zone. Results of present investigation revealed 
that significant increasing trend has been observed in aridity index especially since 1981 onwards. In case of 
moisture index, negative trend was observed in all the three stations, during the three periods (1951-80, 1981-2010 
and 1951-2010) except at Jagdalpur station where slight rising trend is observed during 1981-2010 period which 
indicates that the climate of these stations are slowly moving towards drier climate. Chhattisgarh State experienced 
water deficiency during November-May of normal years and surplus water condition was observed during June to 
September months of wet year at Raipur and Ambikapur and up to October month at Jagdalpur station. Occurrence 
of disastrous drought was not experienced in all three stations during the past five decades (1951 – 2000) but in the 
most recent decade (2001 – 2010) disastrous drought is being observed.  
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Knowledge on total rainfall, its distribution 
and drought studies are extremely useful and 
important for better planning of cropping pattern, 
developing irrigation and drainage plans for an area. 
Studies on rainfall on different timescale play a great 
role in understanding weather phenomena in tropical 
countries and help to determine the agricultural land 
use potential and hydrological investigations. 
Pisharoty (1987) reported that in India, most of 
precipitation occurs between June to September and 
about 50 per cent of rainfall occurs within 20-30
hours, which is hardly accounts for 1% of total rainy 
season. Whenever there is a digression in water 
balance components temporarily in a particular 
region that lead to water surplus or deficit. The water 
balance approach in climatic studies is a basis for 
understanding the wetness and dryness of a place, 
based on the evaluation of water need. In India, 
Subrahmanyam (1958) followed water balance 
approach proposed by Thronthwaite and Mather 
(1955) and did poineering research based on aridity 
and humidity index. Similar studies were reported by 
several workers across the country Subramaniam 
et al., 1984). At the same time, many studies have 
been undertaken related to climatic variability / 
change using water balance approach (Karl & 
Riebsame 1989, Ayers et al., 1994, McCabe  and 
Wolock, 2002). Results of these investigations 
indicated that significant trend have been noticed in 
important hydro climatic variables and have 
presented potential hydrologic consequences of 
climate change.  In the view of above, an attempt has 

been made to find out trends in climatic water 
balance parameters (aridity index, humidity index 
and moisture index) and also to find out frequency 
and intensity of droughts based on water balance 
approach over three selected locations of 
Chhattisgarh state. 

MATERIALS AND METHODS 

Monthly rainfall, maximum and minimum 
temperature data of Raipur, Jagdalpur and Ambikapur 
representing three agro climatic zones of Chhattisgarh 
State viz., Chhattisagarh Plains, Bastar Plateau and 
Northern Hills zone, respectively for the period 1951 - 
2013 were collected from the climatological data of 
important cities from IMD website. The available 
water holding capacity of soils of three stations were 
retrieved from the old thesis of post graduate students 
of department of Agrometeorology, Indira Gandhi 
Krishi Vishwa vidyalaya, Raipur. Potential 
Evapotranspiration was worked for three stations 
using PET v3 software (Bapuji Rao et al., 2013). 
Yearly water balance for above three stations were 
computed for a period of 63 years (1951-2013) using 
the Thronthwaite and Mather (1955) book keeping 
water balance procedure. Water balance computation, 
Aridity Index (Ia), Humidity Index (Ih) and Moisture 
Index (Im) were computed on annual basis using the 
formulae as given below: 

Ia = Water Deficit / Potential Evapotranspiration x 100 

Ih = Water surplus / Potential Evapotranspiration x 100 

Im = Ih – Ia
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 Climatic shift in three stations during the study 
period was done through time series analysis of 
aridity, humidity and moisture index, by following 
Mann-Kendall statistical test using trend detection 
software (Chiew et al., 2005). Frequency and intensity 
of drought was worked out as per the procedure given 
by Subrahmanyam and Subramaniam (1964) and later 
modified by Subrahmanyam and Sastri (1969). It is 
classified on the basis of the percentage departure of 
aridity index from the median as moderate, large, 
severe and disastrous according to the following 
category, where ‘s’ is the standard deviation: 

Departure of la from median Drought intensity
<1/2σ Moderate 
1/2σ to σ Large
σ to 2σ Severe
>2σ Disastrous

RESULTS AND DISCUSSION 

Trends of climatic indices during the study period : 
Results of trend analysis of climatic indices 

for three different periods (1951-1980, 1981-2010 and 
1951-2013) for Raipur, Jagdalpur and Ambikapur 
stations furnished in Table 1. It could be very well 
observed that Aridity Index (Ia) has shown significant 
increasing trend during 1981-2010 for Raipur as well 
as during 1951-2013 period and at Ambikapur during 
1981-2010 period. Though increasing tendency was 
noticed in aridity index at Jagdalpur but not 
significant. From this it could be inferred that water 
deficit condition was evident from 1981 onwards at all 
three stations. At the same time declining trend (non-
significant) was seen for humidity index at all three 
stations during 1951-2013 and mixed results were 
found during 1951-1980 and 1981-2010 periods, 
which indicated that over a period of years the 
strength of humidness was slowly moving to lower 
side. Moisture index, based on which climatic type of 
a place had determined were shown negative trend at 
Raipur and Ambikapur three stations during the three 
periods, except at Jagdalpur station where slight rising 
trend was observed during 1981-2010 period. 
Normally, these three stations falls under dry 
subhumid climate and fluctuates towards humid or 
semi arid climate depends on water surplus / deficit 
during a particular year. From the trend results, it was 
clear that the climate of these stations were slowly 
moving towards drier climate.  

Increasing tendency of aridity index during 
recent decades in these stations also confirmed this 
results. Studies of Sastri and Urkurkar (1996) and 
Sastri (2009) inferred that due to change in rainfall 

pattern, general climate of Mahasamund and Kanker 
districts have changed which is in support to present 
study.  They further stated that such changes in the 
rainfall have influenced the agriculture in the state and 
farmers are adopting the climate change by shifting 
from long duration local rice varieties to short 
duration high yielding varieties (HVY) of rice. 
Krishnakumar and Prasada Rao (2006) studied 
climatological drought over Kerala State and they 
opened that climate of state shifted from B4 humid to 
B3 climate type and it was more evident from 1951 to 
2000. 

Water balance parameters over most dry year, least 
dry year and climatic normal year: 

Water balance parameters of Raipur, 
Ambikapur and Jagdalpur stations during normal, most 
dry and least dry year is furnished in Table 2, 3 and 4. 
ChhattisgarhState experiences water deficiency mainly 
duing the period of November-May. This could be 
inferred from values of water deficit for Raipur, 
Ambikapur and Jagdalpur stations as per the climatic 
normal (1951-2013). Accumulation of soil moisture 
starts from second half of May / first week of June 
depending upon summer showers and onset of 
southwest monsoon. Appriciable amount water surplus 
across the three stations were noticed from July to 
September only due to southwest monsoon. Soil 
moisture deficiency was started from October month 
and it looms large if there was no rainfall due to 
cyclonic effect from Bay of Bengal sea / post monsoon 
rainfall. High soil moisture deficit may affect the rice 
yield as reproductive / grain development stage 
coincide during this month. Studies of Sastri (2009) 
supported this statement and he reported the the 
farmers of Chhattisgarh started to cultivate early / 
medium duration rice varieties as a consequence of 
decresing rainfall trend in October month.     

Raipur and Jagdalpur stations were 
experienced their most dry year in 2009 and at 
Ambikapur by 2010 with a water deficit (WD) of 
1220, 1037 and 1097 mm, respectively. Most wet year 
was noticed in the years of 1970, 1956 and 1990 at 
Raipur, Ambikapur and Jagdalpur stations, 
respectively. During most wet year too, water surplus
condition was observed during June to September 
months at Raipur and Ambikapur. At the same time, at 
Jagdalpur water surplus situation was seen up to 
October month owing to influence of post monsoon 
rainfall / late withdrawl of sothwest monsoon season. 
High soil moisture status due to water surplus 
condition facilitate better crop establishment and 
growth of rabi season crops and lead to reap good 
harvest.   
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Table 1: Slope value of linear trend and Mann-Kendall trend results of climatic indices for three selected stations 

Climatic water 
balance indices

Stations
Raipur Ambikapur Jagdalpur

1951-
1980

1981-
2010

1951-
2013

1951-
1980

1981-
2010

1951-
2013

1951-
1980

1981-
2010

1951-
2013

Aridity index (Ia) 0.107 0.251* 0.062 * -0.034 0.346 ** -0.017 -0.049 0.077 0.053
Humidity index (Ih) -0.005 0.052 -0.129 -0.300 -0.560 -0.210 -0.066 0.023 -0.135
Moisture index (Im) -0.112 -0.402 -0.192 -0.266 -0.907* -0.193 -0.017 0.048 -0.188*

* Significant at 10% level; ** Significant at 5% level; *** Significant at 1% level

Table 2: Water balance parameters of most dry, most wet and climatic normal year at Raipur during 1951-2013

Table 3: Water balance parameters of most dry, most wet and climatic normal year at Ambikapur during 1951-2013
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Table 4: Water balance parameters of most dry, most wet and climatic normal year at Jagdalpur during 1951-2013

Fig. 1 Decade-wise frequency and intensity of 
droughts over Raipur district during 1951-
2013.

Fig. 2 Decade-wise frequency and intensity of 
droughts over Ambikapur district during 
1951-2013. 

Fig. 3 Decade-wise frequency and intensity of 
droughts over Jagdalpur district during 1951-
2013.

Fig. 4 Percentage intensity and occurrence of 
droughts over Raipur during 1951-2013. 
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Fig. 5 Percentage intensity and occurrence of 
droughts over Ambikapur during 1951-2013.

Fig. 6 Percentage intensity and occurrence of 
droughts over Jagdalpur during 1951-2013. 

Decadewise frequency and intensity of droughts: 

It can be very well observed that there were 
variations at three stations representing three agro-
climatic zones of the state with regard to frequency 
and intensity of drought during the study period. By 
histograms, it can be very well observed that 
frequency of drought had increased and during the 
decade 2000-10, there was higher frequency of 
droughts at Raipur station (Fig.1). At Ambikapur 
number of droughts was less during the mid-decades 
and droughts was more frequent during 1951-1960 as 
well as in the recent decade of 2000-10 (Fig.2). In the 
same way, at Jagdalpur also incidence of droughts 
(Fig.3) was more during 1951-1960 decade when 
compared to other decades. One significant 
observation is noticed that in the past five decades 
(1951 – 2000) occurrence of disastrous drought was 
not experienced at all three stations. But in the most 
recent decade (2001 – 2010), at all stations across 

Chhattisgarh, disastrous drought was being observed. 
Percentage of occurrence of different droughts over 
Raipur, Ambikapur and Jagdalpur has been shown in 
Fig. 4, 5 and 6. It was evident that moderate drought 
accounts for 47, 41 and 50 percent of years followed 
by large drought around 32-37 percent of years 
during the period 1951-2013.   

CONCLUSION
Investigation on climatic water balance 

revealed that there was significant increasing trend 
observed in aridity index especially since 1981 
onwards. In the case of moisture index negative trend 
was observed in all the three stations during the three 
periods (1951-80, 1981-2010 and 1951-2010) except 
at Jagdalpur station where slight rising trend was 
observed during 1981-2010 period which indicates 
that the climate of these stations are slowly moving 
towards drier climate. Water balance parameters 
during climatic normal year indicated that 
ChhattisgarhState experiences water deficiency 
mainly during the period November-May.  

During most wet year water surplus 
condition was observed during June to September 
months at Raipur and Ambikapur. where as in 
Jagdalpur water surplus situation was up to October 
month, due to post monsoon rainfall / late withdrawl 
of soth west monsoon season. In the past five decades 
(1951 – 2000) occurrence of disastrous drought was 
not experienced at all three stations but in the most 
recent decade (2001 – 2010) disastrous drought was 
observed. moderate drought at  Raipur, Ambikapur 
and Jagdalpur accounts for 47, 41 and 50 percent of 
years followed by large drought around 32-37 percent 
of years during the study period 1951-2013. 
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