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Abstract: An attempt has been made to study the variability and trends of annual and seasonal rainfall for the  
period of 38 years (1973-2010) for all seven tehsils of Jhalawar district of Rajasthan. The mean annual rainfall of the 
district was found to 910 mm with standard deviation 218 mm and coefficient of variation 24 per cent. Annual rainfall 
varied from about 831 mm in Khanpur to more than 1022 mm in the Pirawa tehsil of the district. The annual rainfall 
showed declined trend (-0.23 to -17.41 mm/year) in all seven tehsils of the district. The negative trends at Pirawa 
(17.407 mm/year), Manoharthana (11.595 mm/year) and Aklera (5.789 mm/year) are statistically significant at less 
than 0.001, 0.05 and 0.05 levels, respectively. During the study period maximum dry period was recorded during post-
monsoon and winter. Also, for the entire 38 years period maximum dry months were recorded during December till 
April. August was normal month for about 87 per cent followed by July and June for about 84 per cent and 66 per cent 
respectively. It was evident that the onset of south-west (SW) monsoon took place in the month of June and chances 
of drought occurrence during kharif season were very low. Hence, SW monsoon rainfall is found ideal for raising  
kharif crops like soybeans, urd, moong, jowar, maize, tomato, brinjal, chilli, okra, kharif onion, amaranth, rainfed green 
gram, red gram, castor, etc in the district. 
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INTRODUCTION 

Rainfall is one of the most important natural input  
resources to the crop production and its occurrence and 
distribution is erratic, temporal and spatial variations in 
nature. The knowledge of rainfall in any particular 
region is very helpful in sound crop planning (Singh 
and Sharma, 2003). It is natural to imagine that total 
agricultural production depends, not only on the total 
rainfall in a season, but also on its pattern of occur-
rence. The amount and temporal distribution of rainfall 
are generally the most important determinant of  
inter-annual fluctuations in national crop production 
levels. In the extreme case of droughts, with very 
low total seasonal amounts of rainfall, crop produc-
tion suffers the most. Many times intra-seasonal 
variations in rainfall distribution during crop growing 
periods, without a change in total seasonal amount, 
can also cause substantial reduction in yield (Bewket, 
2009). This means that the number of rainy days  
during the growing period is as important, if not 
more, as that of the seasonal total rainfall. The amount 
and distribution of rainfall in any particular area is 
very helpful in sound crop planning (Singh and 
Sharma, 2003) and rainy days were significant and 
positively correlated with the leafhopper population 
(Babu and Meghwal, 2014). Many researchers have 
attempted to study the rainfall analysis for crop plan-
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ning at different temporal as well as spatial scales 
(Chand et al., 2011; Jakhar et al., 2011; Jat et al., 
2010; Shinde et al., 2010; Subash et al., 2012; Singh et 
al., 2014). The rainfall distribution in Rajasthan is 
most uneven and varies considerably from region to 
region and from year to year. The proper understand-
ing and efficient utilization of the natural resources 
especially rainfall is therefore, of great concern for the 
improvement and sustainability of agriculture in rain-
fed areas. Keeping in view, the present study was con-
ducted to analyze the variability and trends of rainfall 
data which is expected to be useful for suitable crop 
planning specific to humid south-eastern region of 
Rajasthan.  

MATERIALS AND METHODS 

Description of the study area: The study was carried 
out in Jhalawar District of Rajasthan, India. The  
district falls under Humid South Eastern plain under 
Zone V of the Rajasthan state with an area of about 
6219 km2 consisting of seven tehsils namely; Khan-
pur, Jhalarapatan, Aklera, Pachpahar, Pirawa, Mano-
harthana and Gangdhar (Fig. 1). It resembles  
Engl ish letter ‘S’ and lies between 23.45° and 
24.52° N and between 75.27° and 76.56° E. Jhalawar 
district has the expansion of fertile plain having rich 
black-cotton soil and is watered dominantly by Ahu 
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and Kalisindh rivers. The Arawali hills cross the  
region roughly dividing the plains of Hadoti from the 
Malwa plateau. These hills and the surrounding areas 
provide the district exotic flavour with its diverse 
range of flora and fauna. Jhalawar district is known 
for the highest rainfall in Rajasthan. High rainfall 
along with rich soils provides adequate support to the 
agriculture in the district.  
Climatic characteristics: The long-term mean annual 
rainfall of the district is 910 mm with a standard devia-
tion of 218 mm and a coefficient of variation of 24%. 
On long term basis, the district experiences 38 mean 
number of rainy days with a standard deviation of 6 
days and a coefficient of variation of 15%. Generally, 
rainfall in the district is normal and reliable. The  
annual mean, maximum and minimum monthly  
relative humidity of the region are 69%, 91% 
(August) and 40% (April), respectively. Temperature 
varies according to altitude. The annual mean, maxi-
mum and minimum monthly mean daily tempera-
tures in the district are 27.5°C, 48.8°C (May) and 5.5°
C (February), respectively. 
Data sources and methods of analysis: The rainfall 
data were collected from District Collectorate, Reve-

nue department, Meteorological department, web  
portal and also from other relevant sources. Data since 
1973 up to 2010 of seven tehsils namely; Khanpur, 
Jhalarapatan, Aklera, Pachpahar, Pirawa, Manohar-
thana and Gangdhar of the district were collected to 
draw inferences. Various methods of data analysis 
were employed in the study. Rainfall data as received 
from meteorological department were analyzed using 
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Table 1. Annual and seasonal rainfall (mm), coefficient of variation and PCI during 1973-2010. 

Station Annual Pre- monsoon  SW monsoon Post- monsoon Winter PCI 
(%) Mean CV Mean CV Mean CV Mean CV Mean CV 

Khanpur 830.7 0.22 10.1 1.41 764.1 0.25 48.8 1.32 7.6 1.33 28 
Jhalarapatan 915.8 0.34 13.7 1.13 838.8 0.35 52.2 1.40 11.1 1.77 28 
Aklera 894.9 0.24 14.3 1.13 824.8 0.25 45.4 1.36 10.5 1.88 26 
Pachpahar 868.1 0.29 13.1 1.38 784.6 0.30 62.8 1.23 7.6 1.57 27 
Pirawa 1022.4 0.31 17.1 1.32 931.8 0.32 63.8 1.26 9.8 1.45 25 
Manoharthana 988.5 0.31 15.5 1.32 905.3 0.32 55.6 1.68 12.1 2.08 25 
Gangdhar 852.3 0.31 10.0 1.16 786.0 0.35 47.6 1.12 8.7 1.47 26 
District (Jhalawar) 910.4 0.29 13.4 1.26 833.6 0.31 53.7 1.34 9.6 1.65 26 

Table 2. Trend statistics and Sen’s slopes of annual and seasonal rainfall and its significance. 

Tehsil 
Annual Pre- monsoon SW monsoon Post- monsoon Winter 

M-K 
test 

Rainfall 
(mm/yr) 

M-K 
test 

Rainfall 
(mm/yr) 

M-K 
test 

Rainfall 
(mm/yr) M-K test 

Rainfall 
(mm/yr) 

M-K 
test 

Rainfall 
(mm/yr) 

Khanpur -0.075 -0.230 -0.569 0.000   0.075 0.150 -1.285 -0.303 0.000 0.000 
Jhalarapatan -0.075 -0.230 -0.569 0.000   0.075 0.150 -1.285 -0.303 0.000 0.000 
Aklera -2.213* -5.789 0.473 0.000  -1.748+ -4.675 -2.111* -0.794 -0.812 0.000 
Pachpahar -1.509 -6.283 0.630 0.000  -1.559 -6.618 -1.842 -1.443 0.263 0.000 
Pirawa -3.709***  -17.407 0.652 0.000  -3.118**  -15.629 -2.713**  -1.955 -0.138 0.000 
Manohar-
thana -2.225* -11.595 1.612 0.171  -2.125* -10.636 -1.325 -0.297 -0.263 0.000 
Gangdhar -1.559 -5.083 0.463 0.000  -1.220 -5.250 -1.545 -0.546 -0.135 0.000 

+Significant at 0.1 level; *Significant at 0.05 level; ** Significant at 0.01 level; *** Significant at 0.001 level. 

Table 3. Seasonal mean rainfall ( ), Standard deviation (S), normal (N), dry (D) and wet (W) in the study period. X

Season  X S N PN W PW D PD 
Winter 9.7 13.5 12 32 7 18 19 50 
Pre-monsoon 13.4 12.4 21 55 4 11 13 34 
SW monsoon 833.6 211.1 37 97 0 0 1 3 
Post-monsoon 53.7 65.9 11 29 7 18 20 53 
PN- per cent normal, PW- per cent wet, PD- per cent dry 

Fig. 1. Jhalawar district and the constituent tehsils. 
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Microsoft Office Excel 2003. Analysis of the rainfall 
data involved characterizing long-term mean values, 
and calculation of indices of variability and trends at 
monthly, seasonal and annual time steps. The coeffi-
cient of variation  and  the  Precipitation  Concentra-
tion  Index  (PCI)  were  used  as  statistical  
descriptors of rainfall variability. The PCI values 
were calculated as per the method as suggested by 
Oliver (1980) as under: 

  
Where, Pi is the rainfall amount of the ith month; 
and Σ = summation over the 12 months. 
According to Oliver (1980), PCI values of less than 
10 indicate uniform monthly distribution of rainfall, 
between 11 and 20 high concentration, and that of  
above 21very high concentration. 
The monthly rainfall series of all the tehsils were used 
to calculate an areal average rainfall for the district as 
per the formulae proposed by Nicholson (1985): 

 
Where, Rj is areally integrated rainfall for year j; Xij  is 
rainfall at station i for year j and Ij  is the number of 
stations available for year j. Variability and trend in 
the areal rainfall were also examined using the same 
methods. 
Trend analysis: The magnitude of the trend in the 
seasonal and annual series was determined using 
the Sen’s estimator (Sen, 1968) and statistical signifi-
cance of the trend in the time series was analysed using 
Mann-Kendall (MK) test (Mann, 1945; Kendall, 
1975). Sen’s slope method is a nonparametric  
approach frequently used for environmental data 
analysis because it is robust to missing data and out-
liers (Gilbert, 1987) and also gives a robust estimation 
of trend (Yue et al., 2002). Sen's method calculates the 
slope as a change in measurement in consonance to the 
change in time. In this method, the slopes (Ti) of all 
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k) respectively. The median of these N values of Ti is 
Sen’s estimator of slope which is calculated as 

  
A positive value of  indicates an upward 
(increasing) trend and a negative value indicates a 
downward (decreasing) trend in the time series. 
In the present study, the MK test was also applied. 
The MK method searches for a trend in a time series 
without specifying whether the trend is linear or non
-linear. MK test checks the null hypothesis of no trend 
versus the alternative hypothesis of the existence 
of increasing or decreasing trend. 
The statistic (S) is defined as (Salas, 1993) 

   
Where, N is number of data points. Assuming

, the value of  is computed as fol-
lows:                                                                                                               

   
This statistic represents the number of positive differ-
ences minus the number of negative differences for all 
the differences considered. For large samples (N>10), 
the test is conducted using a normal distribution 
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ance as follows: 
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Table 4. Monthly mean rainfall ( ), Standard deviation (S), normal (N), dry (D) and wet (W) in the study period. X

Month  X S N PN W PW D PD 
JAN 5.5 9.6 8 21 7 18 23 61 
FEB 4.2 8.6 10 26 5 13 23 61 
MAR 2.7 6.8 4 11 6 16 28 74 
APR 2.7 5.3 6 16 6 16 26 68 
MAY 8.0 9.1 13 34 7 18 18 47 
JUN 98.2 58.5 25 66 1 3 12 32 
JUL 287.8 154.9 32 84 2 5 4 11 
AUG 325.8 147.6 33 87 0 0 5 13 
SEP 123.6 83.5 21 55 5 13 12 32 
OCT 29.5 49.9 11 29 5 13 22 58 
NOV 17.5 34.5 4 11 7 18 27 71 
DEC 6.7 21.0 2 5 4 11 32 84 
PN- per cent normal, PW- per cent wet, PD- per cent dry 
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Where, n is the number of tied (zero difference  
between compared values) groups, and tk is the num-
ber of data points in the kth tied group. The standard 
normal deviate (Z-statistics) is then computed as 
(Hirsch et al., 1993): 

  
If the computed value of , the null hypothesis 
(H0) is rejected at  level of significance in a two-
sided test.  
Computation of drought: The criteria used by 
Sharma et al. (1979) were adopted for computing 
drought. Any month/season receiving rainfall less than 
50% of the average monthly/seasonal rainfall has been 
taken as dry month/season (D); between 50% and 
200% of the average monthly/seasonal rainfall as nor-
mal month/season (N) and that receiving rainfall more 
than twice of average monthly/seasonal rainfall as wet 
month/season (W).  

RESULTS AND DISCUSSION 
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(1973 to 2010) indicated that the mean annual rainfall 
of the district is 910.40 mm with a standard deviation 
of 217.67 mm and a coefficient of variation of 23.90 
per cent. The annual total rainfall in the Jhalawar var-
ied from slightly over 831 mm in Khanpur to more 
than 1022 mm in Pirawa tehsil (Table 1). Five tehsils 
(Khanpur, Gangdhar, Pachpahar, Aklera and Jhalara-
patan) received 831 to 916 mm of mean annual rainfall 
per year while, two tehsils namely Manoharthana and 
Pirawa were experienced mean annual rainfall amounts 
of 989 and 1022 mm, respectively. Thus, Only Pirawa 
tehsil has experienced more than 1000 mm of annual 
rainfall. The rainfall showed moderate inter-annual 
variability as reflected by the coefficients of varia-
tions (Table 1). The winter (January–February), pre-
monsoon (March–May) and post-monsoon (October–
December) rainfalls were found much more variable 
(>112%) than the SW monsoon (main rainy season, 
June-September) rainfall in which the coefficient of 
variation is lower than 35%. Much of the rainfall in 
the study area was found concentrated in the four 
months of the south-west (SW) monsoon season. 
The contribution of SW monsoon rainfall to the total 
annual rainfall was found nearly 92% in all the tehsils 
in the district (Table 1). Post-monsoon rainfall had 
about 5% to 7% contribution to the annual total rainfall 
in all the tehsils. The extreme concentration of rain-
fall can also be seen from the contribution of the 
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Fig. 2. Annual rainfall trend in Jhalawar.  
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The analysis of rainfall data for the period of 38 years 
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single largest monthly total rainfall to annual total 
rainfall at each of the tehsil. A PCI values noted be-
tween 25 and 28 per cent indicate that rainfall in the 
district was characterized by very high monthly rain-
fall concentration (Table 1).  
Trend analysis of rainfall data indicated a decline trend 
of annual rainfall during the period under study (Fig. 
2). There appeared a declining trend in annual precipi-
tation during the last decade. It gradually declined 
from 856 mm (during 2000) to 679 mm during trien-
nium ending 2010. The annual rainfall shows negative 
trend in all seven tehsils (Table 2). The statistically 
significant decreasing trends of annual and SW mon-
soon rainfall were noted in Pirawa, Manoharthana and 
Aklera tehsils. The negative trends at Pirawa (17.407 
mm/year), Manoharthana (11.595 mm/year) and Ak-
lera (5.789 mm/year) are statistically significant at less 
than 0.001, 0.05 and 0.05 levels, respectively. Other 
significant decreasing trends were observed in annual 
and SW monsoon rainfall of Pirawa and Aklera tehsils 
(Table 2). However, significant decreasing trend was 
recorded as concerned of the SW monsoon and annual 
rainfalls in the district. Similar results of decreasing 
trends were reported by Roy (2015) in his study for 
trend detection in temperature and rainfall over Rajast-
han during the last century. 
Mean and standard deviation of seasonal rainfall for the 
period of 38 years are presented in Table 3 for drought 
study. From the data it is evident that SW monsoon sea-
son received the highest rainfall (833.6 mm) followed 
by the post-monsoon (53.7 mm), winter (9.7 mm) and 
pre-monsoon (3.4 mm) season. For the entire period, 
maximum dry season was recorded during post-
monsoon and winter. The occurrence of drought during 
the study period in Post-monsoon and winter seasons 
were observed as 53 and 50 per cent respectively while 
during SW monsoon season it was recorded only 3 per 
cent. It is evident that the onset of rainfall was in the 
season of SW monsoon and per cent of drought occur-
rence during SW monsoon (June–September) was neg-
ligible. Hence, SW monsoon season is found ideal for 
raising kharif crops like soybeans, urd, moong, jowar, 
maize, tomato, brinjal, chilli, okra, kharif onion, ama-
ranth, rainfed green gram, red gram, castor, etc in the 
district. 
From the analysis of monthly rainfall data for the study 
period it is explicit that August received the highest 
rainfall followed by July and September (Table 4). De-
cember was observed recurrently dry month. Out of 38 
December months during the period of study in context, 
32 December months were observed dry which consti-
tutes 84% of total dry month under reference period. 
During the entire 38 years period under study, maxi-
mum dry months were recorded during December till 
April.  April and March received the lowest rainfall (2.7 
mm) followed by Feb (4.2 mm). For the study of the 
normal rainfall, August was found normal month about 
87% followed by July (84%) and June (66%). Fig. 3 

indicates the decadal amount and pattern of SW mon-
soon (June–September) rainfall in the district. The av-
erage rainfall in the month of August was observed as 
413 mm during 1981-1990 while in decade of 2001-
2010, August rainfall was observed as 261. It shows 
that there was decrease in rainfall peak from 1981-
1990 to 2001-2010.  
The anomalies in the SW monsoon and annual rainfalls 
are shown in Fig. 4. The rainfall in the district is  
characterized by alternation of wet years and dry years 
in a periodic pattern. Of the 38 years of observation, 
19 years (50%) recorded below the long-term aver-
age annual rainfall amount while 19 years recorded 
above average. Most of the negative anomalies  
occurred during the 2000s (8 of 19). Between 2002 
and 2010 the annual rainfall had been below the long-
term mean, excepting the year of 2006 when rainfall 
was above the mean. During 2002 rainfall amount 
emerged as the lowest on record in the district, 
showing the worst drought year. There were seven 
drought years during the period under study namely 
1979, 1980, 1989, 2002, 2005, 2007 and 2010, which 
together represent 18% of the total number of obser-
vations. In contrast, 1973, 1985, 1986, 1996 and 2006 
were wet years and represent 13% of total observations 
and the remaining 26 years received normal rainfall 
which represent 68% of total observations made during 
the reported period in the district. The similar types of 
results were obtained by Rajpoot and Kumar (2014) 
using 56 year’s rainfall data for the assessment of  
environmental stress as meteorological drought due to 
rainfall variability in Jaipur, Rajasthan (India). 

Conclusion 

An analysis of rainfall variability and trend using the 
data 1973-2010 showed significant negative trend in 
the district. The annual total rainfall in the Jhalawar 
varied from slightly over 831 mm in Khanpur to more 
than 1022 mm in Pirawa tehsil. Five tehsils 
(Khanpur, Gangdhar, Pachpahar, Aklera and Jhalara-
patan) received 831 to 916 mm of mean annual rainfall 
per year while, two tehsils namely Manoharthana and 
Pirawa were experienced mean annual rainfall amounts 
of 989 and 1022 mm, respectively. Only one tehsil 
(Pirawa) experienced annual rainfall amounting to 
more than 1000 mm. The rainfall showed moderate 
inter-annual variability as reflected by the coeffi-
cients of variations. The winter, pre-monsoon and 
post-monsoon rainfalls were found much more vari-
able (>112%) than the SW monsoon rainfall in 
which the coefficient of variation is lower than 
35%. For the study period, maximum dry period was 
recorded during post-monsoon and winter with 53% and 
50% respectively. For the entire 38 years period maxi-
mum dry months were recorded during December till 
April. August was normal month for about 87% fol-
lowed by July and June for about 84 and 66 per cent, 
respectively. It was evident that the onset of SW mon-
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soon took place in the month of June and chances of 
drought during kharif (June–September) appeared very 
less under investigation. Recovery of rainfall during 
the 1990s from the low values of the 1980s obscures 
decadal scale trends in annual and seasonal rainfall at 
some tehsils. Many tehsils show drier conditions in 
2002 and 2010. Examination of trends in annual and 
SW monsoon rainfall in the district is characterized by 
alternation of wet years and dry years in a periodic 
pattern. 
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