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Abstract

Trend and climate change were studied in annual rainfall data for the period of 62 years (1949-
2010) of Sagar and 65 years (1945-2010) of Damoh districts of Bundelkhand region of central In-
dia. The analysis of weekly rainfall probability was also carried out at both the locations for field
operations and crop planning in rainfed agricultural system for improving the farmer’s livelihood.
Mean annual rainfall was 1233.8 mm with 32.6% variability for Sagar and 1225.1 mm with 30.3%
variability for Damoh region. Sagar and Damoh region exhibited significant decreasing trend in
the total amount of annual rainfall in the last 15 years (1996 to 2010). Also, both locations showed
significant long-term decreasing trend in annual rainfall. Climate of both the regions have changed
as in the recent 15 years annual rainfall had decreased by 156.4 and 310.7 mm at Sagar and Da-
moh from their long period average (LPA), respectively. The Initial and conditional rainfall proba-
bility analysis at Damoh reinforced that Initial probabilities {P (W)} of getting 10 mm rainfall per
week was 76% during 25t (18-24 June) SMW. Thus, the seed bed preparation could be initiated
during this week. Initial as well as conditional probability of wet week followed by wet week
{P(W/W} of getting 20 mm rainfall was more than 80% during 27th SMW (2-7 July) in Sagar district.
Therefore, this week is most suitable for sowing operation in this district.
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1. Introduction

Climate from geological epoch has been changing with time and it is reasonable to assume that it will change.
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Recently, the severe drought conditions have disrupted human societies in Bundelkhand region of central India
and got the attention of India on reality of climate variability and its significance. The information on annual and
seasonal rainfall of a region is useful to design water harvesting structure for agricultural operations, field prep-
aration, seeding, irrigation, fertilizer application and overall in field of crop planning [1] [2]. Climatic variability,
particularly rainfall is the major factor influencing the agricultural productivity and sustainability in the tropics
[3]. Around 60% of the Indian agriculture is rain-dependent, distress-prone and vulnerable to climate. Constant
increase in green house gas concentrations, since pre-industrial times, has led to positive radiative forcing of the
climate, tending to warm the surface. The fourth assessment report of IPCC confirmed the rise in atmospheric
temperature by 0.74°C over the last 100 years and projected a temperature increase of 1.8°C to 4°C by 2100 [4].
There is also a global trend for increased frequency of drought as well as heavy precipitation events, posing po-
tential threat to ecosystem especially agricultural production and productivity [5] [6]. Recent studies indicate
that increase in temperature with rainfall uncertainties may lead to loss of 10% - 40% crop production in India
due to its large population and limited resources [7]-[9]. Uncertainties and seasonal migrations have been further
compounded due to high frequency of the extreme rainfall and weather events like droughts due to global
warming [10]. Historically, Bundelkhand region of Central India used to have one drought in 16 years in 19"
century which increased by three times during the period 1968 to 2000 and in last 10 years, region have wit-
nessed five drought years [11]. Several studies have been undertaken in India to assess the rainfall variability.
Blandford [12] was the first meteorologist to made extensive studies on Indian rainfall. Parthasarthy and Mooley
[13] for Karnataka and Dhar [14] for Tamilnadu have found the significant evidence for the presence of different
cycles ranging from 2 years to short periods in the rainfall series of different regions of India. Detailed analysis
of long-period rainfall data over different sub divisions of India and also over India as a whole does not indicate
any long-term climatic change, but only indicate year-to-year random fluctuations during 100 years (1871-1978).
Also, some significant cycles of 2 (quasi-biennial) - 15 years periods were noted only in some regions of India
[15] [16]. Annual rainfall along with a five-year moving average showed that trend was alternatively increasing
and decreasing in nature consisting of a period of five or six years at Pusa, Bihar, India [17]. It showed
long-term increasing trend with a rate of 1.98 mm per year. Also, in another districts of Bihar i.e., Madhepura, a
significant long-term increasing trend was noticed in annual rainfall series with a rate of 13.8 mm/year [18].
Both the locations under study are categorized as rainfed regions with low, erratic and uncertain rainfall pattern
with frequent dry spells during the monsoon season. Hence, cropping in monsoon season is tricky with very high
risk of crop failure due to early withdrawal of monsoon. The current changing climatic scenarios are projected to
have a major impact on the rainfall pattern and its intensity which would directly affect the ecosystem, agricul-
tural production practices, water resource management and the crop planning [11]. The rainfed agro-ecology is
characterized as vulnerable for agricultural operations which revolve around moisture availability due to rainfall
pattern, amount, intensity and its uses for crop production [19]. In most of studies the workers have suggested
the cropping pattern considering the rainfall amount at different probability levels [20]-[22]. Taking into account
these climatic and probability factor, the current study was conducted at two rainfed districts of Bundelkhand
region namely Sagar and Damoh for interlinking the rainfall probability and intensity factor with the crop plan-
ning pattern in the region.

2. Materials and Methods

Weekly rainfall data for the period 1949 or 1945 to 2010 i.e., for 62/66 years pertaining to Sagar (23°5'N, 78°5'E,
594 m msl), and Damoh (25°5'N, 79°29'E, 595 m msl), respectively were obtained from India Meteorological
Department (IMD), Pune, India. Weekly, annual and seasonal rainfall distribution patterns were critically ex-
amined and analyzed adopting procedure suggested by Panse and Sukhatme [23]. In order to apply appropriate
statistical test, the frequency distribution of annual and seasonal rainfall series have been tested for normality by
Fisher’s statistics. The annual rainfall series of both locations were divided in three sub-periods i.e., | sub-period
(1945/41-1970), 1l sub-period (1971-1995) and 111 sub-period (1996-2010). The sub-period averages were com-

pared with long period average using Cramer’s test (t, ) [24], to apply Cramers’s test (t, ), let X and S be de-
fined respectively as the mean and standard deviation of the entire record of N values.
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S=WV

Now, let X, be defined as the mean of the sub-period of n values,

N
Y = Zi:k+1 %;

X

Defining:

We computed:

MR RS
“ [ N-n(1+72) i

The statistic t, is distributed as “Student’s” t with (N —2) degrees of freedom.

Trends were examined using Mann-Kendall rank statistic (t), Spearman rank statistic (r;) and Gaussian
low-pass [24]. Before computing Mann-Kendall rank statistic (t), the series x; were replaced by their ranks k;
such that each term was assigned a number ranging from 1 to N that reflects its magnitude relative to the magni-
tude of all other terms. Then statistic P for the series was computed, which is accomplished as follows. Count up
the number of later terms whose values exceed k;, and denote this number by n;. Then compare the value of the
second term that exceed k,, and denote this by n,. Continue this procedure for each term of the k; series with Xy_;
and its corresponding number ny_y, then P is given by the sum:

N-1
P=>n
i=1
where, as:

4P
N(N-1)

Spearman rank statistic (rs): The calculation rs requires that the series x; under investigation first be trans-
formed to its rank k; as described above. The each term of rank series k; should be subtracted by i to compute d;
(where “i” ranges from 1 to N).

d, =k —i
Then compute, j,

N
jo=1- GZi:ldiz
) N(N*-1)
where, as:
[ =1- js
For N larger than 8, the value of rs can be tested for significance by solving for “t” with the equation given
below and comparing this with probability points of student’s t-distribution for (N —2) degrees of freedom.
y N-2

b=
S

An initial and conditional probability of weekly rainfall at different threshold limits (10, 20 and 40 mm) were
computed using first order Markov chain process [25]. Expected amount of rainfall at a given probability level
was computed using Weibull’s distribution [26] as given below

Pr (%) =(m/N +1)x100
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where, Pr is the plotting percentage, N is the total numbers of years and “m” is the rank of observed values of
weekly rainfall, when rainfall in descending order of magnitude.

3. Results and Discussion
3.1. Mean and Variability in Annual and Seasonal Rainfall

The mean annual rainfalls for both the locations are more than 1200 mm with a standard deviation (SD) of more
than 371 mm and coefficient of variation (CV) of more than 30.3%. The coefficient of variation indicates that
the rainfall was highly variable at these two locations. The average annual rainfall varied from 491.7 mm (1981)
t0 2167.1 (1991) and 234.8 (1989) to 2387.3 mm (1956) at Sagar and Damoh, respectively (Table 1).

The annual and monsoon (23" - 39" SMW) rainfall series were normally distributed. About 90% of annual
rainfall is received from the southwest monsoon during monsoon season. Average rainfall during the monsoon
season is 1104.5 mm and varied from 440.6 to 1896.3 mm with SD of 320 mm at Sagar. The annual rainfall
contribution was 2.5%, 4.4% and 3.5% to the pre-monsoon (10" - 22" SMW), post monsoon (42™ - 50" SMW)
and winter (51% - 9™ SMW) season rainfall, respectively. The CV (more than 100%) indicated that the rainfalls
during these seasons are highly variable. The rainfall ranged from zero to 201.5 mm, zero to 246.0 mm and zero
to 196.2 mm for respective seasons, respectively. Coefficient of skewness and coefficient of kurtosis showed
that rainfall series in all the three seasons were not normally distributed. At Damoh, similar pattern of rainfall
during monsoon season was observed as at Sagar.

In monsoon season, the highest (1953.4 mm) and lowest (219 mm) rainfall was recorded during the year 1956
and 1989, respectively (Table 1). The potential evapo-transpiration was estimated to be 1457.2 mm and 1476.7
mm for Sagar and Damoh, respectively indicating annual water deficit by 658.8 mm and 634.9 mm for respec-
tive locations. Fisher statistics (g:/SE(g;) and g./SE(g,)) were computed to test the normality at 95% level of
significance. It is evident from the Table 1 that the frequency of rainfall series during post monsoon, pre-mon-
soon and winter season were not normally distributed except annual and monsoon season at both the locations.
The mean seasonal rainfall varied from 30.5 to 54.4 mm with high degree of variability, since the CV is more
than 100%.

3.2. Climate Change and Trend Analysis

3.2.1 Comparisons of Short Period Average Rainfall with the Long Period Average Rainfall
The average of these sub-periods along with Crammer’s t, test is given in Table 2. The average annual rainfall
during the periods 1949-1970 and 1971 to 1995 was 1237.4 and 1185.2 mm and was not significantly (P < 0.05)

Table 1. Statistical parameters of annual and seasonal rainfall in Sagar & Damoh districts of central India.

Sagar
Rainfall - D cVv Highest Lowest e cs A 0./ gl
(%) (mm) (mm) SE(9y) SE(92)
Annual 1233.8 386.2 32.6 2167.1 491.7 - 0.56 0.02 1.67 1.20
Monsoon 1104.5 320.0 29.0 1896.3 440.6 89.5 0.60 0.10 1.85 0.16
Pre-Monsoon 305 37.1 121.7 201.5 0 25 241 7.81 74" 12.00"
Post-Monsoon 54.4 66.0 121.3 246 0 4.4 1.46 1.38 45" 21"
Winter 44.4 40.2 90.4 196.2 0 3.6 1.50 3.04 46" 46"
Damoh
Annual 1225.1 370.8 30.3 2387.3 234.8 - 0.51 -0.84 1.6 -1.29
Monsoon 1100.4 329.5 29.9 1953.4 219 89.9 0.17 0.80 0.51 1.23
Pre-Monsoon 30.6 35.0 114.3 158.9 0 25 1.76 3.57 54" 54"
Post-Monsoon 46.4 60.9 131.2 260.8 0 3.8 1.53 1.76 472" 2.7
Winter 47.0 52.0 110.5 280.1 0 3.8 1.93 5.76 5.9" 8.8"

“Frequency distribution rainfall series are not normal at 95% level, %C: Contribution in annual rainfall (%), CS: Coefficient of skewness, CK: Coeffi-

cient kurtosis, g1/SE(g1) and g2/SE(g2): Fisher statistics.
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Table 2. Annual rainfall during different period at Sagar & Damoh locations of Central India.

Sagar Damoh
Distract/Sub-Period . Distract/Sub-Period .
Mean (SD) inmm  Crammer t Test Mean (SD) in mm Crammer t Test
1949-1970 1237.4 (332.4) 0.01 1945-1970 1307.7 (363.9) 2.05"
1971-1995 1185.2(472.2) —-0.90 1971-1995 1181.9 (392.2) 0.86
1996-2010 1077.4 (216.1) -22" 1996-2010 914.4 (308.9) -2.70"

*, ™ Significant at 5 and 1% probability level.

differed from the long period average (LPA) of 1233.8 mm. However, the average annual rainfall (1077.4 mm)
during the recent period (1995-2010) was significantly (P < 0.05) lower than the LPA at Sagar. Rainfall had de-
creased by 156.4 mm during the recent period as compared to LPA. At Damoh, the | sub-period (1945-1970)
average (1307.7 mm) was higher and differ significantly from their long period average (1225.1 mm). However,
the Il sub-period rainfall did not differ significantly (Table 2) from its LPA. As the recent sub-period Il is con-
cerned, the average annual rainfall (914.4) was significantly different from its LPA, and rainfall had decreased
significantly by 310.7 mm. Thus, it is clear that the climate of both the regions have changed with greater mag-
nitude at Damoh as compared to Sagar.

3.2.2. Low Pass Filter

To understand the nature of trend, the annual series was subjected to “Gaussion low pass filter” (GLPF) analysis
i.e., a 9-point Gaussian low pass filter/weights (WMO, 1966) was used to give a smoothed curve [27] [28]. The
smoothed time series curve was drawn of the time series in addition to the trend line of original series. The low
pass filters for annual rainfall series for both the locations are shown in Figure 1 and Figure 2. GLPF curves in-
dicated that the trend in annual rainfall series was not linear but oscillatory in nature consisting for a period of 3
to 11 years for both the locations (Figure 1 and Figure 2). An increasing trend was noticed from year 1945 to
1961, whereas the rainfall during the period from 1962 to 1966 showed decreasing trend at Sagar (Figure 1).
Thereafter, 1999 onward LPF showed a significant decreasing trend in the annual rainfall series. Linear trend
was computed using regression over GLPF over the two locations showed that the annual rainfall had decreased
by 213.9 and 274.3 mm over the period 62 and 66 years at Sagar and Damoh, respectively. The rate of decrease
in annual rainfall series per year was higher (6.8 mm/year) at Damoh as compared to Sagar (5.23 mm/year) Also,
regression analysis showed a significant decreasing trend (Y = —42.3x + 1363.2, R? = 40.0%) in annual rainfall
series during the recent sub-period (1995-2010) with a rate of 42.3 mm/year. Similarly, at Damoh annual rainfall
series exhibited significantly decreasing trend (Y = —24.941x + 1139.5 R* = 16.6%) during the recent period
(1995-2010) with a rate of 24.9 mm/year. However the magnitude of decrease at Damoh was lower than Sagar.

3.2.3. Trend Analysis Using Mann-Kendall Rank and Spearman Rank Statistics

The Mann-Kendal rank (t) and Spearman Rank Statistics (rs) revealed a significant (P < 0.05) decreasing trend in
annual and kharif (26" - 41 SMW) (Table 3). At Sagar, rabi (42" - 15" SMW) season rainfall showed slight
decreasing trend but not statistically significant. However, rabi season rainfall at Damoh showed a significant
decreasing trend.

4. Rainfall Probability for Crop Planning
4.1. Initial and Conditional Rainfall Probability Analysis

The initial rainfall probability {P (W)} of getting 10 mm rainfall per week was 67% and 69% during 25" and
26™ SMW, respectively at Sagar district (Figure 3) and hence, field preparation should be done during this pe-
riod. The initial as well as conditional probability of wet week followed by wet week {P (W/W)} of getting 20
mm rainfall was more than 80% in 27" SMW. Therefore, this week is more suitable for sowing of crops. The
top dressing of urea may be done during 32" SMW as the {P (W/W)} of getting 20 mm rainfall during this pe-
riod is more than 95% (Figure 3). Similarly, the conditional probability of dry followed by dry {P (D/D)} of
getting 10 mm rainfall is 78% in 35™ (27 August-2 September) SMW (Figure not shown), and hence, pesticides
may be sprayed to control insects, pests and diseases in all the affected crops. This period is also suitable for
carrying out inter-cultural operations in the crops.
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Figure 1. Gaussian low pass filter curves of annual rainfall at Sagar.
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Figure 2. Gaussian low pass filter curves of annual rainfall at Damoh.

Table 3. Mann-Kendal rank (t) and Spearman Rank Statistics (rs) of annual and seasonal rainfall.

Rainfall Sagar Rainfall Damoh

Series t Iy Series t re

Annual -0.22" -2.1" Annual -0.24" -3.10"
Kharif -0.24" -2.4" Kharif -0.21" -2.62"
Rabi —-0.02 -0.2 Rabi -0.20" -1.96"

*, Significant at 5% probability level.

The initial and conditional rainfall probability analysis at Damoh revealed that initial probabilities {P (W)} of
getting 10 mm rainfall per week was 76% during 25" (18-24 June) SMW (Figure 4). Thus, the seed bed prepa-
ration could be initiated during 25" SMW, since an amount of 10 mm rainfall per week can be taken as the
minimum requirement for seedbed preparation and even sowing in already tilled fields for rainfed kharif crops.
However, sowing can be done during 26"™ SMW as the conditional probability of wet week followed by wet
week of getting 20 mm rainfall was 76% - 94% during 26™ - 27" SMW. More than 50% probability of 20 mm
rainfall during a week is considered as the wet week and is ideal for the crop sowing operation [22]. The {P
(W/W)} of 40 mm rainfall during 27" to 37" (10-16 September) SMW was ranged between 56% to 80% (Fig-
ure 4), hence, proper drainage provisions should be made in deep and medium black soils. The top dressing of
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Figure 3. Initial and conditional probabilities of weekly rainfall at different threshold limits at Sagar.
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Figure 4. Initial and conditional probabilities of weekly rainfall at different threshold limits at Damoh.

urea may be done during 32™ (6-12 August) and 33" (13-19 August) SMW as the {P (W/W)} of getting 20 mm
rainfall during this period is more than 90% [29]. Similarly, the conditional probability of dry followed by dry
{P (D/D)} of getting 10 mm rainfall is 67% and 83% in 34™ (20-26 September) and 39" (24-30 September)
SMW, respectively, and hence, pesticides may be sprayed to control insects, pests and diseases in all the af-
fected crops. Since the conditional probability of getting 10 mm rainfall is less than 20% during the crop season,
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therefore, intercultural operations may be planned as and when sunny days appears for 2 - 3 days.

The chances of taking rainfed rabi crops are more at Sagar in comparison to Damoh as the conditional proba-
bility of wet followed by wet is more than 60% during second week of January. However, at both the locations
with the advancement of time, probability of getting rainfall is reducing and it was recorded that from 38" (17-
23 September) SMW, the initial probability of getting rainfall of 20 mm reduced to 40%, clearly indicating that
supplemental irrigation is required for long duration varieties. The study also shows long-term rainfall probabil-
ity studies may be important parameters for varietal selection to achieve assured production in a particular re-
gion. Short duration varieties of rainfed crops should be selected in the above mentioned regions, where, rainfall
starts receding within 38™ SMW. Therefore, ICRISAT bred chickpea cultivars, such as, ICCV-96029 (matures
within 75 days), ICCV-2 and ICCV-93929 (both matures within 85 days) and IARI bred mustard cultivars like
Pusa Agrani, Pusa Mahak, Pusa Tarak, Pusa Mustard 25 and Pusa Mustard 27 (all maturing between 100 - 110
days) should be selected for this region so that terminal droughts may be escaped.

4.2. Expected Rainfall Amount and Sustainable Crop Production Strategies

The minimum weekly rainfall amount expected at 60%, 70% and 80% probability level is presented in Table 4
for both locations along with their weekly long-term mean. As discussed above rainfall at 80% probability is
assured rainfall and at 50% probability is the median limit for taking risk. At Sagar, the probability of more than
10 mm from 26" SMW is above 80%, and farmers can initiate their field preparation operations from 26™ week
and in subsequent weeks i.e., 27" (July 2-8) onwards probability of receiving more the 20 mm rainfall is more
than 70%, which is ideal week for sowing of kharif crops in the region. The 30™ and 31% SMW are also ideal
time for the crop fertilization based upon the rainfall pattern and intensity. At Damoh, the expected amount of
rainfall is 16 mm at 70% probability level during 25" SMW, sowing of kharif crops can be initiated for early
duration crop varieties. Proper drainage network is essential for black soil dominant Damoh district as the ex-
pected amount of rainfall at 70% probability level is more than 60 mm during 30" to 33 SMW. Long duration
crop varieties can be taken at Damoh in comparison to Sagar as the rainy days are two week more at Damoh.
Moreover, chances of taking double cropping are also more at Damoh by taking short duration crop varieties
during kharif and early sowing of rabi crops.

Table 4. Expected weekly rainfall amount at different probability levels.

Probability Level (%)

SMW Date and Month Sagar Damoh

Mean 60 70 80 Mean 60 70 80
24 June, 11-17 15.6 3 13 0.5 18.6 6.9 1 0
25 June, 18-24 40.1 12 9.7 7.2 44.5 28.5 16 10.6
26 June, 25-1 53.7 18.9 114 3 68.8 28.2 21 11.8
27 June 2-8, July 84.5 38.2 29 8.9 70.9 64.2 448 38.1
28 July, 9-15 81.9 434 214 10.2 79.0 52.8 322 254
29 July, 16-22 76.6 39.2 31.8 14.6 92.8 65.4 53.2 36.5
30 July, 23-29 82.6 46.8 39.4 17.2 86.4 78.8 60.9 38.5
31 July, 30-5, Aug 123.3 66.7 41.7 30 130.0 108.9 79.2 56.7
32 Aug, 6-12 112.5 50.3 41.8 28.6 109.1 88.7 65.9 57.6
33 Aug, 13-19 97.0 54.6 41.8 22.5 88.7 69.6 55.6 48.6
34 Aug, 20-26 76.1 39.7 25.6 12.6 85.2 56.4 37 254
35 Aug, 27-2, Sep 80.4 314 14 4.4 74.4 55.2 39.9 245
36 Sep, 3-9 717 26.7 114 24 71.0 58.8 39.2 22.9
37 Sep, 10-16 55.2 16.6 55 0.3 57.1 384 19.2 8.9
38 Sep, 17-23 39.4 15 0 0 30.9 111 6 2.2
39 Sep, 24-30 20.9 3 13 0.5 11.8 3.3 0 0
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At both the location, rainfall in the range of 18.9 to 79.2 mm is expected from 26" to 37" week (June
18-September 16). Overall expected rainfall days are more than 84 at both the locations suggesting that medium
duration varieties of various crops can be ideal in the region. However, at Damoh the expected amount of rain-
fall at 70% probability level was 16 mm during 25" ( June 18-24) SMW, suggesting that sowing can be done
one week prior in comparison to Sagar. The intermittent rains of more than 20 mm rainfall was also expected at
70% level during 36" to 37™ SMW, but thereafter probability of getting even 20 mm rainfall per week is not
70%, suggested that long duration varieties may be more suitable with supplemental irrigation.

The prevalent kharif season crops of the region include green gram, black gram, sorghum and maize depend-
ing upon the soil type. In view of the above studies, it is suggested that the kharif rainfed crops such as ground-
nut, black gram, green gram and sesamum should be sown during 27" SMW in both Sagar and Damoh region.
The ideal combination of crops of the regions can be sorghum for the grain purpose intercropped with cowpea
for the fodder purpose. Livestock integrated with the agricultural/food production systems is the cornerstone for
rural economy of the farmers, therefore, the current suggested cropping systems integrating food-fodder system
with rainfall probabilities may fetch an additional green fodder of 150 - 200 q-ha * to the farmers apart from the
sorghum grain yield and improve their livelihood. Therefore, overall the current study reveals that past rainfall
record analysis may be a handy tool for future rainfall probability projections, which alternatively can be of im-
mense importance in the crop and other field operation planning in rainfed agricultural system as well as im-
proving their livelihood.

5. Conclusion

The overall mean annual rainfall was 1233.8 mm with 32.6% variability for Sagar and 1225.1 mm with 30.3%
variability for Damoh region. Mann-Kendall rank and spearman rank statistics revealed that there is a significant
long-term decreasing trend in annual, kharif and rabi season rainfall at both locations. However, in the past 15
years (1996 to 2010), both regions exhibited significant decreasing trend in total amount of annual rainfall. Cli-
mate of both the regions has changed as in the recent 15 years annual rainfall has decreased by 156.4 and 310.7
mm at Sagar and Damoh from their long period average. Therefore, overall the current study reveals that past
rainfall record analysis may be a handy tool for future rainfall probability projections, which alternatively can be
of immense importance in the crop and other field operation planning in rainfed agricultural system as well as in
improving their livelihood.
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