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Abstract

Climate change is one of the most pressing issues facing mankind now. On the
agricultural side, climate change may reduce crop yield. Change in cropping pattern is
one of the adaptation strategies to climate change. However, revenue and expenses
considerations, not climate change, are the main drivers of change in cropping pattern.
Additionally, farmers’ risk-averseness means that past experience by early adopters
plays an important role in effecting change in cropping pattern. The decision-making
process results in 2 implications: 1) Delay in reaping the benefits of change in
cropping pattern and 2) No significant changes in cropping pattern unless significant
gain in revenue can be observed from the early adopters even though climate
necessitates change. As small households tend to be more risk-averse, this study
confirms the widely accepted fact that the poor loses more than the rich. Linking
climate to revenue may result in farmers giving more weightage to climate, which is
easily accessible, as a factor to change cropping pattern and hence altering the
decision-making dynamics altogether.
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1. Introduction
1.1. Background

Climate change is one of the most pressing issues facing mankind now. Scientific
studies using different approaches and models have shown that earth is warming up
exponentially' and unless firm and concrete actions are taken now, negative
consequences await us®. The rise of sea levels could threaten more than 60 million
people and $200 billion in assets in developing countries alone®. On the agricultural
side, il one-degree rise in temperature may reduce yields of wheat and groundnut by
3-7%".

With dire messages being publicized in the media, many international organizations,
national governments, companies and volunteers have done activities ranging from
funding provision and research to education and implementation. Among the
numerous strategies pursued by The International Crops Research Institute for the
Semi-Arid Tropics (ICRISAT) based in Patancheru, India to tackle climate change,
one involves the usage of Village Level Studies (VLS) data collected over periods of
time to analyze the impacts of climate change on the rural households’ livelihoods
and identify key measures to alleviate them.

The various measures that are proposed and/or have been implemented can be broadly
divided into 2 different groups, namely mitigation and adaptation. Mitigation
measures are those that can slow down the rate of climate change. Examples include
improving energy efficiency’, utilization of cleaner energy® and tax reforms’.

Wind power has been growing at an annual rate of 31%. By end of 2009, this widely
used power source already has a worldwide installed capacity of 157,900 megawatts
(MW)®. A tax on energy delivered to non-domestic users called Climate Change Levy
(CCL) has been introduced in the United Kingdom and reduced annual emissions by
3.7 million tonnes by end of 2002°.

On the other hand, adaptation measures are those taken to alleviate the severities of
climate change that are already affecting the daily lives. Ricardian studies in the
United States showed that adaptation by households could soften the blow of climate
change'®.  Adaptation measures, therefore present complementary approach to
mitigation measures''. Examples of adaptation measures include improving the public
healthcare system, increasing investments in infrastructure and changing of cropping
patterns.

Report published in The Lancet outlined how climate change can affect health both
directly as well as indirectly and how improvement in public health system will be
able to tackle its adverse effects'”. Studies have also shown that justifiable
investments in rural infrastructure such as irrigation systems and roads can help
farmers to adapt to the changing climate'.

Change in cropping pattern is an interesting adaptation measures because although it
is expected to reduce the economic impact of climate change, rural households
involved in agriculture rarely change their cropping pattern using climate change as
their sole reason. Factors such as market forces and technology improvements
inherent in the new seedlings appear to be driving the change in cropping pattern as



well®. Despite requiring more water than other crops growing in the same region,
households continue to grow BT cotton because of its high market price.

However, regardless of the reasons given by rural households for changing their
cropping patterns, studies have validated that it indeed is one of the adaptation
measures to alleviate the impact of climate change. White showed the effect of
changing cropping patterns on yield of sorghum, wheat and cotton in Arizona, United
States'*. Additionally, farmers in Gambia prefer non-cereal to cereal crops due to the
low yield of cereal crops under the existing climatic conditions'’.

The Semi-Arid Tropics (SAT) is a climatic region not spared from the impact of
climate change. Surveys on households’ perception from six villages in SAT done in
2002 shows that 80.4% of farmers believe that climate change is a phenomenon
affecting their lives'”. It is also not encouraging to discover that the temperature of the
Indian sub-continent is projected to increase annually by 3.5-5.5°C and its rainfall
projected to decrease annually by 5-25% in 2080s'°.

The Intergovernmental Panel on Climate Change (IPCC) noted in 2007 that climate
change is likely to impact first and foremost the poor and vulnerable’. Unpublished
study in the village of Kanzara, Maharashtra shows that landless households and
small households (<2.2 acres land holding) are more affected by droughts than the
medium and large households (>2.2 acres land holding). Studies on the impact of
climate change on the SAT are meaningful and likely to bring huge benefits
considering that 1.4 billion people call the region their home'’. Of these, 560 millions
are living below the poverty line, about 70% lives in rural areas and likely to have
agriculture, a vulnerable area, as their means of livinglg.

Although many studies on the feasibility of change in cropping pattern as an
adaptation measures have been carried out all over the world, none has studied in
terms of monetary value, the gains to households that adopt change in cropping
pattern in the SAT, as compared to households that do not change their cropping
patterns. Kumar and Parikh (2001) as well as Sanghi and Mendelsohn (2008)
estimated that farm-level net revenues in India could decline by 7-17% due to climate
change but both used Ricardian approach whereby adaptation strategies of farmers are
automatically included in the analysis'’*’. When comparing the performance of
households, the output has already included all the adaptation strategies each
household has made to get the best possible output from the land. Households are not
divided according to adaptation strategies adopted. This made it impossible to analyze
solely the effect of change in cropping pattern as an adaptation strategy.

1.2. Objectives

The objective of this preliminary study is to observe changes in the cropping pattern
for an SAT district in India. A village that is representative of the district and whose
data available in the VLS database will be selected and its cropping pattern analyzed.
Reasons for changes in cropping pattern will also be determined through village visit.
This will serve to validate/ invalidate the assumptions that changes in cropping
pattern is often driven by reasons other than climate. The implications of these drivers
of change in cropping pattern on each household will be identified and a hypothesis
that may alleviate the implications be proposed. Focus will be given to the 2001-2007
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VLS data so as to give relevance to study. It is envisioned that the findings of this
study will result in a better economic wellbeing for the relevant stakeholders, in
particular the rural households involved in agricultural activities. It is hoped that it
can also serve as a reference for future studies in the area of rural development.

1.3. Limitations

Only qualitative analysis can be made for changes in cropping pattern at district-level
and those obtained from 1% generation VLS due to time constraints. Analysis is done
on a single village again due to time constraints. Data from the single village may not
be fully representative of the district, let alone the state. If time permits, it would have
been better to include more villages. This will allow for inter-villages comparison to
be made as well.

For quantitative analysis of soybean adoption, only data from two years (2006-07)
were used because this observation is a very recent event. Prior to these years, there
were no/little significant changes in both the number of households adopting soybean
and the proportion of soybean in the cropped area. Additionally, data after these years
are still in the process of being validated and hence not publicly available yet.

Consequent to the small number of available data-points is the number of independent
variables that can be included in the regression model because the higher the number
of variables, the smaller the degrees of freedom will be, raising the possibility of
insignificant coefficients.
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2. Methodology, Results and Discussions
2.1. Climatic Analysis

2.1.1. Using 39-year mean rainfall as base
2.1.1.1. Annual rainfall

Monthly rainfall data of Akola District in the State of Maharasthra, India was used to
determine the district annual rainfall for year 1971-2009. This was then utilized to
obtain the 39-year mean annual rainfall. Following that, deviation of annual rainfall
from the mean was calculated. The number of negative deviations as well as the
magnitude of deviations for each decade were then summarized in the table and plot
below:

Year % of negative Distribution of negative deviation
deviation <10% | 10-20% | 20-30% | 30-40% | 40-50% | 50-60%

15 10-year | 40.0% 0 3 1 0 0 0
(1971-1980) | (4 of 10)

2" 10-year | 50.0% 2 1 1 1 0 0
(1981-1990) | (5 of 10)

39 10-year | 40.0% 1 2 0 0 1 0
(1991-2000) | (4 of 10)

4™ 10-year | 77.8% 3 1 1 1 0 1
(2001-2010) | (7 of 9)

Table 1. Distribution of negative deviation of annual rainfall using 39-year mean as
base

3.5

2.5

3
2
1.5
1
Al B | 0N
0
<10%

10-20%  20-30%  30-40%  40-30% 50-60%
% negative deviation from 39-year mean

No. of years

W ist 10-year (1971-1980)  2nd 10-year (1981-1990)
W 3rd 10-year (1991-2000) W4th 10-year (2001-2010)

Figure 1. Bar-graphs showing distribution of negative deviation of annual rainfall
using 39-year mean as base

From table 1 and figure 1, it can be observed that the number of negative deviations
(in percentage) has increased from 40.0% in the 1% 10-year (1971-1980) to 77.8% in
the last 10-year (2001-2010). Additionally, the magnitude of negative deviations has
also increased from a maximum of 24.3% in the 1% 10-year (1971-1980) to a
maximum of 54.5% in the last 10-year (2001-2010). To verify the consistency of the
findings, farmers were asked to identify years with climatic shocks. With the
exception of 1973 and 1986, the years (1972, 1981, 1982, 1988, 1991, 2003, 2004) as
observed by farmers coincide with the sign of deviation observed in the analysis.
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These findings show that Akola District is not spared from the effect of climate
change.

2.1.1.2. Kharif (June-September) rainfall

The same methodology was also used to determine if there have been significant
changes in the number of negative deviations and the magnitude of deviations for
Kharif rainfall. Two main reasons define the importance of Kharif as a season. Firstly,
most rainfed crops are grown in Kharif. Secondly, Kharif season is considered the
beginning of cropping year and farmers classify years into good and bad depending
on the amount of Kharif rainfall. Note that there are different definitions for Kharif. In
this study, Kharif refers to the period from the beginning of June to the end of
September, which is in agreement with the rainy season locally referred to as Pavsala.
The results of the analysis are summarized in the table and plot below:

Year % of Distribution of negative deviation
negative <10% | 10-20% | 20-30% | 30-40% | 40-50% | 50-60%
deviation
1% 10-year 40.0% 2 0 2 0 0 0
(1971-1980) | (4 of 10)
2" 10-year 50.0% 3 0 1 0 1 0
(1981-1990) | (5 of 10)
3 10-year 40.0% 1 3 1 1 0 0
(1991-2000) | (4 of 10)
4™ 10-year 77.8% 2 2 1 0 2 0
(2001-2010) | (7 of 9)

Table 2. Distribution of negative deviation of Kharif rainfall using 39-year mean as
base

3.5
3

2.5

2
15
1
0 !
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W 3rd 10-year (1991-2000) W4th 10-year (2001-2010)

Figure 2. Bar-graphs showing distribution of negative deviation of Kharif rainfall
using 39-year mean as base

From table 2 and figure 2, it can be observed that the number of negative deviations
(in percentage) has increased from 40.0% in the 1% 10-year (1971-1980) to 77.8% in
the last 10-year (2001-2010). In addition, the magnitude of negative deviations has
also increased from a maximum of 26.7% in the 1% 10-year (1971-1980) to a
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maximum of 47.0% in the last 10-year (2001-2010). Similarly, these findings show
that Akola District is not spared from the effect of climate change.

2.1.2. Using 1* 10-year (1971-1980) mean rainfall as base

The rationale behind the usage of 1* 10-year mean rainfall is to prevent the calculated
mean to be tainted by contributions from more recent years, which are believed to
have been affected by climate change to a larger extent than the earlier years.

2.1.2.1. Annual rainfall

Monthly rainfall data of Akola District in the State of Maharasthra, India was used to
determine the district annual rainfall for year 1971-2009. Years were divided into a
group of ten for decadal analysis. The mean for the 1% 10-year (1971-1980) was
calculated. The deviation of annual rainfall from this mean was obtained. The number
of negative deviations as well as the magnitude of deviations for each decade were
then summarized in the table and plot below:

Year % of Distribution of negative deviation
negative <10% 10-20% | 20-30% 30-40% 40-50% 50-60%
deviation
1*' 10-year 40.0% 0 1 3 0 0 0
(1971-1980) | (4 of 10)
2" 10-year 60.0% 2 2 1 1 0 0
(1981-1990) | (6 of 10)
3 10-year 50.0% 1 3 0 0 1 0
(1991-2000) | (5 of 10)
4™ 10-year 88.9% 3 1 2 0 1 1
(2001-2010) | (8 0of9)

Table 3. Distribution of negative deviation of annual rainfall using 1** 10-year mean
as base

3.5
3
2.5
w
1™
g 2
>
s
]
z
1
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<10% 10-20%  20-30%  30-40%  40-50%  50-60%
% negative deviation from 1st 10-year mean
W 1st 10-year (1971-1980) 2nd 10-year (1581-1990)
M 3rd 10-year (1991-2000) W 4th 10-year (2001-2010)

Figure 3. Bar-graphs showing distribution of negative deviation of annual rainfall
using 1** 10-year mean as base

14



From table 3 and figure 3, it can be observed that the number of negative deviations
(in percentage) has increased from 40.0% in the 1% 10-year (1971-1980) to 88.9% in
the last 10-year (2001-2010). Additionally, the magnitude of negative deviations has
also increased from a maximum of 26.6% in the 1% 10-year (1971-1980) to a
maximum of 55.9% in the last 10-year (2001-2010). To verify the consistency of the
findings, farmers were asked to identify years with climatic shocks. With the
exception of 1973 and 1986, the years (1972, 1981, 1982, 1988, 1991, 2003, 2004) as
observed by farmers coincide with the sign of deviation observed in the analysis.
Similarly, these findings show that Akola District is affected by climate change.

2.1.2.2. Kharif (June-September) rainfall

The same methodology was also used to determine if there have been significant
changes in the number of negative deviations and the magnitude of deviations for
Kharif rainfall. The reasons for performing this analysis are similar to that given in
2.1.1.2. The results of the analysis are summarized in the table and plot below:

Year % of Distribution of negative deviation
negative <10% | 10-20% | 20-30% | 30-40% | 40-50% | 50-60%
deviation
1*' 10-year 50.0% 2 1 1 1 0 0
(1971-1980) | (5 of 10)
2" 10-year 50.0% 0 3 1 0 1 0
(1981-1990) | (5 of 10)
3 10-year 60.0% 1 1 3 0 1 0
(1991-2000) | (6 of 10)
4™ 10-year 77.8% 0 3 1 1 2 0
(2001-2010) | (7 of 9)

Table 4. Distribution of negative deviation of Kharif rainfall using 1* 10-year mean as
base
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2
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-4 2
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B 3rd 10-year (1951-2000) M 4th 10-year (2001-2010)

Figure 4. Distribution of negative deviation of Kharif rainfall using 1* 10-year mean
as base
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From table 4 and figure 4, it can be observed that the number of negative deviations
(in percentage) has increased from 50.0% in the 1% 10-year (1971-1980) to 77.8% in
the last 10-year (2001-2010). In addition, the magnitude of negative deviations has
also increased from a maximum of 30.1% in the 1% 10-year (1971-1980) to a
maximum of 49.7% in the last 10-year (2001-2010). Similarly, these findings show
that Akola District is affected by climate change. It is also important to note that since
the mean used is untainted by more recent rainfall, both the number of negative
deviations as well as the magnitude of the deviations are more pronounced than that
using 39-year mean.

16



2.2. Cropping Pattern Analysis

Having verified that Akola District is affected by climate change, the next step would
be to analyze its cropping pattern changes. If there are no changes in cropping pattern,
the fact that climate is changing can be used as a valid reason to induce farmers to
change their cropping pattern. On the other hand, if there are changes in cropping
pattern, main reasons for the changes can be identified. In the context of this report,
cropping pattern refers to Kharif cropping pattern since Kharif is the season where
large varieties of crops are grown. This is in clear contrast to Rabi where
approximately 90% of the crops grown are wheat.

2.2.1. District Level

The area occupied by each Kharif crop from 1971-2007 was obtained from district-
level data maintained by ICRISAT IMPI. Total cropped area was calculated for each
year by summing up the area occupied by each of these crops. The percentage of
cropped area occupied by each crop was then determined by simple arithmetic. Crops
that consistently occupied less than 2% of total cropped area for all years were
grouped together under the category ‘Others’. In our analysis, these crops are rice,
pearl millet, maize, sesamum, rape & mustard seed, castor, linseed, sunflower,
sugarcane, fruits and vegetables. Mung is grouped under ‘Minor Pulses’ in the data.
Plot of the cropping pattern is given below:

%o of Crop Proportion
- NN
w o owm
[ \ >

10 ¢
° | -
0 ’ . 44 3 = A “: Y :: := :F - if i‘ "' ~ »‘/ D ={|
AN S A A9 N ) K] 2\ e o _\'3 0‘;\‘ O/ \ ﬁ’o._ N e 4 A
\ \ \ \ \ e O N > NS R ) ) ) 2 O Q Q
S N R A R S B A A Sl Sl S
Year
Cotton Pigeonpea =€ Minor Pulses =¥ Soyabean
Sorghum Groundnut Safflower Others

Figure 5. 1971-2007 Akola District cropping pattern
Similar to climatic analysis, years were divided into group of ten for consistency and

to facilitate analysis. Key observations and the reasons behind the observations are
given in the table on the next page.
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Years Key Observations Reasons for Observations
1971-1980 * Cotton was the major crop, followed by sorghum. Historically well known as cotton tracts
* The crop proportion appears to be stable. and have good supporting infrastructure.
Sorghum was used as food, fodder and
most importantly, as wages in kind.
1981-1990 * Cotton was the major crop, followed by sorghum. Decrease in sorghum price.
* Cotton and sorghum proportion started to decline and this was compensated Increase in mung and pigeonpea price.
by an increase in minor pulses (presumably mung).
* A steady increase in pigeonpea can be observed as well.
1991-2000 * Cotton was the major crop. Decrease in sorghum price.
* In the early1990s, sorghum was the next major crop but was replaced by Grainmold problem on sorghum.
minor pulses (presumably mung) in 1994. Pest attacks on mung.
* Cotton proportion was stable Government initiative to promote
* Sorghum proportion continued to decline but while they were compensated oilseeds in certain part of the district.
by an increase in mung up to 1993/1994, they started to be compensated by Introduction of suitable variety of
an increase in soybean from 1994 onwards. pigeonpea that was wilt resistant.
*  From 1994 onwards, mung proportion was stable.
* Similarly, a steady increase in pigeonpea continued to be observed.
2001-2007 * Observations are fairly similar to the late 1990s. Failure of cotton procurement scheme.

Sorghum proportion continued to decline and was replaced by an increase
in soybean proportion.

Cotton proportion started to decline again after period of stability in the
1990s

In 2007, soybean replaced cotton as the major crop for the district.

While mung was stable in the early 2000s, it started to decline in 2003 and
was replaced by an increase in soybean proportion.

A steady increase in pigeonpea proportion continued to be observed.

Continued decrease in sorghum price.
Continued grainmold problem on
sorghum.

Wild boar attacks on sorghum.
Continued pest attacks on mung.
Increase in pigeonpea price.

Spread of soybean to other part of the
district.

Source: V.K. Chopde (Forthcoming)
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2.2.2. Village Level

To allow for household level analysis at a later stage of the study, village that is
representative of the district was selected. Due to time constraint, it was advised that
VLS village be chosen because of its data-richness and the fact that it is collected at
regular intervals.

2.2.2.1. Selection of Kanzara

Kanzara was the collection centre of revenue for 75 villages during the British rule.
Till the 1900s, the village was dominated by the Maratha and the Deshmukhs. It is
located 9km south of Murtizapur, which is the closest town from the village. It has a
typical SAT climate, i.e it is characterized by hot summers where temperatures can
range from 45-48°C in the months of May. The onset of the monsoons is usually in
the second week of June continuing on to end of September.

Kanzara was selected as representative village because of five main reasons. Firstly, it
is one of the only 2 villages in Akola District that were selected for Village Level
Studies (VLS) in 1975. Secondly, households in Kanzara have agriculture as their
main means of living. Thirdly, there is a low level of migration in Kanzara.

Aurepalle Dokur Kalman Kanzara Kinkheda Shirapur
Agnculture (%) 46 246 66.0 673 67.7 65.2
Non-agriculture (%) 54 754 340 32.7 323 34.8

Table 6. % of agriculture and non-agriculture activities in 6 VLS villages

Aurepalle Dokur Kalman Kanzara Kinkheda Shirapur
No. of migrants 0.4 0.9 0.1 0.2 0.1 0.2
per houschold

Table 7. No. of migrants per household in 6 VLS villages

This led to the inference that in order for the households in Kanzara to sustain their
means of living, they have to respond accordingly to climate, price level, etc and one
major way of doing so is through change of cropping pattern. This is unlike other
villages that have a tendency to switch occupations or migrate to the cities when
agriculture is viewed as non-viable.

Fourthly, qualitative study titled “Vulnerability to Climate Change: A Comparative
Study of Perceptions and Adaptive Capacities of Kanzara and Dokur Villages” is
available for reference. Lastly, respondents from the village are popular among the
investigators and researchers for their cooperativeness.

2.2.2.2. First Generation VLS (1975-1984)

Cropping pattern for 1975-1984 were calculated using first generation VLS data.
Unfortunately, if crops are grown in the form of intercropping, no proportion for each
crop is given for that specific plot/subplots. This makes it challenging to determine
accurately the crop proportion for each crop at village as well as household level.
Three methods were explored.
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Firstly, the entire area was assigned to the first crop (major crop) in the plot. The
problem with the method is that it ignores totally the second crop that may occupy a
large proportion of the cropped area. Particularly for Kanzara, this method resulted in
low proportion for pigeonpea since it is commonly the second crop in the plot.

Secondly, based on the district level data, the yield per acre for each of the major crop
was calculated and used to determine the acreage for each crop since the output can
be found in the Y-files. The problem with the method is that the district level yield per
acre may not accurately reflect the village level yield per acre, resulting in spurious
calculations. This was confirmed when the calculated acreage for some crops,
particularly cotton is higher than the total cropped area for the village.

Lastly, plot/subplot was divided equally among the crops occupying it. This means
that if two crops occupy a plot, 50% is assigned to first crop and 50% is assigned to
second crop. If 5 crops occupy a plot, 20% is assigned to each crop. The result is as
follows:
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Figure 6. Pie charts of 1975-84 Kanzara cropping pattern
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Figure 7. Line graphs of 1975-84 Kanzara cropping pattern
Since there are big fluctuations in the cropping pattern, clear observations of the trend

in crop proportion cannot be made. Hodrick-Prescott filter was used to detrend the
data and the results plotted:
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Figure 8. Line graphs of 1975-84 Kanzara cropping pattern (detrended)

Figure 8 shows that from 1975-1980, sorghum was the major crop, followed by
cotton. From 1980 onwards, cotton replaced sorghum as the major crop. From 1980-
1982, sorghum was the second major crop but was replaced by pigeonpea in 1983.
Throughout the study years, sorghum and blackgram proportion decreased while
mung and pigeonpea proportion increased. Slight increase in cotton proportion was
observed as well. Some of the reasons for the observations included the decrease in
the price of sorghum as well as the increase in the price of mung and pigeonpea.

2.2.2.3. Second Generation VLS (2001-2007)

VLS studies were suspended during 1985 and were not resumed until 2001. In the gap
of 15 years, many changes, including cropping pattern would have occurred in the
village. As mentioned earlier, analysis of recent cropping pattern of the village would
be the focus as it adds relevance to the study.
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Figure 9. Pie charts of 2001-07 Kanzara cropping pattern
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Figure 10. Line graphs of 2001-07 Kanzara cropping pattern

The main crops grown are cotton, mung, pigeonpea, soybean and sorghum. Figure 10
shows that cotton has the highest proportion from 2001 to 2007 but in 2007, it has
approximately the same proportion as soybean. With the exception of 2003, it can be
seen that when the proportion of cotton increases, the proportion of soybean
decreases. The proportion of pigeonpea decreases from 2001 to 2002 and has
remained consistent at approximately 11%. The proportion of mung is lowest at 7% in
2005 and highest at 18% in 2002. The proportion of sorghum is consistent at
approximately 8.5%.

Special attention was paid to soybean because while only a few households adopted
soybean in the earlier years, the proportion of households with soybean as one of its
crops increased to 71.1% in 2007.
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Figure 11. % of households with soybean as a crop (2001-07)
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Additionally, while soybean only occupied very low proportion in the earlier years, its
proportion was similar to that of cotton in 2007. Specifically for medium households
(households having between 4.45 and 13.10 acres of land), soybean proportion was
higher than that of cotton.
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Figure 12. % of cotton and soybean proportion of medium households (2001-07)
It is also interesting to note that when households are divided into three groups
according to landholding size and their soybean proportion plotted, there appears to
be a lag of one year by small households (households having less than 4.45 acres of

land) relative to medium and large households (households having more than 13.10
acres of land).
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Figure 13. % of soybean proportion by household size (2001-07)
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From figure 13, it can be observed that while medium and large households increased
their soybean proportion between 2003 and 2004, small households increased their
soybean proportion between 2004 and 2005 (i.e one year later). Similarly, while
medium and large households decreased their soybean proportion between 2004 and
2005, small households decreased their soybean proportion between 2005 and 2006.

The natural step to take, upon making these observations, was to discover the reasons
behind them, in particular, the transformation of soybean from being a minor
substitute crop to a major crop capable of ending the dominance of cotton. Reasons
obtained from qualitative study of the district level data and first generation VLS data
were considered as potential reasons.

2.2.2.4. The Folly of Data mining

Disregarding the fact that change in cropping pattern is driven by many factors and
eager to show that climate change/variability is the main reason for the change, cotton
and soybean proportion were superimposed on different varieties of rainfall index to
try to establish certain level of linkages between them when in reality, there are no
linkages. This results in data mining, which can be defined as the process of
extracting patterns from data.

Data mining is a prevalent problem in analytical work and should be avoided at all
costs. One way to avoid data mining is to try to reach the same conclusion using
different types of analysis. If data mining is present, it is highly likely that while
certain relationships can be ‘observed’ in one type of analysis, it disappears under
another type of analysis.

Specifically in this study, one clear example of data mining is linking cotton and
soybean proportion to the average rainfall index (the average of current-year and
previous-year rainfall index) when in reality, as will be shown in the next section,
there is no linkage between them.
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Figure 14. Relationship between cotton proportion, soybean proportion and average
rainfall index (2001-07)
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Figure 15. Regression of cotton proportion on average rainfall index
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2.3. Kanzara Village Visit

In order to find out the reasons for the adoption of soybean by a large proportion of
the households in the village, a village visit was proposed. It was justifiable by the
fact that the adoption of soybean was a relatively recent event and the reasons still
fresh in the mind of potential respondents.

A semi-structured questionnaire was prepared prior to the visit. The questionnaire can
be broadly divided into 4 main sections:

Type of questions Purpose

Pre-soybean * To confirm the cropping pattern prior

to soybean adoption.

Post-soybean * To confirm the cropping pattern after
soybean adoption.
* To find out the reasons for the

adoption of soybean.

Well-being * To estimate the gain/loss of revenue
since soybean adoption.
* To identify households that can be

used for case studies.

Response time * To see if there is any difference in the
response time between households of

different sizes.

Table 8. Classification and purpose of questions in questionnaire
2.3.1. Interview Summary

10 respondents (3 small households, 5 medium households and 2 large households)
were interviewed using the questionnaires developed above. For respondents that
adopt soybean, the adoption happened between 2005 and 2007. Prior to the adoption,
the main crop of the respondents was cotton. The reasons given by the respondents for
the adoption are as follows:

1% Reason 2" Reason 3" Reason | Total
Labor and Input Requirement TIIITIIT 27
(27)
Wholesale Price TIIIIT 12
(12)
Shorter Maturity I1II TIIIIIT 11
(4) (7
Others 1 11 7
3) (4)

Table 9. Reasons for adoption of soybean in 2007

In order to rank the reasons, a score of 3 is given to a particular reason if it is given as
the 1* reason, a score of 2 if it is given as the 2™ reason and a score of 1 if it is given
as the 3" reason. Labor and input requirement comes out as the top reason with a total
score of 27. Next is wholesale price with at total score of 12. This is then followed by
shorter maturity with a total score of 11. Other reasons are categorized as “Others”
since only a single farmer mentioned them.
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Most respondents agreed that soybean is less vulnerable to rainfall variability.
However, it is worthwhile to note that this realization of the climate suitability of
soybean occurred after growing soybean for 2-3 years and not at the time of adoption.

For respondents that adopted soybean, there was a mixed response on whether
revenue has increased/ decreased. However, there was a consensus that even though
revenue had decreased for some respondents, the decrease would have been more
severe had they not adopted soybean. In other words, soybean increases their revenue
or minimizes their losses.

There is no information lag between the small, medium and large households. All
households, irrespective of size, receive information at approximately the same time.
The reason for the slower response of the small households is due to risk-averseness.

2.3.2. Deeper Analysis of the Reasons for Adoption

It is imperative that the reasons given by respondents be validated whenever possible.
A good source for validation is the second generation VLS data. Besides preventing
the accusations that the reasons given are baseless, it also allows for the identification
of potential variables to be used in regression analysis.

2.3.2.1. Labor and Input Requirement

Input cost is a good measure of the labor and input requirement of cotton and
soybean. However, two problems were encountered when trying to obtain the input
cost. Firstly, if there is intercropping in a plot, there is no clear division of costs
between the various crops in the plot. Secondly, there is evidence of over-reporting of
costs by the farmers in order to obtain more compensation from the government.

The number of times of key activities such as weeding, spraying, hoeing and
picking/harvesting are used as proxy since they are proportional to input cost. This
means that the greater the number of times of key activities, the higher is the input
cost and vice versa. The average number of key activities as obtained from the second
generation VLS data are as follows:

Cotton Soybean
No. of weeding 2-3 1-2
No. of spraying 1-2 0-1
No. of hoeing 4-5 3
No. of picking/ harvesting 4-5 1

Table 10. Comparison of number of key operations when growing cotton and soybean

From the table, it can be seen that cotton requires more number of weeding, spraying,
hoeing and picking/harvesting than that of soybean. This consequently means that the
input cost for cotton is higher than that for soybean.

Additionally, the availability of education, the improvement of transport infrastructure
and the introduction of NREGS (National Rural Employment Guarantee Scheme)
have reduced rural labor supply further, causing labor quantity to decrease and labor
cost to increase.
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Q Q, Quantity
Figure 16. Supply-demand analysis of the effect of education, transport infrastructure
and NREGS on rural labor

2.3.2.2. Wholesale Price

The average wholesale price per kg for year 2001-2007 was determined from second
generation VLS data. These were then standardized using WPI (weighted price index)
to control for inflation. The current base year is 1993-94.

It can be noted from figure 17 and 18 that at the point of adoption, the wholesale price
per kg of cotton fell while the wholesale per kg of soybean rose. Quantitatively, the
wholesale price per kg of cotton fell by approximately 7.4% while the wholesale price
per kg of soybean rose by 0.4%.
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Figure 17. Cotton wholesale price with 1983-84 as base (2001-07)

30



% of Soybean Proportion
= = N N w w
o (9)] o [9)] o (9]
"
o

(%))

O =+ N WA N N 0w

o

2001 2002 2003 2004 2005 2006 2007
Year

—&— Soybean —#— Soybean Wholeszle Price

Figure 18. Soybean wholesale price with 1983-84 as base (2001-07)
2.3.2.3. Shorter Maturity

According to the respondents, shorter maturity of soybean is one of the reasons for its
adoption. While cotton takes approximately 9 months from sowing to picking,
soybean only takes approximately 4 months from sowing to harvesting.

Cotton
June » March
~ 9 months

Soybean
June —22220 October
~ 4 months

Figure 19. Maturity time of cotton and soybean

The shorter maturity presented the correspondents with several underlying benefits,
including less stress, reduction in climate risk and possibility of double cropping. The
first two benefits are interlinked in the sense that with shorter maturity, crops are in
the plots for a shorter period of time. Therefore, the probability of the crop being
exposed to the brunt of large climate variation is greatly reduced. This consequently
means that the probability of crop failure is lower and hence, less stress to the
farmers.

As for the possibility of double cropping, the shorter maturity of soybean simply

means that the same plot can be used to grow other crops once soybean is harvested.
Specifically for Kanzara, the same plot is usually used to grow wheat in Rabi season.

Cotton

June » March
~ 9 months
Soybean Wheat
Jung ——» —_—)
~ 4 months October ~ 5 months March

Figure 20. Common double cropping scenario
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Figure 21. Wheat area in Rabi (2001-07)
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Figure 22. Wheat yield in Rabi (2001-07)
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Figure 23. Wheat revenue in Rabi (2001-07)
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From the figures above, it can be observed that wheat area has more than doubled
since the adoption of soybean. Consequently, yield has increased by more than 6
times and revenue has increased by more than 7 times.

2.3.2.4. Others

Other reasons given for the adoption of soybean include as a source of early money,
as a means of crop rotation and soybean being less prone to pest attack. Note that
these are mentioned by only a single farmer.

2.3.3. The Importance of Experience

It is crucial to find out whether the adoption of soybean by a large number of
households is an ad-hoc decision based solely on the reasons given during the
interviews (i.e labor and input requirement, wholesale price, etc) or does experience
of early adopters play a significant role in driving it.

Further analysis of the interview information revealed that experience of early
adopters indeed act as strong driver. All respondents said that prior to the mass
adoption in 2007, several farmers, specifically progressive farmers, through
information obtained from relatives, friends and the regional agricultural university
had grown soybean in their fields. In 2006, a combination of price, expenses as well
as climate (heavy rainfall) resulted in high soybean revenue and low cotton revenue.
This then triggered many farmers to adopt soybean in 2007.

2.3.4. Interview Inferences

Several inferences were made from the interview summary. Firstly, change in
cropping pattern is driven mainly by revenue and expenses considerations. 90% of
respondents quote labor and input requirement as the 1st reason for adoption of
soybean. Additionally, 60% of respondents quote wholesale price as the 2" reason for
adoption of soybean.

Secondly, climate change is not the main driver for change in cropping pattern. 70%
of respondents quote shorter maturity as the 3" reason for adopting soybean. Of these,
only 20% of respondents are able to see the link between shorter maturity and
reduction in climate risk at the point of adoption. This is so even though adopting
soybean is a valid adaptation strategy to climate change. 70% of respondents
acknowledge the suitability of soybean for erratic rainfall condition but this
realization comes only 2-3 years after adoption.

Revenue Climate

Cropping Pattern
Change

Figure 24. Linkage between revenue, climate and cropping pattern change
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In order to show quantitatively the role played by revenue and expenses in triggering
the adoption of soybean, logit and probit regression were performed to give a measure
of the increase in the probability of adoption of soybean for every unit change in the
independent variables. Two independent variables are used: 1) The difference in
revenue per acre between cotton and soybean and 2) The difference in the number of
operations needed to grow cotton and soybean. Difference in revenue per acre is used
to take into account price and yield difference between the crops while difference in
number of operations is used as a proxy for the difference in expenses between cotton
and soybean since it is difficult to assign specifically the sole expenses for cotton and
soybean. The results of the regression are shown below:
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Figure 25. Logit regression for soybean adoption in 2007
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Figure 26. Probit regression for soybean adoption in 2007
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Logit Probit
z 3.339 1.884
f(z) 0.0331 0.0676
Increase in Probability for 1.80 x 107 2.12x 107
Unit Difference in
Revenue per Acre
Increase in Probability for 0.0193 0.0205
Unit Difference in No. of
operations

Table 11. Interpretation of logit and probit analysis for adoption of soybean in 2007

Both regressions show significantly at 5% level that for every unit of positive
difference in revenue per acre, there is an increase in the probability of adoption of
soybean by households. The same can be said for every unit of difference in number
of operations between cotton and soybean.

Lastly, households are in general risk-averse. As can be seen in the earlier section, the
adoption of soybean in 2007 is not an ad-hoc move but based on the experience of
some households in 2006. To further show that experience plays an important role, it
is worthwhile to note that households face similar situations with regards to labor and
input requirement, wholesale price as well as climate in both years. The only
difference is the absence of experience in 2006 and its presence in 2007. However,
from the table below, it can be observed that the percentage of households that
adopted soybean pre-experience, irrespective of landholding size, are smaller than
that post-experience.

Type of Households Pre-Experience Post-Experience
% with Soybean % with Soybean
Small (S) 0% 58.8%
Medium (M) 6.7% 80%
Large (L) 70% 100%

Table 12. % of households that adopted soybean pre- and post-experience
2.3.5. Case Studies

Case studies from three respondents are singled out to give a perspective of the way
soybean changes the life of these people.

2.3.5.1. Shankar L. Kalekar

Mr. Kalekar is a small farmer who adopted soybean in 2007. Prior to adoption, cotton
used to be his main crop. Soybean occupies 80% of his field now. His revenue per
acre has increased by 30-40%. Mr. Kalekar shared that before adopting soybean, he
was not able to save but with soybean, it is possible for him to save and have long-
term plans. He has been using his savings to improve his farm infrastructure.
Currently, he is digging a well in his farm.
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2.3.5.2. Laxman G. Agarkar

Mr. Agarkar is a medium farmer. Cotton used to be his main crop but soybean took
over in 2007. Soybean occupies 50% of his field now. His revenue per acre has
increased by 50-60%. Mr. Agarkar said that soybean has definitely improved his
standard of living. With revenue from soybean, he has managed to increase his
landholding from 7 to 11 acres. In addition, he has managed to lease 4 acres of land,
bringing the total of land under his care to 15 acres, double the size he used to
oversee.

2.3.5.3. Ramesh P. Nagolkar

Mr. Nagolkar used to be a small farmer. Cotton was always his main crop. When
most of the households adopted soybean in 2007, he continued growing cotton due to
risk-averseness. Due to the climatic conditions, he lost most of his cotton. He is now
landless, has no savings and has left farming for 3 years. His main source of income
now is from a small shop in the village. Given opportunities, he said that he would
want to return to farming.
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2.4. Implications

From the information obtained, decision-making process with respect to cropping
pattern in the village appears to be from the early adopters to 1% group of followers
and subsequently, the 2 group of followers. This means that early adopters will grow
the new crop first. Depending on the results obtained by the early adopters, the 1%
group of followers decides whether to follow the early adopters or not. Similarly,
depending on the results obtained by the 1% group of followers, the 2nd group of
followers decides whether to follow the 1% group or not.

Early Adopters ——  1st Followers ——  2nd Followers

Figure 27. Current decision-making process for adoption of new crop

One implication of this process is the delay in reaping of benefits by the 1*' and the 2
group of followers. While the cost of delay is not high in general, in the sense that
followers will get the benefits as a matter of time, there are cases whereby it is not
possible to reap the benefits anymore because by the time followers realize the
advantages of adoption, they may no longer have the necessary resources to do so.

A second implication is that as long as no significant gain in revenue can be observed
from the early adopters, the 1** group of followers and consequently, the P group of
followers will not even consider adoption, even though climate necessitates adoption.
This translates to persistent revenue losses, landholding losses and the eventual
transformation to landless households.

To paint a bleaker picture, these two implications are likely to apply more to small
households than to medium and large households due to their risk-averseness. In other
words, these two implications are likely to impact the poor more than the rich, which
is in agreement to the statement by IPCC.

Question on how the situation could be alleviated arose. Specifically, could we have
convinced those that decided not to adopt soybean in 2007 like Mr. Nagolkar to
change their mind (i.e at least adopt it in 2007 if not earlier)? Could we have
encouraged those that decided to adopt soybean only in 2007 like Mr. Kalekar and
Mr. Agarkar to have done it earlier?

Type of Households | No. of samples | % with Soybean % without soybean
in 2007 in 2007

Small (S) 17 58.8% 41.2%

Medium (M) 15 80% 20%

Large (L) 10 100% 0%

Table 13. % of households that adopted and did not adopt soybean in 2007
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2.5.Potential Method of Alleviation

One method of alleviation is to convince farmers to give more considerations to
climate when changing cropping pattern because of its easy accessibility. Raising
their awareness of the surroundings is a good start.

Climate

Early Adopters —44— 1st Followers ——4%“— 2nd Followers

Figure 28. Proposed decision-making process for adoption of new crop

However, from the interview summary, it has been found that climate as a factor, is
not significant when changing cropping pattern. Hypothesizing that farmers will
increase the weightage of climate as a factor to change cropping pattern if climate is
linked to revenue, this question was put forward to the respondents during the
interview. All respondents said that they would give climate more considerations if
linkage between climate and revenue could be shown.

Climate Climate = Revenue
v
Cropping Pattern Cropping Pattern
Change Change

Figure 29. Method to increase the weightage of climate as a factor to change cropping
patttern

To show this linkage, at least two years with approximately similar climatic
conditions but different cropping pattern are needed. If one cropping pattern is indeed
better than the other in generating revenue for farmers at that climatic condition,
regression analysis would show it quantitatively. Given that soybean adoption is a
recent development and second generation VLS data is only available until 2007, it
was a challenge to find such years. Fortunately, the last two years in VLS (i.e 2006
and 2007) are such years. Both years are linked to heavy rainfall, which is detrimental
to cotton. On the cropping pattern side, most farmers had cotton as the major crop in
2006 but switched to growing soybean in 2007 for reasons already mentioned in
section 2.3.2 and 2.3.3.

5.1. Without Price Control
To start off, the cropping pattern and the revenue per acre for the households in these
two years were determined quantitatively. The difference in the crop proportion of the

main crops (cotton, soybean, pigeonpea, mung and sorghum) and the corresponding
difference in the revenue per acre for each household were then calculated.
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Households were split into three main groups, namely small, medium and large so as
to see if there are any significant differences, in terms of revenue per acre, between
households of different sizes. The result of the regression is as follows:

Source

Model Q4 17 ) 3 ) - F
Residual 37505¢ 4 345, R-squared
Ad] R-squared
. 3200e+09 4. 3213 Jeo Root MSE

wowwwuwn

rev_diff_or

medium

1

bigeonpea_re

mung_change
sorghum_ch~e
cotton_cha~m

b igeonpea_~m
mung_chang~m

b igeonpea_n~I
mung_chang~1
sorghum_ 1

_Cons

Figure 30. Regression of ARevenue per acre on ACrop proportion (Without price
control)

Three main points can be obtained from the analysis of this regression. Firstly,
households, regardless of size, stand to gain by switching from cotton to soybean.
This is obtained by looking at the cotton and soybean coefficients. Note that both
coefficients are significant at 0.1% level.

Secondly, by not changing their cropping pattern, small households tend to lose more
than medium and large households. The constant value of -4536 can be interpreted as
a loss of 4536 Rupees per acre for small households if they do not change their
cropping pattern (significant at 5% level). On the other hand, by not changing their
cropping pattern, medium and large households do not lose anything. In fact, in
absolute value, medium households gain 2464 rupees per acre (significant at 5%
level) and large farmers gain 4029 rupees per acre (not significant due to small
sample size). A valid explanation for this observation is that there is a difference in
resources, access to technology, irrigation facilities, etc between households of
different sizes. This is in line with the widely accepted statement that the poor loses
more than the rich.

Thirdly, combining the first and second points, small households can minimize their
losses by adopting and/or increasing their soybean proportion and once they cross a
certain threshold of soybean proportion, will start to see a positive increase in their
revenue per acre. As for medium and large households, although they do not lose
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anything by not changing their cropping pattern, they stand to gain even more revenue
per acre if they decide to adopt and/or increase their soybean proportion.

There is actually an additional observation of small households standing to gain more
revenue per acre than the medium and large households for each unit of change from
cotton to soybean. Unfortunately, although the magnitudes of the relevant coefficients
validate this observation, they are not statistically significant. Again, this observation,
has it been significant, could have been explained by the difference in resources,
technology, etc between households of different sizes.

5.2. With Price Control

To ensure that the difference in revenue per acre between cotton and soybean is not
solely driven by a decrease in the wholesale price of cotton and an increase in the
wholesale price of soybean, prices were controlled. This means that to calculate the
revenue per acre in 2007, wholesale prices in 2006 were used. The result of the
regression is as follows:

Number of obs
FC 17, 24)
Model 8 402 17 5141.3 Prob = F
Residual 3 2¢ 35 . L -squared
7 R-squared

woo

LI | | [ |

rev_diff_~06 e Std. Err. % e | £ [98% Conf. Interval]

medium
Targe
cotton_cha~e

b 1geonpea_n~m
mung_chang~m

Figure 31. Regression of ARevenue per acre on ACrop proportion (With price control)

Similar observations are obtained. This shows that even without price changes, it is
advisable to adopt soybean as opposed to continuing with cotton.

5.3. Additional Stress Tests
Stress tests go beyond just controlling the price (i.e. assuming that there was no price
change between the two years). Specifically for our case, the price of soybean was

decreased by a certain percentage while the price of cotton was increased by a certain
percentage. Crop yields were kept constant.

40



The first test involves decreasing the price of soybean by 10% while increasing the
price of cotton by 10%. The second test is similar to the first but this time the price of
soybean is decreased by 25% while the price of cotton is increased by 25%. The third

test 1s also similar but 50% is used instead.

The objective of additional stress tests is to inform farmers that decision-making
driven purely by market and not taking into consideration factors such as climate may
not necessarily results in a good outcome for them. The results of the regression are as

follows:

Sourc
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Figure 32. Regression of ARevenue per acre on ACrop proportion

(With cotton price +10% and soybean price -10%)
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Figure 33. Regression of ARevenue per acre on ACrop proportion
(With cotton price +25% and soybean price -25%)

Source

Model
Residual

rev_diff_~&C
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Figure 34. Regression of ARevenue per acre on ACrop proportion
(With cotton price +50% and soybean price -50%)
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Although the spread becomes narrower, it can be seen that adoption of soybean still
results in better revenue per acre than that of cotton. Farmers should seriously start to
give more weight age to climate when making their cropping pattern decision instead
of relying heavily on market.
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3. Conclusion

This study has validated the assumptions that change in cropping pattern is driven by
reasons other than climate. Specifically for Kanzara, the adoption of soybean is driven
by revenue and expenses considerations, not climate change. Given the risk-
averseness of households, the role of experience adds another dimension to the
decision-making process of cropping pattern change. Two implications of the current
decision-making process are identified: 1) Delay in reaping the benefits of change in
cropping pattern and 2) No significant changes in cropping pattern unless significant
gain in revenue can be observed from the early adopters even though climate
necessitates change.

However, by linking climate to revenue, households show willingness in giving more
weightage to climate as a factor to change cropping pattern. Three main points can be
obtained from this part of the study: 1) Households, regardless of size, stand to gain
by switching from cotton to soybean. 2) By not changing their cropping pattern, small
households tend to lose more than medium and large households. A valid explanation
for this observation is that there is a difference in resources, access to technology,
irrigation facilities, etc between households of different sizes. This is in line with the
widely accepted statement that the poor loses more than the rich. 3) Combining the
first and second points, small households can minimize their losses by switching
and/or increasing their soybean proportion and once they cross a certain threshold of
soybean proportion, will start to see a positive increase in their revenue per acre. As
for medium and large households, although they do not lose anything by not changing
their cropping pattern, they stand to gain even more revenue per acre if they decide to
switch and/or increase their soybean proportion. This could be a seed to alter the
decision-making dynamics.
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