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Abstract

Farmers usually do not know the precise output that is affected by climatic factors such as temperature and rainfall and are
characterized by inter-annual variability, part of which is caused by global climate change. No study covers the influences of
climate factors on yield and yield risk in the context of chickpea farming in Andhra Pradesh, India. In this context, this study
aimed to investigate the trends in climate change variables during Rabi season (October to January, 1996-2020) and evaluated
their variability on chickpea yields across different agro-climatic zones in Andhra Pradesh by employing Just and Pope produc-
tion function. Four non-parametric methods-Alexandersson’s Standard Normal Homogeneity Test, Buishand’s Range Test,
Pettitt’'s Test and Von Neumann'’s Ratio Test are applied to detect homogeneity in the data. Mann—Kendall (MK) test and Sen’s
slope (SS) method were employed to analyze monthly rainfall trends and minimum and maximum temperature trends. Results
of Just and Pope (panel data) quadratic and Cobb-Douglas methods revealed that monthly minimum temperature positively
influenced the mean yield of chickpea (0.22% and 0.16%, respectively). However, rainfall (-0.41% and -0.31%) and maximum
temperature (-0.08% and -0.04%) negatively influenced the mean yield of chickpea under quadratic and Cobb-Douglas models,
respectively. Accordingly, rainfall (0.08% and 0.06%) and maximum temperature (0.83% and 0.72%) positively influenced the
yield variability and minimum temperature (-0.77% and -0.67%) reduced yield variability of chickpea under quadratic and Cobb-
Douglas models respectively. In view of these findings, it is imperative to advocate the farmers about the importance of culfivat-
ing drought-tolerant chickpea varieties, drought-proofing and mitigation strategies, micro-irrigation practices and improving their
access to agro-meteorological information towards sustainable chickpea cultivation in Andhra Pradesh.

Keywords: Chickpea, Climate, Just and Pope production function, Mann—Kendall test,
Trend analysis

Panel data, Sen’s slope estimator,

INTRODUCTION

Climate change has a dire impact on the socio-
economic sector and the environment and can lead to
massive famines and migration, natural resource deg-
radation, and weak economic performance. Agriculture
bears much of the impact, and in developing countries
like India, it is the most affected sector, absorbing up to
80 percent of all direct impacts with multiple effects on
water availability, agricultural production, food security
and rural livelihoods. They impact not only a particular
region that experiences it but also every household, as

agricultural production and water resources are inte-
grally related to producing a wide range of goods and
services (FAO, 2017). So, climate change is consid-
ered a potential threat to attaining sustainable agricul-
ture development coupled with food security. Unfortu-
nately, India is one of the most vulnerable countries to
climate change and the forecasts from earlier studies
(Chaturvedi et al., 2012; Krishnan et al., 2020). They
highlighted increases in rainfall; and maximum and
minimum temperatures, thus adversely influencing the
timely sowing of crops, crop growth, crop yields, and
food security. According to Chaturvedi et al. (2012), at
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All-India level, mean warming over India is likely to be
in the range 1.7 to 2.0°C by 2030s and 3.3 to 4.8°C by
2080s and precipitation is projected to increase from 4
per cent to 5 per cent by 2030s and from 6 per cent to
14 per cent towards the end of the century (2080s)
compared to the 1961-1990 baseline.

Further, there is a consistent positive trend in the fre-
quency of extreme precipitation days (e.g., greater than
40 mm/day) for decades 2060s and beyond. This calls
for serious attention to analysing the impact of climate
change and its variability on agriculture to plan for ad-
aptation and mitigation strategies to combat the same.
At the same time, it needs to enhance agricultural
productivity through evolving climate-resilient crop vari-
eties and technologies/innovations suiting changing
climatic scenarios (Dagar et al., 2017).

Previous studies on impact of climate change on crop
yields were carried out internationally (Carew et al.
(2017); Mahdiyeh et al. (2018); Feroze et al. (2020);
Samira et al. (2020); Agossou et al (2021); Mulungu et
al. (2021)); through employing Just and Pope’s (1978)
stochastic production function approach. However, to
the best of the researcher's knowledge, no study has
been conducted so far applying the panel data ap-
proach in Andhra Pradesh. It is in this context there is a
need to analyze the trends in climate change variables
and their impact on mean chickpea yield and its varia-
bility in Andhra Pradesh using a panel data approach.
The present work differs and builds upon previous re-
search, as it extends the existing literature by calculat-
ing the homogeneity or inhomogeneity to detect break
points of climate change data (rainfall, maximum and
minimum temperatures) over two and a half decades.
The second difference is that no previous studies were
conducted in Andhra Pradesh to analyse the impact of
climate variability on chickpea yields, which helps to
formulate climate resilient strategies for chickpea culti-
vation. The third difference is, we use a long panel
spanning almost two and a half decades (1996-2020)
and this is considered useful, since climate change un-
folds over long timescales. This panel data is larger
than earlier studies like Raju and Pratiti (2020) and Ca-
rew et al. (2017). Fourth, this study is at the granular
level of districts majoring in chickpea cultivation across
different agro-climatic zones in Andhra Pradesh. As a
final point, this study covers only major chickpea-
cultivating districts in Andhra Pradesh to overcome ag-
gregation anomalies, as in the case of the country-level
panel (Boubacar 2012 ; Haile et al. 2017). That is, as
there is greater climate divergence across different
States in India, it is not meaningful to consider country-
level panel and generalize the findings at All-India level;
hence, this study is limited to major chickpea cultivating
districts in Andhra Pradesh only. This is also true for
studies in other countries like Carew et al. (2017);
Feroze et al. (2020); Raju and Pratiti (2020), and

Agossou et al. (2021). Considering the importance, this
study examines the impact of climate change variables
on the mean and variability of chickpea yields in An-
dhra Pradesh by employing the widely used Just and
Pope production function (Sarker et al., 2019).

India is the leading producer of chickpeas, with 12.33
per cent of the share in global pulses production and is
cultivated in around 10.94 m.ha with a production of
11.08 m. tonnes during 2020. India accounted for 74
per cent of the total area and 75 per cent of total pro-
duction of chickpea in the world in 2020. Major chick-
pea-producing countries include India followed by Tur-
key (0.63 m. tonnes), Pakistan (0.50 m. tonnes), Myan-
mar (0.48 m. tonnes), Ethiopia (0.46 m. tonnes), Russia
(0.29 m. tonnes), Australia (0.28 m. tonnes) and USA
(0.19 m. tonnes) . China, mainland enjoy the highest
productivity of chickpea (5356 kg/ha) and India ranked
18" position in the world in terms of productivity with
1012 kg/ha and which is less than the global average
(1519 kg/ha) in 2020 (www.fao.org). Further, the chick-
pea is one of the major pulse crops cultivated during
Rabi season. In India, Andhra Pradesh is one of the
leading chickpea producing States under varied agro-
climatic conditions with around 0.46 m. ha area and
0.56 m. tonnes production during 2019-20 (Statistical
Abstract, 2020). This State comprises diverse agro-
climatic zones viz., Scarce rainfall zone, Southern
zone, Krishna zone, Godavari zone and North Coastal
zone. As these zones were largely impacted by climate
change (Komali et al., 2020), it called for analysing of
climate change variables' influence on chickpea yields.
Therefore, this study employed cross-sectional time
series data across major chickpea-cultivating districts in
Andhra Pradesh to address the following research
questions: i) Is there any difference in climate change
variables and chickpea yields across the selected dis-
tricts? ii) How do the changes in climate variables affect
the mean and variability of chickpea yields ? iii) What
will be the elasticities of climate change setups on fu-
ture predictions of chickpea yields?

MATERIALS AND METHODS

Study area and data collection

As a large part of Southern India falls under arid and
semi-arid regions, the State of Andhra Pradesh was
purposively selected for the study. Ananthapuramu.
Kadapa, East Godavari, Krishna and Visakhapatnam
districts were also purposively selected, as chickpea is
one of the major crops cultivated during Rabi season
and these districts harbour the highest cultivated area
under chickpea across different agro-climatic zones
viz., Scarce rainfall zone, Southern zone, Krishna zone,
Godavari zone and North Coastal zone respectively.
Together, these five districts accounted for 39 per cent
of the chickpea area and 23 per cent of chickpea pro-
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duction during Rabi season in Andhra Pradesh. Histori-
cal climate observations viz., monthly rainfall, maximum
and minimum temperatures for October to January
1996-2020 were obtained from Statistical Abstracts of
Andhra Pradesh, Hand Book of Statistics of selected
districts. As there were no missing values in climate
change variables, the yield data of chickpeas were also
collected for the above reference period.

Descriptive statistics

Mean, Standard Deviation (SD) and Coefficient of Vari-
ation (CV) are employed to examine the variability for
climate change variables viz., rainfall, maximum and
minimum temperatures, area and yields of chickpea
during Rabi season (October to January, 1996-2020).

Climate variables trend analysis

Homogeneity analysis: Pettitt’s Test, Alexandersson’s
Standard Normal Homogeneity Test (SNHT), Buishand’s
Range Test and Von Neumann’s Ratio Test were em-
ployed to assess the homogeneity of monthly time se-
ries of rainfall, maximum and minimum temperatures
during Rabi season (1996-2020). In accordance with
Agossou et al, 2021; Patakamuri et al, 2020; Ahmad
and Deni, 2013; Wijngaard et al., 2003; the classifica-
tion was made based on the number of tests rejecting Ho
(data are homogeneous) (Table 1).

Table 1. Classification based on the number of tests

Class Category Inference

Class A Useful When none or only one of the
above four tests rejects Ho

When two of the four tests reject
Ho

When three or all the tests reject

Class B Doubtful

ClassC  Suspect

Mann-Kendall (MK) Test and Sen’s Slope Method:
The MK test (Kendall, 1975; Mann, 1945) was em-
ployed to assess the trends in monthly rainfall, maxi-
mum and minimum temperatures during Rabi season
(Koudahe et al., 2018). The true slope (change per unit
time) was predicted using Sen’s slope estimator (Sen,
1968). As the results of MK test are likely to be affected
by the presence of serial correlation in time series data,
the following Trend-Free Pre-Whitening test
(using R package “modifiedmk” (Patakamuri et al.,
2020; Ahmad et al., 2015; Yue et al., 2002)) was car-
ried out before the MK test:

_ I D Em -8

T =
1
L, (X —x)?

Eq. 1

15 . . . .
Where, '* = lag-1 serial correlation coefficient X; =

value of an observation of time series data, = mean
of the sample of time series data and n = sample size.

The autocorrelation coefficient values were tested
against the following equation:

r (95%) _ -1+196,/(n-2)

n-1 Eq. 2
If ry lies between the upper and lower limits of the confi-
dence interval, then the time series data were consid-

ered serially correlated.

Panel unit roots and stationary: The presence of unit
roots for each variable was tested (with trend and with-
out trend) by employing Fisher-type test (Maddala and
Wu, 1999); Levin, Lin, Chu (LLC) test (Barnwal and
Kotani, 2010) and Harris-Tzavalis test (Harris and
Tzavalis 1999) (to ensure the robustness of the re-
sults), as non-stationary data set might yield spurious
results (Chen and Chang, 2005; Granger and Newbold,
1974).

Just and Pope production function: To study the
influence of climate variables on chickpea's mean yield
and yield variability during Rabi season, Just and Pope
(1978; 1979) production function was applied. It in-
volves two components viz., estimation of mean yield
and yield variability (risk) (Cabas et al., 2010; Kim and
Pang, 2009). The common form of the Just and Pope
Production Function (Just and Pope, 1978) is:

y = (X) + h(X)e,

Eq. 3
Based on Saha et al. (1997) and Chen et al. (2004) a
production function of the form below is obtained:
y=X)+u=(X, )+ hX, a,

Eq. 4
where, y is chickpea yield; X is descriptive variables
(rainfall, monthly maximum temperature, minimum tem-
perature and time trend), and € is the exogenous pro-

duction shock with (€)=0 and Var(e) = o .

In this study, two functional forms of Just and Pope
production function are considered viz., Quadratic and
Cobb-Douglas forms (Tveteras, 1999; Tveteras and
Wan, 2000; Chen et al., 2004; Isik and Devadoss,
2006; Koundouri and Nauges, 2005; Kim and Pang,
2009) for the estimation of mean yield and yield varia-
bility functions for chickpea.

Mean function: This is specified as:
2

. . X:
Linear-Quadratic form: y = ag + a:T + Y jaqjx; + >jaz

+ 32 (k) Ak XjXk Eq.5

.
[

Cobb-Douglas form: y = a +aT + Eq. 6

where, x; and xi are explanatory variables that include
climate variables, ‘T’ represents time trend and a's
imply coefficients to be estimated. The justification of
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including the time trend is that it can capture technologi-
cal progress over the period under consideration.
Variance function: Following Just and Pope (1978,
1979), Kumbhakar and Tveteras (2003) and Koundouri
and Nauges (2005), the variability function h(.) is mod-
elled as a Cobb-Douglas form:
h(x) = BT [xB; (or)  h(x) = BT xB1. xB2. xL3 ..... XPn
Eq. 7
Logarithmic transformation of this function produces the
linear function as follows:

Inh (x) = In (BT BtxB1. xP2. xB3 -.... XBn)
Inh (x) = Ing + InTBt + InxB1 + Inxfr + InxBs + -+ +
InxBninh(x) = InBo + BtinT + B4lnxq +

Bolnxy + B3 Inxs + -+ + Sulnx,

Eq. 8

where B's are parameters to be estimated.

Hausman test was conducted to decide, whether to
employ random effects model or fixed effects model for
analysing the panel data. Further, in this study, a three-
step Feasible Generalized Least Squares (FGLS) esti-
mator was considered over Maximum Likelihood Esti-
mator (MLE), as the former yields better results consid-
ering the large sample size (n = 125) and the problems
of heteroscedasticity and autocorrelation in panel data
set can be better addressed from FGLS (Judge et al.,
1985; Cameron & Trivedi, 2009).

Elasticities of climate change variables: The elastici-
ties (marginal effects) of climate change variables will
be computed through multiplying the coefficients of cli-
mate variables, like rainfall, maximum temperature and
minimum temperature, with the average of respective
climate change variables and dividing by average yield
(Humayun, 2015).

Future predictions of chickpea yields: From the
above estimated elasticities of climate change varia-
bles, future predictions of chickpea yields can be ob-
tained through employing the following equation:

AY = [(dY/OR)*AR + (dY/oMaxT)*AMaxT + (9Y/OMinT)

«AMint] = 100 Eq. 9

where, Y is the yield, R is the rainfall, MaxT is the maxi-
mum temperature and MinT is the minimum tempera-
ture; (9Y/OR), (dY/oMaxT) and (9Y/oMinT) were identi-
fied by the equations of the model. Coordinated Re-
gional Downscaling Experiment (CORDEX) South Asia
multi- Regional Climate Model (RCM) reliability ensem-
ble average estimate of projected changes in the annu-
al mean of daily rainfall, maximum and minimum tem-
peratures over India for the future periods: near-term
(2016-2045), mid-term (2036-65) and long-term (2066-
2095) changes in future climate over India under Rep-
resentation Concentration Pathway (RCP) 4.5 scenario,

relative to the base 1976-2005 were considered to pro-
ject the changes in chickpea yields (Sanjay et al, 2017).
RESULTS AND DISCUSSION

Summary statistics of climate variables, area and
yield of chickpea across selected districts: The find-
ings (Table 2) revealed that Visakhapatnam received
the highest mean rainfall of 107.3 mm followed by East
Godavari (92.1 mm) during Rabi season, 1996-2020.
The lowest mean rainfall was noticed in Ananthapu-
ramu (74.7 mm), followed by Kadapa (80.5), as both
these districts fall in the dry tract of Rayalaseema re-
gion in Andhra Pradesh. It was also evident from high
CV values (>40%) that in both these districts, the rain-
fall is highly erratic compared to other districts. Howev-
er, there is not much variation (CV) regarding maximum
and minimum temperature across the selected districts
(Humayun, 2015; Feroze, 2020; Samira et al., 2020).
The mean area of chickpea (Table 3) is highest in An-
anthapuramu (0.649 lakh ha), followed by Kadapa
(0.667 lakh ha). However, the area is very much mea-
gre in all three coastal districts viz., Krishna (1000 ha),
East Godavari (400 ha) and Visakhapatnam (100 ha).
The lack of adequate irrigation facilities in Ananthapu-
ramu and Kadapa districts has prompted farmers to
allocate more area to chickpea (Hand Book of Statis-
tics, Ananthapuramu, 2020). The area under chickpea
cultivation in these two districts has gained momentum
in the past two and a half decades and increased by
237 and 580 percent, respectively, during 1996-2020.
However, chickpea cultivation in coastal districts has
gained more popularity in the recent decade (2011-
2020), especially in East Godavari and Krishna dis-
tricts, with 296 and 389 percent, respectively. This is
due to the late release of canal water from Godavari
and Krishna perennial rivers, respectively, during Kharif
season (up to 2" week of August) and this prompted
the farmers to go late sowings of staple food crops, rice
and consequently preferred to cultivate chickpea during
Rabi season. Even in Visakhapatnam, there is a slow
increase in chickpea cultivated area by 37 per cent dur-
ing the above reference period, as oil palm cultivation is
gaining momentum in this district.

Regarding productivity of chickpea, it is highest in
Krishna (1720 kg/ha), followed by East Godavari (1637
kg/ha) and Visakhapatnam (1430 kg/ha) and it is lowest
in Ananthapuramu with only 646 kg/ha. The higher vari-
ability (CV%) in rainfall during Rabi season (47.2%)
and lack of adequate irrigation facilities in Ananthapu-
ramu are mainly responsible for lower chickpea yields
(Hand Book of Statistics, Ananthapuramu, 2020). It is
interesting that yield risk was higher in Kadapa (152%)
and Ananthapuramu (44%) districts compared to
coastal districts viz., East Godavari (20%), Krishna
(25%) and Visakhapatnam (26%), as the rainfall varia-
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Table 2. Mean rainfall, maximum and minimum temperatures in selected districts during Rabi season, 1996-2020

District Variables Mean CV(%) Minimum Maximum
Ananthapuramu Rainfall (mm) 74.7 472 26.5 184.4
Max. Temp (°C) 30.6 10 29.1 33.1
Min. Temp (°C) 19.1 21 17.4 225
Kadapa Rainfall (mm) 80.5 445 32.1 208.4
Max. Temp (°C) 30.3 10 19.1 31.6
Min. Temp (°C) 20.6 20 18.7 23.6
East Godavari Rainfall (mm) 92.1 27 1 76.8 101.5
Max. Temp (°C) 30.2 0.9 276 31.8
Min. Temp (°C) 21.1 16 20.3 23.4
Krishna Rainfall (mm) 91.6 29.7 76.6 132.7
Max. Temp (°C) 29.9 13 28.3 323
Min. Temp (°C) 22.6 12 20.7 24.1
Visakhapatnam Rainfall (mm) 107.3 15.6 81.6 287.1
Max. Temp (°C) 29.2 10 27.1 316
Min. Temp (°C) 20.7 18 19.5 23.1

Table 3. Summary statistics of area and yield of chickpea in selected districts during Rabi season, 1996-2020

Ananthapuramu Kadapa East Godavari Krishna Visakhapatnam
Variable  Area  Yield Area  Yield Area  Yield Area  Yield Area  Yield

(‘O0ha) (kg/ha) (‘00ha) (kg/ha) (‘00ha) (kg/ha) (‘00ha) (kg/ha) (‘00ha) (kg/ha)
Mean 649 646 667 1198 4 1637 10 1720 1 1430
CV (%) 38 44 44 152 163 20 116 25 59 26
Minimum 229 230 142 168 0 1078 0 951 0 185
Maximum 945 1154 1120 9694 19 2428 40 2500 2 3000

bility is higher during Rabi season in Ananthaputramu
(47.2%) and Kadapa (44.5%). However, cultivation of
chickpea was inevitable in these two districts because
of low and erratic rainfall, lack of adequate irrigation
facilities and coincidence of rainfall patterns with the
Critical Moisture Sensitive Stages (CMSS) of this crop.
However, in three coastal districts viz., Krishna, East
Godavari and Visakhapatnam, due to late release of
canal irrigation water during Kharif season, the farmers
could not sow rice in right time during Rabi season and
this prompted them to go for chickpea cultivation. The
area under chickpea cultivation is gaining momentum in
these three districts due to its lucrative prices in the
market. The findings also indicated that though these
three coastal districts were the forerunners in terms of
yield for chickpea (on account of good irrigation facili-
ties), the mean area is significantly higher among An-
anthapuramu and Kadapa (Statistical Abstract, 2020).

Homogeneity of rainfall and temperature data: The
findings (Table 4) indicated that rainfall during Rabi
season across all the districts was labelled “useful”.
That is, the findings from Pettitts test, SNHT,

Buishand's test and von Neumann's test detected no
breakpoint (inhomogeneity) across all the districts, im-
plying no recession in rainfall during the reference peri-
od. Regarding maximum temperature, all the districts,
except Visakhapatnam revealed “useful” (Ahmad and
Deni, 2013). Like rainfall, the time series data for mini-
mum temperature during Rabi season was classified as
“useful” across all the selected districts.

Again, the homogeneity tests were performed for
month-wise rainfall; and maximum and minimum tem-
peratures during Rabi season ie., October to December
of the selected reference period (Table 5). A total of 60
series (12 months, 5 districts and 3 climate variables)
were tested and among them, 58 series were labelled
“useful”, and only two were classified as “Doubtful” re-
garding homogeneity, viz., October for rainfall and max-
imum temperature for Visakhapatnam district. Low tem-
peratures and high wind speed during cyclonic rains
made it difficult for observers to record the climate data
of different stations from Visakhapatnam. However, as
58 series out of 60 are recorded “useful”, it implies the
data are of good quality and less erroneous for the
study.
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Serial correlation analysis: A total of 60 time series (4
monthsx3 climate change variablesx5 districts) were
subjected to serial correlation test and the findings
(Table 6) showed that only two series were serially cor-
related. This represents only 3.33 per cent of the total
number of time series assessed. So, as in homogeneity
tests, the monthly minimum temperature data revealed
no serial correlation across all the districts; however,
rainfall and maximum temperature data for January
were found to be serially correlated in Visakhapatnam.
So, for these two climate change variables of Visakha-
patnam, a modified version of the MK test (Pre-
Whitening) was employed along with Sen’s slope esti-
mator to analyse the trends in climate change varia-
bles.

Trends in climate variables, area and productivity
of chickpea: In all the selected districts, monthly rain-
fall during Rabi season exhibited non-significant in-
creasing trends (p > 0.05), unlike Visakhapatnam dis-
trict (Table 7). The slope is highest for Kadapa (0.05

mm/year) and lowest for Visakhapatnam district (-0.054
mml/year). Interestingly, the pattern of rainfall in these
districts and its coincidence with the CMSS of the crops
decide the cropping pattern. When the vegetative stage
of crops coincides with dry spells, it leads to a decline
in productivity. Due to the single rainy season in Anan-
thapuramu and Kadapa, there is no chance for farmers
to go for crop diversification. Further, the rainfall pattern
in these two districts coincides with the CMSS of
groundnut and chickpea and, thereby, compels the
farmers to cultivate these two crops during Rabi sea-
son. Regarding temperature, in all the selected dis-
tricts, maximum temperatures exhibited significant in-
creasing trends (p<0.05). On the contrary, monthly min-
imum temperatures showed significant declining trends
in East Godavari (-0.185**), Krishna (-0.123**) and Vi-
sakhapatnam (-0.133**) districts, unlike Ananthapu-
ramu (0.150**) and Kadapa (0.081"°).

The results displayed in Table 8 showed declining
trends in month-wise rainfall during the growing (Rabi)
season of chickpea in all the districts viz., Ananthapu-

Table 4. Summary of homogeneity results of the rainfall (mm) and temperature during Rabi season (1996-2020)

von Neumann's

Pettitt’s Test SNHT Buishand's test test
District p-value p-value p-value p-value Remarks

K (Two- To (Two- Q (Two- N (Two-

tailed) tailed) tailed) tailed)

Rainfall (mm)
ﬁ\a”rﬁﬂthap“' 32.000 0.128 10.067 0.059  3.196 0.685 1.651 0.184  Useful
Kadapa 35.000 0213  4.260 0.283 2467 0897 2321 078  Useful
casl i 43000 0515  2.080 0.756  3.115 0700 2538 0922  Useful
Krishna 58.000 0.769  2.631 0615 3717 0486 2156 0649  Useful
Visakhapat- 55 000 0.971 2.446 0675  3.831 0466 2439 0871  Useful
Maximum Temperature (°C)
Ananthapu- g6.000 0.124 (72'?)?2?2017) 0036 92 008 1395 0057  Useful
Kadapa 90.000 0.091 7.128 0047 %927 9006 1304 0036  Useful
East o (122(?1'2?20517) 0.001 9.793 0017  7.978 0002 1.023 0004  Useful
Krishna (123(?6(3)?200*09,2015) 0.000 13.012 0.000 9197 0000 0826 0000  Useful
Visakhapat- (113&%?20805) 0.000 (1119322005) 0.003 8674 0000 1034 0006  Doubtful
Minimum Temperature (°C)
Ananthapu- 76,000 0.261 4.326 0268 4760 0220 1728 0246  Useful
Kadapa 86.000 0135 5634 0132 5336 0126 1733 0246  Useful
5::“ Goda- g4 000 0.575 4.398 0.306  4.812 0.209 2008 0504  Useful
Krishna 54.000 0.940  4.025 0371 3592 0542 1759 0270  Useful
Visakhapat- - g6.000 0.128 5.507 0198 5771 0077 1875 0366  Useful

K, To, Q and N stand for the resulting coefficients of the respective tests, * indicates the inhomogeneous districts at 5% significance
level and values in the parentheses represent the break point years (von Neumann's Test gives no information about the break point)
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Table 5. Summary of homogeneity results of the month-wise rainfall and temperature data during Rabi season

Districts October November December January

Rainfall (mm)

Ananthapuramu Useful Useful Useful Useful
Kadapa Useful Useful Useful Useful
East Godavari Useful Useful Useful Useful
Krishna Useful Useful Useful Useful
Visakhapatnam Doubtful Useful Useful Useful

Maximum Temperature (°C)

Ananthapuramu Useful Useful Useful Useful
Kadapa Useful Useful Useful Useful
East Godavari Useful Useful Useful Useful
Krishna Useful Useful Useful Useful
Visakhapatnam Doubtful Useful Useful Useful

Minimum Temperature (°C)

Ananthapuramu Useful Useful Useful Useful
Kadapa Useful Useful Useful Useful
East Godavari Useful Useful Useful Useful
Krishna Useful Useful Useful Useful
Visakhapatnam Useful Useful Useful Useful

Table 6. Summary of serial correlation results of rainfall and temperature data during Rabi season

Districts October November December January

Rainfall (mm)

Ananthapuramu False False False False
Kadapa False False False False
East Godavari False False False False
Krishna False False False False
Visakhapatnam False False False True

Maximum Temperature (°C)

Ananthapuramu False False False False
Kadapa False False False False
East Godavari False False False False
Krishna False False False False
Visakhapatnam False False False True

Minimum Temperature (°C)

Ananthapuramu False False False False
Kadapa False False False False
East Godavari False False False False
Krishna False False False False
Visakhapatnam False False False False

Note: ‘False’ = absence of serial correlation; ‘True’ = presence of serial correlation
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ramu (October, (-1.104 mm/season)), Kadapa
(October, (-2.038 mm/season)), East Godavari
(October, (-1.444 mm/ season)), Krishna (October, (-
0.999 mm/season)) and Visakhapatnam (October, (-
1.333 mm/season), November, (-0.774 mm/year) and
January, (-0.108 mm/year)), though non-significant.
Only in Kadapa, the rainfall during January recorded
positive and significant trend (0.0001 mml/year). Fur-
ther, across all the districts, the maximum temperatures
recorded positive trends, though non-significant, during
the chickpea's vegetative phase, and it turned signifi-
cant during October for Kadapa (0.077°C). The mini-
mum temperatures showed significant declining trends
during the chickpea sowing season, i.e., November and
December in Ananthapuramu and Kadapa; October
and November in East Godavari; November in Kadapa
and October, November and December in Visakhapat-
nam. This implies that during the sowing and vegetative
phase of chickpea, rainfall and maximum temperature
showed increasing trend, while minimum temperature
showed declining trends across the selected districts.
In Ananthapuramu, rainfall during rabi season accounts
for around 30 per cent of annual rainfall (1996-2020);
the mean maximum and minimum temperatures are
around 30.6°C and 19.1°C. This compels the farmers
to adopt pulses like chickpea during this season (Hand
Book of Statistics, Ananthapuramu, 2020). The same is
the case for Kadapa with respect to mean rainfall, its
pattern and mean temperature values during Rabi sea-
son, as these two districts are located in similar agro-
climatic conditions of Rayalaseema region in Andhra
Pradesh. In both these districts, the yields of chickpea
showed inter-annual fluctuations primarily because of
rainfall variability in both these districts. However, East
Godavari and Krishna districts are blessed with higher
mean rainfall and irrigation from perennial rivers viz.,
Godavari and Krishna, respectively and thus, permit the
farmers to practice diversified crops during Rabi sea-
son like rice, maize, black gram, chillies etc. So, the
area under chickpea remained low and stable up to

2006, with short-term fluctuations between 2007 to
2014 and later showed a continuous increasing trend in
both districts. This is because of two major reasons
viz., higher Minimum Support Prices (MSPs) offered by
the Government and improved local marketing facilities.
In the Visakhapatnam district, because of higher mean
annual rainfall (ranging from 808 mm to 1617 mm with
a mean of 1111 mm during 1996-2020), the farmers
prefer to cultivate sugar cane and rice as major crops in
the district. During Rabi season, farmers cultivate
chickpea, green gram, horse gram and black gram,
etc., from October/November under restored soil mois-
ture conditions, as rainfall distribution exceeds Novem-
ber with longer dry spells. Further, the declining trends
in minimum temperatures from October to November
facilitate the farmers to take up chickpea cultivation.
However, there is a slow pace in the increase in area
and yields of chickpea compared to the above four dis-
tricts, as its sowings are delayed due to frequent cy-
clonic rains during October and November in the Visa-
khapatnam district.

Pre-estimation specification tests: Prior to applying
the data for Just-Pope model, the data on climate
change variables and yields of chickpea are examined
for stationarity by employing the ADF-Fisher-type, LLC
test and Harris-Tzavalis test (Poudel and Kotani, 2013;
Sarker et al. 2019). These (unit root) tests are carried
out with constant and trend specifications for the re-
spective series. The outcomes of these tests (Table 9)
implied that the variables are stationary for all equa-
tions. These results are consistent with McCarl et al,
2008 for rainfall and temperature in USA, Kim and
Pang, 2009 for rainfall in Korea.

Then, the Modified Wald test, Breusch-Pagan/Cook-
Weisberg test, Breusch-Pagan-Godfrey (BPG) and
White heteroscedasticity tests are used to determine
whether the variance of residuals is dependent on the
values of independent variables. The findings (Table 10)
indicate that the Ho of homoscedasticity is rejected and

Table 7. Modified MK test and Sen’s Slope test (Trend-Free Pre-Whitening) of rainfall (mm), maximum and minimum

temperatures ('C) in selected districts during Rabi season

October to December

First Last

Districts year year Rainfall Max. Temp Min. Temp

MK SS MK SS MK SS
Ananthapuramu 1996 2020 0.006 0.001 0.086* 0.016 0.150*  0.022
Kadapa 1996 2020 0.009 0.050 0.152* 0.021 0.081 0.012
East Godavari 1996 2020 0.005 0.001 0.206** 0.034 -0.185**  -0.028
Krishna 1996 2020 0.034 0.001 0.232* 0.057 -0.123**  -0.012
Visakhapatnam 1996 2020 -0.019 -0.054 0.207* 0.037 -0.133**  -0.017

Note: ** - Significant at 1% level, * - Significant at 5% level
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Table 8. Modified MK test and Sen’s Slope test (Trend-Free Pre-Whitening) of the month-wise (n = 25) rainfall (mm), maximum and minimum temperatures ('C) in selected

districts during Rabi season

Min.
Temp

Visakhapatnam
Max.
Temp

Min. .
Temp Rainfall

Max.
Temp

East Godavari Krishna
Max. Min.
Temp Temp Rainfall

Rainfall

Min.
Temp

Max.
Temp

Kadapa
Rainfall

Min.
Temp

Max.
Temp

Ananthapuramu

Rainfall

Last
year

First
year

Month

-0.326*
(-0.034)

0.051
(0.010)

-0.058
(-1.333)

0.174
(-0.027)

0.246
(0.083)

-0.007 -0.105  0.188  -0.413** -0.018
(-0.002) (-1.444) (0.035) (-0.048) (-0.999)

0.428*
(0.077)

0.145  -0.113
(0.017) (-2.038)

0.225
(0.038)

(-1.104)

2020 -0.080

1996

Oct

-0.087*
(-0.022)

0.134  0.065
(-0.774)  (0.013)

-0.116*
(-0.022)

0.239
(0.047)

0.073
(0.280)

0.094  -0.087**
(0.016) (-0.018)

0.022
(0.143)

-0.138"
(-0.033)

0.261
(0.033)

(0.188)

s0pp  0-007 0058  -0.022 0.058
(0.066) (0.006) (0.003)

1996

Nov

0239 0072 0105 0217  -0.203*
(0.040)  (0.024) (0.108) (0.037) (-0.041)

0.160
(0.057)

-0.159*  0.159 0.145  0.167
(0.024) (0.059)  (0.037) (0.030)

0.109
(0.015)

o000 0161 0261  -0.159* 0.074
(0.130)  (0.032) (0.021) (0.141)

1996

Dec

0.145
(0.027)

0.384** 0181 -0.222  0.326*
(-0.027) (-0.108) (0.069)

(0.057)

0.016
(0.0001)

-0.145
(-0.030)

0.319
(0.066)

o000 0228 0116  -0.007 0.384*  0326" -0.036  0.004
(0.0001) (0.018) (-0.003) (0.0001) (0.041) (-0.010) (0.0001)

1996

Jan

Note: Figures in parentheses indicate Sen’s slope values, ** - Significant at 1% level, * - Significant at 5% level

will permit the Just-Pope model to proceed. Breusch-
Pagan LM test of independence and Wooldridge test
also rejected the presence of Aggregation bias or Con-
temporaneous Correlation and autocorrelation of error
terms, respectively. Finally, the results of the Hausman
test revealed that the fixed effect model is better than
the random effect model.

Just and Pope production function: This model is
performed to estimate parameters of mean yield and
yield variability functions under quadratic and Cobb-
Douglas functional forms. Regional dummy variables
are included in the mean yield functions, but not in the
yield variance functions. In order to avoid the dummy
variable trap, four dummy variables are considered,
one less than the number of categories (districts)
(Damodar, 2004). The outcomes of mean yield and its
variance estimations for chickpea under both quadratic
and Cobb-Douglas functional forms are shown in Table
11.

Quadratic model: Findings from Table 11 indicate that
minimum temperature is positive and significantly
(p<0.01) related to the mean yield of chickpea. This
shows that minimum temperature during sowing and
crop growth periods positively influenced chickpea
yield. On the contrary, maximum temperature (p<0.01)
significantly negatively influenced the mean yield of
chickpea. This is because the increasing temperature
can lead to decreased leaf area and increased senes-
cence rate, a shortened growing period, and, conse-
quently, a decrease in chickpea yield. The negative
relation between yield and maximum temperature is in
tune with the results of Resop et al. (2014); Kumar et
al. (2015); Vashisht et al. (2015); Srivastava et al.
(2019). The time trend variable is significant (p<0.00) in
the mean function and implies that technological pro-
gress in the form of improved varieties, better seed,
agronomic practices and plant protection measures has
positive influence on chickpea yield, which is evident
from increased chickpea vyield in the study area over
the reference period. This finding on the positive influ-
ence of time trend on yields is in agreement with the
works of Isik and Devadoss ( 2006) in Idaho, USA;
Sarker et al. (2014) in Bangladesh; and Sinnarong et
al. in Thailand (2019). However, the low magnitude of
the time trend could have arisen from factors other than
technological advances, such as low input use, poor
management, and low adoption of improved varieties
that might have slightly shadowed the effect of techno-
logical advances. Quadratic terms for rainfall, maximum
temperature and minimum temperature are insignificant
with positive effects on mean yield. As these coeffi-
cients are positive, it implies a threshold beyond which
these variables positively influence the mean yield. The

186



Kumar, K. N. R. et al. / J. Appl. & Nat. Sci. 15(1), 178 - 193 (2023)

Table 9. Panel unit root test results (1996-2020)

Fisher-ADF (Modified
inv. chi-squared)

LLC (Adjusted t*)

Harris-Tzavalis (rho)

Variables Trend :I'Y;:‘h;ut Trend :I:I;tnh dOUt Trend Without trend
Yield (t/ha) 11.8182  14.2078"  -45262"  -4.1277* 291'8???2936)** E?ﬂ‘_‘;&nﬂ
Rainfall (mm) 225124 285362  -6.0421%  -2.0638" 291'3.32?(?97)** fz'%?f&g)**
Maximum Temp (°C) ~ 9.5791*  7.3925%  -1.8538*  -3.3050* 8;.%1718)** 25‘_23%?0)“
Minimum Temp °C) 155437  18.5568*  -1.9928*  -3.2133* 29995202817)“ ?105? ?1637)**

Note: Figures in parentheses indicate ‘Zc,’ value, ** - Significant at 1% level, * - Significant at 5% level (indicating rejection of unit root

hypothesis)

interaction of rainfall and minimum temperature is positive
and significantly associated with mean yield, while the
other interaction terms are negative and insignificantly
related to mean yield. All four district dummies enjoy a
positive and significant influence on mean yield, imply-
ing that yield of chickpea in these districts significantly
differs from the mean yields of the benchmark, i.e., An-
anthapuramu.

In yield variability/risk function, the influence of mini-
mum temperature was found to be negative and signifi-
cant (p<0.01) whereas, the maximum temperature was
positive and significant (p<0.01) implying that minimum
temperature was the variance decreasing factor where-
as, the maximum temperature is a variance increasing
factor. Squared rainfall (p<0.05) and maximum temper-
ature (p<0.01) had a positive and significant influence
on yield variability, implying that

There is a threshold beyond which these factors in-
creases the yield variability in chickpea. Time trends
were also found to be positive and significantly (p<0.01)
related to yield variability. That is, the variability in
chickpea yield is increasing over time (years) and mini-
mum temperature is expected to decrease the same.
These findings are in line with the results of Chen et al.
(2004) in USA; and Kumar et al. (2015) in major agricul-
tural intensive states of India such as Andhra Pradesh,

Table 10. Panel data model specification tests

Bihar, Gujarat, Haryana, Karnataka, Madhya Pradesh,
Maharashtra, Orissa, Rajasthan, Tamil Nadu, Uttar
Pradesh and West Bengal due to more adaptation to-
wards modern technology.

Cobb-Douglas model: The results in Table 11 indicate
that maximum temperature have a negative and signifi-
cant association (p<0.01) with the mean yield of chick-
pea. This is because chickpea cannot withstand heat
stress, as it will affect both phenological and physiologi-
cal mechanisms. On the contrary, minimum tempera-
ture showed a positive and significant (p<0.01) influ-
ence on the mean yield of chickpea. The trend variable
again showed positive and significant contribution to
the mean yield of chickpea. As in quadratic model, all
the district dummies have exerted positive and signifi-
cant association with the mean yield compared to the
benchmark district, Ananthapuramu.

Regarding yield (risk) variability function, the impacts of
rainfall  (insignificant) and maximum temperature
(significant, p<0.05) were positive, implying that these
two are risk-increasing factors. On the contrary, the
minimum temperature was a significant (p<0.01) risk-
decreasing factor. The trend variable exerted a positive
and significant (p<0.01) influence on yield variability of
chickpea due to technological progress over a period of

Aggregation
bias Fixed effect
Heteroscedasticity (Contemporane ﬁ:;ocorrela- vs Random
ous Correlation effect
(CC))
. Breusch- Breusch-
m:g;‘:‘:d Wald Pagan / Pagan- Breusch-Pagan Wooldridge
. Cook- Godfrey White test LM test of inde- g Hausman test
group-wise het- ;o er (BPG) pendence test
eroskedasticity test g Test
_ _ _ _ X2(3)= 19.58*
X2 (5) = _ « F(@4, 120) F(9,115)= x2(10)= F(1,4)= : :
1037.52** X2(1) =4.69 = 3.28* 2 B2** 11378NS 2252N% (FlXed effect is

appropriate)

Note: ** - Significant at 1% level, * - Significant at 5% level, NS — Non-Significant
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time. These results are in line with the findings of Chen
et al. (2004) in USA; and Kumar et al. (2015) in India.
The estimates from these two studies revealed that
applying more technological progress would risk de-
creasing crop input. Minimum temperature and adop-
tion of improved varieties, better seeds, good agricul-
tural practices, etc., reduce chickpea yield variability
(risk).

Elasticities (Marginal effects) of climate variables:
From the earlier Table 11, the impact of climate param-
eters ie., rainfall, maximum temperature and minimum
temperature in either production function were translat-
ed into elasticities (Sarker et al, 2014). This is a good
way to interpret the elasticities because, the coeffi-
cients in quadratic model (both mean yield and yield
variability) are not easily readable due to non-linearity
and interaction between climate change variables.

Table 12 reports the elasticities for minimum tempera-
ture are positively related to the mean chickpea yield in
both models. Elasticity for minimum temperature is

computed as 0.16~0.22; thus, one per cent rise in mini-
mum temperature increases the average chickpea yield
by 0.16~0.22 per cent. Maximum temperature has a
negative effect on the average chickpea vyield in both

models. It's elasticity is estimated as —0.08~—0.05,
i.e., a one per cent rise in maximum temperature reduc-

es the average chickpea yield by 0.05~0.08 per cent.
Regarding rainfall, its elasticity for rainfall is computed
as —0.41~ —0.31 and this implies that one per cent
increase in rainfall reduces the average chickpea yield
by 0.31~ 0.41 per cent.

It is noteworthy that minimum temperature reduces
yield variability. The coefficient for minimum tempera-
ture is negative and statistically significant in both yield
variability (risk) equations. The findings revealed that a
one per cent rise in minimum temperature would induce
the chickpea yield variability to decline by 0.68 ~ 0.78
per cent. However, one per cent increase in maximum
temperature and rainfall will cause the rice yield varia-

Table 11. Estimates of the impact of climatic variables on mean yield and yield variability of chickpea using the Just and

Pope quadratic and Cobb-Douglas models

Quadratic model

Cobb-Douglas model

S. . Mean Yield Yield Variability Mean Yield Yield Variability
No Variables Coeffi- SE Coefficient SE Coefficient SE Coeffi- SE
cient cient
1 Rainfall -0.0062 0.0819 0.0013 0.0011 -0.3123 0.2119 0.0612 0.0421
2 Max. Temp -1.9699** 0.5362 0.0351** 0.0088 -0.0459** 0.0148 0.7238* 0.2878
3 Min. Temp 3.3307** 1.0882 -0.0510** 0.0122 0.1571** 0.0462 -0.6762** 0.2411
4 Time trend 0.0045** 0.0012 0.0163** 0.0056 0.0416** 0.0173 0.0171** 0.0064
5 Rain? 0.0001 0.0016  0.1376* 0.0678 -- - - -
6  MaxTemp? 0.0762  0.0821 0.1802* 00132 - ~ ~ ~
7 Min.Temp2 1.0797 0.8553 1.4317 1.1228 -- - - -
8 Rain* Max. Temp -0.7206 1.2473 0.4226 0.3214 -0.3635 3.7310 -25.0812 26.9230
9 Rain* Min. Temp 0.3515** 0.0872 -0.4379** 0.1566 4.6578 3.8102 -21.2157 15.8359
10 M;X'thr?pp ’ -0.5833 04613 0.1283 01738 106.2391* 52.0421 175.7141 313.9339
11 D2-Kadapa 0.4968* 0.2445 0.6101** 0.2241
12 D3-Visakhapatnam 0.9807** 0.2457 1.1745** 0.2710
13 D4-Krishna 1.1838** 0.4928 1.3737** 0.3106
14 D5-East Godavari 1.0889** 0.2787 1.4023* 0.2698
Constant 74.4787 20.4803 940.96 343.21 1.2496 0.5621 1.0825 3.3584
Model
statistics
Observations 125 125 125 125
F test (14, 110) 9.88** F(14, 110) = 1.93* ff%sé*g LU= Fi1,113) = 4.98
Prob > F 0.0000 0.0306 0.0000 0.0000
R? Adj 0.7841 0.8122

Note: ** - Significant at 1% level, * - Significant at 5% level
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bility to increase by 0.72 ~ 0.83 per cent and 0.06 ~
0.09 per cent, respectively. So, both rainfall' and maxi-
mum temperature together will increase chickpea yield
variability by 0.78 ~ 0.92 per cent. It is to be noted that
rainfall may not necessarily be a risk-increasing input
because it is not statistically significant. However, con-
sidering the sign of impact, it is considered a risk-
increasing input on average. The increased chickpea
yield variability can result in a wide fluctuation of its
production, make price unstable, and in turn increase
the market risk. Thus, these two climate change varia-
bles are risk-increasing inputs in this sense and these
findings are in line with Man and Arwin (2009) with re-
spect to rice yields in Korea for rice.

The elasticities for minimum temperature ranged be-
tween -0.7763 and 0.2189 in the quadratic model and
between -0.6762 and 0.1571 in Cobb-Douglas model
with respect to yield (risk) variability and mean yield
functions, respectively. These results also showed that
an increase in minimum temperature increases the
mean vyield of chickpea and decreases the yield varia-
bility both in quadratic and Cobb-Douglas functions.
Further, the estimated elasticities of minimum tempera-

Table 12. Elasticities of climate change variables

ture for both mean yield and yield variability of chickpea
in either production functional form are lesser than unity
and, thus, are considered less elastic. These findings
imply that minimum temperature is mostly a yield-
increasing and risk-decreasing factor. On the contrary,
the elasticity values of rainfall range between -0.4094
and 0.0858 and between -0.3123 and 0.0612 with re-
spect to mean yield and yield (risk) variability functions
in quadratic and Cobb-Douglas models, respectively.
This indicates that rainfall is yield decreasing and risk-
increasing factor and it is also considered less elastic.
Similar findings are obtained regarding the elasticities
of maximum temperature in both quadratic and Cobb-
Douglas production functions, inferring that it adversely
influenced both mean yield and yield variability that too
with a less elastic response, as shown in Min et al.
(2005) and Boo et al. (2005). So, these findings indicat-
ed that the minimum temperature change largely drives
the influence of climate variations on chickpea yield
compared to rainfall and maximum temperature.

Effects of future climate change: From the obtained
elasticities, the influences of future scenarios of climate

Yield function Climate variables

Quadratic model

Cobb-Douglas model

Rainfall -0.4094 -0.3123
Mean yield Maximum Temperature -0.0835 -0.0459
Minimum Temperature 0.2189 0.1571
Rainfall 0.0858 0.0612
Yield variability Maximum Temperature 0.8283 0.7238
Minimum Temperature -0.7763 -0.6762

Table 13. Projected change for chickpea yields during 2030, 2040, 2050 and 2080s

Quadratic Model

Cobb-Douglas model

Years and Climate projections Mean Yield Variabil-  Mean Yield Yield Variabil-
Yield (%) ity (%) (%) ity (%)

2030
A A o

[T R=5%; = MaxT = 1.26°C; 17.20 -0.79 14.03 -0.46
A Mint = 1.36°C]

2040*
A A o

[T R=7%; =~ MaxT = 1.50°C; 22.91 -11.01 18.43 -9.34
A Mint = 1.75°C]

2050
A A o

[T R=10%;  MaxT = 1.81°C; 27.63 -15.36 22.20 -13.09
A Mint = 2.14°C]

2080
A A o

[T R=12%; " MaxT = 2.29°C; 33.53 -13.47 27.07 -11.36

A Mint = 2.63°C]

*Surendra et al (2020)
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variations on chickpea yield and variability are estimat-
ed (Surendra et al, 2020). CORDEX South Asia multi-
RCM Reliability Ensemble Average (REA) estimates of
projected changes in the annual mean of daily rainfall,
maximum and minimum temperatures over India for
four-time slices viz. 2030, 2040, 2050 and 2080 are
employed to predict changes in chickpea yields (Sanjay
et al., 2017). Accordingly, by 2080, the annual rainfall
may rise by 12 per cent, maximum temperature may
rise by 2.29°C and minimum temperature may rise by
2.63°C. The projected results (Table 13) revealed that
the chickpea yields would increase up to 33.53 percent
and 27.07 per cent in 2080 with reference to quadratic
and Cobb-Douglas models respectively. That is, the
mean yield increase in the quadratic model is well
above the value for the Cobb-Douglas model. However,
both the findings indicated that by the year 2080, with a
significant change in climate, chickpea yields will be
increased compared to the current yield. On the other
hand, future climate changes would reduce yield varia-
bility in both functional forms over the four periods. The
interesting aspect is that the decrease in variability in-
creases overtime. However, the percentage variability
changes are again higher for quadratic model com-
pared to Cobb-Douglas model (Humayun, 2015).

The analysis presented in this study has important poli-
cy implications. It is known that India has been a net
importer of chickpea (www.fao.org) from the global
market till 2019 (www.fao.org) and the per capita con-
sumption of pulses is 47.3 grams per day—is marginal-
ly higher than what is recommended for people with a
sedentary lifestyle by the Indian Council of Medical Re-
search (40 grams per capita per day), but it is much
lower than the recommendation for working men and
women viz., 60 and 50 grams, respectively (Agricultural
Statics at a Glance, 2020). In view of this, adopting
climate-resilient strategies to sustain chickpea produc-
tion is important to address nutrition-related issues.
This further calls for location-specific studies on climate
variations and chickpea productivity to develop micro-
level adaptation practices, reduce yield variability and
improve nutrition security. Further, the research institu-
tions in Andhra Pradesh should produce high-yielding
and climate-resilient chickpea varieties to mitigate the
effects of climate change so as to ensure twin benefits,
viz., increase in mean yield and reduce the production
risks.

The limitation of this study is that the employed Just
and Pope production function should also include non-
climate variables such as edaphic conditions, cropped
area, irrigation, fertilizer, adoption of high yielding varie-
ty seeds, extreme natural events etc., to make the find-
ings more comprehensive. It is also important to control
for non-climate variables to draw realistic conclusions
because these variables may ameliorate or exacerbate

the production risk of chickpea (Rosegrant and Rou-
masset 1985; Roumasset 1989; Ramaswami 1992; Di
Falco et al., 2006; Guttormsen and Roll 2013; Samira
et al., 2020).

Conclusion

This study investigated the trends in monthly rainfall;
and maximum and minimum temperatures during Rabi
season using the MK test and Sen’s slope method. It
also studied the influence of climate change variables
on chickpea yields and its variability across agro-
climatic zones in Andhra Pradesh by employing Just-
Pope stochastic production function. The MK test and
Sen’s slope findings revealed that both month-wise
rainfall and the maximum temperature had recorded
positive trends (though non-significant); however, mini-
mum temperature showed declining trends during Rabi
season in all the selected districts. Further, monthly
minimum temperatures showed significant declining
trends in East Godavari (-0.185**), Krishna (-0.123**)
and Visakhapatnam (-0.133**) districts, unlike Anantha-
puramu (0.150**) and Kadapa (0.081"°). The results
from Just and Pope production function showed that
the monthly minimum temperature during chickpea
sowing and growing seasons had a positive and signifi-
cant impact on mean chickpea yield. However, these
beneficial impacts tend to get reversed with higher tem-
peratures. Similarly, excess rainfall during the vegeta-
tive phase of the crop has an adverse impact on the
crop. The findings from Just and Pope (quadratic) func-
tion revealed that monthly minimum temperature has
significantly reduced the yield variability, unlike rainfall,
maximum temperature and their respective squared
terms. This calls for practising adaptation measures
such as using drought-tolerant varieties, drought-
proofing and mitigation strategies, micro-irrigation prac-
tices, development and access to agro-meteorological
information and their incorporation in farmers’ decision-
making processes for sustainable chickpea production
in Andhra Pradesh. Further, collecting reliable climate
data and their regular updating is essential in the study
area.
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