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Groundnut (4rachis hypogaea L.) is a major oilseed crop in Karnataka, largely cultivated under rainfed conditions. This
study examines the impact of climatic variability on groundnut cost of cultivation using district-level panel data for 1990-2023.
A dynamic Arellano—Bond Generalized Method of Moments (GMM) estimator was employed to address endogeneity. Results
show that rainfall significantly reduces production costs, whereas temperature increases costs beyond a threshold level. Higher
wet-day frequency and positive SPI values raise costs, while moderate cloud cover lowers them. The findings highlight the
sensitivity of groundnut production costs to climate variability in semi-arid regions.
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INTRODUCTION

Groundnut (Arachis hypogaea L.) is an important
oilseed crop in Karnataka which is predominantly grown
inthe northern dry regions of the State. In 2023, Karnataka
contributed to around 5 percent of all production in
India. Chitradurga, Tumkur, Raichur, Koppal and Yadgir
are major producers in the region. Acreage in 2021-22
is around 4.5 lakh hectares in Karnataka. India is the
world’s second largest groundnut oil producer (19.8% in
2022-23). Price of groundnut varies between 33685 to
%6800 per quintal. The state witnessed a decline of about
2.1 per cent in the growth rate of acreage between the year
2017-18 to 2022-23. However, the yields increased by
about 34 per cent. Costs of production (A2) in Karnataka
vary between 33622 and 33700 per quintal. The cost of
production shows an increasing trend, rising by about 9
per cent from 2021-22 to 2022-23 as shown in Figure 1.
Costs of production depend on agronomic, economic and
climatic conditions. Climatic change can trigger changes
in agronomic and economic factors besides directly
influencing the production. Optimal combinations of
inputs would differ and production technology could
itself change in response to these climatic variations.

Climatic conditions such as rainfall and
temperature exhibit changes in trends and patterns in
Karnataka. Rainfall shows increasing variability over
time since the year 2000 (Pandey and Ponnaluru, 2021).
There were around eight long-term drought incidents
in the span of 31 years with four significant drought
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periods in years of 1999-2005, 2011-2014, 2015-2018
and 2018-2020. The intensity of drought increased
in the last decade compared to previous decades.
Temperatures (daily average Maximum and minimum)
also exhibit increasing trends. Summer (March, April,
May) temperature increased by 0.18°C to 0.61°C. Winter
(December, January, February) minimum temperatures
increased by 0.3°C to 0.65°C. Given the climatic changes
over the study region, it is highly desirable to quantify
the impact of climatic changes on crop production costs.
This study quantifies the climatic impacts on cost of
production by utilizing generalized method of moments
estimators.

The previous studies in the domain of agriculture
economics and climate change by Bantilan et al. (2013),
Rao et al. (2013) and Acharya et al. (2011) assessed
the impact of temperature change on crop revenues.
Groundnut yields decreased by 2.3 to 42 per cent
across India in response to climatic changes (Kadiyala
et al. 2021). Climatic variability is a significant
determinant affecting total cost of cultivation (Kashyap
et al. 2024). Various crops responded differently to
rising temperatures and this difference in response
does not affect the crop patterns (Birthal et al. 2021).
Increase in temperature reduces the profitability of
groundnut (Sembene 2023). ENSO and Indian Ocean sea
surface temperatures affected yields of crops including
groundnut (Krishna Kumar et al. 2004). Climate
variability affected technical efficiency besides crop
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acreage, yield and profitability(Singh and Jyoti, 2009).
Farmer’s production decisions such as level of inputs,
choice of crops etc depended on climatic variability and
specific approaches are required for each crop (Gadgil
et al. (2002). The climatic variables incorporated in this
study are Temperature, Rainfall, Wet-Day Frequency,
Cloud Cover and Precipitation levels.

MATERIAL AND METHODS

Agronomic Data used in this study was obtained
from the Directorate of Economics and Statistics (DES)
and the reports of Commission for Agricultural Costs
and Prices (CACP). The data set utilized in the study is
a state level panel covering all the districts of Karnataka
spanning over 33 years from 1990 to 2023. ICRISAT DLD
provides coverage on agronomic and weather variables
from the year 1990 to 2015 and DES covers the rest of
period. The Data on costs of cultivation is obtained from
Directorate of Economics and Statistics, Government
of India. The Indian Meteorological Department (IMD)
provided Climate data spanning over 100 years from
1900 to 2002. Data from all these sources is collated and
organized into a SAS Database. SAS SQL, SAS IML and
Base SAS routines were utilized for analysis.

Dependent variable in the model is cost of production
incurred from growing groundnut crop in a year. Revenue
from a crop is calculated as a product of quantity
produced in tons and the market price received in Rupees.
Cost of cultivation is in Rupees and A2 component of
cost is considered as per the CACP Methodology. A2
measures the costs of hired and owned labour(human,
machine, bullock), value of seeds, pesticides, fertilizers,
depreciation, irrigation charges, land revenues, Interest
on working capital and miscellaneous expenses, and
rent paid for leased in land. Figure 1 shows the trends
and patterns in the cost of cultivation over time. An
increasing trend can be observed over the study period.
Cost varied between 3849 per quintal in year 2000 and
%3879 in 2015, with a standard deviation of ¥928. Cost
data over time is presented in Table 1.

Climate data is constructed using weather data
on each district. Climate normal for variables such as
temperature, rainfall, and cloud cover are calculated
as moving average of thirty years. For example,
normal temperature for the year 2016 is an average of
temperatures recorded for years 1986 through 2015.
Similarly, normal temperature for the year 2017 is an
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average for the years 1987 through 2016. Period of thirty
years is used for calculating climate normal from weather
data as per the convention in the literature. Descriptive
statistics for all the variables used in the estimation are
presented in Table 2.

Climatic change (changes in temperature, rainfall,
seasonality) increase the vulnerability of agriculture.
Temperature and rainfall are specified as quadratic
functions to capture the nonlinearity in the relation
between costs realized and climate. Annual average
temperatures (Maximum and Minimum) are considered.
Summer temperature ranges between 23°C to 43 °C and
winter varies 9°C to 27°C. Cloud cover is an important
factor affecting production. Higher cloud cover with
little rainfall could be disastrous for the crop. It could
affect photosynthesis directly. Increased cloud cover in
the early and mid-agricultural cropping season poses
significant impacts on crop. Larger amount of cloud cover
coupled with higher moisture levels could affect pest
and disease incidence. An increase in cloud cover likely
leads to vegetation growth. The Indian Meteorological
Department reports cloud cover data in percentage units.
Given the positive and negative impacts on crop growth,
parameter estimate on cloud cover could be either
positive or negative.

Southwest monsoon provides 80 per cent of
annual rainfall and the rest is from Northeast Monsoon.
Western ghats, coastal and southern Karnataka are on
the windward side whereas the Kalyan Karnataka region
is on the leeward side. This causes spatial variability
in the rainfall across the districts. Given that the study
area is predominantly semiarid and rainfed increase
in rainfall could increase agricultural production and
lower costs may be realized. Parameter estimate on
rainfall is hypothesized to be negative. Wet-days are
defined as the rainy days when the rainfall received is
>2.5mm. The frequency of wet-days is measured in HPA
(Heavy Precipitation Amount) units. Increase in wet-
day frequency could lead to nonlinear increases crop
growth. Parameter estimate on Wet-day frequency could
either be positive or negative. Standardized Precipitation
Index (SPI) captures the changes in the amount and
variance of the rainfall during the crop growing season.
SPI at various periodicity was calculated using monthly
precipitation data. SPI values are measured in standard
deviations and range between -3.0 (extremely dry) to
3.0(extremely wet condition). Significant correlation
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Table 1. Cost of cultivation of kharif groundnut (X/ha), 2015-16 to 202324

Year CoC_A2 CoC_A2 +FL Gross value added
2015-16 39168 48271 70015
2016-17 40153 49190 74240
2017-18 42122 51586 76112
2018-19 42415 51953 75337
2019-20 42708 52319 74561
2020-21 48222 57965 76183
2021-22 53768 64655 87138
2022-23 58662 70137 96963
2023-24 63788 76772 114789
CoC_A2: Cost of Cultivation (A2), FL: Family labour
Source: Data obtained from CACP
Table 2. Descriptive statistics of variables used in the study (1990-2023)
Variable Brief description Mean Std Dev Minimum Maximum
Cost Cost in ¥/quintal 1939.01 927.84 848.64 3879.56
Rainfall Rainfall (mm) 1256.35 591.65 501.20 2673.94
Avg Temperature Average Temperature °C 21.37 3.14 15.07 27.49
CcCco Cloud cover 3543 7.52 19.81 50.90
Wetdayfreq Wet-Day Frequency 4.66 1.66 1.85 8.34
SPI Standardized Precipitation index 0.23 0.80 -1.02 2.85

Source: Author’s analysis of data available from CACP, IMD.
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Table 3. Parameter estimates from dynamic GMM panel estimation
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Variable Par.a meter Standard error Pr > |t|
estimates

Cost lagl -0.3348 0.0249 <.0001
Rainfall -37.9067 13.1592 0.0042
Rainfall Sqr -0.0010 0.0051 0.8406
Avg Temperature 7375.8870 1075.2000 <.0001
Avg Temperature Sqr -273.6900 35.2720 <.0001
Cloud cover -18535.1000 1625.0000 <.0001
Cloud cover Sqr 210.9975 15.1696 <.0001
Wetday Freq 91044.6900 15970.4000 <.0001
Wetday Freq Sqr -4596.9800 1089.5000 <.0001
Standardized Precipitation Index 234.2880 19.8265 <.0001

Dependent Var: Cost

Source: Author’s analysis of data available from CACP, IMD.

between crop’s irrigation demand and the change in SPI
values across different time scales. This study estimated
SPI in 12-month scale. Average of SPI values in the State
for 28 years ranged from 0 to 0.52. Parameter estimate
on SPI is hypothesized to be positive.

Estimation

Cost, = aCost;,_; + fiRain, + f;Raini + B3Temp, +
BuTempi: + B Cloud;, + f;Clouds + f-WetDay, +
ﬁBWEtDﬂJ’l;[ + ﬁHSPI“ + LT

The cost function was estimated within a dynamic
panel framework using the Arellano—Bond Generalized
Method of Moments estimator. PROC PANEL procedure
of SAS was utilized for estimating the model under
dynamic framework. Arellano Bond dynamic estimator
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under Generalized Method of Moments framework is
employed. Dynamically lagged dependent variable has
been included in the panel data model of production
costs. Arellano Bond Estimator uses lagged values of
the dependent variable as instruments to control for
the endogeneity from the included lagged dependent
variable. Suitability of these lags as instruments was
verified by Sargan test.

RESULTS AND DISCUSSION

Results from the estimated model are presented in
Table 3. Parameter estimate on lagged dependent variable
is negative and statistically significant. Magnitude of the
estimate (0.3348) is less than 1, indicating that the lagged
effect dies down eventually. Parameter estimate on
rainfall is negative and statistically significant (on linear
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Figure.1. Trend in cost of groundnut production (I/quintal), 1990-2023

term and insignificant on the quadratic term) indicating
that the costs decrease with increase in rainfall. A 1per
centincrease in rainfall results ina 26.23 per cent decrease
in costs. Given the rain-fed nature of the farming this
result is consistent with the literature. Parameter estimate
on temperature is negative (-273.69) on the quadratic
term and positive on the linear term indicating that costs
increase with increase in temperature but at a decreasing
rate. a 1 per cent increase in temperature leads to a 75.25
per cent rise in costs. Parameter estimate on cloud cover
is significant and positive on quadratic term and negative
on the linear term. It indicates that more cloud cover
percentage lowers the costs incurred.

Parameter estimate for wet-day frequency is
statistically significant and negative on quadratic term,
positive on linear term indicating that with the higher
frequency of rainy days are associated with higher costs.
This might be due to increase in the incidence of pest and
diseases with increased number of rainy days. Parameter
estimate on SPI is statistically significant and positive.
It implies that the frequent drought incidence increases
costs of production.

This study estimates the impact of climate
variability on groundnut production costs in Karnataka
using a dynamic panel GMM framework for 1990-—
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2023. Results indicate that temperature increases raise
costs nonlinearly, while rainfall reduces costs in rainfed
districts. Increased wet-day frequency and drought
variability elevate production costs.

The dynamic nature of cost adjustment suggests
that climatic shocks may have persistent effects.
Adaptation strategies such as improved irrigation
infrastructure, climate-resilient varieties and integrated
pest management may help stabilize production costs.

Future research may incorporate spatial dependence

across districts and explore climate—technology
interaction effects.
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