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ABSTRACT

Purpose: In this descriptive study, we have focused on the impact of climate change
on agriculture in Rajasthan. The adverse impact of climate change has increased the
vulnerability of agriculture due to its dependence on rainfall and temperature. The current
study aims at analyzing the vulnerability of agriculture in Rajasthan to extreme climate
events such as drought and flood in the kharif season and hailstorms in the rabi season. The
basic aim of the current study is to chart out the relation between extreme climate events and
the loss to agriculture in Rajasthan.

Design/Methodology/Approach: This study follows a descriptive pathway to evaluate the
extent of value of crop damage and impact on livestock at the district level in Rajasthan
using the agricultural scarcity data from the State Disaster Relief Department, Rajasthan.
Based on this data, we quantify and describe the patterns of climate-related agricultural
losses over past two decades. We have analyzed the long-term climate data, i.e., daily
maximum temperature and rainfall data, by fitting a trend for all the districts of Rajasthan.
The descriptive analysis of the value of damaged crops and affected cattle was done by
making quintile plots, which distribute the data for a year for all the districts into five
quintiles, indicating the severity of damaged crops. The plot for the proportion of damaged
crop area to sown area for the 33 districts of Rajasthan highlights the extent of damage of
sown crop area across districts. The quintile calculation and the plots were made using the
pandas and matplotlib libraries in Python.

Findings: Climate change impacts all sectors in an economy. The outcomes of global
warming have become more evident recently. The adverse impact of climate change has
increased the vulnerability of agriculture due to its dependence on rainfall and temperature.
The analysis reveals substantial economic repercussions from crop damage and significant
impacts on livestock populations. These descriptive findings map the extent of climate-
induced stress on Rajasthan’s primary sector.
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Introduction

The extreme climate events both directly and indirectly
impact the rural households leading to income loss and
involuntary migration (Cissé, 2023). Rural households in low-
and middle-income countries earn 70% of their livelihood
from mixed production system which includes crops,
fisheries, livestock, and aquaculture (FAO,2023). The WGII
ARG report highlights the impact of extreme climate events
on economic activities and thus deaccelerating economic
growth and under high emission scenarios there will be a
reduction of 10% in production areas. Around 43% of India’s
population was engaged in agriculture for their livelihood in
2019 while the share in GDP remained at 19% (Jha et al.,
2023).

The decade ending 2020(2011-20) has witnessed rise
in global surface temperature by 1.1 [ C compared to the
1850-1900 levels and the rise in temperatures has been more
acute on land compared to the oceans directly impacting the
agricultural activities IPCC, 2023). The surface temperature
globally has risen at a much faster rate in the past three
decades especially after 1982 which is nearly three times
(0.20°C) compared to the 1850s (0.06°C) (Rebecca Lindsey et
al., 2020).The loss of agricultural productivity which includes
crop yield, land productivity and labor productivity, puts an
upward pressure on the prices and makes food security of a
region vulnerable (Abeysekara et al., 2024). Extreme climate
events have increased over the decades in 2023 and 2024,
lightning and thunderstorms, floods, and heavy rainfall, as
well as heatwaves, accounted for most deaths resulting from
extreme weather events in Rajasthan, affecting more than
70% of the districts (IMD, 2023, 2024). The climatic factors
such as CO2 emissions and increase in temperature have a
negative impact on cereal yield in India while rainfall boosts
the yield and other non-climatic variables such as financial
development, energy consumed, and labor supply have
positive impact on agricultural yield (Chandio et al., n.d.).
The recent literature on climate change impact has highlighted
that the long-term impact on different sectors in an economy
would be much higher than the short run impacts. Maiti
(2025) has clearly explained the underestimation of impact
persistent temperatures on various sectors, including primary
sector, due to weak methodological application and violation
of assumptions of popular panel data model such as fixed
effect and generalized method of moments, which fail to cater
to cross-sectional dependence and heterogeneity in panel
data, leading to underestimation of the impact of soaring
persistent temperature.

Climate change and extent of agricultural scarcity in Rajasthan

Study Area

Rajasthan is the largest state in India, covering 10.4
percent of the geographical area, and it stretches between
latitudes of 23°30’ to 30°11’ N and longitudes of 69°29’ to
78°17" E. The state is organized into 33 districts, which are
divided into 10 agro-climatic zones. The state can be broadly
divided into two cropping seasons, that is kharif or monsoon
season, which stretches from June to September, and the rabi
season, from November to March. Rainfall is an important
factor for kharif crops such as pearl millet, groundnut, etc.,
and rabi season crops like wheat and barley are much more
dependent on irrigation in Rajasthan. Thereby, for proper
crop cycle management and efficient water management, it is
imperative to understand the changes and trends in rain and
temperature over the period (Sharma et al., 2018).

Data

The dataset used in this research is the daily gridded
rainfall data provided by the India Meteorological
Department (IMD), which is available from 1901 onwards.
For the analysis, we have focused on the period from 1951
to 2023. This dataset features a high spatial resolution
of 0.25 x 0.25 degrees, delivering detailed daily rainfall
measurements across India in millimeters (mm) (Pai et al.,
2014). The data is available in binary or NetCDF format
which was converted to excel format using the IMD library
in Python (Nandi et al., 2024) for all the 33 district locations
in Rajasthan. The data on value of crop damage, number of
affected villages, affected cattle, the affected population, and
the area of crop sown and damaged has been accessed from
the official website of the Disaster Management, Relief &
Civil Defence Department, Government of Rajasthan. This
data refers to the agricultural scarcity created by drought,
flood, hailstorm, pest attacks, and rain deficit for both the
kharif and rabi seasons. We have aggregated the data for an
annual agricultural year for analysis.

Long term changes in climate

The key indicators for analysing climate change are
temperature and rainfall (World Meteorological Organization
(WMO), 2024).
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Figure 1: Monthly distribution of rainfall data from 1951-2023

Figure 1 shows that the monthly rainfall data is positively (Figure 1-4) shows an increasing trend for all the districts,
skewed and the variability of monsoon months is high, while rainfall is erratic and inconsistent, showing no trend
particularly for the month of June. The variability of monthly for some districts, downward for some, and upward for some.
rainfall is high for districts in western Rajasthan (Bikaner & The persistent heating effect of temperature and erratic
Jodhpur) compared to eastern Rajasthan (Alwar & Sikar). rainfall has a negative impact on crop yield (Wing et al.,
The trend fit for the mean of maximum daily temperature 2021).
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Figure 2: Annual mean of maximum daily temperature
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Figure 3: Annual mean of maximum daily temperature
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Figure 5: Annual total rainfall for kharif season
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Kharif Season (Jun-Sep)
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Figure 6: Annual total rainfall for kharif season
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Figure 7: Annual total rainfall for rabi season
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Figure 8: Annual total rainfall for rabi season

Crop Vulnerability

The proportion of damaged to sown area (lakh hectares)
across districts highlights relative vulnerability of cropping
area to climate shocks (Figure 9). This also indicates the
spatio-temporal variation of crop-damaged area across
Rajasthan. If the proportion consistently falls into the higher
quintiles for a district over the years indicating persistent
exposure to recurring hazards (drought, floods, pests) or
structural problems (irrigation shortfalls, fragile agronomy).

Temporal spikes in the damage proportion for a given district
and a year when aggregated and synchronized across many
districts, indicate a statewide weather shock. The districts
with low but highly variable proportions are different from
districts with consistent damage proportions. The former
needs improved early warning and resilience to shocks;
the latter needs structural investments to reduce baseline
vulnerability.

DOI: 10.1831 I/gjeis/2025

Volume 17 | Issue 3 | Jul-Sept 2025

45




: Climate change and extent of agricultural scarcity in Rajasthan

\) Global Journal of Enterprise Information System

Ajmer 1.0

Alwar
Banswara
Baran

Bhilwara 0.8
Bikaner

Bundi
Chittaurgarh
Churu

Dausa
Dhaulpur
Dungarpur
Hanumangarh

- oo

District

Jhalawar
Jhunjhunu
Jodhpur
Karauli
Kota
Nagaur
Pali
Pratapgarh
Rajsamand
Sawai Madhopur
Sikar

sirohi [N I
SriGanganagar [N [ I
Tonk

| .
wazipur - | N . -

2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Year

-04

Damaged Crop Areal Sown Crop Area

-02

-00

Figure 9: Proportion of damaged to sown crop area

The value of damaged crops or crop loss metric at the and destabilize the fiscal stability of the state. The mitigation
district level (Figure 10) provides an absolute economic and adaptation strategies include increased coverage of crop
measure that complements the proportion of damaged area. insurance, adoption of efficient irrigation, climate-resistant
High crop loss concentrated districts or years indicated that seed varieties, and diversification of farm income through an
monetary damages are concentrated, as these may correlate increased share of the non-farm sector to reduce crop loss in
with areas producing high-valued crops or simply with very the future. Rajasthan has a mean crop loss of 6900 crores and
large sown areas. Consecutive years of crop loss across districts has had an upward trend over the years.
lead to chronic economic pressure on all the economic agents
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Figure 10: Value of damaged crops by quintiles
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Figure 12: Top five districts experiencing crop loss (2002-2023)
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Figure 13: Bottom five districts experiencing crop loss (2002-2023)

Government intervention and
drought management

The combination of low and erratic rainfall renders Rajasthan
particularly vulnerable to drought, which can be generally defined
as reduced soil moisture for a period leading a to shortage of food,
fodder, and water. Drought occurrence is due to variation in natural
climatic conditions (Disaster Management & Relief Department
Jaipur, 2014; Government of Rajasthan, 2014). The frequency of
drought varies according to different climatic zones. From 1949 till
present, except for the years 1959-60, 1973-74, 1975-76, 1976-77,
1990-91, and 1994-95 drought has been a recurring natural hazard
having a statewide impact in Rajasthan (Disaster Management &
Relief Department, 2024). Among all natural disasters, drought has
the potential to exert the most profound impact, affecting the largest
number of people and livestock, as it has a direct impact on food
production. The impact of drought is less visible instantaneously;

unlike floods, it has a slow but persistent impact, i.e., impact
assessment, impact mitigation, and adaptation planning in case of
drought are different from other natural hazards. Figure 14 shows
the drought relief expenditure for the state of Rajasthan for the
past decade, which comprises several activities. The agricultural
input subsidy is a major component of drought relief, which
helps the farmers to cope with losses. This subsidy is given in the
areas where, after due assessment by the state government, the
losses are more than 33% of the sown area. The drought-induced
scarcity directly impacts the cattle population (Figure-15), thereby
negatively impacting the farmer’s income sources. The agricultural
households may resort to distress sales of the cattle at prices lower
than the market prices, making them economically vulnerable. The
government drought relief measures help the distressed farmers
by providing for fodder transport, establishing cattle camps, and
supplying drinking water.
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Figure 14: Drought relief expenditure (2012-2023)
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Conclusion

This study finds out a direct correlation between the value
of damaged crops at the district level and the percentage of
damaged area over sown area. The analysis of crop loss and
damaged crop area during the study period, 2002 to 2023,
clearly indicates the impact of major drought years, that is,
2002, 2009, 2013, 2014, 2015, and 2019. The impact of these
extreme drought years is also reflected in the quintiles plot of
affected livestock. The upward trend of mean temperature
and erratic rainfall has negative impact on crop yield and its
quality, leading to higher crop losses. The crop damage and
affected cattle population have a substantial economic impact
onthe agriculture sector. The timely government interventions
help mitigate the impact through agricultural input subsidies,
fodder supply, cattle shelters, etc. The findings of this study
highlight the vulnerability of Rajasthan’s agriculture sector
and its need for long-run adaptation strategies to cope with
climate change.
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