cono
& t m;cs

e

Z ©
= w - -
\}‘__ﬁ\\ f_‘_/_} Journal of Economic Sciences
“ay Volume 2, Issue 2
JES https://www.jesciences.com

Climate Change Impacts on Household Income in Pakistan: An Empirical Analysis

Muhammad Bilal Magbool*™, Heman Das Lohano?, Syed Kalim Hyder Bukhari?

Affiliations

Department of Economics, Institute
of Business Administration (IBA),
Karachi, Pakistan

Research Wing, State Bank of
Pakistan

*Corresponding Author Email:
bilalcheema09@gmail.com

Abstract

As climate change continues to pose a significant challenge globally, this
study examines its impact on household income, delineating the differential
impacts across agricultural and non-agricultural sectors in Pakistan. Utilizing
household data from 2020 for 156,440 households across 126 districts of
Pakistan, along with climate variable data spanning from 1961 to 2020, the
research employs multiple regression analysis with robust standard errors to
explore these impacts. The findings reveal that changes in the mean values
of temperature and precipitation, as well as the variability of these climate
variables, have a statistically significant impact on household income.
Specifically, a one-degree Celsius rise in average temperature leads to a 3.3%

decrease in income for households in the agricultural sector and a 0.4%

decrease for those in non-agricultural sectors. The variability in temperature,

o indicated by a one-degree increase in its standard deviation, similarly results

Timeline in a 4% income reduction for households across both sectors. Conversely, a
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Accepted:  Dec 28, 2023 sectors, respectively. However, greater variability in precipitation adversely

Published: Dec 31, 2023 affects income in both sectors. The research highlights the vulnerability of

households, especially those in agriculture, to climate change and shows non-

agricultural sectors are also affected. It offers insights into climate change's

DOl economic impacts and suggests developing targeted policies to improve
https://doi.org/10.55603/jes.v2i2.a5 adaptation and resilience.
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1. Introduction

Climate change is a global challenge with profound implications for both natural and human systems.
The repercussions of climate change are particularly acute for developing countries, where a significant
portion of the population relies on climate-sensitive sectors such as agriculture for their livelihoods
(Noack, 2015). Agriculture is highly vulnerable to climatic changes, as weather variables, including
temperature and precipitation, are direct inputs into agricultural production (Deschenes & Greenstone,
2007). Many industries, such as textiles and food processing, are agro-based and either directly or
indirectly linked to agriculture. Furthermore, many other sectors may also be affected because household
consumer demand is dependent on agro-based income. Notably, climate change adversely affects both
agricultural and industrial sectors, as its repercussions extend beyond the agricultural sector, influencing
assets and workers' productivity through a variety of channels (Skoufias et al., 2011; IPCC, 2014). While
the agricultural sector's vulnerability to climate change is well-documented, the impacts on non-
agricultural sectors are less understood. Studies such as those by Dercon (2004) argue that climate
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change has a broad economic impact, affecting not only agriculture but also manufacturing, services,
and other sectors through complex channels.

Recent studies have increasingly focused on the economic vulnerabilities induced by climate change,
highlighting the direct and indirect impacts on livelihoods. For instance, Hallegatte et al. (2016) discuss
the pathways through which climate change exacerbates poverty, stressing the importance of analyzing
the impact on household income. Among classes of welfare measures, income is considered the most
important. As a result, examining the welfare implications of climate change across household and
sectoral levels is critical. We need to understand more about the relationship between climatic and
economic repercussions at the household level to quantify the effects of climate change. Furthermore, it
is recognized that not only the mean values of temperature and precipitation but also the variability of
these climate variables can have impacts on economic sectors (van der Wiel and Bintanja, 2021; Panda
and Sahu, 2019).

Pakistan is one of the most vulnerable countries in the world to climate change (UNDP, 2015).
According to the Global Climate Risk Index 2021 report, Pakistan has been ranked as the eighth most
affected country in the world (Eckstein et al., 2021). As a predominantly agrarian economy, Pakistan is
highly vulnerable to the adverse effects of climate variability. This vulnerability underscores the need
for an in-depth examination of how climate change impacts household income across different economic
sectors. Climate variability, particularly in terms of temperature and precipitation, has garnered
significant global attention due to its continuous increase and detrimental effects on agriculture (van der
Wiel and Bintanja, 2021; Panda and Sahu, 2019).

Previous studies have explored the relationship between climate conditions and household income,
generally revealing adverse effects from heightened temperatures (Palanisami et al., 2008; Mendelsohn
et al., 1994, 1996; de Medeiros Silva et al., 2019). Some investigations have delved into the influence
of average climate variables on income, indicating that certain weather factors pose an increased risk
(Isik and Devadoss, 2006; Ranganathan, 2009; McCarl et al., 2008). Despite the growing body of
literature on the economic impacts of climate change and climate variability, there remains a gap in
sector-specific analyses, especially in the context of Pakistan. This study aims to fill this gap by
examining the differential impacts of climate change and climate variability on household income across
agricultural and non-agricultural sectors in Pakistan. By utilizing household-level data from 2020 for
156,440 households across 126 districts and climate variable data from 1961 to 2020, this research
employs a multiple regression analysis to explore the nuanced impacts of climate change.

The rest of the paper is organized as follows: Section 2 presents the literature review, while Section 3
describes the data and specifies the empirical model. Section 4 presents and discusses the results. Finally,
Section 5 concludes with policy implications.

Literature Review

The Intergovernmental Panel on Climate Change defines climate change as “a statistically significant
variation in either the mean state of the climate or in its variability, persisting over a wide range of time
scales” (IPCC, 2001). Consequently, climate change refers to a shift in the average, standard deviation,
and occurrence of extremes in climate parameters like precipitation and temperature that has been
documented for at least 30 years. These are termed “long-term phenomena”, while anomalies (deviations
from long-run averages) are termed “short-term phenomena”.

Climate change affects agricultural and industrial production negatively. Its effects are not limited to
agriculture but also have adverse impacts on assets and workers’ productivity (Skoufias et al., 2011;
IPCC, 2014). Climate change poses major threats to household incomes, especially in developing
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countries. As developing countries have fewer resources, it is therefore challenging for them to cope
with the adverse effects of climate change (Noack, 2015). The effects of climate change, such as drought
and flooding, as well as increases in temperature and precipitation, could harm the livelihoods of these
households (McSweeney, 2005; Robinson, 2016). This harm can occur directly by reducing agricultural
output and revenue or indirectly by influencing resource utilization and environmental conditions.
According to Dasgupta et al. (2022), the extensive consequences of climate change are expected to result
in more areas in poor countries becoming unsuitable for agricultural development. This could impact the
number of individuals residing in rural areas. Another study (Ayindea et al., 2011) discovered that
temperature changes have a detrimental influence on agricultural productivity in Nigeria, while
precipitation changes have either a positive or negative effect, depending on the region. According to
Skoufias (2011), the consequences of climate change on household welfare and deprivation can be felt
through a variety of channels.

Extensive research has been conducted globally to investigate the effects of weather and climate change
on agriculture, with a predominant focus on mean values of temperature and precipitation (Kumar et al.
2011; Cline 2007; Mendelsohn 2008; Kavi Kumar 2011; Mendelsohn et al. 1994). However, this
approach may not fully capture the impacts on agricultural production, as weather variability has a more
significant impact on crops (Thornton et al. 2014). Weather variability throughout crop growing seasons
is likely to increase in the future, according to the IPCC Fifth Assessment Report (Kirtman et al. 2013),
with more severe deleterious effects than changes in baseline weather variables. There is a wealth of
literature on the influence of climate change on agriculture, different crops, and cropping patterns, both
globally and in Pakistan. Climate change affects different industries in various ways (World Bank,
2015). It has an immediate impact on agriculture, but it also indirectly affects other sectors. Despite the
growing body of literature on the economic impacts of climate change and climate variability, there
remains a gap in sector-specific analyses, especially in the context of Pakistan.

Data and Methodology

In this section, we discuss the data sources and variable construction, followed by a discussion of the
empirical model.

3.1 Data

For our analysis, we use household-level data and climate data. We utilize household-level data from
the Pakistan Social and Living Standards Measurement (Government of Pakistan, 2020). This dataset
comprises a sample of 156,440 households with positive income from 126 districts across Pakistan.
Climate data on temperature and precipitation have been compiled from various provincial development
statistics and environmental compendiums (Government of Pakistan, 2004, 2010, 2015, 2020). These
government publications provide district-representative climate data using station-wise data provided by
the Pakistan Meteorological Department. To construct the long-run climate variables, we use climate
variable data spanning a 60-year period from 1961 to 2020.

3.2 Model and estimation methods
To analyze how climate change affects household income, we develop an economic model following
the approach of Azzarri and Signorelli (2020). Our model is specified as follows.

Income = f(Climate, Human capital, Physical capital, Household characteristics,g) (1)

This model shows that household income depends on climate, human capital, physical capital, and
household characteristics. The econometric model of this equation is specified as follows.
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Yig = a + B Tempy + B,Temp,® + BsPrecy + PaPrecy® + fsTempsdy + BsPrecsdy + f,Temp,
X Agriig + BgTempy® X Agriyg + BoPrecy X Agriyy + BioPrecy® X Agriiy
+ B11Tempsdy X Agriig + B1aPrecsdg X Agriyg + 1349711 + v Xig + €ia (2)

The dependent variable is the natural logarithm of household income, which represents the total
household income from various sources. Among the explanatory variables, climate variables include
average temperature, average temperature squared, average precipitation, average precipitation squared,
standard deviation of temperature, and standard deviation of precipitation. Agri is a dummy variable,
which equals 1 if at least one of the household members earns income from the agriculture sector, and 0
otherwise. X includes human capital, physical capital, and other household characteristics. Human
capital is the average education level of earning members, while physical capital is the market value of
household assets. Household characteristics encompass household size, average age of earning members,
average age squared, the number of earning persons in the household, and a region dummy variable,
which equals 1 if the household lives in a rural area, and 0 otherwise. Short definitions of these variables
are provided in Table 1.

Based on the specified model, we estimate the multiple linear regression model using the ordinary least
squares (OLS) method. Given indications of heteroskedasticity in the error term, we employ robust
standard errors for statistical inferences.

Results and Discussion

Table 1 presents descriptive statistics and definitions for each variable used in the regression model. The
average household income is PKR 426 thousand, with a relatively high standard deviation of PKR 670
thousand, indicating income inequality among households. The average temperature is 23.41 degrees
Celsius, and annual precipitation averages 45.12 decimeters. Earning members of households have an
average education level of 5.5 years. The average market value of household assets is PKR 3.6 million,
but with a notable standard deviation of PKR 11.69 million, reflecting wealth inequality. The average
family size is 5.44 members, with a standard deviation of 2.6. The average age of household members
who earn income is 39 years old. On average, households have 1.41 earning members. Additionally, 29
percent of households have at least one member working in the agriculture sector.

We use regression analysis to isolate the impact of climate change from other variables because there
are many factors that may affect household income. Table 2 presents the regression results for two
models. Model 1 is a base model without interactions between climate variables and dummy indicating
household from agriculture sector. As the impact of climate change may be different in the agricultural
sector and the non-agriculture sector, we estimate model 2 by including the interaction between climate
variables and dummy variable indicating household from agriculture. As the coefficient estimates of the
interaction terms are statistically significant, model 2 is a complete model without omitting the
interaction variables. Therefore, we interpret below only the regression results of model 2.

The regression results illustrate how variables such as climate, human capital, physical capital, and
household characteristics influence household income. The findings reveal that changes in the mean
values of temperature and precipitation, as well as the variability of these climate variables, have a
statistically significant impact on household income. We find that the relationship between household
income and temperature is quadratic, which means that as temperature rises, household income rises
initially, peaks, and then falls. For this nonlinear relationship, we compute the marginal effect of
temperature on household income by taking the derivative of equation (2) with respect to temperature.
The results show that, on average, a one-degree Celsius rise in average temperature leads to a 3.3%
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decrease in income for households in the agricultural sector and a 0.4% decrease for those in non-
agricultural sectors. The variability in temperature, indicated by a one-degree increase in its standard
deviation, similarly results in a 4% income reduction for households across both sectors.

We find that the relationship between household income and precipitation is quadratic, which means that
as precipitation rises, household income rises initially, peaks, and then falls. For this nonlinear
relationship, we compute the marginal effect of precipitation on household income by taking the
derivative of equation (2) with respect to precipitation. Results show that a one-decimeter increase in
average precipitation is associated with a modest income increase of 0.33% and 0.19% for the
agricultural and non-agricultural sectors, respectively. This shows precipitation is beneficial for
households that are working in the agriculture sector. The quadratic relationship between revenue and
climate variables is shown in previous studies, and these results are consistent with the theory (Lohano,
2018; Felbermayr et al., 2015; Ayindea et al., 2011). However, the results show that greater variability
in precipitation, indicated by a one-decimeter increase in its standard deviation, adversely affects income
in both sectors.

Both human capital and physical capital contribute significantly to household income. One-year increase
in education of earning household members leads to 5 percent increase in household income, on average.
Similarly, one percent increase assets value results in 1.1 percent increase in household income. Results
show that the average age has statistically significant effect on household income. Family size has a
positive and statistically significant impact on household income, which shows that as the number of
family members increases, more pressure is placed on adult earning members to earn more to fulfill
family needs. There is a positive and statistically significant relationship between the number of
employed family members and household income. As the number of employed people in the household
increases, the flow of income also goes up. On average, rural household earn 15.5 percent less than urban
households. Urban area is used as a reference category, and rural area is a dummy variable in 0/1 form.

Diagnostic tests for the model have been performed. In Table 2, F-test values show that models are
significant overall. The value of R-squared shows how much of the model's variation can be explained.
This ranges from 0.305 to 0.308. Further tests for heteroskedasticity and normality are also performed,
and their results are as follows. For heteroskedasticity, we use the Breusch-Pagan test. The Chi-Square
statistics with p-value 0.000 indicate the presence of heteroskedasticity. To tackle this issue, we use
heteroskedasticity robust standard errors. Further testing for normality (Jarque-Bera test) shows that the
probability values of 0.121, and 0.122 for each of the two models show that the error term is normally
distributed.

Table 1: Descriptive statistics

Variable Definition of variables Mean Std.
Dev.

Income

Household income Household income from all sources!

(thousand PKR) (annual) 426.20 670.05

Climate

Temperature (°C) Average temperature of last 60 years 2341 371

Precipitation (decimeters) Average annual precipitation of last 60 years 4512 39 45

Human capital
Average education level of all earning

Education (years) members in household 5.50 5.21

! Household income includes income from all sources, such as income from a job, agricultural income, non-agricultural
income, rent from shops, a house or agricultural land, and local and foreign remittances.
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Assets value (million Market value of household assets 3.60 11.69
PKR)
Household
characteristics
Total number of family members in the
Family size (numbers) household 5.44 2.60
Average age of earning members in the
Age (years) household 39.52 11.43
Earning persons in Total number of earning persons in
household (number) household 1.41 0.76
It is defined as a dummy variable. Equals 1 if
Agriculture (dummy at least one of the family members earns
variable) from agriculture sector otherwise 0. 0.291 0.454
Rural (dummy) 1 if household lives in rural area, 0 otherwise 0.687 0.464
Observations 156,440
Source: Authors’ computations using data from Government of Pakistan (2020)
Table 2: Regression results
Model: (1) (2)
Dependent variable: In (Household income)
Climate
Temperature 0.0809*** 0.0624***
(0.00789) (0.00963)
Temperature squared -0.00200*** -0.00141***
(0.000184) (0.000223)
SD of temperature -0.0273*** -0.0401***
(0.00206) (0.00256)
Precipitation 0.00380*** 0.00299***
(0.000336) (0.000393)
Precipitation squared -0.00183*** -0.00123***
(0.000212) (0.000248)
SD of precipitation -0.000455*** -0.000512***
(0.00429) (0.00522)
Temperature x Agriculture 0.0579***
(0.0166)
Temperature squared x Agriculture -0.00186***
(0.000389)
Precipitation x Agriculture 0.00370***
(0.000743)
Precipitation squared x Agriculture -0.00252***
(0.000469)
SD of temperature x Agriculture 0.00341

(0.00914)
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SD of precipitation x Agriculture

Human Capital
Education

Physical Capital
Asset's value

Household Characteristics
Family size

Age

Age squared

Employed persons in household

Household's earning members share in non-agriculture
sector (reference)

Agriculture

Rural (dummy) (urban reference)

Constant

Observations

R-squared

Diagnostic tests

Overall significance
F-stat
p-value

Jarque-Bera test for normality of error term
p-value

Breusch-Pagan heteroskedasticity test
Chi-square stat
p-value

0.0502%**
(0.000572)

0.0109%**
(0.00130)

0.0409%**
(0.000868)

0.0410%**
(0.00108)
-0.000392%**
(0.00129)
0.314%**

(0.00248)

-0.0544%**
(0.00575)
-0.171%%*
(0.00458)
10.00%**
(0.0811)
156,440
0.305

4712.35
0.000

0.121

0.0363%**
(0.00432)

0.0499%**
(0.000564)

0.0108***
(0.00129)

0.0412%%*
(0.000867)

0.0407***
(0.00107)
-0.000390%**
(0.00129)
0.312%**

(0.00248)

-0.496%**
(0.164)
-0.155%**
(0.00457)
10.15%%+
(0.0990)
156,440
0.308

3326.22
0.000

0.122

Conclusions and Policy Implications
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Notes: The t-statistics based on robust standard errors are in parentheses. *, ** and *** denote significance at
10%, 5% and 1%, respectively.
Source: Authors’ computations using data from Government of Pakistan (2020)

The study reveals that climate change has a discernible impact on household incomes in Pakistan.
Changes in the mean values of temperature and precipitation, as well as the variability of these climate
variables, have a significant impact on household income. A one-degree Celsius increase in average
temperature results in a 3.3% income reduction for agricultural sector households and a 0.4% decrease
for non-agricultural sectors. Increase in temperature variability similarly reduces income by 4 percent
across both sectors. Changes in precipitation patterns show a modest income increase for agricultural
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and non-agricultural households. However, greater variability in precipitation adversely affects income
in both sectors. These findings highlight the differential vulnerability of sectors to climate change,
underscoring the need for sector-specific adaptation strategies to mitigate these impacts. In light of these
results, it is imperative for policymakers to devise and implement targeted policies that bolster the
resilience of households, particularly those within the agricultural sector. Strategies should focus on
promoting climate-resilient agricultural practices, enhancing infrastructural resilience, and facilitating
income diversification to reduce climate-related income volatility. Engaging a broad range of
stakeholders in the policy development process will ensure that these measures are effectively aligned
with the needs of those most impacted by climate change, thereby contributing to the economic stability
of Pakistan in the face of ongoing environmental challenges.

Acknowledgments
The authors acknowledge the useful comments from the Editor and anonymous reviewers. Certainly, all
remaining errors are our own.

Data Availability Statement
The data that support the findings of this study are available from the corresponding author upon
reasonable request.

Disclosure statement
No potential conflict of interest was reported by the author(s).

Funding if any
Nil

References

Ayinde, O. E., Muchie, M., & Olatunji, G. B. (2011). Effect of climate change on agricultural
productivity in Nigeria: a co-integration model approach. Journal of Human Ecology, 35(3), 189-
194.

Azzarri, C., & Signorelli, S. (2020). Climate and poverty in Africa South of the Sahara. World
development, 125, 104691.

Cline, W. R. (2007). Global warming and agriculture: Impact estimates by country. Peterson Institute.

Dasgupta, S., Bosello, F., De Cian, E., & Mistry, M. (2022). Global temperature effects on economic
activity and equity: a spatial analysis. Italy: European Institute on Economics and the
Environment.

de Medeiros Silva, W. K., de Freitas, G. P., Coelho Junior, L. M., de Almeida Pinto, P. A. L., & Abrahdao,
R. (2019). Effects of climate change on sugarcane production in the state of Paraiba (Brazil): a
panel data approach (1990-2015). Climatic change, 154, 195-209.

Dercon, S. (2004). Growth and shocks: evidence from rural Ethiopia. Journal of Development
economics, 74(2), 309-329.

Deschénes, O., & Greenstone, M. (2007). The economic impacts of climate change: evidence from
agricultural output and random fluctuations in weather. American economic review, 97(1), 354-
385.

Eckstein, D., Kiinzel, V., & Schéfer, L. (2021). The global climate risk index 2021. Bonn: Germanwatch.

Felbermayr, G., Groschl, J., Sanders, M., Schippers, V., & Steinwachs, T. (2022). The economic impact
of weather anomalies. World Development, 151, 105745.

Garnaut, R. (2008). The Garnaut climate change review. Cambridge, Cambridge.

Government of Pakistan (2004, 2010, 2015, 2020), Compendium on Environment
Statistics of Pakistan, Pakistan Bureau of Statistics (Economic Wing), Islamabad.



Climate Change Impacts on Household Income in Pakistan: An Empirical Analysis

Government of Pakistan (2020), Pakistan Social and Living Standards Measurement Survey 2019-20,
Pakistan Bureau of Statistics (Economic Wing), Islamabad.
https://www.pbs.gov.pk/content/psim-district-level-survey-2019-20-microdata

GRI. (2020). GRI sustainability disclosure database. Retrieved from https://database.globalreporting.org

Hallegatte, S. (2016). Shock waves: managing the impacts of climate change on poverty. World Bank
Publications.

Isik M, Devadoss S (2006) An analysis of the impact of climate change on crop yields and variability.
Appl Econ 38:835-844

Kavi Kumar KS (2011) Climate sensitivity of Indian agriculture: do spatial effects matter? Cambridge
Journal of Regions, Economy and Society 4(2):221-235

Kirtman B, SB Power, JA Adedoyin, GJ Boer, R Bojariu, | Camilloni, FJ Doblas-Reyes, AM Fiore, M
Kimoto, GA Meehl, M Prather, A Sarr, C Schér, R Sutton, GJ van Oldenborgh, G Vecchi and HJ
Wang (2013) Near-term climate change: projections and predictability. In Stocker, TF, Qin D,
Plattner GK, Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM (eds)
Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change. Cambridge University
Press, Cambridge, United Kingdom and New York, NY, USA.

Kumar SN, Aggarwal PK, Rani S, Jain S, Saxena R, Chauhan N (2011) Impact of climate change on crop
productivity in Western Ghats, coastal and northeastern regions of India. Curr Sci 101(3):332-
341

Lohano, H. D. (2018). Weather variability, agricultural revenues and internal migration: evidence from
Pakistan. Climate and Development, 10(7), 625-643.

McCarl BA, Villavicencio X, Wu X (2008) Climate change and future analysis: is stationarity dying?
Am J Agr Econ 90(5):1241-1247. https://doi.org/10.1111/j.1467-8276.2008.01211.x

McSweeney, K. (2005). Natural insurance, forest access, and compounded misfortune: Forest resources
in smallholder coping strategies before and after Hurricane Mitch, northeastern Honduras. World
Development, 33(9), 1453-1471.

Mendelsohn NWD, Shaw D (1994) The impact of global warning on agriculture: a Ricardian analysis.
American Economic Review 84(4):753-771. https://doi.org/10.2307/2118029A

Mendelsohn R, Nordhaus WD, Shaw D (1996) Climate impacts on aggregate farm values: accounting
for adaptation. J For Meterol 80:55-67

Mendelsohn R (2008) The impact of climate change on agriculture in developing countries. Journal of
Natural Resources Policy Research 1(1):5-19. https://doi.org/10.1080/1939045080249588

Noack, F., Wunder, S., Angelsen, A., & Borner, J. (2015). Responses to weather and climate: a cross-
section analysis of rural incomes. World Bank Policy Research Working Paper, (7478).

Palanisami K, Paramasivam P, Ranganathan CR, Aggarwal PK, Senthilnathan S (2008) Quantifying
vulnerability and impact of climate change on production of major crops in Tamil Nadu. Hydro
Change, India.

Panda A, Sahu N (2019) Trend analysis of seasonal rainfall and temperature pattern in Kalahandi,
Bolangir and Koraput districts of Odisha. India Atmos Sci Lett 20:932.
https://doi.org/10.1002/asl.932

Ranganathan CR (2009) Quantifying the Impact of Climatic Change on Yields and Yield Variability of
Major Crops and Optimal Land Allocation for Maximizing Food Production in Different Agro
Climatic Zones of Tamil Nadu, India: An Econometric Approach. Working Paper on Social-
Ecological Resilience Series No. 2009-008, Vulnerability and resilience of social-ecological
systems, Research Institute for Humanity and Nature (RIHN), Kyoto, Japan.

McCarl BA, Villavicencio X, Wu X (2008) Climate change and future analysis: is stationarity dying?
Am J Agr Econ 90(5):1241-1247. https://doi.org/10.1111/j.1467-76.2008.01211 .x

Panda, A., & Sahu, N. (2019). Trend analysis of seasonal rainfall and temperature pattern in Kalahandi,
Bolangir and Koraput districts of Odisha, India. Atmospheric Science Letters, 20(10), e932.

Robinson, E. J. (2016). Resource-dependent livelihoods and the natural resource base. Annual Review of
Resource Economics, 8, 281-301.

JES (Jul-Dec, 2023)


https://database.globalreporting.org/
https://doi.org/10.2307/2118029A
https://doi.org/10.1111/j.1467-76.2008.01211.x

Magbool, Lohano and Bukhari

Skoufias, E., Rabassa, M., & Olivieri, S. (2011). The poverty impacts of climate change: a review of the
evidence. World Bank Policy Research Working Paper, (5622).

Thornton PK, Ericksen PJ, Mario Herrero AJ, Challinor, (2014) Climate variability and vulnerability to
climate change: a review. Glob Change Biol 20(11):3313-3328.
https://doi.org/10.1111/gch.12581

van der Wiel, K., & Bintanja, R. (2021). Contribution of climatic changes in mean and variability to
monthly temperature and precipitation extremes. Communications Earth & Environment, 2(1),
1.

World Bank (2015) ASPIRE (Atlas of Social Protection Indicators of Resilience and Equity) Database.
Washington, DC: World Bank.

10



