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Abstract

Pakistan, which is located in Southeast Asia, is one of the nations that is most susceptible to the effects of climate
change, as seen by the increased frequency of floods and droughts. Variations in climate have a negative impact
on a number of areas, such as the agricultural industry, groundwater levels, dietary resources, soil quality and
organic matter content, public health, and poverty rates. This study's main goal is to evaluate the impact of climate
change and the adaptations farms have made in response to variations in precipitation and temperature. Pakistani
farmers have responded to climate change by implementing a variety of adaptive techniques. These tactics include
changing the way that fertilizer is used, changing crop varieties, using pesticides, improving seed quality,
diversifying the farm, planting shade trees, changing irrigation techniques, engaging in off-farm activities, and
migrating both permanently and temporarily. As an additional adaptive step, some farmers have turned to asset
sales. Additionally, research indicates that agricultural households in wetland areas experience less volatility in
climate than those in arid regions.
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Introduction

Global warming has far-reaching consequences that can harm natural ecosystems and eventually have an
influence on highland economies (Wang, 2024; Chow et al., 2024). Climate is a major factor in agricultural
output; temperature and precipitation are two major factors that influence farm productivity (Ozdemir, 2022). The
agriculture industry is by its very nature complicated, full of dangers, and unpredictable. Farmers must contend
with the unpredictable nature of returns on their investments in agriculture as well as the possibility of declining
agricultural output as a result of climate change (Syed, et al. 2022). The most vulnerable people to climate changes
in emerging countries are small subsistence farmers and rural residents. They encounter difficulties as a result of
restricted access to productive alternatives and weak adaptation abilities (Sohail, et al, 2022). Climate change
consequences are very geographically varied, with large differences within and across places, particularly in non-
industrialized and humid countries (Singh et al., 2024; Ma et al., 2023). These differences in climatic
circumstances are predicted by researchers like, Abbass, et al. (2022); Kaiser, et al. 2022) to result in a higher
frequency of unpredictable climate events and calamities such storms, cyclones, floods, and droughts.
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These difficulties may be related to the global geographic distribution of vulnerable areas, resource scarcity,
increased climate exposure, and the rapid population rise (Isfat and Raihan, 2022). Pakistan is one of the areas
that is most susceptible to the effects of climatic catastrophes. Temperature changes, variations in rainfall, and a
propensity for hazardous situations are only a few examples of these events (IPCC, 2014; Fahad, et al. 2022).
Floods and droughts are the main natural disasters that put people at risk for economic and social problems, and
they frequently result in fatalities. Because they have fewer resources and adaptive capacity, rural communities
in underdeveloped nations are more vulnerable to floods (Fahad and Wang, 2020). Ecological and climatic
changes have a significant impact on these nations' flood severity and intensity. Pakistan's agricultural sector has
had significant challenges while making a significant economic contribution to the nation, mostly as a result of
devastating floods (Ahmed et al., 2023; Rasool et al., 2021). Consequently, it is critical to modify the agricultural
sector to address the effects of flooding in order to protect farming communities' means of subsistence. In terms
of exposure to the effects of climatic variability, Pakistan was placed 12th in 2012, 8th in 2015, and 7th overall
(Kreft and Eckstein, 2013). Pakistan has seen several extreme weather events in the past few years, such as storms,
cyclones, droughts, and floods (Hussain, et al., 2020; Tingju et al., 2014). These natural disasters are occurring
more often and resulting in larger losses (Ullah & Takaaki, 2016). Numerous rural residents in Pakistan have been
severely affected by natural catastrophes, such as the floods that occurred between 2010 and 2014 (Fahad and
Wang, 2020). Several studies have demonstrated how highly susceptible Pakistani farming communities are to
fluctuations in the country's climate (Wade, & Jennings,2016; Elahi, et al., 2022). Scholars across have repeatedly
recognized how these communities are affected by differences in the climate (Wheeler, & von Braun, 2013; Khan
et al., 2023). The recurring occurrence of climate risks is a persistent concern for Pakistan; in spite of
advancements in guidelines, regulations, affordable instruments, and feasible interventions, the nation still lacks
proper implementation (Hussain, et al., 2023). Therefore, this research examines how Pakistani agricultural
households have responded to changes in climate, adaptability, and variability.

Pakistan's rural regions are becoming more and more susceptible to the negative impacts of climate change, such
as increased temperatures, altered precipitation patterns, and extreme weather events. Significant obstacles to
Pakistani rural populations' livelihoods, agriculture, and general well-being are presented by these environmental
changes (Mahmood & Hassan, 2022). Comprehensive study is yet desperately needed to determine the precise
nature and scope of these effects, as well as to design and put into practice efficient plans for these regions'
adaptation and mitigation to climate change. The purpose of this research is to examine the many effects of climate
change in Pakistan's rural areas and evaluate current and future approaches to mitigating these issues. The study
on the effects of climate change in Pakistan's rural regions innovates by addressing a perspective that is usually
ignored and concentrating specifically on the unique difficulties that rural populations experience. In order to
fully comprehend the complex consequences of climate change on rural communities, the research integrates
ideas from environmental science, sociology, and economics through an interdisciplinary approach. The study
promotes participatory approaches and community participation to include local viewpoints, hence promoting a
more comprehensive and context-specific analysis. The research also seeks to offer practical suggestions and
policy implications, focusing on solutions specific to the vulnerabilities noted in the literature review. This will
help to create a more comprehensive and successful response to climate change in Pakistan's rural areas.

The paper will commence with an introduction offering a comprehensive overview of climate change in rural
Pakistan, followed by a literature review that systematically analyzes the multifaceted impacts of climate change
on agriculture (water, livelihood and community), poverty and health in these rural areas.
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Methodology

A comprehensive literature search was conducted across various electronic databases, including Academic Search
Complete, CAB abstracts, GEOBASE, Google Scholar, Sci ELO, Scopus, and Science Direct (de Araujo et al.,
2021). Specific search terms such as "Climate Change," "Impacts,” "Rural Areas," "Pakistan,” and "Asia" were
employed to identify pertinent peer-reviewed articles. In addition to academic databases, supplementary sources
from the internet and organizational databases like the World Health Organization, UNFCCC, and the
International Development Research Centre were also consulted. This dual-pronged approach aimed to
encompass a diverse range of literature, including grey literature, reports, books, and other relevant publications
pertaining to the impacts of climate change in rural areas of Pakistan. The criteria for inclusion were based on a
direct and clear reference to the topic of climate change and its ramifications in rural regions. Harari et al., (2020)
articulated that, the comprehensive search strategy across both academic and non-academic sources ensures a
thorough and inclusive overview of the existing literature on the subject.

Results and Discussion

The combined search of publicly available reports and peer reviewed articles generated a total of 61 reports, of
which 49 were found to be relevant to this review. The selected documents are predominantly case studies that
have discussed agricultural practices and the effects of these on climate change. Most also documented the
negative effects of climate change, temperature variations at the local level, often linking those effects with
agricultural back off problems. Which were causing the damage to agricultural crops as well as local lives at
greater extent.

Effects of climate change on agriculture

A vital industry in every country, agriculture constantly suffers from the negative effects of climate change. In
recent decades, these effects of climatic variability have become more subtle (Patt et al., 2009). Climate change
has profound implications for agriculture, affecting various facets of crop production, livestock management, and
overall food security (Mutengwa et al., 2023). Predictions on climatic variability point to a dynamic climate
characterized by increased susceptibilities, particularly in areas with lower incomes (Roy, et al., 2023; Celis, et
al., 2023). The capacity to adjust to these threats substantially influences the magnitude of these climatic events'
consequences (Ahmed, et al., 2021). The influence of non-climatic factors on adaptation decisions is a critical
component of the adaptation process at the farm level. Decision-makers in agriculture, farm households traverse
a multifaceted terrain made up of institutional, political, biophysical, and economic factors (Debelle, 2019).
Furthermore, climate change can influence the proliferation of pests and diseases, introducing new threats to
agricultural productivity. Crucial to mitigating these adverse effects is the implementation of adaptation strategies,
including the development of climate-resilient crops, enhanced water management, and the adoption of
sustainable farming practices, all of which are essential for ensuring global food security (Balasundram et al.,
2023). Regarding the effects of climate change, Pakistan stands out as one of the developing nations most at risk
(Parveen & Sharma, 2019). The frequency and intensity of climate disasters, such as floods, droughts, high
temperatures, water scarcity, and an increase in pests and illnesses in some areas, have already increased
throughout the country (Aslam, et al., 2020). Pakistan moved up to the 16th most susceptible position in 2010—
2011, from its 2009-2010 ranking of 29th among the most vulnerable areas, according to the Global Climate
Change Vulnerability Index (CCV1) study (Khan and Fee, 2014). Prominent meteorological incidents in Pakistan,
such the floods that occurred in 2010, and 2014 and 2022, together with a protracted drought that lasted from
1999 to 2003, provide dramatic illustrations of the growing frequency of meteorological issues.
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Due to high rates of poverty and a lack of material and financial resources, Pakistan struggles to adapt (Abid et
al., 2015; Naureen, et al., 2022). Farmers' decisions on how to adjust to climatic variability and related hazards
are influenced by these diverse experiences, either directly or indirectly (Abid et al., 2015; Adger et al., 2005;
Ahmed, et al., 2019)."

The responses of farmers and their capacity for adaptation are further explained by a number of additional
elements, such as agricultural methods, personal traits, and particular situations (Bryan et al., 2009). Extreme
climate variability has a significant impact on social, economic, and natural ecosystems and adds to upcoming
problems (Seddon et al., 2020). Climate variability increases the severity and frequency of natural events; indirect
effects of climate variability include changes to the properties of land and water, variations in the rates of insect
infestation, adjustments to the amount of moisture in the soil, and changes to the distribution of diseases. In less
developed, agriculturally based economies, increased temperatures, erratic precipitation patterns, and lower crop
yields directly affect food security. According to Godde et al. (2021), areas where agriculture is the main source
of income are therefore especially susceptible to the negative consequences of climatic variability.

According to Thornton et al., (2014), climatic variability has a substantial effect on the agricultural industry by
changing or reducing productive dimensions and by increasing risks associated with production, both direct and
indirect. Wide-ranging effects of climate variability are seen in the environment and many socioeconomic areas,
including as agriculture, food security, water resources, terrestrial ecosystems, biodiversity, and human health.
Changes in the patterns of precipitation are probably going to make floods and water scarcity worse. Increased
temperatures alter agricultural growing seasons, which affects food security and the spread of illnesses, raising
the danger of diseases like malaria. According to UNFCCC (2008), rising temperatures also accelerate the rate of
habitat damage and species extinction. Ahmed et al., (2023) further elaborated that, elevated temperatures can
impact crop growth and development, leading to shifts in yield patterns and the geographical distribution of crops.
Altered precipitation patterns may result in both water scarcity and excess, affecting crop irrigation and livestock
water supply.

Climate Change and its impacts on poverty and health

Temperature variations can have a big effect on people's health. In 2000, it was discovered that variations in
climate were accountable for around 2.4% of diarrhea cases worldwide and 6% of malaria instances in different
low-income areas (WHO, 2002). Pakistan stands out among developing nations, especially those in Southeast
Asia, backward in health (Khoso et al., 2022), for being very vulnerable to climate-related disasters including
floods and droughts. Devastating floods occurred in Pakistan between 2010 and 2014, causing significant loss of
life and property along with widespread population relocation. In Pakistan, insect infestations, seasonal and flash
floods, and droughts are only a few other climate-related phenomena. Casson et al., (2023) stated that Climate
change introduces various health risks. Increased temperatures can lead to heat-related illnesses, while altered
precipitation patterns may result in waterborne diseases and the spread of vector-borne diseases like malaria and
dengue. Extreme weather events can disrupt healthcare infrastructure, limiting access to medical services and
exacerbating health disparities.

Strategies for adapting to climate change in Pakistan
The agricultural industry demonstrates a capacity to quickly adopt new technologies, modifications to resource
management practices, and adaptable tactics (Rehman et al., 2022). Researchers Fahad and Wang (2020) used

household surveys to study adaptation strategies in rural Khyber Pakhtunkhwa province, Pakistan. The study
found that the region’'s main adaptation strategies included changing crop types and varieties, managing pesticides,
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improving seed quality, planting shade trees, diversifying farming activities, and storing water. It is a common
occurrence for people to adapt to the effects of climatic fluctuation in general and on the farming industry in
particular. Effective adaptation to climatic variability requires modifications and adaptations at all scales, from
the local community to the national and international levels (Kalogiannidis et al. 2022).

In order to handle current and future climatic challenges, it is crucial to build community resilience through the
adoption of appropriate technologies, the preservation of traditional knowledge, and the diversification of
livelihoods. The need of appropriate crop replacement was also stressed by Mendelsohn et al. (2007) in their
analysis of how climatic variability affects agriculture. The IPCC Third Assessment Report states that although
adaption strategies are not foolproof and have a cost associated with them, they can lessen the negative
consequences of climate variability and increase positive outcomes. Additionally, it is contended that strategic
adaptation can support autonomous adaptation and that both human and natural systems will adapt to some degree
spontaneously. So far, the implementing afforestation programs to enhance carbon sequestration and promote
biodiversity. Restore degraded ecosystems to improve resilience against climate impacts and sustain ecosystem
services (Sargani et al., 2023).

However, the potential for adaptation for human systems is greater than that for the preservation of natural systems
(Solomon, 2007). It is essential to combine community and governmental actions with traditional knowledge and
local coping strategies. Governmental and non-governmental organizations (NGOs) should include climate
variability into their policies at all levels of decision-making in order to promote successful adaptation measures.
Farmers use a variety of tactics, such as changing planting and harvesting times and applying a range of agronomic
techniques, to deal with climatic unpredictability and optimize earnings (Agesa et al., 2019). Robert et al. (2016)
conducted a research that employed household survey methodologies to identify major adaptation measures in
the study region. These tactics included planting trees, changing planting dates, conserving soil, and utilizing
various crop kinds. Nevertheless, even though there were discernible variations in temperature and precipitation,
a sizable proportion of farm households did not make any changes to their farming methods. Crop diversity is an
adaptation technique that focuses on reducing the risk of total crop failure instead than only increasing the
production of a particular crop (Huong et al., 2017). Crop diversification is a commonly used adaptation method
in Pakistan to mitigate the effects of climate events (Fahad and Wang, 2018). According to earlier research
(Kristiansen, 2022), using a variety of crop kinds in the same season may help farm households save money and
have more access to resources. Farmers can be less vulnerable to climate change, particularly if they have income
sources other than farming (Johnston & Cooper, 2022).

Off-farm pursuits might involve labor or ancillary enterprises like Pakistani stores. Pakistani farmers have
frequently used a variety of soil and water conservation techniques in an attempt to mitigate soil erosion and
degradation, with the goal of restoring their fields as a result (Fahad and Wang, 2020; Fahad and Wang, 2018).
Pakistani farmers acknowledge that one way they cope with climate dangers is by selling assets. One of the most
important adaptation measures used in Pakistan is irrigation, which is also widely used.

A significant fraction of farmers in Pakistan live in distant locations, own tiny landholdings, and have no formal
education. The best way to determine how farm households perceive climate change is through household
surveys. Research by Abid et al. (2015) and Fahad and Wang (2018) has demonstrated a substantial relationship
between the perception of climate change and the household head's age and agricultural experience. For example,
compared to less educated and less experienced farmers, educated and experienced farmers are more likely to
recognize climate change. It is also thought that knowledge of climatic fluctuations is favorably correlated with
the education degree of the family head. Access to extension services and information on climate problems for
farmers increases knowledge and creates a favorable environment for the adoption of new cropping patterns.
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Conclusion

In conclusion, the literature analysis on the effects of climate change in Pakistan's rural regions highlights the
necessity of using an interdisciplinary approach to address the unique problems that these people confront. The
report calls for community participation to include local viewpoints into solutions by highlighting the complex
relationships between environmental, social, and economic elements that contribute to vulnerabilities in rural
areas. It suggests a holistic approach that encompasses community-based adaption strategies, policy lobbying,
and the promotion of sustainable behaviors, and it asks for context-specific suggestions and policy implications.
In order to improve resilience and promote sustainable development in the face of climate change in rural
Pakistan, this review offers insightful information for next studies and useful solutions. By emphasizing the
importance of considering local nuances and collaborating with communities, it paves the way for more effective
and culturally sensitive interventions in the ongoing battle against the impacts of climate change.
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