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ABSTRACT 

This research paper examines the effects of climate change on livelihoods and agriculture in Sindh, 

Pakistan, and investigates adaptation tactics that can improve economic capability for rising 

climatic variability. Sindh relies mostly on agriculture has to wrestle against challenges like 

droughts, floods, increasing temperatures, and unpredictable rainfall, all of which have a negative 

impact on crop yields, soil fertility, and water availability. The research employs a mixed-methods 

approach, integrating qualitative information from focus groups and interviews with farmers, 

agricultural experts, and policymakers with quantitative data from surveys and secondary climate 

records. The results show that although farmers have implemented a variety of adaptation 

strategies, that include using crops resistant to drought, modifying times for planting, and 

diversifying their sources of income, barriers like restricted financial resources, poor extension 

services, and institutional disarray hinder the broad adoption of successful tactics. According to the 

study's findings, Sindh's agricultural sector may increase climate change resistance with the correct 

measures, guaranteeing the long-term sustainability and economic stability of its rural people. 

Keywords: Climate Change, Sustainable Agriculture, Adaptation Strategies, Economic Resilience, 

Drought-resistant Crops, Policy Interventions 
 

 

1. INTRODUCTION

One of the urgent issues of the twenty-first century 

is climate change, which has impacted the 

ecosystems, economies, and communities globally 

(1). The consequences are significantly greater for 

regions that depend heavily on farming, 

particularly those in developing nations (2). 

Pakistan remains one of the greatest climate-

vulnerable nations in worldwide, frequently facing 

severe weather, elevated temperatures, and water 

shortages (3). Sindh, a southern Pakistani province 
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that is largely agricultural in nature, is particularly 

vulnerable to climate change because of its 

socioeconomic limitations, reliance on agriculture, 

and scarcity of water reserves (4, 5).  This study 

investigates how Sindh's agriculture and 

livelihoods are affected by climate change, as well 

as adaption tactics that might strengthen the 

region's economy. 

There is widespread scientific consensus that 

human activities like burning fossil fuels, 

deforestation, and industrial emissions are the main 

causes of the acceleration of climate change (6). 

The Intergovernmental Panel on Climate Change 

(IPCC) estimates that during the pre-industrial 

period, the global temperature have risen by around 

1.1 degrees Celsius, leading to severe weather 

events that are more prevalent (7). Agriculture, a 

field that is extremely vulnerable to fluctuations in 

temperature and precipitation, is directly impacted 

by these changes (8). A growing percentage of 

droughts, floods, and unpredictable weather 

conditions are disrupting crop cycles, altering soil 

fertility, and limiting yields from agriculture. The 

Global Climate Risk Index ranks Pakistan as the 

fifth greatest climate-vulnerable nation, and it 

confronts an abundance of climate-related 

challenges (9). The country experiences severe 

flooding, drought, heat waves, and glacial melting 

in the northern regions. These environmental 

changes are putting a great deal of strain on 

Pakistan's economy, which depends heavily on 

agriculture, that employs around 42% of the 

workforce and accounts for roughly 19% of the 

country's GDP (10).  

Sindh is one of Pakistan's major agricultural 

provinces, its rural populations is particularly 

susceptible having significant consequences 

regarding food security, economic stability, and the 

standard lifestyle. The main engine of Sindh's 

economy is its agricultural sector, such as fruits, 

vegetables, and staple crops including cotton, 

wheat, rice, and sugarcane (11). These crops 

support the nation's food supply and provide 

income from exports in addition to meeting local 

food needs. The Indus River serves as a major 

source of irrigation for crop production in Sindh. 

However, due to inadequate water management 

techniques and modifications to the Indus River’s 

flow the province has experienced acute water 

shortages in recent. Climate change has 

exacerbated these issues, with rising temperatures 

and erratic rainfall patterns (12). As average 

temperature in Sindh increased by almost 0.5 

degrees Celsius between 2010 and 2020, and 

leading to more erratic precipitation patterns, 

frequent heat waves and droughts that directly 

affected agriculture production like rice and wheat 

(13, 14).  Furthermore, rising temperatures and 

water mismanagement have led to more salinized 

groundwater, which deteriorated soil quality and 

poses a serious danger to agricultural viability. The 

Sindhi people suffer not just financial challenges 

but also shortages of food as 60% of Sindh's 

population living in rural regions and mostly rely 

on agriculture and farming. Since Sindh's 

agriculture and livelihoods are severely impacted 

by climate change, adaption measures are crucial 

to fostering financial resilience. 

The objective of this research is to examine how 

Sindh's agriculture and livelihoods are affected by 

climate change and to identify adaption tactics that 

might strengthen the country's economy. The 

study's particular goals are to examine how climate 

change is affecting Sindh's soil health, rural 

livelihoods, agricultural yield, and water 

availability. The results of this study will assist to 

establish targeted adaption strategies that may 

mitigate the adverse consequences of climate 

change. 

 

2. Materials and Methods 

2.1Area of study and Data collection 

 One of Pakistan's most agriculturally important 

provinces is Sindh, which is situated in the 

southeast and has lush fields that are mostly 

irrigated by the Indus River. Based on past 

experiences of climate-related issues, regional 

variety, and dependence on agriculture, significant 

regions chosen for the research include Dadu, 

Mirpurkhas, Badin, and Thatta, among others (15). 

The chosen districts were separated into urban and 

rural strata using a stratified sampling technique. A 

combination of focus groups, in-depth interviews, 

and structured questionnaires were used to gather 

data for this investigation. A survey questionnaire 

was created to gather quantitative data on crop 

yields, income, water consumption, and adaptation 

techniques. It had both closed-ended and open-
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ended questions to elicit farmers' experiences and 

coping mechanisms. Additionally, 30 important 

informants, including members of non-

governmental organizations, local government 

officials, and extension agricultural officers were 

interviewed in-depth. These interviews explored 

policy-related possibilities and challenges for 

climate adaptation and helped put quantitative 

findings into context. 

The Sindh Agriculture Department provided the 

agricultural data, which included crop yields, 

measurements of soil quality, and water 

availability (16, 17). This information served as the 

foundation for examining how climatic factors and 

agricultural output in the chosen areas relate to one 

another. The important agricultural metrics 

including wheat, rice, and cotton yields were 

monitored during the previous ten years with an 

emphasis on drought and flood years. The Pakistan 

Meteorological Department provided secondary 

climate data that covered temperature, 

precipitation, and the frequency of extreme 

weather occurrences for the previous 30 years (18, 

19). An evaluation of the direct impacts of climate 

change on crop yield and water resources was 

made possible by the combining of meteorological 

and agricultural data. 

 

2.2.Data analysis techniques 
To get thorough results, the data analysis included 

both quantitative and qualitative techniques. In 

order to investigate associations between climatic 

factors and agricultural outputs, quantitative data 

from the surveys were examined using statistical 

software (SPSS), which employed both descriptive 

and inferential statistics. Regression analysis was 

employed to determine the main climatic elements 

affecting agricultural households' income stability 

and crop yields. 

We utilized NVivo software to evaluate qualitative 

data from focus groups and interviews. Thematic 

analysis revealed frequent trends pertaining to 

policy limitations, socioeconomic difficulties, and 

adaption strategies. This mixed-methods approach 

used quantitative and qualitative data to create a 

comprehensive examination of Sindh's climate 

adaption statistics and individual stories. 

 

3. Results 

3.1Impact of Climate Change on Crop Yields 

As per study, Sindh's crop yields have been 

significantly impacted by climate change, with 

significant declines seen in essential commodities 

including cotton, rice, and wheat. Crop growth 

cycles have been upset and output has decreased 

due to rising temperatures, unpredictable rainfall 

patterns, and protracted droughts. Sindh has had 

erratic monsoon patterns and an average 

temperature increase of 0.5°C during the last ten 

years. These changes have resulted in shorter 

growing seasons for several crops, like wheat has 

consistently seen an annual yield decrease of about 

10% in recent years,  

Climate change has made droughts and water 

shortages worse, making them major obstacles to 

agricultural sustainability. Soil quality has been 

further deteriorated and water stress has increased 

due to the Indus River's decreasing water flow, 

rising salinity of accessible groundwater, and 

falling groundwater levels. In recent years, rice and 

cotton yields have decreased by 15% and 12%, 

respectively, as a result of this constraint (Table 1). 

Additionally, there have been reports of increasing 

yield losses in places like Thatta and Badin, which 

are particularly susceptible to salinization and 

saltwater intrusion. The aforementioned patterns 

underscore the pressing necessity of adaptable 

strategies, such drought-tolerant crops and 

enhanced water management, to preserve Sindh's 

agricultural output and guarantee local populations' 

access to food.

 

Table 1: Average Crop Yields in Sindh (2010-2020) 

Year Cotton Yield (tons/hectare) 
Wheat Yield 

(tons/hectare) 

Rice Yield 

(tons/hectare) 

2010 1.5 3.2 2.8 

2015 1.3 2.9 2.5 

2020 1.1 2.6 2.1 
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3.1 Water Scarcity and Irrigation Challenges 

One of Sindh's most pressing problems affecting 

agriculture and lives is water shortage. The 

combination of longer droughts, higher heat, and 

less rainfall brought on by climate change has put 

an unprecedented burden on water supplies. The 

results of this study's survey shown that more than 

70% of Sindhi farmers said that the availability of 

water has decreased over the last ten years, which 

has an immediate effect on agricultural yield. Due 

to inadequate water management techniques, 

infrastructural issues, and a reduction in water 

availability, farmers are forced to rely more on 

groundwater, which is frequently of low quality, 

and are unable to provide the irrigation required for 

agricultural growth. 

 

Because of the groundwater extraction caused by 

the decreased supply of surface water, aquifers are 

being depleted at alarming rates, and soil salinity 

has increased, making it unsuitable for many crops. 

Agricultural difficulties have been made worse in 

certain places by a 15-meter decline in 

groundwater levels and a 30% increase in soil 

salinity during the past ten years. Additionally, silt 

buildup, leaks, and antiquated equipment plague a 

large number of Sindh's irrigation canals, resulting 

in ineffective water delivery. 

 

A multimodal strategy is needed to address these 

issues, including funding for irrigation 

infrastructure, environmentally friendly water 

management techniques, and legislative initiatives 

that promote resource equity and water 

conservation. The main conclusions about 

irrigation difficulties and water shortages are 

shown in the table 2.

 

Table 2: Agricultural yields, groundwater levels, and soil salinity in few Sindh districts 

District 
Groundwater 

Depletion Rate 

Water Availability 

(Reduction) 

Impact on Crop 

Yields 

Soil Salinity 

Increase 

Mirpurkhas 
13 meters over 10 

years 
65% decrease 

32% yield 

reduction 
28% increase 

Dadu 
15 meters over 10 

years 
70% decrease 

35% yield 

reduction 
30% increase 

Thatta 
12 meters over 10 

years 
60% decrease 

30% yield 

reduction 
25% increase 

Badin 
10 meters over 10 

years 
55% decrease 

28% yield 

reduction 
35% increase 

Sanghar 
11 meters over 10 

years 
58% decrease 

27% yield 

reduction 
22% increase 

 

 

 

3.2 Socio-Economic Impact on Farming 

Communities 

The socioeconomic stability of farming 

communities in Sindh has been significantly 

impacted by climate change, as rising 

temperatures, unpredictable rainfall, and frequent 

extreme weather events have disrupted livelihoods. 

According to survey data, agricultural families' 

household income has significantly decreased over 

the last ten years. Nearly 65% of respondents said 

that their income levels had decreased as a result of 

poorer crop yields and more irrigation and pest 

control expenses. Food insecurity has been 

exacerbated by this financial unpredictability, 

since many households find it difficult to satisfy 

their basic nutritional demands, especially during 

droughts. 
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The economic strain on these communities has also 

led to shifts in family structures and labor patterns. 

In quest of increased income, over 30% of 

households polled stated that one or more family 

members had moved to an urban region. This 

tendency upsets conventional farming methods and 

ads to the burden already placed on rural people. 

Females take on more responsibilities and have 

experienced a rise in their workload, when their 

male family members are not there. Gender 

inequality in these communities is exacerbated by 

the additional work load, which frequently restricts 

their access to economic and educational 

possibilities. 

Furthermore, many farmers are still unable to 

afford climate adaptation strategies like drought-

resistant crops and water-efficient technology, 

which restricts their capacity to adjust. These 

socioeconomic effects highlight the critical need 

for policies that promote social support networks, 

inexpensive adaption tools, and income 

diversification in order to strengthen Sindh's 

agricultural people's capacity to withstand the 

effects of climate change. 

 

3.3 ptation Practices among Farmers 

We also assessed how Sindhi farmers have been 

embracing a range of adaptation strategies to deal 

with the effects of climate change on their lives and 

crops. 45% of farmers have switched to drought-

resistant crop types, especially in regions that often 

experience water constraint. Farmers are able to 

sustain harvests during dry seasons because to 

these crop types, which include rice and wheat 

strains that can withstand drought. Furthermore, 

almost 30% of farmers polled said they have 

modified their planting plans to better suit shifting 

rainfall trends. By scheduling planting and 

harvesting to prevent severe weather conditions 

like monsoon floods, this method helps reduce crop 

losses. Many farmers (20%) have started using 

crop rotation and organic fertilizer to promote soil 

fertility and resilience, combat soil deterioration, 

and improve water retention. 

All things considered, these adaption strategies 

show the farmers of Sindh's tenacity and 

resourcefulness (Table 3), but more funding and 

assistance are needed to expand these initiatives 

and guarantee long-term viability in the face of 

growing climate risks.

 

 

 Table 3: Common Adaptation Practices among Farmers in Sindh 

Adaptation Practice 
Percentage of Farmers Using 

(%) 
Challenges Reported 

Drought-resistant crops 45 High seed costs 

Early planting 30 
Requires weather forecasting 

access 

Income diversification 50 Limited non-agricultural jobs 

Water-saving techniques 25 High initial investment 
 

4 Discussion 

4.1 Agricultural Vulnerabilities due to Climate 

Change 

Sindh's agriculture is becoming more and more 

susceptible to the effects of climate change, posing 

a serious danger to the region's food security and 

economic stability (20). The results of this study 

demonstrate how extreme weather events like heat 

waves, floods, and droughts are becoming more 

frequent and have a significant impact on crop 

production. Important crops including wheat, rice, 

and cotton have had direct effects on their growth 

cycles due to temperature rises of up to 1.0 degrees 

Celsius in recent decades. Continuously heat stress 

reduces production and causes crop failure, which 

costs farmers a lot of money, especially during 

crucial blooming and fruiting phases. 

One of the key elements influencing agricultural 

resilience is the availability of water. Water 

shortage has been caused by decreased rainfall and 

rising evaporation rates, which has an impact on 

Sindh's largely reliant irrigated agricultural sector 

(21). Farmers' problems are made worse by the 

diminished flow of water from the Indus River and 
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the degradation of groundwater supplies. 

Furthermore, drought and inadequate water 

management techniques worsen salt intrusion in 

groundwater, which further degrades soil quality 

and reduces its suitability for farming. 

Farmers who already face economic uncertainty, 

especially smallholders, are exacerbated by these 

vulnerabilities. These agricultural issues highlight 

the need for efficient climate adaption solutions as 

climate-induced disruptions worsen and endanger 

livelihoods and regional food security. 

 

4.2 Barriers to Effective Adaptation 

Sindhi farmers are working to adapt to climate 

change, but the success of their efforts is hampered 

by a number of important obstacles. The inability 

to get monetary support is one of the biggest 

obstacles. The costly initial costs of climate-

resilient technology, such drought-resistant crops, 

effective irrigation systems, and soil conservation 

techniques, are out of reach for many farmers, 

especially smaller farmers (15, 22). These farmers 

are still reluctant to put adaptive measures in place 

that may help them deal with the harms brought on 

by climate change because they lack the funds.  

Another significant obstacle is the lack of 

knowledge and technical help. Sindh's agricultural 

outreach programs are frequently understaffed and 

insufficiently financed which leaves farmers 

lacking in understanding of contemporary farming 

methods, water management, and climate adaption 

strategies (23, 24). This lack of guidance impedes 

the adoption of best practices and effective 

strategies for reducing climate vulnerabilities. 

Institutional and social obstacles are also quite 

important. Because of ineffective bureaucracy or a 

lack of knowledge, farmers frequently have trouble 

obtaining government assistance programs. 

Additionally, there is frequently a lack of 

coordination between local communities, NGOs, 

and government agencies, as well as poor local 

governance systems. The breadth and impact of 

adaptation efforts are constrained by this 

fragmentation.  

Last but not least, cultural and psychological 

elements like conventional agricultural methods 

and aversion to adaptation also hinder the adoption 

of creative, climate-resilient solutions, making 

farmers more susceptible to future climatic shocks. 

 

4.3 Opportunities for Policy Intervention 

There are several significant possibilities for policy 

intervention that might facilitate successful climate 

change adaptation in order to improve Sindh's 

agricultural resilience. First, it's imperative to make 

financial resources more accessible. Farmers may 

invest in drought-resistant crops, water-efficient 

irrigation systems, and soil conservation 

techniques with the support of policies that offer 

low-interest loans, subsidies, or insurance plans 

designed for climate-resilient agriculture (25). The 

agricultural community as a whole, and 

smallholder farmers in particular, would be 

encouraged to embrace sustainable farming 

practices by government incentives. 

Second, improving farmers' knowledge and 

abilities requires bolstering agricultural extension 

programs. Farmers will be empowered to embrace 

climate-smart agriculture with a strong policy 

framework that prioritizes expanding access to 

information and technical assistance. Training 

initiatives, community-based information sharing, 

and the inclusion of climate adaptation in 

agricultural curriculum may all contribute to 

accomplishing this. Decisions at the farm level can 

also be informed by digital systems that provide 

real-time weather forecasts and climatic data. 

Third, it's critical to encourage cooperation across 

different stakeholders. The initiatives to mitigate 

the effects of climate change can be streamlined by 

policies that encourage multi-stakeholder 

collaborations between local communities, NGOs, 

and government agencies (26, 27). The negative 

consequences of water shortage will also be 

lessened by policies aimed at enhancing water 

management, such as encouraging rainwater 

collection, effective irrigation techniques, and 

watershed management. Ultimately, these policy 

changes can help Sindh develop a more climate-

resilient agricultural sector, promoting both 

environmental sustainability and economic 

prosperity (Table 4).
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Table 4: Recommended Policy Interventions for Agricultural Resilience 

 

5 Conclusion 

In conclusion, Sindh's agriculture and livelihoods 

face serious problems as a consequence of climate 

change, which exacerbates vulnerability in an 

already delicate agricultural system. Farmers have 

embraced a range of adaptation tactics, including 

income diversification and drought-resistant crops, 

but obstacles such a lack of funding, inadequate 

technical assistance, and scattered policies make it 

difficult to execute these methods effectively. The 

region's resilience may be greatly increased by 

addressing these issues with focused policy 

interventions, such as expanding financial access, 

strengthening agricultural extension services, and 

encouraging cooperation. In order to ensure long-

term economic stability and resilience for its rural 

populations, Sindh's agriculture industry can 

reduce climate risks via concerted efforts and 

sustainable adaption techniques. 
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