JL.H. I'ymunes amviHdarsl Eypasus yimmeolk yHueepcumeminiy XAGAPIIBICHL.
BULLETIN of L.N. Gumilyov Eurasian National University.

BECTHHK Espa3uticko2o HAyUoHa/1bH020 yHUsepcumema umeHu JL.H. ['ymusesa.
ISSN: 2616-7034. eISSN: 2663-130X

IRSTI 34.35.33 https://doi.org/10.32523/2616-7034-2025-152-3-147-165
Research article

Biological and socioeconomic implications of seawater intrusion
on coastal agroecosystems

I.LA. Bozdar'~, R. Ahmed' ", A.B. Chachar*!'”, R.N. Malano'! ", H. Magsi' *, A.A. Mahesar*

!Department of Agricultural Economics, Faculty of Agricultural Social Sciences, Sindh Agriculture University,
Tandojam, Pakistan

Abstract. Seawater intrusion (SWI) has emerged as a critical environmental and
socioeconomic challenge in the coastal belt of Badin District, Pakistan. This study
investigates the impacts of SWI on rural livelihoods, food security, and migration
through household surveys and socioeconomic profiling. Findings reveal that
agriculture remains the dominant livelihood, engaging 55% of respondents, yet
declining freshwater availability and salinization have degraded nearly 22% of
cultivated land, reducing crop productivity and livestock resources. Average
monthly household income (Rs. 17,042) barely exceeds expenditures (Rs. 16,072),
leaving families highly vulnerable to food insecurity. Poor infrastructure, limited
access to healthcare and safe water, and exploitative credit systems further
exacerbate poverty. Natural hazards, including floods, unseasonal rains, and
storms, compound the impacts of SWI, while the malfunctioning Left Bank Outfall
Drain (LBOD) has intensified land degradation and crop loss. Consequently,
migration has become an adaptive strategy, with over 100 households relocating
from affected union councils due to declining agricultural opportunities. The
study underscores that SWI is not only an ecological issue but also a driver of
socioeconomic instability, poverty, and rural-urban migration. Urgent policy
interventions such as regulated freshwater releases downstream of Kotri Barrage,
rehabilitation of LBOD, embankment reinforcement, and stricter industrial
effluent management are essential to mitigate SWI impacts and safeguard food
security. These findings highlight the pressing need to integrate climate adaptation,
sustainable water management, and community resilience into national strategies
for coastal development.

Keywords: seawater intrusion, food security, coastal livelihoods, land degra-
dation, district Badin, Sindh

Introduction

Seawater intrusion (SWI) is a growing environmental challenge in coastal regions worldwide,
posing serious risks to human health, agricultural productivity, and sustainable economic
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development [1,2]. The problem is intensified by climate change, unsustainable agricultural
practices, and over-extraction of groundwater, which disrupts the freshwater-saltwater balance
and degrades soil and water resources [3-6]. As a result, SWI reduces freshwater availability,
contaminates aquifers, and undermines food production in many vulnerable regions. Coastal
communities in developing countries are particularly exposed due to their heavy dependence
on natural resources [7,8]. In Pakistan’s Sindh province, Badin district provides a striking case
where agriculture, supporting over 70% of the population, faces increasing stress from salinity
intrusion and rising temperatures. Productive farmland has been degraded, crop yields have
declined, and food insecurity has intensified as household incomes drop [9,10].

Food security, which includes the dimensions of availability, access, utilization, and stability
[11-13], is directly threatened in SWI-affected areas. Salinization reduces agricultural output
and food availability, while inflation and unemployment constrain household access to food
[14-16]. These pressures are compounded by poor education, weak market access, and limited
livelihood opportunities, which reinforce chronic poverty and vulnerability.

The Sindh coastal belt, stretching across Badin and Thatta, illustrates these interlinked
challenges. Freshwater flow downstream of Kotri Barrage has sharply declined from 400
million tons of nutrient-rich silt annually to nearly 100 million tons, leading to severe salinity
intrusion and hyper-saline conditions (40-50 ppt compared to 15-20 ppt a few decades ago)
[17]. Badin, one of the most hazard-prone districts, has been repeatedly affected by cyclones,
floods, droughts, and heavy rains, leaving communities with degraded land, contaminated
water, and weakened livelihoods [18]. The consequences are profound: nearly 1.2 million acres
of farmland in Sindh have been rendered unproductive, aquifers have been contaminated, and
rural households face migration, indebtedness, and increased exposure to waterborne diseases
such as malaria and cholera [19]. Women and children are disproportionately affected, as
freshwater scarcity increases the burden of labor, reinforcing poverty and inequality [20,21].

Against this backdrop, the present study investigates the socioeconomic impacts of seawater
intrusion on livelihoods, infrastructure, and food security in the coastal belt of Sindh, with
particular focus on Badin and Shaheed Fazil Rahoo Talukas. By analyzing household conditions,
economic activities, and social vulnerabilities, this research seeks to provide evidence-based
insights for designing adaptive strategies and policy interventions aimed at strengthening food
security and resilience in Pakistan’s coastal communities.

Materials and research methods

Research Design

The study adopted a mixed-methods approach, integrating both quantitative and qualitative
techniques to comprehensively analyze the socioeconomic effects of seawater intrusion on food
security and rural livelihoods. Primary and secondary sources of information were utilized to
strengthen the validity and reliability of the findings.

Study Area and Sampling

The research was conducted in District Badin, Sindh, one of the most severely affected
regions by seawater intrusion. Two talukas were purposively selected based on their exposure
to salinity and livelihood dependency on agriculture and fisheries. From each taluka, two union
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councils (UCs) were selected, and 14 households from each UC were surveyed using a stratified
random sampling method, resulting in a total of 56 respondents.

Data Collection

Primary Data

Primary data were collected through structured questionnaires, key informant interviews
(KlIs), and focus group discussions (FGDs). The pretested questionnaire (Annexure 1) included
modules on household demographics, income and expenditure, agriculture, health, education,
migration, assets, and the effects of seawater intrusion on livelihoods and food security. KIIs
were conducted with community leaders, government officials, and NGO representatives, while
FGDs were organized to capture community perspectives and triangulate findings.

Secondary Data

Secondary data were obtained from published reports, government records, academic
literature, and documents from relevant organizations such as the Government of Sindh,
International Union for Conservation of Nature (IUCN), Worldwide Fund for Nature (WWF-P), UN
agencies, Asian Development Bank (ADB), and NGOs including Pakistan Fisherfolk Forum (PFF)
and Rural Support Programmers (RSPs). These sources were used to develop a socioeconomic
profile of the area and contextualize the impact of seawater intrusion in relation to past natural
disasters and climatic variations.

Socioeconomic Indicators

Socioeconomic characteristics of respondents were examined to assess their influence on
household vulnerability and food insecurity. Key indicators included family size, education,
household income, access to health facilities, food and non-food expenditures, housing,
agriculture and non-agricultural occupations, water supply, and sanitation.

Data Analysis
Quantitative data were entered in Microsoft Excel and analyzed using the Statistical Package
for Social Sciences (SPSS). Descriptive and inferential statistics were applied

Results

District Badin

The district derives its name from the headquarters town of Badin. District Badin is spread
over a geographical area of 6,726 square kilometers. The district is administratively divided into
5 talukas, 46 union councils, and 511 dehs. Two talukas of Badin district (Badin and Shaheed
Fazil Rahoo) are coastal, being geographically located on the eastern periphery of Sir Creek.

Table 1
Taluka-wise geographic area of the district Badin
S. No. Name of Taluka Areain (sq km)
1 Badin 1763.200
2 Matli 1056.480
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3 Shaheed Fazil Rahoo 1572.340
Talhar 804.127
5 Tando Bago 1513.640

Badin Taluka occupies the largest area (1,763 km?), followed by Shaheed Fazil Rahoo (1,572
km?). Together, these two coastal Talukas represent nearly 49 % of the district’s total area
(Table 1). Their economies are highly vulnerable due to the degradation of natural resources
such as land, water, and forestry.

Infrastructural Damages

Frequent natural disasters and reduced Indus River flows have facilitated significant seawater
intrusion reported up to 30-50 km inland. A 2001 survey by the Sindh Irrigation and Power
Department and the Board of Revenue found that in the Badin and Shaheed Fazil Rahoo Talukas,
10 dehs (35,785 acres) were completely eroded and 22 dehs (44,046 acres) were partially
affected by seawater [22].

Table 2
Land degradation due to Seawater intrusion in Badin
Taluka Total Total Area | Dehs Fully Eroded | Dehs Partially Total Area
Dehs (acres) (acres) Affected (acres) | Affected (acres)

Shaheed Fazil 102 440,504 1(6,772) 5(23,853) 30,625

Rahoo

Badin 140 352,681 4 (28,986) 6 (20,193) 49,179

Total 242 793,185 5 (35,758) 11 (44,046) 79,804

Socio-Economic Characteristics of Respondents

Demographic Profile

Table 3 presents the descriptive socioeconomic characteristics of the respondents. The
average age of respondents was 40.78 years (SD = 12.72), with a minimum of 20 years and a
maximum of 65 years. The average household size was relatively large, with 10.85 members per
family, ranging from 2 to 30 members. On average, households comprised 5.19 male members
(range: 1-14) and 5.66 female members (range: 1-16), indicating a slightly higher proportion
of females compared to males. The number of working members in each household was limited,
averaging only 2.19 members (range: 1-5). Thus, a relatively greater ratio of female members
was noted as compared to male members in our research study area.

Table 3
Descriptive socioeconomic characteristics of the respondents
Family size Average Minimum Maximum
Age 40.78 20 65
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Total family members 10.85 2 30
Male in Household 5.19 1 14
Female in Household 5.66 1 16
Working member in HH 2.19 1 5
Education

Education is considered as most important indicator for the socio-economic development
of any society. It is commonly believed that through the literacy ratio of any community, we
understand the social structure of that society. Results in the above figure (Figures 1 and 2)
reveal that the education level of respondents was recorded as 10.71% Bachelors (B.A. and
B.Sc.), 10.71% were intermediate, 12.5% were matriculation, 23.21% primary, and 42.86% of
respondents were illiterate in the study area.

Housing features

In rural areas, housing features reflect the economic dynamics of households with respect to
rural development. In this research, it is recorded that (Figure 1a and b) about 77% households
were dwelling in wood-made houses in our study area, where 12% people were living in semi-
kacha houses, while the rest, 5% in kacha houses, 4% in pacca homes, and 2% people were
residing in Jhopra houses.

() (b)

BA/Bsc,
1

Pacca
4% Sami kacha
12%
jhopra
2%

Intermediate,
10.71

Matriculation
,12.5

Figure 1. (a) Literacy ratio of respondents in percentage, (b) Household classification

Main sources of income

During the research study, it was noted that (Table 4) the coastal area peoples’ livelihoods
were mainly dependent on agriculture and livestock. In fact, fishing, wage labor, government
employment, and small-scale private business were partially sources of their income of study
area peoples. The Average/percentage households’ sources of income were agriculture 55.36
(55.83%), livestock 18.93 (19%), fishing 3.21 (3%), wage labor 10.71 (11%), government
employee 10 (10%), and 1.78 (2%) people used to do their own business.
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Table 4
Primary and secondary Sources of income

Sources Percentage
Agriculture 46
Livestock 16
Fishing 3
Wage Labor
Government Employer 24
Business 2

Monthly income of respondents

[t was revealed that respondents relied primarily on agriculture and livestock as their major
sources of income, while other livelihood options such as fishing, wage labor, government
employment, and small-scale business played a relatively minor role (Table 5). Among all
income sources, agriculture contributed the highest share, with an average monthly income of
Rs. 9,412, ranging widely from Rs. 833 to Rs. 70,000. Livestock followed, contributing an average
of Rs. 2,275 per month. In contrast, fishing and wage labor generated relatively lower returns,
averaging Rs. 437 and Rs. 1,223 per month, respectively. Income from government employment
stood at Rs. 3,428 per month, while business activities contributed the least, with only Rs. 267
per month on average. These results highlight that agriculture remains the economic backbone
of the study area. However, the heavy dependence on low-return sectors such as wage labor
and fishing, coupled with minimal earnings from private business, reflects limited livelihood
diversification and weak entrepreneurial development, thereby exposing coastal households to
greater socioeconomic vulnerability.

Table 5
Monthly income of respondents

Sources Average Minimum Maximum
Agriculture 6500 833 70000
Livestock 2275 300 15000
Fishing 437 2500 15000
Wage labor 1223 1000 10000
Government Employee 3428 9000 25000
Business 267 1500 12000

Land holding and its use pattern

Pakistan is primarily an agricultural country, and rural communities largely depend on
farming for their livelihoods. In the study area, the majority of households were engaged in land
cultivation, making agriculture the dominant economic activity. The findings (Table 6) show
that, on average, households cultivated 25.47 acres (69%) out of a total 36.73 acres (100%)
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of landholding. However, approximately 7.92 acres (22%) of agricultural land have been lost
due to seawater intrusion, while an additional 3.33 acres (9%) remained fallow for various
reasons, such as lack of inputs, irrigation issues, or salinity problems. The landholding size
varied considerably among respondents, ranging from a minimum of 2 acres to a maximum of
200 acres per household.

Table 6
Land use pattern

Description Average Minimum Maximum SD
Total farm size 36.73 2 200 32.11
Cultivated 25.47 2 120 21.86
Fallow land 3.33 1 30 8.74
Seawater effected 7.92 6 80 13.64

Tenancy status

Field observations (Figure 2) revealed that the majority of respondents (76%) owned
agricultural land, which served as their primary source of income. In contrast, approximately
20% of households were tenants cultivating land on lease, while a smaller proportion (4%)
shared their land with neighbors either on a rental basis or under fixed-term contractual
arrangements.

Shared out
4%

76%

Figure 2. Tenancy status

Power sources

In rural areas of Pakistan, tractors have largely replaced bullocks as the primary source
of power for agricultural activities. Traditionally, bullocks played a vital role in conventional
farming systems, particularly for tillage and transportation. However, in the study area, the
results (Figure 3) show that 96% of households cultivated their land using rented tractors, while
only 2% owned tractors or relied on bullocks for land preparation and cultivation purposes.
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m Bullock = Own Tractor = Rented Tractor

Figure 3. Power sources

Animals kept by households

Livestock plays a crucial role in the national economy, contributing 53.2% to agricultural
value added and 11.4% to the national GDP during 2009-10 (GOP, 2013; SCCDP, 2012).
Findings from the field survey (Table 7) indicate that, in the study area, households owned on
average 2.32 sheep/goats and a similar number of buffaloes. The average number of cows was
1.82 per household, while the presence of bullocks and donkeys was negligible (0.01 each on
average). The number of livestock per household varied widely, ranging from a minimum of 1
to a maximum of 20 animals.

Table 7
Animals per household
Sources Average Minimum Maximum S.D
Sheep/Goat 2.32 1 15 7.92
Buffalos 2.37 1 15 8.32
Cow 1.82 1 20 7.55
Bullock 0.01 1 7.55
Donkey 0.01 1 7.55
Budget and expenditure

The analysis of household budgets provides insights into the income utilization patterns and
socio-economic priorities of rural families in the study area. Results show that food was the
dominant expenditure head, accounting for the majority of household spending. On average,
67% of total income was allocated to food items, leaving a relatively smaller share for education,
health, utilities, and other needs. Apart from food, significant expenditures were also made on
clothing, land preparation, and agricultural inputs such as fertilizers, insecticides, and seeds.
Less frequent but important expenditures included the purchase of agricultural implements,
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livestock, and house construction. Details of household major expenditures are presented in
Table 8.
Table 8
Household major Expenditures in general items

Particulars Frequency Ranking
Food 56 1
Clothing 56 1
Land Preparation 51 2
Fertilizer/Insecticide/Seed 50 3
Agriculture Implements 40 4
Animal Purchasing 5
House Construction 5

A more detailed breakdown of monthly expenditure indicates that the average household
spent Rs. 7,830.42 on food, Rs. 912.50 on education, and Rs. 767.85 on mobile communication.
Expenditure on health care averaged Rs. 558.92, while ceremonies and social functions
accounted for Rs. 730.35 per month. Expenditure on animal feeding (Rs. 428.57), utilities
(Rs. 303.57), travel (Rs. 502.85), and washing (Rs. 424.10) were also recorded. Non-essential
expenses, including junk food (Rs. 502.85) and smoking-related items, were observed in several
households. The details are summarized in Table 9.

Table 9
Household Food and Non-Food Expenditures per Month in Rupees

Particulars Average Minimum Maximum SD
Food 7830.4 3000 20000 407191
Education 912.5 200 6000 1405.1
Utility 303.57 200 2000 434.64
Health 558.92 200 2000 402.31
Junky 502.85 300 3000 699.09
Ceremonies 730.35 500 2000 731.01
feeding 428.57 500 10000 1723.52

Drinking Water 0.11 500 500 9292

Mobile 767.85 200 5000 913.19
Travelling 502.85 720 3000 950.91
washing 424.1 100 1500 236.53

Household Assets
The distribution of major household assets among the respondents. Electrical assets form
the largest share, accounting for 41 percent of total possessions, reflecting the importance of
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appliances such as fans, televisions, and other electronic equipment in daily life. Motorcycles
follow with 30 percent, indicating their role as a primary and affordable means of transportation.
Weapons make up 13 percent, suggesting that many households keep arms for protection or
cultural reasons. Jewelry represents 7 percent, serving both as an adornment and a form of
savings. Freezers account for 6 percent, highlighting limited cold-storage capacity, while motor
cars and tractors are least common, at only 2 percent and 1 percent respectively, showing
minimal ownership of high-value transport and agricultural machinery. Overall, the data reveal
a strong preference for practical assets that support mobility and household functionality, with
comparatively low investment in larger or more capital-intensive equipment (Figure 4).

Motor Cars
2%

Tractor

1%
Jewelry Freezer
7% 6%

Figure 4. Household & agricultural assets possessed by respondents
Basic amenities available to the households

Households were also asked to share their opinion about whether they are availing basic
facilities of life provided by the government. In response, most respondents reported that shops
and roads were available and ranked them first (Table 10). Moreover, the School ranked as 2nd,
Public transport as 3rd, Electricity as 4th, and Health center facilities on 5th ranking.

Table 10
Available basic facilities in the study area
Facilities Percentage Frequency out of 56 Ranking
Shop 73.21 41 1
Road 73.21 41 1
School 69.64 39 2
Public transport 66.07 37 3
Electricity 62.5 35 4
Health center 12.5 7 5
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Loaning and credit facilities availed by the respondents

One proverb is popular in our society for the farming community is “Born in debt, lives in
debt, and dies in debt.” This is a clear and pour picture of our country's farmer community. In
this regard, the respondents were asked to provide data on the credit sources, where in response
of the question, it is accounted that about 64% of respondents take loans from shopkeepers,
23% household from land lard, 9% from relatives, and 4% household depend on their friends
(Figure 5). They were further asked that why percent of interest (commission) those lenders
are demanding when you take loans from them, thus the response was 10% to 35% per year.

relative
9%
friends
4%

Figure 5. Credit facilities acquired by the respondents

Sea water intrusion impacts and food security challenges

This section is comprised over climate change impacts (in particular seawater intrusion) on
rural poverty, migration of the local population, and food security challenges. Therefore, this
study was designed to investigate that whether seawater intrusion in the coastal belts of Badin
District is causing food insecurity and rural unrest in the study area.

Opinions on Climate Change

Respondents were asked specific questions regarding resource degradation and its perce-
ived impacts on their livelihoods. The findings (Table 11) show that seawater intrusion and
unseasonal rains were identified as the most destructive factors, reported by more than 50
respondents and ranked first. Storms were ranked second, followed by rural migration (third),
high temperature (fourth), and heavy rainfall (fifth).

Table 11
Recent changes in the climatic felt by the respondents
Categories Frequency Ranking
Seawater intrusion increased 54 1
Unseasonal rain 54 1
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Storm 45 2
Rural migration 40 3
High temperature 38 4
High Rain 19 5

Major issues and challenges faced by the respondents in the study area

Food is a fundamental human need, yet food insecurity has become one of the most pressing
challenges in Pakistan, particularly in disaster-prone regions. The district of Badin has faced
six major natural disasters in recent years, which have severely affected the livelihoods of its
population. In this study, respondents were asked to identify the main issues contributing to
food insecurity in the region. Their responses were summarized in Table 12. Results in Table 12
expose thatnatural disasters remained the main causes of food supply and lower agricultural and
livestock productivity, followed by seawater intrusion, which has transformed agricultural lands
into barren and water-logged lands. Badin, being in lower repine, there is unavailability of fresh
water, which is ranked as 3rd and is pointed out by 45 respondents. Besides that, unemployment
is also highlighted and ranked as 4th, which has lowered the income of the local population and
caused starvation among many families, which is of course the result of a low level of education
among them. Some of the households also signaled that in rainy seasons, the Left Bank Out-fall
Drain (LBOD) has flowed inversely (from tell to head) and caused floods to local communities of
Badin, which has not only washed their resources but also forced the local population to migrate
from the region. A few of the households have also highlighted that food supply is in efficient in the
region because of poor infrastructure and high prices of the food items.

Table 12
Main issues faced by the respondents in Badin and Shaheed Fazil Rahoo Talukas

Categories Frequency Ranking
Natural disaster 56 1
Seawater intrusion 51 2
Fresh water 45 3
Unemployment 37 4
Education 37 4
LBOD 27 5
High prices of food items 19 7
Infrastructure 19 7

Discussion

The findings of this research clearly indicate that seawater intrusion (SWI) is a major driver
of rural poverty, food insecurity, and migration in the coastal belt of Badin District. The illiteracy
rate in the study area was recorded at approximately 43 percent, which is lower than the
national literacy level of around 50 percent [23]. With more than half of the respondents (55%)
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engaged in agriculture and 19 percent in livestock rearing, it is evident that agriculture remains
the backbone of the local economy. However, the average monthly household income was only
Rs. 17,042, reflecting limited economic opportunities. Landholding patterns further reinforce
inequality; although the average household owned 36 acres of land, with holdings ranging
between 2 and 200 acres, this distribution is highly skewed. As highlighted by Hashmi [24],
nearly 80 percent of agricultural land in Pakistan is controlled by just 5 percent of landlords,
leaving smallholders and tenants highly vulnerable. In the study area, 76 percent of respondents
reported owning land, while 20 percent were tenants.

The analysis also revealed the weak infrastructure and limited access to social services in
coastal communities. Most householdslived in wooden houses (77%) with an average household
size of ten members. While basic facilities such as roads, schools, public transport, electricity,
and shops were available in some villages, access to healthcare centers, drainage, and water
supply systems remained inadequate [22]. To sustain livelihoods, 96 percent of respondents
relied on rented tractors for cultivation. Livestock assets were minimal, averaging two goats/
buffaloes and one cow per household. A critical challenge observed was the degradation of
natural resources due to seawater intrusion. Approximately 22 percent of cultivated land had
become degraded and barren because of rising salinity and waterlogging. This has directly
reduced crop productivity, undermined the food supply, and pushed households deeper into
poverty. Since agriculture is the dominant livelihood, the decline in cultivable land translates
into lower incomes and higher levels of unemployment. Consequently, rural households are
increasingly dependent on credit, primarily obtained from shopkeepers (64%) and landlords,
often at exploitative terms.

The impacts of seawater intrusion are compounded by recurrent natural disasters such
as floods, storms, and heavy rains. Respondents identified SWI, unseasonal rains, and storms
as their primary sources of unrest, noting that these hazards not only destroy crops but also
damage infrastructure and homes. Natural disasters were ranked as the leading cause of food
insecurity, followed by seawater intrusion and lack of freshwater availability. The Left Bank Outfall
Drain (LBOD) was highlighted as another critical challenge. Initially designed to lower the water
table and salinity in upper Sindh, the project failed due to flawed design and frequent natural
disasters. Instead of draining into the sea, brackish water accumulated in agricultural fields and
water bodies of Badin, leading to widespread land degradation and crop losses. In 2003, the failure
of LBOD caused the destruction of millions of acres of cultivated land. Even today, during floods,
the drain continues to overflow, causing extensive damage in the district. Nearly 50 percent of
respondents considered LBOD to be one of the most pressing problems in the region.

The socioeconomic implications of these environmental and infrastructural challenges are
severe. Households reported an average monthly expenditure of Rs. 16,072, mostly on food
(67%). Limited income opportunities, coupled with high expenditures, leave families with
little scope for savings. In fact, food insecurity is escalating in Badin’s coastal belt due to the
unavailability of freshwater, degraded land resources, and rising food prices. Similar to other
food-insecure regions such as Tharparkar, households in Badin are increasingly unable to meet
their nutritional needs [25]. Migration is becoming a coping strategy; the study documented
that 117 households had already migrated from just four union councils of Badin and Shaheed
Fazil Rahoo talukas due to declining agricultural opportunities and lack of basic amenities. This
trend poses alarming implications for rural stability, as migration disrupts social networks,
increases urban poverty, and exerts pressure on urban infrastructure.
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The study also underscores the larger context of climate change. Pakistan’s agrarian
economy is highly sensitive to rainfall variability, temperature fluctuations, and monsoon
patterns. Seawater intrusion, unseasonal rainfall, and heatwaves collectively threaten
agricultural production, livestock, forestry, and overall food security [26]. Previous studies
suggest that simulation models, statistical approaches, land-use change analyses, and agro-
climatic indicators can be used to assess and predict these impacts [27]. In this context, the
challenges faced by Badin reflect broader national vulnerabilities to climate change and
environmental degradation. Based on community feedback, several recommendations emerged
for the sustainable development of the coastal belt of Badin. These include ensuring the release
of sufficient freshwater downstream of Kotri Barrage, effective management and redesign of
the LBOD system, reinforcement of embankments with stone pitching to prevent seawater
intrusion, and stricter regulation of industrial effluents such as wastewater from sugar mills.
Respondents emphasized that without urgent interventions, the combined effects of seawater
intrusion, natural disasters, and poor resource management would continue to exacerbate
poverty, migration, and food insecurity in the region.

Conclusion

This study demonstrates that seawater intrusion has critically undermined the socioeconomic
fabric and food security of coastal communities in Badin. Agriculture remains the primary
livelihood, with more than half of households engaged in farming and one-fifth in livestock
rearing; however, 22% of cultivable land has been degraded by seawater intrusion, forcing
many households to abandon farming or migrate. Livestock ownership remains modest (about
two goats/sheep, two buffaloes, and one to two cows per household), yet feed scarcity due to
salinity further limits productivity.

Households reported low literacy (43%), high dependence on rented machinery (96%),
and limited incomes averaging Rs. 17,042 per month, barely sufficient to meet expenditures.
Housing conditions are poor, with the majority (77%) living in wood-made houses, and the
average household size is large (10 members). Migration of 117 households from four union
councils illustrates the increasing unviability of farming-based livelihoods. Overall, seawater
intrusion, coupled with poor water management and inadequate infrastructure, is driving
poverty, livelihood insecurity, and food shortages in Badin. Without immediate interventions
such as the release of freshwater downstream of Kotri, improved management of the Left Bank
Outfall Drain, and protective embankments, food security and rural livelihoods in the coastal
belt will remain under severe threat.
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TeH{i3 CybIHBIH, »KaFaJjiayAaFbl arpo3KoXKyliegepre eHyiHiH GMOJIOTUSJIBIK »KOHE J/IeYMETTiK-
3KOHOMUKAJIBIK, Ca/1IAaphbl

U.A. Bo3aap!, P. Axmea!, A.B. Yauap*!, P.H. Manano?, X. Marcu?, A.A. Maxecap?
LAybin wapyawbiabiFbl 3KOHOMUKACH! KAgedpachl, ayblAWapyaiblablk a1eyMemmik Fblibimoap
dakyabmemi, CuHd ayblawapyablasbiK yHugepcumemi, Tandoscam, [lakicman

Anpgarna. TeHi3 cybinbiH enyi (TCE) I[MokicTaHHbIH, BauH ayqaHbIHBIH KaFajay adiMaFbliH/Ia MaHbI3/Ibl
3KOJIOTHSIJIBIK YKOHE 9JIeYMeTTiK-9KOHOMUKAJIBIK, MaceJiere aiHalAbl. bys 3epTTey yi IIapyallblIbIFbIH
cayaJlHaMaJlap MeH 9JIeyMeTTiK-3KOHOMUKAJBIK MPOPUJIb/EY apKblibl aybLIJaFbl 6Mip Cypyre, a3bIK-
TYJIK Kayinciszirine »xoHe kewi-KoHra TCE acepin 3epTTeifi. HoTrxkenep aybla mapyallblIbIFbIHbIH,
Heri3ri KyHKepic ke3i 6oJiblll Kajsa OGepeTiHiH KepceTTi, pecnoHAeHTTepAiH 55%-bl aliHa/IbICAAbI.
Anaijia, TY1bI Cy/IbIH a3alobl )K9HE TOMbIPAKThIH COPTaHAaHYbl 6HJeJeTiH )epJepAiH 22%-Fa )KybIFbIH
HallapJaThl, ericTik eHiM/iIiri MeH MaJsl 6acblHbIH, a3aloblHa 9KeJi/i. YU 1apyaliblIbIFbIHbIH, OpTalia
alnbIK Tabbichl (17 042 pynuit) weiFbicTapgad (16 072 pynuii) apeH, aceln Tycefi, 6y oT6acbliapibl
as3bIK-TYJaiK Kayimncisfirine eTe ocan eTefi. Hamap uH$pakypblibiM, MeJULIMHAJIBIK, KOMEKKE >KoHe
Kayilci3 cyFa KoJ1 KeTIMAIIKTIH, leKTe yi >KoHe Nai/ia/laHaTblH HecHe Kyieci KeelJIiKTi ofaH api
YIIBIKTbIPa/ibl. TaOUFU aniaTTap, COHBIH, illliH/le CY TaCKbIHBI, Me3riJici3 )kaHObIpJap MeH Jayblagap TCE
dcepiH KyllelTei, ai akayJibl coJl xKaFasayarsl gpeHax xkyheci (CXKK) »kepiH TO3ybIH KoHe eTiHHIH
»KOFa/lyblH KyuelTTi. HaTuxkeciHze Kelli-KOH »XeHy cTpaTerusicblHa aiHaJAabl xaHe 100-7eH acTam
y# IIapyallbLIbIKTaphl ayblILIapyallblIblK MYMKiHJAIKTEpiHIH TeMeHJeyiHe OalJaHBICThI 3apjan
IIEKKEeH KocCinoAaK KeHecTepiHeH KOHBIC ayfapyfa MaxoOyp 6osabl. 3eptTey TCE TeK 3KOJIOTHUSIBIK
npo6JieMa FaHa eMeC, COHbIMEH KaTap 9JIEyMeTTiK-3KOHOMHUKAJBIK TYPaKChI3/IbIKTbIH, KeJIEUTIKTiH
»K9He aybl/I/IaH KaJlaFa Kellli-KOHHBIH ApaiiBepi ekeHiH kepceTei. TCE acepiH a3ailTy *koHe a3bIK-TYJIiK
KayincisziriH KaMTamMachI3 eTy YIIiH INYFbLI casgcaT lapajapbl KAKeT, MbIcasibl, KOTpu 6ereTiHeH TeMeH
Kapail peTTeJieTiH Ty1bI cyAbl wbiFapy, CXK/XK KannbiHa KeTipy, 66TeTTi HBIFAUTY *K9HEe 6HEepPKaCINTiK
aFbIH/Ibl CyJapAbl KaTaH Oackapy. bysn TyXKblpbiMJap KJUMAaTThIH, e3repyiHe 6ediMjenyai, cy
pecypcTapbiH TYPaKThl 6acKapy/bl 2K9He KaybIMJACTBIKThIH TYPaKThIIBIFbIH KaFa/iay/bl JaMbITYJbIH
YJITTBIK CTpaTerusapblHa eHri3yAig WYFbLI KK TTIJIIrH KepceTesi.

TyiiH ce3aep: TeHi3 CybIHBbIH €Hyi, a3blK-TYJiK Kayinci3ziri, xafanaygarbl eMip cypy Kypaajapsbl,
epAiH ferpagaunudacel, bagus ayganel, CuH/,

BuoJsioruyecKke U COMa/IbHO-3KOHOMHYECKHE MOC/IeJCTBUS HHTPY3UH MOPCKO BOJbI
B IPHGPEKHBbIE arPO3KOCHCTEMBI

H.A. Bo3aap!, P. Axmea!, A.B. Yauap*!, P.H. Manano?, X. Marcu?, A.A. Maxecap?
Kagedpa azpapHotl skoHomuku, Dakysbmem azpapHulX COYUAILHBIX HAYK, CeabCKOX035UCcmaeHH bl
yHugepcumem Cunda, Tandodaxcam, llakucmau

AnHoTanusa. UHTpysusa mopckoil Bogbl (MMB) cTraso KpUTHYECKOH 3KOJIOTMYECKOW M COIIUaIbHO-
3KOHOMHUYECKOU Mpo6JieMoil B mpubpexkHOH 30He okpyra bagun, [lakucraH. B JaHHOM Hcc/ie0BaHUA
u3ydaercsd BiusHue HMMB Ha Ku3HeobGecrnedyeHUE CeJbCKOr0 HacCeJIeHHs], MPO/0BOJbLCTBEHHYIO
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6€e30MaCHOCTb M MUTPALUI0 MOCPEJCTBOM ONPOCOB JOMOXO3SIMCTB U COIUAJTbHO-3KOHOMUYECKOTO
npoduarpoBaHus. Pe3ysbTaTbl MOKAa3bIBalOT, YTO CeJbCKOE XO3MCTBO OCTAeTCd OCHOBHBIM
HWCTOYHHUKOM CYIIeCTBOBAaHUS, 3aHUMasACh 55% peCcnoH/IEHTOB, OJHAKO COKpallleHHUe JOCTYNHOCTU
IpeCcHOM BO/Ibl U 3aCOJIEHHE MOYB MPUBEJH K Jlerpafaluu nouTH 22% o6pabaThiBaeMbIX 3eMeJlb, YTO
IIPUBEJIO K CHIKEHUI0 YPOXKAWHOCTH CeJIbCKOXO3SWCTBEHHBIX KYJbTYP U COKpAIleHHUI0 MOr0JIOBbSA
ckora. CpegHeMecAYHBbIN f0X0/ AoMoxo3sicTBa (17 042 pynuu) efBa mpeBbliliaeT pacxoznl (16 072
PyIUU), YTO JleJlaeT CeMbU KpaiiHe YS3BUMbIMU K OTCYTCTBHUIO PO 0BOJIbCTBEHHON (G€30MaCHOCTH.
HepasButass MHPpacTpyKTypa, OrpaHUYEHHBbIA AOCTYN K 3/[paBOOXpPaHEHHI0 W 0e30MacHOH BoJe,
a TaKXe 3KCIJIyaTaTopcKasi KpeJuTHasl CUCTeMa elle 6oJiblle ycyry6/sioT 6efHOCTb. CTUXHUIHBbIE
6e/ICTBUs, BK/II0Yast HABOIHEHM 1, HECE30HHbIE JI0XK/IU U I TOPMBI, yCyTyOIsAI0T nocaeAactBus UMB, B To
BpeMs KaK HeUCIIpaBHas cucTeMa jeBobepexxHoro ctoka (CJIC) ycuinia erpaZjanuio 3eMeJib U IOTEPU
ypoxasi. B pesysbraTe MuUrpanus crajaa aJJanTUBHOU cTpaTeruel, U 6osee 100 Jo0MOX034AUCTB GbLIN
BbIHYK/I€HbI N1epeceJINThCS U3 MOCTPaAaBLINX COIO3HBIX COBETOB M3-3a COKpAIlleHHUs] BO3MOXKHOCTEHN
JUIS BeIEeHUS CeJIbCKOTO X035 CcTBa. B vcciienoBanuy noauepkuBaetcs, ytTo UMB sBisieTcs He TOBKO
3KO0JIOTUYECKOM MPo6JieMOH, HO U GaKTOPOM COI[HATbHO-I9KOHOMUYECKON HECTAOUIBHOCTH, 6€THOCTH
¥ MUTPAIMU U3 CeJIbCKOW MeCTHOCTU B ropoja. [l cMardeHus nocaeactBuii UMB v obecneyeHus
IPO/I0BOJIbCTBEHHOM 6€30MaCHOCTH HEOOX04HMbI CPOUYHbBIE MEPHI TOJIUTHKY, TAKHE KaK PeryJnpyeMbli
cOpoc TmpecHOW BOJIbl HMXKe MO TeyeHHWI0 OT MaoTHHbI KoTpu, BoccraHoBieHue CJIC, ykpernieHue
JaMObl U 60Jiee CTpoOroe ynpapJjeHHe NPOMbILIJIEHHBIMU CTOKAaMHU. JTH Pe3yJbTaThl MOLYEPKHUBAIOT
HACYI[HYI0 HEOOXOJUMOCTb UHTErpaly Mep IO aJanTallid K U3MeHeHHUI0 KJIMMaTa, YCTOWYHUBOTO
yHpaBJeHUs1 BOAHBIMU PECYPCAMU M YCTOMUUBOCTH COOOIIECTB B HALMOHAIbHBIE CTPATETUH PA3BUTHSA
NpUGpPEXHBIX PAHOHOB.

Kniwo4yeBble c/0Ba: MHTPY3UsT MOPCKOH BOJbI, NMPO/OBOJILCTBEHHAs Ge30MaCHOCTb, MPUOPEXKHbIE
WUCTOYHUKM CYLeCTBOBAaHUS, ZIerpaJiaius 3eMeJib, okpyT baauH, CunH

CBeJeHUsA 06 aBTOpax:

Hxcan Aau bo3dap - kadenpa arpapHOil 3KOHOMHUKH, QaKyJbTeT arpapHbIX COLUAJbHBIX HayK,
Cenibckoxo3siicTBeHHbIN yHUBepcuTeT CUHAQ, [lopora Mupnyp-Xac, Tango-/xem, 70050, Tangomxam,
[TakucTaH

Pua3 Axmed - kadeipa arpapHoOi 5KOHOMUKHY, PpaKyJbTeT arpapHbIX COLlMATbHBIX HayK, CeslbCcKo-
X03UCTBEHHbIH yHUBepcuTeT CuHAa, Jlopora Mwupnyp-Xac, Taugo-/xem, 70050, TaHmomxam,
[TakucTtan

A60dyn Bacum Yauap - kadenpa arpapHOH IKOHOMUKH, GaKyJIbTEeT arpapHbIX COLUAIbHBIX HaYK,
CenbcKOX0351MCTBEHHbIN yHUBepcuTeT CUuHAQ, [lopora Mupnyp-Xac, Tango-/Zxem, 70050, TaHzogxam,
[Takucran

Pa6 Haea3 MaaaHo - xadejpa arpapHoil 3KOHOMUKH, GpaKy/JbTeT arpapHbIX COLHAIbHBIX HayK,
Cenbckoxo3siicTBeHHbIN yHUBepcuTeT CuHAa, [lopora Mupnyp-Xac, Tango-/ZxeM, 70050, Tangoa:xam,
[Takucran

Xa6ubyana Mazcu - npodeccop, kapeipa arpapHOH 3IKOHOMUKH, GaKyIbTET arpapHbIX COLlMATbHBIX
HayK, CesibCKOXO3MCTBeHHbIH yHuBepcuteT CuHjaa, [Jopora Mupnyp-Xac, Tanmo-/xem, 70050,
TangomxaMm, [lakucTaH

Axcan Anu Maxecap - kadeipa arpapHOi 3KOHOMUKH, GaKyJbTET arpapHbIX COLMATbHBIX HayYK,
CenbcKOX035IMCTBEHHBIN yHUBepcuTeT CuHAQ, [lopora Mupnyp-Xac, Tango-/xem, 70050, Tanzogxam,
[Takucran
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TeTi, CUH/, ayblIIIapyallblIbIK YHUBepcUuTeTi, Mupnyp-Xac »xouibl, Tango-/xem, 70050, Tanmomkam,
[IakicTaH

Xa6u6yana Mazcu - npodeccop, arpapJiblK 9KOHOMUKA Kade1packl, ATpapJibIK 9JIeyMeTTiK FhLJIbIM-
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