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Abstract 
 

The coastal belt of Bangladesh is at the frontline of climate change impact, with low levels of terrain, regular 

cyclones, sea-level rise, and salinity intrusion in the soil. This study is aimed at evaluating and predicting the 

climate change vulnerability effects of increased salinity, unequal rainfall, and frequent cyclone impacts on 

agriculture and food security of rice-growing environments in the two most affected coastal upazilas, namely 

Koyra and Paikgachha upazila, under Khulna district. This research is distinct in combining spatial analysis and 

structural adaptation techniques to examine the nexus between climate change, agriculture, and food security in 

these areas. By adopting an integrative mixed-method approach, linking geospatial techniques and statistical 

modeling, we evaluate current threats and predict future scenarios. Primary data from close to 350 local farmers 

and other actors (e.g., harvest, land use, disaster impacts, incomes, and coping behaviors) has been 

complemented by climate variables acquired from the Bangladesh Agricultural Research Institute (BARI) and 

the Center for Environmental and Geographic Information Services (CEGIS). The results show that saltwater 

intrusion and cyclonic events have caused significant disruption to agriculture-based livelihoods, resulting in 

income foregone and changes in crop patterns. Sophisticated GIS-based spatial modeling tools in ArcGIS, when 

combined with predictive analytics from SPSS and Spectrum, can identify and prioritize critical zones and the 

path of risk for the future. The research investigates alternatives: the dissemination of climate-resilient crop 

varieties, floating farming, and locally adapted flood defense. Furthermore, spatial visualization of data has 

identified fine regions that need fast attention in terms of policy and infrastructural interference. This research is 

unique for incorporating technology-derived findings into locally viable resilience solutions and provides a data-

informed roadmap for sustainable food systems in coastal Bangladesh. The results are intended to assist local and 

national policy creators in informed decision-making and in implementing robust infrastructures that can adapt to 

long-term climate resilience.  
 

Keywords: Vulnerability, salinity, sustainable, climate, resilience  
 

1 Introduction 
 

Since the 20th century, climate change has become a major global concern. The Earth has never been hotter than 

it is right now.  Sea levels are rising, the ozone layer is being destroyed, and the world is warming due to 

greenhouse gases, or various heat-trapping chemicals. The country is considered one of the most climate-

vulnerable nations globally (Agrawala, Ahmed, & U, 2003), primarily because of its geographic position on low-

lying floodplains and its location at the confluence of three major river systems—the Brahmaputra, Ganges, and 

Meghna (World Bank, 2010). The average daily temperature in Bangladesh has increased by 0.103°C per decade 

over the past 40 years, and projections indicate it could rise by 1°C by 2030, 1.4°C by 2050, and 2.4°C by 2100 

due to global warming (IPCC, 2010). With over 55% of the population directly involved in agriculture and the 

sector contributing approximately 17.22% to the national GDP (Hossain et al., 2019), such climate-induced 

changes pose significant risks to livelihoods and economic security. In coastal regions, climate change has led to 

altered coastal dynamics, expanded saline zones, intensified salinity, and increased drainage congestion and 

flooding. The frequency of cyclones and storm surges has also risen (Sikder & Xiaoying, 2014). A vulnerability 

assessment conducted by seven unions in Koyra Upazila revealed that the southern and southwestern areas are 

particularly at risk. This assessment considered factors such as water resource variability and infrastructure 

resilience (Uddin et al., 2019). Climate change has already caused a decline in rice production in coastal zones, 

with extreme weather events like Cyclones Sidr and Aila severely impacting agricultural output (Rabbani, 

Rahman, Shoef, & Khan, 2015). To develop effective adaptation strategies and policies, climate modeling plays 

a crucial role. These models are valuable not only for accurately forecasting future climate scenarios and 

potential consequences but also for guiding policymakers in crafting informed responses (Dastagir, 2015). 

This study aims to evaluate the effects of climate change on agriculture and food security in Bangladesh and to 

project the future implications for these critical sectors. 
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2 Literature Review 

 

Cyclones Sidr and Aila previously caused devastating damage to several villages in Khulna district. Among the 

affected areas, Laxmikhola in Dacope upazila suffered the most severe destruction, while Katianangla experienced 

relatively less impact. In Laxmikhola, water salinity is especially acute, leading to the emergence of new plant 

diseases and insect infestations that are negatively affecting rice yields (Rashid et al., 2014). In Shyamnagar Upazila 

of Satkhira District, 27% of 360 surveyed respondents reported experiencing food shortages before 2011. Farmers in 

this area typically grow Aman rice during the monsoon to early winter (June to December), along with other rice 

varieties and vegetables during the dry months (December to May). Over 80% of households reported that, by 2012, 

they had endured severe food crises at least ten times in the preceding decade. These food shortages are increasing as 

rice production continues to decline due to soil salinity, erratic rainfall patterns, seasonal droughts, and excessive 

precipitation (Rabbani, Rahman, Shoef, & Khan, 2015). In these areas, only 30% of the cultivable land remains 

usable. Soil salinity projections indicate that Khulna and Bagerhat districts exhibit the highest levels of median and 

maximum salinity during both dry and wet seasons, compared to other coastal areas. According to the projections: 

 

Table 1: Salinity Levels (dS/m) by Location and Season 
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Max 
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Max 

Wet – 

Batiag

hata 

Max 

Wet – 
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2001 9.6 10.5 10.2 13.1 11.6 9.4 11.8 10.8 9.9 3.9 10.3 

2009 10.7 12.7 11.9 17.3 17.1 17.2 15.7 10.6 12.4 7.5 11.9 

2050 

Low 

11.5 13.0 12.9 17.8 17.0 18.4 16.3 11.7 12.6 9.8 12.9 

2050 

High 

11.7 13.0 13.2 18.0 17.1 19.2 16.6 11.9 12.6 10.6 13.1 

 

 

These findings highlight the increasing challenges faced by agricultural communities in coastal Bangladesh due to 

rising salinity levels driven by climate change (Dasgupta, Hossain, Huq, & Wheeler, 2015). 

 

 

3 Materials and Methods  

 

The primary data were collected mainly using a Questionnaire survey by the interrogation of Paikgaccha and Koyra 

upazila, Khulna local people (Table 01). As the population was known, a finite sample size was estimated for 

sampling. But so far limitation, 350 native stakeholders were selected through random sampling. 200 households 

were taken from Paikgaccha Upazila, Khulna, and 150 households were selected from Koyra Upazila, Khulna.  
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                                                                            (Source: Author, 2025) 

Fig 01: Study area map of Paikgachha and Koyra upazilla, Khulna 

 

 

4.1 General People's Perception of Climate Change 

 

A survey reveals that 78% of respondents are concerned about warmer weather, 62% about unpredictable 

rainfall, and 61% about annual precipitation variance. Other major concerns include increased storms, flooding, 

difficulty forecasting, and sea-level changes. 53% experienced a temperature rise due to climate change. 

However, fewer noted more erosion and drought frequency, and 35% suggested winter crop failure, highlighting 

weaknesses in seasonal agriculture. 
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Fig 02: Respondents' varied experiences with climate change 

(Source: Field survey, 2025) 
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4.2 Land Variation Impact on Climate Change 

 

Table 01 illustrates how SIDR and AILA caused a decrease in the amount of land owned in 2010. Some large 

farmers had to sell their land property to cover their family expenses.  Similar events occurred in 2020 with the 

COVID-19 issue and Cyclone Amphan; pertinent causes are listed in the final column. 

 

Table 01: Land Decrease for Climate Change 

 

Table 02 presents the results of the bivariate correlation analysis. The findings show a negative correlation (R 

= -0.698) between the degree of vulnerability due to disasters and the monthly savings of people in 

vulnerable areas. This implies that as vulnerability increases, people’s ability to save decreases significantly. 

The mean values also indicate that communities experience moderate vulnerability (mean = 1.76) alongside 

relatively low levels of monthly savings (mean ≈ 863 BDT), highlighting the financial strain induced by 

disasters. 

Table 02: Bivariate Correlation 

Variables Standard Deviation Means Value of R 

Degree of Vulnerability due to 

Disaster for people 0.749 1.76  

-0.698 Monthly Savings of 

The people of vulnerable areas 890.817 862.9177 

(Source: Author, 2025) 

 

Table 03 illustrates the paired T-test comparing household income levels before and after the cyclones SIDR 

and AILA. The results reveal a substantial decline in average income, from 3737.75 BDT before the disasters to 

2365.00 BDT after. The statistical test confirms this reduction is highly significant (t = 5.723, p < 0.001). The 

95% confidence interval of the difference (355.87 – 755.16) further demonstrates a consistent and reliable 

decline in income following the disasters. 

Table 03: Paired T-test of Income before SIDR and Aila and Income after SIDR and Aila 

 

Compared 

Paired 

Factors 

Mean  

 

Std. 

Deviation 

95% Confidence Interval of 

the 

Difference 

 

 

t 

 

 

Sig. (2- 

tailed) 

Income 

Before SIDR 

and AILA 

Income 

after SIDR 

and AILA 
 

Lower 

 

Upper 

Income Before 

SIDR and 

AILA and 

Income after 

SIDR and AILA 

 

 

3737.750 

 

 

2365.00 

 

 

671.71604 

 

 

355.87134 

 

 

755.16686 

 

 

5.723 

 

 

.000 

 (Source: Author, 2025) 

 

Overall, these findings emphasize the severe socioeconomic impacts of climate-induced disasters. Increased 

vulnerability correlates with reduced financial resilience, and catastrophic events such as SIDR and AILA have 

directly contributed to a sharp decline in household income levels among affected communities. 

 

4.3 Economic Loss Due to Climate Change 

Farmer 

Category 

2005 

(ha) 

2010 

(ha) 

2015 

(ha) 

2020 

(ha) 

Remarks 

Large Farmer 3.5 3.0 2.5 2.1 Salinity and storm damage reduced 

viability. 

Medium Farmer 3.0 2.5 2.0 1.9 Cyclones caused crop losses, forcing land 

sales. 

Small Farmer 2.5 1.0 1.2 0.9 Tidal surges destroyed farming areas. 

Landless 1.2 1.0 0.5 <0.5 Natural calamities caused full 

displacement. 
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The following table shows the economic scenarios in the agricultural sector from 2005 to 2020. The attack of two 

super cyclones, SIDR and AILA, brought out damage and misery, which were also followed by 2010. Again, 

Cyclone Amphan is responsible for the deterioration of this year's agro-economic condition. So natural disasters 

are very prime factors to make a mark in these areas’ economic profile. 

 

Table 04: Climate Change Impact on the Economic Sector 

 

Sector 2005 2010 2015 2020 2025 

Farming 20,000 18,000 23,700 24,267 26,117 

Fishing 17,200 11,300 22,090 21,753 24,198 

Livestock 19,000 12,080 18,000 15,360 14,860 

Farming 20450 15010 35540 38757 46302 

Fishing 17500 13320 95650 120307 159381.7 

Livestock 26080 14520 78050 91520 117505 

Farming 6700 9120 11790 14293 16838.33 

Fishing 7320 10010 23370 29617 37642 

Livestock 7890 8120 18290 21833 27033 

(Source: Author, 2025) 

Through the Asian Development Bank, the poverty line of Bangladesh is 1.90 $/day. In 2010, 169 people 

among our 350 respondents were living below the poverty line, as per day, income was less than 1.90 $. This 

happened because of the devastating attacks of two cyclones, SIDR (2006) and Aila (2009). Sectors of income 

were reduced, and failure in crop production as well as loss in fisheries were the causes of households living 

below the poverty line. 

 

4.4 Spatial Analysis with Maps 

 

Koyra and Paikgacha Salinity map of this graphic depicts the acuteness of salty water with color chromes, with 

the red highlighted areas being the most saline-prone terrain. Here, b), c), and d) represent Paikgacha's weather 

patterns, indicating that the central half of the upazilla experiences some severe weather. The map from e) 

reveals which households have been most affected by the Cyclone and Storm Surge concerns. The last map, f), 

depicts the exposed lands against the risk of Storm Surge attack within Khulna district, revealing that both Koyra 

and Paikgacha are located in the most susceptible areas where the risk of Storm Surge attack is very high. 

 

 
Figure 03 Image of a) Salinity, b) Temperature, c)  rainfall, d) Waterlogged lands, e) Most affected households 

in, and f) Exposure mapping for the Risk of Storm Surge Attack in Koyra & Paikgaccha Upazila 
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5. Discussion 

The study was conducted in two upazilas in Khulna district, Koyra and Paikgacha, focusing on the impact of 

climate change on local populations. The majority of respondents were aged 31-40, with low educational 

attainment. The study found that 78% of participants expressed concern about the rising temperature and 

significant changes in annual weather patterns. Small-scale farmers were the most affected, with a decline in 

food, feed, fiber, and industrial crop yields between 2005 and 2020 due to increased soil salinity. Animal 

husbandry activities have diminished due to natural disasters and limited land availability, while the fisheries 

sector experienced growth, contributing to an 88% increase in GDP in 2015. Food consumption in 2020 was 

lower than in 2005, with strong associations between food insecurity and socio-economic factors like household 

head education, land ownership, and employment status. Cyclone Amphan had the most severe impact on 

Satkhira and Khulna districts. Statistical analysis showed a significant negative correlation (r = -0.781) between 

household savings and vulnerability to natural disasters, suggesting that higher exposure to disasters leads to 

reduced financial resilience. Due to the inherent geographical vulnerability of these areas, local populations 

continue to experience socio-economic disruptions and a gradual decline in living conditions. 

 

6. Recommendation 

The proposed scalable cyclone-resilient housing model is a two-storey, community-oriented prototype designed 

to function both as a family home and a mini shelter. The ground floor features an open layout that 

accommodates livestock, rainwater harvesting systems with a 1,000-liter capacity, and sanitation facilities, while 

the upper floor consists of two living rooms and a balcony that can house 35–40 people during emergencies. 

Structurally, the building is engineered to withstand wind speeds of up to 280 km/h and is elevated above surge 

levels to provide additional safety. With a compact footprint of approximately 652 square feet per level, the 

design ensures efficient use of limited land. The estimated cost of construction is around Tk 650,000 (USD 

~6,400), offering a highly economical alternative compared to conventional large-scale cyclone shelters that cost 

Tk 21 million each. Climate-Smart Agriculture promotes salinity-tolerant rice, pulses, and vegetable varieties, 

encourages crop diversification, and expands aquaculture. Water resource management is strengthened through 

community-based rainwater harvesting and solar-powered irrigation. 

 

7. Conclusion 

 

Climate change is causing rapid intensification in agriculture and food security, with rising sea levels and natural 

disasters increasing soil and water salinity in coastal regions. Annual flooding destroys crops, posing threats to 

human and animal life. In Khulna district, Koyra and Paikgacha upazilas are particularly affected, facing loss of 

agricultural land, declining soil fertility, rising salinity levels, frequent inundation, and more frequent floods and 

droughts. A comprehensive climate-resilient development strategy is urgently needed to manage flooding and 

reduce salinity levels, enhancing agricultural productivity and alleviating local hardships. 
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