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Disaster-Induced Social Vulnerability of Women: A Study of Nalian and Kalabogi Villages in Sutarkhali Union, Dacope, Khulna, Bangladesh	Comment by Ashik Azad Anik: Title is clear and appropriate.

Abstract	Comment by Ashik Azad Anik: Abstract is descriptive, lacks methodological clarity and environmental/spatial dimension.
Bangladesh's coastal region faces escalating climate hazards, yet the assumption that gendered vulnerability is uniform across localities remains inadequately tested. This study critically assesses the differential nature of disaster-induced social vulnerability among women in two adjacent, climate-exposed villages, Nalian and Kalabogi, in Sutarkhali Union. Employing a mixed-methods design, the research utilized a quantitative survey (N = 377) for inferential statistical analysis ( test) and qualitative data through FGDs and KIIs for contextual depth. Statistical analysis revealed highly significant regional disparities (p < 0.001) in critical areas: mobility restrictions (male permission to access shelters,  = 264.632), institutional access (receiving warning messages,  = 49.423, and relief delays,  = 28.196), and health and education (dependence on faith healers,  = 22.734, and disaster-induced school closure,  = 17.100). Furthermore, significant differences identified in women’s property ownership ( = 6.854, p = 0.032) and the consequences of male migration (separation/polygamy,  = 4.347, p = 0.037). The study concludes that women's social vulnerability is highly sensitive to micro-level socioeconomic inequalities and cultural interpretations of gender norms. This evidence challenges generalized adaptation policies and mandates the adoption of context-specific, rights-based interventions that address the precise local barriers to safety, health, and autonomy.	Comment by Ashik Azad Anik: I did not get what “climate-exposed” means. Please replace the word with suitable one which clearly express it’s meaning.
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1. Introduction
Bangladesh, situated in the Ganges-Brahmaputra-Meghna delta, has long been recognized as one of the world’s most climate-vulnerable countries, where recurrent disasters such as cyclones, storm surges, tidal flooding, riverbank erosion, and salinity intrusion shape everyday life in profound ways [1]. Among those exposed to these layered environmental hazards, women in coastal regions experience disproportionately higher levels of vulnerability due to entrenched socio-cultural norms, resource inequalities, restricted mobility, and exclusion from decision-making processes [2, 3]. Over the past two decades, a growing body of research has attempted to unpack the gendered dimensions of disaster vulnerability in Bangladesh, yet the lived experiences, structural determinants, and multi-scalar forces shaping women’s social vulnerability remain insufficiently theorized. As climate-induced hazards intensify across the southwest coast, including Dacope, Shyamnagar, Mongla, and surrounding areas, understanding the intersection of gender, environment, and social inequality has become vital for designing equitable disaster governance and adaptation strategies.	Comment by Ashik Azad Anik: How climate induced hazard intensify, please explain in details with references.
Existing studies consistently show that disaster impacts in Bangladesh are not gender-neutral. Because women are often responsible for household labor, caregiving, water collection, and livestock maintenance, their roles place them in highly exposed spaces during emergencies, often without the authority to make decisions regarding evacuation or risk reduction [3,4]. Sharmin and Islam [2] argue that climate change amplifies women's vulnerability by limiting access to resources, livelihood opportunities, and mobility, conditions deeply rooted in patriarchal structures. These gendered vulnerabilities become even more pronounced in the coastal delta, where recurrent shocks erode physical assets, degrade natural resources, and create cycles of poverty that are difficult to escape [5,6].
A significant portion of recent scholarly articles have focused on women’s experiences during and after cyclones, reflecting the catastrophic impacts of events such as Sidr (2007), Aila (2009), and Amphan (2020). Chowdhury et al. [7], through phenomenological analysis, highlight that women’s lived experiences in cyclone shelters are shaped by threats to privacy, sanitation, safety, and dignity, factors that often discourage evacuation. The absence of gender-responsive infrastructure, coupled with hostile shelter environments, creates severe physical and psychological distress, reinforcing women’s reluctance to use shelters even when they face life-threatening risks. This aligns with findings by Rahman and Hossen [8], who report that 100% of surveyed households identified cyclone shelters as structurally inadequate, poorly maintained, and culturally insensitive, factors that further heighten gender-driven risk disparities.
A broader strand of literature explores women’s vulnerability across different dimensions, health, livelihood, mobility, and human rights. For instance, Shamsuddoha et al. [9] show that climate change-induced hazards intensify women’s reproductive health risks, restrict access to healthcare, and contribute to widespread rights violations. Their research demonstrates how salinity, storm surges, and erosion have cascading impacts on women’s bodily, social, and occupational autonomy. Similarly, Fatema’s [10] mixed-methods protocol underscores that women experience higher rates of disaster-induced physical and psychological health problems than men, conditions that are often exacerbated by limited access to health infrastructure in remote coastal regions.
Poverty and displacement are additional, often overlooked, drivers of women’s vulnerability. In coastal Bangladesh, recurrent disasters repeatedly destroy livelihoods, land, and housing, pushing families into chronic poverty [5]. Displacement further multiplies vulnerabilities, as women face social exclusion, food insecurity, and decreased access to basic services in resettled areas [6]. Studies on riverbank erosion displacements [11] and climate-induced migrants in urban slums [12] reveal that women experience intensified hardship due to insecure housing, economic marginalization, and pervasive gender discrimination. These compounded forms of vulnerability undermine women’s coping capacity and place them at the margins of both rural and urban systems.
Another major theme in the literature concerns adaptation and agency. While traditionally framed as passive victims, several scholars have emphasized women’s strategic adaptation roles in agriculture, water management, and household survival during climate crises. Moral et al. [13] document that women in Khulna’s disaster-prone villages adopt a wide range of local adaptation strategies, such as rainwater harvesting, poultry rearing, homestead gardening, fish cultivation, livelihood diversification, and even migration. However, they also note significant barriers, including limited decision-making power, gender-based violence, exclusion from community adaptation programs, and lack of financial support, that constrain women's agency. Roy, Tandukar, and Bhattarai [14] argue that while women are often capable and proactive in adapting to climate impacts, cultural sustainability remains weak, with persistent gendered power relations undermining long-term adaptation.
Contemporary research further highlights the discursive construction of women as ‘subjects of risk.’ Evertsen [15] critiques how development and climate adaptation discourse often frames poor coastal women as inherently vulnerable, which inadvertently reinforces paternalistic policies and normalizes unequal risk relations. This critical perspective challenges the static portrayal of women as passive victims and calls for analyses that foreground structural inequalities, governance failures, and political-economic conditions shaping risk exposure. Alongside gender-specific vulnerabilities, studies highlight infrastructure deficits, governance challenges, and institutional gaps that deepen risk for women. Rahman and Hossen’s [8] LVI/IPCC-VI study demonstrates that poor infrastructure, inefficient relief distribution, and weak NGO-government coordination significantly intensify social vulnerability. Additionally, Hassan et al. [16] demonstrate that high livelihood vulnerability in coastal unions is strongly associated with poor health outcomes and malnutrition, especially for women in disaster-prone communities with limited access to safe water, sanitation, and income-generating options. Bhowmik et al. [17] similarly highlight that limited water access, due to salinity, flooding, and resource degradation, intersects with poverty to undermine women’s resilience, as they are predominantly responsible for household water collection.
At the regional scale, climate change-induced hazards continually reshape social and ecological systems. The southwestern coast, including Khulna, Satkhira, and Bagerhat, is exposed to salinity intrusion, sea-level rise, extreme heat (Saline-Humid Heat), and cyclones [14]. Women in these areas frequently report increased workloads, food insecurity, declining health, and reduced social mobility. Kantamaneni et al. [18], though focused on India, emphasize that gender-specific clothing, caregiving roles, and home confinement during disasters significantly increase women’s mortality rates. These insights, while from a neighboring context, provide relevant parallels for understanding gendered vulnerability in Bangladesh’s coastal settlements.
Despite this rich body of literature, several critical gaps remain. First, most studies either examine large regions (e.g., Khulna, Satkhira, Mongla, Shyamnagar) or use aggregated district-level data, often overlooking micro-level, village-specific variations in women’s vulnerability. Second, while some studies document adaptation strategies, few explore the social processes and relational dynamics, such as power hierarchies, patriarchal norms, intra-household inequalities, community governance, and resource access, that shape women’s vulnerability in localized contexts. Third, minimal research has been conducted specifically in Sutarkhali Union of Dacope Upazila [19], despite its chronic exposure to cyclones, storm surges, salinity, and drinking water scarcity. The villages of Nalian and Kalabogi, in particular, remain profoundly understudied, even though they are among the most hazard-exposed and socio-economically marginalized settlements in coastal Khulna. Moreover, the existing literature rarely integrates critical social vulnerability theory with empirical analysis of women’s daily lived experiences in disaster-prone areas. While some studies highlight structural drivers of gendered vulnerability, systematic examinations of how disaster-induced social vulnerability is produced, reproduced, and sustained at the local level remain limited. Issues such as gendered mobility restrictions, access to early warnings, control over resources, exposure to violence, health burdens, and social power dynamics require further nuanced, context-specific investigation. Additionally, few studies employ village-level qualitative inquiry capable of capturing the depth and complexity of women’s lived experiences before, during, and after disasters.	Comment by Ashik Azad Anik: Good narrative, but where is the environmental quantification?	Comment by Ashik Azad Anik: Needs GIS-based vulnerability and climate science literature.
Therefore, a critical and localized investigation of disaster-induced social vulnerability of women in Nalian and Kalabogi villages of Sutarkhali Union is urgently needed. These villages face recurring cyclones, tidal surges, and salinity intrusion; yet the gendered dimensions of vulnerability, shaped by socio-economic marginalization, cultural norms, infrastructure deficits, and governance challenges, remain empirically underexplored. By situating women’s experiences within broader climate, social, and institutional contexts, this study addresses key gaps in existing scholarly articles and contributes new insights into how disaster vulnerability is socially constructed and lived in one of Bangladesh’s most climate-sensitive coastal frontiers, especially women.


2. Materials and Methods	Comment by Ashik Azad Anik: No issue, but unclear reporting.
2.1 Study Area
The research focused on the Nalian and Kalabogi villages, which are geographically located within the Sutarkhali Union of Dacope Upazila in the southern coastal district of Khulna, Bangladesh (Figure 1). These sites were selected purposively due to their critical and distinctive socio-economic and environmental profiles, making them highly representative of the coastal vulnerability context. Geographically positioned within the Bengal Delta, this region is characterized by a low-lying tidal floodplain. The Sutarkhali Union (situated approximately 22.5722°N latitude and 89.5111°E longitude) lies in proximity to the Sundarbans mangrove ecosystem and is dissected by a dense network of tidal rivers, notably the Shibsa, Vodra, and Pashur [20]. Owing to its minimal elevation above mean sea level, the area suffers from chronic environmental degradation, including pervasive salinity intrusion, recurrent waterlogging, and severe riverbank erosion [16]. The inhabitants of Nalian and Kalabogi face a triple-hazard exposure, encompassing acute events such as Tropical Cyclones (e.g., Sidr, Aila, Amphan) and devastating associated storm surges, alongside the slow-onset hazard of escalating salinization. This chronic environmental stress, coupled with successive disasters, underpins the fragility of local livelihoods, which are primarily based on brackish water shrimp aquaculture, seasonal rice cultivation, and artisanal fishing. The strategic selection of these two villages, based on the significant and distinct impacts they experienced from recent major cyclones, provides a robust and vital context for analyzing the differential social vulnerability of women in the interface between long-term environmental degradation and sudden catastrophic events.
2.2 Data Collection
To fulfill research objectives, a mixed-method approach was adopted, collecting both quantitative and qualitative data. After analyzing quantitative and qualitative data separately, methodological triangulation was conducted. For quantitative data collection, a structured questionnaire was used to conduct a survey. It was pre-tested through a pilot study. The probability sampling method (simple random sampling) was used to collect data. The sample size for the questionnaire survey was calculated using the following Cochran’s formula:	Comment by Ashik Azad Anik: You described salinity, cyclones, river erosion but did not include any map-based quantification or no environmental dataset. Hazard described, but not measured.


Where, z = z score, p = Standard Deviation, and e = Margin of Error
Sample size was calculated with a 95 % confidence level (z score = 1.96), 0.5 standard deviation (p), and 5 % margin of error (e).


Finite Population Correction to adjust it (Finite Population Correction, FPC).

Rounded up FPC = 376.
Where:
[bookmark: _Hlk201010206]Initial sample size (𝑛) = 384.16
Total population size (𝑁) = 18,310
After calculation, the sample size in Nalian Village is 136 (rounded up) from a total population of 6,580 [21]. For Kalabogi, the sample size is 241 (rounded up) from a population of 11,730 [21]. Therefore, the total sample size for the study is 377 (rounded up).
A total of 6 focus group discussions (FGDs) and 6 Key Informant Interviews (KIIs) were conducted in two villages to gather qualitative data. FGDs utilized open-ended questions with themes that mirrored the questionnaire survey, allowing the qualitative responses to complement the quantitative data. Participants were purposively selected to represent the most marginalized and severely impacted residents by natural hazards. Each FGD included 15 to 20 participants, lasted approximately 1 hour, and was recorded and transcribed for subsequent rigorous analysis.
2.3 Data Analysis
Quantitative data collected via the questionnaire survey were processed and analyzed using Excel and IBM SPSS Statistics 27.0. The analysis involved calculating descriptive statistics (specifically frequencies and percentages) to summarize the sample characteristics and key variables. The chi-square test was conducted to extract the association between selected attributes of respondents and their responses. For the qualitative component, the FGD and KII transcripts were subjected to rigorous thematic analysis. This involved systematically grouping similar conceptual elements and narratives across all discussions to synthesize and generate generalized, overarching findings.  	Comment by Ashik Azad Anik: You conducted survey, considered FGD, KII and Chi-square only, there is no inclusion of environmental primary or secondary metadata, no environmental variables, no GIS/spatial analysis, no PCA or correlation analysis.


Figure 1
Location of the Study Area; a) Khulna in Bangladesh, b) Dacope in Khulna, c) Sutarkhali in Dacope, and d) Selected villages in Sutarkhali Union.
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3. Results
The study is presented in the following subsections, derived from the thematic analysis of quantitative survey data and qualitative data (FGDs and KIIs).
[bookmark: _Hlk218261830]3.1 Socioeconomic profile of the respondents	Comment by Ashik Azad Anik: Clear results, but only descriptive patterns. No spatial explanation provided.
The survey reveals a profile of high social and economic vulnerability among the female respondents. The majority were married (Kalabogi: 94.6%, Nalian: 90.4%). Educational attainment was low, with significant proportions having no schooling (Kalabogi: 32.4%, Nalian: 29.4%) or only primary education (Kalabogi: 39.4%, Nalian: 33.1%). Economically, the respondents were highly impoverished, with the majority reporting a monthly income below BDT 5,000 (Kalabogi: 62.2%, Nalian: 83.1%). The primary occupation was Housewife (Kalabogi: 57.7%, Nalian: 59.6%). Land or property ownership by women was negligible in Kalabogi (92.5% reported no ownership). A Chi-square test indicated a significant association between the study area and property ownership by women ( = 6.854, df = 2, P = 0.032). Most houses were of Jhupi (temporary/kacha) structure (Kalabogi: 46.9%, Nalian: 57.4%) (Table 1).
Table 1
Socioeconomic profile of the respondents
	Variables
	Study Areas

	
	Kalabogi
	Nalian

	Age Group (%)
	n = 241
	n = 136

	Below 20
	6.6
	5.9

	21-30
	28.6
	33.8

	31-40
	34.4
	40.4

	41-50
	19.9
	14.7

	51-60
	8.3
	4.4

	Above 60
	2.1
	0.7

	Marital Status (%)
	n = 241
	n = 136

	Divorced
	0.4
	0.0

	Married
	94.6
	90.4

	Unmarried
	4.1
	6.6

	Widowed
	0.8
	2.9

	Education Status (%)
	n = 241
	n = 136

	Above
	2.9
	4.4

	No schooling
	32.4
	29.4

	Primary
	39.4
	33.1

	Secondary
	25.3
	33.1

	Number of household members (%)
	n = 241
	n = 136

	1
	1.7
	0.0

	2
	7.5
	3.7

	3
	17.0
	11.8

	4
	24.1
	24.3

	5
	21.2
	33.8

	6
	16.6
	14.0

	7
	7.9
	8.1

	8
	2.5
	2.9

	9
	1.2
	0.7

	10
	0.4
	0.0

	11
	0.4
	0.0

	Number of adult females (%)
	n = 241
	n = 136

	0
	1.2
	0.0

	1
	50.6
	51.5

	2
	33.2
	33.1

	3
	10.8
	12.5

	4
	2.5
	2.2

	5
	1.2
	0.0

	6
	0.4
	0.7

	Number of adolescent girls (10–17) (%)
	n = 241
	n = 136

	0
	64.3
	55.1

	1
	28.6
	33.8

	2
	7.1
	11.0

	Occupation (%)
	n = 241
	n = 136

	Agriculture
	3.3
	3.7

	Day Labour
	4.6
	0.7

	Fishing
	28.2
	27.2

	Housewife
	57.7
	59.6

	Maid
	1.2
	0.0

	Small Business
	0.0
	0.7

	Student
	3.7
	5.9

	Tailor
	0.4
	0.0

	Tea Stall
	0.4
	0.0

	Teacher
	0.4
	2.2

	Monthly income range (%)
	n = 241
	n = 136

	<5,000
	62.2
	83.1

	5,000–10,000
	33.2
	12.5

	10,000–20,000
	4.1
	4.4

	>20,000
	0.4
	0.0

	Land/property ownership by women (%) ( = 6.854, df = 2, p = 0.032)
	n = 241
	n = 136

	Joint
	1.2
	2.9

	No
	92.5
	51.9

	Yes
	6.2
	1.7

	Type of housing structure (%)
	n = 241
	n = 136

	Jhupi
	46.9
	57.4

	Kacha
	36.9
	25.0

	Pucca
	0.8
	5.1

	Semi-pucca
	15.4
	12.5

	Access to basic sanitation (%)
	n = 241
	n = 136

	Hygienic toilet
	3.7
	8.8

	Open
	6.6
	16.9

	Pit
	0.8
	0.7

	Ring-slab
	88.8
	73.5

	
	
	


[bookmark: _Hlk218261890]
3.2 Women's Disaster Exposure
[bookmark: _Hlk218261879]Respondents in both study areas reported high exposure to major climate hazards. Nearly all women experienced Cyclones (Kalabogi: 98.3%, Nalian: 99.3%), River erosion (Kalabogi: 97.1%, Nalian: 98.5%), and Salinity (Kalabogi: 98.3%, Nalian: 97.8%). FGDs confirmed that Tidal Surges, Cyclones, and Riverbank Erosion are the primary disasters affecting the women. Disasters impact women differently than men due to “Fearfulness Induced, Physical Induced, and Norms Induced problems". Following the last disaster, the majority of houses were either fully (Kalabogi: 70.1%, Nalian: 72.8%) or partially damaged. The main losses faced by women were to livestock (Kalabogi: 98.3%, Nalian: 97.8%), homestead (Kalabogi: 88.8%, Nalian: 90.4%), and assets (Kalabogi: 80.9%, Nalian: 87.5%). A significant proportion of families reported that a member migrated due to the disaster (Kalabogi: 59.3%, Nalian: 47.8%), though the association between location and migration was borderline significant ( = 3.341, df = 1, p = 0.068 (Table 2). KIIs and FGDs confirmed that people migrate due to erosion and loss of jobs or livelihoods, and habitat.
Table 2
Women Disaster Exposure
	Variables
	Study Areas

	
	Kalabogi
	Nalian

	Major disasters experienced (%) *
	n = 241
	n = 136

	Floods
	86.7
	89.0

	Cyclone
	98.3
	99.3

	Tidal surge
	50.2
	64.0

	River erosion
	97.1
	98.5

	Salinity
	98.3
	97.8

	Others
	0.8
	0.0

	Damage to house during last disaster (%)
	n = 241
	n = 136

	Fully
	70.1
	72.8

	None
	1.7
	3.7

	Partially
	28.2
	22.8

	Losses faced by women in disaster (%) *
	n = 241
	n = 136

	Death of family members
	3.3
	2.2

	Disabilities of the family members
	8.7
	11.0

	Assets
	80.9
	87.5

	Livestock
	98.3
	97.8

	Homestead
	88.8
	90.4

	Crop
	66.0
	54.4

	Job loss
	45.6
	33.1

	Did any family member migrate due to disaster? (%)
 =3.341, df = 1, p = 0.068
	n = 241
	n = 136

	No
	40.7
	52.2

	Yes
	59.3
	47.8


* Multiple response questions.
3.3. Gender-Specific Social Vulnerabilities
[bookmark: _Hlk218261919]3.3.1 Mobility and Restriction
A significant proportion of women reported that their freedom of movement to a cyclone shelter was either restricted (Kalabogi: 6.6%, Nalian: 3.7%) or required male permission (Kalabogi: 35.3%, Nalian: 50.7%). The disparity between the two areas was highly significant ( = 264.632, df = 2, p = 0.0). Furthermore, a significant number of women reported that religious or social restrictions limited their movement outside during disasters (Kalabogi: 15.8%, Nalian: 27.9%) ( = 222.866, df = 2, p = 0.0) (Table 3). FGDs confirmed that social norms restrict women from going to a shelter, receiving relief, and moving outside alone.
Table 3
Mobility and Restriction 
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Women’s freedom of movement to shelter (%)
( = 264.632, df = 2, p = 0.0)
	n = 241
	n = 136

	Free
	58.1
	45.6

	Need male permission
	35.3
	50.7

	Restricted
	6.6
	3.7

	Religious or social restrictions to go outside (during disasters)? (%) ( = 222.866, df = 2, p = 0.0)
	n = 241
	n = 136

	No
	77.2
	63.2

	Sometimes
	7.1
	8.8

	Yes
	15.8
	27.9



[bookmark: _Hlk218261975]3.3.2 Safety and Security
Insecurity, primarily driven by fear (Kalabogi: 84.2%, Nalian: 83.1%) and shelter-related insecurity (Kalabogi: 47.7%, Nalian: 41.9%), was highly prevalent. Although the reported incidents of harassment/abuse were low (Kalabogi: 3.3%, Nalian: 2.9%), the KIIs revealed that women become raped and sexually abused at cyclone shelters and outside. FGDs confirmed that women feel unsafe in shelters due to unfamiliar people, and face problems with privacy, sanitation, and bathing. The most frequent type of reported harassment in Kalabogi was Neighbourhood-induced quarreling (50%) and Eve-teasing (25%) (Table 4). 


Table 4
Safety and Security
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Insecurity faced by women during disaster (%) *
	n = 241
	n = 136

	Fear
	84.2
	83.1

	Harassment
	5.4
	1.5

	Shelter-related insecurity
	47.7
	41.9

	Any incident of harassment/abuse during or after disaster? (%) ( = 0.040, df = 1.000, p = 0.841)
	n = 241
	n = 136

	No
	96.7
	97.1

	Yes
	3.3
	2.9

	If yes, regarding the question of any incident of harassment/abuse during or after disasters, then explain (%)
	n = 241
	n = 136

	Eve-teasing during rehabilitation
	25
	25

	Abuse
	12.5
	25

	Harassment by the perpetrator
	12.5
	25

	Neighbourhood-induced quarreling
	50
	25


* Multiple response questions.
3.3.3 Drinking Water Scarcity
The responsibility for collecting drinking water heavily relies on women (Kalabogi: 94.2%, Nalian: 86.0%). The distance to freshwater sources is substantial, with many women travelling 2.5 km (Nalian: 28.7%) or 4 km (Nalian: 27.9%). The association between area and the incidence of harassment or insecurity while collecting water was borderline significant ( = 3.428, df = 1.000, p = 0.064), with Nalian reporting a higher rate of 'Yes' (16.2% vs 9.1%). In Nalian, the primary explanation for this insecurity was Boat drowning while crossing the river (68.4%), while in Kalabogi, it was Eve-teasing (31.6%) (Table 5). KIIs also highlighted the scarcity of drinking water and the harassment faced while carrying water over long distances.


Table 5 
Water Scarcity
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Who collects drinking water? (%) *
	n = 241
	n = 136

	Women
	94.2
	86.0

	Adolescent girls
	14.9
	13.2

	Men
	32.0
	50.0

	Distance to fresh water source (km) (%)
	n = 241
	n = 136

	0
	1.7
	1.5

	0.5
	9.5
	12.5

	1
	49.4
	19.9

	1.5
	2.5
	3.7

	2
	19.5
	0.7

	2.5
	0.4
	28.7

	3
	8.7
	1.5

	4
	5.0
	27.9

	5
	3.3
	3.7

	Harassment or insecurity while collecting water? (%)
( = 3.428, df = 1.000, p = 0.064)
	n = 241
	n = 136

	No
	90.9
	83.8

	Yes
	9.1
	16.2

	If yes, regarding the question of Harassment or insecurity while collecting water? Then please explain (%)
	n = 241
	n = 136

	Boat drowning while crossing the river
	15.8
	68.4

	Eve-teasing
	31.6
	15.8

	Insecurity about males
	21.1
	5.3

	Nearest/Familiar person's special privilege/advantage 
	26.3
	5.3

	Facing troubles on the way to fresh water sources
	5.3
	5.3


* Multiple response questions.
3.3.4 Health and Sanitation
Health problems after a disaster were near-universal, including Skin diseases (Kalabogi: 99.6%, Nalian: 99.3%), Diarrhea (Kalabogi: 99.6%, Nalian: 98.5%), and Maternal or Reproductive health problems (Kalabogi: 92.1%, Nalian: 98.5%). Key Informants (KIIs) observed that the prevailing salty weather and water conditions lead to adverse dermatological conditions (such as rough skin and other diseases) among women. Consequently, the application of beauty creams is motivated by an effort to mitigate these physical deteriorations and ensure the preservation of facial aesthetics, which is deemed crucial for maintaining social acceptability and improving marriage eligibility. Access to medical treatment was perceived as very difficult by the vast majority (Kalabogi: 91.7%, Nalian: 83.8%), which was statistically significant ( = 5.450, df = 1.000, p = 0.020). Consequently, dependence on faith healers was high, and significantly so in Kalabogi (95.9% vs. Nalian: 81.6%) ( = 22.734, df = 1.000, p = 0.0) (Table 6).
Table 6
Health and Sanitation
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Health problems faced by women after disaster (%) *
	n = 241
	n = 136

	Skin diseases
	99.6
	99.3

	Diarrhea
	99.6
	98.5

	Malnutrition
	94.2
	94.1

	Maternal/Reproductive health problems
	92.1
	98.5

	Psychological stress
	76.3
	77.9

	Others
	6.6
	3.7

	Access to medical treatment for women (%) ( = 5.450, df = 1.000, p = 0.020)
	n = 241
	n = 136

	Difficult
	8.3
	16.2

	Very difficult
	91.7
	83.8

	Did women depend on faith healers? (%) ( = 22.734, df = 1.000, p = 0.0)
	n = 241
	n = 136

	No
	4.1
	18.4

	Yes
	95.9
	81.6


* Multiple response questions.
[bookmark: _Hlk218262109]3.3.5 Education and Adolescents
Disaster caused school closures for girls, with a significantly higher rate in Nalian (72.1%) than in Kalabogi (50.2%) ( = 17.1, df = 1.0, p = 0.0). KIIs explained that schools being used as cyclone shelters resulted in schooling stopping for a long time. The dropout rate for adolescent girls was high (Kalabogi: 70.5%, Nalian: 75.7%). Furthermore, the risk of trafficking/forced work for adolescent girls significantly increased (Kalabogi: 17.4%, Nalian: 30.9%) ( = 9.089, df = 1.000, p = 0.003) (Table 7). KIIs noted that girls are forced to go to city and town areas to work as housemaids, leading to psychological dissatisfaction, and increasing the chances of adolescent girl trafficking.


Table 7 
Education and Adolescents
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Did disaster cause school closure for girls (%) ( = 17.1, df = 1.0, p = 0.0)
	n = 241
	n = 136

	No
	49.8
	27.9

	Yes
	50.2
	72.1

	Any adolescent girl drops out due to disaster (%) ( = 1.175, df = 1.000, p = 0.278)
	n = 241
	n = 136

	No
	29.5
	24.3

	Yes
	70.5
	75.7

	Risk of trafficking/forced work for adolescent girls increased (%) ( = 9.089, df = 1.000, p = 0.003)
	n = 241
	n = 136

	No
	82.6
	69.1

	Yes
	17.4
	30.9



[bookmark: _Hlk218262128]3.3.6 Occupation and Work Burden
A large majority of women lost jobs or income sources after the disaster (Kalabogi: 65.6%, Nalian: 74.3%), though the association was only borderline significant ( = 3.063, df = 1.000, p = 0.080). Concurrently, the domestic workload at home (childcare, elderly care, water collection) increased for nearly all women (Kalabogi: 97.5%, Nalian: 94.9%) (Table 8). Economic hardships are worsened by limited market access; in the Jhulonto Para area, respondents encounter significant challenges in selling their agricultural products and fish. These vulnerabilities are worsened by existing deficiencies in housing; there is a notably low proportion of disaster-resilient or durable houses. This infrastructural weakness, combined with ongoing river erosion, increases the occurrences of internal displacement and out-migration. As a result, the socio-economic challenges faced by these communities are intensified.
Table 8 
Occupation and Work Burden
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Did women lose jobs or income sources after disaster? (%) ( = 3.063, df = 1.000, p = 0.080)
	n = 241
	n = 136

	No
	34.4
	25.7

	Yes 
	65.6
	74.3

	Did workload at home increase (childcare, elderly care, water collection)? (%) ( = 1.844, df = 1.000, p = 0.174) 
	n = 241
	n = 136

	No
	2.5
	5.1

	Yes 
	97.5
	94.9



3.3.7 Social Practices and Gender Pressure
Child marriage increased significantly after the disaster (Kalabogi: 78.8%, Nalian: 78.7%), though the difference between locations was not significant ( = 0.001, df = 1.000, p = 0.971). A significant association was found between the study area and cases of separation/polygamy due to male migration ( = 4.347, df = 1.000, p = 0.037), with Kalabogi reporting a higher rate (58.9% vs. 47.8%) (Table 9). KIIs directly link this to males searching for work in different areas, becoming related to and marrying other women. KIIs also noted that child marriage frequently happens due to scarcity.
Table 9 
Social Practices and Gender Pressure
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Any increase in child marriage after disaster? (%) ( = 0.001, df = 1.000, p = 0.971)
	n = 241
	n = 136

	No
	21.2
	21.3

	Yes
	78.8
	78.7

	Any case of separation/polygamy due to male migration? (%) ( = 4.347, df = 1.000, p = 0.037)
	n = 241
	n = 136

	No
	41.1
	52.2

	Yes
	58.9
	47.8



3.4 Communication and Warning System
Almost all women reported receiving early warning messages (Kalabogi: 99.6%, Nalian: 100.0%), with a statistically significant association between area and reception rate ( = 49.423, df = 1.000, p = 0.000). The primary sources were the Cyclone Preparedness Program (CPP) and Volunteers (Miking). Nalian reported higher reliance on Mobile/Online/SMS/Voice Calls (95.6% vs. 75.1% in Kalabogi) (Table 10).
Table 10 
Communication and Warning System
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Did women receive early warning messages (%) ( = 49.423, df = 1.000, p = 0.000)
	n = 241
	n = 136

	No
	0.4
	0.0

	Yes 
	99.6
	100.0

	If yes, mention the sources of early warning messages (%) *
	n = 241
	n = 136

	Cyclone Preparedness Program
	97.9
	93.4

	Volunteers (Miking)
	85.9
	67.6

	Mobile/Online/SMS/Voice Calls
	75.1
	95.6

	If not, why? (%)
	Count
	n = 241
	Count
	n = 136

	No Phone
	1
	0.41
	0
	0

	Not Informed
	1
	0.41
	0
	0


* Multiple response questions.
3.5 Resilience Status
A majority of women received relief directly (Kalabogi: 60.6%, Nalian: 58.8%). However, a significant association was found regarding relief delays due to poor communication/roads ( = 28.196, df = 1.000, p = 0.000), with 95.6% of women in Nalian confirming delays compared to 73.4% in Kalabogi. FGDs suggested women have "No ways, they have to cope with any situations!". The most needed support included Health (Kalabogi: 97.5%, Nalian: 92.6%), Water (Kalabogi: 94.6%, Nalian: 96.3%), and Livelihood (Kalabogi: 91.3%, Nalian: 93.4%) (Table 11). KIIs confirmed that relief often does not reach those in need due to poor communication and less vehicle access caused by muddy and HBB roads.
Table 11
Resilience Status
	Variables
	Study Area

	
	Kalabogi
	Nalian

	Did women receive relief directly? (%) ( = 0.075, df = 1.000, p = 0.784) 
	n = 241
	n = 136

	No
	39.4
	41.2

	Yes 
	60.6
	58.8

	Relief access was delayed due to poor communication (HBB/muddy road)? (%) ( = 28.196, df = 1.000, p = 0.000)
	n = 241
	n = 136

	No
	26.6
	4.4

	Yes 
	73.4
	95.6

	Type of support women most need (%) *
	n = 241
	n = 136

	Health 
	97.5
	92.6

	Safety 
	75.1
	78.7

	Water 
	94.6
	96.3

	Livelihood 
	91.3
	93.4

	Training 
	48.1
	39.7

	Others
	2.5
	4.4


* Multiple response questions.

4. Discussion	Comment by Ashik Azad Anik: Your discussion links to social literature only, no environmental or climatic interpretation. Discussion does not connect findings with environmental/climate processes.
The central objective of this mixed-methods study was to determine whether disaster-induced social vulnerability among women is homogeneous across the two selected villages, Nalian and Kalabogi, in the climate-sensitive Sutarkhali Union. The findings unequivocally demonstrate that while both communities are highly exposed to cyclones, surges, and salinity, the social manifestation of vulnerability is heterogeneously distributed and significantly localized, challenging broad, generalized claims of gendered vulnerability in the coastal region.
The analysis first established that economic factors, fundamental determinants of vulnerability, are not uniformly distributed [22, 23, 24]. The statistically significant association found for women’s property ownership ( = 6.854, p = 0.032) confirms that even at the micro-scale, structural resource inequalities create a differential capacity to cope post-disaster [2]. This economic fragility underpins the most severe disparities identified: the highly significant restrictions on women's mobility and autonomy. The need for male permission to access shelters ( = 264.632, p = 0.000) and the influence of social or religious restrictions on outdoor movement ( = 222.866, p = 0.000) showed profound regional differences. These results are critical, as gendered norms translate into physical exclusion during evacuation [3]. Furthermore, while the domestic workload increased almost universally, the lack of a significant difference ( = 1.844, p = 0.174) suggests that the gendered burden of unpaid care remains a baseline vulnerability irrespective of localized economic context.
The study provides strong evidence of institutional failures, particularly concerning the Right to Health and the Right to Education. The access to formal health services is highly disparate, evidenced by the significant regional differences in the perceived difficulty of accessing medical treatment ( = 5.450, p = 0.020) and the overwhelming dependence on faith healers ( = 22.734, p = 0.000). This heavy reliance on non-formal care, driven by physical distance and cost, exposes the systemic breakdown of public health services in certain localities. Similarly, the closure of schools for girls showed a highly significant difference ( = 17.100, p = 0.000), confirming that the destruction or dual use of educational infrastructure by disaster management authorities immediately curtails girls' access to education, often for prolonged periods. This educational disruption is structurally linked to the heightened and significantly different risk of trafficking or forced work for adolescent girls ( = 9.089, p = 0.003), as economic desperation pushes minors into exploitative labour [9].
The social consequences of climate-induced male migration present another key finding. Although the loss of jobs showed no significant regional difference ( = 3.063, p = 0.080), the highly complex social outcome of this mobility was: the rate of separation or polygamy due to male migration was significantly associated with the study area ( = 4.347, p = 0.037). This finding indicates that climate-induced mobility fundamentally alters family stability, confirming that the impacts of environmental change are mediated by social institutions [12]. Furthermore, despite near-universal exposure to hazards, the mechanisms for institutional support were found to be inequitable. The highly significant association for receiving early warning messages ( = 49.423, p = 0.000) and the extreme difference in relief delays due to poor communication or roads ( = 28.196, p = 0.000) demonstrate that even essential, life-saving governance systems are implemented differentially, creating localized pockets of acute institutional vulnerability.
Despite these critical findings, the study is not without limitations. The purposive selection of two specific villages limits the generalizability of the results to the entire coastal zone. Furthermore, the cross-sectional nature of the data collection provides a snapshot of vulnerability rather than a longitudinal assessment of recovery trajectories. Nonetheless, this research makes a substantive contribution by empirically quantifying and qualitatively explaining how disaster-induced social vulnerability is differentially produced at the sub-district level, providing essential, fine-grained evidence for targeted, rights-based climate adaptation policies in the coastal zones.	Comment by Ashik Azad Anik: Lack of analytical figures (especially spatial). No GIS/hazard/vulnerability maps included.
5. Conclusion and Recommendations	Comment by Ashik Azad Anik: Conclusion is fine, but evidence base is incomplete. Not backed by environmental data.
Disaster-induced social vulnerability among women in the coastal zone of Bangladesh is not a uniform experience but is instead highly localized and significantly differentiated by micro-scale socioeconomic factors and deep-seated socio-cultural norms. By comparing Nalian and Kalabogi villages, this research empirically demonstrates that while exposure to climate hazards is pervasive, the ability of women to cope and access institutional support varies critically between the two areas.
The core contribution of this study is the evidence that structural and social vulnerabilities are produced with differential intensity at the local level. Specifically, highly significant disparities exist in mobility restrictions and personal autonomy, access to formal healthcare and education, and institutional failures regarding early warnings and relief distribution. Furthermore, the significant association found between the study area and social issues like separation/polygamy due to male migration establishes that climate change impacts transcend the environmental domain, creating complex and gendered social instability. In sum, the findings demand a shift from generalized regional policies to context-specific, rights-based interventions that recognize and address the specific localized barriers (e.g., mobility restrictions in one area vs. acute health access failure in another). This granular evidence is vital for designing equitable disaster governance and realizing climate justice for women in this highly fragile coastal frontier.
Based on the highly significant and significant findings of this study, the following policy-relevant and context-specific recommendations are proposed:
Addressing Structural and Cultural Barriers to Autonomy
a. Challenging Norms on Mobility: Disaster management authorities (e.g., CPP) should integrate specialized training for volunteers on culturally sensitive ways to promote women's safe and autonomous movement to shelters. Campaigns should target local religious leaders and male community members to challenge social norms that restrict women's movement during crises (x2 = 264.632, P = 0.000).
b. Shelter Design and Safety: Cyclone shelters must be mandatorily designed with separate and fully private spaces for women, including dedicated sanitation, bathing, and feeding areas, to address qualitative concerns about security and privacy and reduce the disincentive for women to use the shelters.
c. Resource Equity: Local government bodies (Union Parishad) should implement programs to facilitate and legally secure women's ownership of land and property, thereby strengthening their economic coping capacity post-disaster ( = 6.854, p = 0.032).
Strengthening Institutional Access and Service Delivery
a. Improving Rural Health Access: Mobile medical teams, community clinics, and satellite clinics should be deployed/established immediately following a disaster, focusing on reproductive health, maternal health (childbirth), and skin diseases caused by salinity. Government health initiatives must address the reasons behind the high dependence on faith healers ( = 22.734, p = 0.000) by improving the quality, accessibility, and affordability of formal care.
b. Educational Safety Nets: Schools must be designated as non-shelter zones during disasters, with alternate shelter sites used to prevent prolonged school closures for girls ( = 17.100, p = 0.000). Emergency stipend programs should be introduced to prevent adolescent girls from dropping out or becoming vulnerable to trafficking.
c. Infrastructure and Relief Logistics: High priority should be given to upgrading critical rural road infrastructure (muddy and HBB roads) connecting vulnerable villages to main relief distribution points to mitigate the extreme delays in humanitarian aid access ( = 28.196, p = 0.000).
Policy for Social Fragility and Migration Impacts
a. Special Economic Program or Priority and Economic Protection for Women Left Behind: Social safety net programs must be established that specifically target women experiencing separation or abandonment due to climate-induced male migration ( = 4.347, p = 0.037). These programs should offer livelihood training, micro-credit, and legal aid to empower women whose family structures have been destabilized.
b. Child Protection and Monitoring: Local police and social welfare offices should establish robust monitoring mechanisms to track at-risk adolescent girls and prevent human trafficking and forced labour, which significantly increase after disasters ( = 9.089, p = 0.003).
c. Prioritized Infrastructure Upgrades: Special projects for infrastructural development, i.e., protection dams, carpeting roads, and electricity. etc.
d. Livelihood Diversification Support: Support should be provided for women's product marketing and food preservation/storage solutions to bolster economic stability and reduce post-disaster livelihood risks.
e. Gender-Sensitive Remote Learning Policy: Remote learning and catch-up programs should be institutionalized to prevent prolonged school closures for girls, directly addressing the disaster-induced education disruption.
f. Accessible Telemedicine for Reproductive Health: Government health initiatives should integrate telemedicine or mobile medical consultation services focused on reproductive health and salinity-induced diseases, countering the acute failure of formal care access.
Consent to participate 
Informed consent was obtained from all individual participants included in the study. For participants who were unable to read with full comprehension, the consent statement was communicated verbally in the local dialect by a local guide to ensure full understanding. For participants under the age of 18, informed consent was obtained from their legal guardians (parents). 
Data availability
The datasets generated and analyzed during the current study are available from the corresponding author on reasonable request.
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Appendices
Appendix A: Glossary
· Brackish Water: A mixture of freshwater and seawater commonly found in coastal estuaries, characterized by a salinity level higher than freshwater but lower than marine water.
· Chi-square Test (): A statistical hypothesis test used to determine if there is a significant association between two categorical variables in inferential statistics.
· CPP (Cyclone Preparedness Program): A specialized disaster management program in Bangladesh that utilizes community volunteers for early warning dissemination and evacuation.
· df (Degrees of Freedom): A statistical parameter used in hypothesis testing that represents the number of independent values or quantities which can be assigned to a statistical distribution.
· Early Warning Messages: Life-saving information disseminated via miking, SMS, or volunteers before a disaster to inform communities about impending hazards and evacuation protocols.
· Faith Healers: Local non-formal practitioners (often known as Kabiraj, Hature Dactar, or Huzur) who provide traditional or spiritual healing services, often relied upon in remote coastal areas due to the lack of formal healthcare.
· HBB Road (Herring-Bone Bond): A type of rural road construction in Bangladesh using bricks laid in a zigzag pattern, which is prone to severe damage during floods and tidal surges.
· Jhupi: A local term for extremely fragile, temporary housing structures, typically constructed with bamboo, straw, and polythene sheets.
· Kacha House: A housing structure made of non-durable materials such as mud, bamboo, and corrugated iron (CI) sheets, common in rural Bangladesh.
· Mixed-methods Design: A research approach that integrates both quantitative (statistical survey) and qualitative (FGDs and KIIs) data to provide a comprehensive analysis.
· Polygamy: The practice of having more than one spouse simultaneously, which in this study’s context is linked to family destabilization following climate-induced male migration.
· Salinity Intrusion: The movement of saline water into freshwater aquifers or onto agricultural land, often exacerbated by rising sea levels and storm surges, affecting drinking water and crops.
· Sutarkhali Union: One of the smallest rural administrative and local government units in Bangladesh, encompassing villages like Nalian and Kalabogi.
· Tidal Surge: An offshore rise of water associated with a low-pressure weather system, typically leading to sudden and catastrophic coastal flooding during cyclones.
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