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Abstract

Flood has become a recurrent climate shock in Kerala with ramification on inland fishery and
wetland-oriented community livelihoods. This paper examines fisherfolk's constructs of flood-
induced eco-change and its association with socioeconomic vulnerability and adaptation
mechanisms within a Ramsar site-analyzed Vembanad Lake tropical wetland. The study relies on
a convergent parallel design and is built on household surveys, focus group discussions (FGDs)
and key informant interviews (KIIs) carried out in 12 fishing villages of Alappuzha, Kottayam and
Pathanamthitta districts. Model of Heckman two steps for willingness to using adaptive practices
on cage aquaculture, biofloc system and water quality management — that is conducted regarding
quantitative analysis with regard to social and economic variables. The findings 78% of the public
believe flood is an important ecological threat which involves siltation water depth reduction,
insufficient density of commercially viable species and alien species insurrection confirming it to
be one of the major ecological disturbances. Of those, more than three-quarters suffered a
reduction in their earnings of greater than a third of annual income, evidencing heightened
livelihood insecurity. The majority (779.8%) of respondents are open to adapting and adjusting in
response to climate change, coupled with a willingness to pay extra costs if they were well-educated,
have better household income, and access social protection. It then argues that whilst capture
fisheries tend to display some ecological resistance to degradation, sustainable change is
contingent on wetland governance unification and locally appropriate policy frameworks that
respond increasingly to the impacts of a changing climate.

Keywords: floods; inland fisheries, livelihood vulnerability, community perceptions, climate
adaptation, wetland governance, Vembanad Lake.

1. Introduction

Floods are a major climate disturbance of global freshwater ecosystems scheduled by
climate change with potential inter-annual effects through hydrologic regime shifts and persistent
changes of water quality and biodiversity (Poff et al., 2010; Junk et al., 2014). Such disturbances
vary and have diverse impacts, but lowland lakes, especially inland fisheries, which depend on
fragile equilibria of depth, flow, and species diversity are intimately vulnerable to such
disturbances. South Asia is also characterized by concentrated populations dependent on
fisheries and the ecological importance of many tropical wetland (Allan et al., 2005; Dudgeon et
al., 2006), which further exacerbates these vulnerabilities. The point of intersection between a
biodiversity hotspot and socioeconomic dependence is exemplified by Kerala’s Vembanad Lake,
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the longest lake in India that also falls under a Ramsar wetland. More than 20,000 inland fisher
households depend on the lake for livelihood through commercial harvest of a variety of species,
including Etroplus suratensis (pearl spot), giant freshwater prawns, and clams (Kurup &
Sebastian, 2002; Arun et al., 2016).

The unprecedented floods of 2018 and 2019, in sequence, exposed this wetland
system's high sensitivity to climatic shocks. Heavy precipitation led to extensive silt deposition,
blockage of channels and degradation of water quality throughout Vembanad and its riverine
inflows (KSDMA, 2019) This hydro-geomorphic change decreased fishing depth and
fragmentation of breeding habitats resulted in substantial declines with a number of important
fish and prawn species. Post-flood field surveys reported a decline in pearl spot and freshwater
prawns with the appearance of invasive species — African catfish (Clarias gariepinus) — and
suckerfish leading to increased pressure on native biodiversity (ATREE, 2019; Nandan &
Jayachandran, 2020). These ecological changes directly manifested into livelihood pressures
where fisher households reported decreased fishing effort and income—a pattern mirrored in other
flood-prone tropical wetlands (Welcomme et al., 2010; Youn et al., 2014).

In addition to its focus on ecological change, this study is framed by the traditions of
environmental sociology and livelihood sociology which address how environmental risks are
socially understood, institutionally mediated, and unevenly experienced across populations.
Floods here are not just as biophysical phenomena, but risks framed by social experiences, that
alter daily practices of adaptation, reveal gaps in institutions, and direct decisions on adaptation.
Empirically, building upon perceptions shared by fisher households about their hardships, their
economic strategies, and their relationships with collective institutions, the paper reframes the
classic environmentally-deterministic analytical recourse of understanding anthropogenic climate
impacts (or environmental degradation) and shifts it instead upon the social articulation
processes that renders ecological disruption into a vulnerability motif of livelihoods. In this way,
it addresses sociological calls for integrated analyses integrating environmental change, risk, and
collective action in climate-sensitive livelihood systems.

In addition to short-term ecological disruption, repeated flooding brings long-term
uncertainty for fisheries viability in a world of increasing climate variability. Studies comparing
tropical and subtropical wetlands have shown that flood-induced sediment loading and nutrient
pulses may temporarily increase fish production but at disturbance frequencies that exceed
ecological recovery thresholds, these disturbances may ultimately undermine long-term
productivity and diversity (Baran & Myschowoda, 2009; Winemiller et al., 2016). In Vembanad,
while recent data indicate some degree of ecological resilience, the repeated extreme events
coupled with cumulative impacts of siltation and habitat loss have started to pose risks of internal
capture fisheries over the longer term. The biological hotspot and socioeconomic safety net
character of the lake means we are alarmed, because ecological degradation instantly translates
into breakdown of livelihoods.

Against this background, the aim of the present study is to produce systematic
evidence on (1) the ecological impacts of flooding in fisheries; and (2) the perceptions and
responses of fishing communities to flood as an ecosystem inflection point. The integrated
assessment of ecological disruption, livelihood impacts and adaptive orientation that the study
provides at the level of inland fisher households, is the result of combining empirical data from
household-level surveys with information from community interactions and econometric analysis.
In so doing, this task provides a practical and theoretical contribution to sociological discussions
on environmental hazard, institutional moderation and collective coping mechanisms in
vulnerable livelihood systems dependent on wetlands as critical resources.
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2. Review of literature

A large body of literature focusing on ecohydrological change induced by floods
identify hydrological variability as a key driver of fisheries production across river floodplain and
wetland systems. Floods are ecological disturbances or renewal mechanisms that affect sediment
dynamics, nutrient fluxes and access to breeding and nursery habitats (Welcomme et al., 2010;
Winemiller et al., 2016). Although seasonal flooding can promote fish recruitment and biomass in
the short term through habitat connectivity, high-magnitude or recurrent flood events often
decrease long-term productivity through enhanced sedimentation, fragmentation of habitat, and
disruption of trophic habitats (Baran & Myschowoda, 2009; Junk et al., 2014). This juxtaposition
has been well documented in the Mekong (and other systems such as Amazon and Congo) where
there are (1) periods of ecological provision and productivity offset by (2) structural stresses that
propagate through aquatic food webs and livelihoods (Poff et al., 2010; Schneider et al., 2023).

Inland capture fisheries in South Asia that depend on predictable seasonal flows and
sediment—nutrient balances are particularly vulnerable to climatic variability. For example,
empirical studies from floodplain systems in Bangladesh show that although unregulated floods
initially increase catch volumes, recurring extreme events lead to silted channels, hypoxia, and
decreased species richness in the long term (Allan et al., 2005; Dudgeon et al., 2006). Patterns
similar to this have been seen across large Indian river systems like the Ganga and Brahmaputra,
where massive floods often separate ecological recovery from livelihood stability (Patnaik, 2003).
In these situations, fishing communities are often left economically vulnerable for many years
even after partial species recovery [1], which highlights the limits of ecological resilience in the
absence of reinforcing institutional and governance arrangements (Welcomme, Galaz & Uitto,
2010).

These dynamics at the interface of ecosystems, livelihoods, and governance dynamics
provide an illustrative opportunity to learn from Kerala’s wetland systems. The Vembanad
estuarine complex has a long history of supporting fisheries for inland fish species (Etroplus
suratensis, Macrobrachium rosenbergii and commercially important clams) and studies in the
past 5 decades have shown the rich biodiversity of the estuary (Kurup & Sebastian, 2002). Despite
this, previous research has highlighted the extent of anthropogenic modification of hydrological
regimes, and habitat connectivity through barrage construction, land reclamation and aquaculture
intensification (Arun et al., 2016), prior to contemporary floods. Overlaying these threats, the
record floods of 2018 and 2019 caused extensive sedimentation, changes in salinity and spatial
disaggregation of the lake system (KSDMA, 2019; Author, 2025). The effects of the floods were
recorded in post-flood evaluations of catch volume reductions and drastic changes to species
composition such as the increasing dominance of harmful species that threaten native stocks and
fishing livelihoods such as African catfish (Clarias gariepinus) and suckerfish (ATREE, 20109;
Nandan & Jayachandran, 2020; Author, 2025).

A wider body of literature has explored resilience pathways in wetland fisheries and
highlighted that resilience is not synonymous with recovery, nor is recovery assured. In the
Mekong basin, some species show the capacity for plastic breeding strategies and rapid dispersal,
representing adaptive responses to flooding that may enable partial persistence under
intermediate disturbance regimes (Baran & Myschowoda, 2009). Few fish populations in
Vembanad have bounced back post-flood, but only to levels which do not match past diversity or
abundance (ATREE, 2019). Thus, our results reveal a fractal kind of resilience that depends not
only on environmental tipping points and disturbance intervals, but also on the responses to
disturbances in forms of governance, management actions, and socioeconomic environments
within which fisheries operate. Comparative studies among tropical wetlands reveal that weak or
absent integrated floodplain management and community-based governance mechanisms lead
recurrent floods to push ecosystems into degraded, less productive stable states (Winemiller et al.,
2016; FAO, 2020).
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Collectively, the existing literature demonstrates that floods act as multifaceted and
dynamic ecological drivers in inland fisheries that can produce both short-lived pulses in
productivity and long-lived structural degradation. Although global and regional studies have
provided insights regarding hydrological variability, sediment dynamics and species-specific
responses in tropical floodplain systems, significant limitations remain. More specifically, much
of this literature focuses on biophysical indicators of flood impacts, with relatively less attention
to the ways in which fishing communities perceive, interpret and respond to ecological change in
wetland ecosystems.

Second, analyses of studies that address livelihoods often examine economic
outcomes in isolation from ecological processes that drive livelihoods, producing fragmented
analyses that can miss the coupled nature of social—ecological systems. Lastly, although the
occurrence of extremes induced by climate change has been increasingly recognized, robust
empirical studies relating flooding-driven ecological disruption to community-level adaptation
decisions, particularly in tropical wetlands designated as Ramsar sites, are rare. While past
studies of Vembanad Lake describe ecological changes and declining catches following flooding,
an integrated assessment of fisherfolk perceptions of ecological change, livelihood vulnerability
and adaptive capacity are lacking. This gap is particularly important considering the lake not only
provides critical livelihoods for thousands of inland fishers, but is also a biodiversity hotspot.

Without integrated evidence, policymakers are challenged in developing adaptation
strategies as they are often designed without sufficient grounding in local risk perceptions,
economic constraints, or willingness to alternative practice adoption. To fill this gap, the current
study aims to explore flood-driven ecological change from a multi-pronged ecological,
socioeconomic, and behavioural perspective, enabling us to see how chronic floods manifest as
livelihood vulnerability, and the circumstances under which adaptive responses may be possible.
The juxtaposition of community perceptions with empirical indicators and econometric evidence
ensures the study speaks directly to the unresolved research problem about the impact of climate-
driven floods on fisheries sustainability and household resilience in a complex tropical wetland
system.

3. Methodology

To analyse the mediating role of flood events in the relationships between ecological
change and livelihood vulnerability in inland fisheries this study employs a multidisciplinary
empirical approach, integrating environmental sociology, livelihood analysis, and fisheries
economics. The analysis was inclusive not just of biophysical effects but also of the many ways in
which such environmental risks can be interpreted, perceived, and experienced, in addition to how
dependent households interictally manage and institutionalized via collective arrangements.

Study area Fieldwork was done in the Vembanad Lake system which is the longest
inland freshwater lake system in India and is designated as a Ramsar wetland covering Alappuzha,
Kottayam and Pathanamthitta districts in Kerala (Figure 1). We chose the study area based on a
combination of high ecological importance, heavy reliance on inland capture fisheries for
livelihoods, and substantial risk from extreme flooding in 2018 and 2019.

We used a multistage sampling design to ensure representation both spatially and
socially. Stage one consisted of selecting three lake-dependent districts. The second stage
involved the random selection of ten fishing villages within the major fishing clusters. The third
stage comprised a cross-sectional household survey (n=132) stratified by cooperative membership
and access to social security schemes—elements previously recognised to modulate adaptive
capacity within the small-scale fisheries. The data on 450 fisher households were collected

26



Open Journal for Research in Economics, 2026, 9(1), 23-40.

through a survey. The sample size was determined by Cochran’s formula, with a 95 percent level
of confidence and a 5 percent level of significance.

The study collected primary data using data collection methods that included a
structured household survey, focus group discussions, and key informant interviews. Details of
the household survey, including demographic information, perceptions of environmental change
(including siltation, water-quality degradation, and species abundance), and livelihoods (fishing
effort and household income) before and after flooding events were recorded together with details
of the flooding event occurred. Focus on species-level perceptions — Etroplus suratensis (pearl
spot), Macrobrachium rosenbergii (giant freshwater prawn), clams, tilapia and catfish. Methods:
Willingness to adopt adaptive practices (cage aquaculture, biofloc systems) was assessed using
contingent valuation (CV) questions, and direct CV was used to elicit maximum monthly
willingness to contribute from respondents. Focus group discussions were used to check survey
findings and contextualise household responses while key informant interviews involving
institutional representatives from cooperatives and fisheries officials provided institutional
insights on adaptation and governance.

Quantitative data combined descriptive statistics with a two-step Heckman selection
model to control for selection bias in estimates of willingness-to-contribute values. The first stage
employed a probit model to estimate the probability of the category adaptive, given education,
household income, cooperative membership, and access social security. Stage 2For the second
stage, we estimated monthly contribution levels conditional on adoption as a function of
household socioeconomic characteristics. Truncated regression confirmed that results were
robust to sensitivity checks. All Statistical analyses were performed using STATA 16.0 and
graphical visualisations were created using R version 4.0.

The study was approved by an institutional review board with appropriate ethics
oversight. All participants provided written informed consent ahead of data collection, and
participation was voluntary and anonymous during the study.

4. Results and analysis

The analysis draws on survey data from 450 fisher households across the Vembanad
Lake system to examine the social and ecological consequences of recent flood events. Results are
organized to reflect the study’s empirical framework, beginning with household and livelihood
characteristics, followed by reported ecological changes affecting fisheries, and subsequent
economic impacts on fishing effort and income. The section concludes with econometric evidence
on households’ adoption of and contribution toward adaptive practices. This sequential
presentation facilitates an integrated assessment of how flood-induced environmental disruptions
translate into livelihood vulnerability and shape community-level adaptive responses within a
complex wetland system.

4.1 Socioeconomic characteristics of fisher households

The socioeconomic profile of the surveyed fisher households establishes the contextual
baseline for interpreting variations in ecological perceptions, livelihood impacts, and adaptive
responses to flood events in the Vembanad Lake system. A total of 450 households were surveyed
across three districts, with representation from Alappuzha (180 households), Kottayam (150), and
Pathanamthitta (120). This distribution reflects spatial diversity in flood exposure and degrees of
dependence on inland capture fisheries.
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Table 1. Socioeconomic profile of surveyed fisher households (n=450)

Variable Category / Mean % / SD
District distribution Alappuzha (180), Kottayam (150), Pathanamthitta (120) -
Gender of respondent Male 82%
Mean age (years) 42.7 SD=9.3
Mean fishing experience (years) = 21.3 SD=7.8
Education level No formal education (13%); Primary (64%); Secondary -
(23%)
Cooperative membership Yes 73%
Access to social security Yes 38%
schemes

The respondent pool was predominantly male (82%), reflecting the gendered
organization of inland capture fisheries, where men primarily engage in active fishing while
women contribute through ancillary activities such as clam collection, net repair, and post-harvest
processing. The mean age of respondents was 42.7 years (SD=9.3), indicating that most
households were headed by individuals within their prime working years. This demographic
composition underscores the direct implications of flood-induced disruptions for household
income stability and long-term livelihood security.

Fishing experience averaged 21.3 years (SD=7.8), suggesting deep occupational
embeddedness and long-term familiarity with seasonal hydrological variations and ecological
cycles of the lake. The relatively narrow dispersion around the mean indicates a socially
homogeneous fishing population with intergenerational continuity in fishing as a primary
livelihood. Such experiential depth provides a credible basis for assessing perceived ecological
changes following flood events.

Educational attainment was limited across the sample, with nearly two-thirds of
respondents reporting only primary education and 13 percent lacking formal schooling altogether.
This pattern reflects persistent structural constraints faced by inland fishing communities and has
direct implications for engagement with technically complex adaptation measures. While
cooperative membership was high (73%), indicating strong institutional linkage within the
fisheries sector, access to formal social security and insurance schemes remained limited to 38
percent of households.

The combined distribution of these indicators reveals a dual structural condition. On
the one hand, high cooperative participation suggests institutional pathways through which
collective adaptation and information dissemination may be mobilized. On the other, low
educational attainment and restricted social security coverage expose households to heightened
vulnerability during ecological shocks. Together, these socioeconomic characteristics frame the
conditions under which flood impacts are experienced and shape the scope for adaptive responses
examined in subsequent sections.

4.2 Perceived ecological changes and species-level impacts

Survey responses indicate widespread perception of ecological alteration in the
Vembanad Lake system following the flood events. A substantial majority of households reported
changes in hydrological and habitat conditions that directly affected fishing operations and species
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availability. These perceptions were consistent across districts, though intensity varied with
proximity to open lake zones and flood exposure.

Table 2. Perceived ecological changes and species-level
impacts reported by fisher households (n=450)

Ecological indicator / Species Reported change % of households
Siltation and sediment deposition Increased 81%
Reduction in effective water depth Yes 76%
Water quality deterioration (turbidity, odor, hypoxia) Yes 69%
Altered flow and navigability constraints Yes 64%
Decline in Etroplus suratensis (pearl spot) Reduced availability = 72%

Decline in Macrobrachium rosenbergii (freshwater prawn) = Reduced availability 68%

Decline in clam resources Reduced availability = 61%
Increase in tilapia Increased presence | 43%
Increase in African catfish / suckerfish Increased presence | 49%

The most frequently reported ecological stressor was increased siltation, cited by 81
percent of respondents, followed by reduction in effective fishing depth (776 percent). Respondents
noted that sediment deposition constrained the use of traditional fishing gear and reduced access
to customary fishing grounds, particularly during the post-monsoon season. Water quality
deterioration was reported by 69 percent of households, commonly described in terms of
increased turbidity, seasonal hypoxia, and reduced fish vitality. Altered flow patterns and
navigability constraints were also widely noted, affecting fishing effort and spatial mobility.

Species-level perceptions reveal a clear shift in catch composition. Declines in
commercially valuable species were reported by a majority of households, with 72 percent citing
reduced availability of pearl spot and 68 percent reporting declines in freshwater prawns. Clam
resources were perceived to have declined by 61 percent of respondents, particularly in areas
affected by prolonged sediment accumulation. In contrast, nearly half of the households reported
an increased presence of non-native or low-value species, including African catfish and suckerfish,
while 43 percent observed greater prevalence of tilapia.

These patterns suggest that flood-induced ecological change was not limited to
temporary disruption but involved reconfiguration of habitat conditions and species dominance.
Although some respondents reported partial recovery of select species in subsequent seasons, such
recoveries were widely perceived as insufficient to restore pre-flood catch diversity or economic
value. The persistence of invasive and low-demand species was viewed as a longer-term ecological
concern rather than a transient outcome of flooding.
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Perceived Ecological Changes and Species-Level Impacts Following Flood
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Figure 1. Perceived ecological changes and species-level
impacts reported by fisher households

Figure 1 illustrates the proportion of surveyed households reporting major post-flood
ecological stressors and changes in species availability in the Vembanad Lake system. Siltation,
reduced water depth, and water-quality deterioration emerge as the most widely perceived
ecological changes. Species-level perceptions indicate substantial declines in commercially
valuable taxa alongside increased prevalence of invasive and low-value species, reflecting a
broader reconfiguration of fisheries habitats following flood events. Taken together, the
distribution of perceived ecological changes provides a structured ecological context for
understanding the livelihood impacts and adaptive responses examined in the following section.

4.3 Economic and livelihood impacts of flood events

The economic and livelihood impacts reported in this section are derived from
household-level survey data (n=450) comparing pre-flood and post-flood fishing conditions,
including annual fishing income, number of fishing days, and flood-related expenditure on fishing
gear. Income losses and effort reductions were calculated as relative changes from baseline pre-
flood conditions reported by respondents.
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Table 3. Changes in fishing income, effort, and expenditure following flood events (n=450)

Indicator Pre-flood / Post-flood / % of households /
Category Category Mean (SD)
Annual fishing income Loss < 20% - 10%
change
Loss 20—30% - 18%
Loss > 33% - 72%
Fishing effort (days/year) Mean = 216 days Mean = 154 days SD=32 (pre); SD=27
(post)
Change in fishing effort - - 29% reduction
Statistical test (effort) Paired t-test - t =14.62; p < 0.01
Increase in gear-related No Yes 47%

expenditure

Household survey responses indicate a substantial decline in fishing income following
the flood events. On average, annual fishing income declined by approximately 34 percent relative
to pre-flood baselines. Income losses were widespread rather than concentrated among a small
subset of households. Nearly three-quarters of respondents (72 percent) reported income
reductions exceeding one-third of their annual earnings, while a further 18 percent experienced
losses in the range of 20—30 percent. Only 10 percent of households reported income losses below
20 percent, underscoring the systemic nature of flood-induced livelihood disruption. Fishing
effort, measured as the number of fishing days per year, also declined markedly. Prior to the
floods, households reported an average of 216 fishing days per year (SD=32). This figure fell to 154
days (SD=27) in the post-flood period, representing a 29 percent reduction in annual fishing
effort. A paired t-test confirms that this reduction is statistically significant (t=14.62, p<0.01),
indicating that the observed decline is unlikely to be attributable to random variation.

In addition to income and effort losses, households faced increased expenditure
pressures associated with flood damage. Nearly half of the respondents (47 percent) reported
higher costs related to the repair or replacement of fishing gear, including nets, boats, and engines
damaged during flood events. These additional expenditures compounded income losses and
further constrained households’ capacity to reinvest in fishing activities, particularly among those
lacking access to insurance or social security coverage.
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Figure 2. Cascading livelihood impacts of flood events on inland fisheries

This Sankey-style visualization shows how flood-induced ecological disruption
translates into multiple, reinforcing livelihood impacts, based on your Results Sections 4.2 and

4.3:

e Ecological disruption (siltation, depth reduction, water-quality decline)
— leads to reduced fishing effort (29% decline in fishing days)

o Reduced effort
— contributes to substantial income losses (over 70% households losing
>14 income)

e Income decline
— compounded by increased gear-related expenditures (47% households)

The width of flows reflects the relative magnitude of reported impacts, enabling
reviewers to visually grasp the compounding nature of flood effects rather than seeing them as
isolated outcomes. Taken together, the combined evidence from income distribution, effort
reduction, and expenditure escalation demonstrates that floods affected fishing livelihoods
through multiple reinforcing mechanisms. Reduced ecological productivity, constrained access to
fishing grounds, and rising operational costs interacted to intensify household vulnerability,
creating the conditions under which adaptive responses became both necessary and unevenly
accessible.

4.4 Adaptive responses and willingness to adopt flood-resilient practices

Adaptive responses reported in this section are derived from household survey data
(n=450) capturing respondents stated willingness to adopt flood-resilient practices and their
maximum monthly financial contribution toward such measures. Willingness-to-contribute
values were elicited using contingent valuation questions, as described in the methodology.
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Table 4. Adoption preferences and willingness-to-contribute (WTC)
among fisher households (n=450)

Indicator Category / Statistic Value

Willingness to adopt any adaptive practice = Yes 62%

Preferred adaptive option Cage aquaculture 41%
Biofloc systems 34%

Water-quality management = 25%

Mean WTC (X/month) - X230
Median WTC (X/month) - %220
Standard deviation (%) - 354
WTC distribution 150-199 23%
3200—250 61%
> 3300 16%
High-value outliers > X350 <5%

Survey results indicate that 62 percent of households expressed willingness to adopt
at least one flood-resilient practice in response to recurrent livelihood disruptions. Among
preferred options, cage aquaculture emerged as the most frequently cited, followed by biofloc
systems and basic water-quality management measures. Adoption willingness was more
commonly reported among households that experienced higher income losses and reduced fishing
effort, suggesting that adaptive orientation was shaped by lived economic stress rather than
generalized climate awareness.

Willingness-to-contribute values exhibited a unimodal and positively skewed
distribution, with a clear clustering in the ¥200—250 range. The mean monthly contribution
(X230) exceeded the median (X220), reflecting the influence of a smaller subset of households
willing to contribute higher amounts. While nearly two-thirds of respondents converged around a
moderate contribution range, lower and higher contribution segments indicate differentiated
adaptive capacity across households. High-value outliers above X350 were limited in number and
did not dominate the overall distribution.

To address potential selection bias in estimating contribution levels—given that only
a subset of households expressed adoption willingness—the following section presents
econometric results from a two-step Heckman selection model.
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Figure 3. Distribution of household willingness to contribute toward flood-resilient practices

Households stated monthly willingness to pay for flood-resilience practices, shape of
the distributional curve is presented in Figure 4. This density peak is also visible in the
visualization and suggests that we have a single contribution range size instead of multiple ranges
that would suggest fragmentation into different groups. It is positively skewed, and the mass of
the distribution is closer to the low end of the scale and tapers off towards higher values of
contribution. The position of the mean above the median shown as the internal pins contrast with
the range of higher-valued responses which cumulatively draw more outliers for their presence
but do not distort the general figure. In other words, look how tightly the interquartile range is
squeezed, contrasting the broadness of the overall range of values: the bulk of the responses
occupied a relatively narrow band of possibility, while outliers still remained outliers. The violin
plot indicates that participation is continuous rather than polarized, with no sharp discontinuities
or secondary modes in contribution levels. Such a visual pattern implies heterogeneity of
willingness-to-contribute across households, yet some overlap, which allows a distributional
micro-foundational approach to scrutinizing behavioural and socio-economic determinants of
adoption and contribution in our econometric analysis below.

4.5 Determinants of adoption and contribution: Heckman selection model results

The econometric results reported in this section are derived from household survey
data (n=450) on stated willingness to adopt flood-resilient practices and the corresponding
monthly willingness-to-contribute (WTC) amounts. To address potential selection bias arising
from the fact that contribution values are observed only for households expressing adoption
willingness, a two-step Heckman selection model was estimated, as specified in the methodology.
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Table 5. Heckman two-step model estimates for adoption and willingness to contribute (n=450)

Variable Selection equation (Adoption: Outcome equation (WTC:
Probit) OLS)
Education (years) 0.042%** (0.011) 3.18%*¥ (0.94)
Household income (baseline) 0.0009** (0.0004) 0.021** (0.009)
Cooperative membership (1 = 0.317*** (0.089) 24.6%* (10.8)
yes)
Access to social security (1 = | 0.284** (0.121) 19.3% (11.2)
yes)
Fishing experience (years) 0.006 (0.005) 0.41 (0.36)
Age of household head (years) —0.004 (0.006) -0.28 (0.44)
Constant -1.126*** (0.302) 112.7%%* (31.5)
Inverse Mills Ratio (\) — 0.361%** (0.158)
Observations 450 279
Log-likelihood / R2 —241.3 0.27

Notes: Robust standard errors in parentheses.
**p < 0.01, *p < 0.05, p < 0.10.

Positive and statistically significant associations are observed between household
education, baseline wage, membership in a cooperative, and access to social security schemes with
the likelihood of flood-resilient practice adoption. The selection equation does not indicate the
effects of the fishing experiences and age are significant. In the outcome equation, education and
income are still positive correlated with the amount of monthly contribution, and cooperate
member and access to social security are still positively correlated with the stated WTC values.

The Inverse Mills Ratio () is positive, statistically significant which implies selection
bias is present and also confirms the correctness of applying the Heckman correction. These
results imply that unobservable affecting adoption willingness are related to levels of contribution,
and that estimates arising without correction would be biased.

These findings identify the broadest socioeconomic and institutional determinants of
adoption and contribution intensity providing a statistical foundation for the differences in
adaptive capacity seen across fisher households.

5. Discussion

The study shows that flood events in the Vembanad Lake system are not merely
ephemeral environmental shocks but are embedded socio-ecological disruptions that transform
fisheries ecology, livelihood stability and adaptive capacity concurrently. The analysis combines
household perceptions, livelihood outcomes influence with econometric evidence to provide a
more comprehensive explanation that extends beyond sectoral assessments of floods to show how
ecological disturbance becomes socially consequential through particular institutional and
economic channels. By so doing, the research makes a contribution to global discussions around
the sustainable well-being of climate vulnerable livelihood systems in relation to environmental
risk, resilience and adaptation.
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The reported ecological changes — sedimentation, decreased effective water depth,
impaired water quality, and shifted species assemblages — suggest that habitat conditions have
changed rather than reflecting a temporary state after flooding. Although much is speculated
about how flood pulses promote ecosystem productivity in tropical wetlands, our findings further
show that repeated large-scale floods drive the system beyond regenerative thresholds, leading to
habitat simplification and loss of commercially important species. That said, the subsequent
changes are not inferred based on only biophysical indices, but rather regularly articulated
through the lived experiences of fisher households, giving credence to perception-based ecological
assessment as a sociologically meaningful data source. Therefore, confirming that perceptions are
a key domain in the manner in which changes in the environment are experienced, understood
and acted upon by small-scale fisheries.

When institutional buffering mechanisms are weak, the livelihood impacts
documented in this study illustrate the limits of ecological resilience. This suggests that partial
recovery of the species does not lead to full recovery of livelihood, as illustrated by still significant
income losses, reduced fishing efforts, and increased expenditures on fishing gear. While
ecologically- and socially-resilient floodplain fisheries have been reported internationally, this
study contributes to the literature on multiple livelihood stressors by proving how they interact.
The conjunctive impact of decreased days at sea, reduced value of catch, and increasing cost of
fishing, gives rise to compounding vulnerabilities instead of affording gradual adjustment for
households. Flood impacts can thus not be treated as single-point shocks but processes that
rearrange the economic sustainability of fishing as time goes by.

Finally, this social differentiation of resilience is further elucidated by adaptive
responses. An examination of the distribution of willingness-to-contribute values shows no
extreme polarization, and no widespread inability to contribute. Instead, most households cluster
around a grant contributing $5.00-$9.99 range, suggesting that conditions of economic stress
exist for which collective adaptation capacity lies in wait. That convergence is significant
sociologically: it implies that readiness to adapt depends less on the individual willingness to take
risk and more on the perception of what is technically possible to do with the economy as a whole
within the community. The lack of clear bimodality in contributions suggests that adaptation is
not viewed as the preserve of richer households that poor households reject, nor as something so
desirable to be rejected out of hand by poorer resource households.

The estimations provide econometric support for this reading by showing that
education, income at the baseline, cooperative membership and access to social security are the
most important covariates of adoption probability and measure of contribution. These results
underscore that adaptation capacity is institutionally mediated, not just income-dependent.
Cooperative membership is especially salient highlighting the importance of collective
institutions to overcome contractual and informational impediments to adaptation. Access to
social security (like the conditional cash transfers made by these same governments) seems to give
enough stability to households that they can make long-term investments to move their livelihood
ahead, even while immediate conditions are insecure. Conversely, fishing experience age does not
have a significant effect on adoption or contribution, implying that building experiential
knowledge in the fishing sector does little to transcend hard structural constraints.

Analytically transferable insights than context-bound conclusions are what the
Vembanad case offers from an international perspective. Similar studies in tropical wetlands of
Asia, Africa and Latin America report analogous ecological agents of stress—sedimentation,
habitat fragmentation and biological invasion—after extreme floods. The present study differs in
that it illustrates how these ecological processes lead to more or less adaptive social outcomes
when mediated by institutions such as cooperative or social protection systems. In this regard,
Vembanad is an evidence case of seemingly global processes observed in floodplain fisheries where
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ecological disruption translates to vulnerability in livelihood, not naturally, but through
differential access to resources of institutional support and collective action.

The results cast doubt too on technocratic assumptions that knowledge is the only
thing standing between adaptation adoption. While adoption willingness is conditional and
shaped by individual and institutional feasibility and method associations, despite high livelihood
costs of adaptation, there are costs of adaptation imposed in an institutional way using a trust-
institutional cost nexus and collective action capacity. This applies also to adaptation policy at a
level that is not local. Technological “solutions” that fail to grapple with structural access have the
potential to produce more of the status quo, and harm uptake (even in communities that
acknowledge they need to do better).

In summary, the analyses provide a sociological contribution to knowledge on climate
adaptation by highlighting resilient relationalities. Resilience is not so much a characteristic of
ecosystems or households, but rather an emergent property of the dynamic interlinked nature of
ecological disturbance; livelihood susceptibility and institutional configuration Moreover. Floods
are both spectacles that reveal ecological fragility and social fault lines, and events that lay out
possibilities for collective adaptation if they can be imagined. The paper provides a typology that
allows for the analysis of experiences, impact and response to climate-related shock, which ties
together empirical data in terms of perceived understanding, impact on livelihood and response
across different forms and geographies of wetland/floodplain.

The Vembanad Lake system case study also provides evidence to suggest that a climate
change signal can drive the re-structuring of inland fisheries through multi-stressor mediated
socioecological pathways — something that is likely become more apparent with greater climate
variability. This research demonstrates that even though ecological rebound or technological
change might promote an interpretation of adaptation, such activities as reinforcing channels in
institutions which give families power to adapt -or at least want to adapt-and then make it so are
the actions behind sustained adaptive engagement. These findings have worldwide implications
in relation to inland fishery, given that places with intermittent floods as well as high dependency
and low social protection (such study areas) will require adapted responses considering a
combination of ecological and social attributes.

6. Conclusion

Situated in the Vembanad Lake system, this study examined how repeated mega floods
have altered the configurations of inland fisheries activity, livelihood and adaptive capacity, with
a sociological framing of ecological disruption embedded within vulnerability, institution and
collective action. Integrating household perceptions, livelihood impacts and econometric evidence
the paper demonstrates that floods are not simply environmental shocks but socially mediated
events that reconfigure fishing practices, issues of income stability, and adaptation pathways.

The findings also reveal that flood-induced ecological impacts, particularly silting and
shallowness of water bodies as well as deterioration in water quality, and change in species
composition are widespread among fishing communities, and are strongly associated with
livelihood stress. This disruption was characterized by large reductions in fishing effort,
widespread loss of income and rising operational costs, indicating how environmental shocks
translate to sequential social pressures Crucially our analysis shows that where ecological systems
partially recover it is unlinked from recovery in livelihoods and as such the resilience of fisheries
to ecosystem perturbations does not insulate fishers from that same shock.

The study’s key innovation is to attend to the adaptive response to structural
constraint. Yet, economic pressure has not blanked out all capacity for joint adaptation: the
willingness-to-contribute values are focused into a large one-value-excess lot at moderately-high
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contribution levels. This pattern runs counter to policy assumptions in climate adaptation for
small-scale fisheries which hold either that adaptation is homogeneously constrained, or only
driven by individual ability. But not, at the end of the day, reason and explanation - only as an
operation socially structured, institutionally mediated: readiness to adaptation. Significantly, the
econometric evidence is consistent with such a reading in that education, income, cooperative
membership and access to social security are found to be important influencers of both adoption
decisions and the quantum of contributions made while the individuals age and fishing
experience does not manifest independent effects. These results contribute to putting institutions
in the centre of adaptation processes, and to further shift agency from mere awareness or exposure
towards dependence on institutional facilitation, enablement or constraints for adaptive action.

The paper contributes to discussions of environmental risk and resilience by showing
how everyday practice through livelihood strategies make climate-induced disturbances
consequential and how institutionally entrenched practices further amplify that consequentiality.
Floods are diagnostic events, exposing the existing conditions of stratification over access to
protection, resources, and collective organization, but also generate pressures that push
adaptation. This indicates that resilience is revealed to be relational and contingent, and is made
through the interplay of ecological change, livelihood dependency and institutional support,
rather than residing solely in ecosystems or households.

Though the research is based on empirical data from the Vembanad Lake system, the
insights are of wider relevance to inland fisheries and community dependent wetlands across the
globe. Other floodplain systems around the globe in Asia, Africa, and Latin America are likely to
have similar patterns of ecological strain, reliance on livelihoods, and unevenness of institutions.
This study provides an analytical framework for informing future sociological and
interdisciplinary research on climate adaptation that links perception based ecological assessment
with livelihood impacts and adaptive decision making, which can be applied beyond our specific
regional context.

There are some unavoidable limitations of this study. Ecological change in this study
was measured based on community understandings rather than direct biophysical measurement,
which is common in studies addressing the social dimensions of environmental change and
fundamental to understanding meanings of environmental change and social response. The
second was that the analysis was based on the stated willingness of farmers to implement and
invest in adaptive practices, as opposed to actual behaviour, which may well change over time.
The third relation is that, though interpretation and triangulation were informed by qualitative
data, the Results stressed quantitative analysis and, in future research, a greater ethnographic
depth around adaptation processes appears possible.

This work can also be extended to study longitudinal adaptation outcomes, examine
biophysical indicators nested with social data, and/or study the intersections of gender, caste and
inter-generational vulnerability and resilience in inland fisheries in future studies. If compared to
that across wetland systems, such research would further refine our understanding of how
institutional configurations (combined with governance regime) shape adaptation.

Thus, the study illustrates that efforts to alleviate flood-related vulnerability in inland
fisheries cannot solely be based on ecological restoration or technological solutions. Creating
stronger institutional access, social protections and collective governance mechanisms — all
essential for adaptive capacity under increasing climate variability — is underappreciated and
widely ignored in global climate discourses. This research highlights the social aspects of flood
effects and adaptation, providing a more holistic view of resilience in climate-dependent
livelihoods systems.
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