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Abstract: This paper analyzes the factors influencing households’ resilience capacities to shocks
within Kenya’s fisheries and aquaculture sectors and draws from primary data collected from
419 fish-dependent households across Kisumu, Busia, Mombasa, and Kilifi counties. The sample
represents a total of 48,000 fishing households. The study adopted a quasi-longitudinal design and
computed the household resilience capacity index (RCI) using the resilience index measurement
and analysis (RIMA-II) model. The results indicate that male-headed households’ mean household
RCI scores (mean = 45.07 ± 10.43) were statistically significant to that of female-headed households
(mean = 38.15 ± 9.25), suggesting that female-headed households are associated with lower resilience
capacities than male-headed households. Moreover, the study identifies differences in resilience
levels across various occupations within the sector. For instance, RCI scores among fish traders
(mean = 40.71 ± 9.97), a function performed mainly by women, statistically differed (p < 0.005)
from male-dominated cage farming (mean = 48.60 ± 10.47), whereas RCI scores at the production
level for fisher folks (mean = 44.89 ± 10.09) and pond farmers (mean = 44.04 ± 12.07) showed no
statistical difference (0 > 0.05. Additionally, households with more income sources tend to have
higher resilience capacities. Seasonality in fishing cycles limited households’ ability to recover from
climate-induced shocks; the more months without fishing activity, the less the odds of recovery from
shocks (OR = 0.532, 95% CI [0.163, 0.908], p = 0.022). Furthermore, households that lacked guaranteed
market access and inputs during COVID-19 were less likely to recover during and after the shocks
(OR = 0.401, 95% CI [0.161, 0.999], p = 0.05). Households organized in cooperatives with better access
to credit showed a higher chance of recovery. The study recommends (a) adopting gender-sensitive
approaches in fisheries and aquaculture interventions to empower women in trade, (b) strengthening
policies to enhance access and adoption of climate-smart technologies such as cage fish farming,
(c) promoting livelihood diversification to sustain households’ income during fishing off-seasons, and
(d) enhancing market linkages in the fish value chain through coordinated producer organizations.
Further research should explore the possibilities of introducing index-based weather insurance and
other tested suitable safety nets for the fisheries and aquaculture sector.
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1. Introduction

Kenya’s fishing sector is crucial to its economy, contributing about 2 percent to export
earnings and around 0.5 percent to the gross domestic product (GDP) [1]. It employs
over 1.2 million people indirectly across various supply chain stages, from fishing and
production to distribution [1]. The annual demand for fish in Kenya is estimated at
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450,000 metric tons against a supply of 164,000 metric tons [2]. Freshwater ecosystems such
as Lake Victoria, Lake Turkana, Lake Naivasha, and Lake Baringo, along with coastal and
open sea environments, are significant sources of revenue and sustenance for this sector.
Freshwater aquaculture, driven by favorable regulations and substantial public investment
over the past two decades, has emerged as the fastest-growing sub-sector in Kenya, with
annual production reaching 31,655 tons in 2023 and accounting for 19.6% of Kenya’s total
fish output [2]. As a result, fish has become essential to Kenya’s food systems, improving
nutritional outcomes and promoting dietary diversity [3,4].

Despite the socio-economic importance of Kenya’s aquatic resources, the fisheries
and aquaculture sectors experience significant vulnerabilities from various shocks. These
include climate change, the COVID-19 pandemic, and geopolitical instability, all posing
significant threats to the industry’s sustainability [5–7]. The increasing frequency and diver-
sity of shocks adversely affect biological systems, biodiversity, and ecosystem processes [8].
Climate disturbances such as droughts and floods particularly impact the two sub-sectors,
posing severe challenges to their resilience [9]. The impacts of these shocks result from
complex processes influenced by various spatially distributed biophysical, socio-economic,
cultural, and institutional factors [10,11]. Fish species respond to environmental changes by
altering their distribution, phenology, metabolic rates, growth, and reproduction [11], sig-
nificantly affecting food security. For instance, fish migration to more favorable habitats can
drastically affect fishers who cannot relocate due to political and economic constraints [12].
Furthermore, a decline in fish production affects export revenues, reduces households’ food
consumption, and increases national food insecurity. The COVID-19 pandemic introduced
additional challenges to the fish supply chain, disrupting the input supply chain, delivery
of technical assistance, product sales, and transportation, in addition to the imposition of
export restrictions [13]. These challenges resulted in decreased earnings, unplanned stock
retention, and reduced production, causing fish farmers to lose interest in aquaculture [14].
Geopolitical instability, exemplified by the Ukrainian conflict and national political unrest
in Kenya, exacerbates these issues, affecting liquidity, labor, and the overall stability of the
fisheries and aquaculture sectors [15].

Although previous studies have documented the impacts of covariate shocks on
aquatic food systems [16,17], still, there is a lack of empirical evidence on how house-
holds engaged in Kenya’s fisheries and aquaculture sectors manage and recover from
such events. The existing literature primarily focuses on general agricultural resilience or
isolated components, such as financial or social capital, rather than providing a compre-
hensive understanding of household resilience in these sectors [18]. Additionally, while
some studies have addressed the impacts of covariate shocks, there is limited insight into
the recovery processes and the factors that either bolster or hinder household resilience
over time [19]. Resilience, defined as the capacity of households to withstand adverse
stressors and shocks without long-term negative consequences, is crucial for sustainable
development [20,21]. Evaluating resilience assists in identifying strategies to enhance
households’ capacity to endure shocks, crucial for sustaining the well-being of individuals
directly and indirectly involved in fisheries and aquaculture [19–22]. However, much of
this research emphasizes community or regional resilience, often neglecting the specific
dynamics at the household level within the fisheries and aquaculture sectors . Although
resilience capacities can enable households to withstand shocks and stresses, some shocks
may still significantly affect these outcomes and resilience levels [18,23].

Therefore, understanding the factors determining household resilience amidst covari-
ate shocks is essential for designing programs that safeguard livelihoods and enhance
resilience. This information is crucial for designing policies that protect and prepare house-
holds for future shocks. Hence, this study analyzes the factors influencing household
resilience to covariate shocks within Kenya’s fisheries and aquaculture sectors.
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2. Materials and Methods
2.1. Study Site

The study sites were purposively selected to represent two key capture-fisheries re-
gions (freshwater ecosystem) and two main marine ecosystems. These included Kisumu
and Busia (freshwater lake) and Mombasa and Kilifi (marine). These areas were chosen be-
cause of their predominance of fish-farming activities and the rich blue economy resources.
The main source of livelihood in the regions is fishing and fish farming, and therefore, any
changes affecting the value-chain actors occasioned by the emerging stressors (droughts,
floods, COVID-19 pandemic, and geopolitical instability) are likely to have an influence on
the fisher folks’ and fish farmers’ livelihood. For both capture and aquaculture fish value
chains, Kisumu and Mombasa are the two largest consumption urban cities. Mombasa is
a major producer of marine and freshwater fish species and a port of entry for imported
refrigerated fish, primarily tilapia from China, whereas Kisumu is a significant consumer
in addition to being a producer of freshwater fish.

2.2. Research Design and Survey Instruments

A quasi-longitudinal design was used to collect primary data to assess the influence
of covariate shocks and stressors on the fisheries and aquaculture sectors in Kenya. The
study’s sampling frame was defined as the fish producers in the selected counties. A
structured questionnaire was used to collect data from the target respondents. The survey
tool comprised three main sections; the first section contained questions on farmer/fisher
folk characteristics, household characteristics, and livelihood options. In the second section,
the survey questions explored the shocks’ occurrence, influence of the shocks on household
food security, access to services and markets, and the overall effects on household asset
index. The third component of the questionnaire explored the factors influencing household
resilience capacities to shocks and the adaptation strategies to help communities to better
respond to future shocks.

Quantitative data were completed with qualitative evidence drawn from 20 key
informant interviews and 10 community focus group discussions that targeted the targeted
fishing communities, including individual fisher folks and aqua-farmers, community
groups, county government fisheries and aquaculture officials, community leaders, beach
management units (BMUs), and fish traders.

The questionnaire was loaded into Kobo Collect survey platform. Selection of the
respondents involved (a) random selection of 10% of the total fish-landing sites found in
the four regions and (b) stratified random sampling of individual traders and fisher folks
from the selected fish-landing locations. The allocation of sample size to landing sites was
proportional to the number of regional actors.

2.3. Sample Size Determination

The sample size was calculated using the formula documented by [24]. According
to [24], at 95% confidence level and 50% target population assumed to have characteristics of
interest with a Z-statistic of 1.96, the sample size was calculated using the following formula:

n =
N

1 + Np2

where n = desired sample size
N = population size
p = 0.05
From the available statistics compiled by the Kenya Marine Fisheries Research Institute

(https://www.kmfri.go.ke/; accessed on 8 December 2020), it is estimated that the fisheries
and aquaculture sectors in the target locations employ approximately 48,000 fisher folks.
Using this number, the sample size was drawn as follows:

n = 48,000/(1 + (48,000 × (0.05 × 0.05)))

https://www.kmfri.go.ke/
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The final sample was boosted by 6%; thus, the total number of respondents to the
survey was 419.

2.4. Statistical Data Analysis

Data analysis was performed using IBM SPSS version 22 as well as NVivo version 12 for
Windows. The qualitative data were inventoried, organized thematically using an iterative
and inductive strategy, and analyzed using the Windows version of NVivo software. The
secondary data analysis included document extracts captured to preserve the original
content and context.

Analysis involved computing the resilience index measurement and analysis (RIMA-
II) model to yield a composite resilience capacity index (RCI) indicator. RIMA-II yields
RCI, a composite indicator for measuring household resilience based on a combination of
observed household factors that often depend on context. These variables are organized
into four pillars of RIMA: access to basic services, assets, social safety nets, and adaptive
capacity. The estimation of RCI involved a two-step process. The resilience pillars were
estimated from observed variables using factor analysis (FA) in the first phase.

The Kaiser–Meyer–Olkin (KMO) test was used to determine whether the index compo-
nents are suitable for factor analysis. The measure ranges from 0 to 1; high values indicate
that the variables are correlated and that the analysis is feasible, whereas KMO values of
less than 0.5 are regarded as unacceptable.

The RCI was calculated from the pillars using the multiple indicators multiple causes
(MIMIC) model accounting for the food security indicators, food consumption scores (FCS),
and food insecurity experience scale (FIES).

The latent variable “resilience” was measured using the MIMIC model. The model
comprised two parts: the measurement Equation (1) shows that observable indices of food
security are not ideal predictors of resilience capacity; and the structural Equation (2) links
estimated characteristics to resilience.[

HDD
HFIAS

]
=[γ1 γ2][RCI]+[ε1 ε2] (1)

RCI = [β1 β2 β3 β4]

ABS
AST
SSN

+ [ε3]

.
AC

(2)

where ABS—access to basic services; AST—assets; SSN—social safety nets; AC—adaptive
capacity.

Analysis of covariance (ANCOVA) and OLS-censored regression analysis were used
to identify determinants of resilience index, as shown in Equation (3):

RCIi = β0 + β1Covidi, + β2Climatic variability + β3Geopolitical instability + β4
agei + β5femalei + β6educationi + β7hhsizei + εi

(3)

where RCI is the measure of resilience index. A fixed-effects model was conducted to
control for unobserved heterogeneity, keeping in mind the potential heterogeneity in
regional resilience. To remedy any potential heteroskedasticity, robust standard errors
were used.

3. Results
3.1. Descriptive Analysis

The survey sample comprised the following: fisher folks (n = 201, 48%), pond farmers
(n = 54, 13%), cage farmers (n = 30, 7%), and fish traders (n = 134, 32%) (Table 1). The
functions performed within the different nodes of the value chain were found to be gender-
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specific, with more than 95% of men being at the production level and women (88%)
performing trade-related activities.

Table 1. Descriptive statistical analysis of the household data.

Frequency Percent

Sampledistribution by county
Kisumu 124 29.6

Busia 105 25.1
Mombasa 91 21.7

Kilifi 99 23.6
Gender of the respondents

Male 267 63.7
Female 152 36.3

Mainfunction performed in the fish value chain
Fishing 201 48

Pond farming 54 13
Cage farming 30 7

Fish trade 134 32
Householdincome

p-value

Male-headed Female-headed Total

n % n % n %

Numberof HH income
sources 0.03

None 1 0.3 0 0.0 1 0.2
One 189 56.1 61 74.4 250 59.7

Two and more 147 43.6 21 25.6 168 40.1

Medianmonthly
household income from

all sources (KES)
18,000 10,000 <0.001

Source: Study primary data.

Male-headed households reported higher numbers of income sources compared with
female-headed households. This difference was statistically significant (p < 0.05). The
proportion of male- and female-headed households who had two or more income sources
was 43.6% and 25.6%, respectively. In addition, the median monthly household income for
male-headed households (KES 18,000) was higher than that of female-headed households
(KES 10,000), and the difference was statistically significant (p < 0.005).

3.2. Effects of Covariate Shocks on Fish-Dependent Households

Households affected by climate-induced shocks (drought and floods) experienced
more than 60% reduction in fish catch and incomes, whereas shocks that disrupted the
main supply chains (COVID-19 and geopolitical instability) experienced limited access to
markets and inputs, fish prices, and incomes, as reported by more than 74% of affected
households. Households that reported not engaging in fishing activities in certain months
due to climatic shocks were significantly less likely to recover from shocks compared with
those conducting fishing throughout the year (OR = 0.105, 95% CI [0.014, 0.773], p = 0.027).

For shocks that disrupted supply chains, the study suggests that households that
lacked guaranteed market access were less likely to recover from COVID-19 and geopolitical
instability (OR = 0.401, 95% CI [0.161, 0.999], p = 0.05). Another significant finding from
the analysis was the association between access to inputs and COVID-19 recovery among
households. The results indicate that households who had no access to necessary inputs
were significantly less likely to recover from COVID-19 compared with those with access
(OR = 0.31, 95% CI [0.099, 0.97], p = 0.044).
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3.3. Determinants of Household Resilience Capacity Index

The Kaiser–Meyer–Olkin (KMO) test and Bartlett’s test of sphericity were performed
to assess the adequacy of the data for factor analysis. The KMO value obtained was
0.598, indicating that the variables have some degree of commonality, though it could
be improved. Bartlett’s test of sphericity was significant (chi-square = 2489.573, df = 276,
p < 0.001), confirming that the variables are sufficiently correlated for factor analysis
(Table 2).

Table 2. KMO and Bartlett’s tests to assess adequacy of the data for factor analysis.

KMO and Bartlett’s Test

Kaiser–Meyer–Olkin Measure of Sampling Adequacy. 0.598

Bartlett’s Test of Sphericity
Approx. chi-square 2489.573
df 276
Sig. 0.000

Source: Study primary data.

The PCA analysis identified 10 factor variables that potentially influenced households’
resilience to covariate shocks. Each variable was loaded onto these components, indicating
their contribution to each factor. The factors extracted were then analyzed to generate a
household resilience score ranging from 0 to 100. Higher scores indicate higher levels of
household resilience. The following factor variables were regressed to assess their influence
on household resilience capacity index: number of income sources; total household income;
possession of insurance; years of experience; membership in a fish SACCO and access to
credit; access to markets, inputs, and training; effect of various shocks (COVID-19, floods,
political instability, and drought) on household stability; ownership of assets; and food
security index scores (Table 3).

Table 3. Principal components.

Variable
Component

1 2 3 4 5 6 7 8 9 10

Number of HH income
sources 0.007 −0.05 −0.003 0.342 −0.064 0.029 −0.053 0.246 −0.603 −0.191

Total income −0.059 0.052 0.007 0.042 −0.002 0.857 −0.024 0.142 −0.058 −0.01
Years of experience 0.215 −0.053 0.032 −0.071 0.212 0.052 0.092 0.071 −0.046 0.775
Income from fish −0.057 0.011 −0.048 −0.071 −0.068 0.833 0.083 −0.081 0.142 −0.031

Market guaranteed 0.193 −0.088 0.007 0.158 0.07 0.116 −0.054 0.124 0.769 −0.109
Good performance −0.287 −0.006 −0.037 −0.002 −0.196 −0.118 −0.106 −0.045 0.069 0.61

Belongs to fish SACCO 0.01 −0.097 0.106 0.501 0.03 0.042 0.688 0.062 0.16 0.086
Access to inputs 0.036 −0.161 −0.029 0.653 0.123 0.147 −0.046 −0.079 −0.196 0.091

Access to markets 0.057 0.026 −0.079 0.591 −0.048 −0.134 0.135 0.011 0.039 −0.219
Access to training −0.044 0.05 0.031 0.737 −0.158 −0.034 0.017 0.014 0.07 0.027
Access to credit −0.041 0.08 −0.027 −0.042 0.048 0.035 0.886 0.069 −0.089 −0.048

COVID-19 0.059 0.2 0.081 −0.139 0.807 −0.019 0.072 0.009 −0.035 0.063
Recovered from COVID-19 −0.043 0.03 0.023 0.018 0.871 −0.052 −0.002 −0.03 0.139 −0.016

Floods 0.161 0.011 0.83 −0.085 0.017 −0.022 0.098 −0.101 −0.127 −0.116
Fishing affected by flood 0.114 0.026 0.888 −0.019 0.036 −0.054 0.076 −0.143 −0.004 −0.035

Recovered from flood −0.008 0.023 0.723 0.058 0.059 0.036 −0.17 0.186 0.167 0.182
Droughts 0.846 0.133 0.102 −0.048 −0.061 −0.061 0.063 −0.019 −0.037 −0.006

Fishing affected by drought 0.916 0.002 0.073 0.008 −0.017 −0.009 0.014 −0.005 0.064 0.003
Recovered from drought 0.782 −0.065 0.08 0.085 0.106 −0.067 −0.128 −0.045 0.148 −0.015

Political dynamics 0.102 0.805 −0.06 −0.051 0.044 0.046 −0.061 −0.091 −0.246 −0.09
Fish affected by political

instability 0.062 0.89 0.016 −0.04 0.093 0.049 0.05 −0.01 0.024 −0.054
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Table 3. Cont.

Variable
Component

1 2 3 4 5 6 7 8 9 10

Recovered from political
instability −0.087 0.759 0.092 0.013 0.089 −0.024 0.04 0.155 0.13 0.079

Savings 0.054 0.068 −0.1 0.014 0.224 0.027 0.066 0.771 −0.053 −0.03
Support system −0.124 −0.013 0.022 −0.044 −0.306 0.037 0.047 0.697 0.038 0.065

Extraction method: principal component analysis. Rotation method: varimax with Kaiser normalization. A
rotation converged in eight iterations. Factor components with eigen values >0.5 (in bold) meant the independent
variables sufficiently accounted for variance in the household resilience capacity index.

Descriptive statistics were obtained for the generated household index score in a
range of 0–100. The results indicate that the mean household index score for male-headed
households (mean = 45.07 ± 10.43) was superior to that of female-headed households
(mean = 38.15 ± 9.25) (Table 4).

Table 4. RCI scores between male-headed and female-headed households.

Descriptive Statistics

Male- or Female-Headed HH n Min Max Mean SD

Male-headed
Household resilience

capacity index 335 24.00 80.00 45.07 10.43

Valid N (listwise) 335

Female-headed
Household resilience

capacity index 82 22.00 62.00 38.15 9.25

Valid N (listwise) 82
Source: Study primary data.

Furthermore, the resilience scores were analyzed across different counties. The mean
resilience scores varied across counties, with Kisumu having a mean score of 44.62, Busia
of 42.95, Mombasa of 45.27, and Kilifi of 41.98. These differences indicate variations in
the social resilience capacities among households in different regions. The RCI scores
were higher in the urban areas (Mombasa and Kisumu), and this was attributed to such
households’ ability to engage in non-production casual-labor-related income-generating
activities during off-fishing seasons (Table 5).

Table 5. RCI scores by study location.

Descriptive Statistics

County n Min Max Mean SD

Kisumu
Household resilience

capacity score 123 26.00 80.00 44.6179 11.14768

Valid N (listwise) 123

Busia
Household resilience

capacity score 105 22.00 68.00 42.9524 9.73928

Valid N (listwise) 105

Mombasa
Household resilience

capacity score 90 24.00 80.00 45.2667 11.11513

Valid N (listwise) 90

Kilifi
Household resilience

capacity score 99 22.00 74.00 41.9798 9.96932

Valid N (listwise) 99
Source: Study primary data.
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Figure 1 shows the resilience capacity index (RCI) by value chain (VC) actor. The
mean RCI was 44.89 (SD = 10.09) for households that performed fishing (n= 201), 44.04
(SD = 12.07) for pond farming (n = 53), 48.60 (SD = 10.47) for cage farming (n = 30), and
40.71 (SD = 9.97) for fish trading (N = 133).
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Figure 1. Resilience capacity index by value-chain actor. Note: Outliers above the box plot are
assigned random numbers of observations in the dataset.

The Tukey post hoc test results for the resilience capacity index (RCI) by value chain
(VC) actor indicate that there are significant differences between the groups. Fish trade
(n = 133) had a mean RCI of 40.71, significantly different from cage farming (n = 30), which
had the highest mean RCI of 48.60 (p < 0.005). Pond farming (n = 53) and fishing (n = 201)
had intermediate mean RCIs of 44.04 and 44.89, respectively, and were not significantly
different from each other (Table 6). Cage farming is an emerging climate-smart technology
that enables fish-dependent households to sustain production even during shocks.

Table 6. Tukey post hoc for the RCI by value-chain actor.

Tukey B a,b

Function in the VC n Subset for alpha = 0.05
1 2 p-value

Fish trade 133 40.7068
Pond farming 53 44.0377 44.04
Fishing 201 44.8856 44.89
Cage farming 30 48.60 <0.005
Means for groups in homogeneous subsets are displayed.

a Uses harmonic mean sample size = 61.828. b The group sizes are unequal. The harmonic mean of the group
sizes is used. Type I error levels are not guaranteed. Source: Study primary data.

3.4. Factors Influencing Households’ Resilience Capacities to Shocks

The ordinal least squares (OLS) model was used to analyze the factors influencing
household resilience capacities to shocks in the Kenyan fisheries and aquaculture sectors.
The coefficient for male- or female-headed households was −4.843 and was found to
be statistically significant (p = 0.006). This negative coefficient suggested that being a
female-headed household is associated with lower resilience capacities compared with
male-headed households. The coefficient for the number of incomes was 3.64, and it is
statistically significant (p = 0.001). This positive coefficient indicates that households with a
higher number of income sources tend to have higher resilience capacities. Other factors,
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including access to credit, levels of income, and availability of support systems/safety nets
positively contributed to the household resilience capacity index (Table 7).

Table 7. Regression OLS model.

Unstandardized Coefficients Standardized Coefficients t p-Value
B Std. Error Beta

Level of education 0.403 0.943 0.029 0.428 0.67
Male- or female-headed HH −4.843 1.746 −0.187 −2.774 0.006

Number of incomes 3.64 1.044 0.241 3.488 0.001
Income level 0.00 0.000 0.405 6.378 0.000
Credit access −2.55 1.512 −0.122 −1.684 0.004

Function performed in the VC −1.49 0.649 −0.182 −2.288 0.023
Access to inputs −2.55 1.668 −0.102 −1.530 0.128
Regular savings −1.717 2.054 −0.058 −0.836 0.405

Presence of support system/safety net −2.954 1.563 −0.131 −1.89 0.41
Food security status −0.279 0.158 −0.148 −1.764 0.08

Source: Study primary data.

4. Discussion

In this study, we measured the household resilience capacities to shocks among fish
value-chain actors and assessed the determinants of household resilience capacities. The
study started by analyzing the effect of gender on household resilience capacities, which
is very important because in sub-Saharan Africa, women play a significant role in food
security and adapting to covariate shocks at the household level [25]. The present study
shows a significant difference in the household resilience index scores between male-headed
and female-headed households in the Kenyan fisheries and aquaculture sectors. The mean
resilience index score for male-headed households was higher than that for female-headed
households. The negative coefficient for male- or female-headed households (−4.843,
p = 0.006) indicates that female-headed households exhibit significantly lower resilience
than male-headed households. This suggests that male-headed households are more likely
to withstand and recover from shocks than their female-headed counterparts. This could be
attributed to several factors contributing to these gender disparities in resilience capacities.
Male-headed households typically have better access to financial resources, credit facilities,
and ownership of land and fishing equipment [26]. These resources provide a buffer during
economic or environmental shocks, facilitating quicker recovery. In contrast, female-headed
households often face barriers to accessing financial services and owning productive assets.
Cultural norms and gender discrimination also limit women’s economic opportunities,
reducing their ability to respond effectively to shocks.

This finding is consistent with previous studies, which have shown that female-headed
households often face more significant socio-economic challenges, including limited ac-
cess to resources and economic opportunities, reducing their resilience [27–31]. These
households may have less access to capital, credit, and support networks, making it harder
to cope with and recover from shocks. Additionally, female-headed households might
experience more significant barriers in accessing markets and receiving fair prices for
their produce, further impacting their economic stability and resilience [32]. These results
corroborate [33] study which also reports the high resilience of male-headed households
compared with female-headed households. Ref. [33] argues that women in male-headed
households are mainly responsible for looking after the children, while their husbands are
primarily responsible for aquaculture production, with support from their wives and some
sub-activities such as input collection and feeding. Women in female-headed households
have domestic and productive roles, and sometimes they have to hire men to assist them,
since some activities demand physical strength. This increases their vulnerability to shocks
compared with male-headed households primarily focusing on production. Addition-
ally, research from various developing countries echoes the gender disparity in resilience
capacity, highlighting the need for targeted interventions to support female-headed house-
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holds [34]. These interventions could include improving access to credit, training, and
market opportunities specifically for female-headed households to enhance their economic
stability and resilience.

The household resilience capacity scores across the four counties in Kenya—Kisumu,
Busia, Mombasa, and Kilifi—indicate how well households in these regions can withstand
and recover from covariate shocks. The higher resilience scores in Mombasa and Kisumu
might be attributed to better access to resources, diversified income sources, and more
robust support systems than in Busia and Kilifi. The variation in resilience capacity scores
can be attributed to several factors. Economic diversification is one significant factor.
Regions with higher economic diversification tend to have higher resilience. Mombasa,
a major coastal city with diverse economic activities beyond fisheries, might provide
households with more opportunities to diversify their income sources. This diversification
reduces vulnerability to sector-specific shocks [35]. Access to markets, credit, and training
resources significantly impacts resilience. Counties like Kisumu and Mombasa, which are
more urbanized and economically vibrant, have better access to these resources. More
robust social support networks can enhance resilience by providing a safety net during
shocks. Mombasa’s relatively high score could reflect better social cohesion and support
systems, which are crucial during times of crisis. Coastal regions like Mombasa and
Kilifi face unique environmental challenges, such as rising sea levels and frequent storms.
However, Mombasa’s higher score suggests that households might be better equipped to
cope despite these challenges, possibly due to more effective local governance and disaster-
preparedness programs [36]. The findings of this study are consistent with previous
research by [37] in Malawi, which found that households with diversified income sources
and better resource access demonstrated higher resilience. Similarly, a study by [38],
drawing examples from South Asian countries, highlighted the critical role of financial
inclusion and social support in enhancing resilience. A study by [39] also emphasized the
importance of access to credit and training programs in building resilience. These studies
support the observation that regions with better access to economic opportunities and
social support networks tend to exhibit higher resilience scores.

The number of income sources emerges as a significant positive factor (coefficient = 3.64,
p = 0.001), indicating that households with diversified income streams are better equipped
to withstand shocks. This aligns with the literature suggesting that income diversification
enhances resilience by providing multiple avenues for financial stability, thereby mitigating
the impact of sector-specific disruptions [40,41]. Diversified income sources can buffer
against shocks, as losses in one area can be compensated by gains in another, thus stabi-
lizing the overall household income. This is particularly relevant in the Kenyan fisheries
and aquaculture sectors, where shocks such as frequent droughts and seasonal floods, the
COVID-19 pandemic, and national geopolitical instability can be significant [42,43], in a
study on shocks, recovery trajectories, and resilience among aquaculture-dependent house-
holds, supported the present results by noting that diversification provides critical adaptive
capacity to various unforeseen shocks [44], with evidence from small-scale aquaculture
agriculture systems in Myanmar, also note that diversification strategies have a stabiliz-
ing effect on income and food availability during livelihood shocks such as COVID-19.
Similarly, household resilience to food insecurity increases with the increasing diversity of
livelihood. The present results are also confirmed by [45] study, which confirms the crucial
role of livelihood diversification in improving household resilience to food insecurity in
higher- and lower-wealth groups.

Despite being hypothesized as a potential resilience factor, the education level did not
significantly impact household resilience capacity in this study (coefficient = 0.403, p = 0.67).
This finding contradicts previous research, such as [46], which reported that the household
head’s education level significantly impacts household resilience capacities. Similarly,
Ref. [47] documented that higher levels of education complement other drivers, enhancing
the implementation of techniques to improve resilience against climate variability and
change. The insignificance of education in the present study may be attributed to several
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factors. While education generally enhances long-term adaptive capacities, its immediate
effects on resilience to sudden shocks may not be as pronounced. Educated individuals may
be better at long-term planning and resource management, but this does not necessarily
translate into immediate resilience against shocks. Additionally, education’s quality and
practical relevance may vary, influencing its effectiveness as a resilience factor [47]. It is
possible that education systems in the study regions do not sufficiently emphasize practical
skills directly applicable to immediate resilience strategies, thereby reducing the observed
impact of education on resilience in the short term.

Other variables like increased prices, unplanned illnesses, loss of household mem-
bers, heavy taxation, sale of assets, possession of insurance, and regular savings also did
not show statistically significant impacts on resilience capacities (p > 0.05). This lack of
significance might reflect the complex interplay of multiple factors influencing resilience,
where individual elements alone do not determine overall capacity. For instance, while
heavy taxation could theoretically reduce disposable income and affect resilience, house-
holds might have adapted to such conditions over time, thus dampening the immediate
perceived impact. The presence of a support system, while not statistically significant at the
5% level, shows a p-value of 0.061, suggesting a trend toward significance. This implies that
social networks and community support could enhance resilience, although more targeted
research is needed to establish this relationship. The present results agree with the study
by [48] , which showed that social networks influence the resilience capacities index among
fish value-chain actors in Malawi. However, social networks did not significantly affect
house resilience during the shock of COVID-19.

Ref. [48] attributed the insignificance of social networks in building resilience capaci-
ties to the covariate nature of the COVID-19 shock, which meant that all households were
affected. When all households are affected, social networks will not help households attain
the desired level of development outcomes. Previous studies have highlighted the impor-
tance of social capital in providing emotional, informational, and financial support during
crises, which can significantly contribute to household resilience [49]. Support systems can
offer immediate help during shocks and contribute to quicker recovery, highlighting their
potential importance.

Interestingly, the food insecurity index during and after shocks (FIES during shocks
and FIES after shocks) showed coefficients close to zero and were not statistically significant
(p > 0.05). This result indicates that immediate food insecurity, as measured by the FIES,
does not significantly affect overall resilience capacities. This might suggest that households’
resilience is more influenced by structural and economic factors than short-term food
insecurity metrics. It highlights that addressing broader economic stability and structural
issues might be more critical to enhancing resilience than focusing solely on food security
during shocks.

The analysis of insurance as a social safety net indicates a significant association
between the possession of insurance and the county of residence (p = 0.014), with a notably
low prevalence of insurance coverage across all four counties studied. Kisumu recorded
the highest percentage of households possessing insurance (22.7%), which is still relatively
low, followed by Busia (19.0%), Mombasa (14.3%), and Kilifi (7.9%). These figures suggest
that insurance coverage as a buffer against economic shocks is not widely adopted among
the households in these regions. The low prevalence of insurance could be attributed to
several factors, including limited access to insurance services, lack of awareness about the
benefits of insurance, and financial constraints that make insurance premiums unaffordable
for many households [50,51]. Interestingly, the data showed no significant association
between the possession of insurance and whether the household is male- or female-headed
(p = 0.269). However, more male-headed households (17.2%) had members possessing
insurance than female-headed households (12.2%). This disparity might reflect the broader
socio-economic challenges female-headed households face, such as lower income levels
and reduced access to financial services, which hinder their ability to afford and maintain
insurance policies .
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The marginally significant association between the possession of insurance and the
primary source of income (p = 0.051) suggests that households with different primary
income sources may have varying access to and utilization of insurance. The results
agree with [52] study , which reported that households relying on less stable income
sources might find it harder to allocate resources toward insurance premiums. The mean
household size and the mean number of members with an income were not significantly
associated with the possession of insurance. This indicates that larger household size
or the number of income-earning members does not directly influence the likelihood of
possessing insurance. This finding aligns with the idea that insurance adoption is more
closely tied to other socio-economic factors, such as education, awareness, and income
stability, than household composition alone [53]. Ref. [54] have highlighted the need for
more inclusive and accessible insurance products tailored to the needs of low-income
households to enhance their resilience to economic shocks.

5. Conclusions

This study highlights the critical factors influencing household resilience capacities
in the Kenyan fisheries and aquaculture sectors, revealing significant disparities based
on household head gender and income diversity. Male-headed households demonstrated
superior resilience to their female-headed counterparts, indicating a gender disparity that
needs addressing. The positive correlation between the number of income sources and
household resilience underscores the importance of economic diversification in enhancing
resilience. While regional differences were noted, with Mombasa showing the highest
resilience scores, the influence of education, food insecurity, and other socio-economic
factors was not statistically significant. The low prevalence of insurance coverage across all
counties indicates a vulnerability that warrants policy intervention. These findings suggest
the necessity for targeted support and comprehensive policies to bolster resilience, particu-
larly for female-headed households and regions with lower resilience scores. The study
recommends (a) adopting gender-sensitive approaches in fisheries and aquaculture inter-
ventions to empower women in trade, (b) strengthening policies to enhance access to and
adoption of climate-smart technologies such as fish cage farming, (c) promoting livelihood
diversification to sustain households’ income during fishing off-seasons, and (d) enhancing
market linkages in the fish value chain through coordinated producer organizations. Fur-
ther research should explore the possibilities of introducing index-based weather insurance
and other tested suitable safety nets for the fisheries and aquaculture sector.
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