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Abstract: Floods destroy crop production; nevertheless, the extent of their impact on farmers’
livelihoods in developing countries has been poorly investigated. This paper contributes to the
growing evidence-based assessment of the impacts of shocks on communities. It assessed the post-
disaster livelihood of farmers affected by the 2012 flooding in the semi-arid zone of Benin. To this end,
a survey was conducted on 228 farmers in two municipalities of the flood-prone part of the semi-arid
zone of Benin (Malanville, Karimama). Information on the well-being of households was collected
using semi-structured interviews. Data were analyzed using income and consumption approaches
focusing on poverty and on subjective assessment using happiness approach. Additionally, a probit
model was used for a poverty assessment. The survey revealed that flooded farmers were amongst
the poorest in the study system. Seven variables determined poverty in this study: household size,
location, the percentage of the farm size that was flooded, fishing, the farmer’s gender, farm size, and
“holding a secondary activity”. Regarding happiness, 99% of the flooded farmers were unhappier
after the flood in 2012. The results clearly show that being subjected to floods increases the incidence
of poverty. The capacity of flood risk management and governance should be strengthened in the
study system.

Keywords: poverty; happiness; flood; income; consumption; Benin

1. Introduction

Floods are the most expensive natural disaster in global contexts, with an expected
increase in frequency and intensity if no effective adaptation strategies are implemented
(Pricope et al. 2022; Parker 2000; Ayerakwa et al. 2014; Harvey et al. 2014). Flood risk is
the potential damage and disruption caused by flooding, which is influenced by physical
phenomena, such as precipitation, and the presence of people (Fekete 2010). Vulnerability
includes communities’ exposure, sensitivity, and adaptation capacities (IPCC 2014). Floods
are a complex phenomenon, and understanding the changes in flood hazards can be
challenging due to multiple interacting factors (Johnson et al. 2016). Many factors such as
rivers, climate change, water resources, population density, and industrialization cause or
aggravate the impact of flooding (Schmuck 2012).

Flood-originated disasters impede economic and human development at the macro-
level and the household level because livestock, crops, homes, and human lives are repeat-
edly destroyed (Shrestha et al. 2019; Bremond et al. 2013). In low-income countries, floods
adversely affect people’s livelihoods due to high exposure and sensitivity (Omungu 2014).
An author stated that croplands are exposed to flooding in these systems, adding that at
the same time, a high share of the population is poor and highly depends on subsistence
agriculture. In Africa, human settlements are more prone to flooding. This is because
they lack adequate infrastructure to cope with natural disasters combined with a large
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population living below the poverty line. This forces them to live in vulnerable locations
by rivers (Ayerakwa et al. 2014; Armah et al. 2010).

Recently, floods in Benin have become more prevalent, with their after-effects being
more destructive (Lokonon 2016; Baudoin et al. 2013). Floods affect almost every sphere
of life, including farming, housing, schools, healthcare, roads, marketplaces, places of
worship, drinking water supplies, sanitation, and other goods and public services (World
Bank 2011). In rural areas, floods also affect farmers’ livelihoods, especially through crop
loss. In 2020, the poverty rate was 45.9%, with the country ranking 158 out of 189 countries
in 2020 regarding happiness status (World Development Indicators 2020). Some actions and
programs are being undertaken in agriculture to alleviate poverty and raise the happiness
level in rural areas. Simultaneously, covariate shocks such as floods, dry spells, droughts,
and idiosyncratic shocks including diseases, deaths, and fire hinder efforts, rendering
them unsuccessful. In 2012, a surge striking the semi-arid zone in the country led to the
destruction of several farms. Understanding how such shocks impact income and poverty
levels and farmers’ happiness status could help design responses better.

Ezin et al. (2018) conducted a study highlighting that agriculture in Benin is under
a severe threat of climate change, resulting in food insecurity. Therefore, it is essential
to apply timely policy interventions to overcome this challenge. Mounirou and Yebou
(2022) assessed farmers’ perceptions of climate risks in Northern Benin. According to their
research, the effects of climate change adversely force farmers to migrate to other areas
with better land for agriculture. In addition, Bonou et al. (2018) found that a 1% increase in
flooding duration (days) was linked to a 0.40% decrease in agricultural income in Benin. A
farmer stated that their household agricultural income decreased by an estimated 1.44%
when the severity of flooding in 2012 in Benin was major compared with what it would
have been if the flooding had been minor. Additionally, the same author found a 1% rise in
flooded cultivated areas corresponded with an approximate loss of 0.27% in agricultural
income. Ariom et al. (2022) proposed that African economies are under severe threats
of climate change. Therefore, it is mandatory to lessen these effects by mainstreaming
agriculture in policymaking. The prior literature also discussed how extreme flooding
harms the agricultural sector. For example, Skevas et al. (2023) found that approximately
37% of farmers affected by flooding have reported financial losses of at least USD 100,000 in
Missouri. This highlights the devastating impact that floods can have on agricultural
communities and underscores the need for effective disaster relief measures. Moreover,
Dasgupta (2007) elucidated that floods in Bangladesh led to a worsening in poverty among
farmers. In a comparatively recent study, Adnan et al. (2020) also showed how farmers
lost their agricultural lands in Bangladesh after recent floods. Khayyam (2020) revealed
the impact of floods on poverty in Pakistan, illustrating a solid interconnection between
flooding and poverty. Similarly, in their case study on Ghana, Atanga and Tankpa (2021)
found that floods deteriorate crop yields. Floods have a significant impact on smallholder
farmers, exacerbating their vulnerability to poverty. Zulqarnain (2013) and Mavhura
and Mucherera (2020) both highlighted the devastating effects of floods on these farmers,
with Zulqarnain specifically noting the loss of livelihoods in Pakistan, and Mavhura and
Mucherera highlighting the case in Zimbabwe. Maganga et al. (2021) further emphasized
the link between climate-induced vulnerability and poverty, with floods being a key factor
in Malawi. The location of farmers also plays a role, as Owusu et al. (2016) found in
Ghana that those in low-lying areas are particularly vulnerable. These studies collectively
underscore the need for targeted interventions to support smallholder farmers in flood-
prone areas, including the provision of financial and technical assistance and the promotion
of alternative livelihoods. There are many studies on climate change, flood disasters, and
poverty in Africa, but few studies focus on the intersection of flood disasters and poverty
in the agricultural sector in Benin.

This paper aimed to assess the post-disaster poverty and happiness status of small-
holder farmers affected by the 2012 flooding in the semi-arid zone of Benin, focusing on
the social framework. This case study investigates the mitigation and adaptation strate-
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gies for disasters using the social framework rather than physical hazards as the starting
point. Moreover, in the international literature, several studies have assessed the impact
of covariate and idiosyncratic shocks on poverty using either income or consumption as
an indicator (Pradhan and Mukherjee 2016; INSAE 2012; Günther and Harttgen 2009).
However, because impacts are case-specific, finding an effective solution requires local data
collection on the case being handled. Thus, it is paramount to undertake context-specific
research first to guide policymakers and contribute to the scientific discussion on the right
indicator to be used as a proxy for poverty assessment.

Much research on happiness has added new knowledge to the standard view. For
instance, one study showed that non-financial variables have a systematically sturdy
influence on the self-reported life satisfaction (Reinhardt and Hrodey 2019). Welsch (2005)
suggested that air pollution is a statistically significant predictor of inter-country and
intertemporal variations in subjective well-being. Another study observed a private water
connection and an increase in the convenient access to water, with no change in water
quality and an increase in households’ satisfaction levels (Nadeem et al. 2020; Devoto et al.
2012). While the real income in several countries has risen considerably ever since World
War II, the self-reported subjective well-being amongst the population has not increased.
In the US, for example, the per capita real yearly income rose by 2.5 (from approximately
USD 11,000 to USD 27,000) between 1946 and 1991, whereas happiness in the same period
remained constant, on average (Diener and Biswas-Diener 2002). Furthermore, in Burkina
Faso, households experienced significant increases in subjective welfare after the cotton
reform with no corresponding increases in consumption and income (Kaminski 2014).
There are alternative reasons for economists to have an interest in happiness, such as
economic policy. It is usually impossible to form a proposal for a Pareto improvement,
because social policy involves prices for a few people. Hence, an analysis of the effects on
individual utilities is required.

2. Literature Review
2.1. Background on Geography, Agriculture, and Poverty in Benin

Benin, a small country in the southern region of the Sahel, was chosen as the focus
of our research due to the high incidence of flooding in the area over the past 50 years.
Takeaways from this case study can generate important lessons for the rest of West Africa.
As of 2020, the population of Benin amounted to approximately 12,120,000 inhabitants. The
country encompasses 114,763 square kilometers of land covering a large area perpendicular
to the coast of the Gulf of Guinea in West Africa. Benin shares a border with Burkina
Faso and Niger in the north, the Federal Republic of Nigeria in the east, and Togo in
the west. The country’s coastline spans 124 km from north to south and approximately
672 km and 324 km from east to west at its widest point. Benin boasts volatile tropical
conditions, whereby the country receives less rainfall than other countries at a similar
latitude (Lawin et al. 2013).

Benin’s economy highly depends on agriculture, with 88% of its export revenues and
70% of its workforce being in agriculture (World Development Indicators 2020). This sector
generates approximately 27.1% of the GDP (World Development Indicators 2020). Apart
from food crops (manioc, beans, yams, sorghum, maize, millet, and rice), farmers primarily
grow cotton, the main export crop. The country is Africa’s leading cotton producer, provid-
ing livelihoods for 2 million of Benin’s inhabitants. Other export crops—palm oil, cashews,
and pineapples—account for only 10 percent of exports. Rice ranks fourth as the most vital
staple regarding food consumption (Lawin et al. 2013), following yam, maize, and cassava.
Promoting sectors such as rice, pineapple, maize, and cashew nuts, developing irrigation
infrastructure (dams, dykes, and irrigation canals), and setting up agro-processing units are
among the policies that aim to diversify Benin’s export agriculture and further integrate the
national agricultural production into global value chains (African Economic Outlook 2020).

Regarding poverty, Benin ranked 158 out of 189 countries in 2020, with a Human
Development Index of 0.545 (World Development Indicators 2020). The poverty rate at the
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national level increased from 33% in 2007 to 38.5% in 2019, growing at an average annual
rate of 4.07%. In 2020, the poverty rate was 45.9%, and the real GDP fell to 3.8% after the
COVID-19 crisis. Public spending was the primary growth driver, and higher food prices
pushed inflation to 3% in late 2020. The fiscal deficit (grants included) widened from 0.5%
of the GDP in 2019 to 4.2% in 2020 (World Development Indicators 2020).

2.2. Poverty and Happiness as a Measure of Well-Being

Human well-being is a multi-dimensional phenomenon, where attaining well-being is
contingent on achievements in various other dimensions. Well-being arises from achieve-
ments spanning three dimensions: the material, subjective, and relational (McGregor and
Sumner 2010). It is essential to view well-being as a multi-dimensional phenomenon for
several reasons. Firstly, due to the failure to understand individuals or households within
the broader network of social structures and institutions, poverty interventions tackle only
one dimension of poverty, possibly generating damage in other dimensions of well-being
(Devereux and McGregor 2014). Secondly, linking causes of poverty with poor people
fails to acknowledge poverty as being embedded in structures and institutions by poverty
professionals. Lastly, sustainable livelihoods may be measured using resources, includ-
ing economic, human, natural, and social capital (Scoones 1998). The most widespread
method to measure poverty is the welfare approach. In practice, this approach concentrates
mainly on comparing economic well-being, also known as the standard of living or income
approach. This approach links strongly with traditional economic theory, which assumes
that people are perfectly rational, patient, and computationally proficient (Ravallion 1994).
Well-being refers to a level of satisfaction that is achieved via the consumption of a certain
good. Classical economic science typically suggests that consumers are rational and better
judges of life and activities that tend to maximize their utility and happiness. Then, income
and consumption are used as proxies for poverty analysis.

Happiness is perceived as multi-dimensional and an aggregate of well-being (Duclos
and Araar 2006). The concept of happiness is sometimes used interchangeably with the
term subjective well-being. Subjective well-being or happiness studies include the scientific
analysis of how people evaluate their lives, both in a given moment and over more extended
periods, such as the preceding year. Life satisfaction and happiness are self-reported and
may be calculated with the help of a single or several questions. Measures of happiness
report emotional reactions to multiple things, including events, and moods, along with
their satisfaction with life, regarding domains such as marriage and jobs (Diener et al. 2010).

Happiness and subjective well-being have been typified into two distinct perspectives.
One of these is broadly referred to as hedonism (Kahneman et al. 1999). Hedonism implies
that well-being entails pleasure. The other perspective, eudaimonism, clarifies that well-
being is not limited to happiness (Waterman 1993). These two perspectives are founded on
distinct views of human nature and what constitutes a good society (Ryan and Deci 2001).

Thus, subjective well-being measures two concepts: life evaluation, where the per-
spectives of individuals on their lives are reported, and emotional well-being, hedonic
well-being, and daily affect measures, where the presence of multiple emotions at any
point are captured (Kahneman and Deaton 2010; Diener et al. 2009). The key to correct
measurement should begin with the definition of happiness. Happiness in the past has
been measured as an emotion (“Were you cheerful yesterday?”) and an analysis (“Are you
cheerful along with your life as a whole?”). Therefore, respondents should be assisted
in clearly recognizing the difference between the two in the context of life satisfaction
(Helliwell et al. 2013; Diener et al. 2010).

3. Materials and Methods
3.1. Study System

This study was conducted in Benin’s Niger watershed region, particularly in the
Malanville and Karimama municipalities located downstream of the basin and, thus, the
most impacted by flooding (Figure 1). Malanville (11◦52′0′′ N, 3◦22′60′′ E, and 160 m
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above sea level) covers approximately 3016 km2, with a population of approximately
101,628 individuals in 2013 (https://fr.wikipedia.org/wiki/Malanville, accessed on 24
January 2023).
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Figure 1. Map of the study system.

Karimama (2◦4′0′′ N, 3◦10′60′′ E, and 164 m above sea level) covers 6102 km2, with
a population of 39,579 individuals in 2013 (https://fr.wikipedia.org/wiki/Karimama,
accessed on 24 January 2023).

3.2. Sampling Method

A two-stage sampling technique was applied. In the first stage, villages in the two
targeted municipalities were selected based on their proximity to the river. Nineteen
villages were selected: nine in Malanville and ten in Karimama. Before the second sampling
stage, a systematic census of the number of households in the study system was conducted.
This returned a total number of 1554 households. Following Dagnelie (1998), a sampling
rate of 15% (i.e., 228 households) was considered for the survey. In the second sampling
stage, twelve households were randomly chosen per village (Tables 1 and 2).

Table 1. Sample size with the surveyed villages in the municipality of Malanville.

District Village/City Total of Recorded
Farmers

Total of Surveyed
Farmers

Monkassa 46 12
Garou 12

Bodjecali 113 12
Galiel 86 12
Kotchi 44 12
Monney 174 12

Malanville 48
Banite 1 28 12
Banite 2 90 12
Kantro 61 12

Guene 36
Sakanwa Zenon 30 12

Toumboutou 12
Total 672 108

https://fr.wikipedia.org/wiki/Malanville
https://fr.wikipedia.org/wiki/Karimama
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Table 2. Sample size with the surveyed villages in the municipality of Karimama.

District Village/City Total of Recorded
Farmers

Total of Surveyed
Farmers

Birni Lafia 83 12
Kargui 65 12
Tondikoaria 85 12

Birni Lafia 36
Mamassi Gourma 140 12
Torioh 93 12

Bogo Bogo 24
Kompa 149 12
Kompanti 18 12

Kompa 24
Goroubiri 29 12
Karimama-Centre 149 12
Mamassi Peulh 70 12

Karimama 36
Total 881 120

3.3. Data Collection and Analysis

The survey was conducted in March 2014, and flooding had occurred since August
2012. Therefore, cross-sectional data were collected. A twenty-page questionnaire was
used with open and closed questions. The total number of questions was too high. The
questionnaire was pre-tested in another region similar to the study area. After that, some
questions were readjusted, and the questionnaire was validated before use. The data
collection was based on the recall memory of the farmers concerning the cropping season
of 2012–2013. The main topics covered by the questionnaire were as follows: the socio-
demographic characteristics of the household members, the experience of farmers with
flooding, household farm characteristics, farm size, the agricultural income for each culture
and livestock and fishing, non-agricultural revenue, agricultural expenditures (variable cost
and fixed cost) for each culture and livestock and fishing, other expenditures, additional
costs due to flooding, and the subjective well-being of the household (happiness).

Three interviewers were used in the survey apart from the researcher. The question-
naire was written in French, but the interviews were entirely conducted in the farmers’
local languages (Dendi, Gourmantche, and Fulani). Questionnaire interviews lasted 1 h to
1 h 30 min.

Farmers produced numerous cultures during the rainy season, including rice, maize,
millet, sorghum, cotton, groundnut, bean, soybean, tomato, pepper, onion, okra, sweet
potato, cassava, potato, banana plantain, banana, orange tree, mango, gourd, hot and red
pepper, and edible leaves.

Three indices were used to estimate the extent of poverty (Haughton and Khandker
2009; Duclos and Araar 2006; Deaton 1997):

• The headcount index (P0);
• The poverty gap index (P1);
• The poverty severity index (P2).

The headcount index (P0) is the most common measure of poverty and considers the
fraction of the group that is viewed as poor.

P0 =
Np

N
(1)
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where N refers to the total sample size (i.e., p. 228), and Np refers to the number of poor
people in the sample based on the poverty line:

NP =
N

∑
i=1

I(yi < z) (2)

If consumption or income (yi) is < the poverty line (z), then I = 1 (poor).
The poverty gap index (P1) quantifies the degree to which individuals in our sample

fell below the poverty line. Thus, the poverty gap refers to the poverty line (z) minus the
actual income/consumption (yi) for poor individuals. The gap is zero for the rest.

P1 =
1
N

N

∑
i=1

(z − yi)

z
(3)

The poverty severity index (P2) indicates the inequality among poor individuals. The
index averages the squares of the poverty gaps relative to the poverty line. Squaring the
poverty gaps enables weighting in favor of those falling well below the poverty line:

P2 =
1
N

N

∑
i=1

(
z − yi

z

)2
(4)

The value of consumption is assumed to be the sum of the expenditures on goods
and services purchased and consumed at a particular time, plus the value of goods and
services that are only consumed (for example, goods and services received as gifts), and
finally the consumption or service value of assets and durable goods possessed by the
household (Duclos and Araar 2006). The present study used Benin’s 2011 annual poverty
line, amounting to XOF 120,839 (USD 242) annually (INSAE 2012). To estimate the per capita
consumption, the consumption of households was combined and subsequently divided
by the household size. Similarly, the annual per capita income is the total income from all
household sources (agriculture, fishing, trade, and transportation, among others) divided
by the household size. Moreover, agricultural income was measured by the total revenue
from the rainy cropping season after the 2012 flood and the two dry cropping seasons after
it. It was calculated by multiplying the yield of each crop for each corresponding season (in
local units) with the sale price of a local unit in 2012. Additionally, the livestock income was
obtained by multiplying the number of animals sold by their sale price. Finally, the off-farm
income was estimated by the addition of all gains from activities such as farm labor on
others’ farms, transport, fishing, healing, Quran recitation, butchery, family transfer, brick
making, retirement pensions, social assistance, loans, crafts, trade, etc. (Bonou et al. 2018).

A probit model was used to analyze the determinants of poverty. The variable of inter-
est was the percentage of land flooded (%) in 2012. In the poverty model, the independent
variables used included: gender, household size, having a second activity, location, fishing,
and farm size.

Additionally, data on the happiness of the households focusing on life satisfaction
were collected. The impact of floods on residual happiness was assessed, considering the
non-financial impacts of floods. Data on subjective well-being were used. To this end,
informants were asked: “Taken together, how would you say things were in 2012? Would
you say that you were very happy, pretty happy, or not too happy?” (adapted from Frey
and Stutzer 2002). The survey failed to collect these data on the 31 non-flooded households.
Thus, it was impossible to run the probit model. This happened because the dependent
variable, subjective well-being, yielded only two values, pretty happy and not too happy,
leading to homogeneity in the database.
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4. Results
4.1. Poverty Analysis for the Sample

The mean annual consumption per capita was XOF 183,193, while the mean annual
income per capita was XOF 193,630. The three indices of poverty are presented in Table 3. In
2012, the headcount index (P0) was 42.1%, implying that approximately 42% of the sample
lived below the monetary poverty line. The poverty gap index (P1) was 0.2, representing
the mean proportional poverty gap in the sample, which is the estimated minimum cost
(relative to the poverty line) of eliminating poverty. Lastly, the poverty severity index
amounted to approximately 0.1.

While using income instead of consumption for the index computation, we found the
results of all three indices to differ slightly.

Table 3. Poverty indices in the full sample.

Poverty Indices
Using Consumption Using Income

Estimate Standard Error Estimate Standard Error

Consumption 183,193 173,626 - -

Income - - 193,630 219,895

P0 (%) 42.10 3.27 47.80 3.31
P1 0.17 0.01 0.23 0.01
P2 0.09 0.01 0.14 0.01

4.2. Poverty Analysis Using Flooding Status and Happiness Analysis

Among the sample of 228 farmers, 197 farmers’ farms were flooded in 2012, while
31 were not. The mean per capita expenditure for flooded farmers was XOF 185,590, with
the same spending being XOF 167,960 for non-flooded farmers (Table 4). Moreover, the
mean per capita income was XOF 195,229 for the former and XOF 183,471 for the latter
(Table 5). Using Student’s comparison test between the two sub-groups, and considering
the two-poverty proxies, the differences were not significant. Considering the poverty
index based on expenditure, the headcount index (P0) was 41.1% for flooded farmers
and 48.4% for non-flooded farmers (Table 4). This suggests that farmers in the flood-
free group may tend to be poorer than those in the flooded group. The analysis was
inverted when the headcount index was computed based on income, where there were
more impoverished farmers among flooded farmers than among non-flooded farmers
(Table 5). The poverty index is an alpha (intra-community) index and, as such, cannot be
averaged over compared subgroups.

Table 4. Poverty analysis comparing flooded and non-flooded groups using expenditure.

Sub-Group of the Sample Expenditure (XOF) Significant Difference Headcount Index (%)

Group of flooded farmers 185,590 t = −0.5247
Pr(|T| > |t|) = 0.6003

41.11
Group of non-flooded farmers 167,960 48.38

Table 5. Poverty analysis comparing flooded and non-flooded groups using income.

Sub-Group of the Sample Income (XOF) Significant Difference Headcount Index (%)

Group of flooded farmers 195,229 t = −0.2762
Pr(|T| > |t|) = 0.7827

48.22
Group of non-flooded farmers 183,471 45.16

Table 6 shows the happiness analysis after the flood in 2012. 99% of the flooded
farmers were unhappier.
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Table 6. Descriptive statistics of the perception of the level of happiness of flooded farmers.

Happiness Perception after the 2012 Floods Frequency Percentage Cum.

“very happy” 0 0 0
“pretty happy” 2 1.02 1.02
“not too happy” 195 98.98 100
Total 197 100.00

4.3. Determinants of Poverty

The probit models regarding the determinants of poverty and happiness were globally
significant at 1% (Table 7).

Table 7. Determinants of poverty.

Independent Variables Model Probit

Percentage of land flooded (%) 0.001 *
(0.001)

Household size 0.031 ***
(0.006)

Gender (male = 1) −0.310 ***
(0.110)

Having a second activity (yes = 1) −0.500 ***
(0.08)

Fishing (yes = 1) 0.160 *
(0.090)

Location (Karimama = 1) 0.280 ***
(0.070)

Farm size −0.005 ***
(0.010)

Constant 0.650
(0.450)

Observation 228
Prob > chi2 0.000
Pseudo R2 0.310

Note: ***, and * indicate significance at 1%, and 10%, respectively. Robust standard errors are in parentheses.

Regarding poverty assessment, the dependent variable, poverty, was binary and
computed based on their income. The independent variable of interest was the percentage
of land flooded (%) in 2012. There was a relationship between poverty and flood variables.
The increase in the percentage of the flooded farm proportion led to poverty.

Moreover, six variables determined poverty in this study: household size, location,
fishing, the gender of the household head, farm size, and “holding a secondary activity”.
The first three variables influenced poverty positively, and the last three influenced it
negatively. A household with a larger household size was more likely to be poor, whereas
a household from Karimama was expected to be poorer than a household from Malanville.
A farmer who has fished was poor in 2012. In addition, the gender of the household head
affected poverty negatively. Female-headed households were poorer than male-headed
households. A farmer holding a secondary activity was more likely to escape poverty. A
farmer who had a big farm was richer than the others.

5. Discussion
5.1. Poverty

This study revealed that approximately 42% of surveyed households were monetarily
poor and then living below the monetary poverty line in 2012 during the flooding. The
poverty rate at the national level increased from 33% in 2007 to 38.5% in 2016, growing at
an average annual rate of 4.07% (Alia et al. 2016). Considering the analysis of the poverty of
farmers using “income-based indices”, poorer farmers were identified among the flooded
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group. This justifies the link between flooding and poverty, as highlighted by many studies
outside Benin (Owusu et al. 2016; Trinh et al. 2023). The 2019 Missouri River flood caused
billions of dollars in damage to businesses, homes, and public infrastructure in United
States (Skevas et al. 2023). In Bangladesh, Dasgupta (2007) found that the negative effects of
flooding are especially strong in the short-term in the immediate aftermath of major floods.
However, he added that the normal flooding is necessary and beneficial for agriculture,
transport, and fisheries. The probability of catastrophic flooding is approximately once
in a decade. In Pakistan, Zulqarnain (2013) showed the devastating effects of flooding in
2010 on the livelihood of the people which made their life difficult. He added that, for
the farmers who were already living in critical conditions, flooding took away their entire
livelihood and made them more vulnerable. The Mbire community in Zimbabwe in 2015
was facing increasing threats from recurring high- and low-magnitude floods that manifest
themselves in the disruption of livelihoods and destruction of crops and infrastructure
(Mavhura and Mucherera 2020). In Malawi, Maganga et al. (2021) highlighted droughts,
floods, and irregular rainfall exacerbating poverty, with droughts showing the greatest
impact on farmers’ welfare loss, followed by floods. In Ghana, Atanga and Tankpa (2021)
had linked climate change, flood disasters, and food security. Moreover, Winsemius et al.
(2018) highlighted that African countries show a disproportionally high flood risk for
the poor. Climate change will cause or aggravate the impact of flooding (Schmuck 2012).
Although its greenhouse gas (GHG) emissions are among the lowest in the world (standing
at just 0.05% of global emissions), Benin is one of the countries that is most vulnerable to
climate change. It ranks 152nd out of 181 countries (World Bank 2023). In this situation,
understanding the local impacts of climate-related events could help communities prepare
for future uncertainties (Goyol and Pathirage 2018).

This paper showcased a strong relationship between floods and poverty at the house-
hold level, as reported elsewhere (Kawasaki et al. 2020; Mtapuri et al. 2018). In the sample,
the mean annual per capita expenditure of the flooded farmers was greater than that of the
non-flooded farmers. In contrast, the model highlighted that the increase in the percentage
of the flooded farm proportion led to poverty, suggesting that flooded farmers were poor
(Winsemius et al. 2018; Eakin et al. 2016). This implies that a farmer who was flooded
in 2012 possessed a lower per capita income than the poverty line combined with a high
per capita expenditure. A farmer may compensate for the loss of yield with an increased
expenditure on recovery and prevention (food, health, drainage, farm cleaning costs, etc.)
(Siwiec 2015). Farmers also reported the consumption of substitute crop commodities to
arrange food for their consumption, thereby making their annual spending higher than that
of non-flooded farmers. As farms are flooded, the income of the flooded group of farmers
should be the smallest. With the actual revenue of the flooded farmers falling and their
expenditures rising, farmers tend to rely on savings from neighbors or loan institutions or
use up their capital or savings (Panman et al. 2022) or funds from disaster-rebuilding agen-
cies (Siwiec 2015). This may explain why the expenditure for farmers whose farms were
flooded increased after the 2012 disaster. Since the consumption of individuals depends on
both their income as well as their neighbors’ incomes, flooded farmers use informal risk-
pooling strategies (social networks, social capital, charities, and relief agencies) to smooth
their consumption. After the 1998 floods, private-sector borrowing was a commonly used
survival strategy by households in Bangladesh (Del Ninno et al. 2003). While this helped
households to sustain consumption, long-term debts rose (Del Ninno et al. 2003). It is
essential to reflect on whether individuals should use their income or consumption to cope
with the impact of disasters on poverty (Gradín 2016).

This study confirms that the income indicator (income-based index) reflects the effects
of the 2012 flooding. This confirms the findings of Mercader-Prats (1998), who reported
that consumption is more contingent on individual idiosyncrasies than income. Thus, the
superiority of consumption over income as a proxy for welfare levels in the long run can
no longer be taken for granted.
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Some other variables explain the poverty status of farmers in 2012. Regarding the
farms’ locations, the results show that Karimama’s farmers are the poorest compared
with Malanville’s. Compared with Malanville, which is close to a main road (used as a
reference category), households living in Karimama, very far from the main road, are more
likely to be poverty-stricken, which implies that areas with difficult access should continue
to be a primary focus of poverty alleviation efforts in Benin (Biyase and Zwane 2018).
Policy-makers may facilitate the access to production factors in the Karimama commune
by building upon the main road leading to this commune. Household size further explains
poverty, as large households are more likely to be poor (Sekhampu 2013).

The gender of the head of the household also negatively affects poverty (Biyase
and Zwane 2018). This implies that female-headed households are poorer than male-
headed households. Female-headed households may be more vulnerable because most
would be divorced or widowed, making it easier to fall into poverty. Thus, it is vital to
strengthen their capacity to cope with shocks like flooding. In this regard, making more
land available to farmers may be beneficial. Finally, livelihood diversification can help to
address economic shocks and mitigate poverty (Dagunga et al. 2020). Therefore, promoting
off-farm income-generating activities is essential to poverty reduction.

5.2. Happiness

The 2012 flood destroyed farms, leading to yield losses and affecting the mood of the
farmers. The result yielded that 99% of flooded farmers were unhappier after the flood
in 2012.

Thus, the flood was an exogenous shock that disturbed the farmers’ existing state
of equilibrium (Strack et al. 1991). Satisfaction with life among the individuals who
experienced the flood was considerably lower (Sekulova and Van den Bergh 2016). Similar
results were reported by Armah et al. (2010), who found that 90% of respondents in Ghana
felt worse off after the 2007 flood. Other studies also found that experiencing a flood and
perceiving a recurrence of such an event was associated with a considerable decrease in the
subjective well-being in Bulgaria (Sekulova et al. 2017).

The findings also suggested that farmers who produced rice in 2012 were unhappier
than the others. Since rice is usually produced near rivers, flooding destroyed rice pro-
duction, leading to unhappiness among farmers. The findings also suggest that a farmer
engaged in fishing is happier than a farmer who is not, as previously illustrated by Bodmer
et al. (2018).

6. Conclusions

This work assessed the poverty and happiness of farmers in response to flood shocks.
It had some limitations. For example, the data on the flood, income, consumption, and
happiness relied heavily on the recall memory of the farmers. This implies some risk of the
poor or inaccurate report of what they have experienced. Nevertheless, the recall reports
biases have been reduced with the large sampling size and the technique of the random
selection of the farmers into the sample. In addition, these results could be observed as an
important step towards modelling and responding to flooding impacts. Furthermore, only
agricultural loss was considered to assess farmers’ poverty, which may be a simplification
concerning designing new policies. Accounting for data on damages posed by floods to
fences, soil, equipment, structures, and stocks could yield a more robust model. Despite
these shortcomings, the findings are unique and reveal useful lessons for response designs.
Overall, the 2012 flood impacted farmers’ incomes, raising their consumption and leading
to poverty. This highlights the devastating impact that floods can have on agricultural
communities and underscores the urgent need for effective disaster relief measures. Seven
variables determined poverty in this study: the percentage of the farm size that is flooded,
household size, location, fishing, the gender of the household head, farm size, and “holding
a secondary activity”. The first four variables positively influenced poverty, and the last
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three negatively influenced it. Furthermore, 99% of the flooded farmers were unhappier
after the 2012 flood.

To mitigate flood impacts, decision-makers should consider strengthening the flood
risk management capacity (in terms of prevention, risk, and response capacity reductions)
and governance (via improvement of the regulatory framework and greater accountability
of the local communities). Future research could focus on studying other damages (pasture,
fences, soil, buildings, equipment, stocks, and cleaning costs) and the post-flood coping
strategies of farmers and flood insurance in the context of Sub-Saharan African countries.
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