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Abstract

This study assesses household vulnerability to poverty in rural Gambia using the
Vulnerability as Expected Poverty (VEP) approach, based on cross-sectional data.
Income and consumption were used interchangeably to estimate the probability
that a household currently above the poverty line may fall below it in the future.
A three-step Feasible Generalized Least Squares (FGLS) method was applied: first,
estimating the ex-ante mean using OLS; second, modeling variance from squared
residuals; and third, correcting for heteroskedasticity to predict vulnerability.
Findings show that household size has a positive and significant effect on
expected log income, while its squared term is negative and significant,
indicating diminishing returns. Age of the household head has a slightly positive
but statistically insignificant effect on income, with the squared term weakening
this impact. Employment status is positively associated with income, where a
one-unit increase leads to a 2.9% rise in expected log income and reduced
vulnerability. Educational attainment also shows a positive, though insignificant,
effect. Non-land production assets significantly reduce vulnerability, with a one-
unit increase lowering it by 18.8%. The share of irrigated land contributes to a
4.4% reduction in vulnerability. To reduce vulnerability in rural Gambia,
government efforts should focus on expanding access to irrigation and
productive assets, especially for smallholder farmers. Employment programs
targeting rural youth and women can enhance income stability. Strengthening
vocational education and improving access to agricultural extension services will
also help households build resilience and reduce future poverty risks.

Keywords: Vulnerability, Poverty line, Income, Consumption, Econometrics
analysis, Rural Gambia

Abstrak

Studi ini menilai kerentanan rumah tangga terhadap kemiskinan di pedesaan
Gambia menggunakan pendekatan Kerentanan sebagai Kemiskinan yang
Diharapkan (VEP), berdasarkan data lintas sektoral. Pendapatan dan konsumsi
digunakan secara bergantian untuk memperkirakan probabilitas bahwa rumah
tangga yang saat ini berada di atas garis kemiskinan dapat jatuh di bawahnya di
masa depan. Metode Kuadrat Terkecil Umum yang Layak (FGLS) tiga langkah
diterapkan: pertama, memperkirakan rata-rata ex-ante menggunakan OLS;
kedua, memodelkan varians dari residual kuadrat; dan ketiga, mengoreksi
heteroskedastisitas untuk memprediksi kerentanan. Temuan menunjukkan
bahwa ukuran rumah tangga memiliki efek positif dan signifikan pada log
pendapatan yang diharapkan, sementara suku kuadratnya negatif dan
signifikan, menunjukkan pengembalian yang semakin berkurang. Usia kepala
rumah tangga memiliki efek yang sedikit positif tetapi secara statistik tidak
signifikan pada pendapatan, dengan suku kuadrat melemahkan dampak ini.
Status pekerjaan berhubungan positif dengan pendapatan, di mana peningkatan
satu unit menyebabkan peningkatan 2,9% pada log pendapatan yang
diharapkan dan mengurangi kerentanan. Pencapaian pendidikan juga
menunjukkan efek positif, meskipun tidak signifikan. Aset produksi non-lahan
secara signifikan mengurangi kerentanan, dengan peningkatan satu unit
menurunkan kerentanan sebesar 18,8%. Proporsi lahan irigasi berkontribusi
pada pengurangan kerentanan sebesar 4,4%. Untuk mengurangi kerentanan di
pedesaan Gambia, upaya pemerintah harus difokuskan pada perluasan akses
terhadap irigasi dan aset produktif, terutama bagi petani kecil. Program-
program ketenagakerjaan yang menargetkan pemuda dan perempuan di
pedesaan dapat meningkatkan stabilitas pendapatan. Penguatan pendidikan
kejuruan dan peningkatan akses terhadap layanan penyuluhan pertanian juga
akan membantu rumah tangga membangun ketahanan dan mengurangi risiko
kemiskinan di masa depan.

Kata kunci : Kerentanan, Garis kemiskinan, Pendapatan, Konsumsi, Analisis
ekonometrika, Gambia pedesaan
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Introduction

Vulnerability to poverty remains a
multidimensional challenge across West Africa,
particularly in The Gambia, where rural
households face intersecting risks that
undermine their socioeconomic resilience. This
study investigates five key dimensions of
vulnerability, social, economic, political,
technological, and climate-related, each
contributing to the persistence of poverty and
exclusion.

Social vulnerability refers to the
susceptibility of individuals or communities to
harm due to entrenched inequalities, limited
access to resources, and marginalization. In The
Gambia, factors such as youth unemployment,
gender disparities, low literacy rates, and
restricted mobility, especially among rural
women, exacerbate social vulnerability. These
groups are disproportionately affected during
climate-related shocks, such as droughts, due to
their limited adaptive capacity.

Economic vulnerability reflects
exposure to adverse economic shocks, including
inflation, unemployment, and market volatility.
The Gambian economy’s dependence on
agriculture and tourism renders it highly
sensitive to external disruptions. Informal labor
and seasonal farming dominate rural
livelihoods, offering limited financial security.
The COVID-19 pandemic further intensified
economic fragility by disrupting remittance
flows and tourism revenues.

Political vulnerability arises from weak
governance, limited civic participation, and
institutional exclusion. Despite democratic
reforms since 2017, marginalized groups,
including youth and ethnic minorities, continue
to face barriers to meaningful engagement in
policy processes. The absence of inclusive
reconciliation mechanisms has eroded trust in
institutions.
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Technological vulnerability is driven by
limited access to digital infrastructure and low
digital literacy. In rural areas, poor connectivity
and lack of devices hinder access to education,
financial services, and employment
opportunities, deepening existing inequalities.

Climate change vulnerability
compounds! these risks through droughts,
floods, and shifting rainfall patterns that
threaten agricultural productivity and water
security. Countries such as Niger, Mali, and
Mauritania exhibit high climate vulnerability
due to low adaptive capacity and high exposure
to environmental stressors. In The Gambia,
climate shocks, like salt intrusion, temperature
rise, and erratic rainfall, pose significant threats
to rural households, particularly subsistence
farmers.

This study adopts the Vulnerability as
Expected Poverty (VEP) framework, applying a
three-step Feasible Generalized Least Squares
(FGLS) estimation to cross-sectional household
data. The model estimates the ex-ante mean,
ex-ante variance’, and heteroskedasticity
associated with vulnerability to poverty, using
income and consumption interchangeably.
Climate change variables are included as
controls to assess their impact on expected
vulnerability levels. The analysis seeks to
determine whether exposure to climate
extremes or slow-onset changes results in high,
medium, or low vulnerability among rural
households.

! Climate change vulnerability mean-
Climate change vulnerability refers to the degree
to which a system, be it ecological, social, or
economic, is susceptible to and unable to cope
with adverse effects of climate change, including
variability and extremes

2 Ex-ante means - Represents the
expected level of consumption or income for a
household at time t+1, based on current
observable characteristics, While ex-ante
variances- Captures the uncertainty or volatility
around the expected income or consumption.
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To our knowledge, this is the first
empirical study to apply the VEP approach in
the Gambian context using econometric
modeling. The findings offer quantitative tools
for practitioners and policymakers aiming to
assess household-level risk and design targeted
interventions. The paper is structured as
follows: Section 2 reviews the literature linking
risk, risk management, and vulnerability;
Section 3 outlines the methodology; Section 4
presents econometric results and discussion;
and Section 5 concludes with policy
recommendations.

Research question is: How to measure
household’s vulnerability to poverty in the rural
Gambia

Theoretical model

There are numerous model on how to
theorize the vulnerability for climate change
((Change, 2001, Pandey et al., 2014,
Intergovernmental Panel on Climate Change,
2014 and Pacifici et al., 2015) and migration as
an adaptation strategies(Aitken et al., 2008,
Black et al., 2011 and Vinke et al., 2020) and
coping mechanism for climate change /
environmental respectively. Refugees or climate
migrants’ are discussed in the following
authors’ (Reidsma, 2008, Hoddinott and
Quisumbing, 2003).

Measuring vulnerability and adaptation to
climate change

There are numerous methods in
measuring vulnerability to climate change
(Gunther &Harttgen, 2006,W. Naude’ et al.,
2009, Malone & Engle, 2011 , Nelson et al.,
2010 , Adger, 2006 ,Deressa et al., 2008
,Chang & Huang, 2015, Hoddinott &
Quisumbing ,2003, Pandey et al., 2014 ,Ligon &
Schechter,2003, Dercon 2005, Gu'nther &
Harttgen 2006 and Zhang et al., 2019 ,) and
adaptation to climate change (Dinar et al., 1998,
Andersson-Skold et al., 2015, Morecroft et al.,
2019, and Zhang et al., 2019). These methods
are in different fields such as social science,
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geographic, humanity, social-economic
situation and so on. In this present study, we
want to use vulnerability measures as part of
statistical model and econometrics method to
study vulnerability of the households as it roots
started way back in different literature that
study households food security, households
hunger status, poverty condition of the
households, inequality condition, and
households social, economic, occupation,
employment, education, migration and
development perspective(Ligon& Schechter,
2003, Morduch & Kamanou, 2005, Adger, 2006,
Deressa et al.,, 2008 and Dutta et al,
2011).Likewise we want to use some methods
to study adaptation strategies of the
households or individual at the time of
migration (Gioli et al., 2014), which is climate
shocks is the key driver.

Econometric and statistical method for
measuring vulnerability and adaptation to
climate change

By definition econometric method uses
households level survey data such as social
economic survey, integrated household survey,
in order to analysis and interpret the different
levels of households vulnerability conditions,
that comprises economic, 3psychology, social,
culture, tradition as well as the demographic
status of the individual or household. In this
method of vulnerability study, it is classified
into 3 kinds and they are; Vulnerability as low
expected utility, Vulnerability as uninsured
exposure to risk and finally, Vulnerability as
expected poverty. In additional to this, the
theoretical model combined econometrics
methods for measuring vulnerability(Deressa et
al., 2008), statistical approaches for
vulnerability to climate change(Schlenker&

3Psychological vulnerability refers to a
state in which individuals are more susceptible
to emotional distress, mental health challenges,
and maladaptive responses to stressors.
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Lobell, 2010, Lobell & Burke, 2010, and Lobell et
al., 2011 with Ricardian model for adaptation
strategies (Seo et al.,, 2005:Gemenne &
Blocher, 2017) ) to adjust climate change to
solve the problems of climate change
vulnerability.

Vulnerability as low expected utility

In this context vulnerability was way
back in 1987. According to Kanbur 19872, Adger,
2006, and Glinther & Maier, 2014, vulnerability
is defined as a households as the different
between expected utility level of consumption
and the utility derived from some level of equal
consumption at household level and above
household utility level of consumption, which
household would not be considered vulnerable
because of their high consumption.

As they studied panel data model of
vulnerability, they applied the method in the
data set used in Bulgaria, Vietnam respectively
and confirmed that risk and poverty play a
crucial roles in the households welfare losses
attributed to shock(. Ligonand Schechter 2003,
and Magrini et al., 2018).

According to Kanbur, 1987°, the
shortcoming of this method of vulnerability
study is that, it does not account for individual
in the household risk preferences levels and
therefore those individual are not well informed
about their level of preferences especially
events that are uncertainity.

Vulnerability as uninsured exposure to risk

According to Hoddinott and
Quisumbing 2003 and Cardona et al., 2012, the
vulnerability as uninsured exposure to risk as
one of the econometric method to measure
vulnerability of the households is defined as an
ex post for the assessment of the extent in
which negative shocks causes welfare loss.Thus,
in this method the impact of shocks is assessed
by using panel data econometric technique to
guantified the change induced consumption. In
their part Skoufias 2003, Geffersa et al., 2019,
and Pham et al.,, 2021, employed panel data
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approach in there study to comprehend the
impact of shocks have at the time of
vulnerability in Russia and found out that
shocks impose a households welfare loss that
reduces consumption at the time of absence of
risk management tools. Population to be total
poor is there but the shocks or effects the
households faces at the time of disasters can
make that households or individual to be
vulnerable to poverty. The vulnerability may be
current and expect to be in the future unless
policy actions are intervene.

Households poverty does determine the
vulnerability of the households but what
determine it most is the shocks households are
facing at the time of crises such as income
crises, climate change crises, environmental
disasters, households food insecurity, house
fire, conflict among family members and so on.
If households is more poor, may be likely to be
severe poor in the future and that households
will be vulnerable to poverty. The more poor
households, the more vulnerable they become.
Therefore there is level to calculate the
vulnerability status of the households at certain
thresholds-minimum level, medium level and
maximum thresholds.

Further, as the name implied
uninsured(not insured ether any of the assets
including peoples) associated with insurance
and therefore the insurance and the amount of
looses incurred during the household
vulnerability disaster such as the loss of social
economic  situation of the households
properties are equal.

As in contrast to the other econometric
method of vulnerability, the disadvantages is
that, vulnerability uninsured exposure to risk in
case of absence of panel data sets, cross-
sectional data set, to estimates the impacts or
effects of vulnerability, the results are
inconclusive, inconsistences, unbiased and
insignificant.
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Vulnerability as expected poverty

The vulnerability as expected poverty
defined vulnerability as a dynamic of poverty-a
person can be prospect to be poor in the future
if not poor at the moments and is expected to
be poor, if poor at the moments. This method
contains two things; either chronic poverty or
transient poverty. Can be poor now and
continue to be poor in the future, is not poor
now but may be poor in the future.

Therefore, this vulnerability is view as
consumption or income is used as a good proxy
for welfare and vulnerability is used as expected
poverty.This method coupon with statistical
method and with ricardian approach of
adaptation will be used in this study.

Thus, this method is based on the
probability of the households that are
vulnerable at the time of climate change shocks
as 1 and 0 otherwise. We will estimating the
probability based on consumption or income
shocks of the households at certain thresholds
levels, below the given minimum requirement if
it is already below that level (Deressa et al.,
2008).

Using cross-sectional® survey data set of
1998, Chaudhuriet al., 2002°,found out that 45
percent of the population expected to be
vulnerable to poverty in the near future
whereas the population actual poor stand at 22
percent in Indonesia.Another study also applied
cross-sectional data set in Guatemala and
confirmed that % of the population has
vulnerability index at 0.67 or 67%.

One of the drawback of this method
compared to the others is that, estimation are
using a single cross-sectional, and numerous
cross sectional assumption or simple cross
sectional assumption is missing(Hoddinott and
Quisumbing 2003 and Deressa et al., 2008)
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Table xxx: Summary of approaches to

vulnerability to poverty: Three main methods

of measuring vulnerability to poverty.

Method

Authors”

‘Advantages

Disadvantage

Model

‘Why or why not | choice this
method

Vulnerabili

ty as low

expected

utility

It uses to measure the
household utility level of
consumption

It also measure household risk
and poverty as proxy for welfare
losses

“Households are not
inform about the risk
preferences levels

-As in case of shocks or
hazard as they are
uncertain individuals
are not wellinform
about the risk
preferences level.

It uses panel data

Idid not used this method
because individual and
household were not well inform
the risk preference level and
therefore consumption or
income or poverty dynamic
cannot be a good proxy to
measure welfare losses
associated with shocks or
hazard at the time of climate
crises.

Vulnerabili
tyas
uninsured
exposure
torisk

Itis a good measure of
households shocks at the time
of crises-food crises, income
crises, environment disasters,
education crises, employment,
conflict in the household,
household fire and so on,

“It is an ex post measurement of
wvulnerability in which to assess
the extend in which negative
shocks causes welfare losses
such as household faces food
insecurity, poor education,
lower income, poverty, hunger,
high migration, dimate crises
like floods, drought, salt

The disadvantages are

If only cross section
data is used than the
panel data the results
are biased,
inconclusive,
insignificant and
inconsistent. This is due
to the fact that the
estimate values lack
specific fixed effect and
in that we will not be
able to understand
how the error terms.
behavior is -whether
correlated with the

intrusion, land tion and
soon.

planatory variable
or not.

Cross section data

1did not choice this method
because of the results will be
inconclusive and the
measurement of welfare losses
such as income or consumption
to represent the household
poverty level will not be the
same assumption as if it is panel
data.In panel data | will
understand whether to select
fixed or random effect based on
the hausman test and that
assumption takes into account
unobserved factors.

Vulnerabil
ityas
expected
poverty

TThe f this method

It

is that it uses probability to
define vulnerability of the
households at the time of
climate crises .So consumption
or income will be a good proxy
for dynamic of poverty of the
households.

-Itis also able to use cross-
sectional data for the standard
year. Let said one year period
because users of single cross
sectional data can use cross
sectional variability as proxy
for inter-temporal
variability(data for more than
one point in time or one year)

-Another advantage the
availability of data and it
advantages of captures
different living condition of the
household in the study areas,
country and so on

Itis easler to measure living
standard using single cross
section survey because they
provides information of
household wellbeing,
demographic characteristic,
consumption, coping
mechanism and livelihoods
standard of the households.

problematicto
measure vulnerability
because of the absence
of data for more than
one point in time or
year-temporal
variability

-To capture the
aggregate shocks they
are less suited until the
sample size becomes
larger.

Cross sectional
data/panel data

1 choice this method because
due to the small sample size of
the surveyed data collected in
the single point in time. It is the
best method for small sample
size since we can interchanged
the log consumption with log
income because time series
variation can be interchange
with cross sectional variation
with similar household
characteristics. Henceforth,
cross sectional variation can be
a proxy for intertemporal
variation due to cross sectional
mean can explain intermporal
mean and cross sectional
variance can explain
intertemporalvariance too.

Material and Method

Vulnerability as expected poverty Framework

the

vulnerability

The vulnerability to poverty is one of
method to

status.

measure
Hence,

the

households
study

is

households survey, the paper adopted expected
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vulnerability poverty approach. This is because
in this method, we want to understand the
probability of households that are poor or non-
poor during climate shocks such as flooding,
drought, variability in precipitation pattern,
frequency of temperature, and migration
dynamics indicators such as perception, and
food security indicators such as consumption
levels, households size etc. and that leads to
those household to have below a given level of
a households consumption poverty line or the
shocks especially the climate shocks force the
consumption to stay below the minimum levels,
if it is already below this level and this is the
baseline((Chaudhuri et al 2002).

VEP is an ex ante vulnerability measure,
proposed by Chaudhuri, Jalan and Suryahadi
(2002, TemesgenDeressa, Rashid M. Hassan and
Claudia Ringler (2008))® who apply it to the
Indonesian household data.

Consider first an example of VEP. This is
the case of vulnerability defined as the
probability that a household will fall into
poverty in the future.

eql ........VEP;, = Prob(c;;.4 = A)

Where vulnerability of households(or individual
i) attimet, V; is the probability that individual
i-th household’s level of consumption or income
at time £ + 1 €; ;44 will be below the poverty
line, A (Gaiha and Imai 2004)’

In a variant that allows for the degree
of vulnerability to rise with the length of the
time horizon, vulnerability of the households h
for n-periods, denoted as R(.) for risk, is the
probability of observing, at least one spell of
poverty for n-periods, which is as shown below
is one minus the probability of no episodes of
poverty:

€2 e R, A) = 1= (1= (PPOB{Gi51) < 4)) o (1= (Prob{ciey) < )]

Following this definition and using I(.) as an
indicator equally 1 if the condition is true and
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zero or 0 otherwise if the condition is not true,
an alternative measure of vulnerability is that a
household is vulnerable if the risk in n-periods is
greater than a threshold probability, P
(Pritchett, Suryahadi and Sumarto ,2000).

eq3.........Vi(p,n,A) = I{Ry(n,4) > p}

Neither 1 nor 3 take into account other
dimension of poverty. The limitation can be
overcome by rewriting equation 1 as below;

eql(@a) ... oo e .. . Viy =35 °Pg *Prob
(Cir+1,A) = X5 “Pg * lr[ci,t+1 = A] *
(A-cit+1)7 B

[A-cistly

Where };; °P, is the sum of the probability of
all possible state of nature/world’s, s in period
t+ 1 and fis the welfare weight attached to
the gap between the benchmark and the
welfare measure( see Foster-Greer-Thorbecke
poverty measure 1984).In principle, this welfare
this welfare weight could take values 0, 1, 2().
Aggregating into N households (Kamanou and
Morduch 2002) as given below;

N
A—Cpes
) ZSPS*I[«:MEA]*[w] p

A vulnerability measure such as (4) has
considerable relevance. In Indonesia, for
example, the headcount index of poverty was
low before the financial crisis but rose sharply in
its wake. This implies that a large proportion of
those above the poverty line were vulnerable to
shocks. There are two risks in such a context. If
the headcount index is low,
governments/donors might become
complacent. If negative shocks are frequent and
severe, such complacency would be misplaced.
Besides, if the characteristics of those above the
poverty line but vulnerable to shocks differ
from those of the poor, targeting the latter may
miss a significant proportion of those who's
living

We begin the analysis from a method
by (Chaudhuri et al 2002), Assessing Household
Vulnerability to Poverty from Cross-sectional
Data in which they assumed that
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consumption/Income of a household h is a
stochastic process with mean, | and standard
deviation of the household, @. And normally
distributed and is given by;

logC, = yXp + &4 oo - (5)

Where; log is the natural logarithm, Gy, is per
capital consumption expenditure of the
household/per capital income of the household,
X, comprises a bundle of observable household
characteristics such as the household size,
location, educational level of household heads,
climate crises such as flooding, drought,
windstorm, bushfire, variability in temperature
and precipitation pattern etc, migration
variables, perception etc, , ¥ is a vector of
parameters and € is a mean zero disturbance
term and OLS used to estimate the error term.

We now assume that the variance of &,
is given by;

We will estimate the parameters y and 9 using
a three-step feasible generalised least squares
(FGLS) procedure suggested by Amemiya
(1977). Using the estimates yand , the
expected logarithm of consumption and
variance of log consumption for each
households h are, estimated as follows;

E[lOgCh/Xh] th ......... (7)

V[logCh/Xh] = gh — Xhﬂ(S)

By assuming that log consumption is normally
distributed (i.e. that logC, is normally
distributed), the above enables the estimation
of the probability that a household with the
characteristics X}, will be the household’s
vulnerability level i.e. poor. Letting X(.) denote
the cumulative density of the standard normal,
the estimated probability is given by:

logZ—X¥y

N

Vi, =P (logCy<logZ /X;) = X( )
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Where logZ is the log of the minimum
consumption/income level beyond which a
household would be called vulnerable or poor.

This is an ex-ante vulnerability measure
that can be estimated by cross-sectional data.
Equation (9) will deliver the likelihood of a
household at time t flattering poor at t + 1 given
the dissemination of consumption at time t. A
value of this vulnerability measure is that it can
be estimated by cross-sectional data set.
Nonetheless, the amount properly reproduces a
household’s vulnerability only if the distribution
of consumption across all households, given the
household given characteristics at one time,
which characterizes the time-series difference
of consumption of the household. Henceforth,
this measure necessitates a large sample in
which some households experience a decent
period and others hurt from bad shocks.
Correspondingly, the degree is improbable to
reproduce unforeseen large negative shocks
(e.g., American financial crises, Asian financial
crisis e.t.c), if we use the cross-sectional data
for a standard year.

So we have included all households in
the 3 rural areas of the Gambia due to the small
sample size. Similarly, to mark our outcomes
similar with some previous studies on
vulnerability as expected poverty (e.g., Gaiha
and Deolalikar 1993; Gaiha and Imai 2004)8, we
interchangeable the log consumption with log
income per capita vice versa in the above
specification since the time-series variation of
log income per capita with particular household
characteristics can be approximated by the
cross-sectional variation of the households with
similar characteristics. The vulnerability as
expected poverty, which simply take on that
consumption vulnerability arises from the
stochastic property of the inter-temporal
consumption stream (Chaudhuri, Jalan and
Suryahadi 2002)°. Our specification of VEP can
be written as follows, based on two of the
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earlier studies (Gaiha and Deolalikar 1993;
Gaiha and Imai 2004, Gaihaand Imai 2014).

eq10 lnYI = x'iﬁl + L'iﬁz + H'iﬁg + €;

eqll im0 & =1 Byt

; B, +H; B
where i indexes the household. Yi is per capita
annual household income from all sources (in
constant prices) in a particular crop year. Xi is a
vector of household characteristics (e.g., age of
household head and its square, household size
and its square, caste and household size,
gender, and location/regions ). Li is a vector of
owned land area and its square, the share of
irrigated land in the total, and non-land assets
and its square, climate crises such as flooding,
drought, windstorm, bushfire, variability in
temperature and precipitation pattern. Hi is a
vector of human capital formation, such as
schooling years of household head or
educational level of household heads and it
squared, employment level and it squared. The
o ? e; is the variance of the disturbance
term which is pretentious by numerous
household features. This can be assessed by a
three-step FGLS(see for details Chaudhuri, Jalan
and Suryahadi (2002), and Hoddinott and
Quisumbing (2003b)*°.

Table xxx: Explanatory variables that are used
in the study while the dependent variable is
vulnerability as expected poverty-log of hh
consumption or log of hh income or log of hh
food cosunmption(interchangeable) hh-
households.

10
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Variables Name Description of the | Expected
Variable Sign(+/-)

Household log of hh consumption or

income/consumption log of hh

is the dept var. income(interchangeable)
Continuous

Age of household | Age of the households -/+

head-xi

Age of household | Age squared of the | -

head squared-xi household head

Household size-xi Size of the household -/+

Household size | Size square of the | -

squared-xi household

Owned area of land-li Area of land owned by | +
the households

Owned area squared- | Squared of the land area -

li

Caste system(noble or | Caste  system affect | +/-

slave)-xi vulnerability

Share of irrigated | Irrigated land-dummy +/-

land-li

Non-land production | Non-land production | +/-

assets-li assets of the households-
dummy

Non-land production | The square of it +/-

assets squared-li

Education status of | Measure human capita _

the responded -hi

Education status of | Square of it +

the responded

squared -hi

Educational level

attainment

Educational Square of it

attainment squared

Households’ food | Level of food security of | +/-

security consumption | the household

level

Gender dummies

Locations/regions dummies

Climate variabilities dummies
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Employment of the hh
heads

Employment of the hh
heads squared

Source author’s own evaluation from
household survey

Results and Discussion

Selected socio-economic and climate change in
the study region

Household characteristic

In this study 13, 14, and 13 villages were
randomly selected with replacement in North
Bank Region (NBR), Central River Region (CRR)
and Upper River Region (URR) respectively. 10
households were surveyed in each village. In
total, 400 households were surveyed in this
study.

Table xxx: Distribution of sampled villages and
regions

Own Evaluation

The size of the household in the study
is generally high with an average of 21 persons
per household. Furthermore, in the rural
Gambia; 77% are able to read and write, 69%
are farmers, 55% believe the existence of caste
system, 92% are married, 74% are food secure
and finally, average income is $160 respectively.

Table xxx: Basic household characteristics of
the surveyed farmers

Variable Average($) Percentage
Household size 21

Education 77

Gender 67

Age 47

Employment 69

Caste System 55

income 160

Marital status 92

Food secure 74

No. of | No. of | No. of | Regions
Villages households sample
13 10 130 NBR
14 10 140 CRR
13 10 130 URR
P-ISSN

E-ISSN

The surveyed households were
generally poor in terms of total consumption
per capital per month, food consumption per
capital per month, income per capital per
month and food security consumption level per
day. The total household’s income per capital
per month stand at $169, food consumption
per capital per month stand at $159, income
per capital per month stand at $159.6, and food
security consumption level stand at $1.969
respectively.

Tablexxx: Basic Assets of the respondents or
Welfare Measures

Variable Average($)

Total household consumption per capita | 169
per month

Total household food consumption per | 159
capita per month

Total household income per capita per | 159.6
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month

Food Security Consumption Level 1.969

Climatic conditions, and shocks

As described earlier in this study, the
survey regionsare in the rural Gambia, which
differ in many ways in term of changing in
rainfall and temperature. As expected, average
change in temperature in NBR and URR are
higher than CRR. In CRR, both average change in
temperature and rainfall are lower compared to
the other regions.

Tablexxx : Climate condition in the study area

Regions Average change in | Average change
Temperature in rainfall

CRR .8928571 .9357143

NBR 1 1

URR .9692308 .9923077

Own evaluation using stata 16

In general, most of the surveyed
farmers who reported to have experienced
shocks over the past 10 to 20 years.According
to surveyed farmers, 70.74 percent encounter
floods as major shocks; 73% encounter drought;
40 percent encountersalinization; 79 percent
experienced changing in rainfall; 95 percent
experienced changing in temperature; 64
percent has access to water during
drought.Animals that are decline is 1.4 on
average during climate shocks with standard
deviation of 0.898.

Table : Major shocks encountered by surveyed
farmers

Shifting pattern | 381 95.25
of temperature

Access to water | 232 64.80
at the time of
drought

Animals/livestock .8985611
decline 1.40069

Food consumption versus total consumption By Region
Change in food consumption

Log Consumption in dollars per month

perentof pegpes
0

0 4 8

0

Source:Households Survey 2021 By Ebrima K. Ceesay PhD Candidate

Figure xxx:

In the figure above, 68% experience
change in food consumption at $4.99 and 66.4%
experience log consumption at $4.99. More
peoples that only 4.99 dollars used it to
consume as food consumption and total
consumption and that happened in NBR.In
addition, 10.2 percent of the peoples consume
$4.07 per month. The compared to poverty line
of 1.90 per day, most of the peoples in all the
three regions haveethe income to spend on
food and total consumption per capital per
months are lower than poverty line per capita
per month. Meaning in these three regions in
the rural Gambia, vulnerability to poverty is
very higher based on certain households’
characteristics and climate shocks. That causes
lower livelihood and from poor agriculture.
Note 1.90 dollars per day is equivalent to 57
dollars per months

Income versus Share of irrigated land

Shock Number | Percentage | Descriptive Spesluluconspenmonulbyies DU :;:rigated el ::gion
of of farmers o
farmers gt =

Floods 278 70.74 Average | Std g

URR
Drought 288 73.28 T
. 5338 $4.07
Salinization 149 40.05 S22 W $4.58
N s499 NN S5.46
$5.50 $5.54
Shifting pattern | 315 79.35 i _— o Yos
Of rainfa” Source:Households Survey 2021 By Ebrima K. Ceesay PhD Candidate
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Figure xxx:

In  the figure above for food
consumption and total consumption, change in
income per month occurred more in the rural
Gambia, 68 percent followed by CRR 46 percent
approximately, and follow by URR a 32 percent
respectively. For the share of irrigated land by
region, the pie chart indicated CRR has 38
percent of the share of irrigated land, while NBR
and URR has smallest share of irrigated land
about 15 percent and 27 percent respectively.
Thus, in the Gambiathe food backet is the
irrigated land at CRR and that will reduce helps
us to be more food self-sufficiency the study
noted.

Pair wisecorrelation analysis: The
pearson correlation matrix is used to determine
the relationship between two variables (see
Table below). The Pearson correlation
coefficient is used to represent this relationship
which ranges from -1.00 to +1.00. The results of
the test of correlation show the relationship
between the growth of log income in the rural
Gambia and age of the household head GDP is
slightly positive (a correlation coefficient of
0.0562). Thus, if age increase by 1 year, the log
income increase by 0.06 percent closely.The
result from the below table found that
education status and log income, log
consumption and log food consumption is
negative and with correlation coefficient are -
0.1049, -0.0583 and -0.0695 respectively. Size
of the household has positive correlation with
income and consumptions. Larger households,
food consumption, income and total
consumptions becomes higher compare to
smaller households. Employment as positive or
direct relationship with income in the rural
Gambia while employment status and
consumption are negative relationship.
Increases in employment, food consumption
and total consumption decreases.

P-ISSN
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Tablexxxx:Pairwise correlation analysis of
explanatory variables included in the analysis

Variables Lnincome | LnConsumption LnConsumption
total (Food)

Age of the | 0.0562 0.1054 0.1130

households’

head

Size of the | 0.1729 0.1856 0.1984

households

Education -0.1049 -0.0583 -0.0695

status

Gender 0.0962 0.0812 0.1270

Employment 0.0658 -0.0119 -0.0178

Caste system 0.1232 0.0610 0.0266

Own computation
Multicollinearity test

In the VEP analysis, it is important to
test multicollinearity among the independent
variables to know which variables to be include
in the model. Due to multicollinearity issues,
education status squared of the households
were removed. Conditions: If the tolerance
value i.e. 1/VIF is below 0.20 and the Variance
Inflation Factor (VIF) is greater than 35,
multicollinearity is present. Though, it is
suitable for the VIF to lie between 1-10. As
shown in Table x, apart from education status
squared, none of variables showed any
multicollinearity signs. Subsequently, the
expectations of non-collinearity were content,
and the model was then estimated

Table xxx; Variance inflation factor (VIF) test
for multicollinearity among variables included
in the analysis

Variable VIF 1/VIF
Sizeofthehouseholds 4.23 0.236557
Householdsizesquared 4.06 0.246017
Ownland 1.22 0.818357
Educationalattainment 2.30 0.435072
Educationstatusofthe responded 2.17 0.461151
39
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Employmentofhouseholdheadcategory 1.16 0.864579
Nonlandproductionassets 1.45 0.687906
Shareofirrigatedland 1.13 0.887841
Gender 1.17 0.855463
Castesystem 1.40 0.715774
Flood 1.28 0.782142
Changesinrainfall 2.52 0.396688
Drought 1.53 0.652666
Changesintemperature 2.32 0.431281
Salinizationandsaltwaterintrusion 141 0.708020

Results for VEP

We carried out econometric estimation
on the VEP(vulnerability as expected poverty)
measure based on the specification in the
earlier sectionand obtained vulnerability
measures. In this part of the thesis, we will first
briefly discuss theestimation results for the VEP
when we interchangeable different dependent
variables such as log. Income, log.Consumption
and log.Food consumption respectively.In that,
the study employs a three step Feasible
Generalized Least Squares (FGLS) estimation
procedure. In the first step, we calculated ex
ante mean by using OLS and we predict the
residual and in the second step we generate
residual squared as variance and we calculated
the variance by OLS and in the final steps, we
estimate the structure of heteroskedasticity
from OLS to estimate vulnerability to poverty
and to predict which households are more likely
to be poor or non-poor looking at their current
income, total consumption, or food
consumption.

The three important things for
vulnerability as expected poverty is looking at
the poverty line, ex-ante mean or expected
future consumption/income/food consumption,
and finally, ex-ante variance to see the variation
in future income or total consumption or food
consumption based on households
characteristics such as households size, age,
education, gender, caste system, employment,
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climate shocks and so on.Climate shocks is an
important determinants to find out the which
households likely to the poor or none-poor
looking at their current situations.

Model results and Discussion

As in our methodology, we applied
Equations (10) and (11) uses a single cross-
sectional household survey data set carry out in
the year 2021 to looking at the income/total
consumption/food consumption as a proxy for
the welfare of each household and results
based on FGLS in the line ofGaiha and
Deolalikar  (1993),Chaudhuri, Jalan  and
Suryahadi (2002), Gaiha and Imai (2004) and
Gaiha and Imai, (2008).The results are given in
Tables below and the final result for FGLS is
given in the final table, where we corrected the
mean regression for heteroskedasticity. This is
the first of it kind as we uses three variables as
our dependent variable and interchangeable
them like log Income, log Total consumption
and log Food consumption respectively as a
measure of welfare.To measure our household
welfare, the three variables are interchangeable
and the results for the VEP study for each
variable differ.

First log Income, the results for log
income per capital per month are generally
plausible as in Chaudhuri, Jalan and Suryahadi
(2002) and Gaihaand Imai, (2008).The results
revealed that size of the households in the rural
Gambia has positive and significant impacts on
the expected log income at 1 percent
significance level but it squared has negative
and significant. 1 unit increase in household
size, the vulnerability to poverty is expected to
be lower in the future.Study confirmed the
result is Deressa(2013).As households size
squared has negative sign and therefore 1 unit
increase will lead to household to be highly
vulnerable in the future.As households sized
becomes squared, the negative relationship
exist between change in income and household
size. It means that as more mouth to feed the
likelihood to be vulnerability to poverty is high
keeping other explanatory variables constant. In
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contrast to Gaihaand Imai, (2008) in which they
found household size negative and its squared
positive. The coefficient for age is positive and
insignificant effect on log income and it squared
becomes negative and insignificant.1 additional
year add to your age increases the log income
by 0.02% and vulnerability to poverty
decreases, reflecting the households with more
elderly heads to have higher income but as the
age squared becomes negative then the
positive effect on log income weakens with
age.The same results found in the following
study Gaihaand Imai, (2008),

The  coefficient for  educational
attainment and education of the household
head all has positive and insignificant impacts
on log income and lower vulnerability to
poverty in the future. 1 unit increase in
household educational level, the expected log
income for households increases by 12.89% and
2.8% respectively. This mean that households
with higher members have education, the
vulnerability to poverty decreases.

The coefficients for employment status
of the household heads categoryare positive,
reflecting that 1 unit rise in employment status,
the expected log income increases by 2.9% and
vulnerability to poverty become lower in the
future.

Nonland production assets has positive
and significant impacts on expected log income.
1 unit increase in nonland production assets,
the vulnerability to poverty become lower by
18.8%.The share of irrigated land has expected
sign and the vulnerability to poverty decreases
by 4.4%.

Table x. Results for VEP(vulnerability as
expected poverty) measure- ex ante mean,

when log.income is the dependent variable
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Lnincome Coef.  Std. t P> [95%  Conf.
Err. |t]  Interval]
sizeofthehou .010 .003 3.3 0.0 .004 .016
seholds 5743 2005 0 01 2772 8714
Householdsiz - .000 - 0.0 - -
esquared .000 0217 24 16 .000 9.62
0523 1 095 e-06
Ageofthehou .019 013 14 01 - .045
seholdshead 6958 3245 8 40 .006 9125
5208
Ageofhhhead - .000 - 0.1 - .000
squared .000 136 13 64 .000 0779
1896 9 4572
Ownland - .097 - 0.2 - .067
125 928 1.2 02 317 3907
2873 8 9653
Educationala 128 079 16 0.1 - .285
ttainment 8901 7817 2 07 .028 8645
0842
Educationala - .009 - 0.1 - .006
ttainmentsqu .012 8721 13 96 .032 6307
ared 793 0 2168
educationsta .028 100 0.2 0.7 - 225
tusoftheresp 1975 29 8 79 .169 5228
onde 1278
Employment .028 .065 04 06 - .158
ofhouseholds | 9317 7187 4 60 .100 2363
headca 373
Nonlandprod .187 .070 2.6 0.0 .050 325
uctionassets 8028 0278 8 08 0198 5859
Shareofirriga .044 .067 06 0.5 - 176
tedland 0948 1456 6 12 .088 2071
0174
1.Gender .035 .068 0.5 0.6 - 170
8608 3907 2 00 .098 4228
7011
1.castesyste 121 .067 1.8 0.0 - .255
m 9634 7496 0 73 .011 264
3372
Flood - .069 - 0.0 - .001
135 9807 19 53 273 8209
8694 4 5598
changesinrai - .295 - 0.2 - .240
nfall .340 4591 1.1 49 922 3985
9313 5 2611
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Drought - .079 - 0.0
.268 089 34 01 424 113
7456 0 3569 1343

changesinte - .207 - 0.6 - 318

mperature .090 7437 04 63 499 0344
7112 4 4569

Salinizationa 111 .069 16 0.1 - .248

ndsaltwateri 415 68 0 11 .025 5138

ntr 6838

_cons 4.61 .387 11. 0.0 3.85 5.37
4707 4377 91 00 2405 7009

No of obs.=

333

F(18,314)=

4.01

Prob>F=0.00

00***

R-squ.=

18.69%

Adj.R-

squ=14.01%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; *=
significant at

10% level of significance.

To input i.x for dummy variables reflecting one
in the gender are those that are male. So the
coefficient for male headed household is
positive and insignificant impact on expected
log income. 1 unit increase in male headed
household, the expected future income
increases by 3.6%, reflecting that male headed
household to be less vulnerability to
poverty.This is confirmed by Muleta and
Deressa(2014)

Caste system in the rural Gambia were coded as
dummy variables 1 if the individual is a noble
and 0 if slave. The coefficient for those that are
noble are more likely to have higher expected
log income.1 unit increase in household that are
noble, the expected log income rises by 12.2%.
It means that in the rural Gambia, those that
are noble to be less vulnerable to poverty than
their counterparts.
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Climate shocks is an important determinant for
households that are likely to be vulnerability to
poverty considering their income for now. The
coefficient for flood is negative. The results
confirmed that flood has negative and
significant impact on log income at 5% level of
significance. Climate shocks increases the
vulnerability to poverty and therefore 1 unit
increase in flood, the vulnerability to poverty
increase by 13.6% considering the log income as
the dependent variable. As flood happen, your
income decline and vulnerability to poverty
increase. Change in rainfall and change in
temperature has negative relationship with
household income, reflecting that those
household affected by shift in these extreme
climate events are more likely to be vulnerable
to poverty. This is confirmed in the study done
by Christiaensen and Subbarao (2004)On the
other hand agriculture will decline with change
in rainfall and temperature. 1 unit increase in
shift in rainfall and temperature, the log income
for the household decrease by 34% and 9%
respectively and vulnerability to poverty
rises.Only salt intrusion has expected sign
reflecting that positive and insignificant
relationship exist between salt intrusion and
vulnerability to poverty. 1 unit increase salt
intrusion, the log income increase by 11%
keeping all other variables constant. Finally, if
we make all explanatory variables constant, log
income becomes autonomous and constant at
4.6%.

Table y. Results for VEP(vulnerability as
expected poverty) measure- ex ante variance,
when log.income is the dependent variable-
step 1

Ex ante Variance Coef.  Std. t P>t  [95%  Conf.
Err. / Interval]
sizeofthehousehol | .005  .014 0. 068 - .033
ds 7796 0544 4 1 .021 4322
1 8731
Householdsizesqu | .000 .000 0. 0.71 - .000
ared 0346 0953 3 7 .000 2221
6 1528
Ageofthehousehol | - .058 - 0.54 - .079
.035 0. .150
42
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Ownland

Educationalattain

ment

Educationalattain

mentsquared

educationstatusof

theresponde

Employmentofho
useholdsheadca

Nonlandproductio
nassets

Shareofirrigatedla
nd

1.Gender

1.castesystem

Flood

changesinrainfall

Drought

6043

.000
2504

.489
0136

477
4406

.070
0133

.298
4758

741
9107

.957
4453

211
1431

.330
1727

1.01
3359

.336
7722

.925
2092

.654

5125

.000
5971

430
0349

.350
3484

.043
3516

.440
4071

.288
5929

.307
5157

.294
8592

.300
3266

.297
5114

.307
3088

1.29
7461

.347
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0.67

0.25

0.17

0.10

0.49

0.01

FELE

0.00

2***

0.47

0.27

0.00

1***

0.27

0.47

0.06

7305

.000
9245

.357
1005

1.16
6768

.015
2831

1.16
4998

1.30
9731

1.56
2497

.369
0064

.921
0796

1.59
8727

941
417

1.62
7606

1.33

5219

.001
4253

1.33
5128

211
8866

155
3097

.568
0462

174
0903

.352
3935

.791
2926

.260
7342

427
9911

.267
8726

3.47
8025

.028
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4562 3063 8 0 7798 8856
8
changesintemper 527 912 0. 0.56 - 2.32
ature 7365 2728 5 3 1.26 2677
8 7204
Salinizationandsal | - .305 - 0.22 - .230
twaterintr .371 9885 1. 6 .973 8464
2005 2 2474
1
_cons - 1.70 - 0.81 - 2.94
.399 137 0. 4 3.74 7634
No of obs.= 333
8921 2 7418
F(18,314)=4.14 4
Prob>F=0.0000**
*
R-squ.=19.19%
Adj.R-squ=14.56%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; *=
significant at

10% level of significance.

The regression results on variance of log
income per capita per monthfluctuate over
time.

However, it is noted that variance is
influenced by some household characteristics.
Both the size and it squared are positive and
insignificant impact on the variation of
household log income in the rural Gambia.

Age of the household head has negative
variation of the household income in the rural
Gambia.The result is insignificant. The age
squared becomes positive meaning age squared
increases the variation of log income.

Education attainment has negative and
insignificant coefficients while it squared has
positive and insignificant coefficient.1 | unit
increase in education attainment, the variation
of log income decline and vulnerability to
poverty rises but education attainment squared
increase, vulnerability to poverty in the future
increases.
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Employment/occupation is an
important determinant of whether households
will be vulnerable or not if consider their
current log income. So, the results revealed that
employment status has significant and negative
coefficient on the variation of log income at 1
percent level of significance, but employment
has positive coefficient on the expected mean
or ex-ante mean of log income. 1 unit increase
in employment status of the household,
variation in log income decline by 74%. This
attributed to that in the rural Gambia,
dependency ratios is much higher and that
influence the fluctuation of income as
employment rise.

Nonland  production assets has
significant and negative influence on the
variation of log income. 1 unit increase in
nonland production assets, household log
income decreases by 95.7%. Moreover, share of
irrigated land has positive coefficient. 1 unit
increase in the share of irrigated land, the
variation of log income increases by 21.1
percent and vulnerability to poverty decline in
the future. Share of irrigated land increases
with log income, the study noted.

Those that are male headed household
are more likely to have variation in their log
income. The coefficient for male headed
household, the variation of log income decline
by 33 percent and vulnerability to poverty
increases. This may be due to the fact that male
headed household has many mouth to feed and
may increase the number of children or illness
or instability in comecan all lead to reduction in
future log income and vulnerability to poverty
rises.

The ex-ante mean,some of the variables
are positive while ex-ante variance most of
variables turn out to have negative coefficient.

For caste system, the coefficient is negative and
significant impact on the variation of future
income at 1 percent level of significance.l unit
rise in those who say noble exist as caste
system, the variation of log income decline by
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10 percent. Due to conflict may rises, caste
system has negative variation with income.

Climate variability such as flood,
drought and salt intrusion has negative
influence with the variation of household
income.Change in rainfall and change in
temperature has positive and insignificant
impact on log income variation in the rural
Gambia.Due to certain climate change
condition, poor agriculture and livelihood
influences this negative sign.

Table vy...Results for VEP(vulnerability as
expected poverty) measure- ex ante mean,
when log.total consumption is the dependent
variable-step 3

LnConsumptiontot | Coef.  Std. t P> [95%  Conf.
al Err. |t]  Interval]
sizeofthehousehol .011 .003 3.6 00 .005 .018
ds 7922 2149 7 00 4667 1177
Householdsizesqu - .000 - 00 - -
ared .000 0218 2.8 04 .000 .000
0624 7 1053 0196
Ageofthehousehol .009 .013 07 04 - .036
dshead 9869 3846 5 56 .016 3218
3479
Ageofhhheadsqua - .000 - 06 - .000
red .000 1366 04 73  .000 211
0577 2 3265
Ownland - .098 - 0.0 - .024
.169 3694 1.7 86  .363 0065
54 2 0865
Educationalattain 147 .080 1.8 00 - .304
ment 1401 1413 4 67 .010 822
5418
Educationalattain - .009 - 0.1 - .005
mentsquared .013 9166 14 61 .033 5618
9495 1 4608
educationstatusoft | .104 .100 1.0 03 - .302
heresponde 6176 742 4 00 .093 8324
5971
Employmentofhou | - .066 - 0.1 - .039
seholdsheadca .090 0149 13 70 .220 0513
8362 8 7237
Nonlandproductio .253 .070 36 00 .114 391
nassets 0437 3435 0 00 6396 4478
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Shareofirrigatedla .006 .067 01 09 - .139
nd 4428 4483 O 24 126 1505
265
1.Gender .048 .068 07 04 - .183
106 699 0 84  .087 2745
0625
1.castesystem .018 .068 0.2 0.7 - 152
3454 055 7 88  .115 2468
5561
Flood - .070 - 00 - .000
.138 2961 19 51 .276 309
002 6 313
changesinrainfall - .296 - 0.0
.707 7909 23 18 1.29 123
7915 8 1742 8412
Drought - .079 - 0.0
.233 4455 29 04 389 .076
1265 3 4392 8137
changesintempera .099 .208 04 06 - .509
ture 2536 6802 8 35 311 8418
3345
Salinizationandsalt | .125 .069 1.7 00 - .263
waterintr 6132 9941 9 74 .012 33
1035
_cons 4.98 .389 12. 00 421 5.74
3335 1841 80 00 7597 9073
No of obs.= 333
F(18,314)=4.03
Prob>F=0.0000***
R-squ.= 18.78%
Adj.R-squ=14.13%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; and *=
significant at

10% level of significance.

For the total consumption as the dependent
variable, the results revealed that size of the
household has positive and significant
coefficient. 1 unit increase in the size of the
household, log total consumption rises by 1.79
percent. Then, vulnerability to poverty decrease
in the future.Confirmed by Chaudhuri
(2003).The squared of the household size
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becomes negative and significant. 1 unit
increase in household size squared, the log total
consumption decrease by 0.006 percent and
vulnerability to poverty increase because size of
the household double.

Age of the household has positive and
significant coefficient on the log of total
consumption but age squared is negative
impact on household total consumptionat 10
percent level of alpha.The vulnerability to
poverty decline when age is the explanatory
variable and vulnerability to poverty increase
when age-squared is the exogenous variable.

Educational attainment has positive and
significant effect on log total consumption.in
additional, 1 year add to your year of schooling,
total consumption increase by 14.71 percent.
Surprisingly, the coefficient for education
squared is negative and insignificant impact on
log of total consumption. 1 more year add to
your higher education, then likely there is 1.4
percent decrease in log total
consumption.Furthermore, the coefficient for
education status of the household head
category is positive. 1 year increase in
educationstatus , log total consumptionrises by
10.46 percent.

Employment status is important determinant to
understand which household is likely to be
vulnerable in the future. Therefore,
employment status in the rural Gambia has
negative impact on household log total
consumption. Employment status increase by 1
unit, log total consumption decrease by 9.08
percent.

Nonland production assets has positive and
significant impact on log total consumption.The
result is highly significant and positive at 1
percent level of significance.Then, the
vulnerable for poverty decrease.Thus, share of
irrigated land has positive and insignificant
effect on log total consumption.1 unit increase
in the share of irrigated land, the log total
consumption reduce by 0.64 percent.The,
vulnerability to poverty reduces as share of
irrigated land is the explanatory variable.
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Gender is coded as 1 if household is male and 0
if female. Therefore, household with male
headed has positive and insignificant impact on
total consumption. This translated to that male
headed household are more like to provide
consumption and therefore vulnerability to
poverty  reduces.Thus, female headed
household does not influence the total
consumption in the compound and vulnerability
to poverty increases.

Caste system is important determinant in the
rural Gambia or Gambia as a whole when
individual or households are more likely to be
vulnerable to poverty by considering the mean
consumption, poverty line and variation in log
total consumption. The caste system has
positive and insignificant impact on household
log total consumption. 1 unit increase in caste
system, the log total consumption increases by
1.8 percent. The vulnerability to poverty decline
with positive coefficient for caste system.

Climate shocks causes agriculture to decline and
can lead to poor livelihoods in the rural Gambia.
Therefore, flood has negative and significant
impacts on log total consumption and
vulnerability to poverty increase due to climate
flood as a proxy for climate shocks.1 unit
increase in flood, log total consumption decline
by 13.8 percent. Salt intrusion has positive and
significant coefficient on log total consumption
and vulnerability to poverty lessen. Further,
change in rainfall and change in temperature
has negative and positive impact on log total
consumption and vulnerability to poverty
increase and decrease respectively. Finally,
drought has negative and significant impact on
vulnerability to poverty. Rough increase the
vulnerability for households like to be poor
considering the drought as a proxy for climate
change.Confirmed in the study done by (Adger
1999a; Bohle et al. 1994; Downing 1991;
Liverman 1990).

Table Results for VEP(vulnerability as expected
poverty) measure- ex ante variance, when
log.total consumption is the dependent
variable.
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Ex ante variance Coef.  Std. t P> [95%  Conf.
Err. |t]  Interval]
sizeofthehousehol .001 .013 0. 08 - .028
ds 8976 3495 14 87 .024 1634
3682
Householdsizesqua | .000 .000 0. 04 - .000
red 0684 0905 76 51  .000 2464
1097
Ageofthehousehol - .055 - 01 - .035
dshead .073 5779 1. 87 .182 9288
4234 32 7755
Ageofhhheadsquar | .000 .000 1. 02 - .001
ed 6286 5672 11 69  .000 7446
4873
Ownland .646 408 1. 01 - 1.44
157 4668 58 15  .157 9835
521
Educationalattain - 332 - 01 - 167
ment 487 777 1. 44 114 4872
2674 46 2022
Educationalattain .055 .041 1. 01 - 137
mentsquared 9818 1774 36 75 .025 0003
0366
educationstatusoft | - 418 - 03 - 401
heresponde 421 3189 1. 14 1.24 6031
4592 01 4521
Employmentofhou - 274 - 04 - .347
seholdsheadca 191 1188 0. 85 730 818
5238 70 8656
Nonlandproductio - 292 - 00 - -
nassets .879 0925 3. 03 1.45 .304
3616 01 4068 6557
Shareofirrigatedla .170 .280 0. 05 - 721
nd 4965 0708 61 43 .380 5491
5561
1.Gender - .285 - 06 - 433
127 264 0. 55 .688 6023
6682 45 9387
1.castesystem - .282 - 01 - .096
459 59 1. 05 1.01 5528
4565 63 5466
Flood - 291 - 06 - 431
143 896 0. 24 717 1515
1678 49 4872
changesinrainfall 3.01 1.23 2. 0.0 .589 5.43
46
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4647 2388 45 15 8657 9428

Drought - 329 - 05 - 435
.213 8875 0. 19 .862 9759
0934 65 1627

changesintempera - .866 - 0.2 - .615

ture 1.08 5185 1. 10 279 3301
9586 26 4503

Salinizationandsalt | - .290 - 01 - .092

waterintr 479 6419 1. 00 1.05 3321
5197 65 1371

_cons - 1.61 - 05 - 2.08
1.09 6039 0. 00 4.26 9627

No of obs.= 333
0006 67 964
F(18,314)=2.09
Prob>F=0.0061***
R-squ.=10.72%

Adj.R-squ=5.60%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; *=
significant at

10% level of significance.

Both the size of the household and it squared
has positive and insignificant impact on the
variation of log consumption.1l unit increase in
the size of the household and it squared, the
variance of log consumption increase by 0.19
and 0.068 percent respectively.The vulnerability
to poverty decrease.Age of the households has
negative and insignificant impact on the log of
total consumption and age squared becomes
positive and insignificant. Own land is positive
and insignificant impact on the variance of the
log of total consumption.Education attainment
is negative and it squared become positive
which education status become negative. It
means that variation of log of total
consumption is not stable over time.Further
employment of the household head is negative
and variation of wvulnerability to poverty
becomes higher.nonlandprdocution  assets
becomes has negative sign.share of irrigated
land has positive variation of log consumption
and vulnerability to poverty decrease. The
household head that are male has negative
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effect on the vulnerability to poverty.Likewise
caste system has negative variation on the
vulnerability to polverty.Climate shocks such as
flood, change in temperature, salt intrusion and
drought causes higher variation of vulnerability
to poverty. This may be the influence they have
on agriculture vyields both production and
productivity and livelihood.In additional, change
in rainfall has positive variation with
vulnerability to poverty. Change in rainfall
decrease the variation of vulnerability to
poverty.Finally, If we make all variables
constant, the variation of log consumption
becomes negative.

Food consumption

Table ..Results for VEP(vulnerability as
expected poverty) measure- ex ante mean,
when log.food consumption is the dependent
variable.

LnConsumptionFo Coef.  Std. t P> [95%  Conf.
od Err. |t]  Interval]
sizeofthehousehol .010 .003 34 00 .004 .016
ds 4817 0592 3 01 4626 5007
Householdsizesqu - .000 - 00 - -
ared .000 0207 2.5 10 .000 .000
0536 9 0944 0128
Ageofthehousehol | .005 .012 04 06 - .030
dshead 6182 7361 4 59 .019 6772
4407
Ageofhhheadsqua - .000 - 09 - .000
red .000 13 0.1 05 .000 2403
0155 2 2712
Ownland - .093 - 0.7 - .150
.033 6037 03 22 217 8592
3105 6 4802
Educationalattain .103 .076 13 01 - .253
ment 0423 2587 5 78 .047 0849
0003
Educationalattain - .009 - 03 - .010
mentsquared .008 4361 0.8 79 .026 2522
3138 8 8799
educationstatusoft | .069 .095 07 04 - .258
heresponde 9365 8613 3 66  .118 5482
6753
47
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Employmentofhou | - .062 - 01 - .042
seholdsheadca .081 8167 1.2 98 .204 5552
0396 9 6344
Nonlandproductio 231 .066 34 00 .100 .363
nassets 9206 9355 6 01 2218 6194
Shareofirrigatedla .031 .064 04 06 - 157
nd 6527 1806 9 22 .094 9312
6257
1.Gender .048 .065 0.7 04 - 177
5711 3707 4 58 .080 191
0488
1.castesystem - .064 - 0.8 - 117
.010 7579 01 73 137 0861
3282 6 7425
Flood - .066 - 0.0
152 8905 22 23 .284 .020
4541 8 0643 8439
changesinrainfall - .282 - 01 - .093
462 4121 16 02 1.01 138
5214 4 8181
Drought - .075 - 0.0
.208 5965 2.7 06 .357 .059
525 6 2648 7852
changesintempera | - .198 - 0.7 - 337
ture .053 5701 0.2 89 443 5858
1104 7 8066
Salinizationandsalt | .075 .066 11 02 - .206
waterintr 7081 6031 4 57 .055 7528
3367
_cons 4.98 .370 13. 0.0 4.25 5.71
8639 3291 47 00 9999 728
No of obs.= 333
F(18,314)=4.21
Prob>F=0.0000***
R-squ.= 19.43%
Adj.R-squ=14.81%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; *=
significant at

10% level of significance.

Food consumption is another important
measure of welfare. Household size is positive
and significant coefficient impact on the growth
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of food consumption. The results is highly
significant at 1 percent level of alpha.Therefore,
household size increase with change in food
consumption and vulnerability to poverty
decrease.As maximum household size in the
summary equation is too large, the squared of
the household ahs negative effect on household
food consumption and vulnerability to poverty
increases due to many mouth to feed. For
instance, age has positive and insignificant
impact on food consumption and that lead to
decrease in vulnerability poverty as age
increases.In  additional, age squared has
negative influence on log food consumption and
reflecting that age double vulnerability to food
consumption become increase.Own land has
negative influence on food
consumption.Education attainment has positive
and insignificant impact on thehousehold food
consumption and vulnerability to poverty
decrease.The squared of education attainment
has negative and insignificant impact on log
food consumption of the households.Education
status of the respondent has positive and
insignificant impact on food consumption of the
households and vulnerability to poverty decline.
Education influence positively the vulnerability
to poverty.In contrast, employment status has
negative impact on household log food
consumption and vulnerability to poverty
becomes higher.This may be attributed to less
salary or other negative determinant that affect
employment, the study noted.Nonland
production assets has positive and significant
coefficient on household food consumption per
capita per month and therefore vulnerability to
poverty decrease.Share of irrigated land has
alsopositive sign and therefore vulnerability to
poverty decline as share of irrigated land
increase.Those male headed household are
more likely to have food consumption and the
results is expected. Therefore, male headed
household has positive and insignificant impact
on household food consumption per capita per
month  and  vulnerability to  poverty
decline.Caste system vulnerability to poverty
increase. For Flood, change in rainfall,drought
and change in temperature vulnerability to
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poverty increase while salt intrusion
vulnerability to povertydecrease.Finally, if all
the variables remain constant, log food
consumption become positive and significant
coefficient and constant.

Tablexx:Results for VEP(vulnerability as
expected poverty) measure - ex ante variance,
when log.food consumption is the dependent
variable.

Ex ante Variance Coef.  Std. t P> [95%  Conf.
Err. [t]  Interval]
sizeofthehousehol .012 .012 1. 03 - .038
ds 912 8389 01 15 .012 1731
3491
Householdsizesqua | - .000 - 08 - .000
red .000 087 0. 92 .000 1594
0119 14 1831
Ageofthehousehol - .053 - 01 - .036
dshead .068 452 1. 98 174 1924
977 29 1463
Ageofhhheadsquar | .000 .000 1. 02 - .001
ed 5767 5455 06 91 .000 6499
4966
Ownland - .392 - 08 - .675
.097 8428 0. 05 .870 6892
2478 25 1847
Educationalattain - .320 - 05 - 423
ment .206 0481 0. 20 .836 3844
3256 64 0355
Educationalattain .012 .039 0. 07 - .090
mentsquared 934 6023 33 44 .064 8534
9855
educationstatusoft | - 402 - 05 - .533
heresponde .258 318 0. 22 1.04 5545
0253 64 9605
Employmentofhou .183 .263 0. 04 - .702
seholdsheadca 8244 6336 70 86 334 5361
8874
Nonlandproductio - .280 - 0.0 - -
nassets .753 9198 2. 08 1.30 .200
3369 68 606 6138
Shareofirrigatedla .036 .269 0. 08 - .566
nd 0316 3579 13 94 493 0061
943
1.Gender - 274 - 01 - 110
P-ISSN
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429 3525 1. 19 .968 7355
0662 56 8679

1.castesystem - 271 - 05 - .363
.170 7808 0. 30 .705 9977
744 63 4857

Flood - .280 - 06 - 406
.146 7309 0. 03 .698 0463
305 52 6564

changesinrainfall .898 1.18 0. 04 - 3.23
1577 5248 76 49 1.43 019

3874

Drought - 317 - 06 - 457
.166 2691 0. 00 .790 5622
68 53 9221

changesintempera - .833 - 09 - 1.59

ture .049 3738 0. 53 1.68 0107
5959 06 9299

Salinizationandsalt | - 279 - 05 - 373

waterintr .176 5247 0. 28 726 2766
7016 63 6798

_cons - 1.55 - 0.7 - 2.56
488 4225 0. 53 3.54 9497

No of obs.= 333
5142 31 6525

F(18,314)=1.64

Prob>F=0.05%**

R-squ.=8.58%

Adj.R-squ=3.34%

Notes: *** indicates the coefficient is significant
at 1% level; ** = significant at 5% level; *=
significant at

10% level of significance.

Size of the household has positive
variation on log food consumption and it
squared has negative effect.Age has negative
variation on log food consumptiona and it
squared has positive effect. The later has less
vulnerability to poverty and the former has
more vulnerable to poverty.Own land has
negative variation with household log food
consumption and likewise  educational
attainment. The squared of educational
attainment has positive and insignificant impact
on log food consumption in the rural Gambia.
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Like educational attainment, education status
has negative influence on the food consumption
and large variation influence that vulnerability
to poverty will rises.Further, employment has
positive  variation on household food
consumption and vulnerability to poverty
decline. Nonland production assets has negative
and in significant variance while share of
irrigated land has positive variation and the
later vulnerability to poverty decreases and the
former the vulnerability to  poverty
increases.Male headed household has negative
variation on food consumption and the
vulnerability to poverty increase as household is
headed by male.Likewise, caste system
vulnerability to poverty increase.Climate chocks
causes higher variation to log of food
consumption and vulnerability to poverty is
very higher.

Limitation of the Study

This study employs the Vulnerability as
Expected Poverty (VEP) approach to estimate
the probability that a household will fall below
the poverty line in the future, based on current
income and  consumption  distributions
(Chaudhuri et al., 2002). While the VEP method
is appropriate for cross-sectional data, its
predictive accuracy and policy relevance would
be significantly enhanced through the use of
panel data and more disaggregated income
sources. Detailed information on income and
consumption, such as remittances, agricultural
yields, informal earnings, and household
expenditure patterns, would enable more
precise modeling of vulnerability pathways.

Agricultural shocks, including rainfall
variability and pest outbreaks,
disproportionately affect rural livelihoods in The
Gambia, where over 70% of the labor force is
engaged in subsistence farming. Incorporating
such shocks into the model would help identify
causal mechanisms underlying income volatility
and food insecurity (Dercon, 2004).
Furthermore, recent data from the Gambia
Bureau of Statistics indicate that rural poverty

P-ISSN
E-ISSN

remains substantially higher than urban
poverty, with 76% of rural households classified
as poor in 2020. This highlights the need for
targeted data collection on rural income
sources, including non-land assets, irrigation
access, and informal labor dynamics.

To enhance policy relevance, future
iterations of the study should integrate a
framework for institutional accountability,
examining the roles of local governance,
agricultural extension services, and social
protection programs. While kinship networks
and community-based savings schemes offer
informal insurance, they remain insufficient
without formal mechanisms (Morduch, 1995).
Additionally, applying a Regression
Discontinuity Design (RDD) to border villages
between The Gambia and Senegal could exploit
geographic and administrative discontinuities to
identify  causal effects of institutional
differences. This approach has proven effective
in studies of education, health, and governance
(Dell, 2010; Casey et al., 2012), and would allow
for a more rigorous assessment of how policy
regimes, cultural norms, and institutional
capacity shape household vulnerability.

Conclusion and Policy recommendation

Some important findings are summarized from
a larger policy perspective for the case of the
rural Gambia household vulnerability
assessment.An attempt was made to assess the
vulnerability of rural households in the Gambia
based on household surveyed 2021.Both ex
ante mean and ex ante varance measures
vulnerability for the rural households were
computed.The dependent variables are three;
log income, log total consumption and log food
consumption were interchangeable.In that we
first run log income as the dependent variable
on the explanatory variables. The results found
that size of the household and size of the
household squared has positive and significant
and size squared has negative and significant
effect on the household vunilnerability to
poverty status(see details explanation in the
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above table).Caste system is a dummy variable
indicated 1 if the households head is noble and
0 otherwise. Caste system has positive and
significant impact on vulnerability to poverty in
the rural Gambia.So to be chronic poor, illness
or lack of employment can causes it.Age
squared, education squared, flood, changing
rainfall, drought and changing rainfall more
likely to be vulnerable to poverty in the rural
Gambia using log income as the dependent
variable. Using log food conmption as
dependent variable, the results revealed that
size squared increases household future
vulnerability status to poverty while caste
system you are more to be vulnerability to
poverty using food consumption as the
dependent variable .Ownland you are more
likely to vulnerable to poverty. An important
conclusion and policy implication come out
from the chapter is that vulnerability and
poverty are related. If you are vulnerable due to
nature disasters, climate shocks, poor
agriculture, high price hike, illness, unemployed,
slave, larger household size, do not have own
land, and poor share of irrigated land using
income variation as the dependent variables,
you may likely to be vulnerable to poverty.
Likewise using total consumption and food
consumption, looking at the current food
consumption or total consumption for the
household in the rural Gambia, climate extreme
shocks may increase the probability to be
vulnerable to poverty in the near futures.
Future income, future total consumption, and
future food consumption, variation of income,
total consumption and flood consumption are
determined by present saving. If present saving
is lower the likely for the rural household to
deepening into poverty is mostly very
higher.Diversification = of  income, good
adaptation practice by farmers, diversification
of the production assets, employment
diversification, increases in education, nuclear
family, noble in the society, good rainfall, and
age as proxy for experience, the probability of
the household to be vulnerable to poverty is
very slim, the author meditated.
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In conclusion, so while there is a case
for broadening the area of intervention for
vulnerability ex ante mean and ex ante
variance, it is farfrom obvious what the
trade-offs are between income
diversification, total consumption
diversification, savings, food consumption
anddifferent forms of providing insurance.
The risks and return are an important
determine for household to be poor or
non-poor in the future considering their
present log income, and log food/total
consumption and likewise present saving,
the author concluded.
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	Theoretical model
	There are numerous model on how to theorize the vulnerability for climate change ((Change, 2001, Pandey et al., 2014, Intergovernmental Panel on Climate Change, 2014 and Pacifici et al., 2015) and migration as an adaptation strategies(Aitken et al., 2...
	Measuring vulnerability and adaptation to climate change
	There are numerous methods in measuring vulnerability to climate change (Gunther &Harttgen, 2006,W. Naude´ et al., 2009, Malone & Engle, 2011 , Nelson et al., 2010   , Adger, 2006  ,Deressa et al., 2008 ,Chang & Huang, 2015, Hoddinott & Quisumbing ,20...
	Econometric and statistical method for measuring vulnerability and adaptation to climate change
	By definition econometric method uses households level survey data such as social economic survey, integrated household survey, in order to analysis and interpret the different levels of households vulnerability conditions, that comprises economic,  p...
	Vulnerability as low expected utility
	In this context vulnerability was way back in 1987. According to Kanbur 1987a, Adger, 2006, and Günther & Maier, 2014, vulnerability is defined as a households as the different between expected utility level of consumption and the utility derived from...
	As they studied panel data model of vulnerability, they applied the method in the data set used in Bulgaria, Vietnam respectively and confirmed that risk and poverty play a crucial roles in the households welfare losses attributed to shock(. Ligonand ...
	According to Kanbur, 1987b, the shortcoming of this method of vulnerability study is that, it does not account for individual in the household risk preferences levels and therefore those individual are not well informed about their level of preference...
	Vulnerability as uninsured exposure to risk
	According to Hoddinott and Quisumbing 2003 and Cardona et al., 2012, the vulnerability as uninsured exposure to risk as one of the econometric method to measure vulnerability of the households is defined as an ex post for the assessment of the extent ...
	Households poverty does determine the vulnerability of the households but what determine it most is the shocks households are facing at the time of crises such as income crises, climate change crises, environmental disasters, households food insecurit...
	Further, as the name implied uninsured(not insured ether any of the assets including peoples) associated with insurance and therefore the insurance and the amount of looses incurred during the household vulnerability disaster such as the loss of socia...
	As in contrast to the other econometric method of vulnerability, the disadvantages is that, vulnerability uninsured exposure to risk in case of absence of panel data sets, cross-sectional data set, to estimates the impacts or effects of vulnerability,...
	Vulnerability as expected poverty
	The vulnerability as expected poverty defined vulnerability as a dynamic of poverty-a person can be prospect to be poor in the future if not poor at the moments and is expected to be poor, if poor at the moments. This method contains two things; eithe...
	Therefore, this vulnerability is view as consumption or income is used as a good proxy for welfare and vulnerability is used as expected poverty.This method coupon with statistical method and with ricardian approach of adaptation will be used in this ...
	Thus, this method is based on the probability of the households that are vulnerable at the time of climate change shocks as 1 and 0 otherwise. We will estimating the probability based on consumption or income shocks of the households at certain thresh...
	Using cross-sectional  survey data set of 1998, Chaudhuriet al., 2002 ,found out that 45 percent of the population expected to be vulnerable to poverty in the near future whereas the population actual poor stand at 22 percent in Indonesia.Another stud...
	One of the drawback of this method compared to the others is that, estimation are using a single cross-sectional, and numerous cross sectional assumption or simple cross sectional assumption is missing(Hoddinott and Quisumbing 2003 and Deressa et al.,...
	Material and Method
	Vulnerability as expected poverty Framework
	The vulnerability to poverty is one of the method to measure households vulnerability status. Hence, the study is households survey, the paper adopted expected vulnerability poverty approach. This is because in this method, we want to understand the p...
	VEP is an ex ante vulnerability measure, proposed by Chaudhuri, Jalan and Suryahadi (2002,TemesgenDeressa, Rashid M. Hassan and Claudia Ringler (2008))  who apply it to the Indonesian household data.
	Consider first an example of VEP. This is the case of vulnerability defined as the probability that a household will fall into poverty in the future.
	)
	Where vulnerability of households(or individual i)  at time t,  is the probability that individual i-th household’s level of consumption or income at time  will be below the poverty line, A (Gaiha and Imai 2004)
	In a variant that allows for the degree of vulnerability to rise with the length of the time horizon, vulnerability of the households h for n-periods, denoted as R(.) for risk, is the probability of observing, at least one spell of poverty for n-perio...
	Following this definition and using I(.) as an indicator equally 1 if the condition is true and zero or 0 otherwise if the condition is not true, an alternative measure of vulnerability is that a household is vulnerable if the risk in n-periods is gre...
	Neither 1 nor 3 take into account other dimension of poverty. The limitation can be overcome by rewriting equation 1 as below;
	Prob(
	Where  is the sum of the probability of all possible state of nature/world’s, s in period  and   is the welfare weight attached to the gap between the benchmark and the welfare measure( see Foster-Greer-Thorbecke poverty measure 1984).In principle, th...
	A vulnerability measure such as (4) has considerable relevance. In Indonesia, for example, the headcount index of poverty was low before the financial crisis but rose sharply in its wake. This implies that a large proportion of those above the poverty...
	We begin the analysis from a method by (Chaudhuri et al 2002), Assessing Household Vulnerability to Poverty from Cross-sectional Data in which they assumed that consumption/Income of a household h is a stochastic process with mean,  and standard devia...
	Where; log is the natural logarithm,  is per capital consumption expenditure of the household/per capital income of the household,   comprises a bundle of observable household characteristics such as the household size, location, educational level of ...
	We now assume that the variance of  is given by;
	We will estimate the parameters  and  using a three-step feasible generalised least squares (FGLS) procedure suggested by Amemiya (1977). Using the estimates and  , the expected logarithm of consumption and variance of log consumption for each househo...
	[………(7)
	[………(8)
	By assuming that log consumption is normally distributed (i.e. that  is normally distributed), the above enables the estimation of the probability that a household with the characteristics  will be the household’s vulnerability level i.e. poor. Lettin...
	(<()……………….(9)
	Where  is the log of the minimum consumption/income level beyond which a household would be called vulnerable or poor.
	This is an ex-ante vulnerability measure that can be estimated by cross-sectional data. Equation (9) will deliver the likelihood of a household at time t flattering poor at t + 1 given the dissemination of consumption at time t. A value of this vulner...
	So we have included all households in the 3 rural areas of the Gambia due to the small sample size. Similarly, to mark our outcomes similar with some previous studies on vulnerability as expected poverty (e.g., Gaiha and Deolalikar 1993; Gaiha and Ima...
	where i indexes the household. Yi is per capita annual household income from all sources (in constant prices) in a particular crop year. Xi is a vector of household characteristics (e.g., age of household head and its square, household size and its sq...
	Results and Discussion
	Selected socio-economic and climate change in the study region
	Household characteristic
	In this study 13, 14, and 13 villages were randomly selected with replacement in North Bank Region (NBR), Central River Region (CRR) and Upper River Region (URR) respectively. 10 households were surveyed in each village. In total, 400 households were ...
	Table xxx: Distribution of sampled villages and regions
	Own Evaluation
	The size of the household in the study  is generally high with an average of 21 persons per household. Furthermore, in the rural Gambia; 77% are able to read and write, 69% are farmers, 55% believe the existence of caste system, 92% are married, 74% a...
	Table xxx: Basic household characteristics of the surveyed farmers
	The surveyed households were generally poor in terms of  total consumption per capital per month, food consumption per capital per month, income per capital per month and food security consumption level per day. The total household’s income per capita...
	Tablexxx: Basic Assets of the respondents or Welfare Measures
	Climatic conditions, and shocks
	As described earlier in this study, the survey regionsare in the rural Gambia, which differ in many ways in term of changing in rainfall and temperature. As expected, average change in temperature in NBR and URR  are higher than CRR. In CRR, both aver...
	Tablexxx : Climate condition in the study area
	Own evaluation using stata 16
	In general, most of the surveyed farmers who reported to have experienced shocks over the past 10 to 20 years.According  to surveyed farmers, 70.74 percent encounter floods as major shocks; 73% encounter drought; 40 percent encountersalinization; 79 p...
	Table : Major shocks encountered by surveyed farmers
	Figure xxx:
	In the figure above, 68% experience change in food consumption at $4.99 and 66.4% experience log consumption at $4.99. More peoples that only 4.99 dollars used it to consume as food consumption and total consumption and that happened in NBR.In additio...
	Figure xxx: (1)
	In the figure above for food consumption and total consumption, change in income per month occurred more in the rural Gambia, 68 percent followed by CRR 46 percent approximately, and follow by URR a 32 percent respectively. For the share of irrigated ...
	Pair wisecorrelation analysis: The pearson correlation matrix is used to determine the relationship between two variables (see Table  below). The Pearson correlation coefficient is used to represent this relationship which ranges from -1.00 to +1.00. ...
	Tablexxxx:Pairwise correlation analysis of explanatory variables included in the analysis
	Own computation
	Multicollinearity test
	In the VEP analysis, it is important to test multicollinearity among the independent variables to know which variables to be include in the model. Due to multicollinearity issues, education status squared of the households were removed. Conditions: If...
	Table xxx; Variance inflation factor (VIF) test for multicollinearity among variables included in the analysis
	Results for VEP
	We carried out econometric estimation on the VEP(vulnerability as expected poverty) measure based on the specification in the earlier sectionand obtained vulnerability measures. In this part of the thesis, we will first briefly discuss theestimation r...
	The three important things for vulnerability as expected poverty is looking at the poverty line, ex-ante mean or expected future consumption/income/food consumption, and finally, ex-ante variance to see the variation in future income or total consumpt...
	Model results and Discussion
	As in our methodology, we applied Equations (10) and (11) uses a single cross-sectional household survey data set carry out in the year 2021 to looking at the income/total consumption/food consumption as a proxy for the welfare of each household and r...
	First log Income, the results for log income per capital per month are generally plausible as in Chaudhuri, Jalan and Suryahadi (2002) and Gaihaand  Imai, (2008).The results revealed that size of the households in the rural Gambia has positive and sig...
	The coefficient for educational attainment and education of the household head all has positive and insignificant impacts on log income and lower vulnerability to poverty in the future. 1 unit increase in household educational level, the expected log ...
	The coefficients for employment status of the household heads categoryare positive, reflecting that 1 unit rise in employment status, the expected log income increases by 2.9% and vulnerability to poverty become lower in the future.
	Nonland production assets has positive and significant impacts on expected log income. 1 unit increase in nonland production assets, the vulnerability to poverty become lower by 18.8%.The share of irrigated land has expected sign and the vulnerability...
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; *= significant at
	10% level of significance.
	To input i.x for dummy variables reflecting one in the gender are those that are male. So the coefficient for male headed household is positive and insignificant impact on expected log income. 1 unit increase in male headed household, the expected fut...
	Caste system in the rural Gambia were coded as dummy variables 1 if the individual is a noble and 0 if slave. The coefficient for those that are noble are more likely to have higher expected log income.1 unit increase in household that are noble, the ...
	Climate shocks is an important determinant for households that are likely to be vulnerability to poverty considering their income for now. The coefficient for flood is negative. The results confirmed that flood has negative and significant impact on l...
	Table y. Results for VEP(vulnerability as expected poverty) measure- ex ante variance, when log.income is the dependent variable-step 1
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; *= significant at (1)
	10% level of significance. (1)
	The regression results on variance of log income per capita per monthfluctuate over time.
	However, it is noted that variance is influenced by some household characteristics. Both the size and it squared are positive and insignificant impact on the variation of household log income in the rural Gambia.
	Age of the household head has negative variation of the household income in the rural Gambia.The result is insignificant. The age squared becomes positive meaning age squared increases the variation of log income.
	Education attainment has negative and insignificant coefficients while it squared has positive and insignificant coefficient.1 I unit increase in education attainment, the variation of log income decline and vulnerability to poverty rises but educatio...
	Employment/occupation is an important determinant of whether households will be vulnerable or not if consider their current log income. So, the results revealed that employment status has significant and negative coefficient on the variation of log in...
	Nonland production assets has significant and negative influence on the variation of log income. 1 unit increase in nonland production assets, household log income decreases by 95.7%. Moreover, share of irrigated land has positive coefficient. 1 unit ...
	Those that are male headed household are more likely to have variation in their log income. The coefficient for male headed household, the variation of log income decline by 33 percent and vulnerability to poverty increases. This may be due to the fac...
	The ex-ante mean,some of the variables are positive while ex-ante variance most of variables turn out to have negative coefficient.
	For caste system, the coefficient is negative and significant impact on the variation of future income at 1 percent level of significance.1 unit rise in those who say noble exist as caste system, the variation of log income decline by 10 percent. Due ...
	Climate variability such as flood, drought and salt intrusion has negative influence with the variation of household income.Change in rainfall and change in temperature has positive and insignificant impact on log income variation in the rural Gambia....
	Table y…Results for VEP(vulnerability as expected poverty) measure- ex ante mean, when log.total consumption is the dependent variable-step 3
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; and *= significant at
	10% level of significance. (2)
	For the total consumption as the dependent variable, the results revealed that size of the household has positive and significant coefficient. 1 unit increase in the size of the household, log total consumption rises by 1.79 percent. Then, vulnerabili...
	Age of the household has positive and significant coefficient on the log of total consumption but age squared is negative impact on household total consumptionat 10 percent level of alpha.The vulnerability to poverty decline when age is the explanator...
	Educational attainment has positive and significant effect on log total consumption.In additional, 1 year add to your year of schooling, total consumption increase by 14.71 percent. Surprisingly, the coefficient for education squared is negative and i...
	Employment status is important determinant to understand which household is likely to be vulnerable in the future. Therefore, employment status in the rural Gambia has negative impact on household log total consumption. Employment status increase by 1...
	Nonland production assets has positive and significant impact on log total consumption.The result is highly significant and positive at 1 percent level of significance.Then, the vulnerable for poverty decrease.Thus, share of irrigated land has positiv...
	Gender is coded as 1 if household is male and 0 if female. Therefore, household with male headed has positive and insignificant impact on total consumption. This translated to that male headed household are more like to provide consumption and therefo...
	Caste system is important determinant in the rural Gambia or Gambia as a whole when individual or households are more likely to be vulnerable to poverty by considering the mean consumption, poverty line and variation in log total consumption. The cast...
	Climate shocks causes agriculture to decline and can lead to poor livelihoods in the rural Gambia. Therefore, flood has negative and significant impacts on log total consumption and vulnerability to poverty increase due to climate flood as a proxy for...
	Table Results for VEP(vulnerability as expected poverty) measure- ex ante variance, when log.total consumption is the dependent variable.
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; *= significant at (2)
	10% level of significance. (3)
	Both the size of the household and it squared has positive and insignificant impact on the variation of log consumption.1 unit increase in the size of the household and it squared, the variance of log consumption increase by 0.19 and 0.068 percent res...
	Food consumption
	Table ..Results for VEP(vulnerability as expected poverty) measure- ex ante mean, when log.food consumption is the dependent variable.
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; *= significant at (3)
	10% level of significance. (4)
	Food consumption is another important measure of welfare. Household size is positive and significant coefficient impact on the growth of food consumption. The results is highly significant at 1 percent level of alpha.Therefore, household size increase...
	Tablexx:Results for VEP(vulnerability as expected poverty) measure - ex ante variance, when log.food consumption is the dependent variable.
	Notes: *** indicates the coefficient is significant at 1% level; ** = significant at 5% level; *= significant at (4)
	10% level of significance. (5)
	Size of the household has positive variation on log food consumption and it squared has negative effect.Age has negative variation on log food consumptiona and it squared has positive effect. The later has less vulnerability to poverty and the former ...
	Conclusion and Policy recommendation
	Some important findings are summarized from a larger policy perspective for the case of the rural Gambia household vulnerability assessment.An attempt was made to assess the vulnerability of rural households in the Gambia based on household surveyed 2...
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