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Abstract

Considering the worsening levels of food insecurity

globally, studies exploring the link between financial

inclusion and food insecurity have become imperative.

This paper contributes to the literature by examining

the effect of financial inclusion on food insecurity using

a multidimensional index of financial inclusion and a

food insecurity construct obtained from the Food Inse-

curity Experience Scale. Based on data extracted from

the seventh round of the Ghana Living Standards Sur-

vey, our preferred endogeneity-corrected results indi-

cate that improvements in financial inclusion is

associated with a reduction in food insecurity. This

finding is consistent across different conceptualisations

of food insecurity, alternative weighting schemes and

cut-offs for the financial inclusion index and different

quasi-experimental methods. Financial inclusion is

mainly effective in reducing food insecurity in male-

headed and rural-located households. Our findings

reveal that entrepreneurship is an important pathway

through which financial inclusion influences food

insecurity.
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1 | INTRODUCTION

Despite the global commitment to achieve the sustainable development goal 2 (SDG2) of zero
hunger by 2030, food insecurity remains a challenge, especially in Africa and in other resource-
poor countries (FAO et al., 2021). In 2020, an estimated 768 million people faced hunger
globally (FAO et al., 2021). Apart from the world not being on track to achieving the SDG2,
660 million people (representing an extra 30 million) are estimated to still face hunger due to
the COVID-19 pandemic (FAO et al., 2021). Between 2019 and 2020 Africa recorded about
46 million more people being hungry but in all parts of the world, the prevalence of food inse-
curity is higher among women than men (FAO et al., 2021). Food insecurity harms health and
wellbeing (Gundersen & Ziliak, 2015; Weaver et al., 2021), children's school engagement learn-
ing outcomes (Johnson & Markowitz, 2018; Mohammed, 2021), labor productivity and wage
earnings (Mishra & Rampal, 2020) and other welfare outcomes (Johnson & Markowitz, 2018;
Weaver et al., 2021). To achieve zero hunger, an in-depth context-specific situation analysis by
FAO et al. (2021) point to six broad key elements of a portfolio of policy measures and invest-
ments which include the promotion of peace to avoid conflict, scaling up climate resilience,
strengthening economic resilience, reducing cost of nutritious food, addressing poverty and
inequality, and shifting toward sustainable consumption patterns.

Available evidence shows that financial inclusion (FI) has the potential to positively influ-
ence these policies (Birkenmaier et al., 2016; Koomson et al., 2020; Peprah et al., 2020) but
research linking FI to food insecurity remains scant. FI can reduce food insecurity indirectly by
first enhancing entrepreneurship and employment in general (Koomson, Martey, &
Etwire, 2022). It also can reduce food insecurity by increasing asset accumulation and incomes
required to invest in education and health for increased productivity (Koomson, Villano, &
Hadley, 2022; Peprah et al., 2020) but researchers are yet to empirically analyze such pathways.

A review of empirical studies on the FI-food insecurity nexus points to several gaps. First,
most of these studies have separately analyzed the effect of some specific dimensions of FI, such
as account ownership (Birkenmaier et al., 2016; Fitzpatrick, 2017), credit access
(Ayantoke, 2010), remittance (Mora-Rivera & van Gameren, 2021; Smith & Floro, 2021) and
agricultural insurance (Mârza et al., 2015) but have not employed an FI index despite the recent
advancements in the conceptualization of FI as a multidimensional construct (Demirgüç-Kunt
et al., 2018; Koomson et al., 2020; Koomson & Danquah, 2021). We address this by using a mul-
tidimensional FI index built on the Alkire and Foster (2011) methodology. Second, some studies
have employed endogeneity-correcting methods (Mora-Rivera & van Gameren, 2021; Smith &
Floro, 2021), while other studies have not applied such methods (Birkenmaier et al., 2016;
Carter et al., 2018), but the potential endogeneity of FI has been highlighted as a key methodo-
logical issue which can result in inconsistent estimates of the link between FI and food insecu-
rity. This calls for more studies on this topic that resolve endogeneity. Third, there are
persistent gender and locational disparities in global FI rates despite the worldwide progress in
FI levels from 51% (in 2011) to 69% (in 2017) (Demirgüç-Kunt et al., 2018). This makes it imper-
ative to decompose findings along gender and locational dimensions when empirically assessing
the link between FI and food insecurity. Fourth, the potential pathways/channels through
which FI influences food insecurity is yet to be empirically examined.

We contribute to the literature by estimating the direct effect of FI on food insecurity in
Ghana using a multidimensional FI index which cuts across four dimensions. Based on compre-
hensive living standards survey data, we obtain three measures of food insecurity derived from
the widely accepted Food Insecurity Experience Scale (FIES) which was developed and

2 KOOMSON ET AL.
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validated by the Food and Agriculture Organization (FAO). Consistent with previous studies,
we resolve the endogeneity associated with FI using distance to the nearest bank as an instru-
ment and by performing numerous robustness checks to ensure consistency in findings. We
engage in gender and rural-urban subsampled modeling to explore heterogeneities in the effect
of FI on food insecurity. This is informed by the evidence of gender and geographic disparities
in the rates of food insecurity and FI across the globe. It also supports the SDG's primary goal of
“leaving no one behind” by urging researchers to engage in analysis at their decomposed levels
if data permits. Finally, we explore the potential of entrepreneurship and durable assets accu-
mulation as pathways/channels through which FI transmits to food insecurity.

The following reasons inform our choice of Ghana as a case study. First, Ghana has a con-
siderably high rate of food insecurity despite its downward trajectory over time. The rate of food
insecurity in Ghana was 50% in 2016/2017, but this reduced to 47.7% in June 2020 and further
to 47.0% in September 2020 (GSS, 2021). Second, Ghana has made significant strides toward
universal financial access and demonstrated political will by joining over 90 developing coun-
tries to sign the 2010 Maya Declaration, which aimed to reduce poverty by increasing FI
(AFI, 2015). From these efforts, Ghana's FI rate improved by 29% between 2011 and 2017
(Demirgüç-Kunt et al., 2018). To improve on the gains made, Ghana's government has devel-
oped a National Financial Inclusion and Development Strategy (NFIDS), with the goal of
increasing FI from 58% to 85% of Ghana's adult population by 2023. Gender and geographical
disparities exist in the FI rates in Ghana. Account ownership stands at 54% for females and 62%
for males. In terms of the urban dimension, 54% of males have a transaction account, compared
to 46% of females. Conversely, males hold 61% of accounts in the rural areas, compared to 39%
for their female counterparts (GSS, 2014). Loan applications from rural residents in Ghana are
refused more than those of their urban counterparts (Koomson et al., 2016). This study can help
to identify the potential gains in food security that can be realized as we inch closer to achieving
the targets set by the NFIDS. Given Ghana's FI and food insecurity statistics, it is deemed appro-
priate to use the Ghanaian case to represent a typical developing country scenario.

The remaining parts of this research are organized as follows. Section 2 focuses on the theo-
retical literature on FI and food insecurity and discusses potential pathways. The data and vari-
able definitions are covered in Section 3, while Section 4 presents the analytical procedures
used. Section 5 presents the results, while Section 6 concludes.

2 | THEORETICAL LITERATURE ON FI AND FOOD
INSECURITY

The link between FI and food insecurity can be drawn from the theory of financial development
(King & Levine, 1993; Rajan & Zingales, 1998). Financial development is associated with expan-
sion in the financial system, which is associated with improvements in the indicators of FI—
financial product ownership and usage (i.e., credit and debit cards, ATMs, e-banking, etc.),
ownership of insurance (risk management), access to credit and receipt of financial remittance
(Demirgüç-Kunt et al., 2015, 2018; King & Levine, 1993; Koomson et al., 2020; Koomson &
Ibrahim, 2018; Rajan & Zingales, 1998). It can be deduced from these theories (King &
Levine, 1993; Rajan & Zingales, 1998) that improvements in the indicators of FI for individuals
and households can influence FI through two pathways. The first pathway is how FI can
directly influence food insecurity by providing the financial resources needed to cater for daily
food consumption needs. The second pathway includes indirect means through which financial

KOOMSON ET AL. 3
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resources from FI can be invested in businesses (entrepreneurship), new technologies, durables
asset accumulation, education, health, and others to provide sustainable income-generating
portfolios capable of sustaining food consumption over time. In the ensuing subsections, we dis-
cuss some of the indirect pathways through which FI can potentially influence food insecurity.

2.1 | Entrepreneurship

Financial constraint remains one of the most cited factors hampering entrepreneurship and
growth of small businesses, especially in developing countries (Daniels et al., 2016; Koomson &
Ibrahim, 2018). This notwithstanding, FI has been highlighted as a key facilitator of entrepre-
neurship because it ensures that all economic agents have equal opportunities (Jiang
et al., 2019; Koomson & Ibrahim, 2018). Entrepreneurship improves household income which
can be spent on household food consumption (Sinyolo & Mudhara, 2018). Dedehouanou and
Araar (2020) have also shown that entrepreneurship in nonfarm activities is associated with
increased availability and accessibility to food, especially when the enterprise is female-man-
aged. This is supported by Demirgüç-Kunt et al. (2008) who indicated that increased FI has the
potential to boost recipients' entrepreneurial opportunities, as well as their food consumption
income. From the evidence above, we can deduce that entrepreneurship serves as a potential
transmission mechanism between FI and food insecurity.

2.2 | Asset accumulation

Asset accumulation has been identified as a sustainable means of consumption smoothing
(Aryeetey, 2004; Doss et al., 2011). Financially included household can build up savings which
can be used for food consumption in times of economic hardship (Bartfeld & Collins, 2017).
Through FI, households can obtain the financial resources needed to accumulate durable produc-
tive and nonproductive assets (Jalilian & Kirkpatrick, 2002). Between the two types of assets com-
monly accumulated, financial assets are associated with greater opportunity costs, particularly in
emerging nations with less established financial institutions (Aryeetey, 2004). As a result, most
households in resource-poor countries prefer to acquire productive and nonproductive durable
assets since they both have the risk-coping potential of being sold for cash to meet food consump-
tion needs in times of financial difficulty (Aryeetey, 2004; Doss et al., 2011). In developing coun-
tries like Ghana, asset accumulation presents households with the opportunity of diversifying
their income portfolios with nonfarm economic activities (Peprah & Koomson, 2015;
Senadza, 2014), which contributes to the income required for food consumption. This also shows
that FI can transmit to food insecurity through durable asset accumulation.

2.3 | Other pathways—Education, health, and income

There is ample evidence that FI provides the means to acquire financial resources that are used
to invest in education, health and other forms of human capital accumulation, which further
increases household income in the long run (Abosedra et al., 2016; Heckman et al., 2018;
Perotti, 1993). Poor people's investments in education and health improve their chances of
achieving sustainable livelihoods (World Bank, 2001). The returns to education model indicate

4 KOOMSON ET AL.
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that increased years of schooling is associated with increases in income (Heckman et al., 2018;
Mishra & Smyth, 2015). Regarding health, available evidence shows that good health is associ-
ated with increased productivity and income (Bubonya et al., 2017; Tu et al., 2020). This means
that FI can indirectly influence food insecurity through its effect on education, health, income,
and other human capital indicators.

2.4 | Over-indebtedness

Despite the favorable evidence in support of FI and food insecurity, FI can also worsen food inse-
curity if improved access to financial products is abused. For instance, excess use of novel financial
instruments that facilitate transactions (such as credit cards, ATMs, and online banking) can lead
to excessive debt and financial vulnerability (Lyons & Hunt, 2003), resulting in food insecurity.

Based on the theoretical and contextual expositions, Figure 1 presents the FI, entrepreneur-
ship, asset accumulation, other pathways, and food insecurity.

3 | DATA AND VARIABLES

The data for this study comes from round seven of the Ghana Living Standards Survey (GLSS7),
which is the most extensive cross-sectional nationally representative data gathered by the Ghana
Statistical Service (GSS, 2019) from October 2016 to October 2017. Our analysis is restricted to
GLSS7 because earlier rounds of the survey do not capture data on food insecurity. Apart from
food insecurity, the GLSS7 gathered extensive data on various topics, including household demo-
graphics, ethnic groupings, health, assets, and households' perceptions of governance, peace, and
security (GSS, 2019). The study enumerated 15,000 households throughout the then 10 (now 16)
regions of Ghana, but the final sample size was 14,009 households due to a 93.4% response rate.
After merging sections containing our variables of interest, we had a workable sample of 13,781
households. After the regression analysis, the model with the highest number of observations was
6901 households. This can be explained by the 6880 missing observations caused by nonresponses
to the indicators that comprised the FI index (especially related to remittance).

3.1 | Food insecurity

In this study, we use three measures of food insecurity obtained through the application of dif-
ferent methods consistent with the extant literature.

Entrepreneurship
Asset accumulation
Others—education, health & income

Financial Inclusion Food insecurity

Increase Decrease

Decrease

FIGURE 1 Conceptual link between FI, entrepreneurship, asset accumulation, other pathways, and food

insecurity (Source: Authors' construct)

KOOMSON ET AL. 5
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Our first and key measure of food insecurity (FIES) is obtained by applying the Rasch
model to the standard set of eight simple yes/no questions (yes = 1; and no = 0 in
Table A1) that make up the FIES (Ballard et al., 2013; Cafiero et al., 2018; FAO, 2013;
Koomson & Awaworyi Churchill, 2021). The FIES was created and tested by the FAO and
has since been used extensively in the literature as an objective measure of households' dep-
rivations in access to food (Ballard et al., 2013; Cafiero et al., 2018; FAO, 2013; Koomson &
Awaworyi Churchill, 2021).

The formula for the Rasch model (also built on the one parameter logistic model), which is
used to determine the degree of food insecurity in a household, is specified in Equation (1):

Pij ¼P Xij ¼ 1jθj, βi
� �¼ exp θj�βi

� �
1þ exp θj�βi

� � ð1Þ

Where Xij is to the probability that household i gives affirmative response to FIES item j, βi is
the difficulty level or the severity parameter of the various FIES items, and θjrepresents the
capacity of an individual to respond correctly to the FIES item. It also indicates the extent of
food insecurity in the household. Food insecurity will become more likely if the value of β
remains constant and θ rises (Koomson & Awaworyi Churchill, 2021).

Since the predicted coefficients for the difficulty levels of the FIES items are all significant at
the 1% alpha level, we incorporate all eight items in calculating our measure of food insecurity
(see Table A2). As a desirable condition to satisfy, the steepness of our generated item charac-
teristic curves at the mid-point shows equal discriminatory strength of FIES items (see
Figure A1) (Cafiero et al., 2018; Koomson & Awaworyi Churchill, 2021). The test characteristic
curve in Figure A2 also shows that, for 95% of randomly selected households, the total score
ranges from 0 to 8 (or 0.000037 and 7.96). Further detailed explanations into the tests and con-
cepts above can be obtained from Cafiero et al. (2018); and Koomson and Awaworyi
Churchill (2021).

The second measure of food insecurity [FIES(Factor)] is generated by applying principal
factor analysis to all FIES items and retaining only factors with eigenvalues greater than or
equal to one (Helmi et al., 2020; Koomson & Awaworyi Churchill, 2021). Premised on the
Bartlett test of sphericity reported in Table A3, we reject the null hypothesis of non-
collinearity among the eight items (at the 5% alpha level). The 0.930 Kaiser-Meyer-Olkin
(KMO) score in Table A3 is adequate for factor analysis because it is greater than the com-
monly recommended value of 0.8 required for sampling adequacy (Koomson & Awaworyi
Churchill, 2021; Lahai & Koomson, 2020). This indicates that the food insecurity index cre-
ated through principal factor analysis is accurate and presents more evidence in favor of the
FIES's validity.

The third measure of food insecurity [FIES(RS)] follows the method in the existing literature
by summing up affirmative responses from all eight FIES items to generates a raw score ranging
from the least (0) to the most (8) food-insecure household (Ballard et al., 2013; Cafiero
et al., 2018; Koomson & Awaworyi Churchill, 2021). A score of eight indicates that all eight
indicators of food insecurity were experienced or suffered by the household, and vice versa.

All three measures of food insecurity are continuous variables for which a unit increase
reflects an increase in food insecurity. Since all three measures are based on the same underly-
ing construct of food insecurity, the correlation matrix in Table A4 shows a significant positive
relationship between them, with correlation coefficients ranging from 0.997 to 1.000.

6 KOOMSON ET AL.
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3.2 | Financial inclusion (FI)

Following recent studies which measure FI using multidimensional approaches (Koomson
et al., 2020; Koomson et al., 2021; Koomson & Danquah, 2021; Zhang & Posso, 2017), we
employ four dimensions of FI. These are bank or mobile money account ownership, ownership
of insurance, access to credit/loans, and receipt of financial remittances via bank or through
mobile money. Assigning an equal weight of 0.25 to each dimension, we apply the formula
stated in Equation (2) to produce an FI score for which a unit increase signifies an improve-
ment in FI. Consistent with previous studies (Awaworyi Churchill & Marisetty, 2020;
Koomson & Danquah, 2021; Zhang & Posso, 2017), we utilize a 0.5 cut-off to create a binary
variable that is 1 when a household's FI score is more than 0.5 and 0 when it is not. In robust-
ness checks, we use different weighting systems and different cut-offs to ensure consistency in
findings (see Subsection 5.3).

FIi ¼w1I1þw2I2þ���þwnIn ð2Þ

Where FIi represents a household's FI score, and Ii ¼ 1 if a household provides an affirmative
response for indicator i and Ii ¼ 0 if otherwise. wi is the weight attached to indicator i withPd

i¼1wi ¼ 1. The description and summary statistics of the variables employed in this study can
be found in Table A5.

4 | ESTIMATION METHODS

We use the ordinary least squares method to estimate the link between FI and household food
insecurity.

This notwithstanding, the potential endogeneity of FI is highlighted as a key methodological
concern in existing studies that have explored the empirical link between FI and household
food insecurity, poverty and other welfare outcomes (Awaworyi Churchill & Marisetty, 2020;
Koomson et al., 2020; Koomson et al., 2021; Koomson & Danquah, 2021; Mora-Rivera & van
Gameren, 2021; Smith & Floro, 2021). As in previous studies, we consider the possible bi-causal
connection between FI and food insecurity to be the source of endogeneity. On the one hand,
increased financial resources resulting from improved FI can boost households' capacity to
spend on food. On the other hand, household heads who intend to smoothing their household's
food consumption over time may be motivated to become financially included by either saving
for it or seeking credit/loan from a bank. Others may manage risk by insuring against a loss of
business/farm revenue or by avoiding the danger of losing their livelihoods, which generate
incomes for food purchases.

Following previous studies, we address this possible endogeneity problem by estimating a
standard two-stage least squares (2SLS or IV) model that employs distance to the nearest bank
as an instrument (Awaworyi Churchill & Marisetty, 2020; Koomson & Danquah, 2021). Consid-
ering the relevance of the instrument, there is ample evidence in support of a direct inverse
relationship between distance to bank and FI (Demirgüç-Kunt & Klapper, 2012; Koomson
et al., 2020; Koomson et al., 2021). Regarding validity, the distance it takes to reach a bank is
not expected to directly influence food insecurity unless it indirectly does so through FI. Using
Equation 3 in the first stage, FI is regressed on distance to bank and all control variables and is

KOOMSON ET AL. 7
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used to obtain the estimated values of FI. In the second stage, the estimated FI is employed to
determine its effect on food insecurity.

FIi ¼ β1Distiþ
X
n
βnXn,iþμzþϑmþ εi ð3Þ

FDinseci ¼ β1 bFIiþ
X
n
βnXn,iþμzþϑmþ εi ð4Þ

Where FDinsec is the food insecurity level for household i and FI represents the FI status of a
household. bFI is the estimated version of a household's FI status. Dist is the distance to the
nearest bank. X is a vector of control variables indicated in previous studies as being determi-
nants of household food insecurity (Koomson & Awaworyi Churchill, 2021; Lahai &
Koomson, 2020; Sriram & Tarasuk, 2016). These covariates include age, gender (1 = female;
0 = male), location (1 = rural; 0 = urban), household size and household size squared, educa-
tion (1 = educated; 0 = not educated), marital status, farm household status (1 = farm house-
hold; 0 = nonfarm household), food price index, ethnic diversity, ecological zones, and month
of survey fixed effects. μz and ϑm represent ecological zone and month of survey fixed effects
respectively, while ε is a random error term. We account for ecological zone fixed effects
because the ecological zone in which a household is located can have an impact on its level of
food insecurity (Koomson & Awaworyi Churchill, 2021). Given that these zones cut across
Ghana's administrative regions and districts, their inclusion in the model serves as proxies for
the administrative regions and districts. The month of survey fixed effect is also important
because glut and shortages in food supply and food prices in Ghana are driven by rainy and dry
seasons associated with different months of the year and harvest periods.

Apart from the standard 2SLS model, we also employ other widely used methods to resolve
endogeneity to ensure consistency in findings. These methods include the control function
approach (CFA), propensity score matching (PSM) together with the Inverse-Probability-
Weighted Regression Adjustment (IPWRA) approach. Details of these methods are provided in
Subsection 5.3, where they are applied.

5 | RESULTS

In Table 1, we report the baseline estimates for the association between FI and food insecurity.
Estimates for the FIES, FIES (Factor) and FIES (RS) are presented in Columns 1 to 3, respec-
tively. Overall, our findings indicate that financially included households are less likely to be
food insecure. Specifically, we can see in Column 1 that food insecurity is 0.092 lower in finan-
cially included households. In Columns 2 and 3, we observe that being financially included is
associated with 0.119 and 0.094 lower levels of food insecurity. We can deduce that FI facilitates
the acquisition and accumulation of resources needed to increase households' food purchasing
power (Dedehouanou & Araar, 2020; Sinyolo & Mudhara, 2018). The risk management associ-
ated with savings and insurance ownership enables households to smoothing food consumption
over time (Bartfeld & Collins, 2017).

Apart from FI, interesting inferences can be drawn from the results of the control variables.
Rural and farm households are more food insecure. A unit increase in food price and ethnic
diversity are associated with an increase in food insecurity. Household size has a nonlinear

8 KOOMSON ET AL.
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TABLE 1 FI and food insecurity (OLS results)

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Financial inclusion �0.092*** �0.119*** �0.094***

(0.020) (0.023) (0.018)

Age �0.001 �0.001 �0.002

(0.001) (0.001) (0.002)

Female 0.012 0.017 0.048

(0.025) (0.028) (0.089)

Rural 0.215*** 0.230*** 0.745***

(0.024) (0.027) (0.085)

Household size 0.048*** 0.056*** 0.172***

(0.009) (0.010) (0.031)

Household size squared �0.002*** �0.003*** �0.008***

(0.001) (0.001) (0.002)

Educated �0.321*** �0.353*** �1.116***

(0.023) (0.026) (0.080)

Marital Status (Base = Never married)

Married �0.129*** �0.140*** �0.444***

(0.029) (0.032) (0.101)

Separated/Divorced 0.075** 0.087** 0.291**

(0.035) (0.040) (0.125)

Farm household 0.201*** 0.238*** 0.729***

(0.026) (0.029) (0.090)

Food price index 0.235 0.282 0.989

(0.213) (0.232) (0.744)

Ethnic diversity 0.449*** 0.585*** 1.787***

(0.081) (0.090) (0.288)

Ecological zone fixed effect (Base = Accra)

Coastal 0.361*** 0.408*** 1.284***

(0.042) (0.046) (0.146)

Forest 0.097** 0.135*** 0.401***

(0.038) (0.043) (0.134)

Savannah 0.479*** 0.481*** 1.584***

(0.049) (0.054) (0.171)

Month of survey fixed effects

Observations 6901 6872 6901

R-squared 0.256 0.244 0.248

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor
analysis; FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01; **p < 0.05; *p < 0.1.
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(inverted-U) relationship with food insecurity. The possible reason for this is that as household
membership becomes larger, some members become economically active and contribute finan-
cial resources toward consumption. Even in cases where child laborers are involved, evidence
has shown that economically active children in Ghana contribute significantly to household
farm and nonfarm income (Koomson & Asongu, 2016). Households with educated heads are
less likely to experience food insecurity. Compared to the not married, the married are less
likely to experience food insecurity, while the separated/divorced are more likely to be food
insecure. Relative to households in Accra, households in other locations are more likely to be
food insecure.

5.1 | Endogeneity-corrected estimates

In Table 2, we report the 2SLS results for models in which distance to the nearest bank is
employed as an instrument to address the endogeneity problem associated with FI. For all three
models, the F-statistics of the first stage estimates are all greater than 10, so we infer that our
instrument is not weakly associated with FI (Stock & Yogo, 2002). Consistent with previous
studies, we observe from the first stage results that the farther away a household is from the
nearest bank, the less likely it is to be financially included (Koomson et al., 2020; Koomson
et al., 2021). We find in Column 1 that food insecurity is 2.928 lower in financially included
households. From Columns 2 and 3, we see that FI is associated with 2.720 and 0.094 lower
levels of food insecurity, respectively. A look at the 2SLS estimates shows that they are bigger
than the baseline results, implying that the endogeneity associated with FI causes a downward
bias in the OLS estimates. This makes the consistent estimates from the 2SLS model more reli-
able. Overall, our finding supports the use of FI as a reliable policy in the fight against food
insecurity. Our findings support previous studies that have found that FI is associated with
decreasing levels of food insecurity (see, e.g., Ayantoke, 2010; Mora-Rivera & van

TABLE 2 FI and food insecurity (IV results)

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Financial inclusion �2.928*** �2.720*** �2.353***

(0.715) (0.698) (0.586)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.009*** �0.009*** �0.009***

(0.002) (0.002) (0.002)

F-statistic 19.70 19.70 19.70

Observations 6901 6872 6901

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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Gameren, 2021; Smith & Floro, 2021), but we employ a multidimensional FI index as a contri-
bution. It also supports studies related to the financial development framework (King &
Levine, 1993; Rajan & Zingales, 1998), which posit that FI has the capability to enhance house-
hold welfare through increased food consumption.

5.2 | Gender and location analyses

To explore the gender and location dynamics in the FI-food insecurity nexus, we analyze and
report rural-urban and male- and female-headed household subsampled results in this section.

TABLE 3 FI and food insecurity (IV results): Male–Female

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Panel A: Male sample

Financial inclusion �3.905*** �3.797*** �3.260***

(1.147) (1.114) (0.962)

Female No No No

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.008*** �0.008*** �0.008***

(0.002) (0.002) (0.002)

F-statistic 13.12 13.12 13.12

Observations 4732 4711 4732

Panel B: Female sample

Financial inclusion �1.125 �0.508 �0.624

(0.699) (0.732) (0.570)

Female No No No

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.010*** �0.010*** �0.010***

(0.004) (0.004) (0.004)

F-statistic 7.35 7.35 7.35

Observations 2169 2161 2169

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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In Table 3, results for the male and female samples are respectively reported in Panels A and
B. From Columns 1 to 3 of Panel A, we find that in male-headed households, FI is associated
with 3.905, 3.797 and 3.260 lower levels of food insecurity. For all Columns in Panel B, we find
that FI is not significantly associated with food insecurity in female-headed households. In
Ghana, male-headed households are poorer than female-headed homes while women are more
entrepreneurial than men (GSS, 2014, 2019), so an improvement in FI for men is expected to
make more difference in reducing food insecurity for men than women.

From Columns 1 to 3 of Panel A in Table 4, we see that FI is associated with 3.026, 2.888
and 2.505 lower levels of food insecurity in rural-located households, respectively. For all Col-
umns in Panel B, we find that FI is not significantly associated with food insecurity in urban

TABLE 4 FI and food insecurity (IV results): Rural–Urban

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Panel A: Rural sample

Financial inclusion �3.026*** �2.888*** �2.505***

(0.791) (0.783) (0.665)

Rural No No No

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.009*** �0.009*** �0.009***

�0.0078 �0.0078 (0.002)

F-statistic 18.17 18.17 18.17

Observations 3956 3940 3956

Panel B: Urban sample

Financial inclusion �0.741 �0.274 �0.307

(0.801) (0.869) (0.673)

Rural No No No

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.008** �0.008** �0.008**

(0.004) (0.004) (0.004)

F-statistic 4.69 4.69 4.69

Observations 2945 2932 2945

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01; **p < 0.05.
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households. With rural folks being more financially excluded (GSS, 2014; Koomson
et al., 2016), improved access to modern payment systems for rural households provides more
avenues to increase their financial resources needed to buy food.

5.3 | Robustness/sensitivity checks

In this section, we run various tests to ensure that our results are robust. First, we use the CFA
method, which is fundamentally an instrumental variable method but involves predicting the
residual of the first stage model and including it in the second stage model as an extra control
variable (Wooldridge, 2015). Compared to the standard 2SLS technique, the CFA produces
more efficient second-stage estimators in rare cases (Tchetgen, 2014). In Column 1 of Table 5,
we find that food insecurity is 2.929 lower in financially included households. In Columns
2 and 3, we observe that FI is associated with 2.718 and 2.353 lower levels of food insecurity.
The CFA results are consistent with those produced from the standard 2SLS method, implying
that the food insecurity-reducing effect of FI is robust to different approaches used in
addressing endogeneity.

Second, we apply the PSM method which has been used extensively in the literature to
resolve biasedness or endogeneity induced by self-selection (Awaworyi Churchill &
Marisetty, 2020; Koomson et al., 2020; Koomson & Danquah, 2021). We used four distinct
matching approaches (i.e., nearest neighbor, radius, kernel, and local linear regression) as well
as an Inverse-Probability-Weighted Regression Adjustment (IPWRA) procedure and present the
findings in Table 6. Contrary to the PSM procedure, the IPWRA uses weighted regression coeffi-
cients to create average treatment level anticipated results, giving it a double-robust

TABLE 5 FI and food insecurity (control function approach)

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Financial inclusion �2.929*** �2.718*** �2.353***

(0.379) (0.424) (0.335)

Residual 2.845*** 2.606*** 2.266***

(0.380) (0.425) (0.336)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.009*** �0.009*** �0.009***

(0.002) (0.002) (0.002)

F-statistic 19.70 19.70 19.70

Observations 6901 6872 6901

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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characteristic (Martey et al., 2019; Wooldridge, 2008). To guarantee consistency in our PSM esti-
mates, we apply all the matching methods listed and report the results in Table 6. Figure A3 dis-
plays the region of common support which shows that financially included households have

TABLE 6 PSM results with different matching methods

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

1 – Nearest Neighbor (1:1) �0.103*** �0.155*** �0.103***

(0.034) (0.038) (0.030)

5 – Nearest Neighbor (1:5) �0.084*** �0.115*** �0.088***

(0.025) (0.028) (0.024)

Radius �0.204*** �0.239*** �0.191***

(0.026) (0.029) (0.024)

Kernel �0.091*** �0.117*** �0.093***

(0.018) (0.020) (0.020)

Local linear regression �0.078*** �0.103*** �0.082***

(0.022) (0.022) (0.021)

IPW Regression Adjustment (IPWRA) �0.105*** �0.134*** �0.106***

(0.020) (0.023) (0.018)

Observations 6901 6872 6901

Note: Robust standard errors in parentheses.

Abbreviations: FIES(Factor), Food insecurity index from factor analysis; FI(Rasch), Food insecurity index from Rasch model;
FI(RS), Raw score (additive) of food insecurity.
***p < 0.01.

TABLE 7 FI and food insecurity (using FI score)

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Financial inclusion �5.408*** �5.045*** �4.345***

(1.244) (1.234) (1.025)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

First stage

Distance to the nearest bank(km) �0.005*** �0.005*** �0.005***

(0.001) (0.001) (0.001)

F-statistic 24.46 24.46 24.46

Observations 6901 6872 6901

Note: Robust standard errors in parentheses.

Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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TABLE 8 FI and food insecurity (alternative weights for FI indicators)

Variables

(1) (2) (3)

FIES FIES(Factor) FIES(RS)

Panel A: Weight of 0.4 for bank account

Financial inclusion �0.119*** �0.145*** �0.114***

(0.021) (0.023) (0.018)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

Observations 6901 6872 6901

R-squared 0.257 0.245 0.250

Panel B: Weight of 0.4 for access to credit

Financial inclusion �0.044 �0.070** �0.053**

(0.027) (0.031) (0.024)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

Observations 6901 6872 6901

R-squared 0.254 0.241 0.246

Panel C: Weight of 0.4 for insurance

Financial inclusion �0.111*** �0.147*** �0.117***

(0.023) (0.027) (0.021)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

Observations 6901 6872 6901

R-squared 0.256 0.244 0.249

Panel D: Weight of 0.4 for remittance

Financial inclusion �0.048** �0.065** �0.052**

(0.023) (0.026) (0.020)

All other control variables Yes Yes Yes

Ecological zone fixed effect Yes Yes Yes

Month of survey fixed effects Yes Yes Yes

Observations 6901 6872 6901

R-squared 0.254 0.241 0.246

Note: Robust standard errors in parentheses.

Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01; **p < 0.05.
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adequate observations for comparison among the ‘nearby’ financially excluded households
based on the propensity score distribution. The results in Column 1 show that the average treat-
ment effect on the treated (ATT) for the effect of FI on food insecurity ranges from �0.078 to
�0.204. This implies that food insecurity levels experienced in financially included households
are between 0.078 and 0.204 lower. In Columns 2 and 3, the ATT ranges from �0.103 to �0.239
and from �0.082 to �0.191, respectively. The PSM results are consistent with our 2SLS esti-
mates which show that our main results are robust to alternative approaches used in resolving
endogeneity. It also confirms that FI is an important policy option to explore in the fight against
food insecurity.

Third, we use the household FI score, as an alternative measure, and analyze it along
with all three measures of food insecurity and present the finding in Table 7. In Column
1, food insecurity is 5.408 lower in financially included households. Considering Col-
umns 2 and 3, we find that FI is associated with 5.045 and 4.345 lower levels of food
insecurity.

Fourth, we allocate alternative weights to the four dimensions of the FI index. For our main
measure used in the analysis above, each dimension was given an equal weight of 0.25. At this
stage, we generate four different versions of the FI index. For each version used in Table 8, we
assign a relatively bigger weight to each of the four dimensions. In Panel A, we present findings
for the FI index in which a weight of 0.4 is assigned to “bank account” while the other three
dimensions are allocated an equal weight of 0.2. In Panel B, we use a FI index in which a
weight of 0.4 is assigned to “access to credit” while the other three dimensions are allocated an
equal weight of 0.2. In Panels C and D, the same steps are applied by assigning bigger weights
of 0.4 to “insurance” and “remittance”, respectively. The results reported in Table 8 are consis-
tent with our baseline estimates, indicating that our findings are robust to alternative weighting
schemes employed in calculating the FI index.

TABLE 9 Effect of FI on entrepreneurship and asset accumulation

Variables

(1) (2)

Entrepreneurship log(value of asset accumulated)

Financial Inclusion 0.847*** 3.482***

(0.287) (1.153)

All other control variables Yes Yes

Ecological zone fixed effect Yes Yes

Month of survey fixed effects Yes Yes

First stage

Distance to the nearest bank(km) �0.008*** �0.008***

(0.002) (0.002)

F-statistic 21.05 21.05

Observations 6902 6465

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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5.4 | Potential pathway analyses

In this section, we explore the potential roles of entrepreneurship and asset accumulation as
important pathways in the association between FI and food insecurity. To align with previous
studies, we measure entrepreneurship using a binary variable to identify the self-employed
(Nikolaev et al., 2020; Peprah et al., 2015). Asset accumulation is measured as the total mone-
tary value of all durable assets (productive and nonproductive assets) owned by the household.
To avoid bias in the estimation, we use the log value of the asset accumulated. Consistent with
the literature, we use a two-staged method to analyze entrepreneurship and asset accumulation
as potential pathways (Alesina & Zhuravskaya, 2011; Koomson & Awaworyi Churchill, 2021;
Koomson & Danquah, 2021). In the first part, we assess whether FI is significantly linked to
entrepreneurship and asset accumulation. In Columns 1 and 2 of Table 9, we see that FI

TABLE 10 Effect of entrepreneurship and asset accumulation

Variables

Mediator: Entrepreneurship
Mediator: log(value of asset
accumulated)

(1) (2) (3) (4) (5) (6)

FIES
FIES
(Factor)

FIES
(RS) FIES

FIES
(Factor)

FIES
(RS)

Panel A: Main results

Financial Inclusion �2.815*** �2.619*** �2.267*** �3.468*** �3.188*** �2.780***

(0.685) (0.671) (0.564) (1.050) (1.004) (0.856)

Entrepreneurship �0.134*** �0.119*** �0.101***

(0.039) (0.039) (0.032)

log(value of asset
accumulated)

0.068 0.044 0.048

(0.047) (0.045) (0.039)

All other control variables Yes Yes Yes Yes Yes Yes

Ecological zone fixed
effect

Yes Yes Yes Yes Yes Yes

Month of survey fixed
effects

Yes Yes Yes Yes Yes Yes

First stage

Distance to the nearest
bank(km)

�0.008*** �0.008*** �0.008*** �0.008*** �0.008*** �0.008***

(0.002) (0.002) (0.002) (0.002) (0.002) (0.002)

F-statistic 21.42 21.42 21.42 13.16 13.16 13.16

Observations 6901 6872 6901 6464 6444 6464

Panel B: Initial results for comparison

Financial Inclusion (see
Table 2)

�2.928*** �2.720*** �2.353*** �2.928*** �2.720*** �2.353***

(0.715) (0.698) (0.586) (0.715) (0.698) (0.586)

Note: Robust standard errors in parentheses.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
***p < 0.01.
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increases the probability of entrepreneurship and value of asset accumulation by 0.847 and
3.482, respectively, which is consistent with the literature (Daniels et al., 2016; Koomson &
Ibrahim, 2018).

In step two, we separately include the entrepreneurship and asset accumulation variables as
covariates in the food insecurity model and inspect how the coefficient responds. The variables
are acknowledged as potential channels only if their inclusion in the model causes the previ-
ously obtained coefficient of FI to shrink in size or become statistically insignificant. Here, we
use the standard 2SLS model, so the coefficient used for comparison is drawn from Table 2 and
displayed in Panel B of Table 10. In Panel A of Table 10 (Columns 1 to 6), we see that the food
insecurity-reducing effect of FI is consistently established at the 1% alpha level. Focusing on the
mediators, we see in Columns 1 to 3 that entrepreneurship is associated with 0.134, 0.119 and
0.101 decreases in food insecurity, respectively. On the contrary, the results in Columns 4 to
6 show that the value of accumulated asset does not have a significant relationship with food
insecurity.

Comparing the coefficients of FI in Panels A and B shows that the inclusion of entrepre-
neurship as a covariate in the food insecurity model results in a reduction in the magnitude of
the coefficient of FI in Columns 1 to 3. For asset accumulation, not only is it not significantly
associated with food insecurity, but its inclusion rather increased the magnitude of the coeffi-
cient of FI in Columns 4 to 6. From the two potential mediators explored in this paper, we only
confirm entrepreneurship as an important pathway through which FI influences food insecu-
rity. This could confirm the case that when households accrue resources through FI, they
mainly invest in businesses to smoothing consumption over time, rather than using the finan-
cial resources accrued to accumulate durable assets in a bid to liquidate them in the future to
buy food.

6 | CONCLUSION

Considering the current food insecurity rate, the global community is not on track to achiev-
ing the SDG2 target of zero hunger by 2030. The onset of the COVI-19 pandemic even
threatens to push more people into hunger by 2030. Among the six broad key elements of a
portfolio of policy measures and investments being considered by policymakers, financial
inclusion (FI) has received little attention despite its potential to positively influence these
policies, thereby reducing food insecurity. We fill an important gap in the literature by exam-
ining the link between FI and food insecurity. We achieve this objective by extracting data
from round seven of the Ghana Living Standards Survey. FI is measured as a multi-
dimensional index across four dimensions using the Alkire-Foster methodology, while food
insecurity is obtained by employing the Rasch model, principal factor analysis, and an addi-
tive approach to the FIES. To ensure consistency in findings, we used different endogeneity-
correcting methods in addition to the standard two-stage least squares in which distance to
the nearest bank is employed as an instrument. Our findings show that FI has the potential to
decrease food insecurity. This finding is robust to different conceptualisations of food insecu-
rity, alternative weighting schemes, and cut-offs for the FI construct and different quasi-
experimental methods. Based on subsamples, we find that FI is mainly effective in reducing
food insecurity in male-headed and rural-located households but not in urban and female-
headed homes. Finally, we find that entrepreneurship is an important pathway through
which FI influences food insecurity.
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As the world struggles to meet the SDG2 target of zero hunger, the findings of this paper
show that FI can be used as an effective policy tool to reduce food insecurity not only in Ghana
but in other developing countries with considerably low levels of FI. Apart from SDG 2, infer-
ences can be drawn from the analyses in this study to cover other SDGs. For instance, FI's abil-
ity to enhance entrepreneurship means that it can be employed as a strategic policy to promote
decent and productive employment (SDG 8). Revenues from entrepreneurship can provide
households with the financial resources necessary to achieve SDG 1, which seeks to end poverty
in all its forms. Also, increased savings and access to credit through FI can enhance households'
ability to invest in good health and wellbeing (SDG 3) and spend on quality education for chil-
dren (SDG 4).

Given that food insecurity is higher among rural households who are also known to experi-
ence higher levels of financial exclusion, the findings from this paper provides justification for
carefully designed policies that can decrease distance to banks and increase the stock of loan-
able funds available to rural inhabitants. In the case of Ghana and some countries in the West
African sub-region, male-headed households are known to be poorer, so finding that FI is more
effective in reducing food insecurity for male-headed homes provides another justifiable basis
to enhance efforts in shoring up FI in Ghana. It also implies that Ghana and other countries
that have implemented national FI and development strategies will experience extended bene-
fits of inching closer to achieving their SDG 2 target. It then makes it timely to encourage
policymakers in developing economies to take critical steps in achieving universal financial
access in their respective countries. Since entrepreneurship remains a sustainable pathway
through which FI can enable households to build resilience against food insecurity, other poli-
cies that promote entrepreneurship are also worth promoting. Our study is limited by the num-
ber of potential channels that were empirically examined despite the several pathways
discussed in the literature. We, therefore, entreat future researchers to empirically explore the
other pathways based on contextual variables relevant in their countries of focus.
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APPENDIX A: APPENDICES

TABLE A1 Questions used in the Food Insecurity Experience Scale (FIES)

Indicators Codes

During the last 12 months: Code/Acronym Yes = 1
No = 2
Do not know = 8
Refused = 9

1 Was there a time when you or others in your household
worried about not having enough food to eat because of a
lack of money or other resources?

WANHEF No = 0; Yes = 1
[recoded as binary]

2 Still thinking about the last 12 months, was there a time
when you or others in your household were unable to
eat healthy and nutritious food because of a lack of
money or other resources?

UTEHANF No = 0; Yes = 1
[recoded as binary]

3 Was there a time when you or others in your household
ate only a few kinds of foods because of a lack of money
or other resources?

OFKOF No = 0; Yes = 1
[recoded as binary]

4 Was there a time when you or others in your household
had to skip a meal because there was not enough money
or other resources to get food?

SKIPMEAL No = 0; Yes = 1
[recoded as binary]

5 Still thinking about the last 12 months, was there a time
when you or others in your household ate less than you
thought you should because of a lack of money or other
resources?

LESSFOOD No = 0; Yes = 1
[recoded as binary]

6 Was there a time when your household ran out of food
because of a lack of money or other resources?

RANOUTFD No = 0; Yes = 1
[recoded as binary]

7 Was there a time when you or others in your household
were hungry but did not eat because there was not
enough money or other resources for food?

HUNGRYBDNT No = 0; Yes = 1
[recoded as binary]

8 Was there a time when you or others in your household
went without eating for a whole day because of a lack of
money or other resources?

WFOOD_1DAY No = 0; Yes = 1
[recoded as binary]

Source: From the GLSS7 questionnaire.
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TABLE A2 Estimated theta coefficients of the Rasch model

FIES items

Theta (difficulty parameter level) estimates

Coef. Std. Err.

OFKOF 0.062*** (0.009)

WANHEF 0.082*** (0.009)

UTEHANF 0.158*** (0.009)

LESSFOOD 0.222*** (0.009)

SKIPMEAL 0.268*** (0.009)

RANOUTFD 0.420*** (0.009)

HUNGRYBDNT 0.651*** (0.010)

WFOOD_1DAY 1.374*** (0.016)

Observations 13,779

Note: NB: Full names of codes/acronyms in legend can be found in Table A1.
Abbreviations: Coef., Coefficient; Std. Err., Standard error.

***p < 0.01; **p < 0.05; *p < 0.1.
Source: Authors' estimates from the GLSS7 data.

TABLE A3 Principal factor analysis of FIES items

Factor Eigen value Difference Proportion Cumulative

Factor1 4.919 4.557 1.000 1.000

Factor2 0.362 0.325 0.074 1.074

Factor3 0.038 0.070 0.008 1.082

Factor4 �0.033 0.030 �0.007 1.075

Factor5 �0.063 0.014 �0.013 1.062

Factor6 �0.076 0.007 �0.016 1.047

Factor7 �0.084 0.063 �0.017 1.030

Factor8 �0.146 �0.030 1.000

Kaiser-Meyer-Olkin (KMO) 0.930

Bartlett test of sphericity (Chi2) 81665.694***

***p < 0.01; **p < 0.05; *p < 0.1.

Source: Authors' estimates from the GLSS7 data.
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TABLE A5 Summary statistics

Variable Details Mean SD

FIES Food insecurity score obtained using the Rasch model 0.150 0.880

FIES(Factor) Food insecurity measure obtained using principal factor
analysis

0.004 0.968

FIES(RS) Food insecurity score obtained by summing up all 8 items of
the FIES scale

3.470 3.068

Financial inclusion
(binary)

Dummy variable equals 1 if household financial deprivation
score is less than 0.5

0.330 0.470

Financial inclusion
score

Continuous variable for household multidimensional financial
inclusion score

0.290 0.240

Age of head Age of the household head 46.330 15.900

Female household
head

Binary variable equals 1 if household head is female 0.310 0.460

Rural Binary variable equals 1 if household is located in a rural area 0.570 0.490

Household size Number of persons in the household 4.190 2.860

Household size
squared

Number of persons in the household squared 25.720 38.850

Educated head Binary variable equals 1 if household head is educated 0.460 0.500

Married Binary variable equals 1 if household is married 0.550 0.500

Separated/Divorced/
Widowed

Binary variable equals 1 if household is separated/divorced/
widowed

0.230 0.420

Farm household Binary variable equals 1 if household is involved in engaged in
farming

0.580 0.490

Food price index Continuous variable for food price index 0.930 0.060

Ethnic diversity Ethnic diversity index at the district level (2010 PHC data) 0.720 0.140

Distance to the nearest
bank

Average distance to the nearest bank measured in kilometers 12.290 6.000

Entrepreneurship Binary variable equals 1 if household head is an entrepreneur 0.560 0.500

log(value of asset) Log of household total value of asset 7.450 2.010

TABLE A4 Correlation matrix of food insecurity measures

Measures FIES FIES(Factor) FIES(RS)

FIES 1.000

FIES(Factor) 0.997 1.000

(0.000)

FIES(RS) 1.000 0.998 1.000

(0.000) (0.000)

Note: P-values in parenthesis.
Abbreviations: FIES, Food insecurity index from Rasch model; FIES(Factor), Food insecurity index from factor analysis;
FIES(RS), Raw score (additive) of food insecurity.
Source: Authors' estimates from the GLSS7 data.
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FIGURE A2 Test characteristics curve. Source: Authors' estimates from the GLSS7 data

FIGURE A1 Item characteristics curves. NB: Full names of codes/acronyms in legend can be found in

Table A1. Source: Authors' estimates from the GLSS7 data
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FIGURE A3 Region of common support for PSM
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