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Abstract: This study examined the impact of off-farm employment on rural household agricul-
ture credit fungibility (CF) using survey data collected from four regions in Ghana; however, the
study paid more attention to agriculture credit received from different sources. By employing the
endogenous switching regression (ESR) model, we solved the endogenous issue of off-farm em-
ployment. The econometrics model result revealed that off-farm employment negatively influences
the household’s probability of practicing agriculture CF. Our results discovered the importance of
off-farm employment on agriculture CF and recommended policy implications capable of alleviating
agriculture CF.

Keywords: agriculture credit fungibility; farm investment; endogenous switching regression; rural
farm households; Ghana

1. Introduction
1.1. Background of the Study

The provision of food is likely to be the greatest challenge to humankind in the future
due to the rapid growth of the global population; therefore, paying significant attention
to key food producers (farmers) is essential. Due to low income and financial constraints,
smallholder farmers find it tedious to increase their farm production, household income,
and alleviate poverty [1–3]. Smallholder farmers become inefficient if there are insufficient
funds for production [4]; however, the provision of agriculture credit to farmers allows
smallholder farmers to increase their output and eventually improve their income [5,6].

The impact of credit accessibility on rural residents is uncertain. Some researchers
argue that credit is significantly and positively related to agriculture production [7–10].
For example, Dong et al. [10] showed in a study conducted in China that agricultural
productivity declines when farmers face credit constraints. Conversely, another group of
researchers also suggest that credit, especially microcredit, adds no value to poor rural
households; rather, it worsens their welfare, i.e., microcredit does not smooth consump-
tion, alleviate poverty, and increase farm production in poor rural households [11–13].
According to Adams and Von Pischke [11] and Atakora [14], the negative impact of credit
on rural households’ livelihoods is associated with the misappropriation of funds due to
financial literacy. The cause of the inverse relationship between agriculture credit and farm
productivity can also be attributed to agriculture CF practices among farmers [15,16].

CF among farmers occurs when credit received for agriculture is used for non-
agriculture purposes due to insufficient capital and credit rationing. CF is common in
most developing countries where there may be larger family sizes but limited capital to
cater to their needs. CF, as discussed previously, has a detrimental effect on agriculture
production because credit for agriculture inputs (e.g., seeds or fertilizers), equipment,
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and land preparation to increase productivity are diverted for other non-agriculture pur-
poses [17,18]. Previous researchers have revealed that substantial amounts of agriculture
credit are used for other purposes such as festival celebrations [15,17], purchases for house-
holds’ needs [19], and repayment of other loan defaults [20]. Based on previous studies,
this study assumes that improvements in household income may reduce agriculture CF.

Income from off-farm employment helps increase rural household income [21]. As
revealed in previous studies [22–25], off-farm employment appears to greatly help rural
dwellers in numerous ways, including income inequality, food security, food expenditures,
consumption of durable goods, land use efficiency, and intensity of agricultural production
input uses. In this study, off-farm employment and rural development nexus literature is
extended and we explore the effect of off-farm work on Ghanaian rural household agricul-
ture CF. By looking at the potential benefit of agriculture credit and off-farm employment
and the detrimental impact of CF on rural households’ welfare and farm production, it is
essential to examine the determinants of agriculture CF.

Of all the studies that examine the nexus between off-farm income and expenditure
patterns of rural households, none—to the best of the authors’ knowledge—have investi-
gated the effects of off-farm employment on agriculture CF. CF is likely to limit the supply
of agriculture products needed for sustainability. To reiterate, CF, has severe adverse effects
on farm production and is less examined by researchers. This study fills this gap by using
survey data collected from rural Ghana. The main objective of this study is to investigate
the impact of off-farm employment agriculture CF. The contributions of this study are
threefold. First, this is among the scant studies on agriculture CF; thus, the study expands
the sparse literature on the subject and reveals critical policy implications that will enable
policymakers to address the relationship between off-farm employment and agriculture
CF. Second, we analyzed the heterogeneous effect of off-farm employment of agriculture
CF based on gender and credit source status. Finally, using the ESR model, this study
considers the potential endogeneity issues associated with off-farm work. The findings of
this study will contribute significantly to the existing literature on agricultural credit in
developing countries by providing new references for improving credit use efficiency and
solving the problems of food and nutrition insecurity.

1.2. A Brief Overview of Agricultural Credit in Developing Countries

The impact of agriculture on developing countries economic growth is tremendous.
In 2014, one-third of the global gross domestic product (GDP) was positively affected
by agriculture [26], but numerous challenges keep poor farmers (predominately rural
dwellers) in developing countries from being productive. For example, inadequate credit
facilities, poor environmental policy, marketing, and high incidence of pests and diseases
have been identified as some of the challenges faced by farmers in most developing
countries [27,28]. The provision of agriculture credit is one of the essential elements to
sustain these farmers as they fight against poverty [8,29]. Agriculture credit is a form
of credit obtained from formal institutions (e.g., banks) and other informal institutions
(e.g., money lenders) for agricultural production purposes [30,31]; thus, it helps farmers
to alleviate most of their challenges and improve livelihood and farm productivity. This
kind of credit can be in the short or long term, depending on the purpose of the credit
used [12,30,32]. Long-term agriculture loans are mostly for the purchase of fixed assets
such as lands, agriculture machinery, etc., while short-term loans are for variable inputs
purchases such as seeds, fertilizers, etc. The studies of Mukherjee [33] in India, Jia et al. [34]
in China, and Shoji et al. [35] in Sri Lanka revealed that the adoption of agricultural
technologies and innovations increases if farmers can access agricultural credit. Similar
findings were echoed in studies from sub-Saharan Africa [36–39].

While the benefit of agriculture credit is profound and could help farmers boost their
production in developing nations, most institutional credits are given to large scale farmers,
which leaves small scale farmers handicapped [29,30,40–43]. For instance, Lin et al. [43]
showed that formal credit meant for poor rural households to improve their livelihood is
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often given to well-to-do rural households in China. Stiglitz and Weiss [29] and Yaron’s [30]
studies revealed that the imperfect rural financial market in most developing countries
is influenced by the problems of asymmetric information (moral hazards and adverse
selection) due to the high credit rationing and rejection among smallholder farmers by
financial institutions. Moreover, the perception that farming is associated with high risks
prevents both institutional and non-institutional lenders from supplying loans to farmers.

As discussed above, several interventions have been initiated by governments, policy-
makers, and NGOs in many developing countries to improve the rural credit market to
support agriculture through the provision of adequate and productive credit. For example,
in 2005, to enhance capital accumulation in rural areas, the China Banking Regulatory
Commission (CBRC) made the conditions of entry into the rural credit market more flexible
for township/village banks, private loan companies, and rural mutual cooperatives. In
Nepal, the Nepal Poverty Alleviation Fund helped small farmers and rural poor people
access microcredit, assets, services, and training [44]. The government of Ghana paved
the way for the increment of microfinance institutions (MFIs) in the 2000s in response to
the market failure in the rural credit sector. The MFIs aimed to enhance credit to the rural
areas since formal banks have failed to reach them. The story is similar for India, where the
national government has launched several programs, including the social banking policy
scheme, to improve rural dwellers’ access to financial services (e.g., credit). In 2014, the
world bank’s Bank Group invested $8.3 billion in new commitments to agriculture with the
aim of supporting rural farmers in their production to enhance food security and access
to markets [26].

Given this background, the question is: do farmers fully utilize agriculture credit for
its intended purposes? As discussed above, prior studies have argued that agriculture
fungibility exists among farmers due to low household income for catering to the entirety
of household expenses. Moreover, households tend to improve their income by engag-
ing in off-farm activities. This study has determined whether off-farm activities, which
are likely to enhance household income, can prevent or alleviate rural farm households’
agriculture CF.

1.3. Conceptual Analysis

The new economics of labor migration theory indicate that household income is
maximized through off-farm employment [45]. This study assumes that a rational peasant
with economic interest would seek an off-farm job to increase household income, which
may affect agriculture credit usage; therefore, this study tests whether off-farm employment
significantly influences agriculture CF.

Off-farm employment may help reduce rural household agriculture CF. This is because
off-farm activities, which enhance household income levels, facilitate better access to and
use of agriculture credit. Having an additional source of income relaxes financial constraints
and smooths household consumption expenditure [46,47], thereby enabling farmers to
abolish or curtail agriculture CF. Farmers with access to an additional job may use their
off-farm income to solve household financial issues (e.g., cost of unforeseen events, festivals,
etc.) and utilize agriculture credit for agriculture purposes compared with those without
it [48]. Increasing household income can enable farmers to reduce CF associated with lower
potential agriculture production returns. Due to low income and capital, many farmers
misappropriate agriculture funds [49]. Therefore, it is assumed that off-farm employment
may positively influence household income and consumption, which will cause farmers to
reduce agriculture CF.

Moreover, in terms of gender differences, the off-farm employment status of males
and females may have a different effect on agriculture credit use behavior. Due to the
perception that men are the main financial providers of household expenditures, rural
households’ expenditures may have a clear division between men and women; thus, from
the perspective of gender, agriculture CF alleviation may be more effective among females
with off-farm employment. Again, because of asymmetric information, the off-farm work
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status of formal and informal credit sources may also have different effects on agriculture
credit use behavior.

As discussed above, it is obvious that off-farm employment may influence farm-
ers’ agriculture credit usage. Therefore, this study proposes three hypotheses about the
influences of off-farm employment on rural households’ agriculture CF:

H1. A rural household with off-farm employment is more likely to reduce agriculture CF.

H2. Compared to males, the impact of females with off-farm employment on agriculture CF reduction
is more effective.

H3. Compared to formal sources, farmers who obtained credit from the informally sourced off-farm
employment have a more effective impact on agriculture CF.

2. Materials and Methods
2.1. Data

The data of this study consists of 505 farm households obtained from four regions in
Ghana from March to June 2018 following a multi-stage sampling technique. Due to the
purpose of the study, only households who were able to obtain credit were selected for the
analysis. Four (4) regions, including the Savannah, Bono East, Central, and Eastern regions,
were selected in stage one. These regions were selected because farming is predominately
high in those regions [50]. In the next stage, we randomly selected a district from each
selected region. The districts are: East Gonja, Atebubu Amantin, Ekumfi, and Kwahu
Afram Plains in the Savannah, Bono East, Central, and Eastern regions, respectively. In
stage three, we randomly chose three (3) communities from each selected district: Yankanjia,
Akyenteteyi, and Salaga for East Gonja District; Asempanye, Dobidi Nkwanta, and Atebubu
for Atebubu Amantin District; Essarkyir, Otuam, and Kontankore for Ekumfi District; and
Tease, Bumpata, and Ahiatroga for Kwahu Afram Plains District.

Information from the Ghana Living Standard Survey 7 (GLSS 7) shows that about
44% of rural residents have access to financial services (GSS, 2019) [51]. We estimated our
sample size based on the information by following the estimation method proposed by
Kotrlik et al. (2001) [52]; thus, assuming a 95% confidence level and 5% margin of error, the
total number of respondents was estimated as follows:

n =
S2(x)(y)
(E)2 =

1.962(0.44)(0.56)
0.052 = 378 (1)

where n, x, and y refer to sample size, the proportion of the population having ac-
cess to financial services, and the proportion of the population having no access to fi-
nancial services. S equals the number of standard deviations for a chosen confidence
interval level E = the error margin allowed. For fair distribution and the hope that
some of the questionnaires will not be submitted, the sample size was increased to 520.
Around 30–45 farm households were selected randomly, resulting to 520 farmers. However,
after screening the data, 505 farmers were used for the study analysis.

The data collection of rural farm households was conducted using interview schedules
and structured questionnaires. This was done after pretesting the questionnaires. We
considered well trained enumerators to assist us to do the interview. In this study, farmers
who have obtained credit for agriculture purposes were interviewed. Diverse information
gathered from the questionnaires for the survey includes: household socioeconomic and
demographic characteristics, agriculture credit (credit from formal (e.g., banks, microfi-
nance) and informal (e.g., relatives/friends, money lenders)), credit fungibility (CF), and
other various variables that will help achieve the study’s aim. We used STATA 14 and SPSS
26 to edit and code our data.
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2.2. Analytical Techniques

There are two categories of CF, financial substitution and real expenditure substitution,
that have detrimental effects on credit obtained to enhance agricultural productivity [53].
The process where the borrowers consider credit for farming purposes and non-agro
credit as integrated funds is known as financial substitution. In contrast, real expenditure
substitution occurs when borrowers use credit for agricultural purposes to accomplish
alternative objectives; the latter is the concern of this study. Following Saqib et al. [16] and
Hussain and Thapa [15], agriculture CF was analyzed as:

CF =
C f

Ĉt
or in percentage

C f

Ĉt
× 100 (2)

where CF represents the share of agriculture credit fungibility. C f and Ĉt represent the
annual amount of credit used for non-agriculture activities and the annual amount of credit
obtained from a different source, respectively.

After the deduction of fungible credit, the balance, known as credit margin of farm
investment, is specified as follows:

Cm =
(

Ĉt − C f

)
(3)

Cmip =
Cm

Ĉt
or in percentage

Cm

Ĉt
× 100 (4)

where Cm refers to the annual amount of credit margin of farm investment and Cmip is the
share of credit margin of farm investment.

2.3. Variable Selection

This study examines the influential factors of agriculture CF; therefore, the dependent
variable becomes the share of agriculture credit used for non-agricultural purposes in total
credit received by the household (see Equation (1)). Concerning the control variables, many
studies have revealed that householder/household, farm, and some social characteristics
serve as determinants of agriculture CF. For example, Hussain and Thapa [15] explored
the fungibility of smallholders agriculture credit by controlling householder factors (e.g.,
age, sex, and education level), household characteristics (e.g., household size, household
assets), farm characteristics (e.g., farm size, labors) and other social characteristics (e.g.,
off-farm employment, source of credit). Similarly, the studies of [16,32] also controlled those
variables. Based on prior studies, this study will also explore householder and household
characteristics (e.g., age, gender, education level, household size, and household members
with chronic disease), farm characteristics (e.g., years of farming experience, farm size), and
other social characteristics (e.g., non-farm employment) which are considered to influence
agriculture CF. The model variables and summary statistics are described in Table 1.

2.4. Empirical Model

This study investigates rural farm households in Ghana’s causes of agriculture CF.
We analyzed how off-farm employment may influence agriculture CF. Since off-farm
employment is self-selected, i.e., a farmer decides to secure an off-farm job or not, it
is essential to consider the issue of potential endogeneity associated with it. Using an
ordinary least square (OLS) makes the estimated result biased and inconsistent because
of the selection bias [54,55]; therefore, econometrics models, including Propensity score
matching (PSM), regression adjustment (RA), inverse probability weighted with regression
adjustment (IPWRA), and endogenous switching regression (ESR) are appropriate for this
study’s estimations. Among these models, we selected the ERS model because it takes
observed and unobserved factors into account when the issue of endogeneity is being
addressed [56,57]. The other remaining models ignore the unobserved factors (e.g., inner
motivation and risk traits) associated with the variables of interest [58,59]. Dealing with the
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unobserved factors prevents inconsistency in our estimation; thus, the ESR model becomes
suitable for this study’s analysis.

Table 1. Definitions and data description of the variables in the model.

Variables Definitions and Assignment Mean S.D

Agriculture CF proportion The share of household’s agriculture CF 0.42 0.25
Agriculture CF amount (GH¢) Amount of fungible agriculture credit 600.35 637.17

Margin of farm Investment
amount (GH¢) Amount of agriculture credit on farm investment 826.05 603.11

Margin of farm Investment
amount proportion The share of household’s margin of farm investment 0.58 0.25

Credit received (GH¢) Amount of agriculture credit received 1426.40 1029.73

Off-farm employment Whether the respondent had any off-farm employment
(1 = yes, 0 = otherwise) 0.52 0.50

Gender Whether the respondent is a male (1 = yes, 0 = otherwise) 0.70 0.46
Marrital Status Whether the respondent is married (1 = yes; 0 otherwise) 0.63 0.54

Age Respondent age (numbers) 41.72 12.20

Education Whether the respondent had high school education
(1 = yes; 0 otherwise) 0.43 0.49

Remittances Whether the respondent has received remittances in past years
(1 = yes; 0 otherwise) 0.46 0.49

Household Size Number of members in the household(number) 4.68 1.97

Credit source Whether the respondent obtained credit from formal source
(1 = yes; 0 otherwise) 0.44 0.47

Loan payback period Whether the respondents feel that the loan payback period is long
(1 = yes; 0 otherwise) 0.33 0.47

Farm size Respondent farm size (in acres) 3.34 1.87

Social network Whether the respondent has a link with relatives in the city;
0 otherwise 0.57 0.49

Source: Survey results, 2018. 1 USD = 4.9 Ghana cedis (GH¢). CF = credit fungibility.

The ESR model comes with 3 equations: one treatment selection equation and two
separate outcome equations. The outcome equations are separated based on (1) farmers
with off-farm work and (2) farmers without off-farm work. The outcome equations are
known to be linear, while the treatment equation takes a dummy format; therefore, a probit
model can be used to estimate the treatment (off-farm employment) variable. The linear
equation, which is predicted by some attributes of the farmer/household and some other
characteristics can be expressed as:

I∗i = γ′iZ + αYi + εi (5)

Y∗i = βXi + µi Yi =

{
1 if, Y∗i > 0
0 if, otherwise

(6)

where I∗i is agriculture CF; thus, the share of agriculture CF a year ago. γ′i and Yi are
the exogeneous (e.g., gender, age, and education) and endogenous (off-farm employment
which is equal to one (1) if the farmer has an off-farm job and zero (0) otherwise) variables,
respectively. Y∗i is the probability of off-farm engagement and a latent indicator. α, β,
and Z are the vector of parameters to be estimated while µi and εi denote the random
disturbance terms. The variables in Xi are the same as those in γ′i; however, at least
one variable in Xi should be exempted from γ′i. That variable is called an instrumental
variable. A variable that does not correlate with the outcome indicator (agriculture CF)
is straightforward because of the treatment indicator (off-farm employment). Following
previous studies [24,60], the variable social network (whether the respondent has a link with
relatives in the city who can assist him/her in finding a job) was used as an instrument in
Xi in Equation (6). This instrument was chosen because it is expected to affect a household
member’s decision to find off-farm employment (treatment) but does not directly affect
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the agriculture CF (outcome) status. For example, Fink and Masiye [61] revealed that
household members with friends and relatives working in the city are more likely to
find off-farm jobs through social networks with household migrants, which may help
them increase household income, thereby influencing CF decision when compared to their
counterparts with no such advantages. This implies that the instrument can only influence
the outcome (CF) through the treatment (off-farm employment). The IV validity can be
seen in the Appendix A, i.e., Table A2.

The two aforementioned separate outcome equations follow the expression below.
The expressions are divided into regimes [62]:

Regime 1 (off-farm employment) I1i = γ1iZ1 + ε1i, if Yi = 1

Regime 2 (non-off-farm employment) I2i = γ2iZ2 + ε2i, if Yi = 0
(7)

where agriculture CF for a farmer with off-farm work is represented by I1i and I2i refers
to agriculture CF for a farmer without off-farm work. (γ1i and γ2i), (Z1 and Z2), and
(ε1i and ε2i) are the explanatory variables, vector of parameters to be calculated, and error
terms, respectively, for farmers with off-farm employment and those without
off-farm employment.

These indicators, µi, ε1i, and ε2i, are assumed to have a trivariate normal distribution
with mean vector zero and covariance matrix:

cov(µi, ε1, ε2) =

σ2
1 σ12 σ1µ

σ12 σ2
2 σ2µ

σ1µ σ2µ σ2
µ

 (8)

where the disturbance term’s (ε1i and ε2i in Equation (7)) variance is represented by σ2
1

and σ2
2 and σ2

µ takes on the variance of the error term, µi, in Equation (5). Likewise, σ12,
σ1µ, and σ2µ are the covariance of ε1i and ε2i, ε1i and µi, and ε2i and µi, respectively. The
model assumes that σ2

µ = 1 because β is can be estimated only up to a scale factor [63,64].
To solve the selection bias issue in the ESR model, an inverse mills ratio (IMR) (λ1 and λ2)
and the covariance term (σ1µ and σ2µ) are calculated. The estimated IMR and covariance
term is incorporated in Equation (7). The new Equation (7) is expressed as:

E(I1i |Y i = 1) = γ1iZ1 + σ1µλ1

E(I2i |Y i = 1) = γ2iZ2 + σ2µλ2
(9)

The best way to prevent inconsistent standard error in this current model is by simul-
taneously estimating both the selection and outcome equations using a full information
maximum likelihood (FIML) method [62,63]. ρ1 = corr(µi, ε1i) and ρ2 = corr(µi, ε2i) are
also calculated when the FIML approach is applied. The moment ρ1 and ρ2 become non-
zero indicates that a selection bias resulting from unobservable factors exists. As this study
has indicated, the treatment effect of off-farm jobs on agriculture CF is of interest; thus, we
need to estimate the average treatment effects on the treated (ATT) and average treatment
effects on the untreated (ATU). The following steps are considered:

Farmers with off-farm work:

E(I1i |Y i = 1) = γ1iZ1 + σ1µλ1 (10a)

Farmer with off-farm work had they not secured off-farm employment:

E(I2i |Y i = 1) = γ2iZ2 + σ2µλ1 (10b)

Farmer without off-farm work had they secured off-farm employment:

E(I1i |Y i = 0) = γ1iZ1 + σ1µλ2 (11a)
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Farmer without off-farm work had they not secured off-farm employment:

E(I2i |Y i = 0) = γ2iZ2 + σ2µλ2 (11b)

The above expressions (the expected outcomes) can be utilized for consistent treatment
effect, ATT and ATU, derivation while considering unobserved and observed heterogeneity [65].

ATT = E(I1i |Y i = 1)− E(I2i |Y i = 1) = γ(Z1 − Z2) + λ1
(
σ1µ − σ2µ

)
(12)

ATU = E(I1i |Y i = 0)− E(I2i |Y i = 0) = γ(Z1 − Z2) + λ2
(
σ1µ − σ2µ

)
(13)

3. Results and Discussions
3.1. Descriptive Analysis

The key variables of interest of the study are presented in Table 1. The data depicts the
mean agriculture credit received by respondents as GH¢1426.40, with 44% obtaining their
credit from a formal source. Only 33% of the farmers believe that the loan payback period
is long. While agriculture CF proportion and amount are 0.42 and GH¢600.35, respectively,
the credit margin of farm investment proportion and its amount are 0.58 and 826.05,
respectively; this indicates that there is CF among rural farm households. Approximately
52% of the heads of households have off-farm employment, 70% of the respondents are
males, and 63% of the respondents are married. The average household size is 5 members,
and the average head of household is approximately 42 years old. The average farm size
is 3.34 acres. Moreover, only 43% of respondents have a high school education or above,
while about 46% of respondents received remittances in the last 12 months. Finally, 57% of
the sample have a link with relatives in the city.

To reiterate, based on Figure 1 (the heatmap), we established a matrix of Pearson’s
correlation coefficients for the model variables. The colors are used to represent the values
in the correlation matrix; thus, the deeper the color, the bigger the correlation coefficient’s
absolute value, and vice versa. The map depicts lighter colors in most areas, and none of the
correlation coefficients are above 0.46, which suggests that multi-collinearity is not an issue.
Off-farm employment and agriculture CF also show a negative correlation. This implies that
off-farm employment reduces agriculture CF. Figure 1 does not give a clear understanding
of the quantitative connection between the variables because the correlation between the
outcome variable and the key variable does not consider unobserved factors; therefore, an
econometric model such as IV Tobit becomes suitable for the study’s quantitative analysis.

3.2. Difference between Means of Farmers with and without Off-Farm Employment Annual Credit
Received, Agriculture CF and Credit Margin of Farm Investment Status

Table 2 also shows the average differences between the annual average amount of
credit received from different sources (GH¢1426.4) used for non-farm purposes (GH¢600.3)
and farm investments (GH¢826.1) by farmers. The table also reveals the differences between
the means of farmers with and without off-farm employment, annual credit received,
agriculture CF, and the credit margin of farm investment status; thus, model (1) is for
the overall results and model (2) and (3) are for the gender compositions. The average
annual credit received is GH¢1305.2 for farmers with an off-farm job and GH¢1552 for
those without an off-farm job. The difference is significant at 1%. The reason could be that
farmers with an off-farm job may increase their income from their off-farm activity and
may not need to borrow [66]; also, the average annual amounts of agriculture CF and credit
margin for farm investment are GH¢422.3 and GH¢882.9, respectively, for farmers with an
off-farm job, and GH¢784.7 and GH¢767.3, respectively, for those without an off-farm job.
The percentage of agriculture CF among farmers without an off-farm job was much greater
than those with off-farm jobs. The overall results (model 1) are similar to models (2)–(3),
i.e., gender composition results. A female or male with an off-farm job tends to reduce
agriculture CF; thus, the descriptive results seem to indicate that off-farm employment
may be key to understanding agriculture CF. These findings do not reflect the impact of



Sustainability 2022, 14, 9109 9 of 15

off-farm jobs on agriculture CF, but to do point to the fact that there is selection bias in the
sample; therefore, we employed the IV Tobit estimation model to eliminate observable and
unobservable biases in the sample and provide a consistent estimate of the impact.
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Table 2. Differences between means of farmers with and without off-farm employment credit
fungibility and credit margin of farm investment status.

Variables
Pool

Sample
Farmers with Off-Farm Job

Model 1
Male Farmers with Off-Farm Job

Model 2
Female Farmers with Off-Farm Job

Model 3

Total Yes No Diff Yes No Diff Yes No Diff

Annual amount of credit
received by farmers (Ĉt)

1426.4
(1029.7)

1305.2
(968.6)

1552.0
(1076.8) 246.8 *** 1381.8

(983.4)
1452.1

(1055.9) 70.3 1186.1
(955.3)

1469
(1037.5) 282.9 **

Annual amount of credit used for
non-farm purpose

(
C f
) 600.3

(637.1)
422.3

(515.0)
784.7

(697.2) 362.4 *** 473.7
(558.9)

673.3
(668.1) 199.6 *** 357

(446.9)
643.4

(656.2) 286.4 ***

Annual amount of credit
margin for farm investment (Cm)

826.1
(603.1)

882.9
(618.4)

767.3
(582.1) −115.6 *** 908.13

(604.53)
778.79

(598.03) −129.35 ** 829.1
(643.3)

825.5
(596.4) −3.6

Agriculture CF (%) (CF) 42.10 32.4 50.4 34.3 46.4 30.1 43.8
Credit margin of farm investment

(%)
(
Cmip

) 57.90 67.6 49.4 65.7 53.6 69.9 56.2

Source: Survey results, 2018. Note: *** p < 0.01, ** p < 0.05. Standard errors in parentheses.

3.3. Empirical Results
3.3.1. The Determinants of Off-Farm Employment

The determinants of off-farm employment are presented in Table A1 in the Appendix A.
The results reveal that a social network (instrumental variable), education, remittances, and
loan payback period positively and significantly influence the likelihood of securing an
off-farm job. In contrast, age square has an inverse relationship with off-farm employment.

Gender is positive and significant, implying that male farmers are more likely to
participate in off-farm employment. In developing countries like Ghana, male financial
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responsibilities are higher than those of their female counterparts; therefore, males are
more likely to seek off-farm jobs [67]. The study is consistent with the findings of Liu
et al. [68]. The age square variable’s significant negative effect implies that a U-shaped
relationship exists between age and off-farm employment; that is, younger farmers may
choose to engage in off-farm jobs, as they get older, their willingness to participate in off-
farm jobs is reduced. The positive marginal effect of the social network variable indicates
that farmers who have connections with relatives in the city are more likely to secure
an off-farm job. This study confirms the study of Ma et al. [24] in China, who reported
that farmers having relatives in the city have a higher likelihood of securing an off-farm
job than their counterparts without such connections. In addition, the education level
of the respondents revealed that an increase in education could increase the chance of
obtaining an off-farm job. Education may improve the farmers’ understanding of income
diversification sources; hence, they will be more likely to take an additional job to improve
household income. These findings are in line with Leng et al’s [69] study.

Moreover, the remittances variable’s positive marginal effect suggests that as farmers
receive remittances, they are more likely to engage in off-farm activities. Remittances boost
total household income and empower individuals to create businesses [23].

3.3.2. The Impact of Off-Farm Employment on Agriculture Credit Fungibility (CF)

The results of the ESR models are presented in Table A1 in the Appendix A. As
expected, the social network’s (IV) impact on off-farm employment is statistically significant.
Table A1’s ρ1 is significant, implying that off-farm employment is not random; thus,
selection bias is an issue. Therefore, the ESR model becomes suitable for the analysis. The
Wald tests for joint independence of the equation have a significant sign at the 1% level.
This suggests that rejecting the null hypothesis of no correlation between the treatment
error µi and the outcome errors (ε1i and ε2i) is acceptable.

The outcome variables results are also depicted in Table A1. However, we focused
mainly on the treatment effect (Table 3) rather than Table A1 to explain how off-farm work
impacts agriculture CF. The results in Table A1 give little understanding of how off-farm
employment influences agriculture CF, but the treatment effect result report the specific
impact of farm employment on agriculture CF.

Table 3. The impact of off-farm employment on agriculture credit fungibility.

Mean Share of Agriculture CF (ESR) Treatment Effect t-Value

Off-Farm Employment Non-Off-Farm Employment

Off-farm employment 0.3013 0.4825 ATT = −0.1812 −7.94 ***
Non-off-farm
employment 0.4118 0.5322 ATU = −0.1204 −3.91 ***

Heterogeneity effects −0.1105 −0.0497 −0.0608
Mean Share of Agriculture CF (PSM a)

Off-farm employment 0.3148 0.4209 ATT = −0.1061 −11.67 ***

Source: Survey results, 2018. Note: *** p < 0.01. a Nearest neighbor matching techniques is used.

The ATT is shown in Table 3. As shown in Table 3, the expected share of agriculture
CF for farmers who engage in off-farm jobs is 0.3013, and the expected share of agriculture
CF for farmers without off-farm jobs who had secured an off-farm job is 0.4825. To reiterate,
the expected share of agriculture CF for farmers with no off-farm job if they had secured an
off-farm job is 0.4118, and the expected share of agriculture CF for farmers with off-farm
work if had they not secured any off-farm work is 0.5322. As revealed in Table 3, the ATT
of off-farm work on the share of agriculture CF is −0.1812, suggesting a −0.1812 reduction
in the share of agriculture CF for an average farmer who engages in off-farm activities over
a farmer that had no off-farm activity. Further, the heterogeneous effect result indicates that
farmers who secure off-farm employment reduce agriculture CF practices more than their
counterparts without off-farm employment. These findings have similarities with those
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of prior studies [15,48,70,71] that reported that off-farm employment increases household
income, which in turn can be used for non-agriculture activities. More accurately, Ref. [15]
argued that higher earnings from non-farming activities might enable farmers to use less
or no agriculture credit for non-agricultural purposes such as food, clothing, health, and
other daily household needs; thus, agriculture credit will be used for its purposes, which
increases production to improve food security.

The study further analyzed the agriculture CF impact of off-farm employment using
the PSM approach for robustness check purposes. As shown in the lower part of Table 3, the
PSM estimated ATT is −0.1061, indicating that an average farmer who engages in off-farm
activities is more likely to reduce the share of agriculture CF by 0.1061 than farmers without
off-farm jobs. The two models (ESR and PSM) show that off-farm employment reduces
the share of agriculture CF; however, the ATT of the PSM approach is minimal compared
with the ESR. The inability of the PSM model to recognize unobserved factors could be the
reason for its small ATT estimation.

3.3.3. Additional Analysis

The heterogeneous results of this study are presented in Table 4 for gender status
and sources of credit level to gain further insights into the impact of off-farm work on
agriculture CF. As previously discussed in the conceptual analysis section, the share of
agriculture CF effect of off-farm employment might be different under these two variables.
It is vital to heterogeneously analyze the off-farm job and agriculture CF nexus based on
the farmers’ credit source and gender status.

Table 4. Impact of off-farm employment on agriculture CF by gender status and source of credit.

The Share of Agriculture CF Mean
Variables Off-Farm Employment Non-Off-Farm Employment ATTESR t-Value

Source of credit Formal 0.3788 (0.0124) 0.5007 (0.0319) −0.1219 −12.15 ***
Informal 0.3021 (0.1120) 0.4819 (0.0455) −0.1798 −8.81 ***

Gender Male 0.4570 (0.0662) 0.5144 (0.2491) −0.0574 −16.13 ***
Female 0.3429 (1.3821) 0.4703 (0.0574) −0.1274 −7.41 ***

Source: Survey results, 2018. Note: *** p < 0.01, Standard errors in parentheses.

The results show that off-farm employment positively contributes to reducing agricul-
ture CF even with the farmers’ credit source and gender status. The ATT values for females
and males with off-farm employment are particularly negative; thus, there is evidence that
a female and a male with off-farm employment can help reduce agriculture CF (Table 4). A
male with an off-farm employment ATT value (−0.0574) is less than that of the female with
off-farm employment ATT value (−0.1274), which suggests that a female with off-farm
employment has a more significant impact on agriculture CF than a male. In summary,
the impact of a female with off-farm employment on agriculture CF is clear. A possible
explanation is that most males are recognized as the main providers of households; thus,
they have more substantial financial obligations than females and are tempted to practice
agriculture CF [72]. Although income from off-farm work may help reduce CF, its impact
on males’ agriculture CF practices may be small. This provides evidence for H2.

In regard to the farmers’ source of credit level’s heterogeneous result, the estimates
suggest that off-farm work decreases agriculture CF for farmers who obtained formal
and informal credit. However, the ATT value for farmers with off-farm employment who
received credit from the informal source (−0.1798) is greater than their counterparts whose
sources of credit were from the formal sector (−0.1219). An indication that farmers with
off-farm work who receive loans from the informal sector are less likely to misappropriate
the loan obtained. Unlike the formal sector, where asymmetric information exists, in the
informal sector, it is alleviated due to the acquaintance relationships among Ghanaian rural
community dwellers; thus, it may be difficult for the farmer to misuse the loans obtained
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from their lenders because in times of additional need, the farmer would be denied by the
lender [27,73]. This provides evidence for H3.

Overall, male and female farmers and farmers who received credit from both formal
and informal financial institutions all had their agriculture CF reduced due to off-farm jobs;
thus, we can conclude that off-farm jobs acquisition help reduce agriculture CF

4. Conclusions

With the help of household survey data from four regions (Savannah, Eastern, Central,
and Bono East), this study explored the impact of non-farm employment on agriculture CF.
Based on the above analysis, the research mainly draws the following three conclusions:

Off-farm employment of a household exerts a negative and significant impact on
agriculture CF. That is, farmers who are engaged in off-farm jobs are less likely to practice
agriculture CF.

Compared with males with off-farm employment, the impact of females with off-farm
employment on the reduction of agriculture CF is greater.

Compared with the formal sources, the impact of farmers who obtained credit from
informally sourced off-farm work on the reduction of agriculture CF is greater.

From the aforementioned results, this study offered several implications. First, the
results have revealed that designing policies to promote and generate off-farm employment
opportunities for rural households by the government and policymakers is essential because
off-farm income could curtail some household expenditure that agriculture credit could be
used for if there was no off-farm employment. Second, the profound impact of off-farm
employment on agriculture CF reduction for farmers who obtained credit from informal
source implies that policies to improve formal credit accessibility is vital. Credit from the
informal sector has potential risk; therefore, farmers’ ability to secure formal credit must
be encouraged. To reiterate, not all farmers may be able to secure informal credit since
its accessibility is mostly based on acquaintance relationships. Therefore, to alleviate the
problem of CF, policymakers should focus on designing policies that will help households
secure a loan from formal financial institutions.

With this study, future researchers can address several limitations. First, the study
focused on only four (4) out of (10) regions in Ghana due to credit constraints. Future
researchers can consider larger sample sizes, perhaps even the entire nation. Second, self-
reporting was used to measure off-farm employment and found that rural households
with off-farm work are more likely to reduce CF. Future researchers can formulate more
advanced scales to measure off-farm jobs. Finally, future researchers can further explore
the dynamic relationship between off-farm employment CF using panel data due to the
dynamism in household off-farm employment.
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Appendix A

Table A1. Determinants of off-farm employment and the determinants of the agriculture CF.

Variables First Stage Selection Equation Second Stage Agriculture Credit Fungibility Equation
Off-Farm Employment Off-Farm Employment Non-Off-Farm Employment

Gender 0.0343 (0.0129) ** −0.0213 (0.0130) 0.0436 (0.0173) ***
Marital status −0.0153 (0.0125) 0.0086 (0.0064) 0.0832 (0.0643)

Age 0.0249 (0.0168) 0.0056 (0.0018) ** 0.0106 (0.0051) *
Age2 −0.1204 (0.0437) ** −0.0173 (0.0086) * −0.0024 (0.0009) **

Education 0.0476 (0.0173) ** 0.0278 (0.0191) 0.1644 (0.1207)
Remittances 0.0339 (0.0120) *** −0.0149 (0.0056) ** −0.0020 (0.0007) **

Household Size 0.0724 (0.0980) 0.0078 (0.0051) 0.0201 (0.0093) ***
Credit source −0.1047 (0.0788) −0.0068 (0.0022) *** 1.1028 (0.9139)

Loan payback period 0.0155 (0.0089) −0.0261 (0.0108) * −0.9261 (0.7308)
Farm size −0.0270 (0.0537) −0.0211 (0.0098) * −0.0011 (0.0009)

Social Network 0.0165 (0.0029) ***
Constant 0.1372 (0.1005) 0.2783 (0.0745) *** 1.1654 (1.8317)

σ1 0.1483 (0.1007)
σ2 0.3126 (0.2521)
ρ1 0.0125 (0.0039) ***
ρ2 −0.0132 (0.0193)

LR test of indep. eqns.: chi2(1) = 6.43 Prob > chi2 = 0.0007

Source: Survey results, 2018. Note: *** p < 0.01, ** p < 0.05, * p < 0.1.

Table A2. Pearson correlation analysis of the selected IV.

Variables Correlation Coefficient p-Value

Off-farm employment 0.1201 * 0.0525
Share of agriculture CF 0.3886 0.2132

Source: Survey results, 2018. Note: * p < 0.1.

References
1. Petrick, M. Farm investment, credit rationing, and governmentally promoted credit access in Poland: A cross-sectional analysis.

Food Policy 2004, 29, 275–294. [CrossRef]
2. Li, R.; Li, Q.; Huang, S.; Zhu, X. The credit rationing of Chinese rural households and its welfare loss: An investigation based on

panel data. China Econ. Rev. 2013, 26, 17–27. [CrossRef]
3. Feder, G.; Lau, L.J.; Lin, J.Y.; Luo, X. The Relationship between Credit and Productivity in Chinese Agriculture: A Microeconomic

Model of Disequilibrium. Am. J. Agric. Econ. 1990, 72, 1151–1157. [CrossRef]
4. Kumar, C.; Turvey, C.G.; Kropp, J.D. Credit Constraint Impacts on Farm Households: Survey Results from India and China.

SSRN Electron. J. 2012, 2034487. [CrossRef]
5. Twumasi, M.A.; Jiang, Y.; Acheampong, M.O. Capital and credit constraints in the engagement of youth in Ghanaian agriculture.

Agric. Financ. Rev. 2019, 80, 22–37. [CrossRef]
6. Baffoe, G.; Matsuda, H. Understanding the Determinants of Rural Credit Accessibility: The Case of Ehiaminchini, Fanteakwa

District, Ghana. J. Sustain. Dev. 2015, 8, 183. [CrossRef]
7. Du, J.; Zeng, M.; Xie, Z.; Wang, S. Power of Agricultural Credit in Farmland Abandonment: Evidence from Rural China. Land

2019, 8, 184. [CrossRef]
8. Diagne, A.; Zeller, M. Research Report 116; International Food Policy Research Institute: Washington, DC, USA, 2001.
9. Kuwornu, J.K.M.; Apiors, E.K.; Kwadzo, G.T.M. Access and Intensity of Mechanization: Empirical Evidence of Rice Farmers in

Southern Ghana. Braz. Arch. Biol. Technol. 2017, 60. [CrossRef]
10. Dong, F.; Lu, J.; Featherstone, A.M. Effects of credit constraints on household productivity in rural China. Agric. Financ. Rev.

2012, 72, 402–415. [CrossRef]
11. Adams, D.W.; Von Pischke, J.D. Microenterprise credit programs: Déja vu. World Dev. 1992, 20, 1463–1470. [CrossRef]
12. Coleman, B.E. The impact of group lending in Northeast Thailand. J. Dev. Econ. 1999, 60, 105–141. [CrossRef]
13. Annim, S.K.; Dasmani, I.; Armah, M. Does Access and Use of Financial Service Smoothen Household Food Consumption? In

MPRA; University Library of Munich: Munich, Germany, 2011; pp. 1–25.
14. Atakora, A. Measuring the Effectiveness of Financial Literacy Programs in Ghana. Int. J. Manag. Bus. Res. 2016, 3, 135–148.

http://doi.org/10.1016/j.foodpol.2004.05.002
http://doi.org/10.1016/j.chieco.2013.03.004
http://doi.org/10.2307/1242524
http://doi.org/10.2139/ssrn.2034487
http://doi.org/10.1108/AFR-11-2018-0100
http://doi.org/10.5539/jsd.v8n6p183
http://doi.org/10.3390/land8120184
http://doi.org/10.1590/1678-4324-2017160396
http://doi.org/10.1108/00021461211277259
http://doi.org/10.1016/0305-750X(92)90066-5
http://doi.org/10.1016/S0304-3878(99)00038-3


Sustainability 2022, 14, 9109 14 of 15

15. Hussain, A.; Thapa, G.B. Fungibility of Smallholder Agricultural Credit: Empirical Evidence from Pakistan. Eur. J. Dev. Res.
2016, 28, 826–846. [CrossRef]

16. Saqib, S.E.; Khan, H.; Panezai, S.; Ali, U.; Ali, M. Credit Fungibility and Credit Margin of Investment: The Case of Subsistence
Farmers in Khyber Pakhtunkhwa. Sarhad J. Agric. 2017, 33, 661–667. [CrossRef]

17. Chandio, A.A.; Jiang, Y.; Rehman, A. Credit margin of investment in the agricultural sector and credit fungibility: The case of
smallholders of district Shikarpur, Sindh, Pakistan. Financ. Innov. 2018, 4, 27. [CrossRef]

18. Enimu, S.; Eyo, E.O.; Ajah, E.A. Determinants of loan repayment among agricultural microcredit finance group members in Delta
state, Nigeria. Financ. Innov. 2017, 3, 21. [CrossRef]

19. Odoemenem, I.U.; Alimba, J.O.; Ezike, K.N.N. Assessing capital resource mobilization and allocation efficiency of small scale
cereal crop farmers in Benue State, Nigeria. Indian J. Sci. Technol. 2008, 1, 1–8. [CrossRef]

20. Sharma, M.; Zeller, M. Repayment performance in group-based credit programs in Bangladesh: An empirical analysis. World Dev.
1997, 25, 1731–1742. [CrossRef]

21. De Janvry, A.; Sadoulet, E.; Zhu, N. The Role of Non-Farm Incomes in Reducing Rural Poverty and Inequality in China; University of
California: Berkeley, CA, USA, 2005.

22. Chang, H.H.; Mishra, A. Impact of off-farm labor supply on food expenditures of the farm household. Food Policy
2008, 33, 657–664. [CrossRef]

23. Démurger, S.; Wang, X. Remittances and expenditure patterns of the left behinds in rural China. China Econ. Rev.
2016, 37, 177–190. [CrossRef]

24. Ma, W.; Zhou, X.; Renwick, A. Impact of off-farm income on household energy expenditures in China: Implications for rural
energy transition. Energy Policy 2019, 127, 248–258. [CrossRef]

25. Deng, X.; Xu, D.; Qi, Y.; Zeng, M. Labor Off-Farm Employment and Cropland Abandonment in Rural China: Spatial Distribution
and Empirical Analysis. Int. J. Environ. Res. Public Health 2018, 15, 1808. [CrossRef] [PubMed]

26. World Bank. World Development Indicators 2015; World Bank: Washington, DC, USA, 2015.
27. Asante-Addo, C.; Mockshell, J.; Zeller, M.; Siddig, K.; Egyir, I.S. Agricultural credit provision: What really determines farmers’

participation and credit rationing? Agric. Financ. Rev. 2017, 77, 239–256. [CrossRef]
28. Amenyogbe, E.; Chen, G.; Wang, Z.; Lin, M.; Lu, X.; Atujona, D.; Abarike, E.D. A Review of Ghanas Aquaculture Industry.

J. Aquac. Res. Dev. 2018, 9, 1–6. [CrossRef]
29. Stiglitz, J.; Weiss, A. Credit rationing in markets with imperfect information. Am. Econ. Rev. 1981, 71, 393–410.
30. Yaron, J.; Anderson, J.-R.; de-Haan, C. (Eds.) Rural Finance in Developing Countries; World Bank Policy Research Dissemination

Press: Washington, DC, USA, 1992; pp. 31–44.
31. Linh, T.N.; Long, H.T.; Van Chi, L.; Tam, L.T.; Lebailly, P. Access to Rural Credit Markets in Developing Countries, the Case of

Vietnam: A Literature Review. Sustainability 2019, 11, 1468. [CrossRef]
32. Chandio, A.A.; Jiang, Y. Determinants of Credit Constraints: Evidence from Sindh, Pakistan. Emerg. Mark. Financ. Trade 2018, 54,

3401–3410. [CrossRef]
33. Mukherjee, S. Access to Formal Banks and New Technology Adoption: Evidence from India. Am. J. Agric. Econ. 2020, 102,

1532–1556. [CrossRef]
34. Jia, X.; Xiang, C.; Huang, J. Microfinance, self-employment, and entrepreneurs in less developed areas of rural China. China Econ.

Rev. 2013, 27, 94–103. [CrossRef]
35. Shoji, M.; Aoyagi, K.; Kasahara, R.; Sawada, Y.; Ueyama, M. Social Capital Formation and Credit Access: Evidence from Sri Lanka.

World Dev. 2012, 40, 2522–2536. [CrossRef]
36. Ali, D.A.; Deininger, K. Causes and Implications of Credit Rationing in Rural Ethiopia: The Importance of Zonal Variation. J. Afr.

Econ. 2014, 23, 493–527. [CrossRef]
37. Nakano, Y.; Magezi, E.F. The impact of microcredit on agricultural technology adoption and productivity: Evidence from

randomized control trial in Tanzania. World Dev. 2020, 133, 104997. [CrossRef]
38. Shiferaw, B.; Kebede, T.; Kassie, M.; Fisher, M. Market imperfections, access to information and technology adoption in Uganda:

Challenges of overcoming multiple constraints. Agric. Econ. 2015, 46, 475–488. [CrossRef]
39. Alia, D.Y.; Diagne, A.; Adegbola, P.; Kinkingninhoun, F. Distributional Impact of Agricultural Technology Adoption on Rice

Farmers’ Expenditure: The Case of Nigeria in Benin. J. African Dev. 2018, 20, 91–103. [CrossRef]
40. Li, X.; Gan, C.; Hu, B. Accessibility to microcredit by Chinese rural households. J. Asian Econ. 2011, 22, 235–246. [CrossRef]
41. Bogan, V.L.; Turvey, C.G.; Salazar, G. The Elasticity of Demand for Microcredit: Evidence from Latin America. Dev. Policy Rev.

2015, 33, 725–757. [CrossRef]
42. Danquah, M.; Quartey, P.; Iddrisu, A.M. Access to Financial Services Via Rural and Community Banks and Poverty Reduction in

Rural Households in Ghana. J. Afr. Dev. 2017, 19, 67–76. [CrossRef]
43. Lin, L.; Wang, W.; Gan, C.; Nguyen, Q.T.T. Credit Constraints on Farm Household Welfare in Rural China: Evidence from Fujian

Province. Sustainability 2019, 11, 3221. [CrossRef]
44. Kim, J.Y. Investing in Opportunity Ending Poverty; World Bank: Washington, DC, USA, 2018; p. 97.
45. Sana, M.; Massey, D.S. Household Composition, Family Migration, and Community Context: Migrant Remittances in Four

Countries*. Soc. Sci. Q. 2005, 86, 509–528. [CrossRef]

http://doi.org/10.1057/ejdr.2015.55
http://doi.org/10.17582/journal.sja/2017/33.4.661.667
http://doi.org/10.1186/s40854-018-0109-x
http://doi.org/10.1186/s40854-017-0072-y
http://doi.org/10.17485/ijst/2008/v1i5.6
http://doi.org/10.1016/S0305-750X(97)00063-6
http://doi.org/10.1016/j.foodpol.2008.02.002
http://doi.org/10.1016/j.chieco.2015.12.002
http://doi.org/10.1016/j.enpol.2018.12.016
http://doi.org/10.3390/ijerph15091808
http://www.ncbi.nlm.nih.gov/pubmed/30135363
http://doi.org/10.1108/AFR-02-2016-0010
http://doi.org/10.4172/2155-9546.1000545
http://doi.org/10.3390/su11051468
http://doi.org/10.1080/1540496X.2018.1481743
http://doi.org/10.1002/ajae.12083
http://doi.org/10.1016/j.chieco.2013.09.001
http://doi.org/10.1016/j.worlddev.2012.08.003
http://doi.org/10.1093/jae/eju008
http://doi.org/10.1016/j.worlddev.2020.104997
http://doi.org/10.1111/agec.12175
http://doi.org/10.5325/jafrideve.20.2.0091
http://doi.org/10.1016/j.asieco.2011.01.004
http://doi.org/10.1111/dpr.12131
http://doi.org/10.5325/jafrideve.19.2.0067
http://doi.org/10.3390/su11113221
http://doi.org/10.1111/j.0038-4941.2005.00315.x


Sustainability 2022, 14, 9109 15 of 15

46. Mariyono, J. Micro-credit as catalyst for improving rural livelihoods through agribusiness sector in Indonesia. J. Entrep. Emerg.
Econ. 2019, 11, 98–121. [CrossRef]

47. Etea, B.G.; Zhou, D.; Abebe, K.A.; Sedebo, D.A. Is income diversification a means of survival or accumulation? Evidence from
rural and semi-urban households in Ethiopia. Environ. Dev. Sustain. 2020, 22, 5751–5769. [CrossRef]

48. Ma, W.; Abdulai, A.; Ma, C. The effects of off-farm work on fertilizer and pesticide expenditures in China. Rev. Dev. Econ.
2018, 22, 573–591. [CrossRef]

49. Hussain, A.; Thapa, G.B. Smallholders’ access to agricultural credit in Pakistan. Food Secur. 2012, 4, 73–85. [CrossRef]
50. MoFA. Ghana-Ghana Agricultural Production Survey (Minor Season) 2013, Second Round. 2014. Available online: http:

//www.statsghana.gov.gh/nada/index.php (accessed on 20 October 2021).
51. Ghana Statistical Service. Ghana Living Standards Survey Round 7 (GLSS 7): Main Report; Ghana Statistical Service: Accra, Ghana, 2019.
52. Kotrlik, J.; Higgins, C.; Bartlett, J.E. Organizational research: Determining appropriate sample size in survey research appropriate

sample size in survey research. Inf. Technol. Learn. Perform. J. 2001, 19, 1.
53. Cohen, J. Integrating the Real and Financial via the Linkage of Financial Flow. J. Financ. 1968, 23, 1–27. [CrossRef]
54. Foster, G.; Kalenkoski, C.M. Tobit or OLS? An empirical evaluation under different diary window lengths. Appl. Econ. 2013, 45,

2994–3010. [CrossRef]
55. Wilsont, C.; Tisdell, C.A. OLS and Tobit Estimates: When is Substitution Defensible Operationally? In Economic Theory, Applications

and Issues: Working Paper; The University of Queensland: Brisbane, Australia, 2002; p. 15.
56. Ma, W.; Nie, P.; Zhang, P.; Renwick, A. Impact of Internet use on economic well-being of rural households: Evidence from China.

Rev. Dev. Econ. 2020, 24, 503–523. [CrossRef]
57. Tesfaye, W.; Tirivayi, N. The impacts of postharvest storage innovations on food security and welfare in Ethiopia. Food Policy

2018, 75, 52–67. [CrossRef]
58. Twumasi, M.A.; Jiang, Y.; Zhou, X.; Addai, B.; Darfor, K.N.; Akaba, S.; Fosu, P. Increasing Ghanaian fish farms’ productivity: Does

the use of the internet matter? Mar. Policy 2021, 125, 104385. [CrossRef]
59. Ma, W.; Zhu, Z. Internet use and willingness to participate in garbage classification: An investigation of Chinese residents. Appl.

Econ. Lett. 2020, 28, 788–793. [CrossRef]
60. Pfeiffer, L.; López-Feldman, A.; Taylor, J.E. Is off-farm income reforming the farm? Evidence from Mexico. Agric. Econ.

2009, 40, 125–138. [CrossRef]
61. Fink, G.; Masiye, F. Health and agricultural productivity: Evidence from Zambia. J. Health Econ. 2015, 42, 151–164. [CrossRef]

[PubMed]
62. Lokshin, M.; Sajaia, Z. Maximum Likelihood Estimation of Endogenous Switching Regression Models. Stata J. 2004, 4, 282–289.

[CrossRef]
63. Rees, H.; Maddala, G.S. Limited-Dependent and Qualitative Variables in Econometrics. Econ. J. 1985, 95, 493. [CrossRef]
64. Greene, W.W.H. Econometric Analysis, 7th ed.; Prentice-Hall: Hoboken, NJ, USA, 2012; ISBN 978-0-273-75356-8.
65. Wooldridge, J.M. Control Function Methods in Applied Econometrics. J. Hum. Resour. 2015, 50, 420–445. [CrossRef]
66. Tang, S.; Guo, S. Formal and informal credit markets and rural credit demand in China. In Proceedings of the 4th International

Conference on Industrial Economics System and Industrial Security Engineering (IEIS 2017), Kyoto, Japan, 24–27 July 2017.
67. Twumasi, M.A.; Jiang, Y.; Asante, D.; Addai, B.; Akuamoah-Boateng, S.; Fosu, P. Internet use and farm households food and

nutrition security nexus: The case of rural Ghana. Technol. Soc. 2021, 65, 101592. [CrossRef]
68. Liu, Y.; Renwick, A.; Fu, X. Off-farm income and food expenditure of rural households in China. Br. Food J. 2019, 121, 1088–1100.

[CrossRef]
69. Leng, C.; Ma, W.; Tang, J.; Zhu, Z. ICT adoption and income diversification among rural households in China. Appl. Econ.

2020, 52, 3614–3628. [CrossRef]
70. Babatunde, R.O.; Qaim, M. Impact of off-farm income on food security and nutrition in Nigeria. Food Policy 2010, 35, 303–311.

[CrossRef]
71. Dedehouanou, S.F.A.; Araar, A.; Ousseini, A.; Harouna, A.L.; Jabir, M. Spillovers from off-farm self-employment opportunities in

rural Niger. World Dev. 2018, 105, 428–442. [CrossRef]
72. Twumasi, M.A.; Jiang, Y. The impact of climate change coping and adaptation strategies on livestock farmers’ technical efficiency:

The case of rural Ghana. Environ. Sci. Pollut. Res. 2021, 28, 14386–14400. [CrossRef] [PubMed]
73. Bocher, T.F.; Alemu, B.A.; Kelbore, Z.G. Does access to credit improve household welfare? Evidence from Ethiopia using

endogenous regime switching regression. Afr. J. Econ. Manag. Stud. 2017, 8, 51–65. [CrossRef]

http://doi.org/10.1108/JEEE-06-2017-0046
http://doi.org/10.1007/s10668-019-00449-7
http://doi.org/10.1111/rode.12354
http://doi.org/10.1007/s12571-012-0167-2
http://www.statsghana.gov.gh/nada/index.php
http://www.statsghana.gov.gh/nada/index.php
http://doi.org/10.1111/j.1540-6261.1968.tb02995.x
http://doi.org/10.1080/00036846.2012.690852
http://doi.org/10.1111/rode.12645
http://doi.org/10.1016/j.foodpol.2018.01.004
http://doi.org/10.1016/j.marpol.2020.104385
http://doi.org/10.1080/13504851.2020.1781766
http://doi.org/10.1111/j.1574-0862.2009.00365.x
http://doi.org/10.1016/j.jhealeco.2015.04.004
http://www.ncbi.nlm.nih.gov/pubmed/25966452
http://doi.org/10.1177/1536867X0400400306
http://doi.org/10.2307/2233228
http://doi.org/10.3368/jhr.50.2.420
http://doi.org/10.1016/j.techsoc.2021.101592
http://doi.org/10.1108/BFJ-07-2018-0475
http://doi.org/10.1080/00036846.2020.1715338
http://doi.org/10.1016/j.foodpol.2010.01.006
http://doi.org/10.1016/j.worlddev.2017.12.005
http://doi.org/10.1007/s11356-020-11525-1
http://www.ncbi.nlm.nih.gov/pubmed/33210253
http://doi.org/10.1108/AJEMS-03-2017-145

	Introduction 
	Background of the Study 
	A Brief Overview of Agricultural Credit in Developing Countries 
	Conceptual Analysis 

	Materials and Methods 
	Data 
	Analytical Techniques 
	Variable Selection 
	Empirical Model 

	Results and Discussions 
	Descriptive Analysis 
	Difference between Means of Farmers with and without Off-Farm Employment Annual Credit Received, Agriculture CF and Credit Margin of Farm Investment Status 
	Empirical Results 
	The Determinants of Off-Farm Employment 
	The Impact of Off-Farm Employment on Agriculture Credit Fungibility (CF) 
	Additional Analysis 


	Conclusions 
	Appendix A
	References

