
Italian Review of Agricultural Economics Vol. 78, n. 1: 33-48, 2023

Firenze University Press 
www.fupress.com/reaREA ITALIAN REVIEW  

OF AGRICULTURAL  
ECONOMICS

ITALIAN REVIEW  
OF AGRICULTURAL  
ECONOMICS

ISSN 0035-6190 (print) | ISSN 2281-1559 (online) | DOI: 10.36253/rea-14079

Citation: Susanta Kumar Sethy, 
Phanindra Goyari (2023). Examining finan-
cial inclusion-agricultural productiv-
ity connection in south asian countries: 
evidence from FMOLS and DOLS 
approaches. Italian Review of Agri-
cultural Economics 78(1): 33-48. DOI: 
10.36253/rea-14079

Received: November 25, 2022

Revised: April 27, 2023

Accepted: May 02, 2023

Copyright: © 2023 Susanta Kumar Sethy, 
Phanindra Goyari. This is an open 
access, peer-reviewed article published 
by Firenze University Press (http://
www.fupress.com/rea) and distributed 
under the terms of the Creative Com-
mons Attribution License, which per-
mits unrestricted use, distribution, and 
reproduction in any medium, provided 
the original author and source are 
credited.

Data Availability Statement: All rel-
evant data are within the paper and its 
Supporting Information files.

Competing Interests: The Author(s) 
declare(s) no conflict of interest.

Corresponding Editor: Anna Irene De 
Luca

Research article

Examining financial inclusion-agricultural 
productivity connection in south asian 
countries: evidence from FMOLS and DOLS 
approaches

Susanta Kumar Sethy1,*, Phanindra Goyari2

1 Department of Economics, Rajendra University, India
2 School of Economics, University of Hyderabad, India
*Corresponding author. E-mail: susanthu2010@gmail.com

Abstract. The main purpose of this paper is to examine the impact of financial inclu-
sion on agricultural productivity in South Asian countries from 2004 to 2018. By fol-
lowing the Human Development Index method, we construct a multidimensional time-
varying financial inclusion index to measure the level of financial inclusion. The long-
run elasticity of financial inclusion on agricultural productivity is examined by using the 
FMOLS and DOLS approaches. The empirical results confirm that financial inclusion 
has a positive impact on agricultural productivity. Furthermore, the interaction term 
between financial inclusion and human capital is positively associated with agricultural 
productivity. These results suggest that South Asian countries can increase agricultural 
productivity by improving the coverage of financial inclusion in the long run.
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HIGHLIGHTS 

· The study examines the impact of financial inclusion on agricultural 
productivity using a sample of seven South Asian countries during the 
period 2004-2018.

· A multidimensional Financial Inclusion Index (FII) was constructed to 
measure the level of financial inclusion.

· Fully Modified Ordinary Least Square (FMOLS) and Dynamic Ordinary 
Least Square (DOLS) methods were employed.

· Empirical results confirm that financial inclusion has a positive impact 
on agricultural productivity.
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1. INTRODUCTION 

Around the globe, the agricultural sector is and 
will remain a key component in the achievement of the 
Millennium Development Goals. Agricultural produc-
tion must increase to 70% by 2050 to feed the world, 
despite population expansion, climate change and rapid 
urbanization putting pressure on available cultivable 
land (Food Agriculture Organization, 2009). Further-
more, according to the Global Agriculture and Food 
Support Program (GAFSP) and World Bank (2007a), 
agricultural growth is many times more effective than 
other sectors of the economy in reducing poverty. It also 
increases agricultural income and gives rural residents 
the buying power they need to purchase manufactured 
goods. Moreover, financial inclusion has also been one 
of the instruments in reducing poverty over time (Gur-
ley, Shaw, 1955; Goldsmith, 1969; Cull et al., 2014; Park, 
Mercado, 2015; Omar, Inaba, 2020). The effect of finan-
cial inclusion on agriculture is also well acclaimed by 
some studies (Laha, Kuri, 2014; Fowowe, 2020; Atakli, 
Agbenyo, 2020). The availability of finance leads to 
increased agricultural productivity and higher incomes 
for farmers. As a result of this, hunger of the poor 
is reduced, and they are able to escape poverty traps 
(Nathan Associates, 2015). 

Schultz (1980) states that «Most of the World’s poor 
people earn their living from agriculture, so if we knew 
the economics of agriculture, we would know much of 
the economics of being poor». Agriculture is the back-
bone of many South Asian economies. It supplies food 
and jobs to the rapidly increasing population and still 
contributes significantly to overall economic growth. 
Despite increased focus on industrial growth, agricul-
ture remains a substantial contributor to the country’s 
Gross Domestic Product (GDP). The overall signifi-
cance of the agricultural sector is also strong in South 
Asian countries, where it makes a major contribution 
to GDP and is a major source of jobs (SAARC, 2014). 
The agricultural sector contributes roughly 20% of GDP 
in India, Bangladesh, Pakistan and Bhutan, as well as 
33.1% in Nepal. In India, Bangladesh and Pakistan, the 
agricultural sector hires roughly half of the total work-
force (ILO, 2015), 31% in Sri Lanka (CBSL, 2015), and 
the highest (i.e., 65.6%) in Nepal. So, these statistical 
data indicate the significance of the agricultural sec-
tor in absorbing these countries’ growing labour force. 
An increase in agricultural productivity will promote 
and facilitate industrial growth in a variety of ways. 
It allows the agricultural sector to supply labour to the 
non-agricultural sector while also meeting the non-agri-
cultural sector’s food demand. It allows the agricultural 

sector to provide low price food to industrial workers, 
thus increasing industries’ profitability (Kuznet, 1961). 
Furthermore, the Food and Agriculture Organization 
(2022) has identified a number of factors that affect agri-
culture growth and productivity, including the environ-
ment, productive human capital, GDP, agricultural fer-
tilizer, capital use, trade openness, industrialization, and 
agricultural terms of trade etc. Despite this, an inclu-
sive financial system is one of the influencing factors 
for agricultural productivity. Financial inclusion allows 
farmers to invest in and adopt new innovations in the 
agricultural sector, which helps to increase productivity. 
It provides money to helpless farmers to purchase agri-
cultural inputs such as fertilizers, pesticides and seeds, 
which increase agricultural productivity. Therefore, the 
affordable costs of formal financial services are impor-
tant to increase agricultural productivity.

Many researchers believe in a positive linkage 
between banking products and productivity (Awunyo-
Vitor et al., 2014). In addition, various researchers (Sial et 
al., 2011; Baffoe et al., 2014; Chandio et al., 2016a; Chan-
dio et al., 2016b) studied the effect of agricultural finance 
on agricultural productivity in Pakistan and Ghana, 
and their studies showed that agricultural finance had a 
favorable effect on agricultural productivity.

Empirical research on the linkages between financial 
inclusion and agricultural productivity in South Asian 
economies is scarce and very limited. To the best of the 
authors’ knowledge, there has been no study on the topic 
till now. Few pieces of research have been conducted in 
South Asian countries to find out the influence of agri-
cultural credit on agricultural production/productivity 
(according to Table 1). However, most of these studies 
were conducted for specific individual countries. The 
pieces of research have not examined the influence of 
financial inclusion on agricultural productivity. With 
this motivation, the aim of this study is to examine the 
impact of financial inclusion on agricultural productiv-
ity in South Asian countries (Afghanistan, Bangladesh, 
Bhutan, India, Maldives, Pakistan and Sri Lanka).

The study contributes to the existing literature in 
the following ways. First, it has investigated the impact 
of financial inclusion on agricultural productivity in 
South Asian countries using Pedroni cointegration to 
check the long connection among study variables. Sec-
ond, the Fully Modified Ordinary Least Square (FMOLS) 
and Dynamic Ordinary Least Square (DOLS) approach-
es have been adopted to show the long-run connection 
between financial inclusion and agricultural productiv-
ity for the period 2004 to 2018.

The rest of the article is organized as follows: Sec-
tion 2 contains a review of the literature. Section 3 pre-
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sents materials and methods (statistical and economet-
rics). Section 4 explains empirical results and discussion. 
Section 5 gives the conclusion, policy recommendations 
and limitations. 

2. LITERATURE REVIEW

2.1. Nexus between agricultural finance, financial inclusion 
(FI) and agricultural productivity

It is impossible to underestimate the importance 
of credit in agricultural production. Feder et al. (1989) 
examined agricultural finance and farm performance 
in China based on farmers survey data. According to 
their findings, the availability of credit may have a posi-
tive impact on agricultural productivity because farmers 
who are short on money may use lower levels of agricul-
tural inputs in their production activities.

Various researchers studied the effect of agricultural 
finance on agricultural productivity in different nations 
around the globe and their studies evidence that agricul-
tural finance had a favorable effect on agricultural pro-
ductivity (Table 1). As a result, agricultural productiv-
ity can be increased by ensuring that credit is available 
when it is required, thus allowing farmers to buy agri-
cultural inputs such as fertilizers, pesticides, high-yield 
seeds and advanced agricultural equipment. In addi-
tion, increased agricultural productivity and income of 
farmers are linked to the availability or accessibility of 
finance. According to Nathan Associates1 (2015), finan-
cial inclusion can have a two-fold effect on agriculture: 
first, it can increase agricultural productivity. Credit 
delivery makes it easier to buy agricultural inputs and 
hire workers and machinery, which can help to increase 
agricultural productivity. Second, available finance 
makes it easier for farmers to diversify their livelihoods 
and raise their profits.

A recent study was conducted by Magezi, Naka-
no (2020) which examined the effect of microcredit on 
agricultural productivity based on baseline survey data 
in Tanzania. They estimated the intention-to-effect and 
Local Average Treatment Effect  (LATE) of microcredit. 
According to their findings, increasing banking prod-
ucts access alone may not be enough to boost small-scale 
farmers’ agricultural productivity because other factors 
(i.e., total land holding, value of household assets, years 
of schooling of household head, and age of household 
head) are also responsible for agricultural productiv-

1 Nathan is a private multinational economic and analytics consulting 
company that provides realistic solutions and long run results to gov-
ernment and commercial clients around the world.

ity. Fowowe (2020) examined the association between FI 
and agricultural productivity for 2010-2011, 2011-2013, 
and 2015-2016 in Nigeria. He used simple panel data 
estimation and his empirical results reveal that FI has 
a positive influence on agricultural productivity. Atakli, 
Agbenyo (2020) used Ghana Living Statistical Survey 
data and multiple regression models. Their results con-
firm that FI has a positive association with agricultural 
productivity. Magazzino et al. (2021) investigated the 
relationship among credit access, output and produc-
tivity in the agricultural sector for a large set of coun-
tries from 2002 to 2012. They used an artificial network 
approach. Their empirical results show that credit access 
significantly affects agricultural production in develop-
ing countries and productivity in developed countries. 
Chandio et al. (2022) examined the impact of financial 
development on agricultural production in China from 
1989 to 2016. They used an autoregressive distributed lag 
(ARDL) approach and their empirical results confirm 
that financial development has a positive impact on agri-
cultural production in both the long- and short-run.

2.2. Nexus between financial inclusion and agricultural 
productivity: Theoretical argument

In recent times, financial inclusion has been playing 
an important role in agricultural productivity (Nathan 
Associates, 2015). Furthermore, greater access to formal 
financial services has a positive influence on agricultural 
productivity (Laha, Kuri, 2014; Nakano, Magezi, 2020; 
Fowowe, 2020). A theoretical connection between finan-
cial inclusion and agricultural productivity is explained 
in Figure 1. 

Figure 1 indicates that financial inclusion can help 
to boost agricultural productivity through access to an 
affordable cost of credit and access to attractive deposit 
and insurance products. The following is how the logic 
works. Access to affordable and low-cost credit facili-
tates the purchase of agricultural inputs (such as equip-
ment, fertilizer and quality seeds) and employing labour, 
which in turn can increase farmers’ efficiency and 
increase agricultural productivity. 

3. MATERIALS AND METHODS

3.1. Construction of Financial Inclusion Index (FII) 

For the present study, a multidimensional FII is con-
structed based on the FII previously proposed by Sarma 
(2015). With the rising interest in financial inclusion 
among policymakers, a multiplicity of financial inclu-
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sion indicators has been developed (Sarma, 2008; Sethy, 
2016; Sethy, Goyari, 2018; Sethi, Sethy, 2019; Sethy, 
Goyari, 2022; Sethy et al. 2023). The following steps cal-
culate the multidimensional FII.

Step 1: This study initially calculates a dimension 
index for each dimension of financial inclusion in order 
to develop an index. We first define  as in equation (i):

di = wi *  (i)

where,
wi = Weight attached to the dimension i, 0≤ wi ≤1, Ai 
= Actual value of dimension i, mi = Minimum value of 

dimension i, Mi = Maximum value of dimension i, di = 
Dimensions of financial inclusion i.

Equation (i) confirms that 0 ≤ wi ≤ 1 and here, n 
dimensions of financial inclusion are represented by 
a point X = (1, 2, 3…). Point 0 = (0, 0, 0…0) represents 
the worst situation and Point W = (1, 2, 3 …) represents 
an ideal situation. Here we take W =1 (equal weighting 
approach). 

Step 2: We calculate X1 based on di and Wi as in 
equation (ii):

X1 =  (ii)

Table 1. Survey of existing literature between formal agricultural credit and agricultural production/productivity.

Authors Study Country Methodology Findings

Binswanger et al. (1993) India Theoretical Analysis +ve
Navin (1988) Bangladesh Theoretical Analysis +ve
Iqbal et al. (2003) Pakistan Ordinary Least Square estimates +ve
Petrick (2004) Poland Microeconomic farm household model +ve
Blancard et al. (2006) France Credit constraint profit maximization model +ve
Sindhu et al. (2008) India Simultaneous (four) equation model +ve
Guirkinger, Boucher (2008) Peru Switching regression model +ve
Hussein (2009) Bhutan Theoretical Analysis +ve
Das et al. (2009) India Arellano-Bond Regression +ve
Pathak (2010) Bhutan Theoretical Analysis +ve
Kumar et al. (2010) India Tobit model +ve
Rahman et al. (2011) Bangladesh Linear and exponential equations, Pearson Correlation equation +ve
Sial et al. (2011) Pakistan ADF test, Phillips Perron Unit root test, Granger causality test +ve
Gyeltshen (2012) Bhutan Bivariate PROBIT Model +ve
Dong et al. (2012) China Switching regression model +ve
Ciain (2012) European countries Matching estimation +ve
Laha, Kuri (2013) India Financial Inclusion Index +ve
Alauddin, Biswas (2014) Bangladesh Empirical study +ve
Awunyo-Vitor et al. (2014) Ghana ANOVA, Heckman’s two stages regression model +ve
Sarker et al.(2015) Bangladesh Simple linear regression model +ve
Khandker, Koolwal (2015) Bangladesh Augmented household panel data model +ve
Mishra et al. (2016) India State-level panel model +ve
Narayan (2016) India Mediation analysis framework +ve
Chavan, Sivamurugan (2017) India Logistic Model +ve
Iftikhar et al. (2017) Pakistan Multiple linear regression models +ve
Onoja (2017) Developing countries Fixed effect econometrics approach +ve
Olaniyi (2017) Nigeria Autoregressive Lag Distributed (ARDL) approach +ve
United States Agency for International 
Development (2018) Afghanistan Theoretical analysis and Ratio analysis +ve

Chandio et al. (2018) Pakistan Instrumental variables (two-stage least squares) approach +ve
Wang et al. (2019) Bhutan Logit regression model +ve
Agbodji, Johnson (2019) Togo PSM and ESR methods +ve
Moahid, Maharajan (2020) Afghanistan Probit model, and Double-hurdle model  +ve
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Step 3: In the third step, we calculate X2 based on di 
and Wi as in equation (iii):

X2 = 1 -  (iii)

Step 4: We calculate the FII based on X1 and X2 as in 
equation (iv):

FII = 1/2 (X1 + X2) (iv)

In equation (ii), for financial inclusion index (FII),  X1 
indicates the average of the Euclidian distance between 

X and 0. In equation (iii), for FII, X2 indicates inverse 
Euclidian distance between X and W. Equation (iv)2 is the 
simple average of X1 and X2 which is the multidimension-
al Financial Inclusion Index used in the present study.

3.2. Panel cointegration tests

First, to determine whether stationarity exists 
in the data series, the panel unit root test is used. The 

2 The FII presented in Sarma (2015), Sarma and Pais (2011), Sethy 
(2016), Goel and Sharma (2017), Sethy and Goyari (2018), Sethy (2023) 
was based on the distance from the ideal only.

Figure 1. Linkages between financial inclusion and agricultural productivity.
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study used the Im, Peseran, Shin (IPS) panel unit root 
test. The second step of empirical research is to use the 
panel cointegration test to investigate the long-term rela-
tionship between the variables. For panel data research, 
Pedroni (1999 and 2014) cointegration is the best meth-
od for estimating co-integration among variables. The 
Pedroni (1999) cointegration test is then used to deter-
mine whether there is a long-run relationship between 
all study variables.

Pedroni (2004) considers the following type of 
regression in equation (v):

zi,t =  + ……………+  
 + eit

 (v)

for t = 1,2,3……,T; i =1,2,3……N; m =1,2,3…..M.
For the panel data analysis, Pedroni (1997) suggests 

seven statistics to check the null hypothesis of no coin-
tegration. There are two types of tests in this. First is the 
panel cointegration test (within dimension) and second, 
the panel cointegration test (between dimensions).

3.3. FMOLS and DOLS approach

The possibility of heterogeneity cannot be over-
looked because this study is based on panel data from 
seven South Asian countries. With this in mind, we 
used Fully Modified Ordinary Least Square (FMOLS) 
and Dynamic Ordinary Least Square (DOLS) approach-
es, which are capable of dealing with heterogeneity and 
serial correlation in the data (Danish et al. 2019). In 
addition, FMOLS and DOLS methods were employed 
to solve the endogeneity problem and remove the serial 
correlation present in Ordinary Least Square (OLS). 
We examined the long-run effects of financial inclusion 
on agricultural productivity in South Asian countries 
employing the FMOLS and DOLS approaches. 

The FMOLS method is proposed by Philips, Moon 
(1999) and the FMOLS cointegrating equation is:

 (vi)

where   and

The DOLS method is proposed by Stock and Watson 
(1993) and the DOLS cointegrating equation is:

 (vii)

where ∀it represents 2(K+1)×1 vector of explanatory vari-
ables including (yit - ,..,,,∆yi.j).

3.4. Econometric model specification

Generally, the traditional Cobb-Douglas (CD) pro-
duction function consists of two inputs – capital and 
labour. But, according to Echevarria (1998), a production 
function can include more factors of production.

The functional form of CD production function is as 
given below in equation (viii):

 (viii)

where, agricultural productivity is denoted by Y, Capital 
is denoted by K, and Labour is denoted by L. The param-
eters α and β are the partial elasticity of Y with respect 
to capital and labor respectively. Here, i……n, t…..T, and 
the error term is represented by μ.

This study proceeds to investigate the impact of FI 
on agricultural productivity. So when FI is included in 
the model, equation (viii) becomes (ix):

 (ix)

where, FI is represents financial inclusion that is meas-
ured by the multidimensional financial inclusion index 
(FII), the parameter ρ must be in the range between 0 
and 1 and it indicates the marginal influence of FI on 
agricultural productivity. After taking the logarithm, the 
above equation (ix) becomes equation (x):

ln Yi,t = α0 + α(lnK)i,t + β(lnL)i,t + ρ(lnFII)i,t + μi,t (x)

Besides financial inclusion, agricultural productivity 
is influenced by a number of other economic variables 
such as trade openness, lending interest rate and emis-
sion.

Then, the above equation (x) can be re-written as in 
equation (xi):

ln(Agripro)i,t = α0 + β1(lnK)i,t + β2(lnL)i,t +
β3(lnFII)i,t + β4(lnTrade)i,t + β5(lnInterest)i,t +
β8(lnCO2)i,t + αi + μi,t

 (xi)

where, Agripro is agricultural productivity defined as 
agriculture, forestry and fishing, value added per work-
er (constant 2010 US$), lnAgripro = log of agriculture 
productivity and independent variables are lnK = log 
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of physical capital; lnL = log of labour (human capi-
tal); lnFII = log of multidimensional financial inclusion 
index; lnTrade = log of trade openness; lnInterest = log of 
lending interest rate; lnCO2 = log of carbon emissions; αi 
= unseen effects and μi,t = error term, t = 1, 2, 3,…….15 
years (from 2004 to 2018) and i = 1, 2, 3…7 (Afghani-
stan, Bangladesh, Bhutan, India, Maldives, Pakistan and 
Sri Lanka).

Here, financial inclusion (FI) is expected to increase 
agricultural productivity or is positively associated with 
it because easy access to affordable formal financial ser-
vices and micro credit increase agricultural investment. 
As a result, it increases agricultural productivity and 
incomes of farmers.

The following regression equation (xii) is used to 
examine the conditional effect of FI on agricultural pro-
ductivity in South Asian countries.

ln(Agripro)i,t = α0 + β1(lnFII)i,t + β2(lnK)i,t +
β3(lnL)i,t + β4(lnFII*lnX)i,t + αi + μi,t

 (xii)

where, the interaction of a multidimensional FII with 
other particular control variables (i.e., lnX) that can 
impact the result of FII in terms of increasing agricul-
tural productivity is denoted by (FII * lnX). The other 
specifications are the same as the above equation (xi). A 
brief theoretical explanation on measurement of some 
independent variables is given below:

Physical capital: Physical capital plays an important 
role in the agricultural sector. In this study, physical 
capital is measured by the gross fixed capital formation 
(% of GDP). 

Labour: Human capital is represented by labour 
force, which is determined by many factors such as edu-
cation levels of various categories, skills, training, physi-
cal health, population size etc. In this study, we measure 
labour by the secondary school enrolment rate (similar 
to Barro, Lee, 2010). Others could not be considered due 
to lack of consistent data for all countries.

Financial inclusion (FI): Inclusive finance is meas-
ured by the financial inclusion index (Sarma, 2008; 
Sethy, 2016; Sethy, Goyari, 2022). 

3.5. Variables and data sources 

The study is based on 15 years of annual panel data 
from 2004 to 2018. By excluding Nepal (because of the 
non-availability of consistent comparable and uni-
form data of formal financial services and other study 
variables), the rest of the seven South Asian countries 
(Afghanistan, Bangladesh, Bhutan, India, Maldives, 
Pakistan and Sri Lanka) are taken for the analysis. The 

dataset is collected from the Financial Access Survey 
(FAS) database of the International Monetary Fund 
(IMF) and World Development Indicator (WDI). Tables 
2 and 3 give a detailed explanation of the variables and 
sources.

4. EMPIRICAL RESULTS AND DISCUSSIONS 

4.1. Descriptive statistics 

Table 4 presents descriptive statistics of the study 
variables used in the regression analysis for the sample 
of 89 observations over the period 2004-2018 for seven 
South Asian countries.

Table 4 shows that agricultural productivity has a 
mean (median) value of 7.17 (7.14) and a standard devia-
tion (SD) of 0.34. It varies from 6.30 (min) to 7.94 (max). 
Similarly, physical capital (K) has a mean (median) value 
of 3.27 (3.26) and an SD of 0.41. Labour (L) has a mean 
(median) value of 4.04 (4.01) and an SD of 0.38. One of 
the important explanatory variables, i.e. financial inclu-
sion, has a mean (median) value of 0.67 (0.72) and SD of 
1.03. The coefficients of financial inclusion range from 
-6.008 (min) to 0.001 (max). Trade openness has a mean 
(median) value of 3.38 (3.73) and SD of 1.12. The interest 
rate has a mean (median) value of 2.50 (2.56) and SD of 
0.21. Among the variables, agricultural productivity has 
the highest average (in log form) of 7.17, and a standard 
deviation of 0.34, and CO2 emission has the lowest aver-
age (in log form) of 0.40 with a standard deviation of 
0.75.

4.2. Correlation matrix

Table 5 presents the Pearson correlation matrix, to 
determine the nature and strength of the correlation 
among explanatory variables.

Table 5 shows that there is a significant correla-
tion among a few explanatory variables. Two important 
observations can be found from correlation coefficients 
in Table 5. First, a positive correlation is present between 
agricultural productivity with carbon dioxide (0.57), 
labour (0.29), and financial inclusion (0.46). Particularly, 
the positive relationship between financial inclusion and 
agricultural productivity (also observed in other stud-
ies like Laha, Kuri 2014; Fowowe 2020; Atakli, Agbenyo, 
2020) indicates that access to banking services leads to 
an increase in agricultural productivity in South Asian 
countries. Second, other explanatory variables like trade 
openness, physical capital and interest rate are negatively 
correlated with agricultural productivity. Such correla-
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tions have important policy implications. Interpretations 
of these results are given in the next section along with 
estimated regression results.

4.3. Empirical results on the conditional impacts of finan-
cial inclusion (FI) on agricultural productivity

It is important to examine the conditional impact 
between financial inclusion and other micro and mac-
roeconomic variables on agricultural productivity. From 

Table 6, in specification 1 of the time fixed effect model, 
estimated coefficient of financial inclusion and agricul-
tural productivity coefficients is positive. Furthermore, 
estimated results also confirm that there is a positive 
relationship between FI and agricultural productivity in 
other specifications (see columns 2, 4, 5, and 6 of Table 
6) except column 3. This shows that an inclusive finan-
cial system can create more efficient investment in the 
agricultural sector which can lead to higher productiv-
ity. Similarly, the coefficients of carbon emissions indi-

Table 2. List of variables for constructing the Financial Inclusion Index (FII).

Availability Indicators Accessibility Indicators Usage Indicators

Demographic Branch Penetration: 

(1) Number of bank branches per 1 
lakh adults

(2) Branches of Commercial Bank

Geographic ATM Penetration: 

(5) Number of ATMs per 1000 km2

Credit Penetration:

(7) Outstanding loans with Commercial Banks 

(8) Outstanding loans with Commercial Banks 
(% of GDP)

Demographic ATM Penetration: 

(3) ATMs per 1 lakh Adults
(4) Number of ATMs

Geographic Branch Penetration: 

(6) Branches of Commercial Bank per 
1000 km2

Deposit Penetration:

(9) Outstanding deposits with Commercial 
Banks
(10) Outstanding deposits with Commercial 
Banks (% of GDP)

Source: Financial Access Survey (FAS), IMF.

Table 3. Variables, unit and data sources.

Variables Unit Source

Agricultural productivity (Agripro) Constant 2010 US$ WDI, World Bank
Capital (K) (% of GDP) WDI, World Bank
Labour (L) (% gross) WDI, World Bank
Financial inclusion (FII)
Trade openness (Tradeopen)

Index
Trade percentage of GDP

Financial Access Survey (FAS), IMF
WDI, World Bank

Lending interest rate (Interest)  (%) WDI, World Bank
Carbon emission (CO2) Metric tons per capita WDI, World Bank

Table 4. Descriptive statistics.

lnAgripro lnK lnL lnFII lnTradeopen lnInterest ln

Mean 7.175 3.275 4.041 0.671 3.386 2.507 0.404
Median 7.149 3.268 4.011 0.724 3.739 2.56 0.298
SD 0.345 0.417 0.381 1.032 1.127 0.213 0.754
Min 6.302 2.527 2.924 -6.008 0.758 1.939 -2.961
Max 7.941 4.248 4.608 0.001 4.758 2.938 0.722
Observation 89 89 89 89 89 89 89

Source: Authors’ estimations based on data compiled from the IMF and WDI.
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cate that there is a positive relation between  emission, 
and agricultural productivity. This finding is similar to 
other studies like NASA (2016), Mujtaba et al. (2022) and 
Chandio et al. (2022). 

The conditional impact of FI on agricultural produc-
tivity in South Asian nations is also presented in Table 6. 
To assess the independent impact of a particular variable 
on agricultural productivity, this Table examines control 
variables and their links with financial inclusion inde-
pendently. The Table indicates that the interaction term 
of FI with physical capital, human capital (i.e., labour), 
interest rate and trade openness are significant. Howev-
er, the interaction term of FI with  emissions is not sta-
tistically significant for agricultural productivity.

Financial inclusion and physical capital have an 
adverse effect on agricultural productivity when they 
are combined, implying that higher physical capital 

increases the marginal effect of FI in reducing agricul-
tural productivity. This empirical finding is consistent, 
in the sense that increased fixed capital (i.e., spending 
on machinery and large equipment purchases, etc.) may 
create less demand for labour, may decrease real wages 
and lower the standard of living of many people, par-
ticularly in rural areas. This can lead to an inefficient 
inclusive banking system, which may reduce agricultural 
investment and then further reduce agricultural produc-
tivity. In a study, Zepeda (2001) found that an increase 
in physical capital had an adverse impact on agricultural 
production and profits.

Financial inclusion and human capital (i.e., proxied 
by secondary school enrolment) have a positive impact 
on agricultural productivity when they are combined. 
This implies that when the number of students enrolled 
in secondary school rises, the marginal effects of finan-

Table 5. Correlation matrix.

  lnAgripro lnK lnL lnFII lnTradeopen lnInterest lnCO2

lnAgripro 1  
lnK -0.109 1  
lnL 0.293 0.492 1  
lnFII 0.461 -0.139 0.309 1  
lnTrade -0.608 0.548 -0.085 -0.159 1  
lnInterest -0.319 0.136 -0.153 -0.083 0.531 1  
lnCO2 0.572 0.285 0.448 0.228 -0.26 -0.482 1

Source: Authors’ estimations based on data compiled from the IMF and WDI.

Table 6. Conditional effects of financial inclusion on agricultural productivity (fixed effect estimation).

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

lnFII 0.150 *** (0.001) 0.889*** (0.002) - 1.014*** (0.019) 0.147*** (0.002) 1.584*** (0.000) 0.846*** (0.000)
lnK 0.033 (0.755) - 0.204 (0.134) - 0.080 (0.464) 0.039 (0.723) - 0.153 (0.170) - 0.252*** (0.022)
lnL 0.333 (0.725) 2.640 (0.999) 0.334*** (0.041) 0.036 (0.703) 0.104 (0.274) 0.147* (0.101)
lnCO2 0.230*** (0.000) 0.235*** (0.000) 0.258*** (0.000) 0.221*** (0.000) 0.267*** (0.000) 0.292*** (0.000)
lnInterest 0.468*** (0.004) 0.449*** (0.004) 0.445*** (0.005) 0.466*** (0.005) - 0.021 (0.913)  0.049*** (0.000)
lnTradeopen - 0.179*** (0.000) - 0.174*** (0.000) - 0.155*** (0.000) - 0.180*** (0.000) - 0.138*** (0.000) - 0.248*** (0.000)
lnFII*lnK - 0.216*** (0.008)
lnFII*lnL 0.295*** (0.007)
lnFII*lnCO2 - 0.007 (0.834)
lnFII*lnInterest - 0.590*** (0.000)
lnFII*lnTradeopen - 0.176*** (0.000)
Constant 6.889*** (0.000) 7.586*** (0.000) 5.760*** (0.000) 6.890*** (0.000) 7.989*** (0.000) 7.362*** (0.000)
Observations 89 89 89 89 89 89
R2 0.690 0.720 0.722 0.690 0.741 0.774
Number of Id 6 6 6 6 6 6

Note: *** and * indicate significance at 1 and 10% level, respectively.
Source: Authors’ estimations based on data compiled from the IMF and WDI.
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cial inclusion on growing agricultural productivity 
increases. This empirical evidence is valid in the sense 
that a higher education level in poor families increases 
general workforce skills and farmers become better 
“managers” by enhancing their decision-making skills, 
which subsequently increases the financial literacy rate 
and in turn helps to use digital banking. Such positive 
relations between financial inclusion and human capital 
were observed in many studies, also leading to higher 
agricultural productivity (Asadullah, Rahman, 2009, 
Nguyen, 1979; Kawagoe et al. 1985; Fulginiti, Perrin, 
1993; Reimers, Klasen, 2013).

In addition, the interaction term between FI and 
carbon emission has a negative impact on agricultural 
productivity when they are combined. This result can be 
interpreted like this – an inclusive financial system can 
improve the accessibility of banking products, which 
in turn can increase investment and can also increase 
energy-consuming machines like tractors, power tillers 
and combine harvesters etc. Finally, it can increase CO2 
emissions that may indirectly reduce agricultural pro-
ductivity. A similar finding was observed in Kwakwa et 
al. (2022).

Financial inclusion and interest rate have a negative 
impact on agricultural productivity when they are com-
bined. This result can be interpreted in the sense that a 
higher interest rate charged by the formal financial insti-
tutions largely can restrict farmers from seeking credit 
from these institutions and may create less investment in 
the agricultural sector. Finally, it may lead to a decrease 

in agricultural productivity. Some studies (Danladi et al. 
2021; lliyasu, 2022) had such findings.

The interaction effect between financial inclusion 
and trade openness is negatively related to agricultural 
productivity. This result may be interpreted as some-
times openness to trade has a negative effect on techni-
cal efficiency in the agricultural sector (as evidenced in 
Hart et al. 2015) and economic growth (as found in Kim, 
2011; Rigobon, Rodrik, 2005; Vamvakids, 2002; Ulasan, 
2015; Fenira, 2015). These may create less demand for 
labour, and will reduce real wages, thus can decrease the 
standard of living. In this way, negative cycles of oppor-
tunities may be generated. This can lead to an ineffi-
cient inclusive banking system that reduces agricultural 
investment and ultimately decreases agricultural pro-
ductivity. Table 7 reports (results from random effect 
model) similar results to those in Table 6 (results of fixed 
effect model estimation).

4.4. Panel unit root results

In general, the panel data model needs to test sta-
tionarity of the data before regression estimation (Wang 
et al. 2015). In this section, the order of integration of 
variables is tested through unit root tests before check-
ing for panel cointegration. In order to ensure the effec-
tiveness and stability of the data, the Im-Pesaran-Shin 
(IPS) test (Im et al. 2003) is employed since it emphasiz-
es parameter heterogeneity in panel models.

Table 7. Conditional effects of financial inclusion on agricultural productivity (random effect estimation).

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

lnFII  0.103 *** (0.000)  0.803*** (0.003) - 0.933*** (0.017)  0.102*** (0.000)  1.142*** (0.002)   0.487*** (0.000)
lnK 0.060 (0.558) - 0.165 (0.209) - 0.040 (0.698) 0.062 (0.563) - 0.079 (0.457) - 0.100*** (0.312)
lnL 0.056 (0.532) 0.030 (0.725) 0.256* (0.041) 0.057 (0.533) 0.050 (0.577) 0.035 (0.667)
lnCO2  0.212*** (0.000)  0.216*** (0.000)  0.239*** (0.000)  0.209*** (0.001)   0.238*** (0.000)   0.240*** (0.000)
lnInterest  0.378*** (0.009)  0.371*** (0.008) 0.410*** (0.003)  0.377*** (0.010) - 0.018 (0.920)  0.372*** (0.003)
lnTradeopen - 0.186*** (0.000) - 0.183*** (0.008)  – 0.168*** (0.000)  – 0.186*** (0.000)  – 0.155*** (0.000)  – 0.237*** (0.000)
lnFII*lnK - 0.207*** (0.015)
lnFII*lnL 0.258*** (0.008)
lnFII* lnCO2 - 0.002 (0.944)
lnFII*lnInterest - 0.433*** (0.004)
lnFII*lnTradeopen - 0.110*** (0.000)
Constant   7.084*** (0.000)   7.736*** (0.000)   5.997*** (0.000)   7.085*** (0.000)   7.952*** (0.000)   7.432*** (0.000)
Observations 89 89 89 89 89 89
R2 0.673 0.701 0.703 0.673 0.705 0.717
Number of Id 6 6 6 6 6 6

Note: *** indicates significance at 1% level.
Source: Authors’ estimations based on data compiled from the IMF and WDI.
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Table 8 reveals the unit root test. The Im-Pesaran-
Shin (IPS) unit root test result indicates that the vari-
ables are stationary at first difference but non-stationary 
at level. In South Asian countries, all the study vari-
ables such as lnAgripro, lnK, lnL, lnFII, lnCO2, lnInter 
and lnTrade are found to be stationary at their first dif-
ference, rejecting the null hypothesis of non-stationary 
at 1% significance level. This result confirms the use of 
panel cointegration that requires the same order of inte-
gration.

4.5. Cointegration result

The above unit root test confirms that the vari-
ables follow the first order of the integration (I(1)) pro-
cess. This indicates that these two key variables of lnFII 
and lnAgripro may be cointegrated after controlling 
the effect of lnK, lnL, lnCO2, lnInter and lnTrade. To 
find the cointegration, the Pedroni (1999, 2004) test is 
employed in a balanced panel because this cointegration 
test allows heterogeneity among the countries.

Seven test statistics of Pedroni cointegration are 
reported in Table 9. This result confirms the cointegra-
tion between lnFII and lnAgripro across the panel coun-
tries. Out of seven, four Pedroni test statistics reject the 

null hypothesis of non-cointegration at 1% level of sig-
nificance. It means that financial inclusion and agri-
cultural productivity have a long-run relationship. Fur-
thermore, this implies that if financial inclusion is pri-
oritized now, it would help South Asian countries in the 
long-run.

4.6. Panel FMOLS and DOLS estimations

As the Ordinary Least Square (OLS) estimator is 
biased and gives inconsistent results in the panel data 
analysis, the study uses Fully Modified Ordinary Least 
Square (FMOLS) and Dynamic Ordinary Least Square 
(DOLS) approaches that control the endogeneity and 
serial correlation problems.

Table 10 shows the FMOLS and DOLS estimation 
results. The FMOLS results indicate that financial inclu-
sion (i.e., lnFII) and agricultural productivity (i.e., lnA-
gripro) are cointegrated. The coefficient is positive and 
statistically significant at 1% level and has the expected 
sign. This positive sign indicates that 1% increase in 
access and usage of banking services like savings, micro-
finance, deposits and loans across the selected nations 
would increase agricultural productivity by 0.13%. Simi-
larly, the DOLS results confirm that financial inclusion 
and agricultural productivity have a long-run connec-
tion. The long run coefficient is positive, which confirms 
that a 1% increase in financial inclusion will result in 
0.10% increase in agricultural productivity. This result is 
consistent with findings of some studies like Binswanger 
et al. (1993), Magri (2002), Akudugu et al. (2009), Olani-
yi (2017), Awunyo-Vitor et al. (2014), Fowowe (2020), 
Atakli, Agbenyo (2020). They found that availability and 
usage of formal financial services (such as loans, savings 
and deposits) at an affordable cost leading to an increase 
in credit that ultimately leads to increased agricultural 
productivity through efficient investments in inputs like 
fertilizer, pesticides, quality seeds and irrigation etc. 
Therefore, financial inclusion can help poor farmers to 
have more suitable livelihoods. 

A strong association between human capital and 
agricultural productivity is also observed in some studies 

Table 8. IPS panel unit root test.

Variables lnAgripro lnK lnL lnFII lnCO2 lnInterest lnTradeopen

Level 1.400 (0.919) 0.120 (0.547) -2.113 (0.017) - 0.660 (0.254) 2.043 (0.979) - 1.360 (0.086) 0.612 (0.729)
First differences - 3.527*** (0.000)- 2.734*** (0.003) -2.641*** (0.004) -2.770*** (0.002) -1.989*** (0.023) -3.455*** (0.000)- 3.118*** (0.000)

Note: *** indicates significance at 1% level.
Source: Authors’ estimations based on data compiled from the IMF and WDI.

Table 9. Pedroni panel cointegration estimation.

Statistics P-value

With Dimensions
Panel v-Statistics -3.037 0.996
Panel ρ Statistics 3.512 0.999
Panel Phillips-Perron t -12.654*** 0.000
Panel Augmented Dickey Fuller t -4.187*** 0.000

Between Dimensions
Group ρ Statistics 4.140 1.000
Group Phillips-Perron t -7.512*** 0.000
Group Augmented Dickey-Fuller t -4.108*** 0.000

Note: *** indicates significance at 1% level.
Source: Authors’ estimations based on data compiled from the IMF 
and WDI.
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(Asadullah, Rahman, 2009; Nguyen, 1979; Kawagoe et al. 
1985; Fulginiti, Perrin, 1993; Reimers, Klasen, 2013). 

The long-run estimated coefficients indicate that 
a 1% increase in L (i.e., human capital) would lead to a 
0.50% (FMOLS) and 0.34% (DOLS) increase in agricul-
tural productivity in our panel countries. Similarly, the 
estimated result has also indicated that there is a posi-
tive association between CO2 emissions and agricultur-
al productivity. The long-run coefficients indicate that 
a 1% increase in CO2 emissions would lead to a 0.25% 
(FMOLS) and 0.24% (DOLS) increase in agricultural 
productivity. A similar finding was observed in some 
studies (Mujtaba et al., 2022; Chandio et al., 2022). But 
only two study variables (interest rate and trade open-
ness) are found to be negatively cointegrated with agri-
cultural productivity (as seen in Table 10). This indicates 
that proper policies on interest rates and trade openness 
have to be formulated and implemented so that agricul-
tural productivity does not decline in the long run.

5. CONCLUSION

Based on annual data, this study has examined the 
effect of financial inclusion on agricultural productivity 
for a group of seven South Asian countries from 2004 to 
2018. The study has some important findings as follows. 
First, results of the study confirm that the interaction 
term of financial inclusion with physical capital, interest 
rates, trade openness and carbon emissions are negative-
ly linked with agricultural productivity. But the inter-
action term of financial inclusion with human capital 
is positively linked with agricultural productivity. Sec-
ond, the Pedroni cointegration test result confirms that 
a long-run relationship exists among study variables. 
Third, FMOLS and DOLS results confirm that financial 

inclusion has a positive impact on agricultural produc-
tivity in the long run. The findings of this study support 
the evidence from other studies like Laha, Kuri (2014), 
Fowowe (2020), Atakli, Agbenyo (2020). This result sug-
gests that expanding formal financial services such as 
savings, loans, deposits, microfinance, etc., can increase 
agricultural productivity in the long run in South Asian 
economies.

The findings have important policy implications for 
the study countries. South Asian countries can increase 
agricultural productivity by increasing the coverage of 
financial inclusion services. South Asian governments 
and policymakers need to resolve the issues surrounding 
access to banking services. To bridge the gap in finan-
cial services in South Asian countries, the government 
and other stakeholders in South Asia need to have good 
quality and quantity financial institutions that are inclu-
sive in nature. This will help in meeting the require-
ments of farmers, especially in rural communities. Fur-
thermore, to increase agricultural productivity, the gov-
ernment needs to invest more in human capital so that 
skilled labour with better infrastructure facilities can 
contribute towards agricultural productivity. Proper pol-
icies need to be formulated on physical capital creations, 
interest rates, trade openness and carbon emissions in 
ways that will increase agricultural productivity.

Like many other studies, the present study also 
suffers from some limitations, the non-availability of 
required data for all countries for important study vari-
ables being the major one. The study shows results for 
the aggregate of all seven South Asian countries. Along 
with aggregate results, it would be interesting to exam-
ine individual countries either with the same method or 
alternative methods using regional data.

Table 10. Panel FMOLS and Panel DOLS estimations.

Dependent Variables: 
LnAgripro

FMOLS DOLS

Coefficients t-Statistics P-Value Coefficients t-Statistics P-Value

lnFII 0.137***  4.270 0.000  0.106***  5.148 0.000
lnK 0.014 0.126 0.899   0.044  0.350 0.720
lnL 0.506*** 2.863 0.005   0.343**    2.122 0.037
ln 0.250***  3.279 0.001   0.240***  2.894 0.004
lnInterest – 0.168*  – 1.668 0.099  – 0.086 -0.828 0.410
lnTradeopen – 0.086**  – 1.983 0.051  – 0.087*   -1.838 0.069
R2 0.940  0.932
Adj. R2   0.930      0.922  

Notes: ***, **, and * indicate significance at 1%, 5%, and 10 % level, respectively.
Source: Authors’ estimations based on data compiled from the IMF and WDI.
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