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The Employment Effects of Technology,
Trade, and Consumption in Global Value
Chains: Evidence for Developing Asia
DONALD JAY BERTULFO, ELISABETTA GENTILE,
¤
AND GAAITZEN J. DE VRIES

Global value chains (GVCs) have been a vehicle for job creation in developing
Asia, but technology can also displace workers through automation or
reshoring of production. We use an input–output approach to examine how
employment responded to consumption, trade, and technological progress in
16 economies that accounted for about 95% of employment in developing Asia
from 2008 to 2018. Structural decomposition analysis based on the Asian
Development Bank’s Multiregional Input–Output database combined with
harmonized cross-economy occupation by industry data indicates that, other
things being equal, technological change within GVCs and task relocation
relate to a decline of routine manual, relative to nonroutine cognitive,
occupations in manufacturing. We ﬁnd no evidence of major shifts in labor
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demand due to reshoring. Domestic consumption expenditure of goods and
services is associated with an increase in labor demand that is large enough to
offset efﬁciency changes in GVCs.
Keywords: developing Asia, employment, global value chains, task relocation,
technology
JEL codes: D57, F63, J21, O14

I.

Introduction

Over the past 3 decades, developing Asia experienced rapid growth and several
Asian economies underwent major structural transformation. Participation in global
value chains (GVCs) was an important part of this success story (Baldwin 2018).
Asia’s GVC participation, approximated by the share of value-added to gross exports
that is used for further processing in cross-border production networks, was already
high at 66.9% in 2000 and rose to 68.1% in 2018 despite the economic shocks that
affected the region during that time (Asian Development Bank [ADB] 2019).
At the micro-level, GVC participation has increased the productivity of
participating ﬁrms and provided opportunities for the creation of better paid jobs
(World Bank 2017); at the macro-level, it is associated with enhanced economic
growth and higher income per capita (United Nations Economic and Social
Commission for Asia and the Paciﬁc [UNESCAP] 2015). However, Asian economies
at different stages of development have engaged with GVCs in different ways
(UNESCAP 2015). On one end of the spectrum are the higher-income economies that
tend to specialize in the knowledge-intensive tasks on the value chain. On the other
end are the lower-income economies whose ﬁrms tend to specialize in tasks that rely
on low-wage labor (Timmer, Miroudot, and de Vries 2019).
While the academic and policy debates have often focused on how to foster
developing economies’ participation into GVCs and help them move up the value
chain (Organisation for Economic Co-operation and Development [OECD] 2007,
Cattaneo et al. 2013), a new challenge is on the horizon. As the Fourth Industrial
Revolution (4IR) technologies such as digital manufacturing become more sophisticated
and more effective, there is a risk that their adoption may result in job losses in
developing Asia (ADB 2018). There are substantially two mechanisms through which
this could happen. First, if machines replace workers at one or more of the production
tasks in a GVC, this would lower the number of jobs needed in the GVC to meet the
given demand. Second, the growing use of 4IR technologies may erode the labor cost
advantage of emerging economies by making labor costs a smaller share of total costs
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(United Nations Conference on Trade and Development 2016), thus encouraging
reshoring production to advanced economies (De Backer et al. 2016).
Furthermore, to the extent that the technologies of 4IR are skill-biased, their
adoption may shift the skill demand, thus widening inequality (Acemoglu 2002). This
poses a problem for developing economies competing in low-to-medium-skill tasks, as
using advanced technologies could create a shortage of high-skilled workers and a
surplus of medium- and low-skilled workers.
Understanding how 4IR technologies will affect employment along the value
chain in developing Asia is as important as it is challenging. The ﬁrst challenge relates
to investigating a process that is only starting: a forecasting exercise requires heavy
assumptions, and the results are quite sensitive to those assumptions. An additional
challenge is that data on investment in new technologies in Asian economies are not as
readily available. Finally, the location of a production task and technology adoption
are not independent decisions, and their effect on the broader economy depends on the
degree of exposure to a speciﬁc GVC.
In this paper, we aim to uncover the impacts of technological advances on jobs in
developing Asia during the past decade. Our approach is to apply the structural
decomposition analysis (SDA) framework developed in Reijnders and de Vries (2018)
to the ADB Multiregional Input–Output (MRIO) tables to examine the relationship
between technology and jobs along the value chains in 16 economies in developing
Asia, covering 35 sectors, from 2008 to 2018. The 16 economies accounted for about
94.5% of employment in developing Asia in 2018. The analytical framework in
Reijnders and de Vries (2018) has two important advantages: (i) it allows for
macroeconomic analysis of GVCs; and (ii) it adheres to the national account series of
gross output, value added, and employment.
The decomposition of change in an economy’s number of jobs from 2008 to 2018
occurs on two levels (Figure 1). At the ﬁrst level, the change in employment is
decomposed into changes within a GVC (changes in employment within the production
structure or GVC of a speciﬁc ﬁnal product), changes between GVCs (the relative
economic importance of GVCs), or changes from the shifts in consumer demand. Here,
“consumption levels” refer to changes in employment associated with changes in the
global demand for goods and services. In practice, higher consumption levels will
increase the demand for goods and services, which in turn will increase employment.
At the second level, the SDA decomposes the within-GVC channel into:
(i) technology within the GVC, or changes in employment associated with the changes
in efﬁciency within a speciﬁc GVC; (ii) task relocation, or changes in employment as
the location changes for one production task or more; and (iii) economy-level
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Figure 1.

Decomposing Changes in Labor Demand

GVC ¼ Global value chain.
Source: Authors’ illustration.

efﬁciency, or changes in employment from efﬁciency changes in the economy.
Consumption levels are further decomposed into “own economy,” or demand for
goods and services originating within a speciﬁc economy, and “rest of the world,” or
demand from abroad for goods and services. The purpose is to see what fraction of
employment depends on domestic demand and what fraction on foreign demand.
To preview our results, we have three key ﬁndings. First, many Asian developing
economies beneﬁted from the relocation of GVC tasks to their economies, but the
effects of technological change account for a larger change in labor demand compared
to task relocation. Second, both technological change within GVCs and task relocation
tend to drive down routine manual occupations relative to nonroutine cognitive jobs in
manufacturing, an observation that is not found in services. Third, we document that
rising demand for goods and services ﬁnalized and consumed in the 16 Asian
developing economies covered in the analysis induced a 9% increase in jobs within the
region, which is suggestive of a rebalancing away from a manufacturing- and
export-led growth model to a services- and consumption-led model. These patterns are
observed in most economies.
It is helpful to place our paper in a broader context. There are several closely
related empirical studies that juxtapose the role of technology and trade in explaining
job polarization. For example, Autor, Dorn, and Hanson (2016) exploit the initial
differences in exposure to competition with the People’s Republic of China (PRC)
across local labor markets in the United States (US) to explain subsequent changes in
the employment structure. They ﬁnd that import competition and technological change
reduce the demand for routine production and clerical occupations relative to those
that are intensive in abstract tasks (e.g., professionals and managers) and manual tasks
(e.g., personal services). Other related studies include Goos, Manning, and Salomons
(2014) and Reijnders, Timmer, and Ye (2021). But these studies focus on both
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advanced economies and several emerging economies. In contrast, this paper examines
the drivers of labor demand in developing Asian economies.
The empirical concept of a GVC employed in this paper is based on Timmer
et al. (2014) and consists of all activities that are directly or indirectly needed to
produce a product that is used for ﬁnal consumption. An example of a GVC is the
production of garments whereby the ﬁnal assembly stage takes place in Bangladesh,
but with many of the inputs sourced from other economies (this example will be used
throughout this paper). Developing economies in Asia are at different levels of
development and differ in terms of their integration into GVCs. Moreover, it is likely
that the impact of new technologies on labor demand differs between advanced and
developing economies due to lower wages in developing Asia and hence less incentive
to substitute automation for labor input. This makes it interesting to study the relation
between technology, trade, and rising consumer expenditures in driving labor demand
in Asian economies. Indeed, our ﬁndings suggest trends that appear speciﬁc to some
economies, which calls for further investigation using economy-level case studies.
The rest of this paper is structured as follows. Section II provides an overview of
the existing empirical literature, Section III presents the methodology, Section IV
describes the data, and Section V discusses our ﬁndings. Finally, Section VI concludes
with a discussion of the implications of our results, as well as potential avenues for
future research.

II.

Evidence from the Literature

The impact of technology on employment has been studied since the early 19th
century, when the ﬁrst generation of workers had the experience of being suddenly
displaced by automation. The displacement often disproportionally affected workers
on the lower end of the skill distribution, as machines could undertake mostly simple,
repetitive tasks. But the technologies of 4IR are characterized by the convergence of a
wide range of breakthroughs in the digital, physical, and biological spheres that are
increasingly encroaching on high-skill occupations.
In this section, we discuss several approaches to studying the relationship
between technology and jobs. One approach investigates how feasible it is to automate
existing jobs given the current and presumed technological advances. Frey and
Osborne (2017) conducted a feasibility study, and their ﬁndings made a big impact.1
1Several studies adapt (or build on) their methodology. See, for example, Chang and Huynh (2016),
Citi and Oxford Martin School (2016), and Manyika et al. (2017).
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They predicted that 47% of the total US-based employment is at a high risk of
automation, with ofﬁce and administrative support, sales, and other mostly middle-skilled
services occupations taking the biggest hit. Their “occupation-based approach” links the
O*NET database, which contains survey-based information on the task content of each
occupation, with 2010 employment and wage data from the US Bureau of Labor
Statistics, creating a dataset that distinguishes 702 occupations. With a group of
researchers feeding a machine-learning algorithm, they label 70 occupations as
automatable or not, and then they use a Gaussian process classiﬁer to predict
the probability of automation for the remaining 632, based on the features of the
70 occupations. They then distinguish between high (greater than 0.7), medium (between
0.3 and 0.7), and low (less than 0.3) risks of automation. Using the methodology from
Frey and Osborne (2017), Chang and Huynh (2016) study the impact of technologies on
employment in Cambodia, Indonesia, the Philippines, Thailand, and Viet Nam. They
conclude that up to 56% of all employment in these economies is at a risk of displacement
due to technology over the next decades.
This occupation-based approach has several shortcomings. First, automation
does not target entire occupations, but speciﬁc tasks within an occupation. Second, the
automation of one or more tasks in an occupation may be technically but not
economically feasible. Third, even if it is both technically and economically feasible to
automate one or more tasks, workers can adapt to the new division of labor by
switching tasks. Furthermore, 4IR technologies, as with past technologies, could be
complementary to workers, enabling them to increase productivity, leading to higher
wages within sectors and productivity spillovers to other industries. This can support
general economic and employment growth. Finally, by using Frey and Osborne’s
(2017) data on the probability of automation in the US, Chang and Huynh (2016)
assume that the task content for each occupation is similar across economies. These
shortcomings suggest the occupation-based approach of Frey and Osborne may
overestimate the risk of automation for the entire occupations.
Arntz, Gregory, and Zierahn (2016) take a “task-based approach” to estimate the
susceptibility of employment to automation for 21 OECD countries. They use
individual survey data from the Programme for the International Assessment of Adult
Competencies, which provides a list of tasks people actually perform at their
workplace. They ﬁnd that only 9% of jobs in the US are at high risk of automation,
compared with the 47% estimated by Frey and Osborne (2017). This task-based
approach has some of the same faults as the occupation-based approach: it is still
based on technical feasibility rather than the actual adoption of new technologies, and
it does not consider whether workers adapt to the new division of labor. Furthermore,
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it only analyzes existing occupations whereas new technologies create new jobs
(Stewart, De, and Cole 2015). Nonetheless, task-based approaches show that the
technical automation of jobs may be lower than feared under the occupation-based
approaches—and lower still since these estimates do not consider economic feasibility
and potential productivity gains.
An additional reason why the impact of 4IR technologies in developing Asia
may not be as severe is that the region continues to undergo structural
transformation—a movement of employment from mostly low-productivity,
low-paying jobs in agriculture to higher-productivity, better-paying jobs in industry
and services that expands the middle class and stimulates ﬁnal demand. Developing
Asia has created 30 million nonagricultural jobs annually over the past 25 years (ADB
2018), partly due to structural transformation as well as technology-driven
improvements in productivity.
Another line of research estimates the effect of the increased use of a speciﬁc
technology on employment, wages, and the broader economy. Such studies focus
mostly on advanced economies because they require a wealth of data that is generally
unavailable for developing economies. While some insightful studies focus on the
impact of information and communication technologies on employment (see, for
example, Autor, Levy, and Murnane 2003; Michaels, Natraj, and Van Reenen 2014;
Chun and Tang 2018), industrial robots are the technology that perhaps best embodies
the 4IR because of their capacity for autonomous movement and ability to perform an
expanding set of tasks.
Acemoglu and Restrepo (2017) estimate the effect of the increase in industrial
robot usage between 1990 and 2007 on employment and wages in the local US labor
markets, which they proxy by commuting zones. They regress the change in
employment and wages on the exposure to robots—deﬁned as the sum over industries
of the national penetration of robots into each industry times the baseline employment
share of that industry in the labor market—and ﬁnd large and robust negative effects of
robots on employment and wages across commuting zones. When they incorporate
trade between commuting zones, allowing the productivity gains from robot usage to
spill over to other community zones, they ﬁnd smaller negative employment effects
and considerably smaller negative wage effects from robots.
Graetz and Michaels (2018) use an instrumental variables approach to estimate
the effect of robot adoption within industries in 17 OECD countries from 1993 to
2007. They ﬁnd that increased robot use contributed approximately 0.36 percentage
points to the annual labor productivity growth, while at the same time raising the total
factor productivity (TFP) and lowering the output prices. Interestingly, their estimates
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suggest that robots did not signiﬁcantly reduce total employment, although they did
reduce the employment share of low-skilled workers. Relatedly, de Vries et al. (2020)
ﬁnd that robot adoption lowered demand for the routine task-intensive jobs.
Finally, Reijnders and de Vries (2018) use the World Input–Output database to
perform a structural decomposition analysis of the changes in the employment share of
nonroutine jobs due to technological change and task relocation for a group of 40
advanced and emerging economies between 1999 and 2007. They ﬁnd that
technological change increased the number of nonroutine relative to routine jobs in
all economies, and task relocation, albeit less strong, works in the same direction for
advanced economies, but in the opposite direction for emerging economies.
In sum, the existing literature ﬁnds that technology affects both the level and
composition of employment: increased use of technology tends to decrease overall
employment, but the occupations traditionally considered low- and middle-skilled
are more affected. However, these studies lean toward advanced economies. Therefore,
we contribute to the literature by adopting the methodology in Reijnders and
de Vries (2018) to investigate the relationship between technology and jobs in
developing Asia.

III. Methodology
In the framework adopted here, the use of labor inputs is driven by demand. The
production process of GVCs is modeled as consisting of different tasks. This aligns
with the “task approach to labor markets,” as described in Autor (2013), which enables
an analysis of the interactions among technological capabilities, trade, and offshoring
opportunities, as well as quantiﬁcation of the effects of these forces on labor demand.
Methodologically, we closely follow Los, Timmer, and de Vries (2014) and de Vries
et al. (2019). Reijnders and de Vries (2018) introduce a methodological innovation by
linking the task approach to the Leontief input–output framework extended to a multieconomy setting, which makes it possible to decompose changes in occupational labor
demand into its several components.
In this framework, task outputs are produced using production factors (capital
and labor), which are sourced either domestically or from foreign suppliers. As in
Goos, Manning, and Salomons (2014), it is assumed that there is a one-to-one
mapping between occupations and tasks, so that each task requires labor of a certain
occupation, and each occupation only performs that speciﬁc task. It also assumes that
tasks along a GVC are perfect complements (i.e., a ﬁxed amount of each task, or
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Structure of a Multiregional Input–Output Table

Source: Authors’ compilation.

occupational input, is required in the production of a ﬁnal product).2 Task outputs can
either be sold to ﬁnal consumers or be used as an input to production (at home or
abroad).
We start by assuming that there are G economies and N industries within each
economy. We deﬁne a GVC as an economy–industry pair that delivers a product for
ﬁnal use.3 The basic structure of the ADB MRIO database (augmented with
employment per economy–industry) for a given year is shown in Figure 2.
For the ease of exposition, we formally deﬁne source and destination economies
and source and destination industries. In particular, we let i be the index for the source
industry, j the destination industry, r the source economy, and s the destination
economy. The GN  GN matrix
2 11 . . .
3
Z 1G
Z
6 .
..
.. 7
7
Z ¼ [Z rs ] ¼ 6
4 ..
.
. 5
Z G1 . . . Z GG
records the ﬂows of outputs for intermediate use between the industries worldwide.
Z rs is an N  N block matrix whose typical element z rs
ij gives the dollar value of
output from industry i in economy r used as intermediate inputs to the production in

2Modeling task inputs as perfect complements in production implies that the task production
functions in the empirical analysis take a Leontief (ﬁxed proportions) functional form (Miller and Blair
2009).
3We use the term economy–industry to mean an industry in a particular economy, such as the
Bangladesh textiles industry or the Japanese electronics industry.
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industry j of economy s. The GN  GP matrix
2 11 . . .
3
F
F 1G
6 .
..
.. 7
7
F ¼ [F rs ] ¼ 6
4 ..
.
. 5
F G1 . . . F GG
of ﬁnal demand contains, for each economy–industry, the output for ﬁnal use in every
economy.4 F rs is a GN  P vector whose typical element f iprs gives the dollar value of
output from industry i in economy r used to satisfy the ﬁnal demand (in category p) in
economy s. Gross output and value added per economy–industry pair are the N  1
vectors
2
3
2 13
y1
w
6
7
6
6
7
.. 7
7
y ¼ 6 ... 7 and w ¼ 6
4
. 5
4
5
yG
wG
for each economy, respectively. Each element of y r (w r ) describes the gross output
(value added) of each industry in economy r.
Market-clearing conditions imply that total output of a particular economy–
industry must tally with its total (i.e., intermediate and ﬁnal) use domestically and
globally. Therefore, the fundamental relationship between the matrices Z, F and y is
given by the following equation:
y ¼ Z1GN,1 þ F1GP,1 ,

ð1Þ

where 1α,1 is a vector of 1s with length α. Put simply, the gross output vector y can be
obtained from adding the row-sums of the matrices Z and F.
We use this data to construct two new matrices. The ﬁrst one is A ¼ Zy^ 1 , the
GN  GN matrix of intermediate-use coefﬁcients.5 A typical element of A, a rs
ij , refers
to the dollar value of the intermediate inputs of industry i in economy r per dollar of
output of industry j in economy s. Second, we add up across ﬁnal demand categories
and economies to derive the GN  1 vector f  F1GP,1. Using these two new
matrices, we rewrite equation (1) as follows:
y ¼ Ay þ f :

ð2Þ

4Here, we represent the ﬁnal demand as consisting of P categories, which can include ﬁnal
expenditure for consumption, government, and investment, as well as inventories.
5A hat (e.g., y
^ ) indicates a diagonal matrix, with the elements of the vector y on the diagonal.
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Solving for y, we obtain the fundamental identity by Leontief (1936):
y ¼ Bf ,

ð3Þ

where B ¼ (IGN  A) 1 is the so-called global Leontief inverse. Here, IGN stands for
the GN  GN identity matrix. A given column of B contains the dollar value of output
of all industries and all economies required to produce one dollar of ﬁnal output for the
corresponding economy–industry pair.
Moving from output to occupational employment requires that we model the
production process more explicitly. We can deﬁne l rki as the quantity of employment in
occupation k per unit of output in industry i of economy r: l rki ¼ x rki =y ri and then create
the GN-column vector lk. We deﬁne another vector xk which contains, for each
economy–industry pair, the demand for labor in occupation k in all stages of
production of ﬁnal products by the GVCs worldwide:
xk ¼ ^l k Bf ,

ð4Þ

where ^l k is a diagonal matrix containing labor requirements of occupation k per unit of
gross output in each of the GN GVCs. A typical element of xk , x rki , represents all labor
of occupation k from industry i in economy r required to satisfy the worldwide ﬁnal
demand for goods and services. For instance, an element of xk is all routine manual
labor in the Bangladesh textiles industry required to satisfy the worldwide ﬁnal
demand. Since routine manual labor in the Bangladesh textiles industry may be
contributing to the production of ﬁnal goods and services in other economy–industries
(not just Bangladesh textiles alone), all direct and indirect jobs demanded from it are
captured in xk .
To analyze the relative impacts of trade, technology, and consumption levels on
occupational labor demand, we further decompose equation (4). In particular, we
specify three determinants of intertemporal changes in xk that affect the product ^l k B
and three determinants that affect f . The former set of determinants relate to changes
within GVCs, while the latter are associated with changes in the relative weights of
GVCs (Figure 1). We can express the employment in occupation k as follows6:
*
^ 1 Rk^l k [T * ○(S *  c^)]u:
xk ¼ ¼

ð5Þ

In this equation, c is a G-vector. Its typical element, c s , contains the total ﬁnal demand
exerted by the economy s (the destination economy). By construction, changes in c

6The operator, ○ , is called the Hadamard product in matrix literature. It signiﬁes element-by-element
matrix multiplication. If A ¼ [aij ] and B ¼ [bij ] are matrices of the same size, A○B ¼ [aij bij ] for all
i and j.
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would reﬂect changes in the demand for goods and services consumed in economy s.
S * is a GN  G matrix constructed by stacking G identical N  G matrices of ﬁnal
demand shares of each of the N industries. The rows of the N  G matrices that
together form S * are obtained by aggregating over ﬁnal goods supplied by each of the
trade partners. This matrix describes the relative distribution of ﬁnal demand use
across the GVCs worldwide. Thus, changes in this matrix would capture changes in
the composition of consumption across GVCs. T * is a GN  G matrix of ﬁnal product
trade coefﬁcients. Its typical element t irs represents the share of economy r in ﬁnal
demand for the products of industry i in economy s. Changes in this matrix would
reﬂect changes in the relative share of GVCs in the production of ﬁnal products. u is a
G-element summation vector consisting of 1s.
If the production of ﬁnal products is a fragmented process organized in (global)
0
value chains, the GN vector l w0
k  l k B gives a more appropriate measure of the
techniques used to produce the ﬁnal products.7 l wk gives the worldwide inputs of
occupation k used to produce one unit of output from each of the GN GVCs,
irrespective of the location of the activities required. Furthermore, we assume that
Hicks-neutral, economy-level differences in the efﬁciency with which production
factors are employed exist so that economies differ in their manner of transforming
inputs to outputs. These Hicks-neutral, economy-level differences are captured in the
GN productivity vector ¼, of which a typical element  s corresponds to the TFP level
of economy s. To construct ¼, we construct a measure of TFP for each economy and
each year using the Penn World Tables (see Section IV). Introducing this efﬁciency
correction term allows us to express the demand by a certain GVC for labor of
0
occupation k in efﬁciency units, l *0
k  (¼ ○lk ) B. This more accurately describes the
relative use of task inputs along the GVCs.
Since an input–output table represents GN industries in which labor is employed
and GN global value chains to which this labor contributes, we can compute a
*1
^^l k Bg^l k , with shares of each of the GN industries to
GN  GN-matrix, Rk ¼ f¼
total employment in occupation k per unit of the ﬁnal demand produced. Rows
correspond to industries of employment, while columns correspond to the GVCs to
which the labor of type k contributes. Changes in the matrix reﬂect relative changes in
the use of intermediate inputs by the GVCs.
By adding a time element in our framework, we are able to examine the
determinants of occupational labor demand between two points in time. In particular,

7A prime ( 0 ) indicates matrix transposition. For example, if A ¼ [a ] is a matrix, then A 0 ¼ [a ] for
ij
ji
all i and j. That is, the elements of the rows of A 0 correspond to the elements of the columns of A.
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we let xk1 and xk0 denote employments in occupation k at time 1 and time 0,
respectively. Then, the difference between occupational labor demands at two points in
time (xk1  xk0 ) can be written as follows:
*
*
*
* ^ )]u
^*
^*
^1 )]u  ¼
^ 1
^ 1
xk1  xk0 ¼ ¼
1 Rk1 l k1 [T 1 ○(S 1  c
0 Rk0 l k0 [T 0 ○(S 0  c
0
1
1
1
*
*
1
^*
^ 0 iRk1^l *k1 [T 1 ○(S 1  c^1 )]u þ h¼
^1  ¼
^ 1
^1  ¼
¼ fh¼
0 iRk0 l k0
2
 [T *0 ○(S *0  c^0 )]ug
1
*
*
^*
^*
^1 )]u þ ¼
^ 1
^ 1
þ f¼
0 hRk1  Rk0 il k1 [T 1 ○(S 1  c
1 hRk1  Rk0 il k0
2
 [T *0 (S *0  c^0 )]ug
1
*
*
^* ^ *
^* ^*
^1 )]u þ ¼
^ 1
^ 1
þ f¼
0 Rk0 hl k1  l k0 i[T 1 ○(S 1  c
1 Rk1 hl k1  l k0 i
2
 [T *0 ○(S *0  c^0 )]ug
1
*
*
*
^*
^*
^1 )]u þ ¼
^ 1
^ 1
þ f¼
0 Rk0 l k0 [hT 1  T 0 i○(S 1  c
1 Rk1 l k1
2
 [hT *1  T *0 i○(S *0  c^0 )]ug
1
*
*
*
^*
^*
^1 )]u þ ¼
^ 1
^ 1
þ f¼
0 Rk0 l k0 [T 0 ○(hS 1  S 0 i  c
1 Rk1 l k1
2
 [T *1 ○(hS *1  S *0 i  c^0 )]ug
1
*
*
^*
^*
^ 1
^ 1
þ f¼
c 1  c^0 i)]u þ ¼
0 Rk0 l k0 [T 0 ○(S 0  h^
1 Rk1 l k1
2
 [T *1 ○(S *1  h^
c 1  c^0 i)]ug:

(6a)

(6b)

(6c)

(6d)

(6e)

ð6f Þ

To reiterate, we identiﬁed six determinants of changes between the initial period 0 and
ﬁnal period 1 in the domestic demand for occupations k, related to changes within
GVCs and the relative weights of these chains. We isolate the partial effects of these
determinants, assuming that the other ﬁve partial effects were zero. The quantiﬁcation
thus assumes that determinants are independent, an issue to which we return in the
empirical analysis below. It is also relevant to note that structural decompositions are
not unique as they change with the weights applied to the expressions.8 For that
reason, we also compute its polar form (obtained by switching the initial and ﬁnal year
weights) and then take the average of the two. Dietzenbacher and Los (1998) argue
this approach yields a close approximation to the average of the full set of possible
decompositions.

8Dietzenbacher and Los (1998) show that if the number of components or determinants of a
decomposition is n, then there are n! equivalent ways of writing the decomposition.
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Equation (6a) represents the changes in domestic demand for labor of occupation
k that can be attributed to productivity catch-up to the US (changes in efﬁciency or
TFP). Equation (6b) gives the employment in occupation k in the focal
economy–industry in the ﬁnal year if only the intermediate demand shares of GVCs
as captured by economies would have changed (changes in location-of-intermediate
stages). In a similar vein, equation (6c) shows what would have happened if
technological change within global supply chains would have been the only source of
change (changes in GVC technology). Equation (6d) indicates what would have
happened in the counterfactual case in which ﬁnal demand shares of GVCs would
have changed, but everything else would have remained stable (changes in location-ofcompletion). Equation (6e) isolates the effects of changes in consumption patterns
(changes in consumption composition), while equation (6f ) focuses on the effects of
differential rates of consumption growth in the G economies considered (changes in
consumption levels). The changes regarding the composition and levels of
consumption also include the effects of changing patterns and levels of investment
demand. In our results, equation (6a) corresponds to “economy-level efﬁciency”;
equation (6c) to “technology within GVC”; the sum of (6b) and (6d) to “task
relocation”; equation (6e) to “consumption composition,” which is the between GVC
component in Figure 1; and equation (6f ) to “consumption levels.” Equation (6f ) is
further decomposed into “own economy” and “rest of the world.”

IV.

Data

The ADB MRIO database comprises input–output tables for the years 2000 and
2007–2020 for G ¼ 63 economies—including an “economy” that captures the “rest of
the world”—and N ¼ 35 industries (see Tables A1 and A2 in Appendix for the lists of
economies and industries, respectively).9 Among the economies covered in the ADB
MRIO database are 16 economies in developing Asia: Bangladesh; Cambodia; Fiji;
India; Indonesia; the Kyrgyz Republic; Mongolia; Nepal; Pakistan; the Philippines; the
PRC; the Republic of Korea; Sri Lanka; Taipei,China; Thailand; and Viet Nam. These
economies are considered the developing members of ADB, although clearly there are
substantial differences in the levels of economic development among them. We used
input–output tables for the years 2008 and 2018, deﬂated to 2010 prices to ensure that

9The

ADB MRIO database can be accessed at https://mrio.adbx.online/.
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the relative magnitude of each component in our SDA is driven by changes in
employment and output volumes, and not output prices.10
The second dataset provides occupational employment by economy–industry
year. For Bangladesh, Fiji, India, Indonesia, Mongolia, Nepal, Pakistan, the Philippines,
the Republic of Korea, Sri Lanka, Thailand, Viet Nam and Taipei,China, we used labor
force surveys (LFSs), while the National Population Censuses of 2000 and 2010
provided occupational employment by industry data for the PRC. Moreover, the study
beneﬁted from occupational employment data sourced from the household surveys of
Cambodia and the Kyrgyz Republic. These economies were selected based on the data
available to us.
For each of the 35 industries in the 16 developing Asian economies, we
developed time series information on occupations for the period from 2008 to 2018.
Table 1 provides an overview of the sources and survey years. Constructing this
dataset entails processing the surveys at the level of individual workers. Sampling
weights were used to have a representative measure of occupational employment by
56 two-digit occupations in each of the 35 sectors. Throughout the analysis, we used
persons employed as the measure of employment and not hours worked, because such
data are not available for all economies in the dataset.
Because industry classiﬁcations vary from economy to economy, we ﬁrst
mapped the national industry classiﬁcations to the 35 International Standard Industrial
Classiﬁcation revision 3.1 industries. The sectors distinguished are agriculture,
mining, construction, utilities, 14 manufacturing industries, telecom, ﬁnance, business
services, personal services, eight trade and transport services industries, and three
public services industries. Sectors are chosen such that the harmonized employment
data can be merged with the ADB MRIO database and an SDA of the changes in
occupational labor demand by economy–industry can be performed.
The two-digit occupations follow the 2008 International Standard Classiﬁcation of
Occupations (ISCO-08). However, there is substantial variation in the national
occupational classiﬁcations across economies, which again poses the problem of

10The constant price series are constructed using the double deﬂation method, where gross value
added is derived by deducting the intermediate consumption in volume terms from the total output in
volume terms. Current values of gross industry outputs were all deﬂated using an appropriate price index
(Paasche-type), which were all re-referenced to 2010 base prices (2010 ¼ 100). For ﬁnal demand, the
aggregate deﬂators were implicitly derived (i.e., sum of ﬁnal consumptions by industry in volume terms).
Deﬂation of international input–output tables is not straightforward, as it requires proper deﬂation of all
cells in the matrix of intermediate input ﬂows between economy–industries and the matrix of ﬁnal demand
ﬂows. Future releases of the ADB MRIO database may include tables in previous years’ prices, taking
advantage of recent methodological advances (see, for example, Rémond-Tiedrez and Rueda-Cantuche
2019, Timmer et al. 2021).
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Table 1.

Sources of Occupational Data for the 16 Developing Asian Economies

Economy

Survey Name

Years

Labor Force Survey (LFS)
Cambodia Socio-Economic
Survey (CSES)
Employment and
Unemployment Survey
(EUS)
National Sample Survey–
Employment and
Unemployment Survey
(NSS–EUS)
National Labor Force Survey
(SAKERNAS)
Korea Labor and Income Panel
Study (KLIPS)
Kyrgyzstan Integrated
Household Survey (KIHS)
LFS

2006, 2010, 2013, 2016
2003/2004, 2007, 2008, 2009, 2010, 2011,
2012, 2013, 2014, 2015, 2016, 2017
2004, 2005, 2010, 2011, 2015, 2016

1
2

Bangladesh
Cambodia

3

Fiji

4

India

5

Indonesia

6
7

Republic of
Korea
Kyrgyz Republic

8

Mongolia

9

Nepal

10

Pakistan

Nepal Labor Force Survey
(NLFS)
LFS

11

Philippines

LFS

12
13

PRC
Sri Lanka

Population Census
LFS

14

Taipei,China

Manpower Utilization Survey
(MUS)

15

Thailand

LFS

16

Viet Nam

LFS

1999/2000, 2004/2005, 2011/2012

2000, 2003, 2005, 2008, 2010, 2011,
2012, 2013, 2014, 2015, 2016, 2017
1999–2017
2012, 2013, 2014, 2015, 2016, 2017, 2018
2002, 2003, 2006, 2007, 2008, 2009,
2010, 2011, 2012, 2013, 2014, 2015,
2016, 2017, 2018
1999, 2008, 2017/2018
2001/2002, 2003/2004, 2005/2006, 2006/
2007, 2008/2009, 2009/2010, 2010/
2011, 2012/2013, 2013/2014, 2014/
2015, 2017/2018
Quarterly releases for 2001, 2002, 2003,
2004, 2005, 2006, 2007, 2008, 2010,
2011, 2012, 2013, 2014, 2015, 2017
2000, 2010, 2015
2002, 2003, 2004, 2005, 2006, 2007,
2009, 2010, 2011, 2012, 2013, 2014,
2015, 2016, 2017
2000, 2001, 2002, 2003, 2004, 2005,
2006, 2007, 2008, 2009, 2010, 2011,
2012, 2013, 2014, 2015, 2016, 2017,
2018
2000, 2005, 2010, 2011, 2012, 2013,
2014, 2015, 2016, 2017, 2018
2007, 2009, 2010, 2012, 2013, 2014, 2016

PRC = People’s Republic of China.
Notes: We drop the LFS in Indonesia before 2003 because of anomalies in the data. For the People’s
Republic of China, the year 2015 had an interim population census that is based on a more limited sample
compared to a full census. Sources in years before the initial year of the analysis (i.e., before 2008) were
included to improve upon trends in occupational groupings by economy–industry.
Source: Authors’ compilation.
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harmonization. The International Labour Organization (ILO) developed the ISCO,
which provides an excellent basis for international reporting, comparison, and exchange
of data about occupations. Some of our micro-datasets classiﬁed occupations using the
older ISCO-88 version, in which case we converted them into the latest version,
ISCO-08, using the correspondence tables provided by the ILO. Other economies,
however, have national occupational classiﬁcations with structures that are quite
different from ISCO. Where possible, we have used crosswalks from national
classiﬁcations to ISCO-08 as provided by statistical ofﬁces to guide our mapping.
Hence, for each year for which a labor force survey is available, we aimed at constructing
an employment matrix that has the dimensions of 35 sectors x 56 occupations.11
For most economies, we have either a time series or data for a year close to the
initial and ﬁnal year of the analysis. Sources in years before the initial year of the
analysis (i.e., before 2008) were included to improve upon trends in occupational
employment by economy–industry. If we do not have information for a given year, we
use interpolation or extrapolation while making sure that the employment shares
always sum to one. These shares are subsequently multiplied with the number of
persons employed per year by the economy–industry. This approach closely follows
Reijnders and de Vries (2018).
The constructed occupational employment matrices are new and not readily
available from public sources. Yet, more aggregate information on employment by
broad sectors or employment by broad occupations is available from the ILO labor
statistics database (ILO 2020). Data available at the ILO database were used to crosscheck the accuracy at which our dataset has been constructed.
The new occupation dataset for developing Asian economies is based on an indepth investigation of sources and methods on an economy-by-economy basis,
described in greater detail in Gentile and de Vries (2021). Yet, the dataset is not
without concerns. In particular, the accuracy is subject to data limitations in several
Asian economies. Measurement error will be larger for those economies with more
limited statistical capacity, especially if the statistical ofﬁces have a small budget and a
limited experience in administering labor force surveys to cover an adequate and
nationally representative portion of the workforce.12

11The number of two-digit occupations is less than 56 if an occupation is not observed in a
particular sector, which does not pose a problem for the empirical analysis as occupations are aggregated
(discussed below).
12See the World Bank’s (2020) documentation of statistical capacity of economies at https://
datatopics.worldbank.org/statisticalcapacity/SCIdashboard.aspx.
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The next step is to investigate how demand for speciﬁc types of jobs changes in
response to technological advances along the value chain. We adopt the taxonomy
developed in Autor, Levy, and Murnane (2003), which classiﬁes occupations as
routine manual, routine cognitive, nonroutine manual, and nonroutine cognitive.
Based on these restrictions, we select the occupation groups that allow us to have
as much detail as possible while minimizing the amount of classiﬁcation errors. The
occupation groups are reported with the corresponding two-digit ISCO-08 codes in
Table 2 and classiﬁed as either routine or nonroutine, and either manual or cognitive.
We multiply the occupation–industry year shares with the corresponding number of
persons employed to obtain the employment levels.
As discussed in the previous section, we implement an efﬁciency correction
using the economy–year TFP measures at constant national prices sourced from the
Penn World Tables release 9.1 (Feenstra, Inklaar, and Timmer 2015). We normalize
them by imposing the condition that TFP in the US in 2010 (corresponding to the base
year of the constant-price ADB MRIO database) is equal to unity, so that
economy-level efﬁciency is pegged to a numeraire economy at a ﬁxed point in time.
The taxonomy developed by Autor, Levy, and Murnane (2003) to classify
occupations as routine manual, routine cognitive, nonroutine manual, and nonroutine
cognitive is not applicable to agricultural employment, since it is difﬁcult to
distinguish routine and nonroutine occupations in agriculture. As in Autor, Levy, and

Table 2.

Classiﬁcation of Occupations

Routine
Manual

Cognitive

Craft and related trade workers [71–75]
Plant and machine operators and
assemblers [81–83]
Elementary occupations [91–96] a
Clerical support workers [41–44]

Nonroutine
Services and sales workers [51–54]

Managers [11–14]
Professionals [21–26]
Technicians and associate professionals
[31–35]

a Elementary occupations involve the performance of simple and routine tasks which may require the
use of hand-held tools and considerable physical effort.
Notes: The numbers in brackets refer to ISCO-08 codes, excluding Agriculture [61–63] and Armed
forces [01–03]. The grouping of occupations in four categories (routine manual, routine cognitive,
nonroutine manual, and nonroutine cognitive) is based on Autor, David, Frank Levy, and Richard
Murnane. 2003. “The Skill Content of Recent Technological Change: An Empirical Exploration.”
The Quarterly Journal of Economics 118 (4): 1279–333, as described in Reijnders, Laurie S. M., and
Gaaitzen J. de Vries. 2018. “Trade, Technology and the Rise of Non-Routine Jobs.” Journal of
Development Economics 135: 412–32.
Source: Authors’ compilation.
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Murnane (2003) and subsequent works, agricultural occupations are not considered in
the analysis of changes in occupational labor demand. In advanced economies, this is
innocuous as agricultural occupations typically constitute a small fraction of the
workforce [e.g., it is less than 4% in the US as per Autor (2015)]. But in developing
Asian economies, this is a substantial part of total employment (see the ﬁnal column in
Table A3 in Appendix for point estimates in the initial and ﬁnal years).

V.

Results

We perform structural decompositions at different levels of aggregation. First, we
look at the relative impacts of technology, task relocation, and consumption levels on
changes in total employment by economy and sector. Next, we split employment into
the four occupational categories by sector. Finally, we look at the demand effects from
domestic and foreign consumption expenditures.
Results for employment levels in subsections A and C pertain to all workers,
including those with agricultural occupations. Subsection B examines the changes in
routine and nonroutine employment associated with the changes in consumption,
trade, and technology that pertain to nonagricultural occupations.
A.

Aggregate Employment Effects of Technology, Trade, and Consumption

The SDA for total sectoral employment by economy is displayed in Table 3.
Although we perform the SDA for all 63 MRIO economies, we focus on analyzing the
results for the 16 developing Asian economies. Results for the other, mainly advanced,
economies have been described in Reijnders and de Vries (2018). Columns (1)–(3)
show the employment levels in 2008, 2018, and the percentage change in employment
between 2008 and 2018, respectively. Columns (4)–(9) contain the six terms of the
decomposition: the within-GVC channel (economy-level efﬁciency [4], technology
within GVC [5], and task relocation [6]); the between-GVC channel (consumption
composition [7]); and consumption levels (domestic demand for goods and services
[8] and demand for goods and services from the rest of the world [9]). Table 3 is
divided into three panels, displaying the SDA for manufacturing (Panel A), services
(Panel B), and all sectors (Panel C).
Columns (1)–(3) of Table 3 document the structural transformation in
developing Asia from 2008 to 2018. During this period, several Asian developing
economies showed faster growth in manufacturing compared to services. This was
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observed in Bangladesh, Cambodia, the Kyrgyz Republic, Mongolia, Pakistan,
Thailand, and Viet Nam.
Meanwhile, Fiji, India, Indonesia, the Republic of Korea, Nepal, the Philippines,
the PRC, Sri Lanka, and Taipei,China displayed faster employment growth in services
than in manufacturing. For instance, Fiji is a known banking and air transport services
hub in the Paciﬁc region, and its growth story is characterized by a rebalancing away
from agriculture toward urban services (World Bank 2015). Services are also known to
have led economic growth in the South Asian countries such as India, Nepal, and Sri
Lanka (Noland, Park, and Estrada 2012). As a case in point, Dahal (2018) documents
deindustrialization in Nepal, as indicated by the rising share of services in its economic
output along with declining and stagnant shares of agriculture and manufacturing.
Likewise, Indonesia, the Republic of Korea, the Philippines, the PRC, and
Taipei,China commonly display a rapidly expanding services sector (in terms of job
creation), albeit with differences in the historical development trajectories experienced
by these economies. The pattern of structural transformation in employment in
Indonesia, for instance, is characterized by a gradual decline of labor in agriculture
accompanied by a rise in services employment (Majid and Sarma 2018). Employment
in its manufacturing sector expanded during the review period, although much slower
than the share of services employment. The PRC, on the other hand, witnessed a rapid
increase in the share of employment in services in the past 2 decades (Hou, Gelb, and
Calabrese 2017). This occurred alongside the development of a globalized network of
manufacturing production prior to the global ﬁnancial crisis. In 2008, the PRC started
turning toward domestic factors of production to support its goods and services
production.
Column (6) of Table 3 documents that task relocation to Viet Nam and
Cambodia positively contributed to demand for workers in manufacturing in these two
countries (accounting for 69% and 58% of the change, respectively). Positive task
relocation effects in services, meanwhile, were the largest in Cambodia and Thailand
(accounting for 23% and 13% of economy-speciﬁc labor demand change,
respectively). In addition, our results indicate that many other Asian developing
economies also beneﬁted from the relocation of GVC tasks to their economies, with
relatively larger effects in manufacturing than in services.
Moreover, it is apparent that GVC technological change (see column [5] of
Table 3) generally accounts for a larger change in labor demand compared to task
relocation. Indeed, technological progress has typically been substantial. For example,
all else being equal, technological change within GVCs accounts for declines of 68%

18
2
30
56
9
19
179
5
107
67
6
68
6
24
10
58
53

29
6

B. Services
17
16

0
23

25
58
8
12
8
4
43
11
63
7
0
3
5
8
16
69
4

3
9

11
2
12
5
5
0
4
39
18
3
8
3
12
2
8
6
3

79
54

45
29
10
66
39
13
18
71
67
34
49
56
33
6
9
24
53

IN

Continued.

2
9

10
16
7
5
11
21
23
11
10
7
11
7
8
28
16
17
8

CONSUMPTION

31
66

55
86
27
16
45
8
60
57
115
60
28
3
11
6
24
36
9

AND

18,479
1,824

6,142
768
31
48,360
12,629
4,186
178
63
1,138
6,936
2,904
161,491
1,452
3,000
5,139
6,836
261,252

TECHNOLOGY, TRADE,

24,295
3,033

9,509
1,427
23
56,125
18,263
4,532
284
98
2,449
11,096
3,703
156,382
1,611
3,192
6,395
9,297
284,386

A. Manufacturing a
19
18
7
16
10
2
112
49
23
51
19
1
18
7
18
9
5

OF

Bangladesh
Cambodia

Bangladesh
Cambodia
Fiji
India
Indonesia
Korea, Republic of
Kyrgyz Republic
Mongolia
Nepal
Pakistan
Philippines
PRC
Sri Lanka
Taipei,China
Thailand
Viet Nam
All Asian developing
economies

Consumption Levels

Structural Decomposition Analysis of the Changes in Employment by Sector, 2008–2018
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Consumption Levels
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a Manufacturing is derived by excluding electricity, gas and water supply, and construction from the industrial sectors. Instead, these are included in Panel C.
Notes: The ﬁrst two columns represent absolute numbers, while the others pertain to percentage changes. Column (3) is equal to the sum of columns (4)–(9).
Source: Authors’ calculations based on Asian Development Bank. 2020. “Multiregional Input–Output Tables.” https://mrio.adbx.online/ (accessed May 4,
2020).
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and 58% in the induced demand for manufacturing workers in the PRC and Viet Nam,
respectively, between 2008 and 2018. For some economies—such as Pakistan and the
Kyrgyz Republic—and some economy–sector pairs—such as Nepal and Thailand for
manufacturing and Cambodia and Nepal for services—the ﬁndings suggest an increase
in induced labor demand within the GVCs in which they participate. An examination
of real labor productivity suggests these ﬁndings could be due to negative productivity
growth in our data for these economies or economy–sector pairs between 2008 and
2018.13
The last columns of Table 3 compare the magnitude of changes in domestic
employment levels associated with changes in consumption levels within the domestic
economy and for the rest of the world. Meanwhile, the effects of own-economy
consumption levels are generally much larger than those from the rest of the world. To
illustrate, own-economy consumption accounted for a 66% change, all else being
equal, in the overall labor demand across all economies studied. This contrasts with
the 4% total labor demand change induced by the rest-of-the-world consumption
levels.
A more nuanced analysis reveals that consumption from the rest of the world had
a larger effect on labor demand than own-economy consumption in the manufacturing
sector of some economies. This is true for the Republic of Korea, the Kyrgyz
Republic, Thailand, and Taipei,China. In the Republic of Korea, for example, the
increase in manufacturing labor demand associated with the demand for goods and
services from the rest of the world is 21%, as opposed to 13% from the own-economy
consumption channel. A large proportion of manufacturing employment generated by
income effects in the four aforementioned economies relies on foreign demand, which
may indicate their high forward participation in GVCs as suppliers of manufactured
goods.
Column (7) of Table 3 suggests a general shift in consumer preferences toward
manufactured goods and services, inducing moderate positive changes in manufacturing
and services labor demand occurring through the consumption composition channel.
This is an encouraging sign that a new class of consumers has emerged from the Asian

13For example, dividing the real value added from the ADB MRIO database by employment
indicates that aggregate labor productivity declined by 2.6% (5.3%) annually in Pakistan (the Kyrgyz
Republic) between 2008 and 2018. Confusingly, the TFP data in Penn World Tables 9.1 for Pakistan and
the Kyrgyz Republic suggests an increase in country-efﬁciency (see column [4] in Panel C of Table 3).
Moreover, alternative sources, such as the GGDC/UNU-WIDER Economic Transformation Database,
indicate the real labor productivity growth was positive in Pakistan between 2008 and 2018. This suggests
the approach to deﬂate value added for several economies in the ADB MRIO database requires further
scrutiny (see also the discussion in Section IV).
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developing economies, generating domestic demand for products and services (we will
examine this further in Section V.C).
Finally, Table 3 shows that the increase in employment associated with
own-economy and rest-of-the-world consumption levels is large enough to offset
the decrease in employment associated with GVC technology. Aggregating changes
across all sectors in the 16 developing Asian economies considered in the analysis, the
combined own-economy and rest-of-the-world consumption effect accounted for a
70% increase in labor demand, while the countervailing negative employment impact
associated with GVC technology stood at 46% of total employment. Strictly speaking,
it thus seems desirable for a developing economy not to participate in GVCs if it aims
to maximize job creation, because technological change within GVC lowers the
induced labor demand whereas the domestic consumption raises it. However, such a
strategy is misplaced. Innovation and technological change are essential for sustained
economic growth. Indeed, economies that participate in GVCs characterized by rapid
technological change also tend to experience a faster expansion of domestic
consumption.14 Yet, GVC participation has distributional implications that are
examined in the next subsection.

B.

The Demand for Routine and Nonroutine Jobs

Of great interest is whether certain occupations are more vulnerable than others
to being displaced by technology. The results of the SDA by occupation type are
presented for manufacturing in Table 4 and for services in Table 5. The overall trends
are the same as in Table 3, but here the changes in sectoral employment are broken
down by occupation types.
Examining employment changes across occupations for the 16 Asian developing
economies taken together, the ﬁndings indicate that, in the manufacturing sector,
nonroutine cognitive occupations showed the largest increase at 20% (Table 4).
In column (5) of Table 4 it can be observed that changes in employment
associated with “technology within GVC” are mixed across economies and occupation
types. Yet, assuming that only technology within GVCs changed between 2008 and
2018, we ﬁnd (i) an increase in manufacturing employment of nonroutine cognitive
occupations in eight developing Asian economies and a decrease in the other eight

14For example, the correlation coefﬁcient between labor demand changes in all sectors due to
technological change within GVCs (column [5] in Panel C of Table 3) and changes in domestic
consumption levels (column [8] of Table 3) is 0.4.
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Source: Authors’ calculations based on Asian Development Bank. 2020. “Multiregional Input–Output Tables.” https://mrio.adbx.online/ (accessed May 4,
2020).
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economies; and (ii) an employment reduction of routine manual occupations in
manufacturing, except in the Kyrgyz Republic, Nepal, Pakistan, and Thailand. As a
result, our analysis suggests that technology within GVCs altered the occupational
structure of the manufacturing sector in several Asian developing economies,
shrinking the demand for routine manual occupations while exerting an upward pull
on the contribution of nonroutine cognitive occupations. This lends support to the
routine-biased job polarization hypothesis (Autor 2013).
The results in column (6) of Table 4 indicate sizable task relocation effects in
manufacturing. Within manufacturing, the change in labor demand associated with
task relocation is relatively larger (and often positive) in manual jobs (both routine and
nonroutine). Other economies—such as Fiji, the Republic of Korea, the Kyrgyz
Republic, Mongolia, Nepal, and Taipei,China—experienced a reduction in routine
manual manufacturing employment that is attributable to task relocation. These
observations may indicate a dynamic reorganization of manufacturing value chains in
Asia.
In services, nonroutine manual occupations displayed the most sizable increase at
52% (Table 5). Aggregate results covering all 16 Asian developing economies suggest
that technology within a GVC is associated with the largest relative contraction in
routine cognitive occupations. Task relocation is associated with a modest decline in
routine employment. The ﬁgure stands at 3% for both routine cognitive and routine
manual occupations. The reduction in labor demand is most pronounced in routine
cognitive occupations in Nepal and Taipei,China, and in routine manual occupations in
Viet Nam and Taipei,China.
In sum, our ﬁndings exhibit two trends in task relocation: in manufacturing, it is
associated with changes in demand for routine cognitive jobs, whereas in services, it is
associated with reduced demand for routine cognitive and manual jobs. Overall, our
ﬁndings suggests that task relocation in developing Asia induces a general orientation
of labor demand toward cognitive and nonroutine jobs, potentially indicative of skill
upgrading along the GVCs.
C.

Foreign versus Domestic Expenditures and Labor Demand

The evidence thus far indicates that technological change within GVCs is
associated with heterogeneous changes in employment across the Asian developing
economies, although the general trends imply that its distributional impact corresponds
to a rise of nonroutine cognitive occupations and a decline of routine manual
occupations in manufacturing. This observation bears more weight when interpreted
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within the context of increasing affordability, ﬂexibility, and use-of-production
technologies such as industrial robots.
Developing economies that have beneﬁted from offshoring of production tasks
from advanced economies are now concerned about reshoring; that is, they fear that it
could become economically feasible to move those production tasks back to the
economy of origin (Barcia de Mattos et al. 2020). In an SDA, reshoring would appear
as a sizable decrease in employment associated with task relocation. Indeed, Table 3
shows that at least for some developing economies there are some negative task
relocation effects.
To determine whether employment in developing Asian economies is becoming
increasingly less dependent on ﬁnal demand from advanced economies, the approach
adopted by Los, Timmer, and de Vries (2015) is utilized. Figure 3 shows the changes
in the number of jobs induced by ﬁnal demand from 2008 to 2018 as a fraction of total

Figure 3.

Changes in the Number of Jobs Induced by Foreign and
Domestic Demands, 2008–2018

All ¼ 16 Developing Asian economies; BAN ¼ Bangladesh; CAM ¼ Cambodia; FIJ ¼ Fiji; IND ¼ India;
INO ¼ Indonesia; KGZ ¼ Kyrgyz Republic; KOR ¼ Republic of Korea; MON ¼ Mongolia; NEP ¼ Nepal;
PAK ¼ Pakistan; PHI ¼ Philippines; PRC ¼ People’s Republic of China; SRI ¼ Sri Lanka; TAP ¼ Taipei,China;
THA ¼ Thailand; VIE ¼ Viet Nam.
Source: Authors’ estimates using data from the Asian Development Bank’s Multiregional Input–Output database,
Labor Force Surveys, and Socioeconomic Accounts of the World Input–Output Database.
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jobs. It is decomposed into domestic ﬁnal demand, ﬁnal demand from advanced
economies, and ﬁnal demand from the rest of the world.15
Figure 3 shows that domestic ﬁnal demand is associated with a 9% increase in
employment for the 16 Asian developing economies as a whole. Fiji, Thailand, and
Viet Nam show a decline in employment associated with domestic ﬁnal demand,
whereas Pakistan and the Philippines show the largest increases (28% for both
economies).
Jobs induced by ﬁnal demand from advanced economies decreased by 2% for the
grouping of 16 Asian developing economies. Negative demand effects due to the
global ﬁnancial crisis and subsequent slow growth in ﬁnal demand in advanced
economies likely affected the results, especially for the PRC. Cambodia is the
economy where ﬁnal demand from advanced economies was the most important
source of increased job demand at 8%, followed by Viet Nam (4%), and Thailand
(3%).
The key advantage of reshoring is to move production close to customers,
resulting in shorter time to market, lower transportation costs, and increased
efﬁciency.16 While consumer markets in advanced economies are increasingly
saturated, the middle class in Asia expands, which raises the demand for goods and
services. Perhaps the most interesting observation from Figure 3 is that, although the
increase in employment associated with ﬁnal demand from the rest of the world is
negligible for all 16 Asian developing economies together, it is quite large for
individual economies like Viet Nam (14%), Thailand (10%), and Cambodia (10%).
Markets in the “rest of the world” have high potential for growth, and therefore the
relative importance of ﬁnal demand from advanced economies for employment in
developing economies will likely decline over time.

VI. Conclusion
In many economies around the world, labor markets have seen a rise in
nonroutine cognitive and nonroutine manual occupations relative to the routine

15The advanced economies in this decomposition are Australia, Austria, Belgium, Canada,
Denmark, Finland, France, Germany, Greece, Ireland, Italy, Japan, Luxembourg, the Netherlands,
Portugal, Spain, Sweden, the United Kingdom, and the US. For each of the 16 Asian developing
economies in the chart, the “rest of the world” category includes the other 15 as well as other economies at
various stages of development.
16“Time to market” is the time it takes from a product being conceived until it is being available for
sale.
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task-intensive occupations. So far, analysis of this phenomenon has been restricted to
advanced and a select set of emerging economies. In this paper, we have expanded
coverage to the developing Asian economies by studying the changes in the job
structure in these economies. We have examined these changes through the lens of a
GVC framework. In particular, for each supply chain we have looked at changes in the
use of occupational labor per dollar of output (deﬁned as GVC technology) and shifts
in the share captured by each economy (deﬁned as task relocation).
Our ﬁndings suggest that both technological change within GVCs and task
relocation tend to drive down routine manual occupations relative to the nonroutine
cognitive jobs in manufacturing. However, the increases in employment demand
associated with own-economy increased expenditures of a rapidly expanding middle
class are large enough to offset the decrease in employment associated with GVC
technology.
These ﬁndings are based on a decomposition that is essentially an ex-post
accounting exercise. The results are useful empirical ﬁndings, but we cannot claim to
have determined a causal effect nor have isolated speciﬁc mechanisms for the observed
changes in the structure of employment. In practice, technological change, task
relocation, and consumption are interrelated. For example, an improvement in
information technology may reduce labor demand throughout a supply chain, but it
may also affect the ease at which a task can be relocated.
Yet, we believe the occupation-based analysis presented in this paper opens
important avenues for future research that may uncover causal mechanisms. In
particular, the measurement of occupations involved in GVCs provides a novel angle
to study the effects of robot adoption on employment changes. The use of robots by
lead ﬁrms in advanced economies may affect the demand for workers in developing
economies participating in the value chain of the lead ﬁrm (Faber 2020).
Researchers may also use the approach put forth here and develop the data to
examine the drivers of changes in the job structure in other developing economies,
notably in Africa and Latin America. Finally, a critical open research question is the
extent to which the occupational employment shifts documented here help to
understand changes in wage inequality.
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Appendix. Additional Tables

Table A1. The 63 Multiregional Input–Output Table
Economies
Australia
Austria
Belgium
Bulgaria
Brazil
Canada
Switzerland
China, People’s Republic of
Cyprus
Czech Republic
Germany
Denmark
Spain
Estonia
Finland
France
United Kingdom
Greece
Croatia
Hungary
Indonesia
India
Ireland
Italy
Japan
Korea, Republic of
Lithuania
Luxembourg
Latvia
Mexico
Malta
Netherlands
Source: Authors’ compilation.

Norway
Poland
Portugal
Romania
Russian Federation
Slovak Republic
Slovenia
Sweden
Türkiye
Taipei,China
United States
Bangladesh
Malaysia
Philippines
Thailand
Viet Nam
Kazakhstan
Mongolia
Sri Lanka
Pakistan
Fiji
Lao People’s Democratic Republic
Brunei Darussalam
Bhutan
Kyrgyz Republic
Cambodia
Maldives
Nepal
Singapore
Hong Kong, China
Rest of the World
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Table A2.

The 35 Multiregional Input–Output Table Industries

ISIC 3.1 Code
AtB
C
15t16
17t18
19
20
21t22
23
24
25
26
27t28
29
30t33
34t35
36t37
E
F
50
51
52
H
60
61
62
63
64
J
70
71t74
L
M
N
O
P

Description
Agriculture, Hunting, Forestry, and Fishing
Mining and Quarrying
Food, Beverages, and Tobacco
Textiles and Textile Products
Leather, Leather Products, and Footwear
Wood and Products of Wood and Cork
Pulp, Paper, Printing, and Publishing
Coke, Reﬁned Petroleum, and Nuclear Fuel
Chemicals and Chemical Products
Rubber and Plastics
Other Non-Metallic Minerals
Basic Metals and Fabricated Metals
Machinery, Nec
Electrical and Optical Equipment
Transport Equipment
Manufacturing, Nec; Recycling
Electricity, Gas, and Water Supply
Construction
Sale, Maintenance, and Repair of Motor Vehicles and Motorcycles; Retail Sale of
Fuel
Wholesale Trade and Commission Trade, Except of Motor Vehicles and Motorcycles
Retail Trade, Except of Motor Vehicles and Motorcycles; Repair of Household Goods
Hotels and Restaurants
Inland Transport
Water Transport
Other Supporting and Auxiliary Transport Activities; Activities of Travel Agencies
Air Transport
Post and Telecommunications
Financial Intermediation
Real Estate Activities
Renting of Machinery and Equipment and Other Business Activities
Public Administration and Defense; Compulsory Social Security
Education
Health and Social Work
Other Community, Social, and Personal Services
Private Households with Employed Persons

Nec ¼ Not elsewhere classiﬁed.
Source: Authors’ compilation.

Labor Force Survey 2010
Labor Force Survey 2016

Cambodia Socio-Economic Survey 2007
Cambodia Socio-Economic Survey 2017

Employment and Unemployment Survey 2010
Employment and Unemployment Survey 2015–2016

National Sample Survey 2004/2005
National Sample Survey 2011/2012

National Labor Force Survey (SAKERNAS), 2008
National Labor Force Survey (SAKERNAS), 2016

Korea Labor and Income Panel Study (KLIPS) 2005
Korea Labor and Income Panel Study (KLIPS) 2018

Kyrgyzstan Integrated Household Survey 2012
Kyrgyzstan Integrated Household Survey 2018

Labor Force Survey 2008/2009
Labor Force Survey 2018

Nepal Labor Force Survey 2008
Nepal Labor Force Survey 2017/2018

Labor Force Survey 2008/2009
Labor Force Survey 2017/2018

Cambodia

Fiji

India

Indonesia

Korea, Republic of

Kyrgyz Republic

Mongolia

Nepal

Pakistan

Source of Occupational Employment Data

Continued.

54.77
61.24

34.62
76.43

IN

99.96
99.95

99.84
98.88

57.81
68.55

CONSUMPTION

PSCO 1994
PSCO 2015

NSCO 2001
NSCO 2017

99.98
99.99

65.38
78.36

92.25
95.21

59.62
73.22

AND

ISCO-08
ISCO-08

99.98
99.99

100
100

98.66
99.18

43.78
52.36

55.68
84.12

40.72
60.20

51.56
57.17

Eight Mapped
Occupations % of
Total Employment

TECHNOLOGY, TRADE,

ISCO-08
ISCO-08

KSCO
KSCO

KJI 1982
KBJI 2014

99.56
99.69

99.26
98.90

99.02
99.27

99.99
99.98

Eight Mapped
Occupations % of
Nonagricultural
Employment

OF

NCO 1968
NCO 2004

FSCO 2007
FSCO 2007

ISCO-88
ISCO-08

ISCO-88
BSCO 2012

Original
Occupational
Classiﬁcation

Sources of Occupational Employment Data

Bangladesh

Economy

Table A3.
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Population census 2000
Population census 2010 (shares applied to
employment data for 2018)

Labor Force Survey 2007
Labor Force Survey 2009
Labor Force Survey 2017

Manpower Utilization Survey 2008
Manpower Utilization Survey 2018

Labor Force Survey 2010
Labor Force Survey 2018

Labor Force Survey 2007
Labor Force Survey 2009
Labor Force Survey 2016

People’s Republic of China

Sri Lanka

Taipei,China

Thailand

Viet Nam

ISCO-88
VSCO 2009
VSCO 2009

TSCO 2000
ISCO-08

TOC Rev 5
TOC Rev 6

SLSCO-88
SLSCO-88
SLSCO-08

SOC
SOC

PSOC 1992
PSOC 2012

Original
Occupational
Classiﬁcation

99.92
98.19
98.83

99.91
99.70

99.99
99.99

99.42
99.65
99.85

99.83
99.85

100
99.99

Eight Mapped
Occupations % of
Nonagricultural
Employment

50.02
51.46
57.34

59.17
67.47

94.82
95.08

67.20
66.25
72.97

54.89
75.87

63.19
74.30

Eight Mapped
Occupations % of
Total Employment

BSCO ¼ Bangladesh Standard Classiﬁcation of Occupations; FSCO ¼ Fiji Standard Classiﬁcation of Occupations; ISCO ¼ International Standard
Classiﬁcation of Occupations; KBJI ¼ Klasifikasi Basu Jabatan Indonesia; KJI ¼ Klasifikasi Jabatan Indonesia; NCO ¼ National Classiﬁcation of
Occupations; NSCO ¼ Nepal Standard Classiﬁcation of Occupations; PSCO ¼ Pakistan Standard Classiﬁcation of Occupations; PSOC ¼ Philippine
Standard Occupational Classiﬁcation; SLSCO ¼ Sri Lanka Standard Classiﬁcation of Occupations; TOC ¼ Taipei,China Occupational Classiﬁcation;
TSCO ¼ Thailand Standard Classiﬁcation of Occupations; VSCO ¼ Viet Nam Standard Classiﬁcation of Occupations.
Note: Only presented here are the sources of employment data that are closest to 2008 or 2018.
Source: Authors’ compilation.

Labor Force Survey 2008
Labor Force Survey 2017

Source of Occupational Employment Data

Philippines

Economy

Table A3. Continued.
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investigate the impact of e-commerce, in particular business-to-consumer
(B2C) e-commerce, on GVCs are largely missing. The growing prevalence of
digital platforms centered around e-commerce marketplaces motivates this
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exports and how information and communication technology infrastructure and
technology adoption measures, payment systems, and delivery mechanisms
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I.

Introduction

Global value chain (GVC) exports have characterized the landscape of the global
division of labor and fragmentation of production stages across borders.1 At the same
time, the rapid progress of the digital economy enables businesses and consumers to
interact through digital platforms, in particular e-commerce platforms, and engage in
real-time commercial transactions with an extraordinary level of eﬃciency and mass
volumes. While various factors, such as the growing role of multinational enterprises’
eﬃciency-seeking foreign direct investment (FDI) and the cost-eﬀectiveness of
outsourcing and oﬀshoring production strategies being adopted by various ﬁrms, have
been investigated extensively, and the factors aﬀecting the rapid expansion of
e-commerce marketplaces analyzed, little study has been undertaken to examine the
impact of e-commerce on the growth of GVC exports. Conceptually, e-commerce, in
particular business-to-business (B2B) e-commerce, should contribute to the expansion
of GVC exports by reducing search, matching, communications, and logistics costs,
thereby facilitating ﬂows of intermediate goods and services across borders at lower
costs for both buyers and sellers. Whether business-to-consumer (B2C) e-commerce,
which directly connects buyers and consumers in domestic and foreign markets, can
also contribute to GVC exports remains largely an empirical question to be tested.2
Most studies have only explored the factors aﬀecting GVCs and those
inﬂuencing e-commerce transactions, yet studies that investigate the impact of
e-commerce on GVCs, in particular through the linkages of information and
communication technology (ICT) infrastructure and technology adoption measures,
are largely missing. This paper aims to ﬁll the literature gap through an empirical
investigation of the nexus between technology adoption, GVCs, and B2C online sales,
particularly internet retail and mobile commerce (m-commerce) sales, by asking the
following research questions: Does the growth of B2C e-commerce aﬀect GVC
exports? And do technological factors aﬀecting e-commerce growth underpin the
relationship between B2C e-commerce and GVC exports?
Advances in internet connectivity and ICT have driven the decline in traderelated information and communications costs. The internet reduces information
asymmetry and has revolutionized the relationship between manufacturers, retailers,
and consumers in terms of the substance and spread of information. By utilizing

1GVC refers to international production sharing whereby production stages are distributed across
borders in diﬀerent economies.
2B2C refers to businesses selling products to consumers directly instead of relying on wholesale and
retail intermediaries.
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innovations available through the internet and Web multimedia capacities, ﬁrms can
easily produce content that provides speciﬁc product information tailored to a
particular consumer group. Hence, the internet creates opportunities for ﬁrms to
generate revenues in novel ways by adding more value to existing goods and services,
or by laying the groundworks for new products and services.
The proliferation of digital platforms such as Amazon, Alibaba, and Lazada,
which have given rise to a platform-based economy, reduces the initial ﬁxed costs
associated with GVC participation by providing venues for buyers and sellers to
connect with each other in high-value exchanges that blend products and services
(Li, Frederick, and Gereﬃ 2019; Antràs 2020). Digital platforms play a crucial role
in bridging online purchasers and producers by enabling direct interactions and
reducing information asymmetry. As a result, digital platforms create positive
spillover eﬀects by generating value not only for themselves but also for consumers
and producers.
Engaged consumers and social commerce reduce the marketing and advertisement costs of sellers because consumers themselves promote the products through
product reviews, customer satisfaction ratings, and social commerce engagements
such as retweets, shares, or likes in various social media platforms including Meta
(rebranded from Facebook), Twitter, and Instagram. E-commerce helps ﬁrms
overcome the diﬃculties of accessing buyers, including the ﬁnancial burden of
physically opening stores and paying for expensive advertisement campaigns
(Li, Frederick, and Gereﬃ 2019).
Firms can gather a substantial amount of consumer feedback through ratings and
comments about the products sold. This feedback is available in real time through
online live streaming, which incentivizes manufacturers to improve product
development and diversify their product oﬀering in response to consumer feedback.
As a result, digital platforms can provide consumers with a means to actively engage
in value chains, creating new opportunities for GVC expansion and upgrading,
resulting in higher GVC exports. Technological innovations—such as internet access,
payment systems for online consumption, and delivery systems—are the key factors
that make it possible for consumers and ﬁrms to engage in the online marketplace.
A reliable ICT infrastructure with far-reaching internet access underpins this
interlinkage.
The nexus between GVCs, technological innovation, and e-commerce or digital
platforms is, as made clear, compelling. A key implication of this nexus is that as
economies become increasingly reliant on digital solutions, GVCs, e-commerce, and
technology can no longer be perceived as mutually exclusive trends and forces.
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A dearth of empirical studies, however, investigates how the tripartite forces of GVCs,
e-commerce, and technology interact with each other. Asian economies are deeply
involved in GVCs relative to other regions and have massive untapped market
potential in online retailing. Nevertheless, there is a lack of empirical investigation into
the interrelationship between GVCs and e-commerce in Asia.
Drawing upon the analytical framework developed by Gereﬃ, Humphrey, and
Sturgeon (2005), which presents a GVC typology and mechanism of value chain
transformation, Inomata (2017) considered the impact of new technologies on the
organization of GVCs. Looking in particular at two representative industries—
automotive and electronic equipment—demonstrates that the novel characteristics of
production technology that include modularization and platforms may induce changes
in the existing structure of value chains, allowing new ﬁrms to participate. For this
to happen, the study recommends engaging lead ﬁrms from advanced economies in
implementing the learning strategies, which can have a signiﬁcant eﬀect on
developing economies aiming for sustainable economic growth by moving up the
value chain.
From a futuristic perspective, Strange and Zucchella (2017) identiﬁed four new
digital technologies under “Industry 4.0”: (i) the Internet of Things (IoT), (ii) big data
and analytics, (iii) robotics, and (iv) 3D printing. The study explores the possible
disruptive impact of Industry 4.0 on the existing conﬁgurations of location and
control within GVCs.3 The IoT, which uses sensors in monitoring products or
inventories to generate real-time data, among other things, is expected to
revolutionize the coordination of geographically dispersed value chains by
substantially reducing the transaction costs of cross-border production. The IoT
assigns products with unique identiﬁers linking them to information about their
origin, use, and ﬁnal destination, thereby integrating the monitoring of two separate
ﬂows: physical products and information. Because of this new technology, Strange
and Zucchella (2017) conjectured that the IoT will substantially beneﬁt production
and distribution eﬃciency, especially because GVCs involve the cross-border
movement of goods.
Lanz et al. (2018), using ﬁrm-level data from the World Bank’s Enterprise
Survey, found robust evidence of a positive impact on GVC participation among the
manufacturing small and medium-sized enterprises (SMEs) arising from digital
connectivity, in both backward and forward linkages. SMEs with an online presence

3Industry 4.0 refers to the transition of the manufacturing sector toward more digitally driven and
“smart” methods of production utilizing computerization and digital technologies.
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through a website are found to be more actively engaged in GVCs. For them, imports
comprise a larger share of their inputs for production, while exports account for a
higher ratio of their sales than for SMEs that do not have an online presence.
These ﬁndings are consistent with Xing (2018), who examined the impact of the
internet and e-commerce adoption on bilateral trade, as measured by total exports, for
a panel of 21 developing and least-developed economies and 30 Organisation for
Economic Co-operation and Development economies. The empirical results show that
enhanced access to modern ICT and the adoption of e-commerce platforms facilitate
bilateral exports. However, the estimation technique used in this study fails to account
for the possible endogeneity of the e-commerce variables.
This study employs panel ordinary least squares (OLS) and feasible generalized
least squares (FGLS) estimations to investigate the impact of B2C e-commerce sales
(i.e., internet retail sales and mobile internet retail sales) on GVC exports. A two-stage
least squares (2SLS) estimation technique is also used to minimize potential
endogeneity arising from the omitted variables. For this, instruments on technology
adoption and ﬁnancial environment readiness are employed. The results indicate
strong empirical evidence of the positive impact of B2C online commerce on GVC
exports. ICT infrastructure—in the form of international internet bandwidth,
technology adoption measures (i.e., internet access and secure server penetration),
and ﬁnancial infrastructure—is found to drive e-commerce sales, thereby inﬂuencing
the GVC exports of an economy.
This paper is structured as follows. After the introduction, Section II discusses
the conceptual framework by focusing on the factors aﬀecting GVC exports and
e-commerce sales. Section III presents the data, estimation techniques, and regression
results for OLS, FGLS, and 2SLS. Section IV concludes.

II.

Conceptual Framework

This section illustrates potential economy-level factors that drive GVC and B2C
e-commerce. Previous studies, including Urata and Baek (2020), identiﬁed economylevel characteristics that aﬀect GVC exports such as trade openness, FDI, and logistics.
Li, Frederick, and Gereﬃ (2019) investigated how e-commerce stimulates GVC
exports by reducing barriers to entry. Ho, Kauﬀman, and Liang (2011) examined the
impact of ICT connectivity and ﬁnancial infrastructure on e-commerce revenues.
Building on these ﬁndings and linking the identiﬁed channels, this study considers
B2C e-commerce as a potential factor impacting GVC exports.
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A.

Economy-level Determinants of GVC Exports
1.

Income of Importing Economies

Stylized facts in macroeconomics and existing literature on international trade
identify the growth of income of importing economies as the most important factor
driving the exports of exporting economies. Rising incomes in importing economies
drive the consumption of foreign goods, thereby creating more demand for exports.
Given that oﬃcial income data only capture the degree of import demand through
traditional trade linkages—failing to reﬂect import demand through the cross-border,
industrial input–output linkages of GVC channels—we introduce the GVC-weighted
income of an importing economy relative to an exporting economy as a proxy for the
measurement of import demand.
2.

International Trade and Foreign Direct Investment

International openness pertains to the extent to which an economy is open to
business and economic activities through international trade. On the one hand, import
restrictions such as tariﬀ protections make procurement of inputs to production
burdensome, thereby reducing the incentive to export (Kowalski et al. 2015). On the
other hand, involvement in preferential trade agreements is found to increase GVC
exports (Ignatenko, Raei, and Mircheva 2019). Openness to FDI promotes GVC
exports because a liberal FDI regime incentivizes multinational companies to invest
and expand GVCs (Kowalski et al. 2015), which is more apparent with multinational
companies seeking eﬃciencies through vertical (instead of horizontal) investments in
host economies.
3.

Logistics

Eﬃciency in logistics is the backbone of the complex system of GVC networks.
The development and proliferation of GVCs have been driven by advancements in
modern logistics services made possible by innovations in containerization, intermodal
transport, and the application of ICT in physical distribution and materials
management (Memedovic et al. 2008). Eﬃcient and reliable logistics signiﬁcantly
reduce the cost of participation in GVCs, allowing multinational companies to develop
a complex network of GVCs that maximize their gains by shortening delivery times.
Kowalski et al. (2015) lent empirical support to this narrative in ﬁnding that high
logistics performance in customs increases GVC exports.
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E-commerce

The rapid growth of e-commerce is creating more opportunities for GVC
expansion. Digital platforms and facilities such as digital payment systems and
logistics have driven the explosive growth of e-commerce. This gives ﬁrms direct
access to international and domestic commerce. In recent times, business operations
have relied on internet-based systems that merge data and information across roles and
locations. The integration of e-procurement, demand and supply forecasting, and
e-logistics, which underpins the development of e-commerce, makes them digitally
powered and knowledge-intensive. This reduces the transaction costs of
cross-functional, cross-location, and cross-company cooperation, enabling frictionless
integration and collaboration and easier access to market information and marketing
resources. This development has also caused cross-border e-commerce to be more
fragmented, allowing for the diversiﬁcation of imports and exports along GVCs. For
instance, e-commerce can lead to product diversiﬁcation while reducing the inventory
required in a physical store or warehouse. Overall, innovations in online commerce
create an impetus for GVC growth, and this trend is expected to continue over the next
decade. While plausible, the impact of e-commerce, in particular B2C, on GVC
remains an empirical question to be tested.
B.

Factors Aﬀecting E-commerce Revenue: ICT Connectivity
and Financial Infrastructure

Technological advancement in ICT and ﬁnancial payment infrastructure are two
key pillars directly supporting B2C e-commerce, without which online transactions—
including through browsing, ordering, payment, tracking, and reviewing—would not
be available.
1.

Digital Connectivity

Internet users are a key indicator of internet connectivity, inﬂuencing the market
size of e-commerce and characterizing individual-level technology adoption. Internet
users generate value through network externalities from their use of B2C e-commerce
mechanisms. Meanwhile, secure servers are the relevant technology infrastructure
supporting the supply side of e-commerce because they facilitate safe online
transactions through the encryption of credit card transactions during the online
payment process. This reduces transaction risks and strengthens the trust between
vendors and buyers. Secure servers lay the groundwork for e-business infrastructure.
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The number of secure servers represents ﬁrm-level initiatives to supply secure internet
retailing services to the market and adopt internet-based selling technology (Ho,
Kauﬀman, and Liang 2011). Secure socket layer is used by online retailers, online
banking and ﬁnancial services, and other internet service providers to ensure the
encrypted transfer of information between servers and browsers. This way, secure
servers protect sensitive information such as credit card and personal details by
ensuring that these can be encrypted and transmitted securely over the internet. Greater
availability of online shops and secure online transactions encourage more people to
shop online, which generates more B2C e-commerce revenues.
2.

Internet Bandwidth

International internet bandwidth serves as a measure of the quality and speed of
ICT infrastructure. Bandwidth is the backbone of all e-commerce. It is the
measurement of data transfer capacity between a user’s connection and the internet,
and each website has its own bandwidth capacity. Higher bandwidth translates to faster
information accessibility for e-commerce customers. Low bandwidth does not only
aﬀect load time but also has implications on the number of potential customers that can
view the e-commerce site’s information.
3.

Digital Payment

Financial card penetration denotes the readiness of ﬁnancial infrastructure to
support online transactions. The availability of ﬁnancial resources that consumers can
use in e-commerce transactions is a key factor to support online commercial
transactions without having to engage in face-to-face cash payments. Financial cards,
both debit and credit, have been identiﬁed as one of the important alternative payment
tools that support B2C e-commerce growth in many Asian economies. Kang, Wang,
and Ramizo (2021) showed a close relationship between B2C online commerce and
ﬁnancial readiness indicators. The study ﬁnds strong empirical evidence on the
positive impact of debit card penetration on all segments of B2C online sales.
4.

International Openness

Technology diﬀusion, or the transfer of technological knowledge among
economies, is an important factor aﬀecting the development of e-commerce. Several
studies have considered trade or international openness as an exogenous and external
factor that represents knowledge spillovers from economies that have positive
contributions to the technical progress of trade partners and technology diﬀusion
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among economies (Grossman and Helpman 1991; Coe and Helpman 1995; Coe,
Helpman, and Hoﬀmaister 1997; Keller 1998). International openness can be
estimated based on the ratio of the sum of exports and imports to gross domestic
product (GDP) (Ho, Kauﬀman, and Liang 2011). FDI as an openness mechanism to
generate technology spillovers has also been identiﬁed and investigated in previous
literature. Multinational enterprises in industrialized economies have advanced
technology, extensive product diversiﬁcation, and greater management proﬁciency
(Markusen 1995, Caves 2007). As a result, advanced economies have implemented
regulations and incentive schemes to attract FDI with the goal of creating positive
spillover eﬀects.
5.

Logistics

The delivery of goods to customers is a crucial aspect of e-commerce. Eﬃcient
and frictionless transport of goods is imperative for both domestic and cross-border
e-commerce. Well-functioning road transport, ports, postal delivery services, and
customs are key components of the eﬀective delivery of goods ordered online.
Ineﬃciencies in the logistics system—covering freight transportation, warehousing,
border clearance, and domestic postal delivery—worsen the trade costs of ﬁrms
involved in e-commerce. Hence, maximizing the positive impacts of transport and
logistics to e-commerce could also result in higher eﬃciencies along the logistics
chain. These measures comprise, among others, modernizing urban freight logistics,
building infrastructure to connect urban and rural areas, and facilitating freight ﬂows
between warehouses (or consolidation centers) and consumption nodes. Constructing
multimodal links and transit regimes for the improvement of corridor eﬃciency could
also alleviate transport costs along the logistics chain and hasten delivery (Rodriguez
2018).

III. Data, Methods, and Empirical Analysis
This section discusses the research methodology, data sources, and operational
deﬁnitions of the selected variables for empirical analysis and presents the results. Panel
OLS and FGLS are used to assess the eﬀects of e-commerce revenues on GVC exports.
Further, a 2SLS model is employed to determine the impact of e-commerce revenues
on GVC exports to address the potential endogeneity problem associated with omitted
variable bias while capturing the indirect eﬀects of e-commerce determinants
(i.e., technology adoption measures and ﬁnancial infrastructure) on GVC exports.
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A.

Data and Variables

To empirically implement the estimation techniques and examine the impact of
e-commerce revenues on GVC exports, secondary data are derived from the
International Telecommunication Union, World Development Indicators, the United
Nations Conference on Trade and Development, International Monetary Fund, and
national sources. Data are also gathered from proprietary databases including CEIC,
Haver Analytics, and Euromonitor International, Retailing Industry Edition 2019,
where we obtain a dataset on B2C online commerce sales that is comparable across
economies and years. GVC indicators are generated using the gross export
decomposition methodology of Wang, Wei, and Zhu (2014) and the Asian
Development Bank Multiregional Input–Output Table (Table 1).
Internet retailing is deﬁned as sales of consumer goods to the general public
through the internet, including those from mobile phones and tablets (Euromonitor
International, Retailing Industry Edition 2019). The scope of sales includes transactions
arising from pure e-commerce websites and those operated by store-based retailers. This
also covers Web-based transactions for which the payment is then made through a store
card, an online credit account subsequent to delivery, or on delivery of the product.
Modes of payments cover postal cheque, direct debit, standing order, and other banking
tools, as well as orders paid for with cash on delivery. However, click-and-collect orders,
where the payment is made in the store, are excluded.
The deﬁnition of internet retailing used in this study covers a wide selection of
products from apparel and footwear, pet care products, and home furnishings to video
game hardware (Euromonitor International, Retailing Industry Edition 2019).
However, several other types of merchandise fall outside this deﬁnition such as
motor vehicles; motorcycles and vehicle parts; tickets for events (e.g., sports, music
concerts, and travel); travel and holiday packages; revenue generated by online
gambling sites; quick delivery services of food, magazines, and household goods; and
DVD rentals such as Netﬂix, among others. Mobile internet retailing, or m-commerce,
sales are transactions through mobile devices such as smartphones and tablets. These
transactions also fall under internet retailing. Sales data follow the place of origin of
the consumer instead of the location of the seller. Moreover, sales are limited to B2C
online sales and exclude consumer-to-consumer transactions such as e-Bay. Detailed
data descriptions are provided in Table 1.
The study covers 14 Asian economies from 2007 to 2019: (i) the People’s
Republic of China (PRC), (ii) Indonesia, (iii) India, (iv) Japan, (v) Kazakhstan,
(vi) Cambodia, (vii) the Republic of Korea, (viii) the Lao People’s Democratic

NEXUS
Table 1.

OF

GVC Exports

Internet Retail Sales

Mobile Internet Retail
Sales

Trade Openness
FDI (% of GDP)

Debit Card Penetration a
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Modeling Variables, Operational Deﬁnitions, and Data Sources

Variable

Server Penetration

TECHNOLOGY ADOPTION, E-COMMERCE,

Operational Deﬁnition
Include domestic value-added
absorbed abroad, domestic
value-added returns home, and
foreign value-added
Sales of consumer goods to the
general public through the
internet, including those from
mobile phones and tablets
Also called m-commerce sales, these
are the transactions through
mobile devices such as
smartphones and tablets. These
transactions also fall under internet
retailing
(Exports þ Imports)/GDP
FDI share (inward FDI stock as a
percentage of GDP)
Number of debit cards per 1,000
adults
Secure internet servers (per 1 million
people)
Total capacity of international internet
bandwidth in mega bits per second
(Mbit/s). It is measured as the sum
of used capacities of all internet
exchanges (locations where the
internet traﬃc is exchanged)
oﬀering international bandwidth
Individuals using the internet
(percentage of population)
LPI indicates the quality of trade and
transport-related infrastructure
(from 1 ¼ low to 5 ¼ high)

Data Source
Asian Development Bank

Euromonitor International

Euromonitor International

World Bank
United Nations Conference on
Trade and Development and
World Development Indicators
International Monetary Fund
World Bank
International Telecommunication
Union

World Bank
World Bank

FDI ¼ foreign direct investment, GDP ¼ gross domestic product, GVC ¼ global value chain.
a Given that credit card data are highly correlated with other technology variables, we consider the debit
card data only.
Source: Authors’ compilation.

Republic, (ix) Malaysia, (x) Pakistan, (xi) the Philippines, (xii) Singapore, (xiii)
Thailand, and (xiv) Viet Nam. Economy coverage is limited by the availability of data
across various secondary sources. The availability of B2C online commerce data
covering selected Asian economies varies across years. Data availability for internet
retail sales starts from 2004, while the mobile Internet retail sales data are available
from 2011 (Table 2).
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Table 2.
Variable
Internet Retail Sales
Mobile Internet Retail Sales
GVC-weighted Income
Trade Openness
FDI (% of GDP)
Debit Card Penetration
Server Penetration
International Internet Bandwidth
Internet Penetration
LPI Score

Descriptive Statistics

Mean

Minimum

Maximum

Standard Deviation

4.66E þ 07
3.22E þ 07
1.608
1.142
85.301
1,623.429
5,020.920
7,461,806
57.900
3.274

4,253
0
0.628
0.283
3.311
187.988
0.796
5,000
8
2.395

1.17E þ 09
1E þ 09
2.625
4.426
569.656
7,087.186
128,377.7
1.14E þ 08
96.505
4.143

1.58E þ 08
1.31E þ 08
0.499
1.101
147.536
187.988
18,308.23
1.66E þ 07
27.044
0.513

FDI ¼ foreign direct investment, GDP ¼ gross domestic product, GVC ¼ global value chain, LPI ¼
Logistics Performance Index.
Source: Authors’ calculations.

B.

Model Diagnostics

Panel observations that include time-series data can introduce potential problems
of serial correlation between successive years of the data. Another concern is
endogeneity, which is a usual problem in cross-economy analysis. Several diagnostic
tests were undertaken to examine multicollinearity, serial correlation, and endogeneity.
First, a pair-wise correlation analysis was performed to ensure that no two variables
were highly correlated, making both of them ineﬀective as regressors. The pair-wise
correlation coeﬃcients between the explanatory variables were all lower than 0.8
except for (i) trade openness and FDI stock; and (ii) secure server and internet
penetration. As a result, these variables cannot be estimated in one model (Table 3).
Postestimation tests on serial correlation and endogeneity are discussed in the
succeeding subsections.

C.

Panel Ordinary Least Squares and Feasible Generalized
Least Squares Estimations

The estimation model includes factors identiﬁed in the conceptual framework as
aﬀecting the GVC exports of economy i at time t with the year ﬁxed eﬀects yeart and
error term "it :
ln GVCit ¼ δ0 þ δ1 ln B2Cit þ δ2 ln GWIit þ δ3 ln LPI Scoreit
þ δ4 ln International Opennessit þ δ5 yeart þ "it ,

ð1Þ

Trade
Openness

FDI
(% of GDP)

1
0:162*** 1
0:500*** 0.822*** 1
0.166*** 0.184*** 0:097
0.311***
0.296*** 0.365***
0:016
0:056**
0.236***
0.110***
0.314*** 0.285***
0:058
0:084*** 0.048

GVCweighted
Income

1
0.534***
0.404***
0.570***
0.079***

1
0.567***
0.828***
0.044**

Debit Card
Server
Penetration Penetration

1
0.693***
0.018

1
0:016

1

International
Internet
Internet
Bandwidth Penetration LPI
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FDI ¼ foreign direct investment, GDP ¼ gross domestic product, GVC ¼ global value chain, LPI ¼ Logistics Performance Index.
Note: ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations.

Internet Retail Sales
1
Mobile Internet Retail Sales
0.947*** 1
GVC-weighted Income
0.140**
0.236***
Trade Openness
0:007
0:153*
FDI (% of GDP)
0:114** 0:241**
Debit Card Penetration
0.731*** 0.606***
Server Penetration
0.593*** 0.432***
International Internet Bandwidth 0.829*** 0.705***
Internet Penetration
0.683*** 0.250***
LPI Score
0.655*** 0.629***

Variables

Mobile
Internet
Retail Sales

OF

Internet
Retail
Sales

Table 3. Correlations between the Main Variables in the Study
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where B2Cit ¼ Internet Retail Salesit , Mobile Internet Retail Salesit ;4 and International Opennessit ¼ Trade Opennessit , FDIit .
The GVC-weighted Income (GWIit ) for the exporting economy i refers to the
GDP of the destination economy j weighted by the share of GVC exports from
economy i and economy j at year t as follows:
GWIit ¼

n
X
GVCjit Yjt
j¼1

GVCit

,

i 6¼ j,

ð2Þ

where GVCjit is the GVC exports of home economy i to destination economy j at year
t in a common currency (US dollar). GVCit is the total GVC exports of economy i in
common currency, and Yjt is the real income of destination economy j. The World
Bank’s World Development Indicators database is the source of real income (real
GDP) data. For each economy, it is normalized to have a mean of 1 across time
periods. This variable is included to capture global economic mass and as an index for
the market potential of the home economy’s GVC exports.
Standard assumptions underlying OLS regressions are often violated in
empirical research using panel data. Postestimation tests are conducted to determine
the presence of serial correlation. While serial correlation does not lead to a biased or
inconsistent OLS estimator, it results in ineﬃciency. A Wooldridge test is
implemented to check for autocorrelation in the panel data. The p-values of the
F-statistics of the Wooldridge test show that there is ﬁrst-order correlation in the
residuals of Models 1 and 5 of Table 4, and in Models 1 and 3 of Table 5. AR(1)
autocorrelation is characterized by an error term in one time period that is
proportional to the disturbance in the previous time period, including a spherical
disturbance. This is expected because some variables—such as B2C e-commerce
revenues (i.e., Internet Retail Sales and Mobile Internet Retail Sales), Logistics
Performance Index (LPI) Score, Trade Openness, and FDI—may exhibit comovement across periods.
To address the presence of autocorrelation in the residuals, an FGLS regression is
implemented to address the serial correlation of the errors. FGLS regression takes into
consideration that the errors are serially correlated, usually as an AR(1) process, and
imposes the assumption that the variance–covariance matrix of the errors is unknown.
Hence, standard error estimates are robust to disturbances being heteroscedastic,

4Given the prevalence of mobile retail sales in the e-commerce marketplace, which is unique in
many developing economies in Asia, we also examine the channel through mobile retail sales as a subset of
internet retail sales. Due to smaller sample size, however, we cannot conduct a 2SLS exercise to test the
impact of mobile retail sales on the GVC exports.

8.411***
(0.974)

6.152***
(0.361)

0.348***
(0.022)
0:138**
(0.059)
0.631**
(0.284)
0.209**
(0.086)

Model 5
Panel OLS

0.591*** 0.554***
0.210***
(0.0303)
(0.0174)
(0.0669)
0:724*** 0:587*** 0:496*
(0.0986)
(0.0849)
(0.259)
0:898
0:124
0.667
(0.569)
(0.373)
(0.585)
0.492*** 0.463***
(0.0591)
(0.0473)
0:0143
(0.142)
5.238*** 4.567***
8.125***
(0.485)
(0.259)
(1.311)

Model 4
2SLS

0:280***
(0.073)
7.028***
(0.438)

0.340***
(0.022)
0:151**
(0.058)
0.760**
(0.280)

Model 6
FGLS

Model 8
2SLS

0.323***
(0.0365)
3.400***
(0.367)

Continued.

0.299***
(0.0291)
2.647***
(0.217)

0.581*** 0.535***
(0.0289)
(0.0168)
0:643*** 0:496***
(0.0874)
(0.0829)
0:0748
0.844***
(0.501)
(0.31)

Model 7
2SLS

AND

Constant

0.195***
(0.0664)
0:332
(0.245)
0.459
(0.417)
0.775***
(0.289)

Model 3
2SLS
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log FDI (% of GDP)it

log (Trade Openness)it

log (LPI Score)it

log (GVC-weighted Income)it

log (Internet Retail Sales)it

Model 1
Panel OLS

Model 2
FGLS

Regression Results of Panel Ordinary Least Squares, Feasible Generalized Least Squares, and Two-stage Least Squares
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Dependent Variable: log(GVC Exports)it
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204
16
0.541
0.629
0.542
10.106***

204
16

Model 6
FGLS

353.64***

204
16
0.889
0.453
0.934
12.613***

Model 5
Panel OLS

Panel-speciﬁc AR(1)

113
14
0.971

Model 4
2SLS

321.32***

129
14
0.946

Model 3
2SLS

Panel-speciﬁc AR(1)

204
16

Model 2
FGLS

129
14
0.955

Model 7
2SLS

113
14
0.978

Model 8
2SLS

FDI ¼ foreign direct investment, FGLS ¼ feasible generalized least squares, GDP ¼ gross domestic product, GVC ¼ global value chain, LPI ¼ Logistics
Performance Index, OLS ¼ ordinary least squares, 2SLS ¼ two-stage least squares.
Notes: FGLS model includes homoscedastic errors. Correlation: panel-speciﬁc AR(1) (PSAR1). Years are from 2007 to 2019 for Models 1 and 2 and Models
5 and 6. Years are from 2011 to 2019 for Models 3 and 4 and Models 7 and 8. Panel OLS and 2SLS estimation techniques include year ﬁxed eﬀects.
***p < 0:01, **p < 0:05, and *p < 0:1. F-statistic is for the Wooldridge test of autocorrelation (H0 : No ﬁrst-order autocorrelation). The excluded
instruments for Models 3 and 7 are Debit Card Penetration, International Internet Bandwidth, and Internet Penetration. The excluded instruments for Models
4 and 8 are Debit Card Penetration, International Internet Bandwidth, and Server Penetration.
Source: Authors’ calculations.

Observations
Number of economies
Overall R 2
Within R 2
Between R 2
F-statistic
Correlation
Wald χ 2 (4)

Model 1
Panel OLS

Dependent Variable: log(GVC Exports)it

Table 4. Continued.
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contemporaneously cross-sectionally correlated, and autocorrelated of type AR(1)
(Table 7).
In the FGLS model, the following independent variables are examined: (i)
Internet Retail Sales, (ii) GVC-weighted Income, (iii) LPI Score, (iv) Trade
Openness, and (v) FDI. Since trade openness and FDI are highly correlated, they are
estimated in two separate models. The FGLS estimator is known to be more eﬃcient
than the OLS in the presence of heteroscedasticity, as well as cross-sectional and
serial correlations. All panel OLS and FGLS models yield empirical evidence on the
positive and statistically signiﬁcant impact of Internet Retail Sales and Mobile
Internet Retail Sales on GVC exports (Models 1, 2, 5, and 6 of Table 4; and Models
1–4 of Table 5). These results bolster the importance of e-commerce in creating
more opportunities for GVC exports. The coeﬃcients of Internet Retail Sales (0.195–
0.340) are relatively higher than those of Mobile Internet Retail Sales (0.114–0.131).
The coeﬃcients for GVC-weighted Income are negative in both OLS and
FGLS, but they are statistically signiﬁcant only in the latter when controlled for
heteroscedasticity and serial correlation (Models 1, 2, 5, and 6 of Table 4; and
Models 1–4 of Table 5). When an exporting economy’s income relative to an
importing economy’s increases, its GVC exports decrease and vice versa. This
makes sense as the larger the importing economy’s income relative to exporting
economy’s, the greater their import demand, leading to more exports from the
exporter, given that import demand is a function of income. The same can be
observed with an LPI Score where it shows a positive sign yet is only statistically
signiﬁcant in the FGLS estimations. The large magnitude of coeﬃcients of the LPI
Score (from 0.631 to 1.684) provides empirical evidence that logistics is the
backbone of GVC exports.
When the Internet Retail Sales variable is used as a measure of e-commerce
revenues, trade openness exhibits a positive and statistically signiﬁcant impact on
GVC exports for both panel OLS and FGLS estimations, increasing the GVC exports
between 0.21% and 0.78% (Models 1 and 2 of Table 4). This provides empirical
support to the importance of e-commerce and trade openness in stimulating GVC
exports. However, when equation (1) is controlled for Mobile Internet Retail Sales as a
measure of e-commerce revenues, the impact of trade openness on GVC exports is
diminished and does not yield a statistically signiﬁcant result. Neither OLS nor FGLS
estimations involving Internet Retail Sales and Mobile Internet Retail Sales provide
empirical evidence that FDI aﬀects GVC exports.
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Table 5. Regression Results of Panel Ordinary Least Squares and Feasible Generalized
Least Squares
Dependent Variable: log(GVC Exports)it

log (Mobile Internet Retail Sales)it
log (GVC-weighted Income)it
log (LPI Score)it
log (Trade Openness)it

Model 1
Panel OLS

Model 2
FGLS

Model 3
Panel OLS

Model 4
FGLS

0.121***
(0.0391)
0:234
(0.300)
0.327
(0.233)
0.706
(0.726)

0.131***
(0.019)
0:244*
(0.137)
1.684***
(0.453)
0:103
(0.081)

0.115***
(0.0411)
0:452
(0.277)
0.839
(0.770)

0.114***
(0.017)
0:243**
(0.120)
1.669***
(0.402)

0:130
(0.193)
10.22***
(1.485)
117
13
0.713
0.336
0.746
93.782***

0:289***
(0.055)
9.739***
(0.469)
117
13

log FDI (% of GDP)it
Constant
Observations
Number of economies
Overall R 2
Within R 2
Between R 2
F-statistic
Correlation

9.849***
(1.134)
117
13
0.506
0.397
0.516
84.296***

Wald χ 2 (4)

8.498***
(0.489)
117
13

Panel-speciﬁc
AR(1)
122.52***

Panel-speciﬁc
AR(1)
145.40***

FDI ¼ foreign direct investment, FGLS ¼ feasible generalized least squares, GDP ¼ gross domestic
product, GVC ¼ global value chain, LPI ¼ Logistics Performance Index, OLS ¼ ordinary least
squares.
Notes: FGLS model includes homoscedastic errors. Correlation: panel-speciﬁc AR(1) (PSAR1). Years
are from 2011 to 2019. ***p < 0:01, **p < 0:05, and *p < 0:1. Panel OLS estimations include year
ﬁxed eﬀects. F-statistic is for the Wooldridge test of autocorrelation (H0 : No ﬁrst-order
autocorrelation).
Source: Authors’ calculations.

D.

Two-Stage Least Squares Estimation

Generating unbiased estimates of the parameters in a panel data model and the
OLS is grounded on two key assumptions: (i) the error term is uncorrelated with
the independent variables; and (ii) there is homoscedasticity in the cross-section. The
assumption that the error term is independent of the regressors (orthogonality
condition) retains a potential problem—when the regressors are estimated with error,
the orthogonality condition does not hold. The direction of the bias of the coeﬃcients
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is determined by the correlation among the variables, including the correlation among
the measurement errors. Both sources of potential bias can be reduced by using
instrumental variables and a 2SLS estimation technique. Employing this method
allows us to further understand the implications of our data beyond the base model
[equation (1)] by examining the underpinnings of e-commerce revenues as a key
driver of GVC exports. Of particular concern is the potential for omitted variable bias,
which could cause the error term to be correlated with some of the independent
variables, given there could be various factors that aﬀect GVC exports beyond the
scope of the model used in this study.
Further investigation and analysis are undertaken to explore the potential
problem of violating the assumption of noncorrelation of the error term with the
independent variables in a panel data model. To examine the potential bias, it is
imperative to investigate whether there is endogeneity with respect to the speciﬁed
endogenous regressor (i.e., Internet Retail Sales) using equation (1). If the explanatory
variables are not endogenous, the instrumental variable (IV) method is not relevant
because the OLS method will produce more consistent and eﬃcient parameters than
the IV method.
The last rows of Tables 7 and 9 present the tests of endogeneity for Models 3
and 4 and Models 7 and 8 of Table 4, respectively, which show that there is evidence
of endogeneity in the GVC exports equation. Across all models, the residual for the
regression results of GVC exports is signiﬁcantly diﬀerent from zero based on the
small p-value.
1.

Instruments

We ﬁrst introduce the instruments and relevant test statistics to evaluate their
validity. To address the endogeneity of Internet Retail Salesit representing B2Cit , it is
instrumented by ICT and ﬁnancial payment variables in the ﬁrst stage:
ln Internet Retail Salesit ¼ 0 þ 1 ln Debit Card Penetrationit þ 2 ln GWIit
þ 3 ln LPI Scoreit þ 4 ln International Opennessit
þ 5 ln International Internet Bandwidthit1
þ 6 ln Technology Adoptionit þ yeart þ it ,

ð3Þ

where International Opennessit ¼ Trade Opennessit , FDIit ; and Technology
Adoptionit ¼ Internet Penetrationit , Server Penetrationit1 .
The excluded instruments in the second-stage regression are Debit Card
Penetrationit , International Internet Bandwidthit , and Technology Adoptionit measures.
These technology and ﬁnancial infrastructure variables, while having a direct impact
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on B2C e-commerce, may not inﬂuence GVC exports directly. Since Internet
Penetration and Server Penetration are highly correlated, two separate models are
estimated to capture their respective impacts on Internet Retail Sales. While higher
bandwidth and more secure servers can stimulate Internet Retail Sales, the growing
popularity of e-commerce can also drive higher ICT infrastructure investments in
internet bandwidth and the proliferation of supply-side technology adoption measures
such as more ﬁrms adopting secure servers. The potential endogeneity of International
Internet Bandwidth and Server Penetration through simultaneity problems in the ﬁrst
stage is further reduced by utilizing their lagged values, which are predetermined
variables that cannot be inﬂuenced by their current values.
These variables must satisfy the following properties to be valid instruments: (i)
correlated with the endogenous regressor (i.e., Internet Retail Sales); (ii) strongly
correlated, rather than weakly correlated, with Internet Retail Sales; and (iii)
uncorrelated with the error term or the exogeneity condition. The ﬁrst two properties
are necessary to establish the relevance of the instruments or that the excluded
instruments are suﬃciently correlated with the endogenous variable. The second
property is a strengthening of the ﬁrst to ensure good ﬁnite sample performance of the
IV estimator.
The ﬁrst property requires testing for underidentiﬁcation, while the second tests
for weak identiﬁcation. We use the Kleibergen–Paap rk Lagrange multiplier to
determine underidentiﬁcation because it is robust to the heteroscedasticity of the error
terms. Both tests are presented in the postestimation test results (Tables 6 and 8). The
test rejects the null hypothesis of underidentiﬁcation in all results at the 1% level of
signiﬁcance (ﬁrst row for Models 3 and 4 of Table 7 and for Models 7 and 8 of
Table 9). This suggests that the excluded instruments are correlated with the
endogenous regressors (i.e., Internet Retail Sales) and, therefore, are relevant.
Stock, Wright, and Yogo (2002) proposed several informal procedures for
detecting weak instruments including the ﬁrst-stage R 2 and the ﬁrst-stage F-statistic on
the excluded instruments. The former measures the extent to which the excluded
instruments explain the variation in the endogenous variable (i.e., Internet Retail
Sales); the latter measures whether the coeﬃcients of the excluded instruments are
signiﬁcantly diﬀerent from zero. Tables 7 and 9 (second rows) show that the F-values
in all models are well above the rule-of-thumb critical value of 10, following Staiger
and Stock (1997). Meanwhile, the ﬁrst-stage R 2 values in all models are relatively
high. They explain from 57% to 69% of the variation in Internet Retail Sales, which is
the endogenous variable (third rows of Tables 7 and 9). Both test statistics support the
identiﬁcation strategy and neither gives evidence against the instruments.
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Table 6. Estimation Results: First Stage for Models 3 and 4 of Table 4
Dependent Variable: log(Internet Retail Sales)it

log (Debit Card Penetration)it
log (International Internet Bandwidth)it1
log (GVC-weighted Income)it
log (Trade Openness)it
log (LPI Score)it
log (Internet Penetration)it

Model 3

Model 4

0.076
(0.145)
0.908***
(0.123)
0.682**
(0.285)
1:657***
(0.125)
6.805***
(0.933)
0.300
(0.232)

0.257**
(0.105)
0.791***
(0.111)
0.453
(0.345)
1:577***
(0.142)
8.443***
(1.29)

log (Server Penetration)it1
Constant
Observations
R2

6:291***
(1.01)
129
0.912

0:116
(0.075)
7:436***
(1.035)
113
0.919

GVC ¼ global value chain, LPI ¼ Logistics Performance Index.
Notes: Robust standard errors in parentheses. ***p < 0:01 and **p < 0:05.
Includes year ﬁxed eﬀects. Year coverage is from 2011 to 2019. The sample
includes 14 Asian economies.
Source: Authors’ calculations.

Stock and Yogo (2005) also proposed a more formal and rigorous process using
the Cragg–Donald statistic, which is the generalization of the F-statistic. The null
hypothesis tests whether or not the estimator is either weakly identiﬁed or biased and
unacceptably large. Following the common practice in literature, we use the
Stock–Yogo weak instrument test called the maximal IV estimator bias, which employs
the ratio of the bias of the estimator to the bias of OLS (i.e., rows 4 and 5 of Tables 6
and 8 are evaluated using the Stock–Yogo maximal IV relative bias critical values).
The Cragg–Donald-based weak instruments test assumes homoscedastic errors.
Hence, the heteroscedasticity-robust Kleibergen–Paap Wald rk F-statistic, which is
valid under non-i.i.d. errors, is also shown. All results in rows 4 and 5 of Tables 7
and 9 show that both the Cragg–Donald and Kleibergen–Paap Wald rk F-statistics are
above the 5% critical values. This suggests that the excluded instruments are correlated
with the endogenous regressor (i.e., Internet Retail Sales). In eﬀect, the null hypothesis
that the instruments are weak is rejected.
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Table 7.

Postestimation Tests of Models 3 and 4 of Table 4

Null Hypothesis
Instrument Relevance Tests
Excluded instruments are
irrelevant
(underidentiﬁcation)
All coeﬃcients of excluded
instruments are zero

Excluded instruments are weak
(weak identiﬁcation)

Test Statistics

Model 3

Model 4

Kleibergen–Paap rk LM
statistic

30.42 (0)

31.19 (0)

Partial F-statistic in the
ﬁrst-stage regression
Partial R 2 in the ﬁrst-stage
regression
Cragg–Donald Wald statistic
Kleibergen–Paap rk Wald
F-statistic

57.82++

56.97++

0.554

0.582

46++
57.82++

45.45++
56.97++

4.55 (0.103)

0.980 (0.613)

8.954 (0.003)

8.390 (0.004)

Instrument Exogeneity (Overidentiﬁcation) Test
Hansen’s J-statistic
Instruments are not correlated
with the error term and
correctly excluded from the
structural equation
Test of Endogeneity
Speciﬁed endogenous regressor
(i.e., Internet Retail Sales)
can actually be treated as
exogenous

Diﬀerence-in-Sargan C-statistic

LM ¼ Lagrange multiplier.
Notes: The p-values of LM, Hansen, and Sargan J-statistics are in parentheses. ++ denotes
signiﬁcance at the 5% level, according to the Stock–Yogo critical values.
Source: Authors’ calculations.

Now that the relevance of the instruments has been established, their validity
based on the third property was examined using Hansen’s J-test of overidentifying
restrictions. Hansen’s J-statistic is robust to heteroscedasticity of error terms. In all
results in Tables 7 and 9 (sixth rows), Hansen’s J-statistics support the null hypothesis
that the instruments are valid or uncorrelated with the error term and cannot be
rejected. Hence, the excluded instruments are correctly excluded from the secondstage estimation [equation (1)] and the exogeneity or orthogonality condition is
satisﬁed. Overall, the above results taken together provide convincing evidence in
favor of the chosen instruments.
2.

Results

All ﬁrst-stage estimation results bolster the assertion that International Internet
Bandwidth is the backbone of e-commerce (Models 3 and 4 of Table 6 and Models 7
and 8 of Table 8). This ICT infrastructure measure is statistically signiﬁcant in all
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Table 8. Estimation Results: First Stage of Models 7 and 8 of
Table 4
Dependent Variable: log(Internet Retail Sales)it

log (Debit Card Penetration)it
log (International Internet Bandwidth)it1
log (GVC-weighted Income)it
log FDI (% of GDP)it
log (LPI Score)it
log (Internet Penetration)it

Model 7

Model 8

0.271*
(0.152)
0.834***
(0.123)
0.448*
(0.251)
1:073***
(0.063)
4.228***
(0.842)
0.271*
(0.152)

0.352***
(0.118)
0.794***
(0.104)
0.174
(0.300)
1:07***
(0.071)
5.135***
(1.120)

log (Server Penetration)it1
Constant
Observations
R2

0.462
(1)
129
0.928

0.352***
(0.118)
0:519
(1.156)
113
0.933

FDI ¼ foreign direct investment, GDP ¼ gross domestic product, GVC ¼
global value chain, LPI ¼ Logistics Performance Index.
Notes: Robust standard errors in parentheses. ***p < 0:01 and *p < 0:1.
Includes year ﬁxed eﬀects. Year coverage is from 2011 to 2019. The sample
includes 14 Asian economies.
Source: Authors’ calculations.

ﬁrst-stage results and shows that Internet Retail Sales increase between 0.79% and
0.90%. These results are similar to the ﬁndings of Kang, Wang, and Ramizo (2021) on
the impact of International Internet Bandwidth on B2C online commerce when the
models are not controlled for time-invariant country characteristics. The regression
results also provide empirical support on the crucial role of logistics performance in
achieving higher e-commerce sales. Internet Retail Sales are highly responsive to
changes in the LPI Score; a 1% improvement in logistics performance generates a 4.2–
8.4% increase in e-commerce revenues.
Debit Card Penetration is positive and statistically signiﬁcant across all models,
except when Internet Penetration is used as a technology adoption measure, boosting
e-commerce revenues by 25.7–35.2%. This result supports the ﬁndings of the United
Nations Conference on Trade and Development (2017) on the signiﬁcance of bank
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Table 9.

Postestimation Tests of Models 7 and 8 of Table 4

Null Hypothesis
Instrument Relevance Test
Excluded instruments are
irrelevant
(underidentiﬁcation)
All coeﬃcients of excluded
instruments are zero

Excluded instruments are weak
(weak identiﬁcation)

Test Statistics

Model 7

Model 8

Kleibergen–Paap rk LM
statistic

33.46 (0)

33.40 (0)

Partial F-statistic in the ﬁrststage regression
Partial R 2 in the ﬁrst-stage
regression
Cragg–Donald Wald statistic
Kleibergen–Paap rk Wald
F-statistic

64.91++

68.90++

0.628

0.663

62.38++
64.91++

64.18++
68.90++

1.890 (0.389)

0.747 (0.688)

4.499 (0.0339)

0.436 (0.509)

Instrument Exogeneity (Overidentiﬁcation) Test
Hansen’s J-statistic
Instruments are not correlated
with the error term and
correctly excluded from the
structural equation
Test of Endogeneity
Speciﬁed endogenous
regressors (i.e., Internet
Retail Sales) can actually be
treated as exogenous

Diﬀerence-in-Sargan C-statistic

LM ¼ Lagrange multiplier.
Notes: The p-values of LM, Hansen, and Sargan J-statistics are in parentheses. ++ denotes signiﬁcance
at the 5% level, according to the Stock–Yogo critical values.
Source: Authors’ calculations.

accounts compared to Credit Card Penetration in B2C online sales payment readiness.
A debit card usually has a corresponding bank account, which is not normally the case
with credit cards. The responsiveness of B2C online sales generates the same result
when using a diﬀerent set of control variables (i.e., factors aﬀecting consumer
spending and various technology adoption measures such as internet access) and
employing other estimation techniques (i.e., ﬁxed-eﬀect and random-eﬀect models).
The size and signiﬁcance of the coeﬃcients of Debit Card Penetration remain
inﬂuential for B2C online commerce, suggesting that the results are not sensitive to
variations in control variables or estimation methods.
The expected positive impact of technology adoption measures (i.e., Internet
Penetration and Server Penetration) on e-commerce revenues ﬁnds empirical support
when the model is controlled for FDI as a share of GDP. A 1% expansion of Internet
Penetration, which represents the potential market size or customer base, boosts
Internet Retail Sales by 0.27% (Model 7 of Table 8). Meanwhile, greater supply-side
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technology adoption, through the proliferation of secure servers, enhances Internet
Retail Sales by 0.35% for every 1% increase in the Server Penetration rate (Model 8 of
Table 8).
The negative impact of Trade Openness and FDI seems puzzling but could be
due to the fact that the majority of B2C e-commerce is still dominated by domestic
commerce in many economies. The second-stage regression results, however, show
the positive impact of these variables on GVC exports as expected. The
GVC-weighted Income of exporters has a positive and statistically signiﬁcant impact
on Internet Retail Sales (Model 3 of Table 6, Model 7 of Table 8), with coeﬃcients
ranging from 0.45% to 0.68% when Internet Penetration is used as a technology
adoption measure (Model 3 of Table 6, Model 7 of Table 8). This might also have
been aﬀected by the larger share of domestic commerce than cross-border commerce in
B2C e-commerce statistics, which can be bolstered by the higher income of the source
economy (i.e., the exporting economy in this case).
Examining the second stage of the 2SLS models shows the positive and highly
statistically signiﬁcant impact of Internet Retail Sales on GVC exports, which is
robust across all estimation speciﬁcations and instrument variables used. The
magnitude of coeﬃcients of Internet Retail Sales is the highest when the instruments
include Internet Penetration representing the potential e-commerce customer base.
The coeﬃcients are also stable across all model speciﬁcations with values ranging
from 0.54% to 0.59% (Models 3, 4, 7, and 8 of Table 4). These results lend empirical
support to the importance of e-commerce in generating more opportunities for GVC
exports. All international openness indicators (i.e., Trade Openness and FDI) are
positive and statistically signiﬁcant and robust to variations in the excluded instrument
variables. The parameters are also stable across speciﬁcations with a 1% increase in
Trade Openness enhancing the GVC exports by 0.46–0.49% (Models 3 and 4 of
Table 4), while a 1% increase in FDI expands the GVC exports by 0.30–0.32%
(Models 7 and 8 of Table 4). These results are consistent with existing studies that
point to the positive impact of international trade openness on GVC exports. Lastly,
2SLS estimation generates empirical evidence of the crucial role that logistics play in
advancing GVC exports when the model speciﬁcation uses FDI as a measure of
international openness. A 1% improvement in the LPI Score drives up the GVC
exports by 0.84%.
Further, while the PRC appears to be an outlier with its enormous e-commerce
market size, which might aﬀect the magnitude of the coeﬃcients and even the direction
of the signs, the results remain qualitatively the same across all estimation techniques
and models even when the PRC is excluded from the sample.
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IV.

Conclusion

B2C online commerce, supported by rapid ICT innovation, is a powerful
phenomenon that is reshaping the global economy. It has the capacity to link producers
to consumers in novel ways through digital platforms that create online commercial
spaces with domestic and international reach. This virtual marketplace enables ﬁrms to
overcome the traditional initial ﬁxed costs of reaching consumers (i.e., setting up
physical stores) and create visibility for their products (i.e., marketing and
advertisement initiatives). It also empowers consumers by giving them a massive
list of products to choose from and more actively engaging them in product
development and service delivery improvement through various feedback and
reputation mechanisms.
In fact, these new economic arrangements raise questions about the impact of
B2C online commerce on GVCs. This paper’s empirical analysis ﬁnds robust evidence
that various segments of B2C online commerce facilitate GVC exports, suggesting that
the size of B2C online commerce in a given economy contributes to the growth of its
GVC exports. GVC exports rely on intermediate or ﬁnal products with ﬁnal
destinations being either in the product’s origin economy or abroad. Hence, the results
lend support to the discussion that B2C online commerce provides a convenient
platform for ﬁrms to sell their products and for consumers to engage in feedback
cycles, thereby promoting further fragmentation of cross-border production stages
along and within the stream of research and development, design, production,
marketing, and logistics before selling the products both domestically and abroad. Our
IVs of technological factors and payment mechanism play a key role. The robust and
positive impact of secure internet servers and internet bandwidth on B2C online
commerce, as well as the positive inﬂuence of B2C online commerce on GVC exports,
provides empirical evidence of the interrelationship of technology adoption, B2C
online commerce, and GVCs.
The ﬁndings can guide policymakers in Asia given the yawning digital divide in
parts of the region and digital solutions’ untapped potential in B2C online commerce.
The problem of a digital divide—whether it is between urban and rural areas, income
classes, or genders—could leave many people, particularly the disadvantaged, behind
if unaddressed by appropriate policy measures. High-quality access to the internet,
particularly international internet bandwidth, is vital to stimulating cross-border trade
and domestic commerce. Our policy recommendations include greater investment in
ICT infrastructure, both public and private, and the creation of an enabling
environment that promotes competition in the telecommunications sector. The direct
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eﬀect of secure servers and ﬁnancial readiness on B2C online commerce, and its
indirect impact on GVC exports, emphasizes the importance of laws and regulations
that enable both businesses and consumers to beneﬁt from digital payment systems
and data protection.
The emerging digitally powered, knowledge-intensive GVCs are likely to
dominate the future (Inomata and Taglioni 2019). As digital infrastructure advances,
GVCs will likely also evolve in terms of their governance structure, expansion, and
value creation and capture, with the impact of new digital technologies on GVCs
reinforced by digital platforms and ecosystems.
Integrating into and beneﬁting from GVCs can be further promoted with the
growth of B2C online commerce. For this, developing economies need access to ICT
infrastructure, a skilled workforce, and local governance that nurtures supporting
institutions and a market environment conducive for digital transactions. Strong
government support is thus needed to strengthen investments in both hard and soft
infrastructures and human capital, and to improve the quality of institutions.
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Domestic trade costs are anecdotally high in the Philippines, and yet a
systematic and spatially comparable metric of trade costs is unavailable. This
paper ﬁlls this gap by estimating province border eﬀects, or a province’s
tendency to trade with itself rather than with other provinces. Subsequently, the
eﬀects of a maritime transport program based on roll-on roll-oﬀ (RORO) ships
on province border eﬀects are assessed. Using two novel datasets—the starting
dates of RORO shipping services by route, and the intraprovince trade of
agricultural products—this study ﬁnds that province border eﬀects are
substantial, with a typical province trading 51 times more with itself than
with other provinces. The RORO transport program is associated with an
average reduction of 35% of this home province bias. However, the border
eﬀect reductions are unevenly distributed, with the largest reductions
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⁄E-mail: eugenia.go@gosekeeandsons.com. The guidance of Ingo Borchert and L. Alan Winters from the
University of Sussex is gratefully acknowledged. The author beneﬁted from the detailed comments from
Michael Gasiorek (University of Sussex), Richard Anthony Kneller (University of Nottingham), Benno
Ferrarini (Asian Development Bank), Yasuyuki Sawada (University of Tokyo), and three anonymous
referees. Acknowledgments are due to individuals and organizations that shared information and data
including the former chair of economic aﬀairs of the Philippine House of Representatives, Arthur C. Yap;
the Department of Agriculture; the Maritime Industry Authority (Joel Archimedes Monteroso); the
Philippine Ports Authority; the Philippine Statistics Authority (Julieta Soliven and Willie Montaño); and
the Development Bank of the Philippines. The following shipping companies participated in the shipping
service survey: 2Go Group, Archipelago Ferries, Atienza, Daima Shipping, Eastern Paciﬁc, EB Aznar, FF
Cruz, Gabisan, George and Peter Lines, GT Express, Kalayaan, Lorenzo, Maayo, Medallion, Montenegro,
Philippine Span Asia, Peñafrancia, Philharbor, Philstone, Regina, Roble, Santa Clara, Tri-Star Megalink,
and VG Shipping. The Asian Development Bank recognizes “China” as the People’s Republic of China.
This is an Open Access article published by World Scientiﬁc Publishing Company. It is distributed under
the terms of the Creative Commons Attribution 3.0 International (CC BY 3.0) License which permits use,
distribution and reproduction in any medium, provided the original work is properly cited.

Asian Development Review, Vol. 39, No. 2, pp. 75–118
DOI: 10.1142/S0116110522500123

© 2022 Asian Development Bank and
Asian Development Bank Institute.

76 ASIAN DEVELOPMENT REVIEW

Keywords: border eﬀects, domestic trade, intranational trade, trade costs
JEL codes: F14, O18, Q10

I.

Introduction

Domestic trade costs play an important role in economic development. The eﬀect
of policies and shocks on a particular location depends not just on its own exposure to
these changes, but also on the relative distribution of trade costs with other locations.
For example, studies of agricultural markets in Sub-Saharan Africa ﬁnd that higher
domestic trade costs are associated with surplus gains being skewed toward
intermediaries, while the incidence of costs is larger for producers and consumers
(Osborne 2005, Fafchamps and Hill 2008, Bergquist and Dinerstein 2020). During the
times of falling world prices, the share of surplus captured by intermediaries in
Ethiopia and Nigeria is larger for more remote consumers (Atkin and Donaldson
2015). The increase in transportation costs in Ethiopia following the withdrawal of fuel
subsidies was substantially more detrimental for farmers who were far away from the
urban markets (Fuje 2019).
Evidence suggests domestic trade costs can be substantial. Atkin and Donaldson
(2015) found that the elasticity of trade costs to distance is four–ﬁve times higher
within the poorly connected Ethiopia and Nigeria compared to the United States (US).
In some cases, trade costs can be so prohibitive as to prevent the trade between regions
from taking place.
Despite its far-reaching consequences for development, the lack of subnational
data has meant that studies on domestic trade costs remain limited, and they are less
appreciated than the international trade costs (Agnosteva, Anderson, and Yotov 2019).
International trade models typically assume domestic trade to be frictionless, and this
has resulted in inconsistencies of predictions against observed economic outcomes
(Ramondo, Rodríguez-Clare, and Saborío-Rodríguez 2016). Yotov (2021) argued that
including domestic trade ﬂows is key to more precise estimates of the (i) impacts of
international trade policies and a more accurate appreciation of their distributional
implications through channels such as the extensive margin of domestic trade
(Anderson and Yotov 2020); (ii) asymmetries in country-speciﬁc trade costs and
country-speciﬁc eﬀects of trade policies (Felbermayr and Yotov 2021); and (iii) trade
diversion eﬀects of trade agreements (Dai, Yotov, and Zylkin 2014).
This work contributes to the literature on domestic trade costs and how transport
infrastructure investments can inﬂuence their distribution across space. It does so by
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estimating home bias or border eﬀects—the tendency of a country, or in this context, a
province, to trade with itself—and mapping how they change following a maritime
transport program that facilitates interisland trade using roll-on roll-oﬀ (RORO) ships.
In the absence of direct trade cost information, home bias can be an
informative measure of trade costs. The pioneering work of McCallum (1995) found
that Canada trades 22 times more with itself than with the US. A meta-analysis by
Havranek and Irsova (2017) conﬁrmed that international border eﬀects remain
sizable, especially for the emerging countries. Border eﬀects in developed economies
indicate that they trade around 1.6–9 times more with themselves than with the other
countries, whereas this factor is substantially larger for emerging countries at 24.5
times. Border eﬀects have also been documented in international trade in services
(Anderson et al. 2018).
Border eﬀects capture a whole range of diﬀerent frictions that prevent trade from
freely ﬂowing between provinces. Among others, they include transport and storage
costs, product characteristics, marketing costs, and government policies aﬀecting the
movement of products such as quarantine regulations. They also include information
frictions, which, according to Allen (2014), explain a substantial portion of price
dispersion patterns of agricultural products in the Philippines.
Within countries, individual US states are shown to trade more with themselves
than with the other states (Wolf 2000, Coughlin and Novy 2013). Regional border
eﬀects are also signiﬁcant in Canada (Anderson and Yotov 2010; Agnosteva,
Anderson, and Yotov 2019), and evidence suggests that intranational borders are
signiﬁcant factors in explaining the wage disparities within Brazil (Fally, Paillacar, and
Terra 2010), as well as discontinuities in economic outcomes such as urbanization,
exports, and manufacturing output in the People’s Republic of China (Poncet 2005,
Guo and Minier 2021).
Studies that bring domestic and international border eﬀects into a uniﬁed
framework suggest that intranational trade costs pose substantial barriers to domestic
integration. Anderson and Yotov (2010) found that intraprovince border eﬀects in
Canada are larger than both interprovince and international border eﬀects. Coughlin
and Novy (2013) uncovered a similar pattern in the US.
The Philippines is an interesting setting for studying domestic trade costs. It is an
archipelago with over 7,000 islands that faces considerable connectivity challenges. In
some smaller islands, maritime transport is the only viable means of sustained trade. In
2017, the total value of domestic maritime trade reached $15.3 billion, or 5% of the
gross domestic product, corresponding to 23 million metric tons of goods (Philippine
Statistics Authority [PSA] 2018a).
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However, domestic maritime transport is notoriously expensive in the
Philippines. Freight cost per nautical mile from Manila, the capital in the north, to
Davao, a major port in the south, for a 20-foot container equivalent unit (TEU) was
estimated to be $1.50 in early 2000, whereas those from Hong Kong, China; Bangkok,
Thailand; and Port Klang, Malaysia to Manila were at most $0.50 per nautical mile
(Basilio 2008). Transporting a TEU from Manila to Cagayan de Oro in the south of the
country was twice as expensive as moving the same cargo via transshipment through
Kaoshung in Taipei,China (Llanto and Navarro 2014). These ﬁgures as well as
anecdotes from business groups suggest that domestic trade costs can be prohibitive
(Intal and Ranit 2001, National Economic Development Authority 2015). Yet, a
systematic and subnationally comparable metric of domestic trade costs is not
available.
This paper estimates provincial border eﬀects in the Philippines and investigates
the impact of a transport program based on RORO ships on the home bias for
agricultural products. The RORO-associated changes to border eﬀects are mapped
across products, time, and provinces. These exercises required the construction of two
new datasets that form part of this paper’s contribution to the literature: (i) historical
data that track the starting date of RORO services by route; and (ii) the recovery of
intraprovince agricultural trade and interprovince land trade, which are not tracked by
the Philippine Statistics Authority.
Results show that province border eﬀects in the Philippines are large. Provinces
trade 51 times more with themselves than with other provinces. The RORO transport
program reduced this tendency to 32 times—an attenuation of 35%. The larger
interprovince maritime trade ﬂows associated with RORO-connected province pairs
conﬁrm the border-eﬀect-reducing impact of the program. There is suggestive
evidence of border eﬀects declining over time, but the most signiﬁcant reductions are
clustered in provinces near Metro Manila, the capital and main economic center in the
country.
A.

The Roll-On Roll-Oﬀ Terminal System

The Government of the Philippines launched the Roll-On Roll-Oﬀ Terminal
System (RRTS) in January 2003 with the aim of reducing domestic trade costs by
promoting the use of RORO ships for interisland trade. RORO-carried cargoes were
exempted from cargo handling and wharfage fees, beneﬁted from simpliﬁed
administrative procedures, paid fees based on lane meter in lieu of charges based on
product classiﬁcation, and paid ﬁxed registration fees instead of revenue shares to port
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authorities. The program also provided ﬁnancing support for RORO vessel acquisition
and RORO port development.
The RRTS can reduce trade costs through several mechanisms. First, it
facilitates intermodal freight transport between land and sea. Cargo-bearing vehicles
can embark and disembark from RORO ships without having to go through
cargo handling, which is one of the most time-consuming activities in maritime trade
(Brancaccio, Kalouptsidi, and Papageorgiou 2020). Second, because of their smaller
size, RORO ship operations involve lower ﬁxed costs along short-distance routes
compared to container-carrying liner ships. This makes RORO suitable for regular
interisland trade. Third, the seamless interface between land and sea transport
through RORO means that ﬁrms can directly deliver to institutional buyers, thereby
saving on warehousing and inventory costs. Finally, RORO can further reduce
trade costs by lowering the cost of market entry in intermediation services
(Go 2020a).
The program started with 36 routes in 2003 and expanded to cover 114 routes by
2014 (Figure 1). The sequence of development for the 42 preidentiﬁed routes was
supposed to have followed a scoring system based on traﬃc demand, extensiveness of
inland road and transport networks, and port construction costs (Japan International
Cooperation Agency [JICA] 1992). However, there were considerable deviations from
the original planned sequence (Figure 2). By 2014, seven of the original routes
remained undeveloped, whereas the overall network had expanded beyond the original
plans. A systematic tracking of the reasons for plan deviations has unfortunately
proved infeasible. As such, the exogeneity of the RRTS placement is not argued.
Rather, this paper focuses on estimating home bias and tracing its evolution following
the RRTS access of some provinces.
There were RORO ships operating before the RRTS. For example, the
Batangas–Calapan route experienced growth in the RORO-carried trade in the
early 1990s. However, the transport mode could not fully take oﬀ because of
incongruent policies, such as having to pay the cargo handling fees even when cargo
handling was unnecessary (Basilio 2008), and the imposition of tariﬀs on trucks
when they moved between islands (United States Agency for International
Development 1994).
The paper is organized further as follows. Section II outlines the theoretical
motivation and the empirical strategy for estimating border eﬀects. Section III
describes data sources and the underlying derivation processes. Section IV discusses
and contextualizes the results. Finally, Section V summarizes the ﬁndings and oﬀers
policy implications.
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Figure 1.

Roll-On Roll-Oﬀ Terminal System Network in the Philippines, 2003 and 2014

(A) 2003
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Figure 1. Continued.

(B) 2014

Note: The ﬁgures show the Roll-On Roll-Oﬀ Terminal System network with 36 routes in 2003, growing to cover
114 routes by 2014.
Source: Author’s illustration.
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Figure 2. Roll-On Roll-Oﬀ Route Development Priority and Sequence

Notes: The order of the bar represents the actual sequence of Roll-On Roll-Oﬀ (RORO) route development with
Batangas–Calapan, the topmost route, being developed ﬁrst. The length of each bar pertains to the priority score
for the 42 RORO routes identiﬁed for development in 1992. The hollow bars at the bottom refer to routes that did
not have RORO as of 2014.
Source: Author’s compilation based on various data sources.
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Empirical Strategy

Gravity models provide a framework for linking trade ﬂows with observable and
unobservable trade cost variables. This paper adopts the structural gravity system of
equations from Anderson and van Wincoop (2004):
! 1 k
 ijk
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,
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Here, X ijk is the export of province i to province j in sector k; E jk is the expenditure of
province j in sector k; Y is national output;  ijk represents a host of trade barriers between
trading partners; and P kj and  ki are the inward and outward multilateral resistance (MR)
terms, which summarize trade resistance between a province and all its partners. Finally,
 is the trade elasticity of substitution for sector k across the origin provinces.
As is standard in the gravity literature, the model is estimated using a Poisson
pseudo-maximum likelihood estimator. The underlying data need not follow a Poisson
distribution provided that the conditional mean is correctly speciﬁed. The speciﬁcation
addresses heteroscedasticity inherent in the log-linearization of multiplicative models,
and it allows for a robust estimation in settings where zeroes comprise a large share of
the observations (Santos Silva and Tenreyro 2006, 2011).
Equations (1)–(3) imply that gravity-derived estimates of trade costs necessarily
have a relative interpretation. A change in trade costs between trading partners induces
changes in the trade ﬂows of province i with other trading partners. Similarly, a change
in trade costs within a province, ii , will alter ij. Supposing i to be a province, the
decline in trade costs from RORO tilts trade toward interprovince trade and away from
intraprovince trade, leading to a reduction in home bias.
The gravity model relies on an assumption of separability of trade ﬂows and
production and consumption decisions within trading units. This Armington
assumption of product diﬀerentiation is sensitive to the value of  (Anderson and
van Wincoop 2004), which is expected to be high for regularly consumed agricultural
products in an intranational context. Nonetheless, the assumption is still consistent
under a demand characterized by monopolistic competition and free entry, or supply
akin to a multiproducer homogeneous goods model (Eaton and Kortum 2002). In the
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latter case, 1   is interpreted as embodying comparative advantage with a Frechet
distribution (Anderson and Yotov 2010).
Aggregation methods in gravity models introduce biases even though the
direction of the bias remains unclear (Anderson and van Wincoop 2004). Bias
stemming from product aggregation is not a big concern in this context since
estimations are conducted at the four-digit HS code level. However, bias can also
occur spatially. Coughlin and Novy (2021) demonstrated that spatial aggregation
inﬂuences the size of border estimates. Large US states tend to exhibit lower border
eﬀects—“spatial attenuation”—because their physical expansiveness makes it
relatively more expensive to trade within a state’s borders. This is something to be
considered in interpreting the results of this paper.
Estimating province border eﬀects involves modeling the host of observable
trade cost proxies as comprising traditional gravity variables, while including a
variable for intraprovince trade, Smprovij , which takes the value of 1 when i ¼ j and
zero when i 6¼ j. If interprovince trade is frictionless, ^ will be statistically zero or
even negative:
q
q
q
X ij,
t ¼ exp [ β1 lnDistij þ β2 Langij þ β3 Landij þ Smprovij þ ηi, t þ θj, t þ δ t þ  ij, t ]:

ð4Þ
Here, lnDistij is the log of distance between the provinces i and j. Langij takes a value
of 1 if a majority of the population in a province pair share a common language and 0
otherwise.1 Landij takes a value of 1 if a bilateral trade ﬂow occurs by land rather than
by sea. The unobservable inward and outward multilateral resistance terms are
accounted for by exporter and importer ﬁxed eﬀects interacted with time—ηi, t and θj, t ,
respectively—which control for province-speciﬁc trends.2 δ qt accounts for productspeciﬁc seasonality, and  qij, t is the error term.

1Religion could not be included in the speciﬁcation because a variance inﬂation factor analysis
reveals it to be highly collinear with distance.
2A referee suggested that the MR terms should include a product dimension for strict theory
consistency. Doing so entails a suite of 26,460 ﬁxed eﬀects (as opposed to 2,100 under the simpler
direction–year combined with product–year speciﬁcation). This becomes computationally demanding and
runs into convergence problems even with the routine of Correia, Guimarães, and Zylkin (2020) for a highdimensional ﬁxed eﬀects Poisson pseudo-maximum likelihood estimator. The smaller number of cases per
group under a direction–product–year MR can potentially explain the diﬃculty of achieving convergence.
For example, the median number of cases per group are 12 and 8 for the origin–product–year MR and
destination–product–year MR, respectively. In comparison, the counterparts for origin–year and
destination–year MR terms are 80 and 90 cases per group, respectively. Unlike most gravity-modelbased studies, this paper does not aggregate to the sectoral level, which has the advantage of keeping
product-level variation and avoiding aggregation bias. Instead, product–year ﬁxed eﬀects capture timeinvariant product characteristics as well as product-speciﬁc yearly changes in demand and supply
conditions.
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Smprov is ﬁrst estimated as a homogeneous eﬀect. This is later relaxed to capture
heterogeneity across products, time, and provinces. The inﬂuence of RORO on
province borders is estimated by letting Smprovij vary according to a province’s RRTS
linkage status; RRTSi, t  Smprovij , where RRTSi, t is a binary indicator equal to 1 if
the exporting province has at least one established RORO service.
Best practices in border eﬀect estimation are applied such as the inclusion of zero
ﬂows, controlling for multilateral resistance, and consistent measurement of internal
and external distances, which has been demonstrated to attenuate border eﬀects by
about one-third (Havranek and Irsova 2017).

III. Data
Provincial trade data. The PSA records the monthly bilateral volume and value
of maritime trade by port of origin and destination at the ﬁve-digit Philippine Standard
Commodity Classiﬁcation.
Interprovince land trade. The PSA does not track commodities transported by
land, and yet this is a key component of provincial trade. Failing to account for landbased trade will overestimate the intraprovince ﬂows. Land-based trade ﬂows are
retrieved using Marketing Costs Structure Studies (MCSS) from the Bureau of
Agricultural Statistics. These studies identify the main supply and destination
provinces for certain commodities for selected years. A summary of the land-based
geographic ﬂow for each commodity is described in Table A1.1 in Appendix 1. The
diﬀerence between production and consumption of a supply province together with the
portion of production that is wasted or used as seeds, is assumed to be the amount
available for export. Such an approach potentially tends toward larger estimates of
interprovince trade and, concurrently, smaller estimates of home bias.
Intraprovince trade. For exporting provinces, intraprovince trade, X iiq , refers to
what is left for consumption in province i after exports to other provinces and
international markets j of product q, X ijq . X ijq includes both processed and unprocessed
forms of q. Provincial production is deﬂated by A q, an adjustment factor to deduct the
proportion used as seeds, feeds, and waste, which is sourced from the PSA’s Technical
Notes on the National Agricultural Statistics. For nonexporting provinces, X iiq simply
refers to the deﬂated production volume, as described in the following equation:
X q
8
q
X ij if i is an exporter, X iiq > 0,
< Prod i  A q 
q
i6¼j
ð5Þ
X ii ¼
:
q
q
otherwise:
Prod i  A
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Transshipment. The “Rotterdam eﬀect” is a frequent feature of international
trade data. This refers to the inﬂation of trade records because transiting shipments are
counted among the import and export statistics. Similarly, the PSA trade data are
sourced from outward coasting manifests of vessels and do not identify the ﬁnal
destinations of the products on board.
There is no comprehensive way to remedy for transshipment. But several points
mitigate this concern. First, cargo trucks tend to use only one or two chains in the
RRTS at most (JICA 2007). For example, for the Batangas–Aklan route, comprising
two RRTS links, interviews with truckers reveal that 80% of those departing from
Batangas are destined for Mindoro, and only 20% move further on to Aklan. This is
because ROROs lose advantage over liners as the distance increases. Second, the
MCSS is used to reassign exports from trading hubs such as Metro Manila to their
original producer provinces as described in Table A1.2 in Appendix 1.
Production and consumption. The PSA has production data of major crops and
animals at the province level. The adjustment factors in the PSA’s Technical Notes on
the National Agricultural Statistics enable matching of production with consumption
and trade data. For example, production data is in terms of paddy, whereas trade is in
terms of both rice and paddy, and consumption is in terms of rice. Details of the
adjustment factors are in Table A1.3 in Appendix 1.
The per-capita consumption ﬁgures for 2008 and 2012 are used to infer annual
provincial consumption by multiplying per-capita consumption with province
population estimates from the Census on Population and Housing and the resulting
projections for the intercensal years.
Prices. Annual provincial wholesale prices were used to derive the value
equivalent of intraprovincial trade and land-based interprovincial ﬂows. These are
available in the PSA’s Integrated Agricultural Marketing Information System and
Agricultural Marketing News Services. Gaps in price observations were imputed using
the following sources in order of priority: (i) provincial retail price trends, (ii) regional
wholesale price trends, and (iii) regional retail price trends.
The mapping of consumption, production, price, and trade datasets is
summarized in Table A1.4 in Appendix 1.
Distance and language. Geodesic distances between province pairs were
derived from geographical coordinates from the DIVA-GIS database.3 Information
3Transport costs or freight charges ideally take the place of distance as an explanatory variable, but
the available sources are unreliable. The maritime trade data maintained by the PSA has a record of freight
revenue along with trade volume and value. However, these are not recorded consistently within ports and
over time. Moreover, because the data is recorded by month, the reported freight revenue may not
correspond to the actual total shipments.
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on language is obtained from the 2010 Philippine Census of Population and
Housing.
Starting dates of RRTS service between provinces. The historical information
on RORO services by route is constructed using information from various sources.
The primary source is a survey of the 39 RORO operators serving around 150 distinct
routes as of 2017. These companies were requested to provide the starting date of their
operations for each route. Twenty companies responded with the requested data.
Information on 10 of the nonresponders was obtained from the certiﬁcates of public
convenience records of the Maritime Industry Authority, which specify the route and
schedule franchise of a shipping company.
Information obtained from the survey and the certiﬁcates of public convenience
was veriﬁed and supplemented using operation commencement dates of RORO ports
from the Philippine Ports Authority. Some reports and feasibility studies of institutions
and international aid agencies have information on the starting dates of RORO services
for some routes. Among them, the following sources proved useful: Asian
Development Bank (2010), JICA (1992, 2007), accomplishment reports of the
Philippine Ports Authority, and the United States Agency for International
Development (1994, 2014). Local news articles were also used to verify and complete
the database. Less formally, information from the Philippine Ship Spotters Society was
also utilized.
The resulting dataset is a balanced panel of 40,650 observations, covering the
agricultural exports of 60 out of the Philippines’ 83 provinces and the bilateral trade of
822 province pairs. About 4% of the observations comprise land-trade, and
intraprovince ﬂows account for about 13%. Zeroes comprise 51% of the observations,
suggesting highly irregular trade ﬂows between the province pairs across products. An
unreported ﬂow is assumed to be zero if a province pair has recorded positive trade for
at least 1 year from 2000 to 2014. Among the maritime interprovincial trade, 32% of
the province pairs became linked by RRTS.
The information compiled from all the sources yields Figure 3. Figure 3(A)
shows the evolutions of inter- and intra-province agricultural trade. Both are generally
increasing, but intraprovince trade is at least twice as large as interprovince trade and
has moreover increased faster. This is observed in both volume and value, and
indicates palpable province border eﬀects. Figure 3(B) shows that for the province
pairs that became connected by RRTS, interprovince trade increased faster than
intraprovince trade within 3 years of the start of the service. Table 1 provides a
summary of the average intra- and inter-province trade by product.
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Figure 3.

Agricultural Intra- and Inter-Province Trade

(A) Total Intra- and Inter-Province Trade

(B) Intra- and Inter-Province Trade of RRTS Province Pairs

MT ¼ metric tons, PHP ¼ Philippine peso, RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Panel (A) shows the total volume and value of intra- and inter-province trade of 14 agricultural products
from 2000 to 2014. Panel (B) shows the average (log) trade values of intra- and inter-province trade 3 years before
and after a province pair becomes connected by RRTS.
Sources: Author’s calculations based on data from the Philippine Statistics Authority on maritime trade,
production, consumption, and population; Bureau of Agricultural Statistics’ (2003a, 2003b, 2003c, 2003d, 2003e,
2007, 2011a, 2011b) Marketing Costs Structure Studies.
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Mean Intra- and Inter-Province Trade in Agriculture

Intraprovince

Interprovince

Observations

Product

Quantity
(MT)

Value
(PHP Billion)

Quantity
(MT)

Value
(PHP Billion)

% Zeroes

Total

Banana
Cabbage
Calamansi
Carrots
Cassava
Chicken
Corn
Mango
Onion
Pineapple
Pork
Potato
Rice
Tomato
Mean

80,912.3
4,131.3
780.3
2,136.3
20,150.6
2,093.7
50,042.5
10,050.8
1,487.6
30,415.6
13,920.7
1,150.7
106,081.7
1,575.6
126,999.3

1,257.7
71.5
17.5
69.4
271
133
679.2
321.7
70.2
649.3
951.3
37.1
2,475
31
3,592

659.9
10.7
38.6
18.7
1,695.2
17.5
5,961.9
1,754.6
332.4
52
640.9
531.6
5,134.6
343.1
113,822.1

10.3
0.2
0.7
0.6
21.3
1.2
74.6
52.5
14.3
1.1
24.1
15.3
124.2
6.3
1,501

51.7
57
58.9
59.6
52
54.5
44.7
44
45.8
52.1
52.6
56.9
51.3
50.1
50.9

3,930
1,440
1,905
1,605
2,250
1,920
4,410
3,540
3,255
3,015
1,545
1,890
7,530
2,415
40,650

MT ¼ metric tons, PHP ¼ Philippine peso.
Sources: Author’s calculations based on the Philippine Statistics Authority data on maritime trade,
production, consumption, and population; Bureau of Agricultural Statistics’ (2003a, 2003b, 2003c,
2003d, 2003e, 2007, 2011a, 2011b, 2013) Marketing Costs Structure Studies.

IV.

Results

Table 2 summarizes the results from estimating equation (4). Intraprovince ﬂows
are excluded in the ﬁrst instance in column (1) as a baseline comparison. The distance
coeﬃcient exhibits the expected sign and magnitude. The role of trade by land is
prominent and reﬂective of its large share in domestic trade for bigger islands in the
Philippines.4 The coeﬃcient on language suggests that provinces sharing a common
language trade 43% less with each other. This negative eﬀect is unexpected and could
be driven by the fact that provinces that speak the same language are also contiguous
by land and are likely to produce the same agricultural products. Indeed, distance and
language are signiﬁcantly correlated at 0.46 for this sample. The trade-attenuating

4Regressions including a contiguity indicator yield qualitatively similar results to those presented in
Table 2. The contiguity variable is, however, statistically insigniﬁcant and tends toward a negative eﬀect.
Moreover, its inclusion comes at the expense of dropping over 100 origin–year and destination–year ﬁxed
eﬀects for the maximum likelihood estimator to convergence. To a large extent, the contiguous character of
bilateral partners is controlled for through the land dummy, which is correlated to the contiguity indicator
(0.40***).
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Table 2.

Province Border Eﬀects and the RRTS

lnDistij
Langij
Landij

(1)
Base

(2)
Full

(3)
RRTS

0:670***
(0.080)
0:599**
(0.259)
3.799***
(0.222)

0:406***
(0.083)
0.199
(0.186)
4.370***
(0.190)
3.329***
(0.502)

0:396***
(0.089)
0.429***
(0.163)
4.553***
(0.216)
3.926***
(0.566)
0:443**
(0.187)

35,040

40,650

36,600

Smprovij
RRTSi, t  Smprovij
Observations

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: The dependent variable is the value of trade between province
pairs. The gravity speciﬁcation is estimated using a Poisson pseudomaximum likelihood estimator with robust standard errors in
parentheses clustered at province pairs. All regressions include
origin–year, destination–year, and product–year ﬁxed eﬀects.
Column (1) presents results for the sample excluding intraprovince
ﬂows as a baseline comparison. Column (2) includes observations of
within-province trade, which allows for a province border eﬀect to
be retrieved as a coeﬃcient of Smprovij . In column (3), an
interaction term between Smprovij and RRTSi, t captures the
diﬀerential impact of RRTS on the province border eﬀect. The
results in column (3) are estimated oﬀ a sample that excludes
landlocked provinces. ***p < 0:01 and **p < 0:05.
Source: Author’s calculations.

eﬀect of language disappears once intraprovincial ﬂows are included in columns (2)
and (3).
Column (2) of Table 2 presents the results for the full sample with intraprovince
ﬂows, showing the province border eﬀect to be positive and highly signiﬁcant at 3.3.5
This indicates that provinces trade 27 times more with themselves than with other
provinces. This is a large home bias eﬀect, but it is not surprising given that
agricultural goods are generally low-value-to-bulk-ratio products. This impacts their
transportability especially within the archipelagic geography of a developing country.
In comparison, the province border eﬀects for agricultural products in Canada are

5A nonlinear distance speciﬁcation that distinguishes between short-distance (province pairs that are
less than 402 kilometers apart) and long-distance trade yield results that are qualitatively similar to the
linear distance speciﬁcation. The results from the former are not reproduced in this paper for brevity. The
interested reader is referred to Go (2020b), the working paper version of the study, for the full set of results.
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estimated to be around 2.3 (Anderson and Yotov 2010), while the domestic border
eﬀects in the US range from 1.35 to 1.37 (Coughlin and Novy 2021). The average
domestic border eﬀect in the People’s Republic of China was around 3.16 in the 1990s
and even higher at 4.40 for agricultural products (Poncet 2005).
The impact of RRTS on domestic border eﬀects is captured by estimating
equation (4) with the interaction term RRTSi, t  Smprovij , where RRTSi, t ¼ 1 if the
exporting province has an RRTS connection. For this set of analysis, only provinces
that can potentially be connected by RRTS are included (i.e., landlocked provinces are
excluded). This reduces the number of provinces in the sample from 60 to 51. The
results in column (3) of Table 2 suggest that the border eﬀect is large and signiﬁcant
for maritime trading provinces, and that the RRTS is associated with reducing this
from 3.9 to 3.5. After the launch of the RRTS, provinces traded 32 times more with
themselves than with other provinces, down from 51 times prior to connection. This
represents a 35% attenuation of home bias.6
Border eﬀects represent a range of diﬀerent costs that prevent trade between
provinces such as logistics costs, marketing costs, and policy-imposed costs. While
this study does not disentangle the determinants of the border eﬀect, Allen (2014)
suggested that information costs can account for as much as half of the trade costs
between provinces. However, there is reason to believe that information frictions have
become less prominent in hindering interprovince trade. Mobile phone access, which
Allen (2014) used to proxy for information costs, improved drastically during the
study period—increasing from nine per 100 people in 2000 to 110 in 2014 (The World
Bank 2021). Meanwhile, transport costs, which the RRTS directly impinges on, are a
necessary hurdle to realizing cost advantages from information gains (Gao and Lei
2021). In Go (2020a), the RRTS is associated with a 28% reduction in farmgate-retail
price wedges between the supplying and market provinces.
The border-eﬀect-attenuating inﬂuence of RRTS is conﬁrmed from its impact on
interprovince maritime trade ﬂows as summarized in Table 3. In this exercise, only
interprovincial maritime ﬂows are included, and RRTSPairij, t ¼ 1 when a province
pair is connected by the RRTS. In column (1), a RORO connection is associated with
increasing trade between provinces by close to 300% [(e 1:363  1)  100%]. However,
the speciﬁcation in column (1) does not account for the possible endogeneity of RRTS
placement. Province pairs that foresee trade potential are more likely to invest in an
6Using the number of services instead of a binary RRTS indicator preserves the results in so far as
estimates of the border eﬀect and RRTS impact are concerned. However, the number of RRTS links is
highly correlated with log distance (0.213***) such that the distance coeﬃcient becomes statistically
zero. The results also become less stable once estimations move from the homogeneous RRTS eﬀect to
those varying by product, year, and province.
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Table 3.

RRTSPairij, t
lnDistij
Langij

Impact of Roll-On Roll-Oﬀ Terminal System on Interprovincial
Maritime Trade Flows
(1)
Gravity

(2)
Pair

(3)
Pair with Border Trend

(4)
Pair Spillover

1.363***
(0.255)
0:433***
(0.125)
0.0144
(0.253)

0.348***
(0.120)

0.330***
(0.116)

0.343***
(0.118)

Spilloverij
Smprovij  2000
Smprovij  2001
Smprovij  2002
Smprovij  2003
Smprovij  2004
Smprovij  2005
Smprovij  2006
Smprovij  2007
Smprovij  2008
Smprovij  2009
Smprovij  2010
Smprovij  2011
Smprovij  2012
Smprovij  2013
Smprovij  2014

0.197
(0.212)
0.350**
(0.157)
0.374**
(0.147)
0.367**
(0.158)
0.413***
(0.153)
0.520***
(0.135)
0.575***
(0.148)
0.467***
(0.170)
0.626***
(0.135)
0.792***
(0.138)
0.857***
(0.144)
0.853***
(0.173)
0.982***
(0.156)
1.505***
(0.290)
1.002***
(0.183)
0.821***
(0.144)

Continued.
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Table 3. Continued.

Observations
Product–year ﬁxed eﬀects
Product ﬁxed eﬀects
Pair ﬁxed eﬀects

(1)
Gravity

(2)
Pair

(3)
Pair with Border Trend

(4)
Pair Spillover

30,300
Yes
Yes
No

30,300
Yes
Yes
Yes

36,600
No
Yes
Yes

30,300
Yes
Yes
No

Notes: The dependent variable is the value of trade between the province pairs. The gravity speciﬁcation
is estimated using a Poisson pseudo-maximum likelihood estimator with robust standard errors in
parentheses clustered at province pairs. Column (1) presents the results with the traditional gravity
covariates, whereas column (2) shows the results when controlling for province-pair ﬁxed eﬀects. In
column (3), border trends are introduced to account for changing exogenous bilateral trade cost factors
other than RRTS. Finally, column (4) presents the result from a speciﬁcation that accounts for possible
spillover eﬀects to trading partners that are not connected by RRTS. ***p < 0:01 and **p < 0:05.
Source: Author’s calculations.

RORO connection. To control for this, traditional gravity covariates are replaced with
pair ﬁxed eﬀects, αij , in equation (6), the speciﬁcation behind the results in column (2).
This identiﬁcation strategy is broadly used in the literature estimating the eﬀects of
policy changes such as international agreements on trade ﬂows (Baier and Bergstrand
2007, Head and Mayer 2014). Pair ﬁxed eﬀects represent the comprehensive set of
time-invariant characteristics between province pairs that inﬂuence the trade costs.
Controlling for δ qt to absorb changes in demand and supply conditions of each product
and the directional multilateral resistance terms, RRTSPairij, t captures the remaining
variation coming from the timing of RORO access.7 The results in column (2) suggest
that RRTS-linked provinces increase interprovincial ﬂows by 41.6% compared to the
unconnected province pairs:
q
q
q
X ij,
t ¼ exp [αij þ RRTSPair ij, t þ ηi, t þ θj, t þ δ t þ  ij, t ]:

ð6Þ

However, equation (6) may not adequately control for pairwise changes in trade costs
that are exogenous to the RRTS. Bergstrand, Larch, and Yotov (2015) proposed to
control for these “globalization eﬀects” by adding time-interacted border indicators,
7A referee pointed out that a speciﬁcation with pair-product ﬁxed eﬀects is preferable to equation
(6). However, adopting the suggested speciﬁcation leads to nonconvergence of the maximum likelihood
estimator. The suite of ﬁxed eﬀects increases from 2,982 to 14,238, while reducing the median number of
cases per group from 105 in the pair ﬁxed eﬀects speciﬁcation to 15 in the pair-product speciﬁcation.
Similar to the explanation in footnote 2, time-varying and time-invariant characteristics are controlled for
through product–year ﬁxed eﬀects. While it is conceivable that preexisting trade in some products
inﬂuences the likelihood of investing in RORO, data from the Philippine Ports Authority (2017) suggest
that the sectoral characteristics are more important determinants. RORO cargo throughput shares are the
largest for transport equipment and manufactures, while the average shares of fruits and vegetables, feeds,
and ﬁshery products are broadly the same.
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Smprovij  Yrt . In the international trade literature, accounting for these is
demonstrated to reduce the estimated impact of trade agreements. Following this
recommendation entails using a sample that includes intraprovince ﬂows. The
resulting coeﬃcient for RRTSPairij, t in column (3) is close to the result without the
border eﬀect trend in column (2), albeit slightly smaller in magnitude. Interestingly,
time-varying pairwise trade costs that are not directly RRTS-related are generally
increasing until 2012, which follow the pattern of global oil prices.8
Finally, in column (4) in Table 3, a binary indicator Spilloverij is equal to one for
an unlinked province that is trading with an RRTS-connected province. This tests for
the possibility that the growth in interprovincial ﬂows in RRTS province pairs comes
from displacing the unconnected provinces. The results show that RRTS-induced
maritime interprovincial ﬂows did not come at the expense of unconnected province
pairs. This is congruent with the ﬁndings in Go (2021) for a more universal set of
products.
A.

Province–Product Border Eﬀect

Product-speciﬁc border eﬀects, ^q , are estimated by interacting Smprovij with an
indicator for each product q, Smprovij  δ q . The full speciﬁcation is described as
follows:
"
14
X
q
X ij, t ¼ exp β1 lnDistij þ β2 Langij þ β3 Landij þ
q Smprovij
#
 δ q þ ηi, t þ θj, t þ  qij, t :

q¼1

ð7Þ

The resulting coeﬃcients are summarized in Figure 4, which shows positive and
statistically signiﬁcant border eﬀects for all agricultural products. Average unit prices
for each product are also represented in the ﬁgure. Setting aside product
characteristics, lower-value products ought to have higher border eﬀects because the
shares of shipping cost in the delivery price are higher. This is part of the story in
Figure 3 to some extent. But other product characteristics also determine tradability.
For example, chicken and pork, despite their higher value, require special
handling such as refrigeration. Pork is also not consumed, and therefore barely traded,
in predominantly Muslim provinces. The border estimates likewise capture policies

8Albeit with only 15 data points, the average prices of crude oil and the coeﬃcients from
Smprovij  Yrt are correlated by 0.86 at the signiﬁcance level of 0.01.
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Border Eﬀects by Product

CI ¼ confidence interval, kg ¼ kilogram, PHP ¼ Philippine peso.
Notes: Bars represent ^q from Smprovij  δ q , with the whiskers showing the 95% conﬁdence interval. Detailed
results are in Tables A2.1 (coeﬃcients of gravity covariates) and A2.2 (product-speciﬁc border eﬀect estimates,
^q ) in Appendix 2.
Source: Author’s calculations.

that apply to certain products. For instance, until 2015, trade of swine and pork within
the Philippines required quarantine clearance as part of measures against the foot-andmouth disease (Casa 2015).
Bananas and pineapples are highly perishable products with postharvest losses
averaging more than 30% (Andales and Gragasin 2000). Both products are traded
internationally in high volumes, and are mostly exported in their processed forms, with
processing plants locating near the sources of raw materials. These exporting and
processing activities are accounted for in the derivation of intraprovince and landbased trade. Nonetheless, both products exhibit heterogeneity in terms of varieties
exported and those consumed locally. For example, Cavendish bananas are destined
for exports whereas local consumption is predominantly that of plantains and lacatan.
Mangoes, onions, and tomatoes have the lowest border eﬀects. This appears to be
driven by a mix of higher unit values and geographic speciﬁcity in production—
tomatoes in Bukidnon Province and onions in Nueva Ecija and Pangasinan provinces.
Yet, the geographic speciﬁcity of carrots and cabbages, highland vegetables
predominantly produced in the provinces of Benguet and Bukidnon, did not translate
to higher tradability. A possible explanation is that Philippine household consumption
of some vegetables such as cabbages is highly income-elastic at 1.9, compared to
tomatoes at 0.8 (Mutuc, Pan, and Rejesus 2007).
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Grains are widely produced and traded domestically, comprising a majority of
the traded volume among the 14 products considered in the study. In some respects,
the estimated border eﬀect can be thought of as lower than expected given the bulky
and low-value nature of grains and cereals. Nonetheless, three aspects may counter the
impact of transport cost. First, they are staples. This is most apparent in the case of rice
where the government’s buﬀer stocking system directs about 5% of rice trade ﬂows
(National Food Authority [NFA] 2020). Second, cassava and especially corn, aside
from being staples, are also the main feed ingredients for the livestock and poultry
sectors. Finally, they generally require less specialized handling and storage.
Diﬀerences in product characteristics mean that the RRTS impacts border eﬀects
across products heterogeneously. The coeﬃcients, ^q, RRTS , from Smprovij  δ q 
RRTSi, t are presented in Figure 5. Products that are produced in speciﬁc provinces
such as onions and potatoes beneﬁted the most from the RRTS. In particular, the RRTS
obliterated the border eﬀect on potatoes. Bananas and pineapples also exhibit
considerable reductions despite their highly perishable nature. Border eﬀects for
staples—rice and corn—also decreased modestly. But the eﬀects on products that are
likely to be more income-elastic—such as meats, cabbages, and citrus—are negligible.

Figure 5.

Reduction of Border Frictions from Roll-On Roll-Oﬀ
Terminal System by Product

Notes: The ﬁgure shows ^q, RRTS , the coeﬃcients from Smprovij  δ q  RRTSi, t . A negative estimate implies an
RRTS-associated reduction in border eﬀects. Whiskers represent 95% conﬁdence intervals. Detailed results are in
Tables A2.1 (coeﬃcients of gravity covariates) and A2.2 (border eﬀect estimates, ^q , and RRTS-associated
reductions, ^q, RRTS ) in Appendix 2.
Source: Author’s calculations.
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Province–Time Border Eﬀect

The evolution of border eﬀects over time is estimated by interacting the border
indicator with a dummy for each of the 15 years in the dataset, Smprovij  Yrt .
Figure 6(A) summarizes ^t , which suggests that border eﬀects are generally stable
Figure 6.

Province–Time Border Eﬀect

(A) Evolution of the Border Effect

(B) RRTS Impact on the Border Effect over Time

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Panel (A) presents the estimated border eﬀects, ^t , from Smprovij  Yrt , while Panel (B) presents ^t, RRTS
from Smprovij  Yrt  RRTSi, t . Results are detailed in Tables A2.1 (coeﬃcients of gravity covariates) and A2.3
(year-speciﬁc border eﬀect estimates, ^t , and RRTS-associated reduction per year, ^t, RRTS ) in Appendix 2.
Source: Author’s calculations.
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over time and have possibly declined modestly. The spike in 2006 is noticeable and
coincides with a sudden 15% increase in cargo handling charges after remaining
constant for the previous 4 years (Asian Development Bank 2010).
Figure 6(B) summarizes ^t, RRTS , the estimated eﬀect of RRTS on borders for
each year from Smprovij  Yrt  RRTSi, t . RRTS is shown to have reduced border
eﬀects for most years. However, the eﬀects are not signiﬁcant enough to be perceived
until 2005, the third year of the program. Moreover, the reduction is not continuous
and cumulative as one would expect given the expanding RRTS network over time.
The largest reductions are in 2009 and 2010, which coincide with the opening of
RRTS links between islands in the Central Philippines: Batangas–Masbate, Capiz–
Masbate, Cebu–Camiguin, Cebu–Masbate, Cebu–Misamis Oriental, Cebu–Surigao
del Norte, and Lanao del Norte–Misamis Occidental.
C.

Province-Speciﬁc Border Eﬀect

Province-speciﬁc border eﬀects, ^i , are estimated from Smprovij  ηi , where ηi
is an indicator for each exporting province. The map in Figure 7(A) visualizes the
province border eﬀects for 54 exporting provinces that can be retrieved. Darker shades
represent larger border eﬀects, and these tend to congregate along the eastern seaboard,
which are some of the poorest provinces in the Philippines. Aside from their
remoteness from major economic centers, they also tend to be the locations where
hurricanes forming in the Paciﬁc Ocean make their ﬁrst landfall.
Nearly all provinces with large ports, indicated by a triangle in Figure 7(A), have
either zero or negative province border eﬀects (e.g., Misamis Oriental and Cebu). The
only exception is Batangas, which has a signiﬁcant border estimate despite its major
port operations. This can be explained by several factors. First, it is a populous
province that consumes a substantial portion of its own production. It is a net importer
of 12 out of the 14 products considered in this study. Second, the products in the study
comprise a small fraction of its outbound cargo operations—roughly 1% in 2000,
rising to 5% in 2014 (Philippine Ports Authority 2017). In contrast, the proportions for
Misamis Oriental are 7% and 25%, respectively.
An examination of the relationship between the log of provincial land area, a
proxy for internal distance, and province border eﬀects suggests that the spatial
attenuation bias described by Coughlin and Novy (2021) is a mild concern. The two
variables are indeed negatively correlated by 10%, but the relationship is not
statistically signiﬁcant. The island geography of some provinces potentially counters
biases arising from spatial aggregation.

OVERLAND
Figure 7.

AND

OVERSEA: DOMESTIC TRADE FRICTIONS

IN THE

Province-Speciﬁc Border Eﬀects in the Philippines

(A) Province-Specific Border Effect

PHILIPPINES 99

100 ASIAN DEVELOPMENT REVIEW
Figure 7.

Continued.

(B) Change in Province-Specific Border Effect with RRTS

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Estimated province border eﬀects, ^i , from Smprovij  ηi , are shown in Panel (A) with the darker shades
representing larger border eﬀects. The triangles denote the four largest seaports in the Philippines in terms of cargo
operations. Panel (B) shows the change in province border eﬀects, ^i, RRTS , from Smprovij  ηi  RRTSi, t ,
following the RRTS connection. Results are detailed in Tables A2.1 (coeﬃcients of gravity covariates) and A2.4
(province border eﬀects, ^i , and RRTS impact on province-speciﬁc borders, ^i, RRTS ) in Appendix 2.
Source: Author’s illustration.
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Changes in border eﬀect by province from the RRTS are represented by ^i, RRTS,
the coeﬃcients from Smprovij  ηi  RRTSi, t —whether increased, decreased, or no
change—and are summarized in Figure 7(B), which shows that the RRTS impacts
border eﬀects diﬀerently across provinces. Batangas, Occidental Mindoro, Oriental
Mindoro, and Marinduque reduced their border eﬀects signiﬁcantly. All four provinces
are near Metro Manila and are linked by the RRTS with each other. Nonetheless, there
are also provinces that experienced heightened border eﬀects following the
introduction of the RRTS. The increases are largest for provinces in the Southwestern
Philippines—Basilan (3.6), Tawi-Tawi (3.2), and Zamboanga del Sur (0.9)—
suggesting a possible crowding out of exports in areas that are not well connected
to major regional seaports.
The uneven contributions of the RRTS in lowering province border eﬀects may
be indicative of intensifying geographic concentration of trade activities. Provinces
that lowered border eﬀects are clustered near Metro Manila. At the same time, the
operational design of the RRTS matters. The small island province of Camiguin,
although linked by the RRTS to Bohol, Cebu, and Misamis Oriental, experienced a
rise in border eﬀects by 2.9. Nonetheless, RORO services to Camiguin are less
frequent than in other routes. The Camiguin–Cebu RORO service only operates once a
week, and that of Bohol–Camiguin operates once a day. Yet, service frequency is key
to reaping the inventory and warehousing savings of RORO transport. JICA’s (2007)
feasibility study recommends at least two–three services a day in each route to ensure
that delivery vehicles, a prized asset in logistics operations, can return to their origin
within a day.
Notwithstanding the ﬁndings, it is important to keep in mind some
methodological limitations. First, border eﬀects only capture the exporting activities
of provinces. Consider the RRTS-linked provinces of Cebu and Leyte. Suppose the
RRTS causes Cebu’s exports to Leyte to increase but not vice versa, then Cebu will
show up as having lowered the border eﬀects while Leyte’s may not change or may
even increase if its production is rising but it remains a deﬁcit province. This is a
potential explanation for the intensiﬁcation of border eﬀects for Albay, Bohol, and
Leyte.
Second, connectivity issues within a province are implicitly assumed to be
negligible. This can aﬀect the border estimates. A province may show up as having an
increased border eﬀect if municipalities within a province become better connected
with each other by land, and this land connectivity is developing faster than the
improvements in maritime links with other provinces. The ﬂip side of this is that
provinces may be too broad as a unit of observation if road networks within a province
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are poor, such that the beneﬁts are conﬁned to the municipality linked by the RRTS but
do not trickle through to the rest of the province. Finally, the RRTS can potentially
increase border eﬀects if it improves connectivity within a province, since some
provinces are made up of several islands. Nonetheless, an examination of
intraprovince maritime trade suggests this channel can be ruled out.

V.

Conclusion

Domestic trade costs are consequential to the trajectory of economic
development of regions but remain understudied because of a lack of subnational
data. This paper contributes to the emerging literature on intranational trade costs by
estimating the province border eﬀects and mapping how the RORO transport program
in the Philippines aﬀected the distribution of trade costs across products, time, and
provinces. The exercise involved the construction of two original datasets. The ﬁrst
tracks the historical development of RORO services, and the second retrieves
intraprovince and land-based trade ﬂows.
The results suggest that the province border eﬀect in the Philippines is
substantial. Conditional on pairwise gravity variables and province characteristics,
provinces in the Philippines trade 51 times more with themselves than with other
provinces. The introduction of the RRTS reduced this tendency to 32 times—an
average attenuation of 35%. This is conﬁrmed by more trade between provinces
following the RRTS connection. Province pairs linked by the RRTS trade from 39% to
41.6% more than similar province pairs that do not have access to the same
infrastructure.
Provincial border eﬀects are heterogeneous across products and provinces.
Among the products, tomatoes, onions, and mangoes have the lowest border eﬀects,
while cabbages and pineapples have the highest. This pattern is likely due to a mixture
of product characteristics having to do with geographic speciﬁcity in production and
income elasticity of demand. Over half of the products in the study saw a decline in
border eﬀects following the introduction of the RRTS. The border eﬀect practically
disappeared for onions and potatoes—products that are produced in limited locations
in the Philippines—but the eﬀects were negligible for products that are more incomeelastic such as meats and higher-value vegetables.
Border eﬀects are the lowest for major trading provinces such as Cebu and
Misamis Oriental, and the highest for provinces that are far from the main economic
centers of their regions. The introduction of RRTS is associated with lower border
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eﬀects for the provinces near Metro Manila, but it has limited eﬀects for more remote
provinces. There are provinces in the Southwestern Philippines that experienced
heightened border eﬀects after the introduction of RRTS. This suggests a possible
crowding out of trading activities in provinces that are far from the major demand
centers, and that operational details such as schedule frequency play an important role
in optimizing the trade-cost-reducing potential of the RRTS.
This study provides empirical evidence of the magnitude of domestic trade costs
in the Philippines. Anecdotal evidence of high domestic trade costs is plentiful, but to
the best of our knowledge, a systematic and nationally comparable assessment is not
yet available. This paper demonstrates how transport infrastructure investments like
the RRTS can impact trade costs and their distribution. The heterogeneity of the RRTS
eﬀects in terms of product and geography can inform policymakers on the nuanced
welfare eﬀects of infrastructure programs and how they can be better designed and
sequenced to target speciﬁc geographic areas for development.
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Appendix 1. Data Appendix
A.

Maritime Trade by Origin and Destination

The analysis is limited to a set of 14 agricultural commodities for which price,
consumption, production, and trade data are available. This corresponds to 101,159
monthly trade values and volume ﬂows by product in the PSA’s maritime trade
database. About 5% of the records exhibit highly improbable unit values, suggesting
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encoding errors. More formally, provincial retail and farmgate prices are used as the
upper and lower bounds of unit values to check for outliers. In such cases, more
weight is given to the volume record as advised by the PSA, and values were adjusted
according to the average unit price of the exports from the port of the nearest available
month before and after the “outlier” observation.
B.

Interprovince Land Trade

Interprovince land trade ﬂows were derived using the MCSS, which identify the
main supply and destination provinces for certain commodities. The derivation of
imports of a demand province is straightforward when an importing province only has
one source province. In cases where a demand province sources from multiple
suppliers, such as the case of Metro Manila, the supplying provinces are weighted
according to the sample proportions in the survey. For example, Metro Manila sources
onions from Ilocos Norte, Pangasinan, and Nueva Ecija. Following the sample
proportion of traders in each supply province, it is assumed that 26% of Metro Manila
imports came from Ilocos Norte, 34% from Pangasinan, and 39% from Nueva Ecija.
Exports of supplying provinces are capped at the diﬀerence between production
and consumption. In cases where supplying provinces are unable to ﬁll the
requirements in all demand provinces, importing provinces are prioritized by the
importance of markets, as indicated by their sample proportion, and by the availability
of production information. These imputations were checked against maritime trade
data to avoid double counting. A summary of the geographic ﬂow for each of the
commodity in the study is described in Table A1.1.
In cases where only two provinces share the same island (e.g., the eastern and
western halves of Mindoro and Negros), land trade between the two neighboring
provinces was derived as follows:
n
n
X
X
Xej þ
Mej  Ce ,
Xew ¼ Prode 
j6¼w

j6¼w

where C is the consumption in the (e)ast, Xej represents the exports of the eastern
province to provincial and international trading partners, and Mej are its imports.
Exports from the west to the east are similarly derived.
C.

Transshipment

Products exported by Metro Manila have two potential sources—other provinces
from mainland Luzon, and international imports (IM). Since MetroMc  IM is true
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Table A1.1.
Product

Supply and Demand Provinces for Land-Based Trade

Supply Province

Demand Province

Calamansi

Nueva Ecija
Metro Manila

Metro Manila
Laguna, Rizal

Cassava

Apayao, Quirino
Isabela
Bukidnon

Isabela
Cagayan
Davao del Sur, Misamis Oriental,
Sarangani
Lanao del Sur
Metro Manila
Bulacan, Cavite, Rizal, Tarlac

South Cotabato
Batangas, Quezon, Pampanga
Metro Manila
Corn

Bukidnon, Lanao del Sur
South Cotabato
North Cotabato
Isabela

Ilocos Norte

Misamis Oriental
Davao del Sur, Misamis Oriental
Davao del Sur, Misamis Oriental
Batangas, Bulacan, Ilocos Norte, Metro
Manila
Batangas, Bulacan, Ilocos Norte, Metro
Manila
Benguet, Bulacan, Pangasinan

Hog

Bulacan
Davao del Norte, Sarangani, South Cotabato

Batangas, Metro Manila, Nueva Ecija
Davao del Sur

Mango

Bulacan, Pangasinan, Zambales
Metro Manila
Ilocos Sur, La Union, Nueva Ecija, Tarlac
North Cotabato, South Cotabato
Sultan Kudarat

Metro Manila
Cavite, Laguna, Rizal
Pangasinan
Davao del Sur
South Cotabato

Onion

Ilocos Norte
Pangasinan
Nueva Ecija

Cagayan, Isabela, Pangasinan
Albay, Bataan, Batangas, Bulacan,
Pampanga, Zambales
Batangas, Cavite, Laguna, Quezon, Rizal

Potato

Benguet
Benguet, Pangasinan
Mountain Province
Bukidnon

Metro Manila, Pangasinan
Nueva Ecija
Benguet
Misamis Oriental

Rice

Cagayan, Isabela, Nueva Ecija, Pangasinan,
Tarlac
Cagayan
Nueva Ecija
Bukidnon

Metro Manila

Pangasinan
Bukidnon
Misamis Oriental
Nueva Vizcaya

Metro Manila
Misamis Oriental, Zamboanga City
Zamboanga City
Pangasinan

Cagayan

Tomato

Benguet, La Union
Bulacan, Pampanga, Rizal
Misamis Oriental

Source: Author’s compilation derived from land-based trade data from various Bureau of Agricultural
Statistics’ (2003a, 2003b, 2003c, 2003d, 2003e, 2007, 2011a, 2011b, 2013) Marketing Costs Structure
Studies and production and consumption data from the Philippine Statistics Authority.
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Attribution of Exports from Metro Manila to Origin Provinces

Product

MCSS

Provinces

Banana
Cabbage
Calamansi
Carrot
Cassava
Corn
Mango
Onion
Pineapple
Pork
Potato
Rice

No
No
Yes
No
Yes
Yes
Yes
Yes
No
Yes
Yes
Yes

Tomato

Yes

Isabela (100%)
Benguet (100%)
Nueva Ecija (100%)
Benguet (100%)
Batangas (7%), Pampanga (9%), Quezon (84%)
Cagayan (15%), Isabela (85%)
Bulacan (2%), Pangasinan (94%), Zambales (4%)
Ilocos Norte (33%), Nueva Ecija (52%), Pangasinan (15%)
Cavite (100%)
Bulacan (100%)
Benguet (100%)
Cagayan (15%), Isabela (40%), Pangasinan (19%),
Nueva Ecija (13%), Tarlac (13%)
Pangasinan (100%)

MCSS = Marketing Costs Structure Studies.
Source: Author’s compilation derived from various Bureau of Agricultural Statistics’ (2003a,
2003b, 2003c, 2003d, 2003e, 2007, 2011a, 2011b, 2013) Marketing Costs Structure Studies.

for all products except for corn, it is assumed that international imports are all
consumed in Metro Manila and whatever is exported is originally sourced from other
provinces that are part of the Luzon Mainland. An implicit assumption is that there is
no quality discrimination for destination markets.
For corn, the excess in supplies is likely because they are used as inputs to the
feed milling industry, the majority and largest of which are in Metro Manila and the
nearby provinces (Cruz 1997). This simpliﬁes the problem since processed feeds move
to another product classiﬁcation. The reaccounting of source provinces is summarized
in Table A1.2.
D.

Production Data

Missing information was imputed using the production trend of the region to
which a province belongs. Adjustment factors for each product are summarized in
Table A1.3.
Production information on hog and chicken meat is not available at the
provincial level for the entire period of the study. Production volumes were derived
based on quarterly inventories of animals. The quarter with the largest inventory is
chosen for each year. This was then converted to liveweight equivalent using 80
kilograms (kg) for hogs and 1.45 kg for chickens. Finally, liveweight was converted
into carcass weight by the ratios of 0.70 and 0.77, respectively.
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Table A1.3.

Production Adjustment Factors

Product

Adjustment Factor

Banana
Cabbage
Calamansi
Carrot
Cassava
Chicken
Liveweight
Dressed weight
Corn
Mango
Onion
Pineapple
Pork
Liveweight
Dressed weight
Potato
Rice
Tomato

6%
8%
6%
8%
6%

as
as
as
as
as

feed
feed
feed
feed
feed

and
and
and
and
and

waste
waste
waste
waste
waste

Number dressed  1:45 kg
Total liveweight  0:77
kg of corn yields  0:65
6% as feed and waste
8% as feed and waste; 7% as seed
6% as feed and waste
Number slaughtered  80 kg
Total liveweight  0:70
5% as feed and waste
kg of paddy  0:65
7% as feed and waste

kg ¼ kilogram.
Note: The adjustment factors were used to deﬂate production
volumes in each province to account for waste, seeds, and feeds.
Source: Philippine Statistics Authority. 2018b. Technical Notes
on the National Agricultural Statistics. Metro Manila: Philippine
Statistics Authority.

A modiﬁed method of derivation of production data is necessary in the case of
corn because 50% of production is destined for feeds and nonfood use (PSA 2018b).
Demand for feeds is accounted for by using: (i) hog and chicken production data,
(ii) the feed conversion ratios for livestock and poultry documented in Sison (2014),
and (iii) the ratio of backyard to commercial farm inventory from PSA (2018b). This is
the same methodology that the Department of Agriculture employs in estimating the
annual demand for corn. A fully grown hog of 80 kg is assumed to have consumed
from 91.3 kg to 345 kg of feed over its life cycle, while the numbers are from 15.3 kg
to 28.8 kg for chickens. The lower values refer to backyard animals, while higher
values refer to animals raised on commercial farms.
Substantial shares of other products also go into processing: pineapple (45%),
banana (25%), potato (25%), and tomato (15%). Knowledge of their processing locations
allows us to derive consumption in areas where the processing activities do not exist.

Meat of swine, frozen
Poultry not cut in pieces,
fresh
Poultry not cut in pieces,
frozen
Poultry cuts and other
oﬀal, fresh or chilled
Poultry cuts and oﬀal
(other than liver),
frozen
Rice in the husk (paddy
or rough rice)

01222
01231

04231

04210

01235

01234

Paddy fancy, paddy
other variety

Chicken native and
improved

Hogs for slaughter

Paddy fancy, paddy
other variety

Chicken native and
improved

Hogs for slaughter

Wholesale

Rice special, rice
premium, wellmilled rice,
regular milled
rice

Chicken fully
dressed

Meat with bones,
lean meat, pork
(front leg)

Retail

Paddy

Number of birds
(inventory)

Number of heads
(inventory)

Production
(Annual)

Rice

Chicken

Pork

Continued.

Per-Capita
Consumption (Annual)
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Rice, semi or wholly
milled, whether or
not polished, glazed,
parboiled, or
converted (excluding
broken rice)

Meat of swine, fresh or
chilled

01221

Farmgate

AND

01232

Commodity Description

PSCC

Price (Monthly)

Table A1.4. Data Concordance at the Provincial Level
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05455

05453

05451

05440

05410

Cabbage and similar
edible brassicas,
fresh or chilled
Carrots, turnips,
beetroot, salsify,
celeriac, radishes,
and similar edible
roots, fresh or chilled

Maize seed (not
including sweet
corn), unmilled
Other maize (not
including sweet
corn), unmilled
Potatoes, fresh or chilled
(not including sweet
potatoes)
Tomatoes, fresh or
chilled
Onions and shallots,
fresh or chilled

04410

04490

Commodity Description

PSCC

Native (shallot), red
creole, white
(granex)
Cabbage

Carrot

Carrot

Tomato

Potatoes white

Corngrain white,
corngrain yellow

Wholesale

Native (shallot), red
creole, white
(granex)
Cabbage

Tomato

Potatoes white

Corngrain white,
corngrain yellow

Farmgate

Price (Monthly)
Retail

Carrot

Cabbage

Red creole, white
(granex)

Tomato

Potatoes white

Corngrits (white and
yellow)

Table A1.4. Continued.

Carrot

Cabbage

Onion

Tomato

Potatoes white

Yellow corn,
white corn

Production
(Annual)

Cabbage

Onion

Tomato

Continued.

Potatoes white

Corn

Per-Capita
Consumption (Annual)
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Manioc (cassava), fresh
or dried, sliced or in
the form of pellets
Citrus fruit, n.e.s., fresh
or dried
Bananas (including
plantains), fresh or
dried
Pineapples, fresh or
dried
Avocados, guavas,
mangoes, and
mangosteens, fresh
or dried

05481

Pineapple Hawaiian
Mango carabao,
mango Indian,
mango piko

Mango carabao,
mango Indian,
mango piko

Banana latundan,
banana saba

Pineapple Hawaiian

Banana latundan,
banana saba

Cassava dried chips,
cassava fresh
tubers
Calamansi

Wholesale

Mango carabao

Pineapple Hawaiian

Lacatan, latundan,
saba

Calamansi

Retail

Mango carabao

Pineapple

Lacatan, saba

Calamansi

Cassava

Production
(Annual)

Mango ripe

Pineapple

Banana (all varieties)

Calamansi

Cassava

Per-Capita
Consumption (Annual)
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n.e.s: ¼ not elsewhere speciﬁed, PSCC = Philippine Standard Commodity Classiﬁcation.
Source: Author’s compilation.

05797

05795

05730

Cassava dried chips,
cassava fresh
tubers
Calamansi

Farmgate

AND

05729

Commodity Description

PSCC

Price (Monthly)

Table A1.4. Continued.
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E.

Intraprovince Trade

The derivation of intraprovince trade rests on being able to map a concordance of
products across datasets on consumption and production, prices, and trade. The
concordance developed in this paper is presented in Table A1.4.

Appendix 2. Results Appendix

Table A2.1.

Gravity Covariates for Product-, Year-, and Province-Speciﬁc
Border Eﬀect Estimates
Base Estimates

lnDistij
Langij
Landij
Observations
Origin–year FE
Destination–year FE
Product–year FE
Origin FE
Destination FE
Product FE

With RRTS

(1a)
Product

(2a)
Year

(3a)
Province

(1b)
Product

(2b)
Year

(3b)
Province

0:38***
(0.092)
0.27
(0.192)
4.30***
(0.213)

0:41***
(0.082)
0.20
(0.185)
4.37***
(0.189)

0:46***
(0.077)
0:17
(0.243)
4.02***
(0.218)

0:30***
(0.093)
0.47***
(0.177)
4.66***
(0.229)

0:70***
(0.088)
0:24
(0.266)
4.05***
(0.197)

0:50***
(0.086)
0.24
(0.254)
4.21***
(0.254)

40,650
Yes
Yes
No
No
No
No

40,650
No
No
No
Yes
Yes
Yes

40,650
No
No
Yes
No
Yes
No

36,600
Yes
Yes
No
No
No
No

36,600
No
No
No
Yes
Yes
Yes

36,600
No
No
Yes
No
Yes
No

FE ¼ fixed eﬀects, RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: The dependent variable is the value of trade between province pairs. The results are estimates
from a Poisson pseudo-maximum likelihood estimator with robust standard errors in parentheses
clustered at province pairs. The table summarizes coeﬃcients for gravity covariates of regressions
estimating the product-, year-, and province-speciﬁc border eﬀects. Border eﬀect estimates for the three
groups of regressions are summarized in Tables A2.2–A2.4. ***p < 0:01.
Source: Author’s calculations.
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Table A2.2.

Banana
Cabbage
Carrot
Calamansi
Cassava
Chicken
Corn
Mango
Onion
Pineapple
Pork
Potato
Rice
Tomato
Observations
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Product Border Eﬀects

(1)

(2)

Overall Estimate

With RRTS

Smprovij

Smprovij

RRTSi, t  Smprovij

4.26***
(0.599)
5.842***
(1.098)
4.92***
(1.098)
3.763***
(0.659)
3.34***
(0.921)
4.098***
(0.593)
3.369***
(0.659)
2.433***
(0.866)
2.622***
(0.911)
5.512***
(0.866)
4.308***
(0.710)
3.438***
(0.958)
3.765***
(0.565)
2.657***
(0.904)

5.421***
(0.741)
3.358***
(0.850)
2.171**
(1.086)
3.546***
(1.012)
4.900***
(1.013)
4.524***
(0.741)
4.529***
(0.731)
3.292***
(0.643)
3.369***
(1.071)
7.574***
(1.023)
4.530***
(0.654)
5.836***
(1.172)
4.555***
(0.682)
3.938***
(1.004)

1:078**
(0.430)
0.401
(0.665)
0.163
(0.687)
0.146
(0.606)
0.231
(0.714)
0.350
(0.346)
0:827**
(0.405)
0:488
(0.412)
3:040***
(0.956)
4:635***
(0.957)
0.0296
(0.387)
8:548***
(1.207)
0:563**
(0.280)
1:094
(0.674)

40,650

36,600

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Column (1) presents the product-speciﬁc border eﬀects, ^q ,
coeﬃcients of Smprovij  δ q . The subcolumns of column (2) summarize
the joint estimates for ^q and ^q, RRTS . The dependent variable is the value of
trade between province pairs. The regressions are estimated using a Poisson
pseudo-maximum likelihood estimator with robust standard errors in
parentheses clustered at province pairs. Regressions include origin–year
and destination–year ﬁxed eﬀects. ***p < 0:01 and **p < 0:05.
Source: Author’s calculations.
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Table A2.3.

Province Border Eﬀects Over Time

Overall Estimate

RRTS

(1)

(2)

Year

Smprovij

Smprovij

RRTSi, t  Smprovij

2000

3.617
(0.92)
3.464
(0.92)
3.518
(0.96)
3.559
(0.94)
3.527
(0.90)
3.417
(0.96)
3.644
(0.94)
3.245
(0.96)
3.314
(0.96)
3.358
(0.96)
3.334
(0.94)
3.375
(0.92)
3.207
(0.94)
3.253
(0.94)
3.265
(0.96)

2.040***
(0.545)
2.103***
(0.530)
2.303***
(0.570)
2.212***
(0.699)
2.022***
(0.508)
2.131***
(0.556)
2.453***
(0.535)
2.572***
(0.527)
2.326***
(0.550)
1.843***
(0.548)
2.228***
(0.559)
2.106***
(0.536)

0:305
(0.361)
0:533
(0.369)
0:826*
(0.433)
0:380
(0.641)
0:646*
(0.345)
0:684
(0.420)
1:030***
(0.359)
1:196***
(0.391)
0:929**
(0.407)
0:556
(0.405)
0:966**
(0.424)
0:837**
(0.427)

2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
Observations

40,650

36,600

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Column (1) presents the year-speciﬁc border eﬀects, ^t , coeﬃcients of
Smprovij  Yrt . The subcolumns of column (2) summarize the joint
estimates for ^t and ^t, RRTS . The dependent variable is the value of trade
between province pairs. Regressions are estimated with a Poisson pseudomaximum likelihood estimator with robust standard errors in parentheses,
clustered at province pairs. Regressions include origin, destination, and
product ﬁxed eﬀects. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Author’s calculations.

Smprovij

3.922***
2.177***
3.679***
5.513***
4.793***
3.636***
4.513***
3.843***
7.135***
5.218***
8.193***
6.598***
4.098***
0:137
2.822***
9.241***
0.188
9.495***
3.053***
5.282***
4.253***
6.113***
2.983**

Agusan del Norte
Albay
Basilan
Bataan
Batangas
Benguet
Bohol
Bulacan
Cagayan
Camarines Sur
Camiguin
Catanduanes
Cavite
Cebu
Davao del Sur
Davao Oriental
Ilocos Norte
Ilocos Sur
Iloilo
La Union
Laguna
Lanao del Norte
Lanao del Sur
0.511*

2.889**

4.555***

6.461***

0.588*

0.440

6.022***

4.929***
0.376
2.310***
3.090***
6.144***
5.811***
3.869***
0.0676
4.470***
5.127***
1.740***
7.873***
10.02***
7.134***
0.145
6.281***
8.205***
3.541***
5.107***
4.034***
3.124***
4.650***
5.350***

Smprovij

IN THE

Continued.

0.249
1.673***
0.0946

0:00864
3.242***
6.803***
6.285***
5.168***
3.116***
2.867***

1.008
0.492
2.832***

0:504***
0:677***
0.813**

2.077***
0:129
0:327
0:315

7.198***
9.680***
6.239***

4.336***
1.859
4.443***

3.392***
0.922
2.706***
3.734***

Smprovij RRTSi, t  Smprovij

(2)

RRTS

OVERSEA: DOMESTIC TRADE FRICTIONS

2.485***

0:158

1:427***

6.170***

Misamis Occidental
Misamis Oriental
Negros Occidental
Negros Oriental
Northern Samar
Nueva Ecija
Occidental Mindoro
Oriental Mindoro
Palawan
Pampanga
Pangasinan
Quezon
Romblon
Samar
Sarangani
Siquijor
Sorsogon
South Cotabato
Southern Leyte
Sulu
Surigao del Norte
Surigao del Sur
Tarlac

Province

(1)

Overall Estimates

AND

0.250

0.102
2.465***
3.590***

RRTSi, t  Smprovij

3.742***
2.653***
1.423*

Smprovij

(2)

(1)

Province

RRTS

Overall Estimates

Table A2.4. Province-speciﬁc Border Eﬀects
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5.554***
8.544***
2:091
6.297***

Leyte
Maguindanao
Marinduque
Masbate
1.102**
1:717*
0.747

0:584
5.269***

RRTSi, t  Smprovij

4.535***

Smprovij
Tawi-Tawi
Zambales
Zamboanga Norte
Zamboanga del Sur

Province
5.229***
5.995***
6.659***
2.985*

Smprovij

(1)

Overall Estimates

6.719***
1.839*

3.832***

0.306
0.935***

3.168**

Smprovij RRTSi, t  Smprovij

(2)

RRTS

RRTS ¼ Roll-On Roll-Oﬀ Terminal System.
Notes: Column (1) presents the province-speciﬁc border eﬀects, ^i , coeﬃcients of Smprovij  ηi . The subcolumns of column (2) summarize the joint
estimates for ^q and ^i, RRTS . The dependent variable is the value of trade between province pairs. Regressions are estimated with a Poisson pseudo-maximum
likelihood estimator with robust standard errors in parentheses, clustered at province pairs. Regressions include destination–year and product–year ﬁxed
eﬀects. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Author’s calculations.

Smprovij

(2)

(1)

Province

RRTS

Overall Estimates

Table A2.4. Continued.
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We studied the impact of distributing nutritional information in the conditional
cash transfer program on intrahousehold food expenditure allocation in the
Philippines. Using the original randomized controlled trials dataset, which was
collected 2 months after a social experiment to teach nutrition information, we
found that providing nutrition information improved mothers’ nutrition
knowledge, but no signiﬁcant positive effects were found on the Engel
coefﬁcient. However, the provision of information to mothers with greater
intrahousehold decision-making power tends to increase the consumption ratio
of food. These results imply that not only raising awareness through
information provision, but also female leadership and strong decision-making
power within the household play an essential role in changing household
budget allocations and improving child welfare.
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I.

Introduction

To solve the intergenerational transmission of poverty, conditional cash transfer
(CCT) programs have been launched in developing countries as a social protection
policy since the 1990s. CCTs offer grants to mothers in low-income families on the
condition that they satisfy requirements related to childhood development, such as
periodic check-ups, vaccinations, and more than 85% school attendance. CCT
programs such as PROGRESA (renamed as Oportunidades and, currently, Prospera)
in Mexico and Familias en Acción in Colombia have expanded to become among the
most extensive social assistance programs in each country, covering millions of
households to relieve the poverty gap and improve the human capital of children.
CCTs have been shown to improve nutritional conditions and cognitive and physical
skills among children (Fiszbein, Schady, and Ferreira 2009). Notably, CCT recipients
increase the food expenditure share in their total expenditure (i.e., the Engel
coefﬁcient) relative to nonrecipients. Attanasio, Battistin, and Mesnard (2012) estimate
that a 10% increase in total expenditure would generally lead to a 1% decrease in food
expenditure in Colombia, and found that the CCT program, unlike other general
increases in income, increases the food consumption share. Angelucci and Attanasio
(2013) estimated the Engel coefﬁcient for food and high-protein food of PROGRESA
in Mexico, and the average intention to treat in the estimation implies an increase in
the food share. Braido, Olinto, and Perrone (2012) suggest that a CCT program in
Brazil, Bolsa Família, had a positive effect on household food expenditure by about
10%, though the gender of the grant recipients did not inﬂuence the consumption
pattern. Additionally, the authors ﬁnd that expenditure shares on high-nutrition foods,
such as fruits and vegetables, increases. Some studies have estimated the impact of
CCTs on food consumption positively (Schady and Rosero 2007, 2008 for Ecuador;
Gitter and Barham 2008 for Nicaragua; Cruz and Ziegelhofer 2014 for Brazil and
Armand et al. 2020 for Macedonia).
This is interesting because it is contrary to the standard prediction of the
economic theory, which is that the share of food out of total consumption decreases
when income per capita increases (i.e., Engel’s law). The literature attributes
this surprising result to the fact that mothers are the recipients of the grant, and
women possess different preferences and consumption patterns for food than men
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(Ward-Batts 2008, Doss 2013, Almås et al. 2018). Therefore, if women receive income
or grants directly and determine the allocation of resources, the Engel coefﬁcient will
increase. In contrast, some studies note that information diffusion on nutrition, which
is sometimes a single condition of CCT programs, affects resource allocation
determination in households because they change the perception of food productivity
to health by cultivating food knowledge and leading to the purchase of food that is
more nutritious (Fitzsimons et al. 2016).
In this study, we empirically explicate the effects of the provision of nutrition
knowledge in the CCT program on the Engel coefﬁcient using household-level data
based on randomized controlled trials (RCTs) in the Philippines. The practical success
of CCTs in Latin America has prompted CCT programs to spread globally as national
ﬂagship social protection policy schemes to relieve poverty in different countries.
Among them, the Philippines started the Pantawid Pamilyang Pilipino Program (4Ps)
in 2008 and has since expanded its coverage nationwide. The 4Ps transfers the grants
to mothers in poor households on the condition that they fulﬁll child development
requirements, as in other CCT programs. One speciﬁc feature of the conditionality of
4Ps is that the grantees (mainly mothers) participate in Family Development Sessions
(FDS), in which the beneﬁciary parents learn about caring for children. The 4Ps aims
to reduce poverty and empower parental roles in family development via the transfer
of cash and knowledge to mothers (Kim and Yoo 2015).
We conducted a ﬁeld experiment and a survey to examine the effects of nutrition
knowledge with the cooperation of the Department of Social Welfare and
Development-Cordillera Administrative Region Ofﬁce (DSWD-CAR), which operates
the 4Ps in the Cordillera Administrative Region in the Philippines. We provided
nutrition information by distributing ﬂyers to mothers in a treatment group in the FDS
based on the cluster-level RCT approach. We set two treatment groups to verify the
differentiated effects of the volume of nutrition information. We provided basic
information about food nutrition to one group (see Figure A1.1 of the Appendix for
Treatment A) and delivered Treatment A’s contents with additional information about
nutrition and growth outcome to the other group (see Figure A1.2 of the Appendix for
Treatment B). About 2 months after the experiment, we obtained sample data from
171 women. We estimated the impact of interventions on food knowledge and the
Engel coefﬁcients, carefully dealing with the inference of group-dependence within the
cluster to estimate standard errors when the number of clusters is small by using G-1
degrees of freedom procedure and the wild-cluster bootstrap standard error procedure
(Cameron, Gelbach, and Miller 2008; Cameron and Miller 2015). We found that
information provided in the treatment will positively affect the acquisition of nutrition
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knowledge; in particular, mothers who receive various types of information in the
treatment gain more nutrition knowledge. The treatment itself does not positively
affect the Engel coefﬁcient at all; however, the results imply that treated mothers who
are heads of households or have a signiﬁcant inﬂuence on household income have a
higher Engel coefﬁcient. In this context, we conclude that the provision of nutrition
knowledge and female leadership in the household are both crucial for improving
nutrition intake among children.
The following section describes the conceptual framework, including a literature
review. Section III presents the CCT in the Philippines and our research design in
detail. Section IV discusses the estimation strategy, and Section V explains the
estimation results. Finally, Section VI presents our conclusion.

II.

Conceptual Framework

Although the intrahousehold consumption pattern varies across many
components, we recognize that female ability to determine and negotiate
intrahousehold resource allocation is crucial for outcomes in the development ﬁeld
(Doss 2013). Most CCTs aim to enhance female empowerment through ﬁnancial
support from grants provided to mothers and knowledge through maternal education
(Angelucci and Attanasio 2013). Our study also focuses on the information input to
women and the female decision-making power in the household to change their
intrahousehold consumption allocation.
First, several studies prove that the information that a person receives will
change their perception or tastes on the related goods, leading to the alternation of
the consumption pattern of each household. Information is a crucial input for
customers in choosing products and services, and economists have developed
theories and methodologies on the imperfections of information (e.g., Nelson 1970,
Stiglitz 2000). Although the methods of providing information vary (e.g., mass
communication and one-on-one education), many development economists have
empirically investigated the effects of information dissemination on consumption
behavior of foods or health-related goods (Dupas 2011). Fitzsimons et al. (2016)
estimate the impact of providing information about child nutrition without offering
monetary grants in Malawi. The intervention was conducted through house-to-house
visits, and they ﬁnd that information provided not only increased mothers’ nutrition
knowledge but also modiﬁed the composition of consumption toward more healthy
food items. Madajewicz et al. (2007) report that after providing the information that a
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well’s water contained arsenic, 37% of households changed to another well in
Bangladesh within a year. Jalan and Somanathan (2008) also demonstrate that when
information about water contamination was provided in India, the willingness to pay
for home puriﬁcation increased by 11%. Following the health production function
theory presented by Fitzsimons et al. (2016) and Corman, Dave, and Reichman
(2018), this study expects that the perceived productivity and consumption of food
will also increase when information on nutrition beneﬁts is provided. This study
evaluates the effects of information inputs in our original experiment to distribute the
ﬂyers.
Many studies have explicated that women’s decision-making power in each
household may affect their consumption patterns. They demonstrate that the
preferences and bargaining power of women and mothers have more positive effects
on the consumption and management of related resources to improve child life
outcomes than those of men based on collective models. Hoddinott and Haddad (1995)
explain that raising women’s share of cash income increases the consumption share of
food and reduces the consumption of alcohol and cigarettes. Duﬂo (2003) ﬁnds that in
South Africa, the health status of girls improved after the women received pension
subsidies, although she did not observe such an effect when the recipients were men.
Doss (2006) uses survey data in Ghana and shows that the share of women’s assets
affects some budget categories, such as increasing food and education expenditure and
reducing alcohol consumption. Macours, Schady, and Vakis (2012) also suggest that
cash transfers to women changed their intrahousehold allocation, such as spending
more on nutrient-rich foods, and improved child development outcomes in Nicaragua.
Furthermore, there is evidence of gender bias in household consumption and
intrahousehold allocation in the Philippines. Pajaron (2016) evaluates the heterogeneity
of intrahousehold allocation of international remittances, demonstrating that a female
decision-maker spends more on items that improve children’s welfare. In contrast,
Estudillo, Quisumbing, and Otsuka (2001) did not ﬁnd gender bias in expenditure
patterns between females and males from panel data of Central Luzon and Panay Island.
They also qualitatively explain gender equality in terms of the historical and social
context in the country and conclude that these factors would affect expenditure patterns
in Filipino households. Following the literature on female bargaining power, this study
posits that mothers’ intrahousehold bargaining or decision-making power inﬂuences
household consumption decisions. In the CCT context, female decision-making power is
measured by an exogenous increase in the nonlabor income of the mother (i.e., CCT
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grants), but all respondents in our survey are CCT beneﬁciaries.1 Thus, we focus on
female leadership in households proxied by head status and the perceived volume of
income contribution (Hoddinott and Haddad 1995; Schady and Rosero 2007; Braido,
Olinto, and Perrone 2012). We note that these measurements of female leadership carry
the potential risk of endogeneity because unobserved characteristics would be correlated
with leadership in the household (Braido, Olinto, and Perrone 2012; Doss 2013).

III. Contexts and Intervention
A. Pantawid Pamilyang Pilipino Program
The Philippines is one of several countries that have introduced CCT programs.
Despite its rapid economic growth in recent decades, the Philippines’ poverty rate has
not declined. Although the economy grew by approximately 5% on average between
2003 and 2012, the poverty rate increased during the same period.2 Additionally, the
Philippines has faced difﬁculties in achieving Sustainable Development Goals’ targets
such as universal primary education, reducing child mortality, promoting gender
equality, and improving maternal health (Kim and Yoo 2015). Regarding nutrition
conditions (Chaparro, Oot, and Sethuraman 2014; Food Nutrition Research Institute
[FNRI] 2015), 34% of children younger than 5 years old were stunted, with 19.9%
underweight and 7.9% wasting in the early 2010s. Moreover, the level of children
overweight-for-height aged 0–5 years has increased. Almost half of the pregnant
women and two-thirds of children aged 6–11 years suffer from chronic anemia.
Additionally, the Global Hunger Index still indicates a serious level of hunger
(von Grebmer et al. 2015).
To solve these issues and promote social assistance and social development, the
DSWD launched the 4Ps in 2008 with support from the World Bank, the Asian
Development Bank, and the Australian Agency for International Development.
The program’s objectives are to: (i) keep children in school, (ii) keep children healthy,
and (iii) invest in the future of children (Chaudhury, Friedman, and Onishi 2013).
The government sets the conditions for health and education grants to meet these
objectives. As for health grants, low-income households with children aged 0–14 years

1At the time of the survey in 2015, more than 90% of the targeted poor households in the surveyed
region had already received beneﬁts, according to 4Ps.
2Table A1 of the Appendix shows the country’s economic growth and poverty incidence for
approximately 2 decades.
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and pregnant women receive a lump sum of ₱500 per month to prompt healthy
practices. The conditions for this grant are (i) visiting the health center or rural health
unit regularly for children aged 0–5 years, (ii) attending FDS at least once a month
(details given below), (iii) complying with the deworming protocol at schools for
children aged 6–14 years, and (iv) attending the health center or rural health unit for
pregnant women. The education grants were ₱300 per child per month for a maximum
of three children per household. The conditions for this grant are enrollment in daycare
or preschool for children younger than 5 years old or school for children aged 6–14
years, together with an attendance rate of more than 85%. The transfer of cash grants
relies on compliance with the program’s conditions. Schoolteachers, health facilities,
and ﬁeld staff make bimonthly checks on whether beneﬁciary mothers and children
comply with these conditions (Fernandez and Olﬁndo 2011). The government has
currently promoted 4Ps as the primary policy tool for poverty reduction (Kim and Yoo
2015). The program covers all 17 regions in the country, and the target age has
expanded to include 18-year olds; thus, more than 10 million schoolchildren in about
4.5 million households were registered for the program in 2015 when we conducted
our primary research (DSWD 2019).
Attending FDS is one condition for receiving the 4Ps’ health grants; these
sessions are a type of parenting course. FDS are held monthly in every family group
(mostly 25–30 members) at the barangay level, which is the smallest administrative
unit in the Philippines, or for a smaller cluster in each barangay. Grant beneﬁciaries
must attend the FDS to satisfy the program’s conditions. The monthly FDS are offered
as an avenue to (i) provide fundamental knowledge about family behaviors, (ii)
improve parental roles and responsibilities, and (iii) support beneﬁciaries in complying
with the program conditions. To satisfy these objectives, the FDS cover childcare,
including maternal healthcare, child development, and family planning. In addition to
health knowledge, mothers obtain crucial knowledge for living, such as gender roles,
development, and ﬁnancial management. FDS participants are usually mothers, but the
DSWD states that the FDS are open for all; thus, other relatives such as fathers can
also attend them.
The 4Ps has been carefully designed to facilitate impact evaluation since
program planning began, as it is the pioneer intervention of the social security net in
the Philippines. Chaudhury, Friedman, and Onishi (2013) estimated the program
impacts of the pilot stage of the 4Ps 2.5 years after the program’s implementation
began in 2008. The study ﬁnds that the 4Ps has increased enrollment among young
children aged 3–11 years and attendance among children aged 6–17 years. Despite this
early evaluation of the program’s intervention, the 4Ps can reduce severe stunting
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among poor children between 6 and 36 months old, and poor children can receive
age-appropriate child health services. Additionally, the program increases aggregate
investments by fulﬁlling the health and educational needs of children. However, the
study ﬁnds that some challenges remain in the 4Ps. There is little effect on the overall
increase in per capita consumption among the poor beneﬁciaries, but the households
tend to increase savings as a result of the transfers. Furthermore, the 4Ps had little
effect on the enrollment of children over the age of 15 years or on the preschool
attendance of the youngest group (aged 3–5 years).
As preliminary research, we explicate the impact of this CCT program on the
Engel coefﬁcient using the same dataset as Chaudhury, Friedman, and Onishi (2013)
(for details, see the Appendix). Our estimations show that receiving a 4Ps grant
reduces the Engel coefﬁcient signiﬁcantly, contrary to our expectations. The gender of
the household head is insigniﬁcant in determining the household consumption ratio.
This result shows that the grantee’s gender or female decision-making power is not
ﬁrmly decisive in changing the household Engel coefﬁcient in the Philippines.
B. The Intervention
1. Study Site
To explore the effects of nutrition information diffusion in more detail, we
designed an original RCT, in which mothers in the treatment groups received ﬂyers on
nutrition in the FDS. We collected follow-up data in Benguet province in 2015.
Although the government has expanded the 4Ps to the national level, we chose
Benguet province, located in the northern Philippines, as the site for this study for the
following reasons. First, we had professional contact with DSWD-CAR in June 2015,
and they ofﬁcially offered cooperation with this study in July 2015. Second, Benguet
province in the CAR comprises both urban and rural municipalities, and income levels
vary among municipalities. Hence, we judged that Benguet province could be an
appropriate sample area for the country in this survey. To include both rural and urban
areas, we chose the FDS clusters in Tuba (urban) and Kapangan (rural)
municipalities.3 Tuba is in the southern part of Benguet province, approximately
30–60 minutes from Baguio, the urban center of the region, by automobile. According
to the Philippine Statistics Authority (2015), Tuba is in the ﬁrst income class among
the six classes deﬁned by the government based on residents’ average annual income

3Lipoeto et al. (2013) show a signiﬁcant difference in food habits between rural and urban areas in
Southeast Asian countries, including the Philippines.
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over the previous 4 years. In contrast, Kapangan is the northernmost municipality in
Benguet province, approximately 3–4 hours away from Baguio by automobile.
Kapangan is in the fourth income class.
2. Randomized Controlled Trials
For the experiment, we provided nutrition information by distributing a ﬂyer to a
treatment group during the FDS (see the Appendix for a reproduction of the ﬂyer used
in the experiment). The FDS are held at the cluster level in each barangay, and we
selected the target clusters randomly in the sample municipalities based on the RCT
approach. As our treatment is information dissemination, which is relatively easy to
spill over, we randomized samples at the FDS cluster level. Among the FDS clusters in
Tuba and Kapangan municipalities, we chose 11 FDS clusters and assigned Treatment
A to four FDS clusters (67 households), Treatment B to three FDS clusters (66
households), and the control to four clusters (91 households), totaling 224 households
in the sample selection. We ensured that FDS about any nutrition topic had not been
conducted in the past for any of these clusters. After pre-research with the
DSWD-CAR in August 2015, the intervention was conducted from 11 to 13
September 2015 during the monthly FDS in each cluster.
In the context of Filipino nutrition, stunting, underweight, obesity, and anemia
are severe issues (Chaparro, Oot, and Sethuraman 2014; FNRI 2015). Therefore, we
prepared ﬂyers to offer solutions to these issues. In Treatment A, we provided each
mother with a ﬂyer containing basic nutrition knowledge (i.e., nutrition guide pyramid
edited by FNRI 2015) and information about nutritious foods containing protein,
vitamin A, and iron, which are crucial nutrients for child growth. We also note how
each nutrition function affects child growth. In the ﬂyer of Treatment B, we provided
almost the same information as Treatment A; however, we posted a much clearer
message on the direct effects of good practice for food intake on school performance.
Furthermore, we emphasize the risks associated with the overconsumption of soft
drinks.4 Therefore, the ﬂyers in Treatment B offer more detailed content of nutrition
knowledge than those of Treatment A. When the ﬂyers were distributed during the
FDS, the 4Ps ﬁeld staff explained each ﬂyer’s content to the mothers in detail during
the session, ensuring that each participant understood the content. We then asked them
to attach the ﬂyer to the wall or refrigerator to review it every day.

4We designed the ﬂyers based on Worsley (2002); Kleinman et al. (2002); Florence, Asbridge, and
Veugelers (2008); Maluccio et al. (2009); Rausch (2013); and FNRI (2015). Additionally, we referred to
Parmenter and Wardle (1999), Wardle et al. (2000), and Gibson et al. (2015) to design the questionnaires.
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3. Data
About 2 months after our intervention, we conducted a follow-up survey in both
treated and control areas from 8 to 13 November 2015, during the FDS, and collected
sample data from 11 FDS clusters. In our questionnaire, we included socioeconomic
characteristics and questions that measured the respondents’ knowledge level or
behavior. We referred to Dickson-Spillmann, Siegrist, and Keller (2011) for
developing this small nutrition exam and employed the exam score (maximum 15
points) as the indicator of the respondent’s nutrition knowledge. Of the 15 questions,
10 were related to the contents of the ﬂyer. For the food expenditure ratio to total
expenditures, we asked for the monthly consumption of food, fuel, light, water,
transportation, communication, household operations, personal care and effects,
clothing, footwear and other recreation wear, medical care, nondurable furnishings,
gifts, and contributions for the last month.5 For annual expenditure, respondents
provided information on fees for education, durable furnishings, taxes, house
maintenance and repair, special occasions and other expenditures (e.g., life insurance),
and savings during the past year. We then used these responses to estimate monthly
spending ratios.6
For this survey, we obtained household roster data in the targeted area from
DSWD-CAR before the intervention; we initially planned to conduct interviews with
224 grantees during the FDS (Treatment A: 67; Treatment B: 66; Control: 91).
However, 10 beneﬁciaries did not attend the FDS in September (i.e., they did not
receive the ﬂyer), and 29 households did not attend the FDS in November because of
sickness or having moved to another residence. Moreover, for 19 households, other
male family members, such as the father or the son, attended November’s FDS. As our
study aims to evaluate how the female grantee’s knowledge will contribute to
intrahousehold allocation, we excluded these 19 households from our sample.
In contrast, six female respondents who were not listed in our household roster data
participated in November’s session, and we conﬁrmed that ﬁve of them had attended
September’s FDS. Thus, we included these samples and ultimately kept 171

5Foods include cereal and cereal preparations (e.g., rice, corn, and bread); roots and tubers (e.g.,
potato, cassava, and gabi); fruits and vegetables (e.g., green beans, coconut, and peanuts); meat and meat
preparations (e.g., fresh chicken, beef, and chorizo); dairy products and eggs (e.g., milk, ice cream, and
butter); ﬁsh and marine products (e.g., ﬁsh, shrimp, squid); beverages (e.g., coffee, orange juice, and soft
drinks); others (e.g., sugar products, sauces, and oil); and eating outside.
6According to Gibson and Kim (2010) and Beegle et al. (2012), the monthly recall survey about
expenditure carries the risk of underreporting compared to a daily diary or weekly recall, or may suffer
from measurement error, depending on the heterogeneity such as family size. However, because of the high
variable costs of implementing the detailed survey, we employ the aggregate recall survey in our research.
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respondents for an overall attrition rate of 25.6% (Treatment A: 50 [28.4%]; Treatment
B: 48 [28.8%]; Control: 73 [22.0%]). As the attrition rate of this experiment was
relatively high, we tested whether it affected our randomization, which will be the
basis of our impact evaluation. As shown in Panel A of Table 1, we do not observe
any signiﬁcant difference between the maintained samples and the attritted samples
based on the variables in the roster data. Moreover, the probit model analysis
represents the insigniﬁcant effects of the treatments on attrition (Panel B in Table 1).
Based on these results, we believe that our randomized treatment was not affected by
attrition bias. Furthermore, we implement the balanced test in Table 2, although there
Table 1. Attrition Check
Keep (N = 171)
Panel A: T-test
Treatment A
Treatment B
Control
Number of children aged 5–9 years
Number of children aged 10–14 years
Number of children aged 15–19 years
Age of the mother
Education of the mother (years)
Number of household members
Solo parent dummy (Solo ¼ 1)
Living in urban area (Urban ¼ 1)

Attrition (N = 59)

Average

SD

Average

SD

p-value

0.292
0.281
0.427
0.795
1.123
1.135
46.614
8.287
6.889
0.170
0.480

0.456
0.451
0.496
0.789
0.902
1.034
10.853
3.652
2.132
0.376
0.501

0.322
0.322
0.356
0.780
1.169
1.051
46.949
7.475
6.797
0.169
0.593

0.471
0.471
0.483
0.948
0.950
0.860
11.057
3.923
2.265
0.378
0.495

0.670
0.549
0.341
0.901
0.736
0.577
0.839
0.150
0.778
0.999
0.133

= 1 if attritted
Panel B: Probit model
Treatment A

Treatment B

Control variables
Observations

(1)

(2)

0.1641
(0.1598)
[0.3340]
0.1885
(0.1762)
[0.3330]

0.14
(0.1664)
[0.5320]
0.1866
(0.1423)
[0.2370]

No
230

Yes
230

SD ¼ standard deviation.
Notes: FDS cluster-level clustered robust standard errors in parentheses and wildcluster bootstrap standard error p-values in brackets in Panel B. Number of children
aged 5–9 years, number of children aged 10–14 years, number of children aged
15–19 years, age of the mother, education of the mother, number of household
members, solo parent dummy, and living in urban area (urban ¼ 1) are included for
Column (2) in Panel B. *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.

0.56
0.85
1.06
0.88
6.69
0.48
0.27
0.25
9.00
46.46
0.77
48

Panel B: Balance test at data collection
Number of children aged 0–4 years
Number of children aged 5–9 years
Number of children aged 10–14 years
Number of children aged 15–19 years
Number of household members
Living in urban area (Urban ¼ 1)
Head of gender (Female ¼ 1)
Solo parent dummy (Solo ¼ 1)
Education of the mother (years)
Age of the mother
Engage in farming (¼ 1)
Observations
0.53
1.00
1.04
0.74
6.05
0.38
0.14
0.12
8.64
44.41
0.90
73

0.791
1.165
1.011
45.396
7.681
6.813
0.044
0.385
91

Control

0.271
0.159
0.906
0.118
0.841
0.0097***
0.521
0.566
0.564
0.553
0.0003***

0.999
0.768
0.155
0.350
0.324
0.689
0.141
0.0024***

p (TA-C)

0.847
0.412
0.896
0.408
0.053
0.301
0.067
0.073
0.571
0.334
0.0443**

0.791
0.476
0.384
0.211
0.325
0.825
0.237
0.0460**

p (TB-C)

0.298
0.600
0.989
0.481
0.141
0.165
0.286
0.274
0.287
0.672
0.159

0.828
0.354
0.612
0.674
0.920
0.865
0.794
0.344

p (TA-TB)

p(TA-C) ¼ p-value from the t-test between Treatment A group and control group, p(TB-C) ¼ p-value from the t-test between
Treatment B group and control group, p(TA-TB) ¼ p-value from the t-test between Treatment A group and Treatment B group.
Notes: *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.

0.38
0.76
1.06
1.00
6.12
0.62
0.18
0.16
8.30
45.56
0.64
50

0.758
1.061
1.152
47.712
8.318
6.894
0.091
0.545
66

Treatment B

Balance Test

Panel A: Balance test at sample selection
Number of children aged 5–9 years
0.791
Number of children aged 10–14 years
1.209
Number of children aged 15–19 years
1.239
Age of the mother
46.940
Education of the mother (years)
8.254
Number of household members
6.955
Solo parent dummy (Solo ¼ 1)
0.104
Living in urban area (Urban ¼ 1)
0.627
Observations
67

Treatment A

Table 2.
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is little room for either self-selection bias among FDS participants or possible
endogeneity of the treatment variable because the FDS attendance is a condition of the
4Ps, and we randomly assigned treatment to each FDS cluster. At the time of sample
selection, we understand that most of the treated samples live in urban areas, as Panel
A in Table 2 shows, because our RCT is conducted at the cluster level. Even after the
sample attrition because of the reasons mentioned, we observe some systematic
differences between groups in the urban and farmer dummy variable categories (Panel
B in Table 2). Therefore, we tested the model by controlling for covariates in the
estimation.

IV.

Estimation Method

This study estimates the impact of knowledge diffusion of nutrition through a
CCT program on outcomes, including the food consumption ratio. In this study, we
obtain the following equation:7
Yj ¼ α0 þ α1 ln Cj þ α2 (ln Cj ) 2 þ α3 xj þ α4 T þ j ,

ð1Þ

where Yj includes wj and kj . wj stands for the share of food out of total household
expenditure in the jth household (%). kj is the knowledge test score of the respondent
in the jth household. ln Cj is the log of the total consumption of each household (in
Philippine pesos). x denotes the characteristics of each household, that is, whether
living in an urban area, farmer dummy, log of family size;8 as well as the number of
children in each targeted age cohort in the household (0–4, 5–9, 10–14, and 15–19
years old) to control for the biased variables in the balance test and household traits.9 T
is the treatment of receiving the ﬂyers (T ¼ 1 if treatment; T ¼ 0 if control).
Moreover, we add price effects using the barangay dummy variables to estimate the
food consumption ratio.10 In our estimation, we also show the results of the treatment
effect model excluding the other covariates, which is common in the RCT analysis. As
7We basically follow the speciﬁcation from Attanasio, Battistin, and Mesnard (2012), which
conceptualizes both Quadratic Almost Ideal Demand System and the collective model, for our model
setting. We strongly assume that total consumption Cj is uncorrelated with the residual term j , as
Attanasio, Battistin, and Mesnard (2012) do.
8As Deaton and Paxson (1998) and Estudillo, Quisumbing, and Otsuka (2001) suggest, the Engel
coefﬁcient of a larger household will tend to decrease the food consumption ratio because of scale
economies.
9According to Tsakloglou (1991), the number of children in each age group affects the Engel
coefﬁcient because older children require more signiﬁcant amounts of food than younger children.
10From our ﬁeld observation, the price of the daily commodities including food was almost the
same within each municipality and barangay when we conducted the survey.
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mentioned in Section II, female decision-making power or leadership in each
household may also affect the consumption pattern, reﬂecting the prior literature (e.g.,
Doss 2013). Thus, we tested the effect of female decision-making power and its
interaction effect with treatment. We asked the respondents the household head’s
gender and the extent of the mother’s contribution to household income in the
questionnaire. Among households headed by women, 10 beneﬁciaries had husbands,
and 22 were single-parent families. As for the self-contribution to income, not only labor
income but also the nonlabor income of the mother (i.e., CCT grants) or the proﬁt from
farming is included in the survey. We create a dummy variable for mothers’ higher
income contribution: 1 if the mother contributes more than 50% and 0 otherwise.
As our dataset is RCT-based, we conduct analyses based on ordinary least
squares (OLS) regressions. To address heteroscedasticity due to the use of micro-level
data, we employ a cluster-robust standard error procedure. In terms of statistical
inference, the asymptotic justiﬁcation for the cluster-robust standard error provides the
downward-bias correction estimates if the number of clusters is small. As there are
only 11 FDS clusters in our dataset, this leads to the production of a biased standard
error. According to Cameron and Miller (2015), one solution to this issue is to use
much fewer degrees of freedom than the number of clusters, G, proposed for smallsample correction. Our study uses G-1 degrees of freedom for t-tests and F-tests to
obtain valid inferences.11 Moreover, we employed a wild-cluster bootstrapping
standard error procedure (see, for example, Cameron, Gelbach, and Miller 2008) to
check the robustness and reduce bias.12 Furthermore, we address multiple hypothesistesting issues because we distributed two types of ﬂyers in the experiments and
conducted a heterogeneous analysis for female bargaining power, so we display the
sharpened false discovery rate q-values in the results (see, for example, Anderson
2008).

V.

Results

Table 3 reports the results for the impact evaluation of the treatment. We ﬁnd that
information provision improved maternal knowledge about nutrition. In columns (1)
and (2), the treatment variable is positive and statistically signiﬁcant at the 5% and
10% levels in the OLS model. The ratio of food expenditure after the treatment is also
11We
12We

“boottest.”

exploit STATA 15 for our regression analysis.
replicate 1,000 times for wild-cluster bootstrap estimations using the STATA command
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Table 3. Impact of Information Provision on Outcomes

Treatment

Observations
Control Variables
R-squared

Knowledge

Expenditure

Total Score (Max 15 points)

Engel Coefﬁcient (%)

(1)

(2)

(3)

(4)

0.439*
(0.203)
[0.1000]
{0.084}

0.375**
(0.166)
[0.0910]
{0.084}

9:032***
(2.759)
[0.0120]
{0.034}

1:523
(1.370)
[0.4480]
{0.14}

171
No
0.009

171
Yes
0.068

171
No
0.060

171
Yes
0.267

Notes: FDS cluster-level clustered robust standard errors in parentheses, wildcluster bootstrap standard error p-values in brackets, and the sharpened false
discovery rate q-values in braces. Columns (2) and (4) include control variables
for logarithmic total expenditure, squared logarithmic total expenditure, urban
dummy, farmer dummy, log of number of family members, and number of the
children divided by the age cohort (0–4, 5–9, 10–14, and 15–19 years old). For
column (4), a barangay-ﬁxed effects dummy is included to control for the
price effects. All regressions are estimated by ordinary least squares.
***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations.

investigated in columns (3) and (4). While we expected that the information provided
affects the Engel coefﬁcient positively, the result is negative and statistically
signiﬁcant. Even if controlling with covariates, the results are negative but
insigniﬁcant. Taken together, the treatment of information provision itself does not
affect increasing food consumption as a whole, although it affects knowledge
cultivation positively.
To understand the impacts of information distribution in more detail, we estimate
the heterogeneous effects of treatment with female decision-making power on the
Engel coefﬁcient (Table 4). When we include the gender head dummy (female
head ¼ 1), it shows a signiﬁcant negative effect in both estimations. Meanwhile, the
interaction effects with the treatment present a 10.8% increase (though not signiﬁcant
at the 10% level) in column (1) and a 14.8% increase at the 5.0% signiﬁcance level in
column (2) for the Engel coefﬁcient. For column (2), the total effect of the treatment is
positive (4:5 þ 14:8), indicating that the treated households headed by women
increased food consumption after the intervention. Moreover, we add the mother’s
contribution to household income as gender effects in columns (3) and (4). We observe
that the interaction effect shows positive coefﬁcients, and they are statistically
signiﬁcant (9.1% and 10.3% increase, but the robustness check cannot reject the null
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Table 4. Interaction Effect of Information Provision on Food Consumption Share
X = Head: Female

X = Mother’s Income > 50%

Engel Coefﬁcient (%)
(1)

(2)

(3)

(4)

10:62***
(2.808)
[0.0040]
{0.024}

4:475*
(2.119)
[0.2090]
{0.085}

11:47***
(2.700)
[0.0020]
{0.017}

7:456***
(1.818)
[0.1380]
{0.018}

X

9:495**
(4.196)
[0.0840]
{0.084}

8:375*
(3.822)
[0.0920]
{0.084}

0.656
(4.009)
[0.7720]
{0.282}

2.082
(4.515)
[0.6780]
{0.227}

Treatment  X

10.76
(7.295)
[0.2110]
{0.121}

14.79**
(5.888)
[0.0770]
{0.079}

9.127*
(4.855)
[0.1740]
{0.102}

10.33*
(5.155)
[0.1330]
{0.090}

171
No
0.0039
0.074

171
Yes
0.0594
0.288

171
No
0.0005
0.092

171
Yes
0.0003
0.312

Treatment

Observations
Control variables
p-value joint signiﬁcance test
R-squared

Notes: FDS cluster-level clustered robust standard errors in parentheses, wild-cluster bootstrap
standard error p-values in brackets, and the sharpened false discovery rate q-values in braces.
Columns (2) and (4) include control variables for logarithmic total expenditure, squared logarithmic
total expenditure, urban dummy, farmer dummy, log of number of family members, and number of the
children divided by the age cohort (0–4, 5–9, 10–14, and 15–19 years) and barangay-ﬁxed effects
dummy. The p-value of joint signiﬁcance test is for the displayed variables in the table. All regressions
are estimated by ordinary least squares. *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.

hypothesis). The total effects of the treatment variables remain positive in column (4).
This interaction effect of female intrahousehold decision-making power and treatment
on the Engel coefﬁcient is also found in Schady and Rosero (2007), who concluded
that a cash transfer increases the food share in the household by affecting the female
intrahousehold bargaining power. While our intervention is information provision, it is
interesting to see how the decision-making power of households headed by women.
These results imply that the mother’s ﬁnancial contribution to the household and
information provision to the mother are both crucial components in changing the
resource allocation of households.
Moreover, we investigate how the volume of information (difference in the ﬂyer)
affects food consumption. First, we evaluated different types of information provision
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Impacts of Different Types of Information Provision on Outcomes
Knowledge

Expenditure

Total Score (max 15 pts.)

Engel Coefﬁcient (%)

(1)

(2)

(3)

(4)

Treatment A

0.320
(0.257)
[0.4080]
{0.129}

0.267
(0.263)
[0.4360]
{0.143}

11:27***
(2.444)
[0.0130]
{0.017}

9:792**
(3.582)
[0.0480]
{0.061}

Treatment B

0.563**
(0.242)
[0.0400]
{0.084}

0.475**
(0.192)
[0.0570]
{0.079}

6:702*
(3.602)
[0.2240]
{0.102}

1:523
(1.370)
[0.4480]
{0.14}

171
No
0.1114
0.011

171
Yes
0.0735
0.069

171
No
0.0032
0.069

171
Yes
0.0498
0.267

Observations
Control vars.
p-value joint sig. test
R-squared

Notes: FDS cluster-level clustered robust standard errors in parentheses, wild-cluster
bootstrap standard error p-values in brackets, and the sharpened false discovery rate
q-values in braces. Columns (2) and (4) include control variables for logarithmic total
expenditure, squared logarithmic total expenditure, urban dummy, farmer dummy,
log of number of family members, and the number of children divided by the age
cohort (0–4, 5–9, 10–14, and 15–19 years). For column (4), barangay-ﬁxed effects
dummy is included, controlling for the price effects. The p-value of joint signiﬁcance
test is for the displayed variables in the table. All regressions are estimated by
ordinary least squares. *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.

on knowledge cultivation. As Table 5 shows, we ﬁnd a signiﬁcant positive effect of
Treatment B, who were provided with more a copious amount of nutrition information
(columns [1] and [2]). We estimate the Engel coefﬁcient for each treatment group
(columns [3] and [4]), and the treatment model showed signiﬁcant negative results in
both groups. As for the model with covariates, Treatment A still showed signiﬁcantly
negative results. We did not ﬁnd a signiﬁcant difference in the effects of the amount of
knowledge provided on the food consumption ratio.
However, as Table 6 shows, decomposing the treatment effects based on the
proxies for the bargaining power of mothers in the household reveals the difference.
We ﬁnd that while both Treatment A and Treatment B variables show negative signs,
which are statistically signiﬁcant, the interaction terms between these treatment
variables and dummies for households headed by women are positive on the Engel
coefﬁcient (columns [1] and [2]). Above all, the interaction effects with Treatment B
show signiﬁcant positive effects, and their magnitudes are larger than the magnitudes
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Table 6. Interaction Effects of Different Types of Information Provision on Food
Consumption Share
X = Head: Female

X = Mother’s Income > 50%

Engel Coefﬁcient (%)
(1)

(2)

(3)

Treatment A

11:34***
(2.333)
[0.0120]
{0.017}

11:74***
(3.590)
[0.0320]
{0.034}

11:66***
(2.741)
[0.0130]
{0.017}

Treatment B

9:768*
(4.793)
[0.2740]
{0.09}

4:776*
(2.472)
[0.2050]
{0.099}

11:23***
(3.176)
[0.0870]
{0.03}

8:663***
(1.588)
[0.0790]
{0.015}

X

9:495**
(4.221)
[0.0000]
{0.084}

8:343*
(3.815)
[0.0920]
{0.084}

0.656
(4.033)
[0.7860]
{0.282}

2.124
(4.523)
[0.6600]
{0.227}

Treatment A  X

2.663
(7.120)
[0.7330]
{0.241}

13.19*
(6.318)
[0.0180]
{0.086}

1.864
(4.456)
[0.7060]
{0.234}

6.901
(5.431)
[0.2310]
{0.129}

Treatment B  X

16.01*
(8.379)
[0.1880]
{0.099}

15.83*
(7.121)
[0.1150]
{0.084}

14.37***
(4.287)
[0.0380]
{0.034}

13.09**
(4.790)
[0.0880]
{0.061}

171
No
0.0007
0.095

171
Yes
0.0309
0.289

171
No
0.0000
0.111

171
Yes
0.0000
0.315

Observations
Control variables
p-value joint signiﬁcance test
R-squared

(4)
11:85**
(3.756)
[0.0410]
{0.038}

Notes: FDS cluster-level clustered robust standard errors in parentheses, wild-cluster bootstrap
standard p-values in brackets, and the sharpened false discovery rate q-values in braces. Columns
(2) and (4) include control variables for logarithmic total expenditure, squared logarithmic total
expenditure, urban dummy, farmer dummy, log of number of family members, and number of the
children divided by the age cohort (0–4, 5–9, 10–14, and 15–19 years), and barangay-ﬁxed
effects. The p-value of the joint signiﬁcance test is for the displayed variables in the table. All
regressions are estimated by ordinary least squares. *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.

of the coefﬁcients of treatment variables, yielding positive impacts for households
headed by women. When we explicate the heterogeneous effects with a higher female
contribution to income, we ﬁnd that mothers who contribute more than half the
household income, and were in Treatment B, have more signiﬁcant positive effects on
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both Engel coefﬁcients and offset the negative impacts of the treatment itself (columns
[3] and [4]). The results from the estimation suggest that receiving more information
increases food consumption ratios for households where females play a greater role in
decision-making.

VI. Conclusion
We conducted a ﬁeld experiment, wherein we distributed a ﬂyer containing
information about nutrition crucial for childhood growth to CCT beneﬁciary mothers
and conducted a follow-up ﬁeld survey 2 months after the intervention. According to
the estimation results, the treatment positively impacted the cultivation of mothers
with nutrition knowledge; on the contrary, we did not ﬁnd any signiﬁcant positive
effects of the treatment itself on the Engel coefﬁcient. However, we did observe that
the heterogeneous effects of female leadership and treatment positively affect the Engel
coefﬁcient. Notably, if mothers with greater decision-making power gain copious
knowledge through the ﬂyer, there is a more signiﬁcant increase in their Engel
coefﬁcient and in the monthly food consumption of their households. We posit that
both (i) an increase in awareness due to information distribution and (ii) the level of
the intrahousehold decision-making power of mothers play an essential role in
determining resource allocation within households. Recent studies have tested the
channels on household consumption allocation by conducting multifaceted
interventions for cash transfers and information (e.g., Levere, Acharya, and Bharadwaj
2016; Fernald et al. 2017; Ahmed, Hoddinott, and Roy 2019; Carneiro et al. 2021),
and they suggest that the exogenous transfer of both cash and information to mothers
is crucial for ameliorating intrahousehold allocation.13 Our ﬁndings contribute to
clarifying the mechanisms through which CCTs and information provision affect
resource allocation and the importance of female decision-making power for
intrahousehold consumption allocation.
There are some limitations to our study. First, our primary data were small in
terms of the number of samples. We chose Benguet province as the sampling location
because of professional contact with DSWD-CAR and a diverse environment in the
Philippine context in terms of location and income levels. Nevertheless, as our study is
focused on one zone with a limited sample size, external validity is not guaranteed.

13Roy et al. (2019) suggest that the combination of cash and information transfers to women will
likely enhance female empowerment as a result of evaluating a program to reduce intimate-partner
violence in Bangladesh.
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To ensure the generalization of our results, we require more samples from different
locations. Second, our data lack variables on the actual health status of children, and
the follow-up period was short. Thus, we can only capture the changes in the food
consumption pattern and the short-term effects. To understand the impact on healthy
food consumption, it is necessary to collect information on the consumption volume
for each food item and health status. Moreover, long-term effects are also of interest, as
some studies show that the treatment effects diminish in the longer term (Banerjee,
Duﬂo, and Glennerster 2008; Hanna, Duﬂo, and Greenstone 2016; Levere, Acharya,
and Bharadwaj 2016).
Nevertheless, our ﬁndings suggest that both an increase in maternal awareness of
health and nutrition knowledge and an enhancement of female leadership in the
household are essential for the alternation of intrahousehold resource allocation to
improve child development. Above all, nutrition education provided to mothers
through the distribution of ﬂyers is found to have positive effects on knowledge
cultivation, and it is a relatively low-cost intervention. We believe that the ﬁndings in
this paper contribute to a better understanding of practical measures to change the
resource allocation for child development.
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Flyer for Treatment B

Source: Department of Social Welfare and Development–Cordillera Autonomous Region.

Table A1.

Economic Growth and Poverty Status in the Philippines, 1991–2012

GDP growth (annual %)
Poverty headcount ratio at $1.90 a day
(2011 PPP) (% of population)
Poverty headcount ratio at national
poverty lines (% of population) a
Magnitude of poor families (million)
Magnitude of poor population (million)

1991

2000

2003

2006

2009

2012

0:58
27.47

4.41
18.41

4.97
16.84

5.24
16.45

1.15
11.98

6.68
13.11

—

—

24.9

26.6

26.3

25.2

3.55
21.75

—
—

3.29
19.80

3.81
22.64

4.04
23.30

4.21
23.75

— = no available data, GDP ¼ gross domestic product, PPP ¼ purchasing power parity.
a According to the Philippine Statistics Authority, a family of ﬁve needed at least ₱5,513 on
average every month to meet the family’s basic food needs, and at least ₱7,890 on average every
month to meet both basic food and nonfood needs.
Sources: World Bank. World Development Indicators; Philippine Statistics Authority.
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Appendix 2: Estimation of the Impact of the 4Ps on Food Consumption Share
Prior literature investigates the impact of CCTs in Latin American countries on
the consumption ratio and ﬁnds some positive impacts on Engel coefﬁcients for food.
In this section, we explore whether the 4Ps inﬂuence the Engel coefﬁcients among
Filipino beneﬁciaries.
Data and Estimation Strategy
According to Chaudhury, Friedman, and Onishi (2013), the project team
collected and evaluated the impact of the program using household data through an
RCT evaluation approach. The survey covered 3,742 households from 130 barangays
in eight municipalities in four provinces (Mountain Province, Occidental Mindanao,
Negros Oriental, and Lanao del Norte). The barangays in each municipality were
divided into 65 treatment and control barangays. Using the National Household
Targeting System for Poverty Reduction database, 1,418 low-income households with
children aged between 0 and 14 years and pregnant mothers at the time of the
assessment were deﬁned as Sample Group 1 (SG1) and the main sample group in the
research design.14 In this study, we used these 1,418 samples to evaluate the treatment
effects in our estimation. Although there was no baseline survey for evaluating the
impact, Chaudhury, Friedman, and Onishi (2013) mentioned that the randomization
was successful according to evidence of roughly equal household characteristics, as
measured in the household assessment data collected in 2008 for SG1. The evaluation
data were collected in October–November 2011, which was 2.5 years after program
implementation. The DSWD publicly released the RCT data of the Impact Evaluation
in 2012; thus, this study exploits this dataset. This dataset includes socioeconomic
household characteristics and consumption data (recall data of the actual weekly
average consumption of goods). Of 1,418 samples, we excluded samples with coding
errors that did not match our research; thus, there were 1,412 samples in total in the
impact evaluation. For this dataset, the researchers requested weekly food
consumption for the past 6 months as a recall survey. They also requested
expenditures for 6 months in total on other items, such as education or medical
fees. We convert these to annual expenditure and derive the consumption ratio. As for
the estimation strategy, we employed the same models as in equation (1) and use the
14Chaudhury, Friedman, and Onishi (2013) explain that this RCT survey was also conducted in
eight municipalities for noneligible groups: (SG2) (nonpoor with children), SG3 (poor without children),
and SG4 (nonpoor without children). They collect data from noneligible groups for 4Ps to identify
unexpected effects of the program among the nontarget population living in program areas.
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OLS approach. We followed econometric techniques in the main text. Furthermore, we
controlled for price effects using the municipality dummy.
Results
Table A2 shows the estimation results for the Engel coefﬁcient for the treatment
effect and the gender effect. Although we expect a positive impact from the treatment
on the Engel coefﬁcient, as indicated by the literature on the impact of CCTs on the
food Engel coefﬁcient, the result was the opposite; that is, receiving 4Ps grants
signiﬁcantly reduced the food share of household spending by 1.9%–2.0% at the 5%
and 10% signiﬁcance levels (columns [1] and [2]).

Table A2. Impact of Conditional Cash Transfers on
Food Consumption Share
Food Consumption Share (%)

Treatment

(1)

(2)

(3)

2:0288*
(1.1089)
[0.0680]

1:9051**
(0.9385)
[0.0430]
0.9791
(1.5169)
[0.5260]

1410
No

1404
Yes
0.1017
0.1828
0.1733

1:2246
(0.9937)
[0.2350]
1.0329
(2.0901)
[0.6160]
3.9601
(2.8853)
[0.1700]
1404
Yes
0.1282
0.1841
0.1741

Head ¼ Female

Treatment 
(Head ¼ Female)
Observations
Control
p-value of Joint signiﬁcance test
R-squared
Adjusted R-squared

0.0026
0.0018

Notes: Municipality-level cluster-robust standard errors in parentheses and
wild-cluster bootstrap standard error p-values in brackets. For columns (2)
and (3), logarithmic total expenditure, squared logarithmic total
expenditure, log of number of family members, urban dummy and
municipality dummy, number of children aged 0–4, 5–9, and 10–14 years
are included as controls. The p-value of joint signiﬁcance test is for the
displayed variables in the table. All regressions are estimated by ordinary
least squares. *** p < 0:01, ** p < 0:05, * p < 0:1.
Source: Authors’ calculations.
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In this dataset, we identify the gender-speciﬁc effect using the female-head
dummy. Braido, Olinto, and Perrone (2012) exploit the female head dummy to identify
female empowerment effects; therefore, we follow their research. For the head-gender
dummy (female head ¼ 1), insigniﬁcant results on the food consumption ratio are
shown in columns (2) and (3).15 Furthermore, we did not detect a signiﬁcant effect on
the interaction term. These results imply that women’s empowerment in household
ﬁnance does not affect food consumption behavior, even if grants are distributed to
mothers or mothers are household heads.

15Among households headed by women, we observe that 193 households have female heads with
husbands and 48 households are single-parent families.
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I.

Introduction

Migrants’ remittances are now the largest source of external ﬁnancing for
developing countries. In 2019, remittance inﬂows to low- and middle-income
countries were the largest in history at $554 billion, which far surpassed the amount of
ofﬁcial development assistance in these countries and even overtook foreign direct
investment (World Bank 2020a). Given the growing importance of remittance inﬂows
to developing countries, the impact of the coronavirus disease (COVID-19) is
potentially devastating to them as it causes economic downturns in host countries
facing lockdowns and oil price crashes, and it limits people’s ability to send
remittances as a result of stringent movement restrictions or even the cancellation of
planned migrations (International Organization for Migration 2020). The World Bank
warned in 2020 that remittances to low- and middle-income countries were projected
to fall by 19.7% on average, ranging from a 27.5% decline in Europe and Central Asia
to a 13% decline in East Asia and the Paciﬁc (World Bank 2020b). Indeed, some
national statistics revealed that remittance inﬂows to developing countries started to
decline after the outbreak of COVID-19 in early 2020 (Kikkawa et al. 2020).
To our knowledge, however, there has been little research establishing a solid
relationship between receiving remittances and household welfare, and thus it is
difﬁcult to argue the impact of the COVID-19 pandemic on household welfare in terms
of a decline in remittance inﬂows. A challenge for the analysis is to establish a causal
relationship between remittances and household spending; a useful approach is to
utilize longitudinal data to correct unobserved factors and address endogeneity using a
valid instrumental variable or exogenous shocks to households. Yang’s (2008) work,
which used the appreciation of the Philippine peso during the 1997–1998 Asian
ﬁnancial crisis as an exogenous shock to examine the effect of international
remittances on households, is a representative study using this approach. He found that
the episode positively and signiﬁcantly affected capital accumulation, entrepreneurship,
and education spending in origin households, but had no signiﬁcant effect on household
consumption. In recent years, there have been a variety of studies reporting the positive
impact of remittances on household welfare in the context of Kenya (Jena 2018), Viet
Nam (Amare and Hohfeld 2016, Cuong and Linh 2018), Malawi (Kangmennaang,
Bezner-Kerr, and Luginaah 2018), Bangladesh (Wadood and Hossain 2017), Pakistan
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(Javed, Awan, and Waqas 2017), and other countries. However, these studies are less
rigorous in terms of empirical methodology relying on cross-sectional data. A popular
way to circumvent the identiﬁcation issue is to employ propensity score matching since it
is difﬁcult to ﬁnd appropriate instrumental variables for remittances. An exception is
Amare and Hohfeld (2016), who employed a ﬁxed-effect estimation using gross
domestic product (GDP) per capita of the destination region as the instrument in the
context of domestic migration in Viet Nam.
In this paper, we focus on the case of Tajikistan. It is well known that Tajikistan
is one of the countries most dependent on migration and the inﬂow of remittances from
abroad. Figure 1 illustrates the development of remittance inﬂows (bar) and its share
of GDP (line) over 2 decades. In 2002, remittances accounted for 6.4% of Tajikistan’s
GDP; the inﬂow of remittances expanded shortly after, increasing as a proportion of
GDP to more than 40% in 2007. This level remained high until the middle of the
2010s except for a few years during the economic turmoil triggered by the global
ﬁnancial crisis. While the amount of remittances and its contribution to Tajikistan’s
GDP slightly declined since the middle of the 2010s, the remittances-to-GDP ratio
remained close to 30% and was estimated to be 28.2% in 2019, the ﬁfth-highest ratio

Figure 1.

Remittance Inﬂows to Tajikistan, 2002–2019

GDP ¼ gross domestic product.
Source: Authors’ calculations based on the World Bank. “World Development Indicators.” https://databank.
worldbank.org/reports.aspx?source=world-development-indicators (accessed August 20, 2020).
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in the world.1 Migrants are prevalent in the country with two-ﬁfths of households
having at least one member working abroad (Japan International Cooperation
Agency–Ogata Sadako Research Institute for Peace and Development [JICA-RI]
2020). Thus, a substantial decline in remittance inﬂows after the COVID-19 outbreak
could have seriously affected the welfare of these households.
Of additional concern, Tajik migrants are highly concentrated in the Russian
Federation (Russia) as low-skilled workers (JICA-RI 2020). As part of the former
Soviet Union, Tajikistan has maintained close economic ties with Russia. Indeed, more
than 90% of Tajik migrants choose Russia as their destination to work as marginal
laborers in the construction and service sectors. The lack of diversiﬁcation of
destination countries and employment sectors makes Tajik labor migrants vulnerable
to changes in the Russian economy and its migration policy. The decline of remittance
inﬂows since the mid-2010s was due to the large macroeconomic turbulence in Russia
in 2014 and the change in Russia’s migration policy in 2015, which introduced a work
patent system for migrant workers from visa-free states to Russia and thereby
signiﬁcantly increased the cost of migration (JICA-RI 2020). Moreover, most migrants
from Tajikistan are working-age men residing in rural areas who had no job before
leaving the country. They were motivated to migrate since more than half of the
working-age population does not participate in the labor market in Tajikistan and
informal employment is dominant even among the employed (JICA-RI 2020). The
jobs available in the destination countries are as simple workers, irrelevant to
migrants’ educational or professional backgrounds.2
This paper utilizes a nationally representative household panel survey collected
in 2013 and 2018 in Tajikistan to estimate the empirical relationship between
remittance income and household welfare via two-stage least squares (2SLS),
instrumenting remittance income by regional GDP per capita of the destination
country for migrants and of Tajikistan for nonmigrants. Then, we combine our
estimated coefﬁcients with forecasts for the substantial decline of remittances during
the COVID-19 pandemic and show that the adverse effect on household spending per
capita on total and nonfood items is gauged to be a 1% decline over 1 year, with a
larger 5% contraction for education spending.

1The share of remittance inﬂows as a percentage of GDP was the highest in 2019 in Tonga (37.6%),
followed by Haiti (37.1%), South Sudan (34.4%), and the Kyrgyz Republic (29.2%).
2Young Tajiks who expect to migrate often refuse professional education and choose to work
unskilled jobs in Russia, earning much more than they would as skilled workers in Tajikistan. This is a
phenomenon known as a “forsaken schooling trap” (Abdulloev, Epstein, and Gang 2019; Abdulloev
2020).
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This paper comprises the following sections. Section II explains the dataset used
in this study. Section III examines the relationship between remittances and household
welfare through external macroeconomic shocks. Section IV uses the estimated results
to argue the potential impact of the COVID-19 pandemic on household welfare in
Tajikistan. Section V concludes.

II.

Data Description

The dataset used in this study is a nationally representative household panel
survey conducted in Tajikistan in 2013 and 2018. The ﬁrst round of the survey in 2013
is the Tajikistan Labor, Skills, and Migration Survey, one of the surveys comprising
the Central Asia Longitudinal Inclusive Society Survey (CALISS) conducted in three
Central Asian countries: Tajikistan plus Uzbekistan and the Kyrgyz Republic. The
CALISS 2013 survey was conducted by the World Bank and the German Federal
Enterprise for International Cooperation. The second round of the survey in 2018 was
implemented and sponsored by the Japan International Cooperation Agency to track
the Tajikistan sample of the CALISS.
The ﬁrst round of data collection was conducted in June, July, and the beginning
of August 2013.3 The survey comprised a nationally representative sample of
2,000 households previously included in the 2012 Tajikistan Living Standard
Survey (TLSS).4 The sample of the 2012 TLSS was stratiﬁed by oblast (region) and
urban versus rural areas in each oblast.5 The primary sampling unit was selected with
a probability proportional to the number of households using the 2011 census,
with 20 households in each of the primary sampling units selected at the second stage
based on the census. In the survey, the most knowledgeable person in the household
responded to the questionnaire, which surveys household members’ educational
attainment, employment, and migration status, as well as household income,
expenditures, and remittances.

ﬁeld survey was implemented by 150 ﬁeldworkers from the ﬁrm Zerkalo.
addition, the 2013 survey oversampled the population of the capital territory of Dushanbe with
1,300 households. The 2018 survey did not track those households.
5There are nine strata: Dushanbe Urban, Gorno–Badakhshan Autonomous Region (urban and
rural), Sughd (urban and rural), Khalton (urban and rural), and Rayons under Republican Subordination
(urban and rural). The urban Rayons under Republican Subordination (i.e., Districts of Republican
Subordination) were oversampled to ensure a sufﬁcient number of observations to compare the results
across regions.
3The
4In
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The 2018 survey followed up with households from Tajikistan.6 The survey was
conducted with heads of households and migrant workers who were in the household
at the time of the survey. The major part of the questionnaire replicates the questions in
the 2013 survey with some additional questions focusing on migration and
remittances. Among the 2,000 households surveyed in 2013, 1,716 or 86% responded
to the 2018 survey and thus the attrition rate was 14%.7
Table 1 reports the summary statistics of the variables used in this study.8 We use
data from the households that were surveyed during both the ﬁrst and second rounds.
The summary statistics are presented by survey year. The outcome variables in this
study are nominal monthly consumption per capita and the decomposition (food,
nonfood, and education).9 The average total household consumptions are TJS419.1 in
2013 and TJS506.3 in 2018. While the average food spending accounted for more than
half of the total consumption in 2013, the share declined to less than half in 2018. In
contrast, nonfood and education spending increased between 2013 and 2018. We use
two variables for remittances that a household received. One is an indicator variable
with a value of 1 for a household that received any remittances from international
migrants in the past 12 months and 0 for a household without remittances. The
proportions of households that received any remittance income from international
migrants were 43.9% in 2013 and 38.3% in 2018. The other remittance variable is the

6Panel surveys at the household level were conducted in Tajikistan via the TLSS in 2007, 2009, and
2011, but no tracking effort has been made since 2013. The 2018 survey added a series of focus group
discussions to get the quantitative data from the structured survey with anecdotes from the households with
and without migrant workers, as well as with migrants themselves (JICA-RI 2020).
7The most common reason for replacement was difﬁculty in tracking and tracing the sampled
households at their recorded addresses, most of which were urban households that had moved. From the
2013 survey sample, 284 households were added to make the sample size in the follow-up survey 2,000.
8We compared the characteristics between the attrite and the nonattrite, and conﬁrmed that there
were no statistically signiﬁcant differences for the means of log per capita consumption, log per capita food
consumption, log per capita nonfood consumption, and log per capita educational expenditure, which are
our dependent variables in the regression analyses. For the summary statistics broken down between
remittance-receiving households and nonreceiving households, see Table A1 in the Appendix.
9The denominator of all per capita variables from the household survey is the number of household
members excluding migrating members. Nonfood consumption covers spending excluding education and
health; this includes spending on cosmetics and personal care products, personal care services, household
supplies and cleaning products, articles for cleaning, domestic services, laundry and dry cleaning, fuels and
lubricants for personal vehicles, passenger transport by road or railway (excluding expenses to travel to
school and healthcare facilities), internet and postal service expenses, pet food, supplies, and services,
entertainment, cigarettes, tobacco and cigars, newspapers and magazines, clothing and footwear,
household articles, books, ﬁlms, hobbies and services, services for the maintenance and repair of personal
vehicles and accessories and spare parts, home improvements, small electric items and appliances, other
personal effects, personal effects for travel, excursions, and holidays (excluding school excursions), air or
sea travel, payment for part-time courses (excluding private tutoring), insurance, taxes (excluding VAT and
income tax), marriage gifts, costs for ceremonies, and gambling losses. All consumption variables are
calculated at the nominal value.
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Summary Statistics—Mean and Standard Deviation in Each Year
2013

Variable
Nominal per capita total consumption
Nominal monthly per capita food
expenditure
Nominal monthly per capita nonfood
expenditure
Nominal monthly per capita education
expenditure
Dummy for households that received
remittance from international
migrants in the past 12 months
Remittance from international
migrants per capita
ECON
Household size
Number of children
Number of employed household
members
Number of skilled household members
Head’s age
Head’s age squared
Strata average wage

2018

N

Mean

SD

N

Mean

SD

1,716
1,716

419.1
240.4

345.8
187.8

1,716
1,716

506.3
241.3

435.8
183.9

1,716

89.58

141.9

1,716

115.6

153

1,716

15.50

41.79

1,716

45.83

142.1

1,716

0.439

0.496

1,716

0.383

0.486

1,598

400.1

1,295

1,598

236.8

633.2

1,716
1,716
1,716
1,716

103,715
6.233
2.224
2.232

124,838
2.979
1.762
1.598

1,716
1,716
1,716
1,716

150,642
7.069
2.228
1.826

186,076
3.409
1.911
1.313

1,716
1,716
1,716
1,716

0.633
52.61
2,932
340.3

0.993
12.82
1,428
75.24

1,716
1,716
1,716
1,716

0.843
55.40
3,225
339.6

1.101
12.46
1,432
75.46

ECON ¼ economic performance variable, N ¼ number of observations, SD ¼ standard deviation.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

amount of remittances per capita that a household received from international migrants
in the past 12 months. When computing this variable, the households that received
remittances from international migrants in the past 12 months but refused to answer, or
did not know the amount of remittances received, were excluded, and the sample size
was decreased from 1,716 to 1,598.10 The mean remittance incomes per capita from
international migrants were TJS400.1 in 2013 and TJS236.8 in 2018.
The economic performance (ECON) variable, which is used as an instrumental
variable in the estimation, is constructed by taking the weighted average of per capita
GDP of the country of residence of each adult household member aged 16 years or
above, including overseas migrants. Since the majority of Tajikistan’s migrants head
to Russia and the share exceeded 98% in both 2013 and 2018 (Table A2 in the

10Zero

is assigned for the households that did not receive any remittances in the past 12 months.
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Appendix), we use regional Russian GDP for the destination areas for Tajik migrants
in Russia. One-half of all Tajik migrants go to Moscow.11
Speciﬁcally, the ECON variable is constructed as follows:
P
k2K(i) gkt  nkit
ECONit ¼ ln P
:
k2K(i) nkit
Here, K(i) refers to the set of countries where the members of household i live, gkt is
the log national GDP (regional GDP for Russia) per capita in country k in year t (2013
or 2018), converted into Russian rubles, and nkit is the number of household i’s adult
members aged 16 years or over who live in country k. The calculation of ECON
includes all adult members including the nonmigrating ones for whom Tajikistan’s
GDP is assigned. Since ECON is the log of average destination GDP weighted by the
distribution of destinations of adult household members, it increases as a larger share
of adults’ stay in richer countries (or richer regions in Russia). For households without
any migrating members, ECON is identical to Tajikistan’s log per capita GDP (in
Russian rubles) either in 2013 or 2018. Therefore, ECON can be interpreted as the
household’s degree of exposure to the macroeconomic performance of the destination
country, taking Tajikistan’s economy as the reference point. The mean values of
exponential of ECON were 103,715 rubles in 2013 and 150,642 rubles in 2018.
Turning to household characteristics, the number of household members
averaged 6.2 in 2013 and 7.1 in 2018, and the average number of children was 2.2
in both years. The average number of employed household members was 2.2 in 2013,
which fell to 1.8 in 2018. The average number of skilled members, deﬁned as those
who attained higher than a secondary technical school degree, slightly increased but
was less than 1 in both years. The average ages of the head of household were 52.6
years in 2013 and 55.4 years in 2018. Lastly, to capture the time-variant regional
economic situation, we use the average monthly net income from jobs at each stratum
of our sampling, whose values were TJS340.3 in 2013 and TJS339.6 in 2018. This
variable is the average of reported monthly wages and proﬁt from businesses or farms
across all employed adults (including the self-employed) in each of the nine strata.
Table 2 reports the proportion of households that continued to receive
remittances (or not) in 2018 to describe how remittance patterns changed over the
5-year period within the sample households. A quarter of households received

11In 2013, the destinations of Tajik migrants spanned 12 countries and 36 Russian regions. In 2018,
migrants were distributed across eight countries and 44 Russian regions. The countries include
Kazakhstan, the second most common destination country for Tajik migrants.
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Table 2. Transition of Households Receiving Remittances between the
Two Sampled Years
2018

2013

Households with
Remittances

Households without
Remittances

Total

Households with remittances
Households without remittances

25.60%
12.80%

18.30%
43.40%

43.90%
56.10%

Total

38.30%

61.70%

100%

Source: Authors’ calculation using data from the Central Asia Longitudinal Inclusive Society Survey.

remittances in both years. More than 40% of households with remittances in 2013 no
longer received them in 2018, while one-third of households with remittances in 2018
did not receive any in 2013.12

III. Empirical Analysis
In this section, we estimate the empirical relationship between remittances
received and household welfare. We start with the following speciﬁcation to examine
the effect of remittances on a variety of outcomes to indicate household welfare
directly:
Yit ¼ β0 þ β1 (REMITTANCEit ) þ β2 Xit þ β3 (STR Wager ) þ it ,

ð1Þ

where i indexes households, and t refers to the survey round with 0 indicating 2013
and 1 indicating 2018. The dependent variable, Yit , is the logarithm of nominal
monthly spending per capita on total consumption and its decomposition to food,
nonfood, and education. The main explanatory variable, REMITTANCEit , takes two
forms: (i) an indicator with a value of 1 for households that received any remittance
income and 0 otherwise, and (ii) a logarithm of nominal monthly remittance income
per capita. X is a vector of household characteristics that includes household size,
number of children, employed and skilled adults in a household, and the squared
age of the head of household. In addition, we include STR Wager , which is the
logarithm of average wage at that stratum r to which a household belongs.13 Lastly, it

12Disaggregated summary statistics across remittance-receiving and nonreceiving households are
provided in the Appendix.
13See footnote 5.
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is an independent and identically distributed error term that is clustered at the
primary-sampling-unit level because migration decisions are often made spatially.
Since the dataset is longitudinal, we take a ﬁrst-difference estimator to control for
time-invariant unobserved heterogeneity for each household. In other words, we utilize
the panel nature of the dataset and implement a ﬁxed-effect estimation using the
following speciﬁcation:
Δ Yit ¼ β1 ( Δ REMITTANCEit ) þ β2 Δ Xit þ β3 ( Δ STR Wager ) þ Δ it :

ð2Þ

Our baseline model is an ordinary least-square (OLS) estimation to obtain the
coefﬁcients of equation (2). Later, we conduct a 2SLS to address the endogeneity of
the remittances.
Tables 3 and 4 show the results of the estimations. Columns (1)–(4) show the
coefﬁcients using the speciﬁcation without average wage at stratum, and columns
(5)–(8) report those with average wage at stratum. Table 3 reports the coefﬁcients
when the main explanatory variable is an indicator for receiving remittance. We
observe that the coefﬁcients on the remittance indicator are positive but not
signiﬁcant for total consumption as well as food consumption and nonfood
consumption. Unexpectedly, the coefﬁcient is negative for education spending but
not statistically signiﬁcant. Table 4 reports the coefﬁcients when the main
explanatory variable is the logarithm of remittance income. In columns (1)–(4), we
see that the coefﬁcient on remittance income is positive and signiﬁcant for both total
spending and food consumption, and a 1% increase in remittances is associated with
a 0.005–0.006% increase in spending. However, those coefﬁcients are not statistically
signiﬁcant when we include average monthly income at stratum as a covariate in
columns (5)–(8).
So far, we have examined the relationship between remittances and household
welfare directly. However, there may be some concern about the endogeneity issue
since household welfare outcomes are likely to be affected by remittances and vice
versa, or because a third factor could affect both remittances and household welfare.
Remittances are often motivated to ﬁnance spending in home countries, which makes
the OLS estimate on consumption biased. Thus, we need to address the issue of
endogeneity in our second speciﬁcation using an instrumental variable (IV) approach.
So, we turn to employ a 2SLS estimation using an index of the macroeconomic
performance of the destination countries for migrants and of Tajikistan for
nonmigrants as an IV (ECON variable).
We assume that ECON is exogenous to the amount of remittances in each
household, conditional on household-ﬁxed effects and other covariates. This
assumption implies that ECON picks up supply-side shocks to migrant remittances,

(1)
¢ln(Total
Spending)

(2)
¢ln(Food
Spending)

1,716
0.131

1,716
0.015

1,716
0.012

0:260
(0.200)
0.0917
(0.0639)
0.0259
(0.0683)
0.0177
(0.0649)
0.299**
(0.122)
0.0750
(0.0590)
0:000583
(0.000517)
17:84*
(10.36)
1,716
0.016

(7)
(8)
¢ln(Nonfood ¢ln(Education
Spending)
Spending)

COVID-19 PANDEMIC

Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

1,716
0.077

(6)
¢ln(Food
Spending)

0.0404
0.0413
0.0958
(0.0332)
(0.0309)
(0.0735)
0:0885*** 0:120***
0:0719***
(0.0108)
(0.0103)
(0.0195)
0.00770
0.0272**
0.0126
(0.0124)
(0.0122)
(0.0248)
0.0121
0.0342***
0.0167
(0.0100)
(0.00956)
(0.0202)
0.0739***
0.0161
0.0394
(0.0191)
(0.0171)
(0.0411)
0.0308***
0.0266***
0.0380*
(0.00983)
(0.00893)
(0.0197)
0:000221** 0:000207*** 0:000290*
(8.71E05) (7.90E05)
(0.000174)
4:259***
1:609*
5:335***
(1.258)
(0.889)
(1.843)
1,716
1,716
1,716
0.084
0.132
0.018

(5)
¢ln(Total
Spending)

AND THE

Number of observations
R2

0:232
(0.200)
0.101
(0.0639)
0.0145
(0.0680)
0.0247
(0.0650)
0.318***
(0.122)
0.0808
(0.0593)
0:000625
(0.000520)

(3)
(4)
¢ln(Nonfood ¢ln(Education
Spending)
Spending)

Ordinary Least Squares Estimation Results (Remittance Variable: Indicator for Remittance)

Δ Indicator to receive
0.0472
0.0439
0.104
(0.0308)
(0.0734)
remittance in 12 months (0.0333)
Δ Household size
0:0863***
0:119***
0:0691***
(0.0109)
(0.0103)
(0.0195)
Δ Number of children
0.00498
0.0262**
0.00916
(0.0124)
(0.0122)
(0.0247)
Δ Number of employed
0.0138
0.0348***
0.0188
(0.0100)
(0.00956)
(0.0201)
household members
Δ Number of skilled
0.0784***
0.0178
0.0450
(0.0192)
(0.0171)
(0.0410)
household members
Δ Head of household age
0.0322***
0.0271***
0.0398**
(0.00988)
(0.00893)
(0.0197)
Δ Head of household
0:000231*** 0:000210*** 0:000302*
(8.76E05)
(7.90E05)
(0.000174)
age (squared)
Δ ln(Strata average wage)

Variable

Table 3.
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(2)
¢ln(Food
Spending)

1,598
0.075

1,598
0.129

1,598
0.017

1,598
0.015

0:0226
(0.0204)
0.110
(0.0672)
0.0204
(0.0708)
0.0126
(0.0674)
0.328***
(0.126)
0.109*
(0.0632)
0:000861
(0.000558)

(3)
(4)
¢ln(Nonfood ¢ln(Education
Spending)
Spending)

0.00575*
0.00524*
0.0119
(0.00340)
(0.00315)
(0.00771)
0:0828*** 0:117***
0:0644***
(0.0115)
(0.0109)
(0.0205)
0:00499
0.00382
0.0248*
(0.0129)
(0.0129)
(0.0259)
0.0125
0.0332***
0.0143
(0.0104)
(0.0101)
(0.0211)
0.0763***
0.0178
0.0515
(0.0198)
(0.0178)
(0.0422)
0.0311***
0.0247***
0.0463**
(0.0104)
(0.00931)
(0.0213)
0:000217** 0:000184** 0:000349*
(9.35E05) (8.27E05)
(0.000190)

(1)
¢ln(Total
Spending)

(6)
¢ln(Food
Spending)

0.00498
0.00492
(0.00340)
(0.00316)
0:0852*** 0:118***
(0.0114)
(0.0109)
0.00635
0.0259**
(0.0129)
(0.0129)
0.0111
0.0326***
(0.0104)
(0.0101)
0.0716***
0.0159
(0.0197)
(0.0178)
0.0298***
0.0241***
(0.0104)
(0.00931)
0:000208** 0:000180**
(9.28E05) (8.27E05)
4:007***
1:682*
(1.366)
(1.006)
1,598
1,598
0.081
0.130

(5)
¢ln(Total
Spending)

0.0107
(0.00774)
0:0677***
(0.0206)
0:00138
(0.0261)
0.0124
(0.0211)
0.0449
(0.0423)
0.0445**
(0.0213)
0:000336*
(0.000189)
5:725***
(2.130)
1,598
0.020

0:0262
(0.0203)
0.0994
(0.0673)
0.0319
(0.0712)
0.00625
(0.0674)
0.307**
(0.127)
0.103*
(0.0629)
0:000820
(0.000554)
18:28
(11.67)
1,598
0.018

(7)
(8)
¢ln(Nonfood ¢ln(Education
Spending)
Spending)

Ordinary Least Squares Estimation Results (Remittance Variable: Logarithm of Remittance)

Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

Number of observations
R2

ΔHead of household age
(squared)
Δln(Strata average wage)

ΔNumber of employed
household members
ΔNumber of skilled
household members
ΔHead of household age

ΔNumber of children

ΔHousehold size

Δln(Per capita remittance)

Variable

Table 4.
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reﬂecting labor market conditions in destination countries, but we acknowledge the
possibility that the variable may be correlated with demand-side shocks that would
cause biases of the coefﬁcients. Speciﬁcally, it might be the case that a household’s
latent characteristics and the choice of destination are closely associated;
high-endowment migrants are also likely to choose a high-income destination. We
also notice that it might be hard to establish an exclusion restriction here since
economic performance outside Tajikistan will have a direct effect on household
welfare in the country through trade and ﬁnancial channels affecting wage and
employment prospects.
In the ﬁrst stage, we regress the remittance variables (indicator for households
with remittance and the amount of remittances) on the logarithm of the ECON variable
and other covariates,
ΔREMITTANCEit ¼ β1 ( ΔECONit ) þ β2 Δ Xit þ β3 ( ΔSTR Wager ) þ Δ it :

ð3Þ

The notations are the same as in equation (2) except ECON, which is weighted for the
average per capita GDP of the country of residence (or the region in Russia) of each
adult household member. This speciﬁcation exploits variations of GDP per capita in
destinations to explain variations in the amount of remittances across households.
Next, we use the estimated dependent variable of remittances at the second-stage
regression,
Δ Yit ¼ β1 ( Δ REMITTANCE it ) þ β2 ΔXit þ β3 ( Δ STR Wager ) þ Δit :

ð4Þ

Again, the notations are the same as in equation (2) with the exception of the main
independent variable, which is now the estimated value obtained from the ﬁrst-stage
regression, i.e., equation (3).
Table 5 shows the results taking an indicator for households with remittances as
a dependent variable. Column (1) reports the result of the ﬁrst-stage regression, which
shows that the coefﬁcient on ECON is positive and signiﬁcant. The ﬁrst-stage
F-statistic is 341.1, asserting that the instrument is not weak. Columns (2)–(5) of
Table 5 convey the second stage of the 2SLS estimation results. In contrast to columns
(1)–(4) of Table 3, these columns show that the coefﬁcients on remittance income are
positive and signiﬁcant except for food spending, which is positive but not signiﬁcant.
The size of the coefﬁcient for total consumption is 0.292, showing that total
consumption is 29.2% higher for households with remittances than for households
without remittances. The size is similar for nonfood spending (27.5%) and much larger
for education spending (206.6%). Columns (6)–(10) of Table 5 show the results by

Observations
R2
First-stage F-statistic

Δln(Strata average wage)

ΔHead of household age (squared)

ΔHead of household age

ΔNumber of skilled household members

ΔNumber of employed household members

ΔNumber of children

ΔHousehold size

1,716
0.279

0:0489***
(0.00693)
0.0343***
(0.00797)
0.0384***
(0.00678)
0.0134
(0.0123)
0:00287
(0.00768)
8.03E06
(7.12E05)

0.242***
(0.0131)

1,716

0.292***
(0.0786)
0:0685***
(0.0120)
0:00681
(0.0131)
0.00331
(0.0108)
0.0668***
(0.0201)
0.0305***
(0.0101)
0:000219**
(8.86E05)

1,716

1,716

0.275*
(0.165)
0:0567***
(0.0217)
0.000942
(0.0258)
0.0115
(0.0215)
0.0369
(0.0413)
0.0386*
(0.0198)
0:000293*
(0.000175)

¢ln(Nonfood
Spending)

341.1

0:0142
(0.0704)
0:123***
(0.0111)
0.0290**
(0.0124)
0.0373***
(0.0102)
0.0206
(0.0173)
0.0275***
(0.00897)
0:000213***
(7.95E05)

¢ln(Food
Spending)

¢ln(Total
Consumption)

Dummy for
Receiving Remittance

(4)
Second Stage

(3)

(2)

(1)
First Stage

Two-Stage Least Squares Estimation Results (Remittance Variable: Indicator for Remittance)

ΔIndicator to receive remittance in 12 months

Δln(ECON)

Variable

Table 5.

Continued.

1,716

2.066***
(0.477)
0.268***
(0.0736)
0:0964
(0.0729)
0:0737
(0.0706)
0.208
(0.130)
0.0651
(0.0621)
0:000507
(0.000548)

¢ln(Education
spending)

(5)
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1,716

1,716

1,716

0.238
(0.166)
0:0614***
(0.0218)
0.00553
(0.0260)
0.0107
(0.0215)
0.0329
(0.0413)
0.0371*
(0.0198)
0:000283
(0.000174)
5:063***
(1.878)

332.7

0:0267
(0.0710)
0:125***
(0.0111)
0.0306**
(0.0124)
0.0370***
(0.0102)
0.0192
(0.0173)
0.0270***
(0.00898)
0:000210***
(7.97E05)
1:739**
(0.883)

1,716

1.968***
(0.477)
0.255***
(0.0740)
0:0841
(0.0731)
0:0758
(0.0703)
0.197
(0.130)
0.0613
(0.0616)
0:000479
(0.000544)
13:58
(10.77)

¢ln(Education
Spending)

IN

ECON ¼ economic performance variable, Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, *p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

1,716
0.279

0.264***
(0.0789)
0:0720***
(0.0120)
0:00334
(0.0130)
0.00272
(0.0107)
0.0637***
(0.0200)
0.0294***
(0.00998)
0:000211**
(8.78E05)
3:831***
(1.331)

¢ln(Nonfood
Spending)
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Observations
R2
First-stage F-statistic

Δln(Strata average wage)

ΔHead of household age (squared)

0:0489***
(0.00696)
0.0344***
(0.00800)
0.0383***
(0.00678)
0.0132
(0.0123)
0:00291
(0.00768)
8.32E06
(7.13E05)
0:143
(0.694)

0.242***
(0.0132)

¢ln(Food
Spending)

¢ln(Total
Consumption)

Dummy for
Receiving Remittance

(10)

AND THE

ΔHead of household age

ΔNumber of skilled household members

ΔNumber of employed household members

ΔNumber of children

ΔHousehold size

ΔIndicator to receive remittance in 12 months

Δln(ECON)

Variable

(9)
Second Stage

(8)

(7)

(6)
First Stage

Table 5. Continued.
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adding the average wage at each stratum as a covariate. The pattern of the coefﬁcients
on a dummy variable for households with remittances is almost similar.14
Table 6 shows the results when taking as a dependent variable the logarithm of
per capita remittance income that a household receives. Column (1) reports the result
of the ﬁrst-stage regression, showing that the coefﬁcient on ECON is positive and
signiﬁcant, and the F-test shows that the instrument is not weak. Columns (2)–(5) of
Table 6 convey the second stage of the 2SLS estimation results. Similar to those of
Table 5, the coefﬁcients on remittance income are positive and signiﬁcant except for
food spending, which is positive but not signiﬁcant. The size of the coefﬁcient for total
consumption is 0.0285, showing that a 1% increase in remittance income is associated
with about a 0.03% increase in total spending. The size of the coefﬁcient is slightly
larger for nonfood spending (0.0353) and larger for education spending (0.193),
implying that those spending items are more affected by a change in remittance. In
particular, we see that a 1% increase in remittance income is associated with a 0.19%
increase in education spending. Columns (6)–(10) of Table 6 show the results by
adding the average wage at stratum as a covariate. The pattern of the coefﬁcients on
logarithm of per capita remittance income is almost the same.
So far, we have shown that remittances are not positively and signiﬁcantly
associated with household spending in the simple OLS estimation, but they do have a
positive and signiﬁcant effect on household total, nonfood, and education spending
when we employ a 2SLS estimation to address endogeneity. Now, we turn to examine
the relationship between remittances and household welfare by the type of household
to address heterogeneous effects. Table 7 reports the estimated results across
subgroups using the speciﬁcation without the average wage at stratum, which
corresponds to the speciﬁcation in columns (2)–(5) of Tables 5 and 6 (without strata
average wage as a covariate). While not shown in the table, the ﬁrst-stage estimate
conﬁrms that the coefﬁcient on the ECON variable is positive and signiﬁcant.
Moreover, the results do not change if we use the speciﬁcation with strata average
wage.
Looking at the upper part of Table 7, which uses a dummy for households with
remittances as the dependent variable, we see that the coefﬁcients are positive and
signiﬁcant for households headed by men but they are not for households headed by
women except on education spending. If we divided the sample by the age of the
household head at 52 years old (the median age of the heads in 2013), the coefﬁcients

14A possible reason why the coefﬁcient is not signiﬁcant for food spending is that the baseline
survey in 2013 was conducted during the month of Ramadan, when spending patterns for food differ from
the normal months because of fasting.

1,598
0.321

1,598

1,598
348.7

1,598

0.0353**
(0.0152)
0:0437*
(0.0234)
0:0172
(0.0267)
0.00275
(0.0224)
0.0402
(0.0431)
0.0443**
(0.0215)
0:000334*
(0.000191)

IN
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1,598

0.193***
(0.0456)
0.301***
(0.0784)
0:0920
(0.0759)
0:0939
(0.0743)
0.225*
(0.134)
0.0906
(0.0654)
0:000725
(0.000578)

¢ln(Education
Spending)

(5)

COVID-19 PANDEMIC

Observations
R2
First-stage F-statistic

Δ ln(Strata average wage)

Δ Head of household age (squared)

0:618***
(0.0721)
0.360***
(0.0837)
0.443***
(0.0717)
0.0929
(0.129)
0:0183
(0.0835)
1.81E06
(0.000774)

0:00188
(0.00677)
0:123***
(0.0119)
0.0285**
(0.0130)
0.0367***
(0.0108)
0.0212
(0.0180)
0.0253***
(0.00937)
0:000188**
(8.34E05)

¢ln(Nonfood
Spending)

(4)
Second Stage

¢ln(Food
Spending)

(3)

AND THE

Δ Head of household age

Δ Number of skilled household members

Δ Number of employed household members

Δ Number of children

Δ Household size

0.0285***
(0.00754)
0:0627***
(0.0128)
0:00805
(0.0136)
0.00127
(0.0113)
0.0653***
(0.0208)
0.0291***
(0.0106)
0:000203**
(9.48E05)

¢ln(Total
Consumption)

¢ln(Per Capita
Remittance)
2.710***
(0.145)

(2)

(1)
First Stage

Two-Stage Least Squares Estimation Results (Remittance Variable: Logarithm of Remittance)

Δ ln(Per capita remittance)

Δ ln(ECON)

Variable

Table 6.

REMITTANCES, HOUSEHOLD WELFARE,
TAJIKISTAN 163

0:621***
(0.0725)
0.363***
(0.0840)
0.441***
(0.0716)
0.0880
(0.129)
0:0196
(0.0836)
1.15E05
(0.000775)
4:993
(8.600)
1,598
0.321

2.701***
(0.147)
0.0262***
(0.00761)
0:0662***
(0.0128)
0:00500
(0.0136)
0.000896
(0.0113)
0.0622***
(0.0206)
0.0282***
(0.0105)
0:000196**
(9.39E05)
3:454**
(1.446)
1,598

¢ln(Total
Consumption)

¢ln(Per Capita
Remittance)

0:00315
(0.00685)
0:125***
(0.0119)
0.0302**
(0.0130)
0.0365***
(0.0108)
0.0195
(0.0179)
0.0248***
(0.00938)
0:000185**
(8.35E05)
1:893*
(0.996)
1,598
337.7

0.0318**
(0.0153)
0:0489**
(0.0236)
0:0127
(0.0269)
0.00219
(0.0224)
0.0354
(0.0431)
0.0429**
(0.0214)
0:000324*
(0.000191)
5:176**
(2.191)
1,598

¢ln(Nonfood
Spending)

(9)
Second Stage

¢ln(Food
Spending)

(8)

ECON ¼ economic performance variable, Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

Observations
R2
First-stage F-statistic

Δ ln(Strata average wage)

Δ Head of household age (squared)

Δ Head of household age

Δ Number of skilled household members

Δ Number of employed household members

Δ Number of children

Δ Household size

Δ ln(Per capita remittance)

Δ ln(ECON)

Variable

(7)

(6)
First Stage
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0.184***
(0.0457)
0.288***
(0.0791)
0:0807
(0.0761)
0:0953
(0.0741)
0.213
(0.135)
0.0872
(0.0650)
0:000700
(0.000575)
12:80
(12.13)
1,598

¢ln(Education
Spending)

(10)
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Estimation Results by Subgroups

(1)
¢ln(Total
Consumption)

Subgroup

AND THE

(2)
¢ln(Food
Spending)

(3)
¢ln(Nonfood
Spending)

(4)
¢ln(Education
Spending)

(1) Dependent variable: Dummy for households with remittance
Male head
Female head
Head’s age  52
Head’s age < 52
Higher educated head
Lower educated head

0.319***
(0.0941)
0.174
(0.142)
0.225**
(0.0931)
0.172
(0.119)
0.192
(0.192)
0.305***
(0.0859)

0.0413
(0.0791)
0:173
(0.149)
0:0261
(0.0871)
0:0861
(0.111)
0.156
(0.146)
0:0429
(0.0789)

0.367*
(0.194)
0.0212
(0.319)
0.0285
(0.213)
0.260
(0.241)
0.0720
(0.350)
0.308*
(0.183)

2.108***
(0.585)
1.469*
(0.762)
1.664***
(0.578)
1.284*
(0.710)
0.775
(1.255)
2.287***
(0.511)

(2) Dependent variable: Δ ln(Per capita remittance)
Male head
Female head
Head’s age  52
Head’s age < 52
Higher educated head
Lower educated head

0.0316***
(0.00902)
0.0155
(0.0137)
0.0244***
(0.00922)
0.0173
(0.0108)
0.0158
(0.0200)
0.0302***
(0.00811)

0.00451
(0.00757)
0:0202
(0.0144)
0:000202
(0.00873)
0:0109
(0.0102)
0.0166
(0.0159)
0:00468
(0.00746)

0.0470***
(0.0177)
0.00267
(0.0308)
0.0134
(0.0190)
0.0340
(0.0226)
0:00438
(0.0372)
0.0410**
(0.0165)

0.195***
(0.0558)
0.131*
(0.0741)
0.168***
(0.0568)
0.117*
(0.0666)
0.0996
(0.135)
0.208***
(0.0477)

Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

on total spending are positive and signiﬁcant for households whose head is older, and
they are positive and signiﬁcant for education spending for both older- and youngerheaded households. Moreover, when we divide the sample by the educational
attainment of the head of the household, the coefﬁcients are not signiﬁcant for
households whose heads are more highly educated, while they are positive and
signiﬁcant for households whose heads are less educated, except for food spending.15
15We

deﬁne a household head as higher educated if he or she completed tertiary education.

Δ ln(Strata average wage)
Observations
R2
First-stage F-statistic

Δ Head of household age (squared)

Δ Head of household age

Δ Number of skilled household members

Δ Number of employed household members

Δ Number of children

Δ Household size

661
0.336

0:167*
(0.102)
0:138
(0.134)
0.337***
(0.106)
0.286
(0.216)
0:0828
(0.125)
0.000972
(0.00124)
661

0.0278***
(0.00967)
0:0865***
(0.0182)
0.00368
(0.0205)
0.00555
(0.0168)
0.0661**
(0.0328)
0.0119
(0.0162)
5:17E05
(0.000151)

¢ln(Total
Consumption)

¢ln(Per Capita
Remittance)
2.625***
(0.179)

(2)

(1)
First Stage

661

0:0122
(0.00860)
0:122***
(0.0162)
0.0208
(0.0191)
0.00987
(0.0157)
0.0332
(0.0263)
0.0206
(0.0155)
0:000113
(0.000140)

212.2

661

0.0373**
(0.0182)
0:0739**
(0.0306)
0:0136
(0.0412)
0:00734
(0.0318)
0.103*
(0.0603)
0.0405
(0.0288)
0:000371
(0.000257)

¢ln(Nonfood
Spending)

(4)
Second Stage

¢ln(Food
Spending)

(3)

Continued.

661

0.136**
(0.0571)
0:0316
(0.103)
0.00100
(0.119)
0:254**
(0.108)
0.316
(0.221)
0.0601
(0.0968)
0:000398
(0.000865)

¢ln(Education
Spending)

(5)

Two-Stage Least Squares Estimation Results for Migrant Households Only (Remittance Variable:
Logarithm of Remittance)

Δ ln(Per capita remittance)

Δ ln(ECON)

Variable
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661

661

0.0364**
(0.0184)
0:0750**
(0.0307)
0:0133
(0.0412)
0:0100
(0.0321)
0.0945
(0.0609)
0.0394
(0.0288)
0:000363
(0.000257)
4:007
(3.336)

210.8

ECON ¼ economic performance variable, Δ ¼ change in the variable.
Note: Robust standard errors are in parentheses. ***p < 0:01, **p < 0:05, and *p < 0:1.
Source: Authors’ calculations using data from the Central Asia Longitudinal Inclusive Society Survey.

661

0:0127
(0.00867)
0:123***
(0.0162)
0.0210
(0.0191)
0.00840
(0.0156)
0.0287
(0.0263)
0.0200
(0.0155)
0:000108
(0.000141)
2:212
(1.789)

¢ln(Nonfood
Spending)

661

0.138**
(0.0573)
0:0290
(0.103)
6.15E05
(0.120)
0:248**
(0.108)
0.336
(0.223)
0.0628
(0.0971)
0:000418
(0.000867)
9.728
(9.992)

¢ln(Education
Spending)

(10)

IN

661
0.339

0.0275***
(0.00975)
0:0869***
(0.0182)
0.00382
(0.0205)
0.00459
(0.0167)
0.0632*
(0.0327)
0.0115
(0.0162)
4:87E05
(0.000151)
1:447
(2.138)

¢ln(Food
Spending)

(9)
Second Stage

COVID-19 PANDEMIC

Observations
R2
First-stage F-statistic

Δ ln(Strata average wage)

Δ Head of household age (squared)

0:173*
(0.101)
0:135
(0.133)
0.317***
(0.106)
0.228
(0.214)
0:0899
(0.125)
0.00102
(0.00124)
27:49**
(13.55)

2.610***
(0.179)

¢ln(Total
Consumption)

¢ln(Per Capita
Remittance)

(8)

AND THE

Δ Head of household age

Δ Number of skilled household members

Δ Number of employed household members

Δ Number of children

Δ Household size

Δ ln(Per capita remittance)

Δ ln(ECON)

Variable

(7)

(6)
First Stage
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The pattern of the coefﬁcients is the same in the lower part of Table 7, which takes the
amount of remittances as a dependent variable.
As a robustness check, we perform the same IV estimation by limiting the sample
to only households with migrants in 2013. Since we believe that the most fundamental
selection bias in the decision of whether or not to migrate—and if so, where—is
already well addressed by the ﬁxed-effect estimation, we thus expect that the results of
this subsample analysis will not differ from the main results. Table 8 shows the results
using the logarithm of remittance income as the main explanatory variable. As
expected, the coefﬁcients are almost the same as those in Table 6.16
In summary, our results show remittances have a positive and signiﬁcant effect
on household total spending as well as nonfood and education spending. Moreover, we
ﬁnd that the effect of remittances on household spending is more pronounced in
households whose heads are male, younger, and/or less educated.

IV.

Discussion

We have examined the relationship between remittances and household
spending, ﬁnding a positive relationship between them. We conﬁrmed that remittances
are associated with total spending as well as nonfood and educational expenditures,
showing that remittances are closely linked with household welfare in Tajikistan.
While our results align with Yang (2008) in terms of the positive effect on education
spending, we show an afﬁrmative and signiﬁcant effect of remittance on total
spending, which Yang found not to be signiﬁcant.
Now, we discuss the implications of the COVID-19 pandemic on household
welfare through remittance inﬂows based on our estimation results, which have not
been actively explored.17 The COVID-19 pandemic is an ongoing phenomenon and
the situation in Tajikistan and destination countries is rapidly changing. The ﬁrst case

16Though we omitted it to save space, we performed the analysis by type of head of household by
limiting our examination to households with migrants in 2013 as well. The coefﬁcients are virtually the
same as those shown in Table 7.
17Chen, Qian, and Wen (2020) used a time-series analysis to show that the pandemic positively
affects long-term remittance inﬂows to Samoa from Australia and New Zealand, and negatively affects
remittances from the United States. There are several studies on consumption in response to the pandemic.
Baker et al. (2020) showed that household spending, particularly on food, in the United States increased in
March 2020, but this was followed by a sharp decline of 50%. Chen, Chand, and Singh (2020) reported a
sharp decline of 32% in consumption in the People’s Republic of China, on average, with as much as a
70% drop in Wuhan. There was a recovery in consumption to pre-COVID-19 levels in March 2020, which
was followed by another decline of 20% in April due to the risk of a second wave of the outbreak.
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was ofﬁcially conﬁrmed in Tajikistan on April 30, 2020, which was much later than in
other countries. Until then, the country was slow to take measures to prevent the
pandemic, imposing less-stringent restrictions on movement across national borders
and lockdowns in cities compared to the neighboring Kyrgyz Republic and
Uzbekistan.18 In May 2020, Tajikistan closed schools, universities, and general
shops while avoiding a total lockdown. During this time, the number of conﬁrmed
cases expanded rapidly, approaching 6,000 within 2 months, and the number of deaths
exceeded 50. Under these circumstances, most Tajiks who had expected to migrate
were forced to stay in the country because Russia, the primary destination country of
Tajik migrants, was more seriously affected by the pandemic.19
On the other hand, the ﬁrst case was conﬁrmed on January 31, 2020 in Russia, 3
months earlier than in Tajikistan. The number of conﬁrmed cases started to increase
beginning in March 2020, and the country shut its national borders and declared a
period of no working until May 11, 2020, which was subsequently extended twice. In
addition, the Russian government imposed a variety of measures such as closing
schools, museums, and theaters, as well as canceling events and implementing
lockdowns in many large cities. At the end of June 2020, the conﬁrmed number of
cases in Russia ranked third in the world, after the United States and Brazil, with more
than 600,000 cases and 8,600 deaths.
There is growing uncertainty about how the COVID-19 pandemic is affecting the
world economy, and it is difﬁcult to forecast the consequences of the disaster.20 But we
can assess the potential impact of the COVID-19 pandemic on household welfare in
Tajikistan. We start with the coefﬁcients in columns (2)–(5) of Table 6. The
coefﬁcients are 0.0285 for total spending, 0.0353 for nonfood spending, and 0.193
for education spending. In addition, there are some forecasts of the effect of the
COVID-19 pandemic on remittances. In April 2020, the World Bank reported that
remittance inﬂows to Europe and Central Asia would decline by 27.5% from 2019 as a
result of the pandemic (World Bank 2020b). Later in 2020, the Asian Development
Bank released a report on the effect of the pandemic and showed that remittance

18Tajikistan was one of the few countries to hold professional sporting matches such as soccer
games in 2020.
19In 2020, according to the Nikkei Asian Review, “There were around 500,000 Tajik migrants
working in Russia, but many of them are now stuck in Tajikistan,” see https://asia.nikkei.com/Spotlight/
Coronavirus/Tajikistan-ﬁnally-confronts-virus-as-Central-Asian-economies-reel.
20Similar to this paper, Murakami, Shimizutani, and Yamada (2020, 2021) performed exercises to
predict the potential impact of the COVID-19 pandemic on the receipt of remittances and household
welfare in the context of migrant-sending communities in the Philippines.
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inﬂows to Tajikistan were expected to decline by 27.9% in 2020, the second-worst
decline among all economies in Asia and the Paciﬁc (Kikkawa et al. 2020).21
Bringing our empirical relationship and the remittance forecasts together, we can
assess the negative impact on household spending. Given the Asian Development
Bank’s forecast, we expected total spending to have decreased by 0.8% in 2020, with
the negative effects largest for nonfood spending (1%) and education spending (5.4%).
Given this simple computation, we see that the COVID-19 pandemic has had a serious
effect on nonfood and education spending. These exercises may be conservative since
we conﬁne the channel of the COVID-19 pandemic’s impact on household spending to
a change in remittances. Moreover, the effect of the COVID-19 pandemic could be
nonlinear and more detrimental to the economy under more devastating scenarios,
depending on the lasting effect of the pandemic.22 At the same time, we found that the
effect of declining remittances on household spending is more pronounced in
households whose heads are male, younger, and/or less educated (Table 7), suggesting
that those households may be particularly affected by the COVID-19 pandemic. This
ﬁnding echoes that of Gupta et al. (2021), who found heterogeneous impacts of
COVID-19 lockdowns and a serious negative effect on the welfare of poor and
vulnerable households in the rural areas of India.

V.

Conclusion

This paper focuses on Tajikistan, one of the most heavily remittance-dependent
countries in the world, to examine the relationship between remittances and household
welfare. We use a panel dataset collected nationwide prior to the outbreak and employ
an IV approach to conﬁrm a positive relationship between receiving remittances and
household welfare after correcting for endogeneity. Then, we combine our estimated
coefﬁcients with forecasts on the decline of remittances made by international
organizations and show the adverse effect on household spending per capita.
The pandemic is still ongoing and the situation in Tajikistan and destination
countries is rapidly changing. Despite much uncertainty, we believe in the signiﬁcance
21According to Kikkawa et al. (2020), the negative impact to Tajikistan refers to “the economywide remittance loss under the worst-case scenario (% of baseline).” The worst-case scenario assumes that
it takes a year to control a domestic outbreak and resume economic activities, and that the economic impact
of COVID-19 persists during most of the year, disappearing halfway into the ﬁnal 3 months of the
outbreak.
22The United Nations Development Programme (2020) showed that the pandemic negatively
affected women’s vulnerability and income from self-employment and informal and nonregistered jobs, as
well as migrant labor.
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of discussing the potential impacts of COVID-19 on international remittances and
remittance-dependent households in Tajikistan, using a dataset compiled prior to the
outbreak because it is difﬁcult to perform a survey on households amid the pandemic.
Future research should use actual data from migrant-sending countries after the
COVID-19 pandemic has receded to quantify the adverse effects on household living
standards. Migration and remittances depend on a serial decision-making process
within a household that includes several steps. Thus, disentangling the effect of the
COVID-19 pandemic on each migration process is no doubt an important agenda for
future research.
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Behavior of Private Retailers
in a Regulated Input Market: An
Empirical Analysis of the Fertilizer
Subsidy Policy in Nepal
SHRINIWAS GAUTAM, DYUTIMAN CHOUDHARY,
¤
AND DIL BAHADUR RAHUT

The private sector in Nepal participates in the regulated import and distribution
of three types of subsidized fertilizer. However, almost 55% of the agrovets
(family-owned microenterprises) that retail agricultural inputs do not comply.
Many farmers rely on the fertilizer purchased through these agrovets, including
subsidized ones. There is no private sector importer of the three types of
fertilizer covered by the subsidy program, which indicates that the agrovets
either acquire these through leakage in the government distribution system or
through illegal cross-border trade from India, both of which are considered
legal noncompliance. We discern the determinants for this noncompliant
behavior of agrovets using logistic regression. The results from logistic
regression suggest that the agrovets that are more likely to comply are
registered, have membership in business associations, and have a higher
number of competitors. Those with diversiﬁed business portfolios and covering
a greater number of districts are less likely to comply. Key informants,
consisting of both public and private sector stakeholders, were solicited for
their views on solving this noncompliant behavior. The private sector
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unanimously asserts the need for deregulation of fertilizer imports and the
participation of agrovets in the distribution of the subsidized fertilizer. In
contrast, the public sector is skeptical of the ability and trustworthiness of the
private sector in the import and distribution of quality fertilizer. We propose a
middle ground to mitigate private sector noncompliance and suggest a policy
revisit to increase the fertilizer supply and distribution efﬁciency.
Keywords: fertilizer subsidy policy, input retailers, Nepal, noncompliance,
regulation
JEL codes: K42, Q18

I.

Introduction

Distortions in agricultural input markets, especially in fertilizer markets due to
subsidy, are common in developing countries both in South Asia and Sub-Saharan
Africa, with some variation in the magnitude of subsidy for different types of nutrients
(Druilhe and Barreiro-Hurlé 2012; Huang, Gulati, and Gregory 2017; Kishore, Alvi,
and Krupnik 2019). The purpose of fertilizer policies in these countries, although they
are market-distorting, is to increase the supply and use of fertilizer to stimulate
agricultural output and farm income. The subsidy is a way to lessen the barriers to the
use of fertilizer, but in most cases, fertilizer subsidies have become a political tool
restricting their effectiveness and efﬁciency (Druilhe and Barreiro-Hurlé 2012). The
provision of fertilizer, its marketing and distribution, and the use of subsidies to
promote the uptake of fertilizer are common across developing countries (Huang,
Gulati, and Gregory 2017). A wave of fertilizer subsidy reform started in many Asian
and African countries after the global ﬁnancial crisis. Cross-country assessments
indicate that countries have different arrangements for private sector participation in
the subsidy market (Huang, Gulati, and Gregory 2017; Kishore, Alvi, and Krupnik
2019). In contrast to most countries in Asia and Africa, Nepal reverted to its pre-1998
subsidy program in 2009, barring the private sector from importing and distributing
fertilizer under the subsidy program.
Nepal imports all of the chemical fertilizers used in the country, but the amount
imported is far less than the actual demand, leading to frequent shortages. To improve
farmers’ access to fertilizer, the Government of Nepal experimented with both a
regulated fertilizer distribution system (before 1998) and a deregulated system (from
1998 to 2008). Primarily driven by concerns over the quality of fertilizer that was
unregulated in their importation and distribution, as well as with increasing
international fertilizer prices, the Government of Nepal revised the National Fertilizer
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Policy in 2009 (Takeshima et al. 2017). This policy revision essentially ended the role
of the private sector in the importation and distribution of chemical fertilizer by putting
the private sector at a price disadvantage compared to the two parastatal agencies, the
Agriculture Input Corporation Limited (AICL) and the Salt Trading Corporation
Limited (STCL), that have a duopoly over the import and distribution of fertilizer at a
subsidized price.
The import of subsidized fertilizer by the Government of Nepal is estimated to
comprise around 60% of the country’s total fertilizer demand (Hoyum 2012), and
fertilizer subsidies have not been effective instruments for stimulating chemical
fertilizer use in the country (Government of Nepal, Ministry of Agriculture and
Development [MOAD] 2016, Takeshima et al. 2017). Paudel and Crago (2017) found
a decrease in the annual agricultural yield of 22.6% and a decline in chemical fertilizer
usage by 11.1% with the reintroduction of the fertilizer subsidy in 2009. They also
showed that the fertilizer subsidy program increased the use of fertilizer by 38.7%
among eligible households in the Hill region.1 However, the impact of the fertilizer
subsidy policy among farmers varies for those with landownership title versus those
without and for those closer to a market versus those farther away (Takeshima et al.
2017). Many Nepalese kitchens have increasingly become dependent on imported
food in recent years (Kumar 2020), and the reliance on foreign markets for agricultural
goods has also increased ﬁvefold in the last decade (Prasain 2020). The agricultural
productivity of major crops in Nepal is far below that of its neighbors. In this regard,
the impact of the fertilizer subsidy in Nepal, which accounts for the majority of the
government’s agriculture development budget, is more nuanced, even though poor
agricultural productivity cannot solely be attributed to the nationwide fertilizer
subsidy program or the use of fertilizer alone. The Agriculture Development Strategy,
2015–2035 (ADS) thus provides more pragmatic short-, medium-, and long-term
solutions for fertilizer supply to improve productivity, including the introduction of
vouchers rather than a direct subsidy on fertilizer (MOAD 2016).
Common sense dictates that the demand–supply gap would make it attractive for
private sector entities to invest in fertilizer importation and distribution. However,
private sector imports of three types of subsidized fertilizer have not been reported in
recent years in Nepal, primarily for two reasons.2 First, the illegal importation of
1Nepal has three agro-ecological domains: (i) Terai (lowland adjoining India), (ii) Hill, and (iii)
High-Hill (Mountain). The Terai region is dominated by rice- and wheat-based cropping systems, while the
Hill region is dominated by maize-cropping systems.
2Fertilizer subsidies that started in 1973 were limited to diammonium phosphate and muriate of
potash; they later were extended to urea. These are the three major types of fertilizer used in Nepal that
have been covered by subsidy since the 2009 policy revision.
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fertilizer by many petty traders along the Indian border discourages the private sector
from legally importing and distributing subsidized fertilizer (MOAD 2016, Panta
2018, Singh 2018). Second, the distribution of subsidized fertilizer through only AICL
and STCL puts the private sector at a disadvantage to sell at market price. In this
regard, the reintroduction of the fertilizer subsidy in 2009 essentially crowded out the
private sector from legally importing and marketing the three main types of fertilizers
used in the country, even though there was signiﬁcant unmet demand.
Reports, however, indicate that farmers signiﬁcantly rely on fertilizer purchased
through informal, private channels to meet demand (Kyle, Resnick, and Karkee 2017;
International Maize and Wheat Improvement Center 2017). It is common to ﬁnd many
family-owned microenterprises, which are called agrovets, selling subsidized fertilizer
primarily because it is complementary to other agricultural inputs they retail.3 There is
no private sector import and distribution of fertilizer under the subsidy program. This
points to the fact that the agrovets either acquire them through leakage in the
government distribution system or through illegal cross-border trade from India (Singh
2018), both of which are considered to be legal noncompliance. An unofﬁcial estimate
puts the illegally smuggled import of fertilizer from India at three times the ofﬁcial
imported amount (Thapa 2006), while another estimate suggests it to be up to 80% of
demand in some years (United States Agency for International Development 2012).
The main fertilizer that comes from such illegal cross-border trade is urea and is
mostly consumed in the Terai region, which comprises lowland districts adjoining
India. This illegal import, to some extent, helps Terai farmers when there is a fertilizer
shortage. However, farmers in the Hill region do not have similar access to illegally
imported urea, which may be the reason why Hill farmers are willing to pay more for
urea than their counterparts in the Terai region, especially when availability is assured
(Ward et al. 2020).
The leakage of the subsidized fertilizer following import by the Government of
Nepal and illegal imports have implications on the price that farmers pay for these
fertilizers. Farmers complain about the ineffective monitoring of the subsidized
fertilizer distribution and the level of supply that is far less than demand. The

3Agrovets are supply stores for farmers that deal in seeds, chemical fertilizer and micronutrients,
animal feed, tools, small farm machinery, veterinary supplies, pesticides, and other farmer needs in Nepal.
They are locally based, predominantly individual or family-owned with limited investment and
transactions, and specialize in the retailing of agricultural input, often providing agriculture-related
advisory services to farmers. Microenterprises in Nepal are deﬁned based on ﬁve criteria: (i) ﬁxed
investment of less than $2000, (ii) self-managed (by entrepreneur or family), (iii) employ nine or fewer
persons including the entrepreneur, (iv) annual transactions of less than $20,000, and (v) use less than
10 kW of energy (Government of Nepal, Ministry of Industry, Commerce, and Supplies 2008; Karki 2013).
The agrovets included in this study are family-owned microenterprises.
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cooperatives that are supposed to sell subsidized fertilizer are out of stock when local
agrovets have sufﬁcient stock but sell at higher prices what are, in many instances,
adulterated fertilizer (Rahut and Sitaula 2012). The farmers do not have much concern
about who sells the fertilizer but rather want the assured availability of fertilizer and
prefer the subsidy to continue. Another issue with the current distribution inefﬁciency
is the leakage of subsidized fertilizer for nonagricultural use (e.g., in the plywood
industry).
The objective of this paper is to discern the factors that explain the behavior of
agrovets to indulge in a business activity (i.e., acquiring and retailing subsidized
fertilizer) regulated by the Government of Nepal. In addition, the study seeks the
perceptions of public and private sector stakeholders, who are referred to as key
informants (KIs), on the potential policy options to mitigate such business practices
and ways to improve fertilizer import and distribution.
The remainder of the paper is organized as follows. The following section
presents a review of the literature around legal compliance by businesses in general,
and micro and small enterprises in particular, followed by a short literature review on
family-owned input dealers and retailers in developing countries. In Section III, we
describe the methodology used in discerning the factors that explain unethical business
practices. Then, we present the major characteristics of agrovets in Nepal, followed by
a discussion of the results from the logit regression, together with the perceptions of
KIs based on interviews. Finally, we provide our conclusions and offer some policy
considerations.

II.

Literature Review

Private ﬁrms are expected to adhere to business ethics, which means meeting
social and legal expectations (Okafor 2011, Abiodun and Oyeniyi 2011). This social
expectation, also referred to as corporate social responsibility, is more relevant to big
businesses where they are expected to go beyond mere compliance for the greater
good of society. On the other hand, legal compliance essentially is conformity to
policies and procedures by all businesses as required by laws and regulations
(Weinstein 2019). This legal compliance can vary based on the characteristics of a
business (e.g., sector, size, and location). It may not always be in the interest of all
businesses to act ethically, and many businesses tend to weigh beneﬁts and costs in
their compliance decisions (Bertilsson 2014). In recent years, many global brands,
including some in the agriculture sector, have faced ethical scandals (Conconi 2019,
Reuters 2019). The expectation for businesses to adhere to social and legal
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expectations emerges from society’s values and often correlates with a country’s state
of affairs in political, social, and economic environments (Ruud and Ruud 2011).
Most prior business ethics research has focused on large businesses (Thompson
and Smith 1991). More recently, researchers are showing increasing interest in micro
and small enterprises as well, albeit disproportionally more in developed countries.
The rise of micro and small enterprises like family-owned or -managed
microenterprises make an enormous contribution to the economy of a developing
country (Azmat and Samaratunge 2009), and it is important to better understand their
business practices. However, it is also important to acknowledge the diversity of ﬁrms
within the micro and small enterprise sector and not lump them together for the
purpose of business research, including the issues of regulatory compliance. For
instance, petty traders, street hawkers, or small family retail stores operating in the
informal sector (unregistered businesses) are hard for authorities to monitor for
compliance. It has been reported that the enforceability of regulations is size-sensitive
(Giugale, El-Diwany, and Everhart 2000), and many family-owned microenterprises
choose to stay in the informal sector due to the perceived low risk of detection by the
authorities, especially when regulations are burdensome (Sookram and Watson 2008).
Also, they are more sensitive to uncertainty and less transparent with business
behavior compared to nonfamily ﬁrms (Bianco et al. 2013). On the other hand, some
family-owned microenterprises may be formal (registered) and can be monitored more
easily for compliance.
The National Economic Census conducted in Nepal in 2018 (Government of
Nepal, Central Bureau of Statistics 2021) suggests most business establishments are
microenterprises (i.e., employing less than 10 persons). Of the total number of
business establishments in Nepal, 50% are unregistered and account for 74% of total
employment. About 91% of registered ﬁrms are micro establishments (1–9 persons
employed), and the other 8% are small establishments (10–49 persons employed),
suggesting that only around 1% of registered ﬁrms are medium-sized (50–99 persons
employed) or large establishments (100 or more persons employed). Only 48% of
micro establishments are registered, and 67% of these employ only one person. In
Nepal, 75% of microenterprises, on average, employ three people and are primarily
family-owned or managed, while around 60% of the microenterprises operate in the
informal economy (not registered as a business) with a high rural concentration
(International Labour Organization 2005). In addition, there is considerable disparity
in persons employed per enterprise across sectors. While manufacturing-sector
enterprises employ a higher number of persons per enterprise, agro-based enterprises
are one of the businesses that employ the lowest. Researchers have shown that gender,
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managerial foresight, age and size of the enterprise, ﬁnancial contracts, and social
networks are important determinants of the performance of microenterprises in Nepal
(Thapa 2015). However, there is no existing literature around regulatory compliance of
family-owned microenterprises in general and those operating in the agriculture sector
in particular.
Business ethical issues can sometimes be universal to all businesses, while some
can be more pertinent to certain business sizes, locations, or sectors in which they
operate. In agriculture, unethical business practices are more common around food
safety (Olsen and Bánáti 2013), use of chemicals and their impact on health and the
environment (Carson 1962), treatment of agricultural labor (Thompson 2015), animal
rights issues (Regan 2004), and agricultural biotechnology and genetically modiﬁed
seeds (Paarlberg 2001, Bernauer 2003). However, these ﬁndings disproportionately
cover the context of developed countries. Little has been explored around the behavior
and practices of agribusinesses in developing countries, particularly for family-owned
microenterprises.
In Nepal, the agrovets, or agro-dealers, which are known as input shops in some
countries, are primarily microenterprises often owned and managed by households or
individuals. Some researchers have suggested that these input shops tend to
overprescribe or prescribe the wrong agricultural inputs like pesticides, thereby taking
advantage of the ignorance and dependence of farmers on them for crop advisory
services (Wesseling et al. 1997, Schreinemachers et al. 2017). In addition, bad
business practices—such as fund misappropriation, failure to repay loans, and not
paying managers and employees for their work—have also been reported among agrodealers (Herman 2012). The retail sale of inputs—like bad seeds, counterfeit soil
amendments, out-of-date chemicals, or recommending the use of inputs at unproﬁtable
levels—are unethical practices that have been seen across countries (Alex 2019). The
quality of inputs and the technical recommendations provided by the agrovets, in
many instances, is questioned because there is a weak monitoring mechanism for such
services (Food and Agriculture Organization of the United Nations 2010). However, it
is not just the situational context under which the business operates (e.g., inadequate
monitoring or stage of development of the country, tax rates, and competition) that
have an effect on business malpractices; the personal (e.g., age, sex, and education),
demographic (e.g., minority status and religion) and psychological factors of the
owners or managers are equally important (Rest 1986, Serwinek 1992, Quinn 1997,
Sharma and Dudeja 2013).
In many developing countries, fertilizer is a political commodity. The policies
that encourage public-sector involvement in agricultural research, distribution of
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inputs (through subsidies), and the marketing of agricultural produce can negatively
impact agribusiness ethics (Burkhardt 1986, Thompson 2015). For instance, in
Malawi, the private sector has been reported to act unethically and beneﬁt from the
input subsidy program in the short run rather than using the subsidies to promote the
role of private sector business growth (Chinsinga 2011). Allegations of misuse of
fertilizer vouchers by private sector distributors have also been reported in Malawi
(Minot and Benson 2009; Kaiyatsa, Ricker-Gilbert, and Jumbe 2018). In this regard,
business malpractices in the fertilizer value chain are also common in other countries
and not limited to the agrovets and private sector in Nepal. However, there is only
anecdotal evidence, and either no or limited literature, that relates to the determinants
of regulatory noncompliance (unethical behavior) of agricultural input suppliers,
especially family-managed microenterprises like agrovets. In this regard, our study
will contribute to the existing literature gap.

III. Methodology
An agrovet business survey, covering 95 respondents, was conducted by the
Nepal Seed and Fertilizer Project in 2017 in the project’s targeted area of operations.4
Of the project’s 26 target districts, only 13 districts were selected for this study. The
purpose of the district selection was to ensure representation from all four provinces in
the study area (out of seven provinces in the country) and all three agroecological
regions in the country (Terai, Hill, and Mountain regions). Of the total 95 agrovets
surveyed, 45 were from Hill and Mountain districts (at least four from each district),
and the other 50 were from Terai districts (7–10 from each district). For the survey, six
Terai districts, seven Hill districts, and one Mountain district were selected. In the
ﬁscal year 2018/19, less than 2% of the total subsidized fertilizer was allocated to the
Mountain region (small demand), and thus we surveyed only one Mountain district.
Most Mountain districts have limited cultivable areas at lower elevations that resemble
Hill districts (i.e., elevation, type of crops grown) where few agrovets operate. Thus,
we combine the agrovets from this one Mountain district with those from seven Hill
districts for the analysis in this paper. The survey was designed to best represent the
study area, rather than the whole country. The location and type of districts are
presented in the Table 1. The agrovets selected for the survey were from at least two

4The Nepal Seed and Fertilizer Project is a United States Agency for International Developmentfunded project in Nepal that covers a total of 26 districts, including ﬁve districts in Bagmati Province that
were affected by the 2015 earthquake.
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List of Surveyed Districts by Region and Province
Province and Number
of Districts

Name of Districts

Terai (50 agrovets)

Sudurpachim (2)
Lumbini (4)

Kanchanpur and Kailali
Bardia, Banke, Dang, and Kapilvastu

Hill (45 agrovets)

Sudurpaschim (1)
Bagmati (2)
Karnali (1)
Lumbini (3)

Baitadi
Singhuli and Sindhupalchowk
Surkhet
Rukum, Arghakhanchi and Pyuthan

4 Provinces, 13 districts

13 districts

Region Surveyed

Total agrovets surveyed: 95

Source: International Maize and Wheat Improvement Center. 2017. Baseline Report: Nepal Seed
and Fertilizer Baseline Survey. Kathmandu.

locations in each of the Hill and Mountain districts and at least three locations in Terai
districts.
In 2019, we reached out to 14 KIs, 4 from the public sector and 10 from the
private sector. The purpose of this follow-up with the KIs was to better understand the
results from the survey conducted in 2017 and help articulate our discussion and
conclusion. The four KIs from the public sector were those with knowledge of
fertilizer policy, importation, and the distribution of fertilizer in the country. The 10
private sector KIs were those involved in the import or distribution of chemical
fertilizer in the country. Two of the private sector KIs were members of the Nepal
Fertilizer Entrepreneurs Association (NeFEA) that used to import and market different
types of registered fertilizer, including subsidized ones, but currently deal only in
unsubsidized fertilizer. NeFEA is a business association that lobbies the government
and policy makers for private-sector-friendly fertilizer policies. The other eight private
sector KIs were owners or managers of established agrovets in different districts.
These agrovets are also eligible for NeFEA membership.
This paper estimated a logistic regression to determine factors that explain the
unethical business practices (noncompliance) of family-managed microenterprises.
This is a popular and well-accepted statistical method and has been applied to many
different ﬁelds (Cramer 2002), including topics related to the legal compliance of both
small and big businesses (Sifuni 2017). A binary logistic regression is a statistical
method for analyzing a dataset in which a dichotomous outcome variable is regressed
with one or more independent variables that determine the outcome. For our case
study, the family-owned microenterprises (agrovets) may have two choices with
respect to fertilizer regulation in the country: to comply or not to comply. Thus, we opt
for a binary logistic regression model for this study. Following Wooldridge (2010),
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we employ the following model to identify the predictor variables affecting
noncompliance by agrovets:
Pr (Y ¼ 1jX) ¼ logit 1 (Xβ) ¼

e βX
1 þ e βX

ð1Þ

where Y is the variable to predict, which takes two possible modalities (do not
comply ¼ 1, comply ¼ 0), X ¼ (X1 , X2 , . . . , Xn ) as predictive variables (explanatory
variables) that are either continuous or binary, and the linear function
Xβ ¼ ( β0 þ β1 X1 þ β2 βX2 þ    þ βn Xn ), where βi are the coefﬁcient estimates.

IV.

Results and Discussion

Seed, pesticides, micronutrients, farm machinery, veterinary medicines, and
fertilizer were the six major inputs sold by the surveyed agrovets (Table 2). The seed
and pesticides were sold by all agrovets, while fertilizer was sold only by 55% of
agrovets (the lowest among all six inputs). However, seed (74% of agrovets) and
fertilizer (70% of agrovets) were considered the two most important inputs. Fertilizer
is the only input where a higher percentage of agrovets (70%) considered it to be
important for their business than the percentage (55%) of them that sold it. The 15% of
agrovets who were not trading fertilizer in the survey year believed including fertilizer
in their business mix would be helpful. Thus, there could be two reasons for their not
trading fertilizer. First, they may have considered it unethical to go against the

Table 2. Types of Agricultural Inputs Sold by Agrovets and Perceived Importance
to Their Business (n = 95)

Type of Inputs Sold
Seed, including hybrid seed
Pesticides and chemicals
Micronutrients
Farm machinery and equipment
Veterinary medicines
Fertilizers

Share Selling
This Input (%)

Share that Considered
This Input of High Importance
to Their Business (%)

100
100
87
72
67
55

74
54
39
35
52
70

Note: Agrovets were asked to rank the importance of the listed inputs even if they did not sell
them at the time of the survey.
Source: Authors’ calculations based on International Maize and Wheat Improvement Center.
2017. Baseline Report: Nepal Seed and Fertilizer Baseline Survey. Kathmandu.
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Table 3. Share of Agrovets that Sell Chemical Fertilizers

Details
Agrovets that sold subsidized
fertilizer (urea, DAP, or MOP)
only or together with other
fertilizer (not subsidized)
Agrovets that sold both
unsubsidized and subsidized
fertilizer
Agrovets that participated in the
seed subsidy program

Noncompliance
with
Government
Regulation

Percentage of Total
Agrovets Surveyed
(n = 95)

Percentage among
Agrovets that Sold
Fertilizer (n = 54)

Yes

57%

100%

Yes

9%

17%

No

32%

21%

DAP ¼ diammonium phosphate, MOP ¼ muriate of potash.
Source: Authors’ calculations based on International Maize and Wheat Improvement Center. 2017.
Baseline Report: Nepal Seed and Fertilizer Baseline Survey. Kathmandu.

regulation. Second, they probably do not have a viable way to acquire subsidized
fertilizer either through government distribution channels or illegally from India.
All the agrovets that reported selling fertilizer were selling subsidized fertilizer
(noncompliant), but only 17% of them were selling unsubsidized fertilizer in the
survey year (compliant if received from STCL or private importers) (Table 3).5 This
level of noncompliance by the agrovets also reﬂects the strong preference of farmers
for subsidized fertilizer vis-à-vis the unsubsidized ones. The percentage of agrovets
that participated in the government’s (legal) seed subsidy program is less than the
number of agrovets that were involved in the (illegal) retailing of subsidized fertilizer
(32% versus 57%), while 21% of the agrovets that sold subsidized fertilizer also
participated in the government’s seed subsidy program.
A.

Summary Statistics of Variables Used in the Logit Model

This paper considers 13 right-hand side variables to explain the unethical
business practices (noncompliance) of the agrovets. These are grouped into four
categories, as indicated by G1, G2, G3, and G4 in Table 4. The ﬁrst group (G1) has
three variables related to the characteristics of agrovets owners. The second group

5The sale of subsidized fertilizer represents noncompliance as there was no private sector import of
the three types of fertilizers subsidized by the government in the survey year. On the other hand, the sale of
unsubsidized fertilizer is legal as long as the agrovets receive it through STCL or the private sector ﬁrms
that import and market a small amount of fertilizer.
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Table 4.

Variable
Group
G1
G2
G2
G3
G3
G3

Summary Statistics with the Difference in Mean of Agrovets that
Comply or Do Not Comply

Continuous Variable
Owner’s age (years)
Households served in a month
Number of districts served
Age of agrovets business (years)
Number of competitor agrovets
Business diversity
Binary Variables (Yes ¼ 1,
No ¼ 0)

G1
G1
G2
G3
G3

G4
G4

Owner sex (1 ¼ Male,
0 ¼ Female)
Owner’s social class (1 ¼ Dalit or
Janajati, 0 ¼ otherwise)
Agrovet in Hill district (1 ¼ Yes,
0 ¼ No)
Agrovets with a business plan
(1 ¼ Yes, 0 ¼ No)
Agrovet provides some advisory
services to farmers (1 ¼ Yes,
0 ¼ No)
Agrovet resisted (1 ¼ Yes, 0 ¼ No)
Agrovet with association
membership (1 ¼ Yes, 0 ¼ No)

Comply

Do Not
Comply

41
1,307
1.43
11.32
6.12
3.51

37
1,458
2.13
9.65
5.41
4.22

Mean
(n = 95)
38.62
1,393
1.83
10.37
5.72
3.91

(2.54)
(0.44)
(2.12)
(1.12)
(0.83)
(4.79)

p-value
0.01
0.67
0.04
0.26
0.41
< 0:001

Percentage

(Prob > jzjj)

96%

0.46

24%

0.35

47%

0.007

28%

0.009

33%

0.60

97%
40%

0.73
< 0:001

Note: p-value is for the test for mean difference for continuous variables (with t-test value in
parentheses) and Wilcoxon rank-sum test (Mann–Whitney) for binary variables.
Source: Authors’ calculations based on International Maize and Wheat Improvement Center. 2017.
Baseline Report: Nepal Seed and Fertilizer Baseline Survey. Kathmandu.

(G2) includes three variables related to the geographic location and reach of the
agrovets. The third group (G3) consists of ﬁve variables related to the characteristics of
the agrovet business. The fourth group (G4) consists of two variables related to
agrovets’ business registration and networking. Table 4 presents details of the variable
name, overall mean (for continuous variables) or percentage (for binary variables), and
t-test for difference of mean (for continuous variables) and Wilcoxon rank-sum test
(Mann–Whitney for binary variables) between agrovets that comply and those that do
not comply with government regulations.
The agrovets surveyed were managed by owners and run primarily by household
members, and thus were family-owned microenterprises. The agrovets were
overwhelmingly owned and managed by males, and a quarter of them were owned
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by people from the Dalit or Janajati groups, which are socially disadvantaged groups.
A typical agrovet is managed by a 39-year-old individual with an average business
age of around 10 years. Only 28% of these agrovets operated with some sort of
business plan. A typical agrovet competes with six other agrovets and serves around
1,393 households in an average of 1.83 districts (many serve more than one district).
Around 47% of the surveyed agrovets were from Hill districts, with a signiﬁcantly
higher proportion of compliant agrovets in the Hill region compared to the Terai
region.
Around 33% of agrovets provided advisory services to farmers apart from the
sale of agricultural inputs. The majority of these agrovets were registered with the
government, but only 40% had acquired membership in agricultural-input-related
business entrepreneurs’ associations (e.g., seeds, fertilizer, or pesticide-related
associations). The surveyed agrovets sold at least two and at most ﬁve types of
inputs (not shown in the tables). We construct a business diversity index based on the
number of agricultural inputs they traded (of the six input types listed in Table 2) and
include this index as one of the explanatory variables in our model. If they trade two
types of inputs, the index will be 2; if they trade three types of inputs, the index will be
3. Of the 13 variables listed in Table 4, only six variables show signiﬁcantly different
means (or different percentages for binary variables) between the compliant and
noncompliant agrovets. The variables that show signiﬁcant differences are the age of
the owner, number of districts served, business diversity, region of the agrovets (Hill
or Terai), if the agrovet has a business plan or not, and if the agrovet has a business
association membership or not.
B.

Results and Discussion from Logit Regression

We use logistic regression to explain an agrovet owner’s decision to comply or
not to comply. The model converges in ﬁve iterations with a signiﬁcant Chi-square
( p-value < 0:001), indicating the model is a good ﬁt. The results from logit regression
(Table 5) show that none of the three personal characteristics of the agrovet owners
(age, sex, and social class) are signiﬁcant to explain the decision to comply or not to
comply. Among the three variables related to the location and service reach, the
variables for type of district (Hill ¼ 1, Terai ¼ 0) and the number of districts reached
are signiﬁcant, while the number of households reached is not. If the agrovet is located
in the Terai region, the likelihood of noncompliance is signiﬁcantly higher, which may
be due to two reasons. First, the density of farmers and per-hectare fertilizer use in the
Terai region is higher than in the Hill region (International Maize and Wheat
Improvement Center 2017; Kyle, Resnick, and Karkee 2017). With this high demand,
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Table 5. Results of Logistic Regression of the Agrovets
( Y = 1 for Noncompliance, 0 = for Compliance)

Variable Group
Characteristics of owners

Geographic location and
service reach

Business portfolio and
competition

Business registration and
networking

Standard
Error

p-value

Variables (n = 95)

Coefﬁcient

Owner sex (1 ¼ Male,
0 ¼ Female)
Owner age (years)
Owner caste (1 ¼ Dalit or Janajati,
0 ¼ Otherwise)

0.31

3.08

0.92

0:03
0.33

0.06
0.96

0.58
0.73

2:79

1.01

0.006

1.68
0:001

0.62
0.0003

0.006
0.98

0.07
1.22

0.99
0.007

1.86

1.07

0.08

3.63
0:21

0.89
0.09

< 0:001
0.02

6:02

2.52

0.017

2:99

0.98

0.002

7:38
79.40
0
0.61
25:25

5.07

0.15

Agrovet location (1 ¼ Hill,
0 ¼ Terai)
Number of districts served
Number of HHs served in a month
Agrovet business age (years)
Have a business plan (1 ¼ Yes,
0 ¼ No)
Advisory services to farmers
(1 ¼ Yes, 0 ¼ No)
Business diversity
Number of competitors
Registered agrovet (1 ¼ Yes,
0 ¼ No)
Agrovet is a member of association
(1 ¼ Yes, 0 ¼ No)
Constant
LR chi2 (13)
Prob > Chi2
Pseudo R2
Log-likelihood

0.0005
3.31

HHs ¼ households.
Source: Authors’ calculations based on International Maize and Wheat Improvement Center. 2017.
Baseline Report: Nepal Seed and Fertilizer Baseline Survey. Kathmandu.

agrovets can fetch a better price if they sell fertilizer. In addition, due to their proximity
to the Indian border, the agrovets in the Terai region are more likely to have access to
fertilizer imported from India illegally.
We found that the greater the number of districts served by the agrovets, the
higher is the likelihood of noncompliance; however, the number of households
reached was not signiﬁcant for explaining the likelihood of noncompliance. One may
be tempted to believe that the number of households directly served would increase
with the number of districts the business reached, but that is generally not the case.
The agrovets that cover more districts tend to reach fewer households because they
focus more on supplying satellite agrovets in rural areas rather than supplying
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households directly. Agrovets that work as input dealers or distributors have a larger
network and are located in relatively more urban areas. The results suggest that
agrovets that face more competition in their business are more likely to comply.
However, our results also suggest that the agrovets in the Terai region are less likely to
comply even though the number of competitors is higher in Terai (six agrovets) than in
the Hill (ﬁve agrovets). The positive relationship between competition and
noncompliance may initially seem contradictory, but micro and small enterprise
ethics literature suggests that micro and small enterprises with competitors try to avoid
the mistakes and adopt the successful strategies of their rivals (Savaram 2019), which
may be what is happening here.
The likelihood of noncompliance is signiﬁcantly higher for agrovets with a
business plan, but the age of the business is not signiﬁcant. The positive relationship
between having a business plan and noncompliance is rather surprising, and this could
be due to the lack of a clear understanding of what is meant by a business plan. Since
we did not ask the agrovets what they understood about having a business plan during
our survey in 2017, we reached out to eight agrovets in different districts in 2019
through telephone. We found a business plan which was understood as different things
by different agrovets. For the larger ones (primarily located in cities), a business plan
meant a document with basic market and ﬁnancial analysis that was prepared to seek
credit from ﬁnancial institutions rather than market and ﬁnancial projections to guide
their business. On the other hand, the smaller agrovets understood a business plan as a
simple inventory of inputs in stock, outstanding orders, and debit and credit records.
The results suggest that the likelihood of noncompliance is negatively related to
whether the agrovet provided advisory services to the farmers and whether the agrovet
is located in the Hill region. The agrovets in the Hill region are more often the only
means of agricultural advisory or extension services for farmers, mainly because of the
travel distance (and travel time) to extension ofﬁces, compared to Terai farmers
(International Maize and Wheat Improvement Center 2017). In contrast, Terai farmers
have better access to government extension services but have more competition among
the agrovets. Thus, the frequency of interaction and the trust between a farmer and
agrovets is likely to be shallower in the Terai region than in the Hill region. Again,
where there is trust between agrovets and farmers due to repeated interactions (i.e.,
small number of farmers visiting the same agrovet), it is harder to be noncompliant and
involved in business practices regulated by the government.
The results suggest that noncompliance increases with business diversity, as
shown by the positive and signiﬁcant relationship between them. If an agrovet has
identiﬁed its competitive advantage (in any one or a combination of the agricultural
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inputs), then it is not necessary to be noncompliant and take the risk of being
monitored and potentially punished by the authorities. It can be implied that those who
cannot specialize are forced to diversify their agrovet’s business and may use unethical
practices, possibly only as a short-run strategy, to remain in business.
We also looked at the legal standing of agrovets (i.e., registration with the
government) and their association membership to explain their compliance or
noncompliance. We ﬁnd that agrovets registered with the government and with
commodity association membership are more likely to comply. While these
commodity associations in Nepal are not actively monitoring their members for
regulatory compliance, there are certain business incentives to remain compliant apart
from not wanting to be caught and punished. For instance, many government and
nongovernment agencies require agricultural inputs and support services for their
agriculture development programs, where the government guideline require
registration and regulatory compliance to participate.
C.

Stakeholder Perceptions and Policy Implications of Fertilizer Value
Chain Deregulation

To put our results into perspective, we reached out to both public and private
sector KIs, as described in the methodology section, with a focus on two speciﬁc
points: (i) their knowledge about the leakage of subsidized fertilizer and the informal
fertilizer trade along the Indian border, and (ii) their view on potential options to end
unethical or illegal practices.
1.

Knowledge About the Unethical Business Practices of Agrovets

The public sector KIs are aware of the considerable leakage of subsidized
fertilizer in the country, which is more common in Terai districts. They are also aware
of the informal cross-border trade from India and do not refute that such informal
imports can be helpful to farmers, especially when the government-subsidized
fertilizer is not accessible. However, these KIs have doubts about the quality of
fertilizer that enters the country informally, which is the same concern the government
had during the period of fertilizer deregulation from 1998 to 2009. The public sector
KIs accept the fact that the monitoring and coordination of fertilizer distribution and
trade are poor, and they lack a reliable ofﬁcial estimate of either the domestic leakage
or the illegal imports from India. In addition, the KIs also think the monitoring of
fertilizer distribution and informal trade has become even more complicated in recent
years, with the devolution of agricultural responsibilities to provincial and local
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authorities. Currently, the federal government procures the fertilizer, but provincial and
local authorities make distribution arrangements.
The private sector KIs, on the other hand, suggest that the leakage of subsidized
fertilizer is more rampant than what the government acknowledges. These KIs report
that the leakage and informal fertilizer trade is not only limited to the agrovets (which
mostly goes to farmers) but also includes nonagricultural sectors, especially the use of
urea in the plywood industry. With no private sector imports of urea fertilizer, it is
evident that the source of urea for nonagricultural use has to be either the Government
of Nepal imports (under a subsidy program) or informally traded urea from India.
In addition, the private sector KIs report that some leakage probably happens before
the fertilizer reaches the cooperatives (distribution points), possibly through registered
but ﬁctitious cooperatives.6 These KIs also report higher leakage in Terai districts
compared to Hill districts.
2.

Potential Options to End Unethical Business Practices
in the Fertilizer Value Chain

The public and private sector KIs differ fundamentally in their preferred solutions
to this noncompliance issue. The private sector asserts that they are helping farmers
access fertilizer more easily, often saving the farmers time and transportation costs.
In this regard, private sector KIs think they should be treated as useful actors in the
fertilizer supply chain, rather than as transgressors. They assert that fertilizer retailing
complements the sale of other inputs like seed, pesticides, and micronutrients for the
agrovets. Thus, the current public sector monopoly in fertilizer distribution makes it
difﬁcult for the agrovets to serve as the last-mile service and input providers to the
farmers. They also do not understand why the private sector can participate in other
subsidy programs (e.g., organic fertilizer subsidy and seed subsidy programs) but not
in the chemical fertilizer subsidy programs. They feel strongly about the need to
completely deregulate the fertilizer sector or at least provide them with a level playing
ﬁeld by including them in the distribution of fertilizer imported under the subsidy
program. They claim that the current fertilizer policy undermines their role in
providing agricultural extension services and agricultural inputs to farmers. With this
realization, NeFEA is trying to integrate agrovets located across Nepal to lobby for
fertilizer policy reform.

6The authors were not able to verify this claim. This is reported as heard from some of the private
sector KIs.
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The public sector KIs agree that the current arrangement is imperfect but are
skeptical of the ability and trustworthiness of the private sector in the import and
distribution of fertilizer. Their concern is primarily on the price and quality, rather than
quantity, of fertilizer. This skepticism has been reported by other researchers as well,
especially during the 1998–2009 period, when the government liberalized fertilizer
trade and distribution (Shrestha 2010, Takeshima et al. 2017), and such skepticism
persists. The public sector KIs indicated that efforts are underway to develop a
fertilizer information system that will monitor the ﬂow of imported and subsidized
fertilizer in real-time once it enters the country, and the authorities will be able to
track fertilizer from the point of import to the point of distribution (cooperatives).
Still, it would not be easy to monitor fertilizer distribution and check the leakage at
more than 7,000 distribution points in the country, nor would it solve the problem of
insufﬁcient fertilizer supply. The public sector KIs are not very positive about the idea
of complete deregulation of fertilizer imports and distribution under the subsidy
scheme. However, they foresee some sort of private sector participation in the
distribution of government-imported subsidized fertilizer with effective monitoring, an
arrangement similar to the voucher-based distribution of fertilizer as envisioned in the
ADS (MOAD 2016).

V.

Conclusion and Policy Implications

In this paper, we try to understand the issue of legal noncompliance by agrovets
(family-owned microenterprises), where they acquire and retail subsidized fertilizer in
violation of government regulation. The private and public sectors have their views on
this issue. The private sector asserts this restriction is a regulatory burden on
microenterprises’ survival and growth, as fertilizer has a high level of complementarity
with the other inputs they retail. They expect the public sector to understand their
difﬁculty and deregulate the fertilizer sector fully or partially so that they can continue
to serve farmers in rural communities. This assertion by the private sector about their
role in solving the last-mile problem is quite valid, as the reach of public extension
services in Nepal is poor, but that cannot be the ground for noncompliance. On the
other hand, the public sector is not yet ready for complete deregulation, as the private
sector (including these family-owned microenterprises) are likely to repeat the same
behavior that they showed during the fertilizer deregulation period from 1998 to 2009.
When the government and private sector agribusinesses compete in the same
business space (i.e., distribution of agricultural inputs and outputs) rather than
complementing each other, it negatively impacts private sector business ethics

BEHAVIOR

OF

PRIVATE RETAILERS

IN A

REGULATED INPUT MARKET 193

(Burkhardt 1986, Thompson 2015). Based on experiences from other developing
countries like Bangladesh, Kenya, and Malawi, experts suggest that government
policies and investments must support—not control—a dynamic, private-sector-led
fertilizer supply to sustainably increase fertilizer use (Samad 1999; Fondriest et al.
2012; Kaiyatsa, Ricker-Gilbert, and Jumbe 2018). The Government of Nepal must
ensure that the regulations are enforced, but public policies should also recognize the
important role the private sector (including agrovets) plays in the agriculture sector’s
growth. The private sector, on the other hand, should realize that their malpractices (by
some enterprises) involving the quality and price of fertilizer during the 1998–2009
period still linger in the memory of the public sector (Takeshima et al. 2017). Thus,
there is work to be done to build trust.
This makes it necessary to ﬁnd a middle ground. In the short run, one such
middle ground can be where the government manages the import of quality fertilizer to
ensure there is enough to meet the demand and that the agrovets (in addition to
cooperatives) are also allowed to participate in the distribution of fertilizer. However,
we suggest the Government of Nepal also make necessary preparations to implement
fertilizer voucher schemes to replace the direct subsidy, as suggested by the ADS.
Once the voucher scheme is ready to be implemented, the density of distribution
points can be increased by enrolling enough agrovets (together with cooperatives) in
different parts of the country to efﬁciently distribute fertilizer. For this, a review and
customization of voucher-based fertilizer distribution schemes in India and countries
in Sub-Saharan Africa to suit the Nepalese context will be useful (Kato and Greeley
2016). Such an arrangement should provide some space and role for the private sector
(including agrovets) in fertilizer distribution in the short to medium term. In the longer
run, the private sector should aim to restore the public sector’s trust to explore
opportunities to import and distribute fertilizer within the bounds of government
policies and regulations to improve farmers’ access to fertilizer. The public sector can
then focus more on periodic assessments of the fertilizer-related policies and
implement effective monitoring mechanisms to minimize malpractices in the fertilizer
value chain.
The short supply of fertilizer is a problem in the country. Rising fertilizer prices
make it impossible to increase imports even amid growing demand, given the current
fertilizer subsidy budget allocated by the Government of Nepal and the unlikelihood of
a substantial increase in the annual fertilizer subsidy budget. There are a few options
for the Government of Nepal to consider to increase the supply in the short to medium
term. Urea (nitrogen nutrient) is the most demanded fertilizer in the country, and the
shortage of this fertilizer is perennial. Urea currently has the highest subsidy per

194 ASIAN DEVELOPMENT REVIEW

kilogram (65% price subsidy) compared to diammonium phosphate (DAP) and
muriate of potash (MOP) (35% price subsidy for each). In this regard, we suggest
revisiting the current urea subsidy, taking advantage of the fact that some farmers
(especially in the Hill region) are willing to pay more for urea when the supply is
assured (Ward et al. 2020). A reduction in the urea price subsidy to 35% (at par with
DAP and MOP) could potentially generate savings to manage aggregate urea demand
in Nepal. This reduction in the urea subsidy would also disincentivize higher nitrogen
application and incentivize the application of DAP and MOP, thereby promoting the
balanced application of fertilizer.
Fertilizer import- and distribution-related problems in Nepal are not due to a lack
of resources but result from the inherent inefﬁciencies in managing imports. Fertilizers are
imported through lengthy global tenders (requiring at least 4 months). The contracting
parties, in several instances, have an incentive to breach their contracts as the penalty
for breach is often less consequential than supplying fertilizer at an increased global
price. Dependence on one mode of supply (import through global tenders) alone is
risky, thus we suggest diversifying the options. One potential solution can be a
government-to-government agreement, preferably with neighboring countries like
India and the People’s Republic of China. Such government-to-government
arrangements should at least ensure the availability of fertilizer (especially urea)
during peak seasons (e.g., rice and maize cultivation). For DAP, a potential supplier
could be Ofﬁce Chériﬁen des Phosphates, Morocco, if the government can explore the
possibility of a long-term arrangement. Another consideration for a land-locked
country like Nepal is to plan for a buffer stock to safeguard against unforeseen
circumstances, which in recent years have included disruptions related to COVID-19
and politically motivated transit barricades set up by India in 2015 (Ghimire 2015).
Despite the inherent inefﬁciencies in the current fertilizer import and distribution
policies, including the administration of the subsidy program, the fertilizer subsidy in
Nepal is here to stay in one or another form as fertilizer has become a political
commodity (as in several other countries). To be realistic, fertilizer subsidies may have
to be continued in some manner to keep Nepalese farmers competitive with
neighboring countries that also have fertilizer subsidies in place. The Government of
Nepal should partner with the private sector for a more efﬁcient distribution of the
available fertilizer rather than letting the current malpractices continue. The Government
of Nepal issued a revised fertilizer distribution guideline in 2020 that opens a small space
for the private sector to participate in fertilizer distribution. This new guideline is still
very restrictive for agrovets (e.g., a cumbersome approval process to be eligible for
distribution of subsidized fertilizer).
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Researchers have shown that improper fertilizer use is related to environmental
degradation, including a high concentration of nutrients in watersheds (Zhang et al.
2015, Paudel and Crago 2021). In this regard, the Government of Nepal should not
only focus on increasing the supply and use of fertilizer in the country but also on
maximizing nutrient-use efﬁciency, while being mindful of the associated
environmental externalities and addressing the critical issue of food security and
agricultural growth.
Even though the focus of this study is 26 districts covering four provinces, we
believe the ﬁndings can be generalized to a fair extent to other provinces for three
reasons. First, we cover all three regions (Terai, Hill, and Mountain) of the country.
Second, three sides of the country (east, west, and south) share a border with India, and
thus there exists the possibility for the agrovets in other districts adjoining India to
have access to fertilizer illegally imported from India. Third, all agrovets in the
country face the same regulations related to fertilizer import and distribution.
The indulgence of private sector agricultural input wholesalers and retailers in
improper practices like overprescribing and overpricing has been reported in other
countries as well (Wesseling et al. 1997, Minot and Benson 2009, Chinsinga 2011,
Schreinemachers et al. 2017). Issues surrounding fertilizer supply and subsidy, and the
role of the private sector, are common in most developing countries in Asia and Africa
(Druilhe and Barreiro-Hurlé 2012; Kishore, Alvi, and Krupnik 2019). In this regard,
the information we provide in this paper on the behavior of private sector input
retailers in Nepal can be useful for cross-country learning, even as the details of
fertilizer supply, policy, and regulations may differ in other developing countries.
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Technical Efﬁciency in Production of
Major Food Grains in Punjab, Pakistan
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Based on the 2016–2017 farm survey data, this study examines technical
efﬁciency in the production of wheat, rice, and maize in Punjab province in
Pakistan. Technical efﬁciency, under varying returns to scale, in wheat farming
averaged 0.65; in rice, it averaged 0.74, and in the case of maize, it was 0.92. A
great majority of the sample farmers were estimated to be operating under
increasing returns to scale. Estimations of scale inefﬁciency in wheat
cultivation hovered around 18%; in rice, it ranged from 16% to 21%, and in
maize, it varied from 7% to 17%. These estimates are indicative of the scope
and the potential for increasing technical and scale efﬁciencies in the
production of all food grains, albeit to varying degrees for different crops.
Keywords: agriculture, data envelopment analysis, food grains, productivity,
technical efﬁciency
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population growth, urbanization, and industrialization, the availability of arable land
and water is facing intense pressure from nonfarm uses in Pakistan. Consequently, the
per capita availability of arable land and irrigation water is declining, while demand
for food and industrial raw materials is on the rise. The prices of farm inputs in
Pakistan—such as fertilizers, pesticides, farm machinery, and diesel—have
experienced a tremendous hike, resulting in the high cost of farm production and
consumers crying hoarse over the rising prices of food and other commodities
(Chandio et al. 2017). In addition, climatic changes—as manifested in rising
temperatures, varying patterns of rainfall, and increased and intensiﬁed ﬂooding—are
also raising concerns for farmers and those dealing with the development of
agriculture and food production in Pakistan.
The shortage of wheat production in the recent past, set against the domestic
requirements of an ever-increasing population, has triggered price hikes, while imports
strained the country’s foreign exchange reserves. Rice exports have been an important
source of earning foreign exchange, estimated at around $2 billion per year in recent
years. Increasing maize production has supported the expanding poultry and livestock
sectors in the country, as well as the edible oil industry. These crops are thus also
important in the context of the balance of trade and payments, and increasing their
production, especially through vertical and efﬁciency improvements, can have salutary
effects on the balance of trade through import substitution as well as exports.
In view of the foregoing situation, it is imperative to increase the productivity
of farm resources and improve the efﬁciency of inputs used in farm production. The
area under these crops, estimated at 14 million hectares, accounts for approximately
55%–60% of Pakistan’s total cropped area, and their annual production constitutes
98% of the total production of food grains in the country (Government of Pakistan
2020). Thus, the production and productivity of these crops play a crucial role in food
security and food inﬂation and also impact the balance of trade in Pakistan. The
contribution of Punjab to the annual production of food grains in the country is
estimated at over 73% for the most recent years for which data are available
(Government of Pakistan 2018), reﬂecting the province’s status as the food grain
basket of Pakistan. This study has been designed to ascertain technical efﬁciency in the
production of food grains at the farm ﬁrm-level in Punjab.
The contents of the rest of this paper are arranged as follows. Section II discusses
the methodological framework for measuring technical efﬁciency in crop production.
The data used in the empirical analysis of the efﬁciency of food grain production and
its source are explained in Section III. Results of the empirical estimation of the
technical efﬁciency of wheat, rice, and maize crops and the related aspects are
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presented in Section IV. Limitations of data and analysis are given in Section V. The
salient features emerging from the efﬁciency analysis of food grains and the policy
implications thereof are summed up in Section VI, concluding the paper.

II.

Methodological Framework for Efﬁciency Analysis

Productivity and efﬁciency have different meanings in real analysis. Productivity
is an absolute concept, measuring the output–input ratio, while efﬁciency compares the
actual production with the optimal level. Thus, it is a ratio between the actual and
optimal production levels and provides for the multi-combination analysis of inputs
and outputs relating to production frontier (Farrell 1957). The analytical methods to
measure efﬁciency with respect to the production frontier are divided into two
categories. One is the output-oriented distance function, and the second is the inputoriented distance function (Banker, Charnes, and Cooper 1984). The output-oriented
distance function indicates how much output can be increased without changing inputs
and technology, while the input-oriented distance function suggests how much input(s)
can be reduced without affecting output(s) and technology. Fare et al. (1994) further
extended these models to account for cost and allocative efﬁciencies.
Productivity and technical efﬁciency can be estimated using parametric and
nonparametric techniques. The linear, nonlinear, and stochastic production functions
are the most famous in the category of parametric techniques (Ahmad et al. 2002,
Tavva et al. 2017). In case of nonparametric techniques, data envelopment analysis
(DEA) is widely used in estimating technical efﬁciency (Battese, Malik, and Gill 1996;
Hameed, Padda, and Salam 2014). This study uses the input-oriented DEA model
presented by Banker, Charnes, and Cooper (1984) under constant and variable returns
to scale and estimates the technical efﬁciency by solving the duality problem in linear
programming as given below:
Objective:

min θ,

Subject to:

yi þ Y  0
θxi  X  0
  0

θ, 

ð1Þ

where θ is the technical efﬁciency of ith food grain crop farmers. Y is the output matrix
for ith food grain crop farmers. yi is the output vector for ith food grain crop farmers. 
is I*1 vector of constant weights. X is the inputs matrix for ith food grain crop farmers.
xi is the inputs vector of x1i , x2i , . . . , x8i food grain crop farmers.
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This model was used with the assumptions of constant and variable returns to
scale, using the convexity constraint N1 0  ¼ 1, which ensures that an inefﬁcient
farmer is only benchmarked against a farmer of similar size.
A number of studies have estimated, over time, the productivity and efﬁciency of
various crops in Pakistan. The methodologies employed by these studies can be
divided into three categories: conventional production function, stochastic frontier
production function, and DEA. The studies using conventional production functions
include Salam (1976, 1981), Iqbal et al. (2001), Abid et al. (2011), and Koondhar et al.
(2018). These studies used direct inputs to the production function and assumed all
growers were 100% efﬁcient in their input utilization. Studies using stochastic
production functions with one-step and two-step modeling approaches include Battese,
Malik, and Gill (1996); Battese and Broca (1997); Ahmad, Qureshi, and Hussain
(1999); Ahmad et al. (2002); Saddozai et al. (2013); Battese, Nazli, and Smale (2014);
and Fatima, Almas, and Yasmin (2017). Studies using DEA are by Sohail et al. (2012);
Javed et al. (2009); and Hameed, Padda, and Salam (2014). Most of these studies had a
monocrop focus and were based on a small dataset, while quite a few have become
dated. This study analyzes the technical efﬁciency of all the major food grains
cultivated in Punjab. It is based on a large dataset collected through a stratiﬁed sample
survey organized in the irrigated regions of the province.
Studies using the ﬁrst two approaches have suffered from model speciﬁcation
issues and have assumed a normal distribution of variance (Pitt and Lee 1981,
Kalirajan 1981, Battese and Coelli 1995). These methods are incapable of providing a
detailed source of technical inefﬁciencies (Javed et al. 2009, Sohail et al. 2012). DEA
is a linear programming technique that calculates the efﬁciencies by providing a
nonparametric piecewise production frontier over the underlying output and input
data. This is an engineering approach and has its own limitations (Coelli et al. 2005).
Measurement errors, other noise, and outliers can affect the shape of the boundary and
inﬂuence the results. The omission of signiﬁcant input(s) or output(s) can also bias the
results, constituting an important limitation of this approach. The key merit of DEA is
its computational simplicity, as it can be accomplished without understanding the
algebraic form of the input and output relationship. The input and output analysis can
be evaluated without any functional form (i.e., linear, quadratic, or exponential)
(Coelli et al. 2005). This nonparametric DEA approach estimates the technical
efﬁciency by measuring the distance between the data points of the respective sample
and the production frontier. Firms that lie at the production frontier are called
technically efﬁcient. Those ﬁrms that lie below the production frontier are technically
inefﬁcient, and their efﬁciency can be increased by reducing their distance from the
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production frontier (Coelli et al. 2005). As per the study objectives, DEA has been
adopted to estimate the technical efﬁciency of major food grains from the farm survey
data in Punjab, as discussed below.

III. Data and Source
This study is based on the farm survey data relating to the 2016–2017
(June–May) crop year, collected by the Punjab Economic Research Institute, Lahore.
The salient features of the survey sample and data, as gleaned from Tahir, Azeem, and
Danish (2018), are given below. The sample was selected through a multi-stage
stratiﬁed random sampling. At the ﬁrst stage, Punjab province was stratiﬁed into two
regions based on the irrigation status and its mode: rain-fed and irrigated. The barani
(rain-fed) region, as the name implies, primarily depends on natural precipitation for
its farming activities, whereas in the irrigated areas, the dominant source of irrigation
is canals. At the second stage of sampling, the barani region was subdivided into
barani and partial barani regions.
The irrigated region was divided into three crop ecological zones: cotton–
wheat, rice–wheat, and mixed-crop zones. From all these zones, 18 districts—4 from
the rain-fed and 14 from the irrigated region—were randomly selected. The district
is the administrative unit and is further subdivided into tehsils (subdivisions). From
the sample districts, grouped into various ecological and crop zones, 38 tehsils
were randomly selected. During selection, tehsils in districts were accorded equal
weight and two tehsils from each district were included in the survey sample.
Faisalabad and Vehari districts, being larger in size, each had three tehsils included in
the sample.
From each sample tehsil, depending on the size, between two and four villages
were randomly chosen for the selection of survey respondents. A complete census of
households in the sample villages was organized and, in all, 766 households were
selected according to the probability proportionate to size through the following
formula:
n¼

Z 2 P(1  P)N
 P) þ nd 2

Z 2 P(1

ð2Þ

where n is the sample size; Z is the normal variate; P is the population proportion; d is
the maximum error deemed acceptable; and N is the target population.
The distribution of sample units at various stages of sampling is presented in
Table 1.
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Distribution of Survey Sample by Agriculture Zone

Agriculture or Crop Zone
Rain-Fed Areas
Barani
Partial barani
Irrigated Areas
Rice–wheat
Mixed zone
Cotton–wheat
Total

Number of Districts

Number of Tehsils

Number of Villages

4
2
2
14
5
3
6
18

8
4
4
30
10
7
13
38

14
6
8
39
12
8
19
53

Source: Authors’ compilation based on Tahir, Azeem, and Danish (2018). Farm Accounts, Family Budgets
of Rural Families and Cost of Production of Major Crops in Punjab (2016–2017). Lahore: Punjab
Economic Research Institute.

A team of research assistants, posted in various villages, collected data for the
2016–2017 crops, conducting interviews with household heads and recording
responses in a pretested survey questionnaire. The crop-speciﬁc data covered all the
farm operations and activities, from land preparation to harvesting and marketing of
the produce. The data, inter alia, are related to crop area, use of various farm inputs
and ﬁeld operations on a per crop acre basis, crop yield, unit prices of inputs, customs,
and rates of various farm operations. This study is based on the crop production data of
551 farm households in the irrigated region only. This subset of the sample belonged
to 14 irrigated districts and was spread over 39 villages. Actually, there were 577
households in the irrigated region, but data from some of these respondents were not
complete and had to be discarded.

IV.

Empirical Results

As already mentioned, wheat, rice, and maize are the major food grains
cultivated in Punjab. Efﬁciency in their production has an important bearing not only
on the growth rate of agriculture in the province but also on the overall food security
situation in Pakistan. Empirical results of efﬁciency analysis in the production of food
grains, based on 2016–2017 crops’ data, are detailed below.
A.

Land Productivity

Basic statistics relating to land productivity of food grains and yield per acre on
sample farms and grouped according to their crop zone are presented in Table 2.
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Land Productivity of Food Grains on Sample Farms

Agriculture Zone

Rice–Wheat

Cotton–Wheat

Mixed Zone

Overall

Wheat

Number of observations
Mean yield
Standard deviation

167
1,695
195.7

274
1,584
265.7

110
1,477
247.9

551
1,596
254.3

Rice

Number of observations
Mean yield
Standard deviation

161
1,625
532

47
1,517
432

48
1,271
405

256
1,538
510

Maize

Number of observations
Mean yield
Standard deviation

—
—
—

—
—
—

—
—
—

62
1,995
445

— ¼ not applicable.
Note: Crop yields in kilogram per acre; rice yield in terms of paddy.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey
data for crop year 2016–2017.

Variation between the yields is reported in Appendix (Table A1). As per these data,
there is a lot of variation in crop yields, both within and across the crop zones. The
self-reported yield of wheat, averaging 1,695 kilograms (kg) per acre, was the highest
in the rice–wheat zone, followed by 1,584 kg per acre in the cotton–wheat zone, and
1,477 kg per acre in the mixed zone. The overall wheat yield, for the entire sample of
irrigated districts, was estimated at 1,596 kg per acre, with a minimum of 600 kg and a
maximum of 2,480 kg per acre. In the rice–wheat zone, the per acre yield ranged from
1,200 kg to 2,000 kg, and in the cotton–wheat zone the minimum and maximum yields
were reported at 800 kg and 2,480 kg, respectively. In the mixed zone, the per acre
yield ranged from 600 kg to 2,280 kg. The coefﬁcients of variation in crop yields,
ranging from 0.12 to 0.17, averaged 0.16, reﬂecting substantial variation and scope for
increasing production through a reduction of yield gaps across farms.
Rice (paddy) yield, in the rice–wheat zone, ranging from 800 kg to 2,800 kg per
acre, averaged 1,625 kg, with a coefﬁcient of variation (CV) of 0.33. The paddy yield
in the mixed zone, varying from 640 kg to 2,680 kg, averaged 1,271 kg, with its CV
estimated at 0.32. In the cotton–wheat zone, the paddy yield oscillated between 720 kg
and 2,600 kg, averaging 1,517 kg and with a CV of 0.28. As per these data, the paddy
yield in the rice–wheat zone, having the largest number of observations, was relatively
higher but also reﬂected greater variability.
In view of the small number of observations of maize-growing farmers (62),
analysis of this crop is based on the total sample without subdividing the observations
into crop zones. Maize yields, ranging from 1,080 kg to 3,200 kg per acre, averaged
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1,995 kg. Notwithstanding the adoption of improved cultivars, maize yield data reﬂect
the substantial variation as manifested by a high value of the standard deviation.
To ascertain statistical signiﬁcance of the differences in crop yields, within and
across zones, a Bonferroni test was applied to compare multiple hypotheses with
multiple comparisons (Armstrong 2014). As per results of the test, the differences in
wheat yield across the crop zones were statistically signiﬁcant at the 1% level.
Similarly, the differences in average rice yields across different zones were statistically
signiﬁcant at the 1% and 5% levels (Table A2).
B.

Technical Efﬁciency

Using DEA under the input-oriented technique, we have estimated technical
efﬁciency of food grains production under constant (TECRS ) as well as variable returns
to scale (TEVRS ). DEA, as explained earlier, is a linear programming technique that
calculates the efﬁciencies by producing a nonparametric, piecewise production frontier
encompassing the underlying output and input data. This also enables the estimation of
slacks in the use of important inputs, without changing the level of output and
technology (Coelli et al. 2005).
1.

Technical Efﬁciency under Constant Returns to Scale

Technical efﬁciency scores under constant and variable returns to scale along
with the scale efﬁciencies, as estimated from the survey data, are presented in Table 3.
As per results of the efﬁciency analysis, wheat farmers in the mixed zone had the
highest mean TECRS score of 0.80, with a range from 0.35 to 1.00. The average
technical efﬁciency scores in the cotton–wheat and rice–wheat zones were estimated at
0.74 and 0.61, respectively. TECRS in rice farming in the rice–wheat zone ranged from
0.37 to 1.00 and averaged 0.72. The mean values of technical efﬁciency were
estimated at 0.67 in the mixed zone and 0.70 in the cotton–wheat zone, while the
minimum values stood at 0.30 and 0.40, respectively. The technical efﬁciency of maize
on sample farms ranged between 0.38 and 1.00, averaging 0.76.
As per the estimates, technical efﬁciency in the production of all food grains,
across various crop zones and representing different farming systems and cropping
patterns, exhibits large variation. On average, wheat farmers can reduce their inputs by
20%–39% on the basis of the technical efﬁciency of constant returns to scale without
changing the current level of output and technology. Similarly, rice farming across
various crop zones demonstrates large variation. The metrics suggest vast scope for
increasing production through improving the technical efﬁciency of rice farmers. On
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Technical Efﬁciency Coefﬁcients in Food Grains Production
Wheat

Zones

OF

Rice

Maize

Efﬁciencies

Mean

Minimum

Mean

Minimum

Mean

Minimum

Rice–wheat

TECRS
TEVRS
SE

0.61
0.71
0.88

0.28
0.38
0.56

0.72
0.85
0.84

0.37
0.54
0.56

—
—
—

—
—
—

Cotton–wheat

TECRS
TEVRS
SE

0.74
0.90
0.83

0.44
0.72
0.47

0.70
0.87
0.8

0.40
0.60
0.41

—
—
—

—
—
—

Mixed zone

TECRS
TEVRS
SE

0.80
0.86
0.93

0.35
0.57
0.44

0.67
0.83
0.79

0.30
0.52
0.42

—
—
—

—
—
—

Overall sample

TECRS
TEVRS
SE

0.58
0.65
0.89

0.30
0.40
0.40

0.64
0.74
0.86

0.30
0.42
0.39

0.76
0.92
0.82

0.38
0.52
0.45

— ¼ not applicable, SE ¼ scale efﬁciency, TECRS ¼ technical efﬁciency under constant returns to scale,
TEVRS ¼ technical efﬁciency under variable returns to scale.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data
for crop year 2016–2017.

average, rice farmers can reduce their inputs by 28%–36% on the basis of the technical
efﬁciency of constant returns to scale without changing the current level of output and
technology. Maize farmers can reduce their inputs by 24% without changing the
current level of output and technology.
The assumption of constant returns to scale may not be tenable under conditions
observed on the ground, which are characterized by several input constraints and the
inelastic supply of land. We have also estimated technical efﬁciencies of food grains
production under varying returns to scale. The results of this estimation are also set out
in Table 3. Further discussion of efﬁciency analysis in this study is based on results of
varying returns to scale (TEVRS ) and scale efﬁciency (SE).
2.

Technical Efﬁciency under Varying Returns to Scale

The mean value of TEVRS for wheat, estimated at 0.90, was the highest in the
cotton–wheat zone, followed by 0.86 in mixed zone and 0.71 in rice–wheat zone.
Technical efﬁciency scores of wheat farmers in the cotton–wheat zone, ranging from
0.72 to 1.00, also reﬂected the lowest variation, while rice–wheat zone farmers’
efﬁciency scores ranged from 0.38 to 1.00 and reﬂected the highest variation. A large
fraction of wheat farmers, in all zones, had efﬁciency scores that were lower than their
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respective zonal averages. About 65% of farmers in the rice-wheat zone had an
efﬁciency score well below the sample average of 0.71. In the cotton–wheat zone,
about 50% of the wheat growers had an efﬁciency score of 0.90 or above. In the mixed
zone, 42% growers were estimated to have an efﬁciency score of 0.90 or above, while
54% had an efﬁciency score ranging from 0.60 to 0.90. It is worth mentioning that
wheat farming in the rice–wheat zone was not only less efﬁcient but its efﬁciency score
also reﬂected a skewed distribution toward the lower end of the spectrum. In the
cotton–wheat zone, the technical efﬁciency score was not only higher but also was
concentrated toward the higher end of distribution, with 93% of sample farmers having
a score of 0.80 or more.
The average efﬁciency score of 0.87 in rice farming for the cotton–wheat zone,
under varying returns to scale, was higher than the corresponding scores of 0.85 and
0.83, calculated for the rice–wheat and mixed zones, respectively. The technical
efﬁciency scores in the cotton–wheat zone ranged between 0.60 and 1.00, reﬂecting
smaller variation compared to the rice–wheat and mixed zones, which ranged from
0.54 to 1.00 and from 0.52 to 1.00, respectively. About 81% of sample farmers’
efﬁciency scores in maize farming are estimated to have exceeded 0.90. The high
efﬁciency scores in maize farming have their origin in the increasing adoption of
improved technologies centered on using hybrid varieties of maize.
3.

Scale Efﬁciency and Returns to Scale

The scale efﬁciency score was calculated by dividing the technical efﬁciency
score under constant returns to scale by the corresponding efﬁciency score under
variable returns (Coelli 1996). A scale efﬁciency score of 1 (100%) implies operating
at optimal scale or size, while a score of less than 1 (< 100%) is indicative of either
too small or too big a farm relative to its optimal size. The situation in terms of returns
to scale in wheat farming, for various crop zones, is depicted in Figure 1.
About 78% of all wheat growers were operating at increasing returns to scale,
while 16% had decreasing returns to scale. The inter-zone comparison of returns to
scale indicated the cotton–wheat zone has the highest proportion (92%) of increasing
returns to scale and only a tiny fraction (> 2%) exhibit decreasing returns to scale. In
the mixed zone, 41% of farmers have decreasing returns, while 59% are working under
constant or increasing returns to scale. The rice–wheat zone fell in between the cotton–
wheat and mixed zones, as 72% of farmers enjoy either increasing or constant returns
to scale.
The overall scale efﬁciency score for wheat farming stood at 0.89, while for rice
farmers it averaged 0.86, implying less than optimal scale because of the small size
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Returns to Scale in Wheat by Zones

CRS ¼ constant returns to scale, DRS ¼ decreasing returns to scale, and IRS ¼ increasing returns to scale.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data for crop
year 2016–2017.

of operations. Thus, there is scope for increasing scale efﬁciency. However, a large
majority of rice farmers have had small land areas, which may be their main hurdle
in realizing increasing returns to scale. The estimates of scale efﬁciency of rice crop
show that, on average, rice farmers in the rice–wheat and mixed zones, respectively,
experienced scale inefﬁciencies of 16% and 21% (Figure 2). The corresponding
value for the cotton–wheat zone stood at 20%. Although farmers in the rice–wheat
zone had the highest average yield, they were found to be less efﬁcient compared to
the cotton–wheat and mixed zone farmers. The estimation of scale efﬁciency of
wheat farmers suggests that growers, across various zones, had inefﬁciency scales
ranging from 7% to 17% implying that there is much scope for increasing output by
applying an optimal mix of inputs without changing the technology being used
(Table 3).
About 64.5% of maize growers were estimated to be operating with increasing
returns to scale, while 35.5% had constant returns to scale (Figure 3). The scale
efﬁciency for maize farming averaged 0.82, implying that farmers are operating at less
than optimal scale and scope for increasing scale efﬁciency. However, as a great
majority of the sample farmers have small areas for crops, exploiting economies of
scale will, among other things, involve enlarging the size of their farms.
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Figure 2.

Returns to Scale in Rice Farming by Zones

CRS ¼ constant returns to scale, DRS ¼ decreasing returns to scale, and IRS ¼ increasing returns to scale.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data for crop
year 2016–2017.

Figure 3.

Returns to Scale in Maize

CRS ¼ constant returns to scale, IRS ¼ increasing returns to scale.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data for crop
year 2016–2017.
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Slacks in Inputs Use

Data on average use of selected inputs and ﬁeld operations (converted into costs)
and slacks in the production of food grains, by agricultural zones, are set out in
Table A3, while a summary of the results is presented in Table 4. Data relating to use
level of inputs underscore the contribution of land preparation, seed and sowing,
irrigation, plant protection (weedicides and pesticides), and fertilizers in the cultivation
of food grains. The costs of these inputs, across various crops and regions and
cropping zones, depict substantial variation, reﬂecting regional diversity in resource
endowment, agronomic requirements of crops, and cultural operations.
As per the results of slack analysis, there is considerable potential for effecting
economies in the use of inputs and reducing the costs of ﬁeld operations in all the crops
and across crop zones. The cotton–wheat zone is characterized by relatively higher
slack in both wheat and rice crops. Major slacks are estimated in the costs of
supplementary irrigation, use of chemicals in plant protection, and use of fertilizer
materials. Wheat growers in cotton–wheat zone suffered higher slacks in plant
protection (52.2%), irrigation (24.6%), and land preparation (18.1%) compared to
rice–wheat and mixed zones. Cotton–wheat zone farmers can reduce their cost of
various inputs by 2,947 Pakistan rupees (PRs) per acre by cutting their use

Table 4.

Use of Important Inputs in Food Grains and Slacks
Land
Preparation

Seed and
Sowing

Plant
Protection

Fertilizer

Mean (PRs/acre)
Slacks (PRs/acre)
Slack (%)

2,768
102
3.68

5,327
9
0.17

Wheat
2,749
203
7.38

2,709
917
33.85

5,593
146
2.61

Mean (PRs/acre)
Slacks (PRs/acre)
Slack (%)

4,182
78
1.87

3,987
25
0.63

Rice
11,894
1,050
8.83

962
42
4.37

6,265
121
1.93

Mean (PRs/acre)
Slacks (PRs/acre)
Slack (%)

3,060
16
0.52

1,034
21
2.03

Maize
3,762
727
19.32

1,576
136
8.63

8,050
843
10.47

Irrigation

PRs ¼ Pakistan rupees.
Note: These data are the average of all the observations for the respective crops.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm
survey data for crop year 2016–2017.
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of irrigation, plant protection, and fertilizers without reducing output and technology.
In rice-wheat zones, there is also scope for a cost reduction of PRs993 per acre through
application of the inputs mentioned above.
As per the results of the slack analysis, slacks in the important inputs in relation
to average use per cost in the cotton–wheat zone in rice farming ranged from PRs43
to PRs1,218 per acre. The cotton–wheat zone experienced the highest slack at
PRs2,526 per acre compared to PRs1,047 and PRs1,191 for the rice–wheat and mixed
zones, respectively. Land preparation, seed and sowing, irrigation, and fertilizers
account for the bulk of slack. The amount of slack in irrigation costs in the cotton–
wheat (18%) and the mixed zone (11.3%) is higher as compared to the rice–wheat
zone. The estimated slacks in important inputs in relation to average use in maize
farming, on sample farms, ranged from PRs16 to PRs843 per acre. The overall slack
worked out to PRs1,743 per acre and included PRs727 for irrigation and PRs843 for
fertilizers.
Adequate land preparation is important for ensuring good seed germination and
the establishment of crop stand in a ﬁeld. As per the estimates, it is the second most
expensive farming input after the use of chemicals. According to the input-oriented
slack analysis, slacks in seed and sowing costs across all food grains are only
marginal. After land preparation and sowing, irrigation, plant protection, and fertilizers
are the most important expenditures for growing food grains. These items also
constitute the most important slack and source for cutting costs through judicious use
and mix of these inputs. Most of the growers use nitrogen and phosphate fertilizers,
and only a few apply potash fertilizer to their food grains. Farmers tend to spend from
PRs6,000 to PRs8,000 on fertilizers for various food grains. Most farmers are
understood to apply their fertilizers without any soil testing or crop analysis.
Fertilizer use is often predicated on availability rather than the best practices
recommended by crop experts, resulting in considerable wastage and slack in the
application of precious nutrients, varying between 2.0% and 10.5% of the cost of
fertilizers. The plant protection measures comprise the use of different herbicides and
weedicides. Pesticides and fungicides also form a part of the slacks that need to be
addressed through improving farmers’ awareness about the efﬁcient and judicious use
of these chemicals. Application of these materials is estimated to cost between
PRs1,000 and PRs2,700 per acre, and slacks constitute from 4% to 33% of the costs,
wheat having the highest expenditure as well as the largest slack. Indiscriminate use
of these chemicals not only adds to the cost of cultivation, but also causes
environmental pollution and health hazards. Irrigation costs offer another opportunity
for savings.
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Intercrop Comparison of Efﬁciencies

Average technical efﬁciency for the overall sample, under varying returns to
scale, worked out to 65% in wheat farming, 74% in rice farming, and 92% in maize
production. The wide variations in efﬁciency across crops are a manifestation of the
conditions under which the crops are raised and the adoption of technology. They are
also indicative of the potential for increasing production through raising productivity
and bridging the efﬁciency gap across various farm groups and crop zones. Higher
relative efﬁciency in maize farming may be on account of the wide adoption of
technological packages propagated by the seed companies. Whereas for rice and
wheat, the majority of farmers generally rely on their own seeds and seldom use the
full technological package. Nevertheless, it needs to be emphasized that in all crops,
farmers cannot operate at the same level of efﬁciency but need to minimize and bridge
the gaps across farm groups and regions.

V.

Limitations of the Data and Analysis

This paper has estimated technical efﬁciency in the production of food grains
from the data collected through a one-shot survey. Efﬁciency in farming hinges on
many diverse factors, including not only the use of technology as embedded in modern
and other farm inputs, but also on a host of other variables like quality of land and
water resources, timely or otherwise availability and judicious mix of various inputs,
location of farms, and management practices. Data on the latter type of variables can
seldom be captured in one-shot ﬁeld surveys, often conducted after the crop has been
harvested and, inter alia, may suffer from recall errors of omission and commission.
These surveys are also unable to capture the dynamics of farming systems best
captured through participation and observations of the ongoing process.
Notwithstanding such limitations of data common to all ﬁeld surveys, it is imperative
to have periodic assessments of the efﬁciency of farm enterprises, and gaps therein,
and ascertain constraints confronting farmers in their performance of various
agronomic activities. Akimowicz et al. (2018) and Fresco et al. (2021) have discussed
at length the strengths and weaknesses of such data, and they have suggested alternate
methods and approaches for the consideration of researchers in this context.
Estimating enterprise efﬁciency and related economic aspects does require quantitative
data on the use of various inputs, intensity and frequency of different farm operations
and management practices, and farm gate prices of inputs and outputs. However, these
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data ought to be supplemented by information on the variables listed above to help in
ascertaining the factors constraining efﬁciency so as to adopt remedial measures and
actions to bridge the efﬁciency and productivity gaps.
The comparative advantage of growing major crops, including food grains in
Punjab under import and export situations, is well established and documented
(Quddus and Mustafa 2011, Salam 2012, Salam and Tufail 2016). Wheat production in
the recent past has fallen short of the requirements of the burgeoning population,
necessitating large imports. Rice exports provide valuable foreign exchange.
Efﬁciency analysis helps in assessment of the situation for chalking out strategies
for increasing production based on import substitution or export promotion.

VI. Concluding Observations
Analysis of land productivity and technical efﬁciency in the production of major
food grains in the Punjab has highlighted substantial variation and scope for increasing
production by improving productivity and technical efﬁciency at the farm-ﬁrm level.
The overall TEVRS scores in wheat farming, ranging from 0.40 to 1.00, hovered around
0.65. A great majority of wheat farmers were estimated to be operating under
increasing returns to scale. The scale efﬁciency averaged 0.89. Technical efﬁciency
and estimates of slacks in the use of important inputs in wheat farming in various crop
zones indicate that farmers can reduce the level of important inputs from 10% to 29%
without changing the current level of output and technology. TEVRS scores in rice
farming averaging 0.87 in the cotton–wheat zone were higher than the corresponding
scores of 0.85 and 0.83 calculated for the rice–wheat and mixed zones, respectively.
About 78% of the rice farmers were estimated to be operating under increasing returns
to scale. The overall scale efﬁciency for rice crops averaged 86% and at a minimum
was 39%.
The estimated slacks in the important inputs in relation to the average use in the
cotton–wheat zone in rice farming ranged from PRs43 to PRs1,218 per acre. Land
preparation, seed and sowing, irrigation, and fertilizer account for the bulk of slacks.
The overall sample slack averaged PRs1,316 per acre. TEvrs in maize farming
averaged 0.92, ranging between 0.52 and 1.00. About 65% of maize farmers operate
under increasing returns to scale. The scale efﬁciency estimates indicated that maize
farmers, on average, had inefﬁcient scale of 18%. Empirical results depict farmers
experiencing between 16% and 21% scale inefﬁciency for rice, followed by 18% for
maize and from 7% to 17% for wheat, which is indicative of inefﬁcient scale of
production, albeit varying, in all food grains.
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A large variation in technical efﬁciency is a manifestation of the substantial
potential for increasing farm productivity and the production of food grains in the
province. However, successful efforts need to be predicated on detailed analysis and
diagnosis of the underlying factors for each region and crop. Akimowicz et al. (2018)
and Fresco et al. (2021) have provided useful guidelines on the subject. The variation
observed in the technical efﬁciency estimates, across various zones, suggests a
regional and bottom-up approach to improve the situation. It calls for regular
monitoring of the technical performance and socioeconomic constraints, availability of
various inputs, and marketing challenges, as well as addressing these issues as and
when they arise.
A large fraction of the sample farms in different crop zones, varying from crop to
crop, is estimated to be working below their respective average technical efﬁciencies.
The overall number of such farms is over 20%, a large number that must be a matter of
serious concern to all interested in the development of agriculture and alleviating rural
poverty. The route to mitigating poverty in the rural countryside passes through
increased farm production and productivity, given its vast forward and backward
linkages. This requires a proper strategy and policy framework based on in-depth
analysis of the ground situation. There is also a need to probe various factors that
hamper technical efﬁciency. There is considerable potential and scope for effecting
economies in the use of inputs and reducing unit costs of production by adjusting and
managing the use of important farm inputs.
The results of the study indicate that farmers are, by and large, operating at
increasing returns to scale and, therefore, have the potential to increase their efﬁciency
and productivity by increasing their scale of activities and operation. This implies that
the farmers in Punjab are operating on less than optimal scale and increasing it would
facilitate more effective use of inputs and lower marginal costs of production.
However, as a great majority of farmers have small holdings and land is a major
constraint in this context, some out-of-the-box thinking is required to tap this potential.
As far as the slacks in input use are concerned, a few points regarding the use of
chemical technologies and inputs like fertilizers, weedicides, and pesticides are in
order. No doubt the use of chemicals—including fertilizers to increase and maintain
soil fertility and ensure adequate plant nutrition; plant protection measures to protect
crops against the ravages of various insects, plant diseases, and other pathogens; and
weedicides and herbicides to control weeds in crop ﬁelds—has assumed a critical role
in increasing crop production and productivity. However, it is the judicious use of
these chemicals—based on proper soil and crop analysis in the case of fertilizers and
proper pest scouting and the identiﬁcation of various insects, stage of pest’s life cycle,
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and the timing and dosage of the chemicals based on expert advice—that can yield
optimal results. Similarly, the application of weedicides gives the best results when
accompanied by expert advice on the selection, timing, and dose of such materials. In
the absence of such precautionary measures, the indiscriminate use of fertilizers,
pesticides, and weedicides is not only inefﬁcient and wasteful, but also it can result in
environmental pollution, resource degradation, and health hazards and challenges. The
slacks estimated in the use of various chemical fertilizers and pesticides point to their
indiscriminate use and underscore the need for developing and adopting an integrated
approach incorporating agronomic practices and crop rotations. It is also imperative to
develop and follow standard operating procedures in the use of agricultural chemicals.
These procedures must be propagated through print, electronic, and other media for
dissemination and adoption at the grassroots level to achieve sustainable development
in agriculture.
Given the constraints to expanding arable land and declining per capita
availability of land and water resources, it is imperative to streamline and strengthen
the agricultural research and extension systems, develop institutional capacity in
Punjab to address emerging challenges and issues, develop region-speciﬁc crop
production technology packages, and guide farmers through all media in the adoption
of these packages. Needless to emphasize, steps must be taken to ensure the timely and
adequate availability of these packages. It is also important to develop an agricultural
policy package to cater to the short-term and long-term objectives of agricultural
development and food security requirements as ad hoc policy packages cannot be a
substitute for a thoughtful strategy for the development of agriculture in Pakistan.
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Appendix

Table A1. Wheat, Rice, and Maize Yield Variation by Zone
Crop

Agriculture Zone

Minimum Yield

Maximum Yield

Coefﬁcient of Variation

Wheat

Rice–wheat
Cotton–wheat
Mixed zone
Overall

1,200
800
600
600

2,000
2,480
2,280
2,480

0.12
0.17
0.17
0.16

Rice

Rice–wheat
Mixed zone
Cotton–wheat
Overall sample

800
640
720
640

2,800
2,680
2,600
2,800

0.33
0.32
0.28
0.33

Maize

Overall sample

1,080

3,200

—

— ¼ not applicable.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data
for crop year 2016–2017.

Table A2. Comparison of Wheat and Rice Yields
Between
Groups

Wheat within
Groups

Total

Between Rice within
Groups
Groups

Total

Sum of squares
3,242,942
32,332,452 35,575,395 4,654,954 61,648,421 66,303,375
(SS)
Degrees of freedom
2
548
550
2
253
255
(DF)
Mean square (MS)
1,621,471.1
59,000.8
64,682.5 2,327,477
243,670
260,013
F-test
27.48
9.6
Prob: > F
0.000
0.0001
Bartlett’s test for equal
Chi 2(2) ¼ 18.1692
Chi 2(2) ¼ 6.6339
variances
Prob: > Chi 2 ¼ 0:000
Prob: > Chi 2 ¼ 0:036

Comparison of Wheat Yield
by Using Bonferroni Test

Comparison of Wheat Yield
by Using Bonferroni Test

Row Mean–Column Mean Rice–Wheat Zone Mixed Zone Rice–Wheat Zone Mixed Zone
Mixed Zone
Cotton–Wheat

218.36*
110.93*

—
107.43*

353.7*
108***

—
245.7**

— ¼ not applicable.
Notes: * < 1%, ** < 5%, and *** < 10%.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data
for crop year 2016–2017.
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Table A3.

Use of Important Inputs and Slacks in Wheat, Rice, and
Maize Farming (PRs/acre)
Rice–Wheat

Cotton–Wheat

Mixed Zone

Overall Sample

Crops

Inputs

Mean

Slacks

Mean

Slacks

Mean

Slacks

Mean

Slacks

Wheat

Land preparation
Seed and sowing
Irrigation
Plant protection
Fertilizer

3,099
5,103
3,598
1,513
5,390

6.1%
0.4%
11.5%
21.0%
4.8%

2,641
5,417
2,541
4,060
5,868

18.1%
0.1%
24.6%
52.2%
3.5%

2,582
5,441
1,978
1,160
5,217

10.3%
0.6%
15.1%
17.2%
1.3%

2,768
5,327
2,749
2,709
5,593

3.7%
0.2%
7.4%
33.9%
2.6%

Rice

Land preparation
Seed and sowing
Irrigation
Plant protection
Fertilizer

4,540
4,334
14,388
879
5,787

5.2%
1.8%
3.4%
6.4%
3.2%

4,348
3,646
6,751
1,011
7,834

1.0%
12.1%
18.0%
6.3%
9.7%

2,818
3,155
8,568
1,191
6,334

4.7%
0.0%
11.3%
5.0%
0.5%

4,182
3,987
11,894
962
6,265

1.9%
0.6%
8.8%
4.4%
1.9%

Maize

Land preparation
Seed and Sowing
Irrigation
Plant Protection
Fertilizer

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

—
—
—
—
—

3,060
1,034
3,762
1,576
8,050

0.5%
2.0%
19.3%
8.6%
10.5%

— ¼ not applicable, PRs ¼ Pakistan rupees.
Source: Authors’ calculations based on Punjab Economic Research Institute, Lahore’s farm survey data
for crop year 2016–2017.
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I.

Introduction

The investigation of bank credit growth has attracted the attention of academics
and policy makers, especially in the aftermath of the global ﬁnancial crisis, due to the
consequences of credit boom–bust cycles on the economy. Despite credit booms
exposing systemic risks to banks, making them vulnerable to ﬁnancial crises, bank
credit growth remains the main driver for domestic investment, production, and
consumption, thereby bolstering macroeconomic stability, especially in bank-based
emerging economies (Gozgor 2018). Besides, domestic credit growth reduces the
incentive for private sector to borrow from external sources, which adversely aﬀects
the exchange rate and inﬂation rate, creating pressure for macroeconomic instability
(Obstfeld 2012). Therefore, policy makers typically adopt policies to stimulate
domestic credit growth such as public bailouts, deposit insurance or blanket
guarantees, capital injections, and the nationalization of problem banks (Ibrahim
and Rizvi 2018). Similarly, academics have investigated the factors stabilizing bank
credit. They found that bank-speciﬁc factors—such as bank capital, proﬁtability,
eﬃciency, leverage, stability and ownership (Al-Khouri and Arouri 2016), bank type
(Albaity et al. 2021), macroeconomic factors and monetary policy (Elekdag and Han
2015), and income and money supply (Gozgor 2018)—stabilized bank credit.
Trust, which reﬂects social norms and values, has recently captured academics
and policy makers’ attention. Studies have observed that trust is eventually involved in
every lending decision (Guiso, Sapienza, and Zingales 2004). Trust impacts ﬁnancial
development and economic growth (Garretsen, Lensink, and Sterken 2004), and it
facilitates bilateral trade (Guiso, Sapienza, and Zingales 2009), stock market
participation (Guiso, Sapienza, and Zingales 2008), peer-to-peer lending (Lu et al.
2020), stock market liquidity (Ng, Ibrahim, and Mirakhor 2016), and economic
freedom (Graaﬂand 2020). However, trust’s role in bank credit growth has yet to be
explored in the empirical literature. Therefore, this study investigated whether and
how trust promotes domestic credit growth, as trust could facilitate domestic bank
credit growth diﬀerently. First, trust reduces conﬂicts of interest between banks and
borrowers and minimizes information asymmetries concerning lending with regard to
formal information such as business plans, ﬁnancials, and credit ratings (Dudley and
Zhang 2016). Second, trust increases market participation and deposit supply,
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decreases the cost of bank funds and lending rates ﬂuctuations, and accelerates
domestic credit growth (Guiso, Sapienza, and Zingales 2008). Third, trust reduces
opportunistic attitude of borrowers and increases information ﬂows to banks, reducing
agency problem and loan monitoring costs, which facilitates credit growth by reducing
moral hazards and the adverse selection problem of banks (Hasan et al. 2017).
Besides, the role of trust in bank credit growth depends on governance quality.
Good governance disciplines market behavior. It facilitates the functioning of
intermediation processes (Gani and Rasul 2020). One strand of trust-related literature
identiﬁes a substitutive association with the quality of governance (QOG), postulating
the notion that trust is essential to operate in markets where the QOG is poor.
According to Knack and Keefer (1997), poor economies indicate that trust in
combination with a weak institutional framework could be crucial for economic
development, thus implying a substitutive relationship between trust and institutional
quality. Similarly, regarding ﬁnancial growth, Guiso, Sapienza, and Zingales (2004)
suggested that trust is crucial for implementing ﬁnancial contracts when legal
framework cannot guarantee them. However, Rooney and Murthy (2020) argued that
social mechanisms, such as trust, have been demonstrated to coexist with formal
institutional frameworks, allowing individuals’ wealth creation. Garretsen, Lensink,
and Sterken (2004) observed that social norms and legal frameworks impacted
economic growth. Yet, existing literature is inconclusive regarding the ﬁndings of
Mccannon, Asaad, and Wilson (2018), who concluded that there was a complementary
relationship between trust and contracts. As a formal institution, governance quality
may provide a channel for maintaining the trust and penalizing distrust (Ng, Ibrahim,
and Mirakhor 2016). In that regard, Bjørnskov and Méon (2015) suggested that
documented positive links of trust with growth and productivity were channeled
through strong institutional structures, speciﬁcally via consistency of judicial and
economic institutions. Such results implied that trust and institutional quality do not
have a substitutive relationship. Thus, given that empirical literature has tended to
investigate the role of trust and formal institutional quality in boosting economies, it is
interesting to study their impact on banks’ credit growth and whether these two forces
coexist. Thus, this study’s ﬁrst and second objectives were to investigate the roles
played by the informal institution of trust and formal institutional quality on banks’
credit growth.
Extensive studies have been carried out to investigate links between bank credit
growth and the business cycle. Most of these studies have examined the ownership or
type of bank (e.g., private versus [vs.] public domestic vs. foreign, or Islamic vs.
conventional). The results of these studies have been mixed; in some cases, one type of
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bank has outperformed the others, or there has been no diﬀerence between banks (Zins
and Weill 2018, Weill and Zins 2021). This study examined whether banks in
members of the Association of Southeast Asian Nations (ASEAN) were pro-cyclical
or otherwise. Al-Khouri and Arouri (2016) indicated that a positive and signiﬁcant
coeﬃcient of gross domestic product (GDP) meant that higher GDP growth boosted
bank credit growth in line with the idea of the pro-cyclicality of lending expansion
behavior. Meanwhile, the coeﬃcient of GDP may take a negative and signiﬁcant value
supporting the counter-cyclicality of credit growth during a slowdown in the economy
(Ibrahim 2016).
In selecting an appropriate sample to investigate the role of trust and governance
on credit growth, the banking sectors of ASEAN member countries captured our
attention. The ASEAN region has seen unique banking industry liberalization and
restructuring, based on the experience of a credit boom and bust in the 1990s, and the
subsequent adoption of the ASEAN Banking Integration Framework. The banking
sector in the region remains a signiﬁcant source of private sector ﬁnancing, dealing
with more than 82% of the region’s ﬁnancial assets (Asian Development Bank 2013).
ASEAN countries liberalized their banking sectors in the early 1990s, removing
banks’ interest rate ceilings and reserve requirements, promoting credit growth, and
supporting economic growth (Cook 2008). However, this liberalization, which created
signiﬁcant bank credit growth, fueled an economic bubble in the early 1990s, resulting
in a bust in 1997. The 1997/98 Asian ﬁnancial crisis was due to substandard bank
regulation, poor institutional quality, and the loss of individuals’ trust in the banking
system (Noman, Sok Gee, and Isa 2017). In response to the 1997/98 Asian ﬁnancial
crisis, ASEAN policy makers undertook various emergency policy measures in the
banking sector—such as the introduction of blanket guarantees, capital injections to
distressed banks, the closure of nonviable banks, and the transfer of nonperforming
loans to public banks—to restore public trust in the banking system and to stabilize the
economy (Noman, Sok Gee, and Isa 2017). In addition, ASEAN countries have gone
through tremendous banking sector reforms in the form of privatizations, mergers,
acquisitions, cross-border ﬁnancial integration, and the adoption of international best
practices in banking supervision and regulation [e.g., explicit deposit insurance, the
Basel III accords for capital regulation, market discipline, and risk management
(Noman, Sok Gee, and Isa 2018)] to improve institutional quality and bring discipline
to the market. These banking sector reforms and regulations have changed the
landscape of the region’s ﬁnancial architecture as evidenced by the steady rise of bank
credit to the private sector as a percentage of GDP from 2006 to 2019 (Ha et al. 2020).
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This study’s contribution to the existing literature is twofold. First, to the authors’
knowledge, this is the ﬁrst study to include trustworthiness and conﬁdence as one
measure of trust in ﬁnancial markets, together with macro-governance variables, to
measure bank credit growth in ASEAN economies. These two components explain the
external voluntary and nonvoluntary governance indicators that are important in
gauging the banking sector. Trustworthiness in ﬁnancial markets, combined with
governance and regulatory supervision, might help developing economies to avoid
crises (Kanagaretnam et al. 2019). Similarly, Hussain et al. (2020) and Kamarudin
et al. (2020) indicated that country governance had received little attention during the
global ﬁnancial crisis. In addition, it has been demonstrated that increased regulatory
governance can damage the economy (Martens et al. 2021). Second, in Hofstede’s
(1980) cultural dimensions, the ASEAN region’s individualism scores indicated that
the region’s countries were classiﬁed as collectivistic societies. It has been argued that
individuals in collectivistic societies must follow group norms, suggesting that values
are deﬁned at the group level rather than the individual level (Pitlik and Rode 2016). In
addition, Fuentelsaz, González, and Maicas (2019) indicated that the cultural
dimension was diﬀerent between countries and contributed to the behavior of their
societies. This outcome meant that trust in authority was higher in such societies than
in individualistic cultures. Hence, the ﬁndings of this study explain whether
government policies should target enhancing trust or expanding the regulatory and
oversight powers of institutions.
The rest of this paper is organized as follows. Section II describes existing
literature relevant to trust, institutional quality, and bank credit growth. Section III is
devoted to the data and methodology used in this study. The results and a discussion
are provided in Section IV. Section V oﬀers a conclusion to the paper.

II.

Literature Review

A.

Trust and Bank Credit Growth

The nexus of trust and credit growth closely connects with those research ﬁelds
where trust is generally of great importance. The potential advantages of trust relate to
coordination and a decline in transaction costs. Gambetta (2000) described trust as the
desire to behave advantageously without harming others, motivating others to
collaborate. Arrow (1972) treated trust as an integral part of economic transactions,
where decreased trust could explain the economic backwardness of some countries to
a large extent. Similarly, Coleman (1994) highlighted the importance of trust in
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minimizing opportunistic behaviors in transactions, while Knack and Keefer (1997)
concluded that collaborative behaviors minimized agency problems, moral hazards,
and monitoring costs.
Theoretical evidence on the trust–credit growth nexus refers to information
asymmetries among the parties conducting economic transactions, as ﬁnancial
agreements require adequate transparency (La Porta, Lopez-De-Silanes, and Shleifer
2006). As information asymmetries are more common in countries with low levels of
trust, it is expected that this will negatively aﬀect their credit growth. Ferrary (2003)
argued that when banks, acting as agents, issue credit, they risk not receiving back the
amount of credit granted to borrowers. Although ﬁnancial institutions possess risk
management techniques that minimize information asymmetry, they also rely on trust.
This is because the validity of available information and the accuracy of risk
assessments may depend on the prevalent trustworthiness where the transactions take
place. Consequently, in high-trust environments, it can be expected that credit-issuing
institutions would be more likely to oﬀer ﬁnancial capital with better terms since they
would deem these to be less risky loans (Hasan et al. 2017).
Demand also has a link with trust. Guiso, Sapienza, and Zingales (2004)
proposed a framework where investors’ demand for stocks relied on the expected
returns and risk aversion. Among other factors, this was correlated with the possibility
that a transaction’s counterpart would behave sincerely. Guiso, Sapienza, and Zingales
(2008) concluded that it was more probable that people would suspect any provided
information in a low-trust environment, which could discourage their involvement in
credit markets. Moro and Fink (2013) suggested that trustworthiness promoted the
availability of reliable information, thereby reducing the asymmetries of information
and facilitating monetary transactions.
The available empirical evidence widely supports the arguments of this study’s
authors. Concerning the nexus of trust and ﬁnance, Calderón, Chong, and Galindo
(2002) reported a positive association between trustworthiness and various bank-level
factors such as bank assets, ﬁnancial eﬃciency, net proﬁt margins, and banks’
overhead costs. Trust was also an important determinant of stock markets (Ng,
Ibrahim, and Mirakhor 2016). Trust showed a positive association with households’
banking services usage in emerging countries, speciﬁcally for countries with low
education and law enforcement levels. Recently, trust was also a signiﬁcant
determinant of liquidity in ﬁnancial markets (Blau 2017).
The existing literature suggests a positive link between trust and small and
medium-sized enterprises’ short-term ﬁnance and repayment capacity in ﬁrm-level
studies (Moro and Fink 2013). Moreover, trade ﬁnance provisions have been
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positively associated with trust. Wu, Firth, and Rui (2014) concluded that trust enabled
ﬁrms to manage institutional hurdles in ﬁnancing their operations. Li, Wang, and
Wang (2017) revealed that companies with headquarters in high-trust countries
appeared to have a lower level of cash risk.
In microﬁnance, similar evidence concerning the trust–ﬁnance nexus has been
identiﬁed in the context of developing economies. High trust improves credit ﬂows,
which positively correlate with repayment ratios (Karlan 2007). The ﬁndings of other
studies have revealed that trust has reduced lending and monitoring costs for banks
(Heikkilä, Kalmi, and Ruuskanen 2016). Borrowers behave less opportunistically in
trustworthy societies. This is because banks may not need to spend heavily
investigating borrowers’ creditworthiness before disbursing loans and monitoring
investments after paying loans, both of which lower banks’ lending costs. Hence,
reduced lending costs lower lending rates, consequently enhancing overall banking
credit growth and economic activity in a trustworthy society.

B.

Trust, Institutional Quality, and Bank Credit Growth

Boix and Posner (1998) claimed that governments bear lower compliance costs
for regulations and policies where trust levels are higher since there will be no
requirement to build and manage complicated monitoring systems. This is because
trust inﬂuences people’s perceptions regarding their peers’ behavior. For instance, if
people demand that others should pay taxes and follow environmental laws, it is
expected that they will also act in the same manner. This is connected to the societal
costs of diverging from the law. Moreover, government actions that can be eﬀective in
the long run require compromises in the short run. People in high-trust countries are
more likely to support such decisions since they depend on government requirements
and the assurance of the potential advantages of such policies.
Trust allows political elites at various tiers of government to collaborate
successfully and not cause problems for their peers. Similarly, when trust and mutual
norms are strong, competing parties are more able to overcome their disputes (Knack
and Putnam 2002), while reforms are easier to enforce. For example, Heinemann and
Tanz (2008) stated that countries with higher trust levels could eﬀectively introduce
reforms that strengthened economic freedom. Similarly, Berggren, Daunfeldt, and
Hellstrom (2016) found a signiﬁcant role of trust in speeding up the enforcement of
reforms, whereas higher levels of trust also promoted constructive legal and political
reforms and served as a barrier to negative reforms (Berggren and Bjørnskov 2017). In
the context of bank lending, the lack of a regulatory framework due to poor
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institutional quality may have exacerbated banks’ risk-taking behavior, making them
unstable and vulnerable to banking crises (Anginer et al. 2018). For instance, because
of weak governance systems, less stringent supervision encourages banks to oﬀer risky
loans to ventures based on mere political ties instead of project feasibility, which in the
long term raises problems for banks (Beck, Demirgüç-Kunt, and Levine 2006).
Alternatively, a sound institutional framework improves supervision and credit market
competition through alternative modes of ﬁnance, which impacts banks’ risk-taking
behavior and restricts them from granting risky loans (Ashraf, Arshad, and Yan 2017).
In a nutshell, the governance structure deﬁnes the eﬀectiveness of a country’s banking
system, aﬀecting its lending activities, as banks operate within the existing governance
framework.

III. Methodology
Many studies have investigated the impact of bank credit growth on reinforcing
ﬁnancial stability and boosting economic growth. Such rapid credit growth has led to
signiﬁcant beneﬁts for individuals looking to channel their savings proﬁtably and
facilitated the development and economic growth of the ﬁnancial system.
Nevertheless, the swift pace of credit growth has raised concerns about
macroeconomic and prudential risks. Thus, studying the factors aﬀecting credit
growth is crucial for policy makers. This study included factors that aﬀect credit
growth in the ASEAN region, in which new factors were appended to common ones.
This study’s core objective was to examine the impact of the QOG and trustworthiness
on credit growth as well as the cyclicality of banks.
A.

Sample

The initial sample consisted of 341 banks (both conventional and Islamic banks)
from the 10 members of ASEAN, utilizing annual data from 2012 to 2019. All
bank-level data were calculated from the BankFocus database provided by Fitch
Ratings, IBCA, and Bureau Van Dijk. For homogeneity purposes, the following
institutions, central banks, government development banks, investment banks, and
ﬁnance houses were excluded. The dataset avoided double-counting parent and
subsidiary banks following Apergis, Fafaliou, and Polemis (2016). The BankFocus
consolidation coding system was used to eliminate double entries in the dataset.
Lastly, mergers and acquisitions could have inﬂuenced the data. Following Claessens
and Van Horen (2014), once an acquisition or merger occurred, the old bank data were
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replaced with the new bank data. Banks with missing credit growth values for more than
2 years were removed from the sample. Final sample comprised 282 banks (250
conventional and 32 Islamic banks). Data on the QOG were obtained from the
Worldwide Governance Indicators project of the World Bank, which reported over the
period 1996–2017 for six aggregate dimensions of governance. The trustworthiness and
conﬁdence indicators and GDP per capita were obtained from DataStream. Details of all
the variables, short deﬁnitions, sources, and expected signs are provided in Appendix 1.
B.

Model Speciﬁcations and Regression Framework

A similar set-up to Albaity et al. (2021) was used to estimate the following model
to evaluate the factors determining credit growth:
CGi, j, t ¼ γ0 þ γ1 CGi, j, t1 þ γ2 SIZEi, j, t þ γ3 LIQi, j, t1 þ γ4 DEPi, j, t1
þ γ5 ΔEQi, j, t þ γ6 SOLi, j, t þ γ7 Δ GDPCj, t þ γ8 Trustj, t
þ γ9 QOGj, t þ γ9 ISi, j, t þ ’(Year)t þ δi þ "i, j, t ,

ð1Þ

where CGi, j, t and CGi, j, t1 denote, respectively, credit growth and its lagged value for
bank i in country j during year t. Bank-level variables SIZEi, j, t , LIQi, j, t1 , DEPi, j, t1,
Δ EQi, j, t , and SOLi, j, t , are represented, respectively, by natural logarithms of assets for
bank size, lagged liquidity, lagged deposits, growth rate of equity, and solvency of
bank i in country j during year t. Only these ﬁve commonly used bank-speciﬁc
variables were included to alleviate the potential of multicollinearity. ΔGDPCj, t
represents GDP per capita. Trustj, t is the change in trustworthiness and conﬁdence,
which represents the eﬀective regulation and supervision of ﬁnancial markets. QOGj, t
denotes the six qualities of governance indicators, used individually and then
aggregated as the average across the six indices. ISi, j, t is a dummy variable equal to 1
for Islamic banks and 0 for conventional banks. Lastly, year and individual eﬀects
were included to capture the time and bank eﬀects.
To estimate equation (1), a two-step generalized method of moments (2S-GMM)
model was used, as proposed by Blundell and Bond (1998). For the data in the study,
the use of a 2S-GMM model was justiﬁed by the number of years (T) being smaller
than the number of banks (N). Multicollinearity was checked using the variance
inﬂation factor. The goodness of the regression was ﬁrst ensured by checking that the
model was not subject to the serial correlation of order 2. This was conﬁrmed when the
AR1 of the model was signiﬁcant, indicating the existence of autocorrelation in the
ﬁrst lag. Still, the AR2 was insigniﬁcant, suggesting no autocorrelation in the second
order. Second, it was ensured that the choice of instruments was valid. Yet again,
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Hansen’s J test conﬁrmed the model’s speciﬁcation. Lastly, the results of the Wald test
ensured the goodness of ﬁt for all the regression models.
1.

The Lagged-Dependent Variable

Similar to Bertay, Demirgüç-Kunt, and Huizinga (2015) and Albaity et al.
(2021), this study used bank credit growth as a dependent variable. It was computed as
the annual percentage change in the total loans of diﬀerent banks. The laggeddependent variable was included to capture persistency and any potential dynamics in
credit growth, matching the bank’s target and economic conditions. A ﬁnding that it
was positive and signiﬁcant would suggest that the previous period’s lending
stimulated the subsequent year’s credit growth, which could entail persistent ﬁnancial
deepening (Ibrahim 2016).
2.

Bank-Level Measures

In model speciﬁcation, bank size was included as a control variable. This study
followed Bian and Deng (2017) and Albaity et al. (2021) in using the natural log of
total assets to represent bank size. Researchers have found a negative and signiﬁcant
relationship between bank size and credit growth, suggesting that credit portfolios of
larger banks grow at much slower rates than smaller banks (Ibrahim 2016). To reduce
risk, larger banks may seek ramiﬁed diversiﬁcation, including non-intermediation
activities, which may erode credit growth proportion (Ibrahim 2016). A lagged
liquidity ratio was included in the model speciﬁcation. Empirical studies have reported
a positive impact of the “liquidity eﬀect” on banks’ loan supply (Brei, Gambacorta,
and Peter 2013). This study followed the proxy used by Bertay, Demirgüç-Kunt, and
Huizinga (2015). Banks with greater liquidity can shelter their loan portfolios simply
by relying on their large buﬀer of trading securities during economic slowdowns.
Conversely, banks with less liquidity are more likely to opt to contract their loans if
they ﬁnd the level of their securities holdings is below a certain threshold (Kashyap
and Stein 2000).
The ratio of lagged bank deposits to total liabilities was included to control for
the funding policies of ASEAN banks’ dependence on deposits to allocate loans. This
measure is similar to that used by Bertay, Demirgüç-Kunt, and Huizinga (2015). The
impact of the funding ratio on credit growth is controversial, which is possibly
explained by pro-cyclicality. A positive and signiﬁcant coeﬃcient shows a bank’s
credit dependence on deposits (Ibrahim 2016). However, during a slowdown in the
economy, deposits might not be used to expand credit if the sign turns out to be
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negative (Cucinelli 2016). Banks tend to channel deposit resources to diﬀerent
investment avenues to mitigate risk during recessions, reducing the proportion of
credit granted (Cucinelli 2016).
Solvency was an essential factor to consider in the existing bank credit growth
literature. This study measured bank solvency using total liabilities to total assets ratio
for each bank-year observation. Therefore, if banks mainly allocated new debt to grant
more loans, credit growth increased, meaning increased insolvency (de Haas and van
Lelyveld 2010). Conversely, a bank could resort to equity, mainly through its retained
earnings, to serve loan growth needs, but rarely through new equity issuance, thereby
also leading to enhanced solvency (de Haas and van Lelyveld 2006). This study
followed Albaity et al. (2021) in measuring solvency as total liabilities over total
assets.
The growth rate of equity over GDP deﬂator was included to control for bank
capitalization. The eﬀect of bank capitalization on loan growth has been studied in
both regular times and during crises (Brei, Gambacorta, and Peter 2013). Wellcapitalized banks are likely to expand their credit growth with a positive and
signiﬁcant impact, as found by de Haas and van Lelyveld (2006). In contrast, de Haas
and van Lelyveld (2010) found a negative and signiﬁcant relationship with
credit growth, suggesting banks are risk-averse and expand their credit gradually. A
U-shaped relationship was discovered by Calem and Rob (1999), which was explained
by banks’ risk attitude toward coverage of bankruptcy costs imposed by deposit
insurance. Therefore, this study used the growth rate of equity over GDP deﬂator as a
proxy for bank capitalization, following Bertay, Demirgüç-Kunt, and Huizinga (2015).
3.

Trustworthiness and Conﬁdence

A trustworthiness and conﬁdence index, ranging from 1 (lowest) to 7 (highest),
was used in this study. The index is based on three dimensions: (i) assessment of the
soundness of banks, (ii) eﬀectiveness of supervision and regulation of the securities
exchange, and (iii) extent of borrowers’ and lenders’ rights and legal protections
(Ng, Ibrahim, and Mirakhor 2015). Since these components indirectly reﬂect other
embedded components—such as deposit insurance, capital buﬀer, available liquidity,
and loan-to-deposit ratio—it can be asserted that the trustworthiness and conﬁdence
index is a holistic measure of regulatory and oversight policies (Albaity, Noman, and
Saadaoui Mallek 2021). In addition, trust in banks will act as implicit deposit
insurance and make explicit deposit insurance complementary to the banking sector’s
success (Grigorian and Kryshko 2019). Moreover, there is strong evidence that deposit
insurance contributes to ﬁnancial stability because it increases trust and conﬁdence in
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the banking system (Jameaba 2018). We followed Ng, Ibrahim, and Mirakhor (2015),
who considered trustworthiness and conﬁdence as an informal institution. The
evolution of formal and informal institutions is intertwined (Ng, Ibrahim, and
Mirakhor 2015, 2016). The functioning of informal institutions depends upon the
existence of norms or rules that serve as the basis of social trust (Fukuyama 1995).
The trustworthiness and conﬁdence variable was obtained from the Global
Competitiveness Index, published by the World Economic Forum. Recent research
has been carried out on general trust, and it has been commonly concluded that trust
fuels economic prosperity and ﬁnancial system development (Guiso, Sapienza, and
Zingales 2004). Lending has been viewed as a trust-intensive process, where credit
risk could be exacerbated or alleviated accordingly. Thus, more trust can trigger an
increased supply of loans granted to households (Guiso, Sapienza, and Zingales 2004).
Hence, trust is positively linked with credit expansion (Chen, Liu, and Wang 2016).
Yet, Hagendorﬀ, Lim, and Nguyen (2022) found banks with more trusting CEOs
attributed higher loans with a lower interest spread. They reported that trust relieved
adverse selection by replacing the hassles of formal contract and its provisions, and
overwhelmed any biases caused by borrowers. Since the correlation between
trustworthiness and conﬁdence and some governance indicators was high, this study
adopted the change of trustworthiness and conﬁdence to avoid multicollinearity issues.
4.

GDP per Capita

Banks’ loan portfolios can be adjusted due to macroeconomic shocks or business
cycles. Therefore, growth in GDP per capita could be included to control country-level
inﬂuences on credit growth (Bertay, Demirgüç-Kunt, and Huizinga 2015). Positive and
signiﬁcant coeﬃcients mean that higher GDP growth boosts credit growth, in line with
the idea of the pro-cyclicality of lending expansion behavior (Al-Khouri and Arouri
2016). Meanwhile, the coeﬃcient could take a negative and signiﬁcant value,
supporting the counter-cyclicality of credit growth during an economic slowdown
(Ibrahim 2016).
5.

Quality of Governance

Studies using all six country governance indicators have been limited. The
literature shows that country-level governance received little attention regarding the
global ﬁnancial crisis (Hussain et al. 2020, Kamarudin et al. 2020). Additionally, it has
been indicated that an increased level of macro-governance can damage the economy
(Martens et al. 2021). For instance, Saada (2017) indicated that governance practices
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might also aﬀect bank stability and credit risk. This study used the QOG variable
obtained from the Worldwide Governance Indicators project over the period
1996–2019 to investigate the inﬂuence of regulatory practices on credit growth. The
composite indicator includes voice and accountability (VA), political stability (PS),
government eﬀectiveness (GE), regulatory quality (RQ), control of corruption (CC),
and the rule of law (RL). These indices were constructed based on survey information
from governments, nongovernmental organizations, individuals, and ﬁrms. Good
governance provides suitable infrastructure for development. Particularly, bank
supervisory policies can be viewed as internal catalysts designed to boost information
disclosure and transparency, representing a pillar of decision-making for investors
(Beck, Demirgüç-Kunt, and Levine 2006). Greater internal control is not always
adequate to maintain bank performance and stability, and as such external or market
governance can be more eﬀective (Barth et al. 2013). Supervisory intervention can
signal expected support for troubled banks and a more stable operating environment
(Calderón and Schaeck 2016). Fernández and González (2005) found that ongoing
oversight acted as a corrective force of risk-taking behavior through information
disclosure requirements and external auditing requirements. Kanas et al. (2019)
studied the role of intervention quality on ﬁnancial stability and found a nonlinear
relationship at diﬀerent levels of competition. Recently, Albaity et al. (2021)
investigated the role of the QOG on risk-taking behavior and found that it increased
the risk in banks in the Middle East and North Africa. Others, however, have
suggested that substantial supervisory oversight can cause moral hazard problems,
leading to heightened risk (Akins et al. 2016). For instance, Kim, Surroca, and Tribó
(2014) found that when banks expected bailouts after attaining a targeted threshold,
this could lead to more signiﬁcant credit growth and a higher share of nonperforming
loans. This study has contributed to the debate and attempted to shed light on the role
of overall governance (the composite measure) and the six QOG indicators on bank
credit growth in ASEAN countries. The overall measure and the individual six
measures ranged from 2.5 (weak) to 2.5 (strong).
6.

Conventional versus Islamic Banks

Studies have attempted to segregate Islamic and conventional banks concerning
stability, proﬁtability, and bank loan allocation. A dummy variable was included in the
regression model to ascertain if Islamic banks’ credit growth was more pronounced
than conventional banks. Farooq and Zaheer (2015) demonstrated that, during crises,
Islamic banks were less prone to deposit withdrawals. Thus, these banks tend to grant
more new loans, and their lending decisions were less sensitive to changes in deposits.
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Ibrahim (2016) found that the ﬁnancing decisions of Islamic banks could be countercyclical. Therefore, their results supported Islamic banks’ stability assumption to
stabilize credit expansion.

IV.
A.

Empirical Results
Descriptive Statistics

Table 1 reports descriptive statistics for banks operating in the 10 ASEAN
countries included in this study from 2012 to 2019. The ﬁrst variable was credit
growth, which showed that the sampled banks in ASEAN countries had various values
of credit growth. All countries had growth rates that are at least 10% except for
Brunei Darussalam and Thailand. The second variable is the trustworthiness and
conﬁdence index, which showed moderate values below 5.0 for all sampled countries
except Malaysia and Singapore, which had values of 5.6 and 6.2, respectively. The
majority had values between 4.0 and 4.7, which is considered moderate for all the
countries. The average index score for the ASEAN region was 4.6. The scale ranges
from 1 to 7, where 7 indicates the most trustworthy institutions—the average for the
ASEAN region suggested that institutions are reasonably trusted. The global median
of the trustworthiness indicator is 4.2, which is below the index score of the majority
ASEAN countries. The six QOG variables (VA, PS, GE, RQ, CC, and RL) and the
overall QOG showed mixed mean values. The VA ranged from 1.73 in the
Lao People’s Democratic Republic (Lao PDR) to 0.14 in Indonesia, with all countries
having a mean value of 0.51, indicating that the VA for ASEAN is lower than the
global average (0.02). This outcome suggests that citizens of these countries did not
contribute to selecting their representatives in government and had lower freedom of
expression and less independent media. For PS, the following countries showed
negative values: 0.51, 0.94, and 1.05, respectively, for Indonesia, Thailand, and
the Philippines. Six other countries showed positive values ranging from 0.02 and
1.42, which were moderate scores, given that the upper limit was 2.5. Similarly,
positive (negative) values were higher (lower) than the global average of 0.06.
Countries with negative values had a greater risk of political instability than other
ASEAN-sampled countries. GE was positive for half of the countries. The GE scores
in ﬁve ASEAN countries with negative values ranged from 0.74 to 0.04.
Conversely, Singapore, Brunei Darussalam, Malaysia, Thailand, and the Philippines
showed positive GE scores ranging from 2.20 to 0.07. The positive (negative) values
of GE for ASEAN countries were higher (lower) than the global mean value of 0.02.

0.04
0.08
0.24
0.51
0.10
0.24
0.13
0.21
0.09
0.36
0.39
0.60
0.16
0.28
0.08
0.11

BRU

SIN

PHI

MYA

MAL

LAO

INO

CAM

CG

Country

4.45
0.39
4.69
0.10
4.22
0.23
4.09
0.09
5.56
0.47
3.99
0.05
4.44
0.14
6.20
0.30

PS

1.14
0.11
0.02
0.11
0.51
0.08
0.38
0.20
0.15
0.10
0.98
0.11
1.05
0.20
1.42
0.13

VA

0.76
0.18
1.11
0.09
0.14
0.05
1.73
0.05
0.30
0.14
1.13
0.31
0.08
0.07
0.09
0.09
1.08
0.16
0.7
0.11
0.04
0.17
0.59
0.17
0.97
0.09
0.74
0.09
0.07
0.07
2.20
0.05

GE
0.84
0.21
0.46
0.08
0.16
0.06
0.78
0.05
0.70
0.07
0.78
0.06
0.03
0.03
2.13
0.10

RQ
0.65
0.11
1.2
0.11
0.45
0.14
0.96
0.06
0.24
0.12
0.77
0.19
0.49
0.06
2.11
0.04

CC
0.59
0.11
1.01
0.06
0.40
0.09
0.83
0.06
0.52
0.07
0.97
0.04
0.41
0.07
1.81
0.05

RL
0.59
0.04
0.74
0.02
0.24
0.08
0.75
0.06
0.38
0.07
0.77
0.05
0.31
0.06
1.60
0.03

QOG
4.60
2.00
0.60
0.90
5.90
13.70
0.79
0.12
20.30
34.00
0.68
0.59
8.12
12.70
167.00
148.00

SIZE
($ billion)
0.43
0.09
0.37
0.20
0.16
0.08
0.27
0.16
0.25
0.19
0.21
0.08
0.18
0.14
0.13
0.06

LIQt1
0.91
0.04
0.66
0.28
0.84
0.17
0.81
0.17
0.73
0.21
0.93
0.04
0.88
0.11
0.83
0.11

DEPt1
0.06
0.09
0.12
0.24
0.12
0.30
0.21
0.63
0.08
0.24
0.16
0.43
0.15
0.45
0.06
0.11

0.87
0.03
0.71
0.23
0.84
0.10
0.84
0.11
0.88
0.10
0.86
0.09
0.84
0.13
0.90
0.02

¢EQ SOL

Descriptive Statistics by Member Countries of the Association of Southeast Asian Nations, 2012–2019

Trust

Table 1.

AND

2.24
0.92
5.49
0.19
3.93
0.31
5.35
1.04
3.65
0.58
5.45
1.32
4.97
0.33
2.27
1.29
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0.06
0.12
0.12
0.14
0.12
0.29

THA

4.60
0.26
4.16
0.16
4.55
0.59

Trust

PS

0.94
0.24
0.17
0.10
0.24
0.55

VA

0.81
0.26
1.39
0.03
0.51
0.66
0.32
0.05
0.06
0.13
0.13
0.57

GE
0.20
0.07
0.48
0.14
0.05
0.53

RQ
0.41
0.04
0.49
0.05
0.37
0.53

CC
0.06
0.10
0.20
0.25
0.21
0.53

RL
0.28
0.04
0.41
0.08
0.21
0.42

QOG
27.10
31.50
5.60
9.98
13.00
37.80

SIZE
($ billion)
0.17
0.11
0.27
0.23
0.22
0.17

LIQt1
0.69
0.18
0.70
0.22
0.77
0.21

DEPt1

0.07
0.12
0.05
0.19
0.10
0.29

0.84
0.10
0.88
0.11
0.84
0.13

¢EQ SOL

3.11
1.69
5.22
0.68
4.36
1.10

¢GDPPC
(%)

BRU ¼ Brunei Darussalam, CAM ¼ Cambodia, INO ¼ Indonesia, LAO ¼ Lao People’s Democratic Republic, MAL ¼ Malaysia, MYA ¼ Myanmar,
PHI ¼ Philippines, SIN ¼ Singapore, THA ¼ Thailand, VIE ¼ Viet Nam.
Notes: The ﬁrst and second rows in each country represent the mean value and standard deviation, respectively. CG is Credit Growth, Trust is the change in
trustworthiness and conﬁdence index, VA is voice and accountability, PS is political stability, GE is government eﬀectiveness, RQ is regulatory quality, CC
is control of corruption, RL is rule of law, QOG is the average of the six governance variables, SIZE is the natural log of total assets, LIQt1 is lagged
liquidity, DEPt1 is lagged deposits, Δ EQ is growth rate in equity, SOL is solvency ratio, and Δ GDPPC is the growth rate of gross domestic product per
capita.
Source: Authors’ calculations.

Total

VIE

CG

Country

Table 1. Continued.
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Accordingly, GE positive (negative) values indicated that the quality of public services
and policy formulation and implementation is high (low) in ASEAN countries.
Globally, the mean for the RQ value was 0.02, and it was negative for six of the
ASEAN countries and positive for the remaining four. The worst case was the
Lao PDR, which scored 0.78, followed by Viet Nam and Cambodia at 0.48 and
0.46, respectively, and Indonesia and the Philippines, which scored 0.16 and
0.03, respectively. The highest positive value was for Singapore (2.13), followed
by Brunei Darussalam (0.84), Malaysia (0.70), and Thailand (0.20). This suggested
that the governments of these countries had eﬀectively formulated and implemented
policies that allowed for private sector development. The CC was negative for
seven ASEAN countries ranging from 1.2 to 0.41. However, Singapore,
Brunei Darussalam, and Malaysia scored 2.11, 0.65, and 0.24, respectively.
These countries had higher control-of-corruption scores than the global average of
0.04. Lastly, for RL, more than half of the countries showed negative values, including
Cambodia ( 1.01), the Lao PDR ( 0.83), Indonesia (0.40), the Philippines ( 0.41),
Viet Nam ( 0.20), and Thailand ( 0.06). The score for the RL for these countries was
lower than the global average of 0.04. As with CC, Singapore, Brunei Darussalam, and
Malaysia each had positive RL values, ranging from 1.8 for Singapore to 0.5 for
Malaysia. This showed that ASEAN countries have eﬀective property rights and judicial
systems. Finally, the average of the six governance variables, the QOG, showed similar
results to those for RL and CC. More than half of the countries scored negative values,
and the same three countries had positive average values. In summary, Singapore,
Brunei Darussalam, and Malaysia each showed positive means across all seven variables
except for VA, where they each had negative values.
Mean bank asset size varied across the ASEAN countries, led by Singapore at
$167 billion and followed by Thailand at $27.1 billion, Malaysia at $20.3 billion, the
Philippines at $8.1 billion, Indonesia at $5.9 billion, Viet Nam at $5.6 billion,
Brunei Darussalam at $4.6 billion, the Lao PDR at $0.8 billion, and Cambodia at $0.6
billion. Bank size indicated possible scale economy beneﬁts and “too big to fail”
subsidies. ASEAN banks had lagged liquidity ratios from a low of 13% in Singapore
to a high of 43% in Brunei Darussalam, with the latter having the region’s most liquid
banks. Lagged deposits ratio exceeded 50% for all of the sampled ASEAN countries,
with Brunei Darussalam at more than 90%; the Philippines, the Lao PDR, and
Indonesia at more than 80%; Malaysia and Viet Nam at 73% and 70%, respectively;
and Thailand and Cambodia at less than 70%. Equity growth rates were relatively low
in ASEAN economies, ranging from 21% for the Lao PDR to 5% for Viet Nam. All
ASEAN countries had a solvency ratio of more than 80%, except for Cambodia at
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71%. The GDP per capita growth rate was positive for ASEAN countries, suggesting
positive growth over the past decade (Table 1).
B.

Regression Results

Table 2 reports the results for the 2S-GMM models between all variables and
bank credit growth in ASEAN countries. The results were reported in seven
speciﬁcations, where all the bank-speciﬁc and country-speciﬁc data were the same,
except for the governance variables. Included in each model were one of the six QOG
variables and the average of the six governance variables to examine the eﬀect of trust
and each of the governance variables on the bank credit growth.
Trustworthiness and conﬁdence in ﬁnancial markets were positive and signiﬁcant
in all speciﬁcations. This suggested that an increase in trustworthiness and conﬁdence
leads to greater bank credit growth. This result was similar to Chen, Liu, and Wang
(2016) who found a positive link between trust and access to bank loans in the
People’s Republic of China. Similarly, Hagendorﬀ, Lim, and Nguyen (2022) found
that greater bank CEO trust increased the size of loans borrowed and lowered the
interest rate spread. Further, bank manager trust was positively related to the number
of loans granted while negatively related to risk (Moro and Fink 2013). Although
deposit insurance and capital requirement are essential to increase eﬃciency, promote
competitiveness, and protect against bank runs during volatile periods, they appear not
to be suﬃcient. Deposit insurance can exacerbate moral hazard for both banks and
depositors due to the availability of a safety net (Noman et al. 2022). Therefore, it can
be argued that trustworthiness and conﬁdence might reduce banks’ moral hazard and
excessive risk-taking behavior.
The six QOG variables and the average of those six variables showed mixed
results with regard to bank credit growth. For instance, VA and PS appeared to be
negative and insigniﬁcant in aﬀecting bank credit growth. Chortareas, Girardone, and
Ventouri (2012) found VA and CC to be negatively related to bank performance in less
developed economies. They suggested that increasing supervisory powers in less
developed economies might point to excessive government intervention, reducing
bank lending and credit allocation.
These results were opposite to those of Garretsen, Lensink, and Sterken (2004),
who observed that positive societal trust coincided with institutional quality in
explaining economic growth in diﬀerent countries. Conversely, GE, RQ, CC, and RL
showed positive and signiﬁcant impacts on bank credit growth. These results were
similar to those of Kamarudin, Suﬁan, and Md. Nassir (2016), who found a positive

0.0041
(0.0146)

0.2466***
(0.0588)
0.0059**
(0.0029)
0.1074
(0.0697)
0.0597
(0.0368)
0.2658***
(0.0608)
0.1260
(0.0911)
0.0251***
(0.0071)
0.1235***
(0.0234)
0.0210
(0.0214)

Model 2

0.0293**
(0.0140)

0.2537***
(0.0567)
0.0022
(0.0032)
0.1277**
(0.0648)
0.0548
(0.0361)
0.2663***
(0.0614)
0.1572*
(0.0891)
0.0282***
(0.0054)
0.1281***
(0.0232)
0.0062
(0.0203)

Model 3
0.2439***
(0.0546)
0.0025
(0.0034)
0.1281**
(0.0636)
0.0597
(0.0370)
0.2618***
(0.0626)
0.1686*
(0.0953)
0.0301***
(0.0060)
0.1288***
(0.0233)
0.0086
(0.0202)

Model 4
0.2464***
(0.0546)
0.0033
(0.0030)
0.1323**
(0.0653)
0.0592
(0.0362)
0.2706***
(0.0615)
0.1475*
(0.0864)
0.0276***
(0.0055)
0.1299***
(0.0232)
0.0114
(0.0203)

Model 5
0.2568***
(0.0574)
0.0030
(0.0030)
0.1257*
(0.0654)
0.0503
(0.0361)
0.2670***
(0.0616)
0.1446*
(0.0875)
0.0264***
(0.0054)
0.1271***
(0.0231)
0.0091
(0.0201)

Model 6
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0.2457***
(0.0550)
0.0038
(0.0030)
0.1352**
(0.0652)
0.0581
(0.0368)
0.2710***
(0.0615)
0.1476*
(0.0865)
0.0271***
(0.0054)
0.1275***
(0.0232)
0.0087
(0.0210)

Model 7
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VA

0.2368***
(0.0564)
0.0054*
(0.0028)
0.1279*
(0.0714)
0.0502
(0.0394)
0.2675***
(0.0629)
0.1397
(0.0908)
0.0255***
(0.0067)
0.1265***
(0.0234)
0.0188
(0.0217)
0.0006
(0.0119)

Model 1

Two-Step Generalized Method of Moments Results of the Relationship between Bank Credit Growth,
Trustworthiness, and Quality of Governance Indicators

Dummy (1 ¼ Islamic)

Trust

Δ GDPPC

SOL

Δ EQ
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Yes
1,089
282
26
59.93***
0.000
0.393
0.284
1.32

0.0286*
(0.0148)

Model 4

Yes
1,089
282
26
56.61***
0.000
0.399
0.272
1.28

0.0240*
(0.0126)

Model 5

Model 7

2S-GMM ¼ two-step generalized method of moments, AR ¼ autoregressive, VIF ¼ variance inﬂation factor.
Notes: The dependent variable is bank credit growth. For the bank-level data: CG is credit growth, SIZE is the natural log of total assets,
LIQt1 is lagged liquidity, DEPt1 is lagged deposits, ΔEQ is the growth rate in equity, SOL is solvency ratio, Dummy is equal to 1 if the
bank is Islamic and 0 otherwise. For the macro-data: VA is voice and accountability, PS is political stability, GE is government
eﬀectiveness, RQ is regulatory quality, CC is control of corruption, RL is rule of law, QOG is the average of the six governance variables,
Δ GDPPC is the growth rate of gross domestic product per capita, and Trust is the change in trustworthiness and conﬁdence index. Robust
standard errors are shown in parentheses. *, **, and *** denote the signiﬁcance at the 10%, 5%, and 1% levels, respectively.
Source: Authors’ calculations.

Yes
1,089
282
26
57.21***
0.000
0.387
0.268
1.28

0.0257*
(0.0131)

Model 6

Yes
1,089
282
26
57.09***
0.000
0.407
0.249
1.29

Yes
1,089
282
26
58.79***
0.000
0.397
0.312
1.31

Model 3

Year dummy
Observations
Number of banks
Number of instruments
Wald test ( p-value)
AR(1) ( p-value)
AR(2) ( p-value)
Hansen’s J test ( p-value)
VIF

Yes
1,089
282
26
54.64***
0.000
0.384
0.100
1.23

Model 2

0.0247
(0.0168)
Yes
1,089
282
26
58.59***
0.000
0.416
0.163
1.28

Model 1

QOG

RL

CC

RQ

Variable

Table 2. Continued.

242 ASIAN DEVELOPMENT REVIEW

BANK CREDIT GROWTH

AND

TRUST 243

link between bank eﬃciency and six QOG indicators in Gulf Cooperation Council
countries. This ﬁnding pointed to the complementary relationship between
trustworthiness and eﬀective governance in promoting credit growth. Previous studies
have found that better GE increases eﬃciency and enhances government credibility
(Hwang and Akdede 2011). Kamarudin et al. (2020) pointed out that GE was the
government’s involvement in formulating and implementing policies and regulations
that led to better bank performance. Therefore, this study expected better GE to
improve credit growth. RQ was found to enhance the performance of banks due to
solid and rigorous policy formulation and implementation (Beltratti and Stulz 2009,
Kamarudin et al. 2020). In addition, better RQ means better accountability of
government employees and, therefore, better bank performance (Kamarudin et al. 2020).
Lensink, Meesters, and Naaborg (2008) also found that improved RL promoted credit
growth, as did higher CC (Chortareas, Girardone, and Ventouri 2012). It was found that
delays in litigation and arbitration processing impacted banks negatively; therefore,
better RL reduced the cost of litigation and arbitration and ultimately led to better credit
growth (Kamarudin et al. 2020). Similarly, abiding by the law, the eﬃciency of the
courts, and contract enforceability imply improved RL. These factors can minimize the
uncertainty of carrying out business transactions, improve capital inﬂows, and enhance
investment opportunities, leading to increased credit growth.
The results indicated that lagged credit growth was positive and signiﬁcant for all
speciﬁcations, suggesting that the previous year’s credit growth positively impacted
the current year’s credit growth. For bank-speciﬁc variables, it was found that lagged
liquidity had positive and signiﬁcant inﬂuence on bank credit growth in six
speciﬁcations. This result implied that banks in ASEAN countries with high liquidity
lent more than less liquid banks. This was contrary to the ﬁndings of de Haas and van
Lelyveld (2010), who suggested that banks with higher liquidity had less lending.
Similarly, Allen et al. (2017) found that conservative banks grew more slowly.
Alternatively, equity growth rate positively and signiﬁcantly inﬂuenced bank
credit growth. Equity growth rate was positive and signiﬁcant in inﬂuencing bank
credit growth. This result was similar to Košak et al. (2015), who found a positive link
between the equity growth rate and bank lending, meaning that a higher equity ratio
encourages banks to increase lending. However, this result contradicted Aysan and
Ozturk (2018), who found that a higher equity ratio led to lower lending.
The GDP per capita growth rate positively inﬂuenced bank credit growth for the
country-speciﬁc variables. This result indicated that higher economic growth led to
more bank loans, supporting the pro-cyclicality of bank credit growth in ASEAN

0.625***
(0.144)
0.007**
(0.003)
0.250**
(0.098)
0.042
(0.047)
0.281***
(0.070)
0.100
(0.085)
0.010
(0.008)
0.138***
(0.053)
0.000
(0.010)

CGt1

RQ

GE

PS

VA

Trust

Δ GDPPC

SOL

Δ EQ

DEPt1

LIQt1

SIZE

Model 1

Variable

Table 3.

0.041***
(0.013)

0.656***
(0.140)
0.003
(0.003)
0.245**
(0.099)
0.044
(0.044)
0.286***
(0.068)
0.087
(0.082)
0.014*
(0.008)
0.166***
(0.053)

Model 2

0.028*
(0.017)

0.620***
(0.142)
0.005
(0.003)
0.224**
(0.101)
0.048
(0.046)
0.287***
(0.069)
0.093
(0.090)
0.008
(0.008)
0.145***
(0.051)

Model 3

0.039***
(0.013)

0.655***
(0.141)
0.004
(0.003)
0.246**
(0.099)
0.041
(0.045)
0.285***
(0.069)
0.094
(0.082)
0.017**
(0.007)
0.167***
(0.054)

Model 4
0.635***
(0.143)
0.005
(0.003)
0.252**
(0.099)
0.038
(0.045)
0.281***
(0.069)
0.099
(0.083)
0.014*
(0.008)
0.147***
(0.051)

Model 5

2S-GMM Estimation for Conventional Banks Results

0.643***
(0.145)
0.005
(0.003)
0.245**
(0.099)
0.039
(0.045)
0.283***
(0.070)
0.105
(0.083)
0.016**
(0.008)
0.156***
(0.054)

Model 6

Continued.

0.635***
(0.143)
0.005*
(0.003)
0.249**
(0.099)
0.040
(0.045)
0.281***
(0.069)
0.100
(0.084)
0.013*
(0.008)
0.145***
(0.052)

Model 7
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Yes
692
282
26
58.59***
0.0494
0.5002
0.2342

Model 1

Yes
692
282
26
54.64***
0.0449
0.4643
0.243

Model 2

Yes
692
282
26
58.79***
0.0506
0.5019
0.2294

Model 3

Yes
692
282
26
59.93***
0.0457
0.4689
0.2429

Model 4

Yes
692
282
26
56.61***
0.0486
0.4903
0.2349

0.024**
(0.011)

Model 5

Yes
692
282
26
57.21***
0.0481
0.4831
0.2274

0.029**
(0.011)

Model 6

0.024*
(0.013)
Yes
692
282
26
57.09***
0.0485
0.4904
0.2352

Model 7

2S-GMM ¼ two-step generalized method of moments, AR ¼ autoregressive.
Notes: The dependent variable is bank credit growth. For the bank-level data, CG is credit growth, CGt1 is the lagged CG, SIZE is the
natural log of total assets, LIQt1 is lagged liquidity, DEPt1 is lagged deposits, Δ EQ is the growth rate in equity, SOL is solvency ratio,
Trust is the change in trustworthiness and conﬁdence index, VA is voice and accountability, PS is political stability, GE is government
eﬀectiveness, RQ is regulatory quality, CC is control of corruption, RL is rule of law, QOG is the average of the six governance
variables, and Δ GDPPC is the growth rate of gross domestic product per capita. Robust standard errors are shown in parentheses. *, **,
and *** denote the signiﬁcance at the 10%, 5%, and 1% levels, respectively.
Source: Authors’ calculations.

Year dummy
Observations
Number of banks
Number of instruments
Wald test ( p-value)
AR(1) ( p-value)
AR(2) ( p-value)
Hansen test ( p-value)

QOG

RL

CC

Variable

Table 3. Continued.
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(Al-Khouri and Arouri 2016). This was contrary to Jeon and Wu (2014) and Ibrahim
(2016), who found a negative link between bank credit growth and GDP growth.
Lastly, a dummy variable was included to compare bank credit growth between
Islamic and conventional banks. The results were consistent in showing that there was
no signiﬁcant diﬀerence between Islamic and conventional banks in ASEAN
countries.
Regarding the model’s goodness of ﬁt, the AR1 was signiﬁcant, indicating
autocorrelation in the ﬁrst lag. However, AR2 was insigniﬁcant, which suggested no
autocorrelation in the second order. Variance inﬂation factor results suggested the
nonexistence of a multicollinearity problem.
C.

Robustness Check

This study split the sample and ran the 2S-GMM model for conventional banks
and found that the results were consistent, and it seemed that conventional banks drove
the results (Table 3). In addition, this study ran the same model but used an interaction
between Islamic banks with trust as a robustness check. The results in Table A2.1 in
Appendix 2 show that the result was similar to Table 2, where trust positively
impacted credit growth. Moreover, the same four governance variables, plus their
averages, were positive and signiﬁcant. Lastly, model diagnostics indicated that the
model passed the required benchmarks.
In addition, this study used two diﬀerent techniques to estimate the model of the
study. A dynamic GMM estimator with linear and nonlinear moments, developed by
Kripfganz and Schwarz (2019), was used, and the result was found to be consistent
with the 2S-GMM. Moreover, this study used the dynamic ﬁxed-eﬀect estimator and
found that the result was consistent with the 2S-GMM model. The results are in
Tables A2.2 and A2.3 in Appendix 2.

V.

Conclusion

Despite excessive credit growth exposing them to the risk of insolvency, banks
need credit growth to promote their market power and contribute to macroeconomic
stability. Unlike earlier literature, which examined the determinants of domestic credit
growth, this study investigated whether and how trust and institutional quality
promoted domestic credit growth. Additionally, this paper examined the cyclicality of
banks across 10 ASEAN member countries and found the following. First, the
coeﬃcient of trust was positive on credit growth, indicating that trust in the banking
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system promoted credit growth. This result also suggested that trust in the banking
system supported domestic credit growth, contributing to a smooth ﬁnancial
intermediation process and macroeconomic stability. Second, it was found that the
impacts of the six QOG were positive on credit growth, indicating that they improved
credit growth in the region. This ﬁnding suggested that QOG played a pivotal role in
promoting credit growth. This outcome implied a complementary eﬀect between trust
and QOG. The ﬁndings indicated that trust in banks may strongly inﬂuence domestic
credit creation and ﬁnancial intermediation. The results further suggested that informal
and formal mechanisms, such as trust and institutional quality, complement each other,
leading to eﬀective credit expansion in societies where people show trust by fulﬁlling
their promises and ﬁnancial contracts. Third, the results suggested that banks in
ASEAN countries were pro-cyclical regarding credit growth cyclicality. This outcome
indicated that higher economic growth led to increased bank loans.
Policy makers and regulators in ASEAN countries need to strengthen public trust
in their respective banking systems to realize the positive role of credit growth in their
economic systems. Authorities may adopt appropriate policies, such as small ASEAN
member countries (e.g., Cambodia) initiating explicit deposit insurance policies to
increase trust. The remaining member countries should increase their explicit deposit
coverage to increase conﬁdence in their banking systems. ASEAN countries should
also adopt international bank regulation and supervision policies, such as the Basel III
accords, which guide banks to maintain international standards concerning capital and
liquidity requirements, on-site and oﬀ-site supervision, and market discipline.
However, deposit insurance and capital requirements are necessary but not suﬃcient
to increase eﬃciency, promote competitiveness, and protect against bank runs during
volatile periods. This is because the availability of a safety net when banks and
depositors are insured can exacerbate moral hazard. Therefore, trustworthiness and
conﬁdence are needed to reduce moral hazard and excessive risk-taking behavior. The
active role of central banks, as regulators and lenders of last resort to distressed banks,
can increase public trust and conﬁdence in the banking system.
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Appendix 1

Table A1. Deﬁnition of Variables, Expected Signs, and Data Sources
Variable
CG
SIZE
LIQt1
DEPt1
ΔEQ
SOL
ΔGDPPC
Trust
IS
QOG
VA
PS
GE
RQ
CC
RL

Description

Expected Sign

Data Source

Growth rate of gross loans over GDP deﬂator
Natural logarithm of total assets as a proxy of the
bank size
Lagged liquidity deﬁned as the ratio of liquid assets
over total assets
Lagged Deposit computed as a ratio of total deposits
over total liability
Growth rate of equity over GDP deﬂator
Solvency ratio is calculated by dividing total liability
over total assets
Growth rate of the GDP per capita
Change in trustworthiness and conﬁdence index
Dummy variable equal 1 if the bank is Islamic and 0
otherwise
Quality of governance measured by the Worldwide
Governance Indicators
Voice and accountability
Political stability and absence of violence
Government eﬀectiveness
Regulatory quality
Control of corruption
Rule of law

(þ)
(þ=)

BankFocus
BankFocus

(þ=)

BankFocus

(þ=)

BankFocus

(þ=)
(þ=)

BankFocus
BankFocus

(þ=)
(þ)
(þ)

World Bank
DataStream
BankFocus

(þ=)

World Bank

GDP ¼ gross domestic product.
Source: Authors’ compilation.

()
(þ)
()
()
()
()

World
World
World
World
World
World

Bank
Bank
Bank
Bank
Bank
Bank

PS

VA

IS*Trust

Trust

Δ GDPPC

SOL

Δ EQ

DEPt1

LIQt1

SIZE

CGt1
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0.197***
(0.074)
0.003
(0.003)
0.130
(0.080)
0.074
(0.050)
0.262***
(0.068)
0.180*
(0.105)
0.023***
(0.008)
0.093**
(0.037)
0.030
(0.063)
0.005
(0.013)

Model 1

0.002
(0.014)

0.199***
(0.074)
0.003
(0.003)
0.130*
(0.078)
0.081
(0.048)
0.261***
(0.067)
0.182*
(0.104)
0.024***
(0.008)
0.089**
(0.036)
0.033
(0.063)

Model 2
0.204***
(0.074)
0.001
(0.004)
0.135*
(0.075)
0.075
(0.049)
0.263***
(0.069)
0.189*
(0.104)
0.031***
(0.007)
0.111***
(0.033)
0.029
(0.063)

Model 3
0.209***
(0.074)
0.001
(0.004)
0.136*
(0.075)
0.071
(0.048)
0.264***
(0.069)
0.178*
(0.102)
0.027***
(0.006)
0.108***
(0.034)
0.029
(0.063)

Model 4
0.210***
(0.074)
0.000
(0.004)
0.137*
(0.076)
0.072
(0.048)
0.264***
(0.070)
0.183*
(0.102)
0.029***
(0.006)
0.112***
(0.033)
0.027
(0.062)

Model 5
0.203***
(0.073)
0.001
(0.004)
0.141*
(0.075)
0.078
(0.049)
0.264***
(0.069)
0.185*
(0.102)
0.028***
(0.007)
0.100***
(0.034)
0.026
(0.062)

Model 6

Continued.

0.202***
(0.074)
0.002
(0.004)
0.139*
(0.075)
0.077
(0.049)
0.263***
(0.069)
0.185*
(0.102)
0.028***
(0.007)
0.100***
(0.034)
0.029
(0.063)

Model 7
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Yes
1,089
282
25
48.11***
0.001
0.425
0.123

Yes
1,089
282
25
46.74***
0.001
0.409
0.114

Model 2

Yes
1,089
282
25
48.45***
0.001
0.415
0.107

0.031**
(0.015)

Model 3

Yes
1,089
282
25
48.23***
0.001
0.410
0.140

0.032**
(0.014)

Model 4

Yes
1,089
282
25
47.57***
0.001
0.418
0.139

0.035**
(0.015)

Model 5

Yes
1,089
282
25
48.71***
0.001
0.417
0.134

0.027**
(0.013)

Model 6

0.031*
(0.018)
Yes
1,089
282
25
47.51***
0.001
0.420
0.128

Model 7

AR ¼ autoregressive.
Notes: The dependent variable is bank credit growth. For the bank-level data, CG is credit growth, CGt1 is the lagged CG, SIZE is the
natural log of total assets, LIQt1 is lagged liquidity, DEPt1 is lagged deposits, Δ EQ is the growth rate in equity, SOL is solvency ratio,
Trust is the change in trustworthiness and conﬁdence index, VA is voice and accountability, PS is political stability, GE is government
eﬀectiveness, RQ is regulatory quality, CC is control of corruption, RL is rule of law, QOG is the average of the six governance variables,
and Δ GDPPC is the growth rate of gross domestic product per capita. Robust standard errors are shown in parentheses. *, **, and ***
denote the signiﬁcance at the 10%, 5%, and 1% levels, respectively.
Source: Authors’ calculations.

Year dummy
Observations
Number of banks
No. of instruments
Wald test ( p-value)
AR(1) ( p-value)
AR(2) ( p-value)
Hansen test ( p-value)

QOG

RL

CC

RQ

GE

Model 1
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0.625***
(0.144)
0.007**
(0.003)
0.250**
(0.098)
0.042
(0.047)
0.281***
(0.070)
0.100
(0.085)
0.010
(0.008)
0.138***
(0.053)
0.0188
(0.0217)
0.000
(0.010)

CGt1

GE

PS

VA

Dummy (1 = Islamic)

Trust

Δ GDPPC

SOL

Δ EQ

DEPt1

LIQt1

SIZE

Model 1

0.041***
(0.013)

0.656***
(0.140)
0.003
(0.003)
0.245**
(0.099)
0.044
(0.044)
0.286***
(0.068)
0.087
(0.082)
0.014*
(0.008)
0.166***
(0.053)
0.0210
(0.0214)

Model 2

0.028*
(0.017)

0.620***
(0.142)
0.005
(0.003)
0.224**
(0.101)
0.048
(0.046)
0.287***
(0.069)
0.093
(0.090)
0.008
(0.008)
0.145***
(0.051)
0.0062
(0.0203)

Model 3
0.655***
(0.141)
0.004
(0.003)
0.246**
(0.099)
0.041
(0.045)
0.285***
(0.069)
0.094
(0.082)
0.017**
(0.007)
0.167***
(0.054)
0.0086
(0.0202)

Model 4
0.635***
(0.143)
0.005
(0.003)
0.252**
(0.099)
0.038
(0.045)
0.281***
(0.069)
0.099
(0.083)
0.014*
(0.008)
0.147***
(0.051)
0.0114
(0.0203)

Model 5
0.643***
(0.145)
0.005
(0.003)
0.245**
(0.099)
0.039
(0.045)
0.283***
(0.070)
0.105
(0.083)
0.016**
(0.008)
0.156***
(0.054)
0.0091
(0.0201)

Model 6

Continued.

0.635***
(0.143)
0.005*
(0.003)
0.249**
(0.099)
0.040
(0.045)
0.281***
(0.069)
0.100
(0.084)
0.013*
(0.008)
0.145***
(0.052)
0.0087
(0.0210)

Model 7

Dynamic Generalized Method of Moments Estimation with Linear and Nonlinear Moments Results

Variable

Table A2.2.
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Yes
1,089
282
26
58.59***
0.0494
0.5002
0.2342

Model 1

Yes
1,089
282
26
54.64***
0.0449
0.4643
0.243

Model 2

Yes
1,089
282
26
58.79***
0.0506
0.5019
0.2294

Model 3

Yes
1,089
282
26
59.93***
0.0457
0.4689
0.2429

0.039***
(0.013)

Model 4

Yes
1,089
282
26
56.61***
0.0486
0.4903
0.2349

0.024**
(0.011)

Model 5

Yes
1,089
282
26
57.21***
0.0481
0.4831
0.2274

0.029**
(0.011)

Model 6

0.024*
(0.013)
Yes
1,089
282
26
57.09***
0.0485
0.4904
0.2352

Model 7

AR ¼ autoregressive.
Notes: The dependent variable is bank credit growth. For the bank-level data, CG is credit growth, CGt1 is the lagged CG, SIZE is the
natural log of total assets, LIQt1 is lagged liquidity, DEPt1 is lagged deposits, Δ EQ is the growth rate in equity, SOL is solvency ratio,
Trust is the change in trustworthiness and conﬁdence index, VA is voice and accountability, PS is political stability, GE is government
eﬀectiveness, RQ is regulatory quality, CC is control of corruption, RL is rule of law, QOG is the average of the six governance
variables, and Δ GDPPC is the growth rate of the gross domestic product per capita. Robust standard errors are shown in parentheses.
*, **, and *** denote the signiﬁcance at the 10%, 5%, and 1% levels, respectively.
Source: Authors’ calculations.

Year dummy
Observations
Number of banks
Number of instruments
Wald test ( p-value)
AR(1) ( p-value)
AR(2) ( p-value)
Hansen test ( p-value)

QOG

RL

CC

RQ

Variable
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0.391***
(0.114)
0.012**
(0.005)
0.209***
(0.081)
0.059
(0.053)
0.180***
(0.061)
0.149*
(0.081)
0.021**
(0.008)
0.483**
(0.215)
0.0188
(0.0217)
0.066**
(0.031)

CGt1

GE

PS

VA

Dummy (1 = Islamic)

Trust

Δ GDPPC

SOL

Δ EQ

DEPt1

LIQt1

SIZE

Model 1

Variable

0.071**
(0.029)

0.392***
(0.122)
0.006*
(0.004)
0.173***
(0.066)
0.058
(0.051)
0.191***
(0.062)
0.156**
(0.071)
0.025***
(0.009)
0.444**
(0.200)
0.0210
(0.0214)

0.010
(0.013)

0.384***
(0.121)
0.013**
(0.006)
0.224**
(0.088)
0.036
(0.042)
0.185***
(0.062)
0.187***
(0.070)
0.015**
(0.007)
0.353*
(0.212)
0.0062
(0.0203)

Model 3
0.375***
(0.114)
0.012**
(0.005)
0.240***
(0.080)
0.058
(0.048)
0.184***
(0.061)
0.169**
(0.073)
0.021***
(0.008)
0.482**
(0.201)
0.0086
(0.0202)

Model 4
0.403***
(0.112)
0.009**
(0.004)
0.194***
(0.069)
0.048
(0.049)
0.189***
(0.061)
0.133*
(0.076)
0.021***
(0.008)
0.466**
(0.199)
0.0114
(0.0203)

Model 5

Dynamic Fixed Eﬀects Estimation Results

Model 2

Table A2.3.

0.436***
(0.119)
0.006*
(0.004)
0.171**
(0.072)
0.051
(0.054)
0.193***
(0.064)
0.224***
(0.074)
0.024**
(0.010)
0.420**
(0.205)
0.0091
(0.0201)

Model 6

Continued.

0.442***
(0.116)
0.006**
(0.003)
0.146**
(0.069)
0.010
(0.038)
0.198***
(0.062)
0.194***
(0.071)
0.014*
(0.008)
0.104***
(0.035)
0.0087
(0.0210)

Model 7
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Yes
1,089
282
26
0.000
0.155
0.108

Model 1

Yes
1,089
282
26
0.004
0.172
0.11

Model 2

Yes
1,089
282
26
0.004
0.175
0.1

Model 3

Yes
1,089
282
26
0.003
0.165
0.15

0.045**
(0.020)

Model 4

Yes
1,089
282
26
0.003
0.157
0.13

0.072***
(0.027)

Model 5

Yes
1,089
282
26
0.002
0.148
0.1

0.068**
(0.033)

Model 6

0:008
(0.009)
Yes
1,089
282
26
0.002
0.175
0.11

Model 7

AR ¼ autoregressive.
Notes: The dependent variable is bank credit growth. For the bank-level data, CG is credit growth, CGt1 is the lagged CG, SIZE is the
natural log of total assets, LIQt1 is lagged liquidity, DEPt1 is lagged deposits, Δ EQ is the growth rate in equity, SOL is solvency ratio,
Trust is the change in trustworthiness and conﬁdence index, VA is voice and accountability, PS is political stability, GE is government
eﬀectiveness, RQ is regulatory quality, CC is control of corruption, RL is rule of law, QOG is the average of the six governance variables,
and Δ GDPPC is the growth rate of the gross domestic product per capita. Robust standard errors are shown in parentheses. *, **, and ***
denote the signiﬁcance at the 10%, 5%, and 1% levels, respectively.
Source: Authors’ calculations.

Year dummy
Observations
Number of banks
No. of instruments
AR(1) ( p-value)
AR(2) ( p-value)
Hansen test ( p-value)

QOG

RL

CC

RQ

Variable
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