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Seasonal Poverty and Seasonal
Migration in Asia
Ahmed Mushfiq Mobarak and Maira Emy Reimão∗

Four in five poor people in the Asia and Pacific region live in rural areas. Crop
cycles in agrarian areas create periods of seasonal deprivation, or preharvest
“lean seasons,” when work is scarce and skipped meals become frequent. In this
paper, we document this phenomenon of seasonal poverty and discuss existing
formal mechanisms for coping with it. We then focus on seasonal migration
from rural to urban areas as a potential coping strategy and review the evidence
on the effects of encouraging seasonal migration through transport subsidies.
Over the past 10 years, we have conducted a series of randomized control
trials in Bangladesh and Indonesia that provided rural agricultural workers with
small migration subsidies to pay for the cost of round-trip travel to nearby
areas in search of work. This paper summarizes the lessons learned from this
multicountry, multiyear series of seasonal migration trials, the implications
of these results for spatial misallocation, urbanization, and growth, and the
replicability and relevance of this and other policies encouraging domestic
migration more broadly for other areas in the Asia and Pacific region.
Keywords: Asia, Bangladesh, migration, seasonal poverty, seasonality
JEL codes: J61, O12, O15

I. An Introduction to Seasonal Poverty and Domestic Seasonal Migration

In the Asia and Pacific region, poverty is highly concentrated in rural areas.
Four out of every five poor people in Asia live in rural areas (Asian Development
Bank 2007), and the rural concentration of poverty is even starker within some
countries. In Viet Nam and Cambodia, for instance, rural areas account for 90% of
all poor people (Balisacan, Edillon, and Piza 2005). In Bangladesh, 35% of rural
households are poor, compared to 21% in urban areas. In Pakistan, these figures are
36% and 18%, respectively, and in the Lao People’s Democratic Republic, 29% of
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Figure 1. Trends in Rural and Urban Population Distributions by Region

Source: Authors’ calculations using World Bank, World Development Indicators data. https://datacatalog.worldbank
.org/dataset/world-development-indicators (accessed 7 May 2019).

rural households are poor, almost three times the share for urban residents (10%)
(World Bank 2018).1
As a subregion, South Asia is the most rural in the world and the only one
besides sub-Saharan Africa in which the share of the population living in rural areas
still exceeds that for urban areas (Figure 1). A majority of the population in rural
areas, coupled with a concentration of poverty in these same places, translates into
a large number of poor rural households in relative and absolute terms. Most of
these households are engaged in agriculture and are vulnerable to more severe
and frequent shocks compared to urban households. In this paper, we discuss the
seasonal variation in poverty within rural, agrarian areas and summarize findings
from 10 years of research on a strategy many poor rural households use as a way to
cope with seasonal deprivation: temporary, within-country seasonal migration. Both
pilot and larger-scale interventions conducted in Bangladesh and Indonesia reveal
1

Based on the national poverty lines.
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that policies that encourage seasonal migration by providing transport subsidies and
lowering migration costs can, under certain conditions, help poor families mitigate
the adverse effects of seasonal poverty by expanding their access to urban labor
markets.
A.

Internal Migration

Internal migration—permanent, temporary, seasonal, or cyclical—is a
common coping strategy among rural households and has played a key role in
accelerating urbanization in the region. There are 282 million internal migrants in
Asia, which account for over one-third of all internal migrants globally (UN DESA
2013).2 In the region, a lot of internal migration has historically been of a more
permanent nature—such as relocation to urban or manufacturing areas—but this
pattern has slowed down in several countries since the late 1990s. In Indonesia,
Malaysia, and Viet Nam, this deceleration is likely related to an aging population
(who are less likely to migrate), economic growth, and a reduction in interregional
wage gaps. The People’s Republic of China (PRC) is an exception to this trend, as
within-province migration actually increased by well over 100% between 1990 and
2000, likely due to the loosening of restrictions on migration to its large cities (Bell
and Charles-Edwards 2014).
In contrast to the deceleration in permanent migration, temporary, seasonal,
and circular migration have increased in Asia over the last few decades as temporary
employment opportunities in urban and manufacturing centers expanded. Given
crowding and limited access to housing in urban areas, a lot of the recent
rural–urban movement has been temporary and reversible in nature (Deshingkar
2006). Beyond the draw of better employment opportunities in cities, there are also
a couple of push factors that drive rural people into internal, seasonal migration:
predictable preharvest lean periods in agricultural crop cycles during which labor
demand is low in rural areas, and high levels of vulnerability to unanticipated
shocks, which further exacerbate income fluctuations.
B.

Risk and Vulnerability in Rural Areas as Drivers of Internal Migration

The 2014 World Development Report on risk and opportunity analyzed the
incidence of adverse shocks using household survey responses and found a much
higher prevalence of shocks in rural areas compared to urban ones (World Bank
2013). In India, 62% of rural households reported experiencing at least one negative
shock within the previous 12 months and 24% reported two or more. In the Lao
2
This figure, based on data from individual countries, generally does not include seasonal migrants or those
who have relocated for less than a year.
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People’s Democratic Republic, 36% of rural residents reported a negative shock
compared to 12% of urban residents. Economic activity in rural areas is much more
weather dependent and less diverse than in urban areas, and rural residents report
facing both aggregate shocks such as natural disasters (e.g., droughts and floods)
and idiosyncratic health shocks. While health shocks are also common in urban
areas, natural disasters do not appear to be as big a concern for urban households
when compared to rural ones (World Bank 2013).
Acute shocks in rural areas such as droughts and floods certainly contribute
to the heavy flux of temporary migration observed in Asia. In 2010, for instance,
14 million people were temporarily displaced in Pakistan because of floods (Lucas
2015). And in 2001, almost two-thirds of all people in Bolangir, a district in the
Indian state of Odisha, migrated during a drought (Deshingkar 2006). It is estimated
that between 2011 and 2050, as many as 26 million people in Bangladesh may have
to migrate because of floods, storms, riverbank erosion, and sea-level rise (Siddiqui
et al. 2014).
Alongside these dramatic responses, a lot of temporary migration is recurring
in nature, as people move not only because of unanticipated shocks but also to
cope with predictable seasonal variation in employment opportunities in rural areas.
In northern Bangladesh, every year, one-third of poor households in rural areas
send a migrant to work elsewhere in the country for an average of 2–3 months
(Khandker and Mahmud 2012). This massive movement of people that occurs at a
predictable time of the year is the result of seasonal fluctuations in income and work
opportunities in areas of origin due to the agricultural crop cycle and not because
of unexpected natural disasters.
In areas with little crop diversification and distinct cycles, there is a lean
season between planting and harvest periods, a time when agricultural jobs are
scarce, harvest income is yet to come in, and poor households regularly skip meals
and suppress expenditures. Though food insecurity is a nonnegligible issue for
poor households throughout the year, there is a stark increase in extreme levels
of deprivation during this period. In 2006 (a typical year in terms of agriculture),
47% of poor households in northern Bangladesh experienced hunger during the
agricultural lean season (Khandker and Mahmud 2012). In contrast, only 9% of
households went hungry outside the lean season that same year.
More recent data we have collected in the region show spikes in hunger in
two different lean periods within the course of a year: from August to October and
briefly around March (Figure 2). The main rice crop (aman) is typically harvested
from November to January, and the secondary rice harvest (boro) is in April. The
periods before each of these harvests are marked by heightened food insecurity
among landless rural households: whereas over half of poor households reported
at least sometimes skipping meals during the main lean season (from August to
October), fewer than 25% reported doing the same once the aman harvest was
underway or after the boro harvest.
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Figure 2. Seasonal Hunger in Northern Bangladesh

Source: Authors’ calculations using the 2016 Household Follow-Up Survey for the 2014 randomized control trial
round (control group only). Shading denotes historical lean seasons (Food and Agriculture Organization of the United
Nations 2008).

C.

The Effects of Seasonal Poverty

Income fluctuations, even when seasonal and expected, can have dramatic
consequences for the poor who live close to subsistence and are unable to
accumulate savings and smooth consumption. In rural areas in the PRC, for
instance, households in the bottom 10th percentile in wealth respond to a drop
of 100 yuan (CNY) in income with a decrease in food and nonfood expenditure
of CNY40 on average. In contrast, for the top-third of households considered
“nonpoor,” the same drop in income results in just a CNY10 decrease in
expenditures (World Bank 2013).
Such consumption drops among the poor have serious implications for health
and well-being, especially for pregnant women and young children. Skipping meals
and decreasing food intake leads to stunting, nutrient deficiencies, and other health
issues, with potential repercussions for future cognitive capacity and earnings.
Given the concentration of poverty—and vulnerability to agricultural cycles—in
rural areas, it is perhaps not surprising then that Bangladesh has the fourth-highest
prevalence of stunting among poor households around the world, and South Asia
remains the region with the largest number of stunted children under the age of 5
(World Bank 2018). Increases in population per hectare of crop land in several Asian
countries forebodes further competition for the few tasks that are available in rural
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agrarian areas during the preharvest period. As is, there is a danger of potentially
worsening health outcomes for the rural poor over the next few decades (Deshingkar
2006).
D.

Seasonal Migration as a Policy Tool to Counter Seasonal Poverty

The limited set of tools readily used by the rural poor to cope with
seasonal income fluctuations include starting a nonagricultural business, engaging
in nonfarm employment, or temporarily migrating. Business creation and nonfarm
employment are strategies most commonly used in sub-Saharan Africa (World Bank
2012) and can help households diversify away from agricultural income and its
cycles. At the same time, these are reliable coping tools only if there are profitable
opportunities within rural areas, which appear not to be the case in large parts of
rural Asia (World Bank 2012). Social or cultural constraints may further restrict
households’ ability to engage in nonfarm employment. Poor rural households in
Bangladesh, where women are less likely to work outside the home due to cultural
norms, have even less diversified income sources than in neighboring India, for
example (World Bank 2013).
In contrast to rural-based livelihood diversification strategies, seasonal
migration may be profitable even when local rural areas are poor and offer sparse
employment opportunities. If travel between villages of origin in rural areas and
urban destinations is manageable and not too expensive, then spatial wage gaps
may create an arbitrage opportunity. Migrants can take advantage of employment
opportunities in urban areas and send remittances or bring money back home at
the end of their period of employment to help their family cope during the lean
period. One study estimates that migrants in Dhaka send as much as 60% of their
income back home (Deshingkar 2006), while another shows that a quarter of rural
Indonesian households have a migrant, with 85% of urban migrants sending money
home (Lu 2013).
Benefits from seasonal migration and its role in smoothing consumption
may extend beyond averted hunger alone and into other gains in human capital. In
rural Bangladesh, school attendance is higher among children in households with
temporary migrants than in those without; and in Bangladesh, India, and Nepal,
households with seasonal migrants report higher expenditures on education than
nonmigrant households (Srivastava et al. 2014).
Our research, as described in detail in section III, employs a series of
randomized control trials (RCT) to explore whether encouraging more seasonal
migration from rural areas helps poor households mitigate the adverse effects
of seasonal deprivation. Since 2008, we have been testing the effects of small
migration subsidies ($8.5–$19) in rural Bangladesh and have found that this
low-cost intervention increases consumption and income among treated households
relative to a control group. The main economic results are reported in studies by
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Bryan, Chowdhury, and Mobarak (BCM) (2014); Akram, Chowdhury, and Mobarak
(ACM) (2017); and Lagakos, Mobarak, and Waugh (LMW) (2018). BCM (2014)
and ACM (2017) show that the impact of a one-time subsidy also carries over
to subsequent years, as treated households are more likely to send a migrant
up to 3 years after the initial treatment. However, LMW (2018) show that the
financial benefits of migration are tempered by the disutility associated with bad
living conditions experienced in destination areas, particularly urban slums. We
are continuing to develop further evidence on this program with each new year
of implementation and asking new questions as the program scales.
Over the last 10 years, through multiple phases of testing this intervention,
we gradually moved from the original RCT covering 1,900 households to testing
a program called “No Lean Season,” which was run by a separate entity and
disbursed zero-interest migration loans to over 80,000 households in the 2018–2019
lean season alone.3 This scale-up required more local engagement and resources
and adjustments to the delivery system, moving from an intervention carefully
monitored by researchers at each step of the way to one with greater autonomy for
implementing partners and a slightly more hands-off approach to test scalability.
At the same time, the shift from RCT to the program demanded attention
to effects that might not be relevant to an initial study but that come into play
as the target population and area expands. With this transition as motivation,
ACM (2017) focused on general equilibrium effects on nonmigrant households in
villages of origin, considering the effects of offering migration subsidies to some
households on the consumption levels and incomes of other poor households in the
same village. Other papers have explored the noneconomic effects of encouraging
migration, such as those on beliefs, attitudes, and social norms (Mobarak, Reimão,
and Thachil 2018), effects on intimate partner violence (Mobarak and Ramos
2018), pressures toward urbanization in the long run (Chowdhury, Mobarak, and
Reimão 2018), effects on informal insurance networks (Meghir et al. 2017),
and the relevance of the intervention to other settings, such as in rural eastern
Indonesia (Bryan et al. 2018). We are also preparing to study (i) whether seasonally
timed consumption loans (as opposed to seasonal migration subsidies) is the right
policy response in a different setting, with a new experimental design in Nepal;
(ii) the effects of the scaled-up version of the program on urban labor markets in
Bangladesh; and (iii) the role of implementation changes on targeting and migration
outcomes.

3
“No Lean Season” was a program run by the Beta division of Evidence Action and implemented in
Bangladesh through its partner RDRS Bangladesh. One of the authors of this document was a postdoctoral fellow
with Evidence Action, and the entire research team engaged with Evidence Action on a regular basis to provide input
for program decisions. No Lean Season, as funded by Evidence Action, was discontinued after the 2018 lean season,
but RDRS Bangladesh has continued to offer migration loans. The research team has not been involved in these
subsequent activities.
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E.

Other Policy Options to Counter Seasonal Poverty

Explicit support for seasonal migration through transportation subsidies is
only one option in a suite of potential policies to address seasonal deprivation in
rural areas. In Japan; the Republic of Korea; and Taipei,China, for example,
increased crop diversity—which makes seasonal variations in agricultural
employment opportunities less acute—and investments in transportation
infrastructure to improve access to other regions played key roles in the national
development trajectory (UNFPA 2016). With improved and expanded transport
networks, rural households could both commute and temporarily migrate to cities,
better allocating their labor between local agriculture and other employment
options—between members as well as over time. On a related note, Asher and
Novosad (2018) show that a rural road construction program in India allowed
connected villages to reduce their reliance on agricultural income earned inside the
village.
Likewise, Bangladesh (and other countries in South Asia and Southeast Asia)
could benefit from investments in deeper and safer transportation networks and in
better housing options for the poor in urban areas. This strategic funding could
transform temporary migration from a coping strategy to a predictable and desirable
yearly pattern for rural residents, while enabling local governments and employers
to better manage and respond to the influx. Improved transportation can also expand
commuting opportunities, which would counter people’s need to migrate and live
in destination areas for long periods. However, for the foreseeable future (until
transportation networks vastly improve or rural residents have better access to local
jobs year round, or both), explicit support for seasonal migration will likely continue
to play a role in helping the poor cope with seasonal deprivation.
In the next section, we discuss a broader range of policies that governments
and development organizations typically employ to help the rural poor deal with
employment and income shocks, including guaranteed work schemes, universal
basic income, crop insurance, and microfinance, and we point to the gap that can be
filled by seasonal migration subsidies. In section III, we discuss in greater depth the
design and results of the seasonal migration support programs we have implemented
and tested over the last 10 years. We discuss the implications of our research
for other countries in the Asia and Pacific region in section IV and subsequently
conclude.

II. Rural Development Policies to Address Seasonal Poverty

One of the largest and best known seasonal income support programs in
the world is India’s National Rural Employment Guarantee Act (NREGA). Under
this program, all rural workers in the country are in theory entitled to 100 days

Seasonal Poverty and Seasonal Migration in Asia 9
Table 1. Some Policies for Addressing Economic Shocks in Rural Areas
Policy

Design Strengths

Caveats

Guaranteed work

Self-targeted
Supports local infrastructure
development by design

Discourages migration in search of
jobs elsewhere
Costly

Basic cash or food
guarantee

Universal targeting ensures even
those who cannot work receive
benefits

Costly, with leakage to nonpoor
households
Implementation costs also very high
for food distribution

Crop or agricultural
insurance

Transfers tied to actual agricultural
shocks
May encourage risk-taking and
investment by softening downside
of shocks

Does not address seasonality of
agricultural employment and
outputs, only shocks to it
Does not address idiosyncratic shocks
Documented low take-up rates
Possible abuse of subsidized system
by nonagricultural households (as
documented in Mexico; World
Bank 2013)

Microcredit and
savings for
agriculture

Supports investment in agricultural
enterprise (versus subsistence)

Less relevant for landless poor
Documented low take-up rates in
general

Microcredit for
nonfarm
enterprises

Supports diversification of income
away from agriculture in rural
areas

Relies on profitable business
opportunities in rural areas
Assumes entrepreneurial skill;
training is costly and results mixed

Support for
seasonal
migration

Self-targeted

Relies on having temporary
employment opportunities within
reasonable traveling distance

Source: Authors’ compilation.

of guaranteed employment per year and are primarily hired for projects that
support local community development, such as irrigation and road construction.
Other common rural poverty programs include promoting financial services such
as microfinance (a concept that also originated in South Asia), crop insurance,
and support for savings (Table 1). Many governments around the world have
also experimented with cash transfers—either unconditional or conditional on
a specified activity like school attendance—and transfers in the form of food
subsidies or free food distribution have been deployed in acute situations around
the world for decades.
Besides these formal policies, poor households have long used informal
coping systems as well. In times of distress, they rely on their social networks
for gifts and transfers, on informal loan providers, on temporary or permanent
migration, or on invoking the very costly strategy of cutting back on consumption,
or a combination of these. In this section, we provide an overview of commonly
employed antipoverty policies for rural areas and discuss the evidence of impact of
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such programs, drawing on data from Asian countries whenever possible. We close
the section by explaining how subsidies for seasonal migration can fill a gap left by
these programs.
A.

Guaranteed Work Schemes

NREGA, enacted in 2006, is an ambitious program to address rural seasonal
poverty in India. It is a cash-for-work program that provides guaranteed employment
during the lean season for rural households across the country. Within 6 years of
inception, this program had provided over 12 billion person-days of employment for
the rural poor. In the 2017–2018 fiscal year, almost 80 million individuals worked
under the scheme (NREGA 2018).
NREGA relies on “self-targeting,” in that offered wages are deliberately
low relative to the market, to ensure that only those facing weak employment
opportunities will seek out the program. Despite this, no state has been able to
provide all of the employment that rural workers have demanded and are entitled
to (World Bank 2012, Dutta et al. 2012). In fact, in the 2017–2018 fiscal year,
the average number of days worked per participant household was 46 days, well
below the guarantee of 100 days per person (NREGA 2018). Nevertheless, there
is evidence that the opportunities offered by NREGA have had a spillover effect
on the private sector, pushing up market wages and benefiting the poor more
broadly (Imbert and Papp 2015; Muralidharan, Niehaus, and Sukhtankar 2018).
Studies report other positive effects of NREGA, including on consumption, assets,
nutrition, education expenditures, and women’s empowerment (Das and Singh
2013, Dasgupta 2017, Deininger and Liu 2013), but since the program rollout
was not designed with research in mind, it has been difficult to establish some
of the evidence very rigorously. In contrast, a similar rural employment guarantee
scheme in Malawi was evaluated using an RCT, and it found no meaningful benefits
in terms of agricultural investment, food security, or labor market opportunities
for beneficiaries (Beegle, Galasso, and Goldberg 2017). This study even reported
a negative spillover effect on untreated households operating in the same labor
markets as the beneficiaries of the cash-for-work program.
Guaranteed work schemes, even when they are effective, are very costly to
operate because they must force job creation in a rural area where the structure
of the agricultural economy is such that it is difficult to generate employment.
This is likely related to crop cycles. Lean seasons often appear in agrarian areas
during the period between planting and harvest, where cultivators must patiently
wait for the crop to grow. There is relatively little to do on the farm, as weeding and
other land management tasks do not require as many workers as during planting
and harvest. These preharvest lean periods constitute expected seasonal downturns
marked by job scarcity and are known as “monga” in Bangladesh, “musim paceklik”
in Indonesia, or simply “hungry seasons” in Malawi, Mozambique, Senegal, and
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Zambia. The private sector does not generate sufficient employment during this
period in rural areas, but it is not clear whether this is due to a market failure or is
the natural result of economic conditions given the concentration of poor people
with little buying power during the lean season. Nevertheless, government-led
guaranteed employment programs expend vast amounts of resources to go against
this tide and create local jobs each year during the lean season.
Even setting aside their debatable potential as efficiency-enhancing programs
that address a market failure, and instead looking at them as a social safety net
for the extreme poor, food- and cash-for-work programs are difficult to design
to meet local needs. The wages offered through the program need to achieve a
balance between being low enough to properly target the poor and needy who should
self-select into the program, but high enough to actually address seasonal poverty
and be of use to those poor households (who may also face higher prices during
the lean season). NREGA participants in India receive an average of 175 rupees
($2.50) per day, and there are indications that the program is well targeted for
the poor (Imbert and Papp 2019). In contrast, the wages offered in the Malawi
government program are apparently so low relative to outside options that only 50%
of households offered employment through the system actually accepted (Beegle,
Galasso, and Goldberg 2017).
A job guarantee program in Bangladesh called Food for Assets (FFA) is also
reportedly well targeted to the poorest households, because the nature of the work
is physically demanding and the program offers low pay. Of FFA participants, 72%
come from the lowest decile of the income distribution (Ahmed et al. 2009). Job
availability also generally overlaps—though not perfectly—with the lean season, as
most of the work is provided between December and May. There is some evidence,
however, that this program crowds out other income, as participants are required to
work full days, thereby foregoing labor opportunities in private markets. As such,
every 100 taka (Tk) paid through the FFA program increases household income by
an average of only Tk32 (Ahmed et al. 2009).
Rural workfare programs also discourage labor migration to urban areas,
as one must be present in the rural area to take advantage of the job guarantee
scheme. Since these programs are more common during the lean season (both to
address seasonality and because construction projects are challenging to implement
during monsoon periods), they also directly compete with seasonal migration-based
coping strategies that those households may have otherwise employed. Research in
India reveals that districts that were early implementers of NREGA experienced a
50% decrease in seasonal out-migration relative to a comparison group of districts
where the program was not yet implemented at the time (Imbert and Papp 2019).
In our own research in Bangladesh, we find that displacement of migration limits
the positive effect of work programs on household welfare. Simulations reported
in LMW (2018) show that introducing a rural workfare program in northern
Bangladesh would decrease the seasonal emigration rate of the poorest quintile
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by 4–6 percentage points and produce lower household welfare gains, on average,
relative to migration subsidies or an alternate program providing unconditional
cash transfers without imposing a requirement to remain in the rural area (LMW
2018).
B.

Unconditional Transfers

Unconditional cash transfers (UCTs) have gained popularity in recent years
as a benchmark against which to measure the impact and cost-effectiveness of other
poverty alleviation programs. In LMW (2018), we directly compare the effects of
seasonal migration subsidies on household welfare to the welfare that would be
generated under an untargeted UCT program. The overall welfare gain across the
population produced by an untargeted UCT is by definition greater than that of
a transfer conditional on migration, because a migration conditionality imposes a
constraint on people, and constraints can only make rational people (weakly) worse
off. However, the migration transfer generates some targeting benefits relative to
the UCT, since it tends to induce only the people who actually need the support
to participate, as opposed to the universal coverage of the UCT, which ends up
benefiting many people who are not as poor or who did not face an acute adverse
seasonal shock during the year. Therefore, when we conduct a budget-neutral
comparison between migration subsidies and UCTs, we see that the migration
subsidies improve the welfare of the poorest quintile by about 14% more than a UCT
program (LMW 2018). These results highlight a feature of UCTs that is both their
strength and their weakness: the lack of any conditionality means that anyone can
receive a UCT, which includes both the nonpoor (who are not intended beneficiaries
of pro-poor programs) and households who may be so poor and so constrained that
they may have difficulty complying with the conditions required by a conditional
cash transfer (CCT) program.
A study by Baird, McIntosh, and Ӧzler (2011) highlights this particular
benefit of UCTs by directly comparing a UCT program against a CCT in which
transfers for adolescent girls are conditioned on school attendance. This RCT-based
study shows that while the CCT produces larger effects on the schooling outcomes
on which transfers are explicitly conditioned, it does not decrease marriage and
pregnancy rates among young girls by as much as the UCT. This is because there
is a subgroup of extremely vulnerable households who cannot comply with the
conditionality and therefore do not receive benefits under the CCT program. These
types of households are still helped in the UCT. This logic implies that, relative to
seasonal migration support programs or rural workfare programs, a basic income
transfer might better reach households that may not have a working member who
is able to migrate or even work in the rural area. A substantial part of the transfers,
however, would also go to those who may not be in as dire a situation as the target
population.
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Of relevance to this difference in coverage, we also implemented an RCT
in West Timor, Indonesia, designed to empirically compare the relative effects of
UCTs and migration transfers directly (Bryan et al. 2018). Not surprisingly, take-up
among eligible households is over 90% in the UCT arm, compared to 52%–59% in
the CCT arm. The conditional transfer increases migration by about 30 percentage
points relative to the UCT, and average gains in household income are larger for
the CCT group compared to the UCT. Nevertheless, the difference in take-up rates
is composed of both households that are too wealthy to be interested in migrating
and households that may have been unable to migrate or find a job in destination
areas. A CCT such as a seasonal migration support program cannot directly reach
the latter group, a disadvantage relative to UCT programs or other unconditional
safety nets.
Seasonal migration—and programs supporting it—is not and cannot be a
substitute for basic income, particularly for households that do not have a working
member. It is also important to acknowledge that cash and food transfers for
the poorest households are relevant in several circumstances besides seasonal
drops in income. That said, these programs are relatively costly to implement and
also vulnerable to elite capture. Ahmed et al. (2009) evaluate transfer programs
targeting the ultra poor in Bangladesh, including Income Generation for Vulnerable
Group Development (IGVGD), a food transfer and credit program, and Food
Security Vulnerable Group Development (FSGVD), a combined food and cash
transfer program. The study finds that 10% of IGVGD-beneficiary households were
actually in the top three deciles of the income distribution. Only 43% and 38% of
beneficiaries for IGVGD and FSGVD, respectively, were in the bottom decile; in
contrast, the respective share was 72% for the FFA guaranteed workfare program
(Ahmed et al. 2009).
On the other hand, the same study also reports that the food-for-work
program is the most expensive way to increase household consumption, with the
FFA requiring Tk440 per beneficiary per month to increase daily consumption
per capita by 100 calories. IGVGD requires Tk249, while FSGVD, the combined
food and cash transfer program, requires Tk156 per month. The workfare program
is likely even more costly in ways that are not measured, since participation in
workfare generally requires beneficiaries to forego other labor market opportunities.
The coverage of these transfer programs is also precarious, as only
6%–7% of the Bangladeshi poor are actually covered by any food or cash transfer
or workfare program (Ahmed et al. 2009), a statistic likely related to the high
cost of implementing such schemes. These programs are therefore inadequate in
their present form to address the recurrent seasonal poverty that afflicts well over
one-third of the rural population in northern Bangladesh each year. Seasonal
migration support may therefore serve as a useful policy complement to these
existing social safety net programs in this setting—and similar ones with low safety
net coverage and high seasonal vulnerability.
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C.

Agricultural Insurance

Agricultural insurance programs are designed to mitigate losses associated
with extreme events and unexpected weather shocks, rather than predictable and
recurrent seasonality. Index-based insurance programs circumvent the adverse
selection and moral hazard problems that undermine traditional crop insurance
by tying payouts to verifiable weather events or other aggregate outcomes such
as average losses at the regional level. By design, then, agricultural insurance is
not meant to address seasonal deprivation that arises on a cyclical basis through
the regular agricultural calendar, as payouts are made based on deviations from
expected patterns.
A more sophisticated tool ties agricultural insurance to a safety net, as is done
in Mongolia. Under this particular program, Mongolian herders fully absorb losses
of up to 6% (indexed on the average mortality of adult livestock in each county);
losses between 6% and 30% are covered by index insurance; and participants are
automatically enrolled in a safety net program if losses surpass 30% (World Bank
2013).
Though crop (livestock) insurance is traditionally aimed at landowners
(livestock owners), payouts are not tied to individual output, so it is possible to
expand the target population for crop (livestock) insurance from landed to landless
(livestock-less) households, who are also vulnerable to extreme shocks through
decreased farm (herding) employment opportunities. In fact, in an RCT in India
where landless laborers were offered rainfall insurance, their take-up rate was only
4% lower than that of landowning households (Mobarak and Rosenzweig 2013).
However, selling crop or weather insurance to the landless poor necessarily requires
the use of index insurance, where payments are not tied to individual outcomes
but to a measurement along the lines of a weather index or an aggregate outcome.
This in turn implies that the policy can only insure against aggregate risks (such as
weather, pest, or price shocks) and not idiosyncratic risks that poor rural households
may face, such as consumption drops due to a mortality or morbidity event in the
household.
Empirical research on agricultural insurance also reveals that take-up is
relatively low in some contexts even at actuarially fair prices, and its use has not
necessarily led to higher levels of investment and technology adoption (Lybbert
and Carter 2015; Carter, Cheng, and Sarris 2016). In a study offering insurance to
landless households, roughly 40% of all households purchased insurance—a fairly
low rate considering that subsidies of 0%, 10%, 50%, or 75% on the insurance
product were randomized across households (Mobarak and Rosenzweig 2013).
A new tool combining index insurance and loans, in the form of emergency
loans that are made available to farmers in the event of flooding, has been recently
designed and implemented in Bangladesh. The key innovation of this intervention
is that, unlike other insurance forms, it does not require any upfront payment by
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farmers; only eligibility is determined before the crop cycle. Preliminary findings
are generally positive, indicating that these emergency loans not only provide
relief as expected in the case of floods, but also lead prequalified farmers to plant
15% more rice once they know they will be eligible for the loan in the event of
major flooding (Lane 2018). This can generate spillover benefits for the landless
poor in terms of greater labor market opportunities when the weather cooperates,
particularly during the planting period (Mobarak and Rosenzweig 2013), but still
cannot fully address the regular decrease in employment opportunities during the
lean season.
D.

Microcredit and Savings

Microcredit and savings consist of a broad array of programs that provide
small loans for the creation or expansion of nonfarm enterprises, credit for
agricultural inputs, programs encouraging savings for farm or nonfarm businesses,
and any combination of these.
Small loans for nonfarm enterprises became a hugely popular idea in
international development in the 1990s, and South Asia is the birthplace of
large microfinance institutions, including Grameen Bank and BRAC. But recent
meta-analyses of RCTs on microfinance generally find modest impacts at best
from this type of intervention. A review of six microfinance studies, two of
which were implemented in Asia (India and Mongolia), notes that take-up rates
of microloans are relatively low and the impact on family income or consumption
was not statistically significant in any of the six settings (Banerjee, Karlan, and
Zinman 2015). Limited take-up is to be expected even before considering loan
characteristics, as not all individuals aspire to be entrepreneurs or have a promising
business idea, but half of the studies also found no impact on the ownership, start,
or closure of a business, while the other half only found effects in one of these
outcomes. The evaluation in India found significant increases in expenditures on
durable goods but not on consumption (Banerjee et al. 2015). And the evaluation in
Mongolia shows positive impacts on household food consumption but not income
for a group liability loan, while individual liability loans generally had no impact
across the board (Attanasio et al. 2015).
A Bayesian hierarchical analysis of an overlapping set of seven microfinance
studies (Meager 2019) echoes the limited power of microfinance, showing that its
impact on consumption is at best small and unlikely to be transformative, with
relatively little heterogeneity across beneficiaries. Notably, this study also shows
that, for households with no previous business experience, as would likely be
the case for most primarily agricultural households in rural areas, microfinance
also has zero impact on household profits. It is clear, then, that microfinance
for entrepreneurship, though potentially beneficial to some households—mainly
those with existing enterprises—cannot reliably serve as an avenue for income
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diversification or consumption smoothing for a large number of poor agricultural
households.
The seasonal migration support program we have evaluated in Bangladesh
is in essence a version of a microcredit program with some crucial differences
from how microfinance has traditionally been conceptualized.4 First, these loans
are explicitly conditioned on migration rather than a business plan or business
ownership. Second, the loans are meant to encourage job search rather than require
beneficiaries to set up a business. This difference expands the relevance of the loan
and removes undue pressure toward business creation, as there are likely many more
“employees” than “entrepreneurs” in the world; many more would prefer a job with
a stable income rather than take on the risk of starting a business. Third, our seasonal
migration support was in some cases a grant rather than a loan, and in others, a
loan with zero interest rate. While microfinance institutions require profitability to
be sustainable, our intervention is designed to subsidize migration for the poorest
households rather than turn a profit. Fourth, the repayment period for our loans
has been set at the end of the lean season, typically 3–4 months after loans are
disbursed. In contrast, microcredit programs typically require biweekly repayment
or other short intervals (Field, Holland, and Pande 2014), which may in itself distort
household decisions away from seasonal migration. In fact, data from Bangladesh
indicate that clients of microfinance organizations are less likely to migrate than
nonclients (Khandker and Mahmud 2012).
Agricultural loan programs tailored to rural areas (to encourage investment in
agricultural inputs) also move away from short repayment periods and instead offer
credit at the start of the planting season and collect repayment at harvest. However,
take-up of such loans is also low: a study in Mali found that just 22% of women who
were offered an agricultural loan accepted it, and only the more productive farmers
self-selected into taking out these loans (Beaman et al. 2015).
Savings programs, including agricultural savings accounts, have been studied
more extensively in Africa. An RCT in Malawi that encouraged savings after
harvest to invest in inputs next season (Brune et al. 2016) found that, on average,
only one-quarter of the original deposit was still in a savings account 2 weeks later.
When an Abdul Latif Jameel Poverty Action Lab research team tried introducing
new savings products through banks in Chile, Malawi, and Uganda, the programs
generally failed, presumably because banks found it too costly to administer
products in which poor people deposited very small amounts of savings each
month.5
Our data from Bangladesh indicate that the landless poor, who are most
vulnerable to seasonal hunger, typically do not have anything to save, especially
4
The main implementing partner in northern Bangladesh, RDRS Bangladesh, was originally a microcredit
organization.
5
A related research paper by Dupas et al. (2018) concludes that traditional bank accounts are unappealing to
the majority of the currently unbanked rural households in all three settings.
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during the lean season. Both ACM (2017) and BCM (2014) report significant
treatment effects on income and consumption from the migration subsidies
introduced, but the studies do not observe any increase in savings in any of the
multiple years in which the program was evaluated. The marginal propensity to
consume extra income during the lean season is very high for the landless poor.
The evidence suggests that it will likely be difficult to induce savings among the
poor as a way to address seasonal deprivation.
Fink, Jack, and Masiye (2018) identify a more promising option: a well-timed
loan during the lean season can reduce farmers’ desperation to suboptimally supply
labor to other farms at low wages to address their short-run cash needs for meeting
their family’s subsistence requirements. In this treatment, loans of either cash or
grains are not envisioned as encouraging leaps in productivity or business creation;
rather, they are disbursed to farmers during the lean season to discourage the use of
more costly coping mechanisms, particularly working in other farms. The authors
find that these loans, which are also to be repaid after the lean season (effectively at a
4%–5% interest rate), do in fact encourage subsistence farmers to work on their own
land during the lean season rather than in other farms, with positive repercussions
for their subsequent harvest.
Landless rural households may also benefit from seasonally timed
consumption loans, disbursed at the beginning of the lean season and repaid at the
end with no conditionality. This may be a particularly sensible solution in countries
where migration already occurs at high rates and usually over greater distances and
for longer periods, but where seasonal poverty remains. Our initial exploration in
Nepal indicates that seasonal consumption loans may be relevant there and calls for
further research on this type of consumption loan, with a closer look at repayment
rates. In Zambia, repayment rates on lean-season loans dropped between the first
and second years of treatment even though the harvested output increased for treated
households (Fink, Jack, and Masiye 2018). Ensuring high repayment rates year after
year is critical for the sustainability of such a program in the long run, and future
experiments will be useful for illuminating that path.
E.

Temporary Migration

In addition to the formal markets and mechanisms described above
(employment guarantee schemes, transfers, insurance, credit, and savings
programs), the poor use a variety of informal tools to cope with seasonal volatility.
They may draw on support from friends and relatives, secure loans from informal
money lenders, or attempt to diversify their income by engaging in informal
business enterprises or by entering the labor market outside the village—or a
combination of these approaches. Multiple years of data from northern rural
Bangladesh show that, in any given year, about a third of poor households in the area
send a family member to labor markets elsewhere in the country to cope with the
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seasonal shock through temporary, circular migration. This reliance on migration is
not limited to Bangladesh and is common across the region. It is estimated that twothirds of the 740 million internal migrants in the world reside in Asia (World Bank
2013), and that India alone is home to an estimated 30 million temporary internal
migrants (Deshingkar 2006).
Our research focuses on seasonal migration, a type of temporary migration
that occurs at a predictable time in the year (often—but not always—during the
lean season) and lasts a few weeks to a few months. As a policy intervention,
encouraging seasonal migration involves supporting the movement of people to
where there are jobs and allowing the market to provide employment and income,
which may be more efficient and easier than bringing jobs to local areas (as in
a workfare program). Seasonal migration is a form of spatial arbitrage in which
people move from areas where there are few jobs during a given season (e.g., due to
lean periods in the agricultural crop cycle) and into areas with better employment
opportunities during the same period.
Seasonal migration not only diversifies income but may also have an indirect
effect on other informal coping mechanisms. For example, the temporary migration
of a subset of members in a risk-sharing network may have a spillover effect on
others in the network through a system of gifts and transfers (Meghir et al. 2017).
Lowering the cost of migration via grants or loans, as we do in our interventionbased research, may also make it easier for others to migrate because they can travel
together with grant recipients as they share costs and risks. In the next section, we
will delve into the details of the research methods and lessons from our multiyear,
multisite research program on encouraging seasonal migration.

III. Evidence on Seasonal Migration

While our research program encourages more migration, one-third of poor
households in rural areas of northern Bangladesh (in particular, the Rangpur region)
already rely on internal seasonal migration as a coping strategy to deal with
deprivation during the lean season. Those households send a migrant for weeks
or months at a time for employment in urban areas or other rural areas within
the country where wages are higher or employment opportunities are more broadly
available or both. Data from 2017, for instance, reveal that the median daily wage
among individuals in our study was Tk200 at home ($2.4) during the lean period,
but Tk333 ($4) for those who migrated domestically.
The starting point for our research was that the prevailing seasonal migration
rate of one-third actually seemed puzzlingly low: given the lack of jobs in rural areas
during the lean season, the relatively ample availability of jobs in urban areas during
the same period, higher average wages offered to low-skilled workers in common
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destination areas, and the evident feasibility of temporary travel in this context,
economic theory would predict a higher seasonal migration rate in the absence
of market failures (and as long as individuals were not already sorted according
to their comparative advantage). Our research was therefore designed to examine
market failures that might prevent poor households in northern Bangladesh from
temporarily moving to where there are jobs and to explore whether an external
intervention could help overcome those hurdles.
Rangpur is one of the poorest regions in Bangladesh, and its rural residents
are more reliant on agricultural income than residents of other regions. Rural
Rangpur households, on average, derive 50% of their income from farming,
compared to 28% for rural households elsewhere in Bangladesh (Khandker and
Mahmud 2012). This heavy reliance on agriculture leaves poor households more
vulnerable to seasonal fluctuations from crop cycles (predominantly rice in this
setting), making seasonal emigration a sensible strategy during periods when
agricultural jobs are scarce. International remittance receipts are also relatively low
in Rangpur compared to other regions in Bangladesh, as it often takes a fair amount
of money to migrate internationally. And while 32% of households in Rangpur
participate in some type of social safety net (mainly food transfers), the benefit
amounts are too low to adequately address seasonal deprivation (Khandker and
Mahmud 2012).
With high poverty rates, savings constraints, and low safety net transfer
amounts, fluctuations in employment opportunities and income translate into
substantial drops in consumption during the preharvest period. Using data from our
research, Figure 2 shows that up to 20% of poor households in this setting regularly
miss meals during the lean season, and fewer than 40% never face food insecurity.
Unaddressed, this can have disastrous consequences for those already living close to
subsistence, especially families with pregnant women and young children. Reduced
consumption for up to 3 months of the year can adversely affect the physical and
cognitive development of children, with attendant effects on learning, productivity,
and future earnings.
Since 2008, we have tested whether transport subsidies can facilitate
out-migration and help poor rural households avoid drastic drops in consumption
during the lean season, specifically by taking advantage of employment
opportunities elsewhere in the country. And since 2013, we have partnered
with Evidence Action, a nongovernmental organization (NGO) supporting and
implementing evidence-based programs, to explore the viability and impact of a
scaled-up version of this intervention. Working with Evidence Action’s “No Lean
Season” project, we went beyond the first step of measuring the direct effects of
seasonal migration subsidies on targeted beneficiaries to exploring the potential
effects of a large intervention under the same framework, such as the effects on
destination workers, permanent migration, and beliefs and social norms.

20 Asian Development Review

A.

Direct Effects of Seasonal Migration Support on Beneficiaries

In 2008, we implemented an RCT covering 1,900 households across 100
villages in Rangpur (discussed in further detail in BCM [2014]). First, each village
was randomly assigned into one of four arms: (i) villages offered a grant for
seasonal migration, (ii) villages offered a zero-interest loan for seasonal migration,
(iii) villages given information about migration and job opportunities and wages
at the destination, or (iv) a control group. Next, within each village, 19 poor
households were randomly selected for the study, so that each of the 19 households
living in the same village was assigned into the same RCT arm.6 In August 2008,
those in the first treatment arm were given information on popular migration
destinations and their prevailing low-skill wages and offered a grant of Tk800 ($8.5)
conditional on the temporary migration of at least one household member in the
upcoming lean season. This amount was intended to cover the cost of a bus ticket
and a few days of food, and in our data, we find that migrants spent on average
Tk450 on migration transport in that round and Tk529 when including food and
incidentals related to the journey (BCM 2014).7
There were no further restrictions to the grant, and beneficiaries could choose
the specific member(s) who would travel, the destination, the length of stay, and the
nature of their job search. For the majority of the sample, we also did not impose any
restriction on destination or the identity of travel companions. The second treatment
arm was similar to the first, except that the disbursement was offered in August 2008
as a zero-interest loan rather than a grant. Repayment was expected upon return,
but forgiven in the case of failure to find a job, though this latter feature was not
disclosed upfront. The third arm only received information on popular destinations
and prevailing wages using the same script as the first two arms, while the control
group did not receive anything.
This RCT design helped us evaluate whether the treatments were successful
in encouraging more migration, which in turn allowed us to learn about
the constraints limiting seasonal migration. We found that the small subsidy
significantly increased the migration rate from 36% in the control group to 59%
for those receiving the grant and 57% for those receiving the loan. The difference
between the latter two is not statistically significant, while the average migration
rate remained at 36% in villages with the information-only treatment. From these
results, it appears that the relatively low rate of seasonal migration in the region,
6
Eligibility was defined as having less than 50 decimals (half an acre) of land and having skipped meals in
the previous lean season. Of the households in these 100 villages, 70% were considered eligible (BCM 2014).
7
Migrants may have taken more than one trip or households may have sent more than one migrant, but the
transfer amount is limited to Tk800 per household regardless of the number of trips. Calculating the overall cost of
living at destination is problematic, as over half of migrants in our study receive housing and/or meals from their
employer as part of compensation, or, in the case of rickshaw drivers, may be given housing above the garage. The
monetary value assigned to these benefits differ by migrant, the quality of housing and food, and also from employers’
perspectives on the value of the benefits they provide.
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despite the availability of jobs in urban areas, was not due to a lack of information
about jobs—poor households either already know about the availability of jobs and
prevailing wages in urban areas, or this piece of information is not relevant to the
decision to migrate.
To study the effect of the program in subsequent lean seasons, we tracked
migration rates 1 and 3 years later, without repeating the intervention itself in
those villages. During the lean season a year later (2009), 47% of households in
villages where conditional subsidies (loans or grants) had been offered in 2008 sent
a seasonal migrant, which was significantly higher than the migration rate in the
control and information groups. The migration rate in the grant and loan villages
was still significantly higher (by 7 percentage points) than the control group even in
2011, the next year we collected data on this sample.
Using the randomized treatment as an instrument, we find that households
that were induced to migrate through this program increased both food and nonfood
expenditures by 30%–35% relative to the control group, and consumed 550–700
more calories per person per day. This is equivalent to each person in the house
eating one additional meal per day, during a period when food is scarce and meals
are commonly skipped. Compared to the Tk800 transfer, households that sent a
migrant in response to the subsidy increased their consumption by Tk350–Tk400
per person per month (BCM 2014). In a context where migration lasts 2–3 months
and households have between four and five members, this represents a large rate of
return on the initial subsidy. Figure 3 illustrates how the subsidies work, enabling
households to send a migrant for temporary employment elsewhere in the country
and using the additional earnings to raise consumption and calorie intake.
Further analysis of our data indicates that poor families close to subsistence
were hesitant to invest in the uncertain returns to migration partly because they
were too risk averse. Even though seasonal migration is profitable on average—as
indicated by the average gains in expenditures and consumption for households
that responded to the subsidy by migrating—any chance of migration failure
(e.g., spending the money for transport but failing to find a job, or at least one
that is worth the travel) can have devastating consequences for households living at
the edge of subsistence. As a result, even with knowledge about average benefits,
poor households may be unwilling to risk spending the little money they have on
migration. The migration subsidy acts as insurance against this downside risk,
protecting households from having to use their own money upfront to pay for
migration.
B.

Further Exploration for Scale-Up

Results from the initial RCT show that providing financial support for
seasonal migration has potential as a tool for addressing seasonal poverty. It is
certainly cheaper to implement than work guarantee programs (which require
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Figure 3. Seasonal Migration Subsidies in Practice

Note: The subsidy amount has varied across rounds, from 800 taka to 1,500 taka ($8.5–$19, with variation in the
exchange rate over the years) to respond to rising costs in migration as well as improved knowledge on the actual
costs associated with migrating, which may include prepurchasing food for the family before migration.
Source: Figure was directly provided by Evidence Action.

paying beneficiaries for each day of work), owing to the fact that a one-time
transport subsidy allows beneficiaries to earn market wages on their own at
the destination. It is also more easily scalable considering the complexities of
program implementation: the number of potential direct beneficiaries depends on
the capacity of an institution to make subsidy disbursements but does not require the
creation and management of jobs and payments. The upper bound of scalability may
be constrained by the capacity of potential destination areas to absorb temporary
laborers.
But before declaring that support for seasonal migration should be scaled
up and implemented as a policy for addressing seasonal poverty in Rangpur or
other agrarian areas of Asia, the potential indirect effects and spillover effects of
this intervention demand some attention. To move from an RCT to a policy, it
is not sufficient for an RCT to simply demonstrate positive effects on its treated
sample, particularly for a complex program that can in theory have repercussions
for other parts of the population. When considering implementing an intervention
as a large-scale policy, we must also look at the effect of the intervention on,
say, other poor households who are operating in the same labor markets and
competing for the same jobs. It is also important to understand any unintended
noneconomic consequences on social norms, political beliefs, or intrahousehold
decision-making. In contemplating a move from pilot-scale research to an
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at-scale program, programmatic issues also arise or gain more importance, such
as the incentives and constraints faced by funders and implementers and the
cost-effectiveness of the intervention. In the following subsections, we discuss these
additional areas we have studied, providing information on the potential of this
particular intervention as a scalable policy while also illustrating some issues that
come into play in the move from RCT to at-scale program.
1.

Targeting and Welfare

The research described above focuses on the economic returns to migration,
but there is also the question of whether migration raises welfare more broadly. If
the extra income and consumption from migration comes at the cost of temporary
family separation, worse living conditions for the migrant in urban slums, or any
other negative experience stemming from migration, the effect of the subsidies on
the welfare of targeted households cannot be represented simply by their income
or consumption gain. Much of this “disutility” is difficult to directly observe or
collect through survey questions. LMW (2018) use a simulated method of moments
approach to implement a model that allows for unobserved disutility and matches
this model to experimental moments generated from the same RCT reported in
BCM (2014). In the initial RCT described above (implemented in 2008), roughly
80% of migrants experienced success at the destination in economic terms, but at
most 50% chose to remigrate in subsequent years. This gap between “success” (in
terms of employment, income, and consumption) and the revealed preference of
remigration choices is informative about how large the unmeasured disutility must
have been, as a sizable portion of migrants who experienced success according to
our economic metrics nonetheless choose not to migrate again in a subsequent year.
The quantitative model in LMW (2018) matches these moments in the data to infer
the disutility and the net welfare gains from migration.
Through this method, LMW (2018) deduce that migration comes with
substantial disutility, and that the actual welfare gains from the subsidies are smaller
than the 30%–35% consumption increase observed through the experiment. We
validate this inference with discrete choice experiments on the same BCM (2014)
experimental sample, asking potential migrants to choose between migration and
stay-at-home options that vary in the (hypothetical) conditions associated with
the migration experience such as wages, the likelihood of finding work, living
conditions at the destination, and the length of family separation. We learn that,
of these dimensions, the quality of living conditions in the city is the component
of welfare that matters most to migrants. In this context, toilet type and access
serve as realistic proxies for living conditions, and we find that having housing with
an indoor latrine (as opposed to public options) at the destination leads to a 17
percentage point increase in the reported propensity to migrate. This large effect
is equivalent to increasing destination wages by 21%, or increasing the likelihood
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of finding work threefold. The clear policy implication is that governments should
invest in urban living conditions and improve housing and sanitation in slum areas,
as this would be valuable not only with respect to human rights and dignity but
also for its economic draw. In a survey of migrants working in construction jobs in
Dhaka, 71% report worse housing conditions at the destination compared to their
own homes in rural areas (Srivastava et al. 2014).
Given the disutility from worse living conditions, this model suggests
that potential migrants would only choose to leave when they are sufficiently
economically desperate and the situation at home is precarious. The LMW (2018)
modeling exercise allows us to learn about the types of households that are most
likely to respond to the migration support intervention and the conditions under
which they would choose to migrate in any given year. Understanding who exactly
this migration support program manages to target is an important component of
understanding the economic growth or welfare generated by this program.
It could have been the case that there are many rural workers who would fare
well in the city but who are “spatially misallocated” in rural Bangladesh because
they are not sure about their prospects in the city and do not travel as a result. The
financial incentive for migration would allow them to try out the urban labor market,
and those who then learn that they have a comparative advantage in the city become
repeat cyclical migrants or even permanent migrants. The results derived through
the LMW (2018) model suggest that this is not the case, likely because those with
a strong comparative advantage in the city are for the most part already there.
Instead, it is those who have experienced recent bad shocks but are hesitant
to draw down their small savings to make another trip (that may fail) that are
induced to migrate by the financial incentive. The migrants from these households
are not necessarily a lot more productive in the city compared to the village, but
the migration support program allows them to weather unexpectedly bad periods
by accessing jobs in urban areas. As such, this program does not generate much
economic growth, as workers are not generally spatially misallocated and moving
them does not create substantial changes to aggregate productivity. Rather, the value
of the program lies elsewhere: it offers a safety net to extremely poor households,
enabling them to cope with cyclical and idiosyncratic shocks.
This is also an efficient mechanism for targeting support to such households.
The migration requirement acts as an ordeal that, in effect, aids in the selection
of households who really need to travel that year, due to dire circumstances or
an adverse shock they experienced at home. It is precisely through the disutility
of migration that the program is able to better target those who can benefit from
migration but are unable to afford its risk, compared to other possible programs
we have discussed in this paper: (i) UCTs, which target participants much more
broadly—often based on fixed assets—are vulnerable to leaks to the nonpoor
and cannot easily identify those who have faced recent shocks; (ii) agricultural
insurance, which typically targets richer, landed households; and (iii) weather index
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insurance for landless households (Mobarak and Rosenzweig 2013), which can
only indemnify aggregate shocks and not protect households from uniquely harsh
idiosyncratic shocks.
2.

Labor Market Spillover Effects in Sending Communities

As a migration support program is scaled up, with offers made to more and
more poor households, it may start indirectly affecting other poor households who
live in the same communities as program participants, but who may themselves
not receive the transfer or may not be able to send a migrant. In other papers, we
investigate such “general equilibrium effects” of the migration support program
through labor market channels and risk-sharing channels in villages where the
program is implemented.
ACM (2017) report on an expanded trial implemented in 2014 that
randomized 133 study villages into three arms: (i) a high-intensity treatment in
which around 70% of eligible households were offered the migration subsidy
simultaneously (47 villages), (ii) a low-intensity treatment in which around 14%
of eligible households were offered the migration subsidy (48 villages), or (iii)
a control group (38 villages).8 This setup creates five types of study households:
(1) offered a subsidy in villages where many others were also offered the subsidy;
(2) offered a subsidy but residing in a village where few others were offered the
same subsidy, (3) not offered the subsidy but in a village where many others were
offered the subsidy, (4) not offered a subsidy and in a village where few others were
offered a subsidy, and (5) not offered a subsidy and in a village where no one was
offered the subsidy either.
The ACM (2017) analysis reveals strong network effects in migration
decisions: while households in low-intensity villages who were offered the subsidy
are 25 percentage points more likely to migrate than the control group, those in
high-intensity villages who were offered the subsidy are 40 percentage points more
likely to migrate. The difference between these groups is statistically significant,
and both represent a very large jump in migration rates from a mean of 34% for the
control group (type 5 households). Notably, even those who were not offered the
subsidy directly but who reside in high-intensity villages (type 3 households) are
10 percentage points more likely to send a migrant relative to households in control
villages.
Migration decisions therefore appear to be strategic complements, as one is
more likely to migrate if others within one’s network are also migrating. Further
analysis reveals that connections matter, as migrants frequently travel in groups
with others from the same village. An operational implication of this finding is that
8
Eligibility criteria remained the same as in the previous RCT rounds: households who own less than 0.5
acres of land and reported hunger (i.e., at least one member skipped meals) in the previous year’s lean season.
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a program offering migration subsidies in this context will be more cost-effective by
targeting many people concentrated in fewer villages rather than few people spread
out across many villages, taking advantage of the positive spillovers within villages
and networks in migration decisions.9
ACM (2017) also document a positive spillover on households residing in
the same village who do not send a migrant. For every 10 percentage point increase
in the emigration rate, agricultural wages in the village rise by an average of 2.2%.
This benefits agricultural workers who do not migrate as well as migrants during
the weeks of the lean season when they are home. The real effects of the program
are, however, slightly smaller, as food prices also increase by 0.9% for that same 10
percentage point increase in the emigration rate. This rise in the food price index
is largely driven by a rise in the local price of fish, as families with (successful)
migrants increase their protein consumption, particularly by consuming more fish
(BCM 2014).
3.

Risk-Sharing Spillover Effects in Sending Communities

While ACM (2017) focuses on spillover effects through labor market
channels, in a separate study (Meghir et al. 2017), we look at how a migration
support program may affect local risk-sharing networks, particularly for households
that are members of the same informal risk-sharing network as program
beneficiaries and reside in the same villages. In theory, migration could erode these
informal risk-sharing networks, as migrants who are exposed to a new labor market
opportunity may choose to self-insure instead and exit the network. More generally,
even if the drastic outcome of network exit does not happen, other members
may need to offer migrants a larger share of the risk-sharing pie to keep them
interested in participating in the network. In this sense, migration subsidies could
have a negative spillover effect on nonbeneficiaries. Conversely, the new migration
opportunity may improve risk sharing in the aggregate across the network, by
providing some members of the network a new income stream that is less correlated
with the village income stream. The network’s sources of income as a whole become
more diversified, and aggregate risk sharing improves.
Using a structural model on our panel data of migrants across four rounds,
the paper by Meghir et al. (2017) finds that the latter effect dominates: migration
opportunities not only weaken the link between own income and own consumption
for those who migrate, but they do so for others in the village as well. That is,
program villages exhibit higher levels of risk sharing after the treatment compared
to control villages. Household consumption levels for both migrant and nonmigrant
9
To optimize cost-effectiveness, this consideration can be balanced against coverage of inframarginal
households who would migrate because neighbors receive a subsidy and do not really need a subsidy themselves
to be induced.
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households in program villages become less volatile and less dependent on the
household’s own income. Households evidently diversify their income through
migration and choose to remain in the network, consequently sharing the benefits of
this diversification with other households in the village. This is a positive spillover:
both direct beneficiaries and other village residents are better able to smooth their
consumption through migration opportunities.
4.

Noneconomic Effects of Migration: Changes to Social Norms

It has been documented that the permanent movement of people over long
distances changes social or behavioral norms—or both—among both migrants
and their host communities through pressures such as assimilation, adoption,
and backlash (World Bank 2011). In northern Bangladesh, seasonal migration is
generally characterized by the migration of just one member while the rest of the
family stays home. Most of these temporary migrants are male heads of households
(over 80% of all migrants in our sample) who are away for 2–3 months at a time, and
the majority of households are nuclear, with only two adult members. During their
absence, migrants may be exposed to different lifestyles, norms, ideas, and ideals,
which could in turn transform their beliefs and actions once they return home. At
the same time, during this period, women in nuclear households may take on more
decision-making roles with respect to the family and the home, a shift that can also
in theory have a persistent effect on the way the household is managed even once
the migrant is back.
We explore these possible changes in a study by Mobarak, Reimão, and
Thachil (2018) and find that migrants do become more progressive in their beliefs:
individuals offered migration subsidies in treated villages become 2 percentage
points more likely to recognize that women are capable of managing a household on
their own, an effect best attributed to wives (or other female household members)
effectively taking on that role during a male migrant’s absence (as opposed to
migrants simply observing other women outside the family doing so, either in
destination areas or in one’s village with heightened male out-migration). When
migrants are away, there is also a substantial shift in decision-making roles. While
men clearly dominate decision-making when they are at home, the proportion of
women reporting that they participate (alone or jointly) in decisions regarding
household expenses triples for periods in which the migrant has traveled away.
These changes in beliefs and experiences are statistically significant even after
adjusting for multiple hypothesis testing. Individuals in treated households also
tend to take on some other more progressive views with respect to society, such
as agreeing with the notion that governments should address income inequality and
rejecting vote buying by political parties.
These changes, however, do not appear to translate into a difference in actions
when migrants return home. Even though women take on additional responsibilities
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during the male migration period and migrants are more likely to recognize
women’s capabilities upon their return, there are no significant differences between
treatment and control villages with respect to women’s participation in household
decisions—including those regarding their own physical mobility outside the
house—once migrants return. We also see no difference in the use of social services
or in civic participation, or in behaviors tied to gender norms, such as female
labor force participation or expenditure allocations. It appears that, in this setting,
the (perceived) social costs for deviating from the social norm are so high that
migrants do not change their behavior even after adopting more progressive beliefs
(Mobarak, Reimão, and Thachil 2018).
While it is disappointing that we do not see any positive effect of seasonal
migration toward more progressive and inclusive behaviors, it is also reassuring
that we do not detect any negative effects, such as the deterioration of norms or
a backlash. We observe these (non) effects in the short run (a few months to 2
years after offering migration subsidies), and it remains to be seen whether the
observed changes in beliefs translate into broader changes in social norms regarding
women’s role in society as momentum builds and individuals learn about each
other’s (transformed) beliefs (Bursztyn, Gonzalez, and Yanagizawa-Drott 2018;
Dhar, Jain, and Jayachandran 2019).
5.

Effects on Intimate Partner Violence

In 2015, the Bangladesh Bureau of Statistics carried out a survey on
violence against women, uncovering that 75% of women in rural Bangladesh have
experienced some form of intimate partner violence (IPV) in their lifetime, and
28% experienced physical or sexual violence in the 6 months prior to the survey
(Bangladesh Bureau of Statistics 2016). Mobarak and Ramos (2018) explore how
subsidies to seasonal migration affect the likelihood of IPV in practice, particularly
in light of the various forces through which seasonal migration can influence IPV
in theory.
There are three competing forces shaping the potential effect of migration
on IPV. First, limited resources can raise conflict within the family, especially in
contexts with traditional gender roles, where men are expected to provide most of
the financial support for their family and failure to do so can be seen as failure in
a broader social role. Poor households facing seasonal fluctuations in income may
be particularly vulnerable to this type of conflict. A positive income shock through
migration (and its subsidy) may reduce these poverty stressors and, with it, decrease
the incidence of violence.
Alternatively, increases in male income can strengthen their bargaining
position, increasing female relative vulnerability and, potentially, susceptibility to
violence. Lastly, reducing the time a woman spends with her potential perpetrator
can itself decrease the risk of victimization. Since migrants are overwhelmingly

Seasonal Poverty and Seasonal Migration in Asia 29

male in Bangladesh, subsidies that encourage migration can effectively decrease
women’s exposure to their spouses—and potential abusers—mechanically leading
to less overall IPV experienced by women in treated households.
Using data from the 2017 RCT and focusing on the effect of the migration
of married male heads of households, Mobarak and Ramos (2018) find evidence
that subsidies to migration may decrease IPV, particularly by reducing women’s
exposure to their male heads of households. Relative to the control group, women
in households who are offered the migration subsidies are 3.5 percentage points
less likely to say they have experienced physical or sexual violence in the 6 months
prior to the survey (a 10% decrease in incidence). The results are most consistent
with the idea that seasonal migration has an additional mechanical benefit, giving
women some temporary relief by physically separating them from their perpetrators.
Whether this produces any persistent reductions in violence beyond the period of
migration, including perhaps through a shift in gender norms over time, is still an
open question.
6.

Long-Term Effects on Permanent Migration

In Chowdhury, Mobarak, and Reimão (2018), we explore whether seasonal
migration leads to permanent migration—as migrants build networks in and gain
familiarity with the city—or instead makes rural living more viable and permanent
moves into the city less likely. For this analysis, we use a follow-up survey of all
households included in the 2008 study, gathering information on the whereabouts
of each member 8 years after the initial treatment. Household members or, in
their absence, their neighbors were interviewed, producing a dataset with very low
attrition—we do not know the migration status of less than 1% of households.
Overall, we find relatively low levels of permanent out-migration from rural
Rangpur in general. Over an 8-year period (2008–2016), only 5% of households
in the BCM (2014) sample (aggregating across treatment and control villages)
permanently migrated away from their home village. This is consistent with other
district-level data that document comparatively low levels of out-migration from the
northern part of Bangladesh, particularly relative to the southeast (UNFPA 2016).10
Moreover, it is no more difficult for us to find the original 2008 sample
households from the treatment villages than it is to find those from the control
villages, or to learn of their whereabouts. There is also no significant difference
in the likelihood in permanent migration of the household or one of its members
between treated and control villages. The data are precise enough to rule out large
effects: the seasonal migration subsidies induced at most one in 200 households to
permanently migrate over an 8-year period after the offer.
10
Compare, for example, a lifetime net migration (in-migration minus out-migration) of –39.49 per 1,000
people in Rangpur to –167.22 per 1,000 people in Barisal (UNFPA 2016).
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For the subsample of households that were primarily engaged in agriculture
at baseline, the subsidies actually decreased their likelihood of permanent migration
relative to the control group, with households in treated villages 3.8 percentage
points less likely to permanently leave the area than those in control villages.11
This indicates that, rather than serving as a gateway to permanent migration,
seasonal migration actually makes living in rural areas more viable in the long
run, particularly for households whose skills and experience are in agriculture.
For households with a comparative advantage in agriculture, a one-time support
for seasonal migration helps them draw on it as a coping strategy in subsequent
years and thereby avoid the more costly and drastic coping strategy of permanent
migration. For policy makers in Bangladesh concerned about overcrowding and
congestion in Dhaka and other populated urban areas, this finding implies that
supports for seasonal migration may be a tool for easing urban pressures that come
from permanent rural-to-urban population influxes.
7.

Other Open Questions

In contemplating the implementation of a migration support program at
this scale or larger, one must also be aware of the spillover effects on poor
households in destination areas—and potentially other rural villages. We designed
the most recent implementation rounds (2017 and 2018) to capture these economic
and noneconomic spillover effects, as loan offers are made to well over 100,000
households in each season (compared to fewer than 1,500 in the 2008 study).
We initially expected the 2017 results to provide some information on
general equilibrium effects, revealing the effect of seasonal migration subsidies
on the employment prospects and earnings for would-be construction workers
and rickshaw drivers (two of the most popular jobs for seasonal migrants in
our research rounds when they reach urban areas) already living in destination
areas. Unfortunately, however, the 2017 intervention did not lead to a statistically
significant effect on migration, contrary to all previous rounds. This was likely
due to a confluence of factors—both avoidable and unavoidable—such as having
disbursement targets for each migration officer set too low, heavy workloads, and
the worst flooding in the region in over 40 years (for more information, see Levy
and Sri Raman 2018).12 To better understand these results and to learn about the
effect of seasonal migration subsidies on poor households outside target villages,
the 2018 round was implemented with a very similar design as the previous
year—though of course addressing some of the weaknesses encountered in 2017.
11
Defined as having a plurality of workers within the household indicating agriculture as their sector of
employment.
12
Migration officers are the local implementers who make loan offers, disburse the loan, check on migration,
and collect repayment.
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Figure 4. Cumulative Weekly Disbursements in 2017 and 2018

EID = Eid al-Adha.
Note: Training was completed, and eligibility screening and applications were processed in some villages before
the Eid al-Adha holiday. No activities were planned around the holiday, and disbursements were scheduled to start
immediately after.
Source: Figure was directly provided by Evidence Action.

The administrative data reflects these changes: while the implementing organization
(Rangpur Dinajpur Rural Service [RDRS] Bangladesh) disbursed just over 40,000
migration loans during the 2017 lean season, this figure was close to 90,000 loans
in 2018 (Figure 4).
Although we do not yet know the effect of the 2018 intervention on the
seasonal migration of those in treated villages, we do expect the impact of these
subsidies, even at over 85,000 direct beneficiary households, to be relatively small
on residents of popular destination areas, particularly Dhaka. In the past rounds,
migration destinations were quite varied, with less than 25% of all migrants
traveling to Dhaka, even though it is the single most popular destination for
migrants from Rangpur (and elsewhere in the country).
Dhaka is home to 14 million people, so even if one-quarter of all loan
recipient households send a migrant to the megacity, this would amount to less than
0.2% of its regular population. Nevertheless, it is possible that while this influx
is negligible for the general population in Dhaka, individuals engaged in particular
sectors popular with migrants—namely, construction and rickshaw pulling—do feel
an effect, positive or negative (depending on whether seasonal migrants’ labor
are complements or substitutes to local labor). We expect the results from the
2018 intervention to provide more information on this potential spillover effect
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on destination workers, which becomes relevant as we move from pilot to at-scale
program.
Another consideration relates to the effect of seasonal migration on
agricultural employers. We have found that, in the short run, inducing temporary
migration out of rural areas increases local agricultural wages (ACM 2017).
While this is beneficial to poor rural workers who do not migrate (as well as
those who do migrate on the weeks they are home), it also imposes a cost on
agricultural employers in the same villages, who must now offer higher wages to
secure the labor they need. In the short run, this results in a pecuniary transfer
from comparatively richer employers to poorer employees, reducing inequality in
treated areas. However, landed employers are also more likely to be a politically
powerful group, so that their losses can potentially pose a risk to the sustained
implementation of this intervention. They may also choose to shift toward more
labor-saving technology, with both theoretically positive and negative consequences
for local residents. In Nepal, we are planning to test a way to guard against negative
political risk, by designing an RCT that offers agricultural employers subsidized
access to a labor-saving technology in the same villages where migration subsidies
are provided. By conducting an intervention that deals with demand and supply
simultaneously, we expect to learn about labor market interactions as general
equilibrium effects come into play in response to the subsidies.
8.

Comparisons to Other Programs

A program offering seasonal migration subsidies is one among several
potential antipoverty interventions, and a part of our research agenda has been
designed to study its merits and effects relative to other interventions in this group.
Through an RCT in Indonesia (Bryan et al. 2018), we directly compare the effects of
migration subsidies to a UCT of an equivalent amount. The results from this RCT
implemented in West Timor (Nusa Tenggara Timur province) in 2017 reveal that
only 13% of households who are offered the UCT migrate in the 6 months following
disbursements, compared to 42%–46% when the transfer is made conditional on
migration. The lower effect on migration from the UCT is not in itself surprising,
but highlights the fact that lack of funds is not the only (or even main) factor limiting
households’ migration decisions.
LMW (2018) take a completely different route for comparing effects
between subsidies for seasonal migration and UCTs, combining data from
the 2008–2011 interventions with a structural model to simulate effects. The
simulations indicate that a UCT of the same amount as the migration subsidies
would increase migration by less than 1% among poor households in Rangpur, and
its welfare benefits for the poorest quintile of households would also be slightly
lower. The simulations indicate that a one-time migration subsidy improves welfare
(measured as consumption over a lifetime) of the poorest quintile by 1%, whereas a
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budget-neutral UCT program would improve it by 0.9%. This difference is driven
by the fact that migration subsidies rely on self-targeting: only households who have
faced negative shocks and are desperate for money take up the CCT and migrate,
while the UCT transfers are applied uniformly to all households. In contrast to these
two policies, a rural workfare scheme increases welfare of the poorest quintile by
only two-thirds as much, or 0.6%, as it discourages households from migrating to
locations that offer better wages.
We have also directly compared the cost-effectiveness of seasonal migration
subsidies to other existing transfer programs in Bangladesh using secondary
information, as discussed in subsection II.B. As with seasonal migration subsidies,
the majority of beneficiaries for each of the three existing pro-poor programs (food
transfer, food and cash transfer, and guaranteed work) are in the bottom three
income deciles. Ahmed et al. (2009) estimate that the food transfer (IGVGD) and
the food and cash transfer (FSVGD) programs each increase consumption by five
times as much as the workfare program per dollar spent. By our calculations,
the seasonal migration support program is even more cost-effective, increasing
consumption on a per-dollar-spent basis by almost twice as much as the food and
cash transfer program, which is the most cost-effective of the three (Mobarak and
Akram 2016). And disbursing the offers as zero-interest loans rather than grants
(which can be recovered and reused for the program in subsequent years) makes
seasonal migration subsidies three times as cost-effective as the food and cash
transfer program.

IV. Implications for Asia

For the last 10 years, our research on seasonal migration has been primarily—
though not exclusively—in Rangpur, the most rural division in Bangladesh
(UNFPA 2016). The potential for this intervention to improve the welfare of poor
rural households vulnerable to seasonal fluctuations in agricultural income and
employment opportunities, however, evidently extends well beyond the area, into
other parts of Bangladesh and the Asia and Pacific region more broadly. In this
section, we discuss requirements and adaptations for seasonal migration subsidies
as a concept and as a program, as well as the importance of context—in terms of
both time and place—for its viability.
A.

Applicability and Adaptability

Subsidies for seasonal migration may be relevant to many subnational areas
throughout the Asia and Pacific region. In general, for such an intervention to have
potential as a tool for addressing seasonal poverty, target settings must have three
minimum characteristics:
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(i)

An agricultural lean season. Recurring and predictable periods of hunger
indicate that there are constraints that keep consumption and income tied too
closely together and that existing coping mechanisms and support systems
are not adequate for weathering drops in income.

(ii)

Households that find spending on migration risky. Supporting seasonal
migration makes sense if there is a large rural population living close to
subsistence and for whom spending money on migration but failing to earn
enough to offset costs could be catastrophic. Seasonal migration subsidies
lower the cost of failure to find a job in destination areas and enable would-be
migrants to set aside money or goods as a cushion for their families prior to
migration.

(iii)

Jobs available in nearby areas. Ideal conditions include the availability of
employment opportunities in several urban areas 4–8 hours away. For any
distance closer than this, rural residents can commute and probably do so,
and larger distances may require much higher subsidies. The existence of
multiple destination areas also makes it more likely that an increased influx of
migrants can be absorbed without large impacts on the target labor market(s).

Many rural areas around the world match these conditions, though not all.
We conducted exploratory work for a potential replication in Malawi and Zambia,
for example, but decided not to test the program further in either setting because
we were not convinced that they met the third condition. It is not clear that either
country has vibrant urban labor markets with labor demand that can absorb many
domestic migrants.
Instead, we chose to pilot and test a version of this intervention in West
Timor, Indonesia, a setting where most poor households in rural areas are not
landless (as is the case in Rangpur). This changed one fundamental aspect of the
program design. During the preharvest period, poor rural household members in
West Timor generally have to stay home and work on weeding and land management
of their own farm and are not interested in migrating at that time—even though,
like in Bangladesh, that is the period of seasonal deprivation. In response to this,
we adapted the intervention to allow for migration in other periods. Although poor
households have relatively more cash after a harvest, this period tends to also be best
for migration among landowning poor households since there is little agricultural
work to be done. In this study site, landowning migrants traveled after the harvest,
aiming to save money in anticipation of the next lean season.
When considering the implementation of migration subsidies in a new
context, there may be other norms and processes that need to be accounted for as
well, such as the prevailing labor migration arrangement. For example, a survey of
construction workers found that in Bangladesh, only 10% of workers that secured
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a job through a contractor received any payment in advance, whereas 52%–80% of
workers in India received advance payments. These advances facilitate migration,
helping migrant households purchase goods to be left at home and guarantee some
consumption during migration (Srivastava et al. 2014), and may change the role
of transfers or the amount required for migration subsidies. A migration support
program in India may also affect welfare along a different margin: wages for
workers who secure jobs at destination areas tend to be higher than for those who are
recruited and receive advances from contractors, so that a migration subsidy may
serve as an alternative to the use of contractors, enabling individuals to arrange their
travel first and search for a higher-paying job upon arrival at their destination.
Nevertheless, it is clear from our experience in Indonesia that subsidies for
seasonal migration are viable solutions outside of Rangpur and that the program can
be adapted to a certain extent to local conditions. Dimensions over which seasonal
migration subsidies could be modified to account for circumstances include—but
are certainly not limited to—transfer amounts, timing, modality (e.g., loans, grants,
or even transport tickets), number of members to whom subsidies are made, and
even the extent to which the program works with employers or contractors and
facilitates hiring in advance. Some of these modifications are more drastic than
others, and a few might require piloting and further testing, but none alter the
fundamental nature of the concept, which is to support and subsidize the temporary
movement of people from rural areas to destinations where there are more job
prospects for low-skilled workers.
B.

Limitations

Drawing a distinction between subsidies for seasonal migration (the concept)
and “No Lean Season” (the program), we recognize that while the former has
a broader potential and applicability than the latter, neither is implementable
everywhere. Not only are seasonal migration subsidies likely not a worthwhile
investment in settings where one of the three requirements above are not met, but
the extent to which subsidies can induce migration is highly context dependent.
In 2013, we attempted to implement the first version of “No Lean Season”
after the positive results of the initial RCT on seasonal migration. That same
year, however, mass political strikes (hartals) “designed to disrupt the county’s
transportation network” and that involved the burning of buses (the main mode of
transportation used by migrants from Rangpur) took place throughout Bangladesh
(Ahsan and Iqbal 2016). As one of the main goals of this form of protest was
to “restrict vehicular movement in key urban areas,” it naturally led to longer
transport times and higher costs during that period, not to mention fear among the
population in and outside the cities (Ahsan and Iqbal 2016). While the lack of takeup in response to our migration subsidy offers under these conditions might not
be surprising in hindsight, it also points to an implementation challenge for such
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a program. As strikes are often unpredictable more than a few weeks in advance,
implementation of the program—from contracting to loan offers—may already be
underway when it becomes clear that circumstances will limit take-up.
We witnessed a similarly low take-up in 2017 and suspect that extreme
flooding in northern Bangladesh—the likes of which had not been seen in 40
years—contributed to this pattern. In Rangpur, the yearly swelling of rivers can
lead to houses or entire villages being swept away, but that year’s uniquely severe
flooding made implementation of the program especially difficult and may have also
discouraged seasonal migration, as potential migrants cannot abandon their families
under likely disastrous weather conditions, and transport may be more limited or
precarious.
External shocks such as extreme weather conditions and violence impose
limitations on the applicability of seasonal migration subsidies as a concept,
indicating that even in settings where the intervention would normally work, it
might not work in certain years, no matter the design. This is distinct from—and
in addition to—programmatic limitations related to implementation capacity and
delivery.
In the transition from a closely delivered and monitored RCT during 2008–
2011 to “No Lean Season,” the implementation of the program was handed over
to a local partner, RDRS Bangladesh, a microfinance institution. We have learned
that its decades of experience in microfinance and in the region are both a benefit
and a hurdle, as its managers and officers are used to thinking in terms of loan
disbursement and repayment and its institutional measurements are tailored around
that model. But if one were to implement “No Lean Season” as a pure microcredit
program, it would make sense to focus efforts on individuals most interested in
migrating and most likely to repay—not necessarily those who recently experienced
a drastic negative shock. While we believe that flooding played a role in the
2017 migration rates, we suspect that part of this dampened result also stemmed
from targeting issues, as migration officers were given disbursement goals by their
managers and may have concentrated their efforts on households most likely to
migrate anyway. In response to these findings, RDRS Bangladesh changed the
goals set for its officers in 2018. Most recent loan disbursements show a promising
change, with twice as many loans made per branch compared to the previous year
(Figure 4).
It is also worth noting that, while the intervention in Bangladesh has
been transformed into “No Lean Season,” migration subsidies can in theory
be implemented not only outside this program but also without an NGO or
microfinance institution entirely. The concept could be taken on by national or
subnational governments for whom cost–benefit calculations may weigh differently.
A program that might not be feasible from the perspective of an NGO, which
typically requires a minimum impact per dollar, may nevertheless be worthwhile
to a government for its benefit to the rural poor in addressing seasonal deprivation.
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V. Conclusion

The last 10 years of research on seasonal migration has shown that an
intervention that supports this strategy by subsidizing travel can have large positive
impacts on poor rural households. In several study rounds conducted in northern
Bangladesh, households that were offered a small migration subsidy were 22–40
percentage points more likely to migrate over a given lean season compared to
control households. Households that responded by sending a migrant also recorded
on average higher levels of consumption, income, and expenditures during the
lean season than those not offered the subsidy. Villages in which a large share of
poor households were offered the migration subsidies also experienced an increase
in wages during this period, which is usually characterized by low employment
opportunities and pay. A one-time migration transfer continued to have a positive
effect on migration rates up to 3 years later.
We believe that this type of intervention may be an appropriate tool for
poverty alleviation—particularly seasonal poverty—in rural areas where a large part
of the population (both in relative and absolute terms) is engaged in agriculture and
lives close to subsistence for at least part of the year and where potential destinations
with ample low-skill temporary employment opportunities are within a reasonable
travel time (4–8 hours). The complete lack of seasonal migration is not a required
element, as exemplified in Rangpur, and potential beneficiaries are not restricted to
traveling to destinations 4–8 hours away. Among migrants in our study in northern
Bangladesh, for example, migration is already fairly common (but still lower than
expected given the availability of jobs elsewhere in the country), and Dhaka is a
popular destination despite being a day’s travel away. In India, temporary migrants
are just as likely to migrate to urban centers within their state as to other states,
and they are actually less likely to migrate within their district (Imbert and Papp
2019).
There are other programmatic requirements for the success of a migration
subsidy intervention, a topic that we have not covered in depth here. Local
implementation capacity and political support are likely crucial. In Rangpur, our
intervention has been implemented through RDRS Bangladesh, a local institution
with a strong presence and long history in the northern part of the country since
2014. In Indonesia, we have experimented with collaborating with local government
agencies. In general, the nature of the implementing partner (e.g., local NGO,
international organization, or government) may be less important than its capacity,
will, and presence in rural areas, as the design of the intervention offers some
flexibility to adapt to an implementer’s priorities and requirements.
Our research results also highlight the importance of removing other types
of barriers to temporary migration. The PRC, for example, imposes many explicit
restrictions on the movement and employment of rural workers. Other countries in
the region also have policies that implicitly deter poor rural households from taking
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advantage of urban labor markets. In India and Viet Nam, for example, full access
to social safety nets is given only to individuals at their permanent residence area
(Deshingkar 2006), which limits poor households’ willingness to send a migrant
away in search of jobs elsewhere lest they lose benefits at home.
Encouraging seasonal migration is a complex intervention that may produce
a range of indirect effects and unintended consequences beyond the direct economic
effects on treated households. Over the last 10 years, our research agenda
has expanded from considering the effect of these subsidies on the migration,
consumption, and income of targeted households to exploring the secondary
effects on both beneficiaries and nonbeneficiaries, with scaling up always in mind.
Results from the initial RCT in Bangladesh with 1,900 households only indicated
that this intervention was “promising.” The path from a successful RCT to an
implementable program called for a greater understanding of potential general
equilibrium, noneconomic, and long-term effects.
The majority of the population in Asia remains rural and agrarian. Support
for seasonal migration can play a valuable role in helping poor rural families cope
with drops in employment opportunities and income during lean periods in the
agricultural cycle. The Asia and Pacific region has a uniquely large concentration
of poor households in rural areas, but it is also peppered with large urban areas
and manufacturing zones that have attracted both domestic and regional migrants.
While the applicability of seasonal migration subsidies may vary across and within
countries—depending on the dominance of the agricultural cycle, proximity of
poor households to potential destination areas, and the ability of an area to absorb
temporary migrants—the basic elements of demand for this intervention exist in
many parts of the region today.
Lowering the barriers to temporary migration—through changes in policies
(either explicit or implicit), investment in transportation networks, or subsidies, or a
combination of these—can expand poor rural households’ access to labor markets
elsewhere in their countries. And while encouraging seasonal migration might not
be a path to growth in contexts where migration is already common and rural
residents are unlikely to be spatially misallocated, facilitating the free movement
of people within their own countries—enabling them to take advantage of labor
opportunities elsewhere and to avoid resorting to hunger—is a desirable pursuit in
its own right.
Poverty reduction in Asia has been associated with diversification away
from farm activities—of which employment opportunities in urban areas is one
possibility—as opposed to increasing farm productivity (World Bank 2012).
Policies that support seasonal migration can help steer countries down that path,
encouraging poor rural households to diversify their income sources and increasing
labor supply for sectors with higher-productivity potential than agriculture. In fact,
seasonal migration may be a valuable but temporary tool. As countries develop,
transportation networks improve, and nonagricultural employment opportunities for

Seasonal Poverty and Seasonal Migration in Asia 39

rural residents expand at home, the need for seasonal migration as a coping strategy
might decrease. Until then, supporting seasonal migration—through direct policies
or interventions such as “No Lean Season,” or both—can help address seasonal
poverty and hunger in various parts of the region.
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Wage Differential between Rural Migrant
and Urban Workers in the People’s
Republic of China
Hong Cheng, Dezhuang Hu, and Hongbin Li∗

Using a recently constructed dataset that draws on the China Employer–
Employee Survey, this paper provides new evidence on the earnings gap
between rural migrant and urban manufacturing workers in the People’s
Republic of China. When we only control for province fixed effects, we find
that rural migrant workers are paid 22.3% less per month and 32.2% less per
hour than urban workers. We find that the gap in hourly earnings is larger than
the gap in monthly earnings because rural migrant workers tend to work an
average of 5.6% more hours per month than urban workers. Using these data,
we also find that 87.4% of the monthly earnings gap and 73.9% of the hourly
earnings gap can be attributed to differences in the individual characteristics and
human capital levels of rural migrant and urban workers. Furthermore, we find
that this unexplained earnings gap varies among different groups of workers.
The earnings gap is much larger (i) for workers in state-owned enterprises than
in nonstate-owned enterprises, (ii) for college-educated workers than workers
with lower levels of educational attainment, and (iii) in Guangdong province
than in Hubei province.
Keywords: China Employer–Employee Survey, rural migrant workers, wage gap
JEL codes: O15, J01, J31

I. Introduction

The large-scale movement of rural migrant workers from the lowproductivity agriculture sector to higher-productivity sectors has been an important
force behind the development of the economy of the People’s Republic of China
(PRC) (Li et al. 2017). According to the National Bureau of Statistics of China
(NBSC), the total number of rural migrant workers reached 286.5 million and
accounted for 37% of the total labor force in the PRC in 2017. The labor of rural
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migrant workers has been particularly important in the PRC’s manufacturing sector,
which relies heavily on cheap, unskilled labor.
However, there is a large body of evidence indicating that rural migrant
workers are paid significantly less than urban workers (Meng and Zhang 2001,
Démurger et al. 2009, Zhang et al. 2016, Ge 2017, Ma 2018). Recent research
has sought to understand the reasons why this earnings gap exists between rural
migrant and urban workers. Some studies have found that a large portion of the gap
can be explained by differences in individual characteristics, human capital levels,
occupations, and industries (Démurger et al. 2009, Zhang et al. 2016), while others
have found that most of the gap cannot be explained by observable factors (Meng
and Zhang 2001, Ma 2018).
In this paper, we will use a new dataset, the China Employer–Employee
Survey (CEES), to reexamine whether there is an earnings gap between rural
migrant and urban workers in the PRC, and to determine how much of the gap can
be explained by the individual characteristics and human capital levels of workers.
To do so, we will first measure the earnings gap between rural migrant and urban
workers in terms of both monthly and hourly wages. Next, we will examine how
much of this gap can and cannot be explained by differences in the individual
characteristics and human capital levels of workers after controlling for province
fixed effects. Finally, we will investigate whether the size of the earnings gap and
the amount left unexplained vary by firm ownership type, educational attainment,
and region.
The CEES is a new longitudinal study on manufacturing firms and workers
in the PRC. The CEES data offer several advantages to our research. First, the data
provide detailed information on the hukou (household registration) status of each
worker, which allows us to identify rural migrant and urban workers. The CEES
also asks workers to provide the number of hours they work on a weekly basis,
which allows us to calculate the hourly wages of workers. Furthermore, this dataset
matches rich firm-level information with worker-level information, which helps us
examine whether the wage differential between rural migrant and urban workers
varies between different types of firms.
From our analysis, we find that, controlling for province fixed effects, rural
migrant workers are paid 22.3% less per month and 32.2% less per hour than urban
workers. The gap in hourly wages is larger than that for monthly wages because
rural migrants work an average of 5.6% more hours per month than their urban
counterparts. As migrants and local workers are both selected groups of workers
with different human capital attributes, such as age and education, we need to
control for these attributes to partially address the potential concern of sample
selection. Indeed, we find that the majority of the earnings gap can be explained
by differences in individual characteristics and human capital levels. Specifically,
87.4% of the monthly earnings gap and 73.9% of the hourly earnings gap can
be explained by differences in these observable factors between rural migrant
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and urban workers, suggesting that selection based on human capital attributes
is important for the earnings gap. When taking all these observable factors into
consideration, we find that rural migrant workers earn 2.8% less per month and
8.4% less per hour than urban workers.
We also find that the earnings gap between rural migrant and urban workers
varies substantially between workers who (i) are employed in firms under different
types of ownership, (ii) have different levels of educational attainment, and (iii) live
in different provinces. Specifically, we find that the hourly earnings gap between
rural migrant and urban workers is 14 percentage points larger in state-owned
enterprises (SOEs) than in other firms. This may suggest that SOEs favor local
urban workers as a means of supporting the government’s pursuit of social stability.
In terms of educational attainment levels, we find that the hourly earnings gap is
10.9 percentage points larger between rural migrant and urban workers who have
at least a college education compared to workers with lower levels of educational
attainment. Last, we find that the hourly earnings gap is 5 percentage points larger
in Guangdong province than in Hubei province.
This paper sheds light on the debate in the literature regarding the allocation
of labor in different sectors. It is widely documented that large gaps in productivity
and wages exist between rural and urban areas, and between agriculture and
nonagriculture sectors (Young 2013; Gollin, Lagakos, and Waugh 2013). The
underlying reasons for this trend have been thoroughly discussed in the literature of
development economics. One strand of these studies argues that these gaps are the
manifestation of the spatial misallocation of labor. Thus, some institutional barriers
or labor mobility friction should be removed to encourage workers to move out of
less productive rural areas or agriculture sectors to achieve productivity and welfare
gains (Gollin, Lagakos, and Waugh 2013; Bryan, Chowdhury, and Mobarak 2014).
An alternative theory argues that the spatial distribution of labor may already
be efficient and that such gaps could simply reflect differences in human capital
and unobserved skills (Young 2013; Lagakos and Waugh 2013; Hicks et al.
2017; Herrendorf and Schoellman 2018; Lagakos, Mobarak, and Waugh 2018).
Specifically, this line of thought argues that workers are geographically sorted into
urban and rural areas based on their human capital and skills in response to the
regional demand for skills. Generally, urban industries are more skill intensive and
have a higher relative demand for skilled workers. Therefore, workers in urban areas
may be more educated and have higher intrinsic ability.
Despite the fact that we cannot directly observe the differences between rural
and urban workers in human capital or skills, our study’s finding that a majority
of the earnings gap between rural migrant and urban workers can be explained
by their differences in educational attainment still informs this debate. To some
extent, we can infer indirectly that rural workers may have much less human capital
than urban workers, and this may account for much of the rural–urban gap in
both productivity and wages. This result also suggests that in order to reduce such
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rural–urban gaps, more government programs need to be provided for rural workers
to accumulate human capital.
The remainder of this paper is organized as follow. Section II describes the
institutional background of the hukou system and labor migration in the PRC.
Section III describes our survey and data. Section IV presents our descriptive and
regression results. Section V concludes.

II. Institutional Background

Following a series of economic reforms that began in the mid-1980s,
the PRC’s labor market experienced a set of remarkable transformations. One
particularly important transformation has been the migration of labor from the
agriculture sector to the urban manufacturing sector. Despite the importance of this
labor migration, it was not always allowed in the PRC due to the hukou system.
The hukou system was first implemented in 1958 and assigned individuals
either a “rural” or “urban” hukou classification based on where they were born.
Under this system, individuals were not permitted to migrate from rural to urban
areas, and it effectively established separate urban and rural economies as a result
(Lardy 1983, Chan 1994, Chan 2015). Individuals with a rural hukou faced a series
of institutional barriers to working in urban areas because converting one’s hukou
status was strictly regulated and subject to official quotas. For a rural individual
to obtain an urban hukou, he or she needed to obtain a document demonstrating
employment by an urban unit, admission to an urban school, or approval from urban
authorities to migrate to the city.
However, there was an impetus to loosen hukou restrictions starting in the
mid-1980s when the rapid development of township and village enterprises and the
surge of foreign direct investment in the PRC’s coastal areas created tremendous
demand for the low-skilled labor residing in rural areas. As a result, workers in rural
areas were provided opportunities to earn higher wages in the urban manufacturing
sector and incentivized to migrate to urban areas in search of work. To satisfy the
rising demand for low-skilled labor in the urban labor market, the hukou system
was gradually relaxed by the government. The loosening of hukou restrictions
significantly lowered the costs of migration and released excess labor from rural
areas into the urban labor market. According to the NBSC, the total number of rural
migrant workers reached 286.5 million and accounted for 37% of the total labor
force in the PRC in 2017.
Even though rural migrant workers have contributed substantially to the
PRC’s economic growth in recent decades, a large body of evidence indicates
that they face worse treatment than their urban counterparts in the urban labor
market. For example, there appears to be a large gap between rural migrant and
urban workers in terms of earnings, although the size of the gap has decreased
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over time (Meng and Zhang 2001, Démurger et al. 2009, Zhang et al. 2016, Ge
2017, Ma 2018). It is not clear to what extent the gap can be explained by the
observable differences between rural migrant and urban workers, such as individual
characteristics and human capital levels. Some studies have found that the earnings
gap can largely be explained by these factors (Démurger et al. 2009, Zhang et al.
2016), while other research finds that these factors cannot fully explain the earnings
gap (Meng and Zhang 2001, Ma 2018).

III. Survey and Data
A.

China Employer–Employee Survey

The CEES is a new longitudinal study on manufacturing firms and workers
in the PRC. CEES began in 2015 with a survey of firms and workers in the PRC’s
most important industrial province, Guangdong. In 2015, Guangdong accounted
for 13.4% of all manufacturing firms (300,000 firms), 19.4% of all manufacturing
workers (9.3 million workers), and 25.9% of international trade (imports and
exports amounting to $1.1 trillion) in the PRC. In 2016, we followed up with
the firms and workers that were surveyed in Guangdong in 2015 and added new
workers from the province to the employee sample. Then, to capture differences
between firms in Guangdong and those in the PRC’s emerging central region,
another province, Hubei, was added. Hubei province produced $708.3 billion
in gross industrial output and employed 3.4 million manufacturing workers in
2015.
Lists of firms from the Third National Economic Census, which was
conducted in early 2014, were used as the sampling frame for the survey. Sampling
was conducted in two stages, each using probability proportionate-to-size sampling
with size defined as the number of employees involved in manufacturing. Thus, the
firm sample is representative of the employment size of firms in the PRC. In the
first stage, 20 county-level districts were randomly sampled in each province, with
probabilities proportionate to manufacturing employment size in each district. In the
second stage, 50 firms were selected in each district as a target sample, again with
probabilities proportionate to employment in each firm. Enumerators then visited
the 50 firms sequentially and attempted to survey the first 36 eligible firms (that
had production activities in the selected district). Employees were also randomly
selected with stratification.
In total, we collected data from 573 firms in Guangdong in 2015 and from
1,122 firms in both Guangdong and Hubei provinces in 2016 (Appendix Table A.1).
We achieved response rates of over 80% in both years. As an additional check of
the representativeness of our sample, we present a comparison of our CEES sample
against that of the Third National Economic Census and the 2016 China Statistical
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Yearbook in Appendix Table A.2. The numbers presented in the table suggest that
our sample is generally representative of firms across the PRC.
The firm and worker questionnaires were designed by the authors together
with a team of over 30 researchers. The 2016 firm questionnaire includes seven
modules and 1,030 variables covering the basic situation of firms (including
firm accounting data), firm head characteristics, management, production, sales,
innovation, quality control, and human resources. In 2016, CEES questionnaires
also included a management module that was designed for the World Management
Survey (Bloom and Van Reenen 2007, Bloom et al. 2017).
There are several advantages to using CEES data to analyze the earnings
differential between rural migrant and urban workers in the PRC. First, it is a newly
constructed dataset, which can reflect the most recent conditions of rural migrant
and urban workers. Second, it has detailed information on the hukou status of each
worker, which can help us to differentiate between rural migrant and urban workers.
For the purposes of our study, we define rural migrant workers as those who work
in manufacturing (nonagriculture sector) and have a rural hukou. Third, the survey
collects information on the working hours of survey respondents, which allows us
to calculate the hourly wages of sampled workers. Finally, CEES has rich firm-level
data that can be matched with worker data, which allows us to examine whether
the earnings differential between rural migrant and urban workers varies between
different types of firms.
B.

Data Summary

Summary statistics are presented in Table 1, which shows that 59% of
workers in our sample are rural migrant workers. This share is almost twice
as large as the proportion of rural migrant workers in the manufacturing sector
nationally (31%) (NBSC 2017). However, this is likely because there is variation
in the share of migrant workers in the manufacturing sector across provinces. As
reported in Table 2, there is even considerable variation in the share of rural migrant
workers employed in the manufacturing sector between our two sample provinces.
Specifically, we find that 69.4% of sample workers in Guangdong province are rural
migrant workers, while rural migrant workers only account for 47.3% of the sample
workers in Hubei province.
In our paper, we evaluate the earnings of workers using two measures:
monthly earnings (including both wages and bonuses) and hourly earnings
(measured by dividing the monthly earnings measure by average hours worked per
month).1 As can be seen in Table 1, we find that the average monthly earnings of
workers in our sample is about CNY4,997, which is 8.4% more than the national
1
Average hours worked per month is measured by multiplying the average hours worked per week for each
worker by 4.3.
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Table 1. Summary Statistics
Variables
Rural migrant
Monthly earnings in 2015 (CNY)
Hourly earnings in 2015 (CNY)
Weekly working hours
Male
Age
Years of schooling
Junior high school or below
High school or vocational high school
Vocational college or above
State-owned enterprises
Hubei

Number

Mean

Standard
Deviation

Minimum

Maximum

7,799
7,799
7,799
7,799
7,799
7,799
7,799
7,799
7,799
7,799
7,799
7,799

0.59
4,997
24.27
51
0.56
37.09
11.80
0.34
0.37
0.29
0.09
0.47

0.49
4,328
22.68
11.58
0.50
9.44
2.99
0.47
0.48
0.45
0.28
0.50

0
1,000
3.32
6
0
17
0
0
0
0
0
0

1
86,667
388.52
112
1
72
22
1
1
1
1
1

CNY = Chinese yuan.
Notes: Rural migrant workers are those who work in manufacturing (nonagriculture sector) and have a rural hukou.
Monthly earnings include both wages and bonuses; hourly earnings are measured by dividing the monthly earnings
measure by average hours worked per month.
Source: Authors’ calculations.

Table 2. Percentage of Rural Migrants among
Different Types of Firm Ownership and Provinces
Rural Migrant
Ownership
Non-SOEs
SOEs
Province
Guangdong
Hubei
Total

Number

%

4,432
175

62.3
25.4

2,883
1,724
4,607

69.4
47.3
59.1

SOE = state-owned enterprise.
Notes: Rural migrant workers are those who work in manufacturing
(nonagriculture sector) and have a rural hukou.
Source: Authors’ calculations.

average of CNY4,610 (NBSC 2017).2 Additionally, we find that the average hourly
earnings is about CNY24. We also find that workers in our sample worked an
average of 51 hours per week.3
In terms of the individual characteristics of workers, we find that 56% of
workers in our sample are male, which is 5 percentage points higher than the
national average in 2015 (51%) (NBSC 2017). On average, workers in our sample
are 37 years old and have completed 11.8 years of schooling. When we examine the
2
The national average for monthly earnings is based on the annual average wages in urban manufacturing
units in 2015.
3
Weekly working hours is calculated by multiplying the weekly working days and daily working hours of
each sample worker.
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educational outcomes of workers by the highest level of educational attainment, we
find that 34% of sample workers have a junior high school education or less, 37%
have completed high school, and 29% have completed college.
In this paper, we also examine how the earnings gap varies between workers
in firms under different forms of ownership and between workers from different
provinces. Summary statistics for these two variables are also reported in Table 1.
We evaluate two types of firms: SOEs and other types of firms (non-SOEs). As can
be seen in the table, 9% of our sample are SOEs and 91% are non-SOEs. In terms
of provinces, 47% of workers in our sample are from Hubei province and 53% are
from Guangdong province.
Table 2 also presents the percentage of rural migrant workers employed in
firms under different forms of ownership. As shown, 62.3% of workers in non-SOEs
are rural migrant workers, but only about a quarter (25.4%) of sample workers in
SOEs are rural migrant workers.

IV. Empirical Results
A.

Descriptive Results

Table 3 presents the mean differences in earnings, working hours, individual
characteristics, and human capital levels between rural migrant and urban workers
in our sample. This table shows that, on average, rural migrant workers earn less
and work longer hours than urban workers. Specifically, rural migrant workers earn
about CNY4,421 per month, which is 31.8% less than the monthly earnings of urban
workers (significant at the 1% level). In addition, rural migrant workers earn about
CNY20.4 per hour, which is 47% less than the hourly earnings of urban workers
(significant at the 1% level). Furthermore, we find that the difference in hourly
wages is larger than the difference in monthly wages because rural migrants work
an average of 5.2 hours, or 10.8%, more per week than urban workers (53 hours
versus 48 hours per week).
We also find that rural migrant and urban workers tend to differ significantly
in terms of individual characteristics. For example, more urban workers than rural
migrant workers are male (60% of urban workers versus 54% of rural migrant
workers) (significant at the 1% level). Urban workers also appear to be older than
rural migrant workers; the average age of urban workers is about 39 years old, while
the average age of rural migrant workers is about 36 years old (significant at the
1% level).
When examining years of schooling, we find that rural migrant workers have
received an average of 10.9 years of schooling, while urban workers have received
an average of 13.2 years of schooling (significant at the 1% level). When looking
at levels of educational attainment, we can see that there are significant differences
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Table 3. Mean Difference between Rural Migrant and Urban Workers

Monthly earnings in 2015 (CNY)
Hourly earnings in 2015 (CNY)
Weekly working hours
Male
Age
Years of schooling
Junior high school or below
High school or vocational high school
Vocational college or above

Urban
Mean (SD)
N = 3,192

Rural
Migrant Mean (SD)
N = 4,607

Mean Difference
(3) = (2) – (1)
(SE)

(1)

(2)

(3)

5,828
(5,593)
29.92
(29.75)
48
(10)
0.60
(0.49)
39.15
(9.22)
13.18
(2.62)
0.15
(0.36)
0.38
(0.49)
0.47
(0.50)

4,421
(3,038)
20.36
(14.84)
53
(12)
0.54
(0.50)
35.66
(9.33)
10.85
(2.85)
0.47
(0.50)
0.36
(0.48)
0.17
(0.38)

−1,407***
(98)
−9.56***
(0.51)
5.2***
(0.3)
−0.066***
(0.011)
−3.49***
(0.21)
−2.33***
(0.06)
0.317***
(0.010)
−0.023**
(0.011)
−0.294***
(0.010)

CNY = Chinese yuan, N = number of observations, SD = standard deviation, SE = standard error.
Notes: Rural migrant workers are those who work in manufacturing (nonagriculture sector) and have a rural hukou.
Monthly earnings include both wages and bonuses; hourly earnings are measured by dividing the monthly earnings
measure by average hours worked per month.
Source: Authors’ calculations.

between urban and rural migrant workers. Specifically, we find that, by a difference
of 29.4 percentage points, more urban workers have received a vocational college
education or above (47%) than rural migrant workers (17%) (significant at the
1% level).
B.

Baseline Regressions

The descriptive results of our study are very revealing. On the one hand,
we find that rural migrant workers are paid significantly less than urban workers
in terms of both monthly earnings and hourly wages. On the other hand, rural
migrant workers also differ significantly from urban workers in many observable
human capital attributes such as age, gender, and education. Among these attributes,
education may play the most important role. As rural migrants tend to have a lower
level of education, they are expected to be paid less as the returns to education are
generally positive. In this paper, we resort to multivariate regressions to estimate the
rural–urban worker wage gap by controlling for these human capital attributes. As a
caveat, our approach cannot fully account for the sample selection issue; rather, our
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Table 4. Monthly Earnings Differential Between Rural Migrant and
Urban Workers
Monthly Earnings in Logarithm
(1)
Rural migrant

(2)

(3)

(4)

***

−0.223
(0.014)

***

−0.206
(0.013)
0.287***
(0.012)

−0.206
(0.013)
0.305***
(0.012)
0.056***
(0.004)
−0.001***
(0.000)

−0.216***
(0.013)
0.059
7,799

−0.225***
(0.012)
0.124
7,799

−0.205***
(0.012)
0.149
7,799

Male
Age
Age squared

***

Years of schooling
Hubei
R-squared
Number of observations

−0.028**
(0.013)
0.252***
(0.011)
0.063***
(0.004)
−0.001***
(0.000)
0.069***
(0.002)
−0.235***
(0.012)
0.247
7,799

Notes: Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Rural
migrant workers are those who work in manufacturing (nonagriculture sector) and have a
rural hukou. Monthly earnings include both wages and bonuses. Hubei is a dummy variable
where 1 denotes Hubei province and 0 denotes Guangdong province.
Source: Authors’ calculations.

analysis descriptively compares the wage gap between rural migrant workers and
urban workers given that they have the same observable human capital attributes.
To further investigate the earnings differential between rural migrant
and urban workers when controlling for relevant variables, we estimate several
regression equations. First, we estimate ordinary least squares regression equations
using log monthly earnings as the dependent variable and individual characteristics
(hukou status, gender, age, and years of schooling) as independent variables. We
also include province fixed effects to control for regional variations that could affect
our regression estimates, such as economic development levels and average wages.
Robust standard errors are calculated for all regressions to obtain unbiased standard
error estimates under possible heteroscedasticity.
Consistent with the descriptive results, our regression results reveal a large
gap in monthly earnings between urban and rural migrant workers. As can be seen
in column 1 of Table 4, when only controlling for province fixed effects, rural
migrant workers are paid 22.3% less per month than urban workers (significant
at the 1% level). When we add a gender control variable in column 2, we find that
the magnitude of the coefficient estimate decreases, but it still suggests that rural
migrant workers are paid 20.6% less per month than urban workers (significant at
the 1% level). When a control for the age of workers is added into the regression
equation (column 3), we again find that rural migrant workers are paid 20.6% less
than urban workers.
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When we add a variable representing the average years of schooling, we
find that the majority of the monthly earnings gap between rural migrant and
urban workers can be explained by differences in individual characteristics and
human capital levels. When we control for years of schooling in column 4, we find
that rural migrant workers are only paid 2.8% per month less than urban workers
(significant at the 5% level). Notably, this estimated earnings gap is 86.4% smaller
than the estimate in column 3 (–0.206 versus –0.028). The coefficient on the years of
schooling variable suggests that each additional year of schooling is associated with
a 6.9% increase in monthly earnings (significant at the 1% level). Taken together,
when comparing the coefficient estimates in column 1 and column 4, we find that
87.4% of the gap in monthly earnings between rural migrant and urban workers can
be explained by differences in individual characteristics and human capital levels.
C.

Working Hours

To investigate whether differences in earnings between rural migrant and
urban workers are influenced by working hours, we also examine the differences
in weekly working hours and hourly earnings between these two groups. We do so
by estimating ordinary least squares regressions, similar to those described in the
section above, that use weekly working hours and hourly earnings as dependent
variables.
We find that rural migrant workers tend to work longer hours than their urban
counterparts. In Table 5, we examine the difference in average weekly working
hours between rural migrant and urban workers. When we only control for province
fixed effects in column 1, we find that rural migrant workers typically work 9.9%
more hours than urban workers on a weekly basis (significant at the 1% level). After
adding controls for gender, age, and years of schooling, we find in column 4 that the
estimated coefficient decreases, which suggests that rural migrant workers typically
work 5.6% more hours per week than urban workers (significant at the 1% level).
In Table 6, we present the results of a series of regressions that examine
the hourly earnings of workers. The earnings gap between rural migrant and urban
workers appears to increase when we examine the hourly earnings of workers. This
finding makes sense given that we have found that rural migrants work longer hours
than urban workers. As is shown in column 1, the hourly earnings of rural migrant
workers are 32.2% less than those of urban workers; this gap is 44.4% larger than
that in column 1 of Table 4 (−0.223 versus −0.322). When we add controls for
gender, age, and years of schooling in column 4, we find that urban workers earn
8.4% more on an hourly basis than rural migrant workers; this difference is over
three times larger than that in column 4 of Table 4 (−0.028 versus −0.084).
Consistent with the baseline results presented in section IV.B, we find that,
although there is still a significant difference in hourly earnings between rural
migrant and urban workers, the majority of this gap can be explained by differences
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Table 5. Weekly Working Hours Differential between Rural Migrant
and Urban Workers
Weekly Working Hours in Logarithm
(1)
Rural migrant

(2)
***

0.099
(0.005)

Male

(3)
***

0.100
(0.005)
0.022***
(0.005)

Age
Age squared

(4)
***

0.102
(0.005)
0.020***
(0.005)
−0.002
(0.002)
0.000
(0.000)

Years of schooling
Hubei
R-squared
Number of observations

−0.010**
(0.005)
0.048
7,799

−0.011**
(0.005)
0.051
7,799

−0.014***
(0.005)
0.052
7,799

0.056***
(0.006)
0.034***
(0.005)
−0.004**
(0.002)
0.000
(0.000)
−0.018***
(0.001)
−0.006
(0.005)
0.091
7,799

Notes: Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Rural
migrant workers are those who work in manufacturing (nonagriculture sector) and have a
rural hukou. Hubei is a dummy variable where 1 denotes Hubei province and 0 denotes
Guangdong province.
Source: Authors’ calculations.

Table 6. Hourly Earnings Differential between Rural Migrant and
Urban Workers
Hourly Earnings in Logarithm
(1)
Rural migrant

(2)

(3)

(4)

***

−0.322
(0.015)

***

−0.307
(0.014)
0.265***
(0.013)

−0.308
(0.014)
0.285***
(0.013)
0.058***
(0.005)
−0.001***
(0.000)

−0.205***
(0.014)
0.075
7,799

−0.214***
(0.014)
0.121
7,799

−0.191***
(0.014)
0.145
7,799

Male
Age
Age squared

***

Years of schooling
Hubei
R-squared
Number of observations

−0.084***
(0.014)
0.218***
(0.012)
0.067***
(0.004)
−0.001***
(0.000)
0.086***
(0.002)
−0.229***
(0.013)
0.272
7,799

Notes: Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Rural
migrant workers are those who work in manufacturing (nonagriculture sector) and have
a rural hukou. Hourly earnings are measured by dividing the monthly earnings measure
by average hours worked per month. Hubei is a dummy variable where 1 denotes Hubei
province and 0 denotes Guangdong province.
Source: Authors’ calculations.
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in the individual characteristics and human capital levels of workers. After we add
a control for years of schooling in Table 6, the magnitude of the coefficient estimate
decreases from 0.308 in column 3 to 0.084 in column 4. Given that we also find
that the coefficient on the years of schooling variable is positive and significant, the
results appear to suggest that lower levels of educational attainment among rural
migrant workers explain most of the hourly earnings gap. In addition, when we
compare the coefficient estimates in column 1 (−0.322) and column 4 (−0.084),
we find that 73.9% of the hourly earnings gap between rural migrant and urban
workers can be explained by differences in individual characteristics and human
capital.
D.

Heterogenous Effects

In Table 7, we examine whether the earnings gap between rural migrant and
urban workers varies based on the ownership type of firms, educational attainment
level of workers, and the region where workers are employed. We find that the
hourly earnings gap between rural migrant and urban workers is much larger among
workers employed in SOEs than in non-SOEs. In column 1, when our SOE dummy
is added, the coefficient on the rural migrant dummy variable is still negative and
significant (compared with the result in column 4 of Table 6), but the magnitude
becomes slightly smaller (−0.073 versus −0.084). In column 2, we add a variable
interacting the SOE dummy variable and the rural migrant dummy variable. As
shown, the coefficients on the rural migrant dummy variable and the interaction
term are both negative and significant. These findings suggest that an earnings gap
exists in both SOEs and non-SOEs, and that the two gaps are significantly different.
Specifically, the hourly earnings gap is 6.4% in non-SOEs, which is 14 percentage
points smaller than the 20.4% gap observed for SOEs (significant at the 1% level),
suggesting that urban workers in SOEs are more protected by the government for
certain political reasons (Lin, Cai, and Li 1998; Dong and Putterman 2003; Bai, Lu,
and Tao 2006).
From Table 7, we also find that the earnings gap between rural migrant and
urban workers is much larger among those who have higher levels of educational
attainment. In column 4, we add an interaction term between the college and
rural migrant dummy variables to the regression equation. The results show that
the coefficient on the rural migrant dummy variable is still negative (significant
at the 1% level); however, the coefficient on the interaction term is also negative
(significant at the 1% level). These findings suggest that an earnings gap exists both
for workers who have received at least a college education as well as for those with
lower levels of educational attainment. Specifically, for those workers who have not
received any sort of college education, we find that rural migrant workers are paid
12.4% less than urban workers. This gap is 10.9 percentage points larger (23.3%)
for those who have received at least a college education (significant at the 1% level).
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Table 7. Hourly Earnings Differential between Rural Migrant and Urban Workers
with Interactions
Hourly Earnings in Logarithm
(1)
Rural migrant
SOE

(2)

−0.073
(0.014)
0.144***
(0.023)
***

Rural migrant × SOE

(3)

−0.064
(0.015)
0.183***
(0.029)
−0.140***
(0.045)
***

(4)

−0.157
(0.014)

***

0.454***
(0.016)

−0.124
(0.016)

−0.084
(0.014)

−0.109***
(0.020)

−0.229***
(0.013)

−0.258***
(0.022)
0.050*
(0.026)
0.219***
(0.012)
0.067***
(0.004)
−0.001***
(0.000)
0.086***
(0.002)
0.273
7,799

−0.239***
(0.013)

−0.238***
(0.013)

−0.211***
(0.013)

0.214***
(0.012)
0.066***
(0.004)
−0.001***
(0.000)
0.085***
(0.002)
0.276
7,799

0.215***
(0.012)
0.066***
(0.004)
−0.001***
(0.000)
0.084***
(0.002)
0.277
7,799

0.255***
(0.012)
0.066***
(0.005)
−0.001***
(0.000)

0.255***
(0.012)
0.065***
(0.005)
−0.001***
(0.000)

0.237
7,799

0.238
7,799

Rural migrant × college

(6)
***

0.503***
(0.022)
−0.109***
(0.030)
−0.210***
(0.013)

College

Hubei

(5)
***

Rural migrant × Hubei
Male
Age
Age squared
Years of schooling
R-squared
Number of observations

0.218***
(0.012)
0.067***
(0.004)
−0.001***
(0.000)
0.086***
(0.002)
0.272
7,799

Notes: Robust standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1. Rural migrant workers are those
who work in manufacturing (nonagriculture sector) and have a rural hukou. Hourly earnings are measured by dividing
the monthly earnings measure by average hours worked per month. College is a dummy variable where 1 denotes
vocational college and above and 0 denotes high school and vocational high school and below. SOE is a dummy
variable where 1 denotes firms with state ownership and 0 denotes firms with nonstate ownership. Hubei is a dummy
variable where 1 denotes Hubei province and 0 denotes Guangdong.
Source: Authors’ calculations.

Last, we find that the earnings gap between rural migrant and urban workers
is larger in Guangdong province than in Hubei province. In column 6, we interact
the province dummy variable with the rural migrant dummy variable and find
that the coefficient estimated on the interaction term is positive and significant.
Additionally, the coefficient on the rural migrant worker dummy variable remains
negative and significant, suggesting that the hourly earnings gap exists in both
Hubei and Guangdong provinces, but the earnings gaps are significantly different
between the two provinces. Specifically, the results indicate that the hourly earnings
gap between rural migrant and urban workers is 10.9% in Guangdong province and
5.9% in Hubei province (significant at the 10% level).
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V. Conclusions

In this paper, we use a recent dataset derived from the CEES to examine
the earnings gap between rural migrant and urban workers, and to determine how
much of this gap can be explained by differences in the individual characteristics
and human capital levels of sample workers. When we control for province fixed
effects only, we find that rural migrant workers are paid 22.3% less per month and
32.2% less per hour than urban workers. We find that the gap in hourly earnings
is larger than in monthly earnings because rural migrant workers tend to work
an average of 5.6% more hours per month than urban workers. After controlling
for individual characteristics and human capital levels, we find that these factors
account for 87.4% of the monthly earnings gap and 73.9% of the hourly earnings
gap between rural migrant and urban workers. This means that most of the earnings
gap between rural migrant and urban workers can be explained by the differences
in individual characteristics and human capital levels, while only a small portion of
the earnings gap is left unexplained after taking these factors into consideration.
Our research also shows that the size of the earnings gap between rural
migrant and urban workers varies noticeably between (i) firms under different
types of ownership, (ii) workers with different levels of educational attainment, and
(iii) workers from our two sample provinces. Specifically, we find that the hourly
earnings gap between rural migrant and urban workers is larger in SOEs than in
non-SOEs, among workers with a college education compared to those with lower
levels of educational attainment, and among workers in Guangdong province than
in Hubei province.
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Appendix: China Employer–Employee Survey

Table A.1. Sample Size and Response Rates of China Employer–Employee Survey
in Hubei and Guangdong Provinces
Number of Observations

Response Rate (%)

573
1,122
585
487
50
4,838
9,103
4,114
2,575
2,414

82
85
83
85
−
88
80
89
53
94

Firms survey 2015 (Guangdong only)
Firms survey 2016
New sample (Hubei)
Follow-up sample (Guangdong)
New sample (Guangdong)
Workers survey 2015 (Guangdong only)
Workers survey 2016
New sample (Hubei)
Follow-up sample (Guangdong)
New sample (Guangdong)
Source: Authors’ calculations.

Table A.2. Characteristics of China Employer–Employee Survey versus the Census and
Yearbook—Hubei and Guangdong Provinces
Third
National
2016
2016
2016
Economic Statistical
CEES
CEES
Census Yearbook (Weighted) (Unweighted)
Number of firms (thousand)
Employment (persons)
Assets (CNY million)
Industrial output (CNY million)
Profit (CNY million)
Profit rate (profit/sales) (%)
Type of industry (%)
Farm and sideline food processing
Food manufacturing
Wine, beverage, and refined tea manufacturing
Tobacco product manufacturing
Textiles
Clothing
Leather, fur, feathers, and footwear industry
Wood processing and wood product industry
Furniture manufacturing
Paper and paper products
Printing
Education, art, sports, and entertainment

361.13
69
30.5

56.45
307
197.7
281.1
15.9
5.5

3
2
1
0.01
3
7
4
2
3
3
4
4

5
2
1
0.03
4
6
4
1
3
2
2
3

1.12
62
52.1
50.3
3.0
6.5

1.12
827
769.9
803.0
46.7
6.2

14
3
4
0.2
5
4
2
1
1
2
2
1

5
2
2
0.3
6
7
4
1
2
1
3
2
Continued.
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Table A.2. Continued.
Third
National
2016
2016
2016
Economic Statistical
CEES
CEES
Census Yearbook (Weighted) (Unweighted)
Chemicals
Chemical materials and product manufacturing
Pharmaceuticals
Chemical fibers
Balata and plastic products
Nonmetallic mineral products
Ferrous metals
Nonferrous metals
Metal products
General equipment manufacturing
Special equipment manufacturing
Automobile manufacturing
Railway, ship, and other transportation
equipment manufacturing
Electrical machinery and equipment
Computer, communications, and other
electronic equipment
Instrument manufacturing
Others
Comprehensive utilization of waste resources
Metal products, machinery, and equipment
repair

0.2
4
1
0.1
8
6
1
1
10
5
6
2
1

0.2
6
1
0.1
7
9
1
1
7
4
4
4
1

0.0
2
1
0.03
8
20
0.3
1
7
2
4
5
0.4

9
8

9
9

5
3

1
1
0.4
1

1
1
1
0.1

1
0.2
0.1
0.2

0.2
3
2
0.2
4
10
1
2
7
3
4
6
1
9
10
1
0.5
0.5
0.4

CEES = China Employer–Employee Survey, CNY = Chinese yuan.
Notes: Calculations from CEES data are weighted using both the firm-size weight in a county (the probability of a
firm being in a sample is proportional to its employment size) and the employment weight within a firm in 2013.
Statistical Yearbook tabulations are based on The Annual Survey of Industrial Firms conducted by the National
Bureau of Statistics of China with state-owned enterprises and other firms having sales revenue exceeding CNY20
million ($308,000). The Third National Economic Census (carried out in 2013) tabulations are from The Statistical
Bulletin for the Third National Economic Census. Industries are classified according to the two-digit code of The
Industrial Classification for National Economic Activities (GB/4754-2011). Calculations were also done using data
from Guangdong Provincial Bureau of Statistics (2015, 2016) and Hubei Provincial Bureau of Statistics (2015, 2016).
Source: Authors’ calculations.
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I. Introduction

Household debt is a crucial component of the financial system. It helps
finance household consumption and investment as well as the operation of informal
business enterprises. Some debt instruments such as credit cards also serve as a
means of payment in the economy. However, high and rapidly rising household debt
can lead to debt burden and financial vulnerability of households, which in turn raise
serious concerns over the stability of the financial system. In addition, a high level
of debt may inhibit a household’s spending and consumption, a symptom known as
debt overhang, which in turn affects long-term growth of the aggregate economy.
This concern is of particular relevance today as we observe rising household debt
in many countries across the world—including a number of countries in Asia, a
region long known for its frugality.1 However, understanding household debt and its
implications on the economy is complicated. For one thing, households are diverse,
so we need to understand the heterogeneous nature of debt across borrowers. The
goal of this paper is to contribute to this understanding by dissecting one aspect
of household debt, namely, indebtedness and delinquency over the life cycle. In
particular, this paper aims to answer two questions. First, does household debt
follow a life-cycle profile predicted by economic theories and, if so, when does
deleveraging start? Second, does the life-cycle pattern change over time across
cohorts?
Aggregate data show that household debt has increased in recent decades
in many countries. For example, credit to households as a share of total credit
increased from 27% in 1980 to 58% percent in 2000 in the Republic of Korea
(Beck et al. 2008). More recently, total bank credit to the household sector in
the Asia and Pacific region more than doubled relative to gross domestic product
(GDP) between 1995 and 2015 (Schularick and Shim 2017). The expansion is
observed in high-income economies such as Australia, New Zealand, the Republic
of Korea, and Singapore, as well as in middle-income countries such as Malaysia
and Thailand.2 In 2017, Thailand’s household debt, at 69% of GDP, was the
highest among developing Asian economies; the only Asian country with higher
household debt was the Republic of Korea (94%). Other Asian economies with
similar household debt were Hong Kong, China (69%) and Malaysia (68%), while
Singapore and Indonesia experienced lower household debt than Thailand (57% and
17%, respectively).

1

See, for example, The Economist (2017).
The Appendix presents household debt-to-GDP ratios of selected economies in the Asia and Pacific region
based on data from the Bank for International Settlements (BIS). The only Asia and Pacific economy in the BIS
data that did not experience an increase in household debt to GDP is India (10.6% in 2007 and 9.4% in 2014). Also,
although household debt in advanced economies has declined or remained stable after the global financial crisis, the
level of debt is still much larger than decades ago.
2

Household Debt and Delinquency over the Life Cycle 63

Growing household debt is not necessarily a bad thing. If borrowers are
capable of servicing the debt, then it does not pose serious concerns on the
vulnerability of the borrowers and the stability of the financial system. However,
if debt accumulation comes from new loans with lower quality that result in
subsequent delinquency, then measures to curb its adverse impacts must be
implemented. In order to understand the underlying risk of household debt, we
need to go beyond aggregate statistics and examine the distributional aspect, in
particular, who the debt holders are and where the delinquencies are. Several studies
have identified various characteristics of borrowers that are related to debt holding
and delinquency such as income, occupation, and location. This paper focuses on
another characteristic, namely, a borrower’s age. More precisely, we examine the
distribution of indebtedness and delinquency over the life cycle of debt holders. The
rationales behind our study are twofold. First, although there are extensive studies
of household portfolios, most have focused on savings and investment, that is, the
asset side of the household’s balance sheet; fewer studies have looked at debt, that is,
the liability side. Second, many of the economies that experience rising household
debt are also confronting a looming challenge from an aging society. Understanding
how debt and delinquency evolve over the life cycle of borrowers therefore provides
insights for relevant policy implications.
Despite its importance, the understanding of household debt across a
borrower’s lifetime at a granular level has been limited, partly due to the lack of
data. Existing literature that uses microdata usually relies on household surveys,
which have the advantage of covering all types of household debt in the formal,
semiformal, and informal financial sectors. However, the data are prone to
inaccuracy, as households may have incentives to underclaim or overclaim their debt
situation. Household surveys are also often small and far from being representative
of the entire household sector of the country.
To overcome some of these problems, this paper uses granular administrative
debt data at the account level from Thailand’s National Credit Bureau (NCB) from
2009 to 2016. Thailand serves as an ideal country for this study for several reasons.
First, based on data from the Bank for International Settlements (BIS), Thailand
is one of the countries with rapidly rising household debt in recent decades, from
40.2% of GDP in 1994 to 69.5% in 2014. Furthermore, the country is currently
experiencing a disruptive penetration of financial technology, or “fintech,” that
has the potential to significantly accelerate the process of credit expansion, both
to existing debtors and to new borrowers. Meanwhile, a growing middle-class
population has been accompanied by rising consumerism among the population.
Finally, the country is experiencing a speedy change in demographic structure,
becoming an aging society. Specifically, the percentage of Thailand’s population age
65 and above will increase from 13% in 2020 to 26% in 2040, which would make
the country one of the world’s most rapidly aging economies (UN DESA 2015).
Understanding the age profiles of debt and delinquency is therefore important for
Thailand and other countries that are facing similar challenges.
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Our data cover the majority of formal loans to individuals in the country.
More precisely, the data consist of over 60 million accounts from almost 20 million
borrowers, representing 87% of the total household debt in the system in 2016.
The wide coverage and the granularity of the data allow us to decompose debt per
capita and delinquency rate, which are aggregate and commonly used measures of
debt, into components that unveil the extensive and intensive margins of household
indebtedness. This decomposition allows us to analyze debt holding, debt portfolio,
and delinquency for each age and cohort.3
We find a striking inverted-U life-cycle pattern of indebtedness as predicted
by economic theories. However, the peaks are reached at different ages for different
loan products and different lenders. We also find that debt has expanded over time
for all age groups. In particular, the younger cohorts seem to originate debt earlier in
their lives than the older generations. Meanwhile, older borrowers remain indebted
well past their retirement age. Finally, we find a downward pattern of delinquency
over the life cycle. Our findings have important policy implications on financial
access and distress of households as well as on economic development and financial
stability of the economy. These are especially relevant for economies with aging
populations.
The rest of the paper proceeds as follows. Section II discusses related
literature on household debt and delinquency over the life cycle. It also presents
evidence on how rising household debt over time is related to the life-cycle pattern.
Section III gives a background on credit markets in Thailand. Section IV provides
narratives on the data as well as descriptive statistics. Section V presents empirical
findings on debt holding, debt portfolio, and delinquency over the life cycle and also
presents a cohort analysis of debt and delinquency. The paper concludes in section
VI with policy implications for households and the aggregate economy.

II. Related Literature

This study is related to two strands of literature. The first is related to
consumption, savings, and hence indebtedness of households over the life cycle.
The second is on rising household debt over time.
A.

Debt over the Life Cycle

The benchmark conceptual framework commonly used in the study of
debt over the life cycle is based on the classic Modigliani life-cycle hypothesis
3
Recent availability of credit bureau data in some countries allows researchers to use the data to study various
aspects of debt and default of households. See, for example, Mian and Sufi (2015) for a study on the United States
(US) during 2000–2010. To our best knowledge, our paper is one of the first that uses loan-level credit bureau data
to analyze debt and default in an emerging economy.
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(Modigliani 1966). Given that a person generally prefers smooth rather than
fluctuating consumption over time while his income usually has a hump-shaped
profile over the life cycle, he is likely to accumulate debt during the early years
of his life when his income is insufficient for his consumption. As he approaches
middle age and earns higher income, the need to borrow declines. He then begins to
pay down his debt, which is eventually paid off toward the end of his life. In other
words, there is a leveraging–deleveraging dynamic over an individual’s life cycle,
implying an inverted-U pattern between age and indebtedness. In an economy where
individuals face debt constraints, especially those at a young age (due to a lack of
collateral and credit history) and those at an old age (due to costly liquidation of
debt outstanding at the time of death), the inverted-U pattern will be more humped
and less flat.
Empirical evidence supports the life-cycle hypothesis, which shows that debt
level and its composition change substantially over the life cycle. One of the earlier
studies is by Cox and Jappelli (1993), which uses the 1983 Survey of Consumer
Finance (SCF) in the United States (US) and finds that the desire for debt increases
until the age of the household head reaches mid-30s and then declines. Crook (2001)
uses the 1995 SCF and finds a decrease in demand for debt for household heads
older than 55 years old. Yilmazer and DeVaney (2005) analyze the 2001 SCF and
show that the likelihood of debt holding, and the amount of debt compared to total
assets decrease with the age of household heads.
More recently, Crawford and Faruqui (2012) analyze household-level data
from the Canadian Financial Monitor and find an inverted-U pattern between the
age of the household head and the mean level of household debt in each year of the
data during 1999–2010. For 2010, indebtedness peaks at age 31–35 before gradually
declining. Using data from the Equifax/New York Fed Consumer Credit Panel,
Fulford and Schuh (2015) document similar strong life-cycle patterns of various
types of debts. First, credit card debt begins to increase earlier in the life cycle until
age 50 and starts falling after age 60. Second, few young people have mortgage,
but mortgage headcount increases with age until they turn 40 and then begins to
decline after age 60. Third, individuals start having auto loans at a younger age, and
by 30 years old, almost 40% of individuals have auto loans. After that, the auto loan
headcount gradually declines and then sharply drops after age 60. Finally, student
loans present a distinct downward trend with age as individuals take this type of loan
early in life and repay over time as they age. Another debt product used heavily by
younger people is overdraft, as reported in a study by the US Consumer Financial
Protection Bureau. The propensity to overdraw on a bank account declines with
account holder age: 10.7% of the 18–25 age group have more than 10 overdrafts
per year, compared to 2.8% for those age 62 and over.
Finally, unlike the literature on the life cycle of indebtedness, there are very
few studies on delinquency over the life cycle. An exception is Xiao and Yao
(2014) who analyze multiple datasets that are nationally representative of American
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families and document delinquency pattern by age and other demographic
characteristics. They find that younger households are more financially distressed
than their older counterparts and the presence of children increases the likelihood of
delinquency. Their finding suggests that younger households may experience more
financial difficulties that result in a higher likelihood of delinquency.
B.

Rising Household Debt

The second strand of related research is on rising household debt. This
literature has identified at least two major trends that contribute to rising household
debt in recent decades: an increase in financial access and an increase in
consumerism of households.4 The first trend, including an increase in access to
credit by households, has been observed throughout the world—in developed,
emerging, and underdeveloped economies. Deregulation of financial systems in
several countries brings about new financial institutions and competition, allowing
more people to have access to credit and existing borrowers to expand their loans.
Innovations in financial products provide new ways of consumer debt financing.
Various development initiatives implemented by government, especially those
through specialized financial institutions (SFIs), help underserved households to
gain access to loans. The advent of microfinance institutions results in financial
inclusion of households that would otherwise be left out. Enhanced financial
literacy facilitates households’ participation in credit markets. The creation of
credit bureaus reduces asymmetric information problems, which are one of the
most important frictions in financial markets. More recently, advances in digital
technology have further accelerated households’ access to financial products,
created new financial products that better serve households, and further reduced
transaction costs. Altogether, these developments have resulted in the rising
household debt we have observed worldwide. Literature on the expansion of
financial access and its impacts on the economy is extensive. Dynan (2009) and
Karlan and Morduch (2009) provide a survey of studies on this issue.
The second trend, an increase in consumerism, has been widely documented
by researchers focusing on consumer behaviors, including marketing and other
social sciences outside economics.5 Within economics, the idea about social status
and conspicuous consumption dates back at least to the century-old “keeping up
with the Joneses” argument by Veblen (1899). Alternative mechanisms analyzed
in recent studies include expenditure cascades (Frank, Levine, and Dijk 2014)

4
This argument does not consider short- and medium-term fluctuations. For example, in the medium term,
Justiniano, Primiceri, and Tambalotti (2013) argue that the rapid rise and fall of US household debt between 2000
and 2007 cannot be explained by financial liberalization and subsequent tightening. They further argue that the credit
cycle was more likely accounted for by factors that impacted house prices through a collateral channel.
5
See examples in an edited volume by Goodwin, Ackerman, and Kiron (1997).
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and status goods (Bursztyn et al. 2017). However, most studies that link the role
of relative standing in society to household behaviors focus on the effects on
consumption and assets, while the studies on the effects on liabilities and financing
attract less attention.6
The pervasiveness of the consumer society and the stagnant income of the
middle and lower social classes imply a higher demand for consumer goods and
consumer durables by households that do not have sufficient income to finance such
purchases, resulting in the origination and accumulation of credit card, personal,
auto, and mortgage debts. A few studies that examine the relationship between
social status and debt include Georgarakos, Haliassos, and Pasini (2014) who
analyze data from the Dutch National Bank Household Survey. They find that,
everything else equal, a higher average income in the social circle, as perceived
by a household, increases a household’s tendency to borrow and the likelihood
of future financial distress, as reflected in the debt service ratio and the loan-tovalue ratio of households. In another study, Bricker, Ramcharan, and Krimmel
(2014) link household financial decision data from SCF with neighborhood data
from the American Community Survey and find that a household’s position in the
income distribution relative to its close neighbors is positively associated with its
expenditure on high-status cars, its level of indebtedness, and the riskiness of its
portfolio. Finally, a study of Singaporean households by Lee, Mori, and Qian (2017)
provides more evidence. All else equal, households residing in condominiums
(those who are more likely to care more about social status) spend substantially
more on conspicuous goods, have more credit card debt, and have more delinquent
debt on their credit cards than their counterparts living in subsidized public housing.
They find no difference in spending on inconspicuous consumption of these two
groups.7
C.

Implications of Rising Household Debt on the Life Cycle

Although the two major trends discussed above are likely to be responsible
for rising household debt across all ages, in theory they may have heterogeneous
impacts across age groups, resulting in a changing debt profile over the life cycle.
Compared to middle-age individuals, younger consumers are likely to face more
financial constraints (Attanasio and Weber 2010). For example, they have shorter or
6
One of the reasons is that many households are willing to display their consumption and assets while keeping
their indebtedness private.
7
The relationship between consumerism and indebtedness is also related to inequality since growing income
inequality has a potential to further exacerbate the mismatch between a household’s conspicuous wants and its own
funds. However, the relationship between inequality and indebtedness is challenged by Coibion et al. (2016). The
authors use household-level debt data during 2000–2012 from the Equifax/New York Fed Consumer Credit Panel
and show that low-income households in high-inequality areas accumulated less debt relative to their income than
low-income households in lower-inequality regions. They also show that the price of credit is higher and access to
credit is harder for low-income households in high-inequality regions.
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nonexistent credit history and fewer collateralizable assets, making it difficult for
them to qualify for loans. Financial development that helps reduce this information
barrier will result in a disproportionate increase in credit to the younger generation
as compared to their older counterparts when they were at the same age. Likewise,
the elderly also experience credit constraints because they have a shorter remaining
life expectancy than working-age individuals, hence a shorter time to pay back
loans. Financial innovations such as reverse mortgages allow them to gain access to
loans that people their age generations ago would otherwise not have had access to.
Similarly, increasing longevity and a later retirement age contribute to individuals
remaining indebted much later in their lives.
Likewise, an upward trend in consumerism can also have impacts on debt
profile over the life cycle of borrowers. These effects could be magnified by other
factors such as psychological or cognitive biases. For example, a recent survey
shows that younger consumers are more likely to make compulsive purchases (El
Issa 2017).
Empirical studies have confirmed these predictions. For example, Crawford
and Faruqui (2012) find that mean debt levels of Canadian households are
systematically greater for those with household heads born in a later year or
a younger cohort. Studies also show that there is an expansion in indebtedness
distribution at both ends of the age spectrum over time, that is, the youth and
the elderly. For young adults, Houle (2014) uses data from four waves of the US
National Longitudinal Surveys of Youth and analyzes indebtedness of three cohorts
of young adults in the 1970s, 1980s, and 2000s. He finds that the most recent cohort
began accumulating debt earlier than previous cohorts. In addition, there is a shift in
the debt portfolio toward noncollateralized loans, including student loans over time.
Finally, young adults from a lower social class background have disproportionately
taken on more unsecured debt over time, compared to their more advantaged
counterparts. Similarly, Hodson and Dwyer (2014) study the 1997 wave of the
National Longitudinal Surveys of Youth and the SCF to investigate indebtedness of
millennials (defined as those born around 1982 or after). They find that, compared
to an earlier generation (Gen X), millennials took on greater amounts of debt at an
earlier age. Their debt increased sharply once they reached 18 years old. By their
mid-20s, more than 20% had student loan debt and more than 30% had auto and
credit card debts. Millennials also had historically high rates of homeownership
in their early 20s compared to previous generations. Finally, Lee, Mori, and Qian
(2017) find that the relationship between conspicuous consumption and credit card
debt in Singapore is concentrated among younger, male, single individuals.
For the elderly, Lusardi and Mitchell (2013) use data from the Health and
Retirement Study and the National Financial Capability Study and examine three
different cohorts of Americans age 56–61 in different time periods: 1992, 2002,
and 2008. They find that more recent cohorts have taken on more debt and face
more financial insecurity, mostly because they purchased more expensive homes
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with smaller down payments.8 Similarly, Kuhn, Schularick, and Steins (2017)
study the oldest data from the SCF and find that those born between 1945 and
1964 experience rising debt-to-income ratios as they age. Kim (2015) analyzes the
distributions of household debt in the Republic of Korea and the US and finds that
the proportion of household debt held by older households has increased.
This paper contributes to the literature on household debt over the life cycle
in various ways. First, most existing studies rely on data at the household level
and analyze the distribution of debt based on the age of household heads. Given
that each household consists of members with different ages, a household is not
an appropriate unit of observation for the study of debt over the life cycle. In
contrast, this study uses granular data at the account level that allow us to better
study indebtedness of each individual, including the portfolio of his or her debt.
In particular, granular data allow us to decompose the aggregate, commonly used
measures of debt per capita and delinquency rate into components that unveil the
extensive and intensive margins of household indebtedness. This decomposition in
turn allows us to analyze debt holding, debt portfolio, and delinquency for each age
and cohort. Second, while other studies only analyze debt holdings, this paper also
examines the number of loan accounts and financial institutions, hence providing
insights on both extensive and intensive margins of indebtedness. This paper also
studies loan performance over the life cycle, exploring the relationship between age
and delinquency and hence providing new insights on the quality of loans across age
groups. Finally, unlike existing studies that use data from developed countries, ours
is one of the first that examines this issue in the context of an emerging economy.
III. Background on Credit Markets in Thailand

The financial system in Thailand represents what we typically observe
in developing economies, where both formal and informal sectors coexist. This
is also the case for credit markets where loans are made. At one end, formal
credit providers include (domestic and foreign) commercial banks, special financial
institutions (Government Savings Bank, Government Housing Bank, Export-Import
Bank, Small and Medium Enterprise Development Bank, Islamic Bank, and
Bank for Agriculture and Agricultural Cooperatives), and other nonbank financial
institutions (such as credit card, personal loan, insurance, and hire purchase or
leasing companies). At the other end, informal credit providers include friends and
relatives as well as moneylenders in rural villages. Between these two ends lie
semiformal credit providers such as cooperatives, production groups, and village
funds.
8
Related to growing indebtedness of the elderly, Higgs et al. (2009) use nine rounds of data from the United
Kingdom Family Expenditure Survey collected between 1968 and 2005 and study consumption expenditure by retired
households. Their findings show a growing extent of ownership of key goods in retired households.
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With developments in the financial sector in recent decades, the formal
financial sector is becoming more important in Thailand, while the informal sector
has been in decline. Specifically, in 2016, one in three of the Thai population has
debt from the formal financial sector. Meanwhile, the percentage of households
with debt in the informal sector quickly declined from 20% in 2007 to under 10%
in 2013.9
However, household debt is concentrated among a small group of borrowers.
Specifically, the top 10% of borrowers account for over 62% of total formal debt.
It is mostly concentrated among the following loan subcategories: personal and
business loans, loans from commercial banks, loans held by borrowers outside the
working-age group, loans in urban areas and in Bangkok and the vicinity. The top
10% of borrowers tend to be homeowners and live in urban areas and in Bangkok
and its vicinity. As expected, the bottom group has fewer accounts and fewer distinct
products than the middle group, which in turn has fewer accounts and products than
the top group. Personal loans are highly prevalent, while housing loans appear very
limited. Specifically, 17% of the Thai population have personal loans, followed by
auto and credit card loans at 9% each. Meanwhile, only 4% of the population have
housing loans.
In terms of credit providers, among the formal lenders, loans from special
financial institutions are less prevalent relative to those of commercial banks and
other institutions with a larger outreach, but their average loan size is larger
when compared to other types of lenders. Specifically, the number of borrowers
from special financial institutions is only one-third of the number of borrowers
from commercial banks, but the median debt per borrower is almost double that
of commercial banks. This reflects the role of special financial institutions as
state-owned enterprises, established with each specific law, so each one has its own
mandate and offers certain types of loans, whereas commercial banks offer a wider
range of loan products.
IV. Data

This paper uses account-level consumer loan data submitted to Thailand’s
NCB by its members from 2009 to 2016.10 The data cover almost all loans from the
formal financial sector to ordinary persons in Thailand.11 The NCB data are suitable
9
For details on household debt in Thailand, see Chantarat et al. (2017) and Suwanik, Chantarat, and
Samphantharak (2018).
10
The data are as of the end of each year, except for the data for 2016 which are at the end of July. There
are 90 NCB members in total: (i) 19 banks—all 15 Thai commercial banks and four foreign bank branches; (ii) six
specialized financial institutions (SFIs); and (iii) 65 nonbank financial institutions such as credit card, personal loan,
insurance, and hire purchase or leasing companies.
11
However, the data do not include loans from the Student Loan Fund, cooperatives, village funds, and loans
from the informal financial sector, such as money lenders or community-based institutions. The data also do not
include loans to juristic persons, which are maintained in a separate database at the bureau.
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Table 1. Overview of Credit Bureau Data
Coverage

2009

2010

2011

2012

2013

2014

2015

Number of financial institution
members
Number of accounts (million)
Number of borrowers (million)
Total loan outstanding (trillion
baht)
Less than 30 days past due
31–60 days past due
61–90 days past due
91–120 days past due
121–300 days past due
Greater than 300 days past
due
Total delinquent loansa (trillion
baht)
Number of credit review for
new loans (million)
Number of credit review for
existing loans (million)

68

69

75

78

78

80

86

July 2016
90

32.63
11.65
4.39

33.93
12.29
4.92

37.86
13.36
6.05

41.99
14.73
7.14

46.63
15.98
8.11

47.63
16.07
8.44

48.47
15.94
8.69

60.51
19.25
9.80

3.85
0.08
0.04
0.02
0.11
0.30

4.39
0.08
0.03
0.02
0.09
0.31

5.32
0.10
0.05
0.02
0.10
0.45

6.40
0.12
0.05
0.02
0.12
0.44

7.24
0.16
0.08
0.04
0.14
0.44

7.63
0.20
0.08
0.04
0.12
0.37

7.86
0.26
0.07
0.04
0.13
0.32

8.78
0.28
0.11
0.04
0.18
0.42

0.42

0.42

0.57

0.57

0.62

0.53

0.50

0.64

8.70

9.90

11.44

13.90

13.76

12.75

9.48

7.12

5.27

6.95

9.00

7.63

17.66

30.04

24.61

23.76

a

Delinquent loans are loans that are more than 90 days past due.
Source: Authors’ calculations from National Credit Bureau data.

for our study for various reasons. First, unlike data collected from surveys that tend
to miss certain groups, such as the very high-income households, the NCB data
cover a wide range of the population, consisting of the majority of formal loans to
individuals in the Thai economy. Second, the data contain account-level information
that makes the analysis of household debt at a granular level possible and helps
unveil the heterogeneity across households. Third, the coverage and granularity of
the data together allow us to study loan portfolios of individuals when they borrow
from multiple financial institutions. This analysis would not be possible with data
from each lender separately.
Table 1 shows the coverage of the data. As of July 2016, there were 60.51
million active loan accounts from 19.25 million borrowers that contributed to a total
loan outstanding of 9.8 trillion baht (B) or 87% of the total household debt in the
system. The data also contain information on days past due for each loan account.
This information allows us to study delinquent loans, which we define in this paper
as loans that are more than 90 days past due. With this definition, the total value of
delinquent loans was B0.64 trillion or 6.5% of the total loan outstanding.
The NCB data contain information that reflects four granular dimensions
at the account level: (i) information on the borrower (age and postcode of
mailing address); (ii) information on the loan product, which we group into six
categories: housing, automobile, motorcycle, credit card, business loans,12 and
12

Business loans include commercial loans and loans for agriculture.
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personal and other loans;13 (iii) information on the lender, which we group into
three broad categories: commercial banks,14 SFIs,15 and other (nonbank) financial
institutions;16 and (iv) quantitative information on credit line, loan outstanding, and
days past due (and hence the utilization ratio and delinquency status) that we can
use as outcome variables in our analysis.17 In particular, we define delinquent loans
as those that are more than 90 days past due. In other words, delinquency is an
indicator of financial unhealthiness.18
Table 2 provides descriptive statistics about the borrowers. It shows that the
median age of borrowers is 43 years old. The majority of borrowers live in Bangkok
and its vicinity (29%). In fact, half of borrowers live in urban areas.19 A median
borrower holds two loan accounts, has one loan product, and borrows from one
lender. The distributions of credit line and loan outstanding per borrower are very
skewed, with the means as high as B0.77 and B0.51 million and the medians only
at B0.28 and B0.15 million.20 Similarly, the mean delinquent amount per borrower
is B0.20 million, while the median is only B0.06 million. Approximately 7% of
the borrowers are new clients. The utilization rate, defined as the ratio of current
balance to credit line, averages at 0.65 per borrower.
Table 3 provides summary statistics of loans. The top panel presents the
allocation of accounts, outstanding loans, and delinquency across products and
lenders. Personal and other loans occupy the highest delinquency share among all
loan products, while commercial banks account for the highest delinquency share
among lenders. Personal and other loans raise concerns for the financial system as
they occupy the largest share of accounts (35.5%), the second-largest share of debt
(27.8%), and the largest share of delinquency (31.8%). Auto and housing loans also
raise concerns for the financial system as they contribute to the second and the
13
Personal loans include secured loans (e.g., car for cash, home for cash) and unsecured loans or clean loans
(e.g., cash card, multipurpose loans). The majority of other loan products include overdraft and other hire purchase
or leasing.
14
A commercial bank is defined on a solo or stand-alone basis. That is, its subsidiaries such as credit card and
hire purchase or leasing companies that are also members of NCB are categorized as separate entities under other
financial institutions.
15
Specialized financial institutions (SFIs) include Government Savings Bank, Government Housing Bank,
Export-Import Bank, Small and Medium Enterprise Development Bank, Islamic Bank, and Bank for Agriculture and
Agricultural Cooperatives.
16
Other financial institutions are nonbank financial institutions such as credit card companies, hire purchase
or leasing companies, insurance companies, and cooperatives. We thus refer to other financial institutions as nonbank
financial institutions.
17
A credit line from each borrower is computed as the aggregate of credit lines from all loan products held
by the borrower. However, in the case of borrowers with multiple credit cards from the same financial institution, all
credit cards are collectively under the same credit line.
18
Our definition of delinquent loans is therefore more stringent than just loans with late payment, but less
stringent than nonperforming loans. Specifically, the classification of nonperforming loans by the Bank of Thailand
involves both loans that are more than 90 days past due and other qualitative assessments.
19
Urban areas are defined by postcode, with more than 50% of its area classified as a municipality.
20
The value of the Thai baht fluctuated between B29 and B36 per US dollar during 2009–2016. At the end
of July 2016, the exchange rate was about B36 per US dollar.
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Table 2. Descriptive Statistics of Borrowers, July 2016
Borrower characteristics
Age (years)
Region
Bangkok and vicinity (=1)
Central (=1)
North (=1)
Northeast (=1)
South (=1)
Urban (=1)a
Portfolio characteristics
Number of accounts
Number of distinct loan products
Number of financial institutions used
Total credit line (million baht)
Total loan outstanding (million baht)
Total delinquent loan (million baht)
Credit history and utilization
Number of years in NCB data
New borrower (=1)
Have delinquent loan this year (=1)
Have delinquent loan in the past year (=1)
Utilization rateb (%)

Mean

Median

SD

Min

Max

N

44.16

43.00

12.36

20

80

18,813,985

0.29
0.18
0.15
0.25
0.11
0.51

na
na
na
na
na
na

na
na
na
na
na
na

0
0
0
0
0
0

1
1
1
1
1
1

16,039,856
16,039,856
16,039,856
16,039,856
16,039,856
16,039,856

3.14
1.60
2.08
0.77
0.51
0.20

2.00
1.00
1.00
0.28
0.15
0.06

3.11
0.81
1.66
3.84
3.07
1.10

1
1
1
0
0
0

167
6
8
4,220
8,990
973

19,245,461
19,245,461
19,245,461
19,245,461
19,245,461
3,189,527

5.02
0.07
0.17
0.16
0.65

5.00
na
na
na
0.71

2.73
na
na
na
0.36

1
0
0
0
0

8
1
1
1
1

19,245,461
19,245,461
19,245,461
15,252,626
19,245,461

N = number of observations, na = not available, NCB = National Credit Bureau, SD = standard deviation.
Note: Some data for age and location are missing, hence the smaller sample size with these identifiers.
a
Postcode is defined as an urban area if more than 50% of the area belongs to municipalities.
b
Utilization rate is defined as a ratio of current balance to credit line.
Source: Authors’ calculations from National Credit Bureau data.

third-largest shares of delinquency even though housing loans account for only
5.4% of the total number of accounts, due to the large size of each loan.21 In
contrast, credit card debt occupies the second-largest share of accounts (30.7%),
but they contribute much less to the total debt outstanding and delinquency due to
their small sizes. By lender, commercial banks account for the largest share of debt
outstanding and delinquency, while nonbank financial institutions account for the
largest share of accounts. The bottom panel presents the allocation across borrower
age groups and locations. The shares of borrowers, loans, and delinquencies are
highest among borrowers in working-age groups (highest for those age 46–60 years,
followed by 36–45 years and 25–35 years) and borrowers in Bangkok and the
vicinity.

21
For comparison, although housing debt accounts for the largest share of total loan outstanding at 33.2%,
the number is still lower than that of every G7 economy where more than 50% of outstanding household debt in
2012 was in mortgages. Other debt products of the “Big Four” banks in the US were student loans, vehicle loans, and
credit cards. See Zinman (2015).
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Table 3. Dissecting Aggregate Debt and Delinquency by Loan Product, Lender, and
Borrower, July 2016
Loan Product and Lender
Loan product
Housing
Auto
Motorcycle
Credit card
Personal loan and others
Loan for business
Lender
Commercial banks
SFIs
Other financial institutionsa
Borrowers
Age
Younger than 25
From 25–35
From 36–45
From 46–60
Older than 60
Region
Bangkok and vicinity
Central
North
Northeast
South
Urban

Share of
Account (%)

Share of Loan
Outstanding (%)

Share of Delinquent
Loan (%)

5.4
11.2
2.2
30.7
35.5
15.0

33.2
20.8
0.5
3.8
27.8
13.9

19.8
23.4
2.7
8.1
31.8
14.0

35.2
26.6
38.2

51.7
33.9
14.4

45.6
29.4
25.0

Share of
Borrowers (%)

Share of Loan
Outstanding (%)

Share of Delinquent
Loan (%)

3.2
27.6
27.9
32.2
9.1

1.1
22.6
33.0
36.1
7.2

1.3
24.8
34.2
34.0
5.7

29.4
18.3
15.4
25.4
11.4
51.0

36.4
17.2
13.7
21.0
11.7
58.8

35.4
18.1
13.7
18.7
14.1
58.1

SFI = specialized financial institution.
a
Other financial institutions include credit card companies, hire purchase companies, insurance companies,
and cooperatives.
Source: Authors’ calculations from National Credit Bureau data.

V. Empirics

This section presents empirical findings on debt holding, debt portfolio, and
delinquency over the life cycle. For each issue, we first present a simple plot of
descriptive statistics by age. We then perform a regression analysis that allows us to
control for macroeconomic and individual fixed effects. Finally, we end the section
with a cohort analysis of debt and delinquency.
A.

Debt Holding over the Life Cycle

The granularity of the NCB data allows us to quantify the debt situation at the
borrower level. We consider two measures. First, debt headcount is defined as the
number of individuals with debt divided by the total population. It is a measure that
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provides information on the prevalence of debt across individuals in the economy,
that is, what fraction of the population is indebted.22 Second, debt per borrower is
defined as the average loan outstanding of each indebted individual. This measure
indicates debt intensity that each indebted individual experiences. These two
microlevel measures thus decompose the commonly used and aggregate measure
of debt per capita into two parts: (i) debt prevalence at the extensive margin and
(ii) debt intensity at the intensive margin.
Total outstanding debt
Number of borrowers Total outstanding debt
=
·
Population
Population
Number of borrowers
Debt per capita = Debt headcount · Debt per borrower
We first explore the age profile of debt prevalence and debt intensity, as
shown in Figure 1. The top-left chart shows an inverted-U relationship between
age and debt headcount: the headcount increases with age, peaks at 50% around an
early age of 30 years old, remains at 40%–50% until reaching retirement age, and
then declines sharply afterwards. This is consistent with young and old individuals
facing more credit constraints. The top-right chart gives us additional information
about debt over the life cycle from the perspective of debt intensity, that is, debt per
borrower. Overall, we observe the expected debt accumulation when individuals are
young and enter the labor force and then debt decumulation as borrowers retire.
However, borrowers’ debt intensity remains high, well past the retirement age,
raising a concern over the indebtedness of an aging population.23
The center-left panel of Figure 1 further presents the age profiles of debt
prevalence by loan product. Personal, auto, and credit card debt headcounts peak at
30%, 20%, and 20%, respectively, for borrowers in the young working-age group
(around 28–35 years old). Individuals thus begin having credit card, auto, and
especially personal loans at an early age. These patterns are consistent with large
access to loans from nonbank institutions, which include several hire purchase or
leasing and credit card companies. The pattern peaks at 40% among the young
working-age group, as shown in the bottom-left panel of Figure 1. Similarly, the
center-right panel of Figure 1 presents the age profiles of debt intensity by loan
product and further shows a high intensity of housing and auto debts among the
young working-age group. The median housing debt per borrower is high for very
young borrowers and gradually declines for the older borrowers. This pattern likely
reflects the repayment of mortgage for each individual as well as a general increase
in housing price over time (i.e., younger homebuyers purchased their home at more
recent, higher prices than the older generations who purchased their home a long
22

In the household finance literature, this measure is also known as the penetration rate or the participation

23

The general retirement age for civil servants in Thailand is 60 years old.

rate.
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Figure 1. Life Cycle of Debt Prevalence and Intensity

SFI = specialized financial institution.
Source: Authors’ calculations.

time ago). The data show that individuals in Thailand start to have a high intensity of
housing debt at a much younger age than those in the US where debt per borrower
peaks later in the middle of working age (Fulford and Schuh 2015). Auto loans
exhibit a different pattern, with a relatively stable median debt per borrower across
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all working ages, although the median is higher for the young and declining for the
old. Credit card and business loans, however, show the expected inverted-U patterns
in which we find an increase in debt per borrower among young borrowers and a
decrease for the elderly. The figure also shows that the prevalence of personal, credit
card, and business loans among retirees remains quite high. The amount of personal
loans per borrower also peaks after retirement age. The high debt prevalence and
intensity of personal loans after retirement could also reflect the limited loan choices
of the retirees. One possible explanation for the high headcount of credit card debt
among the retirees could be the use of credit cards as a payment mechanism.
The age profiles of debt echo the limited housing debt—only one in 10 of
the working-age population in their 40s have housing loans. This is considered
very low relative to the US, where around 40% of borrowers in their 40s have a
mortgage (Fulford and Schuh 2015).24 Apart from housing loans, access to credit
card also appears limited. Credit card debt prevalence peaks at 20%, which again
is a lot lower than in the US where 63% of the population have at least one credit
card (Consumer Financial Protection Bureau 2015).25 Figure 1 further shows that
access to business loans appears quite late and peaks among those in retirement age.
Possible explanations include the difficulty of the young in setting up or expanding
a business due to their lack of credit history and collateral as well as limited
experience. Alternatively, another possible explanation is that formal sector jobs are
easier to get for younger people and hence they have limited demand for business
loans.
The age profile of debt intensity is vastly diverse across lenders, reflecting
different roles of commercial banks, SFIs, and nonbank financial institutions in the
economy. Individuals have access to loans from nonbank financial institutions at
a younger age as these institutions focus on providing auto and credit card loans.
The debt headcount from SFIs is higher for working-age individuals who are also
close to retirement. The median debt per borrower of loans from commercial banks
is much higher for very young borrowers, peaks at 21 years old, and declines
afterwards. The median peaks later around the age of 35 for loans from SFIs.
Next, we examine how debt profile over a person’s life cycle has changed over
time from 2009 to 2016. There are more borrowers (extensive margin) and debt per
borrower is larger (intensive margin) at every age over time, especially among the
younger generation. Figure 2 presents the age profiles of debt prevalence and debt

24
There are several factors that contribute to this finding. First, the finding is partly driven by the fact that a
large portion of the Thai population live in rural areas with very limited access to mortgage loans. The debt headcount
in urban areas is about 20% (Chantarat et al. 2018). Second, the land and housing markets in Thailand are less active
than those in the US because Thailand has lower job mobility across cities. In addition, extended families remain
widespread in Thailand where children live with their parents and inherit their land and house.
25
Similarly, this finding is partly driven by the debt headcount in rural areas, which was very low (less than
10%). Considering only urban areas, the debt headcount is higher than 30% (Chantarat et al. 2019). In addition, the
Thai economy remains largely cash based due to its large informal sector; the use of credit cards is not widespread.
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Figure 2. Life Cycle of Debt Prevalence and Intensity over Time

Source: Authors’ calculations.

intensity by year. Generally speaking, these age profiles are similar to what we see
in Figure 1 for 2016. However, Figure 2 reveals additional insights. First, it shows
that household debt in Thailand has expanded, as evident from the upward shift of
the curve over time. Second, credit expansion is not uniform across age groups,
with the younger borrowers experiencing the most expansion. More precisely, debt
headcount and debt per borrower increase most for individuals around 30 years old.
This descriptive finding suggests that the younger generations have accumulated
debt earlier in their lives than the older ones. We return to a regression analysis with
age and cohort fixed effects later in this section.
Looking across different types of loans, we observe heterogeneity in debt
accumulation by loan category, with remarkable increases in debt headcounts
of personal, auto, and credit card loans among the younger generation.26 The
expansion of debt headcount for auto loans takes place during 2011–2013.27 Debt
headcounts for housing and business loans increase over the period of our study,
but the magnitudes are relatively small when compared to other loan products. The
debt headcounts of loans from commercial banks and other (nonbank) financial
institutions increase most for borrowers around 30 years old, while the headcount
from SFIs expands most for those around 40 years old. For debt intensity, we find
that debt per borrower for housing loans rises tremendously for young borrowers,
while that for credit card loans increases most for individuals age 40–60.
To isolate the age effects from macroeconomic and individual fixed factors,
we perform a regression analysis of debt per borrower, controlling for year fixed

26

See Chantarat et al. (2018) for detail.
This observation is likely due to the first-car buyer tax rebate scheme. See Muthitacharoen, Samphantharak,
and Chantarat (2019) for the impact of the scheme on household debt in Thailand.
27
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Figure 3. Age Regression Coefficients of Debt per Borrower (controlling for cohort effect)

SFI = specialized financial institution.
Note: Y-axis scaling varies across loan products and lenders to show the variation in life-cycle patterns for each loan.
Source: Authors’ calculations.

effects, interactions between year and location (postcode) fixed effects, and location
or individual fixed effects. Specifically, we run the following two regressions:
yi,a, j,t = α + βa + γ j + δt + κ j,t + εi,a, j,t

(1)

and
yi,a, j,t = α + βa + λi + δt + κ j,t + εi,a, j,t

(2)

where yi,a, j,t is debt per borrower, α is the constant term, βa is the age a fixed effect,
γ j is the location j fixed effect, δt is the year t year fixed effect, κ j,t is the locationyear fixed effect for location j and year t, λi is the individual borrower i fixed effect,
and εi,a, j,t is the residual.
Figure 3 presents regression coefficients of age variables estimated by
equation (2). Our results show that, after controlling for individual (hence cohort)
and time-location fixed effects, the regression coefficients increase with age until
approximately 60 years and then decline. The interpretation is that, for those below
60 years old, older individuals have higher debt than younger ones, implying debt
accumulation over this age range. Likewise, for those above 60 years old, the
finding implies debt decumulation. The overall pattern is similar to the narrative we
discussed earlier. However, the regression analysis shows that the life-cycle pattern
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Figure 4. Number of Accounts and Lenders

FI = financial institution.
Source: Authors’ calculations.

of overall debt per borrower peaks at 60 years. In other words, borrowers keep
accumulating debt until retirement age, and then begin to deleverage at retirement.28
In sum, our analysis of the life cycle of debt outstanding shows that there is
an inverted-U pattern as predicted by the life-cycle hypothesis. The peak estimated
by regression analyses is at 60 years, which is also the common retirement age in
Thailand. However, the pattern is heterogeneous across loan products and lenders.
In particular, the peaks for auto and credit card debts are achieved earlier when
borrowers are still young; the patterns for lenders, with the earliest peak for nonbank
financial institutions, mirror those for these loan products.
B.

The Life Cycle of a Loan Portfolio

The granularity of the data allows us to study the life cycle of each
individual’s loan portfolio. Figure 4 presents the proportion of borrowers in each
age group by the number of accounts and by the number of lenders. The figure
reveals that the life cycle of the number of loan accounts held by each individual
also follows a nonlinear pattern—the fraction of borrowers with multiple loan
accounts increases with age for young groups, then remains relatively stable during
the working age of 30–60, and finally decreases with age for retired borrowers. The
age profile of the number of lenders delivers a similar pattern.
Similar to the analysis of debt over the life cycle, we perform a regression
analysis to control for macroeconomic and individual fixed effects. Specifically, we
estimate equation (2) by using the number of accounts and the number of lenders per
borrower as the dependent variable, yi,a, j,t . Figure 5 plots the regression coefficients
28

For detailed regression results, see Tables A.2–A.4 in Chantarat et al. (2018).
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Figure 5. Age Regression Coefficients of Number of Accounts and Lenders (controlling
for cohort effect)

Source: Authors’ calculations.

Figure 6. Life Cycle of a Loan Portfolio

SFI = specialized financial institution.
Source: Authors’ calculations.

by age. The overall pattern is similar to the narrative we discussed earlier, with the
peak at 57 years for both regressions.29
Finally, Figure 6 illustrates the composition of loan portfolios. The left
panel presents the portfolio of loan products for each borrower by age. It shows
a striking life-cycle pattern. Auto loans account for a significant share of total loan
outstanding for young borrowers but are almost nonexistent for older borrowers.
Business loans show the opposite pattern. Personal loans, however, have constantly
contributed a large portion of the portfolio throughout the life cycle while housing
and credit card loans both accounted for relatively smaller portions. The right panel
shows the portfolio of lenders for each borrower by age. Again, it shows a clear
life-cycle pattern. Other (nonbank) financial institutions dominate the portfolio of
29

For detailed regression results, see Table A.5 in Chantarat et al. (2019).
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younger borrowers, while SFIs occupy the largest share of the portfolio of the older
borrowers. The portfolio of lenders mirrors the life-cycle pattern in the portfolio of
loan products.
In summary, our study confirms an inverted-U pattern that reflects the
life-cycle profile of debt. Based on the regression analysis, the number of accounts
and the number of lenders peak at 57 years, roughly consistent with the peak of debt
per borrower found earlier, which is around the common retirement age in Thailand.
Our findings also reiterate the role of nonbank financial institutions for lending to
the young and SFIs for the old. Finally, we find that the younger generation seems to
originate debt earlier in the life cycle than their older counterparts. Older borrowers
also continue to be indebted well past their retirement age.
C.

Delinquency over the Life Cycle

Parallel to debt, we study the life cycle of delinquency at the borrower level.
Delinquency headcount is defined as the number of borrowers with delinquent loans
divided by the total number of borrowers. This measure represents the prevalence of
delinquency among borrowers. Delinquent debt per delinquent borrower is defined
as the value of delinquent loans that each delinquent borrower has. This measure
thus tells us about the intensity or severity of delinquency faced by delinquent
borrowers. These microlevel measures give us information beyond what we get from
the aggregate delinquency measure, the delinquency rate, defined as the percentage
of loan outstanding in the economy that is delinquent, which provides us with no
information on the distribution of delinquent loans and the burden on borrowers.
Parallel to the decomposition of debt outstanding presented earlier, our measures
of delinquency can be presented as components of the aggregate delinquency
measure.
Total outstanding debt Total delinquent debt
·
Number of borrowers Total outstanding debt
=

Total delinquent debt
Number of delinquent borrowers
·
Number of borrowers
Number of delinquent borrowers

Debt per borrower · Delinquency rate
= Delinquency headcount · Delinquent debt per delinquent borrower
Figure 7 presents the age profiles of delinquency headcount and median
delinquent debt per delinquent borrower. The top-left chart shows a downwardsloping profile, with the delinquency headcount highest at 21% for borrowers age 29
and declining as age increases. The top-right chart shows that, with the exception of
high delinquent debt per delinquent borrower for very young borrowers, the overall
delinquency intensity increases with age and remains relatively constant at around
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Figure 7. Life Cycle of Delinquency Prevalence and Intensity

SFI = specialized financial institution.
Source: Authors’ calculations.

B0.06 million for the working-age population and then declines for those older than
60 years old. This pattern mimics what we discussed earlier about the life cycle of
debt intensity.
The age profiles of delinquency are heterogeneous across loan products. For
personal, auto, credit card, and business loans, delinquency headcounts are high
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for the younger borrowers and later decline, with the highest headcounts at around
30 years old for personal, credit card, and business loans and at 23 years old
for auto loans. About 20% of the young working-age borrowers have delinquent
personal loans. Overall, delinquency headcounts show a stable or downward trend
as borrowers age for most loan products. A possible explanation is that older
borrowers have a longer credit history and more collateral, allowing for better
loan screening and lower incentive to default. Housing debt appears to have a low
delinquency headcount and is uniform across ages, which is what we expect for
secured loans.
There are vastly mixed patterns of delinquency intensity in the age profiles of
different loan products. Housing and business loans exhibit decreasing delinquent
debt per delinquent borrower as age increases. This finding mirrors what we
discussed earlier about debt intensity in Figure 1. In contrast, auto, credit card,
and, to some extent, personal loans show the opposite pattern, that is, they are
increasing with age. Delinquent debt per delinquent borrower for personal loans
deserves special attention because the intensity increases with age and remains
high after retirement, while the delinquency headcounts remain persistently high
as well. Also, alarming is credit card debt—the delinquency intensity continues to
stay high past the retirement age (although the decline in delinquency headcount
makes the situation less worrisome than personal loans). These findings raise a
concern about the debt burden of retirees. In the case of auto loans, we also find
high delinquent debt per delinquent borrower for the elderly but a low delinquency
headcount, implying that the defaults were likely on expensive cars.
Across lenders, we find large delinquency headcounts of loans from other
(nonbank) financial institutions (which also peak among the young working-age
group), while delinquency headcounts of loans from SFIs remain stable across
all ages and do not decline after retirement. More explicitly, Figure 7 shows that
the delinquency headcounts of debt from commercial banks and other (nonbank)
financial institutions peak among borrowers age 30 (at around 12% and 20%,
respectively), while the delinquent headcount of SFIs seems to be similar for all
borrowers age 30 and above, around 10%–15%. Delinquent debt per delinquent
borrower for nonbank financial institutions is also high among older borrowers,
while the delinquency headcount declines with age. This finding is likely driven by
the high delinquency intensity of credit card debt, which exhibits a similar pattern.
Figure 8 presents age profiles of delinquency headcounts over time and
shows that the declining delinquency headcount is evident in every year during
2009–2016. Further analysis reveals heterogeneity in the profiles across loan
products and lenders.30 The drop is significant for housing, credit card, and personal
loans. However, auto and business loans experience an increase in delinquency
prevalence during the same period, especially among younger borrowers. If we
30

See Chantarat et al. (2018) for detail.
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Figure 8. Life Cycle of Delinquency Prevalence over Time

Source: Authors’ calculations.

compare across lenders, we find that delinquency headcounts decrease over time
for loans from nonbank financial institutions. Delinquency headcounts, however,
increase over time for loans from commercial banks and SFIs among the young
working-age population. They decline over time among the older population.
Similar to earlier analyses, we run probit regressions of equations (1) and (2)
where the dependent variable, yi,a, j,t , is an indicator variable that takes the value of
1 if an individual has at least one delinquent loan and 0 otherwise. Figure 9 plots the
probit regression coefficients by age, controlling for macroeconomic and individual
fixed effects. The overall pattern is similar to the narrative we discussed earlier.31
In summary, our analysis reveals an overall downward-sloping pattern of
delinquency over the life cycle. This is consistent to the finding using US data by
Xiao and Yao (2014). However, the pattern is heterogeneous across loan products
and lenders. Business and credit card loans seem to experience an increasing
delinquency headcount over time.
D.

Cohort Analysis of Debt and Delinquency

Given the age of each borrower in the data, we can analyze debt and
delinquency by birth cohort. The findings are displayed in Figure 10, where each
of the lines represents a unique birth cohort of borrowers over different ages
31

For detailed regression results, see Tables A.6–A.8 in Chantarat et al. (2019).
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Figure 9. Age Regression Coefficients of Delinquency Probability (controlling for
cohort effect)

SFI = specialized financial institution.
Note: Y-axis scaling varies across loan products and lenders to show the variation in life-cycle patterns for each loan.
Source: Authors’ calculations.

during a period of 8 years from 2009 to 2016 in the data. The advantage of this
cohort analysis is that it allows us to examine prevalence and intensity of debt and
delinquency from two different approaches. First, for a given age, we can compare
debt and delinquency across different cohorts or generations, while controlling for a
particular position in their life cycle. Second, we can trace a given cohort over time
and examine debt and delinquency over the life cycle of the same cohort, while
controlling for cohort specific effects.
Figure 10 shows that debt accumulation implied by debt headcounts follows
an inverted-U pattern, while over time, individuals who were born later start having
debt earlier in their lives. First, for a given age, the top chart in Figure 10 shows
that the debt headcount of the younger generation is uniformly above that of the
older generation. For example, at the age of 30, the cohort born in 1985 has a
debt headcount of almost 50%, while the cohort born in 1981 has a less than 40%
headcount. This result suggests that the younger generations seem to have had more
access to credit than the older ones when they were at the same age. Alternatively,
for each level of debt headcount, we can see that the younger cohorts arrived at
that debt level faster than the older cohorts. For example, the cohort born in 1975
reached the debt headcount of 40% when they were about 38 years old, while the
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Figure 10. Life Cycle of Debt and Delinquency by Cohort

Source: Authors’ calculations.

cohort born in 1980 and 1990 achieved that same level of debt headcount when they
were only 31 and 25 years old, respectively.
Second, for a given cohort, the chart shows that the lines have positive slopes
at younger ages and become negative for older ages. This finding suggests an
inverted-U dynamic of leveraging and deleveraging over the life cycle. The chart
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also shows that the peaks of debt headcounts appear at earlier ages and at higher
levels for younger cohorts, further confirming that the younger generations had
access to debt faster and earlier than the older generations. Finally, the chart reveals
that the cohort age with the highest debt headcount in the data is the cohort of
borrowers born in 1981 when they were 33 years old. More precisely, this cohort
had the highest debt headcount in the entire data at over 50% in 2014.
We also find that debt accumulation and decumulation over the life cycle and
over time implied by debt intensity mimic the pattern found in debt headcounts, but
the highest debt intensity is reached later than the highest headcount. The middle
chart of Figure 10 shows the median debt per borrower. Again, we see the overall
inverted-U debt intensity dynamics over the life cycle. The younger cohorts seem
to have a higher median debt per borrower than the older cohorts when they were
at the same age, and the difference is highest at younger ages. Alternatively, the
younger cohorts achieve a given median debt per borrower earlier in their lives than
the older cohorts.
For delinquency, we find that delinquency headcounts decline with age over
the life cycle. They also decline over time for all cohorts. These findings are shown
in the bottom chart of Figure 10. For each cohort, we observe a general downwardsloping line, implying that delinquency headcounts decrease when borrowers
become older. For each age, the delinquency headcounts of the younger cohorts are
lower than the older ones, suggesting that delinquency headcounts have declined
over time for all age groups.
We also perform a regression analysis for debt and delinquency by age and
cohort. The results are consistent with our earlier narrative that younger cohorts
seem to be more indebted than earlier cohorts, controlling for age-specific effects.
Similarly, delinquency seems to be lower over time, with younger cohorts being
less delinquent. This could reflect technology or knowledge that allow for better
loan screening (less severe adverse selection) and better loan collection (less severe
moral hazard).32

VI. Conclusion and Policy Implications

This paper uses loan-level data to study the life cycle of household debt in
Thailand. The wide coverage and the granularity of the data allow us to decompose
the aggregate and commonly used measures of debt per capita and delinquency
rate into components that unveil the extensive and intensive margins of debt and
delinquency. This decomposition allows us to analyze prevalence, intensity, and
distribution of indebtedness over the life cycle. We find striking life-cycle patterns
of indebtedness, but they are heterogeneous across loan products and lenders. We
32

For detailed results, see Table A.9 in Chantarat et al. (2018).
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also find an expansion of debt over time, while delinquency has been in decline for
most loan products. Finally, we find a downward pattern of delinquency over the
life cycle. Our findings yield important implications on both individual households
and the economy at large. We discuss them in this section.
A.

Implications for Households

Our findings show that Thai people have become indebted earlier in
their lives. Delinquency headcounts are also highest among younger workingage borrowers. This raises a concern that these individuals may face difficulty
in getting loans in the future. We also find that debt remains high for many
borrowers after retirement. Policies that enhance access to necessary credit, such
as for housing and for business investment, are thus critical, but such policies need
to target individuals with potential to repay. In this respect, the “data revolution”
and financial innovations have already opened up new opportunities in resolving
information asymmetry and other inefficiencies in the credit market—a necessary
step to unlock access to credit especially among the underbanked population.33
Policies that promote access to savings in preparation for retirement are also
critical, as well as policies that enhance access to necessary credit for high-potential
retirees, such as reverse mortgage. These policies are crucial as the country is
demographically aging and longevity of individuals is increasing. Financial literacy
and planning programs that can effectively raise both financial awareness and
discipline among households are especially critical. These programs should target
the young population in school before they enter the labor and credit markets.
Our study helps identify the groups of borrowers with delinquency vulnerability.
In particular, we raise concerns over the young working-age population that have
high delinquency headcount and intensity.
B.

Implications on the Economy

The high debt intensity among households, especially among the young
working-age group which have a large propensity to spend, could lead to
debt overhang and a prolonged sluggish consumption and investment spending,
particularly among these young borrowers. This in turn could weaken domestic
aggregate demand—one of the main growth engines of the economy. A high
debt burden implies increasing vulnerability for households and thus to the
overall financial system and economy if delinquency is positively correlated across
households. These macroeconomic implications thus amplify the importance of
policies that aim to balance financial access and financial stability.
33
The data revolution broadly includes the emergence of big data and the advancement in computing
technology that allow complex analyses of borrowers and loans.

90 Asian Development Review

In conclusion, this study illustrates that debt is very heterogeneous in many
dimensions. In order to understand the situation of household debt and design
appropriate policies, aggregate data are not sufficient and granular data that cover
the majority of the financial system are needed. This paper exemplifies the potential
of credit bureau data in generating new knowledge about household debt. The key
limitation of the data is the lack of informal and semiformal debts, for example,
loans from cooperatives, educational loans from the Student Loan Fund, as well as
borrower’s income and savings data. Augmenting the data to cover this necessary
information will open up new opportunities for researchers and policy makers in
using this dataset to answer relevant policy questions necessary for effective policy
design and targeting.34
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Appendix

Household Debt to Gross Domestic Product of Selected
Asia and the Pacific Economies (%)
Australia
New Zealand
Republic of Korea
Thailand
Malaysia
Japan
Hong Kong, China
Singapore
People’s Republic of China
Indonesia
a

1984

1994

2004

2014

39.9

51.5
41.9
47.3
40.2

95.8
75.5
62.6
44.2
54.1a
68.0
57.7
46.3
10.9a
10.9

118.3
88.8
84.3
69.0
68.9
66.0
65.6
60.6
36.1
17.1

26.1

54.7

71.6
38.6
28.9

Data for Malaysia and the People’s Republic of China are for 2006.
Source: Bank for International Settlements. https://www.bis.org/statistics/
totcredit.htm (accessed 16 October 2019).

Financial Spillovers in Asian Emerging
Economies
Shin-ichi Fukuda and Mariko Tanaka∗

This paper explores financial spillovers between emerging Asia and advanced
economies using principal component analysis to extract common shocks in
Asia. We first investigate stock market spillovers across the regions and find
that spillovers from emerging Asia became significant after the global financial
crisis. However, our industry-level analysis shows that the increased spillovers
can be attributed to the first principal component (PC) in the manufacturing
sector rather than to the first PC in the financial sector. This implies that the
rise of the Asian manufacturing sector in the global market played a key role
in enhancing the stock market spillovers. We next examine bilateral spillovers
in short-term and long-term rates. In the tapering period, we find significant
spillovers in long-term rates from the first PC in emerging Asia to Europe and
the United States. However, these spillovers were much smaller than the stock
market spillovers in magnitude.
Keywords: bond markets, emerging Asian economies, financial spillover, stock
markets
JEL codes: E52, F10, F32

I. Introduction

In the 2000s, emerging economies substantially increased their share in
global gross domestic product (GDP). The International Monetary Fund’s (IMF)
World Economic Outlook (October 2018) suggested that the share of emerging and
developing economies in world GDP based on purchasing power parity (PPP),
which was 43.2% in 2000, would be 62.7% in 2023 (see figure) (IMF 2018).
In integrated global production networks, emerging economies are increasingly
more connected with the rest of the world. However, despite a large increase in
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their disposable income, many of them have not been able to sell rights over
their output in advance, that is, to create financial assets, owing to their financial
underdevelopment. Therefore, despite the dramatic output growth, there still exists
a view that financial markets in emerging economies have a limited role in the global
financial market.
In this paper, we explore how financial spillovers between emerging East
Asia and advanced economies have evolved in the 2000s. To investigate financial
spillovers between emerging and advanced economies, East Asia has the following
three notable features. First, emerging East Asian economies have undergone rapid
industrialization and maintained exceptionally high growth rates, often called the
“East Asian Miracle.” According to the IMF’s World Economic Outlook (October
2018), the share of emerging and developing Asia in world GDP, which was 16.7%
in 2000, would be 37.8% in 2023 based on PPP. East Asia now plays a central role
in global production networks (see, for example, Ito and Vézina 2016, Helble and
Ngiang 2016, Aizenman and Fukuda 2017, and Shepherd 2018). Second, despite
the dramatic output and trade growth, financial markets in emerging East Asia
have developed at a slower pace and from a lower base until recently. In the
2000s, some Asian emerging economies started a process of financial “catching
up” toward mature economies. However, various indicators suggest that the scope
for financial catching up is still substantial in most of the Asian emerging economies

Financial Spillovers in Asian Emerging Economies 95

(see, for example, Fukuda 2013, and Ito and Kawai 2016). Third, since Asian
financial markets are open when European and New York markets are closed, we
may identify causality from Asian financial market shocks to Europe and the United
States (US) without serious simultaneous biases. If the financial markets were open
at the same time, it would be difficult to identify from which financial markets the
shocks originated. But because of substantial time differences across the regions,
the use of daily data in each region may allow us to identify the direction of spillover
effects without serious simultaneous biases.
In the analysis, we use principal component analysis (PCA) to capture
common financial shocks in Asia and estimate global vector autoregressive (GVAR)
models to see bilateral spillovers across the regions. In the first part, we investigate
bilateral stock market spillovers across the regions. We find that while spillovers
from Asian stock markets to those in Europe and the US had been small before
the global financial crisis (GFC), stock market spillovers from the first principal
component (PC) in emerging Asia became significant in the post-GFC period.
However, we also find that the increased spillovers were attributable to the first PC
in the manufacturing sector rather than to the first PC in the financial sector. This
implies that the Asian manufacturing sector’s rise in the global market played a key
role for enhancing stock market spillovers from emerging Asia in the post-GFC
period.
In the second part, we examine bilateral spillovers in short-term and
long-term rates. With short-term rates, there were no significant spillovers from the
advanced economies to Asia or from Asia to the advanced economies. In contrast,
with long-term rates, we find large spillovers from the advanced economies to
Asia. We also find some significant spillovers from Asia to Europe and the US in
long-term rates. However, spillovers from emerging Asia were much smaller in the
bond markets than in the stock markets. This supports the view that bond market
linkages from emerging Asia to advanced countries were, if any, small even after
the GFC.
In the literature, a number of studies have investigated financial spillovers
from advanced economies. The studies found that financial market shocks in
advanced countries had large spillover effects on emerging market economies
(EMEs), although the responses of EMEs were heterogeneous (see, for example,
Gauvin, McLoughlin, and Reinhardt 2014; Engel 2016; and Aizenman, Chinn, and
Ito 2017). In particular, an extensive literature suggested that US unconventional
monetary policy had enormous spillover effects on EMEs after the GFC, especially
on those with fragile macro fundamentals (see, for example, Rogers, Scotti,
and Wright 2014; Neely 2015; Eichengreen and Gupta 2015; Rey 2016; and
Tillmann 2016). Several regional studies also found that financial shocks in
advanced economies had various spillover effects on emerging Asian economies
(see, for example, Morgan 2011; Park and Um 2016; Fukuda 2018, 2019).
However, spillovers originating from emerging markets have received relatively
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scant attention in most previous studies. Gelos and Surti (2016) and Huidrom, Kose,
and Ohnsorge (2016) are exceptional studies that showed the growing importance of
financial spillovers from emerging economies in the 2000s especially after the GFC.
However, few studies have investigated spillovers from Asian financial markets
to advanced markets. It is thus important to understand the magnitude of these
spillovers in the 2000s and to what extent they have increased after the GFC.
This paper is a straightforward extension of Fukuda and Tanaka (2017)
in that we explore the degree of financial spillovers from emerging Asia in the
2000s. However, it has two critical differences. First, this paper uses PCA to
extract common financial shocks in Asia. The extracted financial shocks allow
us to investigate the size of regional spillovers from Asian common financial
shocks. A number of studies have suggested growing regional integration in
Asian financial markets (see, for example, Yu, Fung, and Tam 2010; Boubakri
and Guillaumin 2015; Komatsubara, Okimoto, and Tatsumi 2017; Mensah and
Premaratne 2017; Didier, Llovet, and Schmukler 2017; and Sugimoto and Matsuki
2018). Given financial integration in Asia, it is important to estimate regional
spillovers excluding spillovers from country-specific shocks. Second, this paper
investigates bond market spillovers in addition to stock market spillovers. Bond
markets have been less developed than stock markets in Asia.1 Thus, by comparing
spillovers in the two types of financial markets, we may see whether bond market
linkages from emerging Asia to advanced countries were smaller owing to their
financial underdevelopment.
Our empirical results suggest that financial market spillovers from advanced
economies to emerging Asia were much larger than those from emerging Asia
to advanced economies. This is particularly true in bond markets. However, we
also find significant spillovers from Asian stock markets to advanced economies in
the post-GFC period. The industry-level stock market spillovers indicate that this
happened because of increased manufacturing sector shocks in emerging Asia. The
impact of fundamental shocks in emerging Asia has been rising in global financial
markets. This has considerably increased stock market spillovers from Asia to
global financial markets even if financial markets remained less developed in Asia.
However, direct financial linkages from emerging Asia to advanced countries were,
if any, limited even after the GFC. Structural reforms of financial markets are still
an important policy agenda in emerging Asia.
The paper proceeds as follows. After explaining our empirical methodology
in section II, section III provides empirical results on stock market spillovers.
Section IV extends the analysis by using industry-level stock returns. Sections V
and VI investigate spillovers of short-term and long-term rates, respectively. Section
VII summarizes our results and refers to their implications.

1

See AsianBondsOnline. https://asianbondsonline.adb.org/.
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II. Empirical Methodology

To investigate bilateral spillovers between Asian and advanced financial
markets, the following sections estimate GVAR models and investigate the
degree of financial market spillovers by using variance decomposition. Unless
the spillovers are one directional and have no further propagation, a single
equation would not be enough to capture financial spillovers across the regions. In
globalized economies, a financial shock has a complicated international propagation
mechanism. It not only has direct and indirect spillover effects on other financial
markets, but the affected financial markets also have further spillover effects on
the financial market where the shocks originated. The feedback loop sometimes
continues for a few days. A GVAR is a useful econometric framework to capture
such multilateral financial spillovers with various feedbacks across regions.
In the analysis, we use PCA to capture total (common) financial shocks in
Asia. PCA is a mathematical procedure that transforms a number of (possibly)
correlated variables into a (smaller) number of uncorrelated variables called
“principal components.” By using a linear combination, we calculate the first PC
to account for as much of the variability in the data as possible. We then remove
this variance and seek a second linear combination which explains the maximum
proportion of the remaining variance. In the PCA, we use financial variables from
five emerging Asian economies: Hong Kong, China; the People’s Republic of China
(PRC); the Republic of Korea; Singapore; and Taipei,China. These economies have
more developed financial markets than the other emerging Asian economies.
Using the first and second PCs in the Asian economies, we estimate the
following GVAR:
Yt = a +

p

j=1

β jYt− j +

p


γ xt− j + ut

(1)

j=1

where Yt is a vector of endogenous variables and xt is an exogenous variable. The
vector of endogenous variables is composed of six financial variables: a financial
variable in Japan, the first and second PCs in the Asian economies, two European
financial variables (in the United Kingdom [UK] and Europe), and a financial
variable in the US. The exogenous variable is the daily log difference of the Chicago
Board Options Exchange Volatility Index (VIX). We use VIX as an exogenous
variable to account for common and systematic global factors. The estimation of
the GVAR model is done recursively, with the number of lags set to 2.2
The order of the Cholesky decomposition is the variable in Japan, the first PC
in Asia, the second PC in Asia, the variable in the UK, the variable in Europe, and
2
Schwarz criterion chose either 1 or 2 lags in all cases and so did the Akaike information criterion. Our
essential results were robust even if we set the number of lags to 1.
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the variable in the US. We chose the order because Asian financial markets are open
when European and New York markets are closed. Putting aside overlaps of a few
hours, London and Frankfurt markets are open after Asian financial markets close,
and the New York market is open after the European markets close. Thus, the use
of daily data may allow us to identify spillover effects across the regions without
serious simultaneous biases.
Because causality identified by GVAR is “Granger causality,” our identified
spillovers do not necessarily mean “true” causality. This is because financial
variables can move in anticipation of future shocks. For example, if some event
is expected to happen in the UK when Asian stock markets are open, stock prices
in Asia would respond earlier in anticipation of that shock in the UK. In this case,
the identified Granger causality is from Asia to the UK, although the true causality
is from the UK to Asia. However, noting that most of the country-specific shocks
tend to occur when its local market is open, large European or US-specific events
are less likely to happen when Asian markets are open. In the following analysis,
we thus suppose that our GVARs approximately identify true spillovers from Asian
financial shocks to European and US markets.
In addition to the above limitation, our identified spillovers may not mean
“true” spillovers when important news is announced after stock markets close. In
this case, our order of the Cholesky decomposition may identify some European
shocks as US shocks and some US shocks as Japanese shocks. However, given
the order of the Cholesky decomposition, it is unlikely that we identify shocks in
Europe and the US as emerging Asian market shocks. In the Appendix, we show
that our results are essentially the same, even if we control for spillover effects of
shocks after the New York market closes.
Unless explained otherwise, we downloaded the data from Datastream. To
the extent that the data are available, the sample period starts in January 2003 and
ends in April 2018. We split the sample periods into three subsample periods: 3
January 2003 to 29 June 2007 (pre-GFC period), 1 July 2009 to 20 May 2013
(post-GFC and pretapering period), and 21 May 2013 to 27 April 2018 (tapering
period). The subsample periods did not include 1 July 2007 to 30 June 2009 to
exclude the effects of the GFC. We split the post-GFC period into two to allow
different monetary policy regimes in the US. The break point is the date when
Federal Reserve Chairman Ben Bernanke first mentioned the idea of gradually
reducing or “tapering” the Federal Reserve Board’s monetary expansion.

III. Empirical Results: Stock Market Spillovers

In this section, we explore stock market spillovers between Asian and
advanced financial markets. We take the log difference of daily stock market indexes
and use them as endogenous variables. The stock market indexes in Asia are the
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Table 1. Correlation of Principal Components with
Stock Market Returns
(i) Pre-GFC period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

1st PC

2nd PC

3rd PC

0.476
0.489
0.109
0.445
0.475
0.315

−0.059
0.030
0.982
−0.109
−0.004
−0.136

−0.205
−0.127
0.090
−0.265
−0.052
0.928

1st PC

2nd PC

3rd PC

0.430
0.466
0.310
0.425
0.441
0.354

−0.158
0.073
0.897
−0.120
−0.150
−0.360

−0.436
0.076
0.166
−0.472
0.089
0.739

1st PC

2nd PC

3rd PC

0.431
0.483
0.300
0.432
0.440
0.331

−0.199
0.197
0.849
−0.169
−0.140
−0.390

−0.413
−0.038
0.215
−0.379
0.073
0.796

(ii) Post-GFC and pretapering period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand
(iii) Tapering period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

GFC = global financial crisis, PC = principal component.
Source: Authors’ calculations.

Shanghai Stock Exchange Composite Index; Hong Kong Hang Seng Index; Korea
Composite Stock Price Index; FTSE Straits Times Index; the weighted index of
Taipei,China’s stock exchange; and Stock Exchange of Thailand Index. Those in
Japan, Europe, the UK, and the US are the Nikkei 225, DAX 30, FTSE 100, and
Dow Jones Industrials, respectively.
Table 1 reports the correlation of the first, second, and third PCs in Asia with
stock market returns in each Asian economy for the three alternative subsample
periods. It shows that the first PC is positively correlated with stock market returns
in all Asian economies. The correlation with the PRC’s stock market returns is
small for the first subsample period (pre-GFC period). However, the correlation lies
almost between 0.3 and 0.5 for other Asian returns. This implies that the first PC is
a weighted average of all Asian stock market returns. In contrast, the second PC has
a large positive correlation only with the PRC’s stock market returns. The degree of
the correlation is over 0.8 for all subsample periods, which implies that the second
PC reflects mainly PRC-specific returns. Similarly, the third PC has a large positive
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Table 2.1 Variance Decomposition of the Principal Components in
Asian Stock Returns (%)
(i) Decomposition of the 1st principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

1st PC
Shock

Total

Japan

UK

Germany

US

57.09
56.17
64.26

41.62
43.02
33.33

24.39
15.33
14.80

6.03
19.49
8.05

3.03
1.55
0.84

8.17
6.65
9.65

(ii) Decomposition of the 2nd principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

2nd PC
Shock

Total

Japan

UK

Germany

US

98.59
97.09
97.95

0.99
2.08
1.46

0.15
0.03
0.77

0.08
1.22
0.17

0.33
0.03
0.01

0.43
0.79
0.50

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US =
United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

correlation only with Thai stock market returns. The degree of the correlation is
over 0.7, which implies that the third PC reflects mainly Thai-specific returns.
Using the first and the second PCs in Asia, we estimate the GVAR formulated
in the last section for the three alternative subsample periods. Tables 2.1 and 2.2
report the variance decomposition over 10 business days. These show in percentages
how much of the stock price fluctuations were explained by their own and other
stock market shocks over 10 business days. Our main interest is to see spillover
effects between Asian stock markets and those in advanced economies. Thus, Table
2.1 reports how much of the first and second PCs in Asia were explained by shocks
in Japan, the two European countries, and the US, while Table 2.2 reports how much
of the stock prices in Japan, the two European countries, and the US were explained
by the first and second PCs in Asia.
Table 2.1 indicates that the first PC in Asia was largely explained by stock
price shocks in the advanced economies throughout the three subsample periods.
More than 40% of the first PC was explained by shocks in the advanced economies
in the first and second subsample periods (pre-GFC period and post-GFC and
pretapering period) and more than 30% in the third subsample period (tapering
period). This implies that there have been large positive spillovers from stock
markets in advanced economies to Asian stock markets before and after the GFC,
although the spillover effects declined significantly in the tapering period. Among
the advanced economies, shocks in Japan explained most of the first PC in the first
and third subsample periods, while shocks in the UK were the biggest driver in the
second subsample period. Shocks in the US also explained more than 8% in the
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Table 2.2 Variance Decomposition of Stock Returns in Advanced
Economies (%)
(i) Japan’s stock prices

Pre-GFC period
Pretapering period
Tapering period

Japan
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

82.64
70.99
74.84

15.87
27.87
22.18

1.29
0.25
2.38

0.19
0.89
0.61

UK
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

80.45
74.59
71.09

14.83
9.47
16.00

4.53
14.77
12.00

0.19
1.17
0.92

German
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

37.19
22.37
35.87

56.53
64.92
53.03

6.03
11.18
9.79

0.25
1.52
1.32

US
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

62.42
40.92
65.17

34.76
50.14
28.42

2.60
7.46
6.01

0.22
1.47
0.41

(ii) UK stock prices

Pre-GFC period
Pretapering period
Tapering period

(iii) Germany’s stock prices

Pre-GFC period
Pretapering period
Tapering period
(iv) US stock prices

Pre-GFC period
Pretapering period
Tapering period

GFC = global financial crisis, PC = principal component, UK = United Kingdom,
US = United States.
Note: The table reports the variance decomposition over 10 business days after a
shock.
Source: Authors’ calculations.

first and the third subsample periods. The only exceptions were shocks in Germany
which explained only 1.55% in the second subsample period and 0.84% in the third
subsample period. This may have happened because of the euro debt crisis during
these periods.
However, Table 2.1 suggests that stock price shocks in the advanced
economies explained very little of the second PC in Asia. Except for UK shocks
in the second subsample period, any shock in the advanced economies explained
less than 1% of the second PC. Even UK shocks in the second subsample period
explained only 1.22%. This does not mean that there has been no positive spillover
to the PRC, because the first PC is correlated with the PRC’s returns. But this
implies that there has been no positive spillover from the advanced economies to
PRC-specific returns that were independent of stock prices in the other emerging
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Asian economies. This may happen partly because of various financial regulations
in the PRC and partly because of independent remarkable economic growth in the
country.
In contrast, Table 2.2 shows that the first and second PCs in Asia
explained only a small percentage of the stock price fluctuations in the advanced
economies throughout the subsample periods. In particular, the first and second
PCs’ contribution to stock price fluctuations in Japan in the first and the second
subsample periods were small. This implies that the stock price spillovers are
asymmetric between Asia and the advanced economies. That is, spillovers from
advanced economies to Asian markets have been much larger than those from Asian
markets to advanced economies.
However, Table 2.2 also indicates that after the GFC, the first PC in Asia
came to explain a significant percentage of stock price fluctuations in the two
European countries and the US. In the second subsample period, the first PC
explained 14.77% of stock fluctuations in the UK, 11.18% in Germany, and 7.46%
in the US. In the third subsample period, it explained 12% in the UK, 9.79% in
Germany, and 6.01% in the US. These percentages were much larger than those in
the first subsample period. This implies that stock market spillovers from emerging
Asia to Europe and the US, which were small before the GFC, became significantly
positive after the GFC. The spillovers from Asia to the advanced economies became
far from negligible even though they were still smaller than those from the advanced
economies to Asia.

IV. Industry-Level Estimation Results

In the previous section, we found that stock market spillovers from the first
PC in emerging Asia to those in Europe and the US became significant in the
post-GFC period. The result indicates that even in the stock markets, common
shocks in emerging Asia came to have substantial impacts on advanced countries
after the GFC. However, stock market spillovers could increase because emerging
Asian economies were increasingly more connected with the rest of the world
in integrated global production networks. If this is the case, the spillovers do
not necessarily suggest direct financial linkages from emerging Asia to advanced
countries in the post-GFC period.
In this section, we investigate whether the stock market spillovers from
emerging Asia in the post-GFC period originated from the financial sector or the
manufacturing sector. In the analysis, we use daily industry-level stock market
returns in emerging Asia and explore which sector’s shocks had larger impacts
on the stock prices in advanced countries. We use PCA to extract common stock
price shocks of the manufacturing sector and those of the financial sector in the
five emerging Asian economies for the three subsample periods. Except for the use
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Table 3. Correlation of Principal Components with Industry-Level Returns
(i) Pre-GFC period
Manufacturing Sector
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

Financial Sector

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.461
0.485
0.316
0.434
0.441
0.264

0.006
−0.151
−0.591
0.160
−0.038
0.775

−0.302
−0.021
0.650
−0.393
−0.081
0.570

0.435
0.491
0.348
0.379
0.453
0.316

−0.239
−0.037
0.551
−0.549
−0.094
0.572

0.092
−0.203
−0.620
0.126
−0.015
0.741

(ii) Post-GFC and pretapering period
Manufacturing Sector
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

Financial Sector

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.410
0.448
0.463
0.374
0.425
0.310

−0.337
0.060
0.013
−0.462
0.060
0.816

0.201
−0.398
−0.260
0.601
−0.373
0.484

0.385
0.460
0.454
0.383
0.420
0.334

−0.415
0.076
0.047
−0.472
0.064
0.770

0.439
−0.396
−0.373
0.350
−0.314
0.539

(iii) Tapering period
Manufacturing Sector
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

Financial Sector

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.389
0.464
0.457
0.401
0.410
0.310

−0.248
−0.127
−0.189
−0.159
0.045
0.927

0.584
−0.396
−0.301
0.502
−0.372
0.145

0.314
0.489
0.477
0.392
0.439
0.297

0.679
−0.143
−0.110
0.325
−0.070
−0.630

0.495
−0.358
−0.344
0.039
−0.093
0.706

GFC = global financial crisis, PC = principal component.
Source: Authors’ calculations.

of PCs in the manufacturing sector and those in the financial sector, the estimated
equations are essentially the same as those in the last two sections.
Table 3 reports the correlations of the first, second, and third PCs with
industry-level stock returns in each Asian market. It shows that both in the
manufacturing and financial sectors, the first PC is positively correlated with
industry-level stock market returns in all Asian economies. The correlations
are relatively small in Thailand. However, except for a few cases in Thailand,
the correlations lie between 0.3 and 0.5 for each industry-level return. This
implies that the first PC is a weighted average of all Asian industry-level stock
market returns. Unlike with aggregated returns, the second and third PCs in the
industry-level returns do not have a dominant positive correlation with stock market
returns in the PRC. Instead, in the manufacturing sector, the second PC has a
large positive correlation with stock market returns only in Thailand. This is also
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Table 4.1 Variance Decomposition of the Principal Components: Industry-Level
Returns (%)
(i) Decomposition of the 1st principal component

Manufacturing
sector
Financial sector

Pre-GFC period
Pretapering period
Tapering period
Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

1st PC
Shock

Total

Japan

UK

Germany

US

60.62
57.88
68.25
25.19
12.98
22.92

37.20
41.24
30.48
35.40
41.12
31.16

22.19
13.45
13.75
20.46
14.38
13.73

5.66
19.69
7.64
4.89
18.09
8.35

2.88
1.72
1.18
2.96
1.98
1.01

6.47
6.38
7.91
7.09
6.67
8.07

(ii) Decomposition of the 2nd principal component

Manufacturing
sector
Financial sector

Pre-GFC period
Pretapering period
Tapering period
Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

2nd PC
Shock

Total

Japan

UK

Germany

US

97.36
96.98
97.12
90.86
73.55
80.53

0.53
1.76
1.83
2.86
2.41
2.40

0.02
0.82
0.81
1.84
0.83
0.99

0.08
0.41
0.96
0.04
0.67
0.90

0.14
0.15
0.03
0.71
0.42
0.38

0.29
0.37
0.02
0.28
0.49
0.13

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US = United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

true even in the financial sector, where the second PC in the second subsample
period and the third PC in the first and third subsample periods have large positive
correlations. This implies that either the second or the third PC reflects mainly Thai
returns when using industry-level stock prices.
As in the previous section, we estimate GVARs for three alternative
subsample periods: 3 January 2003 to 29 June 2007 (pre-GFC period), 1 July
2009 to 20 May 2013 (post-GFC and pretapering period), and 21 May 2013 to
27 April 2018 (tapering period). Except for the use of the first and second PCs in
the manufacturing and financial sectors for emerging Asia, the set of endogenous
variables, the exogenous variable, and their order are the same as those in the
last section. When estimating GVARs, we ordered the first and second PCs of the
manufacturing sector prior to those of the financial sector in Asia.
Tables 4.1 and 4.2 report the variance decomposition over 10 business days.
For the three subsample periods, Table 4.1 reports in percentages how much of the
first and second PCs in Asian manufacturing and financial sectors were explained
by shocks in Japan, the two European countries, and the US, while Table 4.2 reports
how much of the stock returns in Japan, the two European countries, and the US
were explained by the first and second PCs in Asian manufacturing and financial
sectors. In both of the tables, we find no significant spillover from advanced
countries to the second PC in Asia throughout the subsample periods.
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Table 4.2 Variance Decomposition in Advanced Economies by Industry (%)
(i) Variance decomposition of Japan’s stock prices

Pre-GFC period
Pretapering period
Tapering period

Manufacturing Sector

Financial Sector

Japan
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

1st PC
Shock

2nd PC
Shock

82.17
71.28
74.64

15.68
27.32
22.27

1.15
0.56
2.18

0.11
0.08
0.70

0.75
0.36
0.17

0.13
0.40
0.04

(ii) Variance decomposition of UK stock prices

Pre-GFC period
Pretapering period
Tapering period

Manufacturing Sector

Financial Sector

UK
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

1st PC
Shock

2nd PC
Shock

79.97
73.69
71.14

14.90
9.83
16.00

2.92
14.77
11.33

0.10
0.44
0.36

1.28
0.58
1.00

0.83
0.68
0.17

(iii) Variance decomposition of Germany’s stock prices
Manufacturing Sector

Pre-GFC period
Pretapering period
Tapering period

Financial sector

German
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

1st PC
Shock

2nd PC
Shock

37.04
22.37
35.61

56.63
64.62
53.09

4.04
10.92
9.41

0.34
0.42
0.41

1.67
1.03
1.12

0.27
0.63
0.35

(iv) Variance decomposition of US stock prices

Pre-GFC period
Pretapering period
Tapering period

Manufacturing Sector

Financial Sector

US
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

1st PC
Shock

2nd PC
Shock

62.29
41.04
64.85

34.89
50.32
29.32

1.52
7.55
5.04

0.01
0.19
0.30

1.04
0.61
0.37

0.26
0.29
0.12

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US = United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

But as in the previous section, we find large spillovers from advanced
countries to the first PC in Asia throughout the subsample periods. Table 4.1 shows
that in both the manufacturing and financial sectors, shocks in advanced economies
explained more than 30% of the first PC in the first and third subsample periods and
more than 40% in the second subsample period. Before and after the GFC, there
have been large positive spillovers from stock markets in advanced economies to
Asian stock markets in both sectors. However, in the manufacturing sector, around
60% of the first PC’s fluctuations were explained by its own shocks. In contrast, in
the financial sector, a substantial part of the first PC’s fluctuations was explained
by the first PC’s shocks in the manufacturing sector. This implies that the financial
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sector in Asia has experienced large positive stock market spillovers not only from
advanced economies but also from the manufacturing sector in Asia.
As in the previous section, we can confirm that the spillovers are asymmetric
between Asia and the advanced economies. Table 4.2 shows that the first PCs of
Asian stock prices in the manufacturing and financial sectors contributed only a
small percentage of the stock price fluctuations in advanced economies. However,
looking at spillovers from Asia to the advanced economies, we see one noteworthy
feature which we did not observe in the previous section.
Throughout the subsample periods, the first PC of the Asian financial sector
never had significant spillover effects on the advanced countries. Throughout the
subsample periods, it never explained more than 2% of stock price fluctuations in
each advanced country. In contrast, the first PC in the Asian manufacturing sector
had significant spillover effects on stock prices of the advanced countries after the
GFC. Both in the second and third subsample periods, it explained more than 10%
of UK stock price fluctuations, about 10% of German stock price fluctuations, and
more than 5% of US stock price fluctuations. These features suggest that stock
market spillovers from emerging Asia increased in the post-GFC period mainly
because common manufacturing sector shocks in emerging Asia had significant
impacts on the advanced economies.
The share of emerging Asia in global output and trading network has
progressed steadily in the 2000s. Before the GFC, this increased real linkage did not
intensify financial linkages much. However, in the post-GFC period, it came to have
a significant impact on stock market linkages between the two regions. As a result,
stock market spillovers from emerging Asia to the advanced economies increased
significantly even though direct financial linkages were, if any, small even after the
GFC.

V. Interest Rate Spillovers

In previous sections, we explored spillovers between Asian stock markets and
those in advanced economies. In the following sections, we will examine spillovers
of short-term and long-term interest rates across the regions. As in the previous
sections, we calculate the variance decomposition of GVARs and investigate how
much of the fluctuations can be explained by the other interest rate shocks over 10
business days. Variables in the GVARs are composed of six endogenous variables
and one exogenous variable (i.e., daily log difference of VIX). The endogenous
variables include the first and second PCs of the daily difference in interest rates in
five Asian economies (i.e., Hong Kong, China; the People’s Republic of China; the
Republic of Korea; Singapore; and Taipei,China) and the daily difference in interest
rates in Japan, the UK, Europe, and the US. The estimation of the GVAR model is
done recursively, with the number of lags set to 2, for the three subsample periods.
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The subsample periods are the same as those in the last section. However, because
of missing data, the pre-GFC period is from 6 January 2006 to 29 June 2007 for
short-term interest rates. Since Asian financial markets are open when European
and New York markets are closed, the order of the Cholesky decomposition is an
interest rate in Japan, the first PC in Asia, the second PC in Asia, an interest rate in
the UK, an interest rate in Europe, and an interest rate in the US.
We first explore spillovers of short-term interest rates. For short-term interest
rates of the five Asian economies, we use overnight rates (i.e., Bank of Korea
base rate; Singapore Overnight Rate Average; Bangkok Interbank Offered Rate;
swap overnight of Taipei,China; Shanghai Interbank Offered Rate; and Hong Kong
Interbank Offered Rate) and calculate the PCs of their daily changes. For the
advanced economies, we use daily changes of the uncollateralized overnight call
rate in Japan, the UK bank rate, the European Central Bank main refinancing
operations or deposit rate, and the US federal funds target rate. Data for these
interest rates were downloaded from Datastream. However, because of the zero
lower bound, we use the estimated shadow rates for short-term interest rates in
advanced economies. All of the shadow rate estimates are obtained using the Leo
Krippner shadow or lower bound framework with two factors (see Krippner 2015).3
Table 5 summarizes the correlations of the first, second, and third PCs with
daily changes of each Asian short-term rate for the three alternative periods. Unlike
with stock returns, we cannot conclude that the first PC is a weighted average of
all Asian economies in the short-term rates. The second and third PCs also have
large correlations only with specific economies. This may have happened not only
because short-term rates were still regulated by the government in emerging Asia
but also because each central bank can control its policy rate without being affected
by external policy rates.
Tables 6.1 and 6.2 report the variance decomposition over 10 business days
for the three subsample periods. Table 6.1 reports in percentages how much of the
first and second PCs in Asian short-term rates were explained by short-term rates in
the advanced economies, while Table 6.2 reports how much of the short-term rates
in the advanced economies were explained by the first and second PCs in Asian
short-term rates. In both tables, we find no significant spillovers in either direction
throughout the subsample periods. This indicates that there were no significant
spillovers either from the advanced economies to Asia or from Asia to the advanced
economies. This was true even after the GFC when central banks in advanced
economies adopted unconventional monetary expansion.
In the case of the European countries and the US, the variance decomposition
shows that some spillovers existed. However, in the case of Asian economies,
including Japan, the results show that the Asian economies’ own shocks explained
3
The two factors are the K-ANSM(2), a fixed 12.5 basis point lower bound, and yield curve data with
maturities from 0.25 to 30 years with the sample beginning in 1995.
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Table 5. Correlation of the Principal Components
with Short-Term Rates
(i) Pre-GFC period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

1st PC

2nd PC

3rd PC

−0.342
0.042
0.703
0.114
−0.481
0.376

−0.367
−0.615
−0.156
0.353
0.396
0.425

0.294
−0.103
0.246
0.800
−0.020
−0.451

1st PC

2nd PC

3rd PC

−0.312
0.292
0.666
−0.200
0.258
−0.517

−0.505
0.283
0.195
0.459
−0.599
0.239

0.478
0.410
0.283
0.515
0.402
0.310

1st PC

2nd PC

3rd PC

0.242
0.672
0.636
0.178
0.212
0.094

−0.126
0.019
0.058
0.696
−0.702
0.062

−0.547
0.131
−0.014
−0.152
0.021
0.812

(ii) Post-GFC and pretapering period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand
(iii) Tapering period
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

GFC = global financial crisis, PC = principal component.
Source: Authors’ calculations.

more than 90% of the short-term rate fluctuations. This indicates that the short-term
rates in emerging Asia are not only independent of those in the other regions but
also show no synchronization within the region.

VI. Spillovers of Long-Term Interest Rates

In the previous section, we found that there were no significant spillovers of
short-term interest rates either from the advanced economies to Asia or from Asia
to the advanced economies. The purpose of this section is to explore whether there
were any significant spillovers of long-term interest rates between emerging Asia
and advanced economies. Specifically, using daily differences of 5-year or 10-year
government bond yields, we explore the spillover effects between emerging Asia
and the advanced economies (i.e., Japan, Germany, the UK, and the US). Unlike
short-term rates, long-term rates are difficult to control without being affected by
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Table 6.1 Variance Decomposition of the Principal Components in
Asian Short-Term Rates (%)
(i) Decomposition of the 1st principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

1st PC
Shock

Total

Japan

UK

Euro Area

US

97.28
98.41
98.90

1.21
1.46
0.56

0.68
1.05
0.35

0.07
0.27
0.06

0.35
0.13
0.12

0.11
0.02
0.04

(ii) Decomposition of the 2nd principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

2nd PC
Shock

Total

Japan

UK

Euro Area

US

95.74
99.12
98.78

2.05
0.37
1.15

1.32
0.06
0.17

0.35
0.13
0.26

0.30
0.16
0.10

0.09
0.02
0.61

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US =
United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

external shocks for each central bank. It is thus likely that long-term interest rates
have different spillovers across the regions. The estimated equations are essentially
the same as those in previous sections, except that we use daily differences of the
long-term interest rates as the endogenous variables. We estimate GVARs for the
three subsample periods.
In the analysis, we use PCA to extract common changes in long-term interest
rates of the five Asian economies. Table 7 reports the correlation of the first, second,
and third PCs with changes in 5-year or 10-year government bond yields in each
Asian economy. The table shows that in both government bond yields, the first PC
is positively correlated with each Asian long-term interest rate except with Thai
long-term rates. The correlations with Taipei,China’s long-term rates are relatively
small in the first and second subsample periods. But putting aside these outliers,
the other correlations lie between 0.37 and 0.6 in 10-year government bond yields.
They also tend to exceed 0.4 in 5-year government bond yields. This implies that
the first PC is a weighted average of Asian long-term interest rates.
In contrast, the second PC has a large positive correlation only with Thai
long-term interest rates. The degree of the correlation is over 0.8 except for 5-year
government bond yields in the first subsample period, which implies that the second
PC reflects mainly Thai long-term interest rates. It is likely that long-term bond
markets in Thailand were still less developed and were little affected by external
shocks.
Tables 8.1 and 8.2 report the variance decomposition over 10 business days
for the three subsample periods. Table 8.1 reports in percentages how much of the
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Table 6.2 Variance Decomposition in Advanced Economies’
Short-Term Rates (%)
(i) Japan short-term shadow rates

Pre-GFC period
Pretapering period
Tapering period

Japan
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

98.38
90.18
94.53

0.62
9.61
5.23

0.49
0.17
0.14

0.51
0.04
0.10

UK
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

89.65
93.07
91.83

7.34
6.86
1.86

1.75
0.06
0.15

1.26
0.01
6.16

Euro
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

72.50
70.58
75.92

25.48
28.69
17.90

0.13
0.14
0.95

1.90
0.60
5.24

US
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

71.53
71.09
68.42

27.31
28.06
30.10

0.98
0.53
0.27

0.18
0.31
1.21

(ii) UK short-term shadow rates

Pre-GFC period
Pretapering period
Tapering period

(iii) Euro area short-term shadow rates

Pre-GFC period
Pretapering period
Tapering period

(iv) US short-term shadow rates

Pre-GFC period
Pretapering period
Tapering period

GFC = global financial crisis, PC = principal component, UK = United Kingdom,
US = United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

first and second PCs in Asian long-term rates were explained by shocks in the four
advanced countries, while Table 8.2 reports how much of the long-term rates in the
four advanced countries were explained by the first and second PCs in Asia.
Table 8.1 indicates that in both 5-year and 10-year yields, there were
significant spillovers from the advanced economies to the first PC in Asia
throughout the subsample periods. The spillovers were smaller than stock market
spillovers. But in the first subsample period, the long-term rates in the four advanced
economies explained more than 40% of the first PC. In particular, US long-term
rates explained about one-fourth of the first PC in the first subsample period. In
the second and third subsample periods, the explanatory power of the long-term
rates in the advanced economies declined because the first PC was explained more
by its own shocks. This indicates that intraregional spillovers increased in Asian
bond markets after the GFC. However, even in these subsample periods, advanced
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Table 7. Correlation of the Principal Components with Long-Term Rates
(i) Pre-GFC period
10-year bond yields
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

5-year bond yields

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.375
0.569
0.419
0.129
0.583
−0.054

0.165
0.007
−0.120
0.101
0.042
0.973

0.089
−0.083
−0.099
0.971
−0.131
−0.122

0.446
0.606
0.158
0.165
0.614
0.066

−0.304
0.027
0.745
0.167
0.018
−0.569

−0.117
−0.137
0.194
0.794
−0.100
0.538

(ii) Post-GFC and pretapering period
10-year bond yields
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

5-year bond yields

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.439
0.532
0.442
0.265
0.503
0.071

−0.077
−0.065
−0.116
0.546
−0.163
0.807

−0.224
0.267
−0.048
−0.723
0.260
0.535

0.476
0.474
0.408
0.299
0.521
0.145

−0.005
−0.149
−0.149
0.304
−0.172
0.913

0.010
−0.121
−0.173
0.887
−0.167
−0.374

(iii) Tapering period
10-year bond yields
Republic of Korea
Hong Kong, China
People’s Republic of China
Taipei,China
Singapore
Thailand

5-year bond yields

1st PC

2nd PC

3rd PC

1st PC

2nd PC

3rd PC

0.457
0.488
0.390
0.394
0.493
0.057

−0.121
−0.048
0.013
0.063
−0.015
0.989

0.225
−0.214
0.677
−0.665
−0.008
0.051

0.462
0.463
0.398
0.416
0.490
0.006

−0.030
0.077
−0.131
0.059
0.000
0.986

0.207
−0.352
0.746
−0.498
−0.049
0.163

GFC = global financial crisis, PC = principal component.
Source: Authors’ calculations.

economies’ shocks explained a significant part of the first PC’s fluctuations in
5-year and 10-year yields. After the GFC, spillovers from advanced economies were
slightly larger in 5-year yields than in 10-year yields. This may have happened
because unconventional monetary policy in advanced economies had increased
spillovers to Asia in 5-year yields.
In the case of the second PC, we do not infer significant spillovers from
the advanced economies to Asia in 5-year yields. In 5-year yields, the Asian
economies’ own shocks explained most of the second PC’s fluctuations throughout
the subsample periods. Noting that the PRC’s long-term interest rates have no
correlation with the first PC but have a large correlation with the second PC, this
implies that the PRC’s 5-year interest rates have been determined independently.
However, in the case of 10-year yields, shocks in the four advanced economies
explained more than 20% of the second PC in the second and third subsample
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Table 8.1 Variance Decomposition of the Principal Components in Asian Long-Term
Rates (%)
(i) Decomposition of the 1st principal component

10-year yields

5-year yields

Pre-GFC period
Pretapering period
Tapering period
Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

1st PC
Shock

Total

Japan

UK

Germany

US

52.31
81.82
77.88
56.23
72.74
68.73

47.37
15.43
19.84
43.53
22.06
24.42

3.30
2.59
2.25
2.94
2.75
2.48

15.04
3.92
5.56
12.27
6.89
9.02

4.33
1.75
0.89
2.00
1.29
0.70

24.69
7.17
11.13
26.32
11.14
12.22

(ii) Decomposition of the 2nd principal component

10-year yields

5-year yields

Pre-GFC period
Pretapering period
Tapering period
Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

2nd PC
Shock

Total

Japan

UK

Germany

US

56.23
70.15
60.76
96.58
95.95
97.16

43.53
29.24
37.21
2.42
3.39
2.01

2.94
3.89
3.34
0.47
0.79
0.10

12.27
6.50
9.71
1.11
0.35
0.38

2.00
4.92
1.72
0.36
0.08
0.10

26.32
13.94
22.45
0.49
2.18
1.43

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US = United States.
Note: The table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

periods. This suggests that the PRC’s 10-year yields experienced significant
spillovers from the advanced economies after the GFC even though the PRC’s
5-year yields were still controlled by the government.
In contrast, Table 8.2 shows that the first and second PCs in Asia explained
only a small percentage of the long-term rate fluctuations in the advanced
economies throughout the subsample periods. That is, as in the stock markets,
spillover effects from advanced economies to Asia have been much larger than
those from Asia to advanced economies in the long-term bond markets. Among the
advanced economies, long-term rate fluctuations in Japan were explained mainly by
Japan’s own shocks and were explained very little by the other shocks throughout
the subsample periods. This may have happened because unconventional monetary
policy by the Bank of Japan induced extremely low long-term rates throughout
the sample periods. Even the long-term rate fluctuations in the other advanced
economies were mostly explained by their own shocks or by shocks in the other
advanced economies. This is in marked contrast with stock market spillovers in
which the first PC in Asia came to explain a significant percentage of stock return
fluctuations in the two European countries and the US after the GFC.
After the GFC, the first and the second PCs in Asia came to explain about
5% of long-term rate fluctuations in the UK, Germany, and the US. For example,
in the UK, the two components in Asia explained 5.11% of 10-year yields and
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Table 8.2 Variance Decomposition in Advanced Economies’ Long-Term Rates (%)
(i) Variance decomposition of Japan’s long-term rates
10-Year Yields
Japan
Shock
Pre-GFC period
Pretapering period
Tapering period

92.45
82.42
86.71

5-Year Yields

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
7.28
17.10
11.96

0.08
0.16
0.96

0.20
0.32
0.36

Japan
Shock
93.59
83.32
93.40

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
6.28
16.44
6.33

0.05
0.21
0.25

0.07
0.04
0.03

(ii) Variance decomposition of UK long-term rates
10-Year Yields
UK
Shock
Pre-GFC period
Pretapering period
Tapering period

91.59
87.75
86.30

5-Year Yields

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
6.21
7.14
7.74

2.14
2.62
2.19

0.06
2.49
3.77

UK
Shock
91.37
91.62
91.60

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
5.05
4.87
3.72

3.07
3.32
4.47

0.50
0.19
0.22

(iii) Variance decomposition of Germany’s long-term rates
10-Year Yields

5-Year Yields

Other
Other
German Advanced 1st PC 2nd PC German Advanced 1st PC 2nd PC
Shock Economies Shock Shock Shock Economies Shock Shock
Pre-GFC period
Pretapering period
Tapering period

37.80
39.92
41.63

59.22
54.38
53.00

2.81
2.28
2.32

0.17
3.42
3.05

59.60
55.88
51.80

37.76
40.88
41.72

2.05
1.49
2.89

0.60
1.75
3.60

(iv) Variance decomposition of US long-term rates
10-Year Yields
US
Shock
Pre-GFC period
Pretapering period
Tapering period

38.42
60.31
61.53

5-Year Yields

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
57.30
37.88
34.83

3.81
1.80
3.17

0.47
0.01
0.46

US
Shock
69.81
60.67
64.10

Other
Advanced 1st PC 2nd PC
Economies Shock Shock
28.14
36.56
30.76

1.84
2.41
5.09

0.22
0.36
0.05

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US = United States.
Note: Table reports the variance decomposition over 10 business days after a shock.
Source: Authors’ calculations.

3.51% of 5-year yields in the second subsample period and 5.96% of 10-year yields
and 4.68% of 5-year yields in the third subsample period. This implies that after
the GFC, spillovers from emerging Asia to Europe and the US came to have some
significance even in bond markets. But these spillovers were much smaller than the
stock market spillovers in magnitude. Noting that stock market spillovers from Asia
to Europe and the US increased mainly because manufacturing sector shocks in
Asia had significant impacts on advanced economies, this result also supports the
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view that direct financial linkages from emerging Asia to advanced countries were,
if any, small even after the GFC.
VII. Concluding Remarks

In this paper, we explored how financial market spillovers between emerging
Asia and advanced economies have changed in the 2000s. Stock market spillovers
from emerging Asia became significant in the post-GFC period. Even in long-term
rates, we found significant spillovers from emerging Asia to Europe and the US
in the tapering period. However, bond market spillovers were much smaller than
stock market spillovers in magnitude. More importantly, the industry-level analysis
showed that the stock market spillovers originated mostly from common shocks in
the manufacturing sector rather than from those in the financial sector. The financial
spillovers from emerging Asia increased in the post-GFC period because emerging
Asian economies were increasingly more connected with the rest of the world in
integrated global production networks. This supports the view that direct financial
market linkages from emerging Asia to advanced countries were, if any, limited
even after the GFC.
In the 2000s, emerging Asia underwent rapid industrialization in integrated
global production networks and their real fundamental shocks came to have
substantial spillover effects on advanced economies. Our empirical results are
consistent with the view that even though the financial market in emerging Asia
has been less developed, the increased role of Asian economies in integrated global
production networks raised spillovers from emerging Asia in the global financial
markets. However, limited direct financial linkages from emerging Asia to advanced
countries are still important policy agenda even after the GFC. This is particularly
true in Asian bond markets. In emerging Asia, we probably need further structural
reforms of financial markets, which may contribute to solving persistent external
imbalances in the global financial markets.
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Appendix. Shocks after the New York Stock Market Closes

In the main text, the order of the Cholesky decomposition in the global vector
autoregressions (GVARs) was set to be the variable in Japan, the first and second
PCs in Asia, the variable in the United Kingdom, the variable in Europe, and the
variable in the United States (US). We chose the order because Asian financial
markets are open before European and New York markets open. However, in the
US, some important news may be announced after the New York market closes.
One may have concern that our order of the Cholesky decomposition would identify
some shocks in the US as Japanese market shocks. The purpose of this Appendix
is to show that our results are essentially the same even if we control for spillover
effects of shocks after the New York market closes.
In the analysis, we split daily changes of Japan’s stock price index into
“daytime change” and “nighttime change.” The “daytime change” in date t is the
change of Nikkei 225 from 9:15 a.m. to 3:30 p.m. in date t. The “nighttime change”
in date t is the change of Nikkei 225 from 3:30 p.m. in date t−1 to 9:15 a.m. in
date t. In the GVARs, the order of the Cholesky decomposition was set to be the
daytime change in Japan, the first and second PCs in Asia, the variable in the United
Kingdom, the variable in Europe, the variable in the US, and the nighttime change in

Financial Spillovers in Asian Emerging Economies 117
Table A1.1 Variance Decomposition of the Principal Components in Asian Stock
Returns (%)
(i) Decomposition of the 1st principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

1st PC
Shock

Total

Japan

UK

Germany

US

Nighttime

62.59
55.94
63.64

36.02
43.26
34.10

18.39
14.80
14.92

6.08
19.70
8.32

2.93
1.61
0.77

8.57
7.03
9.96

0.05
0.12
0.14

(ii) Decomposition of the 2nd principal component

Pre-GFC period
Pretapering period
Tapering period

Advanced Economies

2nd PC
Shock

Total

Japan

UK

Germany

US

Nighttime

98.36
96.95
98.16

1.20
2.27
1.33

0.30
0.09
0.56

0.07
1.24
0.16

0.33
0.03
0.01

0.42
0.84
0.51

0.08
0.07
0.08

GFC = global financial crisis, PC = principal component, UK = United Kingdom, US = United States.
Source: Authors’ calculations.

Japan. Given the order of the Cholesky decomposition, it is natural to suppose that
the “daytime change” would reflect shocks in Japan, while the “nighttime change”
would reflect shocks after the New York market closes but before Asian markets
open.
By using the new order of the Cholesky decomposition, we examine stock
market spillovers between Asian and advanced financial markets. The estimated
equations are the same as those in section III, except that we use “daytime change”
and “nighttime change.” Using the first and the second PCs in Asia, we estimate
the GVARs for the three subsample periods. Tables A1.1 and A1.2 summarize the
results of the variance decompositions. Table A1.1 reports in percentages how much
of the first and second PCs in Asia were explained by shocks in the advanced
economies, while Table A1.2 reports how much of stock prices in the advanced
economies were explained by the first and second PCs in Asia.
In both of the tables, the contributions of “daytime change” in Tables A1.1
and A1.2 are very similar to those of Japan’s daily stock returns in Tables 2.1 and
2.2. More importantly, the first and second PCs in Asia and the stock returns in the
other advanced countries have very similar contributions in Tables A1.1 and A1.2
to those in Tables 2.1 and 2.2. This implies that our results are essentially the same
as those in section III even if we split daily changes of Japan’s stock price index into
“daytime change” and “nighttime change.”
This happened because spillovers due to “nighttime change” are, if any, very
small in our estimated GVARs. For example, in Table A1.1, the contributions of
the “nighttime change” are less than 0.1% in explaining the first and second PCs
in Asia. This implies that even if some important news were announced after the
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Table A1.2 Variance Decomposition in Advanced Economies’
Stock Returns (%)
(i) Japan’s stock prices

Pre-GFC period
Pretapering period
Tapering period

Japan
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

97.40
95.66
97.84

2.04
3.76
1.23

0.23
0.48
0.38

0.33
0.09
0.55

UK
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

79.92
74.40
41.59

15.11
10.94
46.21

4.76
13.49
10.81

0.21
1.17
1.39

German
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

37.24
22.33
35.91

55.43
66.38
51.89

7.05
9.79
10.81

0.28
1.50
1.39

US
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

62.36
40.81
64.96

35.00
51.40
28.75

2.43
6.30
5.88

0.21
1.49
0.42

Nighttime
Shock

Other Advanced
Economies

1st PC
Shock

2nd PC
Shock

47.83
49.14
49.08

46.17
46.05
46.51

5.91
3.33
4.12

0.09
1.48
0.29

(ii) UK stock prices

Pre-GFC period
Pretapering period
Tapering period

(iii) Germany’s stock prices

Pre-GFC period
Pretapering period
Tapering period
(iv) US stock prices

Pre-GFC period
Pretapering period
Tapering period

(v) Nighttime stock prices

Pre-GFC period
Pretapering period
Tapering period

GFC = global financial crisis, PC = principal component, UK = United Kingdom,
US = United States.
Source: Authors’ calculations.

New York market closed, the news had negligible spillover effects on Asian stock
returns. As a result, even if we control their spillover effects, we still find that stock
market spillovers from emerging Asia became far from negligible in the post-GFC
period, although financial market spillovers from the advanced economies to Asia
were much larger than those from Asia to the advanced economies.

Green Trade Patterns and the Transboundary
Transmission of Greenhouse Gas Emissions
Sung Jin Kang∗

By classifying international green and non-green trade for the period
1980–2015, this study investigates trends in green trade, exports, and imports as
shares of total trade, exports, and imports, respectively. The general findings are
that these green shares increased during the review period, albeit with the green
shares for member countries of the Organisation for Economic Co-operation
and Development showing different trends than those of nonmember countries.
Further, three countries at different stages of economic development—the
People’s Republic of China, the Republic of Korea, and the United States—each
exhibit different trends in green trade over time. In particular, the green trade,
export, and import shares of the People’s Republic of China decreased over
time, which is in contrast to the increases observed for the Republic of Korea
and the United States during the review period. The findings suggest that efforts
to persuade developing countries to accept international agreements to reduce
greenhouse gas emissions should also consider the transboundary transmission
of these emissions and their health effects.
Keywords: green industry, green trade, greenhouse gas emissions
JEL codes: F14, Q27, Q56

I. Introduction

Hydrocarbon-based technological progress opened up an opportunity for
mass production. As a result, unprecedented global economic growth has improved
the quality of life significantly. However, the benefits of rapid economic growth
have not been achieved without a cost. The heavy consumption of fossil fuels as
a growth engine has led to the possible exhaustion of these resources in the near
future, while climate change has been intensified by the accumulation of greenhouse
gas (GHG) emissions. Accumulated GHG emissions have serious effects on human
beings, ranging from individual health to national security (Kang 2015). Zhang et al.
(2017) found that about 3.45 million premature deaths in 2007 were related to fine
particulate matter with a diameter of 2.5 micrometers or less (PM2.5 ).
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The international community has been discussing whether sustainable
development can be achieved by switching from the traditional economic growth
strategy to an eco-friendly one. The new growth strategy has been named the “green
economy” by the United Nations Environment Programme (2011) and “green
growth” by the Republic of Korea’s Presidential Commission of Future and Vision
(2009) and the Organisation for Economic Co-operation and Development (OECD)
(2012) (Kang 2015).
Since a large portion of GHG emissions originate from developing countries
(and is doing so at an increasing rate), international efforts, which are being led
mainly by developed countries, also require the active participation of developing
countries. Therefore, implementation of the Paris Agreement, which is also
referred to as the post-2020 new climate regime, cannot be successful without
the collaborative efforts of both developed and developing countries. Fortunately,
developing countries have agreed to join the global agenda to reduce GHG
emissions. However, they argue that developed countries should provide various
kinds of international support to them based on the fact that the current status of
climate change is a result of the historical GHG emissions of developed countries
(Munasinghe 1995, Kang 2015).
Another important assertion made by developing countries is that a sizable
amount of the products made in developing countries are consumed by developed
countries through international trade. Thus, developing countries argue that
consumers in developed countries are partially responsible for the GHG emissions
in developing countries (Kang 2015). Several recent studies show how GHG
emissions have transboundary transmissions through international trade (Yunfeng
and Laike 2010, Peters et al. 2011, Lin et al. 2014). Zhang et al. (2017) show that
22% of the 3.45 million premature deaths (762,400) due to PM2.5 in 2007 were
related to the production of goods and services in one region for consumption in
another.
Due to the negative effects of imported products, developed countries have
suggested policies to promote imports of eco-friendly products, which is often
referred to as “green protectionism” (Bello 1997, Kang 2015). These policies
impose penalties on non-green products such as cars with less efficient fuel usage.
There is high global demand for products produced by multinational
companies in developing countries that are imported by developed countries. Thus,
developing countries need more investment in green products to account for global
trading trends and to promote economic growth through exports. This new trade–
economic growth nexus can be used to persuade developing countries to join the
international effort to reduce GHG emissions (Munasinghe 1995, Stern 2004, Kang
2015).
By examining the trade patterns of green and non-green products using
international trade data categorized by industries, I investigate the general trends of
global green and non-green trades that provide an insight into the possible channels
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of economic growth for developing countries. For international trade, the United
Nations (UN) Comtrade database is used, which applies the Standard International
Trade Classification (SITC) Rev.2 to classify industries. Green and non-green
industries are categorized by the classification of green goods and services (GGS)
used by the United States (US) Bureau of Labor Statistics (BLS). Since the GGS is
identified by the North American Industry Classification System (NAICS) 2012 and
the UN Comtrade data follow the SITC Rev.2 classification, several correspondence
tables are required to match the two different codes (Muendler 2009).
Identifying the trade patterns of green and non-green industries reveals that
the economic growth strategies of developing countries should focus on promoting
more exports. Thus, it can be inferred that developing countries need to invest
more in producing exportable goods. This paper’s general finding is that the world
shares of green trade, exports, and imports are increasing relative to total trade,
exports, and imports, respectively. Also, the respective shares of OECD countries
are relatively higher than those of non-OECD countries. Further, the share of green
imports in non-OECD countries fluctuated from 1980 to 2015—rising in the 1980s
from a low of about 31% to more than 35% by the end of the decade, before dipping
slightly in the 1990s and then increasing again beginning in 2005. At about 37% in
2015, the green imports share of non-OECD countries was still lower than that of
OECD countries at the end of the review period.
The respective trends for the People’s Republic of China (PRC), the Republic
of Korea, and the US raise interesting issues that need to be further examined. For
the Republic of Korea, the share of green exports increased from about 28% in 1980
to 45% in 2015, while the share of green imports decreased from 35% to 33% in the
same period. In the US, the shares of green exports and imports in 1981 were about
38% and 28%, respectively, increasing to about 52% and 44% in 2015. However, the
PRC experienced different trends from those observed in the Republic of Korea and
the US during the review period. The shares of green exports and imports decreased
from about 40% and 33%, respectively, in 1986 to about 32% and 30% in 2015.
This paper is organized as follows. Section II presents the background of
the study by discussing the green trade and the new climate regime. Section III
introduces data sources and summary statistics. Section IV presents various
graphical analyses for green and non-green trade. Section V concludes.

II. International Trade and Transboundary Transmission
of Greenhouse Gas Emissions

The world has experienced unprecedented growth in per capita income since
the Industrial Revolution, which has contributed to a worldwide improvement in the
standard of living. However, because the prevailing economic development strategy
relies heavily on fossil fuels as the main production resource, the consumption of
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Figure 1. Carbon Dioxide Emission Trends

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

fossil fuels has significantly increased to a point where the global environment can
no longer sustain the accompanying GHG emissions. Since the 1980s, concerns
for a sustainable future have gradually coalesced to form a global consensus on
the need to take action against climate change. After a series of global initiatives,
in 2015, the representatives of 195 countries agreed on the Paris Agreement at
the 21st Conference of the Parties to the UN Framework Convention on Climate
Change. The Paris Agreement has three main objectives: (i) limit the increase of the
global average temperature to less than 2°C above preindustrial levels, (ii) support
adaptation and foster climate resilience, and (iii) assist financial flows toward
mitigation and adaptation (UN 2015).
Because of the negative externalities associated with GHG emissions, people
outside the source country are also affected by GHG emissions. Therefore, the
international community needs to cooperate to combat climate change.
Efforts to reduce carbon dioxide (CO2 ) emissions by developed countries
alone are not enough to achieve the objectives of the Paris Agreement. Rather, every
country needs to pull its weight, whether it is a developed or developing country.
Figure 1 shows the global, OECD, and non-OECD trends of CO2 emissions, which
clearly demonstrate that the efforts of developing countries are equally important
as those of developed countries. Global CO2 emissions from fuel combustion
increased from 13.9 metric gigatons (GT) in 1971 to 20.5 GT in 1990, and
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further to 32.4 GT in 2014 for an increase of 57.9% from 1990 to 2014. For the
period 1990–2014, OECD countries’ total CO2 emissions increased by 7.8%, while
non-OECD countries’ total CO2 emissions increased by 118.5%. In 2014, the total
CO2 emissions of the PRC reached 9.1 GT, which was an increase of 333.1% over
1971 levels. Total CO2 emissions of the US (5.2 GT) and India (2 GT) increased by
7.8% and 280.8%, respectively, from 1991 to 2014 (IEA and OECD 2016). The data
show that developing countries have been emitting CO2 at an increasing rate since
2000, with non-OECD aggregate emissions exceeding those of OECD countries
since 2005.
Developing countries are resisting the notion that all countries should bear
an equal burden in combating climate change (Page 2008). They argue that as
the current climate crisis has been triggered by the past activities of developed
countries, these countries should accept their historical responsibility and bear a
greater burden of the efforts toward emissions reduction, mitigation, and adaptation.
Furthermore, developed countries have already accumulated sufficient wealth and
technological assets to adapt to climate change, whereas developing countries are
at greater risk and without adequate adaptation capacities (Ikeme 2003). Another
important argument made by developing countries relates to the sources of CO2
emissions. Historically, developing countries, especially the PRC, have acted as the
factory of the world, capitalizing on cheaper labor and more abundant resources
than found in developed countries. Therefore, while CO2 emissions may originate
in developing countries, in many cases the final products were exported to and
consumed by citizens of developed countries.
There have been several studies on the transboundary transfers of GHG and
CO2 emissions embodied in export products. Yunfeng and Laike (2010) examine
the PRC’s international trade and report that 10% of the PRC’s annual CO2
emissions in 1997 resulted from manufacturing exported goods; this share had
increased to 26.5% by 2007. On the other hand, the CO2 emissions generated in
the production of the PRC’s imported goods were equivalent to only 4.4% of the
PRC’s total CO2 emissions in 1997 and 9.1% in 2007. Thus, the rest of the world
avoided producing 150.2 million tons of CO2 emissions in 1997 and 593 million
tons of CO2 emissions in 2007 through trade with the PRC.
By using a trade-linked global database for CO2 emissions for 113 countries
and 57 economic sectors between 1990 and 2008, Peters et al. (2011) show that
CO2 emissions from the production of goods and services increased from 4.3 GT in
1980 to 7.8 GT in 2008. Further, CO2 emissions from trade in goods and services
as a share of global CO2 emissions increased from about 20% in 1990 to about
26% in 2008. Wiebe et al. (2012) examine the amount of CO2 emissions embodied
in international trade for 48 sectors in 53 countries and two regions from 1995 to
2005. They report that the net CO2 imports of OECD countries increased by about
80% during the review period, meaning that developed countries are externalizing
their environmental burden through international trade.
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Guan and Reiner (2009) assert that a significant share of the PRC’s carbon
emissions comes from the production of goods for exporting. Using atmospheric
modeling, Lin et al. (2014) show that 36% of carbon monoxide and 17% of black
carbon emitted in the PRC in 2006 resulted mainly from the production of goods
for export.
By using input–output analysis, Meng et al. (2018) analyze the relationship
between bilateral trade and GHG emissions. They show that trade among
developing countries more than doubled from 2004 to 2011, while some
production activities, especially raw materials and intermediate goods production in
energy-intensive sectors, relocated from the PRC and India to other developing
countries. As a result, CO2 emissions generated in the production of goods from
less developed countries such as Bangladesh and Viet Nam are increasing.
Other research has shown that global emission transfers through trade affect
the health of people in the partner countries, even if the partner countries are not
producing goods. Thus, global emission transfers through international trade are
associated with transboundary health effects as well. As mentioned above, a recent
study by Zhang et al. (2017) shows that about 3.45 million premature deaths in 2007
were related to PM2.5 . Out of total worldwide deaths caused by PM2.5, about 12%
(411,100) were caused by air pollutants emitted by goods and services produced in
regions other than where the deaths occurred, and 22% (762,400) were related to
the production of goods and services in one region for consumption in another.
The argument of developing countries—that it would be unfair to point
fingers at developing countries for emitting large amounts of CO2 without
examining the context—is not unfounded. In fact, developing countries are not
opposing the global efforts to tackle climate change, but rather are asking developed
countries to support their efforts by means of financing, capacity building, and
technology transfer. If appropriate support can be given to developing countries, not
only would international cooperation on climate change progress, but developing
countries would be provided with an opportunity to employ environmentally
friendly growth strategies.
Munasinghe (1995) suggests the concept of “sustainomics,” meaning that
developing countries do not necessarily have to follow the traditional path of
development that developed countries have pursued. Based on the Environment
Kuznets Curve hypothesis, the relationship between the environment and per capita
income is an inverted-U shape. When per capita income is low, economic activities
have minimal effect on the environment, but as the economy grows, environmental
degradation is accelerated by exploiting more natural resources and emitting more
pollutants. Only at the peak of the inverted-U does the economic transition to the
service sector and the desire for a better environment gain strength (Stern 2004).
Therefore, Munasinghe (1995) argues that rather than reaching the peak
turning point of the Environment Kuznets Curve, developing countries could
lower the inflection point by tunneling through the curve. Furthermore, developed
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countries should aid developing countries in decoupling economic growth from
environmental degradation. International cooperation can help developing countries
follow a new path that guarantees less environmental pollution for the same level of
production.
In order to persuade developing countries to join international agreements
supporting the new climate regime and encouraging them to reduce GHG
emissions, it is important to provide various international cooperative policy
strategies. Global international trade in green products has been steadily increasing
amid global efforts to tackle climate change. However, green industries are scarce
in developing countries because of the lack of experts and technological assets.
Since innovative activities for promoting green technologies and green industries
require more financial investment and are relatively risky, developing countries
with less technology than that of developed countries will face challenges. Thus,
developed countries should assist developing countries through technology transfers
and capacity building in green industries.
Furthermore, an export-led economic growth strategy would be more
beneficial for developing countries than a traditional growth strategy of developing
domestic markets. If developing countries invest more in products with lower
levels of GHG emissions, they can realize the advantage of exporting products to
further promote economic growth. Thus, international cooperation and investment
by developing countries in green industries to promote exports can lead to economic
growth, which is another justification to initiate green growth.

III. Classification of Green and Non-Green Industries

Developing countries are relying heavily on trade to promote exportoriented industries by producing cheap products and seeking a comparative
advantage in the world market. However, unless there is a real increase in exports,
export-led economic growth will not be possible. Therefore, the opportunity
to increase the actual volume of export products serves as a strong incentive
for developing countries. In other words, developed countries should persuade
developing countries to participate in the global agenda to reduce GHG emissions
by promoting the concept that investments in green industries will provide more
export opportunities in the markets of developed countries, which will eventually
lead to economic growth.
Even with the importance of green and non-green trade patterns, it is quite
difficult to classify industries as either green or non-green. It might be similar to
difficulties in defining intra-industry trade versus interindustry trade, or creating an
environmental marker definition for foreign aid. For international trade, the trade
pattern that is defined as intra-industry trade can be reclassified as interindustry
trade if a more detailed industry classification is used (e.g., expanding a 3-digit
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industry classification system to a 7-digit system). For foreign aid, the OECD
Development Assistance Committee classifies environmental aid by using the Rio
Convention markers, which define foreign aid as a “principal objective” if it shares
the objectives of the convention on biological diversity, climate change mitigation,
climate change adaptation, or the convention to combat desertification (OECD
2018). Even with this definition and eligibility criteria, it is quite difficult to
classify a certain project as environmental aid because the decision can be made
subjectively.
In order to find the international trade pattern of green goods and services,
I have matched the SITC Rev.2 code with the GGS classification of the NAICS
2012.1 The US BLS classifies the GGS to find the employment share in GGS out of
total employment (US BLS 2012). This study uses the industry classification based
on the GGS survey result.2 For international trade data, I use the UN Comtrade
database for the period 1976–2015, which is released by the UN Statistics Division.
Then, for the classification of goods and services, I use the GGS survey conducted
by the US BLS in 2011. However, because the two datasets—SITC Rev.2 and
the GGS classification—cannot be directly matched, several intermediate steps are
required, as described below.
First, the correspondence table of SITC Rev.2 (4-digit) and the International
Standard Industrial Classification of All Economic Activities (ISIC) Rev.2 provided
by Muendler (2009) was used to match the classification codes. Second, I matched
the classification codes by using the correspondence table of ISIC Rev.2 and ISIC
Rev.3.1.3 Third, the classification codes were matched using the correspondence
table of ISIC Rev.3.1 and NAICS 2002. Finally, the correspondence table of NAICS
2002 and 2007 was matched with the correspondence table of NAICS 2007 and
2012 (US Census Bureau 2012). After a series of classification code matching, the
corresponding classification codes of NAICS 2012 and SITC Rev.2 were ready for
use.
The GGS section of NAICS 2012 classifies industries into five different
categories:
(i)

energy from renewable resources (BLS1);

(ii)

energy efficiency (BLS2);

1
Another classification by the Science and Technology Policy Institute in the Republic of Korea, which is
based on the number of patent citations of 77 green technologies, also gives a useful definition of green industries. For
example, there were 219 green industries with more than 250 citations out of the 1,145 industry codes of the 5-digit
Korea Standard Industry Classification. However, this definition includes relatively more manufacturing industries.
See Kang (2011) for a more detailed explanation.
2
The BLS estimated that GGS jobs comprised 2.4% of total employment in the US in 2012. The private and
public sectors accounted for 2.3 million and 860,300 GGS jobs, respectively; manufacturing industries accounted for
461,800 GGS jobs (US BLS 2012).
3
UN Statistics Division. Central Product Classification. https://unstats.un.org/unsd/cr/registry/regso.asp?Ci
=25&Lg=1 (accessed 10 April 2017).
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Table 1. Distribution of Various Definitions of Green Industry
Definition (Code)
United States Bureau of Labor Statistics (BLS)
Energy from renewable resources (BLS1)
Energy efficiency (BLS2)
Pollution reduction and removal, greenhouse gas reduction, and
recycling and reuse (BLS3)
Natural resources (BLS4)
Environmental compliance, education and training, and public
awareness (BLS5)

Goods

Services

Total

229
50
99
88

96
10
33
34

325
60
132
122

66
0

8
45

74
45

NAICS = North American Industry Classification System.
Note: The codes presented in the table are based upon the 6-digit NAICS classification.
Source: United States Bureau of Labor Statistics. Green Goods and Services. https://www.bls.gov/ggs/
(accessed 30 May 2017).

(iii)

pollution reduction and removal, greenhouse gas reduction, and recycling
and reuse (BLS3);

(iv)

natural resources (BLS4); and

(v)

environmental compliance, education and training, and public awareness
(BLS5).4

Table 1 summarizes the distribution of various definitions of GGS. Out
of 1,082 industries in the 6-digit NAICS classification, 325 industries were
identified as GGS by the US BLS. By aggregate definition, 229 industries in goods
production and 96 industries in the service sector were identified as GGS. For other
classifications, BLS1 includes 50 industries in goods production and 10 industries
in the service sector, whereas BLS5 includes only 45 industries in the service sector.
In order to examine the shares of green and non-green industries, the GGS
classification was transformed into the 2-digit NAICS classification based on green
and non-green classification (Table 2). Under the 2-digit NAICS classification,
56 out of 63 agriculture, forestry, fishing, and hunting industries are identified as
GGS. Furthermore, 115 out of 365 manufacturing industries are identified as GGS.
However, since the SITC Rev.2 does not include service sector classification codes,
the detailed classifications for the service sector are not discussed in this study.
The 4-digit SITC Rev.2 classification was then transformed into the 1-digit
SITC Rev.2 classification based on green and non-green classification (Table 3).
Out of a total of 788 industries, the number of green industries is 290 (36.8%).
4
The US BLS defines GGS as “goods and services produced by an establishment that benefit the environment
or conserve natural resources” (US BLS 2012, p. 6). The US BLS consults with industry groups, government
agencies, stakeholders, and the public to identify the industries that potentially provide GGS. Establishments report
whether they produce GGS and, if so, the percentage of their revenue and employment associated with GGS products.
The US BLS website provides a more detailed definition of GGS (https://www.bls.gov/ggs/).
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Table 2. Green and Non-Green Classification by NAICS 2012
Code

Description

Green

Non-Green

Total

11
21
22
23
31–33
Others
Total

Agriculture, forestry, fishing, and hunting
Mining, quarrying, and oil and gas extraction
Utilities
Construction
Manufacturing
Service

56
0
10
48
115
96
325

7
29
4
2
250
466
758

63 (88.9%)
29 (0.0%)
14 (71.4%)
50 (96.0%)
365 (31.5%)
562 (17.1%)
1,083 (30.1%)

NAICS = North American Industry Classification System.
Note: The codes presented in the table are based upon the 2-digit NAICS classification.
Source: United States Bureau of Labor Statistics. Green Goods and Services. https://www.bls.gov/ggs/ (accessed
30 May 2017).

Table 3. Green and Non-Green Classification by SITC Rev.2
Sector
0
1
2
3
4
5
6
7
8
9
Total

Description

Green

Non-Green

Total

Food and live animals chiefly for food
Beverages and tobacco
Crude materials, inedible, except fuels
Mineral fuels, lubricants and related
materials
Animal and vegetable oils, fats and waxes
Chemicals and related products, nes
Manufactured goods classified chiefly by
materials
Machinery and transport equipment
Miscellaneous manufactured articles
Not classified elsewhere

51
0
43
0

43
11
61
20

94 (11.9%)
11 (1.4%)
104 (13.2%)
20 (2.5%)

0
62
67

18
33
124

18 (2.3%)
95 (12.1%)
191 (24.2%)

50
16
1
290 (36.8%)

109
72
7
498 (63.2%)

159 (20.2%)
88 (11.2%)
8 (1.0%)
788 (100.0%)

nes = not elsewhere specified, SITC = Standard International Trade Classification.
Note: The codes presented in the table are based upon the 1-digit SITC Rev.2 classification.
Source: United Nations Statistics Division. Correspondence Tables. https://unstats.un.org/unsd/trade/classifications
/correspondence-tables.asp (accessed 20 May 2017).

The highest shares of green industries are found among chemicals and related
products (SITC5), manufactured goods classified chiefly by materials (SITC6), and
machinery and transport equipment (SITC7).
IV. Empirical Results
A.

General Trends of Trade, Exports, and Imports

Since the number of countries with data available from the 1970s is less than
50, the sample for the analysis in this study is restricted to the period after 1980.
Figure 2 shows the generally increasing trends in global exports, imports, and trade
since 1980. For the countries covered in this study, the total amount of world trade
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Figure 2. Trends of World Exports, Imports, and Trade

Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

was about $2.9 trillion in 1980. This increased more than 13 times to about $37
trillion in 2014.
Figure 3 presents the OECD shares of global exports, imports, and trade
since 1980.5 In 2000, OECD countries accounted for about 77% of world trade.
This share fell steadily from 2000 to 2013 before increasing slightly, with trends in
the shares of exports and imports both following a similar pattern during the review
period.
B.

General Trends of Green Trade, Exports, and Imports

Figure 4 shows the generally increasing trends in the green shares of world
exports, imports, and trade since 1980. There was a higher share of green exports
than green imports in each year during the review period.6

5
This study considers OECD countries to be those that were members of the OECD in 2010: Australia,
Austria, Belgium, Canada, Chile, Czech, Denmark, Estonia, Finland, France, Germany, Greece, Hungary, Iceland,
Ireland, Israel, Italy, Japan, the Republic of Korea, Latvia, Luxembourg, Mexico, the Netherlands, New Zealand,
Norway, Poland, Portugal, Slovakia, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the
United States.
6
The shares are calculated by dividing world green exports, imports, and trade by total world exports, imports,
and trade, respectively.
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Figure 3. OECD Shares of Global Exports, Imports, and Trade

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

Figure 4. Shares of World Green Exports, Imports, and Trade

Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).
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Figure 5. OECD Shares of Green Exports, Imports, and Trade

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

The share of green exports in total exports was 34.7% in 1980 and 38.6%
in 1987. While there were fluctuations over the years, an overall increasing trend
was maintained, with the green share of total exports reaching 41.5% in 2015. The
share of green imports in total imports shows a similar trend. In 1980, this share
was 30.5% and by 2015, it had reached 40.3%. Similarly, the green share of trade
in overall trade increased from 32.5% in 1980 to 40.9% in 2015.
Figures 5 and 6 show the trends of green exports, imports, and trade of OECD
and non-OECD countries, respectively, between 1980 and 2015. These categories
are used as proxies for developed and developing countries. OECD countries show
a consistent increasing trend in green trade during the review period, whereas green
trade shares among non-OECD countries fluctuated more.
For OECD countries, the shares of green exports and green imports were
37.3% and 29.9%, respectively, in 1980. These shares increased to 47.4% and
42.6%, respectively, in 2015, reflecting a significant increase in green trade during
the review period. Meanwhile, the share of green trade in total trade increased from
33.4% in 1980 to 44.9% in 2015.
As mentioned above, the shares of green exports and imports among nonOECD countries fluctuated significantly between 1980 and 2015. In particular, the
share of green exports decreased from 1980 to 1999 and then increased afterward.
The non-OECD share of green exports in total exports in 1980 was 32%; this share
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Figure 6. Non-OECD Shares of Green Exports, Imports, and Trade

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

dipped to 27.6% in 1981 and reached a peak of 36.4% in 1986 before falling again
to 22.9% in 1999. From 1999 to 2015, the non-OECD share of green exports rose
consistently, reaching 33.1% at the end of the review period. Compared with the
share of green exports, the share of green imports showed less fluctuation during
the review period, increasing gradually from 31.2% in 1980 to 36.6% in 2015.
Figures 7, 8, and 9 show trends in the shares of green trade, exports, and
imports, respectively, for the world, OECD, and non-OECD countries. From 1980
to 2015, the shares of green trade, exports, and imports for OECD countries
were higher and increased more rapidly than those for non-OECD countries. For
example, the share of green trade among OECD countries in 1980 (33.4%) was
slightly higher than that for non-OECD countries (31.6%). The green trade share
of OECD countries increased on a relatively steady path to 44.9% in 2015, while
the green trade share of non-OECD countries decreased to 27.5% in 1999 before
eventually rising to 34.7% in 2015. Thus, the trends imply that the share of green
trade of non-OECD countries fluctuated more than that of OECD countries and with
no significant overall increase over time.
The trends of green exports and imports show patterns similar to those of
green trade for both OECD and non-OECD countries from 1980 to 2015. For
example, the share of green exports of OECD countries consistently increased with
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Figure 7. Green Trade Shares of the World, OECD, and Non-OECD Countries

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

Figure 8. Green Export Shares of the World, OECD, and Non-OECD Countries

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).
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Figure 9. Shares of Green Imports of the World, OECD, and Non-OECD Countries

OECD = Organisation for Economic Co-operation and Development.
Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

only minor exceptions during the review period, but that of non-OECD countries
fluctuated, initially decreasing and then increasing.
C.

Share of Green Trade, Exports, and Imports by Countries

Figures 10, 11, and 12 show the trends of green exports, imports, and
trade of three countries—the Republic of Korea, the US, and the PRC—that are
each at different stages of economic development. Economic growth rates in the
Republic of Korea were among the fastest in the world during the 1970s and 1980s.
Even though the PRC would also exhibit some of the fastest economic growth in
world history, real per capita income (in 2010 US dollars) in the PRC was still
about $6,484 in 2015, which was below that of the Republic of Korea ($24,871).7
Meanwhile, the US was already one of the world’s leading developed countries by
the beginning of the review period in 1980.
Figure 10 shows an overall increasing trend in the green trade share for the
Republic of Korea from 1980 to 2015, with more fluctuations prior to 1998. The
shares of green exports, imports, and trade all fluctuated between about 25% and
7
World Bank. World Development Indicators. https://databank.worldbank.org/source/world-development
-indicators# (accessed 2 September 2019).
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Figure 10. Green Export, Import, and Trade Shares of the Republic of Korea

Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

Figure 11. Green Export, Import, and Trade Shares of the United States

Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).
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Figure 12. Green Export, Import, and Trade Shares of the People’s Republic of China

Source: United Nations (UN) Statistics Division. UN Comtrade Database. https://comtrade.un.org (accessed 1 March
2018).

40% in the 1980s and 1990s. The share of green exports increased significantly after
2000 to reach a peak of 49.4% in 2012 before dipping slightly, whereas the share of
green imports bottomed out in 1998 and then hovered between 30% and 35% from
2000 until the end of the review period. The shares of green exports and imports in
2015 were 44.9% and 32.8%, respectively.
The green export, import, and trade shares of the US are slightly different
from those of the Republic of Korea. Figure 11 shows that the share of green exports
and imports tended to increase significantly in the 1980s, remained relatively stable
in the 1990s, and then increased again from 2000 to 2015. The shares of green
exports and imports in 1981 were about 38.2% and 28.2%, respectively, rising to
51.5% and 44.2% in 2015. These shares began to increase more rapidly after 2005.
Figure 12 shows that the trends in the green shares of the PRC contrast
those of both the Republic of Korea and the US. Since 1985, the earliest year for
which bilateral trade data for the PRC are available, the shares of green exports and
imports largely decreased until 2005 before starting to pick up. Furthermore, the
green share values for the PRC remained lower than those of the other two countries
in the study. The PRC’s shares of green exports and imports were consistently below
30% throughout the review period. Meanwhile, the shares of green exports of the
Republic of Korea and the US in 2015 were 45% and 51.5%, respectively; the shares
of green imports were 32.8% and 44.2%, respectively, in the same year. In contrast,

Green Trade Patterns and Transboundary Transmission of GHGs 137

the PRC’s respective shares in 2015 were 32.4% for green exports and 29.8% for
green imports.
The varying trends observed in the shares of green trade, imports, and
exports are largely due to the different environmental restrictions applied within
each of these three countries. For example, in 1970, the Environmental Protection
Agency was established in the US to regulate issues related to health and the
environment. The agency implemented several major federal laws to protect the
environment, including the Clean Air Act Amendments 1970 and the Global
Climate Protection Act 1987 (Hahn 1994). Similarly, the Republic of Korea
implemented a series of policies to protect the environment and transition to green
industries. The Framework Act on Low Carbon, Green Growth currently serves
as the cornerstone for the country’s environmental protection policies (Presidential
Commission of Future and Vision 2009).
The PRC is considered a developing country and therefore has prioritized
economic growth over environmental concerns. One example of this consideration
is the Kyoto Protocol, under which the PRC is listed as a non-Annex I country,
meaning it has no GHG emissions reduction targets. Therefore, differences in
the development status of countries, levels of concern for the environment, and
international pressure to protect the environment are reflected in differences in
the shares of green trade, exports, and imports between developed and developing
countries

V. Conclusion

This study aims to investigate global and country-level trends in green
trade, exports, and imports by using international bilateral trade data and GGS
classifications. I found that from 1980 to 2015 the world share of green trade,
exports, and imports increased relative to total trade, exports, and imports,
respectively. Further, the green shares of OECD countries, as high-income
countries, are relatively higher than those of non-OECD countries.
Three countries at different stages of economic development—the Republic
of Korea, the US, and the PRC—were examined individually, revealing different
trends during the review period in their respective shares of both green exports and
green imports. The share of green exports of the Republic of Korea increased from
28.2% in 1980 to 44.9% in 2015, while the share of green imports decreased from
34.8% to 32.8% in the same period. For the US, the shares of green exports and
imports rose from 38.2% and 28.2%, respectively, in 1981 to 51.5% and 44.2% in
2015. On the other hand, the PRC’s trends were very different from those of the
Republic of Korea and the US. The shares of green exports and imports in the PRC
decreased from 39.5% and 33.2%, respectively, in 1986 to 32.4% and 29.8% in
2015.
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The findings of this study contribute to the literature discussed in section II.
Using various methodologies and trade-related data and input–output tables, while
also taking into consideration the environmental effects, previous research showed
that international trade results in the transboundary transmission of GHG emissions
that are harmful to human health. Thus, a high share of exports of non-green goods
is closely related to the transfer of GHG-embodied products.
The country-level shares of green trade, exports, and imports have
demonstrated different trends and values since 1980, even though the overall world
shares have increased during the review period. Hence, it is necessary to investigate
the factors that determine these different patterns of green trade, exports, and
imports by using more sophisticated econometric methodology that controls for the
independent country-specific variables. The traditional gravity model originated by
Isard (1954) can be a useful empirical model specification in this regard. Based
on the findings of this study, promoting and supporting investment in GGS can
be a useful tool for persuading developing countries to actively participate in
international agreements to reduce GHG emissions and achieve the new climate
regime’s global temperature target.
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The Effects of Formalization on Small and
Medium-Sized Enterprise Tax Payments:
Panel Evidence from Viet Nam
Amadou Boly∗

Do firms pay more taxes after formalization? The answer to this question is
nontrivial. Tax noncompliance can be a persistent behavior among formerly
informal firms. Analyzing the relationship between formalization and tax
payments can also be challenging if nonswitching and switching firms have
different characteristics. I use a panel dataset built from five small and
medium-sized enterprise surveys conducted in Viet Nam from 2005 to 2013.
By comparing nonswitching informal firms to switchers, I show that switchers
are more likely to pay taxes and to pay a higher amount, thereby confirming
heterogeneity. By comparing switchers before and after formalization, I find
that formalization increases tax payment likelihood by 20% and the tax amount
paid by 93%. A control function approach indicates that my results are
robust to potential endogeneity of formalization. Therefore, this paper provides
supportive evidence for a key public policy rationale to promote formalization:
increased tax revenues.
Keywords: formalization, taxes, Viet Nam
JEL codes: D22, O12, O17

I. Introduction

Existing research has mainly focused on the private costs and benefits
of formalization for informal firms, with available evidence suggesting that
formalization can have a positive effect on firm performance (McKenzie and Sakho
2010; Fajnzylber, Maloney, and Montes-Rojas 2011; Rand and Torm 2012; Bruhn
and McKenzie 2014; Boly 2018).1 In contrast to most previous studies, this paper
∗
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1
Formalization, which is viewed as a deliberate private decision by the firm taken after cost–benefit analysis,
occurs when its perceived net benefits are positive (Maloney 2004; De Mel, McKenzie, and Woodruff 2013).
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asks whether a government can also benefit from formalization through additional
tax payments resulting from firms opting out of the informal sector.
Tax payments are costs to firms, and these costs will increase as a direct
consequence of formalization only if there is (partial or full) compliance with
formal tax regulations. Yet, noncompliance with formal tax or labor regulations can
persist among formerly informal firms; noncompliance is a common phenomenon
even among formal firms, including in member countries of the Organisation
for Economic Co-operation and Development (OECD 2008).2 In consequence,
the claim that formalization increases government revenues is ultimately an
empirical question, the answer to which can strengthen (or not) a key public policy
rationale for promoting the formalization of small and medium-sized enterprises
(SMEs).3
Analyzing the effects of formalization on informal firms is challenging due to
potential firm heterogeneity. Heterogeneity can come from the fact that firms opting
out of the informal sector have different characteristics (e.g., owner capabilities and
firm preferences) compared with those that remain informal. Moreover, unobserved
characteristics that affect firm outcomes may lead to formalization; if, for example,
more successful firms become more visible, leading to a higher likelihood to register
formally (McKenzie and Sakho 2010; Fajnzylber, Maloney, and Montes-Rojas
2011).
To study the relationship between formalization and tax payments, I applied
regression analysis to a panel dataset compiled using five SME surveys from Viet
Nam. I restricted the dataset to informal firms that remained informal throughout
the survey periods and to informal firms that became formal at a given point
in time (referred to as switching firms or formalized firms). Informality is a
multidimensional concept that is difficult to define. However, for my purpose,
formal firms are defined as those that registered to pay tax (obtained a tax code),
which is a commonly used indicator of formality in the literature (McKenzie and
Sakho 2010, Rand and Torm 2012).4
McKenzie and Sakho (2010) hypothesize that a profit-maximizing firm becomes formal if and only if the expected
present discounted value of the net benefits from doing so outweighs the upfront costs:
T


δt E(πF,t − πI,t ) + θlaw-abiding > CMoney + CTime + CInformation

t=1

where πF,t denotes the firm’s profits if it is formally registered at time t, and πI,t denotes the firm’s profits if it is not
formally registered at time t. θlaw-abiding denotes the utility benefit to firm owners from obeying the law and feeling
they are contributing to national welfare through paying taxes. CMoney , CTime , and CInformation denote the monetary, time,
and information costs of registering, respectively.
2
See also Basu, Chau, and Kanbur (2010) and Tedds (2010).
3
See Bruhn and McKenzie (2014), who consider that the claim that formalization is socially optimal because
it increases government revenues and reinforces a culture of respecting the rule of the law, requires more research.
4
An operational definition based on business registration would be consistent with the International Labour
Organization’s (2003) definition of informal sector enterprises, which are basically “unregistered and/or small-scale
private unincorporated enterprises that produce goods or services for sale or barter.” Other criteria of informal
employment include employment contract registration, provision of social security protection, and size of the
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However, the absence of registration does not mean that the informal sector
is not taxed, as a nonnegligible fraction of informal firms pay some sort of taxes
in Viet Nam, albeit mostly local taxes (Cling, Razafindrakoto, and Roubaud 2011,
p. 33).5 It is therefore important to ascertain that formalization leads to additional
tax payments by switching firms beyond and above what was already paid.
Using the formal status variable (status equals 0 if a firm is informal and 1
if formal), I constructed a variable called switcher, which equals 1 for all years in
which a switching firm has been observed in my sample, including the years before
formalization, and 0 if the firm remained informal throughout the survey periods.
The switcher variable, as firm-type fixed effects, allows for capturing heterogeneity
between firms remaining informal and firms that switched out of the informal
sector at some point. As a result, when included in my regression, the variable
status, which takes a value of 1 only for switching firms after they have formalized,
captures the net effect of formalization on switching firms.
By comparing nonswitching informal firms to switchers, I confirm
heterogeneity between switching firms and nonswitching firms regarding tax
payments: switchers paid a significantly higher amount of taxes than nonswitchers.
Then, by comparing switchers before and after formalization, I find that
formalization increases the likelihood of tax payment (by 20%) and the amount
of taxes (by 93%) relative to preformalization levels. This significant increase
in tax payments persists both in the short and long term. Using a control
function approach, I show that my results are robust to potential endogeneity of
formalization. I also find that the increase in tax payments is mainly driven by
a significant increase in the payment of taxes such as license fees or import and
export taxes, but not in the payment of revenue taxes that are arguably more difficult
to collect. Firm size, previous performance, and compliance inspection all have a
positive relationship with both the amount and likelihood of tax payments.
The remainder of this paper is organized as follows. Section II briefly
presents an overview of the existing empirical literature on the effects of
formalization. I describe my dataset in section III and explain the empirical
approach in section IV. Section V presents the main results and section VI
concludes.

II. Literature Review

The literature on the relationship between formalization and firm
performance has mainly focused on the private benefits for a firm. Comparing
employer (Henley, Arabsheibani, and Carneiro 2009). However, compared to having a tax code, these other definitions
may not be best fits, given that I am seeking whether formalization leads to additional tax payments.
5
See also Olken and Singhal (2011) for a discussion of informal taxation in 10 developing economies,
including Viet Nam.
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firms that were created immediately before and after a business tax reduction and
simplification scheme in Brazil, Fajnzylber, Maloney, and Montes-Rojas (2011)
find that this scheme led to increased levels of registration and to higher revenues,
profits, and employment among registered firms. Likewise, Sharma (2014) suggests
that registration leads to significant gains in both sales and value added per
employee in India. In Bolivia, McKenzie and Sakho (2010) analyze the effects
of formalization on firm profits, using the physical distance between a firm and
the tax office as an instrument. The assumption is that being closer to a tax office
increases the probability of registration. Their findings suggest that the effect of
tax registration is positive but heterogeneous. Related to the research question in
the current paper, McKenzie and Sakho (2010) also show that registered firms are
more likely to pay taxes, but not significantly more likely to be paying a larger share
of their profits as taxes.
In contrast to most previous cross-section studies, Rand and Torm (2012)
use the same panel data as in this study, but only for 2007 and 2009. Their
results indicate that registration leads to an increase in profits and investments for
Vietnamese SMEs. Boly (2018) shows that becoming formal can further increase
gross profits and the value added of switchers compared with preformalization
levels, both in the short and medium term. The present study is closest to Boly
(2018) as it uses the same dataset and empirical approach, while focusing on
analyzing the relationship between formalization and tax payments. As mentioned
previously, the majority of the existing literature focuses on the private benefits of
formalization for a firm, leaving an evidence gap on the potential social benefits,
specifically those accruing to governments.
III. Data

The description of the dataset used in this study parallels that in Boly
(2018), restricted to informal and switching firms. The dataset comes from SME
surveys conducted in Viet Nam in 2005, 2007, 2009, 2011, and 2013. The surveys,
which were conducted by the Central Institute for Economic Management and the
University of Copenhagen, cover about 2,500 firms in each year. They were carried
out in 10 locations in the cities of Ha Noi and Hai Phong, in Ho Chi Minh City, and
in the rural provinces of Ha Tay, Khanh Hoa, Lam Dong, Long An, Nghe An, Phu
Tho, and Quang Nam.
The population of nonstate manufacturing enterprises was based on two data
sources from the General Statistics Office of Viet Nam (GSO): the Establishment
Census 2002 (GSO 2004) and the Industrial Survey 2004–2006 (GSO 2008). A
representative sample of registered household and nonhousehold firms was drawn
from this population, using a stratified sampling procedure. The aim was to ensure
the inclusion of an adequate number of enterprises in each province with different
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ownership forms. For reasons of implementation, the survey was confined to
specific areas in each province or city. In addition, the GSO enterprise census
focused only on “visible” firms, which are those with fixed professional premises.
Informal household firms were included in the SME surveys based on
random onsite identification within the survey districts observed by the enumerator.
With such an identification approach, the informal firms included in the survey
are those operating alongside officially registered enterprises. These informal firms
may be relatively more competitive (and profitable) compared to informal firms
clustering in areas with no or very few formal firms (Rand and Torm 2012). In this
regard, the sample of informal firms in this study may not be fully representative of
the informal sector as a whole in Viet Nam.
Despite the aforementioned weakness, my dataset remains unique by the
number of survey years (5), number of firms, and focus on the informal sector. I
restricted my sample to firms with at least two observations. I also excluded firms
that were formal when initially entering the sample, given that my interest is in
informal firms and whether they pay more taxes after formalization. The restricted
sample is dominated by informal nonswitchers, which account for 66% of the total
number of firms, while switchers account for 34% of the total number of firms
(Appendix Table A1.1).6

IV. Empirical Approach

To examine the relationship between formalization and tax payments, I use
the following specification:
yit = ρDSi + γ Fit + βXit + λt + μi + εit

(1)

where yit is the dependent variable; DSi captures firm-type fixed effects (1 if
switchers, 0 if nonswitchers); Fit indicates whether a firm has become formal or
not (0 if a firm is informal, and 1 if the firm is formal); Xit represents additional
control variables; λt denotes a full set of time dummy variables; i indexes individual
firms; and t indexes time. As specified, my approach is comparable to a differencein-difference approach with varying treatment years.
The difference-in-difference specification (between switchers and
nonswitchers) rests on the parallel trend assumption in tax payments before
switching. A graphical check of this assumption suggests that the parallel trend
assumption holds well between 2005 and 2007 and between 2007 and 2009, but
6
I assume that once a firm becomes formal it stays formal, and I recode its formality status accordingly. In
other words, I do not allow a switcher to move back to the informal sector. This applies to about 4.2% of observations,
a proportion that I consider negligible. The main justification is that once a firm enters tax authorities’ records by
acquiring a tax code, it becomes very difficult for the firm to move again into informality.

The Effects of Formalization on SME Tax Payments in Viet Nam 145

not between 2009 and 2011. As a robustness check, I run the above specification
for different waves of the survey (see section V.C.3).
A key feature of my approach is the construction of a switcher variable
denoted by DSi , using the variable Fit (0 if a firm is informal, and 1 if the firm is
formal). If a firm has shifted out of the informal sector at any time in my survey
periods, the switcher variable equals 1 for all years in which the firm has been
observed in my sample (including the years before formalization); the switcher
variable equals 0 if the firm remained informal throughout the survey periods.
The (informal) nonswitcher group is used as control group in my regressions. The
inclusion of firm-type fixed effects in my main regressions (using dummy variable
DSi ) enables me to account for time-invariant heterogeneity between nonswitching
and switching firms. As a result, the variable Fit , which takes a value of 1 only for
switching firms after they have formalized, picks up the net effects of formalization.
However, a known limitation of the fixed-effects approach is that endogeneity due
to time-varying omitted variables is still present, although the bias gets smaller
than with cross-sectional data. I therefore discuss robustness to endogeneity in
section V.C.2.
In addition to the previously mentioned variables, I include several control
variables that could affect firms’ decisions regarding tax payments. These control
variables are summarized in Appendix Table A1.2 for the pooled sample and by
firm type.7 The control variables include (i) gender of the owner or manager (1 if
male, 0 otherwise); (ii) education level of the owner or manager (0 if secondary
school has not been completed, 1 otherwise) to proxy for the owner’s or manager’s
human capital; (iii) firm’s previous performance using previous year’s gross profits;
(iv) number of regular full-time employees (in logarithmic form), as well as the
square, to control for firm-size effects; (v) whether or not the firm holds a certificate
of land use rights to proxy for property rights; (vi) government inspections (0 if
the firm has not been subject to inspections in a given year, 1 otherwise); and
(vii) dummy variables to control for location and time factors.

V. Results

After briefly discussing some summary statistics, I present results on the
relationship between formalization and total tax payments, my main variable of
interest, using a Tobit regression that considers both the binary participation
decision and the amount paid.8

7

See also Rand and Torm (2012).
The total tax payments variable is constructed as the sum of various taxes and fees, such as taxes on revenues,
license fees, import and export taxes, luxury good taxes, property taxes, and other taxes and fees.
8
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Average Total Tax Payments—Evolution around Formalization Year

Note: Formalization year is equal to 0.
Source: Author’s calculations.

A.

Summary Statistics

As mentioned earlier, Appendix Table A1.2 describes the dependent
variables (for the pooled sample) by firm type, that is, nonswitchers and switchers
(and for switchers: overall, before switching, and after switching). I observe that
nonswitchers paid some form of taxes 57% of the time, while switchers paid taxes
90% of the time (overall), 83% of the time before switching, and 97% of the time
after switching. The differences are significant at the 1% level between nonswitchers
and switchers before switching on the one hand, and between switchers before and
after switching on the other hand.
The total tax payments made by switchers before switching (D1,778) are
significantly higher than that of nonswitchers at the 1% level (D334).9 Switchers
also pay a significantly higher amount of total taxes after joining the formal sector
(D3,792). Overall, the average total tax payments of switchers (D2,883) is about 8.6
times higher than the total tax payments of nonswitchers (D334); switching from the
informal to the formal sector resulted in tax payments increasing more than twofold
from D1,778 to D3,792.
The figure uses an events-study graph to provide an illustration of the
evolution of tax payments for switchers. In this graph, the year of formalization is
set at 0 on the x-axis. Negative numbers refer to years in the preformalization period
and positive numbers to years in the postformalization period. Although there is an
9

All monetary values are in real 1,000 Vietnamese dong (D).
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Table 1. Effects of Formalization on Total Tax Payments (Tobit)
Variables: Log (1 + taxes), (Real D1,000)
Switcher (from informal to formal)
Switcher (after formalization)

Model 1

Model 2

***

2.44***
(0.19)

2.36
(0.21)
1.06***
(0.15)

Time since becoming formal (dummy, 2 years or less)
Time since becoming formal (dummy, 4 + years)
Gender of owner or manager (female = 0, male = 1)
Owner or manager completed secondary school (no = 0, yes = 1)
Gross profits (previous year, log)
Firm size (log [1 + employment])
Firm size squared (log [1 + employment])
Share of female employees
Own land use right certificate, (no = 0, yes = 1)
Compliance inspections (no = 0, yes = 1)
Constant
Observations
Number of panels
Time dummies included
Province dummies included

0.01
(0.13)
0.19
(0.14)
0.46***
(0.07)
2.10***
(0.51)
−0.38***
(0.12)
0.39
(0.24)
0.22*
(0.12)
0.73***
(0.10)
−3.87***
(0.73)
4,795
1,306
Yes
Yes

1.39***
(0.14)
0.58***
(0.17)
0.01
(0.13)
0.21**
(0.09)
0.46***
(0.08)
2.10***
(0.43)
−0.38***
(0.11)
0.39
(0.24)
0.23*
(0.13)
0.68***
(0.14)
−3.94***
(0.93)
4,795
1,306
Yes
Yes

D = dong.
Notes: Bootstrapped standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations.

increasing trend in tax payments in the preformalization period (−8; −2), I observe
a significant jump in the short term, postformalization period (0; +2); this increase
in tax payments persists in the long term (+4; +6) compared to the preformalization
period (−8; −2).
The preliminary analysis above therefore suggests that tax payments increase
after formalization.
B.

Panel Regression

I also study the relationship between formalization and tax payments using a
random effects Tobit regression (left-censored at 0). The results in Table 1 (Model 1)
show that switchers’ total tax payments are significantly higher than nonswitchers.
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I therefore find heterogeneity between switching and nonswitching firms; that
is, switchers tend to pay higher taxes while in the informal sector than nonswitchers
do. This heterogeneity has been typically assumed or differenced out in most of the
previous studies on formalization.
The amount of switchers’ tax payments, both before and after they
formalized, is analyzed by looking at the coefficient of switcher (after
formalization). I find that formalization increases switchers’ tax amounts
significantly compared to preformalization levels (Table 1, Model 1). For switchers,
the mean marginal effects of formalization on the expected value of the censored
outcome is about 93%, and the mean marginal effects of formalization on the
expected value of the truncated outcome is about 73%, controlling for province
and year fixed effects.
To study the effects of formalization over the short and long term, I use two
dummy variables that reflect the length of time since formalization. The first dummy
(short term) is 1 for firms that have been formal for 2 years or less, while the second
dummy (long term) is for firms that have been formal for 4 years or more.10 As can
be seen in Table 1 (Model 2), the increase in total tax payments is observed both in
the short and long term. However, the coefficient for total tax payments in the short
term (2 years or less after formalization) is significantly higher than the coefficient
for tax payments in the long term (4 or more years after formalization), suggesting
a decrease in total tax payments over time. Alternatively, the higher coefficients in
the short term for total tax payments may be capturing initial entry costs into the
formal sector.
Several other control variables are noteworthy in Table 1. First, lagged gross
profits have a positive and significant relationship with tax payments at the 1%
confidence level, indicating that more successful firms pay more taxes. Second,
firm size also has a positive and significant relationship with tax payments, likely
explained by the fact that it is more difficult for larger firms to hide their activities.
Finally, undergoing at least one compliance inspection is positively related to the
amount of total taxes.
C.

Robustness Check

In this section, I test the robustness of my results to measurement errors or
possible endogeneity.

10
The time since switching to the formal sector is computed as follows. In the first survey year (2005), all
firms were informal. The first switchers are recorded in 2007, with formalization having taken place between 2005
and 2007. For all switching firms, I assume that formalization took place in the year of the survey. As a result, for
firms that were informal in 2005 but formal in 2007, the number of years since switching is 0 in 2007. For these firms
that switched in 2007, the number of years since switching becomes 2 in 2009, 4 in 2011, and 6 in 2013. The same
procedure is applied to firms that switched in 2009, 2011, or 2013.
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1.

Likelihood of Tax Payments

An advantage of the dataset used in this paper is the provision of hard
evidence on tax payments made by informal sector firms. However, asking about
tax payments through traditional survey techniques can be problematic as firms may
decide to misreport.11 Given these possible reporting errors, I conduct a robustness
check by using a dummy variable that equals 1 when tax payments are strictly
positive (see summary statistics in Appendix Table A1.2). This dummy dependent
variable reflects the binary participation decision to pay or not to pay taxes; it is
estimated using a random effects logit regression.
Table 2 shows that switchers’ likelihood of paying taxes is significantly
higher than nonswitchers (Model 1). The results also suggest that becoming formal
is positively and significantly associated with an increased likelihood to pay taxes
when looking at the coefficient of switcher (after formalization). Table 2 also shows
that an increased likelihood of paying taxes is observed both in the short and long
term (Model 2).
2.

Endogeneity12

This section analyzes the robustness of my results to potential endogeneity
of formalization, using a control function approach (Wooldridge 2015).
As a first step, I estimate a model of the endogenous explanatory variable:
Fit = 1 [βXit + ωIit + νit ] = 1 [δZit + νit ]

(2)

where 1[.] is the binary indicator function; Fit , the dependent variable, is a dummy
variable that takes a value of 1 if a firm is formal and 0 otherwise; Xit are control
variables described earlier in section IV; Iit corresponds to a set of exogenous
variables that are omitted from equation (1) and that are partially correlated with
formalization; Zit = (Xit , Iit ); and νit is an error term.
As a second step, I compute generalized residuals, r̂it , based on results
obtained from equation (2) as follows:

 

(3)
r̂it = Fit λ δ̂Zit − (1 − Fit )λ −δ̂Zit
where λ(.) = ϕ(.)/ (.) is the inverse Mills ratio.
As a third and final step, I reestimate equation (1) by adding r̂it as an
additional regressor to control for endogeneity.
To construct Iit , I take the annual provincial-level averages for the following
two binary variables: access to powered equipment (1 if with access, 0 otherwise),
11
For example, the World Bank Enterprise Surveys ask about “compliance of similar firms to yourself” to
limit the threat of getting wrong responses.
12
See also Boly (2018).
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Table 2. Effects of Formalization on Total Tax Payments (Logit)
Variables: Dummy Variable (1 if Taxes > 0)
Switcher (from informal to formal)
Switcher (after formalization)

Model 1

Model 2

***

1.77***
(0.21)

1.72
(0.21)
1.95***
(0.26)

Time since becoming formal (dummy, 2 years)
Time since becoming formal (dummy, 4 + years)
Gender of owner or manager (female = 0, male = 1)
Owner or manager completed secondary school (no = 0, yes = 1)
Gross profits (previous year, log)
Firm size (log [1 + employment])
Firm size squared (log [1 + employment])
Share of female employees
Own land use right certificate (no = 0, yes = 1)
Compliance inspections (no = 0, yes = 1)
Constant
Observations
Number of panels
Time dummies included
Province dummies included

0.03
(0.13)
0.10
(0.12)
0.33***
(0.08)
1.39***
(0.41)
−0.29***
(0.11)
0.37
(0.24)
0.23*
(0.12)
0.66***
(0.15)
−4.07***
(0.82)
4,795
1,306
Yes
Yes

3.32***
(0.50)
1.23***
(0.30)
0.02
(0.13)
0.12
(0.12)
0.33***
(0.08)
1.36***
(0.41)
−0.29***
(0.11)
0.37
(0.24)
0.22*
(0.13)
0.64***
(0.15)
−4.13***
(0.82)
4,795
1,306
Yes
Yes

Note: *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations.

and bribe payments (1 if the firm has made any bribe payments in a given year, 0
otherwise). Here, I restrict my sample to only always-formal firms and formalized
firms (i.e., switchers once they have switched), with the latter included in the year
following formalization. As noted in section III, informal firms in the sample were
selected based on random onsite identification in the neighborhoods of formal firms.
In Viet Nam, over 80% of formal firms consider that registration is beneficial, while
nearly 50% of informal firms do not see any value to it (Cling, Razafindrakoto,
and Roubaud 2012). My exclusive restriction assumption is that informal firms
are more likely to formalize when they can observe formal firms’ characteristics
and potentially attribute those characteristics to formalization. Yet, these formal
firms’ observable characteristics will not affect informal firms’ tax payment
behavior.

The Effects of Formalization on SME Tax Payments in Viet Nam 151
Table 3. Effects of Formality on Total Tax Payments and Likelihood to Pay
Taxes—Control Function Approach

Variables

Formal
(No = 0,
Yes = 1),
Probit

Time since becoming formal
(dummy, 2 years)
Time since becoming formal
(dummy, 4 + years)
Generalized residuals

Firm size squared (log [1 +
employment])
Share of female employees
Own land use right certificate
(no = 0, yes = 1)
Compliance inspections (no = 0,
yes = 1)
Access to machinery by formal
firms (province-level average of
dummy: 0 = no, 1 = yes)
Bribe paid by formal firms
(province-level average of
dummy: 0 = no, 1 = yes)
Constant
Observations
Time dummies included
Province dummies included
Number of panels

(2)

2.36
(0.19)
1.06***
(0.14)

Switcher (after formalization)

Firm size (log [1 + employment])

(1)
***

Switcher (from informal to formal)

Gender of owner or manager
(female = 0, male = 1)
Owner or manager completed
secondary school (no = 0,
yes = 1)
Gross profits (previous year, log)

Log Tax
(Real D1,000), Tobit

−0.12*
(0.07)
0.38***
(0.06)
0.35***
(0.06)
1.01***
(0.22)
−0.16***
(0.05)
−0.28**
(0.12)
0.01
(0.06)
−0.04
(0.06)
8.70***
(0.91)

Logit
(1 if Taxes > 0)
(1)

***

2.45
(0.19)

(2)
***

0.22
(0.02)
0.06***
(0.02)

0.23***
(0.02)

0.00
(0.17)
0.01
(0.14)
0.19*
(0.10)

1.44***
(0.18)
0.62***
(0.22)
−0.07
(0.17)
0.01
(0.11)
0.21*
(0.12)

0.03
(0.02)
0.01
(0.02)
0.01
(0.01)

0.10***
(0.02)
0.02
(0.02)
0.02
(0.02)
0.01
(0.01)
0.01
(0.01)

0.46***
(0.09)
2.10***
(0.43)
−0.38***
(0.11)
0.39
(0.27)
0.22*
(0.12)
0.73***
(0.16)

0.46***
(0.08)
2.11***
(0.45)
−0.38***
(0.12)
0.39*
(0.24)
0.23*
(0.14)
0.68***
(0.13)

0.04***
(0.01)
0.19***
(0.05)
−0.04***
(0.01)
0.05*
(0.03)
0.03*
(0.01)
0.08***
(0.02)

0.04***
(0.01)
0.20***
(0.05)
−0.04***
(0.01)
0.05*
(0.03)
0.03
(0.02)
0.08***
(0.02)

−3.87***
(0.92)
4,795
Yes
Yes
1,306

−3.94***
(0.82)
4,795
Yes
Yes
1,306

−0.28***
(0.10)
4,795
Yes
Yes
1,306

−0.28***
(0.09)
4,795
Yes
Yes
1,306

−0.70***
(0.12)
−13.38***
(0.93)
4,795
Yes
No

D = dong.
Notes: Bootstrapped standard errors in parentheses; *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations

The results of the first-step regression in the first columns of Table 3 (Formal,
Probit) indicate that bribes paid by a formal firm have a negative and significant
effect on the likelihood of formalization, while access to powered equipment has
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a positive and significant effect. As a result, Iit fulfills a requirement of the control
function approach that at least one exogenous variable that is omitted from equation
(1) be partially correlated with the dependent variable in equation (2).
The results of the third step (in the control function approach described
above) are also presented in Table 3, both for the total tax amount and the likelihood
to pay tax. They suggest that endogeneity is not an issue. This provides supportive
evidence that formalization can have a positive effect on switchers’ total tax
payments and that this effect can persist over time for the amount paid but not the
likelihood to pay tax.
3.

Unbalanced Panel

This paper uses an unbalanced panel, which includes only firms with at
least two observations. However, if firms that remain informal are more likely to
drop out of the panel (as formalized firms are more visible and easier to locate
in subsequent rounds), then this would bias the estimates derived from firms that
remain in the panel. As a first robustness check to the unbalanced panel issue, I run
regressions using the full sample, or the sample of firms with at least three, four, or
five observations. In the second check, I keep firms with at least two observations
but vary the number of survey waves, starting with the first two waves in 2005 and
2007.
In all cases, the full model (including controls) is estimated. However, in
Appendix Table A2.1 (varying sample size) and Appendix Table A2.2 (varying
number of waves), I present the coefficients for only the variables switcher (from
informal to formal) and switcher (after formalization) to save space. My results
show that switching firms are different from informal nonswitchers and that the
effect of formalization is positive and significant at conventional levels for all
samples.
D.

Discussion

To explore where the increase in tax payments after formalization comes
from, I make a distinction between revenue taxes and other taxes, with the latter
obtained by excluding revenue taxes from total tax payments. Such a distinction is
motivated by the difficulty to monitor and collect income taxes compared with other
types of taxes such as license fees or import and export taxes. This difficulty partly
explains the use of presumptive taxes for taxing informal sector activities (Joshi,
Prichard, and Heady 2014; Dube and Casale 2016).
Regression analysis indicates that both the likelihood of payments and the
amount paid in revenue-related taxes and other taxes by switchers are significantly
higher after formalization (Appendix Table A2.3). However, a large share of
additional taxes after formalization appears to come from other types of taxes,
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not revenue-related taxes. Indeed, switchers report only a small increase in revenue
taxes paid before and after switching, based on the sample overall average (D1,152
before switching and D1,175 after switching); while other tax payments appear
to increase significantly at more than double the amount paid in revenue-related
taxes (D625 before switching and D2,616 after switching). Such a result could
suggest that some firms formalize when they realize that in order to start importing
or exporting, they need a tax identification number to make subsequent traderelated tax payments. To some extent, these results also confirm that revenue-related
taxes can be challenging to collect, even after formalization, compared with other
types of taxes such as license fees or import and export taxes. Arguably, collecting
trade taxes mainly requires being able to control trade flows at major entry points
(e.g., ports, airports, or land borders), while collecting income or sales taxes
requires major investments in enforcement and compliance structures throughout
the entire economy.
Overall compliance with tax obligations is another interesting aspect that
can be considered when analyzing tax payments. To obtain an estimate of the
degree of overall compliance, I compared reported total taxes paid to revenue
levels by switchers, before and after formalization. However, a precise computation
of the level of compliance would require a tax calculator, which is beyond the
scope of this paper. The results on compliance should therefore be treated with
caution.
I find that, using an overall average, the total tax-to-revenue ratio of switchers
slightly increased from 1.26% before formalization to 1.44% after formalization.13
Using fractional regression, given that the ratio of total tax to revenue is between
0 and 1, I find that the increase in the compliance level is significant at the 1%
level.14 Notably, the compliance rate of switchers, even after formalization, remains
below that of always-formal firms, which stands at 3.47% in my sample, suggesting
that switchers may still not be fully compliant with their tax obligations even after
joining the formal sector.
VI. Concluding Remarks

Using a panel dataset consisting of five waves of SME surveys in Viet Nam,
this paper analyzes the relationship between formalization and tax payments. Such
an analysis can be challenging because of potential firm heterogeneity, due to the
fact that firms choosing to formalize can have different underlying characteristics
compared with the ones that remained informal.

13
These levels are in line with the lower bound of estimates (1.3%–5% of annual income) provided by
Demenet (2016, p. 40).
14
The results of these calculations are available from the author upon request.
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To control for unobserved heterogeneity, I created dummy variables that
distinguish between two groups of firms in my sample: those that remain informal
and those that switch to the formal sector at some point. As a result, when
the variable status, which takes a value of 1 only for switching firms after they
have formalized, is included in my regression, it picks up only the net effects of
formalization on tax payments.
My results show that switching firms are different from informal
nonswitching firms regarding total tax payments. Such heterogeneity is typically
assumed in most previous studies on formalization but not explicitly assessed. After
formalization, I observe a significant increase in the amount and likelihood of tax
payments, both in the short and long term. These results are mainly driven by a
significant increase in the payment of other types of taxes—such as license fees,
import and export taxes, and property taxes—not in the payment of revenue taxes.
Overall, my results are supportive of government efforts to reduce the size
of the informal sector by promoting formalization. Such efforts are likely to
result in additional revenues for governments, which is an important assumption
underpinning the public policy rationale for promoting formalization.
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Appendix 1

Table A1.1. Frequency of Sample Firm Types
Overall
Firm Type
Informal nonswitchers
Switchers (informal to formal)
Total
Source: Author’s calculations.

Between

Frequency

Percentage

Frequency

Percentage

3,170
1,859
5,029

63
37
100

896
458
1,354

66
34
100

333.9
0.569

0.679
0.391
23,182
3.39
0.413
0.734
0.132

874
874
874
874
874
874
874

Mean

874
874

N

0.205

27,309
3.006
0.257
0.348

0.403

0.388

1,030
0.375

SD

432

432
432
432
432

432

432

432
432

N

0.306

52,155
6.637
0.328
0.685

0.52

0.733

2,883
0.902

Mean

Overall

0.266

61,918
6.048
0.247
0.37

0.386

0.351

7,453
0.192

SD

432

432
432
432
423

432

432

432
432

N

0.381

44,181
7.069
0.326
0.671

0.464

0.748

1,778
0.834

Mean

0.466

0.405

5,672
0.333

SD

0.427

110,186
7.567
0.271
0.440

Before
Switching

432

432
432
432
432

432

432

432
432

N

0.241

57,961
6.171
0.333
0.697

0.574

0.721

3,792
0.969

Mean

After
Switching

0.333

66,845
5.602
0.260
0.405

0.436

0.400

1,1113
0.126

SD

D = dong, N = number of observations, SD = standard deviation.
Notes: The time series average of each variable is first calculated by firm before the average group statistics are computed. Although this table shows the amounts of taxes, gross
profits, and the number of employees, I use their log transformations in regressions.
Source: Author’s calculations.

Dependent
Total taxes paid (real D1,000)
Dummy total taxes (1 if total taxes > 0,
0 otherwise)
Independent
Gender of owner or manager (female = 0,
male = 1)
Owner or manager completed secondary
school (1 if completed, 0 otherwise)
Gross profits (previous year)
Firm size (log [1 + employment])
Share of female employees
Own land use right certificate (no = 0,
yes = 1)
Compliance inspections (no = 0, yes = 1)

Variables

Nonswitchers

Switchers (Informal to Formal)

Table A1.2. Summary Statistics of Dependent and Independent Variables by Firm Type
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Appendix 2

Table A2.1. Effects of Formalization on Total Tax Payments (Tobit)—Varying Sample Sizes
Minimum Observations in Panel
Variables: Log (1 + Taxes), (Real D1,000)
Switcher (from informal to formal)
Switcher (after formalization)
Constant
Observations
Number of panels
Other controls
Time dummies included
Province dummies included

1

2

3

4

5

2.31***
(0.18)
1.14***
(0.15)
−3.29***
(0.94)
5,155
1,666
Yes
Yes
Yes

2.57***
(0.21)
1.12***
(0.17)
−3.07***
(0.83)
4,795
1,306
Yes
Yes
Yes

2.60***
(0.21)
1.09***
(0.20)
−3.63***
(0.99)
4,240
1,020
Yes
Yes
Yes

2.75***
(0.21)
0.90***
(0.19)
−4.25***
(1.20)
3,393
731
Yes
Yes
Yes

2.72***
(0.31)
0.75***
(0.23)
−3.48***
(1.31)
2,773
570
Yes
Yes
Yes

D = dong.
Notes: Bootstrapped standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations.

Table A2.2. Effects of Formalization on Total Tax Payments (Tobit)—Varying
Survey Waves
Variables: Log
(1 + Taxes),
(Real D1,000)

2005–
2007

2.71***
Switcher (from
informal to
(0.26)
formal)
Switcher (after
1.07***
formalization) (0.20)
Constant
−4.23***
(1.33)
Observations
1,962
Number of
1,075
panels
Other controls
Yes
Time dummies
Yes
included
Yes
Province
dummies
included

2005–
2009

2005–
2011

2005–
2013

2007–
2009

2007–
2011

2007–
2013

2009–
2011

2009–
2013

2011–
2013

2.82*** 2.61*** 2.57*** 2.45*** 2.27*** 2.32*** 1.67*** 1.77*** 0.79
(0.23)
(0.20)
(0.21)
(0.23)
(0.21)
(0.21)
(0.36)
(0.35)
(0.59)
1.54*** 1.31*** 1.12*** 1.90*** 1.58*** 1.34*** 2.32*** 1.99*** 2.40***
(0.14)
(0.18)
(0.17)
(0.23)
(0.17)
(0.17)
(0.33)
(0.30)
(0.57)
−3.67*** −3.81*** −3.07*** −6.67*** −6.04*** −4.41*** −6.40*** −4.43*** −2.35
(0.95)
(1.01)
(0.83)
(1.17)
(0.87)
(1.06)
(1.12)
(1.18)
(1.45)
3,017
3,979
4,795
2,128
3,090
3,906
2,017
2,833
1,778
1,204
1,306
1,306
1,203
1,305
1,305
1,157
1,157
970
Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes
Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes

D = dong.
Notes: Bootstrapped standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations.
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Table A2.3. Effects of Formalization on Revenue and Other Tax Payments
Revenue-Related Taxes
Variables
Switcher (after formalization)
Gender of owner or manager (female = 0,
male = 1)
Owner or manager completed secondary school
(1 if completed, 0 otherwise)
Gross profits (previous year)
Firm size (log [1 + employment])
Firm size squared (log [1 + employment])
Share of female employees
Own land use right certificate (no = 0, yes = 1)
Compliance inspections (no = 0, yes = 1)
Constant
Observations
Number of panels
Time dummies included
Province dummies included

Other Taxes

Tobit

Logit (1 if
Taxes > 0)

Tobit

Logit (1 if
Taxes > 0)

4.52***
(0.76)
−0.64
(0.79)
0.30
(0.62)
1.26***
(0.40)
8.78***
(2.65)
−1.50***
(0.57)
−0.40
(1.18)
−0.53
(0.57)
0.65
(0.76)
−20.96***
(4.66)
1,744
432
Yes
Yes

1.01***
(0.23)
−0.15
(0.17)
0.05
(0.15)
0.28**
(0.11)
1.88***
(0.58)
−0.32***
(0.12)
−0.11
(0.28)
−0.09
(0.17)
0.15
(0.17)
−4.53***
(1.20)
1,744
432
Yes
Yes

1.60***
(0.19)
0.03
(0.13)
0.23
(0.14)
0.35***
(0.09)
2.76***
(0.61)
−0.55***
(0.14)
−0.08
(0.28)
−0.20
(0.12)
0.36***
(0.13)
−1.93**
(0.93)
1,744
432
Yes
Yes

3.19***
(0.45)
0.36
(0.27)
−0.07
(0.28)
0.31**
(0.13)
3.46***
(0.86)
−0.75***
(0.19)
−0.01
(0.57)
−0.26
(0.27)
0.67**
(0.30)
−4.19***
(1.54)
1,744
432
Yes
Yes

Notes: Bootstrapped standard errors in parentheses. *** p < 0.01, ** p < 0.05, * p < 0.1.
Source: Author’s calculations.

Measuring the Ecological Efficiency of Thermal
Power Plants: Evidence from Pakistan
Imran Qaiser and Theocharis Grigoriadis∗

This paper assesses the environmental and economic efficiency of thermal
plants operating on fossil fuels in Pakistan using methods based on data
envelopment analysis. Using the material balance principle, we find that
cost- and carbon-efficient points can only be obtained simultaneously by
switching to gas. However, under an assumption of variable returns to scale,
these points can still be obtained without this conversion through the application
of best practices. Furthermore, about 26% of costs and about 34% of carbon
emissions can be reduced without a switch to gas, but instead by using
technically efficient inputs; this approach can also lead to a significant reduction
in electricity prices and considerable environmental benefits. Power plants
operating on residual fuel oil are significantly more technically efficient than
plants operating on gas. Nonetheless, both types of plants have an equal share
in forming the metafrontier as exhibited by the meta-technology ratio. There
is a definite need to make plants more efficient by using the best possible
combination of inputs and overhauling. Bootstrap results also suggest that
further improvement in efficiency is possible.
Keywords: carbon dioxide emissions, cost efficiency, environmental efficiency,
material balance principle
JEL codes: B21, C61, D61, Q53

I. Introduction

Pakistan has faced a severe electricity crisis in recent years. Since 2006, the
country has been confronted with power breakages and regular load shedding that
lasts for several hours per day. Electricity demand has increased over the years, but
power generation has not seen a corresponding increase during the last 2 decades.
Many plants are producing electricity below their capacity for the following
reasons: (i) a shortage of gas and oil, (ii) circular debt and late payments to electric
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utilities, and (iii) delayed overhauling.1 As a result, the regular maintenance of
power plant machinery, which should take place regularly at intervals of 5 years,
generally does not happen. This has led to the deterioration of machinery and a loss
of fuel efficiency, resulting in a reduction in plant efficiency and production, and
increased fuel costs. Moreover, low efficiency and excessive fuel usage have led to
additional carbon dioxide (CO2 ) emissions and environmental degradation.
In recent years, emphasis has been given to reducing greenhouse gas (GHG)
emissions; yet the main obstacle to controlling air pollution is the trade-off between
cost and carbon efficiency. Chen, Yeh, and Lee (2013) revealed a significant
difference in the efficiency scores obtained by two specifications with and without
CO2 emissions under the framework of data envelopment analysis (DEA). Welch
and Barnum (2009) explored the wide gap that exists between the cost and carbon
efficiency of electric utilities in the United States (US). An increase of 78.9% was
found in transitioning from the cost-efficient point to the carbon-efficient point. At
the same time, there was an increase of 38% in carbon emissions to transition to the
cost-efficient point from the carbon-efficient point. Sarıca and Or (2007) concluded
that the empirical relationship between environmental cost and scale efficiency is
weak, as indicated by the low R-squared. According to Murty, Kumar, and Dhavala
(2007), the technical and environmental inefficiency of thermal power plants in
the Indian state of Andhra Pradesh was revealed to be 0.1, which suggested that
production could be increased by 10% while reducing the generation of GHGs by
10%.
Electricity generated by thermal plants that use fossil fuels is the main
source of global CO2 emissions.2 Furthermore, electricity generation in South Asia
mainly depends on fossil fuels. Plants that produce electricity from natural gas are
carbon efficient but bear more costs than those plants that are carbon inefficient
(Welch and Barnum 2009). However, there may be few firms that are both cost
and carbon inefficient; similarly, plants may exist that are both cost and carbon
efficient. A key goal of this paper is to explore plants that are simultaneously cost
and carbon efficient, as well as plants that are cost and carbon inefficient, under
the assumption of variable returns to scale. Furthermore, it is important to find
out how much extra cost must be borne to reach the carbon-efficient point. Cost
efficiency helps to locate points on the efficient frontier that minimize output while
also estimating the potential of cost reduction with current output (Farrell 1957).
Färe, Grosskopf, and Lovell (1985) used input prices and the quantity of both inputs
and outputs to estimate cost efficiency with linear programming; Camanho and
Dyson (2005) introduced a measure of cost efficiency that uses weight-restricted
1
The State of Industry is an annual report compiled by the National Electric Power Regulatory Authority. The
report analyzes the status of power generation, distribution, and demand in Pakistan each year, and it elaborates on
the various challenges facing the energy sector.
2
Center for Climate and Energy Solutions. Global Emissions. https://www.c2es.org/content/international
-emissions/.
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DEA (see Jahanshahloo, Mirdehghan, and Vakili [2011] for an overview of methods
and a simplified modeling approach).
Song et al. (2012) highlight three classes of DEA efficiency models that
incorporate undesirable outputs. The first class of models treats undesirable outputs
as inputs (Berg, Førsund, and Jansen 1992; Hailu and Veeman 2001); however, it
does not reveal the true production process at any point (Seiford and Zhu 2002).
The second class of models focuses on data transformation into undesirable outputs.
Environmental efficiency is then estimated with standard DEA modeling (Seiford
and Zhu 2002; Hua, Bian, and Liang 2007). This class of models is solvable
only under the variable returns to scale assumption due to convexity constraints
(Song et al. 2012). In the third class of models, the disposability of production
technology is included in the DEA model (Färe et al. 2005). Given its focus
on the output of pollution abatement activities, the directional output distance
function is the appropriate DEA model if desirable and undesirable outputs are
optimized simultaneously (Chung, Färe, and Grosskopf 1997). The inclusion of the
material balance principle (MBP) into the DEA framework relates to the first law of
thermodynamics: material inputs are either incorporated into desirable outputs or
emitted as undesirable byproducts (Ayres and Kneese 1969). Furthermore, Coelli,
Lauwers, and Van Huylenbroeck (2007); Førsund (2009); and Lauwers (2009)
introduced the MBP into efficiency analysis for pollution modeling.
The purpose of a DEA efficiency model is to estimate the distance between
efficient and actual production points. By doing so, DEA methodology allows the
computation of cost efficiency and GHG emissions reduction potential for Pakistan.
Moreover, reductions in emissions and cost per unit are not linearly related to the
use of fossil fuels but depend on the best market and industry practices that have
developed under the assumption of variable returns to scale. The distance of each
production unit from the technically efficient point on the production frontier is
estimated to determine the degree of technical efficiency. Similarly, the distance
of each decision-making unit from the isocost line is estimated to find the cost
efficiency, whereas the distance of each production unit from the carbon-efficient
point on the isocarbon line is used to identify carbon efficiency. The potential
cost and carbon emissions savings are, therefore, determined by the distance to the
efficient frontier, which lies at the core of the DEA approach.
Our paper uses the MBP used by Welch and Barnum (2009) for US
electric utilities to estimate cost and carbon efficiency. Furthermore, we use the
meta-technology ratio previously applied by Seifert, Cullmann, and von
Hirschhausen (2016) to German thermal power plants to explore which type of
fuel comprises the major share in shaping the technically efficient production
frontier. Therefore, our work is the first evaluation study for South Asia (specifically,
Pakistan) that comprehensively discusses the ecological efficiency of a power sector
that produces electricity from fossil fuels.
Most of the literature has focused on the estimation of technical efficiency
or total factor productivity (TFP) change through DEA methods, where undesirable
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output from these plants was ignored; it was taken either as a negative output or
as an additional input, since a cost must be borne to dispose of the undesirable
output. In our paper, we provide a method that identifies how both carbon and cost
efficiency can be increased simultaneously by changing the combination of carbon
inputs, therefore suggesting a novel definition of ecological efficiency.
This paper concentrates on GHG emissions produced by thermal power
plants. However, electric utilities operating on fossil fuels emit many other types
of gases and substances. While these are not GHGs, they pollute the environment
and may pose a significant danger to people’s health, including gases such as sulfur
dioxide (SO2 ) and nitrogen oxide (NOx ), as well as particulate matter (PM). SO2
may exacerbate heart disease and respiratory illnesses, particularly among children
and elderly people. NOx can cause lung diseases, while PM causes hazy conditions
and thus asthma, lung cancer, and chronic bronchitis (US EIA 2018). The estimation
of CO2 emissions as a result of combustion processes is comparatively simpler
as it requires a CO2 emission factor as a function of the fuel property, whereas
non-GHG emissions require additional parameters such as the type of technology or
boiler, combustion process, fuel properties, operating and maintenance conditions,
size of the equipment, and emissions control policy (Amous et al. 2014). Hence,
the estimation of non-CO2 emissions requires more data on the production process.
Very few studies have been carried out on the estimation of non-CO2 emissions
from selected power plants by monitoring engine emissions. Athar, Ali, and Kahn
(2010) estimated pollutant emissions by monitoring four thermal power plants for
6 months. They found that emissions were high in the diesel-engine-based power
plants, while turbine-based power plants emitted lower levels of pollutants. Sulfur
emissions were high under both technologies due to the high sulfur content of
the fuel. Ali, Athar, and Ali (2007) estimated non-CO2 emissions by monitoring
fossil-fuel-based power plants near Raiwind, Pakistan, with some of the emission
parameters being higher than the World Bank standards and National Environment
Quality Standards for power plants.
We estimate technical efficiency by assuming variable returns to scale. An
estimation of TFP change; technological change; and pure, scale, and technical
efficiency changes over time are also considered. This paper has been organized as
follows. Section II discusses energy markets and environmental policy in Pakistan.
Section III describes data sources and variables. Section IV provides the empirical
strategy of the paper. Results are presented in section V. Conclusions and policy
recommendations are offered in section VI.
II. Energy Markets and Environmental Policy in Pakistan

In Pakistan, natural gas is less costly and more environmentally friendly
than other fossil fuels in terms of power generation (Tables 1 and 2). However,
due to shortages and the inaccessibility of natural gas, many plants cannot use it
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as their fuel input. Thus, the power industry in Pakistan cannot completely switch
over to natural gas. Gas prices are not determined by market mechanisms since the
Pakistani gas market is fully regulated. The Government of Pakistan is responsible
for natural gas pricing as well as for natural gas development, allocation, and
distribution. Energy policy determination occurs on the basis of the government’s
socioeconomic and political agenda rather than profit maximization. Long-term
agreements between the government and gas-producing companies constitute the
financial basis for the cost of production, which is linked to the international prices
of crude oil and high-sulfur fuel oil. Gas companies operating under the gas tariff
regime face significant gas losses, which have increased over the last few years.3
This has serious implications for their profits. The Pakistani Oil and Gas Regulatory
Authority (OGRA) is the main administrative body for regulating energy markets
and activities related to all stages from exploration and development to transmission
and distribution. Distribution and transport of natural gas through pipelines is
carried out by two public sector companies, the Sui Northern Gas Pipeline Limited
and the Sui Southern Gas Company Limited. OGRA sets the price for natural gas
upon federal government approval.
Natural gas resources in Pakistan are rapidly depleting. Significant growth
in the compressed natural gas (CNG) industry has further widened the gap
between demand and supply. Nevertheless, due to the measures taken by the
Hydrocarbon Development Institute of Pakistan, the CNG industry has grown
significantly. The Government of Pakistan has established various incentives for
the growth of this industry in order to provide cost- and environment-efficient fuel
for the transportation sector. According to the National Electric Power Regulatory
Authority (NEPRA) (2014), the power industry alone requires more than twice the
quantity of natural gas than is currently available. The few power plants that can use
multiple types of fuel—such as Thermal Power Station Jamshoro (850 megawatts
[MW]), Thermal Power Station Muzaffargarh (1350 MW), and Gas Power Station
Multan (195 MW)—have to switch to residual fuel oil (RFO) to overcome natural
gas shortages. Thermal Power Station Jamshoro has four electricity units, three of
which can use either natural gas or oil. However, these three units rely completely
on RFO, particularly during winter, due to natural gas shortages.
Due to technological constraints, there are some power plants that cannot
easily switch to other fuels. The Government of Pakistan is considering proposals
to convert imported oil-fired power plants to liquefied natural gas-fired or coal-fired
plants. Specifically, one proposal is the conversion of some power plants from RFO
fired to liquefied natural gas fired in order to reduce import dependence, the cost of
power generation, and CO2 emissions. A second proposal is to convert some power
3
Under the gas tariff regime, OGRA determines the tariffs of all regulated activities under the OGRA
ordinance issued in 2002 (OGRA 2017). The difference between the total volume of the gas supplied and the gas
volume sold or billed is defined as “unaccounted for gas” (Sui Northern Gas Training Institute 2016).
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plants from dual fuel based to coal fired in order to overcome natural gas shortages
and reduce the cost of production. The International Monetary Fund, under an
agreement with the Government of Pakistan in September 2013, recommended the
transition of the power industry from RFO to indigenous natural gas. This measure
is necessary to reduce the cost of electricity generation, which stands at 12 rupees
(PRs) per unit against the end-user price of PRs9 per unit (Aftab 2014). In this
paper, we propose a policy solution that simultaneously reduces both costs and CO2
emissions amid natural gas shortages.
The first ordinance on environmental protection led to the establishment
of the Pakistan Environmental Protection Council in 1984. In 1997, Parliament
introduced the Pakistan Environmental Protection Act, which created the country’s
Environmental Protection Agency (EPA). The EPA was granted authority to
undertake legal action against environmental polluters. Despite the imposition of
national environmental standards in 1999 under the Environmental Protection Act,
the World Health Organization, Pakistan Council of Research in Water Resources,
and Health Effects Institute have observed that environmental regulations have been
ineffective and unable to achieve their goals due to poor implementation (Sohail
et al. 2014).
NEPRA has set standards for pollutant emissions by thermal power plants in
compliance with national and World Bank environmental quality standards. Table 1
provides NEPRA emissions standards as reported in the licenses of some thermal
power plants.
Nevertheless, Ali, Athar, and Ali (2007) and Athar, Ali, and Kahn (2010)
argue that most Pakistani thermal plants have failed to comply with the standards
of the EPA and NEPRA. The figure indicates seasonal fluctuations in pollutant
emissions. Pollutant emissions are high in June and July due to high demand for
electricity during these months. Natural gas is more environmentally friendly as it
emits lower levels of pollutants than the other fuels. Based on evidence from the
licenses of the Jamshoro Company, natural gas has negligible emissions of SO2
and PM. On the other hand, furnace oil produces SO2 , NOx , and PM emissions at
considerable rates.
Evidence from the Global Energy Observatory (2016) shows the territorial
distribution of Pakistani thermal power plants, most of which are located in Sindh
province and southern Balochistan, as well as in Central and South Punjab. The
Northwest Frontier Province of Khyber Pakhtunkhwa as well as the North Punjab
and nearby regions are known for their hydropower projects. Emission monitoring
stations have been established throughout the country under the government’s Clean
Air Program. However, plant-level emissions data for Pakistan are not accessible on
a full scale (other than what is shown in the figure). Information on the specification
of boiler configurations at the unit level and on emission factors for each fuel is not
publicly available either. The provision of these datasets would help researchers
immensely in estimating pollutant emissions. Policy makers would also be in a
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Table 1. National Electric Power Regulatory Authority Environmental Quality Standards
Pollutants
and Fuel

Plant Name
Attock Gen
Limited,
Morgah
Rawalpindi
(165 MW)
Atlas Power,
Sheikhupura
(225 MW)
Nishat Chunian
Power
(200 MW)
Nishat Power
Limited
(200 MW)
Engro Energy
Limited,
Karachi
(217 MW)

SOx

NOx

CO

PM10

RFO

20 g/s

67 g/s

1.7 g/s

RFO

0.35 t/d MWe
(max)

1,700 ppm

90 ppm

70 ppm

Primary fuel
(RFO)

2,030 mg/Nm3
(max)

2,000 mg/Nm3
(max)

100 mg/Nm3
(max)

110 mg/Nm3
(max)

Primary fuel
(RFO)

2,030 mg/Nm3
(max)

2,000 mg/Nm3
(max)

100 mg/Nm3
(max)

110 mg/Nm3
(max)

Natural gas
High-speed
diesel

54 mg/Nm3
400 mg/Nm3

79 mg/Nm3
143 mg/Nm3

103.3 mg/Nm3
86.7 mg/Nm3

53.3 mg/Nm3
43.3 mg/Nm3

CO = carbon monoxide, g/s = grams per second, mg/Nm3 = milligrams per cubic meter, MW = megawatt, NOx =
nitrogen oxide, RFO = residual fuel oil, PM10 = particulate matter (diameter of 10 micrometers), ppm = parts per
million, SOx = sulfur oxide, t/d MWe = tons per day of megawatt electricity.
Note: Engro Energy Limited Karachi uses both natural gas and high-speed diesel.
Source: National Electric Power Regulatory Authority. Licenses. https://nepra.org.pk/licensing/lic_gencos.php.

position to make more informed decisions toward the achievement of sustainable
development goals.
III. Data

Data for Pakistan for 2010–2014 have been collected from the State of
Industry reports published by NEPRA. Power System Statistics is an annual
publication of the National Transmission and Dispatch Company Limited (2014).
The heat content or the calorific value of each fuel—converted from the original
units into million British thermal units (MMBTUs)—was gathered from the OGRA
and US EIA websites.4 The source of fuel in Pakistan for electricity generation
during the review period was domestic natural gas and imported oil from the Gulf
countries. Hence, the CO2 emission factor for each fuel has remained stable.
Table 2 shows that natural gas is the most climate-friendly fuel, whereas coal
has the highest CO2 emission factor.
The data on the heat rate of each plant is computed using the following US EIA formula: Heat rate =
Heat rate is the amount of energy that a plant requires to produce 1 kilowatt-hour of electricity
(US EIA 2016). Total CO2 emissions per 1 kilowatt-hour of electricity are calculated by dividing the product of the
CO2 emission factor for each fuel per MMBTU and the heat rate by 1 million.
4

total fuel inputs in MMBTU
.
total output in kWh
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NOx = nitrogen oxide, RFO = residual fuel oil, PM10 = particulate matter (diameter of 10 micrometers), SOx =
sulfur oxide.
Source: National Electric Power Regulatory Authority. Licenses. https://nepra.org.pk/licensing/lic_gencos.php.

Table 2. Carbon Dioxide Emission Factors
No.
1
2
3
4
5

Fuel

CO2 Emission Factor

Bituminous coal and waste coal
Distillate fuel oil
Lignite coal
Natural gas
Residual fuel oil

93.3
73.2
97.7
53.1
78.8

CO2 = carbon dioxide.
Source: United States Energy Information Administration. 2016. Carbon
Dioxide Emission Coefficients. https://www.eia.gov/environment/data
.phphttps://www.eia.gov/environment/emissions/co2_vol_mass.php.

The plants covered in this study have more than 13,000 MW of total capacity,
or almost two-thirds of the total capacity of all electric utilities in Pakistan, which
stood at almost 21,000 MW at the end of 2014. Table 3 indicates that these plants
produce almost 59,000 gigawatt hours of electricity. The smallest plant included in
this study is Altern Energy Limited in Attock, with only 31 MW capacity, and the
largest is Kot Addu Power Company Limited (Privatized) with 1,639 MW capacity.
The shares of RFO and natural gas in Pakistan’s power generation sector are almost
equal. The cost per unit in terms of kilowatt-hour is PRs12.34, but it has a large
standard deviation due to differences in fuel prices and technical efficiency. Thermal
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Table 3. Descriptive Statistics

Sum
Average
Minimum
Maximum
SD

Installed
Capacity
(MW)

Unit
Generated
(GWh)

Gas
Consumed
(MMBTU)

RFO
Consumed
(MMBTU)

Cost per
Unit (PRs)

1.32E+04
3.89E+02
3.10E+01
1.64E+03
4.33E+02

5.89E+04
1.73E+03
7.60E+01
7.80E+03
2.00E+03

3.18E+08
9.36E+06
0.00E+00
1.01E+08
1.94E+07

3.17E+08
9.31E+06
0.00E+00
7.38E+07
1.70E+07

—
1.24E+01
3.69E+00
2.53E+01
5.53E+00

GWh = gigawatt hour, MMBTU = million British thermal unit, MW = megawatts, RFO =
residual fuel oil, PRs = Pakistan rupees, SD = standard deviation.
Source: Authors’ calculations.

Table 4. Frequency Distribution of Returns

Gas
Residual fuel oil
Gas and residual fuel oil
Total

Increasing
Returns to Scale

Constant
Returns to Scale

Decreasing
Returns to Scale

6
2
5
13

3
1
1
5

5
10
1
16

Source: Authors’ calculations.

Power Station Bin Qasim with a capacity of 1,260 MW enjoys the lowest cost per
unit at PRs3.29, which makes it the most cost-efficient. The Saba Power Company,
Sheikhupura, with a plant capacity of 114 MW, has the highest cost per unit, which
results in low cost efficiency.
An output-oriented DEA under a variable returns to scale assumption
(Banker, Charnes, and Cooper 1984) was applied to the data of 34 plants over a
5-year span. Electricity units generated as the output and fuel consumption (both
natural gas and RFO consumption have been added using MMBTU as the unit
of analysis), plant capacity, and other costs were kept as the inputs to derive the
technical efficiency summary and the Malmquist Index summary.
Table 4 shows that a large majority of thermal plants are working either at
increasing returns to scale or decreasing returns to scale. Only five plants are fully
efficiently using the scale of the plant. Ten of 13 thermal plants that use RFO as the
prime fuel input overutilize the scale of the plant, which in return requires reducing
the scale of the plant to be scale efficient. On the other hand, a significant proportion
of the plants using gas or both gas and RFO as fuel inputs operate at increasing
returns to scale. This may be because in recent years Pakistan faced severe gas
shortages, particularly during the winter season. According to NEPRA, the power
generation sector is supplied with 133 million cubic feet of gas, while the sector’s
demand is 372 million cubic feet.
The scores in Table 5 indicate that the power sector in Pakistan can increase
its production by 20.8% according to constant returns to scale technical efficiency
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Table 5. Mean Efficiency Scores
Constant RSTE

Variable RSTE

Scale Efficiency

0.760
0.856
0.736
0.792

0.836
0.891
0.906
0.872

0.904
0.960
0.812
0.907

Gas
Residual fuel oil
Gas and residual fuel oil
Grand mean

RFO = residual fuel oil, RSTE = returns to scale technical efficiency.
Source: Authors’ calculations.

Table 6. Sectoral Mean Efficiency Scores
Water and Power Development Authority
Karachi Electric Supply Corporation
Independent power producers

Constant RSTE

Variable RSTE

Scale Efficiency

0.639
0.711
0.862

0.845
0.802
0.894

0.770
0.868
0.963

RSTE = returns to scale technical efficiency.
Source: Authors’ calculations.

and 12.8% according to variable returns to scale technical efficiency without
increasing current resources. The scale-efficient point is obtained when a firm
or power plant is working at constant returns to scale. Only five plants are fully
efficient. Overall, the scale efficiency of the power sector in Pakistan is 0.907.
Plants operating on RFO are significantly more efficient than plants operating on
natural gas under both the constant returns to scale and variable returns to scale
assumptions. The gap between scale-efficient points for constant returns to scale
technical efficiency and variable returns to scale technical efficiency for plants using
RFO is much smaller than that of plants running on gas. Hence, plants operating on
RFO have the highest scale efficiency score.
Table 6 indicates that independent power producers are more efficient in
Pakistan, according to both the constant returns to scale and variable returns to
scale assumptions. The gap between the mean scores of the constant returns to
scale technical efficiency and variable returns to scale technical efficiency is trivial
for independent power producers because they all operate at either constant returns
to scale or close to that level. In contrast, plants working for the Karachi Electric
Supply Corporation and the Water and Power Development Authority operate under
increasing returns to scale and have a very low scale efficiency score because of a
huge gap between their constant returns to scale technical efficiency and variable
returns to scale technical efficiency.
IV. Methodology

There are various techniques to estimate the ecological efficiency of thermal
power plants in Pakistan and these can be both parametric and nonparametric
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(Berger and Humphrey 1997). DEA and stochastic frontier analysis (SFA) are
the two most commonly used approaches to measure the efficiency of decisionmaking units (DMUs). The former is a nonparametric approach based on linear
programming, whereas the latter is a parametric approach requiring a functional
form: either a production function or a cost function. DEA is purely deterministic,
and the production function is endogenously determined. However, it does not
take statistical noise into consideration, thus making it susceptible to noise and
measurement error. SFA has the advantage of separating statistical noise from
inefficiency. However, it requires assumptions regarding the shape of the production
frontier.
The deterministic method has performed relatively better than SFA in panel
data analysis, as it is not possible to use SFA in a number of simulations.
Moreover, the only advantage of SFA over DEA is that it allows measurement
error, which can be overcome in DEA by taking averages with respect to time.
This means that SFA has, in fact, no advantage over DEA, whereas DEA holds
the advantage of being nonparametric (Ruggiero 2007). Efficiency scores measured
by the two approaches have low levels of correlation, whereas technological
change scores measured by the two approaches moderately correlate (Odeck
2007). DEA and SFA methods produce conflicting efficiency scores due to
measurement issues, the nature of environmental variables, and other random
factors (Katharakis, Katharaki, and Katostaras 2014). The bias-corrected DEA
estimator proposed by Kneip, Simar, and Wilson (2008) performs best when the
efficiency-to-noise variation ratio is large. Furthermore, both DEA and SFA have
performed equally well when the efficiency-to-noise variation ratio is equal to 1
(Badunenko, Henderson, and Kumbhakar 2012).
A.

Data Envelopment Analysis and Sample Size

According to Boussofiane, Dyson, and Thanassoulis (1991), the minimum
number of DMUs required should be equal to the product of the number of outputs
and the number of inputs. Dyson et al. (2001), however, stated that sample size
should be at least greater than or equal to twice the product of inputs and outputs.
Golany and Roll (1989) recommended that the number of DMUs must be at least
twice the sum of inputs and outputs, while Bowlin (1998) argued that the sample
size should be at least three times the sum of inputs and outputs. On the one
hand, a large sample size increases the probability of capturing high-performance
production units that determine the efficient frontier; on the other hand, it may
reduce the homogeneity of the dataset (Golany and Roll 1989). Our study uses a
sample size based on all the criteria mentioned above in order to achieve sufficient
discriminatory power. Furthermore, we implement bootstrap DEA as per Simar and
Wilson (2000) that corrects bias as a result of a small sample size (for an overview
of methods, see Sarkis [2007]).
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B.

Malmquist Productivity Index

The TFP change over time can be estimated using the Malmquist
Productivity Index, which is based on linear programming within the DEA
framework. This method has the capability of dealing with multiple inputs and
outputs; it associates productivity change with the effects of economies of scale
(Hollas, Macleod, and Stansell 2002). The Malmquist Productivity Index was
presented by Färe, Grosskopf, and Tyteca (1996) as

1/2
d0t (Xt+1 , Yt+1 ) d0t+1 (Xt+1 , Yt+1 )
m0 (Yt+1 , Xt+1 , Xt , Yt ) =
×
d0t (Xt , Yt )
d0t+1 (Xt , Yt )
The above equation shows the productivity of production point (Yt+1 , Xt+1 )
relative to production point (Xt , Yt ). If its value is greater than 1, it shows a positive
TFP change from the current period (t ) to the next period (t + 1). The TFP change
can be less than, greater than, or equal to 1. If it takes a value equal to 1, then it
shows no change in TFP. If it is larger than 1, then it suggests an increase; if less
than 1, it postulates a drop in TFP. Per Färe et al. (1992, p. 90–96), “the total factor
productivity is the product of technical efficiency change and technological change,
whereas technical efficiency change can be further divided into pure efficiency
change and scale efficiency change.” Scale efficiency shows whether a firm operates
at the peak productive scale size (Bruno and Erbetta 2014). A scale efficiency score
of less than unity indicates that a firm is underutilizing or overutilizing the scale of
the plant. Efficiency that compares DMUs of the same scale is called pure technical
efficiency (Farrell 1957). Technical efficiency refers to the production point that
gives maximum output with minimum possible inputs. It is located on the isoquant,
or the production frontier. The degree by which the level of production of a DMU or
a production unit approaches its maximum level of production is termed technical
efficiency (Färe and Lovell 1978).
C.

Environmental Efficiency and Data Envelopment Analysis

Since environmental degradation has become one of the most pressing
issues in human development, the incorporation of environmental factors into
efficiency analysis has become a key element of research. In this paper, we include
environmental factors into the DEA, as the latter can deal with multiple outputs
and does not require a specific function form (Berger and Humphrey 1997).
Färe, Grosskopf, and Tyteca (1996) introduced an activity analysis model and
applied it to US electric utilities. Furthermore, they compared that model with
the more conventional pollution index of Jaggi and Freedman (1992). The TFP
is decomposed into input efficiency, output efficiency, and a pollution index to
compute an environmental performance indicator. Korhonen and Luptácik (2004)
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introduced the concept of eco-efficiency into DEA. Metafrontier DEA was used
by Seifert, Cullmann, and von Hirschhausen (2016) to estimate the reduction of
CO2 emissions and energy-saving potential. The material balance condition was
introduced by Coelli, Lauwers, and Van Huylenbroeck (2007) and later used by
Welch and Barnum (2009) to explore the costs and carbon efficiency of US electric
utilities.
The introduction of the MBP is relevant, as this approach not only explores
the ecological efficiency of thermal plants, but also helps the DMUs to locate
the production point that could simultaneously reduce cost and carbon emissions.
Furthermore, this method identifies the best combination of fossil fuel inputs where
the gap between cost and carbon efficiency is minimized. In this method, carbon
efficiency is estimated by treating the CO2 emission factor for each fuel like a
price (Coelli, Lauwers, and Van Huylenbroeck 2007). It is important to point out
that the MBP has not been included in many production and environmental models
(Lauwers 2009). According to Pethig (2003), the absence of MBP methodology
from production and environmental policy analysis may lead to incorrect policy
advice. An improvement in technical efficiency can simultaneously reduce both
cost and emissions. This simultaneous reduction rejects the notion of early
environmentally adjusted productivity analysis that emissions reduction is costly
(Lauwers 2009).
According to Coelli, Lauwers, and Van Huylenbroeck (2007), a DMU
produces a vector of m = 1, 2, … , M outputs, y ∈ RM
+ , using a vector of k = 1,
.
The
achievable
production
set,
T, is defined as
2, … , K inputs, x ∈ RM
+


|x can produce y
T = y, x ∈ RM+K
+
The production technology has been assumed to be convex and nondecreasing in
outputs, nonincreasing in inputs, and showing strong disposability in outputs and
inputs. The surplus measure is defined as z ∈ R+ and is calculated using a material
balance equation that is a linear function of the output and input vectors (Coelli,
Lauwers, and Van Huylenbroeck 2007). It is defined as
z = a x − b y
where a and b are (K × 1 and M × 1) vectors of known nonnegative constants.
The carbon efficiency of a firm equals the ratio of minimum carbon emissions over
observed carbon emissions:
EE = a xe /a x
Environmental or carbon, efficiency is the product of its two components, one
of which is attributable to technical efficiency, TE, and the other a result of
environmental allocative efficiency, EAE, where
TE = θ
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and
EAE = a xe /a xt
where EAE basically relates to consuming the accurate input mix, given the
observed level of carbon content relativities, while TE is related to operation on
the production frontier. All the efficiency measures can take a value within a range
from 0 to 1, with 1 being the maximum efficiency score. EE is the environmental,
or carbon efficiency (Coelli, Lauwers, and Van Huylenbroeck 2007).
D.

Meta-Technology Ratio

Battese, Rao, and O’Donnell (2004) introduced the concept of the
meta-technology ratio as the technology gap ratio. It is the ratio of the group
frontier technical efficiency score to the metafrontier efficiency score. According
to this method, technical efficiency scores are first obtained by applying DEA to the
group of DMUs or the firms having the same technology (Zhu and Cook 2007). In
our paper, three plant types are defined: (i) plants that use RFO as the only fuel,
(ii) plants that use gas as the only fuel, and (iii) plants that use both gas and RFO
as their fuel inputs. In the second stage, DEA is applied to the combined data of
thermal plants from all the technologies. Since this ratio lies between 0 and 1, the
higher the value of the technology gap ratio, the lower the gap with the most efficient
technology. To avoid any ambiguity, the concept of the technology gap ratio was
renamed as the meta-technology ratio by O’Donnell, Rao, and Battese (2008).
E.

Bootstrapping Data Envelopment Analysis

Bootstrapping in DEA was introduced by Simar and Wilson (1998, 2000).
The properties of DEA bootstrapping are defined by Kneip, Simar, and Wilson
(2008). DEA bootstrapping is performed in three steps. First, a random subsample
is drawn from the original sample with replacement, uniformly and independently.
In the second step, DEA estimation is performed on the subsample. Finally, a large
number of repetitions is required to obtain bias-corrected efficiency scores (Kneip,
Simar, and Wilson 2008).
With the help of DEA bootstrapping, it is possible to draw an inference and
calculate the confidence interval. Moreover, the bias in efficiency scores may also
be corrected by the DEA bootstrapping approach. The true data-generating process
for bootstrapping is defined as


P̂ = P T̂ , fˆ (x, y)
A new data sample (pseudo sample) is defined as


Xn∗ = x∗i , y∗i , i = 1, . . . , n
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The above-mentioned sample can be drawn from the data-generating process
P̂ = P(T̂ , fˆ (x, y)). The true world θˆDEA is an estimate of the unknown θ based
∗
∗
on Xn , whereas in the bootstrap world θˆDEA
is an estimator for θˆDEA
based on
∗
Xn :




∗
θˆDEA
− θˆDEA |P̂ ∼ θˆDEA − θ |P
Normal efficiency scores are upward biased. Therefore, bootstrapping efficiency
scores are always less than normal efficiency scores. The bias is defined as




BIAS θˆDEA (x, y) ≡ E θˆDEA (x, y) − θ (x, y)
The (1 − α) percent confidence interval for bootstrap DEA efficiency scores given
by Simar and Wilson (2000) is
θˆDEA (x0 , y0 ) + âα ≤ θ (x0 , y0 ) ≤ θˆDEA (x0 , y0 ) + b̂α

V. Results
A.

Malmquist Data Envelopment Analysis

As the results in Table 6 indicate, TFP increased by almost 64% in 2011,
mainly because of a sharp improvement in technology of about 87% and despite
a fall of about 13% in technical efficiency. Technical efficiency improved by
about 21% in the next year, predominantly because of an improvement in scale
efficiency and marginally because of an improvement in pure efficiency. TFP
and efficiency remained unchanged in 2013. On average, an increase of 3.9% in
technical efficiency was recorded every year in the given period. TFP increased by
almost 12% on average each year, largely because of an annual improvement in
technology of 7.9%.
As Table 7 suggests, plants operating on RFO enhanced their TFP by more
than 9%, mainly attributable to a more than 7% improvement in technology.
The efficiency change in plants running on RFO is negligible on average. Plants
operating on gas showed an increase of more than 13% in their TFP because of
improvements of more than 5% and 7% in efficiency and technology, respectively.
Plant-level results are given in Appendix Table A1.
B.

Material Balance Condition

A cost data envelopment analysis was implemented on a dataset of 5-year
averages, keeping electricity units generated in gigawatt hours as the output and
gas and RFO consumption in MMBTU as the two inputs. Annual averages of the
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Table 7. Annual Malmquist Index Summary

Year
2011
2012
2013
2014
Mean gas
Mean RFO
Mean gas and RFO
Mean

Efficiency
Change

Technological
Change

Pure
Efficiency
Change

Scale
Efficiency
Change

TFP
Change

0.877
1.213
1.006
1.088
1.055
1.018
1.055
1.039

1.874
0.817
0.971
0.911
1.074
1.076
1.105
1.079

1.003
1.06
0.995
1.004
1.031
1.011
0.998
1.015

0.874
1.145
1.011
1.084
1.023
1.008
1.057
1.023

1.643
0.991
0.977
0.992
1.136
1.096
1.170
1.121

RFO = residual fuel oil, TFP = total factor productivity.
Source: Authors’ calculations.

Table 8. Cost and Carbon Efficiency with Variable Returns to Scale Assumption
Cost DEA with Price Specification

Efficiency Scores with Isocarbon Line

Plant

Technical
Efficiency

Allocative
Efficiency

Cost
Efficiency

Technical
Efficiency

Allocative
Efficiency

Carbon
Efficiency

Mean

0.728

0.591

0.393

0.728

0.748

0.520

DEA = data envelopment analysis.
Source: Authors’ calculations.

variables were taken, thus helping to minimize the measurement error (Ruggiero
2007). The cost DEA was run in two different ways: first, with the isocost line
and by using average prices of gas and RFO; second, with the isocarbon line and
by using the CO2 emission factor for the fuels. The material balance approach
was implemented in four steps. First, technically efficient inputs were estimated
by multiplying actual quantity of inputs by the value of technical efficiency.
Second, the cost DEA was run using the prices of each fuel. Third, carbon
efficiency was estimated using the CO2 emission factor of each fuel. Finally, the
technically efficient inputs were multiplied by the prices and CO2 emission factors
to estimate how much the respective costs and carbon emissions could be reduced
by transitioning toward the technically efficient point.
As Table 8 shows, the power sector in Pakistan, which relies on fossil fuels, is
highly cost and carbon inefficient. The cost-efficient point can be reached by using
almost 60% fewer fuel inputs, whereas the carbon-efficient point could be obtained
by consuming almost 48% fewer fuel inputs. In Pakistan, gas is also cheaper than
RFO because it is extracted from within the country, whereas RFO is by and
large imported from Gulf countries. At the same time, gas also has a lower CO2
factor than RFO, thus there is no trade-off between cost and carbon efficiency. The
carbon-efficient point can be reached by using cost-minimizing inputs as revealed
by the results of DEA. There is a certain necessity to switch to the technology that
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Table 9. Mean Cost and Carbon Efficiency for Each Fuel
Fuel Type
Gas
RFO
Gas and RFO

Technical
Efficiency

Allocative
Efficiency

Cost
Efficiency

Technical
Efficiency

Allocative
Efficiency

Carbon
Efficiency

0.621
0.885
0.650

1.000
0.280
0.349

0.621
0.256
0.191

0.621
0.885
0.650

1.000
0.552
0.607

0.621
0.496
0.366

RFO = residual fuel oil.
Source: Authors’ calculations.

uses gas as the prime input. In any case, the cost- and carbon-efficient points can
even be reached by plants using RFO as the only input, as demonstrated by Plant 13
in Appendix Table A2.1. Plants 8, 12, and 13 are the only super-efficient plants that
are simultaneously cost and carbon efficient as indicated in Table A1.2.
Plants using gas as the only input have low cost and carbon efficiency, owing
to low technical efficiency despite being allocatively efficient, whereas plants using
RFO as their prime input have low cost and carbon efficiency because of their low
allocative efficiency. In Table A2, Plant 13 is the only plant using RFO as the only
fuel input, but it is completely allocatively efficient and shows that a thermal plant
operating on RFO can be cost and carbon efficient at the same time.
Technically efficient inputs and output were obtained by implementing a
single-stage DEA on the data with electricity production as the output and natural
gas and RFO consumption as inputs. The target output is almost the same as the
actual output due to using an input-oriented DEA, which minimizes the cost (or
level) of inputs at given outputs. Achieving cost- and carbon-efficient points in
Pakistan is highly difficult because it requires an almost complete switch to power
production entailing the use of gas as the only fuel. Since Pakistan faced a severe
gas shortage in recent years that almost shut down the CNG industry and severely
affected the industrial, household, and commercial sectors, switching production
technology to gas will be a challenging task in the short run. Moreover, switching
to gas may also require modifications in plant design. Nevertheless, even without
changing the production technology, plants can still reduce a significant amount of
their costs and carbon emissions, and increase their cost and carbon efficiency, as
shown in Table 9.
As the results in Table 10 show, natural gas use can be reduced by about
61% by achieving a technically efficient point. Furthermore, about 16% of RFO
consumption can be reduced. Almost 39% of fuel consumption can be cut and
approximately 36% of the heat rate can be reduced. Fuel costs can be cut by about
26%, which would ultimately lead to a significant fall in electricity prices. Most
interestingly, carbon emissions can be reduced by about 33%, which would be a
boon to the environment. Table 10 also shows that cost and carbon efficiency can
be boosted by significant proportions as well. Plant-level results are reported in
Appendix Table A2.2.
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Table 10. Comparison of Technically Efficient and
Original Production Technology

Gas consumption
RFO consumption
Fuel consumption
Average heat rate
Fuel cost
CO2 emissions
Cost efficiency
Carbon efficiency

Original

Technically
Efficient

Percentage
Change (%)

3.18E+08
3.17E+08
6.35E+08
1.16E+04
6.15E+11
2.59E+07
3.90E–01
5.20E–01

1.24E+08
2.66E+08
3.89E+08
7.45E+03
4.54E+11
1.74E+07
5.90E–01
7.50E–01

−61.2
−16.1
−38.7
−36.0
−26.2
−32.8
50.4
43.9

CO2 = carbon dioxide, RFO = residual fuel oil.
Source: Authors’ calculations.

Table 11. Returns under Metafrontier Data Envelopment Analysis

Gas
Residual fuel oil
Gas and residual fuel oil
Total

Increasing
Returns to Scale

Constant
Returns to Scale

Decreasing
Returns to Scale

6
2
6
14

3
2
1
6

5
9
0
14

Source: Authors’ calculations.

C.

Group and Metafrontier Data Envelopment Analysis

In this section, overall eco-efficiency is explored by keeping electricity
produced and CO2 emissions as the outputs, while fuel consumption, plant capacity,
and other costs are the inputs. Efficiency scores were obtained in two different
ways: first, by applying an input-oriented data envelopment analysis, known as
the metafrontier DEA, to all 34 plants; second, by applying a group frontier DEA,
which is also an input-oriented DEA, to three different types of plants (gas, RFO,
and gas and RFO) separately. Meta-technology ratios were obtained by dividing the
metafrontier efficiency scores by the group frontier efficiency scores.
By and large, Table 11 shows a similar pattern of the returns to scale as
discussed in section I.
Similar to the results of output-oriented DEA, the metafrontier results shown
in Table 12 reveal that plants operating on RFO are more efficient, with an efficiency
score of 0.85. However, the gap between the mean efficiency of plants operating on
RFO and gas is narrowed due to the higher CO2 factor of RFO. The group frontier
DEA of the RFO plants also provides interesting results because the efficiency of
RFO again appears to be the highest.
Although plants operating on RFO tend to be more efficient, Table 13 shows
that the metafrontier technology ratio for both plant types is similar, which implies
that they both have a significant share in the metafrontier.
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Table 12. Results of Metafrontier and Group Frontier Data Envelopment Analysis
Metafrontier DEA
Fuel Type
Gas
RFO
Gas and RFO
Grand Mean

Group Frontier DEA

Constant
RSTE

Variable
RSTE

Scale
Efficiency

Constant
RSTE

Variable
RSTE

Scale
Efficiency

0.807
0.857
0.753
0.815

0.862
0.894
0.949
0.892

0.930
0.957
0.798
0.913

0.929
0.990
0.898

0.965
0.997
0.949

0.961
0.993
0.945

DEA = data envelopment analysis, RFO = residual fuel oil, RSTE = returns to scale technical efficiency.
Source: Authors’ calculations.

Table 13. Metafrontier Technology Ratio
Constant RSTE

Variable RSTE

Scale Efficiency

0.869
0.866
0.839

0.893
0.896
1.000

0.967
0.964
0.845

Gas
Residual fuel oil
Gas and residual fuel oil

RSTE = returns to scale technical efficiency.
Source: Authors’ calculations.

Table 14. Bootstrapping Data Envelopment Analysis Results
Type of
Sampling
With
replacement
Without
replacement
With
replacement
Without
replacement
With
replacement
Without
replacement

Scale
Assumption

N

B

Mean
TE

CIL

CIU

TEBC

Bias

CRS

170 2000 0.6547 0.5958 0.6547 0.6341 0.0206

CRS

100 2000 0.6547 0.5743 0.6547 0.6362 0.0202

VRS

170 2000 0.7788 0.6967 0.7788 0.7582 0.0206

VRS

100 2000 0.7788 0.6708 0.7788 0.7577 0.0211

CRS

34 2000 0.5612 0.4521 0.5612 0.4870 0.0742

CRS

25 2000 0.5612 0.4454 0.5612 0.5169 0.0443

Specification
1 output
3 inputs
1 output
3 inputs
1 output
3 inputs
1 output
3 inputs
1 output
2 inputs
1 output
2 inputs

B = number of bootstrap replications, CIL = lower confidence interval, CIU = upper confidence interval, CRS =
constant returns to scale, N = sample size, VRS = variable returns to scale, TEBC = bias-corrected technical
efficiency.
Source: Authors’ calculations.

Table 14 reports the results of bootstrapping. A total of 2,000 bootstrap
replications were performed in each case. In the case of 1 output (electricity
generation) and 3 inputs (fuel consumption, plant capacity, and miscellaneous cost),
where the replications are performed on panel data containing 170 observations, the
bias is slightly above 2%, which suggests that bias-corrected technical efficiency
scores are about 2% less than the scores calculated without bootstrapping. However,
for 1 output (electricity generation) and 2 inputs (gas and RFO consumption), where
the replications are performed on annual averages containing 34 observations, the
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bias is 4.4% and 7.4% for without replacement and with replacement sampling,
respectively.
V. Conclusions and Policy Implications

In this paper, we apply various methods of DEA. In Pakistan, natural gas is
an ideal fuel to achieve the goal of cost and carbon minimization simultaneously.
However, both carbon and cost efficiency can also be achieved by using RFO as the
only input combined with best practices and optimal plant use under the assumption
of variable returns to scale. Plants running on RFO are technically more efficient
than plants operating on gas. Hence, there is a need to reduce the price of RFO to
make RFO plants more cost-efficient. Second, it is imperative to import gas either
through a pipeline or in the form of liquid petroleum gas so that the plants can
obtain an uninterrupted supply of gas and make better and more efficient use of
scale. Since plants in Pakistan are highly technically inefficient, there is a need to
overhaul these plants to improve their technical efficiency so that they can reduce
both costs and CO2 emissions. According to NEPRA (2014), overhauls must be
carried out every 5 years, whereas in Pakistan, the overhauling of most plants has
been delayed by more than a decade.
Pollutant emissions can be reduced significantly by burning low-sulfur coal,
using PM emission control devices and fluidized-bed combustion technology to
control SO2 emissions, and introducing low-NOx burners during the combustion
phase (US EIA 2018). More research can be done toward identifying pollutant
efficiency as well as the effectiveness of pollution control policies and technologies.
Since thermal power plants in Pakistan are highly technically inefficient, producing
at technically efficient points on the isoquant can simultaneously reduce both costs
and carbon emissions significantly. A reduction in carbon emissions can generate
positive externalities in relation to a cleaner environment and a better climate, while
significant cost reductions will result in lower electricity tariffs and less import
dependence for Pakistan’s economy. Reducing electricity tariffs can have further
positive effects on consumer welfare and industrial growth by lowering the cost of
doing business.
References
Aftab, Safiya. 2014. Pakistan’s Energy Crisis: Causes, Consequences, and Possible Remedies.
Oslo: Norwegian Peacebuilding Resource Centre Publications.
Ali, Mahboob, Makshoof Athar, and Ehsan Ali. 2007. “The Emissions and Environmental
Impact.” Ekoloji 16 (63): 74–80.
Amous, Samir, Astrid Olsson, Ijaz Hossain, Dario Gomez, Markvart Miroslav, Michiro Oi,
and Uma Rajarathnam. 2014. “Expert Group: Non-CO2 Emissions from Stationary
Combustion.” In Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories, 1–95.

Measuring the Ecological Efficiency of Thermal Power Plants in Pakistan 179
Athar, Makshoof, Mahboob Ali, and Misbahul Ain Khan. 2010. “Gaseous and Particulate
Emissions from Thermal Power Plants Operating on Different Technologies.”
Environmental Monitoring and Assessment 166 (1): 625–39.
Ayres, Robert U., and Allen V. Kneese. 1969. “Production, Consumption, and Externalities.”
American Economic Review 59 (3): 282–97.
Badunenko, Oleg, Daniel J. Henderson, and Subal C. Kumbhakar. 2012. “When, Where and
How to Perform Efficiency Estimation.” Journal of the Royal Statistical Society: Series
A (Statistics in Society). 175 (4): 863–92.
Banker, Rajiv D., Abraham Charnes, and William W. Cooper. 1984. “Some Models for Estimating
Technical and Scale Inefficiencies in Data Envelopment Analysis.” Management Science 30
(9): 1078–92.
Battese, George E., D. S. Prasada Rao, and Christopher O’Donnell. 2004. “A Metafrontier
Production Function for Estimation of Technical Efficiencies and Technology Gaps for
Firms Operating Under Different Technologies.” Journal of Productivity Analysis 21 (1):
91–103.
Berg, Sigbjorn Atle, Finn R. Førsund, and Eilev S. Jansen. 1992. “Malmquist Indices
of Productivity Growth during the Deregulation of Norwegian Banking, 1980–1989.”
Scandinavian Journal of Economics 94 (0): 211–28.
Berger, Allen, and David B. Humphrey. 1997. “Efficiency of Financial Institutions: International
Survey and Directions for Future Research.” European Journal of Operational Research 98
(2): 175–212.
Boussofiane, Aziz, Robert G. Dyson, and Emmanuel Thanassoulis. 1991. “Applied Data
Envelopment Analysis.” European Journal of Operational Research 52 (1): 1–15.
Bowlin, William F. 1998. “Measuring Performance: An Introduction to Data Envelopment
Analysis.” The Journal of Cost Analysis 15 (2): 3–27.
Bruno, Clementina, and Fabrizio Erbetta. 2014. “Benchmarking Regulators: A Data Envelopment
Analysis of Italian Water Authorities’ Performance.” In Handbook of Research on Strategic
Performance Management and Measurement Using Data Envelopment Analysis, 388–406.
Camanho, Ana S., and Robert G. Dyson. 2005. “Cost Efficiency Measurement with Price
Uncertainty: A DEA Application to Bank Branch Assessments.” European Journal of
Operational Research 161 (2): 432–46.
Center for Climate and Energy Solutions. Global Emissions. https://www.c2es.org/content
/international-emissions/.
Chen, Tser-Yieth, Tsai-Lien Yeh, and Yi-Ting Lee. 2013. “Comparison of Power Plants Efficiency
among 73 Countries.” Journal of Energy 2013: 1–8.
Chung, Yangho, Rolf Färe, and Shawna Grosskopf. 1997. “Productivity and Undesirable Outputs:
A Directional Distance Function Approach.” Journal of Environmental Management 51 (3):
229–40.
Coelli, Tim, Ludwig Lauwers, and Guido Van Huylenbroeck. 2007. “Environmental Efficiency
Measurement and the Materials Balance Condition.” Journal of Productivity Analysis 28
(2007): 3–12.
Dyson, Robert G., Rachel Allen, Ana S. Camanho, Victor V. Podinovski, Cláudia S. Sarrico, and
Estelle A. Shale. 2001. “Pitfalls and Protocols in DEA.” European Journal of Operational
Research, Data Envelopment Analysis 132 (2): 245–59.
Färe, Rolf, Shawna Grosskopf, Bjorn Lindgren, and Pontus Roos. 1992. “Productivity Change
in Swedish Pharmacies 1980–1989: A Non-Parametric Malmquist Approach.” Journal of
Productivity Analysis 3 (1–2): 85–102.

180 Asian Development Review
Färe, Rolf, Shawna Grosskopf, and Knox C. A. Lovell. 1985. The Measurement of Efficiency of
Production. Boston: Kluwer-Nijhoff.
Färe, Rolf, Shawna Grosskopf, Dong-Woon Noh, and William Weber. 2005. “Characteristics of a
Polluting Technology: Theory and Practice.” Journal of Econometrics 126 (2): 469–92.
Färe, Rolf, Shawna Grosskopf, and Daniel Tyteca. 1996. “An Activity Analysis Model of the
Environmental Performance of Firms—Application to Fossil-Fuel-Fired Electric Utilities.”
Ecological Economics 18 (2): 161–75.
Färe, Rolf, and Knox. C. A. Lovell. 1978. “Measuring the Technical Efficiency of Production.”
Journal of Economic Theory 19 (3): 150–62.
Farrell, M. J. 1957. “The Measurement of Productive Efficiency.” Journal of the Royal Statistical
Society. Series A (General) 120 (3): 253–90.
Førsund, Finn R. 2009. “Good Modelling of Bad Outputs: Pollution and Multiple-Output
Production.” International Review of Environmental and Resource Economics 3 (1): 1–38.
Global Energy Observatory. 2016. “Thermal Plants in Pakistan.” http://globalenergyobservatory
.org/.
Golany, B, and Y Roll. 1989. “An Application Procedure for DEA.” Omega 17 (3): 237–50.
Hailu, Atakelty, and Terrence S. Veeman. 2001. “Non-Parametric Productivity Analysis with
Undesirable Outputs: An Application to the Canadian Pulp and Paper Industry.” American
Journal of Agricultural Economics 83 (3): 605–16.
Hollas, Daniel R., Kenneth R. Macleod, and Stanley R. Stansell. 2002. “A Data Envelopment
Analysis of Gas Utilities’ Efficiency.” Journal of Economics and Finance 26 (2): 123–37.
Hua, Zhongsheng, Yiwen Bian, and Liang. 2007. “Eco-Efficiency Analysis of Paper Mills along
the Huai River: An Extended DEA Approach.” Omega 35 (5): 578–87.
Jaggi, Bikki, and Martin Freedman. 1992. “An Examination of the Impact of Pollution
Performance on Economic and Market Performance: Pulp and Paper Firms.” Journal of
Business Finance and Accounting 19 (5): 697–713.
Jahanshahloo, Gholam Reza, Morteza Mirdehghan, and Javad Vakili. 2011. “An Interpretation
of the Cost Model in Data Envelopment Analysis.” Journal of Applied Sciences 11 (2):
389–92.
Katharakis, George, Maria Katharaki, and Theofanis Katostaras. 2014. “An Empirical Study of
Comparing DEA and SFA Methods to Measure Hospital Units’ Efficiency.” International
Journal of Operational Research 21 (3): 341–64.
Kneip, Alois, Léopold Simar, and Paul W. Wilson. 2008. “Asymptotics and Consistent Bootstraps
for DEA Estimates in Nonparametric Frontier Models.” Econometric Theory 24 (6): 1663–
97.
Korhonen, Pekka J., and Mikulás Luptácik. 2004. “Eco-Efficiency Analysis of Power Plants: An
Extension of Data Envelopment Analysis.” European Journal of Operational Research 154
(2): 437–46.
Lauwers, Ludwig. 2009. “Justifying the Incorporation of the Materials Balance Principle into
Frontier-Based Eco-Efficiency Models.” Ecological Economics 68 (6): 1605–14.
Murty, M., Surender Kumar, and Kishore Dhavala. 2007. “Measuring Environmental Efficiency
of Industry: A Case Study of Thermal Power Generation in India.” Environmental and
Resource Economics 38 (1): 31–50.
National Electric Power Regulatory Authority. Licenses. https://nepra.org.pk/licensing/lic
_gencos.php.
National Electric Power Regulatory Authority (NEPRA), Government of Pakistan. 2014. State
of Industry Report. https://nepra.org.pk/Publications/State%20of%20Industry%20Reports
/State%20of%20Industry%20Report%202014.pdf.

Measuring the Ecological Efficiency of Thermal Power Plants in Pakistan 181
National Transmission and Dispatch Company Limited. 2014. Power System Statistics. http://cli
mateinfo.pk/frontend/web/attachments/data-type/NTDC%20(2014)%20Power%20System
%20Statistics.pdf.
O’Donnell, Christopher, D. S. Prasada Rao, and George Battese. 2008. “Metafrontier Frameworks
for the Study of Firm-Level Efficiencies and Technology Ratios.” Empirical Economics 34
(2): 231–55.
Odeck, James. 2007. “Measuring Technical Efficiency and Productivity Growth: A Comparison
of SFA and DEA on Norwegian Grain Production Data.” Applied Economics 39 (20): 2617–
30.
Oil and Gas Regulatory Authority (OGRA), Government of Pakistan. 2017. Proposed Tariff
Regime for Natural Gas Sector in Pakistan. https://www.ogra.org.pk/consultations.
Pethig, Rüdiger. 2003. The “Materials Balance Approach” to Pollution: Its Origin, Implications
and Acceptance. Volkswirtschaftliche Diskussionsbeiträge. Universität Siegen, Fakultät
Wirtschaftswissenschaften, Wirtschaftsinformatik und Wirtschaftsrecht.
Ruggiero, John. 2007. “A Comparison of DEA and the Stochastic Frontier Model Using Panel
Data.” International Transactions in Operational Research 14 (3): 259–66.
Sarıca, Kemal, and Ilhan Or. 2007. “Efficiency Assessment of Turkish Power Plants Using Data
Envelopment Analysis.” Energy 32 (8): 1484–99.
Sarkis, Joseph. 2007. “Preparing Your Data for DEA.” In Modeling Data Irregularities and
Structural Complexities in Data Envelopment Analysis, edited by Joe Zhu and Wade D.
Cook, 305–20. Springer.
Seifert, Stefan, Astrid Cullmann, and Christian von Hirschhausen. 2016. “Technical Efficiency
and CO2 Reduction Potentials—An Analysis of the German Electricity and Heat
Generating Sector.” Energy Economics 56 (2016): 9–19.
Seiford, Lawrence M., and Joe Zhu. 2002. “Modeling Undesirable Factors in Efficiency
Evaluation.” European Journal of Operational Research 142 (1): 16–20.
Simar, Leopold, and Paul Wilson. 1998. “Sensitivity Analysis of Efficiency Scores: How to
Bootstrap in Nonparametric Frontier Models.” Management Science 44 (1): 49–61.
_____. 2000. “A General Methodology for Bootstrapping Nonparametric Frontier Models.”
Journal of Applied Statistics 27 (6): 779–802.
Sohail, Muhammad Tayyab, Huang Delin, Muhammad Afnan Talib, Xie Xiaoqing, and Malik
Muhammad Akhtar. 2014. “An Analysis of Environmental Law in Pakistan-Policy and
Conditions of Implementation.” Research Journal of Applied Sciences, Engineering and
Technology 8 (5): 644–53.
Song, Malin, Qingxian An, Wei Zhang, Zeya Wang, and Jie Wu. 2012. “Environmental Efficiency
Evaluation Based on Data Envelopment Analysis: A Review.” Renewable and Sustainable
Energy Reviews 16 (7): 4465–69.
Sui Northern Gas Training Institute. 2016. UFG Controllable and Uncontrollable Factors.
Lahore: Sui Northern Gas Pipeline Limited Officers.
United States (US) Energy Information Administration (EIA). 2016. “Carbon Dioxide Emission
Coefficients.” https://www.eia.gov/environment/data.php.
_____. 2018. “Electricity and the Environment.” https://www.eia.gov/energyexplained/electricity
/electricity-and-the-environment.php.
Welch, Eric, and Darold Barnum. 2009. “Joint Environmental and Cost Efficiency Analysis of
Electricity Generation.” Ecological Economics 68 (8–9): 2336–43.
Zhu, Joe, and Wade D. Cook, eds. 2007. Modeling Data Irregularities and Structural
Complexities in Data Envelopment Analysis. New York: Springer US.

182 Asian Development Review

Appendix 1
Table A1. Malmquist Index Summary for the Plant Means

Fuel Type
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas
Gas

RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO
RFO

Gas and RFO
Gas and RFO
Gas and RFO
Gas and RFO
Gas and RFO
Gas and RFO
Gas and RFO

Firm

Efficiency
Change

Technological
Change

Pure
Efficiency
Change

Scale
Efficiency
Change

TFP
Change

5
6
8
9
10
11
12
16
17
19
23
27
30
32

1.109
1.096
1.126
1.145
1.180
1.001
1.053
1.028
1.082
1.081
0.860
0.995
1.014
1.002

1.023
1.195
1.144
1.103
1.129
1.024
1.074
1.079
1.137
1.081
1.067
1.091
0.952
0.941

1.000
1.106
1.066
1.090
1.102
1.000
1.041
1.036
1.080
1.070
0.861
0.996
1.000
0.992

1.109
0.991
1.056
1.050
1.071
1.001
1.012
0.992
1.002
1.010
0.999
1.000
1.014
1.011

1.135
1.311
1.288
1.263
1.331
1.025
1.131
1.110
1.230
1.169
0.918
1.086
0.965
0.943

Mean

1.055

1.074

1.031

1.023

1.136

13
14
15
18
20
21
24
25
26
28
29
33
34

1.029
1.001
1.020
1.092
0.976
0.992
0.941
1.051
1.000
0.969
1.105
1.033
1.030

1.102
1.102
1.086
1.086
1.103
1.030
1.009
1.104
1.074
0.965
0.960
1.195
1.170

1.018
0.990
1.020
1.074
0.971
0.971
0.934
1.038
1.000
0.969
1.095
1.027
1.033

1.011
1.012
1.000
1.017
1.005
1.022
1.008
1.013
1.000
1.000
1.009
1.006
0.998

1.134
1.103
1.108
1.186
1.076
1.022
0.949
1.160
1.074
0.935
1.060
1.235
1.205

Mean

1.018

1.076

1.011

1.008

1.096

1
2
3
4
7
22
31

1.171
1.035
1.094
1.096
1.070
0.921
1.000

1.104
1.173
1.208
1.128
1.157
1.067
0.901

1.000
1.000
1.039
1.030
1.006
0.911
1.000

1.171
1.035
1.053
1.064
1.064
1.011
1.000

1.293
1.215
1.321
1.236
1.239
0.983
0.901

Mean
Grand mean

1.055
1.039

1.105
1.079

0.998
1.015

1.057
1.023

1.170
1.121

DEA = data envelopment analysis, RFO = residual fuel oil, TFP = total factor productivity.
Source: Authors’ calculations.
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Appendix 2

Table A2.1. Cost and Carbon Efficiency with Variable Returns to Scale Assumption
Cost DEA with
Price Specification

Efficiency Scores with
Isocarbon Line

Technical
Efficiency

Allocative
Efficiency

Cost
Efficiency

Technical
Efficiency

Allocative
Efficiency

Carbon
Efficiency

Fuel Type

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

0.652
1.000
0.771
0.321
0.179
0.555
0.558
1.000
0.838
0.654
0.767
1.000
1.000
0.811
0.811
0.998
0.598
0.813
0.634
1.000
0.879
0.251
0.543
0.869
0.922
0.790
0.548
0.977
0.751
0.157
1.000
0.216
1.000
0.883

0.314
0.312
0.132
0.902
1.000
1.000
0.212
1.000
1.000
1.000
1.000
1.000
1.000
0.163
0.162
1.000
1.000
0.232
1.000
0.294
0.217
0.352
1.000
0.280
0.278
0.224
1.000
0.194
0.185
1.000
0.220
1.000
0.209
0.205

0.205
0.312
0.102
0.290
0.179
0.555
0.119
1.000
0.838
0.654
0.767
1.000
1.000
0.132
0.131
0.998
0.598
0.189
0.634
0.294
0.191
0.088
0.543
0.244
0.256
0.177
0.548
0.19
0.139
0.157
0.220
0.216
0.209
0.181

0.652
1.000
0.771
0.321
0.179
0.555
0.558
1.000
0.838
0.654
0.767
1.000
1.000
0.811
0.811
0.998
0.598
0.813
0.634
1.000
0.879
0.251
0.543
0.869
0.922
0.790
0.548
0.977
0.751
0.157
1.000
0.216
1.000
0.883

0.705
0.726
0.307
0.980
1.000
1.000
0.457
1.000
1.000
1.000
1.000
1.000
1.000
0.381
0.378
1.000
1.000
0.542
1.000
0.687
0.507
0.677
1.000
0.654
0.649
0.523
1.000
0.453
0.431
1.000
0.396
1.000
0.487
0.477

0.460
0.726
0.237
0.315
0.179
0.555
0.255
1.000
0.838
0.654
0.767
1.000
1.000
0.309
0.306
0.998
0.598
0.440
0.634
0.687
0.445
0.170
0.543
0.569
0.598
0.414
0.548
0.442
0.324
0.157
0.396
0.216
0.487
0.421

Gas and RFO
Gas and RFO
Gas and RFO
Gas and RFO
Gas
Gas
Gas and RFO
Gas
Gas
Gas
Gas
Gas
RFO
RFO
RFO
Gas
Gas
RFO
Gas
RFO
RFO
Gas and RFO
Gas
RFO
RFO
RFO
Gas
RFO
RFO
Gas
Gas and RFO
Gas
RFO
RFO

Mean

0.728

0.591

0.393

0.728

0.748

0.520

Plant

DEA = data envelopment analysis, RFO = residual fuel oil.
Source: Authors’ calculations.

184 Asian Development Review
Table A2.2. Cost and Carbon Efficiency at Technically Efficient Inputs
Target
Electricity Target Gas
Target RFO
Production Consumption Consumption Fuel Cost
CO2
Cost
Carbon
Plant
(GWh)
(MMBTU)
(MMBTU) Reduction Reduction Efficiency Efficiency
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

160
76
4,515
1,832
4,386
353
2,577
100
196
504
356
6,222
7,796
1,754
1,797
182
1,149
564
755
210
826
1,160
2,865
252
260
679
4,146
1,221
1,333
1,390
6,304
773
1,087
1,121

155,034
6,763
236,187
7,818,473
18,085,622
2,456,765
3,244,823
1,476,328
1,848,351
3,041,926
2,468,390
25,200,569
0
0
0
1,794,098
5,541,458
0
4,014,613
0
0
2,516,996
12,191,376
0
0
0
17,155,563
0
0
6,475,392
3,749,075
4,084,367
0
0

1,527,600
1,364,908
40,571,308
362,475
0
0
14,121,228
0
0
0
0
0
73,767,491
13,934,887
14,360,707
0
0
4,070,854
0
1,865,036
5,703,409
3,856,725
0
2,126,743
2,176,592
4,787,433
0
8,656,705
9,765,816
0
47,799,321
0
7,329,732
7,666,427

34.762
0
22.871
67.863
82.113
44.539
44.175
0
16.193
34.556
23.264
0
0
18.890
18.919
0.184
40.157
18.747
36.608
0
12.072
74.851
45.717
13.073
7.811
20.951
45.208
2.306
24.873
84.330
0
78.429
0
11.745

34.803
0
22.878
67.863
82.113
44.539
44.171
0
16.022
34.504
23.307
0
0.003
18.899
18.910
0.404
40.147
18.776
36.624
0
12.072
74.856
45.720
13.004
7.953
20.974
45.213
2.338
24.873
84.332
0
78.424
0
11.761

0.314
0.312
0.132
0.902
1.000
1.000
0.212
1.000
1.000
1.000
1.000
1.000
1.000
0.163
0.162
1.000
1.000
0.232
1.000
0.294
0.217
0.352
1.000
0.280
0.278
0.224
1.000
0.194
0.185
1.000
0.220
1.000
0.209
0.205

0.705
0.726
0.307
0.980
1.000
1.000
0.457
1.000
1.000
1.000
1.000
1.000
1.000
0.381
0.378
1.000
1.000
0.542
1.000
0.687
0.507
0.677
1.000
0.654
0.649
0.523
1.000
0.453
0.431
1.000
0.396
1.000
0.487
0.477

CO2 = carbon dioxide, GWh = gigawatt hours, MMBTU = million British thermal unit, RFO = residual fuel oil.
Source: Authors’ calculations.
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Households in developing countries predominantly rely on solid fuel for
cooking, which is injurious to both the environment and human health. The
provision of clean energy for cooking, therefore, is essential for safeguarding
the environment and human health, primarily of women and children in
developing countries. Using the 2014–2015 Pakistan Social and Living
Standards Measurement Survey and robust econometric methods, this study
analyzes different types of energy used for cooking among urban households
in Pakistan. The study shows that although urban households in Pakistan
mostly use gas for cooking, the use of solid fuels, particularly among poor
and relatively less educated households, is pervasive. The econometric findings
confirm that households with a higher level of education and wealthy families
mainly use clean energy, such as gas, and are less likely to use dirty solid fuels,
such as cake dung and crop residue for cooking. Considering the expansion
of middle-class households and anticipating their demand for clean fuel for
cooking, this study suggests ensuring an adequate supply of clean sources of
energy to meet future demand as well as augmenting the affordability and
awareness among households who are still dependent on solid fuels.
Keywords: choice, cooking fuels, education, gas, Pakistan, solid fuels, wealth
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I. Introduction

Globally, about 1.1 billion people do not have access to electricity, about 2.8
billion people lack access to clean cooking fuel, and 2.5 billion people use solid
biomass for cooking purposes (International Energy Agency 2017). The hazardous
impacts of indoor air pollution from the use of fuelwood and other solid fuels have
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been widely documented (Lelieveld, Haines, and Pozzer 2018; Nie, Sousa-Poza,
and Xue 2016; Rahut, Ali, and Behera 2016; World Health Organization 2018;
Ezzati and Kammen 2002). Moreover, substantial use of fuelwood for cooking
has been significantly adding to global carbon emissions (Akpalu, Dasmani, and
Aglobitse 2011; Duflo, Greenstone, and Hanna 2008). Given the negative impacts
of using solid fuel on both human health and the environment, it is essential
to ensure the provision of clean fuels at a reasonable price to safeguard the
environment, secure better health, and contribute to sustainable development.
Sustainable development is clearly interconnected with the quality of household
energy consumption (AGECC 2010). Lack of access to affordable, clean, and
reliable energy sources is the leading cause of excessive use of solid fuels in many
developing countries, particularly in South Asia and sub-Saharan Africa (Behera
et al. 2015; Rahut et al. 2014; Rahut, Mottaleb, Ali, and Aryal 2017; Rahut, Behera,
Ali, and Marenya 2017; Rahut, Behera, and Ali 2016b, 2017; Mottaleb, Rahut, and
Ali 2017).
The energy ladder hypothesis (Leach 1975, 1992) explains the relationship
between income or wealth and the types of energy used. The energy ladder ranks
fuel according to quality, ease of use, and price, from solid fuels such as wood
and coal at the bottom, liquid fuels such as gas and kerosene in the middle, and
finally, electricity at the top (Leach 1992, 1975). The use of wood, cow dung, and
crop residue is common among poor households in South Asia, while more affluent
households use electricity, gas, and liquid petroleum gas (LPG) (Behera et al. 2015).
The energy ladder hypothesis assumes that in response to an increase in income,
families will move away from biomass and other solid fuels to more efficient fuels
such as LPG, gas, and electricity. However, studies in Mexico and other places have
found that, due to energy stacking or the use of multiple energy sources, energy
transition is a complex phenomenon (van der Kroon, Brouwer, and van Beukering
2013; Masera, Saatkamp, and Kammen 2000).
The ladder-within-a-ladder energy hypothesis explicates the transition in
electricity use from only lighting to include other uses such as cooking (Rahut,
Mottaleb, Ali, and Aryal 2017; Rahut, Behera, Ali, and Marenya 2017) and thus
can elucidate the more complex behavior in energy transition than in the simple
energy ladder hypothesis, which shows the link between energy choice and income
(Leach 1975, 1992). The central engine influencing the movement up the energy
ladder is theorized to be the level of household income and relative fuel prices
(Barnes, Krutilla, and Hyde 2010; Leach 1992; Barnes and Floor 1999; Rahut et al.
2014). Together with the expenditure on energy, the category of energy employed
varies with income (Rao and Reddy 2007), with a shift to contemporary clean fuels
(Daioglou, van Ruijven, and van Vuuren 2012), in particular, the use of electricity
increases with income (Hills 1994). Poor households are inclined to use solid fuels
for domestic purposes, which are harmful to the environment and human health
(Rehfuess, Mehta, and Prüss-Üstün 2006; Bruce, Perez-Padilla, and Albalak 2000;
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Holdren et al. 2000), but when their income rises, households usually, but not
always, shift to cleaner fuels (Masera, Saatkamp, and Kammen 2000; Nansaior et al.
2011).
The energy ladder and the factors influencing a household’s decision to
switch to cleaner fuels when household income increases has been documented
in many developing countries (Özcan, Gülay, and Üçdoğruk 2013; Karimu 2015;
Rahut, Behera, Ali, and Marenya 2017; Mottaleb, Rahut, and Ali 2017; Hou
et al. 2017; Rahut, Ali, and Mottaleb 2017). Moreover, family demographic
characteristics, habits, and gender of the household head play important roles in a
household’s choice of fuel for cooking. Thus, ascertaining the relative significance
of the above factors that affect a household’s fuel choice for cooking is critical for
policy making in the context of Pakistan.
With a population of 197 million and an annual gross domestic product
(GDP) per capita of $1,547 in 2017, Pakistan is one of the most urbanized countries
in South Asia, where 38.3% of the total population resides in urban areas (World
Bank 2019). Importantly, it is projected that by 2050, the population of Pakistan
will be between 276 million and 344 million (depending on the assumption of
the fertility rate), of which 52.2% will be residing in urban areas (UN DESA
2015). With this background, it is useful to understand the fuel choice behavior of
urban households, which is an underresearched subject in Pakistan. The commonly
available fuel choices among urban households are gas, LPG, fuelwood, and animal
dung. However, a small number of urban households also use kerosene oil and
electricity as the primary source of cooking fuel. Planned urban areas mostly use
gas, whereas slum areas mostly use fuelwood and gas. Most urban households use
gas, which is connected through pipes, and a small number use LPG. The dataset
used for this study does not distinguish between gas and LPG. Irrespective of
whether it is gas or LPG, both are assumed to be clean sources of energy from
the user’s perspective.
This study contributes to the existing research in several ways. First, it
uses a large, nationally representative dataset from Pakistan from over 13,965
households in urban areas. The data represent all four major provinces of
Pakistan—Balochistan, Khyber Pakhtunkhwa, Punjab, and Sindh. Second, to our
knowledge, this is the first attempt to study the patterns and determinants of cooking
fuel use of urban households in Pakistan. Third, ordered probit econometrics are
used to analyze the factors determining the household’s choice of fuel. Fourth, the
study uses different indicators of wealth and education to confirm the effect of
these factors on fuel choice. Finally, as the dataset encompasses a large number
of variables, the study enabled us to conduct several robustness tests on the role of
household education at different levels and wealth on fuel choice behavior.
The rest of the paper is organized as follows. Section II provides a review of
relevant literature, while section III contains a background of Pakistan with a focus
on energy use, population growth, and level of income growth between 1990 and
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2014. Section IV explains the sampling methods, data, and methodology applied in
the study. Section V presents the findings of the study with some discussions of the
results. Section VI concludes the study and includes some policy implications and
recommendations.
II. Literature Review

In the past, a number of studies have focused on household fuel use behavior.
Some studies in South Asia have found that household income or poverty, wealth,
family size and composition, and gender influence the households’ choice of energy
(Yasmin and Grundmann 2019; Nasir, Murtaza, and Colbeck 2015; Aryal et al.
2019; Mottaleb, Rahut, and Ali 2017; Rao and Reddy 2007; Khandker, Barnes,
and Samad 2012). Since clean fuels are more convenient to use, households obtain
more utility from their use compared to dirty fuels, and thus they are more willing
to pay for clean fuel. As a result, households with more wealth are more likely to
shift to clean fuel. As income increases, households in India tend to change to clean
sources of fuel instead of using solid fuel such as fuelwood, dung cake, and crop
residue (Rao and Reddy 2007). The demand for energy increases with an increase
in total per capita consumption in India (Pachauri et al. 2004).
Education plays an important role in the use of clean energy for cooking
purposes in mainly two ways: (i) human capital increases earnings, which leads to
increases in purchasing power and the value of time; and (ii) education increases
awareness, which in turn affects preferences. Households whose head of the family
has a higher level of education are more reliant on clean and efficient fuel (Rao
and Reddy 2007). The number of educated female members between 10 and 50
years old is positively associated with the choice of clean fuel (Pandey and Chaubal
2011). The education of household heads and their spouses positively influences the
use of modern and clean fuel, as these provide notable savings of time which could
be used for leisure and other productive employment (Reddy and Srinivas 2009).
The level of education is positively related with the use of clean and modern fuel
and negatively associated with the use of solid fuel (Rahut, Behera, and Ali 2017;
Rahut, Ali, and Mottaleb 2017; Mottaleb, Rahut, and Ali 2017; Heltberg 2004).
A study in Bolivia found that the education and income of female household
members led to a reduction in the use of fuelwood and other solid fuels (Israel 2002)
because education increases awareness about the benefits and costs of using clean
fuels. In developing countries, female members are mostly involved in fuelwood
collection and cooking (Heltberg, Arndt, and Sekhar 2000), hence when females
take the decision-making role in the household, the inclination to use clean and
modern fuel increases. Conversely, a global study found that financial reward
drives the collection of fuelwood rather than the cultural norm that women collect
fuelwood (Cooke, Köhlin, and Hyde 2008). Family size also matters. With more
family members, the labor available for collecting fuelwood increases and energy
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needs also increase, such that a negative relationship was noted between household
size and use of clean cooking fuel (Pandey and Chaubal 2011).
Against the backdrop of increasing urbanization, limited studies on
household fuel use behavior in urban Pakistan, and the adverse health impact from
the use of solid fuel, this study empirically explores the factors that actually drive
the choice of cooking fuel among urban households in Pakistan.
III. Background

Pakistan is a developing South Asian nation surrounded by the Arabian Sea
in the south, Afghanistan and Iran in the west, the People’s Republic of China in
the north, and India in the east. The country is divided into four major provinces:
Balochistan, Khyber Pakhtunkhwa, Punjab, and Sindh.
GDP at current prices grew sixfold from $40 billion in 1990 to $244.4 billion
in 2014. During the same period, GDP per capita has increased from $371.6 to
$1,317 (Table 1). The population of Pakistan increased from 107.7 million in 1990
to 185.5 million in 2014 with an annual growth rate of over 2.1%. Data show the
gradual urbanization of Pakistan: the urban population gradually increased from
30.6% in 1990 to 38.3% in 2014, while the rural population declined from 69.4%
to 61.7%. During the last 2.5 decades, energy use (kilograms of oil equivalent
per capita) increased by only 22%, while electric power consumption (kilowatthours per capita) increased by about 70%. The percentage of urban population
with access to electricity increased significantly from 94.4% in 1995 to 100%
in 2014, while the percentage of the rural population with access to electricity
increased from 54.4% to 95.6%. The percentage of the population with access
to clean cooking fuels and technologies rose from 23.8% in 2000 to 44.8% in
2014.
Harnessing existing renewable energy sources is of paramount importance
as Pakistan faces a severe shortage of energy (Chaudhry, Raza, and Hayat 2009).
Limited fossil fuel resources and a poor economy, which limits the purchase of
fossil fuels in large quantities from abroad, are the leading causes of undersupply
and the lack of access to clean sources of energy for Pakistani households. Biomass
is a primary source of energy, and it provides 36% of the total energy supply (Asif
2009). Hence, it is essential for Pakistan to stimulate investment in readily available
home-grown sources of clean energy such as solar, hydropower, and wind.
In 2008, the gap between supply and demand of electricity in Pakistan
stood at 4,500 megawatts (Asif 2009). Pakistan produces much less than its actual
potential in the hydropower sector, having the potential for more than 42 gigawatts,
out of which only 6.5 gigawatts have been utilized. The annual radiant flux (power)
received by a surface per unit area in Pakistan is 1,900 to 2,200 kilowatt-hours per
square meter, making it one of the highest solar insolation in the world, which can
be exploited to generate electricity and supply to off-grid households in Pakistan.
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Table 1. Electricity Access Rate
Indicator

1990

1995

2000

2005

2010

2014

177.4
1,040.1
1.6

244.4
1,317.0
4.7

170.6
36.6
63.4
2.1
3.2
1.5

185.5
38.3
61.7
2.1
3.3
1.4

Economy
GDP (current $ million)
GDP per capita (current $)
GDP growth (annual %)

40.0
371.6
4.5

60.6
493.7
5.0

74.0
533.9
4.3

Total population (million)
Urban population (% of total)
Rural population (% of total)
Population growth (annual %)
Urban population growth (annual %)
Rural population growth (annual %)

107.7
30.6
69.4
2.9
3.7
2.6

122.8
31.8
68.2
2.5
3.3
2.2

138.5
33.2
66.8
2.3
3.1
1.9

109.5
711.5
7.7

Population
153.9
34.7
65.3
2.1
3.0
1.5

Energy use
Energy use per capita (kilograms of oil
equivalent)
Electric power consumption
(kilowatt-hours per capita)

398.4

435.9

462.5

497.1

498.5

484.4

277.4

357.9

372.4

463.1

465.2

471.0

Access to electricity (% of population)
Access to electricity, urban (% of urban
population)
Access to electricity, rural (% of rural
population)
Access to clean fuels and equipment for
cooking (% of population)

58.7
…

67.1
94.4

75.2
95.5

83.9
96.4

91.0
98.6

97.5
100.0

43.3

54.4

65.1

74.3

86.6

95.6

…

…

23.8

31.5

38.9

44.8

Access to electricity

GDP = gross domestic product.
Sources: United Nations. http://data.un.org; World Bank. https://data.worldbank.org/indicator (both accessed June
2018).

Besides the generation of electricity, solar energy has numerous direct applications
like water heaters and stoves (Mirza, Maroto-Valer, and Ahmad 2003).
Wind power is also an important source of clean and renewable energy.
Pakistan has enormous potential to harness wind energy: the coastline in the
south stretches more than 1,000 kilometers, and some mountainous regions in the
north are gifted with an excellent source of wind energy, which can be harnessed
to generate electricity. A study in Pakistan found that enormous potential for
harnessing wind energy exists, but considerable efforts are required to successfully
utilize this cheap, clean, and renewable energy source (Mirza et al. 2007).
Table 2 provides summary statistics on energy production and consumption
by major sources during the last 2.5 decades. Total kerosene consumption declined
from 1,132 thousand metric tons (MT) in 1990 to 182 thousand MT in 2014, while
the consumption of fuelwood increased from 20,701 thousand cubic meters (m3 ) in
1990 to 29,053 thousand m3 in 2014, which is entirely consumed by households.
The consumption of charcoal does not show any particular trend, but the total
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Table 2. Energy and Fuels in Pakistan
1990

1995

2000

2005

2010

2014

Other kerosene (thousand metric tons)
Production
Consumption by households
Final consumption

411
1,117
1,132

463
585
603

286
461
494

209
129
236

122
85
162

182
103
182

Production
Consumption by households
Final consumption

21,043
20,701
20,701

22,683
22,023
22,023

Production
Consumption by households
Final consumption

57
57
57

110
110
110

Production
Consumption by households
Final consumption

127
95
127

128
128
171

37,660
20,442
16,925
293

53,555
30,186
22,858
511

65,760
46,064
19,288
399

93,629
60,283
30,862
2,484

94,383
59,152
31,811
3,420

36,577

51,811

63,120

1,083

1,744

2,640

89,963
146
3,666

92,144
269
2,239

105,305
68,390
31,428
5,090
397
101,504
428
3,801

7,808

12,191

17,553

22,506

15,315

18,333

Fuelwood (thousand cubic meters)
30,880
30,550
30,550

26,500
26,116
26,116

29,660
29,226
29,226

29,533
29,053
29,053

Charcoal (thousand cubic meters)
55
55
55

64
64
64

72
72
72

80
80
80

Liquefied petroleum gas (thousand cubic meters)
206
179
239

558
385
578

432
259
465

469
245
562

Electricity (million kilowatt-hours)
Gross production
Combustible fuels
Hydro
Nuclear
Wind
Net production
Imports
Own use by electricity, heat,
and CHP plants
Losses

CHP = combined heat and power.
Source: United Nations. http://data.un.org (accessed June 2018).

charcoal consumption has increased from 57 thousand MT to 80 thousand MT,
and households consume 100% of it. The production and consumption of gas have
grown considerably during the last 30 years. Gross electricity production increased
2.8 times from 37,660 million kilowatt-hours (kWh) in 1990 to 105,305 million
kWh in 2014. The share of hydropower in electricity generation has gradually
declined and currently stands at 30%.
In general, in developing countries like Pakistan, the fuel market is
completely controlled and managed by the government. This means that prices of
fuel are not derived from the interaction of supply and demand but are fixed by
the government. A study in Pakistan found that fuel consumption is highly price
inelastic (Burney and Akhtar 1990). Hence, we do not see much variation in fuel
prices across the region. In addition, the datasets used for our current research do
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Table 3. Fuel Prices
Fuelwood (PRs/kg)
Kerosene (PRs/liter)
Electricity (PRs/unit)
LPG (PRs/kg)

2014

2015

2016

2017

2018

Source

32
57
15
130

35
56
16
133

34
48
16
125

38
66
17
118

37
85.3
18
112

Different sources
OGRA
NEPRA and other sources
OGRA

kg = kilogram, LPG = liquid petroleum gas, NEPRA = National Electric Power Regulatory Authority,
OGRA = Oil and Gas Regulatory Authority, PRs = Pakistan rupees.
Sources: National Electric Power Regulatory Authority; Oil and Gas Regulatory Authority.

not have information on prices of fuel; hence, we do not use the price variable in the
model. As fuelwood is not sold in an established market, it is difficult to determine
its price (Cooke, Köhlin, and Hyde 2008).
Secondary data in Table 3 show that the price of fuelwood was around
37 Pakistan rupees (PRs) per kilogram (kg) in 2018, and during the last 5 years
(between 2014 and 2018), it ranged from PRs32 to PRs38 with a steady increasing
trend. The price of kerosene has increased sharply over the years to PRs85 in 2018.
Kerosene use declines with increases in income and education of households and
household heads (Rahut, Behera, and Ali 2016a; Rahut et al. 2014). The use of
kerosene in Pakistan has been declining over the years. For example, in 1986, daily
use of kerosene was 19 thousand barrels but has declined to 13 thousand barrels in
1996 and 3.5 thousand barrels in 2012 (IndexMundi 2018). This is mainly due to
the availability of LPG and an increase in the price of kerosene. In the past, most
urban households did not have access to gas. But over the years, access to gas has
been increasing, hence replacing the use of kerosene oil in cities. The unit price of
electricity was PRs18 in 2018 and has remained relatively constant during the last 5
years. The price of LPG has marginally declined over the years. A kilogram of LPG
was about PRs112 in 2018.
In urban areas, 86% of fuelwood are purchased, whereas in rural areas, only
31% are purchased while the rest are mostly collected by women and children
(World Health Organization 2005). Hence, there is a little scope to discuss the
role of women and children in collecting fuelwood in urban areas of Pakistan,
and the datasets do not provide information on fuelwood collection (World Health
Organization 2005).
The energy crisis continues in Pakistan, and the availability of energy both
for lighting and cooking is a serious issue. Although the majority of the urban
population, especially in major cities, use gas for cooking, the availability of gas
always remains an issue. As a result, people in urban and semi-urban areas turn to
alternative energy sources like fuelwood and even animal dung and crop residue.
Hence, this study explores the determinants of energy sources for cooking in urban
areas of Pakistan using a large nationally representative dataset and provides some
important policy implications.
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Table 4. Sample Distribution
Fixed for the Survey
2014–2015
Urban

Rural

Total

Covered during the Survey
2014–2015
Urban

Rural

Total

137
104
594
375
1,210

591
764
1,860
901
4,116

728
868
2,454
1,276
5,326

9,248
11,898
29,188
14,336
64,670

10,816
13,082
36,002
18,735
78,635

Primary sampling units
Balochistana
Khyber Pakhtunkhwa
Punjab
Sindh
Total

140
104
594
376
1,214

670
777
1,860
907
4,214

810
881
2,454
1,283
5,428

Secondary sampling units—Households
Balochistana
Khyber Pakhtunkhwa
Punjab
Sindh
Total

1,680
1,248
7,128
4,512
14,568

10,720
12,432
29,760
14,512
67,424

12,400
13,680
36,888
19,024
81,992

1,568
1,184
6,814
4,399
13,965

a

Includes Islamabad and used as a base category.
Source: Pakistan Social and Living Standards Measurement Survey.

IV. Sampling, Data, and Methodology
A.

Sampling and Data

This study uses the 2014–2015 Pakistan Social and Living Standards
Measurement Survey to analyze the sources of energy for cooking fuel and their
determinants. The current study is of great value as it is based on a nationally
representative survey collected from all the four major provinces of Pakistan—
Balochistan, Khyber Pakhtunkhwa, Punjab, and Sindh. The Pakistan Bureau of
Statistics designed the sampling frame for both urban and rural areas. Every city
and town is split into enumeration blocks comprising of 200–250 households. For
rural areas, an updated list of villages (called mouzas or dehs) or their parts (blocks)
based on the 2011 house listings is taken as a sampling frame. A two-stage stratified
sampling methodology was used to sample households for the survey. Enumeration
blocks were designated as primary sampling units (PSUs) for urban and rural
domains. PSUs were sampled using the proportion-to-size (PPS) approach. The
number of households in the enumeration blocks was taken as a measure of size
for both rural and urban areas.
Households listed in the sampled PSUs were taken as the secondary
sampling units (SSUs), and about 12 households from each urban sample SSU
and 16 households from the sample PSUs were chosen with equal probability
using a systematic random sampling method. Hence 5,428 sample blocks (PSUs)
comprising 81,992 households (SSUs) were selected for the survey (Table 4).
Among the households selected for the survey, 67,424 were from rural areas and
14,568 were from urban areas of Pakistan.
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Owing to challenging circumstances in the Panjgur district of Balochistan,
it was not included in the final survey. Additionally, 7 PSUs from Sindh, 13 PSUs
from Khyber Pakhtunkhwa, and 82 PSUs from Balochistan were excluded from the
final survey due to the security situation. From the selected 81,992 households, only
78,635 households (13,965 urban households and 64,670 rural households) were
actually covered during the survey. As the number of households using kerosene
oil and electricity were very small, we could not use this data for the analysis.
Hence, we dropped 16 households who were using kerosene oil and two households
who were using electricity, such that 13,947 sampled households were used for the
study. We did not encounter the problem of missing observations, which could have
been for three reasons. First, the variables used in the analysis were mostly from
the household roster and categorical variables, which are easy for the enumerators
to capture. Second, the enumerators might have been trained well to capture all
the information. Third, the survey instrument was only 13 pages, capturing mostly
simple and categorical information, which are easy to capture and review to follow
up for missing variables.
B.

Econometric Model Specifications: Ordered Probit

An ordered probit model is employed when the dependent variable has more
than two outcomes and an ordinal scale. In this study, the explained variable is
a family’s ranking based on the types of fuel used for cooking, that is, a family
that uses dung cake and crop residue as cooking fuels were graded at the lowest
level followed by fuelwood; households that use gas were ranked at the highest
level. The model is estimated using the maximum likelihood method as it cannot be
consistently estimated using ordinary least squares due to the ordered nature of the
explanatory variable.
Suppose the underlying association to be considered is
y∗ = X  β + εi
where y∗ is the exact but unobserved explained variable, X  is the vector of
explanatory variables, and β is the vector of regression coefficients, which we
wish to approximate. While we cannot observe y∗ , we instead can only observe
the following response categories:
⎧
0 if y∗ ≤ 0,
⎪
⎪
⎪
⎪
∗
⎪
⎪
⎨ 1 if 0 < y ≤ μ1
2 if μ1 < y∗ ≤ μ2
⎪
⎪
..
⎪
⎪
.
⎪
⎪
⎩
N if μN−1 < y∗
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Then the ordered probit method uses the observations on y, which is a form
of censored data on y∗ , to fit the parameter vector β. The variable y∗ is a dependent
variable which takes the value of 1, 2, and 3 depending on the ranking, which is
described as
y∗ = 1, if a household uses dung and crop residue as fuel for cooking;
y∗ = 2, if a household uses fuelwood as fuel for cooking; and
y∗ = 3, if a household uses gas as fuel for cooking.
In the equation, X  is a vector of explanatory variables that include the
following:
(i)

Demographic
(a) Age of household head in years
(b) Square of the age of household head in years to take nonlinearity into
account (coefficient of age squared is multiplied by 1,000 to present the
results in four decimal places)
(c) A gender or sex dummy that assumes a value of 1 if the household head
is a female and 0 otherwise
(d) Household size measured by the number of family members (in
addition, in an alternate specification of the model, we used number
of children [<=15 years], number of adults [>15 years and <65 years],
number of adult males and females [>15 years and <65 years], and
number of elderly members [>=65 years])

(ii)

Education
(a) Below primary: a dummy that assumes a value of 1 if the household head
is educated up to less than the primary level (<grade 5) or 0 otherwise
(b) Primary completed: a dummy that assumes a value of 1 if the household
head has completed the primary level but not middle school (>grade 5
and <grade 8) or 0 otherwise
(c) Middle school completed: a dummy that assumes a value of 1 if the
household head has completed middle school but not secondary school
(>=grade 8 and <grade 10) or 0 otherwise
(d) Secondary school completed: a dummy that assumes a value of 1 if
the household head has completed secondary school but not senior
secondary school (>=grade 10 and <grade 12) or 0 otherwise
(e) Senior secondary school completed: a dummy that assumes a value of
1 if the household head has completed senior secondary school but not
university (>=grade 12 but not completed university) or 0 otherwise
(f) University completed: a dummy that assumes a value of 1 if the
household head has completed university-level education or 0 otherwise
(g) Illiterate dummy that assumes a value of 1 if the household head has not
attended school or 0 otherwise (base category)
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(h) In an alternate specification of the model, we used the average and
maximum years of schooling of adults, adult males, and adult females;
education of elderly members; and years of schooling of the household
head and spouse. Households who do not have members in these groups
(adults, adult males, adult females) were treated as missing observations
instead of given a value of 0. Hence, the sample size in this alternate
specification is lower.
(iii)

Wealth
(a) We used PCA to compute a household assets index based on durable
assets (flat iron, fan, sewing machine, radio, clock, television, video
compact disc player, refrigerator, air cooler, air conditioner, computer,
bicycle, motorcycle, car, truck, washing machine, microwave oven, and
generator) owned by the household.
(b) In an alternative specification, we used roof and wall materials of the
house and type of toilet as dependent variables.
• Cement and tin roof: a dummy that assumes a value of 1 if the roof of
a house is made of cement, concrete, or tin, or 0 otherwise
• Toilet type: a dummy that assumes a value of 1 if no toilet or 0
otherwise; a dummy that assumes a value of 1 if there is a pit toilet or
0 otherwise; and a dummy that assumes a value of 1 if there is a flush
toilet or 0 otherwise
(c) Agricultural land owned by the family (hectares)
(d) Value of nonagricultural land owned by the family (million PRs)
(e) Livestock assets: tropical livestock unit, which is based on weights of
0.7 for cattle, 0.2 for goats and sheep, and 0.01 for poultry
(f) Distance from household to high school (within 30 minutes from home)
(g) Location
• A dummy that assumes a value of 1 if the household is located in
Khyber Pakhtunkhwa or 0 otherwise
• A dummy that assumes a value of 1 if the household is located in
Punjab or 0 otherwise
• A dummy that assumes a value of 1 if the household is located in
Sindh or 0 otherwise
• A dummy that assumes a value of 1 if the household is located in
either Balochistan or Islamabad or 0 otherwise (base category)

Note that in reality, rural households, in particular, use more than one source
of energy for cooking. For example, mostly in the dry season, households in rural
areas use biomass such as leaves and branches for cooking, whereas in the wet
and rainy season, they mostly rely on fuelwood and a kerosene stove or cooker. In
general, in urban areas, the major sources of cooking fuel are electricity, LPG or
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gas, and fuelwood. Due to the existence of fuel stacking, especially with cooking
fuel in rural areas in developing countries (Masera, Saatkamp, and Kammen 2000;
van der Kroon, Brouwer, and van Beukering 2013), it would be interesting to
examine the choice of multiple energy sources for cooking. Another study in India
found that fuel stacking has decreased in lighting over time (Cheng and Urpelainen
2014). Fuel stacking is comparatively lower in urban areas. Unfortunately, the
survey only captured information on major fuels used for cooking and essentially
failed to capture the fuel-stacking behavior and the reliance on multiple sources of
energy. Thus, this study cannot analyze a multivariate choice model that considers
households’ fuel-stacking behavior.

V. Findings and Discussions
A.

Descriptive Findings

Table 5 provides descriptive statistics of the variables used in the empirical
analysis. The mean age of the household head was 45 years, with little variation
across different groups using gas, fuelwood, dung, and crop residue. Information
about the household head’s gender shows that females headed about 7% of the urban
households. The average urban household size was about six, with variations across
households that use different types of fuel. Very few family members were older
than 65 years in the household, that is, only 0.2 on average. The number of children
in a household was 2.6 on average, and the number of adults in the household was
3.6, with an almost equal proportion of adult males and females.
The average years of schooling of the urban household head was about 6.8,
and it was highest for households using gas (7.7 years), while it was 4.5 years for
households using fuelwood and 4 years for those using dung cake and crop residue.
The overall education level of the spouse of the household head was about 4.2 years,
with 5.2 years for households using gas, 1.8 for households using fuelwood, and
1.7 for those using dung cake and crop residue. For urban households, the mean
education levels of both male and female adults was about 6.6 years, with the
average level of education of adult males (7.7 years) slightly higher than females
(5.4 years). The highest level of school attained by an adult member of the family
was approximately 9.8 years on average. The maximum education of adults was
higher for households using gas (10.9 years) than households using fuelwood (7.2
years) and dung cake and crop residue (6 years), and it was higher for males
compared to females. The maximum education of the oldest members is higher
for those households using gas (6.4 years) compared to 3.5 years for households
using fuelwood and 2.8 years for households using cow dung and crop residue. The
average years of schooling of adult males was higher than for adult females for all
age categories, and the differences were statistically significant (see Appendix).

Demographic
Age of household head
Female household head (dummy)
Household size
Number of elderly (>65 years)
Number of children (<15 years)
Number of adult members (15–65 years)
Number of adult males (15–65 years)
Number of adult females (15–65 years)
Human capital (years of schooling)
Education of the household head
Education of the spouse of the head
Mean education of adults by gender (years of schooling)
Mean education of adults (15–65 years)
Mean education of male adults (15–65 years)
Mean education of female adults (15–65 years)
Maximum education of adults by gender (years of schooling)
Maximum education of adults (15–65 years)
Maximum education of male adults (15 to 65 years)
Maximum education of female adults (15–65 years)
Education of the elderly (years of schooling)
Mean education of the elderly (>65 years)
Maximum education of the elderly (>65 years)
Mean education of the oldest member
Household heads’ education (percentage of households)
No education (dummy)
Below primary (dummy)
5.6
5.2
4.5
5.0
5.1
5.3
5.4
5.9
4.7
5.0
5.6

6.8
4.2
6.6
7.7
5.4
9.8
9.0
6.8
3.0
3.3
5.6
30%
4%

3.0
0.5
2.1
2.0
1.2
1.1

12.8

SD

45.2
7%
6.4
0.2
2.6
3.6
1.8
1.8

Mean

Total

51%
6%

1.1
1.1
2.8

6.0
5.6
2.9

3.4
4.6
2.1

4.0
1.7

43.0
9%
6.4
0.2
2.9
3.3
1.6
1.7

Mean

2.8
2.8
4.5

5.3
5.1
4.6

3.7
4.6
3.7

4.9
3.7

2.8
0.4
2.0
1.9
1.1
1.1

12.8

SD

Dung and Crop
Residue

47%
5%

1.6
1.8
3.5

7.2
6.6
3.6

4.1
5.5
2.6

4.5
1.8

43.9
6%
6.5
0.2
3.0
3.3
1.7
1.7

Mean

3.4
3.7
4.7

5.4
5.3
5.0

3.7
4.7
3.9

5.0
3.7

3.0
0.5
2.2
1.8
1.2
1.0

13.1

SD

Fuelwood

Table 5. Descriptive Statistics of Variables Used in the Study for Urban Households

24%
3%

3.6
4.0
6.4

10.9
9.9
8.0

7.6
8.6
6.5

7.7
5.2

45.8
8%
6.3
0.2
2.4
3.7
1.8
1.8

Mean

5.0
5.3
5.7

4.9
5.1
5.8

4.4
4.8
5.1

5.5
5.4

3.0
0.5
2.0
2.0
1.3
1.1

12.7

SD

Continued.

Gas
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97%
99%
10%
4%
52%
34%

98%
100%
9%
8%
51%
32%

8.4
2.4
0.9
1.1
4%
14%
82%
79%
17%
83%
21%

3.1
16.2
3.3
3.08

10.6
1.2
1.7
0.6
1%
5%
94%
91%
38%
62%
9%

Mean
16%
8%
9%
5%
6%

SD

3.7
20.9
1.4
2.9

SD

Dung and Crop
Residue

15%
11%
17%
9%
14%

Mean

SD = standard deviation.
Source: Authors’ calculations from the Pakistan Social and Living Standards Measurement Survey.

Primary completed (dummy)
Middle school completed (dummy)
Secondary school completed (dummy)
Senior secondary school completed (dummy)
University completed (dummy)
Wealth and assets
Assets index
Agricultural land owned (hectares)
Value of nonagricultural land owned (million Pakistan rupees)
Livestock assets index
No toilet (dummy)
Pit toilet (dummy)
Flush toilet (dummy)
Brick-walled house (dummy)
Cement and metal roof (dummy)
Wood and bamboo roof (dummy)
Mud, bamboo wall (dummy)
Accessibility
Distance to high school (within 30 minutes) (dummy)
Distance to store (within 30 minutes) (dummy)
Location: province
Balochistan (dummy)
Khyber Pakhtunkhwa (dummy)
Punjab (dummy)
Sindh (dummy)

Total

Table 5. Continued.

19%
10%
43%
28%

96%
100%

8.7
1. 0
0.9
1.3
4%
13%
83%
75%
13%
87%
25%

15%
9%
12%
6%
5%

Mean

3.7
5.6
1.7
4.7

SD

Fuelwood

6%
8%
53%
33%

99%
100%

11.4
1.3
2.0
0.3
0.5%
2%
98%
96%
48%
52%
4%

15%
12%
19%
10%
17%

Mean

Gas

2.4
18.2
3.7
2.2

SD
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In urban areas, about 30% of the household heads did not go to school, 4%
attended some primary school, 15% completed primary education, 11% completed
middle school, 17% completed secondary school, 9% completed senior secondary
school, and 14% completed university. About 50% of the households using dung
cake and crop residue did not attend school, 47% of the households using fuelwood
for cooking did not go to school, but only 24% of the households using gas did not
attend school.
Using PCA, we constructed a wealth index for the urban households and
found that the wealth index was much higher for households using gas than
households using fuelwood, dung cake, and crop residue for cooking. The average
agricultural land owned (hectares) and livestock assets (total livestock unit) were
higher for households using dung cake and crop residue compared to other
households using gas, while the value of owned nonagricultural land was higher for
households using gas than households using fuelwood, dung cake, and crop residue
for cooking.
Only about 1% of the households did not have a toilet, 5% of households
had a pit latrine, and 94% had a latrine with a flush. About 98% of households with
flush toilets use gas for cooking compared to 83% for those using fuelwood and
82% for those using dung cake and crop residue. About 91% of the households had
a brick-walled house, and 38% had a cement and metal roof. Descriptive statistics
show that households with brick walls and cement and metal roofs are more likely
to use gas for cooking.
About 98% of the households were less than 30 minutes from a high school,
and for all the surveyed households, the distance to a store was less than 30 minutes.
The provincewide distribution of the sample indicates that 51% of the respondents
were from Punjab, 8% from Khyber Pakhtunkhwa, 32% from Sindh, and 9% from
Balochistan.
B.

Econometric Findings
1.

Results from the Ordered Probit Model Estimation

We estimated the ordered probit econometric model to study the factors that
determine a household’s choice of cooking fuel. We organized and ordered the
households into different categories based on the fuel used for cooking, with dung
and crop residue at the base of the energy ladder followed by fuelwood and then gas
at the top. Table 6 summarizes the marginal effects of the results obtained from the
ordered probit model.
The results show that households with older heads are more likely to adopt
gas and unlikely to use fuelwood, dung, and crop residue as sources of fuel for
cooking. The elderly need more convenient sources of fuel as they do not have
the strength to travel longer distances to collect fuelwood. Unlike other studies, the
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Table 6. Determinants of Choice of Energy Sources for Cooking: Ordered Probit
Model (marginal effects)

Demographic
Age of household head
Age squared (multiplied by 1,000)a
Gender of the head (female)b,c
Household size
Human capital and education
Below primaryb,d
Primary completedb,d
Middle school completedb,d
Secondary school completed b,d
Senior secondary school completedb,d
University completedb,d
Wealth and assets
Assets index
Agricultural land owned (hectares)
Value of nonagricultural land owned
(million Pakistan rupees)
Livestock assets
Access to facilities
Distance to high school (within 30 minutes)b,e
Location: province
Khyber Pakhtunkhwab,f
Punjabb,f

Dung and
Crop Residue

Fuelwood

Gas

−0.0006**
(0.0003)
0.0043
(0.0026)
−0.0020
(0.0022)
0.0010***
(0.0003)

−0.0043***
(0.0016)
0.0299*
(0.0163)
−0.0146
(0.0157)
0.0068***
(0.0019)

0.0049***
(0.0018)
−0.0342*
(0.0188)
0.0166
(0.0178)
−0.0078***
(0.0022)

−0.0023
(0.0024)
−0.0070***
(0.0019)
−0.0097***
(0.0025)
−0.0109***
(0.0026)
−0.0089***
(0.0027)
−0.0139***
(0.0035)

−0.0170
(0.0181)
−0.0541***
(0.0104)
−0.0813***
(0.0119)
−0.0891***
(0.0127)
−0.0745***
(0.0166)
−0.1240***
(0.0168)

0.0193
(0.0204)
0.0611***
(0.0115)
0.0910***
(0.0132)
0.1000***
(0.0138)
0.0834***
(0.0184)
0.1380***
(0.0183)

−0.0052***
(0.0010)
0.0001
(0.0001)

−0.0363***
(0.0029)
0.0006
(0.0004)

0.0416***
(0.0027)
−0.0006
(0.0005)

−0.0020***
(0.0007)
0.0015***
(0.0005)

−0.0136***
(0.0040)
0.0107***
(0.0023)

0.0156***
(0.0045)
−0.0123***
(0.0026)

−0.0174*
(0.0092)

−0.0914**
(0.0393)

0.1090**
(0.0479)

−0.0129***
(0.0044)
−0.0219**
(0.0095)

−0.1190**
(0.0469)
−0.1430***
(0.0547)

0.1320***
(0.0501)
0.1650***
(0.0631)

−0.0236***
(0.0066)
13,947
825
0.000
0.149
−8,263

−0.1840***
(0.0492)

0.2070***
(0.0537)

Sindhb,f

Number of observations
Wald chi-squared test (18)
Prob > chi-squared
Pseudo R-squared
Log pseudolikelihood

Continued.
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Table 6. Continued.
Notes: *** = 1% level of significance, ** = 5% level of significance, and * = 10% level of significance. Robust
standard errors in parentheses.
a
Coefficient multiplied by 1,000 to represent results within four digits after the decimal.
b
Dummy variables
c
Excluded category: male household head
d
Excluded category: household head without any formal education
e
Excluded category: households more than 30 minutes away from high schools
f
Excluded category: Balochistan
Source: Authors’ calculations.

current study does not show a significant influence of a female head in choosing
clean energy. The number of members of a household is found to be positive
and significantly associated with a household’s use of dung and crop residue and
fuelwood at the 1% level of significance, while it is negative and significant for a
household’s use of gas at the 1% level. Households with larger families are likely
to have an abundant supply of labor to collect fuelwood and prepare dung cake, and
the amount of energy needed for large households is quite high so it may be too
expensive to purchase and use gas.
The probability of using gas increases with the level of education, while
the likelihood of using dirty fuel decreases progressively as the level of education
increases. This finding once again endorses the distinctive role of human capital in
the household’s decision to select clean fuel versus dirty fuel for cooking. The role
of education in adopting clean energy emerges as one of the critical variables in
this study and several previous studies (Rahut, Behera, and Ali 2016a and 2016b;
Ekholm et al. 2010; Heltberg 2004; Hosier and Dowd 1987; Hou et al. 2017). The
importance of education in clean energy use arises from the fact that the opportunity
cost for educated people of collecting fuelwood and making dung cake is high.
Moreover, education brings about awareness of the adverse health impacts of using
dirty fuel.
The coefficient of the household wealth index is positive and significant (at
the 1% level) for gas, while it is negative and significant (at the 1% level) for the
use of dung, crop residue, and fuelwood. A positive link with gas and a negative
relationship with dirty fuels signify that richer households are more likely to use
cleaner fuels such as gas and are less likely to use solid fuels such as dung, crop
residue, and fuelwood. Wealth and income of households determine the household
capacity to pay for modern fuel, which is expensive, while fuelwood, crop residue,
and dung could be collected by using surplus labor for free. The positive association
of income and wealth on the adoption and use of clean energy is clearly pointed out
by a number of previous studies (Bisu, Kuhe, and Iortyer 2016; Huang 2015; Joshi
and Bohara 2017; Karimu 2015; Kwakwa, Wiafe, and Alhassan 2013; Makonese,
Ifegbesan, and Rampedi 2017; Ouedraogo 2006; Pachauri and Jiang 2008; Pandey
and Chaubal 2011; Rao and Reddy 2007; Reddy and Srinivas 2009; Rahut, Behera,
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and Ali 2016a). The agricultural land owned does not have an impact on the
choice of cooking energy used, while the value of nonagricultural landed owned
is positively associated with the use of gas and negatively related to the use of
dung, crop residue, and fuelwood. Livestock assets are positively and significantly
associated with dung, crop residue, and fuelwood, while negatively related to gas,
which is obvious as those households with more livestock are likely to produce dung
and use dung cake.
The coefficient of the dummy for the distance from home to a high school
(a dummy value of 1 if a high school is within 30 minutes from the household;
0 otherwise) is positive and significant (at the 1% level) for the use of gas as
cooking fuel, while it is negative and significant (at the 1% level) for the use
of solid fuels such as dung, crop residue, and fuelwood. The distance to a high
school (accessibility) has a divergent influence on a household’s choice of clean
and dirty fuels: households with better access are more likely to use clean fuels,
while households with poor access to facilities are more likely to use dirty fuels.
The closeness to the market and facilities means easy access and an adequate supply
of clean energy, which is critical for the household to use clean fuels. This finding
supports results from other studies such as those by Rahut et al. (2014); Rahut,
Mottaleb, and Ali (2017); Karimu (2015); and Mensah, Marbuah, and Amoah
(2016).
To control for spatial heterogeneity, we included a provincial dummy variable
and found that, compared to urban households in the province of Balochistan,
households in Khyber Pakhtunkhwa, Punjab, and Sindh are more likely to use gas
for cooking and less likely to use dung, crop residue, and fuelwood.
2.

Robustness Tests

Table 7 shows the results of the ordered probit model, which was reestimated
by keeping other independent and dependent items the same and replacing a few key
variables such as education and wealth.1 Following recent literature which suggests
that research on energy switching behaviors should go beyond income (van der
Kroon, Brouwer, and van Beukering 2013), we have used different specifications
of education in this section to explain the relationship between education and
household energy choice.
In specification 1 of Table 7, the level of education of household heads
was replaced by the maximum years of schooling of the adult members in the
household. The coefficient of this variable is positive and significant (at the 1%
level) for households using gas, while it is negative and significant (at the 1%
level) for households using solid fuels (fuelwood, dung cake, and crop residue).
In specification 2, the level of schooling of the head of the family was substituted
1

A complete and detailed model is available upon request.
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Table 7. Factors Influencing Choice of Energy Sources for Cooking:
Ordered Probit Model for Robustness Checks (marginal effects)
Dung and
Crop Residue

Fuelwood

Gas

−0.0106***
(0.0013)

0.0121***
(0.0015)

−0.0038***
(0.0012)
−0.0111***
(0.0010)

0.0043***
(0.0014)
0.0126***
(0.0011)

−0.0181***
(0.0018)

0.0206***
(0.0021)

−0.0040***
(0.0013)
−0.0146***
(0.0012)

0.0045***
(0.0015)
0.0164***
(0.0014)

−0.0085***
(0.0012)

0.0098***
(0.0014)

−0.0140***
(0.0013)

0.0158***
(0.0015)

−0.0058***
(0.0022)

0.0065***
(0.0024)

−0.0060***
(0.0023)

0.0067***
(0.0025)

−0.0081***
(0.0010)

0.0092***
(0.0012)

Specification 1
−0.0015***
(0.0004)

Maximum education of adults

Specification 2
Maximum education of adult males
Maximum education of adult females

−0.0005**
(0.0002)
−0.0015***
(0.0004)

Specification 3
−0.0024***
(0.0006)

Mean education of adults

Specification 4
−0.0005**
(0.0002)
−0.0019***
(0.0004)

Mean education of adult males
Mean education of adult females

Specification 5
Years of schooling of household head

−0.0012***
(0.0003)

Specification 6
−0.0018***
(0.0004)

Mean education of spouse

Specification 7
−0.0007**
(0.0003)

Maximum education of elderly

Specification 8
−0.0007**
(0.0003)

Mean education of elderly

Specification 9
Education of oldest family member

−0.0012***
(0.0003)

Specification 10
Years of schooling = 1a,b
Years of schooling = 2a,b
Years of schooling = 3a,b

0.0199
(0.0233)
−0.0052
(0.0037)
−0.0006
(0.0039)

0.1020
(0.0875)
−0.0415
(0.0324)
−0.0044
(0.0278)

−0.1220
(0.1100)
0.0467
(0.0359)
0.0050
(0.0317)
Continued.
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Table 7. Continued.

Years of schooling = 4

a,b

Years of schooling = 5a,b
Years of schooling = 6a,b
Years of schooling = 7a,b
Years of schooling = 8a,b
Years of schooling = 9a,b
Years of schooling = 10a,b
Years of schooling = 11a,b
Years of schooling = 12a,b
Years of schooling = 13a,b
Years of schooling = 14a,b
Years of schooling = 15a,b
Years of schooling = 16a,b

Dung and
Crop Residue

Fuelwood

Gas

−0.0031
(0.0032)
−0.0065***
(0.0018)
−0.0088***
(0.0027)
−0.0054*
(0.0029)
−0.0097***
(0.0025)
−0.0076***
(0.0029)
−0.0107***
(0.0026)
−0.0093***
(0.0028)
−0.0002
(0.0058)
−0.0137***
(0.0032)
−0.0114***
(0.0035)
−0.0110***
(0.0033)
−0.0156***
(0.0037)

−0.0234
(0.0252)
−0.0516***
(0.0106)
−0.0778***
(0.0227)
−0.0428*
(0.0244)
−0.0831***
(0.0115)
−0.0646***
(0.0241)
−0.0887***
(0.0127)
−0.0791***
(0.0173)
−0.0011
(0.0408)
−0.1360***
(0.0171)
−0.1130**
(0.0448)
−0.0999***
(0.0208)
−0.2260***
(0.0223)

0.0265
(0.0283)
0.0581***
(0.0117)
0.0866***
(0.0246)
0.0481*
(0.0270)
0.0928***
(0.0127)
0.0721***
(0.0265)
0.0994***
(0.0138)
0.0884***
(0.0191)
0.0012
(0.0465)
0.1500***
(0.0178)
0.1240***
(0.0472)
0.111***
(0.0231)
0.2420***
(0.0227)

−0.1890***
(0.0228)

0.2170***
(0.0237)

0.2200***
(0.0241)
0.2050***
(0.0211)

−0.3020***
(0.0310)
−0.2720***
(0.0310)

−0.2140***
(0.0224)

0.2810***
(0.0274)

0.0153*
(0.0086)
0.0109***
(0.0024)
0.0005
(0.0027)

−0.0175*
(0.0097)
−0.0125***
(0.0027)
−0.0006
(0.0030)

Specification 11
−0.0283***
(0.0052)

Cement and metal roofa,c

Specification 12
No toilet

a,d

0.0814***
(0.0142)
0.0667***
(0.0157)

Pit toilet a,d

Specification 13
Brick-walled house

−0.0666***
(0.0122)

a,e

Specification 14
Number of elderly (>65 years)
Number of children (<15 years)
Adult members (15–65 years)

0.0022*
(0.0011)
0.0016***
(0.0004)
0.0001
(0.0004)

Continued.
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Table 7. Continued.
Dung and
Crop Residue

Fuelwood

Gas

0.0109***
(0.0024)
0.0003
(0.0033)
0.0009
(0.0043)
0.0153*
(0.0087)

−0.0125***
(0.0027)
−0.0003
(0.0038)
−0.0010
(0.0050)
−0.0175*
(0.0098)

Specification 15
Number of children (<15 years)
Number of adult males (15–65 years)
Number of adult females (15–65 years)
Number of elderly (>65 years)

0.0016***
(0.0004)
0.00004
(0.0005)
0.0001
(0.0006)
0.0022*
(0.0012)

Notes: *** 1% level of significance, ** 5% level of significance, and * 10% level of significance.
Robust standard errors in parentheses. In Table 7, we reported only those variables that were
replaced; the rest of the variables can be provided upon request.
a
Dummy variables
b
Excluded category: household head without any formal education
c
Excluded category: households with nonmetal and cement roofs
d
Excluded category: households with flush toilets
e
Excluded category: households with mud, wood, and bamboo walls
Source: Authors’ calculations.

by the maximum years of schooling of the adult female and the adult male member
of the household separately. Both variables are positive and significant (at the 1%
level) for households using gas, while it is negative and significant (at the 1% level)
for those using solid fuels.
In specification 3, the level of education of the household heads was replaced
by the average years of schooling of the adult member of the household. This
variable’s coefficient is positive and significant (at the 1% level) for households
using gas, while it is negative and significant (at the 1% level) for those using
dirty fuels. In specification 4, the level of education of the household heads was
substituted by the average years of schooling of the adult female and male members
of the family. Both variables are positive and significant (at the 1% level) for
households using gas, while it was found to be negative and significant (at the 1%
level) for households using dirty fuels.
In specification 5, the educational attainment of the head of the family was
substituted by the head’s number of years of schooling. This variable’s coefficient
is positive and significant (at the 1% level) for households using gas, while it was
found to be negative and significant (at the 1% level) for those using solid fuels.
In specification 6, the educational attainment of the head of the household was
substituted by the years of schooling attained by the spouse of the head of the
family. This variable’s coefficient is positive and significant (at the 1% level) for
households using gas, while it was found to be negative and significant (at the 1%
level) for households using solid fuels.
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In specification 7, the level of education of the household heads was replaced
by the maximum years of schooling of the elderly household members. The
coefficient of this variable is positive and significant (at the 1% level) for households
using gas, while it was found to be negative and significant (at the 1% level) for
those using solid fuels. In specification 8, the level of education of household heads
was replaced by the mean years of schooling of the elderly household members,
and its coefficient is positive and significant (at the 1% level) for households using
gas and negative and significant (at the 1% level) for those using solid fuels. In
specification 9, the level of education of household heads was replaced by the years
of schooling of the oldest members of the household. The coefficient of this variable
is positive and significant (at the 1% level) for households using gas, while it is
negative and significant (at the 1% level) for households using solid fuels.
In specification 10, we converted every year of schooling into a dummy and
reestimated the ordered probit model. To confirm the importance of education, the
coefficient of the dummy for every year of schooling of the household heads after
year 5 is positive and significant (at the 1% level) for households using gas, while it
was found to be negative and significant at the 1% level for those using solid fuels.
Wealth of the family is a crucial factor that influences the family’s decision
to select fuel for domestic purposes. In specifications 11, 12, and 13, the model was
reestimated separately by replacing the assets index with a dummy for roof materials
(metal and cement roof equal to 1, otherwise 0); a dummy for the quality of the wall
of the house (house with a brick wall equal to 1, otherwise 0); and a dummy for
toilet types (no latrine equal to 1, pit latrine equal to 1, and flush toilet equal to 0).
We found that wealthy households are more likely to choose gas for cooking and
that poor households depend on solid fuels. These findings on the positive impact
of wealth on the choice of clean fuel is consistent with the theory and also with the
results obtained in Table 1. In specifications 14 and 15, we disaggregated household
size into number of children, number of adult members (male and female), and
number of elderly. We found that the number of children and elderly was positively
associated with the use of gas and fuelwood and negatively associated with the use
of dung and crop residue.
VI. Conclusion and Policy Implications

Using the latest nationally representative dataset, the 2014–2015 Pakistan
Social and Living Standards Measurement Survey, this study investigates the factors
contributing to a family’s choice of cooking fuels. The narrative inquiry illustrates
that, even today, a significant proportion of the population in urban areas of Pakistan
rely on solid fuels for cooking, which is injurious to the environment and human
health. It also shows that human capital, economic status of households, gender,
and location influence the fuel used by households for cooking. More specifically,
households with educated heads and wealthier households prefer to use clean energy
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sources such as gas for cooking, while poorer households tend to depend on dung,
crop residue, and fuelwood.
Ordered probit models illustrate that financial and human capital are the key
drivers of the household’s cooking fuel choice in urban Pakistan. The different
models with various measures of education (years of schooling of the head and
spouse, level of education of the head, average years of schooling of adult males and
females, and education of the adult male and female by age categories) and wealth
(types of roofing, wall, and toilets) were estimated and the results were found to
be extremely robust, signifying the importance of education and wealth on energy
use behavior in urban Pakistan. Even the sensitivity analysis model with different
sample sizes showed the consistency of the findings. Families with low levels of
educational attainment are more likely to rely on solid fuels for cooking because
they often do not have adequate knowledge about the adverse implications of using
solid fuels. Moreover, their earnings are too low to be able to pay the cost of gas.
Low-income families or families with low levels of financial and physical capital are
reliant on traditional and solid, dirty fuels for cooking, while families with higher
levels of human, physical, and financial capital are reliant on clean sources of fuel
such as gas for cooking.
The results of the current study provide crucial inputs for household energy
policies in Pakistan. Human capital is vital for enhancing knowledge about the
health cost of using solid fuels and for improving family earnings by providing
the capacity to diversify employment opportunities in lucrative sectors. Thus,
regular campaigns to create awareness of the negative impacts of dirty energy on
human health and the environment, better provision of education, and enhancing
opportunities to increase family income are the key catalysts for encouraging the
use of clean fuel by households. Hence, policies should aim at enhancing human
capital by investing in education on the one hand and generating opportunities for
livelihood diversification on the other.
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Appendix
T-tests of Adult Male and Female Education
Maximum education of adult
Mean education of adult

Male

Female

Difference

10.0
(5.4)
7.7
(5.0)

6.7
(5.9)
5.3
(5.1)

3.3***
(0.1)
2.4***
(0.1)

Notes: Standard deviations in parentheses. *** 1% level of significance.
Source: Authors’ calculations from Pakistan Social and Living Standards
Measurement Survey.
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