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Abstract

Governments routinely evaluate economic policies by measuring their effects on for-
mal employment and registered firms. But in settings where most workers earn their
livelihoods outside the formal sector, this approach may understate total benefits and
mischaracterize who gains. This paper examines this question in the context of indus-
trial zones in Vietnam. To guide the empirical analysis, I develop a model of segmented
local labor markets in which formal employment expands but remains constrained for
less-educated workers. The model predicts that higher formal earnings raise demand
for locally produced non-tradable goods and services, increasing returns to informal
activities through an indirect local demand channel. Using nationally representative
household survey data from 2002 to 2020 and a staggered difference-in-differences
design, I find strong support for these predictions: less-educated households reallo-
cate labor from agriculture toward informal non-farm sector, increase labor diversifica-
tion, and raise income. Informal income accounts for three-quarters of their non-farm
income gains, driven by non-tradable business activities. These gains translate into
higher consumption and increased investment in children’s schooling. Assessments
based solely on formal employment would capture only a quarter of the income gains
for less-educated households, substantially understating the welfare impact of indus-
trial zones.
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1 INTRODUCTION

Governments routinely evaluate economic policies by measuring their effects on formal employ-
ment, registered firms, and taxable income. In much of the world, however, the majority of work-
ers and households earn their livelihoods partly or entirely outside the formal sector (Bonnet et al.,
2019). If policies generate substantial effects through informal channels, then standard evaluation
approaches may understate total benefits and mischaracterize who gains. This paper provides ev-
idence that this concern is empirically large in the context of place-based industrial zones. These
programs are among the most widely adopted development policy instruments, with more than
5,400 zones operating across low- and middle-income countries by 2019 (UNCTAD, 2019). Yet
the evidence on whether these programs improve welfare in surrounding communities is mixed,
with large effects documented in some settings and modest or null effects in others. This paper
suggests that part of this apparent heterogeneity reflects what evaluations measure rather than
whether policies work.

To guide the analysis, I develop a simple conceptual framework for a local economy with three
production activities (agriculture, formal non-agriculture, and informal non-agriculture) and two
household types that differ in their access to formal employment. Industrial zone establishment
expands the scale and productivity of the formal sector, raising formal wages and employment op-
portunities, though access for less-educated workers remains constrained. Higher formal earnings
increase local demand for non-tradable goods and services, which are produced and consumed
locally through informal activities. This raises the equilibrium return to informal non-farm work,
inducing less-educated households to reallocate labor away from agriculture and toward informal
non-farm sector. Less-educated households can therefore benefit through two margins: limited
entry into formal employment as access expands, and reallocation of non-formal labor toward
informal activities whose returns rise with local demand.

Importantly, this adjustment needs not take the form of a clean transition from one sector to
another. When formal employment is constrained and informal opportunities are expanding, less-
educated households may spread labor across multiple activities, temporarily diversifying their
labor portfolios across agriculture, formal, and informal work. This within-household diversifi-

cation is a policy-relevant margin of adjustment: if it is large enough, individual-level employ-



ment patterns that appear to favor educated workers may mask more inclusive welfare gains at
the household level. These mechanisms yield four testable predictions: (i) formal employment
gains should be larger for educated workers; (ii) less-educated households should reallocate labor
from agriculture into informal non-farm activities; (iii) less-educated households are expected to
temporarily increase labor diversification across sectors; and (iv) informal non-farm income may
contribute significantly to total income gains for less-educated households, even when formal em-
ployment gains are modest for this group.

I test these predictions using Vietnam’s large-scale expansion of industrial zones over the last
two decades. Vietnam shares key structural features with many low- and middle-income coun-
tries: a large informal sector, widespread household engagement in multiple economic activities,
and sharp educational stratification in access to formal employment. The country’s industrial
zone program also offers favorable conditions for credible identification. The program expanded
rapidly from fewer than 70 zones in 2000 to over 300 by 2020, with establishment staggered across
districts in a way that provides substantial temporal and geographic variation. I exploit this vari-
ation and estimate dynamic treatment effects using the difference-in-differences event-study esti-
mator of de Chaisemartin et al. (2024), which is designed to accommodate staggered adoption and
heterogeneous effects. I define a district as treated if any part of the district lies within 15 kilo-
meters of an industrial zone, a threshold supported by spatial ring analysis showing that impacts
attenuate sharply beyond this distance. Combining this treatment measure with ten waves of
nationally representative Vietham Household Living Standards Survey (VHLSS) data from 2002
to 2020, the design identifies how localized industrialization affects labor market outcomes and
household economic behavior.

The analysis yields four main findings, each corresponding to a prediction of the framework.
First, industrial zones induce substantial sectoral reallocation, but access to formal employment re-
mains sharply stratified by education. Workers with at least a high school diploma shift primarily
into formal non-agricultural employment, while less-educated workers reallocate out of agricul-
ture predominantly into informal non-agricultural activities. The expansion in informal employ-
ment reflects entry as a primary livelihood rather than a supplemental activity: significant effects
appear in both the primary-job and sole-job measures. Second, households without a high school

graduate exhibit a pronounced increase in labor diversification across sectors: the response oper-



ates through both members specializing in different sectors and individuals combining jobs across
sectors, peaks around eight to ten years after zone establishment, and then gradually attenuates.
Households with educated members show no comparable within-member response, and house-
holds where all members hold a high school diploma show no diversification response on any
margin, consistent with the model’s prediction that diversification is a compensating strategy for
households with constrained formal access. Third, despite limited formal job access, less-educated
households experience significant income gains driven primarily by higher profits from informal
household enterprises concentrated in non-tradable services such as food preparation and accom-
modation. Informal non-farm income accounts for approximately 75% of total non-farm income
gains for this group, with formal income contributing the remaining 25%. The concentration of
gains in non-tradable rather than tradable business activity is consistent with the local demand
channel, rather than a general improvement in the business environment, driving the informal
income response. Fourth, these income gains are accompanied by higher non-food consump-
tion, increased health and education spending, and higher school enrollment among children of
less-educated households, suggesting that the informal income channel translates into tangible
improvements in living standards and human capital investment.

Two additional pieces of evidence speak to how the local demand channel operates. Industrial
zone establishment selectively attracts non-local workers into formal employment, with a 62% in-
crease in the share of non-registered formal workers relative to the pre-treatment mean and no
corresponding inflow of agricultural workers. This migration response is part of the mechanism
through which zones generate local spending, but the welfare gains accrue to incumbent house-
holds: restricting the sample to long-term registered residents yields near-identical estimates. Fur-
thermore, the diversification and non-tradable business responses are substantially larger in dis-
tricts with higher baseline skill intensity, where formal income gains and thus local demand shifts
are larger, a pattern more consistent with demand-driven spillovers than with risk diversification.
These findings are robust to alternative estimators, inference procedures, sample restrictions, and
spatial and sampling checks, including a conventional two-way fixed-effects (TWFE) specification
that yields qualitatively consistent but attenuated estimates, a donut exclusion test suggesting the
baseline is conservative, and Monte Carlo permutation tests confirming that all results fall well

outside the distribution of placebo estimates.



This paper makes three contributions. First, it provides evidence that the gap between formal-
sector evaluation and actual welfare effects can be quantitatively large in economies where infor-
mality is prevalent. This concern is likely relevant across a wide range of policy settings, and this
paper explores it in the context of place-based industrial programs, which are among the most
widely adopted development policy instruments and are expanding rapidly in high-informality
economies (UNCTAD, 2019). Evidence from advanced economies has shown that spatially tar-
geted programs can generate persistent local employment gains (Garin & Rothbaum, 2025; Kline
& Moretti, 2014), that tradable-sector expansion creates non-tradable employment through local
demand (Moretti, 2010), and that local productivity growth can disproportionately benefit less-
educated workers (Hornbeck & Moretti, 2024).! These findings are derived predominantly from
settings where economic activity is formally registered and labor tends to move relatively freely
across sectors.

In developing economies, however, substantial frictions limit worker reallocation (Donovan et
al., 2023; Fields, 2011) and a large share of the workforce operates in informal household enter-
prises (La Porta & Shleifer, 2014; Maloney, 2004; Ulyssea, 2020). Much of the existing evidence
examines how informality mediates the effects of adverse economic shocks: structural work on
trade liberalization shows that the informal sector mitigates the unemployment consequences of
negative labor demand shocks but can amplify misallocation and real income losses (Dix-Carneiro
et al., 2026). This paper provides evidence of a complementary role: when formal-sector expan-
sion generates local demand, the informal sector can serve as the primary channel through which
welfare gains reach less-educated households. I show that in Vietnam, formal employment and
wage gains account for only one quarter of total non-farm income gains for households with lim-
ited formal access; the remaining three quarters accrue through informal non-tradable enterprise
activity. These findings are rationalized by a framework that draws on models of segmented la-
bor markets (Fields, 2011; Harris & Todaro, 1970), local demand multipliers (Moretti, 2010), and
household labor allocation under constrained access to formal employment. The framework iden-
tifies two conditions under which place-based industrial expansion generates broad-based welfare
gains: zones must successfully create formal activity, and the local economy must have an informal

sector flexible enough to absorb rising demand.

1See Neumark and Simpson (2015) for a comprehensive review of the place-based policy literature.



Second, the paper contributes to a growing empirical literature on the effects of special eco-
nomic zones in developing countries. Prior work has documented that zones increase firm entry,
employment, and productivity in China (Y. Lu et al., 2019; Wang, 2013), affect local human capital
investment (F. Lu et al., 2023), induce intra-household resource reallocation (Zhao & Qu, 2024),
promote structural change from agriculture to manufacturing and services in India and Vietnam
(Gallé et al., 2024; Tafese et al., 2025), and improve household wealth near zones across African
countries (Abagna et al., 2025). In Indonesia, by contrast, zones appear to have had limited ef-
fects on local economies (Rothenberg et al., 2025). This paper extends this body of evidence by
documenting each stage of the transmission from zone establishment to welfare gains for less-
educated households: formal job creation, selective in-migration of formal workers, expansion of
non-tradable informal businesses, and income gains for incumbent households with limited for-
mal access. The concentration of gains in non-tradable rather than tradable activities, and the
substantially stronger responses in more skill-intensive districts, are consistent with the local de-
mand channel emphasized in the framework.

Third, the paper documents a margin of household adjustment to new employment opportu-
nities that has received limited attention in the literature: temporary cross-sector labor diversi-
fication among skill-constrained households. A large literature has documented multi-activity
livelihoods in developing economies, often interpreted as risk management under incomplete
markets (Barrett et al., 2001; Dercon, 2002; Rosenzweig & Stark, 1989) or as a consequence of
limited access to stable formal employment (Fields, 2011; Harris & Todaro, 1970; Maloney, 2004). I
find that less-educated households respond to zone establishment by temporarily spreading labor
across agriculture, formal, and informal work, with diversification peaking around eight to ten
years before attenuating. The response traces a gradient across household types: strong diversi-
fication with no educated members, across-member sorting only in mixed-skill households, and
no response when all members hold a high school diploma. This gradient appears more consis-
tent with demand-driven opportunity expansion than with risk diversification, as the response is
substantially larger in more skill-intensive districts where formal income gains and local demand
shifts are likely greater, though this heterogeneity should be interpreted as suggestive.

The remainder of the paper proceeds as follows. Section 2 describes the institutional setting,

documents the expansion of manufacturing activity following zone establishment, and character-



izes the labor market context. Section 3 develops a conceptual framework that generates testable
predictions about sectoral reallocation, household diversification, and welfare. Section 4 describes
the data and empirical strategy. Section 5 presents the main empirical results. Section 6 reports
robustness checks. Section 7 discusses the role of migration and the broader implications for eval-

uating place-based policies. Section 8 concludes.

2 INSTITUTIONAL BACKGROUND AND LABOR MARKET CONTEXT

2.1 Industrial Zones in Vietnam

In Vietnam, industrial zones are designated areas intended to concentrate industrial production,
manufacturing, and related services. Their core objectives are to attract foreign direct investment,
promote export-oriented growth, and create employment opportunities. To support these goals,
zones are equipped with dedicated infrastructure and offer a variety of investment incentives,
making them appealing to both domestic and international firms.

The planning and development of these zones involve close coordination between central and
provincial authorities, aligning with Vietnam’s broader socio-economic strategies.> At the na-
tional level, the Ministry of Planning and Investment oversees the planning, regulation, and pro-
motion of industrial zones, ensuring new zones are integrated into national and provincial mas-
ter plans and formally approved by the Prime Minister. Provincial People’s Committees play a
central role in identifying potential locations, managing local implementation, and determining
region-specific incentives and infrastructure investments. Once a zone is approved, provincial
management boards are responsible for daily operations, administrative services, and monitoring
compliance with investment and environmental regulations.

Firms locating in industrial zones benefit from a package of fiscal and administrative incen-
tives designed to lower the cost of investment. On the tax side, the Corporate Income Tax Law
(No. 14/2008/QH12) and subsequent implementing decrees provide firms in industrial zones
with a two-year exemption from corporate income tax (CIT) from the first year of profitability,

followed by a 50% reduction for the next four years, with the standard CIT rate of 20% apply-

2See Decree 35/2022/ND-CP on Regulations on the Management of Industrial Zones and Economic Zones for more
details. https:/ /vanban.chinhphu.vn/?pageid=27160&docid=205861.
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ing thereafter.> Beyond corporate tax, firms can import machinery and equipment not produced
domestically duty-free if these inputs are used to form fixed assets.* On the administrative side,
zone management boards act as a single point of contact for investment licensing, construction
permits, and regulatory approvals, allowing firms to obtain all necessary authorizations through
one office rather than coordinating across multiple government agencies. Firms also benefit from
zone-provided infrastructure, including roads, electricity, water supply, and wastewater treat-
ment, which would otherwise require costly private investment, as well as preferential land rental
rates with partial or full exemptions depending on zone location and project characteristics.

Figure 1 illustrates the growth trajectory of industrial zones in Vietnam from 1990 to 2020. By
the mid-1990s, industrial zone development was limited, with fewer than 20 zones nationwide.
The issuance of Decree 192/CP in late 1994 introduced the country’s first comprehensive legal
framework for industrial parks, marking the beginning of more structured development. The late
1990s saw a steady increase in the number of zones, with rapid growth occurring in the early 2000s
following reforms to the Foreign Direct Investment Law. These reforms liberalized investment
conditions, triggering a surge in zone establishment, with the total number rising from around 70
to over 200 within a few years. Continued growth through the late 2000s and 2010s coincided with
Decree 29/2008, which simplified industrial zone management and administrative procedures. By
2020, over 400 industrial zones had been planned, with approximately 300 officially established
and operational.

The right panel of Figure 1 illustrates a spatial shift in industrial development. Zones estab-
lished before 2004 were largely concentrated around the country’s major economic centers (e.g.,
Hanoi, Ho Chi Minh City, Can Tho, and Da Nang), reflecting early priorities to build on existing
urban and coastal infrastructure. In contrast, zones established from 2004 onward are more geo-
graphically dispersed, extending into less developed regions such as the northwest, central coast,
Central Highlands, and deeper areas of the Mekong River Delta. This spatial diffusion reflects a

deliberate policy shift toward more balanced regional development and provides the identifying

3Firms in zones located in areas classified as having “difficult” or “especially difficult” socioeconomic conditions
qualify for more generous incentives: a preferential CIT rate of 10% for up to 15 years, with four years of full exemption
and nine subsequent years at 50% reduction.

4Law on Import and Export Duties (No. 45/2005/QH11, replaced by No. 107/2016/QH13) and Decree
134/2016/ND-CP. Export-oriented firms are additionally exempt from duties on imported raw materials used in the
production of exported goods.



Figure 1: Growth and Spatial Distribution of Industrial Zones in Vietnam Over Time
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Notes: This figure presents two panels. The left panel shows the cumulative number of established and operational
industrial zones in Vietnam by year, distinguishing zones established before 2004 (red x markers) from those established
during the study period of 2004 to 2020 (navy circles). The right panel displays the spatial distribution of industrial

zones using the same markers and colors. Data on individual zones are sourced from the Ministry of Planning and
Investment.

variation exploited in the empirical analysis.

Industrial zones have expanded local manufacturing activity. Figure 2 provides evidence us-
ing district-level data from the Vietnam Enterprise Survey (VES), a comprehensive annual census
of formal enterprises conducted by the General Statistics Office of Vietnam. Panel A plots av-
erage manufacturing employment per district in event time, aligning each district within 15 km
of a zone to its own establishment year. Manufacturing employment is relatively stable in the
years before zone establishment and accelerates sharply afterward, increasing from around 1,300
to more than 5,000 workers per district within a decade. Panel B decomposes manufacturing em-
ployment within zone-hosting districts into firms located inside and outside the zone boundary,
using data from VES 2010-2016 when firm-level zone classification is available. Both components
grow over this period: inside-zone employment nearly doubles from around 2,600 to 4,800 work-
ers, while outside-zone employment increases by roughly 40%, suggesting that zones generate
new manufacturing activity rather than simply displacing it from surrounding areas. Panel C
presents the corresponding event-study estimates of Panel A, obtained using the de Chaisemartin

and d’Haultfoeuille (2024) estimator with district and year fixed effects and baseline district char-



Figure 2: Industrial Zones and Manufacturing Expansion
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Notes: Panel A plots the mean manufacturing employment across treated districts (within 15 km of an industrial zone)
aligned to their respective establishment years (event time = 0). Panel B restricts to treated districts for which firm-
level zone classification is available and plots mean manufacturing employment per district separately for firms located
inside and outside the zone boundary. Panel C presents the corresponding event-study estimates of Panel A, using
the de Chaisemartin and d’Haultfoeuille (2024) estimator with district and region-by-year fixed effects, and baseline
district characteristics interacted with linear time trends, standard errors clustered at the district level. Source: Vietham
Enterprise Survey, 2001 to 2018 (Panels A and C) and 2010 to 2016 (Panel B).
acteristics interacted with linear time trends. Pre-treatment coefficients are close to zero, support-
ing the parallel trends assumption, and the post-treatment path confirms that the acceleration in
manufacturing employment coincides with zone establishment.

Table 1 characterizes the types of jobs created by industrial zones, comparing firms inside
and outside zones within the same district using data from VES 2016. Three features stand out.
First, industrial zones are overwhelmingly manufacturing-oriented: manufacturing accounts for

approximately 65% of firms inside zones and 83% of zone employment, compared with roughly

one-sixth of firms outside zones. Zones also attract a markedly higher share of foreign-invested



firms, nearly half compared with only about 2% outside zones, reflecting the program’s role in

channeling foreign direct investment into export-oriented production.

Table 1: Firm and Employment Characteristics, Outside and Inside Zones

Outside Inside Difference
Zones Zones 1) -2

Mean Mean Coef. p-value

) @) ®) )

Share of Foreign-Invested Firms 0.015 0447 0432  0.000
Share of Firms with 100+ Employees 0.028  0.330 0302  0.000
Share of Firms in Manufacturing 0133  0.649 0515  0.000
Share of Employment in Manufacturing 0367  0.830 0.463  0.000
Share of Workers Without High School Diploma* 0.493 0.491 -0.002 0.919
Share of Manufacturing Workers Without High School Diploma* 0.563  0.514 -0.049 0.023
Share of Manufacturing Workers With a College Degree™ 0.140  0.207 0.067  0.001

Average Wage Bill of Manufacturing Workers (Million 2010 VND)  4.343 4.898 0.556  0.000

Notes: Columns (1) and (2) report mean values for firms located outside and inside zones, respectively. Column (3)
reports the coefficient on an inside-zone dummy controlling for district fixed effects; standard errors are clustered at
the district level. Column (4) reports the corresponding p-value. The first three rows are unweighted firm-level shares.
The share of employment in manufacturing and the worker education shares are weighted by firm employment. The
wage bill is defined as total payments to workers divided by the number of workers, weighted by firm employment,
and restricted to manufacturing firms. *Workers classified as untrained, having less than three months of training, or
possessing elementary-level or intermediate-level vocational training are considered not to have completed high school
education. **Workers with a college/university /Master’s/PhD degree are considered completing college education.
Source: Calculations from Vietnam Enterprise Survey 2016.

Second, the overall share of workers without a high school diploma is nearly identical inside
and outside zones (approximately 49%), but differences emerge within manufacturing. The share
of manufacturing workers without a high school diploma is about 5 percentage points lower inside
zones (51%) than outside (56%), while the college-educated share remains small in both locations
(21% versus 14%). The relevant skill threshold for zone employment is therefore upper secondary
completion, not post-secondary education. This is consistent with the occupational structure of
manufacturing: a World Bank employer survey finds that approximately one-third of manufac-
turing occupation titles require less than high school education, involving tasks such as simple
machine operation, elementary assembly, or freight handling, while 43% require at least upper
secondary education but not a university degree, including more technical roles such as techni-
cians, assemblers, and quality control workers (Granata et al., 2023). Upper secondary completion
therefore opens access to a substantially broader range of zone jobs, motivating the education-

based sample splits used in the empirical analysis.
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Third, wages are higher inside zones. The average monthly wage bill per manufacturing
worker is approximately 4.9 million VND inside zones, compared with 4.3 million VND outside
zones, a difference of about 14%. Both are substantially higher than agricultural wages of ap-
proximately 2.8 million VND. This wage premium suggests that industrial zones can influence
local economic conditions not only through employment creation but also through higher earn-
ings among manufacturing workers, with potential demand spillovers to surrounding areas. The
extent to which these spillovers reach households with limited access to formal zone employment

is the central empirical question of this paper.

2.2 Labor Market Context

During the same period as rapid industrial zone expansion, Vietnam’s labor market experienced
substantial changes in workforce composition and the sectoral distribution of employment (Table
2). Youth labor force participation declined over time, falling from 71% in 2004 to 66% in 2020,

while participation among prime-age adults remained high and stable.

Table 2: Labor Market Statistics, 2004—2020

Labor Participation Sectoral Labor Share Sectoral Labor Share
P Without High School Diploma With High School Diploma
Informal Formal Informal Formal

Age19-24 Age 25-64 Agriculture Agriculture

Non-Ag Non-Ag Non-Ag Non-Ag
@ @) ®) ) ©) (6) @) ®)

2004 0.71 0.92 0.60 0.31 0.08 0.23 0.27 0.50
2012 0.64 091 0.53 0.36 0.11 0.18 0.26 0.56
2020 0.66 0.90 0.34 0.46 0.20 0.09 0.30 0.61

Notes: This table reports the share of individuals in each age group who worked in the last 12 months (Columns
1-2), as well as the sectoral distribution of working individuals by educational attainment—without a high school
diploma (Columns 3-5) and with a high school diploma (Columns 6-8), based on the primary (most time-consuming)
occupation. “Informal” is defined as employment in small-scale household businesses or self-employment. Sampling
weights are applied throughout. Source: Calculations using VHLSS 2004, 2012, 2020.

Changes in the sectoral composition of employment differ sharply by educational attainment.
For workers without a high school diploma, the dominant shift was out of agriculture (from 60%
to 34%) and into informal non-agricultural activities (from 31 to 46%), with a more modest in-
crease in formal employment (from 8 to 20%). For workers with at least a high school diploma,

the decline in agriculture (from 23 to 9%) was absorbed almost entirely by formal non-agricultural

employment (from 50 to 61%), while informal non-agricultural work remained stable. These pat-
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terns suggest pronounced educational stratification in Vietnam’s structural transformation: less-
educated workers transition primarily into informal activities, while more-educated workers move
into formal employment.

This stratification becomes particularly relevant when considering potential spillovers from
industrial zones. The expanding informal non-farm sector, which consists largely of elementary
occupations in trade, food services, and accommodation, provides employment opportunities for
less-educated workers who are excluded from formal-sector jobs. This sector is also highly dy-
namic: annual entry and exit rates of 14 to 18% reflect low barriers to entry and a high degree of
fluidity across activities, particularly relative to self-employment in agriculture (McCaig & Pavc-
nik, 2021). Its accessibility to less-educated workers, low entry costs, and operational flexibility
make it a plausible channel through which the benefits of industrial zones may extend beyond

direct formal employment.

3 CONCEPTUAL FRAMEWORK AND TESTABLE PREDICTIONS

This paper examines how the establishment of industrial zones reshapes local labor allocation
and household welfare. A central feature of the setting is that formal employment expands but
remains unevenly accessible across education groups. To structure the empirical analysis and
guide interpretation, I develop a stylized local-economy framework with three production activi-
ties (agriculture, formal non-agriculture, and informal non-agriculture) and two household types
that differ in their access to formal non-farm employment. The framework highlights two key fea-
tures: (i) industrial zones increase formal production and earnings; and (ii) local spillovers operate
through non-tradable goods and services that are produced and consumed locally.

The model’s main implication is that industrial zones affect less-educated households not only
through their limited direct access to formal jobs, but also through an indirect local-demand chan-
nel. Higher formal earnings, accruing disproportionately to more-educated households, raise de-
mand for local services, increase the equilibrium returns to informal activities, and induce labor
reallocation away from agriculture. Importantly, this adjustment need not take the form of a clean
transition from one sector to another. When formal employment is limited and informal opportu-

nities are expanding, less-educated households may spread labor across multiple activities, tem-
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porarily diversifying their labor portfolios across agriculture, formal, and informal work. This
within-household diversification is a policy-relevant margin of adjustment: if it is large enough,
individual-level employment patterns that appear to favor educated workers may mask more in-
clusive welfare gains at the household level. These mechanisms generate distinctive patterns of
sectoral adjustment, household diversification, and welfare that guide the empirical tests. Ap-
pendix A formalizes this framework, derives the comparative statics, and provides conditions

under which these predictions hold.

3.1 Environment

Endowment. Consider a local economy with a continuum of households of two skill types: high-
skill (H), and low-skill (L). Each household allocates one unit of labor across three activities:

agriculture (A), formal non-agriculture (F), and informal non-agriculture (I) so that:
By+lp+1; =1, se{H,L} (1)

Production and Segmented Access to Formal Employment. Agriculture and the formal non-
farm sector produce tradable output sold at exogenous prices, while informal non-farm activi-
ties produce non-tradable goods and services consumed locally at an equilibrium local price p;.
Household enterprises in agriculture and informal non-farm activities feature diminishing returns
to labor, reflecting small-scale production and limited complementary inputs.

Industrial zone exposure is summarized by a scalar 6 that increases the scale and productivity
of the formal tradable sector. In the simplest formulation, higher 6 raises formal wages for both
types, with a skill premium:

wi () > wk(0), i

0 (2)

Here 6 can be interpreted as the arrival or expansion of zone firms, infrastructure, and demand
for formal non-farm labor.

A key feature of the framework is that formal non-farm employment is not freely accessible for

13



low-skill households. Instead, their participation is limited by an access ceiling;:

1L <1(6, ) (3)

where ¢ is the local skill intensity (i.g., the share of high-skill households in the local population).
The ceiling increases with 6, which reflects the idea that industrial zones create additional formal
non-farm jobs, but decreases with ¢, capturing stronger competition and screening in more skill-
intensive places. A convenient reduced-form representation is:

(6. 9) = 220 (4)

which can be micro-founded by a simple rationing or screening mechanism: zone expansion in-
creases the number of formal non-farm positions and higher-skill applicants have a higher effec-
tive probability of being selected. In the analysis, I focus on a range where this constraint binds
for low-skill households, consistent with persistent barriers to formal work even after zones are
established.

High-skill households are assumed to have substantially better access to formal jobs and, once
zones are sufficiently important, allocate nearly all labor to formal employment. This captures
the idea that the primary adjustment margin for high-skill households is increased formal work
and formal income, while the main question of interest is how low-skill households adjust when

formal access expands only partially.

Preference. Households allocate spending between a tradable composite and non-tradable goods
and services. With homothetic preferences (e.g., Cobb-Douglas), non-tradable spending is a con-
stant share of income, so aggregate demand for non-tradables is increasing in total local income

and decreasing in the local price p;:

pY'oral (o, pr)
pr

Dy(6,pr) = ue(0,1) )

Equilibrium. Non-tradable supply Y;(6, p;) is produced locally through informal activities, and

in this stylized setting is primarily supplied by low-skill households. The local non-tradables
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market clears when:

Dy(0,pr) =Y1(0,pr) (6)

This equilibrium condition is the central link between industrial zones and informal non-farm
sector returns. When 6 rises, two forces increase excess demand for non-tradables at the initial
price. First, higher formal wages raise local income (especially among high-skill households with
better access to formal work), increasing demand for local services. Second, low-skill households
reallocate some labor into formal work as the access ceiling relaxes, which can reduce the labor
available for informal production. These demand and supply forces move in the same direction,
implying that the equilibrium non-tradable price p; rises with 6. Intuitively, this is a local-economy
analog of Balassa-Samuelson and local multiplier mechanisms: formal-sector expansion raises
local demand for services and bids up their price when supply is local (Balassa, 1964; Moretti,

2010; Samuelson, 1964).

Implications for Low-Skill Reallocation and Diversification. Therise in p; increases the return
to informal activities relative to agriculture, inducing low-skill households to shift non-formal la-
bor away from agriculture and toward informal non-farm activities. Low-skill adjustment there-

fore operates along two margins:

(i) Direct formal margin: low-skill formal work increases as access relaxes, although it remains

capped by 1(0, ¢).

(ii) Indirect non-formal margin: within non-formal labor, low-skill households substitute from

agriculture into informal non-farm activities as informal returns increase with p;.

This two-margin structure implies a non-monotonic pattern for household labor diversifica-
tion. When low-skill households start agriculture-heavy and formal access is limited, small in-
creases in formal work combined with a shift into informal services move households toward a
more balanced allocation across sectors, raising diversification. As exposure increases further, in-
formal services can absorb most non-formal labor; at that point, additional shifts toward informal
work may concentrate the non-formal portfolio and diversification can flatten or decline. This
mechanism motivates the empirical focus not only on sectoral shares, but also on household labor

portfolios and diversification measures.
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Welfare Implications. A natural welfare measure is real income, which depends on both nomi-
nal earnings and the local non-tradable price. The model highlights that rising p; is not simply a
cost-of-living increase for low-skill households. Low-skill households are the primary producers
of non-tradables in the local economy, while high-skill households are primarily demanders. As
a result, low-skill households are net sellers of non-tradables in equilibrium. An increase in the
non-tradable price therefore raises low-skill households’ informal earnings and can generate wel-
fare gains even as the local price level increases. This implies that industrial zones can improve
low-skill welfare through both (i) direct formal earnings where access expands and (ii) indirect

gains through the local-demand channel that increases informal returns.

3.2 Testable Predictions
The framework yields several testable predictions that guide the empirical analysis:

(i) Formal non-farm sector effects: Industrial zone establishment increases formal non-farm
employment and earnings, with larger gains for high-skill households due to higher wages

and better access. Low-skill formal participation increases but remains constrained.
(ii) Non-tradable spillovers: zone exposure raises local returns to informal non-farm activities.

(iii) Reallocation within low-skill labor: low-skill households shift non-formal labor away from

agriculture and toward informal non-agriculture as non-tradable returns rise.

(iv) Diversification dynamics: low-skill diversification increases in agriculture-heavy settings at
low-to-moderate exposure, but may flatten or decline as informal activities become domi-
nant, implying a non-monotonic relationship between exposure and labor portfolio concen-

tration.

In the model, diversification arises because a household spreads its single unit of labor across
three activities. In practice, this can occur through two channels: different household mem-
bers working in different sectors (across-member diversification), or individual members
combining jobs in multiple sectors (within-member diversification). Both channels reflect
the same underlying mechanism, namely that when formal access is limited and informal

returns are rising, households find it optimal to maintain a presence in multiple activities
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rather than concentrating in one. In the empirical analysis, I measure diversification along
both margins, as well as through a continuous index based on the distribution of total house-

hold labor hours across sectors.

(v) Heterogeneity by skill intensity: the model suggests stronger non-tradable spillovers and
larger low-skill portfolio adjustments in more skill-intensive districts, where formal income
gains (and thus local demand shifts) are larger and where low-skill households remain more

reliant on non-formal work.

4 DATA AND EMPIRICAL STRATEGY

Guided by the conceptual framework, this section describes the data and empirical strategy used

to estimate the impact of industrial zones and discusses potential threats to identification.

4.1 Data and Construction of Variables

Data. The first primary source of data is a comprehensive industrial zone database from the
Ministry of Planning and Investment, containing detailed records for each zone: name, adminis-
trative location (ward, district, province), establishment date, operational status as of June 2023,
and key performance indicators such as the number of domestic and foreign secondary projects.
As the database did not include geographic coordinates, I manually georeferenced each zone us-
ing Google Maps.

The identification strategy relies on changes at the district level. Districts are Vietnam’s second-
level administrative units under provinces. To map zones to districts, I used district-level adminis-
trative boundary shapefiles from the Humanitarian Data Exchange (COD dataset), reflecting 2019-
2020 boundaries.” Because administrative boundaries changed over the study period through dis-
trict splits and mergers, I harmonized the spatial units by aggregating newly created subdivisions
back to their original “mother districts.” This process yields a consistent panel of approximately
660 districts, compared to over 700 in the unadjusted 2020 boundaries. I then spatially joined the
georeferenced industrial zones to these harmonized district units.

I use ten rounds of the Viethnam Household Living Standards Survey (VHLSS), conducted bi-

Shttps:/ /data.humdata.org/dataset/cod-ab-vnm
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ennially by Vietnam’s General Statistics Office from 2002 to 2020. The survey employs a stratified
multi-stage cluster sampling design, first selecting communes or wards (the third-level admin-
istrative units below provinces and districts) stratified by urban or rural status and geographic
region, then randomly selecting households within these primary sampling units. Each wave sur-
veys more than 45,000 households across over 3,000 communes, designed to be representative at
national, regional, urban/rural, and provincial levels. While the large sample provides substantial
coverage for district-level analysis, I address potential limitations in district-level representative-
ness through robustness checks including province-level estimation where representativeness is

assured. All analyses incorporate appropriate sampling weights.

Construction of Variables. The main outcomes are individual measures of employment, as well
as household measures of labor diversification and income.

Employment Classification. For all individuals aged 10 and above, the VHLSS Employment Mod-
ule collects information on participation in income-generating activities over the past 12 months,
including household farm and non-farm work as well as wage employment. From 2004 on-
ward, respondents report the industry, employer type, and hours worked for their two most time-
consuming jobs, whereas the 2002 round records only the primary job. Because measures of labor
diversification and sector-specific hours require information on secondary employment, the main
analysis uses the 2004-2020 survey rounds.® I restrict the sample to persons aged 25 to 64 to focus
on the working-age population, excluding most students and retirees.

Following McCaig and Pavcnik (2018), I classify employment as informal if it consists of self-
employment or work in household businesses, including cooperatives and collectives for consis-
tency over time.” Based on their primary job, I classify each worker into agriculture, formal non-
agriculture, or informal non-agriculture. I also calculate total hours in each sector using both
primary and secondary jobs.

Household Labor Diversification. Using individual-level employment data, I construct three mea-

sures of household labor diversification to capture different dimensions of how labor is distributed

6The exception is the measure of skill intensity, which is constructed using 2002 data.

"This enterprise-based definition (formal registration status) correlates highly (Pearson coefficient ~ 0.9) with
worker-based definitions using social insurance and contracts (General Statistics Office of Vietnam and International
Labor Organization, 2018). Cooperatives are included as informal because they have historically operated outside the
formal enterprise system, with collectives participation being mostly voluntary and informal (Nguyen et al., 2016; Ray-
mond, 2008). In addition, cooperatives are legally distinct from formal enterprises under the 2012 Cooperative Law.
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both across and within households. The first measure, which directly corresponds to the model, is
the sectoral diversification index, a continuous variable based on the Herfindahl index that quantifies

the overall distribution of household labor. It is calculated as:

where j indexes sectors (agriculture A, formal non-agriculture F, and informal non-agriculture I),
and hours; represents total household hours in sector j. Values closer to 1 indicate greater labor
diversification across sectors; values near 0 imply concentration in a single sector.

The second measure, across-member diversification, is a binary indicator equal to 1 if household
members are employed in different sectors (e.g., one member works in agriculture while another
works in formal or informal non-agriculture) and 0 if all members work exclusively within the
same sector. This captures sectoral variety across household members.

The third measure, within-member diversification, is a binary variable equal to 1 if any household
member is employed in more than one sector (e.g., holding a primary job in formal non-agriculture
and a secondary job in another sector), and 0 if all members have jobs in only one sector. This
captures multi-sector employment within individuals.

Together, these measures provide a comprehensive view of household labor diversification,
capturing both the spread of employment across household members and sectors as well as multi-
sector engagement at the individual level.

Household Labor and Business Income. 1 measure household income by aggregating earnings
across all household members. For wage workers, the survey directly reports labor compensation,
including base wages, bonuses, incentives, and allowances. For self-employed workers, I proxy
labor compensation using the VHLSS Business Module, which records revenues and costs for all
household farm and non-farm enterprises. I compute sector-specific household profits as revenues
minus costs, including payments to hired workers. All income measures are deflated to 2010
Vietnamese Dong using the national CPI to ensure comparability across sectors and over time.

Complementary Welfare Measures. As additional evidence on whether income gains translate
into tangible improvements in living standards, I examine household consumption, human capi-

tal spending, and child schooling outcomes. The VHLSS collects detailed consumption data from
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a representative stratified sub-sample of approximately 9,000 households per wave. Food con-
sumption combines regular food and drink items consumed in the past 30 days (annualized) and
holiday food expenditure over the past 12 months, including both purchased and self-supplied
items. Non-food consumption comprises recurring daily non-food items (reported over the past
30 days and annualized) and annual non-food items such as clothing, household goods, and com-
munications, excluding food, housing, education, and health expenditure. I also examine com-
bined spending on education (tuition, textbooks, uniforms, and tutoring) and health (in-patient
and out-patient treatment). All consumption and spending measures are expressed in per capita
terms and deflated to 2010 Vietnamese Dong. For children aged 10-18, I measure school enroll-
ment using the Education Module, which records whether each child attended school in the past
12 months. These outcomes are available for smaller sub-samples, which limits statistical power,
but they provide a useful check on whether the income gains documented in the main analysis
extend to household consumption and human capital investment.

I merge individual- and household-level VHLSS data with the geospatial database of industrial
zones at the district level. While the VHLSS does not report exact household locations, the district
identifiers allow me to determine which households are exposed to nearby industrial zones based
on the harmonized district boundaries. Specifically, a district is classified as treated if its boundary
falls within 15 km of an industrial zone, capturing the commuting range over which zones are

likely to affect local labor markets. I discuss this treatment definition in Section 4.3.

4.2 Summary Statistics

Table 3 presents baseline characteristics of sample districts in 2004, measured from the VHLSS.
The sample includes districts within 15 km of a zone established from 2004 onward (173 districts)
and districts that were never within 15 km of any zone during the study period (220 districts).
The remaining 268 districts (those within 15 km of a zone established before 2004) are excluded,
as they lack a pre-treatment period for identification. Columns (1)~(3) compare never-treated
districts with those within 10 km of a zone established during the study period. Ever-treated
districts are more urban (16% versus 13%), have lower ethnic minority shares (16% versus 38%),
and are less reliant on agricultural labor (62% versus 73%). These differences are consistent with

non-random zone placement in areas with greater industrial potential.
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Table 3: Characteristics of Sample Districts in 2004

Districts Districts Districts Districts

Ne]\;ei;gi?sted with Zones D(lgefezrll)c ®  with Zones with Zones with Zones D(lgefe(z)c € D(lgei‘e(z)c ¢
since 2004 2004-2008 20092013  2014-2020
1) ) ®) ) ©) (6) ) ®)
Panel A: Demographics
Share of urban population 0.126 0.158 -0.032 0.148 0.179 0.211 0.032 0.064
[0.178] [0.217] (0.022) [0.204] [0.248] [0.266] (0.049) (0.078)
Share of ethnic minority population 0.381 0.159 0.222 0.130 0.286 0.128 0.156 -0.002
[0.403] [0.260] (0.038) [0.229] [0.345] [0.222] (0.061) (0.055)
Panel B: Adult Labor Outcomes
Share of agricultural labor 0.732 0.623 0.109 0.635 0.618 0.511 -0.016 -0.124
[0.174] [0.200] (0.021) [0.183] [0.248] [0.222] (0.046) (0.067)
Share of formal non-agricultural labor 0.095 0.110 -0.015 0.102 0.126 0.154 0.024 0.052
[0.074] [0.085] (0.008) [0.078] [0.105] [0.092] (0.019) (0.027)
Share of informal non-agricultural labor 0.173 0.267 -0.094 0.263 0.256 0.334 -0.007 0.071
[0.139] [0.154] (0.017) [0.145] [0.188] [0.143] (0.036) (0.044)
Income from wages and HH business profits 2.319 2.496 -0.177 2.463 2.633 2.509 0.170 0.046
[0.738] [0.624] (0.082) [0.601] [0.697] [0.676] (0.138) (0.211)
Panel C: Household Labor and Agriculture
HH labor diversification: across members 0.476 0.538 -0.062 0.545 0.491 0.580 -0.054 0.035
[0.156] [0.158] (0.018) [0.162] [0.152] [0.102] (0.030) (0.037)
Total sown area for crop production (ha) 1.106 1.035 0.071 0.976 1.457 0.604 0.481 -0.373
[0.844] [0.763] (0.094) [0.668] [1.050] [0.370] (0.203) (0.127)
Share of rice area 0.535 0.622 -0.087 0.630 0.600 0.595 -0.030 -0.034
[0.260] [0.248] (0.031) [0.236] [0.288] [0.284] (0.057) (0.098)
Share of industrial crop area 0.121 0.101 0.020 0.116 0.064 0.029 -0.053 -0.088
[0.178] [0.181] (0.021) [0.192] [0.154] [0.059] (0.035) (0.023)
Panel D: Child Schooling
Share of 10-18 attending school 0.790 0.778 0.012 0.783 0.748 0.803 -0.035 0.020
[0.122] [0.105] (0.014) [0.100] [0.118] [0.103] (0.025) (0.031)

Notes: This table summarizes 2004 characteristics across district types. Columns (1)-(3) compare never-treated versus ever-treated districts: Column (1) includes
districts that have not received nor in proximity to any zone during the study period; Column (2) includes those within 15 km of a zone established in 2004 or later;
Column (3) reports mean differences. Columns (4)-(7) compare treatment timing within the study period: Column (4) includes districts within 15 km of a zone
established 2004-2008; Column (5) includes those within 15 km of a zone established 2009-2013; Column (6) includes those within 15 km of a zone established
2014-2020. Columns (7)—(8) report mean differences. Standard deviations in brackets; robust standard errors in parentheses. Sampling weights applied throughout.
Source: Data from VHLSS 2004.



Columns (4)—(8) compare districts by the timing of zone establishment. In contrast to the level
differences between ever-treated and never-treated districts, baseline characteristics are largely
balanced across adoption cohorts. Formal and informal non-agricultural employment, household
income, school enrollment, and crop composition are all statistically indistinguishable across the
three waves. Some variation exists in agricultural labor shares and total sown area, but these dif-
ferences do not follow a systematic pattern across cohorts. Nonetheless, to the extent that baseline
differences across cohorts generate heterogeneous treatment effects, the main analysis employs
heterogeneity-robust estimators, which accommodates such heterogeneity rather than imposing

the homogeneity assumption implicit in standard TWFE.

4.3 Empirical Strategy

As Table 3 shows, districts that received industrial zones differ systematically from those that did
not, making simple comparisons uninformative about causal effects. To address this non-random
placement, I exploit the staggered rollout of zones across districts over time in a difference-in-

differences framework.

Staggered DiD Design. [ estimate an event-study specification as follows:

K
YVidt = @q + a; + Z’Bk -I(¢t = Establishment, + k) + X;lqb “t+ Eiar (7)
k#0

where y;q4; is the outcome of individual or household i in district d at time ¢. District fixed
effects a; absorb district-specific time-invariant characteristics such as geography, soil quality, dis-
tance to major cities, and historical patterns of economic development that may be correlated with
both zone placement and labor market outcomes. Year fixed effects a; absorb nationwide time-
varying shocks common to all districts, such as changes in macroeconomic conditions, national
trade policy, or commodity prices. The term X - ¢ interacts baseline district characteristics—the
share of urban population, ethnic minority population, agricultural labor force, and rice sown
area, measured in 2002 or, for districts not surveyed in that round, in 2004—with a linear time
trend, allowing districts with different initial compositions to follow differential trajectories that
would otherwise confound the treatment effects. Since all zone establishments in the study sam-

ple occur from 2004 onward, these characteristics are pre-determined with respect to treatment.
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Identification therefore comes from comparing outcome changes over time between treated and
control districts, after removing common nationwide shocks, time-invariant district characteris-
tics, and differential trends associated with observable baseline conditions. The coefficients Sy
capture the dynamic treatment effects k periods relative to zone establishment. The omitted pe-
riod is k = 0, normalizing effects relative to the year of treatment. Standard errors are clustered at

the district level to account for spatial and temporal correlation.

Treatment Definition. I define a district as treated if any part of its territory falls within 15
kilometers of an industrial zone’s geographic centroid. This distance-based measure captures
the localized nature of zone impacts while maintaining a clear, replicable treatment assignment
rule (Duranton & Venables, 2018; Gallé et al., 2024). The 15-kilometer threshold is motivated by
two considerations. First, existing evidence suggests that economic spillovers from place-based
policies such as special zones typically concentrate within 10-15 kilometers (e.g., Abagna et al.,
2025; Gallé et al., 2024). Second, my own analysis confirms this pattern: examining outcomes
at distance bins from zone centers shows that employment and welfare effects attenuate sharply
beyond 15 kilometers (see Appendix Section C).

Treatment begins when a zone is “established,” that is, when its non-infrastructure projects
receive official approval from authorities. While zones may not be fully operational at this point,
establishment marks the transition from planning into tangible development activity, triggering
expectations among investors, workers, and local governments, as well as prompting other eco-
nomic responses such as employment adjustments, land use changes, and early migration. Given
that delays between establishment and operation are common due to administrative or logisti-
cal bottlenecks, using the establishment date as the onset of treatment provides a more realistic
measure of when local economic dynamics begin to respond to zone development. To ensure con-
sistency and avoid bias from zones that were established but never materialized, the analysis is

limited to zones that became fully operational by the end of the study period.8

8 According to the zone database, only one zone had been terminated as of June 2023 due to delays in infrastructure
development. Appendix Figure Bl illustrates the staggered expansion of treatment over time for a province. Appendix
Table B1 provides a summary of the staggered establishment of industrial zones across districts throughout the study
period. Zone establishment was most active during the early years, with approximately 10% of districts establishing
zones during 2004-2008. Zone creation then declined substantially, with only 0.4% during 2009-2020. The treatment
exposure patterns follow a similar trajectory. Notably, more than 35% of districts were never exposed to any industrial
zone throughout the entire study period, providing substantial comparison group for the analysis.
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Identifying Assumptions. For the coefficients B to be interpreted as causal effects of industrial
zones, the following assumptions must hold. First, the parallel assumption requires that if no in-
dustrial zone had been established, labor market and household welfare outcomes would have
evolved similarly on average across all district groups—those that established a zone at different
times and those that never did. Second, the no anticipation assumption requires that a district’s
outcomes in a given period when untreated are unaffected by the timing of future treatment; in
other words, individuals and households in these districts do not adjust their behavior in antici-
pation of future zone establishment before it formally occurs.

While the parallel trends assumption is fundamentally untestable, the event-study specifica-
tion allows me to assess its plausibility by examining pre-treatment trends. The coefficients Sy
where k < 0 capture differences in trends between treated and control districts before zone estab-
lishment (relative to k = 0). A lack of (joint) statistical significance of these coefficients would indi-
cate no systematic pre-treatment trend differences, suggesting that the parallel trends assumption
held before treatment and may plausibly continue to hold. This test also supports the no antici-
pation assumption by showing no anticipatory behavioral adjustments. To assess the sensitivity
of the results to potential violations of this assumption, I follow Rambachan and Roth (2023) and
construct confidence sets that remain valid under the assumption that post-treatment violations
of parallel trends are no larger than the maximum violation observed in the pre-treatment period.
This approach provides an informative bound on the estimated effects even when pre-trend tests
lack statistical power.

A related concern is that agricultural shocks, such as commodity price fluctuations or extreme
weather events, could differentially affect districts depending on their crop composition, gener-
ating divergent trends unrelated to zone establishment. While year fixed effects absorb common
shocks affecting all districts in a specific year, differential exposure remains a concern if districts
vary in crop composition. However, treated districts across adoption cohorts exhibit similar crop
composition at baseline (Table 3, Panel C), making differential exposure to crop-specific shocks
unlikely. In addition, the baseline specification controls for the share of rice sown area interacted
with a linear time trend, allowing districts with different agricultural compositions to follow dif-
ferential trajectories.

In addition, the Stable Unit Treatment Value Assumption (SUTVA) requires that one district’s
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treatment status does not affect outcomes in other districts. This could be violated if zones gen-
erate spillovers to neighboring districts or if they induce migration that affects control areas. I
address this through spatial ring analysis showing that effects attenuate sharply beyond 15 km
(Appendix Section C), a donut exclusion test removing potentially contaminated districts (Table
B7, Row 9), and sample restrictions to long-term registered residents (Table B7, Row 7). Results

from all three exercises support the baseline findings.

Further Considerations. Three additional issues merit discussion. First, recent advances in the
DiD literature have demonstrated that conventional TWFE estimation can produce biased esti-
mates when treatment effects vary across cohorts and over time, as it implicitly uses already-
treated units as controls for later-treated units, and in some cases, applies potentially negative
weights to some comparisons (e.g., Borusyak et al., 2024; de Chaisemartin & d’"Haultfoeuille, 2020;
Goodman-Bacon, 2021). Treatment effect heterogeneity is plausible in my setting: zones estab-
lished at different times serve different economic purposes (United Nations Industrial Develop-
ment Organization, 2019; World Bank Group, 2019), and some baseline differences exist across
adoption cohorts (Table 3). Applying the diagnostic decomposition of Goodman-Bacon (2021)
confirms that only 75% of the TWFE weight is assigned to clean comparisons using never-treated
districts as controls, whereas the remaining 25% relies on comparisons using already-treated or
earlier-treated districts as controls.

To address these issues, I estimate event-study effects using the heterogeneity-robust difference-
in-differences framework of de Chaisemartin and d’'Haultfoeuille (2024), rather than estimating
equation (7) with standard OLS. For each treated district, this approach compares the outcome
evolution from the period before treatment to ¢ periods after, between that district and districts
whose treatment has not yet changed, ensuring that already-treated units are never used as con-
trols. It accommodates treatment effect heterogeneity across cohorts and over time, and uses
placebo estimators for pre-treatment periods to assess the parallel trends and no-anticipation as-

sumptions. I report two pre-treatment periods and up to six post-treatment periods.” An addi-

9Ex’cending to three pre-treatment periods restricts the estimation sample to 21 switching districts from cohorts
treated after 2010, which account for fewer than 10% of all treated districts. These late cohorts are not representative of
the broader set of cohorts that drive the treatment effect estimates, making the longer-horizon placebo tests unreliable
as a pre-trend diagnostic. By comparison, the first and second placebo periods draw on 98 and 49 switching districts,
respectively.
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tional advantage of this framework is that it accommodates non-binary treatments, which I exploit
in province-level robustness checks where treatment is measured as a continuous variable reflect-
ing the intensity of zone exposure. I also report results using the alternative heterogeneity-robust
estimator of Callaway and Sant’/Anna (2021), as well as event-study TWFE estimates. All yield
qualitatively similar results.

Second, because the VHLSS is designed to be representative at the provincial rather than dis-
trict level, district-level estimates may be sensitive to sampling variation. I address this through
several checks: re-estimating at the province level using the cumulative number of zones as a
continuous treatment variable, re-estimating on household panels exploiting the rotating panel
structure of the VHLSS, and performing leave-one-district-out and Monte Carlo permutation ex-
ercises. All yield conclusions consistent with the baseline.

Finally, treatment and outcome timing do not perfectly align: zones can be established in any
year, while household surveys occur biennially. In the baseline, a district’s treatment status in a
given survey year reflects all zones established up to and including that year. Zones established
between survey waves are therefore first captured in the subsequent wave, while zones established
in a survey year are treated as contemporaneous. This means that the baseline may attenuate
estimated effects for zones established in survey years, as the household data may partially predate
zone activity. Restricting the sample to households surveyed at least one full survey cycle after

zone establishment does not change the findings (Section 6).

5 EMPIRICAL FINDINGS

This section presents the empirical estimates of the impact of industrial zones on individual and
household-level labor responses and welfare outcomes. As shown in Section 2, zone establishment
is associated with a sharp increase in local manufacturing firms and employment, with an average
of 10 additional firms and 1,000 new jobs within ten years of establishment (Figure 2 and Appendix

Figure B2), providing the labor demand shift that drives the adjustments documented below.
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5.1 Labor Market Adjustments: Participation and Sectoral Allocation

Before examining sectoral reallocation, I confirm that industrial zones do not significantly af-
tect overall labor force participation, defined as whether an individual engaged in any income-
generating activity in the past 12 months, among prime-age and older individuals (25-64), with
post-treatment effects near zero (Appendix Table B2). While overall labor force participation re-
mains stable, the sectoral composition of employment shifts significantly in response to industrial
zone establishment.

Figure 3: Industrial Zones and Primary Sector Employment, Ages 25-64

Sample includes individuals without a high school diploma

Agriculture Informal Non-Agriculture Formal Non-Agriculture
~ ~ ~
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Periods to treatment Periods to treatment Periods to treatment
pre-trend p-val = 0.731 pre-trend p-val = 0.695 pre-trend p-val = 0.467
post-ATT = -0.053 (0.013) post-ATT = 0.039 (0.012) post-ATT = 0.014 (0.005)

Notes: This figure shows the effects of industrial zone exposure on sectoral employment shares among all individuals
aged 25-64 without a high school diploma, using data from VHLSS 2004-2020. The outcome is the sector of an indi-
vidual’s primary occupation (the most time-consuming job in the past 12 months). Square markers indicate the point
estimates of the coefficients. Darker vertical lines with caps show 95% confidence intervals, and lighter bars represent
90% confidence intervals. pre-trend p-val is the p-value from the joint test that pre-treatment effects are zero. post-ATT
represents the average treatment effect on the treated across post-treatment periods, with standard errors clustered at
the district level in parentheses. Estimates of equation (7) are derived using the method proposed by de Chaisemartin
and d’Haultfoeuille (2024). Sampling weights are applied throughout.

Figure 3 presents the dynamic effects of industrial zone exposure on the sectoral distribution
of workers” primary employment, with a focus on adults without a high school diploma. Pre-
treatment coefficients are small and statistically indistinguishable from zero across sectors, sup-
porting the parallel trends assumption. Exposure to industrial zones is associated with a gradual
decline in the share whose primary job is in agriculture. The effect becomes more pronounced

several periods after zone establishment, reaching a reduction of approximately 7-8 percentage
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points by four to five periods (i.e., 8 to 10 years) post-treatment. Over the same horizon, the
decline in agricultural employment is accompanied by increases in both informal and formal non-
agricultural employment, with the expansion much larger in the informal sector on average.
Table 4 examines the robustness of these patterns using two additional employment measures
and compares responses across education groups. Panel A classifies workers by whether they
hold a job in a given sector as either their primary or secondary activity, while Panel B restricts to
workers whose sole employment is in a single sector. Comparing these measures helps distinguish
between complete exit from a sector, the addition of new activities alongside existing work, and the
dropping of secondary activities. This is an important distinction in settings where multi-activity

livelihoods are common (e.g., Barrett et al., 2001; Fields, 2011; Fox & Gaal, 2008).

Table 4: Industrial Zones and Sector Employment: Heterogeneity by Education Level

Without High School Diploma With High School Diploma

Informal Formal Aericulture Informal Formal
Non-Ag Non-Ag & Non-Ag Non-Ag

1) (2) ®) 4) ©) (6)
Panel A: Primary or Secondary Job

Sector Agriculture

post-ATT -0.042 0.045 0.014 -0.038 -0.010 0.053
(0.013) (0.012) (0.005) (0.023) (0.020) (0.021)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 0.78 0.38 0.07 0.41 0.33 0.52
p-value pre-trend 0.966 0.472 0.223 0.790 0.815 0.257
Panel B: Only Job (Single Sector)
post-ATT -0.056 0.029 0.009 -0.029 -0.001 0.025
(0.013) (0.012) (0.003) (0.017) (0.016) (0.019)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 0.56 0.19 0.03 0.19 0.18 0.37
p-value pre-trend 0.381 0.922 0.876 0.174 0.555 0.800
N(Individual-Period) 226471 226471 226471 53136 53136 53136
N(District Switcher-Period) 838 838 838 826 826 826

Notes: This table shows the effects of industrial zone exposure on sectoral employment shares among working individu-
als aged 25-64, using data from VHLSS 2004-2020. Estimates of equation (7) are derived using the method proposed by
de Chaisemartin and d’Haultfoeuille (2024). Standard errors, clustered at the district level, are shown in parentheses.
Mean outcomes are calculated based on pre-treatment periods. Sampling weights are applied throughout.

Among less-educated workers, the sectoral patterns documented in Figure 3 are robust across
both measures. Agricultural employment declines by 4.2 percentage points when secondary jobs

are included (Panel A, Column 1; p < 0.01) and by 5.6 percentage points for exclusive agricultural
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employment (Panel B, Column 1; p < 0.01), consistent with the 5.3 percentage point decline in pri-
mary agricultural employment shown in Figure 3. Formal non-agricultural employment rises by
0.9-1.4 percentage points across panels (p < 0.01), representing sizable gains relative to low base-
line levels of 3-7%. Informal non-agricultural employment increases by a larger 3.0-4.6 percentage
points (p < 0.01), corresponding to 10-15% increases relative to baseline shares of 19-38%. Notably,
the presence of significant effects in both the “primary or secondary job” and “only job” measures
indicates that informal employment expansion reflects entry as a primary source of livelihood
rather than merely a supplemental activity alongside agricultural work. The consistency of the
agricultural decline across all three measures (primary job, any job, and sole job) suggests that the
reduction reflects genuine exits from the sector rather than a reclassification of agriculture from
primary to secondary activity.

For individuals with at least a high school diploma, the adjustment pattern differs in both
magnitude and destination. Prior to zone exposure, this group was already substantially less en-
gaged in agriculture—25% in primary jobs, 41% in primary or secondary jobs, and 19% working
exclusively in agriculture—compared with 66%, 78%, and 56%, respectively, among less-educated
workers. Industrial zone exposure reduces agricultural employment by 3.8 percentage points
when secondary activities are included (Panel A, Column 4) and by 2.8 percentage points for ex-
clusive agricultural employment (Panel B, Column 4). These effects, however, are not statistically
significant at conventional levels.

The key distinction from less-educated workers lies in the destination sector. Among more-
educated individuals, the entire reallocation flows into formal non-agricultural employment, which
increases by 2.5-5.3 percentage points across panels (p < 0.05), corresponding to roughly 6-9%
gains relative to baseline. Informal non-agricultural employment shows no significant change
(Column 5). This contrasts sharply with the pattern for less-educated workers, where the informal
sector accounts for the majority of the transition out of agriculture. The divergence is consistent
with the model’s formal access constraint: both education groups gain formal non-agricultural
employment, but the likelihood of accessing formal jobs is roughly two to three times higher for
workers with a high school diploma, a differential reflected in the relative magnitudes across
Columns 3 and 6. With limited formal access, less-educated workers reallocate their remaining

labor toward informal non-agricultural activities.
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At face value, these patterns could suggest divergent welfare implications: more-educated
workers gain access to higher-quality formal employment, while less-educated workers dispropor-
tionately enter informal activities with potentially lower returns. However, such an interpretation
overlooks an important margin of adjustment in low- and middle-income settings, i.e., household-
level labor diversification. Households may respond by reallocating labor across members or by
combining multiple activities across sectors. If less-educated households use diversification strate-
gies to offset limited access to formal employment, the distributional consequences of industrial

zone development may be more inclusive than individual-level employment patterns alone would

imply.
5.2 Household-Level Labor Diversification

I begin by examining the sectoral diversification index (one minus the Herfindahl index of house-
hold labor hours across sectors), which corresponds directly to the diversification measure in the
conceptual framework (Proposition A3). Figure 4 plots event-study estimates for households with-
out a high school graduate. Pre-treatment coefficients are close to zero and jointly insignificant (p
= 0.84), supporting the parallel trends assumption. After zone establishment, diversification rises
gradually, becoming clearly positive within a few post-treatment periods and peaking around pe-
riods 4-5 before leveling off. This pattern is consistent with the model’s non-monotonic prediction:
when less-educated households are initially agriculture-heavy, expanding formal access and ris-
ing informal returns increase the spread of labor across sectors, but as informal activities absorb
an increasing share of non-formal labor, diversification gains diminish.

To provide more insights into the diversification dynamics, Appendix Figure B3 left panel
plots event-study estimates for the distance of the household labor portfolio from an equal split of

hours shares across agriculture, formal non-agriculture, and informal non-agriculture:

distance-to-balance = Z (l; -1 /3)?
je{A.1,F}

Because distance-to-balance is minimized at 4 = /; = I[r = 1/3, a decline in this measure pro-
vides a direct summary of movement toward the diversification-maximizing portfolio. Follow-

ing industrial zone exposure, distance-to-balance declines steadily and reaches its lowest point
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Figure 4: Industrial Zones and Household Labor Diversification Index

Sample includes households without high school graduates
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post-ATT = 0.012 (0.006) post-ATT = 0.036 (0.016) post-ATT = 0.030 (0.016)

Notes: This figure shows the effects of industrial zone exposure on different measures of household labor diversification,
using data from VHLSS 2004-2020. The square symbol represents the point estimates of the coefficients. Darker vertical
lines with caps indicate 95% confidence intervals, while the lighter bars represent 90% confidence intervals. pre-trend p-
val is the p-value from the joint test that pre-treatment effects are zero. post-ATT represents the average treatment effect
on the treated across post-treatment periods, with standard errors in parentheses. Estimates of equation (7) are derived
using the method proposed by de Chaisemartin and d"Haultfoeuille (2024). Sampling weights are applied throughout.

around periods 4-5, implying that households move away from an initially concentrated portfolio
toward a more even distribution of labor across activities. At longer horizons the effect attenuates,
distance-to-balance rebounds toward zero by period 6, mirroring the hump-shaped pattern in the
diversification measures. Together with the household-level sectoral hours responses (Appendix
Figure B4), these results are consistent with the model mechanism in which zone expansion ini-
tially spreads labor away from agriculture and toward non-agriculture, but later adjustments yield
smaller gains in portfolio balance.!”

Table 5 extends the analysis to other measures of labor diversification, reporting period-specific
estimates alongside the average post-treatment estimate. For less-educated households, all three
diversification measures are near zero at period 1 and peak at period 4: the sectoral index rises

to 0.026 (p < 0.01), across-member diversification by 7 percentage points (p < 0.01), and within-

member diversification by 6 percentage points (p < 0.01). By period 6, the effects attenuate: the

10Note that the number of working household members remains relatively stable (Appendix Table B3), indicating
that diversification reflects reallocation of existing workers across sectors rather than an increase in household labor

supply.
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sectoral index falls to 0.005, and the binary measures decline by roughly half, which are consistent
with the model’s prediction that diversification gains diminish as informal activities absorb an
increasing share of non-formal labor. The response operates through both members specializing
in different sectors and individuals combining activities across sectors.

Households with at least one high school graduate also show increased across-member diversi-
fication (Column 5: 0.05 at period 4, p < 0.05), but no within-member response (Column 6: -0.005 at
period 6, insignificant). Two features distinguish this group’s response from that of less-educated
households. First, whereas less-educated households diversify along both the across- and within-
member margins, within-member diversification (individual members working multiple sectors)
is absent among households with a high school graduate. This is the margin most directly linked
to the model’s compensating mechanism, in which skill-constrained workers combine activities
across sectors when formal access is limited. Second, unlike less-educated households, where
diversification attenuates at longer horizons consistent with the model’s non-monotonic predic-
tion, the across-member response for households with a high school graduate remains stable over
time (0.046 at period 4, 0.033 at period 6), suggesting a persistent compositional shift rather than a
transitional adjustment strategy.

To interpret these differential responses, it is worth noting that the empirical classification of
households with some high school graduates includes those with at least one high school gradu-
ate, who typically contain both educated and less-educated members, the modal composition in
rural Vietham. Columns 7-9 sharpen this interpretation by restricting to households where all
working-age members hold a high school diploma. This group shows no diversification response
on any margin: point estimates are small and insignificant at period 4 (Column 7: -0.005; Column
8: 0.002; Column 9: 0.014) and, if anything, turn negative at longer horizons. The contrast between
Columns 4-6 and 7-9 confirms that the across-member diversification observed among mixed-
skill households reflects differential sorting of heterogeneous members into different sectors, with
the educated member taking a formal job while less-educated members remain in agriculture
or informal work, rather than the compensating diversification strategy the model predicts for
skill-constrained households. When all members have direct access to formal employment, no

diversification response emerges.
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Table 5: Industrial Zones and Household Labor Diversification

Heterogeneity by Household Education Level

Without High School Graduate = Some High School Graduates ~ All High School Graduates

1) () 3) 4 ®) (6) (7) 8 €)]
Sectoral  Across Within  Sectoral  Across Within  Sectoral  Across Within
Index Member Member Index Member Member Index Member Member

Period1-ATT 0.004  -0.013 0.007  -0.003 -0.009  -0.003 -0.011 -0.043  -0.038
(0.004) (0.011)  (0.011) (0.007) (0.014) (0.015 (0.011) (0.026) (0.022)

Period4-ATT 0026  0.071 0.056 0024  0.051 0.031  -0.005  0.002 0.014
(0.008) (0.020) (0.020) (0.010) (0.022) (0.023) (0.013) (0.032) (0.032)

Period6-ATT 0.005  0.030 0.031 0023 0046  -0.005 -0033  -0.069  -0.034
(0.011) (0.026)  (0.025) (0.011) (0.024) (0.029) (0.015) (0.038) (0.042)
0012 0.036 0.030 0017  0.033 0017  -0.012  -0.026  -0.004

post-ATT
(0.006) (0.016) (0.016)  (0.008) (0.016) (0.019) (0.011) (0.026) (0.027)
District FE Y Y Y Y Y Y Y Y Y
Year FE Y Y Y Y Y Y Y Y Y
Mean Outcome 0.18 0.48 0.35 0.26 0.63 0.40 0.15 0.39 0.27
p-value pre-trend 0.836 0.572 0.406 0.616 0.456 0.180 0.934 0.767 0.251
N(Household-Period) 92518 92518 92518 53893 53893 53893 19890 19890 19890
N(District Switcher-Period) 839 839 839 832 832 832 792 792 792

Notes: This table shows the effects of industrial zone exposure on household-level labor diversification strategies, across households without any high school grad-
uates, with some high school graduates, and with all working-age members having high school diploma. In Columns (1), (4) and (7), the dependent variable
calculated as 1 minus the Herfindahl-Hirschman Index (HHI) using the share of household labor hours in each sector (higher values indicate greater diversification).
In Columns (2), (5), and (8), the dependent variable is whether the household has different members working in different sectors. In Columns (3), (6) and (9), the
dependent variable is whether the household has at least one member working in different sectors. Estimates of equation (7) are derived using the method proposed
by de Chaisemartin and d’'Haultfoeuille (2024). Standard errors, clustered at the district level, are shown in parentheses. Mean outcomes are calculated based on

pre-treatment periods. Sampling weights are applied throughout.



The broader pattern of household diversification documented here is consistent with a long
literature on multi-activity labor patterns in developing economies. Such patterns are often in-
terpreted as income smoothing and risk management in settings with incomplete insurance and
credit markets (Barrett et al., 2001; Dercon, 2002; Morduch, 1995; Rosenzweig & Stark, 1989; Udry,
1996). An alternative interpretation, emphasized in the labor and informality literature, is that
diversification can arise from limited access to stable formal employment, leading households
to combine activities across sectors when high-quality jobs are limited (Harris & Todaro, 1970;
Maloney, 2004; Ulyssea, 2020). The within-member results provide evidence favoring the latter
mechanism: it is specifically the margin through which constrained individuals combine activities
that responds among less-educated households but not among those with formal access through
an educated member. The gradient across all three household types, from strong diversification
with no educated members, to across-member sorting only with some educated members, to no
response when all members are educated, traces out the model’s formal access constraint directly.

Cross-district variation in the diversification response provides further evidence on which in-
terpretation is more consistent with the data. Under a risk-diversification view, one might expect
the response to be at least as strong in areas with lower skill intensity, where informal income tends
to be more volatile and insurance markets thinner. Under the formal access view formalized in Sec-
tion 3, the response would instead be stronger in areas with higher skill intensity, where formal
income gains are larger and may generate greater local demand for informal services (Corollary
A1). The pattern in the data appears more consistent with the latter: diversification effects among
less-educated households are substantially larger in districts above the 75th percentile of baseline
skill share compared with those below, with magnitudes two to four times as large depending on
the measure (Appendix Table B4 and Figure B3 middle-right panels). That said, because base-
line skill composition is correlated with other local characteristics such as urbanization and initial

formalization, I consider this pattern as suggestive rather than as a sharp test of the mechanism.

5.3 Economic Gains: Income, Consumption, and Human Capital Investment

The sectoral reallocation and diversification patterns documented above raise a central question
for evaluating industrial zones in high-informality settings: do these labor adjustments translate

into broad-based income gains, or do benefits concentrate among households able to access formal
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jobs? Guided by the conceptual framework, I next examine household income by source (farming,
informal non-farm, and formal non-farm activities) to trace how zone-induced labor reallocation
maps onto household earnings.

Figure 5: Industrial Zones and Household Labor Income

Sample includes households without high school graduates
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pre-trend p-val = 0.989 pre-trend p-val = 0.636 pre-trend p-val = 0.591
post-ATT = -0.134 (0.047) post-ATT = 0.240 (0.045) post-ATT = 0.082 (0.022)

Notes: This figure shows the effects of industrial zone exposure on household income (monthly) from labor and business
profits, by source, using data from VHLSS 2004-2020. Household income from each sector is the sum of individual
wage earnings aggregated to the household level and household-level business profits (net revenues minus operating
costs). Sector-level income is winsorized at the 2.5th and 97.5th percentiles within each survey year, education group,
and treatment status, conditional on positive participation; households not engaged in a given sector are assigned zero
income for that source. All monetary values are expressed in millions of 2010 VND. The square symbols represent
point estimates of the coefficients. Darker vertical lines with caps indicate 95% confidence intervals, while the lighter
bars represent 90% confidence intervals. pre-trend p-val is the p-value from the joint test that pre-treatment effects
are zero. post-ATT represents the average treatment effect on the treated across post-treatment periods, with standard
errors clustered at the district level in parentheses. Estimates of equation (7) are derived using the method proposed by
de Chaisemartin and d"Haultfoeuille (2024). Sampling weights are applied throughout.

Figure 5 presents event-study estimates for each income source among less-educated house-
holds. Pre-treatment coefficients are close to zero and jointly insignificant for all three outcomes
(p-values of 0.98, 0.66, and 0.49), supporting the parallel trends assumption. Three patterns
emerge after the treatment. First, farming income declines by 0.134 million VND (p < 0.01), con-
sistent with the reallocation of labor out of agriculture. Second, informal non-farm income rises
by 0.240 million VND (p < 0.01), more than offsetting the farming income decline. Third, formal
non-farm income increases more modestly at 0.082 million VND (p < 0.01), consistent with the
limited formal sector access available to this group. Informal non-farm income thus accounts for

75% of total non-farm income gains, with formal income contributing the remaining 25%.
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To examine whether the informal income gains are consistent with the local demand channel
emphasized in the model, Table 6 disaggregates informal business activity among less-educated
households into non-tradable and tradable sectors. If zone establishment raises local demand for
non-tradable goods and services, business formation and performance should increase in non-
tradable activities but not in tradable ones. The results are consistent with the local demand chan-
nel. The probability of operating a non-tradable business increases by 3.3 percentage points (Col-
umn 1, p < 0.01), representing a 15% increase relative to the pre-treatment mean. Non-tradable
business revenue and profits also increase, respectively, by 1.144 (Column 2, p > 0.10) and 0.753
million VND (Column 3, p < 0.10). In contrast, tradable business activity shows no significant
response: the probability of operation is unchanged (Column 4), and revenue and profit effects
are smaller and not statistically significant at conventional levels (Columns 5-6). This pattern con-
firms that informal income gains are driven by activities serving local markets rather than by a

general improvement in the business environment near zones.

Table 6: Industrial Zones and Informal Household Non-Farm Business Performance

Heterogeneity by Activities

Non-Tradable Sector Tradable Sector
@ ) 3) 4) ®) (6)
Bl(lgl/r;e)ss Revenue Profits BI;SI/IT)SS Revenue Profits
post-ATT 0.033 1.144 0.753 -0.002 0.358 0.068
(0.011) (0.731)  (0.421)  (0.006) (0.437)  (0.169)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 0.24 8.14 4.87 0.07 2.10 0.97
p-value pre-trend 0.460 0.654 0.544 0.553 0.634 0.537
N(Household-Period) 96363 96363 96363 96363 96363 96363
N(District Switcher-Period) 839 839 839 839 839 839

Notes: This table shows the effects of industrial zone exposure on informal business activity among less-educated house-
holds, separately for non-tradable and tradable industries. Non-tradable industries include construction, retail, whole-
sale, food services, accommodation, transport, personal services, repair services, healthcare, and education. Tradable
industries include manufacturing, mining, and other activities producing goods for external markets. Columns (1)
and (4) report effects on the probability of operating at least one business in the respective category. Columns (2)-(3)
and (5)—(6) report effects on household-level profits and revenue, which include zeros for households not operating a
business in that category. Profits and revenue are winsorized at the 5th and 95th percentiles within each survey year,
education group, and treatment status, conditional on positive values. Estimates of equation (7) are derived using the
method proposed by de Chaisemartin and d’Haultfoeuille (2024). Standard errors, clustered at the district level, are
shown in parentheses. Mean outcomes are calculated based on pre-treatment periods. Sampling weights are applied
throughout.
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Furthermore, the model predicts that the local demand channel is stronger in districts with
higher skill intensity, where more-educated workers generate larger formal income gains and thus
greater demand for non-tradable services (Corollary Al). Appendix Table B5 provides suggestive
evidence consistent with this prediction: non-tradable business formation among less-educated
households is approximately three times larger in high-skill districts (8.4 percentage points) than
in low-skill districts (2.6 percentage points), and non-tradable revenue and profit effects are also

larger in high-skill districts, though less precisely estimated.

Table 7: Industrial Zones and Household Labor Income

Heterogeneity by Education Level

Without High School Graduates With High School Graduates

Sector Agriculture Informal Formal Agriculture Informal Formal
Non-Ag Non-Ag Non-Ag Non-Ag
¢y () ®) (4) ©) (6)
post-ATT -0.134 0.240 0.082 -0.095 0.030 0.413
(0.047) (0.045) (0.022) (0.075) (0.092) (0.096)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 1.38 0.79 0.16 1.30 1.30 1.38
p-value pre-trend 0.989 0.636 0.591 0.492 0.512 0.030
N(Household-Period) 96363 96363 96363 54657 54657 54657
N(District Switcher-Period) 839 839 839 832 832 832
Share of non-ag income gain (%) 74.53 25.47 6.77 93.23

Notes: This figure shows the effects of industrial zone exposure on household income (monthly) from labor and business
profits, by source, using data from VHLSS 2004-2020. Household income from each sector is the sum of individual
wage earnings aggregated to the household level and household-level business profits (net revenues minus operating
costs). Sector-level income is winsorized at the 5th and 95th percentiles within each survey year, education group,
and treatment status, conditional on positive participation; households not engaged in a given sector are assigned zero
income for that source. All monetary values are expressed in millions of 2010 VND. pre-trend p-val is the p-value from
the joint test that pre-treatment effects are zero. post-ATT represents the average treatment effect on the treated across
post-treatment periods, with standard errors clustered at the district level in parentheses. Estimates of equation (7)
are derived using the method proposed by de Chaisemartin and d’Haultfoeuille (2024). Sampling weights are applied
throughout.

Table 7 extends the income analysis to households with at least one high school graduate. For
this group, the composition of income gains reverses: formal non-farm income accounts for 93%

of non-farm gains (0.41 million VND, p < 0.01), while informal non-farm income is small and not

)‘11

statistically significant (0.03 million VND)."" This divergence in income composition mirrors the

HThe pre-trend test for formal non-farm income among more-educated households is significant (p = 0.030) and
thus this result should be interpreted with caution, though the direction of the effect is consistent with expectations
and with the labor allocation results, which show clean pre-trends for this group.
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labor allocation results, where more-educated households shift primarily into formal employment
while less-educated households diversify into informal activities.

Taken together, these results suggest that assessments of place-based policies based solely on
formal labor market outcomes would capture most of the income gains for more-educated house-
holds but only a quarter for less-educated households. In settings where informal employment
is prevalent, such an approach risks understating the welfare impact for the group with the least
access to formal jobs.

As complementary measures of household welfare, I examine three outcomes for less-educated
households: food and non-food consumption expenditure per capita, combined health and edu-
cation spending per capita, and school enrollment among children aged 10-18. These outcomes
test whether the income gains documented above translate into tangible improvements in living
standards and human capital investment. Point estimates are positive across all measures: food
consumption increases by 2.2% (not statistically significant), non-food consumption increases by
10% (p < 0.01), health and education spending rises by 15% (p < 0.01) relative to pre-treatment
mean values, and school enrollment increases by roughly 2 percentage points (p < 0.05). These
results, reported in Appendix Table B6, are consistent with the local demand channel generating
welfare improvements that extend beyond income to household consumption and investment in

children’s schooling.

6 ROBUSTNESS CHECKS

The credibility of the staggered difference-in-differences design rests on the parallel trends as-
sumption. While the event-study figures show no evidence of differential pre-trends, a concern
remains that trends could diverge non-linearly after treatment. I assess this using the framework
of Rambachan and Roth (2023), which constructs robust confidence intervals under progressively
larger departures from a linear extrapolation of the pre-treatment trend. The parameter M gov-
erns the degree of permitted non-linearity: M = 0 imposes that any violation of parallel trends
follows a linear path extrapolated from the pre-treatment period, and larger values of M allow for
increasingly non-linear deviations. As shown in Appendix Figure B5, the core findings on sec-

toral reallocation, household labor diversification, informal income gains, and business formation
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are robust both under the linear extrapolation (M = 0) and across the range of larger M values
considered.!?

The main findings are robust to a range of specification and inference checks (Table B7). Ex-
tending the comparison group to include not-yet-treated districts alongside never-treated districts
yields virtually identical estimates (Row 2), alleviating concerns that never-treated districts may
differ systematically from treated districts. Clustering standard errors at the province level leaves
all conclusions unchanged (Row 3). Re-estimating with the doubly-robust estimator of Callaway
and Sant’Anna (2021) yields qualitatively consistent results across all outcomes (Row 4). Row 5
reports event-study estimates from a conventional TWFE specification. The estimates are qualita-
tively consistent with the baseline across all outcomes but attenuated in magnitude, as expected
given that approximately 25% of the TWFE weight is assigned to comparisons using already-
treated or earlier-treated districts as controls (Section 4). Adding individual-level (or household
head-level) demographic controls for age, gender, and ethnic minority status does not affect the
results (Row 6), and restricting the sample to long-term residents with permanent household reg-
istration in the same commune produces near-identical estimates (Row 7), addressing concerns
that observed effects reflect migrant composition rather than local responses. To address the po-
tential timing mismatch arising from the biennial structure of the VHLSS, I restrict the sample
to households surveyed at least one full survey cycle after zone establishment, and the findings
remain unchanged (Row 8).

Three additional checks address concerns specific to the spatial and sampling structure of the
data. To assess whether spillovers from zone activity contaminate the control group, I exclude
districts located 15-25 km from the nearest industrial zone. The resulting estimates are larger in
magnitude across all outcomes (Row 9), consistent with positive spillovers attenuating the baseline
contrast rather than driving it, and suggesting that the baseline estimates are if anything conser-
vative. To assess whether the results are robust to tracking the same households over time rather
than relying on repeated cross-sections, I re-estimate the baseline specification on a household
panel constructed by pooling four overlapping three-wave rotating panels (2004-2008, 2010-2014,

2012-2016, and 2014-2018), in which the same households are surveyed across three consecutive

12There is no single threshold for M that determines robustness and the interpretation depends on the economic
plausibility of the implied non-linearities (Rambachan & Roth, 2023).
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biennial waves. The estimates remain qualitatively consistent, though with wider confidence inter-
vals reflecting the smaller effective sample (Row 10). Furthermore, to address the concern that the
VHLSS is designed to be representative at the province rather than the district level, I aggregate
the analysis to the province level using the cumulative number of zones as a continuous treat-
ment variable following de Chaisemartin and d"Haultfoeuille (2024) and de Chaisemartin et al.
(2024). The results remain qualitatively consistent with the baseline, though smaller in magnitude
as expected given that province-level estimates capture the average effect across all households
including those far from any zone (Row 11).

Finally, I conduct two diagnostic exercises to assess the sensitivity and validity of the baseline
estimates. Leave-one-district-out estimation, in which each ever-treated district is sequentially
excluded and the baseline specification re-estimated, confirms that no single district exerts undue
influence on the results. The leave-one-out coefficients are tightly distributed around the baseline
values across all six outcomes (Appendix Figure B6). A Monte Carlo permutation test, in which
the treatment status time series is randomly reassigned across districts 500 times, confirms that the
baseline estimates fall far outside the resulting distribution of placebo coefficients, with observed
Type I error rates close to the nominal 5% level and randomization-based p-values below 0.01 for

all outcomes (Appendix Figure B7).

7 DISCUSSION

7.1 Migration and the Local Demand Channel

Industrial zones may affect the local economy not only through direct labor demand but also
through the migration of workers into treated districts. If zones attract formal workers from out-
side the area, these workers’ local spending could itself be a source of the increased demand for
non-tradable services that benefits incumbent less-educated households. Understanding the role
of migration is therefore important for interpreting how the demand channel operates.

There are reasons to expect limited migration in this context. The districts in the sample, those
receiving zones from 2004 onward, are predominantly located in less urbanized, agricultural areas
(Table 3), in contrast to the earlier wave of zones concentrated in major economic hubs such as Ho

Chi Minh City, Hanoi, and Binh Duong, where industrial expansion attracted large inflows of
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migrant workers. The baseline share of residents without long-term household registration (in
the same commune) is just above 1%, suggesting that these areas were not significant migration
destinations prior to zone establishment.

Notwithstanding these priors, there are some evidence of a selective migration response. 1
construct indicators for whether an individual of working age (25-64) is both non-registered in
the commune of residence and employed in a given sector, and estimate the baseline specification
using each indicator as an outcome. As shown in Figure 6, industrial zone establishment increases
the share of non-local formal workers by 0.14 percentage points (p < 0.05), a 62% increase relative to
the pre-treatment mean of 0.23%. The effect builds gradually, consistent with progressive hiring as
zone firms expand. There is no corresponding inflow of agricultural workers, confirming that the
migration response is specific to the labor demand created by zone firms. The share of non-local
informal workers shows a positive but imprecisely estimated trajectory in later periods, consistent

with downstream attraction as the local service economy matures.

Figure 6: Industrial Zones and Share of Migrant Workers, Ages 25-64

Formal Non-Agriculture Agriculture Informal Non-Agriculture
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Periods to treatment Periods to treatment Periods to treatment
pre-trend p-val = 0.885 pre-trend p-val = 0.416 pre-trend p-val = 0.946
post-ATT = 0.142 (0.061) (p.p.) post-ATT = 0.068 (0.090) (p.p.) post-ATT = 0.154 (0.091) (p.p.)
pre-treatment mean = 0.23 % pre-treatment mean = 0.35 % pre-treatment mean = 0.44 %

Notes: This figure shows the effects of industrial zone exposure on the share of working-age individuals (25-64) who
are employed in a given sector (for their primary job) and not registered in the commune of residence, using data from
VHLSS 2004-2020. The sample includes all education levels. Square markers indicate the point estimates of the co-
efficients. Darker vertical lines with caps show 95% confidence intervals, and lighter bars represent 90% confidence
intervals. pre-trend p-val is the p-value from the joint test that pre-treatment effects are zero. post-ATT represents the
average treatment effect on the treated across post-treatment periods, with standard errors clustered at the district level
in parentheses. pre-treatment mean reports the mean of the outcome variable in treated districts prior to zone establish-
ment. Estimates of equation (7) are derived using the method proposed by de Chaisemartin and d’"Haultfoeuille (2024).
Sampling weights are applied throughout.
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These patterns suggest that in-migration of formal workers is part of the mechanism through
which zones generate local demand spillovers. Importantly, the welfare gains documented for
less-educated households are not driven by compositional change: restricting the sample to long-
term registered residents yields near-identical estimates (Appendix Table B7, Row 5), confirming
that the benefits accrue to the incumbent population through the local spending of both resident

and migrant workers (Table 6).

7.2 Implications for Place-Based Policy Evaluation

Despite the rapid global expansion of special economic zones, particularly across South and South-
east Asia and Sub-Saharan Africa (UNCTAD, 2019), the evidence on whether these programs im-
prove welfare in surrounding communities remains mixed (Abagna et al., 2025; Busso et al., 2013;
Gallé et al., 2024; Kline & Moretti, 2014; Y. Lu et al., 2019; Rothenberg et al., 2025). The findings in
this paper suggest that two conditions help explain this heterogeneity.

The first condition is that zones must successfully generate formal economic activity. As doc-
umented in Figure 2, industrial zone establishment in Vietnam led to a sharp expansion in man-
ufacturing firms and employment within treated districts. This formal-sector expansion is the
prerequisite for all downstream effects: without it, there is no wage income to generate local de-
mand, and the informal spillover channel cannot operate. In Indonesia, Rothenberg et al. (2025)
find that industrial zones had no significant effect on local economic outcomes, a result consis-
tent with zones that failed to attract sufficient firm entry. The modest effects documented for US
enterprise zones (Busso et al., 2013) may similarly reflect limited firm creation relative to the pre-
existing local economy. Even within programs that do raise employment, the response may be un-
even: Criscuolo et al. (2019) find that UK investment subsidies increased manufacturing jobs only
among small firms, with large firms accepting subsidies without expanding activity. By contrast,
the large effects found in China (Y. Lu et al., 2019; Wang, 2013) and the structural transformation
documented in India (Gallé et al., 2024) are consistent with settings where zones generated sub-
stantial formal activity. In Vietnam, Tafese et al. (2025) find that SEZ expansion shifts employment
from agriculture into formal manufacturing in foreign firms, with earnings spillovers to workers
in domestic firms. The present paper documents a distinct channel: rather than higher earnings

within existing informal activities, industrial zones increase the formation and performance of
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non-tradable businesses and expand informal income for less-educated households through local
demand for goods and services.

The second condition is that the local economy must have the capacity to transmit formal-
sector gains through informal channels. In Vietnam, the informal non-farm sector consists largely
of elementary occupations in trade, food services, and accommodation, with annual entry and exit
rates of 14 to 18% reflecting low barriers to entry and high operational fluidity (McCaig & Pavcnik,
2021). These features make the sector particularly responsive to local demand shocks. The results
in this paper confirm that this sector is the primary transmission channel: informal income gains
account for approximately 75% of the total non-farm income effect for less-educated households,
concentrated in non-tradable services (Table 6). In economies with tight labor markets and high
formality, this absorptive capacity is likely absent, and formal-sector demand shocks are more
likely to raise local prices or dissipate into the broader market rather than generating localized
multiplier effects.

The structural features that enable the informal demand channel in Vietnam, including agricul-
tural labor surpluses, low-barrier informal service sectors, and skill-based segmentation of formal
employment, are shared by many of the economies where zone programs are expanding most
rapidly. Recent evidence from 10 African countries documents household wealth gains within
10 km of SEZs, accompanied by occupational shifts away from agriculture (Abagna et al., 2025).
These patterns are consistent with the local demand mechanism documented here, though the

specific income channels remain to be identified.

8 CONCLUSION

This paper argues that standard approaches to evaluating place-based industrial policies are sys-
tematically incomplete in economies where a large share of the workforce operates informally.
Existing evaluations typically measure formal employment, firm entry, and wages. I show that
in Vietnam, these formal-sector outcomes capture only one quarter of the total non-farm income
gains for households with limited access to formal employment. The remaining three quarters
accrue through informal non-tradable enterprise activity that would be invisible in administrative

data.
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The paper develops a framework that connects the local multiplier mechanism to labor mar-
kets with skill-based segmentation and pervasive informality. When formal jobs are constrained,
formal-sector expansion generates local demand for non-tradable services, raising returns to infor-
mal activities that are accessible to less-educated households. This framework generates predic-
tions about sectoral reallocation, household labor diversification, and the composition of income
gains that are consistent with the data. Less-educated households do not simply switch sectors;
they temporarily diversify their labor portfolios across agriculture, formal, and informal work,
with diversification tracing a sharp gradient across household types that maps onto the formal
access constraint. In-migration of formal workers is part of the mechanism that generates local de-
mand, but the welfare gains accrue to incumbent households through their informal enterprises.

These findings carry implications beyond the Vietnamese case. The informal demand channel
requires two conditions: successful formal activity creation and a local informal sector flexible
enough to absorb rising demand. Where both conditions are met, evaluations focused on formal
outcomes will understate total benefits and mischaracterize distributional incidence. Where either
is absent, the channel cannot operate. This distinction offers a potential explanation for why the
place-based policy literature finds large effects in some settings and null effects in others, and it
provides empirically testable conditions for predicting where zone programs are likely to generate
inclusive welfare gains.

The analysis leaves open several questions for future work. The framework identifies condi-
tions under which informal spillovers arise, but the longer-run dynamics remain unclear. Recent
evidence suggests that informal enterprises can serve as stepping stones to formality over longer
horizons, as labor supply shocks that initially increase informality eventually lead to greater for-
mal firm entry and employment (Imbert & Ulyssea, 2026). Whether a similar dynamic operates in
the context of place-based industrial policies, with informal enterprises that emerge in response to
zone-driven demand eventually formalizing as zones mature, is an important question with direct
implications for how the welfare gains documented here evolve over time. More broadly, the find-
ing that informal channels account for the majority of welfare gains for less-educated households
suggests that complementary investments in local service-economy capacity, small enterprise sup-
port, and connectivity to zone catchment areas may shape how broadly the benefits of place-based

industrialization are shared.
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A THEORETICAL MODEL

In this section, I introduce a stylized local-economy model that clarifies how industrial zone es-
tablishment affects sectoral labor allocation, household diversification, and welfare when formal
employment opportunities expand but remain imperfectly accessible. The model features two
household types that differ in their access to formal jobs. Industrial zones raise the scale and pro-
ductivity of the formal tradable sector, increasing formal wages. However, less-educated house-
holds face a binding barrier to formal participation—capturing rationing, screening, or hiring
frictions—so their formal employment can expand with zone exposure but does not adjust freely.
More-educated households, by contrast, have better access and are assumed to concentrate their
labor in formal employment once the zone becomes sufficiently important.

The central mechanism operates through local demand spillovers. Higher formal earnings,
especially among more-educated households, increase demand for locally produced non-tradable
goods and services. Because these non-tradables are supplied locally—primarily through the in-
formal activities of less-educated households—market clearing implies an increase in the equilib-
rium price of non-tradables. This price response raises the relative return to informal non-agricultural
work compared with agriculture, inducing less-educated households to reallocate their remain-
ing non-formal labor away from agriculture toward informal services. As a result, less-educated
households respond to zone expansion along two margins: (i) a direct margin, as formal participa-
tion increases to the extent that access relaxes; and (ii) an indirect margin, as higher non-tradable
prices shift the composition of non-formal labor toward informal services.

These forces imply a non-monotonic pattern for household labor diversification. When less-educated
households are initially agriculture-heavy and formal access is limited, modest increases in formal
work combined with a shift into informal services make labor portfolios more balanced across
sectors, increasing diversification. With greater zone exposure, the informal service sector can
absorb most non-formal labor, and diversification may flatten or decline as labor becomes con-
centrated in informal activities. The model also clarifies welfare implications: although higher
non-tradable prices raise the cost of consumption, less-educated households are the primary sup-
pliers of non-tradables and therefore benefit from the increase in informal returns. Consequently,

industrial zone expansion generates positive income and welfare gains for less-educated house-
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holds through both direct formal earnings and the local-demand channel, and it can produce
heterogeneous effects across locations depending on local skill composition. These predictions

provide a set of testable implications that guide the empirical analysis.

A.1 Model Setup

Endowment. Consider a local economy that consists of a continuum of households indexed by
skill type s € {H, L}, where H represents households with skilled workers, and L presents house-
holds with unskilled workers.

Let My and M; denote the mass of households of each type, with total mass M = My + M;.
Define the skill ratio (skill intensity) of the economy as:

_ My
¢ = Vo L € 0,1) (A1)

Each household has one unit of labor to allocate across activities. This normalization can be inter-
preted as total household labor supply, with /4, [, and [; representing shares of household labor

in agriculture (A), formal non-agriculture (F), and informal non-agriculture (I), respectively.1

Production. Production in all three sectors uses labor as the sole variable input. Agriculture and
formal non-agriculture produce tradable goods whose prices (pa, pr) are determined in outside
markets. Informal non-agriculture produces goods and services that are consumed locally at price

piI-

A household operating in agriculture or informal non-agriculture produces

va=Za(la)®
(A2)

yi=Zi(Ip)“,

where Z,4 and Z; denote agricultural and informal non-agricultural productivity, respectively, and

« € (0,1) captures decreasing returns to scale.?

IFor simplicity, the model treats households as the decision making unit. The labor allocation decision represents
the household’ aggregate allocation across sectors, which can arise from a single member diversifying across activities
(within-member diversification) or different members specializing in different sectors (across-member diversification).

2 Assuming a common returns-to-scale parameter a allows for closed-form solutions while preserving the key mech-
anisms.
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The marginal revenue product of the two sectors would be:

OR -

WA = paZaa(lx)*!

" )
I a-1

— =prZia(l

a1, =PI ra(lp)

The formal non-agricultural sector produces output according to:

yr =0F (LY, LY), (Ad)

where L and LT denote labor supplied by high- and low-skilled workers, respectively. For sim-

plicity, the production technology is linear:
F(LE, LYy = aL" + (1 - 2)LE, (A5)

with A € (0,1). The formal good is tradable and sold at an exogenous price pr.
Under perfect competition, firms hire labor until wages equal marginal products, yielding

skill-dependent formal wages:
wi = prod,  wi = pro(l-2), (A6)
where 6 > 0 captures the scale and productivity of the formal non-agricultural sector and increases

with industrial zone expansion.

Assumption A1. (Skill Bias): Formal sector productivity is skill-biased, with A € (0.5,1), implying that

formal wages are higher for high-skilled than for low-skilled workers (w¥ > wk).

Preferences. Households consume a bundle of tradable goods (Cr) and non-tradable services
(Cr) with Cobb-Douglas utility:
U=cy it (A7)

where p € (0,1) is the expenditure share on non-tradables.

Given household income y and prices (1, p;) where the tradable good is numeraire, optimal
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consumption yields:

Cr=(1-py
(A8)
==
pPi1
Indirect utility is:
V(y,p1) = ko7 (A9)
Py

for some constant k > 0. Given common equilibrium prices for non-tradables, indirect utility is

proportional to real income, thus maximizing income is equivalent to maximizing utility.

Households. A type-S household chooses labor allocation (I3, 1%, 17) to maximize total income

that is the sum of formal non-agricultural employment wage, and revenues from agricultural and
informal non-farm household businesses:

max wyly + paZa(13)” + prZi(17)”
Lplyly
st. IB+15+05=1 (A10

13,105,015 >0

Assumption A2. (Formal Non-Agricultural Sector Constraint): Assume that type-L households also face

a constraint on formal sector participation

1L <16, ¢) (A11)

where [ is increasing in 6 (e.g., more formal jobs available as the sector expands because of industrial zone
establishment) but decreasing in ¢ (e.g., L workers face more competition for formal jobs in areas with higher

share of H workers). Specifically,

16, 9) = <1 (A12)

1+¢

for some Iy > 0 and all 6 examined. This constraint captures labor market frictions that limit less-educated

workers” access to formal employment, such as hiring barriers, skill requirements, or rationing.
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This constraint is binding both before and after zone establishment, but relaxes as 6 increases:

%:1T¢>0
_ ~ Al
o i (A13)
g (1+¢)?

Type-H households do not face such constraint.

Note that I interpret the constraint /% < I(, ¢) as a reduced-form representation of rationing or
screening in access to formal employment for type-L households. To understand the underly-
ing micro foundations, let Vacancy(6) denote the measure of formal non-farm positions (“slots”)
available in the local labor market. Since the economy has total mass M of households and each
household supplies one unit of labor, it is natural to express formal job creation in per-household
terms.

I assume that zone expansion increases formal labor demand proportionally, so that formal

slots scale with the size of the economy:

Vacancy(0) = [(OM

where [y > 0 is the number of formal positions created per household per unit of 6 (equivalently,
Vacancy(8)/M = [y0 is the per-household vacancy rate). This formulation is consistent with a
simple entry/capacity story in which the mass of formal firms is proportional to #M and each
firm supplies a fixed number of formal positions.

Hiring is rationed via a weighted lottery or queue: type-L applicants have weight w; = 1 while
type-H applicants have weight wy = 2, capturing that higher-skill households are more likely to
be selected because of screening, credentials, or networks. This parameterization is consistent
with the empirical estimates in Section 5, where industrial zone establishment increases formal
non-agricultural employment by roughly two to three times more for workers with a high school

diploma than for those without (Table 4).2

31 view this as suggestive evidence for a relative advantage in formal sector access for high-skill households; the
model uses wy /wy, = 2 as a parsimonious reduced-form representation rather than a directly identified structural
parameter.
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Then the probability (or feasible share) of formal employment for a type-L household is

Vacancy(6) lo6M NG,

pL(9,¢) B WLML +WHMH B (1 —¢)M+2¢M - 1 +¢ = 1(0’¢)

so 6 increases access by expanding vacancies while ¢ decreases access by intensifying effective
competition.
I focus on parameter values such that type-L’s desired formal participation exceeds (6, ¢) over

the 6 range considered, so the constraint binds both before and after zone establishment.

Type-H Household Optimization.

Assumption A3. (Type-H Household Specialization): For 6 > 0, formal wages are sufficiently high that
type-H households specialize in formal employment:
H _
r =l (A14)
H=1=0
Note that Assumption A3 is imposed for tractability. With the concave household-enterprise
technologies y; = Z;(/;)® and « € (0,1), marginal returns are unbounded as /; — 0, so a strict
corner /£l = I = 0 does not follow from finite wage comparisons alone.
Instead, higher formal wages make the optimal household-enterprise allocations arbitrarily
small: any interior allocation satisfies wk = ijjcy(lJI.i)“‘1 = I = (pjZja/wil/d-a)
Since w? = prAf increases in 6, for 6 > 6y these non-formal allocations are negligible, and I
approximate the resulting near-corner solution by full specialization [ = 1.
Allowing interior solutions for type-H households would not change the model’s qualitative
predictions for type-L households—which is my primary focus, and would mainly affect magni-
tudes through aggregate income and non-tradable market clearing.

Type-H household income would be:

Y =wi = proa (A15)
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Type-L Household Optimization. type-L households face the binding constraints /% = I and
optimally split remaining labor between agriculture and informal non-agricultural work. The re-

maining problem is

geliprZA(lﬁ)“ +p,Z,(lIL)“ s.t. l/ﬁ + lIL =1-7:=1 (Al6)

AT

Let 1* be the shadow price of non-formal labor, then first order conditions yield:

paZaa(5)* = 2" = piZia(if)*! (A17)

Definition Al. (Relative Attractiveness): Let w denote the relative attractiveness of informal non-agriculture

versus agricultural work:
1

[ Zr\Te
w::—I:(pII) (A18)
la \paZa

where the equality follows from Equation (A17). In other words, w measures the relative revenue potential

of informal non-farm work versus agriculture.

* w > 1: informal non-agricultural sector is more attractive, so l; > I (informal non-agricultural

heavy)
* w < 1: agricultural sector is more attractive, so 4 > l; (agriculture heavy)
* w = 1: both sectors are equally attractive, so l5 = I;

For type-L households, optimal labor allocation would be:

A 1+ w

L=7 (A19)
lL_w(l [)

' 1+

Lemma ALl. There exists a unique interior solution (1%, 1F) € (0,1)? to type-L household problem.
Proof. Define G(I;) := paZaa (15~ = p1Zja(IF)*1.
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Asl; — 0" : G(l}) — —oo.

Asly — I : G(l}) = +oo.

By continuity, there exists /] € (0, I) with G(l;) =0.

In addition, G'(I;) = paZaa(1-a)(15)* 2+ p;Zja(1-a)(1F)*72 > 0,50 G is strictly increasing,

and thus /7 is unique. |

The income of a type-L household would be:

_ 1-7\¢ w(l-0\"
yL=W%l+pAZA(1+w) +p]ZI( 1+w) (A20)

Applying the first order condition (A17), this simplifies to:

(1-1)

L Ly
=prO(1 = DET+ paZy——"—
y =pr0(1 -+ pa Aq s oyt

(A21)

Aggregate Output and Income. As type-H households specialize in formal non-farm sector, the

total informal non-agricultural output of this economy is:

1-0\“
Yr = M Zi(IP)* = M Z; (a)( )) (A22)
1+w
And the total income is:
total 7 (1 - l_)a/
Y =MyprOd+ My, pFG(l—/l)l+pAZA— (A23)
1+ w)e1

Local Goods and Services Market. With Cobb-Douglas preferences, the aggregate demand for

non-tradables is:

MYtozal
N pP1

D, (A24)

Characteristics of Equilibrium. An equilibrium, given exogenous formal sector scale and pro-
ductivity 6, consists of labor allocations (lf‘, ZISD, l? ) where S € {H, L}, and a price of non-tradable
services p; such that households optimally allocate labor given prices and constraints, and the

local market for non-tradable services clears.
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* type-H household optimization: more-educated households specialize in formal employment

(L1 1Y) = (0,1,0)

e type-L household optimization: less-educated households face a binding constraint on formal
employment /& = (6, ¢), , and allocate remaining labor between agriculture and informal

non-farm work such that:

- marginal returns are equalized: paZaa(15)*™! = p;Zja(1F)!

— the time constraint holds: /5 +1F=1-1

® Local goods market clearing: Aggregate demand for non-tradable services equals aggregate

supply
ﬂY”’ml

Di=Yr=p=——75—
MpZ(IF)e

Lemma A2. For any 6 > 0, there exists a unique equilibrium pj > 0.

Proof. Define the excess demand function as:

H(p;) = Di(pr) = Yi(pr)

With Cobb-Douglas preferences, households spend a constant expenditure share y on infor-

mal services, so aggregate demand satisfies

#Ytoml (PI)

Di(pr) =
PI

Total informal output is given by:
Yi(pr) = M Zi(If (p1)*,

where [ IL (pr) is increasing in p; and bounded above by 1 — /.

As p; — 0, nominal income from informal activities vanishes and total income converges to
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income from tradable sectors, which is strictly positive. Aggregate demand therefore diverges:
lim D;(py) = +oo, lim ¥;(ps) =0,
pr—0 pi—0

implying

lim H(pj) = +o0
pi—0

As p; — oo, informal labor converges to its upper bound and informal output converges to
a finite level ¥;. Total income grows linearly in p;, so aggregate demand converges to a finite

constant:

lim D;(p;) = u¥y, lim Y;(p;) =Y;
pr—™ pr—™

Since u € (0,1),

lim H(p]) = —(1 —/J)Y] < 0.
pl—)OO

By continuity, there exists at least one equilibrium price p; > 0 such that H(pj) = 0.4
Moreover, the excess demand function H(py) is strictly decreasing in p;, implying that the

equilibrium informal price p; is unique.

Having established the existence and uniqueness of the equilibrium, I will now examine how

equilibrium prices and labor allocations respond to changes in industrial zone exposure.

A.2 Comparative Statics: Effect of IZ Establishment

In this setting, industrial zone establishment affects the local economy through changes in the
scale and productivity of the formal non-agricultural sector, summarized by the parameter 6. I

examine how increases in 9 influence:
¢ Equilibrium prices (Proposition A1)

¢ Labor allocations (Proposition A2)

4The existence result relies on the boundedness of real demand for informal non-farm goods and services implied
by homothetic preferences; Cobb—Douglas preferences provide a convenient closed-form representation.
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¢ Household labor diversification (Proposition A3) and its heterogeneous responses across

skill intensity levels under certain assumptions (Corollary Al)

¢ Household income (Proposition A4)

Proposition A1. (Local Price Effect). An increase in industrial zone exposure 6 raises the equilibrium

price of non-tradable services py:
dp1

d0>0

Proof. The equilibrium informal price p; is determined by clearing the local market for informal

non-farm goods and services. Define the excess demand as:

H(p1,0) = Di(p1,0) = Yi(pr1,0)

In equilibrium H(p;, 0) = 0. By the implicit function theorem:

dp[ _ 67'{/59
do ~ OH/dp; (A25)

I first consider the sign of 3 /d6. Holding p; fixed, and increase in 6 affects both the supply and

demand for non-tradables.

* Supply effect: higher 6 increases formal access for type-L households, increasing formal

non-farm labor allocation /(6) and reducing labor for informal non-farm work:

o
90 °

Since informal non-farm output is given by ¥; = Z;(15)?, this implies

0y,

60<0

* Demand effect: an increase in 6 raises formal non-farm wages and total household income.
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With Cobb-Douglas preferences, higher income increases expenditure on informal services:

0Dy

50 >0

Combining these effects, an increase in 6 raises excess demand for informal non-farm goods and
services at the initial price.
OH 0D; 0Y;

26 =96 o0 "0 (A26)

Next, I consider the sign of dH/dp;. Holding 6 fixed, consider an increase in the informal

non-farm price p;:

* Supply effect: A higher price p; raises the return to informal non-farm work, inducing type-

L households to allocate labor toward these informal non-farm activities:

BIIL 0
—_— >
op1

This increases informal non-farm output:

o

>0
opi

* Demand effect: With Cobb-Douglas preferences, higher informal prices reduce real income

and lower demand for informal services:

0Dy

— <0
opi

Therefore the excess demand function is strictly decreasing in p;:

D Y
9H _ 90Dy oY <0 (A27)
dpr  dpr  Opi

.. . . d
Combining equations (A25), (A26) and (A27), it follows that <= > 0. |

Intuitively, industrial zone expansion affects non-tradable prices through two reinforcing mech-

anisms. On the supply side, expanded formal employment draws labor away from informal ser-
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vices, reducing non-tradable supply. On the demand side, higher formal wages raise local income
and increase demand for locally produced services. The resulting excess demand raises the equi-
librium price of non-tradables, p;, reflecting a local labor market analog of the Balassa-Samuelson

effect (Balassa, 1964; Samuelson, 1964) and local spending multipliers (Moretti, 2010).

Proposition A2. (Sectoral Reallocation). An increase in industrial zone exposure 6 leads to type-L house-
holds to reallocate non-formal labor away from agriculture and toward informal non-farm services.

alf,o d(z})

% > U, % — (A28)

- >
1-1

Proof. For H-type households, they remain at corner solution for all § > 6y by Assumption A3.
For L-type households, they allocate more labor into the formal non-farm sector:

ok ol

— =—= >0
00 00 1+4¢

The informal non-farm share of non-formal labor would be:

- _w
1-1 l+w
Differentiating:
d( w1 _do
dd\1+w/  (1+w)?do
7, \Ta
. _ p —(I‘
Since w = (212 |
o @ >0
dpr (1-a)p;
Therefore
do Ow dpj w dpr
hutadF bt o S . o A29
do 9dpr dd9 (1-a)p; do (A29)
L
has the same sign as 2. Thus -4 (1%-) =L () >0.
|

Intuitively, higher equilibrium prices of informal service p; raise the relative returns to infor-

mal non-farm work compared with agriculture. As a result, less-educated households substitute
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within their non-formal labor allocation toward informal activities.

Proposition A3. (Household Labor Diversification). Define household labor diversification as

2

DIVt :=1-HHI*,  HHI'= ) (IJL) (A30)

Je{AF.I}

then with limited formal non-farm employment access, the effect of formal sector expansion on type-L house-
hold diversification is non-monotonic. Diversification increases when households are agriculture-heavy, and

decreases when households are informal-non-farm-heavy.

Proof. Substitute the optimal allocations, the HHI* index can be decomposed into a formal-employment

component and a within-non-formal allocation component:

HHI" = (—1_Z)2+F+ (“’(1_[))2
1

+w 1+w
2
P (-DRAre (A31)
1+ w)?

=12+ (1-0)2HHI,

The total derivative is:

HHI" OHHI
d o ~271 —1) HHIA1+ (1- oA do
do do dw  db
dl 2(w-1) dw (A32)
=2[I-(1=DHHIs;| — + (1 -1 —= =
[[-@1-] A,z]d9+( )(1+ o) o
Because DIVE =1 - HHI":
dDIVL 1‘ 2(w-1)dw
- —2[I- (1 -DHHIy, ,] — —(1-1)>—"—— AvoP a8 (A33)

formal non-farm expansion effect  jnformal price-induced reallocation effect

The sign of [I - (1 - I)HHI4,| determines whether formal non-farm expansion increases or de-
creases diversification.

Note that HHI4 ; € [0.5,1]. Atw =1, HHI 4 ;1 = 0.5 then

[I-(1-DHHIs,| = 312—_1
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which is positive if / > 1/3 (i.e., formal non-farm expansion reduces diversification), and negative
if [ <1/3 (i.e., formal non-farm expansion increases diversification).

Intuitively, maximum diversification occurs at 4 = I = I; = 1/3. If [ < 1/3, households are
under-represented in formal non-farm sector, so expanding / moves toward increased diversifica-
tion. If / > 1/3, households are over-represented in formal non-farm sector, so expansion further
concentrates household labor in this sector.

Combining with Equation (A29), Proposition Al and Assumption A2, sufficient conditions

would be:

dDIVE
do

1. Diversification increases ( > 0) when w < 1 and [ is not too large.

2. Diversification decreases (% < 0) when w > 1 and/or [ is large.

Intuitively, formal non-farm sector expansion affects diversification through two channels.
First, as more type-L households gain access to formal non-farm employment, they spread la-
bor across more sectors, increasing diversification when formal access is initially limited. Second,
rising informal non-farm prices induce households to rebalance non-formal labor away from agri-
culture toward informal non-farm work. At low levels of industrial zone exposure, both effects
increase diversification. As exposure increases further, informal non-farm activities absorb most
non-formal labor, and the price effect reverses—further shifts toward informal reduce diversifica-
tion. With limited formal access, the first effect remains positive but small, while the price effect

dominates the dynamics, generating the non-monotonic pattern.

Lemma A3. (Cross-partial decomposition). Assume stability H,,(pr,0,¢) < 0 and Hy(pr,0,¢) > 0in

the region of interest. Then the equilibrium price response satisfies

9 (@) _ HopHp, —HoHp,p _ dps (7{0¢ ~ me) (A34)

op \ do |~ HZ, Cdo \Hy  Hp,

In particular,

i(@)>O = —7;{9¢>—7;_";’¢
0 pI
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Proof. From equilibrium H (p;, 6, ¢) = 0 and stability H),, < 0, the implicit function theorem yields

dpr _ _ He
0 Hy,y

Differentiating with respect to ¢ gives

0 (dpr\ _ HoeHp, —HoHpe
ap \ do | H2,

Using % = _”Hi:z and rearranging yields (A34). |

Assumption A4. (Composition-dominance condition). In the region of interest, district skill intensity ¢
amplifies the 6-induced shift in excess demand for non-tradables more than it changes the price sensitivity
of excess demand:

Hogp  Hp,p

Ho WPI

Lemma A4. (Amplified price response under composition dominance). Under Assumptions A2—A3, stabil-
ity (Hy,, <0), and Assumption A4, the equilibrium price response to formal sector expansion is increasing

in district skill intensity:
i @ >0
o¢ \ do

Proof. By Proposition Al, dp;/df > 0. Lemma A3 implies

0 (dpr\ _ dpr (Hos _Hpio
a¢ \ do do \ Hy  H,,

Assumption A4 makes the bracketed term strictly positive, hence % (d—’;’) > 0. |

Corollary A1l. (Diversification and Skill Ratio). Fix (0, ¢) in the agriculture-heavy region w(6, ¢) < 1
and with sufficiently limited formal access (6, ¢) such that Proposition A3 implies dDIVE/d6 > 0.

Under Assumption A4 (so that 04 (dpy/d6) > 0), the diversification response to formal sector expansion
is stronger in more skill-intensive districts whenever the ¢-amplification of the price-induced reallocation

channel dominates the ¢-attenuation of the direct formal-access channel, i.e.

0 0
%AP(Q’ ¢) > _%AF(H’ ¢)’ (A35)
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where

AF(Q’ ¢) =-2|1- (1 - I_)HHIA’[((U)]%, AP(G, ¢) = _(1 _ l‘)Zz(w - 1) dw

(1+w)d do
In particular, under (A35),
d (dDIV*
— >0
op\ do
Proof. From Proposition A3, write the diversification response as
dDIv":
d6 = AF(H’ ¢) + AP(Ha ¢)
Differentiating with respect to ¢ yields
8 (dDIVE\ _ dAr PRLY:
Ao\ do | d¢ = ¢
Under condition (A35), we have
OAp . _0Af
d¢ d¢
and therefore
d (dDIVE
— >0
op\ do
which proves the corollary. |

The corollary highlights that heterogeneity in diversification responses is primarily driven by
the local-demand /price channel. Districts with higher skill share ¢ experience larger formal in-
come gains when industrial zones expand, which increases demand for non-tradable services and
raises informal returns more strongly under composition dominance. Because low-skill house-
holds in high-¢ districts also spend a larger share of time in non-formal activities (due to tighter
formal access), the induced change in informal returns generates a larger reallocation away from
agriculture and, in agriculture-heavy areas, a stronger increase in diversification. I test these pre-
dictions by examining whether non-tradable return proxies, low-skill sectoral reallocation, and
low-skill diversification respond more strongly to zone establishment in districts with higher ¢,

particularly in locations that are agriculture-heavy prior to zone expansion.
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Proposition A4. (Income Gains for type-L Households). In equilibrium, industrial zone expansion in-

creases the income of type-L households, despite their limited access to formal employment.

Proof. Type-L household income is
YE = wE(0)1(6,¢) + paZa ()™ + pr(O)Zi(1F)®

with (L =1(0,¢) and 15 + 1F =1-1(0, ¢).

Taking the total derivative with respect to 6,

L L

dy d Lya-19l4 a9l LyadPI
l Z e+ —= Zia(ly)* ™ — + Z; (1) ¢ .
T3 d9( )+PA aa(ly) 20 P ra(ly) 0t (Ir) 10

By the type-L first-order condition for interior non-formal allocations,
paZaa(l5)* = piZja(1lF)* ™ = 2

and using d1%/d0 + dl} /d6 = — dI/d#, the reallocation terms simplify to

dit it [
A=A+ L) = _ﬂ*ﬂ
de  dé de

de Ldl

Fdeo

Expanding -4 (wkl) =1 +w yields the decomposition

dl?l

ZI(IL)Q

d %Jr( L a)dl (A36)

de
Each term in (A36) is positive: dwk/df > 0 and [ > 0; the formal constraint binds so wk > 1* and

dl/dé > 0; and Proposition A1 implies dp;/df > 0. Hence dy’/d8 > 0. |

Equation (A36) highlights two sources of type-L income gains: direct formal-sector gains (higher
formal wages and a relaxation of the binding access constraint) and an indirect local-demand
channel that raises the return to informal activities through a higher non-tradable price p;. The
next corollary shows that these nominal gains translate into welfare gains despite the increase in

p1, because type-L households are net sellers of non-tradables in equilibrium.
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Corollary A2. (Welfare gains for type-L households). Under Assumptions A2—A3 and Proposition Al,

type-L welfare increases with industrial zone exposure:

Proof. Since VE = ky*/p,

do p';l deo pr db
Substitute (A36):
avt k| dwk dl yE\ dp;
L 2Tk L) =+ |z;(1H)* —p— ) == A37
o~ pr | de +(WF )d0+( 11 ’“‘p,) do (A37)

By market clearing in the non-tradable sector,

Ytotal
= > = pﬁ (ML)’L + MH)’H)
1 1

MiZ(I})* =Dy =

SO
L
M
2y —p = LB >0 (g€ (0.1))
pr pr M
All remaining terms in (A37) are positive and Proposition Al implies dp;/df > 0, hence

dvlt/de > 0. n

Discussion: Implications for Income (Non-)Divergence. Type-H households specialize in formal em-

ployment, so y*(8) = prA6 and dy* /d6 = prA. For type-L households,

dyt  _dwk di d
D —Ey (wf‘; —/l*) — +Z,(l})"£

do — do do

=GL(6.¢) =GE(0,¢)

Thus, comparability of income gains (e.g. dy®/d6 > dy* /d6) holds whenever
G1(6.9) > prd~Gr(6.9). (A38)
The term GL(6,¢) > 0 captures type-L’s direct formal-sector gains (higher formal wages on

519



existing formal work and the benefit of relaxing the binding access constraint). Equation (A38)
therefore implies that local-demand spillovers need only fill the remaining gap relative to type-H’s
formal-income gains.

A useful benchmark is the limiting case in which direct formal gains for type-L are small (e.g.,

low baseline formal access and limited access expansion), in which case (A38) is well-approximated

by Zi(I})* G ~ pra.

520



B APPENDIX TABLES AND FIGURES

B.1 Appendix Tables

Table B1: Establishment of Industrial Zones Across Districts

Share of districts Share of districts
hosting zone  within 15-km radius of zone
1 2)
2004-2008 0.102 0.549
2009-2013 0.033 0.060
2014-2020 0.010 0.023
Never-treated 0.855 0.367

Notes: This table presents the percentage of districts that either have an industrial zone within their boundaries (Column
1) or are located within a 15-kilometer radius of one (Column 2).

Table B2: Industrial Zones and Labor Participation, Ages 25-64

All Individuals Without With
High School Diploma High School Diploma
) 2 ®)
post-ATT 0.002 0.000 0.012
(0.004) (0.004) (0.008)
District FE Y Y Y
Year FE Y Y Y
Mean Outcome 0.92 0.92 0.93
p-value pre-trend 0.513 0.420 0.772
N(Individual-Period) 300319 243160 56950
N(District Switcher-Period) 839 839 826

Notes: The sample includes individuals aged 25-64. Outcome is measured as whether an individual engaged in any
economic activities during the last 12 months. Estimates are derived using the method proposed by de Chaisemartin
and d'Haultfoeuille (2024). Standard errors, clustered at the district level, are shown in parentheses. Mean outcomes
are calculated based on pre-treatment periods. Data from VHLSS 2004-2020. Sampling weights are applied throughout.
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Table B3: Industrial Zones and Working Members

Without High School Graduate With High School Graduate

@D 2
post-ATT 0.016 0.008
(0.017) (0.026)
District FE Y Y
Year FE Y Y
Mean Outcome 1.71 1.98
p-value pre-trend 0.807 0.840
N(Household-Period) 96363 54657
N(District Switcher-Period) 839 832

Notes: The outcome is number of household members aged 25-64 working during the past 12 months. Estimates are
derived using the method proposed by de Chaisemartin and d’Haultfoeuille (2024). Standard errors, clustered at the

district level, are shown in parentheses. Mean outcomes are calculated based on pre-treatment periods. Data from
VHLSS 2004-2020. Sampling weights are applied throughout.
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Table B4: Industrial Zones and Household Labor Diversification

Heterogeneity by District-level Skill Intensity

Sample includes households without any members ever completing high school education

Diversification Index Across-Member Within-Member

Low-Skill High-Skill Low-Skill High-Skill Low-Skill High-Skill
1) ) ®) 4) ©) (6)

Period1-ATT -0.005 0.004 -0.020 0.021 -0.010 0.005
(10.005) (0.014) (0.011) (0.031) (0.012) (0.032)
Period4-ATT 0.020 0.060 0.055 0.129 0.039 0.127
(0.008) (0.030) (0.022) (0.069) (0.022) (0.054)
Period6-ATT 0.001 0.036 0.020 0.056 0.020 0.078
(0.012) (0.040) (0.028) (0.091) (0.027) (0.062)
post-ATT 0.009 0.030 0.027 0.064 0.022 0.061
(0.007) (0.025) (0.017) (0.058) (0.017) (0.042)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 0.18 0.20 0.48 0.53 0.35 0.38
p-value pre-trend 0.944 0.277 0.733 0.534 0.577 0.386
N(Household-Period) 80862 9099 80862 9099 80862 9099
N(District Switcher-Period) 675 140 675 140 675 140

Notes: This table shows the effects of industrial zone exposure on household-level labor diversification strategies across
districts with different level of skilled labor demand. In Columns (1)—(2), the dependent variable calculated as 1 minus
the Herfindahl-Hirschman Index (HHI) using the share of household labor hours in each sector (higher values indicate
greater diversification). In Columns (3)—(4), the dependent variable is whether the household has different members
working in different sectors. In Columns (5)-(6), the dependent variable is whether the household has at least one
member working in multiple sectors. Columns (1), (3), and (5) include “low-skill” districts only; and Columns (2), (4),
and (6) include “high-skill” districts only. A district is classified as “Low-Skill” if its share of working individuals with
a high school diploma or a post-secondary degree is below the 75th percentile of the district-level distribution in 2002,
based on data from the 2002 VHLSS; districts above this threshold are classified as “High-Skill.” Estimates are derived
using de Chaisemartin et al. (2024)’s method. Standard errors, clustered at the district level, are shown in parentheses.
Mean outcomes are calculated for pre-treatment periods. Sampling weights are applied throughout.
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Table B5: Industrial Zones and Informal Non-Tradable Non-Farm Business Performance

Heterogeneity by District-level Skill Intensity

Business (0/1) Revenue Profits

Low-Skill High-Skill Low-Skill High-Skill Low-Skill High-Skill

1) ) ®) 4) ©) (6)
post-ATT 0.026 0.084 0.979 3.546 0.735 1.732
(0.012) (0.037) (0.698) (3.529) (0.403) (2.011)
District FE Y Y Y Y Y Y
Year FE Y Y Y Y Y Y
Mean Outcome 0.23 0.29 7.49 12.45 4.51 731
p-value pre-trend 0.348 0.958 0.804 0.247 0.483 0.659
N(Household-Period) 83974 9779 83974 9779 83974 9779
N(District Switcher-Period) 675 140 675 140 675 140

Notes: This table shows the effects of industrial zone exposure on informal business activity among less-educated house-
holds for non-tradable industries, across districts with different level of skilled labor demand. Non-tradable industries
include construction, retail, wholesale, food services, accommodation, transport, personal services, repair services,
healthcare, and education. Tradable industries include manufacturing, mining, and other activities producing goods
for external markets. Columns (1), (3), and (5) include “low-skill” districts only; and Columns (2), (4), and (6) include
“high-skill” districts only. A district is classified as “Low-Skill” if its share of working individuals with a high school
diploma or a post-secondary degree is below the 75" percentile of the district-level distribution in 2002, based on data
from the 2002 VHLSS; districts above this threshold are classified as “High-Skill.” Profits and revenue are winsorized
at the 5th and 95th percentiles within each survey year, education group, and treatment status, conditional on posi-
tive values. Estimates of equation (7) are derived using the method proposed by de Chaisemartin and d’Haultfoeuille
(2024). Standard errors, clustered at the district level, are shown in parentheses. Mean outcomes are calculated based
on pre-treatment periods. Sampling weights are applied throughout.
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Table B6: Industrial Zones, Household Consumption, and Human Capital Investment

Sample includes households without any members completing high school education

Food Non-food =~ Human Capital
Consumption Consumption Investment School Enrollment
) ) ®) 4)
post-ATT 0.007 0.011 0.006 0.020
(0.010) (0.004) (0.002) (0.009)
District FE Y Y Y Y
Year FE Y Y Y Y
Mean Outcome 0.31 0.11 0.04 0.81
p-value pre-trend 0.245 0.182 0.946 0.880
N(Household /Individual-Period) 19239 19239 19239 94169
N(District Switcher-Period) 827 827 827 839

Notes: This table shows the effects of industrial zone exposure on welfare measures among less-educated households.
In Column (1), the outcome is food consumption expenditure, combining regular food and drink items consumed in
the past 30 days and annualized (rice, staple grains, meat, fish, seafood, eggs, tofu, vegetables, beans, fruits, cooking
oil, sugar, coffee, tea, alcohol, tobacco, and outdoor meals) and food expenditure during major holidays over the past
12 months. In Column (2), the outcome is non-food consumption expenditure, comprising daily recurring non-food
items (fuel, personal care products, parking fees, haircuts) reported over the past 30 days and annualized, and annual
non-food items (clothing, footwear, household goods, appliances, communications, entertainment, travel, domestic ser-
vices). This measure excludes food, housing, education, and health expenditure. Both food and non-food measures
include purchased and self-supplied items. In Column (3), the outcome is total spending on education (tuition, text-
books, uniforms, tutoring) and health (in-patient and out-patient treatment). In Column (4), the outcome is whether a
household member aged 10-18 attended school in the past 12 months. All monetary values are expressed in monthly
per capita terms, in 2010 million VND. Estimates are derived using the method proposed by de Chaisemartin and
d’Haultfoeuille (2024). Standard errors, clustered at the district level, are shown in parentheses. Mean outcomes are
calculated based on pre-treatment periods. Data from VHLSS 2004-2020. Sampling weights are applied throughout.
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Table B7: Robustness Checks: Industrial Zones and Selected Outcomes

Treatment Effect of Period-4 Post-Zone Establishment

Sectoral Employment  Labor Diversification Income and Business
Agriculture Informal Index Within Informal Nor.l—Tradable
Non-Ag Member Income  Business (0/1)
O 2 @) 4) ©®) (6)
1. Baseline -0.073 0.056 0.026 0.056 0.335 0.046
(0.017) (0.016)  (0.008) (0.020) (0.065) (0.015)
2. Including Not-Yet-Treated -0.068 0.052 0.026 0.057 0.322 0.043
(0.017) (0.015)  (0.008) (0.020) (0.065) (0.015)
3. Province-level Clustering -0.073 0.056 0.026 0.056 0.335 0.046
(0.019) (0.017)  (0.010) (0.026) (0.061) (0.015)
4. Callaway and Sant’Anna (2021) -0.067 0.049 0.017 0.034 0.329 0.041
(0.017) (0.016)  (0.008) (0.021) (0.067) (0.016)
5. TWEE Event-Study -0.032 0.047 0.020 0.037 0.171 0.031
(0.014) (0.013)  (0.007) (0.016) (0.057) (0.011)
6. Adding Demographic Controls -0.073 0.056 0.025 0.056 0.341 0.048
(0.017) (0.016)  (0.008) (0.020) (0.066) (0.015)
7. Restricting to Registered Residents -0.082 0.063 0.029 0.067 0.305 0.051
(0.018) (0.017)  (0.009) (0.023) (0.074) (0.018)
8. Timing Mismatch -0.069 0.053 0.025 0.057 0.331 0.045
(0.016) (0.015)  (0.008) (0.020) (0.065) (0.016)
9. Excluding 15-25km Districts -0.108 0.086 0.034 0.083 0.431 0.061
(0.019) (0.017)  (0.009) (0.024) (0.073) (0.020)
10. Household 3-Wave Panel -0.043 0.051 0.025 0.058 0.324 0.044
(0.048) (0.046) (0.018) (0.038) (0.121) (0.035)
11. Province Analysis -0.105 0.075 0.014 0.029 0.389 0.102
(0.065) (0.054) (0.018) (0.071) (0.279) (0.125)

Notes: Each cell reports the estimated effect at period 4 (approximately 8 years after zone establishment). Row 1 (Base-
line) estimates equation (7) using the de Chaisemartin and d’"Haultfoeuille (2024) estimator with never-treated districts
as the comparison group and standard errors clustered at the district level. Row 2 extends the comparison group
to include not-yet-treated districts. Row 3 clusters standard errors at the province level. Row 4 uses the alternative
staggered difference-in-differences estimator of Callaway and Sant’/Anna (2021). Row 5 reports estimates from a con-
ventional two-way fixed effects event-study specification. Row 6 includes individual-level demographic controls (age,
gender, and ethnic minority status). Row 7 restricts the sample to individuals with long-term permanent household reg-
istration in the same commune (for household-level analysis, this means household head having household registration
in the same commune). Row 8 addresses the mismatch between annual zone establishment and biennial survey data by
restricting to districts where treatment status changed between survey waves, following the split-sample strategy of de
Chaisemartin and d’"Haultfoeuille (2024). Row 9 excludes districts 15-25 km from any industrial zone to address poten-
tial spillover contamination of the comparison group. In Row 10, estimates are based on a household panel constructed
by pooling four three-wave panels (2004-2006-2008, 2010-2012-2014, 2012-2014-2016, and 2014-2016-2018). When
a household-year observation appears in multiple panels, it is included only once to avoid double-counting. The year
2020 is excluded because it is drawn from a different census-based sampling frame and cannot be linked to previous sur-
veys. Row 11 reports province-level estimates using the cumulative number of zones as a continuous treatment variable,
following de Chaisemartin and d’Haultfoeuille (2024), with standard errors clustered at the province level. Columns
(1)~(2) report sectoral employment shares among individuals aged 25-64 without a high school diploma. Columns (3)-
(4) report household labor diversification measures for households without a high school graduate. Columns (5)-(6)
report household-level informal non-agricultural income and non-tradable business formation for households without
a high school graduate. Standard errors, clustered at the district level unless otherwise noted, are shown in parentheses.
Sampling weights are applied throughout.
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B.2 Appendix Figures

Figure B1: Mapping Zones and Identification of District Treatment Status

Lam Dong Province + Neighbors - 2002 Lam Dong Province + Neighbors - 2005
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Notes: The figure illustrates the staggered treatment status of districts over time. Districts shaded in blue are classified
as treated starting from the year they first fall within a pre-specified buffer of an industrial zone geographic centroid.
Once a district is treated, it remains in the treatment group in all subsequent years. Districts shaded in grey are either
not yet treated or never treated during the study period. Treatment timing varies across districts depending on when
nearby zones become active.
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Figure B2: Industrial Zones and Manufacturing Firms Creation
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Notes: This figure shows the effects of industrial zone establishment on the number of manufacturing firms per district,
using data from the Vietnam Enterprise Survey 2001-2018. Treatment is defined as falling within a 10 km radius of
a zone centroid. Square markers indicate the point estimates of the coefficients. Darker vertical lines with caps show
95% confidence intervals, and lighter bars represent 90% confidence intervals. Estimates are derived using the method
proposed by de Chaisemartin and d’Haultfoeuille (2024), with district and year fixed effects, and and baseline district
characteristics interacted with linear time trends. Standard errors clustered at the district level.

Figure B3: Industrial Zones and Distance to a Balanced Labor Portfolio Across Sectors

Sample includes households without high school graduates
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Periods to treatment Periods to treatment Periods to treatment
pre-trend p-val = 0.835 pre-trend p-val = 0.949 pre-trend p-val = 0.309
post-ATT = -0.012 (0.006) post-ATT = -0.009 (0.007) post-ATT = -0.028 (0.022)

Notes: This figure shows the effects of industrial zone exposure on the distance to a balanced labor portfolio, using
data from VHLSS 2004-2020. The outcome is defined as distance-to-balance = }; =1 / 3)2 where /; is the share of
household labor hours in sector j € {A, F,I}. Square markers indicate the point estimates of the coefficients. Darker
vertical lines with caps show 95 percent confidence intervals, and lighter bars represent 90 percent confidence inter-
vals. pre-trend p-val is the p-value from the joint test that pre-treatment effects are zero. post-ATT represents the average
treatment effect on the treated across post-treatment periods, with standard errors clustered at the district level in
parentheses. Estimates are derived using the method proposed by de Chaisemartin and d’Haultfoeuille (2024). Sam-
pling weights are applied throughout.
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Figure B4: Industrial Zones and Household Labor Share (Hours)
Sample includes households without high school graduates
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post-ATT = -0.054 (0.012) post-ATT = 0.038 (0.011) post-ATT = 0.011 (0.005)

Notes: This figure shows the effects of industrial zone exposure on the share of household total labor hours in each
sector, using data from VHLSS 2004-2020. Square markers indicate the point estimates of the coefficients. Darker
vertical lines with caps show 95% confidence intervals, and lighter bars represent 90% confidence intervals. pre-trend
p-val is the p-value from the joint test that pre-treatment effects are zero. post-ATT represents the average treatment
effect on the treated across post-treatment periods, with standard errors clustered at the district level in parentheses.
Estimates are derived using the method proposed by de Chaisemartin and d’Haultfoeuille (2024). Sampling weights
are applied throughout.
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Figure B5: Industrial Zones and Selected Outcomes

Robustness to Potential Violations of Parallel Trend Assumptions
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Notes: This figure reports results from the sensitivity analysis proposed by Rambachan and Roth (2023), constructing
robust confidence sets at period 4 post-treatment that allow for non-linear violations of the parallel trends assumption.
Blue represents the original confidence intervals (90% and 95%) for the post-treatment average effect. The red represents
fixed-length confidence intervals (FLClIs) for different values of M, where M = 0 allows for linear violations of parallel
trends (i.e., extrapolating a linear trend from the pre-treatment period), and larger values of M permit greater deviations
from linearity. The sample includes individuals 25-64 without a high school diploma (employment outcomes), or
households without any members completing high school (household diversification, income, and business outcomes).
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Figure B6: Sensitivity Test: Industrial Zones and Selected Outcomes

Treatment Effect of Period-4 Post-Zone Establishment

Results from Leave-One-District-Out Exercises

Agricultural Employment Informal Non-Ag Employment

Diversification Index Within-Member Diversification

Informal Non-Agricultural Income Non-Tradable Business (0/1)

.2

Notes: Each panel displays the distribution of estimated coefficients (blue circles) and their 95% confidence intervals
from a leave-one-district-out exercise, in which each ever-treated district is sequentially excluded from the sample and
the baseline specification re-estimated. The six outcomes are: agricultural employment and informal non-agricultural
employment among working-age individuals (25-64) without a high school diploma (top row), household labor diver-
sification index and within-member diversification among households without a high school graduate (middle row),
and informal non-agricultural income and non-tradable business formation among households without a high school
graduate (bottom row). Red diamonds indicate the baseline estimates and red vertical lines show the corresponding
95% confidence intervals. All estimates correspond to period 4 post-zone establishment. Sampling weights are applied
throughout.
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Figure B7: Placebo Test: Industrial Zones and Selected Outcomes

Treatment Effect of Period-4 Post-Zone Establishment

Results from Monte-Carlo Permutation Tests
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Notes: Each panel shows the distribution of estimated coefficients (blue bars) from 500 Monte Carlo simulations in
which the treatment status time series of one district is randomly reassigned to another district’s data and the baseline
specification re-estimated. The six outcomes are: agricultural employment and informal non-agricultural employment
among working-age individuals (25-64) without a high school diploma (top row), household labor diversification index
and within-member diversification among households without a high school graduate (middle row), and informal non-
agricultural income and non-tradable business formation among households without a high school graduate (bottom
row). All estimates correspond to period 4 post-zone establishment. The red dashed vertical lines indicate the baseline
estimates. The observed Type I error rates evaluated at 5% significance level range from 5.0% to 7.2% across outcomes,
and randomization-based p-values are below 0.01 for all outcomes. Sampling weights are applied throughout.
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C DISTANCE-BASED ANALYSIS

In the main analysis, a district is classified as treated in the first year it falls within a 15-kilometer
buffer of a newly established industrial zone. While the 15-kilometer cutoff is motivated by evi-
dence from other contexts—for example, prior studies report statistically significant employment
effects within a 10-15 km radius of special economic zones in India (Gallé et al., 2024), and wealth
effects within a 10 km radius in several African countries (Abagna et al., 2025), it remains impor-
tant to verify empirically that effects concentrate within this radius and do not spill over to more
distant districts used as controls.

If spatial spillovers exist (outcomes in untreated districts are affected by their proximity to
treated districts) then these “control” units are not valid counterfactuals, potentially violating
the Stable Unit Treatment Value Assumption (SUTVA) and leading to biased treatment effect es-
timates. To assess the spatial reach of zone effects, I follow the existing literature (e.g., Gallé
et al., 2024) and conduct a distance-based analysis. For each cohort of zone establishment ¢ €
{2004, 2006, 2008, 2010, 2012, 2014} (representing more than 95% of zone establishment in the study
period, Appendix Table B1), I restrict the sample to districts within that cohort and districts that

were never treated under the 15-kilometer definition, and estimate the following specification:

B
Yidt =Vd + s + Z d;, - POST, x Distancey—p + X;¢ - t + &ia; (C1)
b=1

where y;4; represents the outcome of interest for individual or household i in district d in year
t. The terms y,4 and y, represent district and year fixed effects, respectively. The variable POST, is a
binary indicator equal to 1 for years after zone establishment in cohort ¢, and 0 otherwise. Because
all treated districts within a cohort receive treatment at the same time, this avoids the negative
weighting problem associated with staggered two-way fixed effects estimation (Borusyak et al.,
2024; de Chaisemartin & d’Haultfoeuille, 2020; Goodman-Bacon, 2021). The variable Distance -,
indicates whether district d falls within distance bin » from the nearest industrial zone: b = 1
includes zone-hosting districts and those within 5 km, » = 2 corresponds to 5-15 km, b = 3 to 15—

25km, b = 4 to 25-35 km, and b = 5 to 35-45 km.®> The omitted category is b = 6 (45-70 km), which

5Because a district may fall within different distance bins for different industrial zones, I assign each district to the
bin corresponding to the minimum distance to the nearest zone.
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serves as the reference group. The vector X; includes baseline district characteristics (including
share of urban population, share of ethnic minority, share of rice cultivated area, and share of
individuals working in farming), interacted with a linear time trend to account for differential
trends across districts with different initial conditions. Each coefficient 6} captures the effect of
zone proximity at distance b relative to the most distant districts.

To obtain an overall estimate, I aggregate the cohort-specific coefficients using a weighted av-

erage:
2ic e 5169

5, = 2%
chc

(€2)

where n. is the number of treated districts in cohort ¢, so that cohorts with more treated districts
receive proportionally greater weight. Standard errors for the weighted average are constructed
by combining the cohort-specific clustered standard errors. Since each cohort-specific regression
uses non-overlapping sets of treated districts, I treat the cohort-specific estimates as approximately

independent and compute the weighted average standard error as:

Zc n% ’ SEz’b

SEavg,b = Z n
c e

(C3)

where SE. , is the clustered standard error for bin b from cohort ¢’s regression. Because all cohort-
specific regressions share a common pool of never-treated control districts, the cohort-specific esti-
mates are not strictly independent. This shared control group induces a positive covariance across
cohort estimates, which the independence assumption ignores. The resulting standard errors may
therefore be slightly understated. As a robustness check, I employ a stratified cluster bootstrap at
the district level: in each of 200 replications, I draw districts with replacement separately within
each treatment cohort and the never-treated group, preserving the cohort composition of the orig-
inal sample, re-estimate equation (C1) for each cohort, and compute 6, as in equation (C2). The
standard deviation across replications serves as the bootstrap standard error. This approach pre-
serves the cross-cohort dependence structure and accounts for within-district clustering.

If effects attenuate beyond 15 km, this supports the treatment definition used in the main
analysis and suggests that SUTVA violations are unlikely to bias the main results. The results

presented in Appendix Figure C1 indicate that the magnitude of the estimated effects is largest
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for districts closest to the industrial zones and decreases progressively with increasing distance.
Across outcomes including formal non-farm employment and total formal non-agricultural in-
come, the coefficients are positive and generally statistically significant within the 0-15 km range.
However, these effects quickly diminish with each successive distance bin and generally become
statistically indistinguishable from zero beyond 15 km. These findings highlight the localized na-
ture of the benefits associated with proximity to industrial zones, reinforcing the existing literature
that documents how the economic and social spillovers of place-based policies tend to be highly
concentrated around the immediate vicinity of the zones (Abagna et al., 2025; Ehrlich & Seidel,

2018; Gallé et al., 2024; Tafese et al., 2025).

Figure C1: Industrial Zones and Selected Outcomes: by Distance Bin
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Notes: Dark shaded areas represent 95% and 90% confidence intervals based on analytical standard errors, computed
as the weighted combination of cohort-specific clustered standard errors under an approximate independence assump-
tion. Light shaded areas represent the corresponding 95% and 90% confidence intervals from a stratified cluster boot-
strap (200 replications), which accounts for cross-cohort dependence induced by the shared pool of never-treated dis-
tricts. Symbols represent the weighted average coefficients on POST}, for bin b from equation (C1), with cohort weights
proportional to the number of treated districts. The outcome is the employment share in formal non-agriculture for
workers aged 25-64 without a high school diploma (left) and total household income from formal non-agriculture
(right). Sampling weights are applied throughout.

The 15-km cutoff may not apply uniformly across all outcomes and subgroups. For formal
non-agricultural employment among workers aged 25-64 with at least a high school diploma, for

example, point estimates in the 15-25km range remain positive, though statistically insignificant.
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This pattern suggests that using the 15km radius as the treatment definition may yield conserva-
tive estimates for this subgroup, as districts experiencing modest positive spillovers are included
in the comparison group. For less-educated workers, the primary focus of this paper, effects con-
centrate sharply within 15km, and no such spillover is evident. As a robustness check, I exclude
districts in the 15-25km range from the comparison group in a donut specification, ensuring that

any residual spillovers beyond the treatment boundary do not contaminate the counterfactual.
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