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1 Introduction

Why are urban systems often resilient to physical destruction yet vulnerable to changes

in market access? Cities have faced a range of shocks throughout history, such as natural

hazards, pandemics, and wars, that ruin buildings, infrastructure, and dense urban cores.

In principle, such destruction could trigger substantial and persistent reallocation of eco-

nomic activities. Yet recent evidence suggests a more nuanced pattern: urban structure

is often resilient to physical destruction but reshaped by economic and political shocks

(Glaeser, 2022; Lin and Rauch, 2022; Takeda and Yamagishi, 2026). This paper empir-

ically studies this resilience-versus-vulnerability hypothesis in postwar Northern Viet-

nam, where the same urban system underwent a rare two-stage transformation. Follow-

ing wartime destruction, state-led reconstruction restored a largely monocentric economy

centered on re-established urban cores, whereas later market integration through corridor

investments generated a nonlinear shift toward polycentric industrialization.

The central question is why subsequent transport investments have catalyzed poly-

centric industrial growth rather than reinforcing existing cores. While quantitative spatial

models (QSM) provide a flexible framework for analyzing trade cost reductions (Allen

and Arkolakis, 2014; Redding, 2022), their application to developing and post-conflict

economies where historical legacies, market frictions, and production networks differ

from those in advanced economies remains an open empirical question. In rapidly tran-

sitioning economies characterized by pre-existing institutional and regulatory rigidities,

infrastructure does not merely facilitate marginal trade; it can trigger a spatial take-off by

integrating fragmented production networks and inducing labor reallocation across sec-

tors. Capturing such non-linear transformations still requires a framework tailored to the

structural features of developing economies.

By investigating large-scale Greater Mekong Subregion (GMS) highway projects in

Northern Vietnam, this paper extends the canonical QSM to endogenously explain the

mechanisms behind the emergence of new industrial centers in the periphery. With pos-

sible sectoral reallocation and input-output (IO) amplification, our framework aims to

address the fenced city challenge, the difficulty of modeling the transition from an empty

periphery to a thriving hub (Duranton and Mori, 2025). Northern Vietnam offers an ideal

laboratory to test this framework: heavy aerial bombardment during the Vietnam War de-

stroyed transportation networks in core cities (Miguel and Roland, 2011), and subsequent

state-led reconstruction entrenched the economic dominance of Hanoi and Haiphong,

while peripheral districts remained largely agrarian and isolated. Against this polarized

baseline, the GMS program launched in 1992, aimed at transforming former battlefields

into integrated economic corridors, invested in highway upgrading during the 2010s. De-

spite being widely regarded as a successful model of corridor-led development (Asian

Development Bank, 2020), the long-run spatial effects of the GMS highways and the mech-
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anisms behind their success remain poorly understood in the literature.

Combining geocoded firm census data, commune-level statistics, and satellite im-

ageries, we document a pattern that lies outside the ordinal comparative statics of stan-

dard models. The GMS upgrades did not simply reinforce agglomeration in urban cores

(centripetal forces) nor induce monotonic dispersion (centrifugal forces). Instead, they trig-

gered the nonlinear spatial structural transformation: the emergence of multiple new

manufacturing hubs in previously agrarian peripheral districts. This shift from a monocen-

tric system centered on Hanoi to a polycentric industrialization offers a novel contribution

to the literature, as the role of infrastructure in driving such spatial structural shifts has

remained underexplored.12

We establish these findings in four steps. First, Section 2 demonstrates that despite the

catastrophic damage inflicted by the Vietnam War, post-war reconstruction enabled the

historical core to regain its economic dominance, ultimately reinforcing a stark core–periphery

configuration. Second, in Section 3, using a geography-based instrumental variable (IV)

constructed from a least-cost path (LCP) spanning-tree network, we show that improved

market access causally increased manufacturing firm entry. The estimated agglomera-

tion dynamics are disproportionately stronger in the periphery relative to the saturated

Red River Delta (RRD) core, a convex pattern less commonly documented in advanced-

economy settings (Baum-Snow, 2007; Duranton and Turner, 2012; Faber, 2014). Third,

difference-in-differences (DID) estimates in Section 4 reveal a nonlinear corridor-centric

pattern: peripheral communes within 20–50 km of the highway accumulated 0.39 log

points more manufacturing firms and 0.85 log points more jobs over a decade. These

effects are strongly heterogeneous: communes with deeper upstream supply-chain link-

ages experience stronger agglomeration response near the highway corridor. Finally, Sec-

tion 5 develops a spatial general equilibrium model augmented with IO linkages and

validates it against the data using the Adão et al. (2024)’s goodness-of-fit test. While the

IV and DID estimates establish the key empirical patterns, they cannot by themselves

determine whether the nonlinear agglomeration responses arise from input-output am-

plification, competitive catch-up in thin peripheral markets, or their interaction. Nor can

they capture the general equilibrium adjustments, such as wage responses and sectoral re-

allocation, that shape the aggregate spatial equilibrium. A structural framework is there-

fore needed to decipher the reduced-form patterns, quantify the underlying mechanisms,

and evaluate counterfactual infrastructure designs. The estimated model, featuring IO

amplification and endogenous wage-driven dispersion, quantitatively accounts for the

1While a few recent papers have begun to study structural transformation in space (e.g., Trew, 2020;
Fajgelbaum and Redding, 2022; Nagy, 2023; Eckert and Peters, 2022), empirical evidence on the role of
transport infrastructure in driving structural shifts remains scarce.

2Theoretically, Akamatsu et al. (2025) show that multimodal agglomeration can emerge under a global
dispersion force, which induces the establishment of firms distant from urban centers to avoid local com-
petition. At the same time, the flattening of existing agglomeration may occur as a result of local dispersion
forces driven by land scarcity.
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corridor-centric development observed in northern Vietnam.

Counterfactual analysis in Section 6 reveals a fundamental efficiency–equity trade-

off in corridor-led development and shows how infrastructure design can mitigate the

tension. The GMS corridor generated strong IO amplification but spatially concentrated

gains, as inland districts lacking last-mile road access could not activate local IO multi-

pliers. A budget-neutral reallocation that adds feeder roads reduces spatial inequality

while preserving most efficiency gains by extending market access to inland areas and ac-

tivating supply-chain linkages across a broader geography, consistent with evidence from

rural road programs in developing economies (Asher and Novosad, 2020). In contrast,

policies focused solely on trunk highways or manufacturing upgrading raise aggregate

income but intensify spatial concentration. The key lesson is that combining trunk con-

nectivity with feeder-road investment, rather than corridor expansion alone, is essential

for achieving both overall efficiency and spatial equity.

We believe that this paper makes four contributions. First, it provides new reduced-

form causal evidence on the two-stage postwar transformation of urban structure from

monocentric recovery after physical destruction to polycentric industrialization follow-

ing market integration in a post-conflict economy, contributing to the literature on urban

resilience and vulnerability (Glaeser, 2022; Lin and Rauch, 2022). Second, it establishes

that IO linkages and market access jointly produce spatially heterogeneous firm agglom-

eration, extending the big push logic of pecuniary externalities (Murphy et al., 1989; Krug-

man, 1992) to a spatial model.3 Third, it applies the Adão et al. (2024)’s model validation

framework to infrastructure evaluation in a developing economy, showing that IO am-

plification is quantitatively essential to account for the observed corridor-centric devel-

opment pattern (Matsuyama, 1995). Fourth, it provides policy diagnostics, demonstrat-

ing that achieving inclusive regional growth requires a triple-trigger mechanism: (i) suffi-

ciently large market accessibility, (ii) deep local supply-chains to sustain agglomeration,

and (iii) complementary feeder-roads to diffuse gains beyond established nodes. These

findings reveal that an interregional highway alone is insufficient for spatial inclusion

without the local capacity to activate industrial multipliers.

The paper proceeds as follows. After we describe the initial setting and data in Sec-

tion 2, Section 3 presents IV-based reduced-form evidence on the causal effect of market

access. Section 4 examines the spatial and supply-chain mechanisms. Section 5 devel-

ops, calibrates, and validates the quantitative model. Section 6 conducts counterfactual

analysis. Section 7 concludes.

3Whereas spatial-equilibrium studies of transport infrastructure (Tsivanidis, 2026; Morten and Oliveira,
2024; Allen and Arkolakis, 2022) mainly consider migration and commuting choices, we focus on producers’
entry decisions in the presence of input-output linkages and sectoral labor reallocation.
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2 Setting and Data

In this section, with satellite-based and firm-level data, we demonstrate a two-stage evo-

lution of Northern Vietnam’s economic geography. The post-war period is characterized

by a monocentric structure centered on Hanoi. With the GMS corridor upgrades, how-

ever, the region exhibits a marked shift toward polycentric industrialization. The evi-

dence points to a transition from battlefield resilience to marketplace expansion through

infrastructure investments.

2.1 Historical Background, Core-Periphery Baseline, and GMS High-

way Upgrades

Following Vietnam’s reunification in 1975 after the devastating war, economic recovery in

the north was heavily skewed toward the RRD (Miguel and Roland, 2011). The govern-

ment prioritized reconstruction of war-damaged infrastructure in Hanoi and the port city

of Haiphong (Tan, 2014), while northern border provinces, historically a battlefield zone

due to the Sino-Vietnamese conflict of the late 1970s, remained isolated and underdevel-

oped.

Figure 1 documents this asymmetric legacy by plotting wartime bombing intensity

against districts’ market potential (calculated by eq. (A3) in Appendix D). In the north,

heavily bombed locations had regained higher market potential, consistent with their pri-

oritization in postwar reconstruction.4 Even after large wartime shocks, reconstructed

cores re-established their pre-war prominence, a pattern of strong path dependence (Davis

and Weinstein, 2002) that shaped the baseline for later highway investments.

By the end of the 1990s, the result was stark core-periphery divergence. Core districts

in the RRD region were far more densely populated than the national average (Table 1a).

Peripheral areas in the Northeast (hereafter, NE) and Northwest (hereafter, NW) remained

largely agricultural through the 1990s, though population in the NW began to grow from

a lower base. About one-third of all registered firms in Vietnam were located in the RRD,

where services dominated the local economy (Table 1b). After the start of GMS high-

way construction, the increase in the number of firms was particularly pronounced in the

northern regions. Based on regional averages of district-level enterprise growth rates, the

Northwest recorded a 76% increase between 2011 and 2016, exceeding the national aver-

age, while the Northeast also experienced a large increase between 2016 and 2020. Man-

ufacturing employment in northern provinces also grew at 7.4% per year, outpacing the

national average of 5.1%, yet gains were disproportionately concentrated in and around
4In the south, by contrast, bombing intensity correlates negatively with initial market potential, suggest-

ing a different wartime legacy and reconstruction trajectory. Our resilience interpretation therefore focuses
on northern Vietnam, where heavily bombed locations were more likely to be reconstructed as the postwar
core, consistent with the spatial resilience to physical shocks (Davis and Weinstein, 2002; Glaeser, 2022).
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the core. In the mountainous border regions, poverty rates exceeded 50% and electrifi-

cation was below 40% (Figure 2). This polarized baseline, an economically dynamic core

surrounded by agrarian and infrastructure-poor peripheries, is the starting point against

later GMS highway investments.

Northern Vietnam thus provides a distinctive setting because wartime destruction

and its aftermath created a stark core–periphery structure. Heavy bombing damaged

transport networks, and subsequent reconstruction reinforced the primacy of Hanoi and

Haiphong, while many peripheral districts remained agrarian and relatively disconnected.

In the paper’s framing, this persistence of a core-centered structure captures the city sys-

tem’s resilience to physical shocks, a robust recovery from the battlefield legacy that sets

up the later quasi-experimental test.

Accordingly, we focus on the North-South Economic Corridor, which upgraded con-

nectivity from Kunming and Lao Cai (the border city with Yunnan province in China)

to Hanoi, with extended links to Haiphong and Lang Son (a border city with Guangxi

province). The centerpiece was the Noi Bai–Lao Cai Expressway and upgrades to na-

tional highways connecting to the Chinese border (Figure 3). These investments replaced

slow, winding mountain roads with modern multi-lane expressways, reducing travel time

between the border (Lao Cai) and Hanoi from over 10 hours to about 3.5 hours, with daily

traffic rising from 4,000 to 18,000-19,000 passenger car units (PCU) by 2017 (GMS Secre-

tariat, 2018).

2.2 Data

Our analysis draws upon a rich set of data sources combining granular ground-level in-

formation and remote sensing imageries (see Appendix A).5 The comprehensive spatial

panel data covering Northern Vietnam from 2000 to 2020 are constructed from the Viet-

nam Enterprise Survey (VES) conducted by the General Statistics Office (GSO), which

provides annual information on firm location, employment, and ownership for the uni-

verse of registered firms. We aggregate our analysis to the district and commune levels

to measure local industrial agglomeration. Our study area covers approximately 4,350

communes within 270 districts across three northern regions. We define "core cities" as

districts in the RRD region, including Hanoi and Haiphong, two central provinces in the

north.6 Districts in the NW and NE regions are defined as "peripheral cities" (Figure 4).

Additionally, we employ the harmonized Input-Output Database compiled by the

Organisation for Economic Co-operation and Development (OECD) and the 2007 Viet-

5Donaldson and Storeygard (2016) reviews recent applications of satellite data in economics. Our paper
closely relates to Burchfield et al. (2006) which uses remote-sensing data to track the evolution of land use
and urban sprawl at finer grid level over decades in the U.S.

6In Vietnam, cities directly under central government include Hanoi, Haiphong, Danang, Can Tho, and
Ho Chi Minh City. These constitute the socioeconomic cores in each region.
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namese Input-Output Tables, published by the General Statistics Office (GSO), to con-

struct the supply chain network data and related parameters. To incorporate spatial and

geographical dimensions, we integrate the Japan Aerospace Exploration Agency (JAXA)

Advanced Land Observing Satellite (ALOS) Land Cover Map alongside the National

Aeronautics and Space Administration (NASA) Advanced Spaceborne Thermal Emission

and Reflection Radiometer (ASTER) Global Digital Elevation Model.

Due to inconsistencies in tracking state-owned enterprises (SOEs; including collec-

tives) in the annual survey, we restrict the analysis to private registered firms to avoid

confounding effects from the ongoing SOE reforms.

2.3 Spatial Patterns: From Monocentric to Polycentric

Before turning to econometric analyses, we document the raw spatial transformation us-

ing high-resolution satellite imageries over decades, the motivating fact that drives our

empirical investigation. The satellite image archives provided on the Google Earth En-

gine enable us to track the growth and changes around the target areas over the past

decades (Miyazaki et al., 2019). We obtain cloud-free images from Landsat 5 and 8 and

classify land cover using a supervised neural network algorithm to track built-up area

expansion at the commune level from 1990 to 2019.

Figure 5 shows the expansion of built-up areas along the GMS corridor from the onset

of the Doi Moi reform in 1990 until 2019. The pattern is striking in its three-phase structure.

In 1990–2000, economic activity was tightly concentrated in the Hanoi–Haiphong axis;

outside this core, virtually no district exceeded 10% built-up coverage. The mountain-

ous periphery faced high trade costs, with transport connections to the capital consisting

of degraded colonial-era roads. In 2000–2010, as the economy liberalized, built-up areas

began spreading toward peripheral cities along the coast (Haiphong, Ha Long) and to-

ward the Chinese border (Lao Cai, Yen Bai). After 2010, improved connectivity facilitated

by the GMS investments further accelerated peri-urban expansion, particularly along the

corridor. Urban fringes also sprawled further down into remote peripheral areas, such as

the Laos-border provinces of Hoa Binh and Son La, facilitated by the National Highway

6 (locally known as Quốc Lô. 6 (QL6)) corridor. Taken together, this satellite evidence doc-

uments a clear transition from a monocentric structure centered on Hanoi toward a more

polycentric configuration. We interpret the earlier monocentricity as reflecting the city’s re-

silience to physical shocks, i.e., robust recovery from the battlefield, while the subsequent

move toward polycentricity appears driven by the evolution of the diversified marketplaces

through infrastructure investments and the resulting expansion of market access.

The satellite-based evidence is consistent with highway effects but cannot rule out

confounders: the same period saw broad Vietnamese economic growth, ongoing place-

based industrial zone policies, and growing foreign direct investments. The next two
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sections use quasi-experimental variation to isolate the causal contribution of the GMS

investments.

3 Does Market Access Drive Industrial Clusters?

This section asks whether GMS highway upgrades increased manufacturing firm entry,

and whether the effect differs between core and periphery. We use an IV approach that

exploits exogenous geographic variation in connectivity improvements.

3.1 Empirical Strategy

Firm Market Access. We follow Redding (2022) and measure market access using a the-

oretically grounded Firm Market Access (FMA) index:

FMAs,i =
J

∑
j=1

τ1−σ
ij ·

Es,j

P1−σ
j

(1)

where τij is the iceberg trade cost between districts, Es,j is total expenditure in sector s at

destination j, and Pj is the destination price index.7 The FMA index is defined as the sum

of destination markets’ real expenditure, discounted by bilateral trade costs. We compute

trade costs directly from freight trade values and volumes in the VES. The distance elas-

ticity of trade is set at 4 based on Simonovska and Waugh (2014). Figure 6 illustrates the

resulting changes in trade costs and FMA over 2011–2020: large decreases in costs and

large increases in market access are concentrated along the GMS corridor, particularly in

previously isolated peripheral areas. An exception is the area around Yên Bái province, a

mountainous region where geographical constraints limit the construction of connecting

roads to the highways.

Identification challenge. A key hurdle in estimating the causal impacts of highways is

their non-random placement. Since roads are often built to connect growing commer-

cial hubs (reverse causality) or to stimulate struggling regions (selection bias), the Ordi-

nary Least Squares (OLS) estimates are likely systematically biased.8 In fact, the routes

in the GMS program were driven primarily by the geopolitical goal of regional integra-

7Because sector-level local price indices cannot be constructed from the VES, we replace Ps,j of the struc-
tural model (Appendix G) with a district-level price index Pj in the reduced-form estimation.

8Estimating the causal effect of highways is challenging because randomized experiments are inherently
infeasible. Existing literature has used various instruments for infrastructure, such as (a) historical transport
network (Baum-Snow et al., 2017; Duranton and Turner, 2012; Michaels, 2008), (b) counterfactual least-
cost-path network (Faber, 2014; Morten and Oliveira, 2024), (c) straight-line connections (Banerjee et al.,
2020; Ghani et al., 2016), (d) non-local changes to the road network (Jedwab and Storeygard, 2020), and (e)
geographic barriers (Dinkelman, 2011; Duflo and Pande, 2007).
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tion, connecting Vietnam to the broader Mekong sub-region and facilitating trans-border

commerce with China, rather than by anticipation of local district-level demand (Asian

Development Bank, 2020). ADB Board documents and government decrees confirm that

route selection followed a corridor logic, determined at the sub-regional level, with spe-

cific alignments shaped by topography rather than local economic conditions. This ex-

ogeneity argument is formalized in our instrumental variable strategy, which exploits

sharp topographic contrasts between the mountainous border regions and the flat RRD to

isolate quasi-experimental variation in connectivity improvements. More specifically, to

address this econometric estimation issue, we combine the inconsequential unit approach

with least-cost path (LCP) and other geography-based instrumental variables (Neubert

and Nikolić, 2026; Gibbons et al., 2019; Ahlfeldt and Feddersen, 2018). We restrict the

sample to districts within 100 km of the project site and exploit variation in the magni-

tude of cross-regional market access changes among otherwise similar local locations.

MST and Broad Geography-Based Instruments. Following the LCP network literature

(Faber, 2014; Morten and Oliveira, 2024), we construct a hypothetical Minimum Spanning

Tree (MST) highway network derived from LCP analysis (see Appendix B). The instru-

ment exploits northern Vietnam’s unique topological conditions: sharp contrasts between

the flat hinterland of the RRD and the mountainous border regions which are inhabited by

ethnic minority groups, create a natural cost surface that determines engineering-optimal

routes independent of local economic shocks.

Formally, we generate the LCP spanning tree network connecting provincial capitals

and major nodes using terrain and land-cover data (slope, urban development, water

bodies, wetlands). We adopt the following cost function from the transport engineering

literature (Jha et al., 2001; Jong and Schonfeld, 2003):

ci = 1 + Slopei + 25 × Developedi + 25 × Wateri + 25 × Wetlandi

where ci is the cost of crossing a pixel of land i and Slopei is the average slope gradient of

land i. Developedi, Wateri, and Wetlandi are dummies indicating whether land i is covered

by built structures, water, or wetland. We use JAXA-ALOS landcover map and NASA-

ASTER global digital elevation model (both in 30 meter spatial resolution, based on satel-

lite imagery from 1990) as inputs and apply Kruskal’s algorithm to identify the minimum

spanning tree (Figure 7). The resulting network is independent of local economic shocks

and satisfies the exclusion restriction: it affects FMA growth through terrain-driven route

placement, not local demand conditions. Accordingly, we use district-level measures of

distance to the MST network constructed from 1990 satellite imagery as an IV.

MST distance captures a single source of variation, whether a district locates close

to the engineering-optimal network, but does not span the full distribution of market
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access conditions needed to identify nonlinear responses. Hence, our instrument set Zct0

incorporates broader geography-based variables to capture northern Vietnam’s unique

topological conditions, i.e., land elevation, sunshine (both measured in 1999), and U.S.

bombing intensity during the Vietnam War (Miguel and Roland, 2011). These geographic

variables add independent variation in the effective cost of market integration for districts

that face natural barriers even when proximate to the road network. We use U.S. bombing

intensity as a historically predetermined source of variation in subsequent infrastructure

development, based on prior evidence that bombing exposure had little persistent direct

effects on long-run Vietnamese economic outcomes (Miguel and Roland, 2011; Glaeser,

2022). Together, these instruments create natural barriers to market expansion and are

uncorrelated with post-2011 productivity shocks conditional on regional fixed effects. In

this way, we employ an overidentified specification because identifying nonlinear effects

of market access requires at least two instruments, while additionally permitting Hansen’s

overidentifying restriction test.

Regression. We estimate a first-difference two-stage least squares (2SLS) specification

over 2011–2020:

∆ ln FMAct = δ0 + Zct0δ1 + Xct0δ2 + ∆νct (2)

∆ ln yct = β0 + β1∆ ln FMAct + Xct0γ + ∆εct (3)

where yct is the number of enterprises in commune c. Controls Xct0 include the initial

share of female workers, social security coverage, proximity to industrial zones (within

5 km), and distance to national roads. We estimate separately for the RRD core and the

NE/NW periphery to capture the non-linearities, where centrifugal and centripetal forces

operate differently across regions. Standard errors are clustered at the commune level.

3.1.1 IV Results: Large, Convex Effects Concentrated in the Periphery

Table 2 reports the first-stage estimates. Log distance to the MST network is strongly

negatively associated with FMA growth in both regions (Kleibergen-Paap F-statistics ex-

ceed the rule-of-thumb threshold of 10 in all specifications). Land elevation and sunshine

significantly influence FMA growth in the periphery, whereas historical bombing is as-

sociated with lower subsequent market access growth in core areas, consistent with the

path-dependent reconstruction pattern documented in Section 2.1. Heavily bombed core

cities recovered resiliently after the war, which substantially raised their initial level of

market access. As a result, these cities had less scope for further FMA growth in the sub-

sequent period, generating a pattern of mean reversion.
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Table 3 presents the second-stage estimates.9 We report OLS alongside 2SLS for com-

parison. In the NE and NW regions (Panel B), the observed downward bias of OLS is

consistent with highways being directed toward initially lagging areas where improved

market access yields stronger impacts (Redding and Turner, 2015; Jedwab and Storeygard,

2020). While the Hansen J-statistics broadly support that overidentifying restrictions are

valid, the estimates reveal a striking core-periphery asymmetry. In the NE and NW pe-

riphery regions (Panel B), a 1% increase in FMA raises manufacturing firm entry by ap-

proximately 0.14%, with similarly strong effects in service sectors. By contrast, in the RRD

core (Panel A), elasticities are relatively moderate, consistent with the market saturation

and heightened competition in already-dense markets during the 2010s.

Crucially, the squared-term specifications (columns 3, 6, 9) reveal accelerating (convex)

effects in the periphery: the positive and significant coefficients on the squared firm mar-

ket access term, (∆ ln FMA)2, indicate that agglomeration accelerates once market access

crosses a critical level. In the core, the squared terms are generally insignificant (except

manufacturing), consistent with diminishing returns in mature agglomerations that have

already exhausted most within-region external economies.

This asymmetry suggests a threshold-type transition between centrifugal and cen-

tripetal regimes, consistent with core-periphery models in which regions below a critical

level of trade integration remain at a low-agglomeration equilibrium while those above it

undergo rapid catch-up (Krugman, 1991; Krugman and Venables, 1995). Section 4 exam-

ines the empirical sources of this nonlinearity, and Section 5 formalizes the mechanism in

a quantitative spatial model.

4 Sources of Nonlinear and Polycentric Development

The IV estimation results in the previous section establish two facts: (i) improved market

access causally increases manufacturing firm entry, and (ii) this effect is larger and accel-

erates with connectivity in the periphery compared to the core. However, these results do

not unpack why the effects are nonlinear and spatially asymmetric. This section examines

two potential complementary mechanisms: the spatial configuration of agglomeration by

distance zone, and the role of supply-chain depth in amplifying corridor effects.

9Table 2 and 3 report results from the preferred overidentified specification. Appendix C presents first-
and second-stage results under both just-identified (MST IV only) and overidentified specifications. The
overidentified model yields stronger first-stage relevance and more precisely identifies non-linear market
access effects, particularly in the NE and NW periphery.
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4.1 Spatial Shape of Effects: Distance Decay and Exposure Bands

To examine where the agglomeration occurs, we employ a flexible two-way fixed-effect

difference-in-differences (DID) specification that allows the highway effect to vary by dis-

tance zone and to evolve over time:

ln yct = β1 1[Distc ≤ 20km]× POST + β2 1[20km < Distc ≤ 50km]× POST

+ β3 1[Distc ≤ 20km]× POST × t + β4 1[20km < Distc ≤ 50km]× POST × t

+ γXct + µc + τt + λdt + εct,
(4)

where yct denotes firm counts or employment in commune c for year t. Dist is the com-

mune’s distance to the GMS highway. POST indicates post-construction years (t ≥ 2011),

and µc, τt, λdt denote commune, year, and district-specific trend fixed effects. Xct con-

trols for the effect of industrial zones. The 20 km and 50 km distance cutoffs are chosen

based on semi-parametric estimates in Appendix D.2, which show rapid market potential

growth within 20–50 km of the highway with effects declining beyond 50 km distance

buffer. Following Greenstone et al. (2010), we allow both a mean shift (β1, β2) and a trend

break (β3, β4) in the outcome to distinguish immediate from cumulative effects. In the

specification with trend break parameters (columns 2, 4, and 6 of Tables 4 and 5), we re-

port the combined 10-year effect β1 + 10β3 (for communes within 20km) and β2 + 10β4

(for communes in the 20-50km zone) as our main estimand.

Our control group consists of communes outside the 50 km exposure band, where the

direct accessibility gains from the highway are substantially weaker. Conditional on com-

mune and year fixed effects, district-specific trends, and baseline controls, they provide a

valid counterfactual for treated communes in the absence of the highway upgrade. This

assumption is supported by the event-study evidence in Figures 8a–b using the pooled

data from the core and periphery regions, which shows parallel pre-construction trends

in both firm counts and employment. Importantly, the parallel trend holds when defining

treatment as either 20 km or 50 km, reinforcing the robustness of our design. After 2011,

outcomes in treated areas diverge upward, with marked acceleration after 2015 coinciding

with the completion of major highway sections, a timing consistent with the infrastructure

channel rather than contemporaneous demand shocks.

Periphery results. In the NE and NW periphery (Table 4, Panel B), we find a distinctly

polycentric pattern that contrasts with a standard monocentric prediction of corridor-led

agglomeration. The estimated effect on manufacturing firm entry within 20 km is 0.47

log points, corresponding to 59% increase over 10 years. Importantly, the effects are not

confined to areas immediately adjacent to the corridor. In the 20–50 km zone, the esti-

mates indicate 0.39 log points more manufacturing firms, 0.13 log points more transport
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firms, and 0.25 log points more trade firms, corresponding to increases of 48%, 14%, and

28%, respectively. This wider spatial diffusion in the periphery contrasts with the more

localized pattern observed in the core, and is not easily reconciled with a purely local

agglomeration mechanism operating in the immediate corridor vicinity.

Employment effects (Table 5) are even more pronounced. Manufacturing employment

increases by 0.78 log points within 20 km and by 0.85 log points in the 20–50 km zone,

corresponding to 117% and 133% increases over 10 years, respectively. Second-tier cities

such as Hoa Binh, Son La, and Thai Nguyen, connected via national highways (QL3 and

QL6) (Figure 3), recorded strong expansions in manufacturing (textiles, food processing)

and trade. The diffused spatial development is consistent with satellite-based evidence of

peri-urban expansion (Figure 5) and the FMA improvements (Figure 6).

Core results. In the RRD core (Table 4, Panel A), the effects are concentrated within

20 km of the corridor and become smaller in the 20–50 km band. The estimated effect on

manufacturing firms within 20 km is 0.35 log points, corresponding to 41% increase over

10 years, while the effect further away are statistically insignificant, except for trade. This

spatial concentration is consistent with the reinforcement of existing urban and industrial

hubs near the highway corridor. Trade activities, including retail, food services, and ac-

commodation, show a somewhat more diffuse pattern, with positive effects extending to

20–50 km zone. This likely reflects demand spillovers from improved connectivity, which

encouraged the formation of small consumer-oriented businesses in surrounding areas.

Similar spatial patterns are found for employment in Table 5.

These results document that highway access does not affect all locations and industries

uniformly. To ensure that these patterns reflect the intrinsic impact of infrastructure rather

than confounding factors, and to provide a preliminary look at the industrial drivers be-

hind this spatial clustering, we examine the robustness of our results against concurrent

place-based policies and explore how industry-specific characteristics—particularly pro-

duction linkages—matter in shaping the observed agglomeration patterns.

Robustness checks. In Appendix E, we address the concern that place-based policies,

specifically industrial zones (IZs) which often co-locate with highways (Figure A5), possi-

bly confound the observed effects. Using a geocoded database of IZs in northern Vietnam

(Kono et al., 2025), we check the stability of the DID estimates when communes within 1,

5, and 10km from IZs are removed. Excluding these communes generally reduces point

estimates in peripheral areas, reflecting that place-based policies contribute to attracting

firms in the periphery. Nonetheless, the main conclusion holds: highways exert an inde-

pendent effect on agglomeration beyond industrial policy (Table A3).
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Industry heterogeneity and production linkages. Table A4 in Appendix F disaggre-

gates the DID estimates by investigating spatial clustering across manufacturing indus-

tries. Within 20 km of the highway, both core and periphery experienced entry across

a broader set of manufacturing industries. In the 20–50 km zone, the effects are con-

centrated in lighter, labor-intensive sectors (such as textiles, garments, wood, paper, and

leather products), while heavy and intermediate industries (e.g., metals, machinery, chem-

icals) display weaker or insignificant responses. We also find emerging IT clusters within

50 km in both core and periphery regions. This pattern is consistent with the hypothesis

that industries with stronger production linkages prioritize proximity to transport hubs

where dense buyer-supplier networks amplify spillovers, while lighter industries with

weaker supply chain linkages spread more diffusely once connectivity improves.

The findings suggest that the complementarity between transport infrastructure and

supply-chain intensity plays a pivotal role in shaping the industrial landscape, a mecha-

nism we quantify formally in the next section.

4.2 The Role of Supply Chains: Amplification and Second-Tier Cities

Building on the New Economic Geography (NEG) model, this section extends the DID

framework to quantify the importance of supply chain spillovers (Ellison et al., 2010) in

reshaping the core-periphery pattern.10

Measuring supply chain linkages. We measure intersectoral supply chain linkages us-

ing the OECD Harmonized IO Tables (45 sectors). Following Antràs et al. (2012), we con-

struct a commune-level upstreamness index Mct as the expenditure-weighted average of

industry-level upstreamness Lst, using the initial share of industry s’s sales in each com-

mune c as weights:

Mct =
45

∑
s=1

Lst
Salescs,0

∑s Salesc,0
(5)

A higher Mct indicates specialization in industries that are further upstream (more dis-

tant from final consumers) and thus likely to benefit disproportionately more when trade

costs fall (as intermediate trade expands). In 2006, local intersectoral production link-

ages were weak, reflecting Vietnam’s reliance on imported inputs from China.11 Over

the following decade, supply chains deepened along highway corridors, reinforced by in-

dustrial policies promoting mechanical engineering, electronics, textiles and technology

industries (Figure A4).12

10The NEG model (Krugman and Venables, 1995; Puga and Venables, 1996; Venables, 1996; Redding and
Venables, 2004) emphasizes that reductions in trade costs from highway investments interact with inter-
industry linkages to generate spatial externalities and shape agglomeration patterns.

11See Okumura (2021)
12See the Prime Minister’s Resolution No. 12/2011/QD-TTg and No. 1483/QD-TTg.
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Generalized DID. To estimate how highway effects vary with supply-chain depth, we

employ a generalized DID (Lindo et al., 2020; Callaway et al., 2024) that estimates the av-

erage causal response (ACR) to a unit increase in Mct, comparing communes categorized

by the equal-sized decile of each commune’s distance from the GMS corridor:

ln yct = β 1[Q(Distc) = q]× POST × Mct + γMct + δXct + µc + τt + λdt + εct (6)

where yct denotes firm counts and 1[Q(Distc) = q] is a dummy for the q-th distance decile.

In this model, we compare the heterogeneity in gains from the treatment, i.e., the average

treatment effect on the treated (ATT) for treatment group g and a group just below it

g − 1 in the supply chain (Callaway et al., 2024). Identification assumes equal ATT across

supply-chain groups at each distance level. In reality, communes differ in their expected

returns from the highway upgrade depending on initial industrial composition and stage

of local industrial development. If firms locate in areas where they anticipate larger gains,

this may potentially bias the estimate. We mitigate bias from initial industrial composition

by controlling for pre-GMS industrial level differences.

Results. Figure 9 plots the ACR coefficient β with respect to firm counts by distance

decile for the RRD core (left) and NE & NW periphery (right). Three patterns stand

out. First, the marginal effect of the highway is significantly larger in communes with

stronger upstream linkages: deeper supply chains amplify the agglomeration response

near the highway corridor. Second, in the periphery, input-output multiplier effects de-

cline with distance, but recover at 30–50 km, precisely where secondary cities anchor local

production networks. Removing communes along major national highways flattens this

secondary peak (dashed line), confirming that second-tier cities mediate agglomeration

diffusion. Third, in the core, multiplier effects are elevated close to the corridor but show

less secondary recovery, consistent with the core’s pre-existing, denser supply chains pro-

viding agglomeration benefits throughout the treatment zone.

These results provide direct evidence for the IO amplification channel: once trade

costs fall, locations with deeper supply chains experience amplified agglomeration. The

secondary-city relay effect further shows that supply-chain linkages propagate through

the regional production network rather than dying out beyond the immediate corridor.

4.3 From Reduced-Form Evidence to Structural Mechanism

The reduced-form evidence in Sections 3 and 4 points to nonlinear and spatially hetero-

geneous responses to market access improvements, while the supply-chain results sug-

gest that input-output linkages magnify these responses once connectivity improves suf-

ficiently. We formalize this interpretation using the quantitative spatial model in Section 5,
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where endogenous labor reallocation between agricultural and non-agricultural sectors,

agglomeration externalities, and input-output linkages jointly generate threshold-type be-

havior. Together, the framework is designed to capture the key mechanisms identified

above and to provide a basis for welfare-relevant counterfactual analysis.

5 Quantitative Spatial Model

The framework builds on the new economic geography model of Krugman and Ven-

ables (1995), Puga and Venables (1996), and Redding and Venables (2004), augmented by

adding an input-output production structure and agglomeration externalities. The model

is designed to be theoretically tractable and empirically disciplined, via calibration to the

Vietnamese data and the Adão et al. (2024)’s causal validation framework.

5.1 Model

Environment. Consider an economy with J locations (districts) indexed by i, j ∈ {1, . . . , J}.

The economy is populated by consumers with total income wiLi, where wi is the wage in

region i and Li is the regional labor endowment. There are S sectors, broadly categorized

into Agriculture (A) and Nonagriculture (NA), which comprises manufacturing and ser-

vice industries.

Preferences. Consumers have Cobb-Douglas preferences with expenditure share αA on

agriculture and (1 − αA) on a CES composite of nonagricultural varieties. The composite

CNA,i is defined over S sectors and the continuum of varieties ω in sector s.

Ui = CαA
A,i C1−αA

NA,i , CNA,i =
S

∏
s=1

Qθs
s,i, Qs,i =

(∫
ω∈Ωs

q
σ−1

σ
s,ω,idω

) σ
σ−1

(7)

where σ > 1 is the elasticity of substitution across varieties and θs is the expenditure share

on sector s within nonagriculture, with ∑S
s=1 θs = 1.

Agriculture. The agricultural sector operates under perfect competition with constant-

returns-to-scale technology, YA,i = AA,i LβL
A,i K1−βL

i , where AA,i is agricultural productivity,

LA,i is agricultural labor, and βL is the labor share. Agricultural land Ki is location-specific

and inelastically supplied. As nonagriculture expands at location i, agricultural employ-

ment LA,i falls, raising wages wi. This process acts as the engine of structural transfor-

mation: highway improvements that raise nonagricultural returns draw labor out of agri-

culture, consistent with the broad pattern of structural transformation in developing Asia

(Herrendorf et al., 2014).
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Nonagriculture with IO linkages. Nonagriculture operates under monopolistic com-

petition with increasing returns to scale. Each firm in sector s at location i produces

goods and services using labor and intermediate inputs from all sectors, following a Cobb-

Douglas production function:

YNA,s,i = ANA,s,i Lηs
NA,s,i

S

∏
r=1

Xµrs
r,s,i (8)

where ANA,s,i is nonagricultural sector productivity, LNA,s,i is nonagricultural sector la-

bor, and Xr,s,i is the bundle of sector r inputs used by sector s in region i. ηs is the la-

bor share in sector s. µrs is the input-output coefficient (sector r’s expenditure share in

sector s production) and ηs + ∑r µrs = 1. The IO structure generates two interlocking

linkages. A backward linkage occurs when higher nonagricultural revenue at location i

increases demand for upstream intermediate inputs, raising revenues and supporting

more firms. A forward linkage occurs when a larger local firm base reduces the price

index Ps,j =
(
∑i ns,i(ps,iτij)

1−σ
)1/(1−σ) for downstream producers, lowering production

costs and encouraging further entry. Mediated through the Firm Market Access index,

these linkages represent the IO amplification mechanism documented empirically in Sec-

tion 4.2.

Agglomeration externality. We incorporate a Marshallian agglomeration externality:

total factor productivity in nonagriculture increases with local firm density.

ANA,s,i = ĀNA,s,i (ns,i)
λ (9)

where λ > 0 is the agglomeration elasticity. This reduced-form specification parameter-

izes localization economies through three channels: labor market pooling, input sharing,

and knowledge spillovers (Rosenthal and Strange, 2004; Duranton and Puga, 2004). Both

IO linkages and the agglomeration externality reinforce each other in the agglomeration

force, while wage adjustments create the dispersion force.

Free entry and equilibrium. We assume free entry in the nonagriculture sector. Firms

enter location i until operating profits equal a fixed labor cost wiF. Free entry drives per-

firm profits to zero:

πs,i =
1
σ p1−σ

s,i FMAs,i − wiF = 0

This zero-profit condition fixes per-firm revenue at the break-even level, p1−σ
s,i FMAs,i =

σwiF, and the equilibrium number of firms then follows from total sectoral revenue Rs,i

in each region:

n∗
s,i =

Rs,i

σwiF
(10)
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A highway upgrade reduces τij, raising FMAs,i and revenue above break-even level,

which induces firm entry. Through the input-output channel, higher nonagricultural

revenue also raises demand for local intermediates, further reducing input costs and at-

tracting additional entry (the IO amplification loop). Endogenous wages clear local labor

markets and constitute the dispersion force that bounds this loop.

Proposition 1. 13 Suppose the agglomeration elasticity λ > 0 and IO coefficients µrs > 0. Then

there exists a threshold FMA(λ, µrs, F) such that:

1. For FMAs,i < FMA, the dispersion force dominates,
dn∗

s,i
d(FMAs,i)

is small, and the location

remains in a low-activity agrarian equilibrium.

2. For FMAs,i > FMA, the combined agglomeration and IO multiplier forces dominate,
dn∗

s,i
d(FMAs,i)

is large and increasing, and rapid industrialization follows.

3. The threshold FMA is increasing in µrs: stronger IO linkages raise the threshold but si-

multaneously amplify post-threshold agglomeration.

Claim #3 merits economic interpretation. Before sufficient connectivity is established,

stronger IO linkages raise the threshold because intermediate trade flows are thin. Once

the threshold is crossed, those same IO coefficients generate larger multiplier effects: each

additional firm expands the demand for intermediates proportionally more, and each re-

duction in the price index feeds back more strongly into entry. The result is a steeper, more

discontinuous transition at the threshold for high-µrs locations. This mechanism provides

one structural rationalization for explaining the core-periphery asymmetry: the RRD core,

with dense pre-existing supply chains (high µrs) and market access already above FMA,

experiences diminishing returns, whereas the periphery, with nascent linkages, faces a

higher threshold but exhibits self-reinforcing agglomeration once it is crossed.

Figure A7 illustrates this mechanism: equilibrium firm counts simulated across trade

costs τ ∈ [1.0, 2.0] for a two-region calibration show a U-shaped (periphery) versus con-

cave (core) relationship between firm counts and market access.

5.2 Calibration

We calibrate the model for Northern Vietnam around the highway upgrade period. Ta-

ble 6 summarizes fixed parameters and data inputs.

Fixed structural parameters. We set the elasticity of substitution σ = 7, within the

range of estimates in the trade literature (Anderson and van Wincoop, 2004; Head and

13See Appendix G for the proof.
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Ries, 2001). The input-output share parameters, µrs, are calibrated using the 2007 Viet-

namese Input-Output Tables published by the General Statistics Office (GSO). Specifi-

cally, we aggregate the original 138 sectors into the three sectors of the theoretical model

and compute the corresponding intersectoral input shares. These calibrated shares are

then cross-checked against the OECD Input-Output Table. The agricultural consumption

share αA = 0.492 is taken from GSO household expenditure surveys.

Estimated parameters. Two parameters are estimated from the spatial distribution of

manufacturing firms.14 First, the agglomeration elasticity is estimated by simulated method

of moments (SMM) such that λ̂ minimizes the discrepancy between model-implied and

observed firm shares across districts:

λ̂ = arg min
λ∈[0.05,0.40]

J

∑
j=1

(
nmodel

j (λ)

∑k nmodel
k (λ)

−
ndata

j

∑k ndata
k

)2

(11)

The objective is minimized at λ̂ = 0.10. While existing studies (Duranton and Puga, 2020;

Ahlfeldt and Pietrostefani, 2019) find elasticities of productivity with respect to density

around 0.04 in developed countries, our estimate aligns with recent evidence from emerg-

ing economies where agglomeration externalities are often more pronounced (Grover

et al., 2023; Henderson and Turner, 2020). Specifically, studies on Vietnamese manufac-

turing document significant productivity gains from localization, supporting an elasticity

in this range (Howard et al., 2014). This is consistent with the view that in rapidly indus-

trializing economies, benefits from labor pooling and supplier networks are substantial.

Second, we calibrate the agricultural labor share βL via a grid search over the range

established by Gollin (2002), who shows that once self-employment and unpaid family la-

bor, both prevalent in Vietnamese agriculture, are properly accounted for, the labor share

in developing-country agriculture lies between 0.65 and 0.85. Minimizing the Root-Mean-

Squared Error (RMSE) between model-implied and observed spatial cumulative distribu-

tion functions (CDFs) of manufacturing firms (Appendix Figure A8) yields β̂L = 0.85,

the upper bound of this range. This high labor intensity is consistent with the structural

transformation literature, which documents that agricultural production in low-income

economies is substantially more labor-intensive than in other sectors (Herrendorf et al.,

2014), and reflects the reality of Vietnamese agriculture where smallholder farming and

family labor remain dominant.

Trade costs and remaining inputs. Baseline trade costs τij are constructed from GIS-

based minimum-travel-time paths on the pre-upgrade road network. Initial district wages

14We calibrate and validate the model against manufacturing firm entry rather than nonagricultural
firms more broadly because manufacturing entry is the primary object of interest in this paper, given its
central role in the polycentric industrial growth we document.
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wj and labor endowments Lj are from the VES and Population Census. The size of agri-

cultural land KA,j (for rice paddies and crops) at district-level is computed based on the

JAXA ALOS high-resolution land-use and land-cover maps.

5.3 Model Validation

A central challenge in structural modeling is establishing that the framework captures the

correct economic mechanisms rather than merely fitting the data through flexible func-

tional forms. To address this challenge, we perform two complementary validation exer-

cises before using the structural model for counterfactual policy analysis.

5.3.1 Horse Race Across Specifications

First, we evaluate the necessity of our model’s core ingredients, IO linkages and endoge-

nous wages, by comparing three nested specifications against the observed CDF of man-

ufacturing firms by distance from the GMS highway network (Figure 10).

Model with fixed wages (no dispersion). Shutting down wage adjustment isolates the

combined effect of agglomeration and IO amplification. The resulting CDF exhibits a

"winner-takes-all" pattern: nearly 100% of firms concentrate within 10 km of the highway,

far exceeding the 75% observed. Without the dispersion force of rising labor costs, the

IO-driven amplification runs unchecked, leading to excessive spatial concentration. In an

economy where structural transformation is ongoing, the countervailing pressure through

labor reallocation from agriculture is a critical determinant of the spatial equilibrium.

Model without IO linkages (endogenous wages, no amplification). When intermediate

goods trades (µrs ≡ 0) are removed, market access improvement feeds directly into firm

profit, with no multiplicative demand-linkage effect to sustain clustering. As a result, the

CDF substantially undershoots: only 60% of manufacturing firms are predicted within

25 km of the corridor versus 87% observed. This illustrates why trade models that ab-

stract from supply chains systematically underpredict agglomeration in settings where

intermediate goods linkage is salient (Bartelme and Gorodnichenko, 2015).

Preferred model (IO linkages + endogenous wages). The full specification with λ̂ = 0.10

closely matches the smooth shape of the CDF over space, strong near-corridor cluster-

ing without complete concentration. IO amplification generates the pronounced corridor

clustering, while endogenous wages flatten the distribution beyond 10 km by raising costs

for firms that might otherwise concentrate further along the corridor.
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The horse race suggests that the combination of agglomeration externalities, IO am-

plification, and dispersion forces is quantitatively essential to replicate the observed poly-

centric pattern.

5.3.2 IV-based Goodness-of-Fit Test

Second, we apply the validation test of Adão et al. (2024) to assess whether the model

correctly specifies the causal mechanism to predict the spatial developments induced by

the highway upgrades.

Inference. We decompose the observed changes in district-level firm density ∆ ln ndata
j

into the model-implied response to the highway upgrade and a residual term:

∆ ln ndata
j︸ ︷︷ ︸

Total change

= ∆ ln nmodel
j (τpre, τpost)︸ ︷︷ ︸

Trade cost shock

+ uj︸︷︷︸
Residual local shocks

(12)

where ∆ ln nmodel
j is the model-implied general equilibrium response to the trade cost

change (τpre → τpost), holding other structural primitives fixed. uj absorbs all other local

shocks (e.g., local demand and productivity shocks, industrial policies, FDIs) which are

unrelated to the highway.

Test statistic. Let yj ≡ ∆ ln ndata
j and xj(λ̂) ≡ ∆ ln nmodel

j . Adao-Costinot-Donaldson

(ACD)’s goodness-of-fit test statistic evaluates whether the model’s prediction error is

orthogonal to the exogenous MST-based IV (z̃j) used in our reduced-form analysis:

β̂z =
∑j z̃j

(
yj − xj(λ̂)

)
∑j z̃j xj(λ̂)

(13)

where z̃j = zj − z̄ is the demeaned MST-based shift-share instrument. The null hypothesis

H0 : βz = 0 is equivalent to β̂IV = 1: the 2SLS slope between observed and predicted

changes being unity, the prediction of a correctly specified causal model.15 We report two

specifications following Adão et al. (2024): a naive IV that ignores estimation uncertainty

in λ̂, and a conservative IV that corrects for the estimation error in λ̂.

Results. As shown in Table 7, neither IV specification rejects H0. Under standard errors

that account for estimation uncertainty in λ̂ (Panel B), both the naive and preferred IV

estimates remain insignificant: β̂z
naive = 0.030 (p-value = 0.284) and β̂z

pref = 0.030 (p-value

= 0.514). A first-stage F-statistic of 14.12 confirms instrument relevance. The positive

15Therefore, non-rejection of the null hypothesis implies that the model generates the correct direction
and magnitude of agglomeration response for each unit of policy-induced market access change.
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correlation between model-implied and observed changes (ρ(yj, xj(λ̂)) = 0.155) provides

directional confirmation.16 This non-rejection under both IV specifications indicates that

our structural framework generates an agglomeration response that aligns with the causal

variation identified in our empirical strategy.

Taken together, by passing both the horse race and ACD causal test, the preferred

model, with IO amplification and endogenous wage adjustments, demonstrates its abil-

ity to map highway-induced market access improvements to spatial agglomeration out-

comes.

6 Counterfactual Policy Analysis

Having established the validity of the model, we use it to evaluate three counterfactual

scenarios addressing two policy questions. The first, does the spatial design of infrastructure

matter?, is examined through budget-neutral reallocation of the GMS investment enve-

lope (CF1 and CF2). The second, how does infrastructure interact with industrial structure?, is

examined through a complementary industrial policy scenario (CF3). These counterfac-

tuals exploit the validated model structure to quantify general equilibrium welfare effects

of infrastructure design choices and their interaction with local production networks.

6.1 Design of Counterfactuals

CF1: GMS Downgrade + Trunk Highway Reallocation. We partially downgrade the

GMS corridor (target speed from 100 to 80 km/h) and reallocate the saved budget, equated

to the engineering cost premium of the GMS speed upgrade, to upgrading the national

highway and major roads, which provides extended connectivity to the NE and NW pe-

riphery (Figure 11). This budget-neutral exercise compares the marginal value of con-

centrating transport capacity on the main GMS corridor with an alternative design that

redistributes trunk connectivity toward a broader set of peripheral regions. It parallels the

logic of Morten and Oliveira (2024), who evaluate Brazil’s actual Brasilia-centered high-

way network against a hypothetical Rio-centered network. However, our counterfactual

reallocates the marginal engineering budget from a corridor-focused upgrade toward a

more spatially dispersed trunk-road improvement, rather than relocating the spatial cen-

ter of a national highway system.

16The correlation of 0.155 is a lower bound on the model’s explanatory power. By construction, the
residual uj absorbs all local shocks unrelated to the highway, so the highway-attributable share of spatial
variation is only a part of total observed variation.
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CF2: GMS Downgrade + Trunk Highway and Feeder Road Reallocation. This scenario

similarly downgrades the GMS corridor and upgrades local road networks. However,

we split the saved budget 50:50 between upgrading national highways/major roads and

upgrading feeder roads (secondary and tertiary roads connecting rural communes to the

national network; Figure 11). Feeder roads provide local market access, the last-mile con-

nectivity that allows inland districts to participate in the supply chains along the GMS

corridor (Asher and Novosad, 2020). In our setting, feeder roads allow local intermediate

producers to participate in the supply chains activated by the GMS corridor, generating

multiplier gains that spread broadly through the regional production system.

CF3: Manufacturing Technology Upgrading. Holding the transport network fixed, we

simulate a deepened IO matrix that strengthens manufacturing value-added by (i) raising

manufacturing-to-manufacturing IO shares, capturing deeper domestic supply chains,

and (ii) reducing reliance on imported intermediates.17 This counterfactual captures in-

dustrial policies complementary to infrastructure that deepen local production networks,

such as industrial zone development, technology transfer programs, and local supplier

upgrading. By holding trade costs fixed, CF3 isolates the IO amplification channel from

the market access channel, providing a comparison with CF1 and CF2.

6.2 Endogenous Trade Costs and Welfare Evaluation

These counterfactuals fundamentally alter the configuration of the road network by chang-

ing relative travel speed and time across highways and feeder roads. This prompts firms

and transporters to re-optimize their routes. Following the route-choice framework (Fan

et al., 2023), trade costs under CF1 and CF2 are endogenized based on the optimal path

between any two districts:

τij = exp(κ · dij(G)) (14)

where dij(G) is minimum travel time across the counterfactual network graph G. The

elasticity of trade costs with respect to travel time, κ, governs the spatial sensitivity of

economic activity in the counterfactual exercise. We select κ̂ = 0.101 based on empiri-

cal consistency, spatial data fit, and numerical stability. First, this value aligns with the

range of 0.05–0.15 found by Donaldson (2018) and is close to the recent estimate of 0.134

by Elhan-Kayalar et al. (2025), who study the GMS highway expansion in neighboring

Yunnan, China. Our choice is consistent with the evidence that developing economies

face substantially higher internal trade barriers than developed markets (Atkin and Don-

aldson, 2015; Sotelo, 2020). Second, κ̂ is identified through a two-stage grid search (fine

17CF3 changes only manufacturing’s input-sourcing shares, raising its reliance on domestically produced
manufacturing inputs while reducing its reliance on agricultural and service inputs. Agriculture’s and
services’ own input-sourcing structures are held fixed.
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step size of 0.001) that minimizes the Gaussian-weighted RMSE between observed and

model-implied spatial CDFs of manufacturing firms (see Appendix H for details). Third,

we employ a continuation method to trace the equilibrium path, selecting a baseline value

within a stability zone where counterfactual responses are numerically continuous.

We evaluate the welfare consequences of these scenarios using two key metrics. First,

we measure aggregate welfare as the total real income in the economy, defined as W =

∑j(
wjLj

Pj
), which captures the overall efficiency gains from the policy. Second, to assess the

distributional impact, we calculate spatial inequality using the population-weighted Gini

coefficient of district-level real income. All counterfactuals are evaluated relative to the

baseline model scenario, normalized to 100. These metrics allow us to quantify the trade-

off between maximizing aggregate growth and reducing regional disparities—a central

tension in the design of large-scale infrastructure projects.

6.3 Results

Table 8 reports welfare outcomes across counterfactual scenarios, and Figure 12 compares

the corresponding spatial CDFs of manufacturing firms relative to the baseline.

Infrastructure design: corridor vs. dispersed investment (CF1 and CF2). Both infrastruc-

ture reallocation scenarios yield higher aggregate real income than the baseline (CF1:

137.19%; CF2: 116.29%), confirming that dispersing road investment activates IO amplifi-

cation across a broader spatial base. As more districts’ market access crosses the threshold

of Proposition 1, the production network mobilizes a larger share of the economy and con-

tributes to stronger industrial growth and welfare improvement.

Under CF1 and CF2 in Figure 12, the cumulative share of firms within 5–10 km of

the GMS corridor falls sharply compared with the baseline, indicating that budget reallo-

cation toward national highways or feeder roads relocates manufacturing activity away

from the corridor and toward newly connected interior nodes.

The comparison between CF1 and CF2 highlights the critical role of local market ac-

cess. CF1 increases the Gini index by 16% because reallocating funds solely to national

highways benefits already-connected nodes, leaving behind peripheral districts that lack

last-mile feeder road access. In contrast, CF2 reduces the Gini index to 93% of the baseline

level. By investing half of the saved budget in feeder roads, CF2 provides the last-mile

connectivity, enabling inland districts to be integrated into supply-chain linkages.

Infrastructure vs. industrial policy (CF3). The manufacturing upgrading scenario deliv-

ers the largest aggregate income gain (159.8% of the baseline). Deepening IO linkages and

reducing reliance on imported intermediates amplifies agglomeration economies where
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supply chains are already dense. Crucially, Figure 12 reveals that the spatial firm dis-

tribution of CF3 moves in the opposite direction from the reallocation scenarios: the cu-

mulative share of firms within 5 km of the GMS corridor rises to approximately 72%,

well above the baseline. IO deepening pulls firms toward the corridor rather than dis-

persing them, because the densest supply-chain hubs reap the largest gains from richer

intermediate-input linkages. This spatial concentration explains why CF3 simultaneously

achieves the highest efficiency and an increase in the Gini (107.69%), because intensified

agglomeration at corridor-adjacent locations outpaces the periphery.

The comparison between CF2 and CF3 reveals the policy complementarity formalized

in Proposition 1. While IO deepening (CF3) raises the post-threshold growth potential of

the production network, feeder road investment (CF2) effectively pushes peripheral dis-

tricts beyond the agglomeration threshold by lowering market access costs. Therefore,

a welfare-maximizing strategy involves a coordinated investment in trunk connectivity,

feeder road extension, and IO deepening to amplify the welfare gains.18

6.4 Implications for Policy Design

Our counterfactual analysis provides three insights into the spatial design of infrastruc-

ture and industrial policy. First, our findings suggest that the GMS corridor program,

while transformative, does not lie on the efficiency-equity frontier. CF2 shows that a

budget-neutral reallocation toward feeder road connectivity can improve both aggre-

gate real income and spatial equity relative to the actual program. Second, the thresh-

old nonlinearity in industrialization—whereby certain connectivity gains are required to

trigger self-sustaining agglomeration—suggests a role for the strategic sequencing of in-

vestments. Reallocating resources to bridge the last-mile gap may allow peripheral dis-

tricts to cross the agglomeration threshold, potentially generating higher marginal social

returns than incremental upgrades to already-adequate trunk infrastructure. Finally, we

document a complementarity between infrastructure and industrial policy. This strategic

complementarity suggests that coordinating transport investments with supplier devel-

opment programs is critical for fostering inclusive and sustained regional growth.

7 Conclusion

This paper has examined the spatial transformation of Northern Vietnam from a battle-

field into a dynamic marketplace as a two-stage process, using the GMS highway up-

grades as a quasi-experiment in large-scale transport infrastructure investment. Satellite

18The large welfare gains in CF3 should be interpreted with caution, as the scenario abstracts from the
political economy constraints and implementation costs of industrial policy. We interpret the estimate as an
upper-bound illustration of the complementarity between infrastructure and industrial policy.
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imagery documents a clear evolution from a monocentric urban structure centered on

Hanoi after the Vietnam War to a polycentric configuration extending into the hinter-

land. Instrumental variable and difference-in-differences estimates show that this shift

was driven by the emergence of new manufacturing clusters in previously agrarian pe-

ripheries, not by simple reinforcement of the industrial core.

Our central empirical finding is that polycentric development reflects nonlinear mar-

ket access responses amplified by supply-chain linkages. IV estimates reveal that firm

entry accelerates as FMA grows in the periphery. DID estimates show that the spatial

extent of these effects scales with supply-chain depth and that second-tier cities mediate

diffusion through production networks.

The quantitative model rationalizes the observed polycentric development pattern

through a threshold-type mechanism arising from the interaction of endogenous labor

reallocation, agglomeration externalities, and input-output linkages. While IO linkages

foster corridor-led clustering, endogenous wage responses appear to mitigate "winner-

takes-all" concentration, allowing for the emergence of secondary centers. The threshold

mechanism provides a framework for understanding the conditions under which a spatial

big push can occur. While large-scale trunk infrastructure may be necessary to generate

sufficiently large connectivity gains, its impact on inclusive growth potentially depends

on complementary local market access and the depth of regional production networks.

These findings point to the potential importance of coordinating infrastructure design

with supplier development programs to sustain growth across a broader range of loca-

tions.

Future research could further refine these insights in several directions. First, while

our static model captures the equilibrium shift, exploring the dynamic adjustment paths

and the long-run stability of newly emerged clusters would be valuable. Second, our

finding of strategic complementarity between different types of infrastructure suggests

that the synergistic effects between road transport networks and other trade-facilitating

assets—such as ports—merit further investigation (Fuchs and Wong, 2026; Elhan-Kayalar

et al., 2024). Third, evaluating the interaction between place-based policies (e.g., industrial

zones) and production networks could clarify how targeted interventions complement

broad-based market access improvements (Kono et al., 2025). The Vietnamese experience

provides a compelling illustration of how strategic infrastructure, when combined with

local production networks and complementary market access improvements, can reshape

the economic geography of post-conflict nations.
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TABLE 1: Descriptive Statistics

(a) District Population, 1999–2019

Number of District Population (average) Population Growth (%)
districts 1999 2009 2019 1999–2009 2009–2019

Red River Delta 129 138,282 151,809 174,752 13.1 15.0
North East 82 84,018 85,079 95,364 5.5 10.0
North West 59 59,368 69,103 79,882 22.8 18.7

Total (National) 696 108,907 121,415 135,874 17.2 11.4

(b) Number of Enterprises, 2011–2020

All Firms Manufacturing Services Enterprise Growth (%)
2011 2016 2020 2011 2016 2020 2011 2016 2020 2011-2016 2016-2020

Red River Delta 104,827 161,876 258,018 15,917 24,078 38,830 73,020 114,677 181,378 49.1 80.7
North East 10,294 13,875 24,729 1,783 2,434 4,891 5,382 7,889 13,608 34.3 92.8
North West 5,518 7,872 12,376 736 904 1,489 2,706 4,255 6,580 76.4 66.3

Total (National) 329,121 516,803 822,618 52,596 76,312 121,948 220,581 361,047 566,038 55.3 77.2

NOTE: Panel (a) reports regional averages across districts for district population and district-level population growth over 1999-2009 and 2009-2019. Panel (b) reports
each region’s total number of registered enterprises in 2011, 2016, and 2020, separately for all firms, manufacturing firms, and service firms. For each region, average
enterprise growth across districts over 2011-2016 and 2016-2020 is also reported. Population data are from the 1999, 2009, and 2019 Population Censuses, while enterprise
data are from the 2011, 2016, and 2020 Enterprise Censuses. Total (National) row covers all eight regions in Vietnam.
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TABLE 2: Determinants of Firm Market Access Growth, 2011–2020 (First Stage)

(1) (2)
∆ Log FMA ∆ Log FMA

Log distance to MST -0.106∗∗∗ -0.054∗∗∗

(0.016) (0.018)

Land elevation (z-score) 0.125 -0.796∗∗∗

(0.233) (0.094)

Sunshine (z-score) -0.223∗∗∗ 0.570∗∗∗

(0.056) (0.078)

U.S. bomb, missiles and rockets (log+1) -0.446∗∗∗ 0.012
(0.024) (0.035)

Observations 2,387 1,437
Region FE YES YES
Sample RRD region NE & NW regions

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level.
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TABLE 3: Firm Market Access Growth and Industrial Clustering (Second Stage)

Panel A. RRD regions

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

∆ Log FMA 0.046∗∗∗ -0.016 0.111∗∗∗ 0.039∗∗∗ 0.028 0.049∗∗∗ 0.047∗∗∗ 0.040 0.072∗∗∗

(0.006) (0.044) (0.020) (0.005) (0.040) (0.017) (0.006) (0.044) (0.019)

∆ Log FMA squared 0.023∗∗∗ 0.011 0.012
(0.008) (0.007) (0.008)

Industrial zone (≤ 5km) in 2011 0.139∗∗∗ 0.139∗∗∗ 0.146∗∗∗ 0.213∗∗∗ 0.213∗∗∗ 0.217∗∗∗ 0.171∗∗∗ 0.171∗∗∗ 0.175∗∗∗

(0.038) (0.039) (0.039) (0.038) (0.038) (0.038) (0.037) (0.037) (0.037)

Observations 2,387 2,387 2,387 2,387 2,387 2,387 2,387 2,387 2,387
Region FE YES YES YES YES YES YES YES YES YES
Model OLS 2SLS 2SLS OLS 2SLS 2SLS OLS 2SLS 2SLS
Kleibergen-Paap F statistics 33.52 54.02 33.52 54.02 33.52 54.02
Hansen J-statistics (p-value) 0.162 0.603 0.022 0.120 0.039 0.212

Panel B. NE & NW regions

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

∆ Log FMA 0.024∗∗∗ 0.140∗∗∗ 0.260∗∗∗ 0.006 0.021 0.151∗∗∗ 0.013∗∗ 0.067∗∗∗ 0.179∗∗∗

(0.006) (0.029) (0.067) (0.005) (0.013) (0.041) (0.006) (0.021) (0.063)

∆ Log FMA squared 0.015∗ 0.016∗∗∗ 0.014∗

(0.009) (0.005) (0.008)

Industrial zone (≤ 5km) in 2011 0.306∗∗∗ 0.235∗∗ 0.218∗∗ 0.163∗∗∗ 0.142∗∗ 0.123∗ 0.174∗∗ 0.108 0.091
(0.085) (0.092) (0.093) (0.063) (0.064) (0.064) (0.087) (0.088) (0.090)

Observations 1,576 1,437 1,437 1,576 1,437 1,437 1,576 1,437 1,437
Region FE YES YES YES YES YES YES YES YES YES
Model OLS 2SLS 2SLS OLS 2SLS 2SLS OLS 2SLS 2SLS
Kleibergen-Paap F statistics 40.760 45.531 40.760 45.531 40.760 45.531
Hansen J-statistics (p-value) 0.250 0.363 0.282 0.167 0.286 0.212

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. First-difference regressions take differences from 2011 to 2020. Distance to MST network, combined with land elevation,
sunshine, and U.S. bomb intensity, are used as IVs in columns 2, 3, 5, 6, 8 and 9. Controls include initial employment, share of formal employment, female workers, and distance to national roads.
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TABLE 4: Difference-in-Differences: Agglomeration Effect of GMS Highway

Log (number of registered firms)
Manufacturing Service: transport Service: trade
(1) (2) (3) (4) (5) (6)

Panel A: RRD region

β1: Within 20km 0.161∗∗∗ -0.066 0.149∗∗ -0.041 0.360∗∗∗ 0.058
(0.060) (0.058) (0.058) (0.050) (0.057) (0.054)

β2: 20-50km 0.028 -0.101∗ -0.055 -0.055 0.165∗∗∗ -0.060
(0.061) (0.060) (0.059) (0.051) (0.058) (0.055)

β3: Post-trend (within 20km) 0.041∗∗∗ 0.035∗∗∗ 0.055∗∗∗

(0.009) (0.007) (0.007)

β4: Post-trend (20-50km) 0.023∗∗∗ -0.000 0.041∗∗∗

(0.009) (0.007) (0.008)

Observations 33,429 33,429 33,429 33,429 33,429 33,429

Combined effect
After 10 years (Within 20km) 0.347∗∗∗ 0.304∗∗∗ 0.607
After 10 years (20-50km) 0.133 -0.056 0.349∗∗∗

Panel B: NE & NW regions

β1: Within 20km 0.260∗∗∗ 0.011 0.130∗∗∗ -0.024 0.180∗∗∗ 0.005
(0.032) (0.028) (0.024) (0.022) (0.030) (0.029)

β2: 20-50km 0.216∗∗∗ 0.003 0.069∗∗∗ -0.008 0.134∗∗∗ -0.006
(0.026) (0.025) (0.019) (0.019) (0.026) (0.025)

β3: Post-trend (within 20km) 0.045∗∗∗ 0.028∗∗∗ 0.032∗∗∗

(0.005) (0.004) (0.005)

β4: Post-trend (20-50km) 0.039∗∗∗ 0.014∗∗∗ 0.025∗∗∗

(0.004) (0.003) (0.004)

Observations 19,429 19,429 19,429 19,429 19,429 19,429

Combined effect
After 10 years (Within 20km) 0.465∗∗∗ 0.257∗∗∗ 0.324∗∗∗

After 10 years (20-50km) 0.391∗∗∗ 0.133∗∗∗ 0.249∗∗∗

Commune FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Pre-trend controlled YES YES YES YES YES YES

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. The combined
effects, β1 + 10β3 for communes within 20km and β2 + 10β4 for communes in the 20-50km zone, estimate
the cumulative treatment effect of the GMS highway over a 10-year horizon.
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TABLE 5: Difference-in-Differences: Job Creation Effect of GMS Highway

Log (employment in registered firms)
Manufacturing Service: transport Service: trade
(1) (2) (3) (4) (5) (6)

Panel A: RRD region

β1: Within 20km 0.396∗∗ 0.115 0.226∗∗ -0.060 0.514∗∗∗ 0.124
(0.162) (0.182) (0.101) (0.101) (0.121) (0.136)

β2: 20-50km 0.342∗∗ 0.015 -0.061 -0.116 0.330∗∗∗ -0.012
(0.169) (0.189) (0.105) (0.106) (0.125) (0.140)

β3: Post-trend (within 20km) 0.051∗ 0.052∗∗∗ 0.071∗∗∗

(0.028) (0.014) (0.016)

β4: Post-trend (20-50km) 0.059∗∗ 0.010 0.062∗∗∗

(0.029) (0.014) (0.017)

Observations 33,429 33,429 33,429 33,429 33,429 33,429

Combined effect
After 10 years (Within 20km) 0.625∗∗∗ 0.460∗∗∗ 0.834∗∗∗

After 10 years (20-50km) 0.610∗∗ -0.017 0.611∗∗∗

Panel B. NE & NW regions

β1: Within 20km 0.524∗∗∗ 0.217∗∗ 0.183∗∗∗ -0.056 0.261∗∗∗ 0.116
(0.105) (0.099) (0.062) (0.065) (0.067) (0.074)

β2: Within 20-50km 0.576∗∗∗ 0.244∗∗∗ 0.142∗∗∗ 0.008 0.223∗∗∗ 0.060
(0.093) (0.092) (0.051) (0.055) (0.060) (0.065)

β3: Post-trend (within 20km) 0.056∗∗∗ 0.044∗∗∗ 0.027∗∗

(0.015) (0.009) (0.010)

β4: Post-trend (20-50km) 0.060∗∗∗ 0.024∗∗∗ 0.030∗∗∗

(0.013) (0.007) (0.009)

Observations 19,429 19,429 19,429 19,429 19,429 19,429

Combined effect
After 10 years (Within 20km) 0.776∗∗∗ 0.381∗∗∗ 0.381∗∗∗

After 10 years (20-50km) 0.848∗∗∗ 0.252∗∗∗ 0.357∗∗∗

Commune FE YES YES YES YES YES YES
Year FE YES YES YES YES YES YES
Pre-trend controlled YES YES YES YES YES YES

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. The combined
effects, β1 + 10β3 for communes within 20km and β2 + 10β4 for communes in the 20-50km zone, estimate
the cumulative treatment effect over a 10-year horizon.
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TABLE 6: Fixed Parameters and Data Inputs

Description Parameter Value Source/Description
A. Structural Parameters
Elasticity of substitution σ 7.0 Anderson and van Wincoop (2004)
Agglomeration elasticity λ 0.10 Grover et al. (2023), Howard et al. (2014)
Agricultural consumption share αA 0.492 GSO
Agricultural labor share βL 0.85 Gollin (2002)
Fixed entry cost F 35.0 Normalized units
B. Data Inputs (Baseline for Calibration)
Trade costs τij GIS analysis Travel time in pre/post road networks
Initial district wages wj Enterprise Survey Average wage in district j
Labor endowment Lj Population Census Workforce in district j
Agricultural land KA,j JAXA ALOS Farmland size (Ha) in district j
Input-Output (IO) share µrs GSO IO Tables Aggregated to 3-sector structure

NOTE: IO shares are aggregated to three sectors (Agriculture, Manufacturing, Services). λ and βL are
in the range of values estimated in the literature. Within the range, both parameters are estimated
from the spatial distribution of manufacturing firms (Section 5.2).

TABLE 7: IV-based Goodness-of-Fit Test: Impact of the GMS Highway Upgrade on Firm
Entry

Goodness-of-fit measure (1) (2) (3)
Correlation Naive IV Preferred IV
ρ(yj, xj(λ̂)) β̂z

naive β̂z
pref

Point estimate 0.155 0.032 0.019
Panel A. Inference ignoring estimation uncertainty

Std. err. 0.030 0.037
p-value (H0: βz = 0) 0.292 0.435

Panel B. Inference accounting for estimation uncertainty
Std. err. 0.030 0.030
p-value (H0: βz = 0) 0.284 0.514

First-stage F (preferred IV) — 14.12

NOTE: N = 255 districts. yj = ∆ ln ndata
j ; xj = ∆ ln nmodel

j under calibrated λ̂ = 0.10. All instruments
are demeaned prior to estimation. Inference in column (3) accounts for estimation uncertainty
following Adão et al. (2024).

TABLE 8: Welfare Impact of Counterfactual Scenarios

Scenario Total Real Income Gini Index

(Baseline = 100) (Baseline = 100)

Model (Baseline) 100.00 100.00

CF1: GMS Downgrade + Highway only 137.19 115.79

CF2: GMS Downgrade + Highway & Feeder roads 116.29 93.36

CF3: MFG Upgrading 159.80 107.69

NOTE: Total Real Income and Gini Index as percentages of Model (Baseline) value (normalized to

100). Gini Index is computed over
wj Lj

Pj
across all Northern Vietnamese districts, weighted by Lj.
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FIGURE 1: Legacy of U.S. Bombing and Initial Market Condition

NOTE: Conditional correlation with provincial-level fixed effects. Each dot is the bin average of the Harris
market potential index in 2006. Bins defined by 50 equally-sized groups of log total U.S. bombs, missiles,
and rockets from Miguel and Roland (2011).
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FIGURE 2: Baseline Socio-Economic Conditions in 1999

SOURCE: Miguel and Roland (2011).
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FIGURE 3: GMS Highway and National Highways to Peripheries

NOTE: QL denotes "Quốc Lô. ", the Vietnamese term for national highway. QL3 and QL6 correspond to
National Highway No. 3 and No. 6. The section of QL6—Dien Bien Phu–Son La, Son La–Hoa Binh, and
Hoa Binh–Hanoi—is designated as part of Asian Highway 13 (AH13) corridor within Vietnam.
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FIGURE 4: Sample: Core vs. Periphery

(a) Core Cities: Red River Delta (RRD) region

(b) Peripheral Cities: Northeast (NE) and Northwestern (NW) regions
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FIGURE 5: Percentage of Built-ups within Communes: 1990, 2000, 2010, and 2019

(a) In 1990

(b) In 2000
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FIGURE 5: Percentage of Built-ups within Communes (cont.)

(c) In 2010

(d) In 2019

SOURCE: NASA Landsat 5 and 8.
NOTE: The proportion of built-up area is computed for each commune. Supervised classification using the
neural network algorithm is applied to training data from Landsat 5 and 8 images.
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FIGURE 6: Spatial Distribution of Trade Costs and Firm Market Access

(a) Change in Interregional Trade Costs, 2011–2020

(b) Improvement in Firm Market Access, 2011–2020

SOURCE: VES 2011, 2020. GSO.
NOTE: Trade cost changes computed from real freight price changes in the VES. Firm Market Access is
computed by equation (1).
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FIGURE 7: Maps of Minimum Spanning Tree Network

SOURCE: JAXA-ALOS, NASA-ASTER Global Digital Elevation Model.
NOTE: The blue routes are the result of a least cost path and minimum spanning tree algorithms. In the
first step, Dijkstra’s optimal route algorithm is applied to land cover and elevation data to construct least
costly paths between each bilateral pair of the targeted destination. In the second step, the bilateral cost
parameters are fed into Kruskal’s minimum spanning tree algorithm to identify the subset of routes that
connect all targeted nodes on a single continuous network. Euclidean spanning tree is available upon
request.
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FIGURE 8: Parallel Trends: Clustering of Firms and Employment

(a) Treatment effect on number of firms (log)

(b) Treatment effect on employment (log)

NOTE: Coefficient plots for βt from two-way FE model: yct−yc2010
yc2010

= αt + βt1[Distc ≤ d] + γtXit + µc + τt +

εct where d = 20 or 50km. Dashed vertical lines at 2010 and 2015 mark start and completion of main GMS
investment. 95% confidence intervals are based on Huber-White robust standard errors.
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FIGURE 9: Input-Output Multiplier Effect on Number of Manufacturing Firms (in log)

Coefficient of β (Distance × Upstreamness)

SOURCE: VES 2006–20, OECD Harmonized Input-Output Table, 2021 ed. Shaded area: 95% confidence
intervals. Dashed line excludes communes along QL3 and QL6.
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FIGURE 10: Model Fit: CDF of Firm Shares by Distance from GMS Highways

NOTE: Cumulative distribution of manufacturing firms by distance from GMS corridors across model
specifications. “Actual Data” in black solid; “Model (with IO linkage)” in red dashed; “Model (without IO
linkage)” in dark-blue dashed; and “Model (fixed wage)” in green dotted lines.
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FIGURE 11: Northern Vietnam Road Network: GMS Corridors and Baseline Infrastructure

NOTE: Red lines: GMS highway corridors (upgraded during study period). Dark blue: two major national
highways (QL3, QL6). Light blue: major roads on the Open Street Map (OSM). Grey: feeder roads
(secondary or tertiary rural roads).
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FIGURE 12: Counterfactual Spatial CDFs: Infrastructure vs. Industrial Policy (κ = 0.101)

NOTE: CDFs of manufacturing firms by distance from GMS corridors under the model baseline and three
counterfactuals. “Actual Data” (black solid) and “Model (Baseline)” (red dashed) confirm model fit. CF1
(blue): highway (HW) reallocation only. CF2 (green): highway + feeder (FD) roads. CF3 (purple):
manufacturing IO upgrading.
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Appendix A Micro Data

We collected data from four major surveys in Vietnam: the Vietnam Enterprise Survey
(VES), Labor Force Survey (LFS), Population Census, and Vietnam Household Living
Standards Survey (VHLSS). All the data allow us to track the geographical location of
respondents at the commune level, the finest administrative unit in Vietnam.19

The VES is a large-scale establishment dataset conducted annually by the General
Statistics Office (GSO) since 2000. The rounds in 2001, 2006, 2011, 2016, and 2020 are
census rounds and thus cover the universe of registered firms. For other years, the VES
covers all registered firms above a certain employment threshold, which varies across
provinces and generally increases over time. The VES comprises a main module for all
firms and specific modules for firms in different industries. We focus on the Main and
Transportation and Industrial Production (Manufacturing) modules. We geocoded each
firm’s location at the commune and district levels for the spatial analysis.

The LFS has been conducted annually by the GSO since 2007. Each round contains ap-
proximately 750,000–830,000 observations representing the whole population. Geograph-
ical information at the district level cannot be identified in the rounds between 2008 and
2010. We employ the LFS to estimate district-level population in 2007 and during 2010–
2020. The 2009 and 2019 Population Censuses, as well as the 2014 Mid-term Population
Survey, are used to construct total population at the commune and district levels.

The VHLSS is a biennial survey covering around 45,000 households each round. It
contains information on population, housing value, and human capital stock as captured
by average years of schooling. The VHLSS covers both formal and informal workers,
but location information is based on living place rather than working place. An addi-
tional sub-sample of around 9,000 households provides detailed expenditure data cover-
ing monthly and annual household consumption on food, drink, non-food, and durable
items.

Table 1 in the main text provides descriptive statistics for population changes at the
district level and enterprise-level descriptive statistics.

19In Vietnam, administrative units are divided into three tiers: (i) municipality and province; (ii) urban
district, provincial city, town, and rural district; and (iii) ward, township, and commune. There is a fourth-
tier administrative unit called “village”, but it is rather a historical unit and not a current governmental
working unit. Throughout this paper we use the Global Administrative Areas (GADM) for our spatial
analysis.
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Appendix B MST/LCP Construction Details

To address the endogeneity of highway placement, we construct a hypothetical Minimum
Spanning Tree (MST) highway network derived from Least Cost Paths (LCP). The MST
network reflects least-cost road network engineering logic and provides exogenous vari-
ation in route placement that satisfies relevance and exclusion restriction.

B.1 Cost Surface and LCP Algorithm

We generate the least-cost path network between provincial capitals and major intersec-
tions (Figure A1). Using terrain and land-cover data (slope, urban development, water
bodies, wetlands), we create a raster grid where the cost of traversing a cell depends
solely on exogenous geographic features. We adopt the following cost function from the
transport engineering literature (Jha et al., 2001; Jong and Schonfeld, 2003):

ci = 1 + Slopei + 25 × Developedi + 25 × Wateri + 25 × Wetlandi (A1)

where ci is the cost of crossing pixel i; Slopei is the average slope gradient from NASA-
ASTER global digital elevation models (30m resolution); and Developedi, Wateri, Wetlandi

are dummies indicating land covered by built structures, water, or wetland, respectively,
from the JAXA-ALOS land-cover map.20 The factor of 25 reflects the high relative con-
struction cost of elevated roads, bridges, or embankments over water and wetland.

For computational efficiency we resample the cost layer to 100m resolution and cal-
culate hypothetical LCPs for provincial capitals and 13 targeted highway intersections in
northern Vietnam using Dijkstra’s optimal route algorithm. LCPs are computed for 1990,
2005, 2010, 2016, and 2020 (Figure A1).

B.2 Minimum Spanning Tree (MST)

As the final step, the bilateral cost parameters derived from the LCP analysis are fed into
Kruskal’s MST algorithm. This identifies the subset of routes that connects all targeted
nodes on a single continuous network subject to global construction cost minimization
(Figure 7). The resulting network serves as our counterfactual engineering-optimal net-
work: it is independent of local economic shocks or political targeting, since route selec-
tion is determined entirely by terrain. The distance from each commune’s centroid to the
nearest MST segment constitutes our primary instrument for FMA growth.

20JAXA-ALOS: https://www.eorc.jaxa.jp/ALOS/en/dataset/lulc/lulc_vnm_v2109_e.htm; NASA-
ASTER DEM: https://asterweb.jpl.nasa.gov/gdem.asp (both at 30m resolution).
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FIGURE A1: Maps of Hypothetical Least Cost Path (at Province Level)
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Appendix C Market Access Regression with Alternative IV Specifica-
tion

TABLE A1: First Stage Regression: Just-identified vs. Over-identified Model Specification

(1) (2) (3) (4)
∆ Log FMA ∆ Log FMA ∆ Log FMA ∆ Log FMA

Log distance to MST -0.138∗∗∗ -0.106∗∗∗ -0.105∗∗∗ -0.054∗∗∗

(0.017) (0.016) (0.020) (0.018)

Land elevation (z-score) 0.125 -0.796∗∗∗

(0.233) (0.094)

Sunshine (z-score) -0.223∗∗∗ 0.570∗∗∗

(0.056) (0.078)

U.S. bomb, missiles and rockets (log+1) -0.446∗∗∗ 0.012
(0.024) (0.035)

Observations 2,387 2,387 1,437 1,437
Region FE YES YES YES YES
Sample RRD region RRD region NE & NW regions NE & NW regions

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level.
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TABLE A2: Second Stage Regression: Just-identified vs. Over-identified Model Specification

Panel A. RRD regions

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

∆ Log FMA -0.005 -0.016 0.111∗∗∗ 0.044 0.028 0.049∗∗∗ 0.055 0.040 0.072∗∗∗

(0.044) (0.044) (0.020) (0.041) (0.040) (0.017) (0.045) (0.044) (0.019)

∆ Log FMA squared 0.023∗∗∗ 0.011 0.012
(0.008) (0.007) (0.008)

Industrial zone (≤ 5km) in 2011 0.139∗∗∗ 0.139∗∗∗ 0.146∗∗∗ 0.213∗∗∗ 0.213∗∗∗ 0.217∗∗∗ 0.170∗∗∗ 0.171∗∗∗ 0.175∗∗∗

(0.038) (0.039) (0.039) (0.038) (0.038) (0.038) (0.037) (0.037) (0.037)

Observations 2,387 2,387 2,387 2,387 2,387 2,387 2,387 2,387 2,387
Region FE YES YES YES YES YES YES YES YES YES
Model Just-ID Over-ID Over-ID Just-ID Over-ID Over-ID Just-ID Over-ID Over-ID
Kleibergen-Paap F statistics 64.61 33.52 54.02 64.61 33.52 54.02 64.61 33.52 54.02
Hansen J-statistics (p-value) 0.162 0.603 0.022 0.120 0.039 0.212

Panel B. NE & NW regions

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

∆ Log FMA 0.060 0.140∗∗∗ 0.260∗∗∗ 0.070 0.021 0.151∗∗∗ 0.137∗ 0.067∗∗∗ 0.179∗∗∗

(0.072) (0.029) (0.067) (0.051) (0.013) (0.041) (0.073) (0.021) (0.063)

∆ Log FMA squared 0.015∗ 0.016∗∗∗ 0.014∗

(0.009) (0.005) (0.008)

Industrial zone (≤ 5km) in 2011 0.286∗∗∗ 0.235∗∗ 0.218∗∗ 0.111 0.142∗∗ 0.123∗ 0.064 0.108 0.091
(0.102) (0.092) (0.093) (0.073) (0.064) (0.064) (0.102) (0.088) (0.090)

Observations 1,437 1,437 1,437 1,437 1,437 1,437 1,437 1,437 1,437
Region FE YES YES YES YES YES YES YES YES YES
Model Just-ID Over-ID Over-ID Just-ID Over-ID Over-ID Just-ID Over-ID Over-ID
Kleibergen-Paap F statistics 28.843 40.760 45.531 28.843 40.760 45.531 28.843 40.760 45.531
Hansen J-statistics (p-value) 0.250 0.363 0.282 0.167 0.286 0.212

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. First-difference regressions take differences from 2011 to 2020. Columns 1, 4, and 7 are just-identified (ID) model using
distance to MST network as the IV. Columns 2, 3, 5, 6, 8, and 9 are over-identified model as in Table 3. Controls include initial employment, share of formal employment, female workers, and distance to national
roads.
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Appendix D Market Access and Supply-Chain Measurement

D.1 Firm Market Access (FMA) Construction

While the Harris-type market potential (MP) index captures local accessibility within a
fixed radius, it may underestimate the impact of long-distance connections created by
GMS corridors linking urban core cities to remote mountainous peripheries. Moreover,
the Harris index lacks theoretical micro-foundations. We therefore employ a theoretically
consistent Firm Market Access (FMA) index (Redding, 2022) as the primary measure of
connectivity improvements.

The FMA is defined as the sum of destination markets’ real expenditure, discounted
by bilateral trade costs:

FMAi =
J

∑
j

τ1−σ
ij

Es,j

P1−σ
j

(A2)

where τij is the freight trade cost between districts i and j, and the interregional trade
elasticity is set at 4 following Simonovska and Waugh (2014). Es,j is total expenditure at
destination, measured by local wage bills, and Pj is the destination price index. Trade cost
parameter τij is estimated as a unit cost of transportation services using the VES freight
module, which records trade values and volumes for transport companies.

Figure 6 illustrates a notable decrease in interregional trade costs over 2011–2020, par-
ticularly along the highway in peripheral areas. An exception is the area around Yên Bái
province, a mountainous region where geographical constraints limit the construction of
connecting roads. The estimated FMA consistently indicates a significant enhancement in
firm market access, primarily attributable to improved transport connectivity.

D.2 Harris Market Potential Index and Semi-Parametric Estimates

As a complement to the FMA, we compute a reduced-form Harris market potential (MP)
index, which captures both local market size and accessibility of surrounding markets.
Assuming iceberg trade costs, the Harris index measures effective worker density as a
distance-weighted sum of employment in neighboring districts (Combes and Gobillon,
2015):

MPct = ∑
l ̸=c

denlt
dcl

(A3)

where denlt is employment density in commune l at year t and dcl is the shortest dis-
tance between centroids of communes c and l. The index aggregates across all communes
within a 50-kilometer radius.

Figure A2 shows the spatial distribution of market potential in northern Vietnam.
Market potential has historically concentrated in core cities around Hanoi but expanded
markedly during the 2010s. Between 2011 and 2016, districts located along the GMS high-
ways experienced the fastest increases in their MP index. Mountainous districts near the
Chinese border also experienced a moderate expansion. These patterns underscore how
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the GMS corridor reshaped the geography of market potential—reinforcing advantages of
well-connected intermediate areas while extending accessibility improvements into pre-
viously remote districts.

To quantify the spatial scale of the GMS impact on local market accessibility, and to
motivate the 20km and 50km treatment thresholds used in the difference-in-differences
specification, we apply a semi-parametric regression following Robinson (1988):

ln MPdrt = m(GMSdistdr) + xdrtβ + ϵdrt (A4)

where m(·) is a non-parametric function of GMSdist—the Euclidean distance between
the People’s Committee office of district d in region r and the nearest GMS highway in-
terchange. The parametric part xdrt includes provincial dummies and distance to Hanoi.
Figure A3 plots the estimated relationship between distance to the GMS highways and
changes in the MP index, with 95% confidence intervals, reported separately for the short
run (2011–2016) and medium run (2011–2020).

The short-run estimates show that districts within 50km of the highways experienced a
20–40% increase in market potential, while remote areas beyond 70km recorded virtually
no change. Within 20km in the NE and NW regions, market potential expanded at nearly
50%, highlighting particularly strong accessibility improvements in those areas. Based on
this evidence, we define treatment exposure as highway access within 20km and 50km—
the thresholds beyond which the effects largely dissipate.
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FIGURE A2: Spatial Distribution of the MP Index

(a) Change in the MP Index from 2011 to 2016

(b) Change in the MP Index from 2011 to 2020

NOTE: MP index computed using total district employment of registered firms within a 50km radius.
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FIGURE A3: Change in the MP Index and the Distance from the GMS Corridor

NOTE: Sample covers all districts in northern Vietnam. x-axis is the Euclidean distance between each
district’s People’s Committee office and the nearest GMS interchange. Provincial dummies and distance to
Hanoi are controlled as parametric factors.

D.3 Supply Chain Linkage Measurement

Besides physical distance, the effect of GMS highways is expected to vary by each com-
mune’s production structure. Places with stronger integration into input-output networks
should experience larger treatment effects, as trade cost savings magnify intermediate
transactions.

We measure intersectoral supply chain linkages using the OECD Harmonized Input-
Output (IO) Tables (45 sectors). The overall strength of local input-output linkages is
commonly measured by the Leontief inverse of the IO matrix. To better reflect production
chains, we construct an index of local upstreamness—the distance of each industry from
consumers, à la Antràs et al. (2012). Commune-level upstreamness Mct is defined as the
expenditure-weighted average of industry-level upstreamness Lst, using the initial share
of industry’s sales for each commune as weights:

Mct =
45

∑
s=1

Lst
Salescs,0

∑s Salesc,0
(A5)

A higher value of Mct indicates that the commune specializes in industries that are further
upstream (more distant from final consumers) and thus likely to benefit from forward
linkages when trade costs fall.

Figure A4 illustrates the evolution of production multipliers (Leontief inverse) across
space. In 2006, local linkages were weak, reflecting Vietnam’s reliance on imported in-
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puts, particularly from China. Over the course of a decade, supply chains deepened,
especially along highway corridors in NW Vietnam. This trend was reinforced by gov-
ernment industrial policies promoting mechanical engineering, electronics and assembly,
textiles, and related technology industries. Consistent with this, VES data point to grow-
ing concentrations of upstream industries (including food processing, wood and paper
production, rubber and plastic products, electric products) in peripheral areas. These
industries increasingly source inputs locally and supply processed goods to transport,
wholesale, and retail firms, indicating stronger vertical linkages. Textile industries also
spread from Hanoi’s southeastern coast toward the South China Sea, further illustrating
the spatial diffusion of supply chains.
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FIGURE A4: Spatial Distribution of Input-output Linkages: Leontief Inverse

(a) In 2011

(b) In 2017

SOURCE: VES 2006–20, OECD Harmonized Input-Output Table, 2021 ed.
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Appendix E Robustness Checks

This section presents robustness checks for the reduced-form results in Section 4.1.

E.1 Industrial Zone Exclusion

Industrial zones (IZs) are often co-located along highways (Figure A5), raising concerns
that part of the observed effect may reflect place-based IZ policies rather than connectivity
itself. Including such communes in the treatment group could overestimate the highway
treatment effect. To address this, we geocode all industrial zones in northern Vietnam
using Google Earth Pro together with their establishment years. We then re-estimate the
DID specification excluding communes within 1, 5, and 10km of any IZ.

As shown in Table A3(a), effect sizes generally decline once these communes are dropped—
especially in peripheral areas within 20km, where combined 10-year effects are nearly
halved when communes within 10km of industrial zones are excluded. This reflects the
critical role of place-based policy in attracting firms to peripheral cities in northern Viet-
nam. Nonetheless, the main conclusions hold: highways exert an independent effect on
agglomeration beyond industrial zone policy. Table A3(b) similarly shows the robustness
of the GMS impact on job creation.

FIGURE A5: Location of Industrial Zones in Northern Vietnam

SOURCE: Vietnamese official documents and decrees.
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TABLE A3: Dropping Communes near Industrial Zones

(a) Agglomeration Effect

Log(number of firms)
Panel A. RRD region

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

Drop distance from IZ ≤ 1km ≤ 5km ≤ 10km ≤ 1km ≤ 5km ≤ 10km ≤ 1km ≤ 5km ≤ 10km

Mean shift
β1: Within 20km 0.157∗∗∗ 0.137∗∗ 0.130∗∗ 0.142∗∗ 0.095 0.015 0.355∗∗∗ 0.326∗∗∗ 0.289∗∗∗

(0.060) (0.060) (0.063) (0.058) (0.058) (0.059) (0.057) (0.057) (0.059)

β2: 20-50km 0.028 0.016 -0.026 -0.058 -0.093 -0.121∗∗ 0.164∗∗∗ 0.141∗∗ 0.092
(0.061) (0.061) (0.063) (0.059) (0.058) (0.059) (0.058) (0.059) (0.059)

Combined effect
After 10 years (Within 20km) 0.338∗∗∗ 0.299∗∗∗ 0.318∗∗∗ 0.292∗∗∗ 0.214∗∗∗ 0.104 0.601∗∗∗ 0.559∗∗∗ 0.532∗∗∗

After 10 years (20-50km) 0.134 0.128 0.105 -0.060 -0.120 -0.192∗∗ 0.347∗∗∗ 0.312∗∗∗ 0.264∗∗∗

Observations 33,065 25,657 14,208 33,065 25,657 14,208 33,065 25,657 14,208

Panel B. NE & NW region

Mean shift
β1: Within 20km 0.256∗∗∗ 0.205∗∗∗ 0.133∗∗∗ 0.124∗∗∗ 0.077∗∗∗ 0.041∗ 0.174∗∗∗ 0.106∗∗∗ 0.036

(0.032) (0.032) (0.034) (0.024) (0.023) (0.024) (0.030) (0.031) (0.032)

β2: 20-50km 0.217∗∗∗ 0.207∗∗∗ 0.189∗∗∗ 0.068∗∗∗ 0.053∗∗∗ 0.049∗∗∗ 0.133∗∗∗ 0.118∗∗∗ 0.114∗∗∗

(0.026) (0.026) (0.027) (0.019) (0.018) (0.018) (0.026) (0.027) (0.028)

Combined effect
After 10 years (Within 20km) 0.462∗∗∗ 0.375∗∗∗ 0.230∗∗∗ 0.247∗∗∗ 0.179∗∗∗ 0.086∗∗ 0.314∗∗∗ 0.218∗∗∗ 0.093∗

After 10 years (20-50km) 0.392∗∗∗ 0.380∗∗∗ 0.355∗∗∗ 0.133∗∗∗ 0.110∗∗∗ 0.096∗∗∗ 0.247∗∗∗ 0.222∗∗∗ 0.218∗∗∗

Observations 19,324 17,604 15,003 19,324 17,604 15,003 19,324 17,604 15,003
Commune & Year FEs YES YES YES YES YES YES YES YES YES
Pre-trend controlled YES YES YES YES YES YES YES YES YES

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. Columns 1, 4, 7
exclude communes within 1km of nearest Industrial Zone center; Columns 2, 5, 8 exclude communes within
5km; and Columns 3, 6, 9 exclude communes within 10km. The combined effects, β1 + 10β3 for communes
within 20km and β2 + 10β4 for communes in the 20-50km zone, estimate the cumulative treatment effect
over a 10-year horizon.
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(b) Job Creation

Log(employment in registered firms)
Panel A. RRD region

(1) (2) (3) (4) (5) (6) (7) (8) (9)
Manufacturing Service: transport Service: trade

Drop distance from IZ ≤ 1km ≤ 5km ≤ 10km ≤ 1km ≤ 5km ≤ 10km ≤ 1km ≤ 5km ≤ 10km

Mean shift
β1: Within 20km 0.390∗∗ 0.432∗∗∗ 0.572∗∗∗ 0.214∗∗ 0.142 0.094 0.509∗∗∗ 0.502∗∗∗ 0.508∗∗∗

(0.162) (0.164) (0.173) (0.101) (0.102) (0.106) (0.121) (0.123) (0.127)

β2: 20-50km 0.345∗∗ 0.366∗∗ 0.320∗ -0.066 -0.109 -0.136 0.331∗∗∗ 0.319∗∗ 0.245∗

(0.169) (0.171) (0.176) (0.105) (0.106) (0.107) (0.125) (0.127) (0.129)

Combined effect
After 10 years (Within 20km) 0.610∗∗∗ 0.656∗∗∗ 1.019∗∗∗ 0.442∗∗∗ 0.335∗∗ 0.305∗∗ 0.829∗∗∗ 0.822∗∗∗ 0.881∗∗∗

After 10 years (20-50km) 0.615∗∗ 0.712∗∗∗ 0.815∗∗∗ -0.023 -0.086 -0.159 0.612∗∗∗ 0.614∗∗∗ 0.574∗∗∗

Observations 33,065 25,657 14,208 33,065 25,657 14,208 33,065 25,657 14,208

Panel B. NE & NW region

Mean shift
β1: Within 20km 0.517∗∗∗ 0.417∗∗∗ 0.247∗∗ 0.176∗∗∗ 0.071 0.043 0.259∗∗∗ 0.169∗∗ 0.113

(0.106) (0.111) (0.120) (0.062) (0.063) (0.065) (0.068) (0.070) (0.077)

β2: 20-50km 0.579∗∗∗ 0.535∗∗∗ 0.482∗∗∗ 0.141∗∗∗ 0.111∗∗ 0.097∗∗ 0.223∗∗∗ 0.191∗∗∗ 0.192∗∗∗

(0.093) (0.093) (0.097) (0.050) (0.048) (0.048) (0.060) (0.060) (0.062)

Combined effect
After 10 years (Within 20km) 0.767∗∗∗ 0.620∗∗∗ 0.300∗ 0.375∗∗∗ 0.250∗∗∗ 0.150 0.377∗∗∗ 0.286∗∗∗ 0.218∗

After 10 years (20-50km) 0.850∗∗∗ 0.819∗∗∗ 0.750∗∗∗ 0.255∗∗∗ 0.206∗∗∗ 0.165∗∗ 0.355∗∗∗ 0.314∗∗∗ 0.321∗∗∗

Observations 19,324 17,604 15,003 19,324 17,604 15,003 19,324 17,604 15,003
Commune & Year FEs YES YES YES YES YES YES YES YES YES
Pre-trend controlled YES YES YES YES YES YES YES YES YES

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level. The combined
effects, β1 + 10β3 for communes within 20km and β2 + 10β4 for communes in the 20-50km zone, estimate
the cumulative treatment effect over a 10-year horizon.

E.2 Technology Spillovers

In urban centers, knowledge spillovers through formal or informal interaction across
firms could partially explain industrial clustering (Greenstone et al., 2010). Literature sug-
gests that such spillover effects play an important role in stimulating innovation, partic-
ularly in high-tech industries—a dynamic potentially relevant to the small neighborhood
surrounding central Hanoi, where foreign firms and high-tech companies concentrate.

To rule out the possibility that results are driven by pure technology spillovers rather
than input-output linkages, we examined R&D expenditure data from the VES. Innova-
tion spending is negligible (< 3% of communes) and concentrated solely in the Hanoi
core. This is consistent with the industry-level DID results in Appendix F, which show
that IT clusters in the periphery emerged only after highway connectivity improved suf-
ficiently. The absence of R&D in the periphery supports our interpretation that polycen-
tric development is driven by cost linkages and market access improvements rather than
knowledge spillovers.
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Appendix F Industry-Specific DID Estimates

Table A4 disaggregates the DID estimates by the type of manufacturing industries. The
results show clear heterogeneity.

Within 20km of the highways, both core and peripheral regions experienced signifi-
cant entry across a broad set of manufacturing industries. In the 20–50km zone, however,
effects are concentrated in light, labor-intensive sectors such as textiles, garments, wood,
paper, and leather products, while heavy and intermediate industries (e.g., metals, ma-
chinery, chemicals) display weaker or insignificant responses.

The patterns also reveal an important role for industrial zones in shaping manufac-
turing agglomeration. Zones located along the highways reinforced entry across sectors
and were effective in attracting foreign affiliates to peripheral regions. The IT and com-
puter industry shows notable clustering within 50km in both core and periphery regions,
suggesting that infrastructure upgrades created opportunities for technology-related in-
dustries to expand beyond the core once industrial zones were established.

This heterogeneity underscores that industries with stronger production linkages and
scale economies tend to cluster near highway hubs, where dense buyer-supplier networks
amplify spillovers. By contrast, entry further from the highways is dominated by lighter
industries with weaker supply chain linkages and limited complementarities.

65



TABLE A4: Difference-in-Differences Regression: By Industry Type

Panel A: RRD region

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Dependent variable: Log number of firms
FDI IT PC Electric Machine Textile Agri-related Food/Bevarage Mining Petroleum Chemical Rubber/Plastic Wood/Paper Metal Construction

IZs dummy (<=5km) -0.006 -0.104∗∗∗ 0.005 -0.016 -0.026∗∗ -0.064∗∗∗ 0.005 -0.027 -0.054∗∗∗ -0.004 -0.039∗∗ 0.003 -0.021 -0.027 -0.090∗∗∗
(0.028) (0.027) (0.021) (0.013) (0.012) (0.024) (0.024) (0.022) (0.013) (0.004) (0.015) (0.026) (0.025) (0.029) (0.032)

Combined effect of β1 and β2
After 10 years (Within 20km) 0.292*** 0.539*** 0.205*** 0.124*** 0.120*** 0.322*** -0.552*** 0.069 -0.186*** 0.007 0.178*** 0.113 0.181*** 0.207*** 0.156
After 10 years (20-50km) 0.014 0.175*** 0.020*** 0.019*** 0.024 0.289*** -0.428*** -0.052 -0.215*** -0.007 0.001 -0.102 -0.027 -0.072 -0.114

Observations 33,429 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395 30,395
Commune FE YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Pre-trend YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Post-trend YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

Panel B: NE & NW regions

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15)

Dependent variable: Log number of firms
FDI IT PC Electric Machine Textile Agri-related Food/Bevarage Mining Petroleum Chemical Rubber/Plastic Wood/Paper Metal Construction

IZs dummy (<=5km) 0.184∗∗∗ 0.130∗∗ 0.085∗ 0.027 -0.011 0.002 -0.070∗∗ 0.032 0.071∗∗ 0.008 0.054∗ 0.065∗∗ 0.025 0.145∗∗∗ 0.194∗∗∗
(0.065) (0.052) (0.047) (0.020) (0.019) (0.034) (0.035) (0.031) (0.033) (0.006) (0.029) (0.031) (0.035) (0.048) (0.050)

Combined effect of β1 and β2
After 10 years (Within 20km) 0.120*** 0.241*** 0.167*** 0.045*** 0.020* 0.205*** 0.064 0.018 0.094*** 0.005 0.063*** 0.255*** 0.228*** 0.187*** 0.217***
After 10 years (20-50km) 0.068*** 0.111*** 0.064*** 0.018** 0.024** 0.109*** 0.002 0.039 0.139*** 0.005 0.005 0.173*** 0.262*** 0.125*** 0.120***

Observations 19,429 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262 18,262
Commune FE YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Year FE YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Pre-trend YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES
Post-trend YES YES YES YES YES YES YES YES YES YES YES YES YES YES YES

NOTE: *** p < 0.01, ** p < 0.05, * p < 0.1. Standard errors clustered at the commune level.

66



Appendix G Derivation of Spatial Equilibrium Model

G.1 Full Model Equations

The model consists of J locations indexed by i, j, with S sectors categorized into Agricul-
ture (A) and Nonagriculture (NA), including manufacturing and service industries.

Preferences. Consumers have Cobb-Douglas preferences with expenditure share αA on
agriculture and (1 − αA) on a CES composite of nonagricultural varieties. The composite
CNA,i is defined over S sectors and the continuum of varieties ω in sector s.

Ui = CαA
A,i C1−αA

NA,i , CNA,i =
S

∏
s=1

Qθs
s,i, Qs,i =

(∫
ω∈Ωs

q
σ−1

σ
s,ω,idω

) σ
σ−1

(A6)

where σ > 1 is the elasticity of substitution across varieties and θs is the expenditure share
of sector s within nonagriculture, with ∑S

s=1 θs = 1. Consumers allocate income according
to Cobb-Douglas weights:

eA,j = αAwjLj, ∑
s

es,j = (1 − αA)wjLj, es,j = θs(1 − αA)wjLj

Agriculture. Agricultural production is characterized by perfect competition and con-
stant returns to scale under a Cobb-Douglas production technology:

YA,i = AA,i LβL
A,i K1−βL

i (A7)

where AA,i is agricultural productivity and βL is the labor share. The agricultural wage
equals the marginal product of labor:

wi = βL AA,i

(
LA,i

Ki

)βL−1

(A8)

As nonagriculture expands, LA,i falls, raising wi through this equation—the key disper-
sion force preventing excessive concentration.

Nonagriculture. Nonagricultural sector consists of firms operating under monopolistic
competition and increasing returns to scale, under a Cobb-Douglas production that inte-
grates intermediate inputs from all sectors of the economy:

YNA,s,i = ANA,s,i Lηs
NA,s,i

S

∏
r=1

Xµrs
r,s,i (A9)

where ANA,s,i is nonagricultural sector productivity, LNA,s,i is nonagricultural sector labor,
and Xr,s,i is the bundle of sector r inputs used by sector s in region i. ηs is the labor share
in sector s. µrs is the input-output coefficient (sector r’s expenditure share in sector s

67



production) and ηs + ∑r µrs = 1. Marginal cost for a firm in sector s, region i is:

cs,i =
1

ANA,s,i
wηs

i

S

∏
r=1

Pµrs
r,i , ps,i =

σ

σ − 1
cs,i (A10)

Firms set price with a constant markup. We incorporate a Marshallian agglomeration
externality as follows:

ANA,s,i = ĀNA,s,i (ns,i)
λ (A11)

where λ > 0 is the agglomeration elasticity.

Trade Costs and Firm Market Access. The sectoral CES price index is defined over prod-
ucts supplied from all regions (i ∈ J) taking the following CES form:

Ps,j =

(
J

∑
i=1

ns,i
(

ps,iτij
) 1−σ

) 1
1−σ

(A12)

where τij is the iceberg trade cost between regions i and j, and ns,i is the number of firms
producing good s in region i. A fall in trade costs τij reduces Ps,j, making goods cheaper
in region j and stimulating demand.

Following Redding (2022), Firm Market Access (FMA) measures the ability of a firm
in region i, sector s, to sell its products across all destination markets j. It aggregates the
potential demand a firm can access, accounting for iceberg trade costs τij ≥ 1 and prices
in the destination region. We model the GMS highway upgrades as a reduction in τij

between connected districts.

FMAs,i =
J

∑
j=1

τ1−σ
ij ·

Es,j

P1−σ
s,j

(A13)

where Es,j is total expenditure on sector s goods in destination j, which includes both
final consumption and intermediate input demand for sector s goods from all other sec-
tors:

Es,j = θs(1 − αA)wjLj +
S

∑
r=1

µsr Rr,j (A14)

An increase in FMAs,i directly raises the potential revenue of firms in location i.

Free Entry and Equilibrium Conditions.

Firm Entry We assume free entry in the nonagricultural sector. Firms enter location i
until operating profits equal the fixed cost of entry. Each firm in sector s and region i
incurs a fixed labor cost wiF. Because of constant markups, a constant fraction 1

σ of a
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firm’s revenue rs,i is operating profit. From CES demand, revenue is given by:

rs,i = p 1−σ
s,i FMAs,i

The profit of a firm is defined as:

πs,i =
1
σ

rs,i − wiF

Free entry drives profits to zero in equilibrium. The resulting zero-profit condition (ZPC),
p 1−σ

s,i FMAs,i = σwiF, requires each firm to cover its fixed cost. The equilibrium number
of firms ns,i then follows from total sectoral revenues Rs,i in each region:

n∗
s,i =

Rs,i

σ wiF
(A15)

This pins down how many firms a region can support: a rise in firm market access FMAs,i

raises firm revenue above break-even, inducing entry. Entry in turn lowers the local price
index Ps,i and, through the competition channel, pushes firm revenue back to the break-
even level, so that ns,i adjusts upward until zero profits are restored.

It is through this channel that improved connectivity reshapes the spatial distribu-
tion of activity. The highway upgrade reduces trade costs τij, which raises FMAs,i and
induces entry in the newly connected regions. Because expenditure Es,j embeds input-
output linkages across sectors, this entry feeds back into the market access of upstream
and downstream firms, amplifying the initial shock and triggering self-reinforcing indus-
trial clustering—the Big Push mechanism.

Labor market. Wages wi are determined endogenously to clear local labor markets. La-
bor is mobile across sectors within a district. We use observed district-level wages from
the Enterprise Census to calibrate baseline local productivity fundamentals. While the
observed data serve as the initial values for calibration, the equilibrium wage will be ad-
justed endogenously in response to changes in labor demand driven by market access
shocks to equate local labor supply and demand in equilibrium.

G.2 Derivation of Proposition 1

Setup. Let us consider the equilibrium of a nonagricultural sector in location i. Let
n denote firm count, w(n) the market-clearing wage, and PNA(n) the CES price index.
The ZPC (eq. A15), combined with agglomeration A(n) = Ānλ and CES marginal cost
(eq. A10), yields a fixed-point equation:

n = G(n; FMA0, µ) ≡ FMA0 · Ĝ(n; µ) (A16)
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where

Ĝ(n; µ) =
(σ − 1)σ−1

σσF
· Āσ−1nλ(σ−1)︸ ︷︷ ︸

agglomeration (+)

· PNA(n)µ(1−σ)︸ ︷︷ ︸
IO linkage (+)

· E(n; µ)

w(n)σ︸ ︷︷ ︸
wage dispersion (-)

and FMA0 = ∑J
j=1 τ1−σ

ij
Ej

P1−σ
NA,j

is the exogenous market access component.

Proof of Proposition 1 The fixed-point condition (eq. A16) is equivalent to finding
where the curve G(n) crosses the 45-degree line in the (n, G) plane. Whether that crossing
is unique or multiple depends on the slope of G relative to unity. Define the log-elasticity:

εG(n; µ) ≡ ∂ ln G
∂ ln n

= λ(σ − 1)︸ ︷︷ ︸
agglomeration

(+)

− σ εw(n)︸ ︷︷ ︸
wage

competition (−)

+ µ(σ − 1)|εP(n)|︸ ︷︷ ︸
IO cost

saving (+)

+
µ nσFw(n)[1 + εw(n)]

E(n; µ)︸ ︷︷ ︸
IO demand

(+)

(A17)

where εw ≡ ∂ ln w
∂ ln n > 0 and εP ≡ ∂ ln PNA

∂ ln n < 0. This elasticity measures whether G is
steeper than the 45-degree line (εG > 1) or flatter (εG < 1). The threshold FMA and the
multiplicity of equilibria are both direct consequences of how εG varies with n.

Unique equilibrium (0 ≤ µ ≤ µ∗). Without IO linkages (µ = 0), only agglomeration
and wage competition remain. Wage competition dominates as n rises, so εG < 1 through-
out and G crosses the 45-degree line exactly once, yielding a unique low-activity equilib-
rium (Panel (a), Figure A6).

In the intermediate case (0 < µ ≤ µ∗), IO linkages are present but insufficiently strong
to push εG above unity. The G-curve remains everywhere flatter than the 45-degree line,
so the equilibrium is still unique. However, as IO demand raises total expenditure, G
shifts upward and yields a higher unique equilibrium n∗ than under µ = 0.

Multiple equilibria (µ > µ∗). With IO linkages, the IO demand term—which measures
intermediate purchases as a share of total expenditure—grows disproportionately at in-
termediate firm counts: each additional firm both buys inputs and generates revenue that
rival firms spend on inputs. When µ exceeds a critical value µ∗, this feedback pushes εG

above unity on an interval (n1, n2), causing the G-curve to bulge above the 45-degree line.
The curve then crosses the line three times rather than once—from above at n∗ (stable),
from below at ncrit (unstable), and from above again at n∗∗ (stable).

From the G-diagram to the threshold (Panel (b), Figure A6). To characterize how equi-
libria depend on FMA0, define

h̃(n; µ) ≡ n
Ĝ(n; µ)

, FMA(µ) ≡ min
n∈(0,n̄)

h̃(n; µ)
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Solving eq. (A16) is equivalent to finding where the horizontal line FMA0 intersects
h̃(n; µ). Since ∂ ln h̃

∂ ln n = 1 − εG, the region where εG > 1 on (n1, n2) makes h̃ locally de-
creasing, creating the valley visible in Panel (b). The valley floor at ncrit (where εG = 1) is
exactly FMA(µ). The three cases follow directly from Panel (b):

• FMA0 < FMA: the horizontal line lies below ncrit. The only equilibrium is the
trivial n = 0: no firm can break even, and nonagriculture does not emerge.

• FMA0 > FMA: the line clears the valley and intersects h̃ at three points n∗ < ncrit <

n∗∗. The outer two are stable (G′ < 1); the middle is an unstable saddle (G′ > 1).
The high equilibrium n∗∗ is self-sustaining via IO revenue circulation.

• FMA0 = FMA: the line is tangent to the valley floor, merging the low and unstable
equilibria in a saddle-node bifurcation at ncrit.

FIGURE A6: Fixed Point Equilibrium Solution

(a) Fixed-point diagram (b) Existence of Threshold

Why do stronger IO linkages raise the threshold and amplify post-threshold growth?
Higher µ has opposite effects at ncrit and n∗∗, because the intermediate market is thin at the
former and thick at the latter.

To see this, differentiate ln Ĝ with respect to µ:

∂ ln Ĝ
∂µ

∣∣∣∣
n
= (1 − σ) ln PNA(n)︸ ︷︷ ︸

input cost channel < 0

+
nσFw(n)− (1 − αA)w(n)L

E(n; µ)︸ ︷︷ ︸
net demand channel

The input-cost channel is always negative: higher µ raises the importance of intermediate
inputs, but PNA > 1, so input costs increase. The net demand channel reflects whether IO
demand (nσFw) or final consumption ((1 − αA)wL) dominates total expenditure.

At ncrit (thin markets): activity is low, so ncritσFw ≪ (1 − αA)wL and both channels are
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negative: ∂Ĝ/∂µ|ncrit < 0. By the envelope theorem,

dFMA
dµ

=
∂h̃
∂µ

∣∣∣∣
ncrit

=
−ncrit

Ĝ2
· ∂Ĝ

∂µ

∣∣∣∣
ncrit︸ ︷︷ ︸

< 0

> 0

Stronger IO linkages raise the threshold: before connectivity is sufficient, higher µ am-
plifies cost exposure on thin intermediate markets, making it harder for the first firms to
break even.

At n∗∗ (thick markets): IO demand is large, so the net demand channel turns positive

and—for sufficiently large µ—dominates the cost channel: ∂Ĝ
∂µ

∣∣∣∣
n∗∗

> 0. The fixed-point

map G shifts upward, raising n∗∗. Stronger IO linkages amplify post-threshold industri-
alization: each additional firm expands intermediate demand proportionally more, rein-
forcing further entry.

Together, IO depth simultaneously raises the entry barrier and steepens the post-
threshold takeoff, generating a threshold-plus-amplification mechanism consistent with the
convex reduced-form responses observed in peripheral districts.

G.3 Core-Periphery Simulation

The equilibrium is determined by the interaction of wages, firm counts, and market ac-
cess. We solve iteratively for equilibrium firm counts, wages, and prices using trade costs
τ, firm counts, and IO linkages µrs for two regions (Periphery and Core) separately.

Table A5 summarizes key parameter values. The IO linkage matrices for the weak
and strong linkage cases are given in Table A6. Simulations explore the effect of varying
trade costs τ ∈ [1.0, 2.0] and IO linkage strength on equilibrium firm counts, illustrating
the model-implied threshold-type responses in the periphery and the concave, saturating
pattern in the core.
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TABLE A5: Parameters for the Illustrative Two-region Simulation

Parameter Description Value

σ Elasticity of substitution 7
λ Agglomeration elasticity 0.10
αA Agricultural consumption share 0.492
βL Agricultural labor share 0.750
F Fixed entry cost 1.0

S Number of sectors 3
J Number of regions 2
ηs Labor share in sector s [0.52, 0.20, 0.28]
ANA,base Nonagriculture productivity, by region [1.0, 1.2]
AA Agricultural productivity, by region [1.2, 1.0]
KA Agricultural land [1.2, 1.0]
Lj Labor endowment [1.0, 1.0]

TABLE A6: Input-Output Coefficients (µrs) for the Illustrative Simulation

Source r Sector
s = 1 s = 2 s = 3

r = 1 (Primary) 0.149 0.079 0.014
r = 2 (Secondary) 0.139 0.241 0.097
r = 3 (Service) 0.074 0.117 0.157

NOTE: 2007 Vietnamese Input-Output Table (GSO).
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FIGURE A7: Simulation Results: Market Access vs. Number of Manufacturing Firms

NOTE: Equilibrium manufacturing firm counts simulated across trade costs τ ∈ [1.0, 2.0] for the two-region
(Core/Periphery), three-sector calibration described above. The model-implied U-shaped (threshold) rela-
tionship in the periphery and the concave (saturating) relationship in the core illustrate Proposition 1 in the
main text.

G.4 Calibration Details

Agglomeration elasticity λ. We estimate λ by simulated method of moments, choos-
ing the value that minimizes the discrepancy between model-implied and observed firm
shares across districts:

λ̂ = arg min
λ∈[0.05,0.40]

J

∑
j=1

(
nmodel

j (λ)

∑k nmodel
k (λ)

−
ndata

j

∑k ndata
k

)2

(A18)

The model is solved under the post-upgrade transport network τpost with endogenous
wages. The objective is minimized at λ̂ = 0.10, implying that a district doubling its firm
count experiences approximately 100 × λ̂ × ln(2) ≈ 6.9% reduction in unit production
costs—economically meaningful scale effects tempered by endogenous wage adjustment.

Agricultural labor share βL. We calibrate βL by minimizing the RMSE between the
model-implied and observed cumulative distribution of manufacturing firms by distance
from the GMS corridor. Figure A8 reports the RMSE surface over a grid of βL values. The
spatial fit is sensitive to βL: values below 0.75 generate distributions that are too flat (in-
sufficient corridor concentration), while βL = 0.95 produces an implausible kink at 10km.
The best fit across all distance bands is achieved at βL = 0.85.
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FIGURE A8: Sensitivity of Spatial Fit to Agricultural Labor Share

NOTE: CDFs of manufacturing firms by distance under alternative βL values. “Actual Data” (black solid).
Best-fit: βL = 0.85 (green solid). Lower values (βL ≤ 0.75): insufficient corridor concentration. βL = 0.95:
implausible kink at 10km. All other parameters: λ̂ = 0.10, σ = 7.0.
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Appendix H Counterfactual Details

H.1 Route Choice Model and Endogenous Trade Cost

We endogenize trade costs under counterfactual transport networks (CF1 and CF2) using
the iceberg formulation following Fan et al. (2023):

τij = exp(κ · dij(G)) (A19)

where dij(G) is the minimum travel time between districts i and j, and κ is the trade-cost
elasticity. The minimum travel time is determined endogenously by firms’ optimal route
choice given prevailing road speeds.

Route choice. Figure A9 illustrates the mechanism for a representative origin-destination
pair (O, D) located off the GMS corridor. Firms can choose among three routes:

• Route 1 (via GMS): O feeder−−−→ Go
GMS−−→ Gd

feeder−−−→ D, with travel time t(1)OD = ℓFD
oGo

/vFD +

ℓGMS
GoGd

/vGMS + ℓFD
GdD/vFD

• Route 2 (highway direct): O HW−−→ D, with t(2)OD = ℓHW
OD /vHW

• Route 3 (feeder direct): O FD−→ D, with t(3)OD = ℓFD
OD/vFD

Under the actual program, the GMS corridor operates at 100km/h, making Route 1
attractive for districts close to the corridor’s entry and exit nodes (Go, Gd) despite the
feeder-road detour. Route 2 is slower (60km/h) but direct, dominating for districts far
from the corridor.

Under CF1, the GMS corridor is degraded to 80km/h while the budget savings are
reallocated to upgrade the national highway network (vHW increases). For a district pair
marginally using Route 1 under the baseline, this raises t(1)OD and simultaneously lowers

t(2)OD, potentially reversing the route ranking. Through eq. (A19), districts that successfully
switch to Route 2 experience lower trade costs, while those that relied on the GMS corri-
dor but cannot switch lose locational advantage. This is the primary spatial reallocation
mechanism in CF1.

CF2 additionally upgrades feeder roads (vFD increases), lowering the feeder-road penalty
embedded in Route 1 and benefiting inland districts that are off both the GMS corridor
and the main highway network. The two-channel investment in CF2 generates broader
spatial dispersion relative to CF1.
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FIGURE A9: Route Choice and Trade Cost Determination

NOTE: Route choice for a representative firm shipping goods between origin O and destination D, both
located off the GMS corridor. Nodes Go and Gd are the nearest GMS entry and exit points. Trade costs:
τOD = exp(κ · t∗OD) where t∗OD is the minimum travel time across routes. Under CF1, GMS speed falls from
100 to 80km/h and the budget is reallocated to national highways. Under CF2, feeder roads are
additionally upgraded, broadening access to inland districts.

H.2 Kappa Calibration

Objective Function and Identification. We estimate the trade cost elasticity κ by mini-
mizing the RMSE between the model-implied and observed spatial CDF of manufacturing
firms. The estimation objective L(κ) is defined as follows:

L(κ) =
√

∑
d

ωd

(
CDFdata

d − CDFmodel
d (κ)

)2
+ ζ · I(bias > 0.5) (A20)

where ωd represents weights derived from a Gaussian kernel (h = 20km) that priori-
tize districts within 0–30km of the GMS corridor, where the identifying variation for κ is
highest. The second term is a "sanity check" penalty (ζ = 3.0) that activates if the model-
implied spatial centroid (firm-count-weighted mean distance) deviates from the observed
value by more than 50%, thereby excluding implausible concentration or dispersion pat-
terns.
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Two-Stage Search and Model Averaging. The optimization followed a two-stage pro-
cedure: an initial coarse evaluation over κ ∈ [0.03, 0.15] with a step size of 0.01, followed
by a refinement stage with a step size of 0.001 around the global minimum. To account
for identification uncertainty, we also calculate a model-averaged estimate using inverse-
loss weights for all candidate values within 130% of the minimum loss, which yielded
a value close to our point estimate of κ̂ = 0.101. This value implies that a one-hour in-
crease in travel time raises trade costs by approximately e0.101 − 1 ≈ 10.6%, consistent
with gravity-model estimates in the region. Specifically, Elhan-Kayalar et al. (2025) esti-
mate a trade cost elasticity of 0.134 for the GMS expressway network in Yunnan, China—a
setting comparable to ours in terms of geography and policy.
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