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1 Introduction

Two common problems for development are the large role of a low productivity agricultural

sector (e.g., Gollin et al., 2014), especially subsistence farming among people in the hinter-

lands, and poor road infrastructure linking these hinterlands to markets (e.g., Asher and

Novosad, 2020). Indeed, the two issues are deeply interrelated: specialization in subsistence

production, regardless of one’s productivity, can be a necessity for those not integrated into

markets. Roads investments are quite costly, so the stakes are high, and public infrastruc-

ture investments are generally made with the hope that they will spur corresponding private

investment. However, the links between road investment and structural transformation are

not well understood. In particular, how do roads impact businesses in newly connected ar-

eas and how does this relate to (inter-regional) trade and structural transformation? While

trade can open regions to new markets, it can also bring in competition, and closing firms

can have distributional impacts. Indeed, to the extent that roads lower trade costs, stan-

dard trade theory (e.g., Krugman, 1980; Melitz, 2003) predict a decrease in the number

of businesses. Yet, given the food problem, the structural transformation literature insists

that roads are essential promoting business activity outside of agriculture (e.g., Gollin and

Rogerson, 2014). While both literature view these opposing effects as indicative of well

functioning economies benefiting from lower trade costs, structural transformation has clear

consequences for the distribution of income across factors. How might we reconcile these

two ideas, both theoretically and empirically?

This paper does exactly that. Integrating these two literature, we develop a two-sector

model of regional trade with endogenous firm entry and subsistence requirements from agri-

culture. The model highlights two forces: i) a channel in which lower trade costs leads

to increased demand to export, expansion of firms and in equilibrium fewer firms in non-

agriculture (the “Melitz channel”) and ii) a channel in which access to cheaper agricultural

imports releases labor from local agricultural production and leads to more non-agricultural

firms in equilibrium (the “Lewis channel”). The larger the initial share of agriculture, the

stronger is the second channel, and the channels have distributional consequences as wages

increase through the first channel, but labor’s share declines via the second. We then eval-
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uate this empirically, using the construction of major highway systems in India and China,

to evaluate these channels. The number of firms contracts in India but not in China. We

find, however, that the theory can help reconcile these very different findings for India and

China: Structural transformation is stronger in China, and the growth of firms is stronger

in regions where agriculture was more prominent.

The model we develops mingles standard approaches in trade and structural transforma-

tion. We view regions as small, open, two-sector economies. Specifically, we embed a Melitz

(2003) model, with free entry and heterogeneous, differentiated producers of non-agricultural

goods, and fixed costs of selling outside of the region, into a typical two-sector model with a

subsistence requirement for agricultural goods but with trade in agriculture. With the price

of agriculture in other regions fixed for the small open economy, the share of labor in the

non-agriculture is high when agricultural productivity is high and/or trade costs are low.

The model formally demonstrates the two channels above and shows that in the limiting

cases when the non-agricultural (agriculture) sector uses most resources, the first (second)

channel dominates and the number of firms declines (increases) as trade costs fall.

We evaluate these predictions using two of the largest highway expansions in the world

as empirical changes in trade costs: the Golden Quadrilateral (GQ), India’s expressway

expansion initiative connecting Delhi, Calcutta, Chennei, and Mumbai, and China’s National

Trunk Highway System (NTHS) expansion. These are two recent expansions in the two

largest developing economies in the world. For India, we combine firm and labor data from

the Annual Survey of Industries and National Sample Surveys, while for China we utilize

data from Provincial Statistical Yearbooks. All of these are available at local levels which we

combine with geospatial data on road location. Empirically, we use a difference-in-difference

approach, treating both countries as symmetrically as possible. Dividing available regions

into terciles, and using those closest to the road, we interact the spatial variation with time

variation, and using 80% completion to identify post-road years.

We find that the number of establishments drops markedly (10 to 14 log points) in regions

closer to new roads in India, while they increase (by roughly 14 log points) in China. There

is suggestive evidence that the average number of employees per firm increases in both

countries, reflecting some role for the Melitz channel. Consistent with the theory, where
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Melitz channels dominate in India but Lewis mechanisms in China, we see a strong drop in

agricultural employment in China (roughly 32 log points), but no statistical change in India.

Finally, dividing regions into terciles by their initial share of the labor force in agriculture,

we find that within country variation is also consistent with the theory. Lewis channels are

stronger in high agriculture regions, leading to relatively more businesses in response (e.g.,

24 log points more in China), whereas Melitz channels are stronger in low agriculture regions,

leading to relatively fewer businesses in response (e.g., 18 log points less in India).

Related Literature

We contribute to and integrate multiple literature.

Foremost, we contribute to the macro development literature on the structural transfor-

mation out of agriculture and its impact on the rest of the economy. The classic citation,

Lewis (1954), posited an effectively unlimited supply of labor to feed industrial development.

His ideas still impact current research (e.g., Storesletten et al., 2019), and a key theme in

the larger literature is the importance of moving out of subsistence agriculture — a stag-

nant and low-productivity sector with too much labor — for growth (Matsuyama, 1991,

1992a,b; Caselli and Coleman II, 2001; Gollin et al., 2007; Restuccia et al., 2008; Vollrath,

2009; Lagakos and Waugh, 2013; Gollin et al., 2014; Donovan, 2021). The role that road

infrastructure can play in alleviating potential misallocation has also been quantified as sub-

stantial (Gollin and Rogerson, 2014; Van Leemput, 2021). Typically these models start with

agriculture as a necessity good. Wedding such a model to a classic trade model, we show

the implications for establishments of structural transformation out of agriculture.1 Firms

can be indicators of job creation, dynamism, and private investment, all of which are often

anticipated as private complements to public investment in infrastructure. In our model,

declines in trade costs are always welfare-enhancing whether the number of firms rises or

falls. However, the distribution of income across wages and profits is impacted by structural

transformation.

1Somewhat analogously, Gollin et al. (2002) wed a Solow model non-agricultural sector to an agricultural
sector with subsistence preferences and demonstrate how the movement of labor out agriculture can lead to
slow convergence.

3



We therefore also relate to strands of the trade literature. One strand is quantitative

work emphasizing the role of internal trade costs and highway infrastructure (e.g., Allen and

Arkolakis, 2014, 2022). A second emphasizes an important role for international trade in

structural transformation (e.g., Matsuyama, 2009; Uy et al., 2013), respectively. Most closely,

however, our paper contributes to a trade literature on the impact of trade costs on the

distribution of firms (e.g., Bernard et al., 2003; Krugman, 1980; Melitz, 2003). The empirical

work in the past 25 years has largely focused on the heterogeneous behavior of firms in their

production and exporting firms, including the exit of low productivity firms in response

to trade liberalizations (e.g., Pavcnik, 2002). We augment firm-level trade models with

an agricultural sector, and show that outflow from agriculture is important to understand

the varied responses of the size and number of businesses in regions of India and China to

increased trade possibilities from highway expansion.

Lastly, a growing applied micro literature studies the impacts of roads on rural develop-

ment.2 In particular, India’s GQ has been evaluated for its impacts on various outcomes,

including product market competition (Asturias et al., 2019) and labor market power (Brooks

et al., 2021). Most relevant to us in India, Ghani et al. (2016) find that the GQ spurs business

activity. This may appear to contradict our findings, but doesn’t: given their emphasis on lo-

cation choice, they focus on close proximity to the roads, only examining states and districts

with high existing manufacturing activity. Given our interest in regional development and

structural transformation, we examine larger bands around roads, include more rural areas,

and exclude larger regions around the targeted large urban areas. Also, Grover Goswami et

al. (2024) find young firms expand but old and low productivity firms exit in response to GQ

connection, consistent with our results. For China, Faber (2014) and Banerjee et al. (2020)

have both evaluated the impact of NTHS on connected regions with somewhat different con-

clusions. Most relevant to us is Lu (2023) who finds positive impacts of the highway on firm

growth, productivity, and input usage. Our connecting the impacts on firms to structural

transformation out of agriculture is unique.

2Other transportation investments have also been examined recently, including colonial railroads in
India (Donaldson, 2018), bridge construction in Nicaragua Brooks and Donovan (2020), and community
boat investments in the Amazon (Bartkus et al., 2022).
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2 Model

We model a within-country region as a small, open economy with two sectors, A (agricul-

ture) and N (non-agriculture). Demand in the agricultural sector follows Armington (1969),

aggregating local and traded varieties produced competitively, while the non-agricultural

sector follows Melitz (2003) with a variety of differentiated non-agricultural goods. A mea-

sure L̄ of households are endowed with one unit of labor and can freely choose to supply

labor to either sector. The small, open economy trades with the “rest of the world”, which

includes the other regions in the country as well, all aggregated into a single supplier.

2.1 Preferences

The preferences of a representative household are described by the following function:

U = β log (QA − ā) + (1− β) logQN

where QA and QN are the consumption bundle of agriculture and non-agriculture goods, ā

is the subsistence level of agricultural goods, and β is the preference weight on agricultural

goods. We further assume that β → 0, so that, although the the agricultural good is a

necessity good, the household places no value on any consumption beyond the necessity

requirement, ā.

Both QA and QN are aggregates of varieties. Namely, agricultural consumption follows an

Armington (1969) formulation with a symmetric constant elasticity of substitution (CES)

aggregator over agricultural goods produced in the local region qA and in the rest of the

world, qAROW
:

QA =

(
q

γ−1
γ

A +
(qAROW

τ

) γ−1
γ

) γ
γ−1

(1)

where τ is the iceberg trade cost that occurs for interregional trade. That is, τ > 1 units

must be purchased in order to receive and consume one unit of the goods from the rest of

the world.

Non-agricultural consumption is described by a CES function over a continuum of locally-
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produced differentiated goods indexed by ω:

QN =

[∫
ω∈Ω

qN(ω)
σ−1
σ dω

] σ
σ−1

(2)

where σ is the elasticity of substitution between any two goods with σ > 1.

For simplicity, we assume that the region demands agricultural goods from the rest of

the world but does not demand non-agricultural good imports. This simplifies the formulas

and notation without impacting the qualitative results (as long as import demand were not

large).

2.2 Technology

Aggregate agricultural goods production is constant returns to scale in labor:3

qA = TLA

where T is the agricultural productivity and LA is the amount of labor used in agriculture.

Inside the region exists an endogenous continuum of firms, each producing a distinct

variety ω with only one input, labor. Production requires paying a fixed cost of f units of

labor and then firms produce with marginal productivity, φ. The total amount of labor l

required to produce an output q is therefore:

l(φ) = f +
q(φ)

φ

An infinite supply of potential entrant firms exists, but entry requires paying a fixed entry

cost fe to discover one’s productivity parameter, φ, which is drawn from a Pareto distribution

G(φ) :

G(φ) = 1− φ−κ

with with shape parameter κ > σ − 1 as in Chaney (2008).

3Given the importance of land for agricultural production, the assumption of diminishing returns to scale
production in labor is more realistic, but it complicates the algebra without adding additional insights of
note.
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Entrants can sell locally, but there is an additional cost, fROW , to sell in the rest of the

world. After paying this fROW , each firm faces a symmetric downward-sloping, constant-

elasticity demand for their variety in the rest of the world4:

qROW
N (ω) = BpROW

N (ω)−σ (3)

Again, for simplicity we omit demand for the local agricultural variety from the rest

of the world. As long as this demand were small, e.g., either through preferences or low

agricultural productivity T , this simplifies formulas and notation without impacting the

qualitative results.

2.3 Equilibrium and the Impacts of Trade Costs

We present the optimization of the household, farm, and firms, respectively, and then apply

market clearing before summarizing comparative statics with respect to iceberg trade costs.

Household’s Problem

The household takes prices pA, pAROW
, pN(ω), pNROW

and w as given. We assign the local

agricultural good as the numeraire, pA = 1. The households’ problem is:

max
qA,qAROW

,qN (ω),

LA,ln(ω)

β log (QA − ā) + (1− β) logQN

s.t.

pAqA + pAROW
qAROW

+

∫
ω∈Ω

pN(ω)qN(ω) ≤ wALA +

∫
ω∈Ω

wN(ω)ln (ω) ,

LA +

∫
ω∈Ω

ln (ω) = L̄,

and aggregators (1) and (2).

The household’s problem leads to several results. First, the β → 0 assumption implies

4For prices and quantities, we use superscript to denote the region of consumption and subscript to
denote the region of production.
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that QA = ā, and the first-order conditions (FOCs) with respect to qA and qAROW
imply that

the optimal consumption of local agricultural goods is:

qA =
ā[

1 +
(

1
τ

1
pAROW

)γ−1
] γ

γ−1

Second, optimal choices of non-agricultural varieties imply the well-known demand func-

tions for each variety:

qN(ω) =

[
pN(ω)

P

]−σ
X

P
(4)

where X denote the total expenditure on non-agricultural goods, and P is the aggregate

price index:

P =

[∫
ω∈Ω

pN(ω)
1−σdω

] 1
1−σ

where pNROW
is the exogenous price of imported non-agricultural goods.

Third, FOCs with respect to labor supply require that any interior labor supply decisions

earn the same wage: wN(ω) = wA = w.

Agricultural Problem

Since locally produced agriculture is the numeraire, the representative competitive farm

takes its price and the wage as given and solves:

max
LA

pAqT (LA)− wLA

The optimality condition determines the wage, w = T .

Firm’s Problem

Upon realizing its productivity, each firm ω decides whether to produce, and whether to

pay the fixed cost to sell to the export market, fROW . Small relative to the continuum of

producers, it takes the wage, w, and overall price level, P , as given, but it sets its own price

in each market, pROW
N .
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A firm that has paid the entry cost fe and drawn productivity φ solves the following

problem:

max{0, max
{pN (φ),pROW

N (φ)}
{πd (φ)− wf +max{0, πROW (φ)− wfROW}}} (5)

The three maximizations in the firm’s problem (5) capture the firm’s various decisions.

The first maximization captures the decision to not produce or pay the fixed cost, f , and

earn domestic profits πd (φ), the second maximization sets prices optimally, and the third

maximization is the decision of whether to only sell locally or pay the exporting fixed cost,

fROW , and earn additional profits, πROW (φ), from selling to the rest of the world. These

profits are:

πd (φ) = max
pN

pNqN − w

φ
qN (6)

and

πROW (φ) = max
pROW
N

pROW
N qROW

N − τw

φ
qROW
N , (7)

respectively. Here the latter expression incorporates the iceberg transportation cost, i.e., the

firm must send τ units in order for one to arrive, so its marginal cost is τw/φ.

Substituting local and external demand using equations (4) and (3) into the profit func-

tions, the optimal pricing rules are then:

pN(φ) =
σ

σ − 1

w

φ
pROW
N (φ) =

σ

σ − 1

τw

φ

Firms charge a constant markup σ/(σ−1) over marginal cost in both markets, but the trade

cost τ increases the effective marginal cost of supplying to the external market.

The well-known result of this problem is that both local and external profits are increasing

in φ and the fixed costs to produce and export define two thresholds, φ∗ and φ∗
ROW , above

which the firm produces and exports, respectively:

πd(φ
∗) = wf πROW (φ∗

ROW ) = wfROW (8)
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Market Clearing

We now apply market clearing conditions. Given the demand for the local agricultural good

and the agricultural production function, equilibrium employment in the agriculture sector

is:

LA =
qA
T
L̄ =

ā
T
L̄[

1 +
(

1
τ

1
pAROW

)γ−1
] γ

γ−1

(9)

LA depends on the price ratio pA
pAROW

, iceberg trade cost τ , the elasticity of substitution be-

tween agricultural goods produced locally and non-locally γ, and the ratio ā
T
, which measures

how many labors it takes to feed one household.

The necessary assumption that agricultural productivity, T is high enough to produce

the subsistence level of agricultural consumption, ā now becomes clear:

Assumption 1

T ≥ T ≡ ā[
1 +

(
1
τ

1
pAROW

)γ−1
] γ

γ−1

.

Market clearing in the labor market therefore dictates that LN = L̄−LA. Market clearing

for LN is dictated by the wage, fixed at T , and the number of firms, M . In equilibrium, the

number of firms is determined by the free entry condition: a potential entrant’s expected

profit after entry is equal to the entry cost fe:

π̄ =

(∫ ∞

φ∗
(πd(φ)− wf) dφ+ ProbROW

∫ ∞

φ∗
ROW

(πROW (φ)− wfROW ) dφ

)
=

wfe
1−G(φ∗)

(10)

where ProbROW =
1−G(φ∗

ROW )

1−G(φ∗)
is the probability a successful firm exports.

Combined with the zero profit conditions in Eq.(8) and the Pareto distribution G(φ), the

mass of firms in equilibrium is given by:

M =
wLN

σ(π̄ + wf + wProbROWfROW )
=

(κ− (σ − 1))LN

σκ

(
f + fROW τ−κ

(
fROW

f
X

BPσ+1

)− κ
σ−1

) (11)
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Changes in Trade Costs

As trade costs τ fall two things change. First, the effective cost of imported agricultural

goods falls, and the household substitutes toward qAROW
. Consequently qA falls, lowering

the amount of labor needed to produce the regional agricultural good in order to meet

subsistence. Second, the marginal cost of selling regional non-agricultural varieties to other

regions falls, so each firm’s labor demand increases. These forces act in opposite directions

on the number of firms in equilibrium. We now summarize the channels of how trade costs

impact the equilibrium number of firms.

Proposition 1 Given Assumption 1, the model implies:

1. The amount of non-agricultural labor rises as trade costs fall or, in parallel fashion,

as the price of the agricultural good in the rest-of-the-world falls, i.e., ∂LN/∂ ln τ =

∂LN/∂ ln pAROW
< 0.

2. Melitz Channel: As trade costs τ fall, for a fixed non-agricultural labor (i.e., increasing

pAROW
to keep τpAROW

and LN constant as τ falls), the number of firms, M , falls (and

the average firm size increases).

3. Lewis Channel: For a fixed τ , as non-agricultural labor rises (i.e., via a decrease in

τpAROW
), the number of firms, M , rises (and the average firm size declines).

4. For any finite value of trade costs, there exists a threshold value of agricultural labor

(and corresponding T ) above which the number of firms increases as trade costs fall,

and below which the number of firms decreases as trade cost fall.

The first result captures the trade forces (in addition to the obvious force of technology,

T ) behind structural transformation in the model. The second result, the Melitz channel, is

well understood and the status quo for thinking about the impact of trade cost reductions on

the number of firms. Indeed, the result does not require the heterogeneity of Melitz (2003)

but is already present in Krugman (1980). We call the third result the Lewis result, after

Lewis (1954), who posited that “capitalist” development proceeded from an elastic supply of

labor coming from a “subsistence” sector (largely agricultural) at a fixed wage. The influx of
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labor from agriculture leads to an increase in the number of non-agricultural firms. The final

result demonstrates that this Lewis channel dominates when agriculture plays an important

role in the economy.

The key intuition for this last result comes from the expression of ∂M/∂τ < 0 which is

proportional to the sum of a negative and positive term:

∂M

∂τ
∝ −

γτ−γ ā
T
( 1
pAROW

)γ−1(
1 + ( 1

τ
1

pAROW

)γ−1
) 2γ−1

γ−1

(
f + τ−κ

(
fROW

f

X

BP σ−1

)− κ
σ−1

fROW

)

+ κτ−κ−1

(
fROW

f

X

BP σ−1

)− κ
σ−1

fROW

1− ā

T

(
1 +

(
1
τ

1
pAROW

)γ−1
) γ

γ−1


The top-term is negative, reflecting the Lewis channel, while the bottom term is positive,

reflecting the Melitz channel, leaving an ambiguous sign. However, by inspection, clearly

∂2M/∂τ∂T > 0. Moreover, as T → ∞, no labor is in the agricultural sector, so the Lewis

channel is non-existent (the top term is zero), while when T is low enough that all labor is

in the agricultural sector, the Lewis force dominates (the bracketed part of the bottom term

is zero). See Online Appendix for formal proofs.

The remaining paper evaluates the predictions of Proposition 1 using major highway

infrastructure investments as an exogenous decrease in trade costs.

3 Policy Background and Data

This section describes the policy background of the GQ in India and NTHS in China, major

highway construction projects in one of the largest and most populous countries of the world,

and our data sources.
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3.1 The Golden Quadrilateral Initiative

The GQ Initiative is part of India’s National Highways Development Project (NHDP) launched

in 2001. The name was chosen because it connects four largest metropolitan areas across

India: Delhi in the north, Calcutta in the east, Chennai in the south, and Mumbai in the

west in a circuit. The main objective was to reduce the traveling times between major cities

in India. The Quadrilateral spans over 5,800km and is ranked the fifth-longest highway in

the world.

The construction of the Quadrilateral started in 2001 and approximately 95% of the

total project was completed by 2006. The project costed the government 250 billion rupees

($5.3 billion in 2001), which constituted about 1 percent of India’s GDP. Figure B.1 in the

appendix demonstrates Golden Quadrilateral quick completion by displaying the extent of

the network in 2001 and 2006.

The Golden Quadrilateral improved road conditions as compared to the previously exist-

ing road networks, replacing mostly single-lane and two-lane highways with four and six-lane

roads. The Quadrilateral also comes with additional safety features such as grade separa-

tors, over-bridges, and bypasses, and it indeed reduced travel times between connected areas

significantly. For example, travel time between Gurgaon (near the Delhi-Haryana border)

and Delhi was reduced from 60 minutes to approximately 20 minutes.

3.2 China’s National Trunk Highway System

China’s NTHS was originally planned in 1992 by the Chinese State Council, with the some-

what more ambitious goal of connecting all major cities in one single network. The initial

network was known as “5-7” network, which refers to five vertical (north-south) and seven

horizontal (east-west) routes. It had the objective of connecting all provincial capitals and

cities with an urban registered population above 500,000 with the nation’s capital Beijing.

The original network had a total length of 35,000 km and was completed ahead of schedule.

Therefore, in late 2004 the central government issued a revision to expanded the original

plan. The revised plan, known as the “7-9-18” system, combined 7 radial expressways de-

parting from the national capital of Beijing, 9 north-south expressways, and 18 east-west
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expressways. Figure B.2 in the appendix displays the network of NTHS in 2000 and 2011.

The NTHS is a highly improved system of expressways compared to previously existing

road networks. The NTHS routes are limited access toll roads with at least four lanes

(sometimes six lanes or even eight lanes). These expressways are superior in road condition

and driving speed relative to any pre-existing national and provincial highways and also

reached new areas. The expressways in NTHS have a maximum speed limit of 120km/h

and a minimum of 70km/h, much faster than other highways and roads in China usually

have a maximum speed limit of 70km/h. Therefore, the expressways of NTHS significantly

reduce the travel time. For example, when the MeiHe Highway opened in 2006, the driving

time between Guangzhou and Meizhou, a within province drive, decreased from 6 hours to

4 hours.

3.3 Data

We use three datasets for India. The first dataset is the panel version of the Annual Survey

of Industries collected by India’s Ministry of Statistics and Programme Implementation.

These data are at the establishment level with accurate locations for production. The data

include all plants with over 50 employees and a sample of smaller plants that depends on

the industry and the number of plants within that industry and state. We focus on the

manufacturing sector data from 2000 to 2011. The second dataset is the Employment and

Unemployment Survey from the National Sample Survey (NSS) Organisation. We use six

rounds of these data between 2000 and 2012.5 The NSS data have been the primary source

of data for estimating the aggregate employment trends in India, and we use individual

household employment information to calculate the district-level agricultural employment.

We linearly interpolate missing values for those years when data are unavailable. The last

dataset is the road and geospatial data coming from Asturias et al. (2019). The dataset

contains two kinds of distances to the GQ from each Indian district. One is the straight-

line distance between the actual highway and the most populous city in the district. The

other is the distance to a hypothetical highway layout that would have been chosen if GQ

5We use the 55th round, the 61th round, the 62th round, the 64th round, the 66th round, and the 68th
round of the NSS data.
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was established based on the minimum distance between the nodal areas.6 We use both

distances in our analysis.

We use two datasets for China. The first dataset is the prefecture-level city socioeconomic

records are taken from Provincial Statistical Yearbooks from the years 2000 to 2011, obtained

from the University of Michigan’s China Data Center. The Provincial Statistical Yearbook

series report prefecture-level city level variables such as output, local population, number

of firms (revenues≥RMB5 million), average number of employees per firm, and number of

people working in agriculture. The second dataset is the road and geospatial data coming

from Lu (2023), and the corresponding least-cost network. China has around 300 prefecture-

level cities, and the highway data measures the shortest straight-line distance between the

highway and geometric center within each prefecture.

We focus on India and China as two of the most important economies of the world.

Importantly, our firm data for both countries are based on datasets that do not truncates

coverage of small firms. Nevertheless, this limits the level of analysis that we can with firm

heterogeneity. Specifically, we lack representative data on productivity in China to examine

heterogeneous reallocation.

4 Empirical Analysis

In this section, we present our regression specification and empirical results. We use a

difference-in-differences estimation, that is, we compare the change in the districts that are

close to the highway (where trade costs presumably fell the most) to the change in the

districts that remain further away from the highway (where trade costs were less impacted)

before and after the highway connection. The regression specification is as follows:

ln(yit) = β ∗ χtercile=1,2 ∗ χt>tc + χi + χt + γZit + εit, (12)

where χtercile=1,2 is an indicator for whether the district is located in the closest or the middle

terciles of locations from the highway. χt>tc indicates whether the date is after the highway

6The GQ that was established based on the minimum distance between the nodal areas would simply
be the straight-line connection of the four nodal areas: Delhi, Mumbai, Calcutta, and Chennai.
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completion date tc. We choose the completion year to be 2004 for India, when the GQ

achieved at least 80% completion rate.7 For China, we choose the completion year to be the

one when at least 80% of NTHS segments planned within a province has been constructed.

We include χi and χt location- and year-fixed effects. To isolate the effect of the highway,

we control for several time-varying district characteristics (Zit) that may correlate with the

location of the highway, such as the (log) level of district output and working-age population.

Estimating equation (12) directly by OLS could suffer from endogeneity concerns, how-

ever. Provincial governments, responsible for raising credit and paying for its construction,

may have placed roads in areas expected to grow faster in the future. To address this po-

tential endogenous placement, we instrument the proximity to highway with a distance to

a hypothetical highway layout that central planners would have chosen if construction cost

were the only driving factor. For India, we assume that the least-cost highway is the straight-

line connection of the GQ’s four nodal areas. For China, we follow the strategy developed

by Lu (2023) and construct a hypothetical least-cost path spanning tree network based on

the global minimum construction cost to connect all the targeted cities in a single network.8

Our instrument is the shortest straight-line distance between the least-cost counterfactual

highway and geometric center within each prefecture.

Dropping the prefecture-level cities located within 50km of the targeted urban centers, we

divide the remaining districts into terciles based on their distance to the least-cost highway.

Figure 1 displayed the three terciles in different colors.

Table 1 presents the effect of highway on the number of manufacturing establishments in

India and China. Columns 1-3 show the IV results for India, and columns 4-6 show the IV

results for China. The coefficient of our regressor of interest, χtercile=1,2∗χt>tc is significant and

7In Brooks et al. (2021), we use 2006 as the completion year for GQ. We change the completion year to
2004 because we want to make the analysis between China and India as symmetric as possible. Using 2006
as the completion year for GQ does not change our results qualitatively.

8The OLS regressions for India, which use distance to the actual highway, produce qualitatively the
same results (see Online Appendix F). The OLS results for China, included in Online Appendix D, produce
similar qualitative patterns to our IV with the exception of weakened significance (10% level) in agricultural
employment declines (the analog to Table 3) and an increase in firm size (the analog to Table 2), indicating
endogenous targeting of the road toward locations with growing firms. Event studies for both countries,
including a staggered difference-in-differences approach for China, are presented in Online Appendices E
and G, respectively. Finally, Online Appendix H shows that omission of small firms in the Chinese data is
not a source of the differing results between India and China.
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negative for India: the number of establishments reduces more after connection in districts

that are close to the newly constructed highway than in districts that remain further away

from the highway. In Columns 2 and 3, we include time-varying district characteristics, such

as total output and working-age population (which could control for commuting or migration,

respectively), in the regression.9 The results are robust to these additional controls. In

contrast, the NTHS in China appears to increase the number of establishments in city-

prefectures. The lower panel shows the first-stage results for our IV, indicating that terciles

based on the counterfactual NTHS are strong predictors of terciles based on the actual NTHS

placements. The upper panel of Column 4 shows that, relative to the unconnected districts

in the third tercile, connected districts experienced over 14 log points increase in the number

of establishments after connection. The estimated effect of connection remains essentially

unchanged with the inclusion of additional controls.

The results in Table 2 illustrate the impact of highways on the number of employees

in an establishment. In India, establishments increase employment after districts become

connected to the highway, by about 6% relative to the establishments in the unconnected

districts after connection. In contrast, the impact on average employment in China is smaller

and not significant. In sum, the standard Melitz channel of fewer but larger firms remaining

as a result of a fall in trade costs seems consistent with what we observe in India, but not

consistent with what we observe in China.

Melitz forces additionally predict that this happens by differential culling of small firms

and an expansion of large firms. For China, we lack microdata to assess whether this holds,

but for India we indeed find that the number of small firms fall disproportionately, while the

number of large firms actually rises significantly (see Online Appendix C).

We also test the effect of highways on agricultural employment and the results are

presented in Table 3. In India, the estimated coefficients on the regressor of interest,

χtercile=1,2 ∗ χt>tc , are negative but not statistically significant. We cannot reject that the

agricultural employment in India does not change after connection in areas that are close

to the highway relative to the areas that remain further away from the highway. However,

9Brooks et al. (2021) argue that the GQ impacted labor market competition, while Banerjee et al. (2020)
attribute tepid growth in response the NTHS to spatially immobile factors in China. We find output to be
a significant control but not population.
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in China, agricultural employment decreases significantly, by roughly 32 log points in loca-

tions connected by the highway. The Lewis channel appears to be strong in China but not

in India. We now evaluate whether both forces may be at play in both countries. Recall

our model predicts that given a large enough agricultural sector, the number of firms will

increase in response to a lower transportation cost. We therefore investigate whether the

effect of highways in India and China varies with the size of agricultural sector. We split the

sample regions into terciles based on the share of people working in agriculture in 2000.10

Table 4 shows the effect of highway on the number of establishments using those subsam-

ples. In both India and China, there is evidence that the effect of highway on the number

of establishments becomes more positive (or less negative) as the size of agricultural sector

increases. In India, the significant decrease in establishments is concentrated among districts

with initially small agricultural sector (Columns 1 and 2). In China, the significant increase

is concentrated in cities where the initial agricultural employment share is highest (Column

6).

5 Conclusion

We have demonstrated that trade costs and structural transformation can interact with each

other in nuanced ways that impact the firm composition. In particular, while trade in the

non-agricultural sector leads to fewer but larger firms, trade in the agricultural sector releases

labor into non-agriculture allowing the number of firms to expand. Using the expansion

the national highways in China and India, we evaluate these predictions, finding that firms

decline in areas where the agricultural sector was smaller and where structural transformation

was weaker. The theory can therefore reconcile otherwise seemingly conflicting results across

regions.

Not all predictions line up neatly, however. Indeed, a standing question is why China

experienced much stronger structural transformation out of agriculture near roads, while

India did not, despite the fact that India is more agricultural overall. It may well be that

10We calculate the ratio of agricultural employment relative to the total population aged between 15 and
64. The results are robust to replacing working-age population with total employment in the calculation.
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India’s comparative advantage was indeed in agriculture. Although the model is stylized,

introducing frictions (e.g., financial frictions) or externalities (as in Matsuyama, 1991, 1992c)

might yield insights, and, vice versa, the empirical results might lead to insights into the

frictions. All of these considerations may be important for thinking about the efficiency

and distributional welfare implications of roads on firm activity. We leave these for future

research.
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A: Indian Districts by GQ Proximity Terciles.

Delhi

Mumbai

Chennai

Kolkata

Targeted areas
Tercile 1
Tercile 2
Tercile 3

B: Chinese cities by NTHS Proximity Terciles.

Figure 1: Location Terciles. The three terciles displayed in the panels are based on the short-
est straight-line distance between the counterfactual highway and geometric center within
each prefecture.
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Table 1: Impact of Highway on the Number of Establishments

Dependent variable = log(number of establishments)
India China

(1) (2) (3) (4) (5) (6)
χtercile=1,2*χt>tc -0.136** -0.106** -0.100** 0.197*** 0.195*** 0.194***

(0.061) (0.050) (0.049) (0.0571) (0.0551) (0.0549)

log(output) 0.420*** 0.431*** 0.519*** 0.514***
(0.019) (0.019) (0.0877) (0.0857)

log(population) -0.491 (0.436)
(0.061) (0.326)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,676 5,676 5,611 2,925 2,925 2,925

First stage First stage
χtercile=1,2*χt>tc 0.837*** 0.837*** 0.838*** 0.666*** 0.666*** 0.667***

(0.028) (0.028) (0.028) (0.0416) (0.0416) (0.0415)

log(output) 0.004 0.004 -0.0446 -0.0503
(0.003) (0.004) (0.0865) (0.0885)

log(population) 0.033 0.265
(0.021) (0.414)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,676 5,676 5,611 2,925 2,925 2,925
Adj. R2 0.824 0.824 0.824 0.801 0.801 0.801

First Stage F-Stat 892.5 897.8 899.7 255.73 256.23 257.45

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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Table 2: Impact of Highway on the Average Number of Employees

Dependent variable = log(average number of employees)
India China

(1) (2) (3) (4) (5) (6)
χtercile=1,2*χt>tc 0.045 0.066 0.069 0.0439 0.0434 0.0446

(0.048) (0.045) (0.046) (0.0277) (0.0276) (0.0273)

log(output) 0.202*** 0.199*** 0.0444 0.0357
(0.018) (0.020) (0.0419) (0.0444)

log(population) 0.060 0.411
(0.051) (0.284)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,669 5,669 5,605 2,919 2,919 2,919

First stage First stage
χtercile=1,2*χt>tc 0.837*** 0.837*** 0.837*** 0.665*** 0.665*** 0.665***

(0.028) (0.028) (0.028) (0.0417) (0.0417) (0.0416)

log(output) 0.004 0.004 -0. -0.0416 -0.0472
(0.003) (0.004) (0.0877) (0.0896)

log(population) 0.033 0.260
(0.021) (0.415)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,669 5,669 5,605 2,919 2,919 2,919
Adj. R2 0.823 0.824 0.824 0.798 0.798 0.798

First Stage F-Stat 891.2 896.6 898.7 253.55 254.16 255.36

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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Table 3: Impact of Highway on Agricultural Employment

Dependent variable = log(agricultural employment)
India China

(1) (2) (3) (4) (5) (6)
χtercile=1,2*χt>tc -0.041 -0.042 -0.009 -0.316*** -0.315*** -0.317***

(0.044) (0.044) (0.035) (0.0958) (0.0954) (0.0955)

log(output) -0.004 -0.005 -0.113 -0.0973
(0.008) (0.006) (0.221) (0.216)

log(population) 0.905*** -0.769
(0.046) (0.830)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,601 5,601 5,601 2,909 2,909 2,909

First stage First stage
χtercile=1,2*χt>tc 0.835*** 0.836*** 0.837*** 0.664*** 0.664*** 0.664***

(0.028) (0.028) (0.028) (0.0419) (0.0419) (0.0418)

log(output) 0.004 0.004 -0.0412 -0.0470
(0.004) (0.004) (0.0877) (0.0896)

log(population) 0.034 0.276
(0.021) (0.416)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 5,601 5,601 5,601 2,909 2,909 2,909
Adj. R2 0.822 0.823 0.824 0.796 0.796 0.797

First Stage F-Stat 871.7 878.4 889 251.01 251.63 252.81

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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Table 4: Number of Establishments and Agricultural Employment Share

Dependent variable = log(number of establishments)
India China

(1) (2) (3) (4) (5) (6)
Low agr Med agr Large agr Low agr Med agr Large agr

χtercile=1,2*χt>tc -0.154** -0.182** 0.0314 -0.116 0.158* 0.347***
(0.069) (0.089) (0.109) (0.0941) (0.0856) (0.0977)

log(output) 0.305*** 0.302*** 0.294*** 0.510*** 0.335*** 0.489***
(0.036) (0.028) (0.034) (0.177) (0.124) (0.154)

log(population) 0.081 -0.063 0.051 0.292 -0.798 -2.706***
(0.099) (0.116) (0.099) (0.353) (0.500) (0.940)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 1,918 1,855 1,838 899 899 885

First stage First stage
χtercile=1,2*χt>tc 0.904*** 0.747*** 0.841*** 0.673*** 0.559*** 0.646***

(0.035) (0.064) (0.046) (0.0738) (0.0819) (0.0808)

log(output) -0.001 0.002 0.009 -0.133 0.141 -0.162
(0.005) (0.005) (0.006) (0.217) (0.185) (0.112)

log(population) 0.035 0.010 0.057 -0.0280 -0.774 1.945**
(0.033) (0.037) (0.047) (0.528) (0.753) (0.839)

location FE Yes Yes Yes Yes Yes Yes
year FE Yes Yes Yes Yes Yes Yes

Observations 1,918 1,855 1,838 899 899 885
Adj. R2 0.453 0.322 0.788 0.453 0.322 0.481

First Stage F-Stat 685.8 136.8 335.1 82.99 46.53 63.83

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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Online Appendix (Not for Publication)

A1. The Determination of M

Let rd(φ) = pN(φ)qN(φ) and rROW (φ) = pROW qROW denote firm’s revenue from selling

locally and non-locally. Plug in the optimal pricing rule pN = σ
σ−1

w
φ
, the profit πd(φ) can be

rewritten as

πd (φ) = pN(φ)qN(φ)−
w

φ
qN(φ) =

1

σ − 1

w

φ
qN(φ) =

1

σ
rd(φ)

Similarly, we find πROW = 1
σ
rROW (φ). And the zero cutoff profit conditions in Eq.(8) give

πd (φ
∗) =

1

σ
rd(φ

∗) = wf πROW (φ∗
ROW ) =

1

σ
rROW (φ∗

ROW ) = wfROW (A1)

Plug the demands in Eq.(3) and (4) into revenue functions, we obtain

rd(φ) = pN(φ)
1−σ X

P σ+1
= φσ−1

(
σw

σ − 1

)1−σ
X

P σ+1
(A2)

rROW (φ) = BpROW (φ)1−σ = τ 1−σφσ−1

(
σw

σ − 1

)1−σ

B (A3)

Let φ̃(φ) and φ̃ROW (φ) denote the average productivity of successful firms and exporting

firms, respectively. Given the demands in equations (3) and (4), we have

rd(φ̃(φ))

rd(φ∗)
=

(
φ̃(φ)

φ∗

)σ−1
rROW φ̃ROW (φ))

rROW (φ∗
ROW )

=

(
φ̃ROW (φ)

φ∗
ROW

)σ−1

(A4)

With the Pareto distribution, the ratio of the average and cutoff productivity is a constant:

φ̃ =

(
κ

κ− (σ − 1)

) 1
σ−1

φ∗ (A5)
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so the average revenue of a firm that produces is given by

r̄ = rd(φ̃(φ)) + ProbROW rROW (φ̃ROW (φ)) = σ (π̄ + wf + ProbROWwfROW )

=
σκw

κ− (σ − 1)
(f + ProbROWfROW )

Use equations (A2) and (A3),

rROW (φ∗
ROW )

rd(φ∗)
= τ 1−σ

(
φ∗
ROW

φ∗

)σ−1
BP σ+1

X
=

fROW

f

so

ProbROW =

(
φ∗
ROW

φ∗

)−κ

= τ−κ

(
X

BP σ+1

fROW

f

)− κ
σ−1

As in Melitz (2003), the aggregate revenue R equals to the wage times the size of the labor

in the non-agriculture sector: R = wLN . The mass of firms therefore can be pin down by:

M =
R

r̄
=

wLN
σκw

κ−(σ−1)
(f + ProbROWfROW )

=
(κ− (σ − 1))LN

σκ
(
f + τ−κ( X

BPσ+1
fROW

f
)−

κ
σ−1fROW

) (A6)

A2. Proof of Proposition 1

Take derivative of M w.r.t. τ ,

∂M

∂τ
=

(κ− (σ − 1))L̄

σκ(f + τ−κ( X
BPσ+1

fROW
f )−

κ
σ−1 fROW )2{

−
γτ−γ ā

T (
1

pAROW
)γ−1(

1 + ( 1τ
1

pAROW
)γ−1

) 2γ−1
γ−1

(
f + τ−κ

(
fROW

f

X

BP σ−1

)− κ
σ−1

fROW

)

+ κτ−κ−1

(
fROW

f

X

BP σ−1

)− κ
σ−1

fROW

1− ā

T
(
1 + ( 1τ

1
pAROW

)γ−1
) γ

γ−1

}
(A7)

Assertion 1: This follows trivially from a derivative of equation (9) with respect to either

argument, and the fact that that LN = L̄− LA.

Assertion 2: Fix LN , then the derivative from equation (A6) yields the above expression

without the term in the second row. The terms in the first row is positive, and the term

in the third row is positive given assumption (1), so the number of firms decreases as trade

costs fall.
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Assertion 3: Inspecting equation (A6), ∂M/∂LN > 0 trivially since κ > σ − 1 given the

Chaney (2008) assumption, i.e., the necessary assumption for M > 0 in the same equation.

Assertion 4: When T → T , the term in the third row of the above expression is zero and

∂M
∂τ

< 0. As T → ∞ the first term is zero and ∂M
∂τ

> 0. In addition, the derivative of ∂M
∂τ

with respect T :

∂2M

∂τ∂T
∝ 1

T 2

(
γāτ−γ

(
1

pAROW

)γ−1

(
1 +

(
1
τ

1
pAROW

)γ−1
) 2γ−1

γ−1

(
f + τ−κ

(
fROW

f

X

BP σ−1

)− κ
σ−1

fROW

)

+
κāτ−κ−1

(
fROW

f
X

BPσ−1

)− κ
σ−1

fROW

T
(
1 + ( 1τ

1
pAROW

)γ−1
) γ

γ−1

)
> 0

that is, ∂M
∂τ

increases monotonically with T . Given the limiting endpoints and the continuity

of ∂M
∂τ

, the existence of a crossing T ∗ (and corresponding agricultural employment) comes

from the Intermediate Value Theorem, while its uniqueness comes from the monotonicity of

∂M
∂τ

. Therefore, ∂M
∂τ

< 0 when T < T ∗ and ∂M
∂τ

> 0 when T > T ∗.

A3. The Profit-Wage Ratio

The average profit of a firm is given by

π̄ = (πd(φ̃)− wf) + ProbROW (πROW (φ̃ROW )− wfROW )

Combine with Eq. (A1), (A4), and (A5),

π̄ =

(
1

σ
rd(φ̃)− wf

)
+ ProbROW

(
1

σ
rROW (φ̃ROW )− wfROW

)
=

((
φ̃

φ∗

)σ−1

− 1

)
wf + ProbROW

((
φ̃ROW

φ∗
ROW

)σ−1

− 1

)
wfROW

=
w(σ − 1)

κ− (σ − 1)
(f + ProbROWfROW )

Plug in Eq. (A6), the total profit of all firms equals to

Π = Mπ̄ =
w(σ − 1)

σκ
LN
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So the ratio between profit and wage is

Π

wL̄
=

σ − 1

σκ

LN

L̄
=

σ − 1

σκ

1−
ā
T(

1 + ( 1
τ

1
pAROW

)γ−1
) γ

γ−1


Take derivative w.r.t. τ ,

d
Π

wL̄
/dτ = −1

τ
(γ − 1)

σ − 1

σκ

ā
T
( 1
τ

1
pAROW

)γ−1(
1 + ( 1

τ
1

pAROW

)γ−1
) 2γ

γ−1

< 0
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B. Additional Figures

Figure B.1: The Golden Quadrilateral: Asturias, Garc̀ıa-Santana, and Ramos (2019)

A: NTHS construction in 2000 B: NTHS construction in 2011

Figure B.2: China’s NTHS Completion: Lu (2023)
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C. Heterogeneous Exit

In this subsection, we show that the reduction in the number of establishments in India
after highway connection is driven by small firms. Table C.1 shows the effect of highway
connection on the number of establishments by establishment size. The dependent variable
is the log of the number of establishments in each size category in each location at a given
year. An establishment is classified as small if the number of employees is less than 25, and
an establishment is considered a large establishment if the number of employees is greater
than or equal to 500. We find that the number of small establishments decreased and the
number of large establishments increased in connected areas relative to unconnected areas
after highway connection.

Table C.1: Effect of Highway on the Number of Establishments by Firm Size

(1) (2) (3) (4) (5) (6)
Small Median Large Small Median Large

χtercile=1,2*χt>tc -0.179*** -0.173*** 0.096 -0.169*** -0.111** 0.114*
(0.064) (0.066) (0.074) (0.058) (0.055) (0.064)

log(output) 0.196*** 0.388*** 0.347***
(0.021) (0.027) (0.035)

log(population) 0.009 0.135* 0.079
(0.072) (0.080) (0.063)

Location FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Observations 5,153 5,293 3,653 5,104 5,241 3,631
First stage F-stat 749.6 821.3 448.6 756.5 832 457.2

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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D. OLS results for China

In this section, we present the OLS regression results for specification 12 for China’s NTHS.
Table D.1 presents the effect of highway on the number of manufacturing establishments
China. Column 1 shows that relative to the unconnected districts in the third tercile, con-
nected districts in the first and second tercile experienced over 6.4% increase in the number of
establishments after connection. The estimated effect of connecting to NTHS stays positive
and statistically significant with the inclusion of additional controls.

Table D.1: Impact of Highway on the Number of Establishments

Dependent variable = log(number of establishments)
(1) (2) (3)

χtercile=1,2*χt>tc 0.119*** 0.122*** 0.122***
(0.0378) (0.0367) (0.0365)

log(output) 0.418*** 0.428***
(0.0888) (0.0866)

log(population) -0.482
(0.437)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 2,925 2,925 2,925
Adjusted R-squared 0.943 0.946 0.946

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.

The results in Table D.2 illustrate the impact of highways on the number of employees
in an establishment. Opposite to what was found with the IV regressions, the OLS regres-
sion indicates that the impact of highway on average employment in China is positive and
significant, the two first terciles increased the average number of employees by about 4%. It
suggests the actual highway was placed where employment is expected to grow.
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Table D.2: Impact of Highway on the Average Number of Employees

Dependent variable = log(average number of employees)
(1) (2) (3)

χtercile=1,2*χt>tc 0.0441** 0.0444** 0.0440**
(0.0182) (0.0181) (0.0180)

log(output) 0.0444 0.0357
(0.0417) (0.0442)

log(population) 0.411
(0.283)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 2,919 2,919 2,919
Adjusted R-squared 0.961 0.961 0.961

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.

We also test the effect of highways on initial agricultural employment with the OLS
regression and the results are presented in Table D.3. In China, agricultural employment
decreases significantly, by roughly 11 log points in locations connected by the highway.

Table D.3: Impact of Highway on Agricultural Employment

Dependent variable = log(agricultural employment)
(1) (2) (3)

χtercile=1,2*χt>tc -0.117* -0.118* -0.117*
(0.0656) (0.0660) (0.0655)

log(output) -0.109 -0.0925
(0.219) (0.215)

log(population) -0.800
(0.844)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 2,909 2,909 2,909
Adjusted R-squared 0.826 0.826 0.826

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.

Table D.4 shows the effect of highway on the number of establishments using terciles
based on the share of people working in agriculture in 2000. Columns 1-3 show that in China,
the number of establishment increases in cities where the initial agricultural employment is
higher.
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Table D.4: Number of Establishments and Agricultural Employment Share

Dependent variable = log(number of establishments)
(1) (2) (3)

Low agr Med agr Large agr
χtercile=1,2*χt>tc -0.00501 0.0282 0.207***

(0.0635) (0.0454) (0.0596)
log(output) 0.516*** 0.352*** 0.465***

(0.172) (0.131) (0.160)
log(population) 0.304 -0.996* -2.352**

(0.347) (0.502) (0.973)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 899 899 885
Adjusted R-squared 0.949 0.951 0.940

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.

E. Event study for China

This section shows the results from an event study analysis. Since the timing of the highway
connection is varying and continuous, we use the imputation proposed by Borusyak et al.
(2024) to address the potential of unrestricted treatment effect heterogeneity, Each graph
shows the estimated coefficients for a given year relative to the connection year in the sample
period and their 95% confidence intervals. The vertical line at 0 indicates the year in which
at least 80% of NTHS in the province is completed. We omitted the year 0 in the regression,
so the coefficient for the connection year shows up as zero in the graphs.

Figure E.1 shows the impact of NTHS on the number of establishments over time. We find
no evidence of a pre-trend in the number of establishments before the NTHS is completed.
The estimated coefficients become significantly negative after the connection year. The
results suggest that the NTHS construction increased the number of establishments in the
connected city-prefectures relative to unconnected city-prefectures. Since the connection
status is continuous, we see an upward treatment effect.
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Figure E.1: Impact of highway proximity on the number of establishments
over time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 0 indicates
the year in which at least 80% of NTHS in the province is completed.

Figure E.2 shows the impact of NTHS on the average employment of of establishments
over time. Prior to year 0, the estimated coefficients are not statistically different from
zero. There is admittedly an upward pretrend, but this is not surprising since the road
construction is continuous and only the threshold of 80% completion gives us a discrete
treatment of “connection”. The estimated coefficients become positive after connection, but
it is significant in year 1 suggesting a brief positive impact of NTHS on average employment
in connected areas.
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Figure E.2: Impact of Highway proximity on the average employees over
time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 0 indicates
the year in which at least 80% of NTHS in the province is completed.

Figure E.3 shows the impact of NTHS on the agricultural employment in the city-
prefecture. The estimated coefficients over time are negative but not statistically significant.
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Figure E.3: Impact of Highway proximity on the agricultural employment
over time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 0 indicates
the year in which at least 80% of NTHS in the province is completed.
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F. OLS results for India

In this section, we present the OLS regression results for specification 12 for India’s GQ.
Table F.1 shows the effect of GQ construction on the number of establishments in each
district. The results are qualitatively the same as the results using an IV specification. The
connected districts saw a significant decline in the number of establishments relative to the
unconnected districts after GQ construction.

Table F.1: Impact of Highway on the Number of Establishments

Dependent variable = log(number of establishments)
(1) (2) (3)

χtercile=1,2*χt>tc -0.095* -0.088** -0.084**
(0.050) (0.041) (0.041)

log(output) 0.298*** 0.300***
(0.019) (0.019)

log(population) 0.022
(0.061)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 5,676 5,676 5,611
Adjusted Adjusted R-squared 0.909 0.928 0.929

Note: Standard errors clustered at the district level are in parentheses. ***
significant at 1%. ** significant at 5%. * significant at 10%.

Table F.2 shows the impact of GQ on the average number of employees per establishment
in a district. The estimated coefficient on the interaction term is positive, suggesting that
the number of employees increased in connected districts relative to unconnected districts
after GQ construction.
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Table F.2: Impact of Highway on the Average Number of Employees

Dependent variable = log(average number of employees)
(1) (2) (3)

χtercile=1,2*χt>tc 0.057 0.062* 0.064*
(0.040) (0.037) (0.038)

log(output) 0.202*** 0.199**
(0.018) (0.020)

log(population) 0.060
(0.051)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 5,669 5,669 5,605
Adjusted Adjusted R-squared 0.729 0.761 0.762

Note: Standard errors clustered at the district level are in parentheses. ***
significant at 1%. ** significant at 5%. * significant at 10%.

Table F.3 shows the impact of GQ on the number of agricultural employees in the district.
We find no significant change in the log of agricultural employment in the connective district
relative to unconnected district after GQ construction.

Table F.3: Impact of Highway on Agricultural Employment

Dependent variable = log(agricultural employment)
(1) (2) (3)

χtercile=1,2*χt>tc -0.016 -0.016 -0.006
(0.037) (0.037) (0.029)

log(output) -0.004 -0.005
(0.008) (0.006)

log(population) 0.905***
(0.046)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 5,601 5,601 5,601
Adjusted Adjusted R-squared 0.915 0.915 0.934

Note: Standard errors clustered at the district level are in parentheses. ***
significant at 1%. ** significant at 5%. * significant at 10%.
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Table F.4 shows the effect of GQ on the number of establishments using terciles based
on the share of people working in agriculture in 2000. The estimated coefficient on the
interaction term is negative and statistically significant for the bottom tercile with low share
of agricultural employment in 2000. The results suggest that the negative effect of GQ on the
number of establishment is concentrated in the districts which have initially low agricultural
employment.

Table F.4: Number of Establishments and Agricultural Employment Share

Dependent variable = log(number of establishments)
(1) (2) (3)

Low agr Med agr Large agr
χtercile=1,2*χt>tc -0.176*** -0.103 0.0244

(0.063) (0.068) (0.082)

log(output) 0.305*** 0.303*** 0.294***
(0.036) (0.028) (0.034)

log(population) 0.082 -0.057 0.051
(0.099) (0.116) (0.099)

Location FE Yes Yes Yes
Year FE Yes Yes Yes

Observations 1,918 1,855 1,838
Adjusted Adjusted R-squared 0.945 0.917 0.906

Note: Standard errors clustered at the district level are in parentheses. ***
significant at 1%. ** significant at 5%. * significant at 10%.
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G. Event study for India

This section shows the results from an event study analysis. Each graph shows the estimated
coefficients for a given year in the sample period and their 95% confidence intervals. The
vertical line at 2004 indicates the year in which at least 80% of GQ is completed. We omitted
the year 2004 in the regression, so the coefficient for 2004 shows up as zero in the graphs. We
also highlight the year 2006 using a different vertical line in which more than 90% of GQ is
completed. In the literature, it is more common to use 2006 as the completion year for GQ.11

In this paper, we choose 2004 as the completion cutoff so that the analysis of India becomes
consistent with that of China. Our results are robust to changing the GQ completion year
to 2006.

Figure G.1 shows the impact of GQ on the number of establishments over time. We find
no evidence of a pre-trend in the number of establishments before the GQ is completed. The
estimated coefficients become significantly negative after 2006. The results suggest that the
GQ construction reduces the number of establishments in the connected districts relative to
unconnected districts.
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Figure G.1: Impact of highway proximity on the number of establishments
over time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 2004(2006)
indicates the year in which at least 80%(90%) of GQ is completed.

Figure G.2 shows the impact of GQ on the average employment of establishments over
time. Prior to 2006, the estimated coefficients are not statistically different from zero. The
estimated coefficients become significantly positive after 2006, suggesting a positive impact
of GQ on average employment in connected areas.

11See Ghani et al. (2016), Asturias et al. (2019), and Brooks et al. (2021).
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Figure G.2: Impact of Highway proximity on the average employees over
time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 2004(2006)
indicates the year in which at least 80%(90%) of GQ is completed.

Figure G.3 shows the impact of GQ on the agricultural employment in the district. The
estimated coefficients over time are not statistically different from zero.
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Figure G.3: Impact of Highway proximity on the agricultural employment
over time. This graph plots the estimates of the effect of highway over time,
along with their 95% confidence intervals. The vertical line at 2004(2006)
indicates the year in which at least 80%(90%) of GQ is completed.
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H. Robustness Checks for India

In this subsection, we present the results about the impact of GQ in India using a subset
of firms that satisfy a comparable threshold as the one imposed in the Chinese data. The
threshold is 5 million RMB, and we use the exchange rate 1Rupee = 0.18RMB to convert it
to rupees.

The results are qualitatively the same as the baseline, indicating that the qualitative
difference in results between India and China are not the result of left-censoring of small firms
in the Chinese data. We continue to find a significant decline in the number of establishments
in the connected districts after connection compared to unconnected districts. The connected
districts did not experience a significant change in the agricultural employment after highway
connection as compared to unconnected districts. The decline in the number of districts is
concentrated in the districts that have high initial agricultural employment.

Table H.1: Impact of Highway on the Number of Establishments

Dependent variable = log(number of establishments)
(1) (2) (3)

χtercile=1,2*χt>tc -0.152** -0.132** -0.129**
(0.068) (0.050) (0.050)

log(output) 0.559*** 0.559***
(0.031) (0.033)

log(population) 0.056
(0.071)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,144 5,144 5,096

First stage
χtercile=1,2*χt>tc 0.847*** 0.847*** 0.848***

(0.029) (0.029) (0.029)

log(output) 0.007 0.007
(0.005) (0.005)

log(population) 0.029
(0.023)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,144 5,144 5,096
Adj. R2 0.834 0.835 0.834

First Stage F-Stat 867.7 871.3 878.2

Note: Standard errors clustered at the district level are in parentheses. *** significant
at 1%. ** significant at 5%. * significant at 10%.
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Table H.2: Impact of Highway on the Average Number of Employees

Dependent variable = log(average number of employees)
(1) (2) (3)

χtercile=1,2*χt>tc 0.066 0.068 0.064
(0.058) (0.058) (0.057)

log(output) 0.053 0.043
(0.034) (0.036)

log(population) 0.037
(0.070)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,138 5,138 5,091

First stage
χtercile=1,2*χt>tc 0.847*** 0.847*** 0.848***

(0.029) (0.029) (0.029)

log(output) 0.007 0.007
(0.005) (0.005)

log(population) 0.029
(0.023)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,138 5,138 5,091
Adj. R2 0.834 0.835 0.833

First Stage F-Stat 866.6 870.1 877.7

Note: Standard errors clustered at the district level are in parentheses. *** significant
at 1%. ** significant at 5%. * significant at 10%.
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Table H.3: Impact of Highway on Agricultural Employment

Dependent variable = log(agricultural employment)
(1) (2) (3)

χtercile=1,2*χt>tc -0.057 -0.057 -0.031
(0.046) (0.046) (0.038)

log(output) 0.001 0.001
(0.009) (0.008)

log(population) 0.880***
(0.049)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,090 5,090 5,090

First stage
χtercile=1,2*χt>tc 0.847*** 0.847*** 0.848***

(0.029) (0.029) (0.029)

log(output) 0.007 0.007
(0.005) (0.005)

log(population) 0.029
(0.023)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 5,090 5,090 5,090
Adj. R2 0.832 0.833 0.833

First Stage F-Stat 856.7 861.9 870.3

Note: Standard errors clustered at the district level are in parentheses. *** significant
at 1%. ** significant at 5%. * significant at 10%.
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Table H.4: Number of Establishments and Agricultural Employment Share

Dependent variable = log(number of establishments)
(1) (2) (3)

Low agr Med agr Large agr
χtercile=1,2*χt>tc -0.213*** -0.0839 -0.0790

(0.070) (0.108) (0.090)

log(output) 0.654*** 0.467*** 0.583***
(0.057) (0.048) (0.055)

log(population) 0.144 0.0396 -0.0225
(0.092) (0.140) (0.117)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 1,751 1,704 1,641

First stage
χtercile=1,2*χt>tc 0.916*** 0.766*** 0.841***

(0.035) (0.066) (0.049)

log(output) 0.007 0.004 0.007
(0.008) (0.007) (0.010)

log(population) 0.037 -0.008 0.060
(0.038) (0.035) (0.055)

location FE Yes Yes Yes
year FE Yes Yes Yes

Observations 1,918 1,855 1,838
Adj. R2 0.898 0.816 0.793

First Stage F-Stat 678.1 136.5 297.3

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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In the following table, we test the effect of the GQ on the number of establishments using
different size cutoffs. The dependent variable is the log of the number of establishments
in each size category in each location at a given year. An establishment is classified as
small if the number of employees is less than 25, and an establishment is considered a large
establishment if the number of employees is greater than or equal to 500. The results suggest
that the decline in the number of establishments in the connected districts after highway
construction is driven primarily by the small firms.

Table H.5: Effect of Highway on the Number of Establishments by Firm Size

(1) (2) (3) (4) (5) (6)
Small Median Large Small Median Large

χtercile=1,2*χt>tc -0.201* -0.141* 0.065 -0.165* -0.118** 0.089
(0.105) (0.072) (0.073) (0.098) (0.056) (0.063)

log(output) 0.376*** 0.533*** 0.328***
(0.048) (0.034) (0.034)

log(population) 0.096 0.067 0.065
(0.095) (0.077) (0.063)

Location FE Yes Yes Yes Yes Yes Yes
Year FE Yes Yes Yes Yes Yes Yes

Observations 2,962 4,887 3,623 2,943 4,844 3,601
First stage F-stat 401.3 793.8 448 410.9 800.3 457.5

Note: Standard errors clustered at the district level are in parentheses. *** significant at 1%. **
significant at 5%. * significant at 10%.
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