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A Data Sources

A.1 Main Data Sources

List of the Large and Medium Sized (LMS) Manufacturing Plants in the 1985 Industrial Cen-
sus. The list provides basic information of 6,878 key manufacturing plants. For each firm,
the list reports its name, detailed address, industry (divided into 39 industries roughly
corresponding to 2-digit SIC codes), employment, capital and output, year of opening,
and a list of its key products. The list also includes 710 plants in the mining and utilities
sectors. The list does not include weaponry plants directly controlled by the military. The
total 7,588 plants accounted for over 70% of the nationwide industrial output in 1985.

Tabulations of Population Censuses in 1964, 1982, and 2000 provide county-level demo-
graphic and economic characteristics. Information included differs by census. The 1964
Census provides a snapshot of pre-TF economic conditions. We construct the share of
urban population (by hukou) in 1964 as the key measure of pre-TF economic conditions.

The individual-level sample of the Intra-decennial Population Census in 2005 is a 1-in-
5 sample of the 1% national survey of households. It provides detailed information on
respondent’s demographic and economic conditions. We extract migration and wage
information from this dataset. For urban households, we use the reported income in
the previous month. For rural households whose main income is from agriculture, we
calculate monthly income as the household income from the previous year divided by 12
months and the number of laborers in the household. The dataset also reports worker’s
occupation and industry, but it does not report whether the worker works in the state
sector or the private sector.

The 1936 Industrial Survey is, to the best of our knowledge, the first nationwide survey
of the industrial sector. We digitize firm-level information and calculate each prefecture’s
industrial employment in 1936 as a share of the 1964 total employment. It provides a
measure of local industrial development prior to the TF.

The 2004 Economic Census provides basic firm-level information. The sample includes
the universe of all manufacturing firms. For each firm, we know its address (which we
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geo-code to the county level), year of opening, 4-digit industry, ownership type, employ-
ment, and registered asset. The dataset allows us to construct various measures of the
size of the manufacturing sector by ownership, size, and year of opening.

The 2004 Annual Manufacturing Firm Survey is at the firm level and includes all state-
sector manufacturing firms and other manufacturing firms with more than 5 million yuan
annual sales. These firms account for about 80% of the total manufacturing output in
the country. The dataset reports a firm’s detailed balance sheet information. Most im-
portantly, it reports the firm’s value added, which allows us to calculate firm-level total
factor productivity (TFP). Our measure of firm’s TFP is the Solow residual. Assuming a
Cobb-Douglas production function, we regress log value added on log capital input and
log employment. In light of different production technologies in different industries, we
also include a full set of 2-digit industry dummies. Firm’s log TFP is the residual from
these regressions.

GIS maps with geographic characteristics are obtained from the China Historical GIS
project.1 Major geographic characteristics, such as elevation and ruggedness, are derived
from the digital elevation model (DEM) map.

GIS maps of railway networks in 1962 and 1980 are from Baum-Snow et. al (2016), which
we obtain via the University of Toronto library.

Aggregation from counties to prefectures We aggregate all county-level variables to pre-
fecture level. County boundaries in China have changed over the decades. Some of these
boundary changes are across prefectures. To prevent potential bias from such changes,
we create variables for counties using consistent boundaries. Specifically, we overlay the
GIS maps of county boundaries for each census year and construct variables for counties
defined by the 1982 boundaries using intersected portions as weights. For example, for
variable x in a county in 1982, if α share of the county belonged to county A in 1964 and
1− α share of the county belonged to county B, then the county’s x in 1964 would be
calculated as α · xA,1964 + (1− α) · xB,1964. This procedure assumes that population and
economic activity are evenly distributed geographically within a county.

Economic linkage measures are from Greenstone et al. (2010). Table A.2 provides details.
Table A.1 summarize the definitions of the key variables.

1Url: https://www.fas.harvard.edu/~chgis/data/chgis/v5/
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Table A.1: Definitions of Key Variables

Variables Definition Unit Source
Treatment variable

TF-built manu. capacity
Manufacturing employment from large and medium manufacturing
plants reported in the 1985 Industrial Census. Total employment
from 1982 population census.

pp pc82,
ic85

Site-selection criteria

dist. to complete railway
Distance to the nearest railways in 1980. First calculate the distance
to railways at the county level, then average at the prefecture level
using 1982 county population as weight.

km pc82,
rr

average slope

Slope is the vertical difference between the highest point and the
lowest point in a square km divided by the horizontal
distance between the two points. Then take average among all the
squares covering a prefecture.

- dem

dist. to provincial capital
First calculate each county’s distance to provincial capital (centroid
-to-centroid), then average at the prefecture level using 1982 county
population as weight.

km bd

mean elevation Elevation from the DEM data, then average within the prefecture. m dem,
bd

Pre-TF economic conditions
dist. to existing railway Dist to the nearest railway, existing or underconstruction in 1962. km pc82,rr
1964 urban rate Share of population with urban hukou in 1964 pp pc64-00
1964 population density # of residents in 1964 per sqkm. #/km2 pc64,bd

1936 industrial emp share # of industrial employment in 1936 divided by population in 1964,
then multiply by 10,000. 1/10k pc64,

mc36
Post-TF economic outcomes
2004 manu emp share Emp in manu in 2004 divided by total emp in 2000. pp ec04,pc00
rural inward migration rate Inward migration rate among workers with rural hukou. pp pc05
rural manu emp share Share of workers with rural hukou who work in the manu sector. pp pc05
manu wage in 2005 Avg annual income for manu workers in 2005. yuan pc05
rotal factor productivity Solow residual from labor and capital inputs. - ec04

Notes: Abbreviation for units: pp - percentage points. Abbreviation for data sources: bd - GIS maps for county boundaries, dem - GIS digital
elevation model data with pixels of elevation data, ec04 - 2004 Economic Census, ic85 - 1985 Industrial Census, ms04 - 2004 Annual
Manufacturing Firm Survey, pc - Population Censuses, rr - digitized railway maps from Baum-Snow et al. (2017),
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Table A.2: Measures of Industry Linkages

Industrial linkage Description
Labor market pooling

worker transitions
Percentage of manufacturing industry patents that cite patent
manufactured in TF firm industry.

Intellectual or technology spillovers

patent citation pattern
Percentage of manufacturing industry patents that cite patent
manufactured in TF firm industry.

technology input
R&D flows from TF industry, as a percentage of all technological
expenditure in this industry.

technology output
R&D flows to TF industry, as a percentage of all technological
expenditure in this industry.

Proximity to customers and suppliers

manufacturing input
Industry inputs from TF industry, as a percentage of
manufacturing inputs of this industry.

manufacturing output
Industry inputs used by TF industry, as a percentage of
manufacturing inputs of this industry.

Notes: Measures are from Greenstone et al. (2010) based on the U.S. data.
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A.2 Data on TF-period Prefecture Industrial Output

We collect prefecture-level industrial output in 1964 and 1978. From these data we
construct a measure of the local industrial presence in 1978 (used as the key explanatory
variable in Table 7 Column 2) and a measure of the growth of the local industrial sector
during the TF period (used as the key explanatory variable in Table 7 Column 3).

The data are from various province- or prefecture-level compiled statistical publica-
tions. The detailed sources for each prefecture in the baseline sample are as follows:
Hubei Province

Yichang: Forty-year Statistical Compilation of Yichang Prefecture, 1949-1988.
Rest of Hubei: Fifty-year Statistical Compilation of Hubei Province, 1949-1998.

Hunan Province
Fifty-year of Economic Development in Hunan Province, 1949-1998.

Guangxi Autonomous Area
Social and Economic Achievements in Guangxi, 1949-2009
Fifty Years of New China – Guangxi Volume

Sichuan Province (including Chongqing)
Mianyang: Fifty-year Statistical Compilation of Mianyang Prefecture, 1949-1998.
Ganzi and Liangshan: Statistical Compilation of Social and Economic Development in

Sichuan’s Ethnic-minority Autonomous Regions, 1949-1985.
Rest of Sichuan: Gazetteer of Sichuan Province, 1987

Guizhou Province
Qianxinan: Forty-year Statistical Compilation of Qianxinan, 1949-1989
Qiannan: Forty-year Statistical Compilation of Qiannna, 1949-1989
Qiandongnan: Forty-year Statistical Compilation of Qiandongnan, 1949-1989
Tongren: Forty-year Statistical Compilation on Social and Economic Development of Qian-

dongnan, 1949-1989
Zunyi: Forty-year Statistical Compilation of Zunyi, 1949-1989
Bijie: Forty-year Statistical Compilation of Bijie, 1949-1989
Anshun: Forty-year of Social and Economic Development in Anshun, 1949-1989
Liupanshui: Forty-year Statistical Compilation of Liupanshui, 1949-1989

Yunnan Province
Glorious Sixty Years of Yunnan Province

Shaanxi Province
Ankang and Shangluo: Historical Statistical Compilations of Shaanxi’s Prefectures, Munic-

ipalities, and Counties, 1949-1990
Yulin: Forty-year Statistical Compilation of Yulin Prefecture: 1949-1989
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Weinan: Forty-year Statistical Compilation of Weinan Prefecture: 1949-1989
Hanzhong: Forty-year Statistical Compilation of Hanzhong Prefecture: 1949-1989
Yanan: Forty-year Statistical Compilation of Yanan Prefecture: 1949-1989
Xianyang: Fifty-year Statistical Compilation of Xianyang Prefecture: 1949-1999
Baoji: Baoji in Development

Gansu Province
Gannan: Basic Statistics of Gansu’s Ethnic-minority Autonomous Regions, 1949-1986
Rest of Gansu: Sixty Years of New China: Gansu Volume, Seventy-year Statistical Compila-

tion of Gansu: 1949-2019
Ningxia Autonomous Area

Guyuan: Economic Statistics of Guyuan, 1949-1970; Basic Facts of Ningxia, Guyuan Volume,
1981

Rest of Ningxia: 50 Year of New China: Ningxia Volume, Sixty-year Statistical Compilation
of Ningxia, 1958-2018.

Values of industrial output from various sources are denoted in current or adjusted
prices. We standardize prices to the 1978 level using the GDP deflator from the World
Bank’s World Development Index database. Price levels in China remained largely stable
before the market reforms. The price level declined slightly by 2.3% between 1964 and
1978.

B Additional Details on the Historical Context

B.1 Anecdotal Accounts of Site Selections for TF Plants

The importance of the site-selection criteria – away from population centers, hidden
in the mountains, and close to the railway – is evident in anecdotal accounts of many TF
plants. The site-selection process for the Second Automobile Works (SAW) is probably one
of the most famous examples. A detailed account was available thanks to the recollection
of a former engineer at the SAW.2

Before the SAW, China had only one major automobile factory, which was located in
the northeast. The idea of establishing a second factory dated back to the early 1950s.
After 1964, the government decided that the site should be in the TF region. The site was
originally chosen in Xiangxi in western Hunan province, a mountainous region about

2url: https://zhidao.baidu.com/question/18446445.html (in Chinese).
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450 kilometers to the west of Changsha, the capital city.3 The site was chosen for its
proximity to the mountains and a railway under construction (the Changsha-Guizhou
line). But as the interpretation of the site-selection criteria was pushed to an extreme, the
search team for the site worried that the valleys in Xiangxi were not deep enough. As an
engineer who was involved in the site searching process wrote in his recollection, there
were detailed specifications for the micro-geographic features: "[the buildings] should be
in small valleys... There are three grades of valleys. The first-grade valleys are narrow,
shielded, hidden in high mountains, and they are the ‘safeboxes’ against air strikes. The
second grade can only be used along the hillside. The third grade are straight valleys,
and should be avoided if at all possible." The confirmation that another planned railway
(the Chengdu-Wuhan line) would pass through the mountainous areas in western Hubei
province led the team to look for suitable sites there. Shiyan, Hubei was finally chosen
for its micro-geography that fits better for air defense purposes.

Due to threats from mass bombing, the distribution of the TF plants was also supposed
to be dispersed. Some plants also pushed this principle to an extreme. For example, the
Hanzhong Airplane Plant in Shaanxi province were dispersed into 28 production units
in 7 counties in an area of 3,000 square kilometers Naughton (1988). Many of these pro-
duction sites were in rural areas, and the plant was later mocked as "making airplanes
alongside the henhouse." The dispersed nature of the plants made transportation ex-
tremely difficult. For example, a workshop in Guizhou province was dug into mountains.
During the winter the plant was essentially cutoff from transportation.

B.2 Industrial Development in China’s Hinterland Prior to the TF

The TF region had a very small industrial sector before 1964. Figure B.1 shows that
between 1961 and 1964, the industrial output in the 9 provinces that encompass the TF
region accounted for about 17% of the national total. These 9 provinces include Hubei
and Hunan, majority of whose territories, including their provincial capital cities, Wuhan
and Changsha, do not fall within the TF region. So we also look at the four provinces
that comprise the "core" of the TF region, Sichuan, Guizhou, Shaanxi and Gansu, with
over 15% of the nation’s population, accounted for less than 6% of the national industrial
output during the same period.

Previous development of the TF region was limited, but the idea of placing industrial
clusters in the hinterland as a national defense strategy was not new. During the Sino-

3This choice was documented in the “Outlines for the Third Five-Year Plan.” (guanyu disange wunian
jihua anpai qingkuang de huibao tigang), published in October, 1965. (Central Documentary Office, 1992)
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Japanese War between 1937 and 1945, China’s then Nationalist government moved many
industrial plants to the southwest as much of eastern China was under the Japanese
control (Brandt et al., 2017). However, the scale of the industrialization was relatively
small and many of the plants returned to the east coast after the war had ended.

The TF invested a staggering amount of resources to China’s hinterland. Figure 2
in the paper shows that capital formation per capita in provinces in the TF region was
significantly higher in the decade after 1964, and that the TF was the only period in the
50 years after the establishment of the People’s Republic that a significant amount of
investment was made to that region. This is consistent with evidence from other sources,
which show that the TF proportion of total national investment was 52.7% during the
Third Five-Year Plan (1966-1970) and 41.1% during the Fourth Five-Year Plan (1971-1975),
and that the TF region possessed 37.4% of industrial fixed capital in 1977 (Naughton,
1988). The scale of the TF investment is also reflected in the increases in the industrial
output in the region. Figure B.1 shows that the industrial output in the 9 provinces
that encompass the TF region as a share of national industrial output increased to 19%
between 1975 and 1979. The "core" TF region’s share of national output increased from
under 6% to about 9%. Corresponding to the decline in the investment intensity after the
mid-1970s, the share of national industrial output in the TF region declined precipitously
after the 1980s.

Table 1 in the paper shows that the geographic distribution of the industrial plants
that were established during the TF period exhibit strikingly different patterns compared
with those established prior to the TF. The TF plants were more likely to be located in
less-developed counties with rugged terrains. As shown in Table 3 in the paper, similar
shifts of the TF plants to more rugged and less-developed regions also exists within the
TF region. As Naughton (1988) notes: "Within this vast hinterland, individual Third
Front factories were intentionally located in particularly remote sites. Large factories
predominated among Third Front projects, but these factories—and sometimes individual
workshops—were scattered across thousands of square miles of mountainous terrain, and
set apart from major urban areas." As a result, the TF was the very first and only large-
scale investment in the industrial sector for many places in the TF region.

Figure B.2 shows the number of plants included in the 1985 list of LMS plants by
region and year of opening. In the non-TF region, there were 1,493 plants built before
1949, 2,722 between 1950 and 1963, and 1,420 between 1964 and 1978. The number of
plants established during the TF period (between 1964 and 1978) was about a half of
those established in the previous 15 years. In the TF region, the pattern was reversed.
The region had only 162 plants established before 1949, 458 plants between 1950 and
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1963, and 662 plants between 1964 and 1978. The number of plants established during the
TF period was 50% larger than those established in the previous 15 years. This pattern
was even stronger in the sample prefectures. In these prefectures, there were only 47
plants established before 1949, 160 between 1950 and 1963, and 430 between 1964 and
1978. The number of plants established during the TF period was almost 3 times of
those established in the previous 15 years. To see it in another way, only 4% of the firms
established before the TF period were in the sample prefectures. This number rose to 21%
during the TF period and immediately dropped to 11% after the TF (between 1978 and
1985). Considering that some of the TF investment was devoted to expanding existing
plants, the pre-existing industrial sector in the sample prefectures were likely minimal
and the relative intensity of the investment during the TF could be even larger.

Figure B.1: TF Region’s Share of National Industrial Output
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Figure B.2: Number of LMS Plants by Year of Opening
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C Model Details

C.1 Environment

Our model is at the prefecture level. Each prefecture is a small open economy that
takes world prices as given. The representative consumer in a prefecture enjoys agricul-
tural and manufacturing outputs according to the following utility function:

U = Cβ
AC1−β

M ,

where CA is the agricultural output and CM is the composite manufacturing output.
Each prefecture is endowed with a number of workers, denoted L. To capture the

constraint on worker mobility in China and to be consistent with our empirical evidence
(Table 10 Column 1), we assume that workers are immobile across prefectures. In order to
speak to the gains from structural transformation, we assume that all workers originally
work in the rural (agricultural) sector, and each needs to pay a τ−1

τ (τ > 1) fraction of
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urban income to switch to the urban (manufacturing) sector.4 In the context of China,
due to the hukou restrictions, many rural migrants have no access to local public goods,
such as education, social insurance, and medical care. This migration cost captures that
rural migrants have to pay a higher price to access these goods. Under this assumption,
there will be a wage gap between the manufacturing and the agricultural sector:

τwA = wM. (C.1)

C.2 Production and Technological Spillovers

The agricultural output is produced with labor (denoted LA) and a constant supply of
land, normalized to 1:

YA = Lα
A,

where α is the labor share in agricultural production. The composite manufacturing
output is produced using intermediate manufacturing varieties, denoted y(i):

YM = [
∫ N

o
y(i)

σ−1
σ di]

σ
σ−1 ,

where N is the number of varieties produced by firms in the prefecture, who compete
monopolistically against one another. To produce y units of variety i, y(i)

T units of labor is
needed, that is:

y(i) = Tl(i),

in which l(i) is labor input and T is prefecture manufacturing productivity. The agricul-
tural and composite manufacturing outputs are freely tradable, with their prices given
by the world prices, P∗A and P∗M, respectively. The intermediate manufacturing goods are
non-tradable. Although somewhat nonstandard, this assumption simplifies the analysis
and highlights the key channel.

There are two types of intermediate good producers in the manufacturing sector. The
first type is private firms started by local workers. Entrants need to pay f units of labor as
fixed setup cost before they can start producing. The second type is the state-sponsored
firms. The government owns a fixed number of these type-two firms and decides where
to allocate them. The state-owned firms exist prior to all the private firms. Their fixed

4Fan (2019) estimates this cost in a structural model and finds that on average rural workers pay a cost
equivalent to about half of their urban income. Table 12 in the paper shows that the urban-rural wage gap
is about the same in the TF region (2.9) and the non-TF region (2.7).
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setup cost has already been paid, and they behave exactly as private firms in production
and pricing otherwise.

The state-owned firms generate spillovers to local private firms. We capture these
spillover effects by allowing the local efficiency of production, T, to be increasing in the
number of state-owned firms assigned to the local economy:

log(T) = log(T0) + f (T0, Nini), (C.2)

where Nini is the number of state-owned firms in a prefecture, T0 is the prefecture’s in-
nate productivity. The TF can be thought of as reallocating some state firms from places
with higher T0 and Nini to the TF region, which had a lower innate productivity (due to
undesirable location) and little initial government investment. Function f captures ag-
glomeration economics— ∂ f /∂Nini > 0. The aggregate effect of the TF depends crucially
on whether these spillover effects are stronger in underdeveloped regions.

C.3 Equilibrium

We consider an equilibrium without perfect specialization, so both manufacturing and
agricultural sectors are present. We further assume that the equilibrium number of firms
active in a prefecture is larger than Nini, so there will be private entrants.

Given the world price for the agricultural output, P∗A, cost minimization of the agri-
cultural producer implies that:

wA = αP∗ALα−1
A , (C.3)

This equation also gives the demand for labor from the agricultural sector. Similarly, the
cost minimization problem of the final manufacturing good producer gives the familiar
constant-elasticity demand for intermediate varieties:

y(i) = (
p(i)
P∗M

)−σYM,

where p(i) is the price for individual variety i. The monopolistic competition assumption
implies a fixed markup:

p(i) =
σ

σ− 1
wM

T
.

The cost for the composite manufacturing good is given by:

PM = [
∫ N

0
p(i)1−σdi]

1
1−σ =

σ

σ− 1
N

1
1−σ

wM

T
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In equilibrium PM = P∗M. This implies the following relationship between wage and the
number of manufacturing varieties:

wM =
σ− 1

σ
T

P∗M
N

1
1−σ

. (C.4)

Since intermediate input producers charge a fixed markup, their profits are a fixed
fraction of their total variable labor cost. Let q(i) be quantity produced by firm i, q(i)wM

T
is then the total variable labor cost. The zero profit condition for private entrants is:

q(i)wM

T(σ− 1)
= f wM,

which implies that q(i) = (σ− 1) f T.
The total demand for workers in the manufacturing sector consists of two parts: work-

ers hired by state and private firms for production, and workers hired by private firms to
pay for the entry cost. The labor market clearing condition is:

f (σ− 1) ∗ N︸ ︷︷ ︸
Production Cost

+ (N − Nini) f︸ ︷︷ ︸
Fixed Entry Cost

= LM = L− LA,

where LM is the total employment in manufacturing. Solving for the equilibrium number
of firms, and combining it with Equations C.1 and C.4, we obtain the following equation:

ατPA ∗ (L− LM)α−1 =
σ− 1

σ
T(Nini)P∗M(

LM + Nini f
f σ

)
1

σ−1 , (C.5)

in which T is written as a function of Nini to highlight the spillover effects.
Equations C.5 determines the equilibrium wage and sectoral compositions of the local

economy. We use Figure C.1 to illustrate the responses of the economy to changes in ex-
ogenous parameters. The horizontal axis in Figure C.1 is the manufacturing employment,
and the vertical axis is the manufacturing wage. The solid curve in the figure depicts the
left hand side of the equation. The fixed land supply implies that, as agricultural employ-
ment approaches zero, the marginal product of labor approaches infinity. The dotted line
depicts the right hand side of the equation, which indicates that the manufacturing wage
increases with LM. This reflects the increasing return to scale in the manufacturing sector.
It is straightforward to verify that when σ > 2,5 the solid curve is convex while the dotted
curve is concave, so the two curves have at most two intersections, among which only the

5Empirical studies tend to find σ in the range between 5 and 10.
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one on the right will be a stable equilibrium.
In the model, the state firms affect local economies through two channels. First, they

directly contribute to the structural transformation by recruiting people from the agricul-
tural sector. Second, they increase local manufacturing productivity via agglomeration
economics, which further encourages private entry. In Figure C.1, An increase in Nini

leads to an upward shift of the dotted line, resulting in increases in wage and manufac-
turing employment share. Both predictions are consistent with our empirical findings.

Figure C.1: Equilibrium in the Model
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line, resulting in increases in wage and manufacturing employment share. Both predictions are

consistent with our empirical findings.

Figure C.1: Equilibrium in the Model

(L)(0)
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w

5Empirical studies tend to find s in the range between 5 and 10.
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D Alternative Identification Strategy

D.1 Empirical Model

The alternative identification strategy, based on an OLS model controlling for location-
choice criteria, is:

yi,04 = β ·ManuCapi,85 + LocChoicei · θ + PreTFCondi,64 · γ + sp + εi. (D.6)

Proxies for location-choice criteria include log distance to the provincial capital (“dis-
persed”), log mean elevation (“close to mountains”) and average slope (“hidden”), and log
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distance to the railway network completed in 1980. We also control for initial economic
conditions including urban rate and log population density in 1964, industrial employ-
ment share in 1936, and proxies for natural resources. sp is a set of province fixed effects.
εi is the error term and is estimated using the heteroskedasticity-robust formula. Col-
umn 6 of Table 6 reports the results from this OLS estimation. The coefficient, 2.218, is
comparable to those from the 2SLS estimates.

Table D.1 reports the effects of the TF on various outcomes in the private manufactur-
ing sector from estimating Equation D.6. The results are also similar to those based on
the 2SLS estimates reported in the main text.

D.2 Discussion of the Identification Assumption

The consistent estimation of β in Equation D.6 using OLS requires the usual condi-
tional independence assumption:

E[ManuCapi,85 · εit|LocChoicei, PreTFCondi,64, sp] = 0. (D.7)

In most cases, this assumption is likely to be violated: the site-selection of a firm inevitably
depends on various existing conditions and economic potentials of the locality, many of
which unobservable to the econometrician. The TF is unique in that we have a good
understanding of what factors entered the decision-making process and we can directly
control for them. In fact, if we believe only the stated location-choice criteria matter, a
stronger condition than Assumption D.7 should hold:

E[ManuCapi,85 · εit|LocChoicei] = 0. (D.8)

Consistent with this, Table 4 shows that location-choice criteria are well-represented by
the data. More importantly, once location-choice criteria are controlled for, initial eco-
nomic conditions do not predict the distribution of TF investment. We provide two addi-
tional tests of this identification assumption in the next two subsections.

D.3 Coefficient Stability

The historical background of the TF suggests that if we have correctly characterized
the location-choice criteria, both Equations D.7 and D.8 hold. Controlling for additional
geographic and pre-TF economic conditions would not matter for the consistency of the
estimate. To the extent that these additional covariates are predictors of the outcome
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variable, if the treatment is endogenous, its coefficient will change when the additional
covariates are taken out of the regression (Altonji et al., 2005).

In Table D.2 Panel A, we start with the baseline specification in Equation D.6 and
gradually drop other covariates. Columns 2 to 5 show that the coefficient associated with
the TF-built manufacturing capacity remains similar. The magnitude of the coefficient
barely changes. For each column, the Hausman test cannot reject the null hypothesis that
the coefficient is the same as that in Column 1. Panel B repeats the same exercise for
non-provincial-capital prefectures outside of the TF region. The coefficient increases and
became unstable as pre-TF economic conditions are dropped from the regression, indi-
cating a positive selection on economic fundamentals of locations to place manufacturing
plants outside the TF. The Hausman test rejects the null hypothesis that the coefficient is
the same as that in Column 1.

D.4 A Case Study as a Specification Test

The main threat to the identification assumption in Equation D.7 is the omitted vari-
able bias—decision makers used information unobservable to econometricians in decid-
ing where to locate the TF plants, and the unobservable information may be correlated
with local economic development.

We take advantage of the decision-making process for TF plants to address this con-
cern. The site-selection process for a TF plant resembles a “tournament”: decision makers
weigh the pros and cons among locations with different characteristics and gradually nar-
row the scope of their search to the most suitable ones. With a large number of locations
to choose from, the final decision is likely made between locations that are similar in over-
all suitability. If we know the pairs of locations among which the final decisions were
made, we can estimate the causal effect of the TF investment by simply comparing the
outcomes of the winner locations and the runners-up.6

We are able to find detailed site-selection process for only one TF project, the Second
Auto Works. The Central Committee in charge of site-selection initially proposed Xiangxi
in Hunan province as the host for this project. But in the end, Shiyan in Hubei province
was chosen because its micro geographic characteristics were considered better for air
defense. More historical details are provided in Online Appendix B.1.

One single case does not allow us to estimate the average treatment effect, but under
the assumption that the winner and the runner-up have similar economic potentials, we

6This is the intuition behind the identification strategy in an influential work by Greenstone et al. (2010),
which uses the tournament-like nature of siting choices to identify local agglomeration effects from the
"million dollar plants."
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can directly test the conditional independence assumption in Equation D.7.
To implement this test, we construct a statistical comparison for the treated unit

(Shiyan) based on observable characteristics, Zi = [LocChoicei, PreTFCondi,64]. If this
statistical comparison has similar outcomes to the runner-up, then we can conclude that
the decision-maker did not use additional information that matters for the outcomes of
interest besides those already controlled for—that is, the omitted-variable bias is not im-
portant.

Formally, denote the treated prefecture as i, the runner-up as j, and the statistical
comparison for the treated prefecture as j′. The data generating processes for outcomes
y’s are:

yi = Zi · θ + γ + vi + ξi (D.9)

yj = Zj · θ + vj + ξ j (D.10)

yj′ = Zj′ · θ + ξ j′ , (D.11)

where Z is a set of determinants observable to the econometrician. γ is the treatment
effect. v is the omitted variable unobservable to the econometrician. The decision-maker
observes both Z and v. The validity of the baseline specification requires that E[vi] = 0.
vj′ is 0 by construction so is omitted from the equation. ξ is the i.i.d shock with E[ξ] = 0.

The identification assumption for the comparison between yi and yj to be a valid
estimation of the treatment effect is that the winner and the runner-up have the same
overall outcome-relevant characteristics, that is,

Zi · θ + vi = Zj · θ + vj. (D.12)

The statistical comparison j′ is constructed from a group of prefectures that had little
manufacturing capacity by the time market reforms started. It is constructed such that it
has the same characteristics with the treated unit i in terms of the variables observable to
the econometrician, i.e., Zj′ = Zi. The expected difference in outcome between j and j′ is

E[yj − yj′ ] = E[(Zj − Zj′) · θ + vj]

= E[(Zj − Zi) · θ + vj]

= E[vi],

where the third equation uses Equation D.12. Therefore, testing whether there is an
omitted variable bias is equivalent to testing whether the runner-up and the statistical
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comparison have similar outcomes.
We use the synthetic control method to construct the statistical comparison for Shiyan

(Abadie et al., 2010),7 and conduct statistical inference on the difference between yj and
yj′ (as well as between yi and yj′) using a permutation procedure.8

Table D.3 Panel A compares the observable characteristics (Z) of Shiyan, Xiangxi, and
synthetic Shiyan. Shiyan and Xiangxi had very similar values in these conditions. If
anything, Shiyan had a lower urban rate in 1964 and a more rugged terrain. By construc-
tion, Shiyan and its synthetic control have very similar initial conditions. The differences
between the two are not statistically significant in any dimension (Column 4). The differ-
ences between Xiangxi and synthetic Shiyan are also small and statistically insignificant,
except that Xiangxi is somewhat farther away from the provincial capital (Column 5).

Panel B shows that Shiyan had a large manufacturing presence while Xiangxi and
synthetic Shiyan had little. Panel C shows the measures of the manufacturing sector in
2004. Shiyan had 9.43% of its workers employed in the manufacturing sector, compared
with 3.46% in Xiangxi and 2.4% in synthetic Shiyan. The difference between Shiyan and
synthetic Shiyan is statistically significant. The difference between Xiangxi and synthetic
Shiyan is small and insignificant. Employment share in the private manufacturing sector
is 5.6%, 2.03% and 1.41% for Shiyan, Xiangxi, and synthetic Shiyan, respectively. Again,
the difference between Xiangxi and synthetic Shiyan is small and insignificant. Same is
true for the remaining rows, which show results when we look at the number of firms
and by different cuts of data. The results suggest that the omitted bias is not an important
concern.

The top panel of Figure D.1 shows the trajectories of different measures of local eco-

7Synthetic Shiyan (j′) is constructed as the weighted average of potential comparison prefectures (k’s)
such that the distance of the vector of observed characteristics (Z) between the treated unit and its synthetic
control is minimized. The weights are restricted to be bounded between 0 and 1 and sum up to 1. Formally,
we find the set of weights that solve the following minimization problem:

ωk = argmin
ωk

||Zi − ∑
k∈K

ωkZk||, (D.13)

s.t., ωk ∈ [0, 1], ∀k; ∑
k

ωk = 1.

The donor pool of potential comparison units, K, includes all prefectures in the TF region that did not
receive large industrial investment during the TF. We also drop Xiangxi from the donor pool. There are 40
prefectures in the comparison group.

8The details of the permutation test are as follows: we first assign a placebo treatment to each potential
comparison prefecture in the donor pool and then construct its synthetic control using the remaining pre-
fectures in the donor pool. We then calculate the difference in outcomes between the prefecture receiving
the placebo treatment and its synthetic control. Perform this exercise for all potential comparison prefec-
tures in the donor pool and we obtain a distribution of the placebo treatment effects. We can then draw
inference based on the percentile of the original estimate in this distribution.
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nomic development in Shiyan, Xiangxi, and synthetic Shiyan. Consistent measures of
urban rate, industrial employment share, and non-agricultural employment share are
from Population Censuses of 1964, 1982, 1990 and 2000. Only urban rate is available in 1964,
when the three prefectures had very similar values. Starting from 1982, any measure of
local development is much higher in Shiyan, while the trajectories of Xiangxi and syn-
thetic Shiyan are always very close to each other. Graphs in the bottom panel show the
p−values from permutation tests of the differences between Shiyan and synthetic Shiyan
(blue dots) and those between Xiangxi and synthetic Shiyan (red crosses). After 1982, the
former are always smaller than 0.05, while the latter are always larger than the conven-
tional thresholds for statistical significance.
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Figure D.1: Shiyan, Xiangxi, and Synthetic Shiyan
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Notes: The top panel shows the trajectories of economic indicators in Shiyan, Xiangxi (the natural comparison) and

Synthetic Shiyan. The bottom panel shows the p− values of the differences between Shiyan and Synthetic Shiyan

(blue dots), and those between Xiangxi and Synthetic Shiyan (red crosses).
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Table D.1: TF and the Local Private Manufacturing (OLS Estimates) Sector

emp share # of firms efficiency

all estab. emp all all per 100 emp ln ln manu

’85-’98 ≤ 25 TFP wage

(1) (2) (3) (4) (5) (6) (7) (8)

TF-built manu capacity 1.782 0.542 0.012 2.369 1.672 0.012 0.077 0.037

(0.283) (0.115) (0.002) (0.412) (0.295) (0.002) (0.029) (0.012)

’85-’04 change in state manu emp share 1.041

(0.424)

TF-built manu cap× state-share index 1.398

(2.160)

state-share index 0.297

(1.124)

geo and initial conditions X X X X X X X X

province FE X X X X X X X X

mean dep var 2.690 0.875 0.029 2.690 2.690 0.038 0.002 6.383

N 73 73 73 73 73 73 4738 9526

Notes: The table focuses on the private manufacturing sector in 2004. Data are from the 2004 Economic Census. All models are estimated using

OLS. Controls include a full set of province fixed effects, location-choice criteria and initial economic conditions. Robust standard errors are in

parentheses.

22



Table D.2: Coefficient Stability from the OLS Specification

dep var: manu employment share in 2004

Panel A: TF Sample (1) (2) (3) (4) (5)

TF-built manu capacity 2.218 2.190 2.141 2.081 2.012

(0.311) (0.294) (0.264) (0.309) (0.302)

urban rate in 1964 -0.185 -0.097 -0.070

(0.246) (0.218) (0.168)

log pop density in 1964 -0.687 -0.403

(1.031) (0.956)

ind emp share in 1936 0.281

(0.159)

location choice vars X X X X X

province FE X X X X

N 73 73 73 73 73

R2 0.751 0.738 0.737 0.735 0.608

coeff same as baseline (p−value) - 0.498 0.516 0.557 0.350

Panel B: non-TF Sample (1) (2) (3) (4) (5)

TF-built manu capacity 1.510 1.600 1.657 2.048 1.688

(0.341) (0.341) (0.357) (0.380) (0.344)

urban rate in 1964 0.225 0.234 0.231

(0.090) (0.091) (0.091)

log pop density in 1964 1.473 1.576

(1.606) (1.623)

ind emp share in 1936 0.097

(0.044)

location choice vars X X X X X

province FE X X X X

N 230 230 230 230 230

R2 0.524 0.517 0.514 0.502 0.274

coeff same as baseline (p−value) - 0.051 0.087 0.015 0.015

Notes: All models are estimated by OLS. Robust standard errors are in parentheses. p−values in the last

row are from tests of whether the coefficient associated with TF-built manufacturing capacity is the same

as that in the baseline in Column 1.
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Table D.3: Case Study of the Second Automobile Works

(1) (2) (3) (4) (5)

Shiyan Xiangxi synthetic (1)-(3) (2)-(3)

(treated) (comparison) Shiyan p−val p−val

Panel A: match quality

1964 urban rate 5.26 7.93 5.29 0.48 0.11

log distance to complete railway 2.51 2.33 2.53 0.67 0.72

average slope 4.67 3.22 4.69 0.61 0.96

log distance to provincial capital 5.56 5.78 5.59 0.76 0.07

log average elevation 6.60 6.30 6.53 0.54 0.93

log 1964 population density 4.48 4.50 4.51 0.87 0.70

1936 industrial emp share 0.00 0.00 0.00 0.39 0.11

Panel B: treatment

TF-built manu capacity 5.07 0.11 0.15 0.00 0.39

Panel C: post-reform

overall manu emp share 9.43 3.46 2.40 0.02 0.22

private sector

emp share 5.60 2.03 1.41 0.02 0.20

emp share, firms estab. ’85-’98 1.44 0.79 0.49 0.02 0.13

emp share, firms with emp≤ 25 0.09 0.01 0.02 0.00 0.80

# of firms per 100 workers 0.05 0.02 0.03 0.15 0.67

Notes: Conditions for Shiyan are reported in Column 1. Conditions for the natural comparison, Xiangxi,

are reported in Column 2. Conditions for Synthetic Shiyan are reported in Column 3. Column 4 reports the

p−values for the differences between Shiyan and Synthetic Shiyan. Column 5 reports the p−values of the

differences between Xiangxi and Synthetic Shiyan. The p−values are obtained using permutation tests.
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E Additional Robustness Checks

E.1 Hypothetical Railway Networks

We construct hypothetical railway networks to mitigate the concern that railway lines
are endogenous or affected by the TF. We construct two sets of hypothetical railway net-
works, one that minimizes railway length and the other that minimizes construction cost.

First, we treat the coordinate of a prefecture to be the population-weighted average
of the centroid of counties that comprise the prefecture. A candidate railway connecting
prefectures A and B, among which we choose from, is then defined as a sequence of inter-
connected prefecture coordinates starting from that of A ending with that of B. Second,
in searching for the minimum length ones among the candidate railway lines, we use
euclidean distance (so this overlooks the possibility that a line might have to go over a
mountain, resulting in longer distance than on the plain). Third, in searching for the
minimum construction costs ones among candidate railway lines, we assume that the
cost is a function of slope. We split each candidate railway line into 10 km segments and
calculate the average slope around each such segment. To convert slope into cost, we use
the same cost parameter as in Faber (2014), i.e., the cost of each kilometer of railway is
assumed to be the following:

cost = 1 + 15 ∗ slope.

This specification implies that the cost of building 1km railway in an area with a slope of
1 is equivalent to the cost of building 16 km railway on a plain. Under this specification,
the cost of the railway between Sichuan and Tibet is on average ten times as high as that
of railways in Anhui province on a per km basis, which appears sensible.

Figure E.1 shows the counterfactual railway network with the minimum distance
(Panel A) and with the minimum construction cost (Panel B). In each panel, we show
the 1962 network, the addition between 1962 and 1980, and the 1980 network. In each
map, hypothetical railway lines are shown in red, while the actual ones are in blue. In
both cases, the hypothetical networks have substantial deviation from the actual ones.

Note that our hypothetical networks differ from that of Banerjee et al. (2020) and Faber
(2014). Their hypothetical networks involve finding alternative network configurations.
For example, Banerjee et al. (2020) use a heuristic approach to connect major cities with
straight lines. Some actual lines in the data might not exist in the hypothetical network
constructed this way, and vice versa. In contrast, we assume that the two end nodes of
all actual lines are still to be connected. So what varies in our hypothetical networks is
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only the routing of individual lines. We adopt this approach because it better serves our
purpose. While the goal of Banerjee et al. (2020) and Faber (2014) is to come up an instru-
mental variable for the entire network, we only need to solve the potential endogeneity
in the route of individual railway lines. This choice is made because our identification
strategy exploits over-time variation in the construction of railways. Which lines were
built and when are precisely the variation we assume to be exogenous.

Distances to these networks are used to as the instrumental variable and the control
in Columns 4 and 5 of Table 6. One concern is that the choice of which lines to build, and
when, reflects the economic potentials of the nodes to be connected. Most of these nodes
are provincial capitals and highly-urbanized regions by 1964, which are already excluded
from our sample. To further guard against endogeneity arising from nodes, in Columns
4 and 5, we also control for each prefecture’s distance to the nearest node. Because we
already control for distance to the provincial capital, whether to control for distance to
the nearest node turns out not to matter. The results are also robust to excluding nodes
that are in our sample.

E.2 Alternative Sample Selection

Table E.1 reports the 2SLS estimates using alternative samples. Column 1 replicates
Column 3 of Table 6. Column 2 excludes 3 prefectures that had the largest manufac-
turing capacity. Column 3 excludes 4 prefectures in the sample that are rich in natural
resources. Column 4 includes all prefectures except for provincial capitals. Column 5
includes provincial capitals and includes a binary variable indicating a provincial capital.
Column 6 includes only southwestern provinces (Sichuan, Chongqing, Guizhou, Yunnan,
Guangxi, Hunan, and Hubei). Column 7 includes only northwestern provinces (Shaanxi,
Gansu, and Ningxia). The results are all quantitatively similar. First stages are also mostly
strong throughout.

E.3 Alternative Values for Detecting Poverty Trap

In assessing whether the TF investment has heterogeneous spillover effects in places
with different initial levels of economic development, we divide the sample prefecture
into two equal-sized subsamples: those with the 1964 urban rate above sample median
and those above. Figure 4 in the paper shows that the spillover effects on private manu-
facturing employment and wages are remarkably similar for both subsamples.

Here we investigate whether the results are sensitive to different choices of cutoff
values. We re-estimate the regressions underlying Figure 4 using alternative cutoffs.
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Table E.2 shows the results for cutoff values at the 25th, 50th, and 75th percentiles.
For each cutoff value, we run separate regressions for each subsample and report the
coefficient and standard error associated with the TF-built manufacturing capacity. The
first 3 columns report the results on the share of private manufacturing employment
in 2004. When the sample sizes are small, some of the coefficients are not precisely
estimated, but the coefficients for the above-cutoff sample are consistently similar to those
for the below-cutoff sample. Hausman tests all fail to reject the null hypotheses that
they are statistically the same. The last 3 columns report the results on the average
manufacturing wage in 2005. The estimates there are less stable, but overall we do not
find consistent evidence that the spillover effects are stronger in initially less-developed
prefectures.

E.4 Additional Welfare Discussion

In Section 7.2, we evaluate the wage and reallocation effects using variation within the
TF region. As discussed at the end of Section 7.2.2, the extrapolation might not be valid.
In particular, if the non-TF prefectures are already over-sized in the sense that adding
more plants would generate larger congestion costs than welfare gains, then moving some
plants to the less crowded TF region could be welfare improving even if the TF region
is less productive. Before further discussion, we should note that while this concern, if
valid, can affect the conclusion on whether the TF improves the aggregate efficiency, it
does not directly affect our second, broader conclusion that the spillover effects are not
stronger in poorer regions.

To explain the above concern in more detail, consider two counteracting forces. Ag-
glomeration effect makes denser economic activity more attractive while congestion ef-
fect makes it less so. When economic density is low, agglomeration effect dominates,
and adding an additional firm increases the average efficiency; when economic density
is too high, congestion effect dominates, and adding an additional firm reduces the aver-
age efficiency. So economic efficiency as a function of economic density may exhibit an
inverted-U shape.

Panel A of Figure E.2 illustrates a scenario in which directing resources from a more
productive location to a less productive location improves the aggregate efficiency. The
figure shows two regions A and B, with B having more firms. Firms in B have a higher
average efficiency than those in A. A is in the upward-sloping portion of the efficiency-
density curve while B is in the downward-sloping portion. Moving some firms from B
to A would raise efficiency in both places. It is worth noting that a profit-maximizing
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firm would choose to locate in B because the firm will have a higher efficiency level there.
But by doing that, it hurts the efficiency of all other firms in B. Due to this negative
externality, government intervention by reallocating the firm from the more-productive
region B to the less-productive region A could be efficiency-improving in the aggregate.

We test whether this scenario reflects the reality by drawing the efficiency-density
curve of prefectures inside and outside of the TF region. Economic density is measured as
the share of manufacturing employment in 2004.9 The average efficiency of the prefecture
is measured as the weighted average of the log TFP from manufacturing firms in the
prefecture. In Panel B, each red dot represents a prefecture in the sample, and each
blue cross represents a prefecture outside of the TF region. First notice that despite
investment from the TF, the red dots are clustered on the left part of the graph: the sample
prefectures were still much less industrialized than the rest of the country in 2004. Overall,
there is a weak positive correlation between manufacturing density and average firm
efficiency. The grey line is the local weighted smoothing function for prefectures outside
of the TF region. The average productivity seems to increase with log manufacturing
density. There is no sign of a downward-sloping trend among prefectures with the highest
manufacturing employment density, which suggests that the congestion effect is not too
strong to offset the productivity spillover. This result is consistent with the finding from
Au and Henderson (2006) that overall Chinese cities are too small and could gain from
further agglomeration. The caveat, of course, is that this plot is not really identified causal
effect of density of productivity.

9Here we use employment share to be consistent with the rest of the paper. An alternative measure
of economic density is number of manufacturing workers per square kilometers (e.g., Kline and Moretti,
2013).
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Figure E.1: Hypothetical Railway Networks

Panel A: Minimum Distance Network

A.1 1962 network

Panel B: Minimum Cost Network

B.1 1962 network

A.2 Additions between 1962 and 1980 B.2 Additions between 1962 and 1980

A.3 1980 network B.3 1980 network

Notes: Hypothetical railway networks that minimizes distance (Panel A) or the con-

struction cost (Panel B). In each map, blue lines indicate the actual network, red lines

indicate the Hypothetical network. In the middle panel, thin blue lines are the actual

1962 lines; the thick blue lines are the actual addition.
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Figure E.2: Congestion and Efficient Reallocation

Panel A: Efficient Reallocation
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Table E.1: Robustness in Sample

dep var: manufacturing employment share in 2004
(1) (2) (3) (4) (5) (6) (7)

baseline no large no mining urbanized prov cap SW NW
TF-built manu capacity 2.730 2.741 2.294 1.569 3.452 2.437 2.471

(0.394) (0.612) (0.525) (0.285) (0.690) (0.615) (0.784)
location-choice vars X X X X X X X
pre-TF conditions X X X X X X X
province FE X X X X X X X
first stage F-statistic 14.056 7.488 8.308 5.497 10.462 9.011 9.195
N 73 70 69 82 80 53 20

Notes: The dependent variable is the share of private manufacturing employment in 2004. All models
are estimated using the 2SLS. Column 1 uses the baseline sample. Column 2 excludes 3 prefectures that
had the largest manufacturing capacity in 1985. Column 3 excludes 4 resource-rich prefectures. Column
4 includes all prefectures except for provincial capitals. Column 5 includes provincial capitals and in-
cludes a binary variable indicating a provincial capital. Column 6 inlcudes only southwestern provinces
(Sichuan, Chongqing, Guizhou, Yunnan, Guangxi, Hunan, and Hubei). Column 7 includes only northwest-
ern provinces (Shaanxi, Gansu and Ningxia).

Table E.2: Alternative Cutoff Values to Test Poverty Trap

dep var 2004 private manu emp share 2005 manu worker wage

cutoff percentile 25th 50th 75th 25th 50th 75th

(1) (2) (3) (4) (5) (6)

above cutoff 1.603 1.172 1.107 0.027 0.038 -0.010

(0.268) (0.375) (0.709) (0.013) (0.018) (0.025)

below cutoff 1.301 1.221 1.640 0.105 0.031 0.052

(1.280) (0.602) (0.304) (0.105) (0.022) (0.017)

cutoff 1964 urban rate 5.261% 6.525% 8.360% 5.261% 6.659% 8.484%

Notes: All models estimated using the OLS. Each coefficient and the associated robust standard error are

from a separate regression using the baseline specification as in Column 1 Table D.1. The sample in each

regression is either above or below the cutoff value indicated in the table header. 2005 manufacturing

worker wage is the mean log residual from a set of baseline covariates at the prefecture level.
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