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Abstract

We study the local and aggregate effects of the “Construction of Third Front” (TF), an in-
dustrialization campaign that established manufacturing plants in China’s under-developed
hinterland. Exploiting spatial variation from the site-selection criteria for these plants, we find
that TF investment led to an increase in the size of the local manufacturing sector, mostly driven
by the nascent private sector, two decades after the end of the TF. This is despite the fact that
some of the locations were not the most suitable sites for manufacturing plants, pointing to
the importance of agglomeration forces in regional development. Through the lens of a simple
model, we further discuss the distributional and efficiency implications of the TF.
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1 Introduction

Governments in developing countries frequently adopt policies that direct investment to the man-
ufacturing sector, targeting either certain regions of the country or specific industries, in the hope
that such investment could kick-start industrialization and accelerate economic growth. From
a neoclassical perspective, such policies make little sense—if specialization in agricultural pro-
duction is the outcome of an efficient market, government interventions will only introduce dis-
tortions and reduce efficiency. However, dating back to as early as Marshall (1890), there have
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also been many accounts of external economies of scale in the manufacturing sector (for a recent
review, see Rosenthal and Strange, 2004). Because of these externalities, an economy might be
inefficiently stuck in a “poverty trap,” and government policies that encourage manufacturing
investment could potentially stimulate growth and push the economy into a better equilibrium
(Rosenstein-Rodan, 1943; Hirschman, 1958; Murphy et al., 1989).

Given the popularity of such policies, understanding their effectiveness is crucial. Yet con-
vincing empirical evidence is scarce due to the potential endogeneity problem—governments take
growth prospects into account when deciding where to direct investment, rendering it difficult to
estimate causal effects. We address this challenge and study the long-run impact of a particular
location-based industrialization policy in China, known as the “Construction of the Third Front”
(TF). Launched in 1964 and lasted for over a decade, the TF built hundreds of large manufactur-
ing plants in the country’s remote and mountainous hinterland, an area later known as the “Third
Front Region.” The TF significantly altered China’s economic geography by creating patches of
manufacturing clusters in this otherwise under-developed region. Focusing on this context, we
answer two questions: first, whether manufacturing investment promotes subsequent structural
transformation of local economies; second, whether such policies have a positive impact on the
aggregate economy.

The focus of the TF on manufacturing investment—as opposed to infrastructure projects or
cash transfers to residents as in many other regional development programs—allows us to address
the questions directly. With variation in industrial composition of investment across regions, we
are also able to shed more light on the nature of local spillover effects. In addition, the TF was
large-scale but short-lived, it enables us to study the long-run effect on economic development of
temporary manufacturing subsidies.

Our main finding is that, through within- and between-industry spillovers and other aspects
of local agglomeration economics, the TF promoted the growth of the local manufacturing sector
after preferential policies had ended, despite these regions were underdeveloped and geograph-
ically unfavorable. We also find that the strength of the spillover effects neither depended on
the investment intensity, nor varied across regions with different levels of initial economic devel-
opment. The lack of state-dependent or nonlinear spillover effects in our setting casts doubt on
poverty trap at the regional level. This finding leads us to conclude that the TF benefited local
economies through redistribution but did not increase the aggregate efficiency.

Our identification strategy exploits the sudden turns in geopolitical situations and the pecu-
liar site-selection criteria for TF plants. In 1964, China was still in the midst of a border dispute
with the USSR, when the Vietnam War escalated. To be prepared for a direct military confronta-
tion with either of the two superpowers, China launched the TF, the goal of which was to build
self-sustaining industrial clusters in the hinterland so that the country could have more “strategic
depth” during a war. To avoid destruction from mass bombing and to ensure access to transporta-
tion, TF plants were instructed to be scattered about rugged areas along the railway lines. As the
railway network was gradually expanding, however, the US-China relation had an unexpected
rapprochement and the priority of the country was shifted away from the TF. As a result, among
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the vast rugged areas in the TF region, only places that were connected to earlier segments of the
railway network received substantial investment, while places that were connected to the railway
slightly later did not.

This prompts us to use the timing of the railway construction as an instrumental variable for
the magnitude of the TF investment. The identification assumption is that, conditional on the
access to the complete railway network by the end of the TF, which we always control for, access
to earlier segments of the railway network affects the economic development of a local economy
only through its impact on how much TF investment it received.1 We conduct a host of tests to
verify the validity of this identification assumption.

We find that the TF investment has a positive long-run multiplier effect on the development of
the local manufacturing sector. A one percentage point (p.p.) increase in the share of employment
from TF plants raised the local manufacturing employment share by 2.7 p.p. twenty years after the
end of the TF and the start of the market reforms. The results are robust to alternative measures
of TF investment and alternative identification strategies.

About 78% of the effect is accounted for by the private sector, which was essentially non-
existent when the market reforms started in the 1980s. This result is unlikely to be driven by
continued state subsidies or privatization of state-owned plants—we show that the result is quan-
titatively similar when we focus on sub-samples of firms that were less likely to have been pri-
vatized, when we directly control for the growth of the local state-owned sector, and when we
explicitly account for the differential privatization process across industries. Using individual-
level migration data, we further show that the increase in manufacturing employment represents
the structural transformation of local economies rather than migration of manufacturing workers
across regions, so the TF indeed brings benefits to residents in recipient local economies.

These findings are supportive of local agglomeration spillovers in the context of economic de-
velopment: the TF plants generated positive spillovers and made it easier for private firms to
enter and operate productively. Consistent with this hypothesis, we show that the TF investment
increased the wage and productivity of the local manufacturing industry. With cross-industry
variation in the TF investment, we provide additional evidence by inspecting channels through
which agglomeration economics operates. Overall, a substantial share of the spillover effect takes
place within the same 2-digit industry of the original TF plants. Investment in a given indus-
try also tends to have larger impacts on the employment and productivity of industries that are
economically close, as measured by overlaps in labor pool, and the strength of technological and
input-output linkages between industries.

We then investigate the aggregate implications of the TF. One major opposition to government
interventions in the process of industrialization is that they are likely to distort incentives and
misallocate resources. In the context of the TF, it is easy to imagine that directing investment from
the productive coastal region to the less-developed TF region might result in substantial spatial
misallocation of manufacturing activities.2 On the other hand, if a region is stuck in a “poverty

1In recent work, Sequeira et al. (2018) uses a similar identification strategy to study the impacts of immigrant on
American counties.

2We ignore the fact that such investment could be made in other sectors and that financing of these projects also
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trap,” the marginal benefit of manufacturing investment could be either particularly large (e.g.,
Murphy et al., 1989), or particularly small due to the lack of complementary infrastructure. In the
former case, even if reallocating manufacturing plants to this region reduces their productivity,
the aggregate efficiency could still increase.

Using a simple model of structural transformation, we derive a set of conditions under which
the TF could increase aggregate output. Among these, two empirical conditions are most impor-
tant: first, whether the TF region is more productive; second, whether the spillover effects are
stronger in initially less-developed regions. We show that the TF region is less productive com-
pared to the rest of the country. Therefore, the reallocation of resources across space by itself
results in an efficiency loss. Using variation in initial conditions among local economies within

the TF region, we find that the TF investment has almost identical spillover effects in places with
different initial levels of development. It follows that manufacturing investment is unlikely to
have generated much stronger spillovers in the TF region than had the investment been made
to more productive places. The effects also seem to be linear, rejecting the hypothesis that only
large-enough investment could jump start structural transformation. Taken together, our results
suggest that the TF investment does not increase efficiency but mainly operates through redis-
tribution. Finally, we discuss how findings from the peculiar case of the TF may have broader
implications on other regional development policies.

1.1 Related Literature

This paper contributes to a long-standing debate on the role of government interventions in stim-
ulating industrialization in underdeveloped economies. On the one hand, in the presence of ex-
ternalities in the manufacturing sector, an economy might be inefficiently stuck in agricultural
activities. In such a scenario, the spillover effects generated by government-directed manufac-
turing investment may pull the economy out of the low-income equilibrium (Rosenstein-Rodan,
1943; Hirschman, 1958; Murphy et al., 1989). On the other hand, government interventions could
distort prices and lead to resource misallocation (Rostow, 1990; Cheremukhin et al., 2017). We find
that the TF investment benefits local economies through agglomeration economics, even though
the site selection decisions were not made to maximize economic return. Empirically, different
from earlier research that studies industrial policies and poverty traps using cross-industry or
cross-country variation (see, e.g., Beason and Weinstein, 1996; Easterly, 2006), this paper joins a
new and fast-growing group of studies that exploit variation at the sub-national level generated
by natural experiments (e.g., Criscuolo et al., 2019; Juhász, 2018).

This paper also contributes to the empirical studies of place-based policies (Gottlieb and Glaeser,
2008; Neumark and Simpson, 2014; Kline and Moretti, 2014b). We find that the effects of a favor-
able place-based policy may persist long after the policy has ceased and provide direct evidence
that these positive effects work through local agglomeration economics.3 In terms of empirical

creates inefficiencies.
3Since this paper focuses on the long-run effect of a temporary intervention, it is also related to the literature inves-

tigating whether temporary shocks might have persistent impacts on equilibrium outcomes (Bleakley and Lin, 2012;
Jedwab et al., 2017). In that literature, population is often the key outcome of interest. In this paper, however, the TF
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strategy, this paper is related to a growing literature that uses quasi-experimental variation in esti-
mating agglomeration effects (see, for example, Redding and Sturm, 2008; Greenstone et al., 2010;
Peters, 2017).

The focus on long-run effects in the context of economic development differentiates this paper
from much of the literature, which is usually set in developed countries and focuses on contem-
poraneous or short-term effects on wage and employment.4 An exception is Kline and Moretti
(2014a), who examine the impact of the Tennessee Valley Authority (TVA) on the long-run local
economic development. By comparing counties inside the TVA region with those just outside, the
authors find continued growth in manufacturing employment and productivity in TVA counties
after subsidies had ceased. The present paper is different in several important dimensions. First,
unlike the TVA, which invested in a broad spectrum of mostly infrastructure projects, the TF em-
phasized on manufacturing investment. Our paper therefore speaks to the effects of development
policies that favor the manufacturing sector, which are popular in many developing countries.
Relatedly, variation in the composition of industries in the TF investment further allows us to
study the channels through which local agglomeration economics takes effect. Second, when the
TF was initiated, China’s hinterland was much less developed than the TVA Region in the 1930s.5

Moreover, private firms in China were much more likely to suffer from financial constraint and
other distortions, which are also prevalent in many developing countries. A priori, it is unclear
whether these setbacks would imply stronger or weaker spillover effects. The TF thus provides
a unique opportunity to test whether manufacturing subsidies can have a large impact at early
stage of economic development. Last but not least, with well-documented investment strategies
of the TF, we are able to exploit exogenous variation within the targeted region, which adds to the
credibility of identification.

The rest of the paper is organized as follows: Section 2 describes a brief history of the TF;
Section 3 describes the data, key measures, and the sample; Section 4 documents site selection
criteria for the TF plants, which motivates our identification strategy; Section 5 presents the em-
pirical strategies and the baseline results on the development of local manufacturing sector; Sec-
tion 6 explores local agglomeration economics as the potential mechanism; Section 7 discusses the
implications on the aggregate efficiency; Section 8 concludes with a brief discussion of external
validity.

does not significantly affect the population in the treated regions. Our results focus on the industrialization of the local
economies and the aggregate efficiency of the manufacturing sector.

4There is also a strand of literature that examines the effects of economic zones in developing countries (Wang, 2012;
Alder et al., 2016). Most of their results should be interpreted as contemporaneous effects as these special economic
zones are still in place when the outcomes are measured. Moreover, because economic zones usually include a varieties
of policies, it is hard to attribute the outcome to any specific policy. In contrast, the setting studied in this paper allows
for a clear interpretation of the results.

5In 1964, the year when the TF was initiated, the average urbanization rate of our sample was merely 7 percent. In
contrast, in the 1930s, the average urbanization rate in the TVA region was around 40 percent.
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2 A Brief History of the TF

In the early 1960s, China was among the poorest countries in the world with GDP per capita about
one-fiftieth of that in the United States. The economy was largely agrarian, with a small industrial
sector (manufacturing, mining and extractions, and utilities) that accounted for less than 10%
of employment. Existing industrial clusters were concentrated in the northeast and the lower
reaches of the Yangtze River, especially Shanghai. The vast hinterland of the country was agrarian
and rural, with an industrial sector accounting for less than 5% of its employment. The economy
was just recovering from the Great Leap Forward and the ensuing Great Famine between 1959
and 1961. The initial draft of the Third Five-Year Plan stated that the primary goal for economic
development between 1965 and 1970 was to meet the basic needs of everyday life.6

The focus of economic planning changed dramatically in 1964 as the geopolitical situation
facing China took a sudden downturn. To the north, the relationship with the Soviet Union dete-
riorated, with the Soviet troops stationing along the China-Mongolia border, just 500 kilometers
across open ground from Beijing. To the southeast, the Vietnam War escalated after the Gulf of
Tonkin Incident in August. The resulting mass bombing of the North Vietnam menaced China’s
border. China’s leaders worried that should China find itself at war with the Soviet Union or the
United States, the country’s existing industrial clusters were too close to the potential war fronts
and were vulnerable to military attacks.

The “Construction of Third Front” was launched later that year with the goal of establishing
self-sustaining industrial clusters in China’s southwest and northwest, an area later known as
the “Third Front Region.” The purpose of the construction was to build strategic depth, so that
China could still have the industrial capacity to support a war even if it were to lose its factories
in the east. As Mao Zedong put it, "it’s a way of buying time against the imperialists, against the
revisionists....So that if war breaks out we have nothing to fear." (Naughton, 1988).

Figure 1 shows China’s distinct “three-rung-ladder” topography with rising elevations from
east to west. The TF region is encircled by the red line. It largely corresponds to the second geo-
graphic rung. The TF region is a vast area that overlaps with 9 provinces and accounted for about
20 percent of China’s population in 1964.7 Except for a few flat patches, the region is mountainous
and the terrain is rugged.

While the TF was planned as a long-term strategy, the harsh geopolitical tensions started to
ease sooner than expected. Nixon’s surprise visit to China in January, 1972, started the US-China
rapprochement. Increasingly, the TF was seemed unnecessary and wasteful. New projects were
halted. By the mid-1970s, only unfinished projects received continued investment until they be-
came operational. There was no official end date of the TF. However, the Communist Party’s
Assembly in 1978, which marked the start of China’s gradual transition into a market-based econ-
omy, was the de facto end of the TF.

6“jiejue chichuanyong,” which translates into “to solve the problems that involve eating, wearing, and everyday use.”
7The TF region include Sichuan (including Chongqing, which became a provincial-level municipality in 1997),

Guizhou, Yunan, Gansu, Ningxia, southern Shaanxi, northwestern Guangxi, and the western parts of Hubei and Hu-
nan.
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Figure 2 documents the scale of the TF investment. The thick blue line shows capital formation
per capita (relative to the national average) in provinces that were included in or intersected with
the TF region. The thin red line shows the same measure for the rest of the country. In line
with the historical account, capital formation per capita in the TF region was noticeably higher
between 1964 and the mid-1970s, during which 40 percent of the nation’s industrial investment
was estimated to have been dedicated to the TF region (Naughton, 1988; Central Documentary
Office, 1992), and declined precipitously afterwards. In the Online Appendix, we document the
same shift in industrial activities using output-based measures.

Most of the TF investment was in the manufacturing sector, either in constructing new factories
or expanding small existing ones. Investment prioritized industries that produce basic industrial
materials, such as steel and chemicals, as well as sophisticated products like machineries and
semiconductor instruments. A relatively small number of light industry plants were established
as supporting facilities. Some investment was made to infrastructure projects such as roads and
dams. Investment in agriculture was minimal.

The geographical and sectoral shifts in the focus of industrial investment during this period
are evident from firm-level data. The Complete List of Large and Medium Sized Industrial Plants in
the 1985 Industrial Census provides a detailed snapshot of China’s major industrial presence by
the end of the country’s command economy era. Table 1 documents the changes in characteristics
of plants that were established before the TF (before 1964, Column 1) and those during the TF
(between 1964 and 1978, Column 2). Panel A shows the characteristics of counties in which the
plants were located. Only 13% of the plants established before the TF period were located in the
TF region, compared to 32% among those established during the TF period. The TF plants were
half as likely to be located in a provincial capital. They were more likely to be located in counties
that were farther away from provincial capitals, in higher elevations, and had more rugged ter-
rains. Column 3 reports the differences in mean values of each characteristics and the associated
standard deviations. It shows that these differences are large and are all statistically significant.
Considering that some of the investment was made to expand existing plants in the remote and
mountainous hinterland, the differences shown here are likely to understate the actual signifi-
cance of the TF . Panel B shows that plants established during the TF period were less likely to
be in mining, utilities, and light industries. They were significantly more likely to be in industries
that produce chemical products, machinery, electric equipments, and electronic devices.

The TF substantially altered the landscape of China’s economic geography. In 1979, provinces
in the core TF region (Sichuan, Guizhou, Shaanxi and Gansu) accounted for 9 percent of the na-
tional industrial output, compared to less than 6 percent in 1964. Within the TF region, some unde-
veloped locations received large manufacturing plants and later emerged as important industrial
centers. For example, Mianyang in Sichuan province developed into a cluster of electronic device
makers; Shiyan in Hubei province was home to China’s second largest automobile factory. At
the same time, many places in the region, similar in initial economic and geographical conditions,
remained largely agrarian and undeveloped.

In a series of reforms, the TF plants, all of which state-owned, were gradually granted more
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autonomy and weaned from government subsidies. Private firms were allowed to enter and grew
rapidly. By 2004, over 60% of manufacturing employment nationwide was in the private sector.
We investigate whether the manufacturing investment during the TF contributed to the continued
structural transformation of local economies and the rise of the private sector. Existing views differ
with regard to this question. On the one hand, it is possible that large plants stifled entrepreneur-
ship in the local economy (Glaeser et al., 2014). Indeed, looking back on China’s transition into
an market economy, a popular view is to see the inefficient state sector as a drag on local eco-
nomic development. On the other hand, equipped with arguably the most advanced technology
and skilled workers in China at that time, the TF plants could facilitate the entry and growth of
local private firms by passing on know-how and skills (e.g., Glaeser and Kerr, 2009), which were
particularly scarce in the remote TF region.

3 Data, Measurement, and Sample

3.1 Data Sources

From various sources, we assemble a dataset of Chinese prefectures covering a period of 70 years.
Some data are digitized from historical archives and are, to the best of our knowledge, new to
the literature. The data cover a wide range of topics, including local economic conditions, demo-
graphic and geographic characteristics. Most of these data provide information at the county or
prefecture level, while others are at the individual or firm level. This section briefly describes the
main sources of data. More details on variable construction are provided in Online Appendix A.

Our data can be broadly classified into three time periods: before the TF, right after the TF, and
the long run. Data in the “before” period are measured in or before 1964. They provide information
on the initial conditions of local economies prior to the TF, which took place between 1964 and
1978. Information during the TF is unfortunately scarce and of low-quality, despite our best effort
in data collection. We therefore rely on census and national surveys conducted in the early 1980s,
which provide a snapshot of the Chinese economy “right after” the TF but before the start of the
market reforms in the industrial sector. With caveats, precautions, and robustness tests discussed
below, we primarily use the data from this period to measure the scale and distribution of the TF
investment. Finally, we measure the “long run” outcomes on local economic development using
data from the early 2000s, two decades after the start of market reforms.

Data sources for the “before” period mainly include the 1936 National Industrial Survey, 1964

Population Census, and GIS maps for geographic and infrastructure features. The 1936 National In-

dustrial Survey provides the first snapshot of the industrial sector in China. We digitize the Survey

and measure manufacturing employment in each prefecture. Statistics from the 1964 Population

Census is available at the county level and is used to construct two measures of a prefecture’s ini-
tial economic conditions: population density and the share of urban population, defined as the
fraction of local workers holding an urban hukou.8 We extract geographic characteristics from GIS

8
Hukou refers the residence-registration system in China. Before the market reforms, hukou status was tightly linked

to occupation. Only those who work in the urban sector—manufacturing, services, government, and military—had
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maps obtained from the China Historical GIS Project, with which we construct the average eleva-
tion, average slope, and distance to provincial capitals.

Data sources for the “right after” period include the 1985 Industrial Census, which we digitize
from various volumes of statistical publications, and the 1982 Population Census. Both datasets
include county level statistics; in addition, the 1985 Industrial Census reports a complete list of
large and medium sized (LMS) manufacturing plants in the country. For each firm, the list reports
its name, detailed address, industry (divided into 39 industries roughly corresponding to 2-digit
SIC codes), employment, capital, output, year of opening, and names of its key products. These
firms accounted for over 70 percent of total manufacturing output in the TF region in 1985. We
use counts and sizes of LMS plants to gauge the distribution of the TF investment.

Data sources for the “long run” mainly include the firm-level data from the Annual Manu-

facturing Firm Survey in 2004, the 2004 Economic Census and the individual-level data from the
Inter-decennial Population Census of 2005. We use firm-level information to measure industrial de-
velopment by firm ownership, size, and industry; we use individual-level information to construct
variables on income, migration, and additional demographic characteristics.

Digital maps of railway lines are from Baum-Snow et al. (2017). We use two snapshots of
the railway networks. The first snapshot includes railway lines that had existed or were under-

construction in 1962, right before the TF. The second snapshot describes the complete railway lines
in 1980, right after the TF. We measure the distance between each prefecture to these two railway
network snapshots.

The unit of analysis is a prefecture, the administrative unit between a county and a province.9

Prefecture boundaries have changed over time. We aggregate variables from the county level
to the prefecture level using consistently-defined county boundaries. Details of this process are
provided in Online Appendix A.

3.2 Measurement

The key explanatory variable is the size of TF investment in the manufacturing sector. Due to the
lack of high-quality data between 1964 and 1978, in baseline analysis we proxy for TF investment
with the share of prefecture employment from the LMS manufacturing plants listed in the 1985

Industrial Census. Because some TF investment was made to expand existing firms in the region,
in the benchmark analysis we include all LMS plants on the list regardless of year of opening.

Our baseline measure focuses on employment, rather than capital stock or revenue, because
prices in a planned economy might be distorted and therefore fail to capture the true values of
the investment. There are two concerns on whether this measure truly represents the amount of
TF investment a prefecture received. First, this measure might miss investment in small plants.
Because the TF plants were generally large enough to qualify for the list of the large and medium
plants, we believe the first concern is unlikely to be important. In a robustness check, we control

urban hukou.
9In 2000, China is divided into 345 prefectures. A typical prefecture covers about 25 thousand square kilometers and

had about 4 million residents. Commuting across prefecture borders is rare so spatial spillovers are less of a concern.
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for employment from smaller plants and show that the result is unchanged.
Second, given this variable is measured a few years after the end of the TF, even if the dis-

tribution of the initial TF investment is exogenous, what we measure in 1985 might be subject to
survival bias, i.e., plants located in places with better economic development potentials would
have grown larger by the time data were collected. The timing of the 1985 Industrial Census and
the reform in China’s industrial sector help alleviate the second concern. For the survival biases to
be significant, factories need to operate with autonomy in the market environment for sometime.
In the setting here, although much of the TF investment was made in the late 1960s and the 1970s,
it took many TF plants several years before they finally became operational. Moreover, before the
market reforms in the industrial sector started in the mid-1980s, state-owned firms had little au-
tonomy in hiring and firing decisions. For these reasons, the size of these plants in 1985 remains
a good proxy for the TF investment. The IV strategy introduced in the next section addresses the
survival bias directly. To further alleviate the concern, we show that results are similar when we
use two sets of alternative measures of TF investment that are less susceptible to the concern of
survival bias.

The outcomes of interest are measures of local manufacturing sector performance. The baseline
outcome variable is manufacturing employment share in 2004, constructed from the 2004 Economic

Census and the 2000 Popular Census. To highlight local spillovers and agglomeration economics as
the potential mechanism, we also examine the employment share of the private manufacturing
sector. The private sector was non-existent before the market reforms took place, so its share of
prefecture employment could be interpreted as level growth since the market reforms. To rule out
privatization as a potential contributor to the private sector, we follow a narrow definition of the
private sector, excluding all firms that are solely or partly owned by all levels of governments, and
all joint-venture firms between any entities and the state sector.

3.3 Sample

We focus on the TF region, which contains 89 prefectures. Several restrictions are made to re-
fine the sample. First, in China’s hierarchical system of cities, provincial capitals receive prefer-
ential treatments and usually follow different development paths compared with the rest of the
province, so we exclude the 8 provincial capitals in the region. Second, some places in the TF
region are extremely remote and sparsely populated, but had a high urban rate prior to the TF be-
cause they were the home to special industries. For example, Jiuquan of Gansu province, which is
in the Alxa desert, has been the site of China’s rocket-launching facility since 1957. The combina-
tion of low population density and the large number of on-site workers makes urban rate in 1964
a bad proxy for initial economic conditions or development potentials. We follow a simple cutoff
rule and drop prefectures with more than 15% urban population in 1964. The baseline sample has
73 prefectures. We show in the Online Appendix that our results are robust to both the inclusion
of provincial capitals and using alternative cutoff values of the 1964 urban rate.

Table 2 reports the summary statistics of key variables for the baseline sample. The average
urban rate in 1964 was 7.14%. The TF investment, measured as the employment from the LMS
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manufacturing plants, accounted for about 1.11% of the total employment in the average sample
prefecture. By 2004, the average manufacturing employment share was 4.29%, among which over
60% was from the private sector.

4 Site Selection of the TF Plants

This section describes the site-selection criteria for TF plants, which motivate our identification
strategy. The TF was planned and carried out in a top-down fashion. The Central Committee of

the Third Front Constructions (hereafter Central Committee) was in charge of distributing hundreds
of projects across the region. Defense from potential military attacks, especially mass bombing
and nuclear attacks, was the top consideration. The Committee issued site-selection criteria which
stated that the TF plants should be "dispersed, hidden, close to mountains" (Central Documentary
Office, 1992), so damage from weapons of mass-destruction could be minimized. According to
these criteria, existing population centers and places with relatively flat terrain were to be avoided.

Consistently with the criteria, Table 3 shows that among the LMS plants located within the TF
region, those built during the TF period were much less likely to be located in a provincial capital
compared to those built before the TF period. The site chosen for the TF plants also tended to have
more rugged terrains, higher elevation, lower population density and urban rate in 1964, and a
smaller industrial sector in 1936.

Hiding factories in mountains far away from major population centers made the shipment
of construction materials, capital equipment, and output a challenge, so in implementation, ac-
cess to railway became a necessity. While several railway lines for interior China had long been
planned, in 1964, when the TF was launched, only a subset of them had actually been built. Push-
ing forward the TF program in a great sense of urgency, decision markers therefore had to spread
a large number of plants along existing railway lines. With railway network in the region grad-
ually expanding, additional plants were then scattered along the segments of the new lines that
cut through mountainous areas.10 The planned multi-decade program was cut short,11 however,
because of decreasing strategic value due to easing tension between China and the U.S. in the
early 1970’s, combined with the realization by the decision makers of the egregious costs of build-
ing large manufacturing plants in the mountains. The TF investment dwindled quickly since the
mid-1970’s. As a result, only places near railway lines that were completed earlier received much
TF investment, while places near railway lines that were completed slightly later did not.

Figure 3 provides graphic support for site-selection criteria of the TF plants. Each red dot
represents 25 workers from the LMS plants. The colored image of the topography shows elevation
and terrain. Red lines show the railway lines that had existed or were under construction in
1962, which we refer to as the existing railway. Because the TF ended sooner than expected, the

10Many attribute railway construction in the region during the period to the TF program. However, many of these
lines were already planed before the TF was launched. One legitimate concern is that the TF program might have
affected which of the “planned” railway lines ended up being built first, leading to potential endogeneity. We discuss
this possibility extensively in Section 5.2.

11The TF was planned as a long-term program, as Mao famously claimed that although the exact time is impossible
to predict, a war will break out eventually and China should always be ready for it.
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complete railway network planned to be finished by the end of the TF is not directly observable.
We use the finished railway lines by 1980 as a proxy for the planned railway and plot them in
blue in the Figure.12 We refer to this as the complete railway by the end of the TF. Two patterns
are apparent from the map. First, except for the provincial capitals, an overwhelming share of the
TF investment was in the mountainous areas. It is striking that, much of the Sichuan Basin (the
round green area in the middle of the map) outside of Chengdu and Chongqing, being the only
large plot of flat land in the region, received little investment. Second, while the TF investment is
generally scattered along the railway, only places along the existing railway lines had substantial
manufacturing employment.

Panel A of Table 4 documents statistical evidence for the location choice criteria. The depen-
dent variable is our measure of TF investment and the independent variables are various proxies
for the criteria. Dispersion is measured as as distance to the provincial capital, which usually is the
most important population and economic center in a province; hiddenness and closeness to moun-

tains are measured with two geographic characteristics: average ruggedness (slope) of the terrain
and average elevation; access to the railway is measured as the distance to the existing and complete
railway lines. We control for province fixed effects in all regressions to count for cross-province
differences.

Column 1 shows that prefectures that are farther away from the provincial capital and with a
more rugged terrain received more TF investment. Being close to the railway projected to be built
by the end of the TF is also an important determinant, but as Column 2 shows, only for prefectures
that are close to the existing railway lines. Conditioning on the distance to the complete railway,
if the distance to the existing railway decreases by 1 log point, TF investment increases by 1 p.p.,
which is about 90% of the sample average.

Are our proxies for the selection criteria masking some fundamental economic advantages of
prefectures that receive large amounts of TF investment? The remaining columns suggest not.
Columns 3 and 4 show that, in general, places received larger investment had better initial eco-
nomic conditions prior to the TF. However, Columns 5 and 6 show that, once we control for the
selection criteria, initial economic conditions no longer play a role—the test for joint significance
of these conditions has a p-value of 0.5. These results confirm that the site selection criteria were
followed and that conditional on these criteria being met, local economic potentials were not im-
portant considerations for site selection of the TF plants.

As a placebo test for the results above, Panel B of Table 4 repeats the same exercises on non-
provincial-capital prefectures outside TF region. The dependent variable is the share of employ-
ment from the LMS manufacturing plants in 1985. Columns 1 and 2 show that manufacturing
employment is clustered near railway lines, but importantly, the clustering is not particularly pro-
nounced along the existing lines. Places closer to provincial capitals, not those with a more rugged
terrain or higher elevation, had larger manufacturing presence in 1985. Perhaps most convinc-
ingly, Columns 3 to 6 show that economic conditions before the TF period are strong predictors

12The minor misalignments between the blue and red lines in early segments of the railway network are due to
measurement errors—the GIS railway maps are digitized from hard copy maps (Baum-Snow et al., 2017).
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for the spatial distribution of the manufacturing sector and remain so after proxies for the location-
choice criteria are controlled for (the p-value of the joint test for initial conditions remains close to
0 in Column 6). These results confirm that the previous evidence was a result of the site-selection
criteria for the TF, rather than some systematic measurement issues.

5 Empirical Strategy

The facts documented previously about the TF indicate that we should control for the site selection
criteria. Moreover, we can use the timing of railway construction as an instrument for TF invest-
ment, which would exploit the interaction between the unexpected cutback in the aggregate scale
of the TF and the gradual expansion of the railway network.

5.1 Regression Specification

The baseline empirical model is as follows:

yi = bTFInvi + LocChoicei · q + IniEconi · g + sp + # i. (1)

Each observation is a prefecture. yi is some measure of the manufacturing sector in prefecture
i in the post-reform period. In the baseline specification, yi is the manufacturing employment
share in 2004. TFInvi is the size of TF manufacturing investment in prefecture i. In the baseline
this is measured in 1985 as the share of prefecture employment in the LMS manufacturing plants.
LocChoicei is a set of proxies for location-choice criteria, which include distance to the provincial
capital, average elevation and slope, and distance to the complete railway in 1980. The last cri-
terion, distance to the complete railway serves two purposes: First, it is a proxy for the planned
network in the information set of decision makers when laying out the TF program; Second, it
also captures any direct effect of access to railway by the end of the TF on subsequent economic
development.

IniEconi is a vector of economic conditions prior to the TF, which includes urban rate and
log population density in 1964, and share of industrial employment in 1936. We further control
for the endowment of natural resources, proxied by share of employment in the mining sector
in 1985. sp is a set of province fixed effects. # i is the error term, which is estimated using the
heteroskedasticity-robust formula. b is the parameter of interest. Its interpretation is the percent-
age point (p.p.) increase in the share of manufacturing employment in 2004 as a result of a 1 p.p.
increase in the employment share from TF manufacturing plants.

Given TF’s site selection criteria documented above, the selection-on-observable assumption
of the TF investment is likely satisfied, so we can in principle estimate Equation 1 directly. How-
ever, there might still be concern that our proxies do not capture all relevant information used in
decision making. Moreover, the gap between time of investment and the time of measurement
also results in a potential survival bias in our measure of the TF investment. We return to both
issues in the robustness checks presented below. In the baseline, we address both concerns using
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an instrumental variable for TF investment.
Specifically, we use the distance to the existing railway in 1962 as an instrument for the TF

investment. Since we already control for the distance to the complete railway, which captures any
direct effect of railway on the local economy, the instrument should be interpreted as the effect of
being connected to the railway network earlier.13 It effectively exploits the variation from the in-
teraction between the sharp decline in the TF investment due to changes in geopolitical situations
and the gradual expansion of the railway network. If valid, the IV also solves the survival bias
problem.

5.2 Identification and Potential Threats

The relevance of the instrument is evident from our earlier discussion on Figure 3 and Column 2
of Table 4, which is essentially our first stage. The validity of the instrument requires that condi-
tional on the access to the completed railway network in 1980, a prefecture’s access to the existing
railway before the TF is uncorrelated with unobserved factors that determine local economic de-
velopment. This assumption seems reasonable in our context, given the window of time difference
exploited here is relatively narrow—most of the existing railway lines in our definition were not
completed until in the 1950’s, and a large fraction were still under construction when the TF was
initiated; the complete railway lines, on the other hand, were all finished by 1980. With such a small
difference in the timing of railway completion, the relevance of our instrument comes primarily
from the fact that the TF was started unexpectedly in 1964 and then halted prematurely in the
early 1970’s. This short window also alleviates the concern that railway lines built earlier might
have different direct effects on economic development after the market reforms, which is the focus
of our empirical study.

One might be rightfully skeptical that places with better economic potentials were connected
to the railway earlier. The nature of China’s railway network helps alleviate this concern. China’s
railway lines were planned to connect provincial capitals, linking other places along the way sim-
ply because they happened to be en route (Banerjee et al., 2012). Because provincial capitals are
excluded from the sample, the instrument exploits, among the remaining prefectures, the varia-
tion in which they happened to be sited between pairs of provincial capitals that were connected
earlier or later. Since the existing railways were all built or planned before the TF, when most of
these prefectures were rural areas with little industrial presence, it is unlikely that they had an
influence on which provincial pairs got connected first.

One major factor determining which pairs of provincial capitals got connected earlier is engi-
neering constraints. This was especially true in the TF region due to its rugged terrain and com-
plicated geological features. Often, engineering difficulties in a small segment could drastically
delay the completion of the whole railway line, affecting railway access in places hundreds of kilo-
meters away (so delays are not necessarily caused by anything directly related to local economic

13The identification in our specification is different from a growing body of literature on the effect of transportation
infrastructure that exploits variation in route of railway or highway lines (e.g., Banerjee et al., 2012; Faber, 2014). Our
specification conditions on the access to the complete network in 1980 and uses variation from the timing of construc-
tion.
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development). Figure 3 shows that there are two major railway lines that were built later, which
were meant to connect Chengdu/Chongqing with Eastern China. The fall line near the border of
Sichuan and Hubei rendered railway construction difficult, which slowed down the progress of
the two lines. A perhaps extreme example of engineering-related delay was the chuan-han railway
line, which was planned and partially constructed as early as the 1910s. Yet it was not completed
until 2009, almost a hundred years behind schedule, due to engineering difficulties near where
the Yangtze River forms a deep gorge at the fall lines.

While the identification assumption is not directly testable, under the assumption that local
economic potentials are correlated with pre-TF economic conditions, we can validate whether
prefectures with better economic potentials were also on the earlier segments of the railway net-
work. Specifically, we regress initial economic conditions prior to the TF period on the distance
to the existing railway, while controlling for the distance to the complete railway and a set other
pre-determined characteristics. Columns 1 through 3 in Table 5 show that controlling for the dis-
tance to the complete railway network, there is no evidence that the distance to earlier segments
is statistically correlated with other economic conditions prior to the TF period.14

Our identification requires the timing of railway construction to be exogenous to the sample
prefectures. A perhaps more demanding version of the identification assumption is that the route

of the railway network is exogenous to the sample prefectures—if which of the prefectures would
eventually be connected is exogenous, it would be even less likely that which of them were con-
nected earlier was endogenous. We provide direct evidence that the route is itself uncorrelated
with proxies for economic prosperities. Columns 4 through 6 of Table 5 show that overall, dis-
tance to the complete railway network is uncorrelated with initial economic conditions prior to
the TF period. For example, the coefficient in Column 4 shows that a 1 log point decline in dis-
tance to railway (about two-thirds of a standard deviation) is associated with a 0.4 p.p. increase in
urban rate in 1964, or one-sixth of a standard deviation. The correlation is statistically insignificant
at conventional levels.

As discussed previously, one explanation for the above patterns is that railways were mainly
built to connected provincial capitals, which were excluded from our sample. Our tests suggest
that there is no statistical support that the railway lines might endogenously zig-zag to pass by
prefectures with better economic potentials. As an additional robustness check, we experiment
with hypothetical railway routes that connect provincial capitals with straight lines (Banerjee et
al., 2012). We distinguish “existing lines” and “completed lines” by inspecting whether each pair
of provincial capitals was connected in 1962 and 1980. These hypothetical railway networks are
illustrated in Appendix Figure E.1. We construct variables indicating distance to the hypothetical
existing and complete railway lines accordingly.

14One may also be concerned that TF investment affected the plan of railway construction after 1962. This could
impose a problem for our identification strategy only if in choosing which prefecture to be connected by the subsequent
railway, the selection criteria on unobservable characteristics were changed because of the TF program. For exam-
ple, with the national defense mandate, railway lines built during the TF period passed through particularly isolated
locations, which have geographic features that could not be accounted for by the geographic variables we already con-
trol for yet still mattered for economic development. This could also be partially addressed by testing the correlation
between the timing of railway connection and pre-TF initial economic conditions, as shown in Table 5.
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5.3 Baseline Results

Table 6 reports our baseline results. Models in the first 3 columns are estimated using the Two-
Stage Least Squares (2SLS) estimator, with distance to the existing railway lines as an instrument
for the TF investment. Distance to the complete railway lines and a set of province fixed effects
are always controlled for.

Column 1 presents the result from the most parsimonious specification. The Kleibergen-Paap
F-statistic is about 15, indicating a reasonably strong first stage. Column 2 adds proxies of other
site-selection criteria: average slope, average elevation, and distance to the provincial capital.
Column 3 further adds pre-TF initial economic conditions: urban rate and population density in
1964, and industrial employment share in 1936. The power of first stage and the coefficient asso-
ciated with TF investment barely change. The specification in Column 4 uses distance-to-railway
variables constructed from hypothetical straight lines that connect provincial capitals, which ad-
dresses the concern that at a local level, specific segments of railway might be chosen to connected
specific cities. The first stage is weaker, with an F-statistic of only 4.3, because the distance to the
hypothetical railway lines is a much noisier predictor of TF investment. Nevertheless, the coeffi-
cient remains largely comparable. Column 5 reports results from the OLS estimation of Equation
1. Reassuringly, the coefficient is comparable with the 2SLS estimates, albeit slightly smaller.

Our preferred specification is the one in Column 3. The coefficient suggests that if a prefec-
ture’s employment share from TF manufacturing plants increases by 1 p.p. (about 90% of the
sample mean), share of manufacturing employment in the prefecture two decades later increases
by 2.8 p.p. We can also reject the null hypothesis that the coefficient is equal to 1, indicating a mul-
tiplier effect. Considering that the average value of the outcome variable in the sample is 4.3%,
this effect is substantial.

5.4 Robustness Analyses

Measurement of TF Investment

We experiment with alternative measures of TF investment. Because some of the TF investment
was devoted to expanding existing plants, in the benchmark we include employment from LMS
plants that were established both during and before the TF period. In Column 1 of Table 7 we
use employment share from plants that were established during the TF period as the measure for
TF investment while controlling for employment share from other LMS plants. The coefficient is
similar.

The TF plants were predominately large, so the measure using LMS plants should capture
the bulk of the TF investment. However, we may still miss smaller plants which may be part of
the TF investment. To the extent that investment in larger and smaller plants in a prefecture was
correlated, and smaller plants were more likely to be privatized in the reform years (Hsieh and
Song, 2015), our baseline results on private manufacturing development may be biased because
it may pick up privatization. The 1985 Industrial Census reports the total industrial employment
at the county level. We measure the employment of smaller plants by deducting the employment
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in LMS plants from total industrial employment. Column 2 of Table 7 includes this measure. The
coefficient associated with TF investment is essentially unchanged.

Our key measure of TF investment is not contemporaneous, but measured a few years after the
end of the TF. The concern for survival bias—firms in better locations grew larger—is part of the
endogeneity problem and is addressed by the instrumental variable. Nevertheless, it is instructive
to show that the results are not sensitive to alternative measures that are less susceptible to the
survival bias. We replace employment share with counts of LMS plants (per 10,000 workers) under
the assumption that plant closures and firm bankruptcies were rare before the market reforms.
In Column 5 we construct a measure of planned industrial centers based on the The Third Five-

year Plan, published before the TF constructions.15 Columns 3 to 5 of Table 7 show that we have
qualitatively similar results using these alternative measures.

Conditional Independence Assumption

Recall that consistently estimating b in Equation 1 directly using OLS requires that

E[TFInvi · # i|LocChoicei, IniEconi, sp] = 0. (2)

The common critique of such an assumption is the potential omitted variable bias: econometri-
cians are unable to exhaust all the possible factors that are correlated with both the treatment
and the outcome variables. In our specific setting, however, given the focus of the TF on mili-
tary considerations and the resulting explicit criteria for site selection, Assumption 2 seems more
plausible. Indeed, the results in Table 4 suggest that conditioning on the location choice criteria,
proxies for economic development are not correlated with investment decisions. To the extent
some unobserved economic fundamentals might matter for long-run development, they are un-
likely to matter beyond the information readily available to the decision maker of the TF. In Online
Appendix D, we report analysis based on the OLS, and find very similar results.

In Online Appendix D we also present a case of a large TF project, whose site selection process
resembles a tournament. Following (Greenstone et al., 2010), we show that comparing with the
runner-up, the winning prefecture had a larger private manufacturing sector in the 2000s. Based
on the identification assumption for consistent estimates using tournaments, we devise a novel
approach to directly test the conditional independence assumption. We find that the omitted
variable bias, if any, is negligible.

6 Evidence of Local Agglomeration Economics

The baseline results show that temporary policies during the TF has a long-lasting multiplying
effect on the structural transformation of local economies. Nevertheless, the results so far are silent
on the mechanisms through which persistent effects work. In this section, we show evidence that
local agglomeration economics plays an important role: the proximity to TF plants made it easier for

15Although the Plan did not disclose the exact location of each TF project, it indicated whether a prefectures was
designated to be an industrial center. We were able to identify 18 designated industrial cluster in our sample.
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other plants to enter, grow, and become productive. To highlight the spillover effects, we focus
on private manufacturing firms. Because the private sector was virtually non-existent when the
TF ended, the effects of TF investment on the size of the private manufacturing sector can be
interpreted as effects on the growth in levels since the start of the market reforms. We rule out a
few alternative interpretations and then test a few specific channels through which agglomeration
economics works. Finally, we ask whether the TF, as a regional industrial policy, truly benefited
local residents.

6.1 Spillover to the Private Manufacturing Sector

Table 8 reports a set of regressions using the benchmark specification, with the dependent variable
being various measures of the performance of the private manufacturing sector. Column 1 sug-
gests that a 1 p.p. increase in the TF investment increases the private manufacturing employment
share in 2004 by 2.1 p.p. Considering the effect on the manufacturing sector as a whole is 2.7 p.p.
(Table 6 Column 3), private sector accounts for the bulk of the effects. The sample prefectures had
an average private manufacturing employment share of 2.7 percent and a standard deviation of
3.1, so the effect is 78% of the mean or two-thirds of a standard deviation.

Besides local agglomeration economics, there are several alternative explanations for the effect
on private manufacturing sector growth. During the market reforms, many state-owned enter-
prises (SOEs) were privatized. One important concern is that our estimate may be simply picking
up changes in ownership. It is worth noting that the way we define the private sector already pro-
vides assurance against this concern. Specifically, we exclude all firms with any state shares, and
all joint ventures between state and non-state sectors. Since the restructuring and privatization
usually took the form of creating joint ventures and mixed-ownership firms (Naughton, 2007),
our measure minimizes the risk of picking up the privatized SOEs.

We provide additional evidence to rule out privatization as an alternative explanation. In Col-
umn 2 of Table 8, the outcome variable is the employment share from private firms that were
established between 1985 and 1998. With this restriction, we include only firms that entered after
the market reforms had started but before the large wave of privatization.16 This measure is there-
fore less likely to be affected by privatization. As shown in the bottom of the table, about a third
(0.875/2.69) of the private manufacturing employment in 2004 are in these firms. The estimated
coefficient indicates that if the TF employment share increases by 1 p.p., employment share from
these firms increases by 0.73 p.p., which is about 83% of the sample mean. This relative mag-
nitude is similar to that from the benchmark specification shown in Column 1, suggesting that
privatization is unlikely an important concern.

The second piece of evidence relies on the fact that TF plants tended to be large. The smallest
1% of TF plants had more than 200 workers in 1985, and the median had over 1,000 workers, so
small private firms in 2004 were unlikely to be privatized TF plants. We use employment share
of small private firms (with fewer than 25 workers in 2004) as an alternative outcome measure.
Column 3 shows that the effect of TF investment remains economically and statistically significant.

16Zhu Rongji became China’s premier in 1998 and carried out a large wave of privatization of the SOEs.
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The estimated effect is about 62% (0.018/0.029) of the sample average of the dependent variable.17

The third robustness test is to control for changes in employment share of the state-owned
manufacturing plants between 1985 and 2004. If the result is driven by privatization, places with
more rapid state-sector growth (indicating less privatization) should have a smaller private sector.
Column 4 shows that the opposite is true. One may also be concerned that this additional control
variable is endogenous: places more suitable for the development of the manufacturing sector
would have a faster-growing manufacturing sector, both state-owned and private. If some of the
SOEs were then privatized, it could also explain the growth in the private manufacturing sector.
If this is the case, then controlling for the growth in the state-sector employment, which implic-
itly (and partly) controls for unobserved locational characteristics, should reduce the coefficient
associated with the TF investment. Instead, we find that the coefficient becomes even larger.

Finally, we exploit cross-industry variation in the state-sector reforms. Since the start of the
market reforms, some industries gradually opened up to private entrants, while others, especially
those related to infrastructure, natural resources and national defense, are still largely under strict
state control. Private entries into these industries have been limited. If privatization is important
for our result, we should expect prefectures receiving more investment in industries under stricter
state control have a smaller private sector. To implement this test, we construct a “state-share in-
dex” for each prefecture. Specifically, using data from the 2004 Economic Census, we first calculate
the state sector’s share in each 2-digit manufacturing industry j at the national level, denoted as
tj. The shares of state-sector employment vary greatly across industries, ranging from 97% in the
tobacco industry to 13% in the furniture industry. We then calculate the “state-share index” of TF
investment in prefecture i as Si = Âj(tj � t̄)sij/st, in which sij = TFInvij/ Âj TFInvij is the share
of industry j in TF investment in prefecture i, t̄ is the average share of state-sector employment
across all industries and st is the standard deviation of tj’s. Si is zero if the TF investment in pre-
fecture i is evenly distributed across all industries, and is higher if more investment in prefecture i

is in industries dominated by the state sector. We include Si and its interactive term with TFInvi in
the regression, instrumenting the interactive term with the interaction between distance to exist-
ing railway and the state share index. If privatization drives the result, the coefficient associated
with the interactive term would be negative and the coefficient of TFInvi would become much
smaller. Column 5 shows that this hypothesis is not supported by the data. The interactive term
does have a negative sign but is not statistically different from zero; the coefficient associated with
TFInvi is quantitatively similar to that in Column 1. One concern for this specification is the weak
first stage. In Online Appendix D (Table D.1) we perform the same exercise using OLS. The main
messages are the same.

Another alternative explanation for our results is continued government subsidies. Specifi-
cally, even after series of market reforms, many TF plants remained under the state control. They

17The 25-worker cutoff is of course arbitrary. The results are robust to alternative cutoffs. It is possible that some
smaller plants, which would not show up on the List of Large and Medium Sized Plants in the 1985 Industrial Census,
were established by the local governments as a result of the TF investment. If some of these plants were privatized,
it could also explain our findings. To rule out this concern, in the Online Appendix we present two ways to measure
employment of small SOE firms in 1985. We then control for this directly in the regressions. The results remain robust.
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might also continue to receive direct and indirect subsidies from the government, which might
spillover into the private sector and drive our results. These subsidies can take the form of direct
transfer from higher-level government, barriers to private entry, contract from government, and
infrastructure investment in the prefecture. Columns 4 and 5 allow us to alleviate this concern. If
continued government subsidies matter, once we control for the state-sector employment growth,
which likely correlates strongly with subsidies, the estimated effect of TF investment would be
much smaller. Column 4 suggests otherwise. In addition, since continued government subsidies
are likely to be larger in industries that are still under the state control, to the extent that those sub-
sidies are driving our results, controlling for the “state-share index” would substantially reduce
the coefficient associated with TFInvi. Results in Column 5 reject this hypothesis.

To further demonstrate the existence of local agglomeration economics, we look directly at the
entry and the productivity of private firms. In Column 6, we look at the entry margin using firm
counts per 100 counts of employment as the dependent variable. According to this estimation,
as TF investment increases by 1 p.p., there is 16 additional private manufacturing firms for every
100,000 workers in the prefecture. This is roughly a 42 percent increase from the sample mean, so
a significant share of the effect on private manufacturing employment could be accounted for by
firm entries.

The remaining two columns report TF investment’s effect on efficiency and wage in the man-
ufacturing sector. In Column 7, we use firm-level data from the 2004 Annual Manufacturing Firm

Survey, which provides detailed information on firms’ balance sheet. We estimate the same spec-
ification, using firm-level TFP (constructed as the Solow residual) as the dependent variable and
weighting each firm by its share of the total private manufacturing employment in the prefecture.
The standard error is clustered at the prefecture level. Column 7 shows that a 1 p.p. increase in TF
investment increases the TFP of local private manufacturing plants by about 10 log points.

In Column 8, we use individual monthly wage from the 2005 Inter-Decennial Population Cen-

sus as the dependent variable. All workers in the manufacturing are included in the regression
sample—the data does not allow us to distinguish workers in the private sector from those in the
state sector. Each observation is weighted by the inverse of the number of manufacturing workers
in the prefecture, and the standard error is clustered at the prefecture level. The estimate shows
that 1 p.p. increase in TF investment increases the local manufacturing wage by about 3 log points.

We interpret the findings in Table 8 as evidence that TF plants generated positive spillovers to
local private firms through agglomeration economics— by passing on knowledge about produc-
tion, market, and management, TF plants made it easier for new firms to enter and grow. Indeed,
many of China’s post-reform entrepreneurs spent years in a state firm before starting their own
firms. Agglomeration economics may also work through input and information sharing: prox-
imity to TF plants could provide new firms access to suppliers and buyers, as well as a pool of
workers with relevant skills. We explore these mechanisms in detail below.
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6.2 Inter-Industry Linkages

To directly assess agglomeration economics through inter-industry linkages, we estimate the effect
of TF investment at the prefecture-industry level using the following specification:

EmpShareij = r Â
k

IndLinkjk · TFInvik + li + Ij + # ij, (3)

In Equation 3, i indicates a prefecture, j indicates one of the 19 2-digit manufacturing industries.
EmpShareij is the employment of private manufacturing firms in 2004 in industry j as a share
of prefecture i’s total employment. IndLinkjk is some directional measure of linkages between
industries j and k (influence from k to j). TFInvik is the TF investment in industry k in prefecture
i. li is the prefecture fixed effect. Ij is the industry fixed effect. The prefecture fixed effects
control for the total TF investment in each prefecture, so the specification exploits only variation
in industrial compositions of TF investment across prefectures. Our instrumental variable is at the
prefecture level and is thus no longer relevant. We therefore estimate Equation 3 using OLS. The
identification assumption is that the unobserved prefecture heterogeneity relevant for long-run
growth do not affect industrial compositions of TF investment.

To investigate the effect on the efficiency of private firms, we run the following specification:

TFPf ij = r Â
k

IndLinkjk · TFInvik + li + Ij + # f ij, (4)

where f indicates a firm. Each firm is weighted by its number of workers as a share of prefec-
ture total employment in the private manufacturing sector. Standard errors are clustered at the
prefecture level.

Recent studies in urban economics have identified a few channels through which agglom-
eration economics works among local firms. These channels include knowledge spillovers, la-
bor sharing, and input sharing (Rosenthal and Strange, 2004). All these channels are likely to be
stronger for firms within the same industry. Column 1 in Table 9 Panel A shows that a 1 p.p. of TF
investment increases the private employment share in the same 2-digit industry by 0.3 p.p. This
number is around 14% of the baseline result reported in the first column of Table 8. Since there are
a total of 19 2-digit industries, within-industry spillovers account for a disproportionately large
share of the overall spillover effect.

More generally, following the literature, we use three broad sets of measures that capture dif-
ferent channels of local agglomeration economics: labor market pooling, technological spillover,
and intermediate input linkages. To circumvent data limitations and to avoid endogeneity issues,
we use measures based on the U.S. data from Greenstone et al. (2010), which capture aspects of
industrial relations that are exogenous to the specialties of the Chinese economy. Labor market
pooling is measured as the intensity of worker flows between industries (worker transitions from
the Current Population Survey), technological spillovers are measured using patent citation patterns
and the input-output table for R&D expenditures (technology input/output), and intermediate
input linkages are captured by the input-output table. Detailed definitions of these measures are
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listed in Online Appendix Table A.2. The measures are standardized so the coefficients are com-
parable across columns. Columns 2 to 7 of Table 9 show that all these measures are positively
correlated with employment size and many of them are statistically significant, which suggests
that industry linkages play a role.

Panel B repeats the same exercises on firm efficiency. We find that all coefficients have the
expected sign, though they are not statistically significant at the conventional level. For example,
according to the point estimate in Column 1, a 1 p.p. increase in the employment share from TF
plants raises the productivity of private firms in the same industry by 4.6 log points. This is an
economically meaningful effect.

6.3 Structural Transformation or Inter-Regional Migration?

The results so far indicate that TF investment increases local manufacturing employment, but this
increase could come from two sources: reallocation of manufacturing workers across regions, or
structural transformation of workers within the local economy. These two channels have very
different implications for the aggregate effects of the TF (Kline and Moretti, 2014a; Gottlieb and
Glaeser, 2008). Using individual-level data from the 2005 Inter-decennial Population Census, we
assess the importance of these two channels.

We first look at whether places that received larger TF investment attracted more migrants.
We define migration based on where one’s hukou is registered. China’s hukou system by-and-
large ties each person to one’s birthplace. We classify an inward migrant if one works in the
current prefecture but one’s hukou is registered in a different prefecture. Defined this way, migrant
workers accounted for about 1.1% of the workforce in the average sample prefecture in 2005.
Column 1 of Table 10 shows that TF investment has essentially no effect on inward migration.
One possible reason for that is places in the TF region remained much less developed than other
parts of the country. For workers in the TF region that did not receive much investment, once they
pay the fixed cost to migrate, they are most likely to migrate to more prosperous regions in the
coast, where wages are much higher, rather than to migrate to another city within the TF region.

After ruling out migration as the source of increased manufacturing employment share, we
provide direct evidence for structural transformation of the local workforce by looking at the im-
pact of TF investment on the share of employment in manufacturing among workers with a local
rural hukou— workers who are registered with a rural community in the same prefecture.18 Col-
umn 3 shows that increasing TF investment by 1 p.p. raises the manufacturing share among those
workers by 0.23 p.p. The effect is significant at 10% level and amounts to 11% of the sample mean.
Together, these results suggest that our findings are driven by structural transformation of the
local economy rather than migration of manufacturing workers across prefectures.

18There are two types of hukou: rural and urban. A rural hukou indicates that a person was born in a rural community
and was originally tied to agriculture. When rural workers find jobs in the urban sector, some are able to change their
hukou registration into urban. However, urban hukou is often rationed and many manufacturing workers have to keep
the rural hukou. Our estimate is based on these workers. Because of the possibility of switching to urban hukou (this
was made easier after 2000), our estimate likely severely understate TF’s impact on rural-to-urban migration.
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7 Aggregate Implications of TF Investment

We proceed to discuss the implications of the TF for aggregate efficiency. Because the manufac-
turing sector has higher labor productivity compared to the agricultural sector, by pulling agricul-
tural workers into manufacturing, TF investment increases the output of local economies. How-
ever, this does not necessarily imply that the TF is efficiency-improving in the aggregate—the
opportunity cost of the TF is the return to investment in other regions.19 A comprehensive eval-
uation of the TF on aggregate efficiency involves comparing the causal effects of manufacturing
investment in the TF region and the counterfactual causal effect if the investment was made in
other parts of the country, which our identification strategy does not allow. Instead, we develop a
simple model to identify necessary conditions for the TF to be efficiency-improving in the aggre-
gate, and test these conditions empirically using variations within the TF region. To preview the
results, we find that such conditions are not met, and hence conclude that the TF does not increase
the aggregate efficiency.

7.1 The Conceptual Framework

We delegate the full version to Online Appendix C and summarize only the key elements of the
model here. The model is at the prefecture level. 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 there
are two production sectors. All workers originally work in the rural (agricultural) sector, and each
needs to pay a t�1

t (t > 1) fraction of urban income to switch to the urban (manufacturing) sector.
Agricultural production in each region is subject to decreasing return to scale in labor input with
land being the fixed input. Manufacturing production is modeled in a monopolistic competitive
framework. Private manufacturing firms pay a fixed entry cost and then produce using a linear
technology with labor as the only input; on the other hand, state-owned firms are modeled as
firms existing in the economy with the fixed setup cost already paid for, before private firms decide
whether to enter. To capture the existence of local agglomeration economics, we assume that local
manufacturing productivity increases in the number of state-owned firms in the economy before
private entry.

19This is related to, but different from, a point about the aggregate effect of place-based policies in the context with
free mobility (Kline and Moretti, 2014b; Gottlieb and Glaeser, 2008). The main message in that context is that agglom-
eration effect in one region from a place-based policy comes at the expense of reduced agglomeration in other regions.
In our context, because of migration frictions, the reallocation is best thought of as between agricultural and manufac-
turing sectors within a local economy. Yet a similar logic applies—without the TF, the investment could have gone to
other potentially more productive regions, so to investigate the aggregate effect of TF investment, we need to take into
account this “opportunity cost.”
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We can write the per-capita output in prefecture i as
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where w
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i
, l

s

i
, s 2 {A, M} are wage and the employment share in sector s, respectively. a is the labor

share in agricultural output; f denotes the fixed entry cost for private firms. Equation 5 simply
states that the average income is the weighted sum of agricultural and manufacturing income,
and per-capita profit from the state firms.20

Given Equation 5, the effect on per-capita income of a marginal increase of the investment in a
prefecture, d, can be decomposed into three channels—wage, reallocation, and profit—as follows:
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The wage channel consists of three components. The first two components capture the effect of the
investment through raising agricultural and manufacturing wages directly. The third component
captures the indirect effect of a wage increase on profits of the state firms—because profits are pro-
portional to the manufacturing wage, as the wage increases, profits increase, too. The reallocation
channel captures the effect on income by reallocating workers from agriculture to manufacturing.
The strength of this component depends on two factors: the income gap between the two sectors,
which is equal to (wM

i
� w

A

i

a ), and the effect of the investment on reallocation, ∂l
M

i

∂d . Finally, the
profit channel simply captures the profit of the marginal firm being reallocated. This channel is
more important when manufacturing wage w

M

i
is higher relative to the average income yi.

We use the model to evaluate the aggregate effect of the TF. Consider two prefectures, one
inside and the other outside the TF region (denoted as TF and NTF, respectively). The two pre-
fectures have the same population (LTF = LNTF), but due to its better geographic conditions, NTF
has a higher initial manufacturing productivity. Consistent with the historical background, we
assume that all state firms are initially in NTF, that is, N

ini

TF
< N

ini

NTF
. We view the TF as reallocating

a small number of plants, d, from NTF to TF.
From Equation 6, the aggregate effect across the two prefectures of reallocating d from NTF to

20The free entry condition implies that private firms make zero profit. The migration costs rural workers have to pay
can be seen as a transfer to the local government, so they do not show up in the output accounting.
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TF is given by:
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The second equality in the expression uses the migration condition for workers (tw
A

i
= w

M

i
,

which implies ∂log(wA

i
)

∂d =
∂log(wM

i
)

∂d ). As Equation 7 makes clear, whether the TF leads to aggregate
efficiency gains boils down to whether the sum of the three terms are positive. In the following,
we empirically determine the signs of each of these three terms.

7.2 Quantifying Aggregate Efficiency

7.2.1 The Profit-Shifting Channel

The profit-shifting effect depends only on which prefecture has a higher wage. Intuitively, the
profit of a plant depends on local productivity. Plants in regions with higher labor productivity
(hence a higher wage) will make a larger profit. As is shown in Table 11, manufacturing produc-
tivity and wages are both higher in the NTF region. The difference in average efficiency ranges
between 15% to 30%—by investing in a less productive region, the TF reduces profits of the state
firms, resulting in a first-order efficiency loss.

7.2.2 The Reallocation Channel

We now turn to the reallocation channel. According to Equation 7, two terms determine this
channel. First, the agricultural-manufacturing income gap, (wM

i
� w

A

i

a ). This term captures the
increase in average income by transforming an additional worker from the agricultural sector
to the manufacturing sector. Table 11 shows that this difference is 395 yuan per month in the
TF region, and 479 yuan in the non-TF region—the gains from reallocating one worker from the
agricultural to the manufacturing sector does not generate larger gains in the TF region.

The second term important for the reallocation effect is the marginal effect of investment on
the reallocation of workers across sectors, ∂l

M

i

∂d . One rationale for transferring resources to less
developed regions is that these regions might be stuck in a "poverty trap." For example, workers
at the subsistence level may not be able to save enough to invest in the manufacturing sector. They
may also lack necessary skills and knowledge to run a manufacturing plant. In such scenarios,
transfers to these regions may help overcome these constraints and jump start a virtuous cycle of
sustained industrialization. And ∂l

M

i

∂d could be larger in these regions.
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Our empirical setting does not allow us to estimate this term in the NTF region. Instead, we
exploit variation in levels of initial economic development within the TF region and test whether
the reallocation channel is stronger in less-developed regions. We split our sample into halves
according to a prefecture’s urban rate in 1964. Although prefectures in our sample were all rela-
tively undeveloped in 1964, there is still meaningful variation in initial economic conditions. The
median urban rate among sample prefectures is 6.5%. The average is 9.1% for prefectures above
median, and 5.1% for prefectures below median. Panel A of Figure 4 shows the relationship be-
tween TF investment and the 2004 private manufacturing employment share (both residuals of
regressions on the covariates in the baseline specification) for the two groups. The blue dots rep-
resent sample prefectures with a below-median urban rate in 1964 while the red crosses represent
the ones above median. First notice that dots and crosses are similarly distributed along the hor-
izontal axis—TF investment is generally uncorrelated with the initial economic development. In
addition, there are almost identical marginal effects of TF investment on private manufacturing
employment between the two groups.21

One may suspect that the effect of investment could be non-linear: only large-enough invest-
ment could pull an economy out of the poverty trap. In the figure, we also fit a flexible functional
form for both groups and find no evidence for nonlinear effects. Taken together, the evidence sug-
gests that the spillover effects are neither stronger in initially poorer regions nor dependent on the
intensity of the investment, that is, ∂l

M

TF

∂d =
∂l

M

NTF

∂d .22

7.2.3 The Wage Channel

Finally, we turn to the wage channel, which captures a general equilibrium effect: by increasing
labor demand from the manufacturing sector, the government investment increases local wages.
If this channel is larger in the TF region, then the TF could still have a positive aggregate impact.
We would like to compare ∂logw

M

TF

∂d and ∂logw
M

NTF

∂d , but again, we do not have a causal estimate for
the latter. Following the same approach as earlier, we look within the TF region to see if the wage
effect differs by prefectures’ initial levels of development.

We split the TF prefectures by the 1964 urban rate and separately estimate the effect of TF
investment on local manufacturing wages for each group. Panel B of Figure 4 shows that the
two fitted lines almost perfectly overlap with each other, indicating that the wage effect is not
stronger in initially less developed regions.23 Panel C shows that the same conclusion holds for

21The slope for the linear fit is 1.68 (0.27) for the above-median sample and 1.58 (0.42) for the below-median sample.
We use OLS here because the IV is weak in split samples. One may worry that the survival bias might affect our
conclusion. To the extent that the survival bias inflates the measure of investment for more prosperous regions, it will
lead to an underestimate in the spillover effect for the above-median sample. Our conclusion that the spillover effects
are not stronger in the underdeveloped regions will thus be reinforced once the bias is accounted for.

22There might also be a concern whether extrapolating from heterogeneous results within the TF region to a com-
parison between TF and non-TF regions is valid. For example, if the average non-TF prefecture is already so large that
the congestion effect from additional investment dominates agglomeration effect, then reallocating resources to the less
productive TF region could still improve the aggregate efficiency. In Online Appendix E.4 we explain this possibility in
more detail and present evidence that this situation is not supported by the data.

23One valid concern is that we might not be able to find a larger effect in poorer regions because our wage esti-
mates lack accuracy. An alternative way of getting at the wage effect is to rely on the structure of the model and
exploit the relationship between the wage effect and the employment effect. Notice log(wA

i
) = log(wM

i
)� log(t) and
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firm productivity.
We now turn to the difference between TF and NTF in (wM
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a (Table 11), the net wage effect is negative.

7.3 Summary and Discussion

The analysis in this section suggests that, although TF investment benefits recipient local economies,
these benefits primarily represent redistribution. An important finding leading to this conclusion
is the lack of heterogeneous spillover effects either by the level of development of a local economy
or by the magnitude of investment.

This result is related to a large literature aiming at detecting poverty traps. Most of those
studies use country-level data (see Easterly, 2006, for a recent example). By exploiting spatial
variation within a country, we do not find evidence for a key implication of models with a poverty
trap. Our findings are in line with the evidence from the U.S. in Kline and Moretti (2014a), who
find that agglomeration gains in the TVA region were offset by losses in the rest of the country. This
paper further shows that, even in a much earlier stage of economic development, when the lack of
capital stock and know-how is more likely to be a barrier to industrialization, the agglomeration
effect will stimulate entry of private manufacturing firms and local economic development. Yet
this alone does not necessarily mean there are aggregate efficiency gains.

There are two caveats in interpreting our results. First, to reach the above conclusions we
use within-TF variation in initial development levels. To the extent that the sample prefectures
were all largely undeveloped before the TF constructions, it is possible that the range of variation
in our sample does not cover the range that could exhibit heterogeneous effects. Second, the
aggregate efficiency result does not imply that the TF lowers the aggregate welfare. With high
mobility barrier, by industrializing the less-developed hinterland, the TF undoubtedly reduced
spatial income inequality.

8 Conclusions

The Construction of the Third Front provides a unique setting for estimating the long-run effect of
government policies that direct investment to the manufacturing sector in less-developed regions.
Our results show that such policies are effective in stimulating structural transformation of the
local economy. More than twenty years after the TF had ended, places that received larger invest-
ment had a larger and more productive manufacturing sector. By focusing on the private sector
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and exploiting cross-industry relations, we show that local agglomeration economics played an
important role in generating these long-run effects.

Despite its substantial positive impacts on the local economy, the TF did not increase the ag-
gregate efficiency. Central to this result is the finding that the spillover effects of the investment
were not stronger in less-developed regions. This finding highlights the equity-efficiency tradeoff
in location-based development policies in settings when workers face mobility barriers.

TF’s unusual historical background and peculiar site selection criteria provide a rare opportu-
nity to credibly answer an important research question. Yet this context also raises valid concerns
over external validity. Our first result on the local spillover effects highlights that even in under-
developed economies with important inefficiencies, temporary manufacturing subsidies can gen-
erate long-lasting spillover effects, which is plausibly generalizable to settings in which location
choices are made with economic returns in mind. On the aggregate outcome, on the other hand,
it is possible that a better-designed regional development policy might generate better results.
Nevertheless, similar to the TF, many regional development programs also target less-developed
regions, with many design flaws. Our conclusion that allocating resources to the less-developed
region represent redistribution but not necessarily efficiency gains thus also has broad implica-
tions for such policies.

This paper focuses on the long-run effects of the TF and overlooks the dynamics of regional
development after China’s economic reforms. By combining more evidence on the transition path
with a structural model, one will be able to explore interesting patterns of regional dynamics.
Through the lens of a model, one can also compare the aggregate and distributional effects of TF
and potentially better policies, such as one that reduces workers’ mobility constraint. We leave
these explorations to future research.
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Figures and Tables

Figure 1: Third Front Region

Notes: Red line delineates the boundary of the Third Front region.
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Figure 2: Capital Formation by Region

Notes: Relative investment intensity is measured as the region’s share of national capital

formation divided by its share of national population. Source: 60-year Statistical Summary

constructed by the National Bureau of Statistics of China.
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Figure 3: Spatial Distribution of TF Employment

Notes: Each red dot indicates 25 workers from large and medium manufacturing firms in 1985.

Red lines show railway lines that existed or were under construction in 1962. Blue lines show

existing railway lines in 1980. Because railway lines are digitized from hard-copy maps, they

are measured with error. In segments of existing railway lines, red lines do not always perfectly

overlap with blue lines. Provincial capitals are annotated.
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Figure 4: Heterogeneous Effects of TF Investment

Panel A: Private Manufacturing Employment Share, 2004
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Panel B: Average Manufacturing Wage, 2005
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Panel C: Average Private Manufacturing Firm TFP, 2004
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Notes: The sample prefectures are divided into two equally sized groups based on whether the

prefecture’s urban rate in 1964 was above or below the sample median. For each group, the

dependent variable and TF investment are first regressed on a set of location-choice variables

and initial economic conditions, residuals are plotted. Solid lines are linear fits. Dashed lines

are local weighted smoothing.
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Table 1: Location Characteristics by Plants’ Time of Opening: Nationwide

time of opening before TF during TF (2)-(1)
(1) (2) (3)

Panel A: County characteristics

= 1 if in TF region 0.13 0.32 0.19
(0.33) (0.47) (0.01)

in provincial capital prefecture 0.44 0.21 -0.23
(0.5) (0.41) (0.01)

average slope 1.23 1.92 0.69
(1.42) (1.76) (0.04)

log mean elevation 4.29 5.27 0.97
(1.88) (1.72) (0.05)

log distance to provincial capital 2.71 3.93 1.22
(2.49) (2.11) (0.06)

urban rate, 1964 60.1 35.52 -24.58
(80.81) (55.51) (1.68)

log population density, 1964 6.68 5.76 -0.92
(1.49) (1.35) (0.04)

industrial employment share, 1936 54.55 18.52 -36.03
(105.77) (59.01) (1.99)

Panel B: Sector

mining 0.06 0.04 -0.02
(0.23) (0.2) (0.01)

light industries 0.3 0.22 -0.08
(0.46) (0.42) (0.01)

power/water 0.07 0.06 -0.01
(0.25) (0.24) (0.01)

chemical 0.14 0.15 0.02
(0.35) (0.36) (0.01)

ferrous and non-ferrous metal 0.1 0.06 -0.03
(0.3) (0.24) (0.01)

machinery 0.25 0.29 0.04
(0.43) (0.46) (0.01)

electric and electronic 0.09 0.16 0.08
(0.28) (0.37) (0.01)

# of plants 4927 2049 -

Notes: Data on firms are from the list of LMS manufacturing plants in 1985. Time is divided into two periods: “before

TF” indicates years before 1964, “during TF” indicates years between 1964 and 1978. Standard deviations (Columns 1

and 2) or standard errors (Column 3) are in parentheses. County characteristics are from various population censuses,

industrial surveys, and GIS maps. All statistics are averaged across plants.
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Table 2: Summary Statistics of the Regression Sample

mean s.d. p10 p50 p90

treatment

TF investment 1.11 1.51 0.00 0.54 2.88

site-selection criteria

log distance to completed railway 3.16 1.39 1.35 3.09 5.00

average slope 4.47 2.39 1.76 4.37 7.25

log mean elevation 7.05 0.58 6.28 7.09 7.73

log distance to provincial capital 5.35 0.45 4.66 5.38 5.89

initial conditions

urban rate, 1964 7.14 2.70 4.07 6.53 11.68

log population density, 1964 4.42 0.94 3.32 4.50 5.56

industrial employment share, 1936 0.34 1.85 0.00 0.00 0.00

log distance to existing railway 3.68 1.28 2.33 3.76 5.30

2004 manufacturing employment

share of total employment 4.29 4.05 1.26 2.99 9.43

private 2.69 3.12 0.65 1.69 4.93

private and opened after 1985 1.57 2.02 0.37 0.95 3.09

migration flows in 2005

in-migration rate 0.96 1.01 0.13 0.76 1.94

workers with rural hukou

manufacturing employment share 1.96 1.12 0.81 1.77 3.16

non-agricultural employment share 7.91 3.53 4.49 7.37 12.49

Notes: Authors’ calculations. Appendix Table A.1 shows detailed definitions of the variables. Appendix A presents

more details on data sources.
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Table 3: Location Characteristics by Plants’ Time of Opening: within the TF Region

Plants in the TF Region

time of opening before during (2)-(1)

TF TF

(1) (2) (3)

County characteristics

in provincial capital prefecture 0.39 0.17 -0.22

(0.49) (0.37) (0.02)

average slope 2.58 3.1 0.52

(2.06) (2.04) (0.11)

log mean elevation 6.56 6.7 0.13

(0.74) (0.71) (0.04)

log distance to provincial capital 3.16 4.22 1.06

(2.56) (1.99) (0.13)

urban rate, 1964 36.82 22.28 -14.54

(21.78) (21.13) (1.2)

log population density, 1964 6.05 5.37 -0.68

(1.12) (1.01) (0.06)

industrial employment share, 1936 13.00 3.81 -9.19

(23.66) (13.92) (1.09)

# of plants 634 657 -

Notes: LMS plants in the TF region are included. Time is divided into two periods: “before TF” indicates years before

1964, “during TF” indicates years between 1964 and 1978. Standard deviations (Columns 1 and 2) or standard errors

(Column 3) are in parentheses. County characteristics are from various population censuses, industrial surveys, and

GIS maps. All statistics are averaged across plants.
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Table 4: Determinants of TF Investment

dep var: share of employment from large and medium industrial plants

Panel A: Third Front Region (1) (2) (3) (4) (5) (6)

log dist to complete railway -0.473*** 0.226 0.243 0.311

(0.162) (0.227) (0.237) (0.235)

log dist to existing railway -1.042*** -1.006*** -1.049***

(0.338) (0.369) (0.374)

average slope 0.194* 0.195** 0.200** 0.191*

(0.111) (0.091) (0.094) (0.104)

average elevation -0.109 -0.348 -0.502** -0.161

(0.201) (0.259) (0.245) (0.408)

log dist to prov capital -0.778* 0.094 0.119 0.382

(0.409) (0.529) (0.536) (0.507)

urban rate in 1964 0.165** 0.209*** 0.092 0.110

(0.065) (0.076) (0.061) (0.072)

log population density in 1964 0.433 0.414

(0.362) (0.391)

industrial emp share in 1936 -0.043 -0.026

(0.053) (0.040)

R
2 0.367 0.572 0.215 0.260 0.592 0.604

joint test for initial conditions (p�val) 0.041 0.505

Panel B: Non-Third Front Region (1) (2) (3) (4) (5) (6)

log dist to complete railway -0.456*** -0.267 -0.230 -0.216

(0.172) (0.294) (0.275) (0.277)

log dist to existing railway -0.296 -0.245 -0.165

(0.334) (0.328) (0.341)

average slope 0.182 0.193 0.151 0.224

(0.126) (0.124) (0.146) (0.185)

average elevation 0.647 0.745 0.718 1.007

(0.480) (0.475) (0.562) (0.657)

log dist to the nearest prov capital -1.286*** -1.066** -1.058** -0.948**

(0.417) (0.460) (0.431) (0.440)

urban rate in 1964 0.053*** 0.074*** 0.044** 0.069**

(0.020) (0.028) (0.019) (0.028)

log population density in 1964 0.610*** 0.439**

(0.163) (0.207)

industrial emp share in 1936 0.024*** 0.020***

(0.004) (0.004)

R
2 0.467 0.472 0.447 0.499 0.504 0.541

joint test for initial conditions (p�val) 0.000 0.000

Notes: The dependent variable is the share of 1985 employment from LMS manufacturing plants. All models

include a set of province fixed effects. Panel A includes sample prefectures. There are 73 prefectures in Panel A.

Panel B includes prefectures outside the TF region and not in one of the ethnicity-minority autonomous areas:

Tibet, Inner Mongolia, and Xinjiang. Provincial capitals are also excluded. There are 211 prefectures in the sample

in Panel B. Robust standard errors are in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01. p�value is from a joint

test for initial conditions: urban rate in 1964, log population density in 1964, and industrial employment share in
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Table 5: Route and Timing of Railway Construction and Initial Economic Conditions

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

timing of railway construction route of railway

urban rate ln pop % ind urban rate ln pop % ind

’64 density ’64 emp ’36 ’64 density ’64 emp ’36

ln dist to complete railway -0.237 -0.120* 0.189 -0.434 -0.080 0.072

(0.361) (0.062) (0.174) (0.306) (0.051) (0.099)

ln dist to existing railway -0.290 0.059 -0.172

(0.527) (0.085) (0.208)

geo chars X X X X X X

province FE X X X X X X

N 73 73 73 73 73 73

mean dep var 7.136 4.418 0.336 7.136 4.418 0.336

Notes: Geographic characteristics include log average elevation, log distance to provincial capital, and employment

share in the mining sector. Robust standard errors in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.

Table 6: The TF and Manufacturing Employment in 2004

dep var: manu employment share in 2004

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

TF investment 2.815*** 2.679*** 2.730*** 2.377* 2.218***

(0.306) (0.370) (0.394) (1.234) (0.311)

geo conditions X X X X

initial economic conditions X X X

province FE X X X X X

mean dep var 4.287 4.287 4.287 4.287 4.287

model 2SLS 2SLS 2SLS 2SLS OLS

first-stage F-statistic 15.255 12.754 14.056 4.405 -

N 73 73 73 73 73

Notes: Column 1 replicates the baseline specification. Column 2 measures TF investment as employment share from

LMS plants that were built between 1964 and 1978 while controlling for employment from LMS plants that were built

earlier. Column 3 accounts for employment from smaller plants. Columns 4 and 5 measure TF investment by number

of LMS plants. Column 6 replaces the magnitude of TF investment with a binary variable indicating whether the

prefecture is designated to be a key industrial center according to the Third Five-year Plan. All models are estimated

using the 2SLS. Robust standard errors are in parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 7: Robustness in Measurement of TF Investment

dep var: share of manu emp in 2004

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

Emp share from LMS plants

built before ’78 2.579***

(0.450)

built between ’64-’78 2.896**

(1.404)

built before ’64 2.654***

(0.419)

Emp share from smaller plants 0.274

(0.283)

# of LMS plants per 10,000 workers

built before ’78 83.850***

(19.678)

built between ’64-’78 112.847***

(39.965)

built before ’64 32.226

(22.350)

Designated TF industrial center = 1 20.959**

(9.836)

N 73 73 73 73 73

first-stage F-statistic 3.689 13.319 5.720 3.061 3.703

Notes: Column 1 measures TF investment as employment share from LMS plants that were built between 1964 and

1978 while controlling for employment from LMS plants that were built earlier. Column 2 accounts for employment

from smaller plants. Columns 3 and 4 measure TF investment by number of LMS plants. Column 5 replaces the

magnitude of TF investment with a binary variable indicating whether the prefecture is designated to be a key industrial

center according to the Third Five-year Plan. All models are estimated using the 2SLS. Robust standard errors are in

parentheses. * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 8: The TF and the Local Private Manufacturing Sector

emp share # 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 investment 2.124*** 0.727*** 0.018*** 2.691*** 2.749*** 0.016*** 0.096* 0.034*

(0.348) (0.145) (0.003) (0.490) (0.739) (0.003) (0.055) (0.019)

’85-’04 change in state manu emp share 0.890***

(0.269)

TF inv⇥ state-share index -6.178

(5.684)

state-share index 4.947

(3.408)

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

first-stage F-statistic 14.056 14.056 14.056 14.354 1.307 14.056 18.931 18.787

N 73 73 73 73 73 73 4738 9526

Notes: The table focuses on the private manufacturing sector in 2004, with variables constructed from the 2004 Economic Census. All models are estimated by 2SLS.

Columns 1 to 3 use the same specification as in Table 6 Column 3. Log distance to the existing railway before the TF is used as the instrument for TF investment. Controls

include a full set of province fixed effects, location-choice criteria and initial economic conditions. Robust standard errors are in parentheses, * p < 0.1, ** p < 0.05, ***

p < 0.01.
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Table 9: Inter-Industry Linkages

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

within inter-industry linkage measures

2-digit worker citation technology technology manufacturing manufacturing

industry transitions pattern input output input output

Panel A dep var: share of 2004 employment from private manufacturing firms

TF investment in same industry 0.297**

(0.128)

linkages 0.005** 0.022 0.020** 0.046** 0.017** 0.020

(0.002) (0.015) (0.008) (0.018) (0.008) (0.015)

industry FE X X X X X X X

prefecture FE X X X X X X X

N 1387 1387 1387 1387 1387 1387 1387

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

Panel B dep var: private firm TFP

TF investment in same industry 0.046

(0.063)

linkages 0.003 0.023 0.034 0.022 0.020 0.026

(0.002) (0.045) (0.023) (0.025) (0.024) (0.026)

industry FE X X X X X X X

prefecture FE X X X X X X X

N 4631 4631 4631 4631 4631 4631 4631

Notes: This table focuses on the private sector manufacturing firms in 2004. In Columns 2 to 7, each linkage is indicated in the header. Each observation in Panel A

is a prefecture-2 digit industry pair. Each observation in Panel B is a firm. All models include 2-digit industry fixed effects and province fixed effects. All models are

estimated using the OLS. Standard errors are clustered by prefecture, * p < 0.1, ** p < 0.05, *** p < 0.01.
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Table 10: Inter-Prefecture Migration and Local Structural Transformation

% of local workers with % of local manufacturing workers

a hukou from a difference prefecture among workers with a local rural hukou

(1) (2)

TF investment -0.082 0.225*

(0.090) (0.118)

geo and initial conditions X X

province FE X X

N 70 70

first stage F-stat 14.184 14.184

mean dep var 1.114 1.964

Notes: Data are from individual-level sample of the inter-decennial population census of 2005. All columns are esti-

mated using the 2SLS estimation. The dependent variable in Columns 1 is the percent of workers in a prefecture with

hukou from another prefecture. The dependent variable in Column 2 is the percent of local manufacturing workers

among those with a rural hukou registered in the same prefecture. Robust standard errors in parentheses, * p < 0.1, **

p < 0.05, *** p < 0.01.

Table 11: Parameters for TF Region and non-TF Region

parameter variable TF Region non-TF Region

W
M average manufacturing wage 687 900

W
A average agricultural wage 234 337

W
M � W

A

a manu-ag income gap (absolute value) 395 479

l
A agriculture employment share 0.80 0.47

TFP
s average log TFP of state firms -0.25 -0.04

TFP
ns average log TFP of private firms -0.10 0.04

Notes: Wage data are from the mini population census of 2005. Wages reported here are monthly income. TFP is

calculated from the 2004 Annual Manufacturing Firm Survey. The value of a is 0.8.
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A Data Sources and Summary Statistics

List of Large and Medium Sized (LMS) Manufacturing Plants in the 1985 Industrial Census. 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 the names 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 demographic

and economic characteristics. Information included differs by census. The 1964 Census provides

a snapshot of initial economic conditions before the TF. We construct the share of urban popula-

tion (by hukou) in 1964 as the key measure of initial economic conditions. County boundaries in

China have changed over the decades. We create variables for counties with consistent bound-

aries. Specifically, we overlay the GIS maps of county boundaries for each census year and con-

struct variables for counties defined by the 1982 boundaries using intersected portions as weights.

For example, for variable x in a county in 1982, if a share of the county belonged to county A in

1964 and 1 � a share of the county belonged to county B, then the county’s x in 1964 would be

calculated as a · xA,1964 + (1 � a) · xB,1964. This procedure assumes that population and economic

activity are evenly distributed geographically within a county. Since most boundary changes take

place among counties belonging to the same prefecture, these adjustments matter little for our

analysis at the prefecture level

The individual-level sample of the Inter-decennial Population Census in 2005 is a 1-in-5 sample of

the 1% national survey of individuals. It provides detailed information on the individual’s demo-

graphic 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 the firm-level information and calculate each prefecture’s industrial

employment in 1936 as a share of the 1964 total employment. It is used to measure industrial

development prior to the TF.

The 2004 Economic Census provides basic firm-level information. The sample includes the uni-

verse of all manufacturing firms. For each firm, we know its address (which we geo-code to the

county level), year of opening, 4-digit industry, ownership type, employment, and registered as-
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set. 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 importantly, 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 technolo-

gies in different industries, we also include a full set of 2-digit industry dummies. Firm’s 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.

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

Variable Definition Unit Source
Treatment variable
TF investment 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
Distance to 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
1km ⇥ 1km square divided by the horizontal distance between the two points. Then
take average among all the squares covering a prefecture

- dem

Distance 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 boundary m dem, bd
Pre-TF economic conditions
Distance to existing railway Distance to the nearest railways, existing or underconstruction in 1962 km pc82, rr
1964 urban rate Share of population with urban hukou in 1964 pp pc64-pc00
1964 population density # of residents in 1964 per sqkm. Prefecture areas calculated from GIS maps #/km2 pc64 , bd
1936 industrial employment
share

# of industrial employment in 1936 divided by population in 1964, then multiply by
10,000

1/10000 pc64, mc36

Post-TF economic outcomes
2004 manufacturing
employment share by sector

Employment count in the manufacturing sector in 2004 divided by total
employment from the 2000 Population Census

pp ec04, pc00

Rural inward migration rate Inward migration rate among workers with rural hukou pp pc05
Rural manufacturing
employment share

Share of workers with rural hukou who work in the manufacturing sector pp pc05

Manufacturing wage in 2005 Average annual income for manufacturing workers in a prefecture in 2005 yuan pc05
Total 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

Measure of Industry Linkage Description
Labor market pooling

CPS worker transitions Proportion of workers leaving a job in this industry that move to
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.

B Additional Details on the Historical Context

B.1 Anecdotal Accounts of Site Selection for TF Plants

The importance of the site-selection criteria – away from population centers, hidden in the moun-

tains, 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 a suitable example in this

case. 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 north-

east. The idea of establishing a second factory dated back to the early 1950s. After 1964, the gov-

ernment 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 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 con-

struction (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

steep enough. As the engineer 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

2url: https://zhidao.baidu.com/question/18446445.html (in Chinese).
3“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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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 west-

ern 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 the threat 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 production 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 extremely difficult. For example, a workshop in Guizhou

province was dug into mountains. In winters the plant was mostly cutoff from transportation.

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

The TF region had a very small industrial sector prior to the TF. 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 looked 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-Japanese War be-

tween 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). How-

ever, 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 main

text 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
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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 main text shows that the geographic distribution of the industrial plants that

was established during the TF period exhibit strikingly different patterns compared to those es-

tablished prior to the TF. The TF plants were more likely to be located in less-developed counties

with a rugged terrain. As shown in Table 3 of the main text, 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 particu-

larly remote sites. Large factories predominated among Third Front projects, but these factories—

and sometimes individual workshops—were scattered across thousands of square miles of moun-

tainous 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 1963, and 662 plants between 1964 and 1978. The number of plants

established during the TF period was 50% bigger than those established in the previous 15 years.

This pattern was even stronger for our 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.
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Figure B.1: TF Region’s Share of National Industrial Output
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Figure B.2: Number of Large and Medium 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 agricultural and manufactur-

ing outputs according to the following utility function:

U = Cb
AC1�b

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 t�1
t (t > 1) fraction of 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:

twA = wM. (C.1)

C.2 Production and Technological Spillovers

The agricultural output is produced with labor (denoted LA) and a constant supply of land, nor-

malized to 1:

YA = La
A,

where a is the labor share in agricultural production. The composite manufacturing output is

produced using intermediate manufacturing varieties, denoted y(i):

YM = [
Z N

o
y(i)

s�1
s di]

s
s�1 ,

where N is the number of varieties produced by firms in the prefecture, who compete monopo-

listically against one another. To produce y units of variety i, y(i)
T units of labor is needed, that

is:
4Fan (2015) 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 11 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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y(i) = Tl(i),

in which l(i) is labor input and T is prefecture manufacturing productivity. The agricultural 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 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 innate produc-

tivity. 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 lit-

tle initial government investment. Function f captures agglomeration 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 agricul-

tural 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 agricultural

producer implies that:

wA = aP⇤
ALa�1

A , (C.3)

This equation also gives the demand for labor from the agricultural sector. Similarly, the cost min-

imization problem of the final manufacturing good producer gives the familiar constant-elasticity
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demand for intermediate varieties:

y(i) = (
p(i)
P⇤

M
)�sYM,

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

a fixed markup:

p(i) =
s

s � 1
wM

T
.

The cost for the composite manufacturing good is given by:

PM = [
Z N

0
p(i)1�sdi]

1
1�s =

s

s � 1
N

1
1�s

wM

T

In equilibrium PM = P⇤
M. This implies the following relationship between wage and the number

of manufacturing varieties:

wM =
s � 1

s
T

P⇤
M

N
1

1�s

. (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(s � 1)
= f wM,

which implies that q(i) = (s � 1) f T.

The total demand for workers in the manufacturing sector consists of two parts: workers 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 (s � 1) ⇤ N| {z }
Production Cost

+ (N � Nini) f| {z }
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:

atPA ⇤ (L � LM)a�1 =
s � 1

s
T(Nini)P⇤

M(
LM + Nini f

f s
)

1
s�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 econ-

omy. We use Figure C.1 to illustrate the responses of the economy to changes in exogenous pa-
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rameters. 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 employment 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 in-

creasing return to scale in the manufacturing sector. It is straightforward to verify that when

s > 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 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 agricultural sector. Sec-

ond, 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 manufacturing employment share. Both predictions are

consistent with our empirical findings.

Figure C.1: Equilibrium in the Model

(L)(0)
LM

w

5Empirical studies tend to find s in the range between 5 and 10.
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D Alternative Identification Strategy—Controlling for Site-Selection

Criteria

D.1 Empirical Model

The alternative identification strategy, based on an OLS model controlling for location-choice cri-

teria, is:

yi = b · TFInvi + LocChoicei · q + IniEconi · g + sp + # i. (D.6)

Proxies for location-choice criteria include log distance to the provincial capital (“dispersed”), log

mean elevation (“close to mountains”) and average slope (“hidden”), and log distance to the com-

plete railway in 1980. We also control for initial economic conditions including urban rate and

log population density in 1964, industrial employment share in 1936, and proxies for natural

resources. sp is a set of province fixed effects. # i is the error term and is estimated using the

heteroskedasticity-robust formula. Column 5 of Table 6 reports the results from this OLS estima-

tion. The coefficient, 2.218, is largely comparable to those from the 2SLS estimates.

Table D.1 reports the effects of the TF on various outcomes in the private manufacturing sector

from estimating Equation D.6. The results are also similar to those based on the IV estimates

reported in the main text.

D.2 Discussion of the Identification Assumption

The consistent estimation of b in Equation D.6 using OLS requires the usual conditional indepen-

dence assumption:

E[TFInvi,85 · # it|LocChoicei, IniEconi, sp] = 0. (D.7)

In fact, if we believe only the stated location-choice criteria matter, the following condition should

hold:

E[TFInvi,85 · # it|LocChoicei] = 0. (D.8)

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. Indeed,

Table 4 shows that location-choice criteria are well-represented by the data. More importantly,

initial economic conditions do not predict the distribution of TF investment once location-choice

criteria are controlled for. We provide two additional tests of this identification assumption in the

next two subsections.
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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 initial

economic conditions would not matter for the consistency of the estimate. To the extent that these

additional covariates are predictors of the outcome 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 investment

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. Exclud-

ing these additional covariates reduces the R�squared from 0.75 to 0.61, so variables are relevant

(Oster, forthcoming). Panel B repeats the same exercise for non-provincial-capital prefectures out-

side of the TF region. The magnitude of the coefficient increases as initial economic conditions are

dropped from the regression, indicating a positive selection on economic fundamentals of locations

to place manufacturing plants. 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 variable bias—

decision makers used information unobservable to econometricians in deciding where to locate

the TF plants, and the unobservable information may be correlated with local economic develop-

ment.

We take advantage of the decision-making process for TF plants to address this concern. 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 narrow 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 overall 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 be-

cause its micro geographic characteristics were considered better for air defense. More historical

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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details are provided in Online Appendix B.1.

One single case does not allow us to estimate the average treatment effect, but under the as-

sumption that the winner and the runner-up have similar economic potentials, we 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, IniEconi]. 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 important.

Formally, denote the treated prefecture as i, the runner-up as j, and the statistical comparison

for the treated prefecture as j0. The data generating processes for outcomes y’s are:

yi = Zi · q + g + vi + xi (D.9)

yj = Zj · q + vj + x j (D.10)

yj0 = Zj0 · q + x j0 , (D.11)

where Z is a set of determinants observable to the econometrician. g 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. vj0 is 0 by construction so

is omitted from the equation. x is the i.i.d shock with E[x] = 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 · q + vi = Zj · q + vj. (D.12)

The statistical comparison j0 is constructed from a group of prefectures that received little TF in-

vestment. 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., Zj0 = Zi. The expected difference in out-

come between j and j0 is

E[yj � yj0 ] = E[(Zj � Zj0) · q + vj]

= E[(Zj � Zi) · q + vj]

= E[vi],

where the third equation uses Equation D.12. Therefore, testing whether there is an omitted vari-

able bias is equivalent to testing whether the runner-up and the statistical comparison have similar

outcomes.
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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 yj0 (as well as

between yi and yj0) 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 construction, 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 differences 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 received large amounts of TF investment while Xiangxi and syn-

thetic Shiyan did not. 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. Em-

ployment 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

important.

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

velopment 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,

7Synthetic Shiyan (j0) 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:

wk = argmin
wk

||Zi � Â
k2K

wkZk||, (D.13)

s.t., wk 2 [0, 1], 8k; Â
k

wk = 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 com-
parison 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 prefectures 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 prefectures 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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while the trajectories of Xiangxi and synthetic 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

conventional thresholds for statistical significance.
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Figure D.1: Shiyan, Xiangxi, and Synthetic Shiyan
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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 investment 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 inv⇥ 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 by OLS. Controls include a
full set of province fixed effects, location-choice criteria and initial economic conditions. Robust standard errors are in parentheses, * p < 0.1, ** p < 0.05, *** p < 0.01.
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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 investment 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 investment 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 < 0.1, ** p < 0.05, *** p < 0.01.
p�values in the last row are from tests of whether the coefficient associated with TF investment 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�value p�value
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 investment 5.07 0.11 0.15 0.00 0.39
Panel C: post-reform manu sector
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 from firms estab. ’85-’98 1.44 0.79 0.49 0.02 0.13
emp share from 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 with Straight Railway Lines

Figure E.1 shows the hypothetical railway networks that consist of straight lines connecting provin-

cial capitals. The red lines indicate pairs that were connected prior to the TF, the blue lines indicate

the pairs that were connected between 1962 and 1980.

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 received the most TF investment. 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 reasonably strong throughout.

E.3 Alternative Values for Detecting Poverty Trap

In assessing whether the TF investment has heterogeneous spillover effects in places with differ-

ent 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 main text shows that the spillover effects on private manufacturing employment and wages

are remarkably similar for both subsamples.

Here we investigate whether the results are sensitive to different choices of the cutoff values.

We re-estimate the regressions underlying Figure 4 using alternative cutoffs. Some subsamples

become small at certain cutoff values, so the estimates become less precise. In particular, the first

stages for some subsamples become weak. Therefore, we stick to the OLS estimates.

Table E.2 shows the results for cutoff values at the 25th, 50th, and 75th percentiles. For each cut-

off value, we run separate regressions for each subsample and report the coefficient and standard

error from each regression. The first 3 columns report the results on the private manufacturing

employment share in 2004. When the sample sizes are small, some of the coefficients are not pre-

cisely 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 sta-

tistically 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.
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E.4 Additional Welfare Discussion

In Section 7.2, we evaluate the wage and reallocation effect using variation within the TF region.

As discussed at the end of Section 7.2.2 (Footnote 21), 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.

To explain this possibility in more detail, consider two counteracting forces. Agglomeration

effect makes denser economic activity more attractive while congestion effect 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 average 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 produc-

tive location to a less productive location improves the aggregate efficiency. Suppose there are

two regions A and B. 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 por-

tion. Moving some firms from B to A would raise efficiency in both places. It is worth noting that

a profit-maximizing 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 to

the less-productive region could be efficiency-improving.

We test whether this scenario reflects reality by drawing the efficiency-density curve of prefec-

tures inside and outside of the TF region. Economic density is measured as the share of manufac-

turing 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 rep-

resents 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 upward-sloping relationship between manufacturing density and

average firm efficiency. The grey line is the local weighted smoothing function for prefectures out-

side 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 manufactur-

ing 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,
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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of course, is that this plot is not really identified causal effect of density of productivity.

Figure E.1: Hypothetical Railway Networks

Notes: Hypothetical railway lines that are straight lines connecting provincial capitals. Red
lines are railway connections that had existed or were under construction in 1962, before the TF
period. Blue lines are additional railway connections by 1980.
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Figure E.2: Congestion and Efficient Reallocation
Panel A: Efficient Reallocation
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Note: Panel A illustrates a case in which reallocating resources from the high-productivity
region to the low-productivity region improves aggregate efficiency. In Panel B, each red dot
represents a prefecture in the baseline sample. Each blue cross represents a prefecture outside
of the TF region. The grey line is the local weighted scatterplot smoothing of the non-TF
prefectures. The median log manufacturing employment share in 2004 for the non-TF
prefectures is about 2.7 (average manufacturing employment share is 14.3%).

25



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 Investment 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
initial 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 private manufacturing employment share in 2004. All models are estimated
using 2SLS. Column 1 uses the baseline sample. Column 2 excludes 3 prefectures that received the largest amounts
of invetment. Column 3 excludes 4 resource-rich prefectures. 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
inlcudes only southwestern provinces (Sichuan, Chongqing, Guizhou, Yunnan, Guangxi, Hunan, and Hubei). Column
7 includes only northwestern 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: OLS estimations used in all columns. 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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