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Abstract

This paper investigates the effect of transport infrastructure on the spatial distribu-
tion of population over two millennia. Focusing on the Sui Canal, one of history’s
greatest infrastructure projects, we show that its completion in the 7th century CE
led to a strong increase in population concentration along the newly established trans-
port artery. We exploit the fact that large parts of the canal fell into disrepair after
the 12th century to analyze the persistence of this effect. We find that in 2010, more
than 800 years after the Sui Canal fell into disuse, regions once directly connected
to the canal are still more populous than areas that never had access. However, this
population concentration is not mirrored in economic development. GDP per capita
is lower in areas that lay along the course of the canal. One potential explanation
for this finding is a change in the value of locational fundamentals as well as a shift
in investments to the benefit of coastal regions since the initiation of the Open Door
policy in 1978.
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1 Introduction

There is an active discussion about the main factors that determine the spatial distribution
of population and economic activity. While geography’s influence is well documented, there
is increasing evidence indicating that (historical) man-made advantages permanently in-
fluence the spatial pattern of development. For example, transport infrastructure projects,
such as the construction of railway lines, have been shown to cause population growth and
economic development along the newly established transport networks (Hornung, 2015;
Donaldson and Hornbeck, 2016; Donaldson, Forthcoming). These effects can influence
the spatial distribution of population and economic activity even long after the transport
network has ceased to be operational (Jedwab and Moradi, 2016; Jedwab et al., 2017).

Common to the studies mentioned above is their focus on recent time periods, not reaching
back more than 200 years. It is unclear whether (pre-industrial) infrastructure projects that
date back further have similar effects on the spatial structure of the economy. Over the long
run, the probability increases that the value of locational fundamentals changes. If these
changes are large enough to overcome existing local increasing returns, this will lead to a
new spatial equilibrium. Depending on the relative speed of adjustment of population and
investment, this could lead to lock-in effects, where population is (temporarily) trapped in
locationally disadvantaged areas. This could result in a reduction in income. Addressing
these questions is aim of this paper. In this study, we analyze the effects of transport
infrastructure on local population concentration over a period of more than two millennia.
Specifically, we investigate how the construction of the Sui Canal at the beginning of
7th century CE influenced the spatial distribution of population over the long run. The
canal—more than 2,500 kilometers long—provided a direct link between North and South
China (Needham et al., 1971, p.310). Our empirical analysis focuses on the North China
Plain and the Lower Yangtze region, i.e., the areas that lay within the reach of the Sui
Canal (see Figure 1). We divide this area, which today contains 37 percent of China’s
population, into 1,281 equally sized grid cells of 0.25×0.25 degrees (approximately 28×28
kilometers). In a first step, we use historical census data from Bielenstein (1987), available
for the years 2 CE, 140 CE, 742 CE and 1102 CE, to investigate how the completion of
the Sui Canal influenced the spatial distribution of population. To quantify the effects, we
employ both an OLS and a 2SLS-IV approach. For the latter, we exploit the fact that a
main motivation for building the canal was to create a direct connection between important
centers and instrument the actual path of the canal with straight lines between the central
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nodes. Irrespective of the estimation approach, we find that population in grid cells along
the canal increased substantially after the completion of the transport network compared
to regions with no direct access. The fact that we do not find any effect of the canal on
population in census years prior to its construction (i.e., in year 2 and 140) supports the
view that our estimates specifically capture canal-related effects. The point estimate in our
preferred IV setup indicates that population numbers increased by 0.6 standard deviations
in regions that were connected to the canal. The magnitude of the effect is consistent
with historical accounts that suggest that the completion of the canal reduced transport
costs along its course and lead to an increase in long-distance domestic trade. This, in
turn, enabled product specialization and boosted economic growth (Berger (1988, p.31),
Liu (2015, Chapter 4)).

At the end of the 12th century CE large parts of the western section of the Sui Canal were
destroyed during the Mongol invasion and have since never been rebuilt. In our analysis, we
exploit this fact to assess the degree of persistence in the spatial distribution and economic
activity over the very long run. We find that grid cells located along the no longer existing
Sui Canal are still significantly more populated in 2010 compared to cells that were never
connected to the canal. The effect on current-day population is about 60 percent of its
historical magnitude. This indicates that the transport-access-driven shift in population
concentration is extraordinarily persistent and only slowly dissipates over time. In contrast
to the positive effect on population, we find that GDP per capita is lower in regions located
along the defunct sections of the canal. A potentially important explanation for this finding
is that non-coastal regions, including regions previously connected to the Sui Canal, have
been disadvantaged in terms of public investments since the initiation of the Open Door
Policy in 1978 (e.g., Zhang and Fan, 2004). Since then, proximity to the coast has been one
of the main locational determinants of investment and modern industrial development (e.g.,
Zhang and Fan, 2004). We provide suggestive evidence that, in fact, public expenditure is
not proportional to population numbers in regions previously intersected by the Sui Canal.

Overall, our study shows that the completion of the Sui Canal strongly influenced the
spatial distribution of population in historical times. This effect is still detectable almost
a millennium after its original advantages ceased to exist. Our results further suggest that
when (the distribution of) population only adapts slowly (or not at all) to a change in the
value of locational fundamentals, this can result in a negative income per capita effect in
areas that are densely populated due to previous locational advantages. An important note
pertains to the generalizability of our results. China, with its long history of centralized
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rule, represents a very specific case. Adaption processes in countries with fewer restrictions
on factor mobility and less interventionistic governments may be different.

Our paper directly contributes to the literature that lies at the intersection of economic
geography and long-run economic development (e.g., Krugman (1999); Henderson et al.
(2001). While many studies stress the importance of time-invariant geographic funda-
mentals in explaining the spatial distribution of population and economic activity (e.g.,
Davis and Weinstein (2002); Rappaport and Sachs (2003); Bosker et al. (2007); Miguel and
Roland (2011)), there are a number of papers that highlight that the value of locational
fundamentals may change over time. This implies that the same geographical characteris-
tics influences economic productivity differently at different times. For example Nunn and
Qian (2011) and Henderson et al. (2018a) document that technological progress can change
the value of locational fundamentals which subsequently influences the spatial distribution
of population. The results of Michaels and Rauch (2013) further show that a change in
the value of the locational fundamentals can lead to a sub-optimal spatial equilibria if the
distribution of population is inert.

Particularly closely related to our paper are the studies that document that historical
(man-made) shocks can have persistent effects on the spatial distribution of population
as well as regional inequality in economic development (e.g., Nunn (2008); Dell (2010);
Redding et al. (2010); Bleakley and Lin (2012); Nunn and Puga (2012); Michalopoulos
and Papaioannou (2013)). In recent work Jedwab et al. (2017) and Jedwab and Moradi
(2016) show that population is still disproportionately concentrated in areas which were
once connected to transport networks that no longer exist. Compared to these studies, our
analysis covers a much longer time span.

Our paper further complements the literature by focusing on China, rather on than the
Western world or Sub-Saharan Africa. In that regard, our work directly speaks to the pa-
pers that investigate the effect of modern-day infrastructure projects on local development
in China (e.g., Faber (2014); Banerjee et al. (2012); Baum-Snow et al. (2017)). Finally, our
study also directly speaks to literature that documents frictions in migration can reduce
welfare (e.g., Desmet et al. (Forthcoming) or Munshi and Rosenzweig (2016)).

The remainder of the paper is structured as follows: In the next section, we provide
background information regarding the construction of the Sui Canal. Section 3 presents
our empirical strategy. The data are presented in Section 4 along with the descriptive
statistics. The regression results are discussed in Section 5; Section 6 concludes.

4



2 Background

China’s long standing reliance on water control for irrigation and transport is well doc-
umented (e.g., Chi (1970), Needham et al. (1971, Chapter 28)). The earliest irrigation
systems date back as far as the 8th century BCE, while larger (irrigation) canals had
been constructed by the 3rd century BCE (Needham et al., 1971, p.269, p.284). While
these projects were impressive from an engineering point of view, their impact was locally
confined. This changed in the 7th century CE, when, under the Sui dynasty (581–618),
a canal of more than 2,500 kilometers was built that connected North and South China
via its capitals, Xi’an and Luoyang.1 The Y-shaped path of the Sui Canal is depicted in
Figure 1, panel (a). The figure also illustrates which region of China our empirical analysis
focuses on.

The central node of the Sui Canal was located at Luoyang/Zhengzhou from where one
branch of the canal ran southwards to Xuyi via Kaifeng and then from Huai’an to Hangzhou.
The second branch followed a northward path towards Tianjing and Bejing via Daming.
The southern leg, completed in 605 CE, was constructed to establish a direct link between
the capital region and the highly fertile lower Yangtze region which had become a key eco-
nomic area and the primary supplier of grain (Needham et al., 1971, p.307). The northern
leg was built primarily for military strategy reasons. It facilitated the supply of armies
needed to protect the northern and north-eastern regions of the empire which were under
constant threat from nomadic people (Wright (1979), Berger (1988, p.30)). The northern
section was completed in the year 610 CE and thereby established a direct link between
North and South China. Both legs of the canal were constructed over a period of a few years
following three centuries of continued warfare and turmoil. At least five million workers
were mobilized for construction work (Needham et al. (1971, p.308), Berger (1988, p.29)).2

The fact that the main purpose of the canal was to connect the capital region directly with
economically and strategically important endpoints suggests that the regions along the Sui
Canal were not characterized by pre-existing differences in population concentration. In
our empirical analysis, we will provide evidence for the plausibility of this notion.

Under the successors of the Sui, the Tang dynasty (618–907) and the (Northern) Song
1The names of cities mentioned in this section often have different spellings and, in some cases, changed

over time. We will refer to the cities by their current names throughout our study.
2While the Sui Canal integrated a number of smaller existing canals into its network, these sections

had to be substantially modified and enlarged. Additionally, large sections of the canal were truly new
enterprises (Needham et al., 1971, p.306ff.).

5



(a) (b)

Figure 1: Panel (a) depicts the course of the Sui Canal (bold line). Panel (b) depicts the course of the
Grand Canal (dotted line), as well as the section of the Sui Canal that fell out of use in the 12th century
(bold line).

dynasty (960–1279), the use of the canal was intensified and was an important determinant
of the economic prosperity that characterized this era. The completion of the canal led—
for the first time in Chinese history—to the emergence of a national market. This enabled
product specialization and fostered economic development (e.g., Xiong (2006, Chapter 4),
Liu (2015, Chapter 4)). The benefits were particularly pronounced in regions directly
adjacent to the canal. The high level of trade activity induced economic growth, led to
the establishment of trading towns and a shift in population concentration towards the
regions situated along the canal (e.g., Berger (1988, p.31), Liu (2015, p.92). Documenting
the central role of the canal is the fact that that by 1077, taxes collected from cities
along the canal had become one of the primary income sources of the Chinese state (Liu,
2015, p.81). It is important to note that the canal also stimulated (additional) public
investment. For example, an imperial road was constructed along its banks (Needham et
al., 1971, p.308), granaries were moved to the canal (Needham et al., 1971, p.310) and
post offices were established alongside the waterway (Ebrey, 1996, p.116). Our subsequent
estimates should therefore be interpreted as the overall canal-related effect. This effect can
work though multiple channels, including (but not restricted to) direct waterway-network-
induced reductions in transport costs, co-localized public investments and increased labor
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demand related to the maintenance of the canal (e.g., Berger (1988, p.31 f.) or Marks
(2011, p. 119 f.)).

Trade along the Sui Canal came to an end with the Mongol invasion during the 12th
century. Parts of the western section of the canal were destroyed in 1126 partly by the
Song soldiers themselves in futile attempts to halt the progress of the Mongols (Needham
et al., 1971, p.311). In 1280, the Mongol Yuan dynasty ultimately defeated the Chinese
and subsequently moved the capital north to Beijing. In order to link the new center of
political power to the economic center of the lower Yangtze region, the Yuan chose to
construct a new, direct North-South canal, rather than to rebuild the westerly parts of the
Sui Canal. The course of the new canal, known as the Grand Canal, is depicted in Figure
1, panel (b). As can be seen, the southern section of the Sui Canal was integrated into the
new canal network. In the north, the Yuan Canal also closely followed the original course
of the Sui Canal. Between Huai’an and Linqing, however, an entirely new section was
built. The western section of the Sui Canal, depicted as a bold line in panel (b) of Figure
1, was never rebuilt for the use of water transport after it had fallen out of use in the 12th
century (Berger, 1988, p.32). The regions along this section of the Sui Canal consequently
lost their original transport-cost-related locational advantage more than 800 years ago.

While access to the inland transport network was historically an important determinant
of economic development, proximity to the coast has become a dominant locational funda-
mental in more recent times. Since the start of the Open Door Policy in 1979, (industrial)
investments, domestic as well as foreign, have been concentrated in coastal regions due to
preferential policy treatment as well as the regions’ advantageous location allowing direct
access to the world markets via ocean-borne trade (e.g., Démurger et al. (2002), Lemoine
et al. (2015)).

3 Empirical Strategy

To investigate the effect of the Sui Canal on the spatial distribution of population and
economic activity, we employ an OLS as well an instrumental variable approach. The two
approaches are outlined below.
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Ordinary Least Squares Approach

The basis for our empirical analysis is the following cross-sectional OLS regression model:

pc,t = γ Sc,t + β′Xc,t + εc,t, (1)

where the dependent variable pc,t represents total population living within a given grid cell
c in year t.3 Our main explanatory variable is the indicator variable Sc,t which takes the
value one if a grid cell is intersected by the Sui Canal and zero otherwise. In all regressions,
we control for a host of climatic and geographical variables. These are represented by the
vector Xc,t and include: (log) mean temperature, (log) mean precipitation, (log) elevation,
(log) ruggedness, (log) agricultural potential, (log) rice suitability, latitude, (log) land mass
area, (log) distance to coastline, as well as separate dummy variables indicating whether
a cell is intersected by a river, lake or coastline. Due to its particular importance with
respect to agricultural development as well as transport, we include a separate indicator
variable for the connectedness with the Yellow River. Similarly, we also define a dummy
variable for the connectedness to the Yangtze River and river delta. In all our regressions,
we control for 2×2 degree ‘super grid’ fixed effects to account for any additional unobserved
regional differences in geographic, climatic or institutional characteristics. The inclusion
of these fixed effects implies that the identifying variation is only generated by differences
within the 2×2 degree grid cells. This mitigates concerns related to omitted variables.4

We address the possibility that the course of the Sui Canal was endogenous with respect to
population concentration in multiple steps. First, we exclude grid cells containing terminals
and nodes as well as their neighboring cells from our analysis. Second, we always control for
the euclidean distance to the nodes. Third, we develop an instrumental variable approach
as described next.5

Instrumental Variable Approach

Based on the fact that the Sui Canal was built as a direct link between important centers
(see Section 2), we construct an instrument by identifying which grid cells lie on a straight
line between terminals and nodes.6 To the north, the straight line connects Luyoang to

3In the second part of our analysis, we additionally use grid-cell level GDP as outcome variable.
4The issue of omitted variables is discussed in more detail in Section 5.
5The instrumental variable approach also mitigates issues related to measurement errors, e.g., originat-

ing from imprecise geocoding, in the course taken by the Sui Canal.
6A similar identification strategy is, for example, also employed in Faber (2014) and Hornung (2015).
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Beijing via Daming and Tianjin. In the south, the straight line runs from Luyoang via
Kaifeng, Xuyi and Huai’an to Hangzhou. The instrument, along with the course of the Sui
Canal, is depicted in Figure A.1.

Formally, the first stage regression can be represented as:

Sc,t = γ1 SLc,t + β′1Xc,t + ξc,t, (2)

where Sc,t represents the dummy variable for the intersection with the Sui Canal and SLc,t
is our straight line instrument. The second stage regression is accordingly:

pc,t = γ2 Ŝc,t + β′2Xc,t + ζc,t. (3)

The predicted values obtained from the first stage regression are symbolized by Ŝc,t. The
set of controls (Xc,t) contains the same variables as in the OLS setup. Regarding inference,
we cluster the standard errors at 2×2 degree grid cells in all regression (cf., Motamed et
al. (2014); Dincecco and Onorato (2016); Iyigun et al. (2017)). The identifying assumption
underlying our regression analysis is that, conditional on the control variables, the (in-
strumented) dummy variable for the Sui Canal captures effects that are solely due to the
establishment of the canal and is unrelated to any other factors in the error term. There
are several threats to the validity of this assumption; these are discussed in Section 5.

4 Data and Descriptive Analysis

This section provides an overview of the data used in the empirical analysis along with a
descriptive analysis thereof.

4.1 Data

In our study, we focus on the two physiographic macroregions that are intersected by
the Sui Canal (see Figure 1).7 This restriction in geographic scope reduces the risk of
comparing fundamentally different areas.

7Macroregions delineate different areas according to geographical features that structured the socio-
economic landscape of China prior to the advent of modern transportation (Skinner, 1977). The macrozones
included in the analysis are North China and the Lower Yangzi. In 2010, this region was home to 37 percent
of China’s total population, while covering 9 percent of the total area.
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For our empirical analysis, we divide the area encompassed by the two macrozones into
1,281 equally sized grid cells of 0.25×0.25 degrees. As mentioned in Section 3, we drop
all grid cells that contain terminal points or nodes as well as their respective neighbor-
ing cells.8 For all grid cells, we compute the mean temperature, precipitation, elevation
and ruggedness. The underlying data are drawn from Hijmans et al. (2005).9 To cap-
ture the cells’ accessibility by waterways, we construct separate dummy variables for the
intersection with a navigable river, lake and coastline. These data are extracted from
www.naturalearthdata.com. Additionally, we compute the distance of a grid cell’s center
to the nearest coastline as well as the center’s latitude. To account for their central im-
portance with respect to transport and agricultural production, we define separate dummy
variables that indicate whether a grid cell is intersected by the Yangtze or the Yellow
River. The course of the Yellow River has changed several times. These changes are
documented in the Atlas of the Yellow River Watershed and are available as shapefiles
from http://worldmap.harvard.edu. In our regressions, we include separate dummies
for the interaction with past and contemporaneous courses of the river. The data with
respect to the course of the Yangtze River is extracted from the Harvard WorldMap. The
grid cells’ agricultural potential is captured by the index developed in Galor and Özak
(2015), rice suitability by the index provided in IIASA/FAO (2012). We construct our
main explanatory variable using information on the course of the Sui Canal, geocoded by
Peter K. Bol and available at Harvard WorldMap. This variable takes the value one if a
grid cell is intersected by the canal and zero otherwise. Similarly, we define an indicator
variable that takes the value one if a cell is intersected by the section of the Sui Canal that
fell into disrepair after the 12th century. Our dependent variables are constructed from
multiple sources. Information with respect to the historical spatial distribution of China’s
population originates from Bielenstein (1987). Based on census data, this source provides
dot maps representing the distribution of the population for various years (whereby a dot
represents 25,000 individuals). The census quality varies considerably. We use censuses
for which population counts are reliable according to Bielenstein (1987). This applies to
the censuses conducted in the years 2 CE, 140 CE, 742 CE and 1102 CE (Bielenstein,
1987, chapter 2). Peter K. Bol geocoded the censuses of the years 2, 742 and 1102 and

8Specifically, we drop the grid cells (as well as their neighbors) in which the following cities are located:
Beijing, Daming, Hangzhou, Huai’an, the Kaifeng-Zhengzhou-Luoyang capital region, Tianjin and Xuyi.

9The temperature and precipitation data are reported as monthly means over the period 1950–2000. An
implicit assumption in our analysis is therefore, that the relative position of a grid cell in the temperature
(precipitation) distribution has remained constant over time; i.e., the modern day data is a good proxy for
the past values.
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made them available through Harvard WorldMap. We augment these data by geocoding
the census of 140. For all years, we aggregate the ‘dot-level data’ at the grid-cell level by
counting the number of dots that fall within each 0.25×0.25 degree grid cell.

Data on the population distribution for the year 2010 is extracted from Gaughan et al.
(2016). This data source provides high-resolution population data (approximately at
100×100 meter grids) which was validated using population counts. For our analysis,
we aggregate the data to the 0.25×0.25 degree grid-cell level. Finally, we use the GDP es-
timates (measured in ten thousand RMB) for the year 2010 derived in Huang et al. (2014)
and provided at a spatial resolution of 1×1 kilometers (which we aggregate to 0.25×0.25
degrees by computing the sum). Throughout our analysis, we standardize our dependent
variables, i.e., build z-scores. The use of standardized values rather than raw numbers
facilitates the comparison of coefficient estimates across the various time periods (e.g.,
Jedwab and Moradi (2016); Jedwab et al. (2017)).10

4.2 Descriptive Analysis

Table 1 provides the summary statistics for our key variables. The variable ‘Sui Canal’
represents the dummy variable that takes the value one if a grid cell was ever intersected
by the Sui Canal, and zero otherwise. As shown, 3.3 percent of the cells had direct access
to the canal. The percentage of grid cells that were adjacent to the section of the canal
that fell into disrepair after the 12th century is 1.2. Grid-cell level population numbers
and GDP vary substantially; this will be exploited in our empirical analysis.

Table 1: Descriptive Statistics Key Variables

Variable Mean Std. Dev. Min. Max. Obs.

Sui Canal 0.033 0.178 0 1 1281
Sui Canal Destroyed Section 0.012 0.108 0 1 1281
Population 2 0 1 -0.887 5.182 1281
Population 140 0 1 -0.670 5.171 1281
Population 742 0 1 -0.794 7.311 1281
Population 1102 0 1 -0.772 5.170 1281
Population 2010 0 1 -0.894 16.071 1281
GDP 2010 0 1 -0.765 9.449 1281
GDP per capita 2010 0 1 -0.7257 22.286 1281

10When using raw numbers, coefficient sizes change ‘mechanically’ with overall population levels. This
is not the case when variables are standardized.
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Figure 2 provides descriptive evidence that the construction of the Sui Canal lead to an
increase in population around the canal and that this effect is detectable up to the present
day. Panel (a) depicts the population distribution in year 2 CE, i.e., before construction.
The darker the shading, the more populated the grid cell. While there is no marked
population concentration in the vicinity of the (not yet constructed) Sui Canal, this changes
in the year 742. A clear positive association between a cell’s total population and the course
of the canal is detectable (panel (b)). Visual inspection of panel (c) further suggests that
the population concentration along the Sui Canal persists to the current era. In the next
section, we will formally test the existence of these effects.

(a) (b) (c)

Figure 2: Panel (a) depicts the spatial distribution population in the year 2 CE. Panel (b) depictis it in
the year 742 CE, panel (c) in the year 2010 CE. The darker the shading, the higher is is grid-cell level
population.

A general concern for our the validity of our analysis is that grid cells along the canal are
structurally different from other regions. In this case, our estimates could capture these
structural differences rather than canal-specific effects. To address this issue, we investigate
whether there are—conditional on 2×2 degree grid cell fixed effects—observable differences
in the included control variables. Column (1) of Table 2 depicts the difference in means
between grid cells that are intersected by the canal and those that are not. In column (2)
we compare means between grid cells that are intersected by our straight line instrument
to means of other cells.11

11All variables are standardized to a mean of zero and a standard deviation of one.
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Table 2: Differences in Means Control Variables

Sui Canal Sui Canal Destroyed Section

Intersected Intersected Obs. Intersected Intersected Obs.
by Canal vs by IV vs by Canal vs by IV vs

Non-Intersected Non-Intersected Non-Intersected Non-Intersected

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

Precipitation -0.003 -0.064 1,281 0.051 0.048 1,254
(0.060) (0.053) (0.077) (0.081)

Temperature 0.111* 0.024 1,281 0.161* 0.105 1,254
(0.062) (0.038) (0.091) (0.062)

Caloric -0.031 -0.043 1,281 -0.066 -0.004 1,254
suitability (0.081) (0.066) (0.137) (0.162)

Rice -0.091 -0.236 1,281 0.000 0.000 1,254
suitability (0.181) (0.212) (0.000) (0.000)

Elevation -0.353*** -0.133 1,281 -0.388 -0.172 1,254
(0.111) (0.099) (0.230) (0.151)

Ruggendess -0.592** -0.286 1,281 -0.454 -0.140 1,254
(0.234) (0.194) (0.429) (0.342)

River -0.129 0.061 1,281 -0.152 -0.153 1,254
(0.082) (0.264) (0.142) (0.138)

Lake 0.739 1.004 1,281 0.000 0.000 1,254
(0.499) (0.670) (0.000) (0.000)

Yangtze -0.196* -0.221 1,281 0.000 0.000 1,254
River (0.109) (0.136) (0.000) (0.000)

Yangtze 0.216 -0.137 1,281 0.000 0.000 1,254
Delta (0.307) (0.127) (0.000) (0.000)

Yellow 0.077 0.256 1,281 0.745* 0.875 1,254
River (0.277) (0.406) (0.376) (0.857)

Coastline -0.028 -0.034 1,281 0.000 0.000 1,254
intersection (0.021) (0.032) (0.000) (0.000)

Distance -0.017 0.037 1,281 -0.002 0.022 1,254
coastline (0.096) (0.159) (0.042) (0.033)

Latitude -0.010 0.046 1,281 -0.059 -0.065 1,254
(0.064) (0.066) (0.083) (0.087)

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Table depicts differences in means conditional on 2×2 degree grid fixed effects.
Standard errors clustered at 2×2 grid cells. All variables represent z-scores.

Looking at statistically significant differences in means in column (1), we observe that cells
along the Sui Canal lie at lower elevation and are characterized by less rugged terrain.
Additional differences are observable in temperature as well as the probability of being
intersected by the Yangtze River. These differences in observables suggest that the course
of the canal was (partly) influenced by local geographic conditions. Reassuringly, however,
there are no statistically significant differences in means when we compare grid cells that
intersected by the straight line instrument with other cells. This indicates that our instru-
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mental variable approach helps avoid selection effects. In Section 5, we additionally show
that unobservables—a concern not fully alleviated by the lack of differences in means—are
unlikely to invalidate our findings.

Later, when analyzing the effects of the Sui Canal on present-day outcomes, we will focus
on the section of the canal that fell into disrepair after the 12th century, i.e., the part that
was not integrated into the Grand Canal (see Figure 1, panel (b)). In columns (3)–(4) we
check whether there are differences in observables between these cells and grid cells that
were never connected to the waterway system.12 The pattern of results is similar compared
to columns (1)–(2). Crucially, the geographic characteristics of the grid cells intersected
by the straight line instrument do not differ systematically from other cells.

5 Results

In the following, we first show that the construction of the Sui Canal led to an increase in
population in regions directly connected to the new transport network. In a second part,
we then investigate to what extent this effect is still reflected in current-day population
numbers and economic activity.

5.1 Sui Canal Construction and Population Concentration in His-

torical Era

We start our formal analysis by running the OLS regression model (1) separately for each
year for which historical census data are available. The results are depicted in Table 3.
Columns (1)-(2) analyze the effect in pre-construction years. For both, year 2 and 140, the
point estimates of the Sui Canal are close to zero and statistically non-significant. This
documents that cells later connected to the transport network were not more populous
in census years prior to construction. For the year 742—approximately 130 years after
completion—on the other hand, we find that population numbers are significantly higher
in grid cells that are intersected by the canal (column (3)). The point estimate of 0.789
depicted in column (3) implies that population in grid cells along the Sui Canal was 0.789

12We drop all cells that are intersected by the section of the Sui Canal that is still in use today to avoid
including ‘canal cells’ in the control group.
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standard deviations higher relative to cells that were not connected to the canal.13 Evalu-
ated at the sample mean, this corresponds to a doubling of the population. The estimate
is similar for the year 1102 (column (3)), suggesting that there was limited canal-induced
growth during the time period 742–1102.

Table 3: Sui Canal and Population Concentration in Historical Era

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal -0.021 -0.031 0.789** 0.925** -0.005 -0.228 0.668*** 0.634***
(0.184) (0.158) (0.323) (0.345) (0.397) (0.207) (0.249) (0.168)

First Stage Regression: Sui Canal

Straight line 0.597*** 0.601*** 0.601*** 0.606***
(0.166) (0.169) (0.169) (0.171)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 12.93 12.68 12.68 12.59
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.

As outlined above, a major concern is that the course of the Sui Canal was influenced
by local characteristics (observed or unobserved) which themselves could have influenced
population numbers between 140 and 742 (see e.g., Table 2, column (1)). To mitigate this
concern, we employ the straight line instrumental variable approach in columns (5)–(8).
As documented by the statistically highly significant first-stage coefficients as well as the
Kleibergen-Paap F-statistic for the excluded instrument of more than 12, our instrument
predicts the actual course of the Sui Canal well.14 This suggests that the IV estimates
are unlikely to be biased by weak instruments. The pattern of the IV regression results is

13The fact that there is no effect in the years prior to completion, implies that the level effects can also
be interpreted as growth effects relative to the pre-construction years 2 and 140.

14Note that the values of the F-statistic vary slightly over the years. This is due to the fact that we
include separate dummies for the interaction with past and contemporaneous courses of the Yellow River.
Including a time-invariant set of controls (e.g., dropping all Yellow River indicators or controlling for all
courses in all regressions) leaves our estimates unchanged.
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qualitatively equivalent to the OLS approach. The effect of the Sui Canal on population
numbers is observable only in census years after completion. Compared to the OLS regres-
sions, the IV approach produces somewhat smaller coefficients.15 For the year 1102, where
we observe the largest difference between the coefficients, the IV point estimate is 0.634
while the OLS counterpart is 0.925. This suggests that path of the Sui Canal was partly
influenced by local characteristics, making the IV procedure the preferred approach.

As mentioned earlier, we will focus on the section of the canal that fell into disrepair after
the 12th century, i.e., the part that was not integrated into the Grand Canal (see Figure
1, panel (b)) when we look at current-day outcomes in Section 5.2. To document that
the results presented in Table 3 also apply to this section of the Sui Canal, we create a
dummy variable that takes the value one if a grid cell was intersected by the now-defunct
part of the canal and zero otherwise. We then re-run the regressions of Table 3.16 As
shown in Table 4, the results remain qualitatively unchanged. There is a marked increase
in population within grid cells connected to the Sui Canal. However, this effect emerges
only after the completion of the canal. The magnitude of the IV estimates presented in
Table 3 (columns (5)–(8)) are comparable to the point estimates depicted in Table 4.17

Overall, the results presented above provide empirical support for the historical accounts
that describe that the flourishing canal trade lead to a disproportionate increase in pop-
ulation and economic activity along the course of the new transport network (see Section
2). There are, however, a number of concerns related to our identification strategy. One
issue is that, while we can test for pre-trends between 2 and 140 CE, we do not observe
the spatial distribution of population in years immediately before (or after) the completion
of the canal. Other events could have occurred during the time period 140–742 that were
systematically correlated with the course of the Sui Canal and confound our results. We
argue that this is unlikely to be the case due to the fact that the canal was constructed in
a very short period of time following centuries of turmoil and warfare. Between 220 and
581, the formerly unified empire was fragmented and large parts of this infrastructure was
destroyed (e.g., Needham et al. (1971, p.31)). Only under the Sui dynasty were planning

15The differences are, however, statistically indistinguishable. The p-value of the test for coefficient
equality between column (1) and (5) is 0.97, between column (2)–(6) 0.45, between column (3)–(7) 0.30,
and between column (4)–(8) 0.45.

16We drop all cells that are intersected by the section of the Sui Canal that is still in use today to avoid
including ‘canal cells’ in the control group. The results remain very similar if we use the full sample.

17The differences between the point estimates of in Tables 3 and 4 are not statistically significant at
conventional confidence levels. The p-values of coefficient equality for columns (1)–(8) are: 0.25, 0.97,
0.56, 0.79,0.54, 0.95, 0.80, and 0.46.
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Table 4: Sui Canal Destroyed Section and Population Concentration in Historical Era

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal -0.450 -0.042 1.108** 0.824*** -0.358 -0.260 0.578*** 0.800***
Destroyed Section (0.323) (0.279) (0.445) (0.161) (0.418) (0.462) (0.203) (0.151)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.898*** 0.898*** 0.898*** 0.900***
Destroyed Section (0.088) (0.086) (0.086) (0.083)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 102.1 109.6 109.6 117
Obs. 1,254 1,254 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.

and construction of large-scale infrastructure projects that connected distant parts of the
empire possible again. This suggests that there were no pre-existing infrastructure net-
works that influenced the path of Sui Canal. In Table B.1, we provide empirical support
for this assertion by documenting that the extensive road network established during the
Han dynasty which was maintained up until 220 CE is uncorrelated with the course of the
Sui Canal.

More generally, we take several steps to mitigate concern related to the possibility that
unobservable factors bias our estimates. First, we include 2×2 degree grid cell fixed ef-
fects in all our regressions. This reduces the probability that unobservables influence our
estimates as identifying variation is only generated by differences within the 2×2 degree
grid cells. As shown in Table 2, conditional on these fixed effects, there are no statistically
significant differences between grid cells that are intersected by the (instrumented) Sui
Canal, and cells that are not. Second, we show that our results remain stable when we
restrict the analysis to grid cells located within 75 kilometers of the Sui Canal (Table B.2).
Third, we explicitly exploit the panel structure of the data (Table B.3). This allows us
to account for time-invariant unobserved factors by including grid-cell level fixed effects.
We further include the full set of climate and geographic control variables, each interacted
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with time-period indicator variables, to flexibly allow the effect of each factor to vary over
time. As shown in Table B.3, the panel approach produces very similar results compared
to the results presented in Table 3 above. While the panel approach helps address the (po-
tential) issue of time-invariant unobserved factors, time-varying unobserved heterogeneity
remains a concern. To gauge how strong the influence of unobservables would have to be
to invalidate our findings, we employ the procedure developed in Oster (Forthcoming). We
compare the point estimates obtained in a setup in which we only control for 2×2 grid cell
fixed effects with the coefficients obtained when accounting for the full set of controls (i.e.,
geography and climate controls as well as 2×2 degree fixed effects). The results reported
in Table B.4 indicate that the influence of unobservables would need to be 1.2 to 1.9 times
more important than the included control variables to entirely attribute our results to the
omission of unobserved factors.18 This increases confidence in our results.

We conduct a number of additional robustness checks to document the stability of our
estimates. Specifically, we show that our results remain unchanged if account for potential
spatial correlation (Tables B.5), define all grid cells as ‘canal cells’ if they lie within 11
kilometers of the canal (Table B.6), do not control for 2×2 grid cell fixed effects (Table B.7),
or use an alternative standard error clustering approach (Table B.8). As a final exercise, we
run a falsification test by shifting the Sui Canal lines in space (Table B.9). Reassuringly,
this produces the expected null results. Taken together, the analysis presented above
documents that the construction of the Sui Canal lead to a disproportionate increase in
population along the course of the canal. Before investigating whether these effects persist
into the current era, we discuss potential sources underlying this effect.

Potential Channels Underlying Population Growth

A direct channel through which the completion of the Sui Canal influenced population and
economic growth is by reducing trade costs. Existing evidence indicates that waterborne
transport was 9–10 times cheaper than overland transport in pre-industrial China (Shiue,
2002). It is well established, both theoretically and empirically, that a reduction in trade
costs fosters economic growth (e.g., Storeygard (2016); Donaldson (Forthcoming)).19 Fur-
ther indication for the importance of transport costs in explaining our results are historical
accounts of increased specialization in production along regions connected to the canal as
well as the canal-induced emergence of an interregional commodity market (e.g., Xiong

18Both these values exceed 1, the critical value recommended by Oster (Forthcoming).
19In a pre-industrial Malthusian era, economic growth is closely related to population growth.
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(2006, Chapter 4), Liu (2015, Chapter 4), Wu and Gaubatz (2012, p. 39)).

In addition to waterway-related reductions in transport costs, the construction of the canal
could also have led to population growth via co-location of investment in alternative in-
frastructure. As outlined in Section 2, roads, granaries and post offices were built along
the banks of the canal. This led to the establishment of settlements and market places
(Berger, 1988, p.31). Additionally, population could have concentrated along the course of
the canal due to increased labor demand related to the maintenance of the canal.

The discussion above outlines a number of channels through which the Sui Canal could
have led to population growth. Due to the lack of data, we cannot asses the relative
importance of these mechanisms. However, we can empirically address the question of
whether the establishment of the trade network increased overall population numbers or
simply led to a reorganization across space (e.g., Redding and Turner (2015)). Possible,
for example, is that regions not directly connected to the canal lost population due to
migration into nearby areas with access to the network. To investigate the extent of such
spatial spillovers, positive or negative, we create three dummy variables in addition to the
Sui Canal intersection indicator. These dummies capture whether a grid cell is 25–50,
50–75 or 75–100 kilometers away from the canal. We then include all four canal-related
dummies in the regression setup (1).20 The results are presented in Table 5. As before,
there are no canal-related effects in census years prior to construction (columns (1)–(2)). In
the years after completion, we observe statistically significantly higher population numbers
in grid cells directly connected to the canal (columns (3)–(4), row 1). The sizes of the point
estimates are very similar compared to the setup in which we only include the Sui Canal
intersection dummy. However, there is no strong indication for the existence of spillover
effects. We do not observe statistically significant effects when we move farther away from
the canal. This suggests that the effects of the canal on population numbers were strong,
but locally confined.

5.2 Sui Canal, Modern-Day Population Concentration and Eco-

nomic Activity

Having established that the completion of the Sui Canal lead to an increase in population
along its course during the period in which it was operational, we now investigate how

20We focus on the OLS approach since our IV procedure does not allow for a clean separation of the
individual distance dummies.
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Table 5: Net Creation vs Reorganization

Dependent Variable Total Population (SD)t

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

Sui Canal 0–25 km -0.204 -0.083 0.981** 0.859**
(0.220) (0.217) (0.429) (0.413)

Sui Canal 25–50 km -0.356 -0.057 0.407 -0.146
(0.226) (0.143) (0.270) (0.171)

Sui Canal 50–75 km -0.171 -0.119 0.079 -0.030
(0.116) (0.096) (0.113) (0.099)

Sui Canal 75–100 km -0.074 -0.016 0.084 0.005
(0.075) (0.084) (0.071) (0.077)

Year of Census (LHS) 2 140 742 1102
Climate Controls yes yes yes yes
Geography Controls yes yes yes yes
2×2 degree FE yes yes yes yes

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects.

persistent this effect is. We first analyze whether grid cells intersected by the section of
the Sui Canal that fell into disrepair after the 12th century are still relatively densely
populated. The results of Table 6 suggest that this is the case. The OLS point estimate
in column (1) indicates that population in the year 2010 is 0.269 standard deviations
higher in grid cells once connected to the Sui Canal.21 The straight-line instrumental
variable approach produces a similar, although somewhat larger, point estimate (column
(4)).22 The coefficient of 0.484 implies that previous access to the Sui Canal increases
population by approximately 166,000 people. Compared to the historical era (columns (4)
and (8) of Table 4), today’s persistence-related canal effect is approximately 50 percent of
its original magnitude. This indicates that the transport-access-driven shift in population
concentration is extraordinarily persistent and only slowly dissipates over time. To further
document the validity of these findings, we reproduce the results of columns (1) and (3)
using night-time light intensity as an alternative proxy for population concentration in

21As mentioned above, we exclude all cells from our analysis that are intersected by the section of the
Sui Canal that is still in use. Our results remain qualitatively unchanged if we use the full sample.

22The difference between the OLS and IV point estimate is statistically significant at the 95 percent
confidence level.
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Table C.7.23

Table 6: Sui Canal and Population Concentration and Economic Activity 2010

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.269*** -0.014 -0.076* 0.484*** 0.004 -0.144***
Destroyed Section (0.057) (0.123) (0.042) (0.087) (0.175) (0.050)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.900*** 0.900*** 0.900***
Destroyed Section (0.081) (0.081) (0.081)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 124.2 124.2 124.2
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.

An immediate question is whether the population concentration along the former course
of the canal is reflected in a similar concentration of economic activity. As depicted in
columns (2) and (5), this is not the case. Total GDP in grid cells once connected to the Sui
Canal is not significantly higher than in other areas. Combined with the persistence-related
higher population, this suggest that GDP per capita is lower in grid cells along the defunct
sections of the transport network. The results presented in columns (3) and (6) support
this notion. The IV point estimate, for example, implies that having been connected to the
Sui Canal reduces current-day GDP per capita by economically meaningful 0.14 standard
deviations (column (6)).

In the final step of our analysis, we discuss potential mechanisms underlying the observed
persistence in the spatial distribution of population as well as the GDP effects. Note that
all results in Table 6 remain stable when we subject them to the same robustness test as
in Section 5.1 (see Appendix C). Also recall that grid cells connected to the defunct part
of the canal are not different in terms of observables (Table 2), supporting the view that

23As documented in Henderson et al. (2018a, p.371), within-country variation in night-time light intensity
primarily reflects variation in population density and to a much lesser extent income per capita. This
is particularly true in the case of China as the electrification rate is almost 100 percent (World Bank
Developing Indicators 2010) and therefore likely conveys little information regarding income.
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our estimates are in fact capturing persistence-related effects.24 Table C.6 further shows
that the influence of unobservables would have to be substantial in order to attribute our
findings to omitted variables. Placebo tests presented in Table C.8 again yield the expected
null results.

Potential Channels Underlying Persistence in Population Concentration and Negative GDP
Effect

The literature on economic geography has proposed several mechanisms to explain why
the spatial distribution of population remains stable over time. Often a concentration of
population is observed in areas that exhibit advantages in terms of productivity or access
to markets (e.g., Henderson et al. (2018b)). In the context of our study, the construction of
the Sui Canal represents an event that reduces transport costs, increases productivity, and
leads to a local increase in population concentration (Table 4). This surge in population
numbers also leads to an increase in market size and integration around the canal, which
can persist even if the original advantage—i.e., the Sui Canal—that triggered the increase
in population ceases to exist. Persistence of population concentration, i.e., market size,
is particularly likely in the presence of increasing returns in production (e.g., Krugman,
1999). Combined with the fact that China was a closed economy during most of its history,
this implies that being located along the former course of the Sui Canal in the center of the
country did not represent a disadvantage in terms of transport costs and market access.
Economic incentives for individual to move away from these regions were therefore likely
small in the era of limited international trade.25

The existence of other types of increasing returns to scale could further explain the observed
persistence in the spatial distribution of population. For example, as a result of sunk
investments or local information spillovers—or more generally Marshallian externalities
(Venables, 2008)—population will remain concentrated in regions even if the advantage
that led to the concentration in the first place has ceased to exist (e.g., Bleakley and Lin
(2012); Jedwab et al. (2017)).

24If we restrict our attention to grid cells that lay along the Sui canal and compare grids that were
integrated into the Grand Canal with grids that were connected to the part of the Sui Canal that fell
into disrepair, we do not observe any differences in observables (results available from the authors upon
request). This provides further evidence that locational fundamentals did not influence which part of the
canal was rebuilt and mitigate concerns related to selection.

25While we lack access to spatially highly disaggregated data to formally establish the (continued)
stability over time, the results of Flückiger and Ludwig (2017) indicate that the spatial distribution of
population was very stable during the Imperial Era.
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Typically the mechanisms generating persistence in the spatial distribution of population
(e.g., market access or increasing returns to scale) also imply higher productivity—and
therefore GDP per capita—in densely populated areas. While income in regions con-
nected to the Sui Canal indeed seems to have been higher in historical times (e.g., Liu
(2015, Chapter 4)) this is no longer the case today (Table 6, columns (3) and (6)). Sui
Canal-related population concentration is associated with lower GDP per capita. Typi-
cal persistence-generating mechanisms developed in the economic geography literature can
therefore not consolidate our findings for the current era. Reliance on local networks, pre-
venting migration, could be one explanation why we observe people to be concentrated in
low income areas. For India, for example, Munshi and Rosenzweig (2016) document that
the reliance on informal rural insurance networks (due to the absence of a formal insur-
ance market) dissuades migration to urban regions, despite the existence of a significant
rural-urban income gap. A similar mechanism could be at play in China. Hong et al.
(2006), for example, show that migrant workers in China generally do not have access to
formal health insurance. Additionally, the existence of substantial mobility restrictions, the
‘Hukou’ system, within China could be an important factor explaining our results. The
migration-deterring mechanisms outlined above imply the misallocation of labor across
space (Munshi and Rosenzweig, 2016). People would be better off if they migrated out of
the regions that were once connected to the Sui Canal. Based on the data available to us, it
is not possible to identify the dominant mechanisms that explain the observed persistence
in population concentration around the Sui Canal. However, conditional on population
being very inert, the switch to an export-led industrialization regime is potentially an im-
portant factor explaining the negative effect on GDP per capita. Since the start of the
Open Door Policy in 1979, state-led (industrial) investments, domestic as well as foreign,
have been concentrated in coastal regions due to preferential policy treatment, as well as
the regions’ advantageous location which provides direct access to the world markets (e.g.,
Démurger et al. (2002); Lemoine et al. (2015)). Under the new policy regime, locations
in the center of the country are disadvantaged in terms of public investments as well as
transport costs. Given the persistence in the spatial distribution of population documented
in Table 6 this can lead to a (temporary) lock-in effect, where the ‘trapped’ population
is relatively less well off in income per capita terms. Table 7 below provides suggestive
evidence that public expenditure, proxied by the density of highways, railway lines as well
as airports, is not proportional to population numbers in regions previously intersected by
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the Sui Canal.26. For all proxies, the OLS as well as IV point estimates are statistically
non-significant. Combined with a higher population density, this implies that investments
per capita is lower which could contribute to our findings.

Table 7: Sui Canal and Infrastructure 2010

OLS 2SLS-IV

Total Length Total Length Number of Total Length Total Length Number of
Highways (SD) Railway Lines (SD) Airports (SD) Highways (SD) Railway Lines (SD) Airports (SD)

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

Sui Canal -0.073 0.216 0.044 -0.217 -0.066 0.043
Destroyed Section (0.166) (0.220) (0.038) (0.254) (0.196) (0.035)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.900*** 0.900*** 0.900***
Destroyed Section (0.081) (0.081) (0.081)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 124.2 124.2 124.2
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
All data extracted from http://worldmap.harvard.edu.

6 Conclusion

This paper shows that transport infrastructure projects have the capacity to change the
spatial pattern of population concentration over the very long run. The influence of the
transport network on the spatial distribution of population can persist long after the net-
work has ceased to be operational. Our results further suggest that when the value of
locational fundamentals changes over time and population adapts only slowly, this can
result in a negative per capita GDP effect in areas that are highly populous owing to their
previous locational advantages.

26Transport infrastructure investments is a commonly used as a proxy for public investment (e.g., Jedwab
et al. (2017)). In China, investments in infrastructure make up 24% of total fixed asset investment
(Financial Times, 24 August 2017).
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Appendices

A Instrumental Variable Approach Visualized

Figure A.1: Figure depicts Sui Canal as well as straight-line corridors connecting nodes.

30



B Robustnessand Falsification Checks Historical Era

Han Road Network and Sui Canal

Table B.1: Han Road Network and Sui Canal

Dependent Variable Presence Network Length Han Network

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

Sui Canal 0.023 0.125
(0.071) (0.221)

Sui Canal -0.029 0.026
Destroyed Section (0.081) (0.287)

Year of Census (LHS) 742 742 742 742
Climate Controls yes yes yes yes
Geography Controls yes yes yes yes
R-squared 0.112 0.112 0.107 0.107
Obs. 1,374 1,374 1,374 1,374

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions in all columns with macroregion and climate-zone dummies.
Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Presence Network’ represents a dummy variable
indicating whether a grid cell was intersected by the road network or not. ‘Length Han Network’ is the (log) length of the
network. ‘Year of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include
(log) precipitation and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log)
ruggedness, (log) area of grid cell, and (log) agricultural suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake.
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Restricting Sample to Grid Cells Within 75 Kilometers of Sui Canal

Table B.2: Sui Canal and Population Concentration in Historical Era: Cells within 75 kilometers
of Sui Canal

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal -0.079 -0.035 0.606** 0.860*** 0.029 -0.109 0.665*** 0.762***
(0.165) (0.125) (0.209) (0.265) (0.340) (0.233) (0.201) (0.153)

First Stage Regression: Sui Canal

Straight line 0.596*** 0.606*** 0.606*** 0.613***
(0.149) (0.154) (0.154) (0.159)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 15.96 15.38 15.38 14.92
Obs. 262 262 262 262 262 262 262 262

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.
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Panel Data Analysis

We exploit the panel data structure of the historical population data (i.e., for the years
2, 140, 742 and 1102) to show that time-invariant unobservable factors do not bias our
cross-sectional OLS estimates presented in Section 5. Specifically, we run regressions of
the following form:

pc,t = γ Sui Canal Completedc,t + θt + µc + β′sXεc,t. (4)

As before, pc,t represents (standardized) total population of grid cell c in year t. ‘Sui Canal
Completedc,t’ is a variable that takes the value one if a grid cell is intersected by the Sui
Canal after its completion (that is, in the years 742 and 1102). Time dummies (θt) as well
as grid cell fixed effects (µc) are also included. The inclusion of the latter implies that we
will only rely on within-cell changes in access to the Sui Canal for identification. Any time-
invariant between-cell differences will be absorbed by the cell-specific fixed effects. The
idiosyncratic error term is symbolized by εc,t. In analogy to the cross-sectional regressions,
we include the geographic and climatic control variables, where each factor is interacted
with the full set of time-period indicator variables. This allows the effect of each factor to
vary flexibly over time.

In order to allow the Sui-Canal effect to vary flexibly over the years, we also estimate a
regression setup in which we replace the variable ‘Sui Canal Completedc,t’ by the interaction
of the (time-invariant) Sui Canal indicator with each of the time-period fixed effects. That
is, we estimate the effect of the Sui Canal, relative to the baseline time-period 2 CE,
separately for the year 140, 742 and 1102

Table B.3 depicts the results of our panel data regressions. Column (1) shows that cells that
gained direct access to the Sui Canal after its completion in the 7th century experienced a
disproportionate increase in population compared to the rest of the grid cells. Column (2)
shows that this effect is observable in both post-construction time periods (i.e,. 742 and
1102) but not for the year 140. Compared to the point estimates of Table 3 (columns (2)–
(4)) the coefficients obtained in the panel-data approach are very similar. This indicates
that unobserved, time-invariant heterogeneity does not bias our cross-section regression
results presented in the main part.
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Table B.3: Sui Canal and Population Concentration in Historical Era: Panel Data Regressions

Dependent Variable Total Population (SD)t

(1) (2)

Sui Canal 1.082***
Completed (0.199)

Sui Canal 140 -0.014
(0.111)

Sui Canal 742 0.743***
(0.168)

Sui Canal 1102 1.406***
(0.321)

Control variable time-indicator interactions yes yes
Year fixed effects yes yes
Grid fell fixed effects yes yes
Obs. 5,124 5,124

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Regressions in all columns with grid cell fixed effects and full set of
time-interacted control variables. Standard errors clustered at the individual grid cell reported in parentheses. ‘Sui Canal
Completed’ is a variable that takes the value one if a grid cell is intersected by the Sui Canal after its completion (that is, in
the years 742 and 1102). ‘Sui Canal 140’ represents the interaction between a dummy for the year 140 and the intersection
with the Sui Canal; ‘Sui Canal 742’ represents the interaction between a dummy for the year 742 and the intersection with
the Sui Canal; ‘Sui Canal 1102’ represents the interaction between a dummy for the year 1102 and the intersection with the
Sui Canal.
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Gauging Influence of Omitted Variables

Table B.4: Oster (Forthcoming) Approach to Gauge Influence of Omitted Variables
Dependent Variable δ R2 R2 R2

max

no controls full set of controls

Population 742 (SD) 1.592 0.095 0.554 0.721

Population 1102 (SD) 3.267 0.053 0.404 0.525

Notes: The parameter δ represents how strong the influence of unobservables relative to observables would have to be in
order to suppress the Sui Canal effect. R2 2×2 FE captures the explanatory power obtained from regressions in which
we only control for 2×2 grid cell fixed effects. R2 full set of controls reflects the explanatory power obtained from the
regressions that control for full set of controls. Following the recommendation of Oster (Forthcoming), we assume that the
maximum achievable R-squared exceeds the R-squared obtained when including all observable covariates by 30%. Negative
values of δ indicate that the estimates are, if anything, biased downwards.
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Adding Fourth-Order Longitude/Latitude Polynomial

Table B.5: Sui Canal and Population Concentration in Historical Era: Longitude/Latitude Poly-
nomial

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal -0.027 -0.026 0.793** 0.928*** -0.045 -0.272 0.699*** 0.635***
(0.184) (0.146) (0.304) (0.341) (0.390) (0.187) (0.256) (0.178)

First Stage Regression: Sui Canal

Straight line 0.599*** 0.604*** 0.604*** 0.609***
(0.166) (0.168) (0.168) (0.170)

4th order lon/lat polynomial yes yes yes yes yes yes yes yes
Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 13.01 12.96 12.96 12.90
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.
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Defining Cells as Intersected by Canal if they lie within a 11km buffer of the Canal

Table B.6: Sui Canal and Population Concentration in Historical Era: Robustness Canal defined
as 11 km buffer.

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal 0.074 0.007 0.717** 0.956*** -0.005 -0.239 0.699*** 0.666***
(0.213) (0.146) (0.302) (0.309) (0.416) (0.232) (0.260) (0.198)

First Stage Regression: Sui Canal

Straight line 0.570*** 0.574*** 0.574*** 0.576***
(0.160) (0.162) (0.162) (0.163)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 12.75 12.59 12.59 12.50
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.
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Omit 2×2 Grid Cell Fixed Effects

Table B.7: Sui Canal and Population Concentration in Historical Era: Omit 2×2 Grid Cell Fixed
Effects.

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal 0.043 0.034 0.908** 0.980** 0.110 -0.091 0.819** 0.799**
(0.135) (0.139) (0.357) (0.382) (0.302) (0.229) (0.395) (0.336)

First Stage Regression: Sui Canal

Straight line 0.611*** 0.607*** 0.607*** 0.612***
(0.165) (0.166) (0.166) (0.168)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE no no no no no no no no
Kleibergen-Paap F-statistic 13.70 13.29 13.29 13.19
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-
Paap F-statistic for the excluded instrument.
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Alternative Clustering Approaches

Table B.8: Sui Canal and Population Concentration in Historical Era:: Clustering

Dependent Variable Total Population (SD)t

OLS 2SLS-IV

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

Sui Canal -0.021 -0.031 0.789** 0.925** -0.005 -0.228 0.668*** 0.634*
(0.153) (0.153) (0.249) (0.346) (0.352) (0.325) (0.164) (0.368)

First Stage Regression: Sui Canal

Straight line 0.597*** 0.601*** 0.601*** 0.606***
(0.166) (0.169) (0.169) (0.171)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Kleibergen-Paap F-statistic 12.93 12.68 12.68 12.59
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors computed using the approach of Conley (1999) reported in
parentheses (cut-off 2 degrees). ‘Year of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate
controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance to coast, (log)
elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the
following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate
dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to a river, and
access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-Paap’
represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Falsification: Shifting Sui Canal

Table B.9: Sui Canal and Population Concentration in Historical Era: Shift Canal

Dependent Variable Total Population (SD)t

100km Inward Shift 100km Outward Shift

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

Sui Canal -0.230 -0.149 0.032 -0.223 0.060 0.232 0.183 0.061
(0.186) (0.141) (0.225) (0.191) (0.254) (0.153) (0.258) (0.147)

Year of Census (LHS) 2 140 742 1102 2 140 742 1102
Climate Controls yes yes yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes yes yes
Obs. 1,281 1,281 1,281 1,281 1,281 1,281 1,281 1,281

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses. ‘Year
of Census (LHS)’ indicates the census to which the LHS variable corresponds. Climate controls include (log) precipitation
and (log) temperature. Geography controls include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log)
area of grid cell, (log) agricultural suitability, and (log) rice suitability. Furthermore, the following geography-related dummy
variables are included: Coastline intersection, Yangtze River, Yangtze Delta, separate dummy variables for the intersection
with the past and contemporaneous course of the Yellow river, access to a river, and access to a lake. Regressions in all
columns with macroregion and 2×2 degree grid-cell fixed effects.
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C Robustness and Falsification Checks Current Era

Restricting Sample to Grid Cells Within 75 Kilometers of Sui Canal

Table C.1: Sui Canal and Population Concentration and Economic Activity 2010: Cells within 75
kilometers of Sui Canal

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.334* 0.010 -0.163** 0.682** 0.097 -0.221***
Destroyed Section (0.182) (0.090) (0.066) (0.278) (0.123) (0.045)

First Stage Regression

Straight line 0.858*** 0.858*** 0.858***
Destroyed Section (0.087) (0.087) (0.087)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 97.27 97.27 97.27
Obs. 235 235 235 235 235 235

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Adding Fourth-Order Longitude/Latitude Polynomial

Table C.2: Sui Canal and Population Concentration and Economic Activity 2010: Longi-
tude/Latitude Polynomial

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.226*** -0.038 -0.061 0.433*** -0.028 -0.130*
Destroyed Section (0.058) (0.102) (0.058) (0.111) (0.155) (0.075)

First Stage Regression

Straight line 0.898*** 0.898*** 0.898***
Destroyed Section (0.082) (0.082) (0.082)

4th order lon/lat polynomial yes yes yes yes yes yes
Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 119.2 119.2 119.2
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Defining Cells as Intersected by Canal if they lie within a 11km buffer of the Canal

Table C.3: Sui Canal and Population Concentration and Economic Activity 2010: Robustness
Canal defined as 11 km buffer.

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.267** -0.036 -0.179*** 0.530*** 0.005 -0.158**
Destroyed Section (0.100) (0.104) (0.064) (0.139) (0.191) (0.071)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.823*** 0.823*** 0.823***
Destroyed Section (0.077) (0.077) (0.077)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 113.3 113.3 113.3
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.

43



Omit 2×2 Grid Cell Fixed Effects

Table C.4: Sui Canal and Population Concentration and Economic Activity 2010: Omit 2×2 Grid
Cell Fixed Effects.

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.384*** 0.139* -0.059 0.558*** 0.141 -0.158***
Destroyed Section (0.062) (0.077) (0.057) (0.114) (0.121) (0.056)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.925*** 0.925*** 0.925***
Destroyed Section (0.074) (0.074) (0.074)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE no no no no no no
Kleibergen-Paap 155.9 155.9 155.9
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Alternative Clustering Approaches

Table C.5: Sui Canal and Population Concentration and Economic Activity 2010: Clustering

OLS 2SLS-IV

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.269** -0.014 -0.076 0.484*** 0.004 -0.144*
Destroyed Section (0.116) (0.148) (0.072) (0.150) (0.103) (0.086)

First Stage Regression

Straight line 0.900*** 0.900*** 0.900***
Destroyed Section (0.081) (0.081) (0.081)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Kleibergen-Paap 124.2 124.2 124.2
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors computed using the approach of Conley (1999) reported
in parentheses (cut-off 2 degrees). Climate controls include (log) precipitation and (log) temperature. Geography controls
include latitude, (log) distance to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability,
and (log) rice suitability. Furthermore, the following geography-related dummy variables are included: Coastline intersection,
Yangtze River, Yangtze Delta, separate dummy variables for the intersection with the past and contemporaneous course
of the Yellow river, access to a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree
grid-cell fixed effects. ‘Kleibergen-Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Gauging Influence of Omitted Variables

Table C.6: Oster (Forthcoming) Approach to Gauge Influence of Omitted Variables
Dependent Variable δ R2 R2 R2

max

2×2 FE full set of controls

Population 2010 (SD) -10.595 0.212 0.453 0.589

GDP 2010 (SD) 0.629 0.266 0.447 0.582

GDP per capita 2010 (SD) 6.307 0.147 0.304 0.395

Notes: The parameter δ represents how strong the influence of unobservables relative to observables would have to be in
order to suppress the Sui Canal effect. 2×2 FE captures the explanatory power obtained from regressions in which we only
control for 2×2 grid cell fixed effects. R2 full set of controls reflects the explanatory power obtained from the regressions
that control for full set of controls. Following the recommendation of Oster (Forthcoming), we assume that the maximum
achievable R-squared exceeds the R-squared obtained when including all observable covariates by 30%. Negative values of
δ indicate that the estimates are, if anything, biased downwards.
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Night-Time Light Intensity

Table C.7: Sui Canal and Population Concentration and Economic Activity 2010: Night-Time
Light Intensity

Dependent Variable Log Night-Time Light Intensity (SD)

OLS 2SLS-IV

(1) (2)

Sui Canal 0.111** 0.164***
Destroyed Section (0.055) (0.031)

First Stage Regression: Sui Canal Destroyed Section

Straight line 0.900***
Destroyed Section (0.081)

Climate Controls yes yes
Geography Controls yes yes
2×2 degree FE yes yes
Kleibergen-Paap 124.2
Obs. 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access to
a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects. ‘Kleibergen-
Paap’ represents the first-stage Kleibergen-Paap F-statistic for the excluded instrument.
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Falsification: Shifting Sui Canal

Table C.8: Sui Canal and Population Concentration and Economic Activity 2010: Shifting Canal

100km Inward Shift 100km Outward Shift

Population (SD) GDP (SD) GDP per Population (SD) GDP (SD) GDP per
capita (SD) capita (SD)

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

Sui Canal 0.196 -0.023 -0.085 -0.018 0.195* 0.061
Destroyed Section (0.139) (0.162) (0.116) (0.150) (0.099) (0.110)

Climate Controls yes yes yes yes yes yes
Geography Controls yes yes yes yes yes yes
2×2 degree FE yes yes yes yes yes yes
Obs. 1,254 1,254 1,254 1,254 1,254 1,254

Notes: * p < 0.10, ** p < 0.05, *** p < 0.01. Standard errors clustered at 2×2 degree grid cells reported in parentheses.
Climate controls include (log) precipitation and (log) temperature. Geography controls include latitude, (log) distance
to coast, (log) elevation, (log) ruggedness, (log) area of grid cell, (log) agricultural suitability, and (log) rice suitability.
Furthermore, the following geography-related dummy variables are included: Coastline intersection, Yangtze River, Yangtze
Delta, separate dummy variables for the intersection with the past and contemporaneous course of the Yellow river, access
to a river, and access to a lake. Regressions in all columns with macroregion and 2×2 degree grid-cell fixed effects.
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