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Abstract

This paper examines the development of coal markets in China during the Early Republican period
(1912-1919) using newly digitized county-level data on coal prices and output. The findings show that
coal markets rapidly integrated between 1912 and 1915, following market liberalization after the collapse
of the Qing dynasty, but fragmented again with the onset of warlordism. The entry of private small
coal mines played an important role in this brief period of integration. The high energy costs faced
by commercial centers during the Qing were not purely the result of geographic misfortune, but also a
consequence of unfavorable institutions.

1 Introduction

Coal played a central role in the Industrial Revolution. Pomeranz (2000) argues that one reason why
Europe, rather than China, was the first to industrialize was its favorable geographic distribution of coal.
Europe’s development was largely the result of a “geographic accident” rather than fundamental differences
in technical skill or market efficiency. While a substantial body of research has examined coal markets in
European countries (e.g., Murray and Silvestre, 2020; Tan, 2009; Allen, 2023; Burhop and Liibbers, 2009;
Henriques and Sharp, 2021), studies of China’s coal markets remain limited.

Due to the Qing government’s strict restrictions on coal mining, only a few coal mines existed before
1900, concentrated in northern China. These mines were located far from the commercial centers in central
and southern China. This geographic mismatch led to high energy costs that posed significant challenges
to industrialization (Pomeranz, 2000). However, while natural resources are ecologically endowed, their
exploitation is a social outcome. By examining coal markets in the early Republican Era (1912-1919), the
period immediately following the collapse of the Qing, this paper sheds light on how China’s coal markets
developed in a more liberalized environment. The findings offer insights into what coal markets during

the Qing might have looked like under alternative institutional conditions. Fundamentally, were the fuel



constraints faced by commercial centers in Qing China purely the result of geographic disadvantage, or were
they also the result of unfavorable institutions?

Following the collapse of the Qing dynasty, the early Republican period witnessed a wave of market
liberalization. The private sector replaced the public sector as the leading force behind industrial growth
(Rawski, 1989). In the coal industry, this was reflected in the entry of numerous small private coal mines.
While large coal mines remained concentrated in northern China, far from major commercial centers (e.g.,
the Lower Yangzi), as noted by Pomeranz (2000), these small private mines were scattered across the
country. Private sector participation in coal mining decentralized production and gave rise to competitive
local markets.

A prevailing view about the Chinese coal industry is that China had difficulty producing high-quality
coal suitable for industrial use. However, raw coal—primarily used for domestic heating—already played
an important role in facilitating industrialization. Even in Britain, during the early stages of industrial
development, coal was not used for industry but for household needs. Nevertheless, the availability of
inexpensive coal helped reduce the cost of other energy sources that could be used for industry. In addition,
the use of coal reduced reliance on land-intensive energy sources, such as charcoal, thereby easing the
constraint that finite land supply imposed on economic growth (Pomeranz, 2000).

This paper leverages a newly digitized dataset of county-level coal prices and outputs, compiled from
archival records of an annual survey conducted by the Republican government: Nongshang Tongji Biao
(Survey of Agriculture and Commerce). The survey recorded county- or provincial-level data for over one
hundred commodities produced in the surveyed locations. For the purposes of this study, a key advantage
of this dataset is that it contains not only price data but also local output data. The output data confirms
the existence of small coal mines, as coal was produced in many counties across all provinces, not only in
regions where large coal mines were present.

To further validate the dataset, I also conduct a qualitative study of coal using local gazetteers (difangzhi).
For counties that reported coal production in my dataset, their local gazetteers usually contain records of
coal deposits and mining activities. Many gazetteers also confirm the emergence of private small coal mines,
which produced much of the coal during the Republican period. Furthermore, the gazetteers provide useful
insights into how private coal mines operated, including issues related to property rights, labor, and coal
transportation. Beyond validating the data used in this study, these gazetteers also provide valuable context
for understanding the development of coal markets during this period. For counties that never reported coal
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them noted the use of charcoal in both household and industry, further suggesting that coal and charcoal
served as substitute energy sources.

This paper first estimates the interregional integration of the coal market in China from 1912 to 1919.
Market integration is estimated using price correlations among local markets. The intuition behind this
measure is that if local markets were well integrated, prices should converge across regions, and any local
shock would be transmitted across all markets. I use three methods to estimate interregional integration:
correlation length, national versus local shocks, and cointegration analysis. These approaches are employed
by Roehner and Shiue (2000), Keller and Shiue (2007), and Shiue and Keller (2007), respectively. The first
two methods are particularly well suited to my dataset, which consists of a short panel (eight years) with
a large number of observations each year. The third method, pairwise cointegration analysis among price
series, takes advantage of the relatively large number of uninterrupted price series available in the dataset.
Moreover, although Roehner and Shiue (2000), Keller and Shiue (2007), and Shiue and Keller (2007) uses
grain prices, the estimation of market integration is independent of the absolute magnitude of prices. As
such, the estimates reported in these studies provide a useful benchmark for comparison with the results
presented in this paper.

These methods reveal that, overall, market integration remained limited to smaller scales (within provinces),
with virtually no integration observed beyond 75 km during 1912-1919. These findings are in line with the
historical context. First, China’s modern transportation infrastructure, particularly railways and paved
roads, did not undergo rapid development until the 1930s. Second, although coal was an important source
of energy, it had a low value-to-weight ratio and could often be replaced with other fuels, such as wood, in
many regions. At a broad level, these findings support Pomeranz (2000)’s argument that commercial centers
in Qing China faced difficulties in acquiring cheap coal.

However, a closer look reveals additional insights. First, I compare the periods 1912-1915 and 1916-1919.
These two periods differ in terms of political environment: during the first half, China remained politically
integrated, whereas the second period marked the beginning of warlordism, when the country was divided
into regions controlled by warlords. I find that between 1912 and 1915, the coal market rapidly integrated
spatially, showing signs of integration beyond the provincial level. However, market integration vanished after
1916. These findings are consistent with Feng (2025), which shows that political disintegration introduces
additional internal trade costs.

Unlike grain markets, supply shocks in coal markets were not necessarily random. Grain production
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the arable land in China had already been developed. Therefore, supply shocks in grain output were more
likely driven by random weather conditions rather than human factors. In contrast, coal deposits remained
largely unexploited before the Republican period, leaving room for the development of new coal mines. The
development of new coal mines was shaped by human decisions and coal production was also less susceptible
to natural factors such as weather. The relaxation of restrictions on private participation made it possible
for small coal mines to enter the market. Therefore, it is meaningful to study how market signals influenced
the supply shocks observed in the coal markets.

Leveraging the output data, I find that private coal mines did, in fact, respond to market incentives.
Counties that experienced high coal prices in the previous year were more likely to exhibit “positive supply
shocks,” which implied the entry of small coal mines. Higher prices increased the expected profits for
prospective investors, which encouraged their entry. In addition to high absolute prices, counties with prices
higher than those of neighboring areas were also more likely to experience entry next year. Higher relative
prices indicated less competition after entry, which also encouraged local producers. From this perspective,
limited spatial integration may not have been purely a disadvantage; rather, it may have created incentives
for local mining development. Meanwhile, the improvements in market integration observed during the first
half of the period may have been driven not only by increased trade activity but also by the strategic entry
of small producers that also contributed to price convergence among regions.

Although the location of coal deposits did leave Qing commercial centers facing high energy costs, this
paper highlights the potential for the entry of small coal mines and the improvements in market integration
under a unified and liberalized economy. Had the Qing government relaxed restrictions on private partici-
pation in the coal industry, the improvements in market integration observed during 1912-1915 might have
occurred earlier and lasted longer. While it would be too arbitrary to conclude that the entry of small coal
mines could have enabled Qing China to achieve an energy transition on par with Britain in the 19th cen-
tury, their development could nonetheless have alleviated some of the pressures associated with land-intensive
energy supply in many parts of China.

This paper contributes to our understanding of the grand energy transition from biomass to fossil fuels.
The Great Divergence literature emphasizes that the successful transition to coal was a cornerstone of
Britain’s industrial strength in the nineteenth century (Pomeranz, 2000; Allen, 2009; Wrigley, 2013). While
some descriptive evidence exists regarding China’s difficulties in transitioning to coal, this paper provides the
first quantitative analysis of China’s coal markets and formally documents the fuel constraints the country

faced during its industrialization.



More importantly, this paper emphasizes the role of institutions in driving energy transitions. Although
the distribution of natural resources is largely determined by ecological randomness, the decision of whether
and when to extract those resources is fundamentally shaped by institutions. David and Wright (1997) argues
that the “natural resource abundance” observed in the United States between 1870 and 1910 was an endoge-
nous and “socially constructed” outcome. Legal, institutional, technological, and organizational adaptations
created strong incentives for the exploration of natural resources, ultimately leading to the explosive growth
of the U.S. mineral economy. Similarly, this paper argues that although the uneven distribution of coal
was a geographic fact, the development of coal markets was shaped by institutions. As Allen (2012) notes,
historical energy transitions offer valuable insights for the ongoing shift from fossil fuels to green energy.
Neither natural endowments nor scientific advances alone are sufficient to drive such transitions (Keay, 2007;
Allen, 2012). This paper underscores the importance of private sector participation in facilitating energy
transitions, highlighting one institutional condition that may be critical to their success.

Broadly, this paper contributes to the literature on the relationship between natural resources and eco-
nomic growth. A central debate in this literature concerns whether the so-called “resource curse” arises from
the resources themselves or, in fact, from the quality of institutions. Clay and Weckenman (2014) shows
that the relationship between natural resources and economic growth diverged between the U.S. South and
non-South after 1970, following improvements in political institutions in the South. At the macro level,
Mehlum et al. (2006) demonstrate that weaker institutions amplify the negative effects of resource abun-
dance. Although this paper does not directly examine the impact of resources on growth, it nonetheless
highlights the critical role of institutions in shaping how resources are exploited.

This paper further contributes to the literature on market integration in China. The estimates in this
paper are broadly comparable to those in Roehner and Shiue (2000), Keller and Shiue (2007), and Shiue and
Keller (2007), who evaluate market performance using grain prices from the 18th century. Taken together, the
evidence suggests that Chinese markets achieved only limited development by the late Qing period. However,
my findings diverge from those of Li (2000), who analyzes grain prices in Chihli (Hopeh) from 1738 to 1911.
Li finds that while local markets within provinces became increasingly fragmented, provincial markets as
a whole became more integrated with external markets—a trend they speculate continued after 1911. In
contrast, my findings suggest that this pattern likely reversed during the early Republican period, as the
collapse of central authority and growing political fragmentation led to deepening divisions between provinces.
Although the early years of the Republican period show some potential for long-distance integration, the

subsequent breakdown of the central government ultimately hindered market integration across provinces.



2 The Coal Industry

A History

China has a long history of using coal. Coal was mined in China as early as the 11th century (Hartwell,
1967), and the country was the world’s largest producer and consumer of coal prior to the invention of the
steam engine by James Watt in 1769. However, by the time of the modern era, China’s coal industry had
fallen behind.

Before 1870, there were very few coal mines, and coal mining remained small in scale. The government,
fearing that large concentrations of unruly miners could threaten law and order, imposed strict restrictions
on coal mining (Wright, 1980).

Between 1870 and 1895, the Qing government began to recognize the importance of coal as an energy
source, and some government-supervised coal mines were developed in northern China as part of the Self-
Strengthening Movement. However, all except the Kaiping coal mine eventually failed. The Kaiping mine
was ultimately taken over by a British company after 1900 (Carlson, 1971).

A major turning point came in 1895, when the Treaty of Shimonoseki—signed after China’s defeat in
the First Sino-Japanese War—allowed foreigners to open mines in the interior. This was followed by the
Sino-British Treaty of 1902 and the Sino-American Treaty of 1903, which together laid the foundation for
foreign investment in China’s modern mining industry (Wright, 1984). Foreign investors quickly responded
to the opening of the sector, and between 1895 and 1912, several large coal mines, primarily in northern
China, were developed by foreign interests (Thomson, 2003).

Despite the opening of the mining sector to foreigners, private domestic participation remained restricted.
Without foreign backing or political connections, private enterprises continued to face great difficulty in
obtaining mining licenses (Wright, 1980).

Another turning point came in the final years of the Qing dynasty. After 1906, the government began
to relax restrictions on private enterprises, hoping they could compete with foreign investors. Following the
collapse of the Qing in 1911, the economy experienced a wave of market liberalization. In most sectors,
political control weakened, and private participation in industry and commerce grew (Wright, 1980).

In the coal industry, political connections remained important for the development of large mines. During
the early Republican period, warlord connections helped secure capital, reduced “irregular” local taxes and
facilitated access to transportation, especially railways. Rather than seizing mines directly through military
force, warlords often joined new or existing mining ventures as partners.

In general, political connections were essential for overcoming entry barriers during the Qing, but their



role later shifted toward providing financial support. This shift enabled the entry of “small mines” without
political connections. During the early Republican era, abundant deposits near the surface allowed small
mines to extract coal using very simple traditional techniques. While large coal mines were concentrated
in northern China, small coal mines were widely scattered. Cases of merchants opening coal mines became
more prominent, particularly in regions south of the Yangtze River (Wright, 1980, 1984), closer to traditional
commercial centers such as Shanghai and Canton. In principle, all mines were required to obtain govern-
ment licenses, but small mines were often unlicensed and operated illegally without government oversight
(Thomson, 2003).1

The entry of small coal mines significantly changed the coal markets. It decentralized coal production and
gave rise to competitive local markets. The raw coal produced by small mines generated intense competition
for large mines (Thomson, 2003; Wright, 1980). In some regions, small mines even dominated to such an
extent that they blocked the entry of large mines by keeping market prices exceptionally low (Wright, 1980).
Coal Production and Consumption

China has abundant coal deposits. Although at that time most large coal mines were located in northern
China, coal deposits were widely distributed across the country, and during the early Republican period,
every province produced some coal (Yang, 1993; Wright, 1984). Coal mines varied significantly in terms of
size and production technology. Smaller mines typically employed traditional, unmechanized methods, while
only a few large mines in northern China utilized modern, mechanized technologies (Wright, 1984).

Technology affected the quality of coal produced, which in turn influenced its possible uses.? Coal came
in two broad varieties “raw” and “refined.” Raw coal was primarily used for heating and other household
needs, whereas refined coal was used mainly for industry.

In my data sources described in the next section, raw coal and refined coal are listed separately. I focus
on raw coal prices for several reasons. First, as noted by Pomeranz (2000), raw coal was important despite
not being directly used in modern industry. Second, small coal mines could only produce raw coal. Raw
coal was produced in many locations, whereas refined coal was produced only in a few large, modern coal
mines. Finally, raw coal was in widespread demand across the country. Despite the growth in modern
industrial usage, raw coal continued to dominate overall coal consumption.? Focusing on raw coal helps

avoid complications related to differences in coal quality and alleviates concerns about strategic entry by

! According to Thomson (2003), these small mines accounted for roughly one-quarter of total coal output (The Chinese Coal
Industry: An Economic History, Routledge, p. 10).

2For example, Wright (1984), pp. 51-52, argues that coal produced by traditional methods was unable to meet the quality
requirements for steamships.

3 According to Wright (1984), p. 74, Table 21, rural use accounted for 43.2% and urban commercial and household use of
raw coal for 13.2% in 1915; the corresponding figures for 1923 were 33.3% and 12.1%.



modern factories which could create endogenous demand shocks.
Coal Transport

The three most commonly used methods for transporting coal within China were railways, waterways,
and manpower. As in many countries, railways were the most efficient means of internal coal transport. The
cost of railway transport was less than one-fifth that of other forms of land transport, and coal shipments
occupied a significant share of railway capacity (Thomson, 2003). Water transport was also widely used,
whether along the coast, major rivers (e.g., the Yangtze), or smaller rivers—particularly in the southwest
(Thomson, 2003). Finally, manpower and carting was perhaps the least desirable method, yet due to China’s
limited development in modern transportation, it remained common during the Republican period. There
are records of households traveling to nearby coal mines to carry back coal for fuel by human or animal
power.* However, manpower was not feasible for long-distance coal trade. Wright (1984) estimates that
in 1913, the economic radius for cart-based coal transport was approximately 75 kilometers, whereas for
railways it extended beyond 500 kilometers, or a quarter of the range of distances in China. These figures
offer a sense of the potential scale at which coal markets could be integrated.

Coal v.s. Grain

The literature usually uses grain prices to study market integration due to several advantages that grain
has. First, grain was a necessity consumed by every household, resulting in widespread and stable demand.
Second, grain was a relatively homogeneous good, with some but limited quality variation, making prices
comparable across regions. Third, it was possible (though not necessarily the case) to transport grain over
relatively large distances. Finally, grain cultivation was primarily affected by random weather patterns, which
created heterogeneous local supply shocks. Estimates of market integration using grain prices essentially test
how well these random local supply shocks were absorbed through trade.

As discussed above, raw coal possesses the first three of grain’s four virtues. It was widely consumed
during the Republican period and produced in every province, though not necessarily in every county. By
focusing on raw coal, coal quality is more consistently controlled, ensuring that prices are comparable across
regions. Coal could also be transported via multiple modes of transportation. Finally, although coal does
not share grain’s final feature, it can provide unique insights into market integration.

The supply of grain was constrained by the finite amount of arable land and became increasingly depen-
dent on weather conditions once most cultivable land was in use. In contrast, the supply of coal was largely

determined by human decisions rather than random weather shocks. At the time, China’s coal deposits re-

4Wright (1984), pp. 66-67.



mained largely unexploited. Coal supply primarily depended on the deliberate decision to open new mines.
This feature makes it meaningful to examine the drivers of supply shocks in the coal market—that is, the
factors influencing the entry decisions of small coal mines. The strategic entry of local producers, in turn,

affected price correlations across markets.

3 Data

I compile coal price and output data based on the Nongshang Tongji Biao. The Nongshang Tongji Biao
(Survey of Agriculture and Commerce) was a series of annual reports issued by the Ministry of Agriculture,
Industry, and Commerce during early Republican China (available for 1912-1919). County officials were
required to follow the ministry’s prescribed guidelines to collect data, which was then reported to the
provincial authorities. The provinces subsequently compiled and submitted the aggregated data to the
central government. The Nongshang Tongji Biao covered a wide range of information, including industrial
products, mineral outputs, and commercial guilds. For most commodities, it reported both the quantity
produced and the estimated value provided by local officials based on local prices. The survey used the
metric ton and the silver dollar (yin yuan) as units of measurement.’

Given its rich information, the Nongshang Tongji Biao was unarguably one of the most important
Chinese-sourced economic statistics for studying early Republican China. However, it has been underutilized
in the literature due to some limitations. First, because the data were reported by local officials and it is
clear not all of them used the units prescribed. As a result, some counties report producing tens of millions
of tons of coal in a single year. These implausible figures are likely the result of incorrect units—perhaps
mistakenly using jin instead of tons.

For coal prices, the vast majority of data points fall within a reasonable range. Figure 1 shows that the
majority of counties—specifically, 1,534 out of 1,660 observations-reported coal prices between 0.5 and 20,
despite the existence of extremely small values (e.g., 1.4 x 107%) and extremely large values (e.g., 2848). In
this paper, I adopt a simple approach by dropping all price observations outside the 0.5-20 range.® This
approach assumes that all outliers are random errors, so removing their does not bias the empirical results.
Future research could adjust these values by making assumptions about the units used by local officials.

Second, the Nongshang Tongji Biao is incomplete, particularly for the years after 1915. To begin,

because the survey focused on local production, if a place did not produce a particular commodity, the price

51 yin yuan = 24.8798g silver.
6Reasonable adjustments to the upper bound and the lower bound may affect the magnitudes of the estimates, but the main
findings remain consistent.
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for that commodity would be unavailable for that location. There were also missing observations, because
the statistics were reported by provincial governments to the central authority, after Yuan Shikai declared
himself emperor, many provinces, especially those in the south, declared independence and consequently
ceased reporting data.

Table 1 presents the summary statistics of coal prices after dropping the outliers. Despite the decline in
the number of observations over the years, in 1919, there were still 119 counties across 11 provinces reporting
their data. Moreover, most provinces ceased reporting due to political reasons rather than factors related to

market performance. These arguments alleviate the concerns about potential selection issues.

Year Mean Median SD Min Max N  # Prov
1912 4.16 3.42 344 0.80 19.10 191 16
1913 3.30 2.54 2.87 051 19.04 218 17
1914  3.27 2.23 3.10 0.51 19.04 259 21
1915  4.19 2.92 4.22 0.52 19.10 187 19
1916  4.46 3.01 430 051 19.35 186 19
1917  4.23 3.09 3.62 050 19.19 194 17
1918  3.92 2.92 3.17 0.51 19.35 181 15
1919 3.71 2.96 3.19 0.50 1547 118 11

Table 1: Summary Statistics by Year, Coal Prices, 1912-1919

Table 2 presents summary statistics for each province. Compared to grain prices during 1723-1735, as
reported in Table 1 of Keller and Shiue (2007), coal prices exhibit somewhat higher variation within provinces.
This likely reflects the fact that grain cultivation was heavily influenced by weather, which tended to affect
large regions (like provinces) uniformly. The last column in Table 2 reports the average output across all
provinces. Consistent with the literature, provinces in Northern China, such as Hopeh and Shansi, produced

more coal. Nevertheless, all provinces engaged in coal production during this period.

4 Qualitative Evidence

This section presents the results of a qualitative study of coal using local gazetteers (difangzhi). The evidence
serves two purposes. First, it helps validate the dataset described in the previous section. For counties that
reported coal production in the dataset, there are usually mentions of coal deposits and mining in their
local gazetteers. For counties that never reported coal production, there is typically little mention of coal,
but some references to other energy sources, such as charcoal, are present. Second, the gazetteers provide
useful descriptions of how private small mines operated, including discussions of property rights, labor, and

transportation related to coal and other mining activities.
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Province Mean Median SD  Min Max Average Output (tons)

Yunnan 2.82 2.21 1.63 052  6.00 33208
Kirin 4.16 3.31 3.15  1.20 16.72 16536
Szechwan 3.91 3.33 239 0.56 15.28 654103
Fengtien 3.77 3.50 232 0.80 12.27 2665835
Anhwei 4.75 4.30 3.03 125 17.24 43913
Shantung 3.55 3.31 2.01 0.71 10.10 427715
Shansi 1.88 1.48 1.55 0.50 12.08 1409806
Kwangtung 6.00 5.26 3.11 118 10.84 56404
Kwangsi 4.52 2.07 4.56 1.00 13.00 4522
Sinkaing 8.62 7.30 5.12  0.59 19.35 1988894
Kiangsu 5.03 4.60 147 229 7.00 58388
Kiangsi 3.62 2.86 2.60 0.58 16.00 705641
Honan 2.19 1.60 245 0.54 18.00 747976
Chekiang 8.02 7.98 1.90 5.00 11.26 1927
Hupeh 3.37 2.89 1.74 0.60 7.85 128386
Hunan 5.16 5.03 3.55  0.76  15.00 609178
kansu 4.57 3.87 3.52  0.51 16.00 52520
Chihli (Hopeh)  3.52 3.11 217 0.63 1547 3275208
Fukien 3.08 2.71 2.69 136 14.12 28725
Keichow 2.33 1.68 215 0.52 1271 25019
Shensi 8.63 8.45 6.78 0.52  19.35 45700
Heilungkiang 14.12 14.00 2.61 11.57 16.80 2432

Table 2: Summary Statistics by Province, 1912-1919

In this section, I focus on three provinces: Kwangtung (Guangdong), Kiangsu (Jiangsu), and Szechwan
(Sichuan). The first two provinces were home to many of Qing China’s major commercial centers. According
to Pomeranz (2000), these regions faced high energy costs because they were located far from the large coal
deposits in northern China. However, my dataset shows that both provinces produced a non-negligible
amount of coal. Their gazetteers also confirm the existence of coal deposits and document private small coal
mines during the early Republican period that engaged in actual production. In other words, these provinces
had the potential to produce some coal during the Qing period. Szechwan was located far from the coast.
In my dataset, coal was produced in many counties. There were hardly any large public or foreign coal
companies operating in the province. Therefore, Szechwan serves as a good example of how small private

coal mines decentralized coal production.

Guangdong

In The Guangdong Gazetteer (1935 edition), there are general accounts of the distribution and extraction
of coal during the Republican period. First, coal deposits were broadly distributed throughout Kwangtung.

According to the gazetteer, “The Upper Paleozoic Permian strata, as found in regions such as Qujiang,
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Wengyuan, and Lechang, are well developed, with Qujiang being the most prominent. The lithology is
predominantly shale and limestone, which are relatively common. Coal seams are often interbedded within
shale; deposits are abundant; and areas such as Lashiba, Tianluochong, Gouzuiling, and Zhutouling are
considered the most valuable for exploitation.”” In addition to these, coal deposits were also found in
other areas, though in smaller quantities or of lower quality. For example, coal was present in both the
Dongjiang-Chaozhou-Meizhou region and the vicinity of Canton.® In terms of extraction, the gazetteer
indicates that, aside from one large coal company established around 1930, most coal was produced by small
mines.”

For counties that producing coal in my dataset, the records of coal in their local gazetteers are more
detailed. Take Yangshan as an example. Yangshan produced around 1,205 tons of coal in 1915. Its
local gazetteer (1938 edition) records coal production in numerous locations. For example, Laolikong and
Shuikoucun both produced coal.!?

Attempts by merchants to open coal mines in Yangshan date back to 1912.11 Regarding mineral resources,
the gazetteer notes that most merchants seeking to open mines (not just coal mines, but other resources
as well) came from outside the county. As a result, they had to negotiate extraction arrangements with
local residents who held customary claims to the land.'? However, such negotiations could be complicated
by unclear property rights and collective ownership structures. Many mining sites were jointly owned by
extended families or multiple households, and internal disagreements frequently arose. In some cases, one
holder would invite a merchant without the knowledge or consent of others, leading to accusations of unau-
thorized occupation. Disputes over rightful ownership were common, with different parties each claiming to
be the legitimate owner. These conflicts often resulted in failed negotiations, competition among merchants,

and even physical confrontations.'3

7 General Gazetteer of Guangdong, juan 2, draft manuscript (1935), p. 335. Accessed via Beijing Erudition Digital Technology
Research Center. “HER LM -SLMME, WL FIFE - KRE—W, EhLEA, TUHT R SHRUTUE MAK SRS
B ETHRERE, FEEE. WAL HiReh . Smge s ke —H, RETFERZME.

8 General Gazetteer of Guangdong, juan 2, draft manuscript (1935), p. 338-339. Accessed via Beijing Erudition Digital
Technology Research Center. FRILEINE = =SLZMEZE, HANE, HMEZHEE, AKITZE - TOMNTHET, #5401
B, REMEINT B MRz itiE, RanNER. Al ARZER, MEEOBZE MRS, MEERKEZIES, HE&
BB, ERBES, MR-

9 General Gazetteer of Guangdong, juan 2, draft manuscript (1935), p. 336. Accessed via Beijing Erudition Digital Technology
Research Center. “HIAE E AR KM, A REFEZRE, BRI EA DU ER M)/ NMEF A -

10 Gazetteer of Yangshan County, juan 2, lead-printed edition (1938), p. 116. Accessed via Beijing Erudition Digital Tech-
nology Research Center. “ZRUEHRIR 48, . KOFEEIREAMNE, 5. »

1 Gazetteer of Yangshan County, vol. 2, Republican Year 27 [1938], lead-printed edition, p. 116. Accessed via Beijing
Erudition Digital Technology Research Center. “FETTH, W AXFEE G X AT VEIFK, . ”

12 Gazetteer of Yangshan County, juan 5, lead-printed edition (1938), p. 330. Accessed via Beijing Erudition Digital Tech-
nology Research Center. “S8BILE+EML, S8 AIEMD . HEUFHEANE, MZHHSESE, BTz, ”

13 Gazetteer of Yangshan County, juan 5, lead-printed edition (1938), pp. 330-331. Accessed via Beijing Erudition Digital
Technology Research Center. “SZBUGGEAIE G LB ETRIL, R RZAE — LTS EE, JVE 2 L iUz
RMRDE, RUEFRE—AW . FREREZ LT, F-dHAEAmSEASE, B EmE RS RS2 HH
RESEZWLN, S— ANHEABEMRAALSE, W—-ABEmMEREANEESR . EERRFEBLETESAE, BiERAN
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The gazetteer also records concerns expressed by local officials regarding the registration of private mines.
Merchants often either failed to register their mining sites altogether or deliberately used vague and imprecise
descriptions of their locations. Local officials had limited means to regulate the situation.'* Such practices
were common even after the 1930s, when China was reunified under the Nanjing government. This implies
that restrictions on private coal mines during the early Republican period could only have been even more
permissive.

In addition to concerns about registration, local officials also expressed concerns about the labor force
employed in the mines. Many workers came from outside the county and were highly mobile. Officials noted
that merchants typically hired miners solely based on technical skill, without considering personal character
or prior conduct. As a result, individuals of questionable background could be employed without scrutiny.
Once large numbers of such workers gathered, their movements became difficult to monitor, and over time,
disputes and disorder became increasingly likely. Given the frequent turnover of laborers, it was virtually
impossible for merchants to maintain effective oversight. Problems such as gambling, drunkenness, fighting,
theft, and even the harboring of fugitives were not uncommon.!® In this sense, the Qing state’s earlier
concern that loosening restrictions on private mining might lead to social instability had some basis.

In terms of the transportation of coal and other minerals, local officials also noted the difficulty of
effective regulation. From these concerns, we can infer how coal was transported in nearby areas. In the
case of Yangshan, the local rivers were narrow, shallow, and prone to unpredictable drying, making them
unsuitable for large vessels. As a result, merchants often financed and constructed small boats themselves to
transport coal. These vessels typically traveled distances ranging from 20 i (approximately 10 kilometers) to
70 Ii (around 35 kilometers). Since these boats frequently moved quietly at night and docked along riverbanks

without documentation, it was difficult for local governments to monitor or inspect their movements.!'6

P, AR FEF— NEm R - ME S —w, M APDOREBARTE, MARE AFH— W& S5 - T2 BT & a4k
e, WSERFFR B . 7

1 Qazetteer of Yangshan County, juan 5, lead-printed edition (1938), p. 329. Accessed via Beijing Erudition Digital Tech-
nology Research Center. “KE AZFERITLIR, MEAZHIES, FHEEER—LGZED, MEZHEN, DTHER, ZRHATRE
B, A BT HIE . ETERZE, 8EAEES T4, ME—LOHR, MES =8, 8iosth, LEFRREZZHN
BRI, MERTHFRE .

15 GQazetteer of Yangshan County, juan 5, lead-printed edition (1938), p. 331. Accessed via Beijing Erudition Digital Tech-
nology Research Center. “LIES5ARAR, AKRRAFEZ AN, LTENSELMMNFTE, MZERSHEEL . TESE, HATRL
F, MEEEBEEET . BaTHRENAZ, BEEAAZEEELPFRESS5T, ARt . T—REMRERIA ARG, Kl
73? WFRRZIE, REMERK, WANBFHERE, BERE, SKCOZH— A OAOMSRZ, BATRIAGE . BResmEEf 5
FUSATEMSL, HARMEE - - 28 g%, EAEL, SHMEZRNMILIEE, MZESISEEER L. ”

16 Gazetteer of Yangshan County, juan 5, lead-printed edition (1938), p. 333. Accessed via Beijing Erudition Digital Tech-
nology Research Center. “HEIFMERIIL/N, FHANE, KEAREZ, B TARITE/IMERED L BRED, ZHEAAEE, &~
TIRERSAEE - GRAPMT RS, mF =18, &SIt +E, BIEFMITELRESENL, HEHEEEN,
SRR - ETHHWEE - BRTEZNTRERT, BMEIE?
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Sichuan

In the case of Sichuan, coal-producing counties in my dataset also document coal production in their local
gazetteers. For example, Guangyuan County'” produced 15,636 tons and 19,189 tons of coal in 1912 and
1913, respectively. Its gazetteer (1940 Edition) records coal deposits in multiple areas across the county, such
as Dawanshan and Longtaishan. It also indicates that local residents actively engaged in coal extraction.
For instance, it notes that the slopes of Mashiya (a mountain) were rich in coal, and that villagers “dug
tunnels into the mountain” to mine it.'®

The transportation of coal and other commodities in Guangyuan relied heavily on both river and land
routes. In areas well connected by these routes, trade was particularly prosperous. For example, in Puziling,
goods could be transported as far as Langzhong, approximately 150 km from Guangyuan. Senyuan was an
even more important trade hub because of its access to both waterways and overland routes. Some trade
could even reach areas near Chengdu, which was about 400 km from Guangyuan. However, in areas poorly
connected to rivers, the transportation of goods such as rice and coal was difficult, so trade was not very
active.?

Records of coal production can also be found in other counties in Sichuan. Rong County produced 1,322
tons of coal in 1913 and 2,082 tons in 1914. Its gazetteer (1929 edition) notes that coal deposits were exposed
at the surface of the hills,? suggesting that some coal was close to the surface and therefore likely easy to
extract.

Another example is Qionglai County. In my dataset, it produced 1,771 tons of coal in 1914. According
to its gazetteer (1922 Edition), there were over seventy types of coal, among which two common types
were noted: “shitan” (4 7%), which resembled mountain rocks and was produced in areas such as Dalongxi,

Xiaolongxi, Tiangongmiao, Wushenggou, Wujiashan, and Qingshanding; and “lantan” (X&), which looked

17Guangyuan covers an area of approximately 16,000 km?.

18 Gazetteer of Guangyuan County, Part 1, juan 2, Geography II, lead-printed edition (1940), p. 53. Accessed via Beijing
Erudition Digital Technology Research Center. “ZRHilll, XA KEW, BR—EF—TE, WIN—H, IEECE, KERE, 7
B B RE, BREIZ . REWWTEAR, MHEeEREVL, SOGENE - A ILHXE, AW, AZHM, BEimER,
TERRRUN, BEETE, BASLERZ .

19 GQazetteer of Guangyuan County, Part 11, juan 4, Administrative Geography I, lead-printed edition (1940), p. 121. Accessed
via Beijing Erudition Digital Technology Research Center. “%mi, EEIHWRI-T/\%, DUEBI N, KEEIGEEFR], K- 8-
] MEYBENNERE, RSB S5 ZMEL . HIREERIY, WAEME, (4R K HELS, Wi miEs . 2TEE
REBWSHE, KA~ Tl RYF - BRE, WAEME, TRERN, K. EsiEW, SRR ERTE. mE S BX
Y- RS, IR, ARBF R, S L X E AR, MEREE . KBS RAEET. WA,
BWMAHSER . BEFERCER, AXEEWE, ASNILERRE—%F . XWEFI 5K FI. RS LRSE, BH5E .
B ok R, DIBCAROR, WEEIET . R, WELRMENIGA, FREEEFEERT . R IKSCREE, KEAED
PR RET, Bl AR RV A~ B, IRy B M . ARIT BRI RIYI S R S H I, ST IRIALLL X ) B A
2 BRI X B S S e

20 Gazetteer of Rong County, Section 6: “Local Products,” woodblock edition (1929), p. 323. Accessed via Beijing Erudition
Digital Technology Research Center. “FH&9 LI {F#5E . »
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like mountain mist and was considered the residue or froth of “shitan.”?!

Jiangsu

Jiangsu was the province where most commercial centers in Qing China’s Lower Yangzi region were located.
The general impression is that Jiangsu lacks large coal deposits. This impression is not entirely incorrect.
The Jiangsu Gazetteer (1936 edition) also acknowledged that the quality and quantity of coal deposits in
Jiangsu were not as good as those in many other provinces.?? However, coal mines in Jiangsu were still
considered to have relatively good prospects. Due to geological conditions, coal deposits could be divided
into two types: the northern coalfields, located in areas from Xiao County to Tongshan, which shared similar
characteristics with those in Shandong and North China; and the southern coalfields, found in places such
as Nanjing, Zhenjiang, Yixing, and Suzhou, which resembled those in Zhejiang and southern Anhui.??

Coal mining was carried out in various locations during the Republican period. In my dataset, Tongshan
was a major coal-producing county. In 1916, it produced 32,106 tons of coal, and in 1919, 147,348 tons. As
recorded in the gazetteer, in 1914, a well-known merchant, Yuan Shichuan, established a coal company. At
its peak, the mine produced up to 500 tons of coal per day.?* There were also coal deposits between Nanjing
and Zhenjiang, though most consisted of small mines with unstable production. Local residents also dug
small amounts during their spare time for household fuel use.?®> My dataset also shows that Jurong County,
located between Nanjing and Zhenjiang, produced between 1,500 and 2,500 tons of coal annually. Coal
deposits were also found near Yixing, but development was relatively difficult due to the irregularity of the
coal seams. 2% In my dataset, Wu County, located near Yixing, also reported coal production, although the

quantity was quite small—only a few hundred tons per year.

2 llustrated Gazetteer of Qionglai County, juan 4: Local Products Gazetteer, lead-printed edition (1922), p. 240. Accessed
via Beijing Erudition Digital Technology Research Center. “fTHikE L+ &F, AW EH . —EAK, BUl4, =TRE
B DRE. RER- &8 MKW~ FW; ZERK, BalK, Rar2EE, Bumds, e mbUKE 28 KUk - 7

22 Geographical Gazetteer of Jiangsu Province, juan 4, Part III, Human Geography, lead-printed edition (1936), pp. 154 and
156. Accessed via Beijing Erudition Digital Technology Research Center. “JLI-FHIZ T ILIA/A, T = ZEEIFHFE - &L
WEZZHE- B, SKREFRZMS - RBZ KRN NE, Bt .

23 Geographical Gazetteer of Jiangsu Province, juan 4, Part I1I, Human Geography, lead-printed edition (1936), p. 156.
Accessed via Beijing Erudition Digital Technology Research Center. “MEZE{LAN = HIKEREE, RHAZ RASEIL—R-
JEABEHE ST, FOROS IR B ARAbZ IR, MARES A TTHE . B2 TNEL, M5 REREEHEE. ”

24 Geographical Gazetteer of Jiangsu Province, juan 4, Part III, Human Geography, lead-printed edition (1936), p. 157.
Accessed via Beijing Erudition Digital Technology Research Center. “Uti BiEY4& IR, RE=ZFREHEES, KEMNTT
AT . HEEREER, HHAEW. »

25 Geographical Gazetteer of Jiangsu Province, juan 4, Part I1I, Human Geography, lead-printed edition (1936), p. 157.
Accessed via Beijing Erudition Digital Technology Research Center. “TEEIEM R « ST 2 A, HiFRRUBETF &4 5 N
Z, WL Z L RIE R D 2 BEREZECH T, WL R . KA ES, ELUERAESE AT, RHEER. X
ZNTRFNZIAEERSE, DMEHHER R &R ZH - 7

26 Geographical Gazetteer of Jiangsu Province, juan 4, Part I1I, Human Geography, lead-printed edition (1936), p. 157.
Accessed via Beijing Erudition Digital Technology Research Center. “H>:MEHEE M5K¥EMHE, HERSTHEERHEL .. HEX
BE5F, FFRECHE. 7

16



As another important source of energy, charcoal was also frequently recorded in gazetteers. Charcoal had
many uses; for example, the Henan Gazetteer notes that it was used both for household heating and for iron
smelting. 27

For counties that produced little or no coal, many produced charcoal instead. For example, in the case of
Changhua in Zhejiang, its gazetteer (1924 Edition) records that charcoal was produced in the northwestern

regions and transported within the urban district.?®

5 Interregional Integration

5.1 Correlation Length

The first approach I adopt is correlation length, adopted by Roehner and Shiue (2000). My dataset is a short
panel of only eight years, but each year contains more than one hundred observations. I aim to estimate
the level of spatial integration and compare it across years. This approach is revised to focus on spatial
autocorrelation, which aligns better with both the structure of the data and the objective of the analysis.
Suppose I have N locations. I randomly index them by 1,2,3,..., N and keep the indexing consistent
throughout. The geographic distance between location ¢ and location j is denoted by d;;. I group observations
into distance bins of 50 km. For each bin, I calculate the correlation among all pairs of observations whose

distances fall within that range:
By, ={(i,j) : dij € [ak,bx] and i < j}

and

p(By) = corr({pi} (i j)e B APi } (i) By )-

Here, By, is the kth distance bin, containing all location pairs with distances between a; and by. I always
place the location with the lower index first in each pair.?? I then compute the Pearson correlation for each
bin.

Figure 2 shows the trend in price correlation over distance. In general, the correlation decreases as

27 Gazetteer of Henan Province, juan 4, manuscript copy, p. 340. Accessed via Beijing Erudition Digital Technology Research
Center. “GRKFTHZ R NEITR, FARETATHAR=TRT, TERAFRBEE . BKZH . H—M¥uc, WHEEMRRZH . »

28 Gazetteer of Changhua County, table of contents section, lead-printed edition (1924), p. 25. Accessed via Beijing Erudition
DigitalmTecI:’nology Research Center. “HPEILRPTH AR - B~ WWZSE, ZRIBRTEEEE, WUBFHT AR, BHRBIX
Z, Bk

29Note that a lower index does not imply a lower coal price.
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Correlation by Distance
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Figure 2: Price Correlation by Distance

distance increases.?? However, beyond approximately 400 km, the correlation begins to oscillate around
zero. After this distance, the correlation becomes highly variable and uninformative. Accordingly, only pairs
within 1,000 km are included in the estimation of correlation length.

The correlation length, denoted by &, is defined by the following formula:

p(dy) = e~ %/¢ where dj, = (ay, + by)/2. (1)

The dependent variable p(dy) represents the correlation between prices in the kth distance bin, and dy, is the
midpoint of the corresponding distance bin. Figure 3 presents the Pearson correlation coefficients and their
confidence intervals for each distance bin in 1915. The parameter £ is the key quantity to be estimated, and
I estimate it using nonlinear least squares (NLS).

The coefficient € represents the characteristic distance over which price correlations decay. Specifically,

'~ 0.37. A larger ¢ implies a slower decay of

it is the distance at which the correlation drops to e~
correlation with distance, indicating that prices remain correlated over longer distances—a sign of stronger
market integration. Figure 4 provides a visualization of £ in 1915, when the correlation length is 63.26 km.

The correlation length captures the spatial correlation of prices, making it particularly suitable for my

dataset, which consists of a relatively short panel (only eight years) but many observations per year. More-

30Here, distance is binned in 200 km intervals for clearer visualization.
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Correlation vs. Distance
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Figure 3: Correlations and Confidence Intervals by Distance Bin, 1915

over, the correlation length is independent of the absolute level of prices, making it ideal for comparing
different markets (Roehner and Shiue, 2000). This feature allows me to track changes in interregional mar-
ket integration over time and to compare market performance in China with that of other countries or with
China during other historical periods.

Figure 5 presents the results of the estimated correlation length. In 1912, the correlation length was
13.4 km.3! The correlation length increased rapidly between 1912 and 1916. In 1916, the correlation length
triples compared to 1912, reaching its maximum of nearly 75 km. This distance is also the economic radius
of cart-based coal transport estimated by Wright (1984). Even at its best, interregional market integration
in China never extended beyond the limits of animal-powered transport. This is perhaps unsurprising, given
the limited development of modern transportation infrastructure at the time. Moreover, spatial integration
began to decline after 1916, coinciding with the start of the country’s political disintegration.

I then estimate the correlation length by region using data from 1914 and 1915. The results are presented
in Figure 6. Two important takeaways emerge. First, market integration varied significantly across regions.
Correlation length is significantly higher in Manchuria than in the central inland, northern interior, and
southwest regions, likely due to its relatively developed railway system, benefited from strategic investments

by Russia and Japan. This piece of results also raises a concern about our previous estimation. Because

31As a reference, the correlation length in Jiangsu was 4.8 km during 1742-1795, while in France it was 16.5 km during
1756-1790, according to Roehner and Shiue (2000) using grain prices.
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Price Correlation vs Distance
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Figure 4: Coal Price Correlation v.s. Distance, 1915

Point Estimates with Confidence Intervals Over Years
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Figure 5: Correlation Length, 1912-1919
Figure 5 presents the point estimates and confidence intervals for the correlation length over the period

1912-1919. The point estimates are obtained using NLS, while the confidence intervals are estimated
via bootstrap using the delta method.
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Point Estimates with Confidence Intervals by Region
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Figure 6: Correlation Length by Region 1913

Figure 5 presents the point estimates and confidence intervals for the correlation length by region using

data from 1914 and 1915. The point estimates are obtained via nonlinear least squares (NLS), and

the confidence intervals are estimated through bootstrapping using the delta method. The “Northern

Interior” region includes Chihli (Hopeh), Honan, Shantung, Shansi, Shensi, and Kansu. “Manchuria”

includes Heilungkiang, Kirin, and Fengtien. “Southwest” includes Szechwan, Yunnan, Kweichow,

and Kuangsi. “Central Inland” includes Hunan, Hupeh, Kiangsi, and Anhwei. “Southeast Coastal”

includes Kiangsu, Chekiang, Fukien, and Kwangtung.
some provinces stopped reporting data in later years, the observed trend in Figure 5 may be driven by an
unbalanced sample. In the Appendix A, I alleviate this concern by re-estimating all key specifications using
a more balanced sample, dropping provinces with substantial missing data. Second, most large coal mines
were located in the Northern Interior (e.g., the Kaiping coal mine in Chihli). However, the presence of large
coal mines did not necessarily translate into better coal market integration. One possible explanation is that
these mines were situated inland, often far from low-cost transport networks. Again, natural endowment
alone does not guarantee an economic advantage.

In Appendix B, I present additional estimates of correlation length that include coal prices at treaty ports.
One point worth noting is that the CMC trade reports did not distinguish between raw coal and refined coal.
Given the context at the time, China likely imported high-quality coal intended for industrial use, so coal
prices at treaty ports may not be fully comparable to the raw coal prices in our main dataset. Nevertheless,

I find that incorporating treaty port prices significantly improves the degree of estimated market integration,

particularly during periods of political instability.
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5.2 Global, National, and Local Shocks

The second measure of market performance follows Keller and Shiue (2007) by distinguishing between global,
national, and local shocks that influenced local prices. The intuition behind this approach is that, in fully
integrated markets, local shocks should have little impact on local prices, as such shocks should be fully
absorbed by the entire economy. Therefore, within a regression framework, I examine the extent to which
the local price P;; is determined by the global price PY, the national price P/¥, and the local price PEL.

The global price PE is proxied by the price of coal in Shanghai, the largest treaty port, reported in the
Chinese Maritime Customs (CMC) trade reports.

The national price is defined by
v _ VY

Pt == 7N’
t

where V"V is the total value of coal produced in Year ¢ and Q¥ is the total quantity.

I further define the in-Province price and out-Province price by

In VOut
In __ ‘/it Out __ Vi
Py = —f—and Py = —5—,
it it

where VA" and QI* are the value and the quantity of coal produced in the province where County i is located
during Year t; Vitout and Qg“t are the value and the quantity of coal produced outside the province where
County ¢ is located during Year ¢.

Finally, the near price and far price are defined by

Near Far
PNear _ ‘/7,'t and PFar _ ‘/it
it — (Near it T Far’
it it

where V" and QN are the value and the quantity of coal produced within C' km of County i; V;F'e"
and Q5" are the value and the quantity of coal produced farther than C' km from County i during Year ¢.
C refers to different cutoffs.??

Table 3 presents the regression results for the full sample. Columns (1) and (2) show that local prices were
significantly affected by both global and national prices. The coefficient on the national price is 0.293.33

The coefficients on global and national prices are similar. This similarity is unsurprising, as the global

price was highly correlated with the national price. After several decades of integration into the global

32The cutoff 700 km is used by Keller and Shiue (2007).
33As a reference, the coefficient on the national price is 0.476, as estimated by Keller and Shiue (2007) using grain prices
from 1723-1735, while the coefficient is 0.974 for China during 1986-1993.
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market following the opening of the treaty ports, such correlation is to be expected. Column (3) shows
that local prices were significantly correlated with in-provincial prices, but not with out-provincial prices
after controlling for in-provincial prices. This echoes the findings in the previous section: the correlation
length was not long enough to extend beyond provinces, especially considering that Chinese provinces were
geographically large. Finally, the last column indicates that local prices were significantly affected by both
the near price and the far price. However, both coefficients are small. The cutoff for “Near,” 700 km, is much
larger than the typical size of a province, so the near price has far less explanatory power for local prices
than the in-provincial price. The far price may partially reflect the influence of the national (or global) price

and thus retains some explanatory power.

Table 3: Global, National, and Local Shocks, Coal Prices, 1912-1919

Dependent Variable: log(Price)
Model: (1) Global (2) National (3) Province (4) Distance
Variables
log(Global Price) 0.2699***
(0.0517)
log(National Price) 0.2934***
(0.0642)

log(In-Province Price) 0.4768***

(0.1268)
log(Out-Province Price) 0.1145

(0.0753)
log(Near Price) 0.1636**

(0.0731)
log(Far Price) 0.1052**
(0.0467)

Fized-effects
Province Yes Yes Yes Yes
Fit statistics
Observations 1,534 1,534 1,534 1,534
R2 0.31268 0.31474 0.36173 0.31254
Within R? 0.01441 0.01737 0.08475 0.01421

Clustered (Province) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Table 4 presents the results separately for the first half of the sample (1912-1915) and the second half
(1916-1919). During the first period, the political situation remained relatively stable. On December 12,
1915, the first president of China declared the restoration of the hereditary monarchy. Shortly thereafter,

China fragmented into regions controlled by regional military governors. The second half of the sample
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represents a period of political disintegration.

Compared to the full sample results, the first period shows evidence of stronger market performance,
while market performance significantly declined in the second period. Column (1) of Table 4 shows that the
coeflicient on the national price nearly doubled compared to the full sample. However, it loses all significance
during the second period as shown by Column (2). Column (3) indicates that in addition to in-province
correlations, local prices were also significantly correlated with prices outside the province during the first
period. However, as shown in Column (4), in the second period, not only does the coefficient on the in-
province price become smaller, but the out-of-province price also loses all explanatory power. Finally, the
near/far price cutoff in this table is 700 km. In the first period, the near price remains significantly correlated
with the local price, and even the far price retains some explanatory power, as shown in Column (5). In
contrast, during the second period (Column (6)), both near and far prices lose their explanatory power.
Figure 7 further illustrates the estimates on near prices using different distance cutoffs. The figure shows
that in the second period (green), the near price loses its explanatory power at distances below 400 km,
whereas in the first period (blue), it remains statistically significant even at distances up to 1000 km.

These results all indicate that, following the collapse of the Qing dynasty, Chinese markets began to
integrate rapidly under the new, more liberalized institutional environment, showing a trend toward long-
distance market integration. However, this trend came to a halt with the fall of the central government.
Compared to the first half, price correlations decreased at all levels in the second half. There was no
significant price integration beyond the provincial level. These findings indicate that markets were quick to
respond to changes in institutional environments. They also suggest that, had China remained politically
unified, market integration could have continued to grow. Moreover, had the Qing created similar market

liberalization, the growth observed during 1912-1915 could have occurred earlier and been more sustained.

5.3 Cointegration

The final approach T adopt is the cointegration method from Shiue and Keller (2007). In time series analysis,
cointegration suggests that although individual series may drift in the short term, they tend to move together
over the long run. A higher degree of cointegration, therefore, indicates stronger price integration between
markets. However, results using this approach should be interpreted with caution due to the short length of
time (T = 8) in my sample.

In my dataset, 21 counties report prices for all eight years. Therefore, I restrict my sample to these 21

counties. These counties are all located in areas surrounding Beijing, where the central government still
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Table 4: National and Local Shocks, 1912-1915 and 1916-1919

Dependent Variable: log(Price)
Model: (1) 1912-1915  (2) 1916-1919  (3) 1912-1915  (4) 1916-1919  (5) 1912-1915  (6) 1916-1919
Variables
log(National Price) 0.5398** 0.0706
(0.2222) (0.1183)
log(In-Province Price) 0.5929*** 0.3745**
(0.1007) (0.1457)
log(Out-Province Price) 0.3000*** -0.0703
(0.0555) (0.0988)
log(Near Price) 0.2887*** -0.0185
(0.0925) (0.0725)
log(Far Price) 0.1822 0.0244
(0.1679) (0.0709)
Fized-effects
Province Yes Yes Yes Yes Yes Yes
Fit statistics
Observations 855 679 855 679 855 679
R? 0.28552 0.38925 0.34986 0.40761 0.28922 0.38874
Within R2 0.01838 0.00122 0.10678 0.03126 0.02346 0.00039

Clustered (Province) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Sample @ Full Sample -® Post-1915 -®@ Pre-1916
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Figure 7: Near Price Correlations Using Different Distance Cutoffs
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Figure 8: Cointegration

maintained influence even as many southern provinces declared independence. Rather than reflecting overall
market performance in China, the results in this subsection should be interpreted as representative of a
specific subregion within China.

For every two counties, I first run the following regression:

Py = Bo+ B1Por + €

and then test & for stationarity using an Augmented Dickey-Fuller (ADF) regression. The smaller the
t-statistic from the ADF test, the stronger the evidence for cointegration between P; and Ps.

Figure 8 presents the results. The black dots represent the test statistics from the ADF regression for each
pair of series, while the red dots indicate the average within each distance bin. The results are comparable
to those reported in Figure 4 of Shiue and Keller (2007), which analyzes grain markets in China’s provincial
capitals during 1742-1795. In a more developed market, an upward trend is typically observed, indicating
that cointegration decreases with distance.?* However, the results shown here suggest that overall market

performance in China remained quite limited.

34 As demonstrated by the estimates for European cities in Figure 4 of Shiue and Keller (2007).
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6 Local Supply

Market integration occurs when trade costs between two markets decline. However, trade is not the only
mechanism that drives price convergence. During the early Republican period, the entry of small produc-
ers created supply shocks in local markets, which also influenced the price trends observed. It is therefore
important to identify these supply shocks and understand the entry decisions of small coal mines. The en-
dogenous nature of supply shocks in local coal markets has important implications for both the interpretation
of previous estimates and our broader understanding of the coal industry.

Shocks in the Market

Define P as the equilibrium price and ) as the quantity of local production.

In the simplest equilibrium setting, a demand shock (i.e., a rightward or leftward shift of the demand
curve) results in both price and quantity increasing or decreasing together. In contrast, a supply shock leads
to a change in quantity and an opposite change in price, either an increase in quantity with a decrease in
price, or a decrease in quantity with an increase in price.

Following this logic, I define that a county appears as if it experiences a positive local supply shock if its
price decreases while local production increases (P |, @ 1). Similarly, a negative local supply shock is defined
by (P 1,Q l); a positive demand shock by (P 1,Q 1); and a negative demand shock by (P |, Q |).

Two points are worth noting. First, these are referred to as local shocks because @) denotes local pro-
duction rather than the total market quantity in equilibrium. Since trade is possible, ) may differ from
the equilibrium market quantity. Second, the term as if is used because, as explained in the following
paragraphs, appearing to experience a shock does not necessarily imply that a shock has actually occurred
in the local market; rather, it may result from shocks in other markets that are transmitted through trade.

Now consider two counties, A and B, that trade with each other at zero trade cost. In the closed-economy
equilibrium, assume without loss of generality that P4 > Pp. Once the two counties begin to trade, County
B exports to County A, and in equilibrium, P4 = Pg. Suppose County B then experiences a positive supply
shock (which shifts its supply curve to the right); as a result, Pg decreases, and in the new equilibrium, Px
also decreases because the condition P4 = Pp must always hold. This lower P, is associated with a decrease
in County A’s local production, @ 4. Note again that @ refers to local production rather than the market
equilibrium quantity. Thus, a positive supply shock in County B will make it appear as though County A
has experienced a negative demand shock, i.e., (Pa |, Qa ).

Appendix C provides a comprehensive discussion of all possible cases. In summary, if one county ex-

periences a positive (negative) demand shock, the other county will also appear to experience a positive
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(negative) demand shock. In contrast, if one county experiences a positive (negative) supply shock, the
other county will behave as if it experienced a negative (positive) demand shock. No matter what one
county experiences, the other county will always appear to experience a local demand shock. Therefore,
when we observe a local supply shock in the data, it must reflect an actual local supply shock rather than
effects transmitted through trade from elsewhere. When we observe what appears to be a demand shock, it
may reflect either a true local demand shock or the effect of shocks from other counties transmitted through
trade.

Supply Shocks

Figure 9 presents the number of counties that appeared to experience a supply or demand shock during the
period 1913-1919. The figure shows that in every year, the number of counties that appeared to experience a
supply shock always exceeded those that appeared to experience a demand shock. Moreover, this difference
should be interpreted as a lower bound, given the logic discussed in the previous paragraph. The evidence
indicates that the supply side plays an important role in shaping the market outcomes. As emphasized
previously, the supply side reflects deliberate choices.

Figure A3 further illustrates the two types of shocks observed in Shansi, one of the largest coal-producing
provinces in China during 1913 to 1919. This figure confirms the logic discussed above. Since supply shocks
induce responses in other locations that appear as if they were demand shocks, counties that appear to
experience demand shocks are likely spatially entangled with those that experience supply shocks. Moreover,
the figure shows that supply shocks were geographically dispersed and varied across years.

I then examine why positive supply shocks occurred in particular markets in specific years. These shocks

likely reflect the entry of small coal mines. Consider a Probit regression:
Positive_Supply_Shock; ; ~ 10g(P; ;_1).

where the LHS is a binary indicator for whether a county experiences a positive supply shock (Q 1, P {),
and the RHS measures the price level in the previous year.

For each prospective mine, it will enter if and only if

{ max Z(l —+ T)_(t_l) (PtQt — C(Qt)) s.t. ZQt = Q} > F
t=1

Q1,Q2,..,QT =

Here, Q; denotes the amount of coal produced in each year, subject to a fixed deposit constraint Q. P; is

the coal price in each period, and C(Q) represents the cost of producing quantity Q. For a producer to enter
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Figure 9: Demand/Supply Shocks

the market, the total discounted profits must exceed the sunk costs F. While I do not explicitly solve this
optimization problem, the key idea is that all future prices P; are unknown and must be predicted based on
the previous price. If the previous local market price was high, producers would likely anticipate continued
high prices and thus be more likely to enter.

The absolute price level on the RHS can also be replaced with log(PReative)  defined as the county’s
price relative to the provincial average. A higher relative price indicates not only a high local price but also
weak integration with surrounding areas. In such counties, local producers faced less external competition
and were therefore more likely to enter.

Table 5 reports the results of the Probit regressions. Column (1) shows that a higher local price indeed
provided an incentive for local producers to produce more. Column (2) shows that the effects being even
stronger if the county was poorly integrated with other counties in the province. The results remain robust

Py

when local prices are normalized by the national average ( o
t

) to account for macro-level price changes, as
shown in Table A2.

These results have important implications. First, they suggest that positive supply shocks were more
likely to occur in counties where coal prices had previously been high. In other words, private participants
responded to market signals and strategically entered potentially profitable markets. Second, given the
strategic entry of small coal mines, price convergence may have been driven not only by increased trade

activity but also by local supply responses. In this sense, the improvements in market integration observed
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between 1912 and 1915 could have been driven by the entry of private producers after market liberalization.
Finally, poor market integration was not necessarily a disadvantage, as it may have facilitated local mining

development.

Table 5: Positive Supply Shock

Dependent Variable: Positive Supply Shock
Model: (1) (2)
Variables
log(P;4—1) 0.6605***

(0.0773)
log(R;I’?telative) 0.6556***

(0.0651)

Fized-effects
Province Yes Yes
Year Yes Yes
Fit statistics
Observations 1,012 1,012
Squared Correlation  0.11888 0.10882
Pseudo R? 0.09824 0.09086
BIC 1,315.3 1,324.5

Clustered (Province) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

7 Conclusion

This paper provides insights into a key question in the “Great Divergence” literature: were the fuel constraints
faced by commercial centers during the Qing purely a geographic accident, or were they also the result of
unfavorable institutions?

To answer this question, it is not sufficient to examine the Qing period alone, as we cannot observe what
would have happened under alternative institutional settings. In this paper, I adopt a retrospective counter-
factual approach by examining coal markets in China during the early Republican period (1912-1919). The
coal industry under the Qing was heavily restricted. Before 1870, there was virtually no coal industry in
China, as only very few coal mines were permitted by the state. Even during the Self-Strengthening Move-
ment (1870-1895) and after the mining sector was opened to foreign investment in 1895, private domestic
participation in coal mining remained extremely limited. It was only in the final years of the Qing dynasty

that restrictions on private involvement began to relax.
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Using county-level coal price data, I estimate interregional market integration in China during the period
1912-1919. This was a crucial transitional period in Chinese history, beginning with the establishment of
a new political system in 1912, followed by political disintegration after 1916. The estimates in this paper
show that markets became more integrated between 1912 and 1915, but this trend reversed during 1916-1919
as political instability led to market fragmentation. Overall, markets remained poorly integrated spatially,
with only some integration within provinces and a failure to achieve long-distance integration.

This paper highlights the importance of private initiatives in the development of the coal markets in
China. The key difference between the Qing and the Republican coal industry is the possibility for private
investors to open mines without political connections. Private participants responded to market signals.
Their entry decentralized the coal production and created competitive local markets.

If the Qing had relaxed the restrictions on private participation earlier, the trend observed during
1912-1915 could possibly have taken place sooner and lasted longer. Although the entry of small coal
mines probably could not have solved the entire energy problem, it might have reduced reliance on other
energy sources that could have been used for industry in many places.

Finally, a similar trend is observed in China following the economic opening in 1978. A comparison
between 1955 and 1985 in Figure 10 shows that after the opening up of the private sector, coal production
in central and southern China, on average, grew more rapidly than in the traditional coal-producing regions
of the North. This finding suggests that the pattern observed during the first wave of market liberalization
in the early Republican period was likely repeated during the second wave after 1978—and may well be

repeated in the future.
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A Robustness Checks

I created a more balanced sample by retaining provinces that reported data for at least two years during
both 1912-1915 and 1916-1919. As a result, four provinces are dropped: Szechwan, Yunnan, Kweichow, and

Heilungkiang. The main trend remains unchanged.

Point Estimates with Confidence Intervals Over Years
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Figure Al: Correlation Length, 1912-1919, Balanced
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Table Al: National and Local Shocks, Balanced

Dependent Variable: log(Price)

Model: (1) Full ~ (2) 1912-1915  (3) 1916-1919

Variables

log(In-Province Price) 0.4460*** 0.5698*** 0.3745**
(0.1460) (0.1349) (0.1461)

log(Out-Province Price)  0.0962 0.2457** -0.0704
(0.0735) (0.0954) (0.0991)

Fized-effects

Province Yes Yes Yes

Fit statistics

Observations 1,284 607 677

R? 0.37170 0.36466 0.40083

Within R? 0.07552 0.09184 0.03126

Clustered (Province) standard-errors in parentheses
Signif. Codes: ***: 0.01, **: 0.05, *: 0.1

Table A2: Positive Supply Shock, Normalized by National Average

Dependent Variable: Positive Supply Shock
Model: (1) (2)
Variables
log(P;1—1) 0.6959***

(0.0544)
log (P qte) 0.6597***

(0.0563)

Fized-effects
Province Yes Yes
Year Yes Yes
Fit statistics
Observations 1,012 1,012
Squared Correlation  0.15086 0.13987
Pseudo R? 0.12903 0.11920
BIC 1,262.2 1,274.3

Clustered (Province) standard-errors in parentheses

Signif. Codes: ***: 0.01, **: 0.05, *: 0.1
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B Adding Trade Port Prices

T also add coal prices at treaty ports from the CMC reports. Details regarding the Treaty Port system and
the CMC are elaborated in previous chapters and are therefore omitted here. One important note is that
one Hk. Tls used in the CMC reports equals 37.8 grams of silver, whereas one yin yuan, as used in the
Nongshang Tongji Biao, equals 24.8 grams of silver. Accordingly, I convert all prices to yin yuan.3?

Figure A2 further presents estimates that include prices at treaty ports. A comparison of the red and
blue points shows that, on average, correlation lengths are higher when treaty port prices are included than
when they are excluded. Notably, after 1916-when the central government collapsed—correlation lengths
continued to increase in the estimates that include port prices. There are two interpretations. First, as
argued in the previous chapters, import prices at treaty ports were driven by global supply factors, so prices
in treaty port cities could be correlated, especially when some ports shared origin countries. Second, treaty
ports were more developed due to stable Western institutions. These ports had spillover effects, which
may have led to stronger price correlations with surrounding areas. Finally, nearly all treaty ports were
located along major long-distance transportation routes, particularly waterways. Therefore, including them
improved overall estimated market performance. Their advantages became particularly pronounced when

the rest of the country was experiencing political instability.
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Figure A2: Correlation Length, 1912-1919, with Treaty Ports

35Raw coal and refined coal were not listed separately in the CMC reports. Imported coal was usually of higher quality. The
average price of imported coal was also higher than that of locally produced raw coal.
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C Local Supply/Demand Shocks

e Remember that P refers to the market price, while () refers to local production.

e Suppose two markets, A and B, trade with each other at zero trade cost. In the closed-economy
equilibrium, assume without loss of generality that P4 > Pp. Once trade is open at zero cost, the

equilibrium condition becomes P4 = Pg.

— If Market B experiences a negative supply shock (Pg 1,Qp |) = Pa 7= Q4 1, then (P4 1,Q4 1),

which makes it appear as though A has experienced a positive local demand shock.

— If Market B experiences a positive supply shock (Pg |,Qp 1) = Pa 1 = Qa |, then (P4 1,Q4 1),

which makes it appear as though A has experienced a negative local demand shock.

— If B experiences a positive demand shock (Pg 1,Qp 1) = Pa T = Qa T, then (Pa 1,Q4 1),

which makes it appear as though A has experienced a positive local demand shock.

— If B experiences a negative demand shock (Pg |,Qp |) = Pa | = Qa |, then (P4 |,Qa J),

which makes it appear as though A has experienced a negative local demand shock.

— If Market A experiences a negative supply shock (P4 1,Q4 ) = P T = @p 1, then (P 1,Q5 1),

which makes it appear as though B has experienced a positive local demand shock.

— If A experiences a positive supply shock (P4 |,Qa 1) = P | = @5 |, then (Pg |,@p ), which

makes it appear as though B has experienced a negative local demand shock.

— If B experiences a positive demand shock (P4 1,Qa 1) = P T = @Qp 1, then (Ps 1,@5 1),

which makes it appear as though B has experienced a positive local demand shock.

— If A experiences a negative demand shock (P4 },Qa |) = Pp | = Qp |, then (Pg |,Q5 |),

which makes it appear as though B has experienced a negative local demand shock.

e Notice that regardless of whether a market experiences a positive or negative shock, the trading partner
will always appear to experience a demand shock. This implies that if a market appears to experience
a supply shock, it cannot be the result of shocks transmitted from other markets but must instead

reflect an actual local supply shock.
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