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Abstract:

What happens to real wages and wage inequality when a country opens to trade and
industrialization? | construct new wage series for China from 1858 to 1936. | collect the
nominal wages from the records of the China Maritime Customs, and estimate real wages
for unskilled and skilled workers using new group-specific cost of living indices. | find
that real wages of the unskilled were stagnant throughout the period, likely because of
China’s large stock of unskilled labor. Skilled wages rose rapidly between 1858 and 1920
and fell thereafter. My findings suggest that technological advances increased skill
demand, driving up the skill premium. Educational progress eventually increased the
supply of skilled workers, thereby reducing the skilled wage. This pattern is consistent
with the story of “race between technology and education”.
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1. Introduction

In recent years there has been great interest among economists in China’s economic
development in the late nineteenth and early twentieth centuries. Prior to the 1840s China
was a closed, largely agrarian economy. Under international pressure, China gradually opened
its economy to foreign trade and, later, to foreign direct investment. By the early twentieth
century, the coastal regions were industrializing and commercializing, and Chinese-made
manufactures had begun to replace imports and even to be exported. Historians and
economists have made substantial progress in sketching the broad outlines of this
transformation. ' What has been less understood, however, is how these accelerating
economic changes affected people’s real income and standard of living.

This paper studies trends in real wages and wage inequality in China from 1858 to 1936.
I present the first detailed wage series by skill group that span this critical period in Chinese
history. I construct nominal wage series from the records of employees in the China
Maritime Customs service (hereafter “CMC”) for nearly fifty Chinese cities. I also construct
group-specific cost of living indices from price data and household budget information
contained in CMC trade statistics and surveys. The resulting nominal wage series and cost of
living indices make it possible to estimate long-run trends in real wages and skill premia for
three basic categories of Chinese workers: unskilled, skilled, and highly skilled.

Using these newly constructed real wage series, I find that skill premia rose rapidly
during the first three decades of industrialization. After the 1920s, the wage gap between
skilled and unskilled labor began to decline, while the gap between highly skilled and
unskilled labor continued to rise. These changes in the skill premia, I show, were driven by

movements in the wages of skilled and highly skilled labor. China’s enormous reservoir of

! See, for example, Chung-li Chang (1962); Liu and Yeh (1965); John Chang (1969); Rawski (1989); Ma (2000).



unskilled labor kept unskilled wages stagnant until a rapid growth spurt in the 1930s. By
contrast, supplies of skilled and highly skilled labor were extremely scarce, driving up their
real wages and the skill premia up to 1920. After 1920, however, progress in primary and
secondary education increased the supply of skilled labor, resulting the decline of skilled
wages. As a contrast to the declining skilled wages, the wages for highly skilled workers
continued to grow after 1920, because this group of workers required high education and
progress in high education was much slower.

Following the pioneering work of Lindert and Williamson (1983) and Margo (2000), this
paper studies inequality by documenting real wage trends. Furthermore, this paper explores
how technological changes, education progress and external shocks affect wage inequalities.
A large body of academic work has shown both theoretically and empirically that
technological changes in the first and second industrial revolutions and more recent periods
had different skill biases and affected inequality patterns differently.” Scholars have also
observed that the expansion of mass education contributed to a decline in income inequality
in the US in the twentieth century.’ External shocks, such as wars, regime changes, minimum
wage regulations, etc. are also found to greatly affect wage and income inequalities in the US
and European countries." However, empirical evidence comes largely from leading countries,
and there are few studies of the follower countries. This paper fills in this gap by studying
the early patterns of real wages and wage inequality in a large developing economy, China. I
show that, different from those leading countries, China was much more abundant in

unskilled labor and scarce in skilled labor, and this led to a rising wage inequality when China

2 See, for example, Katz and Murphy (1992); Goldin and Katz (1996, 1998); Caselli (1999); Krusell et all (2000);
Acemoglu (1998, 2002a, 2002b, 2003); O'Rourke, Rahman and Taylor (2007).

3 See, for example, Goldin and Margo (1992); Katz and Murphy (1992); Autor, Katz and Krueger (1998);
Goldin and Katz (2001); Card and Lemieux (2001).

4 See, for example, Piketty, Postel-Vinay and Rosenthal (2004); Piketty and Saez (2003); Atkinson and Piketty
(20006).



opened to trade and began to adopt industrial technologies. Furthermore, this paper shows
that the wage inequality was reduced when China rapidly ramped up a modern education
system and increased the supply of skilled labor. These findings on China about 100 years
ago cast light to the question why inequality in today’s developing countries has aggravated,’
and indicate possible solutions to rising inequality in the developing countries.

The rest of this paper is organized as follows. Section 2 offers a brief overview of the
economic changes that occurred in China during this period. Section 3 introduces the
primary data source, the CMC archives, and studies the representativeness of the dataset. In
Section 4 I use hedonic regression techniques to generate the nominal wage series and
subject my findings to robustness checks. In Section 5 cost of living indices for the different
income groups are constructed. In Section 6 the nominal wage series and cost of living
indices are used to calculate real wages and skill premia. Section 7 looks at what was driving

changes in the skill premia, and Section 8 concludes.

2. Background

The late nineteenth and early twentieth century was a critical period of China. This
period witnessed economic openness, rapid industrialization and commercialization, and
drastic political and social transformations. Prior to the 1840s China was largely a closed,
agrarian economy. Under pressure from various foreign nations led by Great Britain, China
gradually opened its economy to international trade and later on foreign direct investment.
The Treaty of Nanking in 1842 permitted foreigners to trade with the Chinese in five open

ports and stipulated a general 5 percent ad valorem tariff on all goods leaving and entering

5 For the rising inequality in today’s developing countties, see “Globalization and Inequality” (Wotld Economic
Outlook, October 2007) from IMF website.



China.’ By the early twentieth century, the number of cities open to trade had climbed to 48
cities. The transition from a closed to an open economy, with a virtually free trade policy,
sparked rapid, sustained growth in international trade (see Figure 1). From 1871-84 to 1920-
29 exports as percentage of GDP increased from 2.5 percent to 7.3 percent, the per capita
value of foreign trade grew from 0.58 to 3.01 U.S. dollars, and China’s share of world trade
increased from 1.3 percent to 2.4 percent.’

China’s defeat in the Sino-Japanese war in 1895 ushered in a second wave of economic
change. The Treaty of Shimonoseki forced China to allow Japanese businesses to invest
directly in China and produce goods and services that could be sold to other nations as well
as marketed within China. This privilege was quickly extended to other foreign powers by
dint of the most-favored-nation clauses included in their trading agreements with China.
Foreign capital poured in to finance enterprises in the railway, telecommunications, shipping,
and manufacturing sectors.” It was during this second wave of economic change that the
industrialization of China really began. Cotton textiles were one of the most rapidly growing
industries. Trade records show that domestic yarn firms started to export in 1913 and by the
mid 1920s had largely displaced imports (see Figure 2).

Although the scarcity of data make it virtually impossible to construct annual time series
of GDP and other major economic indicators,” scholars have compiled vatious estimates of

the speed and magnitude of industrial expansion and economic growth. For example, John

¢ Except for a few special commodities such as opium and tea, the tariff rates for both imports and exports
were fixed at five percent ad valorem until China 1929. However, because commodity prices rose rapidly after
1858, the effective tariff rates were often below 3 percent and were never above 4 percent. See Cheng (1956) p.
10 and p. 53.

7 See Dernberger (1975). p. 27.

8 For information on foreign investments in China, see Hou (1965), chapter 3 and Dernberger (1975) p. 28.

% The historical record for Chinese economiy mainly comes from the records kept by China’s rulers, officials,
and local elites. These records, such as tax records and land contracts, however, reveal more about how and why
the Chinese people were organizing their lives to establish a special kind of civilization but very little
quantitative information about what China’s economic performance was all about.



Chang (1969) constructs an industrial output index and indicates that industrial output grew
9.8 percent annually from 1912 to 1936. Liu and Yeh (1965) estimate an annual growth of
per capita GDP of 0.33 percent in the same period, while Rawski (1989) contends that per
capita GDP growth in advanced regions of China had already attained a similar rate to that
of Japan in the Republican era."

While this snapshot about China’s accelerating economic change is shared by many
historians and economists, it has been poorly documented how this transformation affected
people’s real income and standard of living. This situation calls for the collection of new
information, which would make it possible to construct new wage series and cost of living
indices, and contribute to a better measurement of the speed and magnitude of economic

changes in China in the late nineteenth and early twentieth centuries.

3. Data

3.1 The China Maritime Customs and Its Archives and Publications

My wage and price data are collected from CMC archives and publications. These
archives are among the richest resources for the study of trade, economics, politics, society,
international relations, and many other aspects of Chinese history from the 1850s to 1949.
The CMC was answerable to the Chinese central government, but its top administration
consisted largely of British and later Japanese and American officials and a major proportion
of its middle-rank technical and management staff were foreigners.

The CMC was probably the only bureaucratic organization in China that continued to
operate uninterruptedly throughout the period from 1859 to 1949. The CMC’s primary tasks,

of course, were collecting revenues from, and recording and publishing data on, China’s

10 Ma (20006) has an excellent summary of these estimations.



foreign trade. But it took on more and more functions over time, including collecting
revenues for domestic trade, administering the postal system, developing inland and coastal
waterways, and representing China at international fairs. The CMC’s geographical reach grew
from just fourteen stations during the 1860s to neatly fifty during the 1920s, covering not
only the coastal regions but also inland cities including those near the border with Burma
and along the Amur River on the northern tip."

The most well-known and studied of CMC’s publications are its trade statistics.'” These
trade statistics record the quantities and the values of all commodities passing through each
treaty port and therefore provide a precious source for the study of trade patterns and
commodity prices in these cities. The CMC also published annual and decennial analytical
reports on economic activities in those port-cities, as well as in the provinces where they
were located.® These reports provide extremely rich information on many aspects of the
Chinese economy, such as trade and shipping, the natural environment, agriculture, industry,
currency and finance, mines and minerals, communications, education, administration,
justice and police, health and sanitation, and population, and are of enormous values for
scholars of these interests.

Compared with its published trade statistics and reports, the CMC’s archives have been
much less studied. They consist of about 55,000 volumes stored in the Second Historic
Archive of China in Nanjing. Around half these volumes pertain to labor. They include

surveys of local wages and standards of living, CMC wage scales, and most importantly, the

11 For a detailed introduction, see Hans van de Ven (2002), Notes from the field: The Maritime Customs Service Project
and the website of Chinese Maritime Customs Service Project, Department of Historical Studies, University of
Bristol: http://www.btis.ac.uk/history/customs/

12 See, for example, Cheng (1956), Hsiao (1974), Lyons (2003)

13 The most well-known and cited reports are the so-called “Decennial Reports”, which are a series of
publications covering a wide range of natural and social conditions in all the treaty ports in China from 1882 to
1931. The annual publications, “Returns of Trade”, also contain reports on trade and economy in each treaty
port.



Service Lists — that is, the individual personnel records of CMC employees. The CMC started
to keep the Serice Lists in 1875 and continued until the end of the service in 1949,
maintaining the series in almost the same format and with almost the same contents for this
entire time. In each year the Service Lists recorded each employee’s name, home town, year of
joining the service, year of being promoted, year transfer to the current customhouse, rank,

and monthly salary.

3.2 My Wage Data

The Service Lists are the primary sources for my wage data. However, the CMC did not
start compiling the Service Lists until 1875 and stopped reporting wages in the 1930s, so 1
must supplement the Semice Lists with other information from the CMC’s personnel
management archives. For the more recent period I use the Service Correspondences and the
Memoranda of Services. These records provide information on temporary employees not
covered by the Semwice Lists. Unfortunately, these records are not available for the earlier
period because the archives in which they were stored were destroyed during the Boxer
Rebellion in 1900. The only sources available for the period before 1875 are correspondence
and dispatches between the CMC’s head office and local branches. Although data on wages
were scattered through these documents, I have been able to garner hundreds of data points
from them and to extend my wage series back as far as 1858."* My dataset stops at 1936
because the Sino-Japanese War broke out in 1937, and the economy was disrupted by war

from then until the Communist victory in 1949.

Y There are several hundred volumes of dispatches and correspondences in early periods, many of which
contain precious information on the CMC’s internal management and its observations of local society. I have
only examined a small part of these documents. Given more time I will be able to collect more wage records
and other precious information.



The complete dataset contains 44,600 observations."” Each observation records, for one
particular year from 1858 to 19306, the wage received by a Chinese employee of the CMC, as
well as biographical information about the employee, such as name, job title, home town,
current port, the year beginning the service, year promoted to current position and year
transferred to the current port. I excluded foreign workers from the dataset because their
wages were significantly higher than those in local Chinese markets.

Table 1 reports the geographic coverage of the dataset.' The CMC treaty “ports” were
not just coastal or river cities: 12,700 data points came from inland cities, constituting 28.48
percent of the whole sample. Some of these inland ports were along the upper and middle
Yangtze River, some in northernmost Manchuria, some in the northwestern Shanxi and
Shaanxi provinces, some in the southwest Yunnan province and some near the borders of
Burma and Vietnam. There is even one Tibetan treaty port, Yatung. I categorized these cities
into nine regions (see Appendix Al).

The CMC’s personnel hierarchy was very complex. There were more than 100 specific
positions in the CMC system, each further subdivided into several ranks. My wage dataset
focuses on the 35 most common occupations, which I categorize into three groups: unskilled,
skilled, and highly skilled labor according to the education requirements of these
occupations. '’ Workers in the unskilled occupations were mostly illiterate. No formal

schooling was required for these jobs. Biographical data in the personnel records suggest that

15 The same employee often shows up in the dataset for a few times in different years. This feature of the
dataset allows tracking the career paths of the CMC employees in future researches.

% Due to the nature of the CMC system, its personnel distribution was highly skewed toward skilled labor, and
in patticular, office cletks. In addition, as noted eatlier, the CMC's senior officials corresponded to government
officials in local governments, and their wages were extraordinarily high, as shown in Table 1. Therefore the
current study excludes the sample of senior officials.

17 Because the criterion is education requirement, the categorization of unskilled, skilled, and highly skilled
workers in this paper is different from the usual categorization in the literature of European or American
economic history. For example, carpenters here are considered unskilled workers because they did not need to
get formal education to be carpenters. In this sense, this categorization is more similar to Lindert and
Williamson (1983).



most employees in skilled occupations had high-school educations, and that most in highly
skilled jobs had college degrees. " Appendix 2 lists the occupations in all three worker groups,
and Table 1 reports the group distribution of my wage database. Due to the nature of the

CMC system, its personnel distribution was highly skewed toward skilled labor.

3.3 Data Coverage and Representativeness

The purpose of this paper is to estimate the long-run trend of wages for different income
groups in China, utilizing the wage data developed from the CMC internal personnel
archives. Since all these data points are the wages earned by the CMC employees, this
methodology has several intrinsic problems.

First of all, the CMC employees all lived in cities. So to the extent that labor markets are
not in equilibrium, their incomes do not tell us much about trends in wages in rural areas."”
Furthermore, only treaty ports, not all cities, were included in the dataset. Treaty ports were
usually large and middle cities, and were more commercialized and integrated into national
and even world markets. It is possible that wages in the treaty ports might be different from
those in other rural areas. However, as industrialization drew unskilled labor from villages to
cities, the labor market became more integrated. Therefore unskilled wages in treaty ports
were able to indicate wages in smaller cities and even in rural areas.

Second, the wages paid by the CMC might have deviated from those in the local labor
markets. Certainly, foreign employees received wages much higher than their Chinese

colleagues. Their wages were not able to reflect any information of the wages in local

18 Many personnel records in the CMC archives have information on education backgrounds of CMC
employees. Exploitation of these records in future projects will allow me to estimate returns of education in
China at that time.

19 Rural income and economic development have been extensively studied by quite a few scholars, such as
Dwight Perkins, Ramon Myers, Philip Huang, Loren Brandt etc. However, studies on urban income and wages
are very scarce. The CMC’s annual and decennial reports also include studies on rural incomes and standard of
living,



markets. In addition, the CMC’s senior officials were usually paid extremely high. Their
wages were not able to reflect those paid by private-sector firms. Instead, they were

20 .
Therefore observations of

analogous to local government officials in terms of income.
these employees are excluded from my sample. The question here is, whether the wages of
other Chinese employees, such as coolies, engineers, mechanics, and clerks, were able to
reflect market wages.

Because the CMC’s wage system did not adjust instantaneously to reflect labor market
fluctuations and rising living cost, it is possible that temporarily the CMC paid less than the
market wage. Certainly, the CMC would not have been able to hire if in the long run, it had
paid wages that, all things being equal, were below those comparable in the cities in which
they operated. Existing archives in the early twenty century show that CMC officials were
tully aware of market wages and made concerted efforts to match them. The Inspector
General’s Cireular No. 3002 in 1920 clearly shows such efforts.” Because the “pay of the
Chinese outdoor staff ... has been found insufficient in these days of increased cost of living
to attract good men or to retain desirable employees,” the CMC’s head office instructed its
branches to survey the market wages and living costs very carefully: “as local conditions vary

so much at different ports, what would be adequate at one being inadequate or excessive at

another ... I have to request you therefore to forward: a return showing the local average

20T did a rough comparison of salaries received by senior the CMC officials and incomes of senior gentry-
officials estimated by Chang Chung-li (1962), and found them in the same level.

21 Circulars were issued by the Service’s head, the Inspector General. They were confidential documents to
which only senior Customs officials such as Customs Commissioners had access. Like Imperial Edicts, they
were law until explicitly superseded by a new Circular. They were the key texts of the Customs Service.
Circulars tell us how the Custom Service organized itself, discharged its routines, and responded to events. For
details, see Bickers and van de Ven (2007), China and the West: The Maritime Customs Service Archive from the Second
Historical Archives of China, Nanjing, lLondon: Thomson Gale)
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wages and average expenses of men performing work similar to that performed by the
corresponding Customs employee”.

Another important document, Circular No. 3839 in 1928, expresses more explicitly the
CMC’s efforts to match its wage to the market wage and accommodate the rising cost of
living: “In order that I may be in a position to understand clearly whether the pay at each
individual port of the lower grade ranks of employees is on a scale which takes into account
the actual cost of living as well as the current market value of the services rendered by such
employees, I have to instruct you to prepare and forward to me ... a statement ... showing
the average market prices prevailing at your port during the previous six months for the
various necessaries of life, as well as the average wage paid by Chinese and /or foreign firms
at your port to the specified classes of employees. 7>’

On the other hand, the question remains that the CMC, as a special bureaucratic
organization, might have paid significantly higher than the market wage in order to attract
best people. This question can be answered by carefully comparing the wages from the CMC
and from the local private-sector firms. Fortunately, the CMC conducted six nationwide
wage surveys in the three years from 1929 to 1931. These surveys compared wages of
employees from the CMC’s local customhouses, local Chinese firms, and local foreign firms.
Table 2 reports the mean wages of observations from the 1929-31 surveys by dates, locations
and occupations of these observations. This table revealed mixed information: the wages

from three types of employers do not seem to differ too much with each other by dates and

locations, but the wage discrepancies by occupations were conspicuous. Therefore a better

% the Inspectorate General of Customs, Beijing, 1920, Circular No. 3002, CMC Archive No. 679(1)-16231
23 the Inspectorate General of Customs, Beijing, 1928, Cireular No. 3839, the CMC Archive No. 679(1)-16228
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study is needed to show whether the CMC had successfully paid their employees fair market-

level wages. To do so, I run the following regressions for the survey data

3 3 9
log(wage) =+ D> S, -source,; - skill,; + >y, -region; +& (1)

m=l j=1 k=1

The variable “source” indicates different types of wages. Three sources of wages were
collected in the 1929-31 surveys: wages of Chinese firms, wages of local foreign firms, and
the CMC wages. The variable “region” indicates the regions these wage observations came
from. The 1929-31 surveys contain 25 occupations. These occupations are categorized into
three groups: unskilled, skilled and highly skilled, following the categorization rule described
in the previous subsection. This specification includes an interaction term of types and skills.
It allows me to compare the differentials of the CMC wages and those of private-sector
firms by three skill groups.

Tables 3 reports the regression coefficients, which indicate the log wage differences
compared with the base group: unskilled CMC wage. It is clear that that, for the unskilled
and highly skilled labor, wages from the CMC and foreign firms were statistically
indistinguishable, while for skilled labor foreign firms paid about 6.6 percent higher. This
was not a big gap, and it is possibly because the occupations of skilled labor from these
employers are highly heterogeneous. Therefore, the regression strongly suggests that the
wages from the CMC and local foreign firms do not differ from each other.

Table 3 also indicates that the CMC and local foreign firms paid significantly higher than
local Chinese firms. The differences between the CMC wages and the wages of local Chinese
firms were 22.2, 11.3 and 7.6 percent for three skill groups respectively. The wage
differences between local Chinese and foreign firms were also significant. However, this

result is somewhat illusory. Chinese firms generally provided food, accommodations, and
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other non-pecuniary benefits to their employees, while the CMC and foreign firms seldom
did so. Such a difference in compensation method has been thoroughly discussed in the
reports from local customhouses.® According to these survey reports, the board and
accommodation benefits usually value 12 to 20 percent of the monetary income.” With such
large in-kind benefits, the total incomes received by employees in Chinese firms were no
lower than those worked in foreign firms and the CMC.

To conclude the study, because the CMC was a large bureaucratic organization that was
not able to adjust wage scales instantaneously, it is possible that temporarily the CMC wages
might have been different from the market level. However, the CMC tried hard to set its
wage scales to match the market equilibrium level, and the CMC’s survey data also suggest
that the wages paid by the CMC, local Chinese firms and foreign firms did not statistically
distinguish from each other. This study is in favor of the view that local labor markets were
highly integrated. Different types of employers were competing for skilled and unskilled

laborers, and equilibrium wages were attained from the labor market competition.

4. Nominal Wages

4.1 Hedonic Wage Regressions
A major goal of this paper is to construct annual time series of nominal and real wages

for each of the three groups of workers and calculate the trend of in the premia for skilled

24 For example, a large number of surveys from local customhouses indicate that wages from Chinese firms did
not include “free food and housing, value $7” (China Maritime Custom Archive No. 679(1)-16231 and 16232,
“Ports Returns of Living Expenses, ete, of Native Outdoor Staff (Excluding Chinese Tidewaiters) , Submitted in Reply to
Circular No.3002”); also see, for example, most Chinese firms provided “lodging and boarding”, or “mess
allowance valuing $3 to $4”, or sometimes even “food, clothing, quarter, and festival bonus” (China Maritime
Custom Archives No. 679(1) - 16233, 16234, 16235, 16236, 16237, 16238, “Cost of Living Returns for Half Year
Ending 31th March, 1929 to Septenber 19317

25 .
See the same archives
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and highly skilled labor.* In order to generate these estimates, I use hedonic regressions to
adjust for changes in the attributes of the sample over time (for example, the number and
location of the customhouses), as well as to control for characteristics of the individual
employees. The dependent variable is the log wage earned by a particular CMC employee,
and the independent variables are characteristics of the employee under analysis (the year
and the location of the observation, the worket’s occupation, his length of service (the
variable “tenure™) and tenure squared.

As noted in the previous section, my dataset covers 35 jobs, which I group into three
categories: unskilled, skilled and highly skilled, based on their education requirements. I run
the following hedonic regression separately for each of the skill groups, yielding three
separate nominal wage series.

K - 9 -
log(wage,) = a + Y 5, - occupation, ; + Y_ ¢, - region;
k=1 j=1
’ @)
+ 7, -tenure, +y, -tenure” + >_ B - period,; + &
t=1

where log(wage;) is the log of the monthly wage of employee i; « is the constant term;
occupation, ; is a dummy for the employee’s occupation;”’ period,; is the date of the

observation, recorded as one of the 21 sequential periods from 1858 to 1936; region i

26 This nominal wage dataset can also be used to study trends in regional wage differentials. A preliminary
study, in which I divide China into inland and coastal regions, shows that regional differentials were small in
early period. The gap expanded in the 1860s, after the economy opened to trade, and grew particularly fast
after the 1890s, when the ban on foreign direct investment was lifted. The regional gap narrowed steadily
during the WWI and then leveled off in the 1920s and 1930s. These results show that economic openness and
industrialization impacted the coastal regions first, raising wages there. Wages in the inland regions did not
begin to catch up until the 1910s. A detailed study of regional income differentials will be another chapter in
my dissertation.

27 The omitted groups of three regressions are: lighthouse keeper for the regression of unskilled wages; postal
clerk for the regression of skilled wages; harbor master clerk for highly skilled wages.

28 In the regtression I combine all the observations before 1875 into one period because the early data are very
scarce. This is the first period, and is the omitted category of the period dummies. Beginning with 1876, I use
three-year intervals. This method cannot produce an annual wage series, but it is reasonable because the CMC
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indicates the location of the observation.” tenure; indicates the number of years this
employee had worked for the CMC; and ¢; is the error term.
The coefficients of period,, £ on for the three skill groups are plotted in Figure 3.”

The figure shows that the nominal wages of all three skill groups began to grow rapidly in

the mid 1890s and that those of highly skilled workers rose fastest.

4.2 Robustness Tests of the Hedonic Regression

In order to test how reliable my estimation of nominal wage indices are, I conduct four
types of robustness tests. These robust tests do not change the qualitative features of my
results obtained in previous subsections.”

My categorization of the 35 occupations into three groups was based on the educational
requirements of these jobs. In order to see whether my results are sensitive to this
classification scheme, I estimated nominal wages for categories based on wage levels (low,
middle and high income workers) and work properties (unskilled physical workers, skilled
physical workers and white collar workers). The trends in nominal wages and the skill premia
for these alternative groups are very similar to the current results.

The second robustness test is to pool the three hedonic regressions into one single

regression, and produce the wage series for the three skill groups simultaneously. The biggest

wages intrinsically reflect long-run equilibrium wages and annual variations are not able to be reflected precisely.
An alternative estimation method is to estimate annual variations by assigning each year as a dummy. The
advantage of this method is that it constructs annual wage series. But when the sample size of each year is not
big enough, the coefficients become volatile. So an acceptable way to accommodate this problem is to smooth
the annual wage series by moving average. These two methods do not show significant differences.

2 Appendix Al reports how 9 regions are defined. The omitted group of the region dummies here is
Manchuria.

% For simplicity, the full regression results are not reported. The regressions fit the data well. The R? of three
regressions are 0.54, 0.50, and 0.52 respectively.

* Due to the length constraint of the paper, the results of these robustness tests are not included. They are
available upon request, and will be published on my website at http://seyan.bol.ucla.edu.
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problem of this method is to control for occupation variation within each skill group. My
wage dataset is an unbalanced panel, and the composition of the occupations changes greatly
over time. I solve this problem by running a weighted hedonic regression, where the weights
are generated to represent the changing occupational composition. I have tried various ways
of generating weights. The trends are very similar to those in Figure 3 but more volatile,
indicating that these estimation methods do not control for occupational composition as
effectively as the original method. But the qualitative results do not change.

A more direct way to assess whether my method of estimation has done a good job of
controlling for changes in the composition of occupations is to estimate wage trends for
several representative occupations and see if they are similar. Estimates for wages of
lighthouse keepers, postal clerks and customs clerks do not differ significantly from the
trends in Figure 3.

Another possible problem in my wage estimations is that the CMC’s customhouses were
expanding geographically over time, so my wage dataset covers more inland regions in later
periods. If trends in wages in the coastal regions were significantly different from those in
inland, my estimations could be biased. To test this possibility, I run the regressions only for
observations from Shanghai. Even though I do not have enough data points to generate
wage indices in Shanghai for each period, the patterns are not significantly different from the

current results.

4.3 Estimations of Actual Nominal Wages and Nominal Wage Gaps

Figure 3 reports nominal wage indices for the three groups. It is useful to estimate the

actual monetary wage of each group in each period, so that wage gaps between the skill
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groups can be assessed. The actual monetary wage series are also of great interest for many
purposes--for example, to make international comparisons.

The method to estimate actual nominal wages from wage indices is to obtain a
benchmark monetary wage for each group from other sources, and calculate wages in other
period based on wage indices reported in Figure 3. However, it was difficult to obtain a
widely accepted set of wages for three skill groups in China at that time that my estimated
wage indices can benchmark to.” The benchmarks 1 adopt are the CMC’s wages developed
from the CMC’s surveys from 1929 to 1931, which indicate the nominal wages in period 20
in my wage estimation.” I categorize these survey wage records into three skill groups using
the same rule, and then calculate the medium wage of each skill group. >

Once 1 obtain these benchmark wages, the calculation of nominal wage series is

straightforward. Let wage, be the nominal wage in period t, then
wage, = wage,, x I (t) 3)
where (1) = exp(ﬁt - ,320) and ,Bt is the coefficient of the dummy for period t.

The nominal wage series for unskilled, skilled and highly skilled labor are reported in
Table 4. T use these wages to compute the skill premia between skilled and unskilled workers
and between the highly skilled and unskilled workers. Two skill premia are plotted in Figure

4 after being indexed.”

32 There are wage surveys from various sources in the eatly twentieth century. However, they usually cover only
low-income group, and the geographic and occupation coverage are limited. So I do not use these wage survey
data as benchmarks. But robust tests with these wage surveys are discussed in the next subsection.

33 As studied in Section 3, wages paid by Chinese firms, foreign firms in China and the CMC were surveyed and
wete found to be on the same level. So using any of these three types of wages does not lead to any significant
difference.

3 These surveys have a relatively complete coverage of geography, occupation and tenure. So using medium
wage is a reasonable choice. Certainly this simple average is unable to accommodate the different weights of
population distributions among regions and occupations.

31 have also used the “fixed-worker” method to test the robustness of the estimations of actual monetary
wages. In this method, a fixed value series of occupations, regions and tenure is chosen for each skill group. In
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How do my estimations of nominal wage series compare with the scattered data on
wages available from other sources? There are quite a few existing studies about wages in
China at that time, but these studies cover different occupations and different regions, and
are very unsystematic. The comparisons between my nominal wage series and existing wage

information show that the differentials are within reasonable ranges. *

4.4 Discussion of Nominal Wage Series and Nominal Wage Gaps

Figure 3 shows that nominal wages for all three groups of workers stagnated until the
end of the nineteenth century and then began to grow rapidly. Figure 4 reports that the
nominal wage gap between skilled and unskilled workers was flat from 1880 to the 1930,
while the gap between highly skilled and unskilled workers declined slowly until a sharp
increase after the mid 1920s.

Changes in the nominal wage series largely resulted from movements in the general price
level. The widely cited Nankai Index (reported in Figure 5) shows that the general price level
declined by nearly 30 percent in the 1870s, leveled off until the late 1890s, and then began to
grow rapidly.”” By the 1920s, the price level was 2.5 times that of 1867. I use this index to
deflate my nominal wage series and obtain the real wage series, which are reported in Figure
0. The figure shows that after a 20 to 30 percent increase from 1858 to 1880, the real wages

of all three groups declined by more than 30 percent between 1880 and 1900. After that, real

this robust test, the tenure value is the averages of each skill group; the occupation values are the equal weights
of each skill group; the region values are obtained from the regional distribution of the CMC employees taken
from the CMC’s surveys between 1929 and 1931.The wages from this method and the benchmark method do
not significantly differ from each other.

3 1 have put together many of the existing studies about wages in China in the late nineteenth and eatly
twentieth centuries, and compare these wage data with my nominal wage series. I am not able to include these
details in this paper due to length constraint. They can be found in my website at http://seyan.bol.ucla.edu.

%" The Nankai Index is probably the only long-run price index covering the period from the 1860s to 1949
(Hsiao 1974). It is obtained from the CMC’s trade statistics. But this index suffered from two problems: it is a
simple average rather than a weighted average; and rather than a consumer price index it is a general index
including a large number of industrial commodities.
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wages began to grow slowly until a rapid increase after 1930. Of course, adjusting for
inflation in this way has no effect on the skill premia reported in Figure 4.

It is unlikely that these price changes affected all groups of workers in the same way. The
poor and the rich usually consume different bundles of goods. The nominal wages of the
three skill groups in my dataset differ greatly from each other.” As 1 will show in the next
section, unskilled workers devoted 55 percent of their expenditure on food, while highly
skilled workers spent only 26 percent. If the rice price rose faster than prices of other
commodities, the unskilled would have been hurt more than the skilled and the highly skilled.
Figure 5 shows that this happened. The rice price index rose much faster than the general
price index, which includes many manufactured goods. Therefore, real inequality should
have increased more than nominal inequality. To take this factor into account, I estimate
different expenditure shares for the three skill groups in the next section. Applying these
expenditure shares to the price series generates three different cost of living indices for three
skill groups respectively. This method gives a better measurement of real wages and wage

inequality.”

5. Cost of Living Indices

In this section I develop a set of group-specific cost of living indices to measure real
wages and wage inequality. I collect the price data from the CMC trade statistics and use the
CMC’s family budge surveys to calculate price indices specific to each skill group. These are

the first nation-level cost of living indices that span a long period from 1864 to 1936. 40

38 Table 3 shows that the skilled wages were about four times of the unskilled wages, and the highly skilled
wages were about ten times of the unskilled wages.

3 A similar work can be found in Hoffman et al. (2002).

40 The Nankai Index, as noted earlier, is a general index that includes many manufactured goods, and is only a
simple average of all the price series. There are some other indices that focus on consumer goods. Prices and
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The consumption behavior changes over time, and ideally we want to use different
consumption quantities or weights for different periods, as required for the Laspeyres or the
Paasche method. In this way the substitution effect can be taken into account. However, 1
do not have enough data to generate weights for the different skill groups for each period.
Therefore, in this paper I use fixed-weight estimation.*! Fixed weights can possibly lead to
substitution bias as people’s consumption behavior might have changed during this long
period of nearly eighty years. But this is not a serious problem in this paper. The nominal
wages the three skill groups in my study differ from each other so greatly (as shown in Table
4), and the substitution bias is not possible to be so large as to make up for differences in the

consumption patterns caused by huge wage differentials.

5.1 Weights

My commodity weights are developed from the family budget surveys conducted by the
CMC’s customhouses across the nation.*” As mentioned in Section 3, CMC collected
information about cost of living expenses and family budgets in all the treaty ports in the
1920s and 1930s for the purpose of setting appropriate salary standards. Nearly 50 port-cities
have been surveyed, so these archives are able to disclose more detailed information about

geographical variation in consumers’ behavior. A wide range of occupations in the CMC

expenditure weights were collected from the market directly. However, it only covers big cities such as Beijing,
Shanghai, and Tianjin in the 1920s and 1930s (the index for Beijing begins from 1900). See Cai (1932) and
Kong (1988).

1 In the estimation of historical price indices, usually the scanty information of family budgets does not allow
the application of either the Laspeyres or the Paasche method. In this case the fix-weighted method is often
used. For example, see Sokoloff and Villaflor (1992).

“In the early twentieth century sociologists and local governments began to collect information about
household budgets and expenses, and these surveys have been widely used to study the standard of living for
Chinese people in that era. A list of these surveys can be found on my website. Most of these surveys focus on
family budgets of low-income residents, and were conducted biggest cities. Therefore I am not able to develop
national average consumption weights of three skill groups from these surveys.
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system were surveyed, and I categorize these subject occupations into three groups using the
same grouping rules in Table A2.

I collected two batches of surveys from the CMC archives: once in 1920, and the other
in 1929/1931. Expenses on major consumer goods were sutveyed and reported. I group
these commodities into five categories, and the expenditure weights of these five categories
are reported in Table 5. It is clear from Table 5 that the weight of food in total expenditures
declined slightly over these ten years, and that of sundry items increased. This change
suggests that the living standard may have improved during this decade. Table 5 also
suggests that households in the low-income group devoted a larger share of their resources
to food, while the high-income group spent relatively more on sundry items. Housing
expenses were relatively small for all income levels, ranging from 8.71 to 13.89 percent of the
household budget, and were not very income elastic.”

A detailed breakdown of the weights on the commodities in my basket is reported in
Table 6. These weights are group-specific, which allow the construction of separate cost of

living indices for each skill group.

5.2 Basket of Representative Consumption Goods and Their Prices

28 consumer goods are selected into the consumption basket. These commodities are
highly representative of the total household consumption because they are of high weights in
the household budgets. Their prices are calculated from the trade statistics recorded in the
CMC’s trade publications. The CMC’s trade publications provide a regular, continuing

source of trade data for commodities leaving and entering Chinese customhouses. The

* The small shares of housing expenses in modern China were not unique. The housing expenses in the US in
the nineteenth century were estimated between 13 to 18 percent, which was also not high. The housing
expenses in Europe in early periods were also small. For details, see David and Solar (1977), Sokoloff and
Villaflor (1992), and datasets on the Global Princes and Incomes History website: http://gpih.ucdavis.edu.
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CMC’s records are believed to be “the only reliable and systematic material” (Chang 1982) to
study China’s trade patterns and commodity prices in that era. No other data source has such
long time span and geographical coverage as the CMC’s publications. The CMC collected
and published quantities and values of all the commodities passing through each
customhouse from 1858 to 1949. I select 28 consumption goods into my consumption
basket. * Because the data from different ports over such a long time are usually in different
measurement and currency units, I convert them into same units, and then aggregate the
port-level quantities and values into national totals. I divide the national aggregated values by
the quantities, and obtain the invoice prices of each selected commodity by each trade type.
Finally, following the adjustment schemes proposed by Cheng (Cheng 1956), I convert the
invoice prices into market wholesale prices. The details are reported in A3.

Incidentally, data for certain years of each commodity might be missing from trade
publications. In this case, I use two other sources to supplement the data. One
supplementary data source is China’s Foreign Trade Statistics (Hsiao 1974). The other source
is the appendices of the CMC’s Decennial Reports. Data recorded in these two sources are
also cleaned from the CMC’s trade publications, and their reliability is widely recognized.® If
there are still data missing, I have to interpolate. Since such cases are scarce, interpolation
does little harm to the precision of the price indices.

These commodities are grouped into five categories: food, clothing, fuel and lighting,

housing and sundry. The first three categories are easy to measure because all of them are

* There are over 160 volumes of the CMC’s publications, and the data in these publications are quite
unorganized. My collaborators and I have spent over three years computerizing the data, and this leads to a big
electronic China Trade Statistics Database. I calculate the price series based on the trade data from this
database. For details, please see the website of the China Maritime Customs Project at University of Bristol,
UK: http://www.btis.ac.uk/history/customs/ and the website of the China Maritime Customs Trade Statistics:
http://rhone.ames.cam.ac.uk/.

* But because they only cover a much smaller collection of commodities in a limited amount of time, I cannot
directly construct price series from these two sources, and have to go back to the original trade records.
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tradable goods and the goods I select are highly representative of these expenses. Food is
divided into cereals, meat, vegetables, fruits and condiments. In my dataset, rice, millet and
wheat flour represent cereals; meat (a combination of pork, beef and mutton), fish and egg
represent all meat consumption; vegetables are represented by turnip, bean and “other
vegetables”; fruits are represented by pears and persimmons; and condiments are
represented by bean oil, sugar and salt. The clothing consumption is represented by native
cloth (nankeen cloth), mechanized cotton cloth (shirting), and silk products. The fuel is
represented by coal, and the lighting item is largely kerosene.

The other two consumption categories are composed largely of nontradable goods, and
accurate prices are virtually impossible to obtain. There is no systematic evidence on f real
estate markets in China at that time, so I use two alternative methods to estimate housing
prices. The first method is to put together sporadic records of housing expenses from the
CMC’s Decennial Reports, which was one of the very few sources providing such
information. This calculation is very crude. The brief descriptions that the CMC provided of
local housing prices for scattered cities at different points of time were difficult to aggregate
into a national average. The second method is to construct a housing price series from the
geometric average of labor costs and construction material costs.” 1 use my unskilled
nominal wage series to proxy labor costs and the prices of timber planks and cement to
proxy construction materials."’

Sundry consumptions are difficult to measure. Expenses such as education,

communication, sanitation, health, entertainment, religion and taxes all fall into sundry

% This method was used by David and Solar. Appendix explains how the rent estimation is generated with this
method.

7 As studied in the next subsection, the shares of housing expenses were only 8.71 to 13.59 percent of total
expenses. Therefore the cost of living indices were not much affected even if the estimations on housing
expenses were not precise.
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consumptions, and their prices are unable to be collected directly. The method I use to
estimate sundry consumptions is the following: first, a large part of sundry consumption is
service, and I use the nominal unskilled and skilled wages developed from the previous
section to proxy service prices; second, I compute the prices of a few commodities
pertaining to sundry items: tobacco, liquor, green tea, blanket and carpet, chinaware, paper,
and clock. With the prices of sundry commodities and service, I compute a simple average of

these prices, and use this average price index to proxy cost of sundry expenses.

5.3 Cost of Living Indices

By applying these weights to the price series, I construct the indices of different groups
as well as the general cost of living index. Table 7 reports the cost of living indices of the
three skill groups and Figure 7 plots them.

Two features are conspicuous in Figure 7. First, the general trend of the cost of living
indices of all three skill groups is the same. The cost of living declined by about 20 percent
from 1858 to 1890, possibly as the result of silver appreciation in terms of gold. Inflation
became rampant in the last decade of the nineteenth century. The first two decades of the
twentieth century witnessed a gradual inflation, followed by rapid growth of cost of living
expenses after the WWI. This wave of inflation stopped in 1930, most likely because of the
Great Depression.

The other feature evident in Figure 7 is that the cost of living of the unskilled group rose
significantly faster than that of the skilled and the highly skilled groups. This shows that low-
income people suffered more from the inflation than high-income people. This was likely
driven by a faster rise in food prices than the prices of manufacture goods. As low-income

people spent a much larger share of their expenses on food, higher food prices hurt the poor
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much more. The significant differences in these three cost of living indices suggest the
necessity of constructing group-specific indices. The real wages would be biased and wage

inequality would be underestimated if simply using the same index for all three groups

6. Real Wages and Skill Premia

I deflate the nominal wage series of the three skill groups by the respective cost of living
indices to obtain the real wage series (see Table 7).* Figure 8 plots the indexed log real wage
series for three income groups. Real wages for unskilled labor rose by about 20 percent in
the deflation period between 1858 and 1890, fell back in the next decade, and then leveled
off until experiencing significant growth in the 1930s. Skilled real wages rose much faster
from 1858 to 1890, declined after 1890, but then resumed growth during the first two
decades of the twentieth century. Although skilled real wages began to fall again around 1920,
the drop was followed by another rise in the 1930s. Highly skilled real wages rose from 1858
to 1890 and fell back from 1890 to 1900, just like wages for the other two groups. But the
highly skilled real wage increased continuously from around 1900 to 1930, followed by faster
growth during the 1930s.

I divide skilled and highly skilled wages by unskilled wage and obtain two skill premia.
The indexed skill premia are plotted in Figure 9. The two skill premia rose by 15 percent
from 1858 to 1880, leveled off after that, and began to grow rapidly again from 1900 to 1920.
After 1920, the wage gap between the highly skilled and the unskilled continued to rise, but

the gap between the skilled and the unskilled began to decline.

* The cost of living indices are annual. I group them into three-year averages to match the three-year nominal
wage series.
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7. Explanations of Real Wages and Skill Premia

The real wage series for the three groups of Chinese workers suggest that changes in the
skill premia were driven by the wages of skilled and highly skilled workers. Demand for all
three types of workers increased rapidly as a result of two waves of economic change: trade
liberalization beginning in 1842 and rapid industrialization beginning in 1895. The large
stock of unskilled labor was more than sufficient to meet any increase in demand, but, given
China’s traditional Confucian system of education, it was more difficult to find workers
equipped with the knowledge and skills demanded by the modern sectors of the economy,
including engineering and mechanics, reading and writing in native and foreign languages,
bookkeeping and accounting, and business management.

Until the early twentieth century, the government was content to leave most education in
the hands of local communities and households. Literacy was widespread compared to most
other preindustrial economies. Evelyn Rawski has estimated that from 30 to 45 percent of
men and from 2 to 10 percent of women could read and write.*® But the curriculum, which
was designed to prepare students to take the examinations required for entrance into the
bureaucracy, emphasized the Confucius classics, history, philosophy and literature, and
excluded practical fields of knowledge such as medicine, agriculture, and engineering, which
were regarded more as crafts. Therefore, the supply of skilled and highly skilled workers was
limited, and the skill premia accordingly rose.

Beginning around 1920, however, the two skill premia began to diverge. While the wage
gap between highly skilled and unskilled workers continued to rise, that between skilled and

unskilled workers declined. It is doubtful that the fall in the premium for skilled labor

4 According to Rawski, the literate group “included the fully literate members of the elite and, on the opposite
pole, those knowing only a few hundred characters.” She adds that, with such literacy, late imperial China was
an “advanced society” by the standards of preindustrial Europe, “with many modern characteristics that helped
ease its transition to modernity in the 20th century.” (Rawski 1979)
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resulted from demand-side factors. Industrial output continued to grow at a rapid pace,
estimated at about 9.8 percent from 1912 to 1936, so the demand for skilled as well as
highly skilled workers should have continued to grow accordingly. Instead, it makes sense to
look for factors that differentially affected the supply of skilled and unskilled workers. A
good candidate is changes in the educational system that occurred after 1905, changes that
fundamentally transformed the traditional Confucian system of education.

Trying to emulate Japan and Germany, the central government abolished the Imperial
Civil Service Examinations in 1905and began to establish a modern schooling system. The
new system, which was expanded after China became a republic in 1912, was largely funded
by the central and local governments, though local entrepreneurs and members of the gentry
also played an important role in funding and running these schools.

The new system was composed of primary, secondary and tertiary schools. Secondary
schools, including general high schools and vocational schools, were the major suppliers of
skilled workers. " The subjects taught in high schools were tightly connected to the industrial
demand, for example, reading and writing of Chinese and foreign languages, physics,
chemistry, law, economics, and geography.

As a result of the policy change, modern high schools began to grow rapidly in the eatly
twentieth century. Table 8 shows that by 1936 the number of enrolled high school students
had grown to 627,246, a level 6 times that of 1912. I estimate the stock of high school
graduates by dividing the total of enrolled high-school students each year by six (the number
of years of study) and cumulating the results over time. For this calculation I assume that

there was no high school graduates before 1912, the first year for which data is available.

*0 Chang (1962)

*! The mission of secondary education was “to prepare students to work in modern industries or governments
after graduation”. (“Imperial Prospectus on Modern High Schools”, 1903). This mission was further
emphasized in the Republican period.
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This procedure yields an estimate of the stock of high school graduates of around 200,000 in
1919 and as much as 1 million in 1936. This still underestimates the stock of high school
graduates, because they do not include the graduates from vocational education.

This number was small relative to the total population. It was also only about 8 percent
of total employment in the modern sector, which is estimated at about 2,885,000 by 1919.
However, the modern sector employed many more unskilled than skilled workers,” and the
demand for skilled workers should have been only a small fraction of total employment.
Furthermore, the estimated stock of high school graduates has not included those who
attended vocational schools and who attended but did not high school. Taking all these
factors into account, it is highly plausible that the rapid developments in high school
substantially increased supply of skilled workers and drove down the skill premium.

In sharp contrast to the rapid development of secondary education, the progress in
tertiary education was much slower. Table 8 shows that the number of students enrolled in
college was 40,114 in 1912, and it was still only 41,922 as late as 1936. Such educational
statistics as are available suggest that the number of colleges and universities actually
decreased from 115 in 1912 to 89 in 1918, and the annual government expenditure on
tertiary education decreased from 4 million silver dollars in 1912 to 3.78 million in 1918.”*

The number of college graduates in 1918 was only 900, but that number in 1913 was already

52 Sun (1957), p1202; Tang (1998), p31

53 A survey about a cotton textile mill in Shanghai shows that only 20% of male workers and 3% of female
workers could write their own names. (“First Labor Yearbook” p385) The education level of workers in
Shanghai was among the highest over the nation. So it was evident how low workers’ education level was in the
entire country. Literacy in coalmining industries was even lower. A survey about a coal mine in Shandong shows
that 78.4% of the total employees never received any education; Employees in chemical industries had a higher
education level: the literacy ratio was around 60%. There was little information about the proportion of skilled
workers in the total employment, but it must be much lower than the literacy ratio. A detailed study can be
found in Tang (1998).

> Xiong (1990), p77
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976.>> Compared to the total employment of nearly 3 million in the modern sector in 1919,
the supply of college students was tiny. This stagnant supply, together with the rapidly
growing demand, led to a persistently rising wage premium between highly skilled and

unskilled workers.

8. Conclusion

There are virtually no estimates of GDP or other measures of the size of China’s
economy for the late nineteenth and early twentieth centuries. Nonetheless, there is
abundant evidence that the coastal regions, if not the entire country, began to industrialize
rapidly in the late nineteenth century. In this paper I present the first long-run real wage
series for different skill groups of workers from 1858 to 1936. I show that industrial
development had no positive effect on the wages of unskilled workers: they stagnated or
even declined until the late 1920s. Rather, the economic changes of the period
disproportionately benefited highly skilled workers, whose wages grew rapidly compared to
those of other groups. Skilled workers occupied an intermediate position. Their wages rose
relative to unskilled (though not highly skilled) workers during the early industrial period, but
during the 1920s they lost some of the ground they had previously gained.

These changes in the skill premia, I show, were driven by movements in the wages of
skilled and highly skilled labor. China’s enormous reservoir of unskilled labor kept unskilled
wages flat throughout the period. By contrast, supplies of skilled and highly skilled labor
initially were extremely scarce, driving up the skill premia in the first few decades of
industrialization. After around 1920, however, progress in education increased the supply of

skilled labor. Skilled wages started to decline, but wages for highly skilled labor stayed

5 Xiong (1990), p77
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relatively high because the supply of this type of labor remained insufficient. This pattern is

consistent with the story of a “race between technology and education”.

Primary Archival Sources

“China Maritime Custom Archives”, the Second Historial Archive of China, Nanjing, China

“Returns of Trade and Trade Reports”, the Imperial Maritime Customs of China, 1859 to 1936,

“Decennial reports on the trade, navigation, industries, etc., of the ports open to foreign commerce in China and
Corea, and on the condition and development of the treaty port provinces, the Imperial Maritime Customs of
China, 1881 to 1931

Maritime Custom Project Website: http://www.bris.ac.uk /history/customs/about.html
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Appendices

A1l: Regional Distribution of Cities

Region Number of Cities List of Cities
Manchuri 12 Aihui; Andong; Dalian (Dairen); Harbin; Hunchun; Jilin; Longjingcun; Manzhouli; Shenyang
anchura (Moukden); Sanxing; Suifenhe; Dadongkou

North China 3 B.eijir}g (Pf.:king.); Yantgi (.Che.foo); Qinhuangdao; Qingdao (Kiaochow); Longkou; Newzhuang;
Tianjin (Tientsin); Weihaiwei

Lower Yangtze 7 Zhengjiang; Hangzhou; Nanjing; Ningbo; Shanghai; Suzhou; Wenzhou

Upper and Middle Yangtze 8 Changsha; Chongging; Yichang; Jiujiang; Shashi; Wanxian; Wuhu; Yuezhou

Southeast Coast 9 Xlamer.l (Amoy); Guangzhou (Canton); Fuzhou; Jiangmen (KKongmoon); Kowoon; Lappa;
Sanshui; Sanduao; Shantou (Swatow)

Guangxi and Hainan 6 Haikou; Qiongzhou; Longzhou; Nanning; Beihai (Pakhoti); Wuzhou

Southwest Frontier 4 Mengzi, Simao; Tengyue; Yadong

Taiwan 3 Tainan; Takow; Tamsui

Northwest 3 Gansu; Shaanxi; Shanxi
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A2: Categorization of Occupations
Unit: silver dollar

The criterion of occupation categorization is education requirement. The CMC personnel archives show that unskilled workers did not
need formal education; skilled workers received high school education; highly skilled workers received college equivalent education. The
following table lists the occupations by three groups:

Unskilled N median pay Skilled N median pay
lighthouse keeper 3115 9.91 postal clerk 5836 28.33
watchman 324 11.22 teacher 99 28.33
coolie 665 11.42 office secretary 5781 30.59
gatekeeper 93 11.42 pilot 46 39.66
cook 110 12.24 engineer 247 40.21
office assistant 86 12.65 shroff 125 42.49
office boy 277 16.32 writer 3431 46.74
soldier 263 12.24 copyist 4108 46.74
boatman 420 12.75 subtotal 19673 35.41
boat crew 70 12.75

sampanman 96 14.00 Highly Skilled N median pay
seaman 327 14.28 harbor master clerk 199 49.57
fireman 144 18.36 tidewaiter 1932 63.74
weigher 296 18.41 revenue auditor 635 80.73
carpenter 267 19.74 probationary clerk 248 70.82
boatswain 132 21.81 clerk 13715 84.98
junk boat owner 164 25.21 assistant 280 226.62
watcher 778 27.53 subtotal 17009 77.90
subtotal 7622 12.46 Total 44304 42.49
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A3: Commodity Price Series: Sources, Problems and Adjustments

The sources of price data for tradable goods are a series of publications called “Rezurms of
Trade and Trade Statistics” compiled by the CMC’s statistical department. For each year,
quantities and values of each commodity in every treaty port were recorded in the
publications. Totally there are more than 160 volumes of trade records, and the size of the
database is incredibly huge.

Step 1 of obtaining price series is to computerize more than two hundred hardcopies of
the trade publications. This is an extremely time-consuming and costly project. Headed by
Hans van de Ven and Robert Bickers, historians from University of Cambridge and
University of Bristol and I together have spent more than three years in computerizing these
publications. The database will eventually publish on the Internet for everybody’s use.

Step 2 is to calculate the national average prices from trade publications. First, I add up
port-level data for each selected commodity into national aggregates. I divide the national
aggregated values by the quantities, and obtain the invoice prices of each selected commodity
by each trade type. Trade types include foreign export, foreign import, domestic export,
domestic import, and re-export. I focus on foreign exports and imports because of data
availability.

This step is very difficult to do, because measurement and currency units varied
tremendously over locations and over time. The details of converting measurement and
currency units are reported in A4.

Step 3 is to convert invoice prices into wholesale prices. Before 1903 the CMC recorded
the market values of commodities, so no adjustment is needed. Since 1904, the CMC began
to report FOB and CIF values for exports and imports. The following equations are adopted
to recover the market values from FOB and CIF values:

CIF Value = (Market Value — Import Tariff) * (1 — Miscellaneous Fees)

FOB Value = Market Value * (1 + Miscellaneous Fees) + Export Tariff

Both import and export tariffs were 5%. The miscellaneous fees of imports and exports
are estimated to be 7% and 8% respectively.” Therefore the adjustment equations are:

Market price of Imported Goods = CIF Value / 0.88

Market price of Exported Goods = FOB Value/ 1.13

The last step is to adjust the systematic bias in the CMC’s trade statistics. Most scholars
agree that the CMC has consistently undervaluated the export values, but they have different
estimations on the degree of this bias.”” On the basis of existing studies, the following
estimation scheme is adopted: export values were undervaluated by 5% before 1914; by 8%
in 1914-1919; by 10% in 1920-1929; by 12% in 1930-1936. The export values and prices are
adjusted accordingly.

% Quite a few scholars adopted 4% fees of both imports and exports. See, for example, G. Jamieson (1894),
Zhou (1986), Yan and Wang (1998). However, since 1900s, more bulky commodities, such as coal, cotton,
machinery, steel, and chemical products were traded, and miscellancous fees were actually higher. Considering
this, the CMC statistical reports estimated the fees to be 7% and 8% for import and export fees, and was
adopted by various scholars such as Yao, Zheng (1984) an Hou.

57 See, the review article in Wang (1998) p 216 - 218
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A4 Measurement and Currency Units

For measurement unit, picul was the most often used weight unit in reporting trade
volumes. The conversion rate of a picul and a ton is 1 ton = 16.535 piculs. Since 1930s
quintal was used to replace picul, and 1 quintal equals 0.1 ton.

The currency problem was much more complex. Actually the chaotic currency system
has been one of the biggest obstacles in the study of modern Chinese economy history.
Copper cash was usually used in the small-amount transactions in people’s daily life. In early
periods large-amount business transactions were carried out in silver taels. Later on silver
taels were replaced gradually by silver dollars, which were initially imported from Britain,
Spain and Latin American countries. The biggest problem for both silver taels and silver
dollars is that there were many types of taels and dollars and their values varied. In the 1930s,
the Republican government issued the “Fapi” (referred to as the Standard Dollar and later as
the Chinese National Currency) as the only legal currency all over the country.

Tremendously pestered by such chaos, the CMC invented its own fictitious currency, the
Customs Tael (“HKT” hereafter), as the accounting unit, and uniformly adopted it in its own
trade and wage records until the 1930s. Due to serious silver depreciation in the early
twentieth century, the CMC decided to switch to the gold standard, and invented a gold-
based currency, the Custom Gold Unit (“CGU” hereafter) to replace HKT in levying import
duties in 1930 and in reporting foreign imports in 1933.58

What makes things even worse is that for treaty ports near the borders, foreign
currencies were often adopted in accounting and recording. Reports from northeastern ports
often adopted Russian ruble and Japanese yen, and Indian rupee was sometimes used in
southwestern customhouses. A reliable exchange rate in that era was sometimes very difficult
to find.

The currency-conversion rates adopted in this project follows below. First I convert all
the currency units into HKT using the rates below. But for the purpose of making
comparison with prices from other sources, I then convert HKT values into silver dollar
values.

1 HKT= 1.08 TLS
1.558 STD
0.845 CGU 1n 1932
0.798 CGU in 1933
0.792 CGU 1n 1934
0.835 CGU 1n 1935
0.689 CGU 1n 1936

I foreign exports HKT was still used
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A5 Sources and Notes of Price Series

Food consumption:

1) Rice: rice price series are available from various sources. Hsiao (1974) recorded
quantities and values of imported rice. The CMC also recorded average export and import
rice prices in their decennial reports from 1862 to 1921. In this project, the long-run export
rice prices from 1859 to 1936 are drawn from all CMC’s raw trade statistics.

2) Millet: millet and other grains such as sorghum are substitutes for rice, and were
mainly consumed by the poor. The millet export data were also recorded in the trade
statistics, their prices showed the similar trend with rice price.

3) Wheat flour: all prices are extracted from foreign import trades. The CMC collected
prices of imported wheat flour and exported wheat in 1862/1921. This project calculates
imported wheat flour prices from the raw trade data.

4) Meat: the CMC recorded meat imports and exports, which includes a collection of
pork, beef, mutton and etc. Here I use meat export prices.

5) Fish: the CMC’s trade records report dried and salted fish of all kinds. The fish price
series here is generated from the export records of dried and salted fish.

6) Egg: the egg price series is generated from native export of preserved eggs, recorded
in the CMC trade publications.

7) Beans: green, yellow and red beans were recorded under the category of bean in the
CMC’s trade statistics. Beans are large items in the Chinese diets. They are either directly
consumed, or made into bean curds and other products. The data source is the export of
green beans from the CMC trade records.

8) Turnip: turnip, dried and salted, is one of the most widely consumed condiments in
China. Its native export was recorded and the price was calculated here.

9) Vegetables: other vegetables together were recorded in the raw trade statistics. The
native export data were recorded here, and the price was calculated.

10) Bean oil: bean oil is the most widely used cooking oil in China, supplemented by
groundnut oil and sesame oil. The CMC’s Decennial Reports recorded the prices of bean oil
and groundnut oil, and they show quite similar trend. Therefore using any of these oils does
not affect the long-run trend. This project uses the bean oil price from the Decennial
Reports, supplemented by prices from 1922 to 1936 calculated from raw trade data.

11) Sugar: sugar is one of the most important condiments in the Chinese diet. Sugar
foreign import price here is calculated from trade statistics recorded in Hsiao (1974). Data
from 1864 to 1866 are calculated from the original trade statistics.

12) Salt: salt used to be an expensive condiment in China. Its native export was recorded
in the CMC’s records, and was used to calculate salt price.

13) Pear: pear is a common fruit in China. Its native export was recorded in the CMC’s
records, and was used to calculate its price.

14) Persimmon: persimmon is also a common fruit in China. Its native export was
recorded in the CMC’s records, and was used to calculate its price.

Clothing consumption:

15) Shirting: shirting is used to represent all the mechanized cotton cloth. There were
different types of imported cloth, such as grey shirting, white shirting, sheeting, drills,
lastings, etc. Using shirting import data to calculate its price and represent other cotton cloth
does not lead to a significant bias.

16) Nankeen cloth: many Chinese people, mostly with low income, consumed a large
amount of native cloth. Nankeen cloth is a typical native cloth, and its price is calculated
from the export record.
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17) Silk: white silk was a luxury and was mostly consumed by the rich. China is a major
silk-exporting country, and white silk export price is calculated from trade statistics.

Fuel and lighting consumption:

18) Coal: coal is the most important fuel and heating material in China. Its export data
were recorded in the trade statistics and the price is calculated accordingly.

19) Kerosene: kerosene was the most important lighting material, and was all imported.
Its price is calculated from the raw trade data.

Housing consumption

It is common that housing costs were not available in economic history of many
countries. To remedy this, I adopt the estimation method proposed by David and Solar. This
method approximates rent by an index of the reproduction costs or prices of new structures.
This index is calculated as a geometric average of indices for building materials prices and
common labor wages. This method corresponds to the dual of a constant return to scale
Cobb-Douglas production function characterized by output elasticities of 0.5 for its labor
and material inputs. My common labor wage series was developed from the CMC’s unskilled
employees’ wage dataset. I extract prices of two building materials from the CMC’s trade
publications: timber plank and cement, each is weighted by 0.25.

An alternative way of estimating housing costs is to collect scattered or anecdotal
records from historical materials. Among them, the CMC’s Decennial Reports provide
relatively richer observations. However, all these observations are port-level. There is no
practical way of aggregating national averaged rents from these fragmentary records. The
impression from these observations is that the housing costs started to grow rapidly in the
early twentieth century due to fast urbanization. Improved transportation condition lowered
the cost of migration for rural labor, and industrialization provides more job opportunities
for them. Booming population in cities led to a sharp increase in housing costs. This
coincides with the picture generated by the first estimation method.

The sources of price series for two building materials follow below:

20) Cement: foreign imported cement records are used to calculate prices.

21) Timber plank: native export records of timber plank were recorded in the CMC’s

trade publications, and the price is calculated accordingly.

Sundry consumption

22) Unskilled wages: unskilled wages are generated in Section 4. Unskilled labor
represents many types of service costs in sundry category.

23) Skilled wages: skilled wages are also generated in Section 4. Skilled labor represents
expenses on teachers, doctors, etc.

24) Green tea: green tea is widely consumed in China. Its export price is calculated from
trade statistics recorded in Hsiao (1974). Data from 1864 to 18066 are calculated from the
original trade statistics.

25) Tobacco: foreign imported prepared tobacco records are used to calculate prices.

26) Liquor: foreign imported liquor records are used to calculate prices.

27) Blanket and carpet: their foreign import records are used to calculate prices

28) Paper: paper represents consumptions on reading and writing. Its import records are
used to calculate prices.

29) Chinaware: chinaware represents housing furnishing expenses, and its native export
records are used to calculate prices.

30) Clock: clock import records are used to calculate prices.
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Table 1

Data Distribution

N
Job Categories
Unskilled 7,634
Skilled 18,727
Highly Skilled 17,257
Periods
1858-1875 736
1876-1889 4,230
1890-1899 4,504
1900-1909 12,834
1910-1919 10,427
1920-1929 11,094
1930-1936 775
Regions
Manchuria 1,770
North China 6,427
Lower Yangtze 13,044
Upper and Middle Yangtze 7,045
Southeast Coast 12,613
Guangxi and Hainan 2,081
Southwest 1,238
Taiwan 219
Northwest 163
Total 44,600
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Table 2 Means of Monthly Wages Recorded in CMC’s 1929-1931 Surveys

CMC Chinese firms Foreign firms
Dates
29-Mar 11.76 12.22 13.24
29-Sep 12.16 12.34 13.49
30-Mar 13.08 12.76 14.19
30-Sep 13.2 12.6 14.4
31-Mar 14.08 13.5 15.52
31-Sep 14.11 13.56 15.23
Regions
Manchuria 15.91 16.36 19.98
North China 11.08 10.13 11.30
Lower Yangtze 12.70 11.83 12.47
Upper and Middle Yangtze 11.59 10.62 12.44
Southeast Coast 15.78 17.08 17.74
Guangxi Hainan Taiwan 12.12 11.96 16.01
Southwest 7.82 5.19 7.80
Occupations
boatman 10.20 8.33 9.13
boatswain 26.78 19.26
bricklayer 20.06 25.03
cabin hand 11.93 15.19 12.18
carpenter 15.74 15.95 18.45
coolie 10.43 9.05 10.43
coxswain 18.75 33.39 22,77
deck hand 12.34 12.12 12.37
engineer 24.98 23.22 23.35
fireman 15.13 13.31 14.41
gardener 10.12 11.11 10.59
gatekeeper 10.27 8.19 9.85
hulkkeeper 11.16 11.24 17.09
junk boat owner 20.15 20.19 20.82
mason 14.46 15.26 17.92
mechanic 27.58 25.87 27.04
messenger 9.58 8.35 10.23
motorman 22.27 18.61
office boy 11.12 8.86 12.25
sailor 15.26 10.91
seaman 15.20 11.00 14.00
watchman 10.30 8.71 10.96

Source and Note: China Maritime Custom Archives No. 679(1) 16233-16238; Wages are in silver dollars
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Table 3

The Logarithms of Wage Differences, Surveys 1929-31

unskilled skilled highly skilled
CMC 0 0.274%%% 0.787wkx
[0.016] [0.021]
Chinese firms -0.222%8k 0.161#%* 0.71 1wk
[0.014] [0.024] [0.031]
foreign firms 0.0161 0.3397+* 0.7752
[0.013] [0.024] [0.029]

Notes:

Occupation dummies are not reported.

Onmitted groups are logarithms of monthly wages from CMC, in Manchuria and of the unskilled.

Table 4
Nominal Wage Series (in silver dollar)

Note: Estimations of cross terms of years and job categories are plotted in Figure 3, but not reported in this
table due to space limitations. Estimations of controlling variables “proportion” are not reported here either.

year unskilled skilled highly skilled
1858-1875 11.23 41.94 120.19
1876-1878 11.20 44.95 135.69
1879-1881 11.18 46.65 132.71
1882-1884 10.98 45.60 129.35
1885-1887 10.79 45.62 126.01
1888-1890 10.78 46.78 122.89
1891-1893 10.98 46.06 119.94
1894-1896 10.88 45.76 118.53
1897-1899 11.50 46.97 122.01
1900-1902 12.36 48.26 135.70
1903-1905 12.81 49.31 143.13
1906-1908 12.87 51.51 144.22
1909-1911 14.40 56.19 156.25
1912-1914 14.99 60.81 169.55
1915-1917 15.51 64.52 169.41
1918-1920 16.55 68.30 176.15
1921-1923 17.89 73.81 190.12
1924-1926 18.75 74.68 219.25
1927-1929 20.29 81.31 250.68
1930-1932 23.09 97.20 310.96
1933-1936 26.31 109.98 402.28
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Weights from the CMC’s Family Budget Surveys

Table 5

sources 1920 1929-1931
Skill groups Unskilled Skilled Unskilled Skilled Highly skilled Average
Average wase 9.85 30.51 7.58 27.89 46.67 12.52
(in silver dollar)
food (%) 56.67 42.67 55.89 37.49 26.24 50.48
clothing (%) 12.96 15.34 8.08 8.80 10.18 8.39
rent (%) 13.59 13.89 8.71 12.70 13.06 9.67
fuel an(f/l)lghmg 10.45 9.86 9.44 7.48 6.15 8.85
0
sundry (%) 6.33 18.24 18.01 33.86 44.37 22.75
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Table 6

Weights of Representative Commodities

Low Income Middle Income High Income Average

average wage

(in silver dollar) 7.58 27.89 46.67 12.52
Rice 16.21 5.00 2.63 11.06
Millet 5.40 1.67 0.88 3.69
Wheat flour 8.88 7.20 3.04 8.10
Bean oil 6.42 5.11 2.85 5.56
Meat 9.66 11.58 7.13 11.21
Egg 0.21 1.47 2.14 1.35
Fish 0.41 1.47 4.09 2.45
Turnip 0.68 0.24 0.11 0.50
Other vegetables 0.68 0.24 0.11 0.50
Bean 5.35 1.78 0.86 3.91
Pear 0.11 0.05 0.89 0.35
Persimmon 0.11 0.05 0.89 0.35
Sugar 0.41 0.33 0.18 0.38
Salt 1.22 0.98 0.55 1.14
Native cloth 3.29 2.67 1.83 2.98
Shirting 3.29 2.67 1.83 2.98
Silk 1.51 3.46 6.53 243
Rent 8.71 12.70 13.06 9.67
Coal 3.48 3.76 4.68 4.22
Kerosene 5.97 3.72 1.36 4.43
Chinaware 0.86 1.61 2.11 1.08
Paperware 0.86 1.61 2.11 1.08
Clock 0.86 1.61 2.11 1.08
Liquor 0.86 1.61 2.11 1.08
Blanket and carpet 0.86 1.61 2.11 1.08
Green tea 0.86 1.61 2.11 1.08
Tobacco 0.86 1.61 211 1.08
Unskilled wage 6.00 11.29 14.79 7.58
Skilled wage 6.00 11.29 14.79 7.58
Total 100.00 100.00 100.00 100.00
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Group-specific CPIs and Real Wage Indices

Table 7

CPI Real wage indices
year low middle high unskilled  skilled  highly skilled

1858-1875 100 100 100 100 100 100

1876-1878 | 91.12 89.86 89.49 109.41  119.27 126.16
1879-1881 85.66 85.12 84.77 116.18  130.67 130.26
1882-1884 [ 80.89 81.89 81.36 120.79  132.78 132.28
1885-1887 | 83.32 81.68 79.48 115.33  133.18 131.91
1888-1890 [ 81.63 80.56 79.30 117.60  138.45 128.95
1891-1893 [ 81.31 79.61 78.97 120.25  137.96 126.37
1894-1896 | 93.01 90.67 87.30 104.11  120.33 112.96
1897-1899 | 108.70 102.11 96.24 94.21 109.69 105.48
1900-1902 | 111.78 106.01 101.30 98.41 108.54 111.46
1903-1905 [ 127.51 111.30 102.66 89.43 105.63 116.00
1906-1908 | 12591 110.01 101.45 90.98 111.64 118.27
1909-1911 | 139.69 121.05 111.76 91.74 110.67 116.32
1912-1914 | 137.69 115.13 104.15 96.91 125.94 135.45
1915-1917 | 136.12 117.10 107.05 101.45  131.38 131.67
1918-1920 [ 166.14 138.71 125.00 88.66 117.39 117.25
1921-1923 | 167.70 138.95 126.74 94.96 126.66 124.81
1924-1926 | 186.89 152.52 136.56 89.33 116.74 133.58
1927-1929 | 205.52 178.07 164.28 87.87 108.88 126.96
1930-1932 | 230.76 203.38 189.05 89.07 113.96 136.86
1933-1936 | 206.86 192.59 183.78 113.20  136.16 182.12
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Table 8
Education Statistics in Modern China

Number of Number of Number of Number of
Year Modern Students High School College
Schools Students Students

1912 52,500 2,933,387 97,798 40,114
1913 87,272 3,643,206 119,026 38,373
1914 4,075,338 32,076
1915 122,280 4,294.251 164,981 25,242
1916 129,528 3,974,454 146,561 17,241
1921 4,987,647

1922 178,847 6,615,772 118,656

1923 9,000,733

1924 11,067,635

1925 129,978 36,321
1928 234,811 35,198
1929 214,572 9,252,222 341,022 29,123
1930 253,917 11,501,152 514,609 37,566
1931 262,992 12,301,611 536,848 44,167
1932 266,578 12,812,983 547,207 42,710
1933 262,328 12,985,735 559,320 42,936
1934 263,915 13,771,380 541,479 41,768
1935 294,724 15,694,589 543,262 41,128
1936 323,452 19,034,124 627,246 41,922

Source: Xiong (1990)
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Figure 1
China Foreign Trade Statistics, 1868-1936
Unit: thousand U.S. Dollars
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Sources:
1. Original trade data, L. Hsiao, China’s Foreign Trade Statistics, 1864-1949 (Cambridge, Mass., 1974),
pp. 22-25.
2. Exchange rate of Haikwan Tael to U.S. dollar, L. Hsiao, China’s Foreign Trade Statistics, 1864-1949
(Cambridge, Mass., 1974), pp. 190-193.
3. 1 Haikwan Tael equals 1.558 dollars (Chinese silver dollar).
Figure 2
Quantities of Foreign Imports and Exports of Cotton Yarn, 1910-1935
Unit: thousand piculs
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Figure 3

Log Nominal Wages, 1858-1936
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Figure 4

Skill Premia on Nominal Wages, 1858-1936
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Figure 5
General Price Index and Rice Price Index
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Figure 6
Real Wages for Three Skill Groups Using General Price Index as Deflator
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Figure 7
Cost of Living Indices for Three Income Groups
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Figure 8
Indices of Log Real Wages, 1858-1936
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Figure 9

Skill Premia of Real Wages, 1858-1936
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