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Economic Growth in the Lower Yangzi 
Region of China in 1911-1937: A 

Quantitative and Historical Analysis 
Debin Ma 

Through a detailed reconstruction of 1933 GDP for the two provinces in China's 
most advanced region, the Lower Yangzi, I show that their per capita income 
was 55 percent higher than China's average, and they had experienced a growth 
and structural change between 1914-1918 and 1931-1936 comparable to con- 
temporaneous Japan and her East Asian colonies. This article highlights the 
unique political institution of early-twentieth-century Shanghai as a city state, 
with its rule of law and secure property rights laying the foundation for eco- 
nomic growth in the Lower Yangzi with long-term impact throughout East Asia. 

Chinese 
economic growth is not a recent phenomenon. Thomas 

Rawski contends that China's per capita GDP growth had already 
attained a similar rate to that of Japan in the first three decades of the 
twentieth century, a period also referred to as the Republican era. In 
fact, economic growth is a theme as enduring as Chinese economic 
history. The question raised by Joseph Needham, subsequently re- 
ferred as the Needham puzzle, asked why, given her scientific, techno- 
logical, and economic leadership over the rest of the world up until 
perhaps the fourteenth century, the Scientific Revolution and the In- 
dustrial Revolution bypassed China. More recently, a new wave of re- 
visionist scholarship marked by Kenneth Pomeranz's book, The Great 
Divergence, extends this thesis with the provocative claim that levels 
of development and living standards in the Lower Yangzi region (his- 
torically China's most advanced area) may have still been on a par 

The Journal of Economic History, Vol. 68, No. 2 (June 2008). © The Economic History 
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with those of Northwestern Europe as late as the eighteenth century. It 
was accidental factors such as the absence of coal deposits in the 
Lower Yangzi coupled with the natural resource windfalls from the 
discovery of the New World for Europe that tilted the balance after- 
ward against China.1 

This article focuses on Chinese industrialization in the early twenti- 
eth century, which was disproportionately concentrated in the Lower 
Yangzi, a region situated largely within the two administrative prov- 
inces of Jiangsu and Zhejiang (hereafter abbreviated as "Jiang-Zhe"). 
It revisits the debate on Chinese economic growth in the Republican 
era from 1911 to 1936 with new, regional-level, quantitative evidence. 
It offers a detailed sectoral reconstruction of the 1930s GDP estimates 
for Jiang-Zhe within the national GDP framework proposed by Liu 
Ta-chung and Yeh Kung-chia. The result shows that per capita GDP in 
Jiang-Zhe in 1930s was about 55 percent higher than China's national 
average, and 16-29 percent higher than those of Japanese-controlled 
Korea and Manchuria. It ranked only below Japan and Taiwan. Back- 
ward projection based on my 1930s Jiang-Zhe benchmark shows 
structural change and per-capita income growth comparable to those 
of Japan and her colonies between the 1910s and 1930s and an eco- 
nomic structure far removed from a traditional agrarian economy. 

A striking feature of this distinctively regional economic growth is 
that it took-off in an era of national disintegration and civil strife. The 
article offers a narrative to demonstrate that the pattern of industriali- 
zation, especially its absence during the latter half of the nineteenth 
century followed by a surge in the early twentieth century, speak to 
the importance of ideological and institutional changes in modern 
China. In particular, during China's tumultuous Warlord era in the 
1910s and 1920s, Shanghai transformed from a colonial treaty port to 
a European style city-state under the rule of Western business elites 
and provided effective public security and private property rights for 
both Chinese and foreign business within its jurisdiction. Despite the 
superior historical conditions of the Lower Yangzi (as recently 
championed by Kenneth Pomeranz and others), early-twentieth- 
century economic growth in the Lower Yangzi did not grow out of 
traditional institutions, but rather grew outside of them. Going be- 
yond resource endowments, I highlight institutions as crucial deter- 
minants of long-term economic change. 

1 See Thomas Rawski, Economic Growth; and Mark Elvin, Patterns. A recent summary of 
this literature on this theme can be found in Ma, "Growth." 
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Economic Growth in the Lower Yangzi 357 

Figure 1 
MAP OF LOWER YANGZI AND OTHER MACRO-REGIONS IN CHINA 

Notes: The bold dark lines mark the provincial boundaries of Jiangsu and Zhejiang. 
For Jiangsu province, the Lower Yangzi Macro-Region (in dark shade) includes the following 

prefectures in Jiangsu province: Suzhou, Songjiang, Jiangnin, Changzhou, Taicang, Zhengjiang, 
Yangzhou, Tongzhou, Haimen, Haizhou, and the City of Shanghai; and the following prefec- 
tures in Zhejiang province: Hangzhou, Jiaxing, Huzhou, Yanzhou, Caoxin, Ningbo, Cuzhou, 
and Jinhua. 

The prefectures outside the Lower Yangzi Macro-Region (in light shade) are Xuzhou and 
Hua-An for Jiangsu province and Wenzhou and Taizhou for Zhjiang province. 

The ten macro-regions that Skinner defined are Manchuria, North China, Northwester China, 
Upper, Middle and Lower Yangzis, Yungui, Lingna,n and Southeast Coast. For detailed 
boundaries of macro-regions, see Skinner, "Presidential Addrss," p. 273. 
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ECONOMIC GROWTH IN THE LOWER YANGZI: A REGIONAL 
QUANTITATIVE RECORD 

Lower Yangzi: The Historical Setting 

The Lower Yangzi is one of the ten economic macro-regions defined 
by William Skinner. Marked in dark shade in the map (Figure 1), it in- 
cludes eight of the ten prefectures in Zhejiang province and ten of the 
12 prefectures in the Jiangsu province plus the city of Shanghai. The 
Lower Yangzi macro-region constitutes a relatively integrated cultural, 
economic, and geographic region distinguished from those outlying pre- 
fectures in the Jiang-Zhe provinces in levels of development, degrees of 
commercialization, culture, and dialects. 

Due to the nature of the data, my quantitative analysis in this study is 
largely based on the administrative boundaries of Jiang-Zhe provinces 
with due references to the somewhat smaller "Lower Yangzi Macro- 
Region" where necessary, while "Lower Yangzi" will remain a generic 
term for the area.2 At 210,741 square kilometers, roughly 86 percent the 
size of Britain and 56 percent the size of Japan, and with over 60 mil- 
lion residents in the 1930s, Jiang-Zhe is a substantial economic region, 
albeit only a small part of China. 

The Lower Yangzi occupies a central place in recent revisionist lit- 
erature on eighteenth-century China. While a full evaluation of this lit- 
erature is beyond the scope of this article, I offer a perspective here with 
a regional macroeconomic framework.3 In the absence of any national 
or regional GDP data for China in the mid-eighteenth century, I make 
use of the tax revenue records to get a crude approximation of the per 
capita income difference between the Lower Yangzi and the rest of 
China. My calculation based on Wang Yeh-chien's study on Qing taxa- 
tion shows that the per capita tax revenue contributed by the Jiang-Zhe 
provinces in 1753 was 1.44 times the national average.4 

2 Skinner also defines a so-called Lower Yangzi Core which would only include the prefec- 
tures of Suzhou, Songjiang, Jiangnin, Changzhou Taicang, and the city of Shanghai in Jiangsu 
province and the prefectures of Hangzhou, Jiaxing, and Huzhou in Zhejiang province. This 
small and undoubtedly most advanced and commercialized region, often known as the Jiangnan 
region, is most often discussed by Pomeranz and Li Bozhong, See Li Bozhong, Agricultural 
Development, chapter 1 . 

A recent summary of this revisionist scholarship can be found in Ma, "Growth." 
Tax data are from Wang, Land Taxation, p. 70. Wang's grand total is used. Population is for 

1787 from p. 87 (table 5.1). To use per capita tax revenue as a proxy for per capita income car- 
ries the strong assumption that tax revenue is proportional to income and that the taxation sys- 
tem was efficient and corruption-free, or at least the degree of corruption varies little by region. 
For Wang's argument for a relatively efficient tax system in 1753, see chapters 4 and 5. Inciden- 
tally, the 1.44 figure derived is nearly identical to the 1.43 ratio equivalent for that of 1910s as 
shown later in Table 3. 
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Economic Growth in the Lower Yangzi 359 

The "guess-estimates" in the global dataset by Angus Maddison show 
the British, West European, and European (including East Europe but 
not Russia and Turkey) per-capita income figures are 2, 1.7, and 1.45 
times the level of China in 1700, respectively. If the Jiang-Zhe per cap- 
ita income could be assumed to be 1 .44 times of that of China, as im- 
plied in the tax records, this would equal 72 percent, 85 percent, and 
about 100 percent of the per capita income of Britain, Western Europe, 
and Europe overall, respectively. It would also be slightly higher than 
Maddison' s guess-estimated level for early-nineteenth-century Japan.6 
Clearly, both tax-revenue-based, regional-income-difference estimates 
and Maddison's guess-estimates are highly speculative. But this exer- 
cise is useful to show that a regional perspective could alter our pre- 
existing views on Jiang-Zhe 's relative backwardness in the early mod- 
ern period. 

7 

Shanghai-Based Industrialization: The Regional Picture 

In the 1930s Shanghai alone produced 41 percent of national manu- 
facturing output (48 percent if excluding Japanese-controlled Manchu- 
ria); housed 50 to 60 percent of cotton spindles throughout the 1910s 
and 1930s; and generated about 50 percent of national electricity in the 
1920s, almost twice that of the major British industrial cities of Man- 
chester and Glasgow. In the 1930s, Shanghai alone absorbed 46.4 per- 
cent of total foreign direct investment (FDI) in China and 67 percent of 
FDI in manufacturing and claimed 47.8 percent of China's financial 
capital. With more than half of China's foreign trade and one-fifth of 
the Chinese shipping tonnage sailing through its harbor. Shanghai was 
the commercial, financial, and industrial city of China in the early twen- 

5 Maddison gives China, Eastern Europe, Western Europe, and Britain per capita incomes of 
600, 566, 1,024, and 1,250 respectively (in 1990 international $), Maddison, World Economy, 
p. 264, table B-21. Also see Maddison, Chinese Economic Performance, p. 25, for the European 
per capita average. 

For Japan, Maddison gives per capita income as 12 percent and 40 percent higher than 
China's in 1820 and 1870 respectively, see World Economy, p. 264. These are below Jiang- 
Zhe 's 44 percent gap over China in the mid-eighteenth century. 

For Japanese revisionism, see Akira Hayami, Kinsei Nihon; and Hanley and Yamamura, 
Economic and Demographic Change. The absence of a regional perspective often accounts for 
the so-called Japanese exceptionalism vis-a-vis her Asian neighbors, as found in "Social Struc- 
ture" by James Nakamura and Matao Miyamoto, where they viewed stagnant population growth 
in Tokugawa Japan as a precocious demographic transition for a premodern society in contrast 
to the case of Malthusian population explosion that gripped China during the seventeenth and 
eighteenth centuries. It is true that population statistics of 1600-1850 seems to confirm a faster 
Chinese growth rate of 0.37 percent versus that of Japan at 0.21 percent. But annualized popula- 
tion growth in Jiang-Zhe was only 0.14 percent in 1630-1851, even slower than in Japan. For 
population figures of China and Japan, see Maddison, World Economy, p. 40. The Jiang-zhe 
provincial figures are from Chao Shuji, Zhongguo, vol. 4, p. 452, and vol. 5, p. 703. 
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tieth century. Its population doubled from only half a million in the 
1890s, to over a million in the 1910s, and to about 3.5 million in the 
1930s, making it the world's seventh largest city.9 These staggering sta- 
tistics lead some scholars to refer to China's early-twentieth-century 
growth as Shanghai-based industrialization. 

The Shanghai-based industrialization occurred during China's first 
major phase of modern industrial expansion dated from the mid- 1890s. 
Du Xuncheng shows that nominal annual industrial investment by Chi- 
nese nationals from 1914 to 1925 was 11 times that of the 1840-1911 
period.10 The capital of a modern Chinese banking sector, largely non- 
existent before the mid- 1890s, multiplied at an annual rate of 10.2 per- 
cent between 1897 and 1936. C. F. Remer displays a corresponding 
growth in foreign investment at annual rates of 8.3 percent, 5 percent, 
and 4.3 percent respectively for Shanghai, Manchuria, and the rest of 
China between 1902 and 1931. Railroad mileage built surged from a 
mere 364 kilometers until 1894 to over 21,000 by 1937. The national 
industrial output index constructed by John Chang, shows an annual 
real growth rate of 10 percent for the period of 1912-1936, a phenome- 
nal growth rate by the standard of the time.11 

John Chang's industrial output index covers the output of modern 
"factory" employing seven or more workers. It includes 15 products, ten 
of which are mineral and metallurgical commodities. Overall, these 15 
products cover between 40 and 50 percent the total modern factory out- 
put.12 The growth rate implicit in the Chang index turns out to be up- 
ward biased due to its over-representation of the fastest-growing mining 
sectors, part of which was launched in Manchuria of Northeast China 
under Japanese colonialism from 193 1.13 Recently, Toru Kubo revised 
Chang's annual series by updating the cotton output series and adding 

8 See the Appendix; Xiong, Shanghai, vol. 1, p. 19; Remer, p. 97; and Zhang, Zhong-li, Jin- 
dai Shanghai, pp. 3 12-13. 

Murphey, Shanghai, p. 22. 
The calculation is from Cheng Linsun, Banking, p. 41. If the mid- 1890s rather than 191 1 as 

the cut-off period were used, the contrast of industrial expansion versus stagnation would be 
even sharper. 11 See Cheng, Linsun, Banking, p. 71; Remer, Foreign Investment, p. 73; Yan Zhongpin et al., 
Zhongguo, p. 180; and Chang, Industrial Investment, pp. 60-61. 

See Chang, Industrial Development, p. 36; and Kubo, Industrial Development, p. 1 1 . 
This bias is noted by Chang himself. To gauge the extent of the bias, Chang shows sepa- 

rately the industrial output series between Manchuria and China proper (which is the rest of 
China excluding Manchuria) whose real annual growth rates turn out to be 14 percent and 6.4 
percent respectively in 1926-1936 (Industrial Development, p. 103). In a separate study on the 
Manchurian economy, Kang Chao gives a real growth rate of 8.8 percent for modern industry 
during the same period (Economic Development, p. 84). As Chao's sectoral coverage of modern 
industry is much larger (therefore a correspondingly smaller share for the mining sector) than 
Chang's, its slower rate for Manchuria (8.8 percent versus 14 percent) confirms the upward bias 
inherent in the Chang index due to its large weight assigned to the fast-growing mining sector. 
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important light industrial products such as silk and flour. The Kubo in- 
dex as presented in Table 1 raises the total coverage to 72 percent and 
reduces the real annual growth rates to 8.4 percent for 19 12-1 93 6.14 

We now compare these national indices with the new modern indus- 
trial gross output series for Shanghai constructed by Xu Xinwu and 
Huang Hanming, for the benchmarks of 1895, 1911, 1925, and 1936 
based on 1936 prices. The Shanghai index by Xu and Huang, as pre- 
sented in Table 1, covers nine sectors including textiles (cotton, silk, 
and wool), flour milling, matches, cigarettes, paper, pharmacy, and ma- 
chinery repair as well as estimates for other sectors. In the absence of 
any mining sectors, modern industry in Shanghai attained a real annual 
growth rate of 9.6 percent, faster than the Chinese national average of 
8.4 percent as revealed by the Kubo index. Because the national average 
included the fast-growing Shanghai and Manchuria, the difference in 
growth rates between Shanghai and the rest of China outside of these 
regions would be larger than is shown in Table I.15 

Modern industrial growth in Shanghai compares favorably with Japa- 
nese industrial performance as measured by those produced by modern 
factories employing more than five workers. Table 1 shows that Shang- 
hai's growth rate leads Japan both for the 1895-1911 and the 1912- 
1936 periods, matched possibly only by Korea in the Japanese colonial 
eraofl912-1936.16 

Shanghai-based industrialization spilled over to the rest of China but 
most directly to her immediate hinterland, the Lower Yangzi region. For 
the Lower Yangzi, Shanghai became a massive draw for labor and a 
major source of capital and entrepreneurship. Shanghai capital sup- 
ported the renowned scholar-bureaucrat-entrepreneur Zhang Qian in 
turning Nantong in Jiangsu province into an industrial city. Capital in- 
fusion from Wuxi-born industrial tycoons in Shanghai transformed the 
market town of Wuxi into China's fifth largest industrial city by the 

14 The new Kubo index also confirms Rawski's crude point estimates of modern industry 
made for this period. Rawski's point estimates of factory output between 1912 and 1936 (in 
1933 prices) had a broader coverage of sectors with a 73 percent share of total output and a real 
growth rate of 8.1 percent. See Rawski, Economic Growth, pp. 353-59. 

Assuming Shanghai and Manchuria having a 60 percent share in China's modern industry 
in the 1930s and a combined growth rate of 9.6 in 191 1-36 versus an overall 8.4 percent growth 
rate for the whole of China, a back-of-the envelope calculation would give a 6.6 percent annual 
growth rate for the rest of China excluding Shanghai and Manchuria. 

16 See Ohkawa, Growth Rate, p. 78. Note that as the growth spurt of modern industry in Japan 
started well before 1895, Japanese industrial expansion in the twentieth century started from a 
larger base than did Shanghai's. For industrial growth in Taiwan and Korea during this period, 
see Mizoguchi and Umemura, Basic Economic Statistics, pp. 273 and 276, respectively. 
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Table 1 
ANNUALIZED REAL GROWTH RATES OF MODERN INDUSTRY OUTPUT IN CHINA 

AND JAPAN 
(percentages) 

China 

Chang Index Kubo Index Shanghai Japan 

1880-1895 
1895-1912 
1912-1925 
1925-1936 
1912-1936 

10 
9.4 5.7 

12.6 10 12 8.6 
7.4 5.4 6.5 9.5 

10.2 8.4 9.6 8.3 

Sources'. The Chang index is from Chang, Industrial Development, p. 60, table 14. The Kubo 
index from Kubo, "Industrial Development." The Shanghai series is from Xu and Huang, 
Shanghai, p. 342. Both Chang and Kubo indices are in 1933 prices and the Shanghai index by 
Xu and Huang is in 1936 prices. The Japanese series of factory manufacture is from Ohkawa, 
Growth Rate, pp. 79-80. The manufacturing price deflator is from Ohkawa et al., Estimates, 
pp. 192-93. 

1930s, which was then dubbed "Little Shanghai."17 Towards the 1930s, 
industrial production in Shanghai was moving from labor-intensive con- 
sumer goods towards more capital-intensive sectors, with low-value- 
added sectors steadily migrating to other regions, particularly southern 
Jiangsu. In 1933 the industrial output of Jiangsu province reached about 
13 percent of that of China proper (excluding Manchuria), trailing only 
behind Shanghai and Japanese-controlled Manchuria.18 

Shanghai-based industrialization also impacted the agriculture sector. 
Industrial demand brought direct impetus to the improvement of major 
industrial cash crops such as cotton and silk cocoons through the diffu- 
sion of new scientific seeds and practices; and accelerated the adoption 
of commercial fertilizers and the introduction of power-driven agricul- 
tural machines such as water pumps and rice and flour mills.19 

The Regional Production Accounts 

The most comprehensive way to register economic activities is the 
national income framework. The pioneering research of Ou Baosan et 
al. and Liu and Yeh provided the first set of Chinese GDP estimates of 

17 For Shanghai investors' financial involvement in the Nantong enterprise, see Elisabeth 
Koll, From Cotton Mill, p. 63 and chapter 6. For Shanghai capital on Wuxi, see Yu Xiaobo, Bi- 
jiao, pp. 241-48. For the impact of Shanghai industrialization on urbanization in the Lower 
Yangzi region, see Ma Junya, Hunghe, Introductory Chapter. 

See the Modern Factory section in the Appendix. iy See Ma Junya, Hunghe, pp. 67-79. 
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reasonable quality for the 1930s. I employ their national-level GDP 
framework to calculate the total net value added (NVA) of all 13 sectors 
for Jiang-Zhe. I first estimate the ratio of Jiang-Zhe gross value output 
(GVO) in China's total and then use this ratio to multiply China's NVA 
for that sector to derive the Jiang-Zhe NVA.21 Mathematically it is ex- 
pressed as 

Jiang-Zhe NVAi= f-t 
 xNVA^ 

GV0CHINA 

where i stands for the ith of the 13 sectors and R stands for the Rth prov- 
inces or city, namely, Jiangsu, Zhejiang province and the city of Shang- 
hai. The Jiang-Zhe Net Domestic Product (NDP) is the summation of all 
13 sectors' net value added. As Liu and Yeh's estimation of Chinese 
GDP conducted in 1965 is much more consistent in terms of theoretical 
framework and price and quantity information, I use their national GDP 
figure and NVAs for all the 13 sectors. My contribution here, as shown 
in the Appendix, is to derive the GVO ratio of Jiang-Zhe for China. For 
that, I make use of the rich regional-level data from Ou et al. as well as 
other available sources as detailed in the Appendix.22 

Table 2 presents my estimate of the Jiang-Zhe NDP for the 1930s 
with a detailed breakdown of all 13 sectors. The details of data sources 
and calculations are reported in the Appendix. Of the 13 sectors esti- 
mated, the coverage of products for agriculture in this study is 67 per- 
cent of the total, 60 percent for handicrafts, and 100 percent for modern 

20 Ou et al., Zhongguo Guomin Suode; and Li and Yeh, Economy. There are other GDP esti- 
mates for the 1880s, the 1910s, and 1946. They rely heavily on backward or forward projection 
from the 1933 benchmark estimate. For the 1880s, 1910s, and 1946 GDP estimates, see respec- 
tively, Chang Chungli, Income, appendix; Yeh, "China's National Income"; and Ou et al., 
Zhongguo Guomin Suode. 

This formula implicitly assumes the ratio of GVOs between China and Jiang-Zhe are equal 
to the ratio of NVD, an assumption that could introduce upward bias in the Jiang-Zhe aggregate 
NVA estimate given that Jiang-Zhe 's NVD to output ratio was likely lower than that of China. 
However, this bias is likely to be insignificant. We can illustrate with an example of Japanese 
and Chinese agriculture in the 1930s, whose NVD-output ratios are about 0.84 and 0.9 respec- 
tively. See Ohkawa and Shinohara, Japanese Economic Growth, p. 290; and Liu and Yeh, 
Economy, p. 140. Applying the Chinese ratio of 0.9 ratio to both countries, only leads to an up- 
ward bias of only 0.7 percent for the agricultural NVD for Japan. 

Both Liu and Yeh and Ou et al. consistently included the whole of China by adding the re- 
gional figures for Japanese-controlled Manchuria where necessary. In cases where regional data 
other than those Ou et al.'s are used, I have made similar adjustments to ensure geographic con- 
sistency. For example, for sectors such as agriculture and modern industry, I have added the 
Manchuria data into the national total as explained in the Appendix. 
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Table 2 
NET DOMESTIC PRODUCT BY SECTOR OF ORIGIN FOR CHINA AND THE 

JIANG-ZHE PROVINCES IN 1933 
(in billion yuans) 

Net Value Added 

Jiang-Zhe Jiang-Zhe Share 
China Provinces (percent) 

Agriculture 18.76 2.81 15 
Factories 0.64 0.37 57 
Handicrafts 2.04 0.41 20 
Mining 0.21 0 Negligible 
Utilities 0.13 0.059 45 
Construction 0.34 0.1 30 
Modern transportation and communication 0.43 0.09 2 1 
Old-fashioned transportation 1.2 0.29 24 
Trade 2.71 0.76 28 
Government administration 0.82 0.1 12 
Finance 0.21 0.14 65 
Personal services 0.34 0.082 24 
Residential rents 1.03 0.25 24 
Net domestic product 28.86 5.45 19 
Per capita NNP (yuan) 57.36 88.92 155 

Population (millions) 503.1 60.4 12 
Land area (million square kms) 966 2 1 2 
Cultivated area (million shi mou) 1,543 143 9.3 

Sources'. See the Appendix. Population for Jiangsu, Zhejiang, and Shanghai were 34.9, 22, and 
3.5 million respectively. See Liu and Yeh, Economy, pp. 178-79; and Murphey, Shanghai, p. 
22. Cultivated acreages for China, Jiangsu, Zhejiang were 1,534, 92 and 51 millions respec- 
tively, see Liu and Yeh, Economy, p. 129. Land area is from the China State Statistical Bureau 
cited in Maddison, Chinese Economic Performance, p. 181. 

industry. As usual, data for service sectors are more problematic. How- 
ever, except for three sectors (less than 9 percent of the NDP), which 
were guess-estimated from crude assumptions, all other sectors are sup- 
ported by some form of regional data. 

Table 2 shows that in 1933 the Jiang-Zhe provinces, with a 12 per- 
cent share of the Chinese population, contributed 1 5 percent of agricul- 
ture, 20 percent of handicrafts, 57 percent of modern factory output, 65 
percent of finance and 45 percent of modern utilities services. Taken to- 
gether the Jiang-Zhe provinces had 19 percent of China's NDP, with a 
per capita NDP 1.55 times the national average. Output produced by 
modern factories had a much larger impact in Jiang-Zhe, reaching 7 
percent of NDP versus only 2 percent for China. The share of modern- 
factory in total manufacturing output (including both factory and tradi- 
tional handicraft production) was 47 percent for Jiang-Zhe versus only 
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24 percent for China. This ratio likely puts Jiang-Zhe on about the same 
level as Japan in the 1900s or the 1910s.23 

Rawski's unpublished manuscript also offers a GDP estimate for 
what he defines as the "Lower Yangzi Core" in the 1930s. His per cap- 
ita income estimate for the core is only 37 percent above the national 
average, lower than my 55 percent. His "Lower Yangzi Core" has a 7.8 
percent share of China's population compared to 12 percent for Jiang- 
Zhe. As Rawski's manuscript does not present details of geographic 
definition or data sources, it is hard to pinpoint the sources of discrep- 
ancy. My crude guess is that there are differences in geographic cover- 
age and possible underestimation of agricultural and handicraft sectors 
in his estimates.24 

Growth and Structural Change 

Rawski's 1989 book, Economic Growth in Prewar China, provides a 
most comprehensive reassessment of Chinese economic growth during 
the Republican era and derives a new estimate of national per capita in- 
come growth rate of 1.1-1.2 percent, not much below the Japanese rate 
of growth of about 1.4 percent between the 1910s and 1930s. This is a 
remarkably optimistic assessment compared with earlier estimates of 
annual growth rate of per capita GDP at 0.33 percent for this period.25 
As there is no 1914-1918 benchmark GDP data for China. Rawski, fol- 
lowing Yeh Kung-chia, use sectoral series of real growth rates to derive 
the real GDP growth rates between 1914-1918 and 1931-1936. 

Given the small share of the fastest growing modern sectors, Rawski's 
upward revision of per capita Chinese GDP growth rate between 1914- 
1918 and 1931-1936 from Yeh's 0.33 percent to 1.1-1.2 percent hinges 
on a reassessment of the agricultural sector, which accounted for more 
than 60 percent of GDP. In the absence of reliable agricultural output 
data for 1914-1918, Rawski uses the growth rate of several scattered se- 
ries of agricultural real wages to derive his real per capita agricultural 
output series between the 1910s and 1930s. The annual 1.4-1.7 percent 
growth in per capita agricultural output thus derived raises his overall 
1930s Chinese per-capita income estimate 16 percent above that of Liu 

23 
Factory output accounted for only 4 percent and 6 percent of Japanese NDP in 1885 and 

1900 respectively. The factory to manufacturing output ratio was 41.2 percent in 1895. Because 
the Japanese definition of factory (enterprises with five or more employees) is broader than the 
Chinese definition (enterprises with 30 or more employees), the Japanese ratio should be ad- 
justed downward to be comparable. See Ohkawa and Rosovsky, Japanese Economic Growth, 
pp. 15 and 80-82. 

See Rawski, "Economy," p. 68 for his estimate. 
See Rawski, Economic Growth, p. 330; and Yeh, "China's National Income," p. 120. 
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and Yeh's original estimate. Without this upward revision in agricultural 
output, Rawski's revised per-capita income would only be 6 percent 
higher than the Liu and Yeh estimate and the annual GDP per capita 
growth rate between the 1910s and 1930s would decrease to 0.5 percent, 
not that different from the original 0.33 percent rate by Yeh.26 

Here, I establish a case of regional economic growth without such 
"aggressive" assumptions about agricultural performance. Given there 
are no sectoral growth rates for Jiang-Zhe provinces during this period, 
I use the same rates for China established by Rawski except for agricul- 
ture, where I use Yeh's original rate of 0.8 percent. Because Jiang-Zhe 
is likely to grow faster at the sectoral level than China, the assumption 
of equal rates for the two establishes a lower-bound estimate for Jiang- 
Zhe GDP growth rates between the 1910s and 1930s, with differences 
in growth rates between Jiang-Zhe and China driven entirely by their 
different sectoral weights. 

Table 3 shows that annual per capita NDP growth in both Jiang-Zhe 
provinces, at 1 percent, were roughly double that of China and almost 
matched those of Japan and her colonies during this period. So, even in 
the absence of the "Rawskian" type of upward revision in agricultural 
output growth, the growth rate in per capita terms in Jiang-Zhe - not 
China - had already achieved rates comparable to those of her East Asian 
neighbors. If we apply Rawski's revised agricultural growth rate of 1.55 
percent rather than the original 0.8 percent used by Yeh and hold every- 
thing else the same, the overall Chinese per capita GDP between 1914- 
1918 and 1931-1936 is raised to 1 percent per year, and the Jiang-Zhe 
per capita GDP growth rate attains 1 .4 percent, giving the region one of 
the highest growth records in East Asia for the period.27 In either sce- 
nario, the case for regional growth can be established beyond dispute. 

The case for regional growth can be further strengthened if we com- 
pare the growth rate in Jiang-Zhe with the rest of China excluding Ji- 
ang-Zhe and Manchuria. With an overall Chinese per capita growth rate 
of 0.53 between the 1910s and 1930s, and assuming a combined annual 
per capita growth rate of 1 percent for Jiang-Zhe and Manchuria with a 
total of 25 percent share in overall Chinese GDP, the annual per capita 
GDP rate of growth for the rest of China (excluding Jiang-Zhe and 
Manchuria) will be 0.37. This is just about a third of the growth rate of 
Jiang-Zhe in this Republican era, a finding that confirms Rawski's ob- 
servation that "regional growth in Manchuria, . . . and probably in the 

26 See Rawski, Economic Growth, pp. 280-337. 
It is important to note that as population growth rates in Japan and her colonies were higher 

than that of Jiang-zhe and China for this period, the gap in total output growth remains despite 
the comparable per capita rates as shown in Table 3. 
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Table 3 
PER CAPITA NDP AND NDP COMPOSITION IN EAST ASIA IN 1914-1918 AND 

1931-1936 
 (1930s Chinese Yuan)  

Lower 
Yangzi 

Jiang-Zhe Macro- 
China Provinces Region Japan Taiwan Korea Manchuria 

1914-1918 

Per Capita NDP 52.4 75.2 83.2 161 102 64 
As percentage of China 100 143 159 305 195 122 
NDP Composition (in %) 

Agriculture 71 60 57 29 48 66 
Industry 8 10 11 20 29 7 
Services 21 30 32 51 23 24 

1931-1936 

Per Capita NDP 57.4 88.9 100 203 132 77 69 
As percentage of China 100 155 174 354 230 134 120 
NDP Composition (in %) 

Agriculture 65 52 47 19 44 53 36 
Industry 10 14 16 28 27 13 20 
Services 25 34 37 53 29 34 44 

Annual per capita NDP 
growth rate between 
1914-1918 and 
1931-1936 0.53 1.0 1.1 1.4 1.5 1.1 

Population (million) in 
1931-1936 503.1 60.4 44.7 67.2 5.1 21.2 38.7 

Source Notes: The averages of NDP (all in 1934-1936 constant prices) and population in 1914- 
1918 and 1931-1936 for Japan, Taiwan, and Korea are calculated from Mizoguchi and Ume- 
mura, Basic Economic Statistics, pp. 228-29, 232-33, and 236-37, respectively. 

"Industry" includes factory, handicrafts, and mining. "Services" include sectors other than ag- 
riculture and industry. 

Growth rates used for the 13 sectors (except for agriculture) to project the 1931-1936 China 
and Jiang-Zhe series backward to the 1914-1918 are from Rawski, Economic Growth, p. 274. 
They are 0.8, 8.1, 8.1, 8.1, 1.4, 4.6, 3, 1.9, 2.5, 5, 3.4, 0.9, and 0.8 percent respectively for agri- 
culture, modern factory, mining, utilities, handicrafts, construction, modern transportation and 
communication, traditional transportation and communication, trade, finance, government ad- 
ministration, personal services, and residential rents. 

Population figures for China and Jiang-Zhe provinces in 1914-1918 are 440 and 54.1 million, 
respectively. China's 440 million population in 1914-1918 is from Yeh, "China's National In- 
come," p. 104. The population figures for Jiangsu and Zhejiang provinces are 33.7 and 19.2 mil- 
lion, respectively, from Perkins, Agricultural Development, p. 212. Adding the 1.2 million 
Shanghai population sums to 54. 1 million for Jiang-Zhe (Shanghai population is from Murphey, 
Shanghai, p. 23). 

The Lower Yangzi Macro-Region per capita income can be calculated as: YLY = (Yjz -Ycx 
PEX) •*■ PLY', where YLY> Yjz and Yc, stand for the per capita incomes of the Lower Yangzi Macro- 
Region, Jiang-Zhe, and China respectively, and PLY and PEX denote the respective population 
shares of the Lower Yangzi Macro-Region and the remaining four prefectures in Jiang-Zhe 
provinces. The prefectural-level data in 1910 is from Chao Suji, Zhongguo Renkoushi, vol. 5, 
pp. 691-92, which shows that population in the Lower Yangzi Region had a share of 74 percent 
of the Jiang-Zhe provinces. The same 74 percent is applied to calculate the 1931-1936 popula- 
tion of the Lower Yangzi Macro-Region. 
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Table 3 - continued 
Manchuria (for 1934) is from Eckstein, Chao, and Chang, "Economic Development," 

pp. 254-55. These estimates of per capita income are consistent with more recent work by 
Yamamoto Yuzou, Nihon Shokuminchi, p. 116. 

The exchange rate is equal to 1 yuan =1.1 yen calculated as the average of 1933-1936 from 
Hsiao, China's Foreign Trade Statistics, p. 192. 

Lower Yangtze areas of China may have progressed more rapidly than 
the national average, thus ensuring that other regions experienced below 
average, and possibly negative, growth."28 

Table 3 also confirms that the absolute level of per-capita income in 
Jiang-Zhe based on 1930 exchange-rate conversions was higher than 
those of Korea and Manchuria, ranking third only after Japan and Tai- 
wan in the 1930s.29 It shows the economic structures of the Jiang-Zhe in 
1914-1918 and 1931-1936 were characterized by shares in industry and 
service sectors much higher than those that defined the primarily agrar- 
ian China. With a population almost the size of Japan's and more than 
ten times that of Taiwan in the 1930s, Jiang-Zhe was clearly the second 
largest industrial region in East Asia (perhaps Asia). 

Table 3 shows the per capita GDP estimate of the Lower Yangzi Macro- 
Region (see Figure 1), calculated assuming that the per-capita income of 
the four prefectures outside the "Macro-Region" but within Jiang-Zhe were 
equal to China's national average (including that of the Jiang-Zhe Prov- 
inces). This calculation shows that the per capita income for the Lower 
Yangzi Macro-Region in 1933 at 1.74 times the level of China, with an 
economic structure even further "advanced" than China and Jiang-Zhe. 

Any causal statements linking these growth figures to human welfare 
should hinge on further research on consumption expenditure and income 
distribution. Existing studies based on household income and consumption 
surveys conducted during the 1920s and 1930s seem to point to higher 
household income and consumption standards in Shanghai than in other ur- 
ban centers outside the Lower Yangzi. Some other surveys conducted for ru- 
ral households also seem to point to similarly higher levels in Jiang-Zhe than 
in other parts of China. However, without careful control for differences in 
sampling methods and regional price effects, these findings only remain very 
tentative support for the outcome of my production-based study.30 

28 See Rawski, Economic Growth, p. 271. 
For the conversion of per capita incomes based on purchasing power parity (PPP) for 

China, Japan, Korea, and Taiwan relative to the United States in the 1930s, see Fukao, Ma, and 
Yuan, "Real GDP." 

30 For the higher household income and consumption levels of Shanghai urban working fami- 
lies, see Yang Ximeng, "Shanghai," pp. 358-59. Yan xinzhe, Nongcun, shows that average 
household income in and around the Lower Yangzi was roughly 1 .45 times that of rural house- 
holds in North China, pp. 146-47. 
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Figure 2 
ESTIMATE AVERAGE TREND IN ADULT HEIGHT BY REGION, 1900-1929 

Source: Adapted from Morgan, "Economic Growth," figure 6. For regional classifications, see 
ibid., table 3. 

Recent anthropometric research by Stephen Morgan seems more de- 
finitive. Analyzing thousands of height records of railway employees 
across China, Morgan concludes that from the last years of the nine- 
teenth century to the second half of the 1 920s, the average male stature 
in China increased 0.25cm per decade but grew by 0.7cm per decade in 
Jiang-Zhe provinces. This 0.7 cm per decade height increase is only 
slightly lower than the 0.91 cm per decade increase for Japan between 
1892 and 1937. In fact, Morgan's regional figure for railway skilled 
workers, reproduced here in Figure 2 shows that only the average height 
of Jiang-Zhe subjects (classified by Morgan as "East" in the figure) 
shows a consistent upward trend, while average heights in North China, 
Central China, and South China either stagnated or fluctuated between 
1900 and 1929. This evidence leads him to conclude a spatially differ- 
entiated and uneven pattern of economic growth, a finding that lends 
strong support to this study.31 

31 See Morgan, "Economic Growth," figure 6 and concluding statement. Morgan's classifica- 
tion of regions roughly corresponds to that of Skinner. I thank Stephen Morgan for providing 
me the heights data for Figure 2. For Japanese height data, see Ted Shay, "Level." Morgan and 
Liu, "Was Japanese Colonialism," shows a secular increase of 1.12 cm per decade in Taiwan 
during the Japanese colonial period. However, Mituhiko Kimura's "Standards of Living" shows 
that the height increase in Korea remained dubious despite the increase in per capita GDP in the 
colonial period. 
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LOWER YANGZI ECONOMIC GROWTH IN HISTORICAL 
PERSPECTIVE 

Political Change and Industrial Development 

The distinctively regional nature of economic growth in the early 
twentieth century raises some large questions germane to the historical 
origin and pattern of modern economic growth in China and East Asia. 
In fact, compared with Japan, a growth spurt that came nearly four dec- 
ades after China's encounter with Western Imperialism around the mid- 
nineteenth century seems less like a miracle than a puzzle. The contrast 
is particularly puzzling given the emergence of Chinese mercantile 
dominance across regions of East and Southeast Asia after the mid- 
nineteenth century under a free-trade regime imposed by Western impe- 
rialism. In particular, Shanghai, as a newly opened treaty port, rapidly 
emerged as the node of a vast trading network that enveloped, among 
others, the Japanese treaty ports of Yokohama and Kobe. In fact, the 
dominance and solidarity of the Chinese merchant network throughout 
Asia posed a challenge to the young Meiji government as formidable as 
its agenda of catching-up with the West.32 To tackle the puzzle of Chi- 
nese industrialization in nineteenth-century China, I turn to a brief re- 
view of the economic policy contrasts between China and Japan. 

In Japan, the new Meiji leaders who came to power in 1868 em- 
barked on a comprehensive reform program to forge a modern nation- 
state modeled after the West. Although the Meiji government initially 
engaged in a series of government-sponsored enterprises, their liquida- 
tion by the 1880s signaled a decisive switch of its policy away from di- 
rect engagements towards indirect support for the private sector. The 
government engaged in the building-up of critical public infrastructure 
such as railroads and telegraphs, the establishment of a modern educa- 
tion system, the drafting of the commercial code in the 1880s, and the 
founding of the Bank of Japan in 1882. The 1880s marked the begin- 
ning of Japan's full-scale industrialization.33 

In comparison, the late-Qing government in China under the era of 
Tongzhi Restoration (1862-1874) aimed to restore the traditional econ- 
omy from the Taiping devastation. The limited reform carried out under 
the banner of the Self-Strengthening Movement (1860-1894) erected a 
series of government-financed or controlled Western-style, capital- 

32 See Furuta, "Kobe"; and Sugihara, Japan, p. 6. 
See Smith, Political Change, and Ishii, Nihon. During the Meiji period, Japanese per capita 

GDP grew at an annual 2.25 percent between 1887 and 1897, raising her share of manufacturing 
and mining in total GDP rising from 8.7 percent to 1 1 percent and 16 percent respectively dur- 
ing the same period, see Ohkawa, Growth Rate, p. 278. 
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intensive industrial and military enterprises in a largely agrarian setting. 
While these high-profile government-sponsored enterprises were 
fraught with corruption and inefficiencies, the much more deleterious 
impact of late-Qing economic structure fell on the development of a 
modern private sector.34 

Detailed case studies reveal that attempts to set up modern factories 
in sectors such as cotton and silk (that were to form the core of early- 
twentieth-century industrialization) met serious resistance even within 
the treaty port. Similar obstacles confronted the building of key public 
infrastructures such as modern railroads and steam shipping in inland 
waters in the nineteenth century.35 This critical policy difference to- 
wards private sector and public infrastructure held the key to explaining 
the divergent paths of industrialization between China and Japan.36 

The 1894-1896 naval confrontation between China and Japan be- 
came a turning point when the fruits of these two modernization pro- 
grams were put to test. The much bigger guns and battleships of the 
Chinese Northern Fleet built under the Self-Strengthening Movement 
suffered humiliating loss at the hands of a smaller but more disciplined 
Japanese navy, supported by a modern economic infrastructure built up 
during the Meiji era: railroads and steam ships that mobilized troops, a 
banking system and a bond market that supported war finance.37 

China's defeat by a nation long regarded as her former student brought 
a profound mental shock, which spelled the end of the Self-Strengthening 
Movement and opened the path towards the late-Qing constitutional re- 
form in 1903-191 1 modeled directly on Japan's Meiji reform.38 The con- 
stitutional reform recognized the centrality of the private sector to a mar- 
ket economy and paved the way for the introduction of modern public 

34 For the Tongzhi Restoration, see Mary Wright, Last Stand. For the Self-Strengthening 
Movement, see chapters 9 and 10 in Fairbank, ed., Cambridge History of China, vol. 10. 

The obstacles to Chinese industrialization are multi-fold. One mechanism of these obsta- 
cles works through a merchant-bureaucratic power nexus strengthened by the imposition of likin 
tax - a form of domestic transit tax levied in the wake of the Taiping rebellion. The govern- 
ment's need for tax revenue but inability to collect gave rise to tax farming controlled by the 
merchant guilds. Modern private industrial enterprises faced fierce opposition from both the lo- 
cal guilds and government. These oppositions also threatened modern Chinese enterprises often 
falsely registered under Western ownership and located within the treaty port, as by treaty regu- 
lations, Western business were only allowed to set up commercial establishments but not manu- 
facturing enterprises. See Suzuki, Yomu Undou; Motono, Conflict; and Debin Ma, "Between 
Cottage." 

This is a point emphatically made by scholars on modern Japan. See Ishii, Nihon, chapter 
2; Suzuki, Yomu Undou. introduction; and Smith, Political Change, p. 23. 37 For the Japanese economic infrastructure for war support, see Ishii, Nihon, pp. 99-108. 38 

Military and strategic blunders rather than economic strengths may have accounted for the 
outcome of the naval warfare. For an argument that China's military defeat led to an excessively 
negative assessment of the Self-Strengthening Movement and construction of Chinese back- 
wardness, see Benjamin Elman, On Their Own Terms, pp. 379-82 and 392-93. 
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infrastructure.39 But the immediate economic impact of the defeat was the 
signing of the treaty of Shimonoseki in 1896 that granted foreigners the 
right to establish factories in the treaty port, lifting the floodgate of for- 
eign direct investment in China and indirectly legitimizing Chinese mod- 
ern enterprises. These dramatic turns of events around the turn of the cen- 
tury set off the first major wave of Chinese industrialization. 

The Late-Qing constitutional reform was as short-lived as the final 
years of the empire, which collapsed in 1911. The new Republican re- 
gime, following the death of its first dictatorial ruler, Yuan Shikai in 
1916, was politically weak and fiscally insolvent. National disintegration 
and civil strife became the norm in the two decades of warlordism after 
1916. According to James Sheridan, warlords often brought terror and 
exploitation. "[Their] demand for money was insatiable and the milita- 
rists wrung an astonishing array of taxes from the population. They 
printed worthless currency on a large scale. ... In many areas, the actions 
of organized crimes were less serious than the hordes of uncontrolled 
soldiers who roamed the countryside preying on the peasantry."40 

According to one estimate, there were some 140 wars fought among a 
total of more than 1,300 rival militarists between 1911 and 1928.41 In 
the Lower Yangzi, the least war-torn area, the war between the rival Ji- 
angsu and Zhejiang warlords in 1924 led to massive forced requisition- 
ing of civilian personnel and services, confiscation of private properties, 
extortion of merchants and businesses, and severe disruptions of pro- 
duction and trade, inflicting total economic losses estimated between 
four and five hundred million yuan.42 

The extent of warlord damage to the Chinese economy is disputed by 
Rawski who points to the limited scale and duration of warfare. Further- 
more, there were enlightened and stable warlords such as Yan Xishan and 
Feng Yuxiang who promoted economic reforms in the territories under 
their rule. The logic of Chinese warlord politics inspired Mancur Olson's 
classic distinction between stationary bandits - those with long-tenure 
rule and thus less predatory - and roving bandits - those with short time 
horizon and consequently more destructive.43 Overall, despite the reas- 
sessment of the warlord era, Rawski agrees that "political unrest and civil 
wars made any long-range investment extremely precarious."44 

39 See Douglas Reynolds, China; and William Kirby "China Unincorporated." 40 Sheridan, "Warlord Era," p. 318. 
Phil Billingsley, Bandits, p. 24. 42 
Feng Youcai, Zaishang, p. 160. 43 Olson, "Dictatorship," p. 568. 44 See Rawski, Economic Growth, p. 47 and chapter 1 , for his argument about local rulers of- 

ten promoting economic development. Also see Sheridan, "Warlord Era" (p. 317, footnote 35) 
for a criticism of Rawski 's assessment. 
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How did and could industrialization take root in an era of widespread 
abuse of property rights and pervasive political uncertainty during the 
Republican era? For that, we turn to a new political entity in the Lower 
Yangzi: the treaty port of Shanghai ruled by Western business elites. 

The Rise of the City 

Shanghai, once a market town peripheral to the city of Suzhou in the 
traditional Lower Yangzi, was opened as a designated treaty port in 
1842. As a treaty port, Shanghai was under separate jurisdictions of 
British, French, and American Concessions as well as Chinese quarters. 
In 1863 the British concession merged with the American quarters to 
form the International Settlement for all Western (and later Japanese) 
residents. Following the massive influx of Chinese refugees during the 
Taiping rebellion, Chinese residents quickly formed the majority of the 
Settlement residents. 

The Settlement operated with its own mini-Constitution: the Shang- 
hai Land Regulations signed in 1854 and subsequently revised and ap- 
proved in 1866. It organized a Municipal Council whose members were 
elected by the rate-payers association consisting of tax-paying Western 
and later Japanese residents in the Settlement. Judicial powers over for- 
eign residents were, under the grant of extraterritoriality, vested in the 
Consular Courts of the foreigners concerned, or, in the case of unrepre- 
sented foreigners or Chinese, in the International Mixed Court. This in- 
stitutional structure placed the Settlement on a foundation of limited 
power and rule of law.45 

The Municipal Council levied land and property taxes and business 
license fees, ran its own prison and police squad with the additional 
support of a volunteer army in times of need. In comparison with the 
Chinese quarter governed by the local Qing government, the business- 
dominated council was far more efficient in the provision of public 
goods (or semi-public goods) including the maintenance and improve- 
ment of city roads, transportation and communication infrastructures, 
public utilities, and port facilities.46 

45 The Municipal Council had a right to sue in these courts, and could in turn be sued in a 
court elected from the Consuls of the Treaty Powers, known as the Court of Consuls. As a gen- 
eral rule, the council could make no arrests except on a warrant from the proper court. See Pott, 
Short History, p. 114; and Yang, Xiangjun, Diguo, chapter 2. 

In 1926 the military warlord governing the Jiangsu province Sun Chuan-fang remarked: 
". . . whenever I come to a treaty port I feel thoroughly humiliated, not only because a treaty 
port is a standing reminder of our loss of sovereignty, but also because whenever we pass from 
the concessions into Chinese territory we feel that we are crossing into a different world - the 
former is the upper and the latter is the under-world, for nothing in the Chinese territory - roads, 
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This governance structure of the Settlement is reminiscent of the Me- 
dieval European political tradition where incorporated urban communi- 
ties practiced self-rule under merchant elites or oligarchies often with 
charters granted by larger territorial rulers. From its very early days, the 
Western merchant elites of the Settlement had desired and fought for 
self-rule. This is an institutional feature that distinguished the Settle- 
ment from most other treaty ports in China or even the neighboring 
French Concession, which had been under the administrative rule of the 
French consular officials appointed from Paris.47 

In the wake of the dynastic collapse in China in 191 1, the International 
Settlement and the French Concession realized their greatest territorial 
expansion to reach 33 square kilometers, 1.5 times the total size of for- 
eign concessions in the other 23 treaty ports in China.48 When the Qing 
magistrate in Shanghai absconded - allegedly with public funds - during 
the 1911 revolution, the International Settlement took over the Mixed 
Court and began to appoint its own Chinese personnel. By then, the Set- 
tlement became a de-facto city-state with full territorial jurisdiction over 
its residents, Western and Chinese. This is the second institutional feature 
that set it apart from the rest of foreign concessions in China. 

Thomas Stephens's study of the Mixed Court in 1911-1925 led him 
to emphatically state that "throughout all the political vicissitudes of the 
Yuan Shikai era . . . , throughout all the marching and countermarching 
of the armies of the warlords and their murdering marauding hordes, . . . 
Shanghai became an oasis of peace, order and good government in a 
China torn into convulsions by revolution, banditry and civil war."49 
The 191 1-1925 period saw the transformation of Shanghai into a truly 
industrial city and ushered in what Marie-Claire Bergere hailed as the 
golden age of Chinese bourgeoisie.50 

buildings, or public health - can be compared with the concessions. ..." quoted in Feetham, 
Report, vol. l,p. 242. 47 Needless to say, the International Settlement was never officially recognized as an inde- 
pendent political entity by the Chinese government. For a recent exposition of the city-state tra- 
dition in Western Europe, see S. R. Epstein, Freedom. For the difference between the Interna- 
tional Settlement and French Concession political systems, see Marie-Claire Bergere, Shanghai, 
chapter 5. 

4 See Fei Chenkang, Zhongguo; and Bergere, Shanghai, p. 96. 49 
Stephens, Order, pp. 104-06 
For the role of the Mixed Court in the 1916 Bank note suspension incident, which was a 

turning point when Shanghai emerged as China's sole financial center, see Chen, Banking, 
pp. 53-59. For the new generation of Chinese industrial entrepreneurs in cotton textiles, flour 
milling, matches, tobacco, machinery, and large-scale retail, see Bergere, Shanghai. Chinese 
ownership share of modern industry was consistently higher than that of the foreigners in major 
sectors in Shanghai throughout the 1910s-1930s. This compares favorably with the share of in- 
digenous entrepreneurship in Taiwan and Korea, or Manchuria under Japanese colonialism. 
Compare Xu and Huang, Shanghai, p. 341; with Mizoguchi and Umemura, Basic, p. 77. 
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But beyond security and order, the institutional model of the Interna- 
tional Settlement had exerted a profound and lasting impact on political 
organization, legal regime of property rights and contract enforcement, 
fiscal structure, and civil society. It laid the political foundation for a 
legendary Shanghai style of freewheeling capitalism characterized by 
free trade, free capital, and banking with a small government but a large 
civil society.51 The historical significance of the International Settle- 
ment is eloquently captured by Justice Richard Feetham, the judge 
called upon to review the legal status of the Settlement in the 1930s: 

The great piles of banks, offices and warehouses along the Bund [the financial 
hub of Shanghai], as seen from the deck of an ocean liner steaming up the river, 
are at once recognized by the newcomer as evidence of the wealth and enterprise 
of Shanghai, and of the belief which its merchants and citizens have in its future. 
But they have a deeper economic significance than this; they are the first con- 
spicuous signs and symbols of the sanctity of the rights of private property, as 
recognized and safeguarded in the [International] Settlement, and of the far- 
reaching confidence which this condition of things has inspired.52 

The political power of the city-state spread beyond the Settlement. In 
the warlord era, the political structure of Western Shanghai uniquely 
empowered the Chinese business class to defy the political center and 
wring concessions of peace from the warlord governments. The Lower 
Yangzi became the least war-torn region in China - avoiding major bat- 
tles at least before 1924 - partly thanks to the political mobilization of 
the Shanghai General Chamber of Commerce, the majority of the 
members of which were Jiang-Zhe natives with a huge stake in the re- 
gion's peace and order. The Shanghai capitalists also forged an intricate 
and sometimes treacherous alliance with the new Nationalist regime 
that founded its capital in Nanjing (Jiangsu province) in 1927. The city, 
especially its Chinese financial elites, helped shape the new empire - 
the Nationalist regime - in the formulation of a comprehensive national 
economic policy which included the restoration of tariff autonomy, 
modernization of China's public finance and monetary regime.53 

51 For a discussion and literature on the institutional influence of the International Settlement 
on China and Lower Yangzi, see Debin Ma, "Shanghai-based Industrialization." See Ramon 
Myers, Chinese Economy, pp. 138-40, for an argument linking the role of treaty ports (or what 
he termed as mini-Hong Kongs) as centers of free trade and finance to promote national growth 
in the Republican era. 52 Richard Feetham, Report, vol. 1, p. 317. 

See Feng, Zaishan, pp. 136-39 for the role of Shanghai capitalists in the Warlord Era. For 
the political alliances between the Shanghai capitalists and the Jiang regime and various fiscal 
extortion and state coercion under the Jiang regime, see Coble, Shanghai Capitalists; Bergere, 
Shanghai, pp. 181-82; and Kirby, "China Unincorporated," p. 51. For a recent positive assess- 
ment of the National government's tariff policy, see Toru Kubo, Sankanki Chuugoku. 
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The Epilogue 

The flowering of a European city-state in the middle of twentieth- 
century China was fraught with historical irony and institutional contra- 
diction. The Municipal Council's systematic practice of political exclu- 
sion and racial discrimination had turned Shanghai into a symbol of na- 
tional humiliation. The co-existence of three separate jurisdictions in a 
tight and open space created a fertile ground for political agitation and 
organized crime.54 The political autonomy of colonial Shanghai was 
swept away by the full-scale Japanese invasion in 1941, followed by the 
arrival of the Communist troops in 1949, which returned China to inter- 
national isolation. 

Shanghai capitalists' massive exodus to colonial Hong Kong, brought 
that city capital, industrial skills, entrepreneurial vision, and (as recog- 
nized by the Hong Kong government) a 10-15 year head-start in indus- 
trialization over many other Asian countries.55 China's emergence out 
of isolation in the late 1970s saw the resurgence of Shanghai and the 
Lower Yangzi. Although economic growth during China's reform era 
occurred in a different institutional context, a historical shadow of old 
Shanghai capitalism loomed in contemporary Chinese reform: the in- 
creased role of foreign direct investment, the policy experimentation 
with "special economic zones," and the preservation of Hong Kong's 
autonomy under the "one country two systems" framework.56 

Table 4 links my 1910s and 1930s regional per capita GDP to the 
post- World War II data in a comparative East Asian framework (with 
the usual caveats against the hazards of cross-country comparison). 
Note that the relative rankings of per capita income in 1952 largely mir- 
rored those of the 1930s (with Northeast China, formerly Manchuria, 
being the only exception).57 While the gap between Jiang-Zhe and 
China remains unchanged in 1978, China's overall standing in per cap- 
ita GDP had fallen far behind those market economies of her East Asian 
neighbors after two decades of isolation and command economies. Two 

54 The property requirement for voting rights ruled out 80 and 90 percent of the Western resi- 
dents, leaving the Municipal Council in the hands of a tiny and powerful business elite, dubbed 
as the "Taipan Oligarchy" (see Bergere, Shanghai, p. 98). The council refused, until 1928, any 
representation of Chinese residents, who constituted 96 percent of the population and were the 
largest tax revenue contributors in 1925, and denied Chinese residents access to Municipal fa- 
cilities such as "public parks" (see Feetham, Report, vol. 1, pp. 138-46). For the presence of la- 
bor strikes and violent protests in Shanghai, see Wakeman and Yeh, Shanghai Sojourners. See 
Brian Martin, Shanghai Green Gang, on organized mafia. 

55 
Wong Siu-lun, Emigrant Entrepreneurs, p. 2. 
For the resurrection of old Shanghai capitalists in the late 1970s, see Bergere, Shanghai, 

chapter 14. 5 For the legacy of the pre-Communist industrial sector in Shanghai and Manchuria, see 
Rawski, "China's Industrial Performance." 
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Table 4 
RELATIVE PER-CAPITA GDP IN CHINA AND EAST ASIA 

(China =100) 

Jiang-Zhe Korea Manchuria 
Provinces Japan Taiwan (South Korea) (Northeast China Provinces) 

1916 143 305 195 122 
1933 155 354 230 134 120 
1952 158 436 198 140 192 
1978 161 1,285 571 415 149 
1999 200 633 483 397 127 
2005 206 401 347 313 114 

Sources'. Data for Japan, Taiwan, and South Korea in 1952-2005 are from Groningen Growth 
Center website (http://www.ggdc.net/homeggdc.html). The regional per capita income differ- 
ences for 1999 and 2005 are calculated from relevant annual issues of China Statistical Year- 
book. The data for China in 1952 and 1978 are fromliw Zhongguo Wusenian by the State Sta- 
tistical Bureau. 

decades of opening-up and reform enable a significant catch-up of 
China and especially Jiang-Zhe with her East Asian neighbors. Mean- 
while, with the resurgence of Shanghai along with China's increasing 
regional inequality, the economic distance between Jiang-Zhe and the 
rest of the nation attained a ratio of over two by 1999 and 2005, a his- 
torical high. 

CONCLUSION 

Through the reconstruction of a regional prewar GDP estimate and 
its growth dynamics, this article establishes the case for regional 
growth concentrated in the Lower Yangzi area and a major reinterpre- 
tation of the extent and nature of Chinese economic growth between 
the 1910s and the 1930s. The narrative structures this growth in the 
larger historical context and highlights political and institutional 
changes as the most important determinants to both the timing and pat- 
tern of industrialization in China and East Asia during the late nine- 
teenth through early twentieth centuries. In particular, it emphasizes 
the importance of a new political entity, the International Settlement in 
Shanghai, that supplied public order and protected private property 
rights in an era of national disintegration and civil strife. The political 
structure of a city-state forged a legendary Shanghai style of free- 
wheeling capitalism, a model that stood apart from the acclaimed East 
Asian model of state-led industrialization in postwar Japan and Korea. 
Nonetheless, weighed down by its colonial stigma and narrow interest, 
the city-state model of the Shanghai International Settlement is neither 
sustainable nor replicable. 
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The tortuous path of Chinese industrialization in the nineteenth 
through twentieth centuries questions the fundamental compatibility of 
its traditional institutions with modern economic growth. While this call 
forth a larger research agenda, this article draws attention to potential 
methodological problems inherent in comparative studies that pair eco- 
nomic regions with independent nation states. Situated within the politi- 
cal structure of a centralized empire, economic regions such as the 
Lower Yangzi encountered constraints to institutional change far more 
severe than would independent nation-states such as Britain or Japan. 
As shown above, the rise of Shanghai first as a trading port in the latter 
half of the nineteenth century and then as an industrial metropolis was 
largely determined in the large context of political changes in the Chi- 
nese empire. Within China's centralized power structure, elements for 
change from the bottom were perennially short of political space and of- 
ten survived precariously at the empire's fringe. It is no surprise that in- 
stitutional breakthroughs in modern East Asia came from new political 
structures created outside the empire: the rise of a nation-state of Meiji 
Japan after 1868 and the formation of a breakaway city of Shanghai af- 
ter the turn of the twentieth century. 

The lessons on the diffusion of the Industrial Revolution in East Asia 
also shed light on the ongoing debate on the origin of the Industrial 
Revolution. The absence of coal deposits in the Lower Yangzi, as em- 
phasized by Pomeranz for the eighteenth century, did not become a ma- 
jor constraint to Shanghai-based industrialization. Shanghai industriali- 
zation, as noted by Rhodes Murphey, was an anomaly by Western 
standards, characterized by a local absence of most of the essential ma- 
terials for manufacturing, especially coal. In the mid-nineteenth century 
when the city was opened as a treaty port, coal arrived from faraway 
England, then from Japan during the late nineteenth century, and finally 
from North China in the twentieth century following the completion of 
railroads.58 

Similarly, the much-written-about favorable geography of Shang- 
hai - its central position on the coast of East Asia and the Lower 
Yangzi hinterland - seems more the endogenous outcome of geo- 
political changes as acutely observed by one Chinese resident of the 
International Settlement: 

That this place was chosen as the "Settlement" precisely shows these (Western) 
barbarians have a vision. It is a global vision. Within the shooting range of 
(Western) military gunboats on the Huangpu river, the Settlement came under 

58 See Murphey, Shanghai, pp. 184-95. For discussion of the lack of coal deposits in the 
Lower Yangzi, see Pomeranz, Great Divergence, pp. 64-65. 
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effective (Western) naval protection. . . . From a closed perspective, this is a 
piece of muddy swamp with little value other than some defense against enemies 
from outside the city wall. But from an open perspective, this is the point of en- 
try to China's richest region and the departure to the world.59 

Appendix: Net Domestic Product by Sector of 
Origin for China and the Jiang-Zhe Provinces 

in 1933 
AGRICULTURE 

The agricultural share of the Jiang-Zhe province is calculated through two steps. 
The first step is to use the provincial level data (1931-1937 averages) in the Crop Re- 
ports published by the National Agricultural Research Bureau (NARB) added with the 
Manchurian output data to calculate the Jiang-Zhe share in physical units for each 
commodity. The results are presented in columns A through E of Appendix Table 1 . 
The second step is to multiply the 1933 unit prices of each agricultural commodity by 
the 1933 agricultural output in physical units to arrive at a total agricultural gross 
value for China. This Chinese agricultural output value is then multiplied by the Jiang- 
Zhe share to arrive at the Jiang-Zhe agricultural gross output value in column C. The 
final share of Jiang-Zhe provinces in agricultural value-added is then calculated as the 
ratio of Jiang-Zhe gross value to that of China shown as 0.148 in column H. 

Note that the Jiang-Zhe share in physical output units is calculated based on the 
1931-1937 averages, but the Jiang-zhe share in gross value for 1933 is based on Liu 
and Yeh price and output data, Economy, p. 140. Their gross value for Chinese agri- 
culture in 1933 amounts to 21,170 million yuan (p. 140). Because the gross value of 
Chinese agricultural products covered in this study sums to 14,110.77 million yuan 
(column F), this indicates the coverage of products included in this study amounts to 
67 percent of the total agricultural gross output for China. 

MODERN FACTORY 

The coverage of modern factory output is the most complete thanks to the 1933 sur- 
vey conducted under the able leadership of D. K. Lieu. However, the survey covered 
only the so-called "China Proper," which is equivalent to the current Chinese territory 
but without the Japanese-controlled Manchuria, roughly equivalent to today's North- 
east provinces of Heilongjiang, Changchun, and Jilin. From Appendix Table 2, I de- 
rive the Jiang-Zhe Share of China Proper as 0.663. Then I calculate the Japanese con- 
trolled Manchuria share of 0.166 in China Proper from Liu and Yeh's estimate. These 
two results enable me to calculate the Jiang-Zhe share of China total (including Man- 
churia) as 0.569. 

A new estimate by Kubo and Makino gives a higher Manchuria share of China 
Proper's industrial output at 0.266 (table 13, p. 41). Using their estimates would have 
a negligible impact on my result (Jiang-Zhe share of modern industry would be 0.549 

59 
Huangpu is the major river that crosses Shanghai. Translated from the quote in Yang 

Xiangjun, Diguo, p. 24. For discussion of the favorable geographic location of Shanghai and 
Lower Yangzi, see Murphey, Shanghai, pp. 2-6; and Rawski, "Economy," pp. 5-6. 
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Appendix Table 1 
CHINESE AND JIANG-ZHE PROVINCIAL AGRICULTURAL GROSS OUTPUT (IN 1931- 
 1937 AVERAGE) AND GROSS VALUE IN 1933 PRICE  

China Jiang- 
Jiang- China Jiang-Zhe Gross Jiang- Zhe 

Jiangsu Zhejiang Zhe Total Share in Value Zhe Share in 
(1,000 (1,000 Total (1,000 Physical (million Gross Gross 
piculs) piculs) piculs) Quantities yuan) Value Value 

A B C = A+B D E = C/D F G=ExF H=G/F 

Rice 132,000 98,000 230,000 1,553,200 0.148 5,436.2 805 
Wheat 59,802 10,579 70,381 447,410 0.157 2,403 378.01 
Barley 27,787 6,953 34,740 159,126 0.218 576.08 125.77 
Millet 3,194 501 3,695 136,090 0.027 916.92 24.90 
Corn 12,926 1,637 14,563 126,278 0.115 539.11 62.17 
Kaoliang 10,887 239 11,126 141,309 0.079 703.64 55.40 
Soybeans 22,651 3,382 26,033 123,395 0.211 921.57 194.43 
Broad 

beans 6,751 5,290 12,041 60,402 0.199 211.05 42.07 
Peanuts 6,418 521 6,939 53,460 0.130 348.4 45.22 
Sweet po- 

tatoes 37,923 14,974 52,897 342,471 0.154 611 94.37 
Rapeseed 3,456 4,006 7,462 49,238 0.152 247.8 37.55 
Sesame 1,864 143 2,007 16,780 0.120 154.4 18.47 
Cotton 3,697 548 4,245 16,316 0.260 596.6 155.22 
Tobacco 158 386 544 12,460 0.044 596.6 14.84 
Cocoons 420 1,200 1,620 4,200 0.386 340 40.50 
Tea 1.55 508.97 511 4,278 0.120 105 15.55 
Total 14,110.77 2,109.47 0.148 

Sources'. For gross output in physical quantities, rice output is from Liu and Yeh, Economy, 
p. 290; tea is from Ou et al. eds., Zhongguo Guomin Suode, (vol. 2), p. 1 1; cocoons are for the 
early 1920s from Perkins, Agricultural Development, p. 286; and the rest are the 1931-1937 av- 
erages ( 1 ,000 piculs) from the various issues of Crop Reports by NARB summed up in Shina 
Nongyou Kisou Tokei Shiryou, vol. 2 published by Toa Kenkyujyou. Note that the original Crop 
Reports only covered 22 provinces, the Shina Nongyou Kisou Tokei Shiryou added the Manchu- 
ria agricultural output to make to the China total, which is used here. Although the national ag- 
ricultural output given by the Crop Reports, which I used for calculating the regional GVO ra- 
tio, are known to be under-estimates corrected by Perkins {Agricultural Development) and Liu 
and Yeh, Economy, this will not affect my regional ratio as long as the national and regional es- 
timates in the Crop Reports are both downward biased. 

Column F for China gross value is the product of 1933 commodity prices and output. Price 
and output data are from Liu and Yeh, Economy, p. 136 and p. 300, respectively. Cocoon price 
is from Perkins, Agricultural Development, p. 288. 

instead of 0.569). In view of the preliminary nature of their revision, I have stayed 
with the Liu and Yeh figure. 

HANDICRAFT 

For calculating the share of Jiang-Zhe provinces in Handicraft value added, I use 
the provincial level handicraft gross output value data in Volume 2 of Ou, Baosan et 
al.'s book, Zhongguo Guomin Suode, to calculate the Jiang-Zhe share for 12 products. 
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Appendix Table 2 
CHINA'S GROSS OUTPUT VALUE BY MODERN FACTORY 

(1,000 yuans) 

Gross Industrial Output in Vol. 3 
of Lieu' s survey 

1. Shanghai 750,869 
2. Nanjing 22,938 
3. Jiangsu 202,081 
4. Zhejiang 70,179 
5. Jiang-Zhe (=1+2 + 3 + 4) 1 ,046,067 
6. China Proper (excluding Manchuria) 1,577,590 
7. Jiang-Zhe share of China proper (line 5 ■*■ line 6) 0.663 

Gross Industrial Output Estimate 
by Liu and Yeh 

8. Manchuria Total * 376,700 
9. China Proper Total 2,268,800 
1 0. Manchuria share of China Proper 0. 1 66 

(= line 8 - line 9) 
1 1 . Jiang-Zhe share of China Total (including Manchuria) 0.569 

= Line 5- [line 6 x (1+0.166)] 
Shanghai Share = line 1 / [ line 6 x ( 1 + 0. 1 66) ] 0.4 1 

Source: The gross industrial output in vol. 3 of D. K. Lieu's survey is summarized in Kubo and 
Makino, table 2, p. 29. Makino and Kubo's table also listed provincial level industrial output 
data from Vol. 2 of Lieu's survey. Vol. 2 data would give the Jiang-Zhe a higher share of 0.596 
in China's total (including Manchuria). I have opted for the vol. 3 figure because it had a wider 
coverage of factories than vol. 2. The gross industrial output estimate by Liu and Yeh is from 
Economy, p. 428, table F-l. 

Unfortunately, there is no solid provincial-level data for most other handicraft 
products including some of the most important items such as flour and rice milling, 
cotton and silk goods, or oil products. I make rough estimates of these shares based 
on a variety of sources with different cross-checks. In particular, as most of these 
handicraft productions are highly localized, agricultural sideline activities, I use 
provincial shares of agricultural raw materials as proxies for shares of handicraft 
output. In Appendix Table 3, columns A through E derive the Jiang-Zhe shares of 
each of these 19 items. Then I multiply this Jiang-Zhe share to the total Chinese 
Net Value-added (NVD) to derive the Jiang-Zhe NVD in column G. China Net 
Value-added in column F is from Ou et al, Zhongguo Guomin Suode, vol. 1, pp. 
65-66. The final Jiang-Zhe share in national handicraft NVD is 0.21. This ratio 
matches surprisingly well with a government survey in 1936 showing that the Ji- 
ang-Zhe share in total agricultural by-products is 0.22 (cited in Wang Jin-yu, Jindai 
Zhongguo Zhiben Zhuyi, p. 101). 

Note that as the total net value added of China's handicraft product amounts to 
1,340,078 thousand yuan (Ou et al, Zhongguo Guomin Suode, vol. 1, p. 66), the 19 
products included here (with total net value added summed to 796,823) would con- 
stitute about 60 percent of total handicraft NVD in China. 
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Appendix Table 3 
JIANG-ZHE PROVINCES HANDICRAFT NET VALUE-ADDED FOR THE 1930S 

Gross Output Value ( 1 ,000 yuan) China 

Jiang-Zhe 
NVD 

Jiang-Zhe 
Jiangsu Zhejiang Shanghai China share (1,000 NyD 

A B C D yuan) 

l.Hemp 189 8,295 
weaving 

2. Machinery 655 205 6,718 11,782 0.64 3,574 2,299 
repair 

3. Metal 68 98 1,470 3,417 0.48 342 163.7 
products 

4. Electric 30 197 1,394 3,007 0.54 1,013 546 
machinery 

5. Pottery and 1,200 438 25,063 0.07 15,153 990 
chinaware 

6. Lime 2,808 528 16,936 0.20 5,215 1,027 
7. Coal product 323 332 1,400 3,059 0.67 1,224 822 
8. Stone and 247 1,000 0.25 500 123.5 

clay 
9. Match 6,253 0 1,378 0 
10. Paint and 1,500 229 4,346 0.40 1,759 699.8 

dyes 
11. Sugar 269 6,374 0.04 10,313 435.2 

(1,000 
piculs) 

12.Paper 119 20,581 55,800 0.37 27,063 10,039.5 
making 

13. Edible oil 0.13 103,231 13,420.03 
14. Cotton 0.26 12,858 3,343. 

Spinning 
15. Cotton 0.26 154,346 40,130 

weaving 
16. Silk-reeling 0.23 6,419 1,476.4 
17. Silk- 0.35 30,169 10,559 

weaving 
18. Flour 0.16 226,680 36,269 

milling 
19. Rice 0.23 192,434 42,336 

milling 
Total 796,823 163,719 

Jiang-Zhe 0.21 
share in 
handicraft 
sector 

Source and derivation notes for the 19 handicraft items: 
1. Hemp weaving: Ou et al., Zhongguo Guomin Suode, vol. 2, pp. 1 13-14. 
2. Machinery repair: ibid., pp. 37-40. 
3. Metal products: ibid., p. 36. 
4. Electric machinery: ibid., vol. 2, p. 47. 
5. Pottery and chinaware: ibid., vol. 2, p. 60. 
6. Lime: ibid., pp. 61-63. 
7. and 8. Coal products, Stone and clay: ibid., pp. 64-65. 
9. Match: ibid., p. 74. 
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Appendix Table 3 - continued 
10. Paint and dyes: ibid., p. 82. 
11. Sugar: ibid., pp. 138-39. 
12. Paper making: ibid., pp. 152-55 
13. Oil: ibid., p. 145, provides national estimates of seven types of edible oil products but no 
provincial-level data. As traditional oil processing was highly localized, I use share of raw agri- 
cultural materials to gauge Jiang-Zhe's share of edible oil products in national output. The two 
most important oil items are soybean and peanut oil. Jiang-zhe share in soybeans production in 
national agricultural output is 0.14. Perkins's book, Agricultural Development, provides provin- 
cial-level acreage statistics for soybeans, rapeseed, sesame, peanuts, and cotton (for cotton oil) 
(pp. 258-61). The Jiang-Zhe shares of acreage in these five items are 0.1 1, 0.13, 0.1 1, 0.09 and 
0.21. 1 give an overall Jiang-Zhe share of 0.12 for oil products. 
14. Cotton-spinning: there is no provincial level hand-spun cotton yarn data. It is however rea- 
sonable to assume a close geographical relationship between local cotton cultivation and hand- 
spun cotton yarn production. So I use 0.26, which is the Jiang-Zhe share of raw cotton produc- 
tion to proxy for its share of hand-spun yarn. 
15. Cotton- weaving; there is no provincial level hand- woven cotton cloth data. I the 0.26 Jiang- 
Zhe share of cotton production in national total as a proxy for its share of hand-woven cloth 
output with the following two independent cross-checks: 

Xu Xinwu, Jiangnan Tubushi, p. 215, shows that the Jiangsu share of hand- woven cloth out- 
put amount to 27 percent of the national total around 1860. 

Yan Zhong-ping, Zhongguo Miafang Zhi Shigao, pp. 241-51, provides a survey of regional 
distribution of hand- weaving production in selected provinces in China. The relative importance 
across difference provinces in hand-weaving production ranked in his survey matches the rank- 
ing in provincial-level cotton acreage statistics for 1931-1937 listed in Perkins's data, Agricul- 
tural Development, p. 261, with Hebei province having the highest output, followed by Shan- 
dong and Jiangsu. This is a confirmation of the relationship between local cotton cultivation and 
hand-weaving production. Both these two cross-checks are far from perfect, but they offer sup- 
port that the 0.26 share I chose is possibly within reasonable bounds of accuracy. 
16. Silk-reeling: using data compiled by Japanese scholar Shigemi Uehara, Ou et al., Zhongguo 
Guomin Suode, vol. 2, pp. 102-03, shows that total raw silk output figures (both machine and 
hand-reeled) for Jiangsu, Zhejiang, and China proper (excluding the Japanese occupied Man- 
churia) were 36,405, 106,230 and 300,788 piculs respectively for 1927. Ou et al., ibid., p. 102, 
shows the total raw silk output for both China total (including Manchuria) and Manchuria as 
well as prices for Zhejiang and Manchuria raw silk in 1933. Based on this, I calculate the Man- 
churia share in China's total gross output value as 18 percent. From this, I derive the Jiang-Zhe 
share in China's total raw silk output as equal to 0.40 [= (36,405 + 106,230) / (300,788 * 1.18)]. 
To calculate the Jiang-Zhe share in hand-reeled raw silk, I use the information (Ou et al., ibid., 
p. 102) that machine-reeled raw silk was about 41 percent of total raw silk output and the Jiang- 
Zhe share of machine-reeled raw silk output was 65 percent of China (ibid., p. 101, table 5) to 
derive the ratio of 0.23 [ = (0.40 - 0.41 * 0.65) / (1 - 0.41)] for Jiang-Zhe share of hand-reeled 
raw silk in China's total. 
17. Silk-weaving: the Lower Yangzi region has traditionally been the premium producing re- 
gion. Ou et al, ibid., p. 104, shows that the Jiang-Zhe share of machine-woven silk goods 
amounts to more than 70 percent of the national total. Clearly, the Jiang-Zhe share of hand- 
woven silk products would not be as dominant but could be higher than its 0.23 share for hand- 
reeled raw silk. I choose 0.35 as the final share for Jiang-Zhe share. 
18. Flour-milling: I use the Jiang-Zhe share of wheat output, 0.16, for its share of handicraft 
flouring milling in China. 
19. Rice-milling: Ou et al., ibid., p. 126, shows the Jiang-Zhe share in rice milled in modern fac- 
tories is 0.28 of the national total. However, rice output in Jiang-Zhe is equal to 0.16 of the na- 
tional total. As Jiang-Zhe provinces have long been rice-deficit region and rice imported from 
other regions are likely go through additional milling, I give 0.22 for the Jiang-Zhe share. 
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Appendix Table 4 
TOTAL CAPITAL OF NATIVE BANKS (QIANZHANG AND NINHAO) AND 

PAWN SHOPS 
 (in yuan)  

Total Capita of Native Banks Total Capital of 
(Qianzhang and Ninhao Capital Pawn Shops 

Jiangsu 25,603,000 13,393,749 
Zhejiang 8,567,400 19,364,758 
China total 121,836,207 63,898,586 

Jiang-Zhe share 0.28 0.51 

Source: Ou et al., Zhongguo Guomin Suode, vol. 2, p. 275, for native banks and p. 276 for pawn 
shops. 

THE SERVICE SECTOR 

Finance 

For finance, one estimate claims that Shanghai's total capital including deposits, 
convertible notes and retained earnings of banks, Native Banks (Qiangzhong), Trust 
Corp. was about 47.8 percent of China in 1936 (Zhang, Zhong-Li, Jindai Shanghai 
Chengshi Yanjiu, p. 313). Rawski, Economic Growth, estimates that deposits of native 
banks in Shanghai account for 30 percent of the national total in 1935 (p. 390). Ou et 
al., Zhongguo Guomin Suode, also provides some provincial level figures for native 
banks and pawn shops as follows. It is not very clear whether Ou et al.'s data of native 
banks and pawn shops included Shanghai. In my estimate, I use a 48 percent share of 
the national total for Shanghai and add another 17 percent for Jiangsu and Zhejiang 
provinces to sum up to 0.65 for the Jiang-Zhe share of financial services. See Appen- 
dix Table 4. 

Utilities 

The utilities share of Jiang-Zhe, 0.57, is calculated as the average of water, electricity and gas 
weighted by the gross value of each sector in China's total output. The steps of calculation are 
shown in Appendix Table 5. 

Modern Transportation and Communication 

Appendix Table 6 presents both China's gross value output of transportation and 
communication services for seven sectors from Liu and Yeh, Economy, p. 590. The 
derivation of Jiang-Zhe share in national total for these seven sectors is presented in 
the detailed footnotes to Appendix Table 6. Multiplying these individual sectoral 
shares with the weights derived from the gross value output, I obtain the sectoral share 
weighted Lower Yangzi share of 21 percent in the national total. 

Trade (Commerce) 

Ou et al.'s calculation {Zhongguo Guomin Suode, vol. 2, pp. 247-58) is based on the 
total number of retail stores and restaurants and the peddlers. Based on Ou et al.'s data, I 
calculate that the number of stores (and restaurants) per 1,000 in Jiang-Zhe equal to 2.7 
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Appendix Table 5 
GROSS OUTPUT VALUES OF UTILITIES 
 (1,000 yuans)  

Water Supply 

Chinese Owned Foreign Owned Electricity Gas 

Shanghai 2,154 8,324 2,568 
Jiangsu 798 
Zhejiang 155 
China 18,740 11,847 214,377 27,697 
Jiang-Zhe share in each sector 0.374 0.50 0.093 

Aggregated Jiang-Zhe share 0.45 

Source Notes: Gross value of water supply is from Ou et al., Zhongguo Guomin Suode, vol. 2, 
pp. 68-70, gas is from ibid., pp. 65-68. Ou et al.'s book does not have separate provincial level 
data for electricity. I use his gross value data (ibid., vol. 2, p. 70) and calculate from Shenbao 
Nianjian (p. 569) the share of Jiangsu and Zhejiang in China's total as equal to 0.46. As the 
Shenbao figure does not include electricity generated by factories, I round the figure up to 0.5. 

times that of China. Multiplying 2.7 to 0.12 (the L.Y. population share) gives 32 percent 
for the L.Y. share. 

For peddlers, there is no good national survey. Ou et al.'s calculation is based 
largely on the Jiangsu data (Ou et al., Zhongguo Guomin Suode, vol. 1, pp. 107-08). I 
just assume here the Jiang-Zhe share here is equal to its population share of 0.12. Av- 
eraging the two sums by value added weights gives a final Jiang-Zhe share of 28 per- 
cent (the value-added weights for stores and peddlers are 0.79 and 0.21 respectively, 
Ou et al., Zhongguo Guomin Suode, vol. 1, pp. 106 and 107). 

Government Administration 

Appendix 6 in Ou et al., Zhongguo Guomin Suode, vol. 2, pp. 277-96, has provin- 
cial level government administration expenses for counties, provinces, central gov- 
ernment, and foreign concessions. Appendix Table 7 shows that government admini- 
stration expenses (excluding the central government) in Jiang-Zhe are about 11 
percent of the total. With the capital located in Nanjing city, I round the Jiang-Zhe 
share to be 12 percent. The central government expenses are equal to 484,525,780 
with almost three-fourth of it spent on military expenditures (p. 294). 

Construction 

For Construction, Ou et al. defined it as the building and repair of residential and 
business housing, factories, canals and rivers, railroads, roads, ports, and transporta- 
tion infrastructure {Zhongguo Guomin Suode, vol. 1, p. 77). Unfortunately, there were 
no provincial-level data in Ou et al.'s volume. The national data was based on the 
amount of construction materials used such as stone, cement, lime, bricks, iron and 
steel, and lumber. Considering the Jiang-Zhe provinces had a share of 57 percent in 
modern factories and 21 percent in handicraft production, the products of which corre- 
late highly with these construction materials, I assign a rather conservative share of 
30 percent for construction in the Jiang-Zhe provinces. 
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Appendix Table 6 
GROSS VALUE OUTPUT 

(million yuans) 

Trucks, Taxis, Communi- Postal 
Railroad Shipping and Buses Trolleys Air cations Services Total 

China Gross 369 137 95 13 4 44 46 708 
output 

Jiang-Zhe 0.12 0.25 0.46 0.57 0 0.3 0.33 0.21 
share 

Notes: For railroads, Ou et al. (Zhongguo Guomin Suode, vol. 2. table 3, p. 189) has gross in- 
come for all the railroads. The share of Jiang-Zhe in the national railway income is about 14 
percent. However, some of the railroads covered mileage outside Jiang-Zhe. In this case, I give 
12 percent for the Jiang-Zhe share to equalize it with its population share. 

For shipping, I used the number of junks (Minchuan) in Jiang-Zhe as a proxy for their gross 
value. Jiang-Zhe had about a 22 percent share (Ou et al, ibid., p. 181). For steam ships, I used 
gross receipts of shipping companies located in the Jiang-Zhe. There were two major shipping 
companies (Minshen and Zaosanqu) which plied the entire Lower Yangzi river but with a sig- 
nificant share in Jiang-Zhe. Including them in Jiang-Zhe would give a Jiang-Zhe share of 55 
percent and excluding them would yield 28 percent, I take the intermediate number 40 percent 
(Ou et al., ibid., pp. 176-77). Averaging the ships and boats using their weights in total net 
value added gives a Jiang-Zhe share of 0.25 (weights equal to 0.86 for native boats and 0.14 for 
modern ships, calculated from Ou et al., vol.2, table 9, p. 185). 

For trucks, taxis, buses, I used the number of vehicles in the Jiang-Zhe provinces as a proxy 
for the share which is 46 percent (Ou et al., ibid., p. 202). 

For Trolleys in the Jiang-Zhe provinces, they were only operating in Shanghai whose net in- 
come was about 57 percent of the national total (Ou et al., ibid., p. 202). 

Air was very small. I just assumed it to be zero for Jiang-Zhe. 
For modern communication, I calculate the NVD share of the Jiang-Zhe provinces for the two 

largest items, local phone and wire telegraph. They add up to over 70 percent of the net income 
for modern communication (Ou et al., ibid., table 18, p. 241). For local phone, the Jiang-Zhe 
share is 36 percent in gross income (Ou et al., ibid., table 10, p. 235) and for wire telegraph, the 
share is 24 percent (Ou et al., ibid., table 8, p. 232). The weighted average is 30 percent 
(weights for phone and telegraph are 0.39 and 0.61 respectively). Ou et al.'s provincial data for 
phone and telegraph did not include Manchuria. I use Ou et al.'s table 18 (ibid., p. 241) to calcu- 
late Manchuria share being 28 percent. So the China total for both phone and telegraph in Ou et 
al.'s data was multiplied by 1.28. 

The Postal Services share for the Jiang-Zhe share in net income is calculated as 33 percent 
(Ou et al., ibid., table 2, p. 245). 

Old-Fashioned Transportation, Personal Services, Residential Rents 

There are no regional data on these three sectors, I used 0.24, a number that is about 
the simple average of Jiang-Zhe shares in trade and modern transportation communi- 
cation and twice the national per capita average. 
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Appendix Table 7 
GOVERNMENT EXPENDITURES IN THE JIANG-ZHE PROVINCES 

(in yuan) 

Provincial Foreign 
County Level Level Concessions Total 

Jiangsu 23,484,538 11,908,006 
Zhejiang 10,748,913 11,080,321 
Hanzhou 846,816 773,510 
Nanjing 2,426,175 
Shanghai 7,735,110 28,623,516 

Jiang-Zhe 35,080,267 33,149,612 28,623,516 68,229,879 
China 210,344,878 407,708,136 47,796,200 618,053,014 

Jiang-Zhe share 0.11 

Source: County- and provincial-level and foreign concessions data from Ou et al., Zhongguo 
Guomin Suode, vol. 2, pp. 287, 292, and 295, respectively. 
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This article provides estimates of purchasing power parity (PPP) converters for expenditure side GDP
of Japan/China, Japan/U.S. and China/U.S. in 1934–36 through a detailed matching of prices for more
than 50 types of goods and services in private consumption and about 20 items or sectors for investment
and government expenditure. Linking with the earlier studies on the price levels of Taiwan and Korea
relative to Japan, we derive the mid-1930s benchmark PPP adjusted per capita income of Japan, China,
Taiwan and Korea at 32, 11, 23, and 12 percent of the U.S. level respectively. These estimates correct
the consistent downward bias in East Asian income levels based on market exchange rate conversions.
Compared with Angus Maddison’s estimates based on the 1990 benchmark back-projection, our
current-price based result are 18 and 44 percent lower for Japan and Korea, and 4 and 10 percent higher
for Taiwan and China respectively in the mid-1930s. We develop a preliminary theoretical and empiri-
cal framework to examine the possible source of the biases in the back-projection method. The article
ends with a discussion on historical implications of our findings on the initial conditions and long-term
growth dynamics in East Asia.

Introduction

In the world history of modern economic growth, the East Asian miracle is a
relatively recent phenomenon. The catch-up of Japan, Taiwan and Korea with the
world’s leading economies is a 20th century, or more precisely, a post-World War
II (WWII) affair, while the economic surge of China is only a matter of the last two
decades. However, as revealed by the burgeoning literature on economic growth,
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long-term historical factors provide us with crucial insights into both the causal
determinants and the mechanism of modern economic growth. What were the
initial conditions of East Asian economies prior to their take-off? Were there
shared vital historical factors behind their miracles?

These questions cannot be properly answered without long-term series of
national accounts. Among the East Asian economies, the most consistent and
reliable long-term GDP series going back to the late-19th century are available
only for Japan, partly thanks to the efforts of the Long-Term Economic Statis-
tics (LTES) project under the leadership of Kazushi Ohkawa at the Institute of
Economic Research of Hitotsubashi University in Japan.1 The Hitotsubashi
group extended this line of research to two former Japanese colonies, Taiwan
and Korea, with the 1988 publication of a statistical volume compiled by
Mizoguchi and Umemura. The volume provides annual estimates of GDP and
its various components for these two economies during the period of Japanese
occupation based on the detailed economic statistics of the colonial administra-
tions. Compared with these countries, historical macroeconomic statistics for
China remain sketchy. Solid economic statistics for standard national accounts
are available only for the 1930s, leading to the pioneering reconstruction of
China’s GDP for the period 1931–36 carried out by Ou (1947), Liu (1946), and
Liu and Yeh (1965).

These pre-war GDP series are all based on their domestic currencies. As is
well-known, conversion of per capita incomes based on market exchange rates
tends to systematically underestimate the real per capita income level of lower
income countries since it fails to incorporate differences in the price level for
non-tradable goods (Balassa, 1964; Samuelson, 1964). Yet research on the con-
struction of purchasing power parity (PPP) converters for GDP for the pre-war
period, especially for developing countries such as those in East Asia, have barely
started. The national accounts datasets based on PPP conversion by the renowned
Penn World Table group only cover the post-war period. Angus Maddison is
possibly the only scholar to have attempted a systematic reconstruction of long-
term national accounts for most countries around the world. To arrive at globally
comparable series for the pre-war period, Maddison relied on the use of 1990
benchmark PPPs to project per capita GDP values backward using domestic real
per capita GDP growth rates. This methodology, adopted due to the absence of
historical PPP converters, has its inherent index number problems associated with
factors such as long-term relative shifts in a country’s terms of trade and economic
structure.

The present paper develops a full-fledged reconstruction of a three-way,
bilateral expenditure PPPs for Japan, China and the U.S. for 1934–36. We conduct
a detailed matching of the prices of more than 50 types of goods and services for
private consumption and about 20 expenditure items for private investment and
government expenditure. We find that average consumer prices in China in 1934–36
are 73 percent that of Japan and 32 percent that of the U.S. respectively, while the
average GDP price level in Japan is 43 percent that of the U.S. Linking with the

1For Japan, there is the 14 volume LTES publication in Japanese. For an abridged English version,
see Ohkawa and Shinohara (1979).
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Fukao et al. study (2006) on the relative price levels of Taiwan and Korea and using
Japan as the bridge country, we derive the mid-1930s benchmark PPP-adjusted per
capita income of Japan, China, Taiwan, and Korea at 32, 11, 23, and 12 percent of
that of the U.S. respectively. These figures are consistently higher than their
corresponding per capita GDP estimates based on current market exchange rates,
which are 14, 3.6, 9, and 5.2 percent that of the U.S. level respectively. On the other
hand, in comparison with Maddison’s 1990 benchmark back-projected estimate,
our current price values (expressed in 1990 dollars) are 18 and 44 percent lower for
Japan and Korea, but 4 and 10 percent higher for Taiwan and China respectively
(Maddison, 2003, p. 182).

Our new estimates have considerable implications for both the levels and
growth trajectories of these four East Asian economies. In particular, Japanese as
well as Korean per capita incomes were lower than previously thought. In fact,
comparing our estimate with the data for other countries provided in Maddison
(2003) suggests that Japan’s per capita income during this period was only mar-
ginally higher than that of Malaysia or the Philippines. In other words, Japan
launched her full military venture on the Asian continent with a per-capita income
roughly comparable to some of the resource-rich Asian countries, most of which
were still Western colonies. Our new benchmark PPP estimates, if projected back-
ward and forward, shed new light on the initial GDPs of Japan and East Asia
around the mid-19th century and the post-WWII period.

The remainder of this paper is divided into four sections. The first section
describes our PPP estimation procedure and reports our current-price PPP esti-
mates in 1934–36. In Section 2 we present our new estimates of per capita incomes
in the four East Asian economies and compare them with those based on current
market exchange rates as well as the backward projection estimates. Section 3
discusses the index number biases embedded in the back-projection method.
Section 4, the summary section, provides a brief reassessment of initial conditions
and long-term growth dynamics in East Asia based on our new findings.

1. Current-Price PPP Estimates for 1934–36

We adopt the methodology used by several rounds of the International Com-
parison Program (ICP) for the post-WWII benchmark periods.2 We choose the
1934–36 period as our benchmark for several reasons. First, this period has been
consistently used as the benchmark in the LTES project. Second, for Japan and her
two former colonies, 1934–36 was a period of relative economic and price stability,
falling between the severe deflation that lead to Japan’s banning of gold exports in
1931–32 and the economic dislocation of the late 1930s brought about by the
outbreak of the Sino-Japanese War.3 In China, there was a major monetary reform
by the Nationalist government in 1933 which replaced the traditional silver-based
monetary system with a modern unified currency under the control of a Central
Bank. More importantly, for the 1931–36 period, we have the first reasonably
reliable benchmark GDP estimate. For East Asia in general, it was only during the

2For the ICP study, see Heston and Summers (1993) and Maddison (1995).
3For the general price level of 1934–36, see Ohkawa and Shinohara (1979, table A50, p. 388).
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1930s that urban and rural household surveys became much more plentiful and
reliable.

Our computation of relative price levels employs the standard binary match-
ing of two countries. We derived the Fisher geometric mean as follows. For N
number of goods and services, the price level in the currency of the numeraire or
base country (sub- or superscripted as B here) relative to the price level of country
i is calculated as follows:
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Finally, the geometric average of the two price indices (the Fisher index)
P P Pi B i B

i
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B

, , ,= × gives us country i’s absolute price level relative to that of the base
country.

PPP Converter for Private Consumption: Japan and China

The information on prices and expenditure weights for Japan is largely drawn
from the earlier PPP study of Yuan and Fukao (2002) and Fukao et al. (2006).
There, prices for each item in Japan in most cases are calculated as the simple
average of the retail prices in 12–14 major cities.

For China, we rely on more than 60 volumes of detailed retail price statistics
compiled in 1955 by the Communist government (Gongnongye Shangpin Bijia
Wenti Diaocha Yanjiu Ziliao Bangongshi, 1956–57). The volumes are entitled
“Gongnongye Shangpin Bijia Wenti Diaocha Yanjiu Ziliao Huibian (Archive
Materials for Studies of Industrial and Agricultural Commodity Prices).” The
retail price information in these volumes is mostly culled from the account books
of major stores in urban cities. The price statistics were published and circulated
internally within the Chinese government to examine changes in relative prices of
agriculture over industry between the 1930s the 1950s. Our retail prices used are
the simple averages of 11 cities across China. For some of the services, such as
transportation, communication and entertainment and so on, we use a multitude
of sources such as local surveys, gazettes, and newspapers in both China and
Japan.
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We employ three levels of consumption weights, denoted as I, II and III in
Appendix A, Table A1. The consumption weights at the most aggregate level
(level I) are based on Zhang (2001, pp. 375–6) with adjustments in food and
miscellaneous categories. Level II weights are based on various local urban and
rural surveys with shares weighted by the urban and rural population figures. For
level III, the most detailed level, we make use of two consumption surveys for
Beijing and Shanghai to represent the different consumption patterns of Northern
and Southern China. Our level III weights are derived as the weighted average of
these two cities with weights equal to the population shares for China north and
south of the Yangzi River.4

Table A1 shows a matching of 51 items. Among the five consumption cat-
egories as listed in Table 1, Chinese housing expenses are the cheapest followed by
food prices, which reflects the differential resource endowment conditions and
stages of development. Another notable feature in Table 1 is the large discrepancy
between the relative price levels of lighting and heating based on Chinese versus
Japanese expenditure weights (0.58 versus 1.12, see also Table A1). The disparity
reveals China’s very low rates of electrification and relatively high cost of electric
power in comparison to that of Japan, a powerful indicator of the differential
degree of economic modernization between these two countries for the period.5

The overall relative price level of China is 73 percent that of Japan.

PPP Converter for Private Consumption: Japan and the United States

Price data for the U.S. in the mid-1930s are fairly abundant and reliable. For
most of the food items, we rely on the Bureaus of Labor Statistics Bulletin No. 635
(US Department of Labor, 1938) which provides weighted averages of retail prices
in 51 cities. For the retail prices of fuel and utilities as well as wage rates, we use the
Handbook of Labor Statistics (1941). Other sources include the Statistical Abstract
of the United States (1938) (US Department of Commerce, 1939) for items such as
clothing and utilities, and micro data from a comprehensive national urban house-
hold survey of consumer purchases in 1935–36. This household-based dataset can

4Source and methods on these weights are reported in Yuan (2005, chapter 1).
5Total electric power generated in Japan is more than 10 times that in China (excluding Japanese-

controlled Manchuria) in the 1930s. For total electric power generated in Japan and China in the 1930s,
see Minami (1965) and Wang (1988) respectively.

TABLE 1

Consumption Price Levels of China Relative to Japan (1934–36; Japan = 1)

Chinese Expenditure Weight Japanese Expenditure Weight Fisher Average

Total 0.65 0.83 0.73

Food 0.66 0.79 0.72
Lighting and heat 0.58 1.12 0.80
Clothing and bedding 0.63 1.16 0.86
Housing expenses 0.57 0.49 0.53
Miscellaneous 0.75 0.84 0.79

Source: See text.
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now be accessed through the Inter-university Consortium for Political and Social
Research (ICPSR) website hosted by the University of Michigan (http://
www.icpsr.umich.edu).

The Historical Statistics of the U.S. (bicentennial edition) provides us with the
level I and II consumption expenditure weights. The detailed item weights in the
mid-1930s are largely drawn from the cost of living survey in a Bureau of Labor
Statistics publication (US Department of Labor, 1941a).

Details of the matching and source notes are presented in Appendix A,
Table A2. Table 2 summarizes our U.S.–Japan binary matching of 53 items of
goods and services altogether. It shows that around the mid-1930s the average cost
of food in Japan was less than half of that in the United States. The average cost
of miscellaneous items in Japan, consisting mostly of services such as transporta-
tion, communication, education and entertainment, was only 36 percent of the
U.S. level. In the case of lighting and heating which mostly consist of energy items,
the Japanese price level was nearly identical to the U.S. level. Housing expenses,
which include the rent of land—a scarce factor in Japan—were about 63 percent of
the U.S. level. Table A2 suggests that Japanese nominal wage rates (for teachers,
doctors and unskilled workers) were only about 10 percent the U.S. level based on
mid-1930s exchange rates. The low wages and high energy and housing prices in
Japan reflect differences in resource endowments and productivity levels during
this period.6 The overall relative price level of Japan relative to the U.S. turns out
to be 45 percent for the mid-1930s benchmark.

PPP Converters for Private Consumption in East Asia

As a cross-check, we make a direct PPP comparison between the U.S. and
China as shown in Appendix A, Table A3. While the majority of price data for this
comparison are derived from those in Tables A1 and A2, we also include addi-
tional price data from various sources. Overall, about 50 items of goods and
services were matched, showing an overall Chinese price level at 32 percent of the
U.S. level. This ratio is nearly identical to the product of the China–Japan and
Japan–U.S. relative price levels (73% ¥ 45%), thus satisfying the transitivity con-
ditions of multilateral comparison. Table 3 summarizes the major categories of the
China–U.S. comparison, showing most Chinese price categories were only about

6For the relatively low Japanese labor productivity levels relative to those of the U.S. in the
pre-WWII period based on a production sectoral level PPP comparison, see Pilat (1994).

TABLE 2

Consumption Price Levels of Japan Relative to the U.S. (1934–36; U.S. = 1)

Japanese Expenditure Weight U.S. Expenditure Weight Fisher Average

Total 0.34 0.58 0.45

Food 0.37 0.62 0.48
Lighting and heat 1.06 0.89 0.97
Clothing and bedding 0.25 0.49 0.35
Housing expenses 0.59 0.67 0.63
Miscellaneous 0.28 0.48 0.36

Source: See text.
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20–30 percent of the U.S. level, except that of lighting and heating which was 80
percent. This is consistent with the findings in Tables 1 and 2.

The studies by Yuan and Fukao (2002) and Fukao et al. (2006) matched 61
types of goods and services for the Japan–Korea comparison and 58 items for the
Japan–Taiwan comparison. We combine the consumption PPPs from that
research with our current result to convert the relative price levels of these two
economies to the basis of the U.S. by using Japan as the bridge country and
applying the Fisher averages across the five upper level consumption weights. The
final results for all the four East Asian economies are presented in Table 4 which
gives the price levels of China, Taiwan, Korea and Japan relative to the United
States at 32, 39, 43, and 45 percent respectively. Overall, price levels in East Asia

TABLE 3

Consumption Price Levels of China Relative to the U.S. (1934–36; U.S. = 1)

Chinese Expenditure Weight U.S. Expenditure Weight Fisher Average

Total 0.26 0.38 0.32

Food 0.27 0.35 0.31
Lighting and heat 0.70 0.92 0.80
Clothing and bedding 0.24 0.28 0.26
Housing expenses 0.15 0.24 0.19
Miscellaneous 0.21 0.47 0.32

Source: See text.

TABLE 4

Consumption Price Levels of East Asian Countries Relative to
the U.S. (Fisher Average) (1934–36 U.S. = 1)

China Taiwan Korea Japan

Total 0.32 0.39 0.43 0.45

Food 0.31 0.42 0.45 0.48
Lighting and heat 0.80 0.77 0.80 0.97
Clothing and bedding 0.26 0.33 0.33 0.35
Housing expenses 0.19 0.46 0.55 0.62
Miscellaneous 0.32 0.30 0.26 0.36

Tradable* 0.77 0.88 0.93 0.55
Non-tradable* 0.68 0.78 0.71 0.39

Notes: *Relative price levels for tradable and non-tradable for
Japan are calculated relative to the U.S. For the other three econo-
mies, they are computed relative to Japan.

1. Tradable goods for Korea and Taiwan can be found in Fukao
et al. (2006).

2. Tradable goods for China: food, clothing and bedding, fire-
wood, coal, matches, lamp oil, wooden boards, wash basins, hygiene
products, soap, toothbrushes, medical alcohol.

3. Tradable goods for Japan are items marked with “1” in Table
A2.

4. The individual weights for tradable and non-tradable items
are the same consumption weights used in Tables A1, A2 and A3. For
the Japan–China comparison, the aggregate weights used for trad-
ables are 63 percent for Japan and 89 percent for China. For the
Japan–U.S. comparison, the weights used for tradables are 47 percent
for Japan and 42 percent for the U.S.
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were far lower in comparison with the U.S. than within the region. Within East
Asia, price levels within the Japanese colonial empire were closer to each other
than with China, a fact consistent with Japan’s colonial policy which forged a “free
trade” zone within the empire by the 1930s.7

Table 4 also shows that overall price gaps for non-tradables between East
Asia and the U.S. are larger than those for tradables. This is a clear confirmation
of the theoretical predictions of the productivity and factor proportion differential
models that posit lower price levels for non-tradables in relatively underdeveloped
countries. As is well known, using market exchange rates ignores the lower
prices—particularly of non-tradables—and thus underestimates the per capita
income levels of less developed countries. The ranking of relative price levels
presented in Table 4 is consistent with their per capita income levels relative to the
United States, which we will show later.

PPP Converter for Private Investment and Government Expenditures:
Japan and the United States

Expenditure side GDP consists of private consumption, investment, govern-
ment expenditure, and net exports. In this section, we follow the standard practice
of the International Comparison Projects (ICP) to estimate the other two compo-
nents of GDP, private investment and government expenditure.8 For China, rel-
evant data for investment and government expenditure are unavailable. Liu and
Yeh (1965, p. 68) indicated that private consumption accounted for 91 percent of
Chinese GDP during the benchmark period. We therefore feel reasonably com-
fortable to use our consumption PPP as a proxy for our GDP PPP in this study.

Due to data limitations, our estimates of PPP converters for private invest-
ment and government expenditures for Japan–U.S. have to rely on somewhat
crude assumptions. For estimation of PPP converter for private investment, we
examine relative price levels of two main categories of private investment: equip-
ment and construction in Japan and the United States. In the case of equipment
investment, we use the relative price level calculated by Pilat (1994) for machinery
and equipment for 1939. In the case of construction investment, we derive the price
levels in Japan and the United States as weighted averages of price for construction
materials and wages for construction laborers. The results, presented in Table 5,
suggest that the price level for private investment is 50 percent of the U.S. level,
higher than the price level for private consumption.

For government expenditure for Japan and the U.S., we divide it into two
categories: labor and material costs. Labor costs are measured as the ratio of the
average income per government employee in Japan and the U.S. Table 6 shows

7Taiwan and Korea became Japanese colonies in 1895 and 1910, respectively. By the 1910s, both
Korea and Taiwan were set on a de-facto “Japanese yen exchange standard”—the two Central banks,
the Bank of Korea and the Bank of Taiwan, issued their bank notes as circulating currency convertible
to the Bank of Japan notes which served as the reserve currency. The currencies of Taiwan and Korea
were also yen. The currencies of the three countries were convertible at the 1:1 exchange rate. By the
1930s, Taiwan, Korea and Japan had moved towards a free trade bloc protected by a common external
tariff (Yamamoto, 2000).

8Consistent with ICP and other international comparison studies, we do not separately estimate
PPP for net exports, partly because their share is small as a percentage of total GDP (especially for large
countries) and partly because prices of traded goods are already included in other GDP components.
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TABLE 5

Relative Price Levels for Private Investment for Japan and the U.S. in 1935

Weight Japanese Price Level (U.S. = 1)

Japan U.S. Japan/U.S.
Japanese
Weight U.S. Weight

Fisher
Average

Equipment (machinery and
equipment)

0.5 0.5 0.88 0.88 0.88 0.88

Construction 0.22 0.51 0.34
Cement 0.0625 0.075 0.68
Pig iron 0.0625 0.075 0.78
Nails 0.0625 0.075 0.72
Tin plate 0.0625 0.075 0.87
Wages 0.25 0.2 0.13

Total 1.0 1.0 0.35 0.69 0.50

Source:
1. The Japan/U.S. relative price for equipment is from Pilat (1994, table 2.5, p. 27). Construction

wages are from Table A2. Relative prices for the rest are from wholesale price statistics of both the U.S.
and Japan.

2. The weights for Japanese equipment and construction investment are based on Emi (1971, p.
10); for the U.S. the weights are based on US Department of Commerce (1975) (Part I, 1947, p. 283).
The shares of raw materials and labor for construction investment for the U.S. are from US Depart-
ment of Commerce (1975) (Part I, p. 282); for Japan, they are from Fukao et al. (2006). We use simple
average for individual items of raw materials in Construction for lack of better information.

TABLE 6

Relative Price Levels for Government Expenditure for Japan and the U.S. in 1935

Weights Japanese Price Level (U.S. = 1)

Japan U.S. Japan/U.S.
Japanese
Weight U.S. Weight

Fisher
Average

Labor costs 0.24 0.45 0.07 0.07 0.07 0.07
Material costs 0.49 0.61 0.55

Food 0.03 0.02 0.48
Textiles 0.03 0.01 0.35
Wood products 0.03 0.06 0.95
Medical costs 0.14 0.06 0.27
Chemical products 0.11 0.09 1.33
Metals & machinery 0.06 0.02 0.88
Construction 0.08 0.24 0.34
Transportation and communication 0.21 0.04 0.51
Coal 0.02 0.01 0.89
Electricity 0.05 0.01 0.96

Total 1.01 1.00 0.21 0.37 0.28

Source:
1. Labor costs for Japan are based on the salaries of government employees taken from Emi and

Shionoya (1966), which includes the additional bonus (see pp. 222–3 and footnote on p. 222 for the
bonus part). Labor costs for U.S. are from US Department of Commerce (1975) (Part II, pp. 1100–1).
Data on chemical products, metals & machinery, transportation and communication are from Pilat
(1994, p. 24). The remaining figures are from Table A2.

2. The weight for labor and material costs for Japan is based on Emi and Shionoya (1966, pp.
31–2); the equivalent weight for the U.S. is based on US Department of Commerce (1975) (pp. 282–3).
(The share of material costs is assumed to be equal to the share of total intermediate inputs in
government purchases, while value added is assumed to be equal to labor costs. The U.S. shares used
are for the 1950s and 60s.) The weights for materials for Japan are based on Fukao et al. (2006, table
5). The weights for materials for the U.S. are based on Historical Statistics (pp. 282–3).
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that the average Japanese government employees’ compensation was only 7
percent of that of their U.S. counterparts in nominal terms. The second category,
material cost, consists of government purchases from various sectors of the
economy. Table 6 provides relative price levels and expenditure weights of ten
materials. Their relative price level (of Japan over the U.S.) in weighted average
turns out to be 55 percent, higher than that for private consumption. This seems
plausible as government purchase draws a substantial share from the investment
sector of which Japanese price levels were closer to that in the U.S. Overall, thanks
to the much lower remuneration paid to employees in Japan, the Japanese gov-
ernment expenditure price level overall was only 28 percent of that of the U.S.

Using the current-price PPP converters for private consumption, private
investment, and government expenditures for Korea and Taiwan (relative to Japan)
from Fukao et al. (2006), and using Japan as the bridge country, we derive a full set
of current-price PPP converters for GDP for the four East Asian economies for the
mid-1930s, all converted to the base of the U.S., using the Fisher average. Details of
the calculation procedures and the results are reported in Table 7.

2. East Asian Real GDPs in 1934–36

PPP and Market Exchange Rates

Table 8 presents the per capita GDP of the four East Asian economies in
1934–36 U.S. dollars. The first data row shows GDP estimates for the different
countries in 1934–36 current prices converted to U.S. dollars at market exchange
rates. Not surprisingly, GDP at exchange rates gives very low income estimates for
East Asia in the mid-1930s: Japan’s per capita income was only 13 percent of that of
the U.S. and China was a mere 3.5 percent of the U.S. level. The second row of
Table 8 presents the price levels of the four East Asian economies relative to the U.S.

Dividing the exchange rate-based per capita income estimates by the relative
price levels, we can derive our 1934–36 benchmark PPP adjusted estimates, pre-
sented in the third row of Table 8. In comparison with the exchange rate conver-
sion, our PPP converter more than doubles the per capita income of Japan and
Korea and triples the per capita income of Taiwan and China. This is a major
correction of the downward exchange rate bias.

TABLE 7

East Asian Price Levels Relative to the U.S. (1934–36)

Expenditure Weight
Relative Price Level

(Fisher average, U.S. = 1)

Taiwan Korea Japan U.S. Taiwan Korea Japan

Consumption 0.73 0.84 0.70 0.77 0.39 0.43 0.45
Private investment 0.20 0.11 0.18 0.08 0.47 0.49 0.50
Government expenditure 0.07 0.05 0.12 0.15 0.24 0.25 0.28

GDP 1.00 1.00 1.00 1.00 0.38 0.41 0.43

Source: Price levels and weights for Korea and Taiwan are based on Fukao et al. (2006). U.S.
weights are based on U.S. Department of Commerce (1998, p. 147).
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Existing studies on PPP for the pre-war East Asia are few and crude. The study
by Clark (1940, p. 41) gave Japanese per capita income in 1925–34 at about 26
percent of the U.S. level, closer to our PPP result than that of exchange rate
conversion. However, since both the GDP estimates and price levels used by Clark
were long outdated, his study should not be viewed as a direct confirmation of our
estimates. The more systematic Japan–U.S. PPP study was carried out by Pilat
(1994) with 1939 as the benchmark year and using a production side PPP (versus the
expenditure side PPP in this study) approach by matching the unit value ratios of
comparable goods and services. His study (Pilat, 1994, p. 24) gives a price level for
the overall Japanese economy relative to that of the U.S. at 60.7 percent, higher than
our 42 percent figure based on the expenditure approach. The discrepancy is not
surprising as the production based PPP matching weighs more heavily toward the
tradable items whose prices are likely to be closer across countries.

A crude attempt at calculating purchasing power parities for China and the
U.S. was done by Liu Ta-chung, a pioneer in the reconstruction of the 1931–36
Chinese per capita GDP. His market exchange rate conversion, similar to ours,
gave the 1931–36 Chinese per capita GDP at 3.8 percent of the U.S. level (Liu,
1946, p. 72). To correct downward exchange rate bias, he compared Chinese and
American prices for five categories of agricultural crops and arrived at a Chinese
price level of 63 percent of the U.S. level (p. 73). Liu’s current-price PPP conver-
sion based on these relative price levels gave the 1931–36 Chinese per capita GDP
at 5.7 percent of the U.S. level (Liu, 1946, p. 76). But recognizing that the price
level differences in agricultural products were possibly the least important cause of
the downward bias, Liu went on to adjust for other structural differences between
the U.S. and Chinese economies, a concept that was not clearly spelled out in his
study. His final adjustment raised the Chinese per capita income to 9 percent of the
U.S. level, a level approaching but still lower than our PPP estimate for China
relative to the U.S. as shown in Table 8.

Current-Price PPP versus 1990 Backward Projection

It is very instructive to compare our estimates with the massive dataset com-
piled by Angus Maddison. In Figure 1, we follow Maddison and convert all per

TABLE 8

1934–36 East Asian Per Capita GDPs in 1934–36 U.S. Dollars and Relative to the U.S.

U.S. Japan Taiwan Korea China

1. Exchange rate converted estimate 574.7 77.1 49.2 29.1 20.1
100% 13.4% 8.6% 5.1% 3.5%

2. Relative GDP price levels 1 0.43 0.38 0.41 0.32
3. PPP adjusted estimate = 1 � 2 574.7 180.8 129.6 70.9 63.6

100% 31.5% 22.6% 12.3% 11.1%

Source:
1. GDP for China from Liu and Yeh (1965, p. 68, table 10); for Japan from Ohkawa and

Shinohara (1979), for Taiwan and Korea from Mizoguchi and Umemura (1988); for the U.S. from the
Historical Statistics of the U.S. (the Bicentennial Edition, 1975).

2. 1934–36 exchanges rates: 1 U.S. dollar = 3.43 Japanese yen = 3.01 Chinese yuan (Hsiao, 1974,
p. 192). Taiwanese and Korean currencies are fixed at 1:1 to the Japanese currency.
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capita GDP estimates into 1990 dollars. Maddison’s latest 2003 series provide a
back-projected U.S. per capita GDP for 1934–36 at $5,590 in 1990 prices. We use
this U.S. figure as the base and apply our relative price levels to derive the per
capita incomes of the four East Asian economies in 1990 dollars. Figure 1 com-
pares our 1934–36 benchmark PPP estimates with Maddison’s 1990 back-
projected estimates, both in 1990 prices.

Figure 1 shows that the deviations between our estimate and Maddison’s for
Taiwan and China are relatively small. However, his Korean estimate is nearly
twice our level and his Japanese figure is 22 percent higher. Maddison’s Japanese
per capita income of $2,154 (in 1990 dollars) would make the Japanese level at
about 39 percent of the U.S. level, higher than our estimate of $1,760, at 32 percent
of the U.S. level for 1934–36. Likewise, while the per capita income difference
between China and Japan according to Maddison is about 1 to 4, our current price
PPP estimate reveals it to be about 1 to 3 for the mid-1930s period. Similar
discrepancies in per capita incomes also hold true for Japan versus Taiwan and
Korea.

Maddison’s upward adjustment of Japanese per capita income from 13
percent (as implied by exchange rate conversion) to 39 percent of the U.S. level
would imply a Japanese price level at only about 36 percent of the U.S. level, lower
than the 43 percent derived from our study. Similarly, his adjustment of Korean
per capita income from 5.1 to 22 percent of the U.S. level would indicate a Korean
price level at only 23 percent of the U.S. level, only about half of the 41 percent
level derived from our study.

Robustness Checks and Sensitive Test

The discrepancy between our estimates and Maddison’s will be explored later.
Here we carry out some robustness checks on our PPP estimate. One potential
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Figure 1. Comparison of Our Current Price PPP Per Capita GDP with Maddison’s Back-Projected
Estimate (in 1990 U.S. Dollars)
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source of error in our PPP comparison is our use of urban price only for these five
economies with differential urban–rural shares of population. While urban popu-
lation shares in the U.S., Japan and Taiwan are roughly comparable, at 56, 54 and
48 percent respectively, the corresponding shares for Korea and China are much
lower at 25 percent only.9 Thus, purely urban-price-based price matching would
overestimate the relative price levels of the more rural-based economies of Korea
and China. A back-of-the-envelope calculation would show that for two econo-
mies with identical urban–rural price gap, national price level (weighted average of
urban and rural prices) in a country with 25 percent urbanization would be 4.5
percent lower than a country with 50 percent share of urban population. On the
other hand, this downward bias in price levels can also be potentially offset by the
relatively lower quality of products and services in poorer and rural-based econo-
mies. Thus, our current study makes no adjustment in price level with respect to
differential urban–rural population shares.10

A second issue is the coverage of our PPP study. With 50–60 items for private
consumption and 15–20 items for investment and government expenditure catego-
ries, our study is superior to other known PPP research for the pre-WWII period.
However, it is still relatively crude by the standard of the large-scale post-WWII
ICP exercise that employed 153 categories with hundreds or thousands of indi-
vidual item prices (Kravis et al., 1982). To test the possible biases of the limited
coverage, we match directly the individual categories items of our 1934–36 bench-
mark with the 153 categories in the 1967 round of ICP study, the earliest year
available for Japan–U.S. comparison (see Kravis et al., 1975, pp. 257–61). Alto-
gether 46 out of 153 categories in 1967 can be matched.11 The 1967 shares of these
46 categories amounted to 36 percent with Japanese weight and 47 percent with
U.S. weight. Our PPP calculation (using Fisher average) based on these 46 cat-
egories alone yields a Japanese price level at 58 percent of the U.S., lower than the
63 percent level derived from the 153 categories in 1967. This 5 percent difference
can be easily explained by the fact that most of the unmatched categories are new
and modern products that appeared in the post-WWII period, whose relative price
levels between Japan and U.S. were smaller than average. In view of the above, we
believe that, were a full-scale ICP type of PPP study conducted for the 1934–35
benchmark, the price gap between the ideal ICP study and our study would be
limited, certainly below the 5 percent difference.

Finally, we test to see how sensitive our PPP price level to the price of any
individual item. We perform an experiment on our China–Japan data sets in
Table A2 by dropping an individual item whose weight redistributed to all other
items in the data set to re-compute the Fisher-PPP converter. We find that the
overall deviation of the recomputed PPPs (with one item excluded each time) from
the full-sample based PPP is very small (a standard deviation of 0.0065 for the
mean China–Japan relative price level of 0.73). These tests give us some confidence

9For urban shares in the U.S., Japan, Taiwan, Korea and China, see US Department of Com-
merce (1975), Part I (p. 11), Bank of Japan (1966, p.14), Mizoguchi and Umemura (1988, pp. 263, 268),
and Buck (1937, p. 362).

10For the urban–rural price gap in the U.K. and U.S., see Ward and Devereux (2003, p. 831).
11The 153 categories for 1967 can be found in Kravis et al. (1975, pp. 257–9). The matched 46

categories out of the 153 categories in 1967 are categories 1–3, 7, 9–10, 13–15, 17, 21–23, 28, 30, 33, 37,
38, 40, 48, 52, 54, 55, 58, 72, 75, 83, 85–87, 90, 97–100, 104–106, 125, 136, 137, 149–153.
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that the margin of errors in our estimate are within reasonable bounds and our
PPP result is robust even judged by the stringent post-WWII ICP standard.

Table 9 presents a comprehensive comparison of the relative GDP price levels
derived from our study against those in other PPP benchmark studies across
different periods as well as Maddison’s back-projection. The table shows clearly
that the implicit relative price levels in Maddison’s back-projected estimates for
Japan and Korea—the two countries where our per capita GDP estimates differ
most as shown in Figure 1—seemed implausibly low. Surprisingly, even his own
production side based PPP studies on Japan and Korea for 1965 showed relative
price levels and per capita GDP far closer to our study than his own back-
projected estimate.

3. Backward Projection: Theoretical and Empirical Issues

Our finding of a significant discrepancy between GDP figures based on
current price PPP and back-projected PPP have long been confirmed by various
existing research such as the numerous rounds of post-war ICP studies (Kravis
et al., 1982; Heston and Summers, 1993; Maddison, 1998). By comparing past ICP
results of every five years from 1970 and backward projected per capita GDP
based on 1990 benchmark PPP, their studies reveal substantial gaps between the
two values for many countries. Recent studies on long-term historical data of the
U.S. and Europe also confirmed similar discrepancies (Ward and Devereux, 2003,

TABLE 9

Comparison of Relative Price Levels in Pre- and Post-War Periods (U.S. = 100) (numbers in
parentheses are PPP adjusted per capita incomes relative to the U.S.)

Japan Korea* Taiwan China Sources

1934–36 35 (39) 23 (22) 40 (22) 35 (10) Maddison back-projection
43 (32) 41 (13) 38 (23) 32 (11) This study

Expenditure based PPP
1952 52 (18) Watanabe and Komiya, 1958
1967 63 (48) Kravis et al., 1975, pp. 238–9
1970 68 (59) 47 (12) Kravis et al., 1982, pp. 13, 21
1973 95 (64) 43 (15) Kravis et al., 1982, pp. 13, 21
1975 90 (68) 39 (21) Kravis et al., 1982, pp. 13, 21
1985 93 (72) 53 (24) 57 (34) Yotopulos and Lin, p. 14
1986 23 (8) Maddison, 1998, pp. 153–4

Production based PPP
1939 61 (27) Pilat, 1994, p. 24
1965 55 (46) 38 (8) 33 (18) Maddison, 1970, p. 295
1975 106 (53) 66 (18) Pilat, 1994, pp. 118, 121
1985 101 (65) 66 (31) Pilat, 1994, pp. 152, 154

*South Korea for the post-WWII period.
Source:
1952 is from Watanabe and Komiya 1958. The study did not include, for example, expenditure on

energy and housing, the relatively high-priced items in Japan. It did not calculate relative per capita
GDP for 1952. We recalculate it with the exchange rate at 1 U.S. dollar = 360 yen and the 52% relative
price levels. The per capita GDP estimates for Japan and the U.S. in 1938 and 1952 current prices are
from Ohkawa and Shinohara (1979, p. 283) and Historical Statistics of the United States (1975, pp.
F10–30).

Maddison’s PPP converter for China–U.S. in 1986 is based on study by Ren Rouen.
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2005). We see two major sources of errors arising out of back-projection from the
1990 benchmark. The first is likely to occur in the linking of a long-term real GDP
series which consists of disparate volume series often reconstructed with varying
quality, definitions and benchmarks. The second is the index number bias inherent
in the back-projection procedure which cast the later period price or quantity
weights to the current period ones. Below, we turn to these two issues.

The Making of Real GDP Series in East Asia and the U.S.

Long-term domestic real GDP series used for a period of 60 years between
1930 and 1990 rarely come from a single continuous series. Instead, disparate
series with multiple benchmarks or varying definitions, quality and coverage were
often “patched together.” For example, the coverage and definition of GDP sta-
tistics have been revised in the transition from the 1968 SNA to the 1993 SNA. The
procedure of using the late-year benchmark to link backward, while useful in
updating the past series of real GDP from the old definition to the new definition,
could potentially change the original values of the current price nominal GDP in
the earlier period and lead to discrepancy between back-projected and current
price estimates. Below, we trace Maddison’s linking procedure for the five econo-
mies under study here.

We first examine Taiwan and China where the discrepancies between current
and back-projected estimates are the smallest. The Taiwan real GDP series used by
Maddison is the most consistent, based entirely on the 1912–90 series meticulously
reconstructed by Mizoguchi and others using 1960 price as the benchmark. Mad-
dison’s Taiwan 1990 benchmark PPP came from the Penn World Table, which in
turn was based on the 1985 benchmark PPP by Yotopoulos and Lin (1993),
updated to 1990 with domestic real GDP growth rates (see Maddison, 2003, p. 153;
Fukao et al., 2006). Maddison’s Chinese GDP series is presented in detail in his
1998 OECD publication. As is well-known, both the level and trend of Chinese
GDP in the post-WWII Communist period are highly controversial due to major
differences in definitions and coverage. Maddison’s linking of Chinese GDP series
between the 1930s and 1950s relied on the careful work of Liu and Yeh (1965)
and others. In fact, Maddison used the 1930s GDP to revise the real GDP level
for the Communist period (pp. 149–55). Maddison’s 1990 benchmark PPP is
updated from 1986 benchmark PPP estimated by Ren Ruoen (Maddison, 1998,
pp. 153–4).

In contrast, Maddison’s linking of Korea real GDP seems the most problem-
atic. There are no consistent GDP series for Korea between 1938 and 1953.
Maddison linked the colonial series and post-WWII series by combining a host of
disparate independent estimates added with assumptions about the split of terri-
tories and population between North and South Korea in the post-war period
(Maddison, 2003, p. 153). Although further investigation is necessary, we suspect
the large margin of errors inherent in Maddison’s linking give rise to the striking
discrepancy between the current price and back-projected per capita income esti-
mate for 1934–36 Korea (see Fukao et al., 2006 for details).

Finally, we turn to examine the linking of U.S. and Japanese real GDP series.
The U.S. real GDP series is the most straightforward as Maddison’s entire series
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from 1929 onward is from the official Department of Commerce, Bureau of
Economic Analysis (BEA) statistics from which we also derive the mid-1930s
benchmark current price estimate (Maddison, 2003, pp. 79–80). Discrepancies, if
any, between the old and new versions of the BEA series are mostly for the
post-war period rather than the 1930s figures and they are usually in the range of
5–6 percent.12

For Japan, Maddison used the same Ohkawa and Shinohara GDP series for
the pre-war period as we did. However, the series ended in 1940 and the post-war
series began only after 1952. Maddison’s most recent study filled the war period gap
by utilizing an independent study on wartime GDP by Mizoguchi and Nojima
(1993). We trace and compare the nominal GDP figures for the three different
linking periods at 1940, 1952 and 1960. We find the discrepancies between the
nominal figures in different series at each linking periods are relatively minor, and
overall the linking procedure by Maddison might lead to a 5.45 percent upward
revision of the original Ohkawa and Shinohara series for the pre-war period.13 Since
both the Japanese and U.S. series seem to be raised by about 5–6 percent in this
process, updating the real GDP series of both the U.S. and Japan based on the late
series is not likely to impact greatly the levels of their nominal GDP in the 1930s.

To sum up, except for Korea, Maddison’s linking procedure has been rea-
sonably consistent for the other four economies in this study. Therefore, to explain
Maddison’s 22 percent upward bias for Japanese per capita income estimate, we
look beyond the linking procedure and examine the index number problem bias in
back-projection.

Backward Projection Bias: An Index Number Formulation

One difference between our PPP study and the ICP based studies is the use of
PPP Fisher average versus the multilateral Geary Khamis (GK) method. It is
well-known that the GK method yields lower PPP and thus higher PPP-adjusted
real GDP estimates of lower income countries than the Fisher average.14 Accord-
ing to Maddison’s survey (1995, table C-6, p. 172), the Fisher-based PPP only
exceeds the GK by about 5–6 percent in 1990, a ratio he used to update the original
Fisher-based PPP Taiwan (1985 benchmark) and China (1986 benchmark) into the
GK index. For our index number formulation, we present everything in terms of
GK international price.

We express the 1990 benchmark backward projected real per capita GDP in
benchmark year t (t is 1934–36 in this study) as in equation (1):

12See US Department of Commerce (1975), vol. 1 (p. 224) for the old version and http://
www.bea.doc.gov/bea/dn/gdplev.xls for the new version.

13The nominal GDP figures for 1940 used by Mizoguchi and Nojima come from Japanese gov-
ernment publications (Keizai Shingi-cho, 1953; Keizai Kikaku-cho, 1963). It is equal to 99 percent of
the nominal GDP figures in the Ohkawa and Shinohara series in 1940. Nominal GDP figures used by
Maddison to link 1952 and 1960 come from the OECD National Income Statistics (1976, 1999) and are
both equal to about 1.03 of the old series. Overall, the linking of the three series in total revised upward
the level of real GDP series by 5.45 percent.

14The overestimation of per capita GDP in low income countries and thus the underestimation of
global inequality due to the use of GK method is explored in detail in Dowrick and Akmal (2005).
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Clearly, since equations (1) and (2) are based on different index number
formulae, it can only be pure coincidence that the two figures are equal. To analyze
the deviation of these two estimates, we conduct a log-decomposition of the ratio
of equations (1) over (2). Rearranging the terms, we express the full log-
decomposition identity in equation (3) as follows:
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Equation (3), as cumbersome as it appears, has nice interpretative properties:
a positive (or negative) value implies an overestimate (or underestimate) of the t
period per capita income using the 1990 back-projection method. We summarize
the first two terms in equation (3) as “weight inconsistency” effect, also defined by
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Szilágyi (1984). It is the log-difference between country i’s real GDP growth rates
from t to 1990 measured using the t period GK price and that based on the t period
domestic price. This weight inconsistency effect, similar to the so-called “Ger-
schenkron effect,” stems from the divergence in domestic real GDP growth rates
derived from the use of international price versus domestic price of the t period. As
partly shown in our matched price items for the mid-1930s, prices in East Asia
relative to the U.S. tended to be relatively lower in the primary and service sectors
but higher in manufacturing and industrial goods. As international price at time t
assigns relatively lower weights than domestic price to the expanding manufactur-
ing sector but higher weights to the slow-growing primary sector and service
sectors, real GDP growth rate measured using the 1930s international price would
be smaller than that using domestic price. Holding other things constant, the
weight-inconsistency effect in our case is likely to be negative, implying that
back-projection underestimates country i’s real GDP at time t.

The second component, captured by the next two terms, is bracketed as
“terms of trade effect” in equation (3). It is the log-difference of international GK
prices between t and 1990 for country i and the U.S., each weighted by their
respective net output in 1990. With certain assumptions, this is equivalent to
country i’s Paasche terms of trade index relative to the U.S. This “terms of trade”
effect, indicates that if country i’s Paasche terms of trade improves (or deteriorates)
relative to that for the U.S., then backward projection will overestimate (or under-
estimate) country i’s output at time t.

Intuitively, this can be understood by the following hypothetical example.
Suppose there are two open economies A and B. Country A is a producer of
primary goods and country B is a producer of manufacturing goods. Assume two
countries’ total GDP are equal, measured at the international prices in 1930. By
1990, both countries have doubled their output but international prices for
primary goods have also doubled, while those for manufacturing goods remain
constant. This would imply that country A’s GDP is twice that of country B based
on 1990 prices due to the terms of trade improvement. If we project backward
based on the 1990 international price, we will overestimate the relative standing of
country A over B in comparison to that based on the 1930 international price.
Since the East Asian economies are more similar to country A type than is the U.S.,
our conjecture is that back-projection leads to overestimation biases of their per
capita incomes in the 1930s.

The final two un-bracketed terms in equation (3) are the log-difference
between two U.S. quantity indices measured by GK price and U.S. prices respec-
tively at time t. Since our PPP study for 1934–36 benchmark is based on the U.S.
as the base country, the difference between U.S. and GK prices in 1934–36 is trivial
and can be ignored.

Our index number formulation reveals that the bias effects of weight-
inconsistency and terms of trade are in fact opposite in direction. Thus both the
direction and magnitude of bias are a function of the relative strength of these
mutually offsetting factors. This important insight may explain the lack of any
systematic direction in biases as revealed in this study as well as the post-WWII
ICP. Ideally, one could empirically test the back-projection bias using long-term
data on economic structure and terms of trade. Unfortunately, such an empirical
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test faces several difficulties. As indicated earlier, long-term real GDP series them-
selves are rarely consistently back-projected from the 1990 benchmark according
to our idealized index number formulation. Often, GDP series with multiple
benchmarks or varying definitions are linked together, which could compound
existing biases, making it extremely complicated, if not impossible, to disentangle.

In Appendix B, we present a preliminary test on the terms of trade (TOT)
effect based on our index number formulation and the ICP data for the post-war
period. We assume that weight consistency effect is insignificant and small given
the much shorter span of 1970 and 1990 covered in the ICP study. Our regression
does confirm a statistically significant coefficient with the right sign. We then apply
our finding to the case of Japan and U.S. between 1935 and 1990. We find similar
confirmation of this relationship between TOT and back-projection biases.
However, our preliminary calculation shows that this TOT improvement in Japan
relative to the U.S. can only account for 3 percent of the upward biases, clearly a
small fraction in relation to the 22 percent overestimate we found in this study.
But, this test is far from ideal due to the various data problems illustrated in
Appendix B and that the weight consistency effect is likely to be more significant
for the 60 year period between the mid-1930s and 1990 than five year period used
in ICP data. While much more research is needed, we believe that the reconstruc-
tion of current price benchmark PPP study remains as the most important cross-
check on back-projected estimates.

4. Implications and Summary

Pre-war GDP estimates for Japan and East Asia based on back-projection
have been widely cited in major textbooks and academic publications on economic
growth. Our new current-price based estimates thus carry large implications. First,
they realigned the 1930s per capita income ranking and gap among the four East
Asian economies studied. Chinese per capita income in the 1930s was 35 percent of
the Japanese level according to our estimate, compared with Maddison’s 26
percent. This ratio for the Japanese colony of Taiwan is 72 percent, much higher
than Maddison’s 56 percent. Meanwhile, our estimates show that Taiwanese per
capita income is 82 percent higher than Korea, whereas Maddison shows they are
comparable (see Figure 1). Second, our estimate of 1934–35 Japanese per capita
estimate of $1,760 (in 1990 prices) would—if inserted in the Maddison dataset—
rank Japan lower than almost all other Western European countries, including
Spain, Italy and Greece, only marginally higher that of Malaysia or the Philippines
for that period. These intriguing findings seem to point to the need for a more
comprehensive research on pre-war PPP for other countries as well.

Back-casting our mid-1930s PPP adjusted income estimate sheds further light
on Japan’s initial conditions in the early Meiji period. For example, projecting
backward from the level of $1,760 (in 1990 prices) in the mid-1930s—rather than
Maddison’s $2,154—gives an 1880s Japanese per capita income of about $600,
only marginally higher than those in China and India but lower than in the
Philippines and Thailand (see Maddison, 2003, p. 180). In other words, on the eve
of the first wave of industrialization in the 1880s, the Japanese economy was near
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subsistence, no richer than those of its Asian neighbors, whom Japan was to
overtake or even colonize in the following few decades.

This is quite a reassessment of prevailing views on both the initial conditions
and the dynamics of long-term economic growth for Japan and Asia in general.
We have reason to believe that our result is much more consistent with available
information on economic structures, consumption patterns and historical realities.
Recent studies based on the comparison of real wages seem to lend tentative
support to this reassessment. For example, Bassino and Ma (2005) and Allen et al.
(2005) show that Japanese real wages in the 18th century were close to those in
China and low-income European countries such as Italy. Real wages only consis-
tently rose above the Chinese level after the 1890s and reached more than twice
China’s level by the 1920s, a result consistent with the per capita GDP differences
indicated in this PPP study for the mid-1930s. Studies by Bassino and van der Eng
(2002) and Bassino (2005) also reveal that daily nominal wages for unskilled
laborers and carpenters in Tokyo in 1935 were not much higher than those in
Bangkok, Singapore, or Penang in British Malaya. As consumer price levels,
particularly food prices, were much lower in those Southeast Asian cities, their
studies suggest that real wages in Tokyo were lower than in those cities.

In this regard, the respectable Japanese economic growth in the pre-WWII
period should be deemed as catching up (or overtaking) with the resource rich
Southeast Asia in level terms but keeping up with the world income leaders in
growth terms. Japanese and subsequently Taiwanese and Korean economic con-
vergence with the world income leaders is truly a post-war phenomenon. This is
particularly striking if one compares the pre- and post-war income gaps within
East Asia. Income differentials of Japan, Taiwan, and Korea versus China in the
1980s were multiples of those in the 1930s. In this regard, China’s rapid economic
growth since the 1980s, particularly in some of her coastal regions, is partly a
making up for her missed opportunities.

Of course, the big question is: why was it Japan—rather than Malaysia or
Thailand—that caught up so quickly in the post-war period despite their possibly
common starting points? We can offer some conjectures. Bassino’s (2005) wage
data shows that the skill premium for carpenters vis-à-vis unskilled laborers in
Tokyo was smaller than in any of the Southeast Asian cities, indicating the
existence of a large pool of skilled workers in Japan in comparison with Southeast
Asia. A recent study by Godo and Hayami (2002) revealed that in the 1930s,
average years of schooling in Japan were already over 60 percent of the U.S. level
despite the much greater lag in per capita income. Japan then already had some of
the world’s most dynamic industries, a sizable entrepreneurial class, a competent
bureaucracy and, of course, a nation state. Was Japan already on a course of
convergence in the pre-war era but was thrown off course by the war? This PPP
study provides new answers and raises new questions.

In sum, our study provides a set of pre-war benchmark PPP converters that
allow us to carry out comparisons of income, consumption, and other monetary
indicators for East Asia in a global context. Our pre-war PPP converters confirm
that market exchange rate conversion consistently underestimated per capita
incomes of East Asia. They also reveal biases associated with the 1990 backward
projection method. Our preliminary theoretical and empirical analysis pointed out
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the direction of such bias and set out a framework for future research which will
enable us to quantify the magnitude of this bias and to eventually “consistentize”
our new levels with growth trend in the long-term GDP series for East Asia and
beyond.

Our finding that Japanese per capita income in the mid-1930s or the entire
pre-war period was lower than widely believed is a major revision of our existing
interpretation of long-term economic growth in Japan and East Asia. It may also
have further reverberations on our interpretation of the determinants of long-term
economic growth. The fact that Japan, or East Asia in general, were historically
very poor, is perhaps a message of blessing for developing countries today: initial
poverty itself is no curse to a nation’s aspirations for prosperity.
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Appendix B: An Empirical Analysis of the Relationship between Terms of
Trade Change and Back-Projection Bias

We empirically test the implication of our theoretical analysis using the data
in Heston and Summers (1993). Table 3 of Heston and Summers (1993) reports
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for t = 1970, 75, 80, and 85 and i = each of 23 OECD countries. The variables with
EU denote values for three European countries (the U.K., West Germany and
Italy).

The weight consistency effect is only significant for countries experiencing
substantial structural change. Since the OECD countries in 1970–90 were already
quite developed and relatively homogenous, our statistical test will focus on the
terms of trade effect, treating the weight consistency effect as a random error. By
taking first differences of equation (B1) over time, we derive the following:
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The first term on the right-hand side of the equation denotes the terms of
trade effect.

To simplify the terms of trade effect we make the following additional
assumptions: (i) each country’s balance of goods and services trade is close to zero;
(ii) each country has a similar demand structure; and (iii) the GK price vector is
close to the domestic price vector of each country and the international price
vector. Denoting x tn

i ( ) as net exports of commodity n in country i in year t, the first
term on the right-hand side of equation (B2) can be approximated by
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and, given our assumptions, could be further simplified as follows:
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where mi(t + 5) denotes the simple average of country i’s export–GDP ratio and
import–GDP ratio. We call m the trade dependence ratio. T i(t) denotes country i’s
terms of trade at time t. As the terms of trade effect of the three European countries
will affect the PPP gap in the same way, we use time dummies to control for this.

From the above analysis we obtain the following model for our econometric
test.
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where DUMT(t) is the time dummy. Since Heston and Summers (1993) report that
the current benchmark comparison of 1970 is not fully reliable, we used data for
t = 1975, 80, and 85.

The regression using the above equation with the data from Heston and
Summers (1993) is tabulated in Table B1; b, the coefficient of the cross-term of the
change in the terms of trade and the trade dependence ratio, is the key variable.
Based on our theoretical considerations, we expect b to be close to -1. When a
country’s terms of trade deteriorate, the extrapolation bias will increase. This
effect will be larger for countries with a high trade dependence. Table B1, reporting
the results of our regression, shows that the b coefficient is close to -1 and
statistically significant, thus confirming our theory.

TABLE B1

The Estimation Result on the Terms-of-Trade Effect

Coefficients Standard Error t

a -0.0147 0.019 -0.763
b -0.651 0.156 -4.167
G 80 3.46E-05 0.025 0.001
G 85 0.0943 0.025 3.751

R square = 0.49. Sample size is 31.

Based on these findings, we turn to the terms of trade (TOT) effect for Japan
and the U.S. between 1935 and 1990 as studied in our paper. Figure B1 presents
our terms of trade indices for Japan and the U.S. linked from 1935 to 1990. It
shows that the U.S. terms of trade deteriorated by 54 percent compared with those
of Japan. This would imply, according to our decomposition, an upward bias in
the 1930s Japanese per capita income based on the 1990 back-projection, a result
consistent with our earlier empirical findings. We quantify the upward bias based
on the following formula derived above:

m T T
m

Japan Japan Japan

US

1990 ln 1990 ln 1935
1990 l

( ) ( )( ) − ( )( ){ } −
( ) nn 1990 ln 1935US UST T( )( ) −{ ( )( )}.

Since trade dependency ratio (the average of exports and imports over GDP)
was 10 percent for Japan and only 8 percent for the U.S. respectively in 1990, the
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terms of trade improvement for Japan between 1935 and 1990 would only account
for about 3 percent upward bias in the 1990 backward projection method, clearly
a small fraction in relation to the 22 percent overestimate we found in this study.

However, the limited impact of the terms of effect in our empirical test should
be carefully interpreted. A major problem is that our long-term TOT indices are
constructed by linking disparate series where both quantity weights and quality of
products (also the number of new products) have changed quite substantially at
each linking period. In the case of Japan, there was a hyperinflation and a corre-
sponding huge depreciation of yen after WWII. Our Japan series is based on
Yamazawa and Yamamoto’s link ratio of TOT between 1934–36 and 1952–54. But
due to the change in Japan’s trade structure, the number of goods they could
match was limited: altogether 163 goods for exports and 135 goods for imports,
but only 3 and 12 for export and imports respectively in the case of machinery. The
figure also reveals the highly volatile TOT fluctuation in the short run. All these
affect the reliability of our empirical test.
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Figure B1. Terms of Trade Indices for the U.S. and Japan (unit value index of total exports/unit
value index of total imports), 1934–36 = 1

Source:
Japan:
1934–54: Estimates of Long-Term Economic Statistics of Japan Since 1868, Vol. 14 : Foreign

Trade and Balance of Payments, edited by Ippei Yamazawa and Yuzo Yamamoto, Toyo Keizai
Shinposha, 1979;

1954–60: Historical Statistics of Japan, Vol. 3, 1985, Editorial Supervision: Statistics Bureau,
Management and Coordination Agency, Japan Statistical Association, Tokyo, Japan;

1960–2000: Nihon Kanzei Kyokai (Japan Tariff Association) ”Gaikoku Boeki Gaikyo (General
Situation of Japan’s International Trade).

U.S.:
1934–55: Historical Statistics of the United States, Bicentennial Edition, Colonial Time to 1970,

Part 2, 1975, U.S. Department of Commerce, Bureau of the Census (1975);
1955–84: International Monetary Fund, International Financial Statistics, Yearbook, 1985,

International Monetary Fund;
1984–2000: Downloaded from the website of Bureau of Labor Statistics, http://www.bls.gov/

data/home.htm.
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Wages, prices, and living standards in
China, 1738–1925: in comparison with

Europe, Japan, and India1

By ROBERT C. ALLEN, JEAN-PASCAL BASSINO, DEBIN MA,
CHRISTINE MOLL-MURATA, and JAN LUITEN VAN ZANDEN

This article develops data on the history of wages and prices in Beijing, Canton, and
Suzhou/Shanghai in China from the eighteenth century to the twentieth, and com-
pares them with leading cities in Europe, Japan, and India in terms of nominal wages,
the cost of living, and the standard of living. In the eighteenth century, the real
income of building workers in Asia was similar to that of workers in the backward
parts of Europe but far behind that in the leading economies in north-western
Europe. Real wages stagnated in China in the eighteenth and early nineteenth
centuries and rose slowly in the late nineteenth and early twentieth, with little
cumulative change for 200 years. The income disparities of the early twentieth
century were due to long-run stagnation in China combined with industrialization in
Japan and Europe.ehr_515 8..38

‘The difference between the money price of labour in China and Europe is
still greater than that between the money price of subsistence; because the real
recompence of labour is higher in Europe than in China’.

Adam Smith, Wealth of nations2

The comparative standard of living of Asians and Europeans on the eve of the
industrial revolution has become a controversial issue in economic history.

The classical economists and many modern scholars have claimed that European
living standards exceeded those in Asia long before the industrial revolution.
Recently, this consensus has been questioned by revisionists, who have suggested
that Asian living standards were on a par with those of Europe in the eighteenth

1 This article is part of the National Science Foundation grant funded project ‘Global prices and income
1350–1950’ headed by Peter Lindert, the Spinoza premium project on Global Economic History funded by
Nederlandse Organisatie voor Wetenschappelijk Onderzoek (the Netherlands), and the Team for Advanced
Research on Globalization, Education, and Technology funded by the Social Sciences and Humanities Research
Council of Canada.We wish to express our thanks to Peter Lindert for suggestions and encouragement at every
stage of this article, as well as to Kariin Sundsback for collecting the Dutch East Indies Company data.This article
also benefited from the lively discussion at the 43rd Cliometrics Conference in June 2005, the Global Economic
History Network (GEHN) Conference at Utrecht in June 2005, seminars at the University of Warwick, Paris
School of Economics,Tsinghua University, University ofTuebinger, University ofTokyo, andYale University, and
in particular comments from Jörg Baten, Steve Broadberry, Kent Deng, Bishnupriya Gupta,Timothy Guinnane,
Patrick O’Brien, Kenneth Pomeranz, Jean-Laurent Rosenthal, Tirthankar Roy, Osamu Saito, and R. Bin Wong.
Our thanks also go to three anonymous referees of this journal and to the editor, Jane Humphries.The underlying
price and wage data in this study are available in Excel format at http://www.iisg.nl/hpw/data.php#china and
http://gpih.ucdavis.edu/Datafilelist.htm.

2 Smith, Wealth of nations, p. 189.
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century and who have disputed the demographic and agrarian assumptions that
underpin the traditional view.3 The revisionists have not convinced everyone,
however.4

One thing is clear about this debate, and that is the fragility of the evidence that
has been brought to the issue. Most of the comparative studies relied on indirect
comparisons based on scattered output, consumption, or demographic data. The
few that attempted comparisons of direct income were largely based on scattered
information about wages and prices in Asia.5 Our knowledge of real incomes in
Europe is broad and deep because since the mid-nineteenth century scholars have
been compiling databases of wages and prices for European cities from the late
middle ages into the nineteenth century when official statistics begin.

This article, by assembling and constructing systematic data on wages and
prices from Imperial ministry records, merchant account books, and local gazet-
teers, is an attempt to fill that gap for China in the eighteenth and nineteenth
centuries. These wage series, deflated by appropriate cost of living indices using
reconstructed consumption baskets, are then compared to the Japanese, Indian,
and European evidence to assess the relative levels of wage earners’ real income at
the two ends of Eurasia. The comparisons paint a less optimistic picture of Asian
performance than the revisionists suggest.

Taking the hypothesis of Adam Smith at the head of this article as a point of
departure, the present study compares the ‘money price’ of labour in China and
Europe. For this purpose, wage rates are expressed in grams of silver earned per
day in the two regions. Unminted silver measured in taels (one tael equalled 37
grams)6 was a universal medium of exchange in China in this period.The terms on
which silver coins exchanged defined the market exchange rate of European and
Asian moneys. Next, the ‘money price of subsistence’ is compared.This is a more
complicated problem since the subsistence foods were different in China and
Europe. Fortunately, the different methods adopted to tackle this problem turn
out to imply similar relative price levels. Once they are measured, the differences
between European and Chinese money wages and costs of subsistence and
the implications of those differences for the ‘real recompence of labour’ can be
perceived.

The rest of the article is divided into six sections with a conclusion.The first two
sections review a variety of Chinese wage data to establish the history of nominal
wages from the eighteenth to the twentieth centuries. The focus is set on the
histories of Canton, Beijing, and the nearby cities of Suzhou and Shanghai in the
Yangzi Delta, because more information is available for these cities, and because
they are comparable to the large cities in Europe and Japan for which we have
similar information. In section III, nominal wages in China and Europe are
compared to see if Smith was correct about the ‘money price of labour’. Section IV

3 For instance, Pomeranz, Great divergence; Parthasarathi, ‘Rethinking wages’; Wong, China transformed; Lee
and Wang, One quarter of humanity; Li, Agricultural development; Allen, ‘Agricultural productivity’; idem (2004)
‘Mr Lockyer meets the index number problem: the standard of living in Canton and London in 1704’ [WWW
document]. URL http://www.economics.ox.ac.uk/Members/robert.allen/Papers/Lockyer.pdf [accessed on 10
June 2009]; idem, ‘Real wages in Europe and Asia’; Allen, Bengtsson, and Dribe, eds., Living standards in the past.

4 For instance, Broadberry and Gupta, ‘Early modern great divergence’; Allen, ‘India in the great divergence’.
5 Pomeranz, Great divergence; Lee and Wang, One quarter of humanity.
6 The present study applies this average value; variation for the four most important varieties ranged between

36.54 and 37.58 grams. See Peng, Zhongguo huobi shi, p. 669, nn. 4–7.
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turns to the ‘price of subsistence’ and develops consumer price indices to compare
the cost of living across Eurasia. In section V, the authors compare Smithian price
indices to Fisher Ideal Indices for broader consumer bundles and show that they
yield similar results in a comparison of London and Beijing. In section VI, the real
wage income in Canton, Beijing, and Suzhou/Shanghai from the mid-eighteenth
century to the 1920s is estimated. Smith’s belief about the ‘real recompence of
labour’ is tested by comparing real wage income in these Chinese cities to their
counterparts in other countries. For Japan, Chinese urban incomes are compared
to a composite picture of Kyoto and Edo (modern Tokyo) in the eighteenth and
early nineteenth centuries, and Tokyo for the late nineteenth and early twentieth
centuries, based on Bassino and Ma’s study ‘Japanese unskilled wages’. Real wages
in China are compared to those in India using the results in Allen’s ‘India in the
great divergence’. The perspective on Asian performance is broadened by con-
trasting living standards there with those in London, Amsterdam, Leipzig, and
Milan, as worked out by Allen in ‘Great divergence’. The study concludes with a
discussion of the significance of its findings for Adam Smith and the great diver-
gence debate.

I

Before comparing living standards, the level and trend of nominal wages in China
must be established. Since most European wages are recorded for urban labourers
in the building industry, the present study concentrates on unskilled male workers
in three large Chinese cities. No single source covers the whole period from the
eighteenth century to the twentieth, so the wage history of China must be pieced
together by combining disparate information.7

For Beijing, some wages for labourers on eighteenth-century government build-
ing projects are known, and wages for similar workers from the 1860s to the 1920s
can be found. For Canton, wage data of unskilled port labour hired by European
trading companies in the eighteenth century are available. For Suzhou, the daily
earnings of men engaged as calenderers pressing cloth in the textile industry can
be estimated. This series can be linked to the wages of spinners in cotton textile
mills in Shanghai in the twentieth century. Indeed, a more complete picture of
labour incomes in theYangzi Delta can be developed by also assessing the earnings
of male farm labourers, rural women spinning and weaving cotton cloth, and
peasant households as a whole. By matching eighteenth-century wages for specific
unskilled occupations in China with corresponding wages for the early twentieth
century, the long-term history of Chinese wages can be reconstructed for com-
parison with European wages.

This wage survey begins with three sets of wage data for the eighteenth century
that are reasonably continuous and well defined. The first set is the piece wage
rates of the cotton calenderers inscribed on steles for crafts and commerce in
Suzhou, the largest industrial and trading city in the Yangzi Delta during the
eighteenth and nineteenth centuries.The case of cotton calenderers and their wage
disputes has been the subject of numerous studies.8 The calenderers’ job was ‘to

7 For a survey of existing studies on wages and prices, see Kishimoto, Shindai chūgoku, pp. 11–46.
8 Quan, ‘Qingdai Suzhou de chuaibuye’; Terada, ‘Sōshū tampogyō’; Santangelo, ‘Urban society’; Xu, ed.,

Jiangnan tubu shi.
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soften and polish cotton cloth after it had been pressed and rubbed’.9 The
inscribed data give us the guild-negotiated piece wage rates for the years of 1670,
1693, 1701, 1715, 1730, 1772, and 1795. As these are piece wages quoted in silver
taels, there are no ambiguities about copper–silver exchange rates or additional
food allowances.The major issue is the conversion of piece rates into daily wages,
for which Xu’s study on the early twentieth century was used, as explained in
appendix I A. Overall, the daily wages thus derived come to 0.09944 and 0.1144
silver taels in 1730 and 1772 respectively.

In the eighteenth century, the calenderers were mostly migrants to Suzhou from
the impoverished provinces of northern Jiangsu and Anhui.They ‘had to be strong
men, considering the especially tiring nature of their job: using their arms as levers
on wooden supports while balancing, they had to rock a huge forked stone with a
ground base onto cotton cloth wrapped around a wooden roller which rotated in
a groove in the base of the stone’.10 Calenderers were only a little above unskilled
building labourers but probably below a fully skilled worker in the pay scale.

Our second source for private sector wages is the archives of the Dutch East
Indies Company (VOC). Many VOC ships docked at Canton, which was the city
where Europeans were allowed to trade with China in the eighteenth century.The
VOC hired many Chinese workers to repair ships and move cargo. A recent study
by van Dyke offers a detailed description of the workings of the provisioning
system in Canton. From the VOC archives, 63 wage quotations spanning the
eighteenth century can be obtained.11 The wages fluctuated, but they clustered
between 0.08 and 0.1 taels per day with no additional food allowances.

The third set of wage data comes from diverse sources. We begin with two
government regulations.The first is the Wuliao jiazhi zeli (Regulations and precedents
on the prices of materials) of 1769, which is a very detailed and systematic govern-
ment report on the prices of building materials and the wages paid at construction
projects, and an attempt to set these prices and wages for the future. According to
the editorial introduction, it contained information about 1,557 administrative
units described in a compilation of 220 chapters.The original compilation has not
been preserved, but the editions for 15 provinces covering 945 districts are extant.
Most of them contain the daily wages of unskilled and skilled craftsmen for each
district; a few are more detailed and present wages for occupations such as master
sawyers, carpenters, stonemasons, paint-makers and painters, tailors, plasterers,
canopy makers, paperhangers, and cleaners (in Zhili). Occasionally additional
food provisions and their monetary value are recorded, so that the total wage value
can be calculated. Where no food provisions are mentioned, probably no food
allowance was given, as these wage regulations were supposed to cover the entire
labour cost of these public building projects.12

9 Santangelo, ‘Urban society’, p. 109.
10 Ibid., p. 109.
11 See van Dyke, Canton trade, and Jörg, Porcelain, pp. 21–73, for the details of the organization of the VOC in

Canton.We specifically used the files in the National Archives of the Netherlands,The Hague, ArchivesVOC, nos.
4373, 4376, 4378, 4381, 4382, 4386, 4388, 4390, 4392, 4395–4401, 4403, 4405, 4408, 4409.

12 The introductory memorial to these regulations by the compiler Chen Hongmou, ‘Wuliao jiazhi zonglue’
[‘General remarks on the prices of materials’], states that market prices and wages were investigated in the
regions, and that the prices and wages quoted in these volumes were near to market prices at low market activity;
see Wuliao jiazhi zeli, ch. 1, fol. 4b, available as WWW document, URL [http://www.uni-tuebingen.de/uni/ans/
project/shp/zeli/zonglue.htm] [accessed on 10 Jan. 2010]. The provincial editions for Zhili, Henan, Shandong,
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A virtue of the Wuliao jiazhi zeli is its comprehensive regional coverage of
Chinese wages. For each province we calculated the unweighted average of the
wage norms for labourers in all districts. Table 1 presents the results of these
calculations for 21 regions. Zhili is divided into a number of sub-regions because
of the large wage differences within this province. The total population of these

Shanxi, Shaanxi, Gansu, Jiangsu, Zhejiang, Guangdong, and Yunnan all carry the same introductory memorial
dated 1769. Other editions have no preface, such as those for Hunan, which is a fragment, and ‘Manchuria’
(Shengjing/Jilin/Heilongjiang). The 1791 Sichuan and the 1795 Rehe editions are later compilations. No special
edition was ever compiled for Xinjiang, but a few Xinjiang data are mentioned in the Gansu, Sichuan, and Rehe
editions. Digitized datasets for the provinces Gansu, Zhili,Yunnan, Hunan, and Shanxi are available online in the
‘Databases on materials, wages, and transport costs in public construction in the Qianlong era’ [http://www.uni-
tuebingen.de/sinologie/project/shp/databases.html]. See also Song and Moll-Murata, ‘Notes’, pp. 93–9.

Table 1. Nominal wages of workers in public construction, 1769–95, and in arms
manufacture, 1813 (in taels per day)

Construction
(unskilled)

Construction
(skilled) N =

Arms
manufacture
(unskilled)

Population
(millions in

1787)

Manchuria and the north-western frontier
Heilongjiang 0.100 0.191 2/6

(unskilled/skilled)
Jilin 0.095 0.160 6 1.0***
Shengjing 0.057 0.100 13
Xinjiang 0.097 0.110 3 0.5

North
Rehe* 0.066 0.120 7
Beijing* 0.077 0.141 24
Tianjin/Baoding* 0.071 0.112 34 23.0****
Residual Zhili* 0.054 0.081 82 0.060****
Gansu 0.044 0.054 48 15.2
Shanxi 0.054 0.073 85 0.040 13.2
Shaanxi 0.044 0.050 74 0.040 8.4
Shandong 0.045 0.061 50 0.040 22.6

Middle
Henan 0.037 0.039 106 0.040 21.0
Jiangsu** 0.040 0.051 63 0.040 31.4
Zhejiang** 0.040 0.060 63 0.040 21.7
Hunan 0.039 0.050 10 0.040 16.2
Hubei 0.040
Jiangxi 0.030
Guizhou 0.040
Sichuan 0.048 0.062 47 0.040 8.6
Yunnan 0.048 0.068 84 0.030 3.5

South
Fujian (including Taiwan) 0.030 0.050 9 0.040 12.0
Guangdong 0.040 0.050 89 0.040 16.0
Guangxi 0.040

Average (unweighted) 0.053 0.081
Average (weighted by N) 0.047 0.065 901/905

(unskilled/skilled)
Average (weighted by population) 0.044 0.060 214.5

Notes: *Part of the province of Zhili; **Yangzi Delta; ***whole of Manchuria; ****whole of Zhili. N: number of districts for which
data are available.
Sources: For wages, see app. I; for population data: Wang, Land taxation, p. 87.
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regions in 1776 was about 214.5 million, or 73 per cent of the total population of
China of about 293 million.13

The pattern that emerges from the Wuliao jiazhi zeli is that daily wages in parts
of Manchuria (Heilongjiang and Jilin), the home territory of the ruling Manchu
Dynasty, and the sparsely populated north-western frontier of Xinjiang, stand out
as the highest, followed by areas in and near the capital city of Beijing. Average
daily wages in the rest of China seem to have been fairly uniform, with the coastal
Fujian province fetching the lowest, 0.030 taels for unskilled labourers.

A second government source is the so-called Gongbu junqi zeli (Regulations and
precedents on weapons and military equipment by the Ministry of PublicWorks) of 1813,
which contains more government wage regulations on an empire-wide scale. The
Gongbu junqi zeli contains wages for master artisans and unskilled labour that
produced military equipment. This dataset includes information for skilled and
unskilled labourers.14 This source shows again that, with the exception of Zhili
where Beijing is situated, the norm for average daily wages of unskilled labourers
in most provinces in 1813 was about 0.04 taels, very close to that in the 1769
regulations.

Extreme caution should be exercised in the interpretation of these government
data. The Wuliao jiazhi zeli wage data collected at the county level often show
identical wages across a vast number of counties within one province, with little
distinction between the more and less urbanized ones. This poses the question
whether these data reflect actual market conditions or rather government policies,
which tended to favour the capital region as well as Manchuria, the home territory
of the Qing rulers.15

To tackle the question of how accurately these government regulated wages
approximate wages in the private sector of the economy, we place these wage series
against a broader dataset of 264 scattered wage quotations from many sources and
for different parts of China. The problem with these disparate wages from the
private sector is a lack of the kind of detailed information available for the Suzhou
calenderers and Canton VOC labourers. Also, there is a general lack of compara-
bility due to the multiplicity of labour contracts, payment systems, and currency
units. Employment contracts could last for a day, a month, or a year, and careful
attention must be given to the number of days worked in a month or a year to
reduce the payment information to a consistent daily rate. There are many cases
for which food allowances were given in addition to cash payments. Possibly the
most difficult issue of all is the quotation of wages in different currency units
(copper coins, silver taels) with exchange values that were both highly localized
and fluctuating over time. Studies not taking full cognizance of these problems can
be very misleading.16

13 Wang, Land taxation, p. 87.
14 See You, ‘Lun junqi zeli’, p. 314. Wages of skilled craftsmen were 0.020 or 0.010 taels higher than those of

unskilled labourers.
15 The Qing government restricted the migration of Han Chinese to the land and resource rich, but labour-

scarce region of Manchuria until the mid-nineteenth century.
16 Vogel, ‘Chinese central monetary policy’, contains the most comprehensive collection of market exchange

rates for various provinces in China for the seventeenth to nineteenth centuries, but these exchange rates do not
apply to the case of the co-circulation of multiple versions of silver and copper cash within the same locality, an
issue pointed out in Kuroda’s recent study, ‘Copper coins’. For a case of neglecting these complicated currency
problems in the study of nominal and grain wages, see Chao, Man and land, pp. 218–20.

LIVING STANDARDS IN CHINA 13

© Economic History Society 2010 Economic History Review, 64, S1 (2011)



The most important official source for private wages consulted in the present
study is the records of the imperial Ministry of Justice, which summarized judicial
cases dealing with wage payment. A sample of 188 manufacturing and handicraft
wages was obtained from Peng’s compilation on craft history, which is based on
judicial records from c. 1740 to 1820.17 They are contained in the archival
documents of the Ministry of Justice, Qingdai xingbu chao’an (Copies of archival
materials from the Qing Ministry of Justice).18 This represents a widespread sample
which includes scattered wage data for different occupations, in different regions,
using different means of payment (silver taels or copper coins), covering different
time periods (per day, month, or year), and spread over a long period.The Ministry
of Justice records also contain samples of agricultural wages.These are available in
the work of Wei and Wu.19

The resulting large, if disparate, sample of wages covers many provinces, indus-
tries, and types of employment in eighteenth-century China. To extract basic
patterns from this information, a wage function was estimated using all of the
collected wages, including the VOC and government regulation wages. All wages
were converted to daily wages in silver taels by means ofVogel’s regional dataset of
silver–copper conversion ratios.20

The following independent variables were defined: (1) regions: Manchuria,
Zhili, the north (Shanxi, Shaanxi, Gansu, Shandong), the Yangzi Delta (Jiangsu
and Zhejiang), the ‘middle’, and the south (see table 1 for the exact specification
of the regions; Canton is also distinguished separately); (2) branches (agriculture,
coal mining, the iron industry, construction, textiles, and other industries); (3) a
time-trend with 1700 as the base year; (4) skill (a dummy for skilled labour was
used; unskilled labourers were all agricultural workers, the unskilled labourers in
construction and the ‘helpers’ in other industries); (5) regulation (data drawn from
the two government documents Wuliao jiazhi zeli (1769) and Gongbu junqi zeli
(1813) were identified by a dummy for ‘regulation’). We also include a few
additional government regulation data from Suzhou zizhao ju zhi (1686) and Da
Qing huidian shili (for 1723 and 1736).21

The total number of observations was 327, relatively equally spread over the
different regions and branches. There are only four observations for the late
seventeenth century. Most observations cluster between the 1740s and the 1810s;
no observations after 1820 were included.

17 Peng, Zhongguo jindai shougongye, vol. 1, pp. 396–414.
18 Ibid., vol. 1, p. 397, n. 2.
19 Wei, ‘Ming-Qing’; Wu, ‘Qing’.
20 Vogel, ‘Chinese central monetary policy’. Another problem was how to convert monthly and annual wages

into daily wages; a few observations of both daily and monthly or annual wages suggests conversion factors of
about 15 (days/month) and 60 (days/year). The next step was to use these conversion factors and estimate
dummies for monthly and annual wages in the wage regression. The dummies became close to zero when
somewhat different conversion factors were used, namely 13 and 90. We used these conversion factors in the
estimation of wage levels in the wage regressions shown in tab. 1; therefore, the dummies for monthly and annual
wages have not been included.

21 Wage data from Suzhou zizhao ju zhi (Treatise on the Suzhou weaving offices) for 1686, included in Peng,
Zhongguo jindai shougongye, vol. 1, pp. 90–2, were also consulted, as well as wage data from Da Qing huidian shili,
ch. 952, fos. 4b–5a, pp. 16,640–1. The complete wage dataset used in this study can be found at http://
www.iisg.nl/hpw/data.php#china; it presents an overview of the different datasets, their compilers (Christine
Moll-Murata, Debin Ma, and Paul van Dyke), and the linked Excel files.
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Table 2 presents the results of the wage regression. All independent variables
except the time trend are dummies for regions, branches, and so on; the standard
for comparison is the market wage of a construction labourer in the Yangzi Delta
in 1700. The constant in the equation is his wage, which is estimated as 0.0456
taels.The regional pattern mirrors the results from the analysis of the Wuliao jiazhi
zeli: wages in Manchuria and Zhili were (much) higher than in the rest of the
country, whereas the differences between theYangzi Delta and the rest of the rice
region were very small. Most industry dummies were insignificant. Finally, the
dummy for skill premium is significant; its level in regression is 63 per cent of the
wage of an unskilled labourer in the Yangzi Delta.

To get a perspective on our wage regression, we plotted in figure 1 the wage rates
of Suzhou and Canton against the predicted wages from our regression. Figure 1
shows that the baseline predicted wages, set as the constant plus the time trend in
the wage regression (the rate equivalent to that of an unskilled labourer in the
Yangzi Delta), is about half the level of Suzhou and Canton wages.WhileVOC and
calenderers’ wages were rising gently, wages in China in general were declining
slowly, as indicated by the wage equation.This difference in trend is not significant
for our purpose. Figure 1 also plots the predicted wages of Beijing which uses the
dummy coefficients for Zhili from the wage regression.

These results make sense: large cities in Europe, the counterparts of Canton,
Suzhou, and Beijing, had higher wages than small towns and rural districts in part
because the cost of living was higher in the large cities and also because they had
to recruit population from the countryside. This conjecture is in agreement with
Pomeranz’s description of the earnings of aYangzi Delta farm worker employed by
the year in the mid-eighteenth century. Pomeranz reckoned that the cash compo-
nent of these earnings was two to five taels, and that the food allowance over a full

Table 2. Wage regressions for eighteenth-century
China, standardized on the daily wage of an unskilled
construction labourer in the Yangzi Delta in 1769

(in taels)

Coefficient T-value

Constant 0.0456 4.00
Trend -0.0000351 -0.348
Manchuria 0.0902 6.73
Zhili (including Beijing) 0.0441 4.36
North 0.0132 1.397
Middle -0.0022 -0.026
South -0.000593 -0.056
Canton 0.0379 3.55
Skilled 0.0295 4.79
Regulated -0.0171 -2.21
Iron industry 0.0092 1.12
Coal mining -0.0093 -0.83
Agriculture -0.0072 -0.744
Textiles 0.0403 3.22
Other -0.0147 -1.93
R2 0.408
F (14,312) 15.34*
N 327

Note: *Significant at the 1% level.
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year was perhaps five shi of rice worth 8.4 taels, so the total earnings over the year
were 10.4 to 13.4 taels. Dividing by 360 implies daily earnings of 0.035 to 0.045
taels per day, very close to the baseline wage level from our regression result.22

As the wage regression contains some wage data that might include additional
food allowances, we have experimented with alternative regressions by adding
0.024 taels—roughly the cost of one kilogram of rice in Canton or millet in Beijing
in the middle of the eighteenth century—to the daily earnings of those workers
earning less than six taels per year (0.5 taels per month).The alternative regression
leads to changes of little significance to the coefficients of most significance for this
study.

The level of our baseline wage in figure 1 matches the empire-wide averages in the
Wuliao jiazhi zeli and Gongbu junqi zeli in the official regulation data.This leads us to

22 Pomeranz, Great divergence, pp. 319–20.The average of agricultural wages on daily contracts collected in our
sample was 0.045 taels.Wages on daily contract were likely to be higher, as usually day labourers were more often
employed during the planting and harvest seasons. It is unclear whether additional food was provided. A national
level survey conducted by Chen in the 1930s, Gesheng nonggong, reveals the existence of both types of payment
arrangements for daily wages, either with or without food payment, the latter being higher. However, in cases
where there was food payment, the portion amounted to about 33 per cent of the total cash wage, much less than
for the eighteenth- and nineteenth-century agricultural wages on annual contracts (Chen, Gesheng nonggong, p. 9).
Li, Agricultural development, p. 94, also seems to indicate that seventeenth-century nominal wage levels may not
be far apart from those of the eighteenth to nineteenth centuries. He discusses wage levels in agriculture and silk
production in theYangzi Delta, and estimates the average wage in rice cultivation at 0.06 taels per day, adding ‘the
official standard was 0.04 taels a day which is a bit low compared to the wages in some farms in Huzhou, Zhejiang
province’.
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Figure 1. Nominal wages in Beijing, Suzhou, and Canton (in silver taels)
Source: See section I.
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believe that the government regulation wages may have been set as a wage floor for
the market wages, which the government used for the purpose of cost-accounting.
Both these sources also reveal higher wage levels for the capital region than the
national average, which may be a reflection of possible governmental discrimina-
tion. If carefully interpreted, the regulated wage is more useful as a benchmark for
a national wage floor than as an indication of regional wage patterns. For the
subsequent analysis, the wage level for Beijing and Canton was set in 1700, based on
the predicted values in the regression of 0.0897 and 0.0835 taels respectively, equal
to the constant coefficients plus dummy coefficients for Zhili and Canton respec-
tively. For Suzhou, 0.09 taels for 1700 were used, very close to the 0.0968 taels for
the calenderers’ wages.The national trend level was used for all these three series in
the international comparison. Clearly, we view our wage series as more reliable in
indicating long-term trends than short-term fluctuations.

Somewhat contrary to the claims that Lower Yangzi had the highest living
standards, our dataset collected at this stage do not reveal a higher nominal wage
for unskilled laborers in that region. While the implications of possible regional
wage difference will be discussed later (in particular, see footnote 54), the rest of
this study focuses on cross-national comparison of average wage income for
unskilled labourers between China and Europe. On the assumption that these
wages are complete payments for unskilled labourers in the three major urban
centres, they most likely represent the upper bound estimates of our larger dataset.
Thus, if the average level turns out to be lower than our nominal wages, then actual
Chinese living standards would be even lower.

II

Jumping forward in time, the best available information on wages in Beijing,
Canton, and Shanghai is for the early twentieth century. Our wage series for
Beijing is anchored in the work of Sidney Gamble (1890–1968). Gamble was an
American sociologist who lived in China in the 1920s and 1930s. He conducted a
survey of workers in Beijing in 1921. This provided the weights for a consumer
price index for Chinese capital for 1900–24, and that index, in turn, was used in
a study of real wages for the period. Gamble and his associates also recorded wage
series for unskilled construction workers in Beijing for the period 1862–1925 using
the records of the Beijing guilds for construction workers. This is our source for
unskilled wages in the capital.23

Gamble carried out another important study based on the account books of a
fuel store in the rural area of Beijing.The information runs from 1807 to 1902 and
is possibly the only consistent wage series for nineteenth-century China. The
nineteenth-century wage payments were recorded in copper cash and were broken
around the mid-nineteenth century due to the monetary debasement in the period
of the Taiping Rebellion. Gamble does provide vital information on copper–silver
rates in that area from which we derive a silver-based wage series for 1807–1902,

23 This series is composed of two parts. The first part is the 1870–1900 copper cash wages (inclusive of food
money) in Gamble, ‘Daily wages’, p. 66, which we converted to silver wages using copper–silver rates from Peng
(Zhongguo huobi shi, p. 548). The second series is the 1900–24 series by Meng and Gamble, ‘Wages, prices, and
the standard of living’, p. 100.
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as shown in appendix I B. The level of the wage rates seems very low and is
difficult to interpret in its own right, as Gamble indicated that workers received
unrecorded food allowances.24 We apply the trend (not the levels) of these silver
wages to fill in the 1820–62 gap for the light it throws on theTaiping Rebellion and
its aftermath.

Information on Cantonese wages is less comprehensive than that for Beijing. As
noted above, estimates of wages in the eighteenth century have been derived
mainly from VOC records and summarized in the wage regression. For the early
twentieth century, the simple average of six series of union-regulated shows wage
rates for unskilled labourers in the construction sector from 1912 to 1927 is
used.25 For the nineteenth century, various plausible wage data exist, but were not
included in the analysis as they were incomplete and scattered.

Similarly, no systematic wage series for Suzhou in the nineteenth century was
available. From the middle of the nineteenth century, Shanghai was emerging as
China’s predominant trading and industrial city under the treaty port system
imposed by western imperialism. Setting out from wage notations for female
cotton spinners in Shanghai between 1910 and 1934, we have calculated the wage
levels of male unskilled labourers based on a wage survey of the 1930s.26

III

Adam Smith thought that the ‘money price of labour’ was higher in Europe than
in China. To test that, Chinese and European wages must be compared. Building
on our earlier studies of European daily wage rates earned by labourers in the
building industry,27 we have been careful to exclude wage quotations where the
earnings included food or other payment in kind that could not be valued and
added to the money wage. As with China, we have converted the European wages
to grams of silver per day by using the market price (in units of account) at which
silver coins of known weight and fineness could be purchased.

Figures 2 and 3 show the daily wage rates of unskilled workers in London,
Amsterdam, Leipzig, Milan, Beijing, and Kyoto/Tokyo from the eighteenth century
to the twentieth.Figure 2 shows the series from 1738 to 1870.For this period,Adam
Smith was half right.Wages were, indeed, highest in London and lowest in Beijing,
but the other series show that the world was more complex than Smith thought.The
silver wage in Milan or Leipzig was not appreciably higher than the wage in Beijing,
Canton, or Suzhou throughout the eighteenth century.28 The statistics of other
European and Chinese cities show that this similarity was general.

24 Gamble, ‘Daily wages’, p. 41.
25 Department of Peasantry and Labour, Reports of statistics, vol. 3, ‘Wage tables in the construction sector’. Our

wage series is the simple average of five types of unskilled labourers in the construction sector.
26 We make use of the series by Rawski, Economic growth, p. 301, and the Bureau of Social Affairs, Cost of living

index, pp. iii–iv. According to Yang, ‘Shanghai gongren shenghuo’, p. 250, female workers in 1927–8 were paid
about 80% of the level of male workers.

27 van Zanden, ‘Wages and the standards of living’; Allen, ‘Great divergence’.
28 As indicated earlier in section I and in fig. 1, the silver wages we used for Beijing, Canton, and Suzhou/

Shanghai are broadly equal. For reasons of easy visibility, we only plot the silver wage for the Beijing series on
figs. 2 and 3. Complete price and wage series for figs. 2–6 can be downloaded from the websites at http://
www.iisg.nl/hpw/data.php and http://gpih.ucdavis.edu/Datafilelist.htm.
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Amsterdam occupies a peculiar position in figure 2. Nominal wages there were
remarkably constant for a century and a half. At the outset the Amsterdam wage
was similar to the London wage. The same was true of Antwerp. Indeed, the
Low Countries and the London region stand out from the rest of Europe for
their high wages in the seventeenth and eighteenth centuries. These high wages
were probably due to the active involvement of these regions in intercontinental
commerce. However, this pattern changed as the nineteenth century advanced.
The industrial revolution raised British wages above Dutch levels. Indeed, the
early industrialization of Germany is seen in figure 2 as a rise in the Leipzig
wage.

These developments intensified after 1870, as shown in figure 3. British wages
continued to increase. By the First World War, German wages had caught up with
the British level, and Dutch wages closed the gap as well. Italian wages were also
growing, but the increase was muted compared to the industrial core of Europe.
Outside Europe, Japanese wages before 1870 stayed largely flat, in keeping with
the low Italian level. After 1890, Japanese wages, spurred by the industrialization
drive in the Meiji era, began to rise, but continued to stay substantially below the
rising trend of early twentieth-century European wages.

Chinese wages, in contrast, changed little over the entire period. There was
some increase in the silver wage after 1870, but figure 3 emphasizes that the gain
was of little importance from a global perspective. By the First World War,
nominal wages in China were very much lower than wages in Europe generally.
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Taken at face value, Adam Smith’s generalization about Chinese and European
wages was more accurate at the time of the First World War than when he
penned it in 1776.

IV

What of Adam Smith’s second generalization? He remarked that ‘the difference
between the price of subsistence in China and in Europe is very great’.29 This
generalization can be tested by computing price indices. We have tried many
formulae and sets of weights, and the reassuring result is that our conclusions about
relative real wages do not depend in any important way on the choice of price index.

The index number problem is a difficult one, since diet and lifestyle were
radically different in different parts of Eurasia. How precisely does the real income
of an English worker who consumed beef, bread, and beer compare to that of a
Chinese labourer who ate rice and fish?

The approach considered in this section takes Adam Smith’s comment as its
point of departure. His generalization about price levels is expressed in terms of
the ‘price of subsistence’.We operationalize that by defining consumption baskets
that represent the ‘bare bones’ minimum for survival (see tables 3–4).The baskets

29 Smith, Wealth of nations, p. 189.
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provide 1,940 calories per day mainly from the cheapest available carbohydrate. In
Shanghai, Canton, Japan, and Bengal that was rice; in Beijing it was sorghum; in
Milan it was polenta; and in north-western Europe it was oats. The diet includes
some beans and small quantities of meat or fish and butter or oil.Their quantities
were suggested by Japanese consumption surveys of the 1920s and by the Chinese
rural consumption survey in the 1930s carried out by the National Agricultural

Table 3. Subsistence lifestyle: baskets of goods in China

Suzhou/Canton Beijing

Quantity per
person per year

Nutrients/day
Quantity per

person per
annum

Nutrients/day

Calories
Grams of
protein Calories

Grams of
protein

Rice 171 kg 1,677 47
Sorghum 179 kg 1,667 55
Polenta
Beans/peas 20 kg 187 14 20 kg 187 14
Meat/fish 3 kg 8 2 3 kg 21 2
Butter
Oil 3 kg 67 0 3 kg 67 0
Soap 1.3 kg 1.3 kg
Cotton 3 m 3 m
Candles 1.3 kg 1.3 kg
Lamp oil 1.3 kg 1.3 kg
Fuel 3 M BTU 3 M BTU
Total 1939 63 1,942 71

Note: For conversion of calories and proteins, see tab. A2. M: metres. M BTU: million BTU.
Sources: As explained in section IV.

Table 4. Subsistence incomes: baskets of goods in Europe

Northern Europe Milan

Quantity per
person per year

Nutrients/day

Quantity per
person per annum

Nutrients/day

Calories
Grams of
protein Calories

Grams of
protein

Oats 155 kg 1,657 72
Sorghum
Polenta 165 kg 1,655 43
Beans/peas 20 kg 187 14 20 kg 187 14
Meat/fish 5 kg 34 3 5 kg 34 3
Butter 3 kg 60 0 3 kg 60 0
Oil
Soap 1.3 kg 1.3 kg
Cotton 3 m 3 m
Candles 1.3 kg 1.3 kg
Lamp oil 1.3 kg 1.3 kg
Fuel 3 M BTU 3 M BTU
Total 1,938 89 1,936 60

Notes: M: metres. M BTU: million BTU.
Sources: As explained in section IV.
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Research Bureau (NARB).30 Despite relying on the cheapest carbohydrates, these
baskets provide at least the recommended daily intake of protein, although the
amount varies from basket to basket. Polenta (closely followed by rice) is the least
nutritious source of calories in this regard. Non-food items include some cloth and
fuel. The magnitudes of the non-food items were also suggested by the Japanese
and Chinese consumption surveys of the interwar period. It would have been hard
for a person to survive on less than the cost of one of these baskets.

Having specified the consumption ‘baskets’ in tables 3–4, time series of the
prices of the items shown are necessary, so that the cost of the baskets can be
calculated across the eighteenth, nineteenth, and twentieth centuries. For Europe,
the prices described in Allen’s ‘Great divergence’ can be applied.31 New databases
were compiled for the Chinese cities under observation. For Beijing, we extended
Gamble’s retail prices for 1900–24 back to 1738.32 Food prices were extended
using wholesale agricultural prices for Zhili province compiled by Li.33 The
implicit assumption in these extrapolations was that the ratio of retail to wholesale
prices remained constant. The details and the procedures for cloth and fuel are
explained in appendix II. For Shanghai and Canton, twentieth-century retail
prices were extracted from official sources.34 For the eighteenth century, Wang’s
Yangzi Delta rice price series was used for Suzhou and Chen’s series for Guang-
dong.35 These are probably wholesale rather than retail prices. No allowance was
made for retail mark-ups—a procedure which is again biased against our conclu-
sions, for if rice prices in China were higher then living standards would have been
even lower. The prices of other foods and fuel were taken from the costs incurred
by European trading companies in provisioning their ships in Canton.These prices
have been compared to the estimated prices for Beijing, and the agreement is
close. For most of the eighteenth century, competition was intense in supplying
these ships.36

The cost of the basket is Adam Smith’s ‘money price of subsistence’, and its
history is plotted in figure 4 for leading cities in China and Europe in the eigh-
teenth and nineteenth centuries. The findings would have surprised Smith, for it
contradicts his claim that China had cheaper subsistence than Europe. The silver
cost of a ‘bare bones’ basket in Beijing or Suzhou was in the middle of the
European range. A corollary is that the silver prices of grains, which dominate the
cost of these indices, were similar across Eurasia. Another casualty of figure 4 is

30 Department of Crop Reporting, Division of Agricultural Economics, The National Agricultural Research
Bureau (NARB), China, Crop reports, vol. 5, issues 7 and 8; Rōdō undō shiryō iinkai, Nihon rōdō, p. 568.
Alternative baskets constructed on the basis of these surveys can also be found in our earlier working paper, R.
C. Allen, J.-P. Bassino, D. Ma, C. Moll-Murata, and J. L. van Zanden, ‘Wages, prices, and living standards in
China, Japan, and Europe, 1738–1925’, Global Price and Income History Group working paper no. 1 (2005)
[WWW document]. URL [http://gpih.ucdavis.edu/Papers.htm#1].

31 The data are available on-line at http://www.nuffield.ox.ac.uk.
32 Meng and Gamble, ‘Wages’.
33 Li, ‘Integration’.
34 The Canton data are based on Reports of statistics compiled by the Department of Peasantry and Labour,

Kwangtung Government, China, in 1928; it covers the period 1912 to 1927.The Shanghai price is from Bureau
of Social Affairs, Cost of living index, pp. 35–44.

35 Wang, ‘Secular trend’, pp. 40–7; Chen, Sichang jizhi, pp. 147–9.
36 See van Dyke, Canton trade.
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Smith’s generalization that ‘rice in China is much cheaper than wheat is anywhere
in Europe’.37

Another feature of figure 4 is worth highlighting. The figure shows very little
difference between the two consumer price indices for both Beijing and Suzhou/
Shanghai (or Canton, not shown in the figure) for the eighteenth century. These
two cities represent the two agrarian halves of China—the northern small grain
region and the southern rice region. However, from the beginning of the eigh-
teenth century, rice prices began a secular rise over those of sorghum, which led to
a somewhat more expensive basket for the unskilled labourers in the south than in
the north.While the implication of this finding needs further research, this differ-
ence matters little for our purpose of international comparison. Overall, as seen in
figure 4, price gaps between Europe and China really opened up from about the
mid-nineteenth century.

V

Before considering the implications of the cost of the baskets for comparative
living standards, the results of indexing prices in other ways can be briefly
summarized.

37 Smith, Wealth of nations, p. 189.
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In modern theory, the index number problem unfolds thus. Suppose an indi-
vidual or family receives a particular income and faces particular prices. The
income and prices determine the maximum level of utility (highest indifference
curve) that the individual can reach. Now suppose that prices change. What
proportional change in income would allow the individual to reach the original
indifference curve in the new price situation? The price index is supposed to
answer that question. Comparing the actual change in income to the index shows
whether consumer welfare has risen or fallen.

There are no insuperable difficulties in applying the theory to real income
changes over time in either Europe or Asia, provided full information about wages,
consumer prices, and spending patterns is available.Yet how can living standards
between Europe and Asia be compared? The pattern of goods—particularly
foods—consumed in the two regions was radically different. The standard theory
of consumer welfare assumes that all the goods are available in both regions and
that there is a ‘representative agent’ who would voluntarily choose to consume rice,
fish, and sake when confronted with Asian prices and bread, beef, and beer when
confronted with English prices. In fact, all goods were not available everywhere,
and, moreover, it is unlikely that there were people flexible enough to shift their
consumption voluntarily between the European and the Asian patterns in response
to the difference in prices. This is the reason why we approached the problem in
terms of Adam Smith’s ‘cost of subsistence’. By building on the results of these
calculations, the outcome of a more orthodox approach can be approximated.
During the comparative process, the associated data problems come sharply into
focus.We concentrate on a comparison of Beijing and London because the Beijing
diet was based on small grains that were more comparable than rice to English
grains.

We first approach the question from the point of view of a Beijing resident and
ask how much it would have cost to live the ‘bare bones’ Beijing lifestyle in
London.This is the pertinent question, for the typical labourer could not afford to
buy anything more. The difficulty is that we cannot cost out the Beijing basket in
London, for sorghum was not sold in London. However, oats were the counterpart
of sorghum in Britain—it was the least costly, most inferior grain—and if we take
oats and sorghum to be equivalent, we realize that we have already answered the
question by comparing the cost of the ‘bare bones’ baskets.

We can also ask how much the London lifestyle would have cost in Beijing.That
lifestyle is represented by the ‘respectable’ consumption basket in table 5, which
summarizes spending in north-western Europe.38 The diet is late medieval in
inspiration, in that it does not contain new commodities like sugar and potatoes
introduced into Europe after the voyages of discovery.

The basket in table 5 contains important items for which we lack prices in
China. Bread is the most important, and we have estimated what bread would have
sold for, had it been produced commercially, from Allen’s ‘bread equation’.39 This
is a statistical relationship between bread prices, wheat prices, and wage rates
prevailing in many cities in Europe. Since we have time series of wages and wheat
prices for Zhili province, which includes Beijing, the price at which bread would

38 Allen, ‘Great divergence’, pp. 420–1.
39 Ibid., p. 418.
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have been supplied had it been produced in the European manner can be calcu-
lated. Likewise, the price of beer is unknown. For it, we substituted the quantity of
rice wine (sake) that contained the same quantity of alcohol.40 We estimated the
price of rice wine using the Japanese relationship between the retail price of sake
and the wholesale price of rice. In this way we proxied the missing prices needed
to cost out a European basket in Beijing.

The European and Beijing baskets define Paasche and Laspeyres price indices.
The final step in comparing the cost of living in London and Beijing is to compute
the geometric average of the two, which is a Fisher Ideal Price index. This is a
‘superlative’ price index, which corresponds to a generalized Leontief expenditure
function.41 That representation of consumer preferences has the property that
indifference curves are tangent to prices at both consumption patterns. In other
words, the representative consumer whose behaviour is summarized by the price
index would shift from an English to a Chinese spending pattern as prices shifted
from the London to the Chinese configuration. Using this index number imposes
the assumptions of modern theory on the reality of eighteenth-century
behaviour—certainly a debatable procedure.

How does the Fisher Ideal Price index compare to the ‘bare bones’ indices? In
fact, they are very similar.The relative cost of the European basket in London and
Beijing was always close to the relative cost of the ‘bare bones’ baskets, which are
equal to ratios of 1.12 and 1.17 respectively in table 5. Hence, their geometric
average is also similar. Consequently, a superlative index number, in this case, gives

40 182 litres of beer at 4.5% alcohol contain as much alcohol as 41 litres of sake at 20%.
41 Diewert, ‘Exact and superlative index numbers’.The use of alternative consumption baskets for Canton and

Japan based on comparable calories and protein contents also confirm the findings here; see Allen et al., ‘Wages,
prices, and living standards’ (see above, n. 30).

Table 5. Comparison of different basket costs around 1750

‘Bare bones’ basket ‘Respectable’ basket London prices
(in grams
of silver)

Beijing prices
(in grams
of silver)Europe North China Europe North China

Oats/sorghum 155 kg 179 kg 0.76 0.48
Bread 182 kg 182 kg 1.28 0.95
Beans 40 kg 40 kg 0.5 0.84
Meat/fish 5 kg 3 kg 26 kg 31 kg 3.19 2.04
Cheese 5.2 kg 2.07
Eggs 52 pieces 52 pieces 0.37 0.074
Butter 3 kg 5.2 kg 6.45
Beer/rice wine 182 l 49 l 0.39 1.98
Oil/cooking 3 kg 5.2 kg 4
Soap 1.3 kg 1.3 kg 2.6 kg 2.6 kg 6.36 1.65
Linen/cotton 3 m 3 m 5 m 5 m 4.87 6.14
Candles 1.3 kg 1.3 kg 2.6 kg 2.6 kg 5.4 3.3
Lamp oil 1.3 kg 1.3 kg 2.6 kg 2.6 kg 2.8 3.3
Fuel 3 M BTU 3 M BTU 5 M BTU 5 M BTU 5.59 11.2
Total basket cost

(grams of silver)
213 182.6 558.6 499.3

Europe/Beijing ratio ‘Bare bones’ basket ‘Respectable’ basket Geometric average
1.17 1.12 1.14

Notes: M: metres. M BTU: million BTU.
Sources: See sections IV and V, and app. II.
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the same result as a comparison of Smith’s ‘cost of subsistence’. Since the latter
has so many intuitive interpretations, we use it as the axis of our discussion in the
confidence that it is not misleading us when the index number problem is con-
sidered from other perspectives.

VI

The purchasing power of wages is usually measured by the ratio of the wage to the
consumer price index. Our procedure elaborates that approach. In constructing
the consumer price index, a notional budget was specified that represented the
least costly way to survive (tables 3 and 4, however, do not include housing costs,
so we increase them now by 5 per cent, which is a minimal allowance for rent).The
budget was an annual budget for an adult male. If the man supported a family, the
expenditures would have been higher, so that the cost of the budget (augmented
by 5 per cent for rent) was multiplied by three to represent the annual budget of
a family. This increase is roughly in line with the calorie norms for a man, a
woman, and two young children.42 On the income side, our income measure is the
annual earnings that a worker could have gained if he worked full time for a year.
We assume that one year’s work consisted of 250 days—roughly full-time work
allowing for holidays, illness, and slack periods. The earnings from full-time work
provide a useful benchmark for comparing Europe and Asia and for defining the
economic strategies of families. The ratio of estimated full-time earnings to the
annual cost of the family budget is a real wage index.

Our real wage index has a particular interpretation since it answers a specific
question, namely, whether a man working full time could support a family at the
‘bare bones’ level of consumption. Real wage indices of this sort are called ‘welfare
ratios’. When the welfare ratio equalled one, an unskilled labourer working full
time could earn just enough to support his family at subsistence level. Higher
values indicate some surplus, while values below one mean either that the family
size had to be reduced or work effort had to be increased since there was little
scope for reducing expenditure.

Figures 5 and 6 show welfare ratios for unskilled male workers from 1738 to
1923 in the European cities we discussed and the Chinese cities. Several features
stand out. Firstly, as shown in figure 6, theYangzi Delta is reputed to have had the
most advanced economy of any Chinese province, but the real wage there was not
noticeably higher than the real wage in Beijing or Canton, as we will see. Secondly,
the Chinese cities were in a tie for last place with the Italian cities, which had the
lowest standard of living in Europe, so an optimistic assessment of China’s per-
formance is difficult. Thirdly, the existing information about Beijing wages in the
nineteenth century indicates that the real wage continued to slide until theTaiping
Rebellion in mid-century, when it reached a life-threateningly low level. After
authority was restored, living standards improved slowly into the early twentieth
century. Fourthly, the most striking feature of figures 5 and 6 is the great lead in
living standards enjoyed by workers in the rapidly growing parts of western
Europe.The standard of living of workers in London was always much higher than

42 Precisely, two children aged 1–3 and 4–6 respectively. For a discussion of food requirements for a notional
family of four, see Allen, ‘Great divergence’, p. 426.
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that of workers in Beijing or the Yangzi Delta. After the middle of the nineteenth
century, London living standards began an upward trajectory and increased their
lead over China.While workers in Amsterdam in the eighteenth century also lived
better than their counterparts in Beijing, the Dutch economy faltered in the early
nineteenth century.43 By mid-century, however, growth resumed and real wages
were climbing to new heights. At the same time, the rapid growth of the German
economy was translating into rising real wages for workers in Leipzig. By the First
World War, the standard of living of workers in the industrial core of western
Europe had greatly increased over their counterparts in Beijing and Suzhou. The
standard of living in China remained low and on a par with the regions of Europe
untouched by the industrial revolution. Fifthly, the workers in north-western
Europe with welfare ratios of four or more did not eat four times as much oatmeal
as their ‘bare bones’ diet presupposes. Instead, they ate higher-quality food—beef,
beer, and bread—that was a more expensive source of calories. In addition, they
bought a wide range of non-food items. In the eighteenth century, these included
the Asian imports and novel manufactures that comprised the ‘consumer revolu-
tion’ of that era. By the same token, workers in north-western Europe could afford
the basket of goods shown in table 5, while workers in Asia could not, and had to
subsist on the ‘bare bones’ baskets. After all, in regions of settled agriculture, the

43 van Zanden and van Riel, Strictures, pp. 121–30, pp. 188–91.
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least expensive way to get calories is to boil the cheapest grain into a gruel or
porridge. In northern Britain, the poorest people ate oat porridge; in the Yangzi
Delta, they ate wheat gruel.44

Figure 6 tests the generality of these conclusions by including all of the Asian
welfare ratios for comparison. There was variation in experience, but that variety
does not qualify the conclusion that Asian living standards were at the low end of
the European range. The history of living standards in Japan, India, and Canton
was very similar to that of Beijing or Suzhou. Real wages in Istanbul, as shown by
Özmucur and Pamuk, were at a level as low as China’s, so it may have character-
ized much of the non-industrializing world in the eighteenth century.45 There is
evidence of rising living standards across Asia after 1870, but the gains were not
enough to catch up to the standard of mid-eighteenth-century London or Amster-
dam, let alone the much higher standard of living enjoyed by workers in those cities
in the early twentieth century.

Figure 6 broadens our comparison by inserting the welfare ratio of Oxford, with
the view that London may be exceptional in terms of real wages among English
towns. Indeed, real wages in Oxford were always lower than in London, although
the gap narrowed from the late eighteenth century.46 Nonetheless, at a welfare ratio
between 2.5 and 3.0 during the eighteenth century, Oxford still seemed far more

44 Li, Agricultural development, p. 207, n. 25.
45 Özmucur and Pamuk, ‘Real wages’.
46 For welfare ratios in Oxford and other towns in England, see Allen, ‘Great divergence’, pp. 415–16.
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prosperous than Beijing. London (the capital and a major port) and other big cities
were chosen because they are comparable to Beijing (the capital) and Canton (a
major port), which are likely to be at the top of the wage scale in their country or
region. Oxford, meanwhile, ranked much lower on the urban hierarchies com-
pared with the cities in our study. Thus, the inclusion of Oxford as a robustness
check assured us that our finding is not driven by the relative position of London.

A more important question is how representative wages are of labour incomes in
China in general. Our knowledge of labour market conditions and the extent of
regional migration seem to substantiate the view that wage rates may serve as a
reasonable proxy for the average earnings of a particular socio-economic group as
well as the marginal productivity of labour in the economy as a whole. The
existence of a vibrant and active labour market, particularly for short-term or day
labour, in early modern China (and Japan) is well documented, although the
precise proportion remains elusive.47 For the early twentieth century, which shared
much of the institutional and economic continuities of the eighteenth and nine-
teenth centuries, large-scale household surveys reveal, for example, that between
30 and 50 per cent of rural households in the 1930s Wuxi county in the Yangzi
Delta region hired day labourers during peak season, whereas the long-term labour
market was extremely thin. Furthermore, those households whose main income
derived from farm labour fetched an average income 20 per cent below the mean
per capita income of all the Wuxi households.This income distance of 20 per cent
from the mean shows that agricultural day labourers were at the lower end—but
not a marginal fringe—of the income ladder.48

Secondly, at least for the commercialized regions near the major urban centres,
evidence of a relatively high degree of integration of labour markets between urban
and rural areas can be perceived. As noted earlier, most calenderers in Suzhou
were migrant workers from the relatively impoverished rural Northern Jiangsu.
Similarly for the Beijing wage series, Gamble’s detailed study reminds us of the
close linkage between urban and rural wages in the nineteenth century. Indeed, if
labour market and regional labour migration in eighteenth-century China were as
flexible as claimed by the revisionists, there is all the more reason to believe that the
wage rates for unskilled labourers we measure are representative of labour earnings
for a substantial part of the population at the relatively low end of income
distribution.49

Our notional wage income can be directly compared with the labour income
data cited by Pomeranz and Li when they in fact argue the reverse case, namely,
that labouring people in theYangzi Delta had a high standard of living. Pomeranz,

47 The literature on the prevalence of labour employment and contracts in Ming and Qing China is voluminous.
Examples of this literature can be seen in Pomeranz, Great divergence, pp. 81–2, and Huang, Peasant family,
pp. 58–62. Wei, ‘Ming-Qing’, documents in detail the improved legal status of labourers towards the eighteenth
century.

48 For information on the labour market in north China and theYangzi Delta, see Huang, Peasant family, p. 110.
TheWuxi survey summary can be found in Kung, Lee, and Bai, ‘Human capital’, tabs. 1 and 2. For a nationwide
survey of the labour market in the 1930s, see Chen, Gesheng nonggong. Similar labour market and income
distribution can also be found inTokugawa Japan. Bassino, Ma, and Saito, ‘Level of real wages’, calculate that the
welfare ratios of the wage earnings of farm labourers were roughly equivalent to those of tenant cultivators who,
in turn, were about 20% below those of the median class.

49 For linkage between urban and rural wages, see Gamble, ‘Daily wages’, p. 67. See Pomeranz, Great divergence,
ch. 2, for an argument on the flexibility of product and factor markets and labour migration in early modern
China.
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for instance, estimates that a male agricultural labourer employed full time over the
course of a year would have realized about 12 taels. Using average prices for
1745–54, the ‘bare bones’ cost of maintaining a family was 22.59 taels, so the
labourer was only earning 53 per cent of subsistence; in other words, the welfare
ratio was 0.53. He could barely support himself, let alone a wife and children. A
woman spinning and weaving cotton for 200 days per annum, which Li and
Pomeranz both reckon was about the maximum possible, could earn 14.61 taels,
a bit more than a man.50 Again, this was less than the cost of maintaining a family.
Husband and wife together, however, would have earned 26.61 taels, which was
1.18 times the cost of maintaining a family. A family could survive on that, so long
as nothing went wrong, but the standard of living was far behind that in London
or Amsterdam where the labourers earned four times the cost of a ‘bare bones’
standard of living in the middle of the eighteenth century.

So far, this comparison has focused on the wage income of unskilled labourers.
However, the wage regression and the twentieth-century wages summarized by
Gamble for Beijing all indicate that the ratio of skilled to unskilled wages was about
the same in China as in north-western Europe. While future research is needed,
this evidence suggests that our conclusions about comparative living standards
could still hold true if the comparison were broadened to include all kinds of wage
earners.51

VII

Our investigation of Asian and European wages and prices shows that the situation
differed somewhat from Adam Smith’s impressions. Money wages were in accord
with his view: in China, they were certainly lower than wages in the advanced parts
of western Europe in the eighteenth century and similar to those in the lagging
parts of Europe. By the twentieth century, however, wages in all parts of Europe
were higher than in China. Contrary to Smith, the cost of living was similar in
China and in Europe in the eighteenth century.

The upshot of the wage and price comparisons is that living standards were low
in China. In the eighteenth century, advanced cities like London and Amsterdam
had a higher standard of living than Suzhou, Beijing, or Canton. The standard of
living in the Chinese cities we have studied was on a par with the lagging parts of
Europe, the Ottoman Empire, India, and Japan. By the twentieth century, enough
progress had occurred in even the backward parts of Europe that their standards of
living were beginning to creep above those in China.Wages seemed to have slipped
in China in the eighteenth century. Still, most of the difference between Europe and
China in 1913 was due to European advance rather than Chinese decline.

In spite of the above, a major surprise is our finding that unskilled labourers in
major cities of China and Japan—poor as they were—had roughly the same
standard of living as their counterparts in central and southern Europe for the

50 Li, Agricultural development, pp. 149, 152. Pomeranz, Great divergence, pp. 318–19, offers two calculations
pointing to slightly lower earnings. Li’s calculation assumes women received 0.19 shi per bolt of cloth; Pomeranz’s
is slightly higher. They do not use precisely the same prices. We use average values for 1745–54.

51 J. L. van Zanden, ‘The skill premium and the “great divergence” ’, paper presented at the conference
‘Towards a global history of prices and wages’ (Utrecht, 19–21 Aug. 2004) [WWW document]. URL http://
www.iisg.nl/hpw/papers/vanzanden.pdf [accessed on 10 June 2009].
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greater part of the eighteenth century. This calls into question the fundamental
tenet of the large ‘rise of the west’ literature that sees western Europe—as a
whole—surpassing the rest of the world in the early modern era. Our article
suggests that it was only England and the Low Countries that pulled ahead
of the rest. The rest, in this context, includes not only Asia but also much of
Europe.52

In this regard, Adam Smith neglected regional variation and thereby over-
generalized the comparison of Europe and China. But our findings also dispute the
revisionists’ claim that the advanced parts of China, such as theYangzi Delta, were
on a par with England on the eve of the industrial revolution, for we find real wages
for unskilled labourers in the Yangzi Delta to have been no higher than those in
Beijing or Canton. Clearly, our database on China could be greatly improved and
we do not claim to have given the final answer to this question. Nevertheless, any
newly discovered data would have to be very different from what is currently
available in order to convince us that pre-industrial Chinese living standards were
similar to those in the leading regions of Europe.53 In this regard, Adam Smith’s
pessimism looks closer to the truth than the revisionists’ optimism. Of course,
establishing the existence of an income gap between north-western Europe and
China in the early modern era only takes us halfway towards the resolution of the
great divergence debate. The search for a causal explanation of the great diver-
gence still looms large as a future research agenda.
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APPENDIX I: NOTES ON THE SOURCES FOR CHINESE WAGES,
1686–1902

A. Cotton calenderers’ wages

In the seventeenth to nineteenth centuries, most calenderers in Suzhou were migrant
workers from impoverished regions in Northern Jiangsu or Anhui. They usually worked
under a contract system, renting capital and place of work from cotton cloth merchants.
Although forbidden by the government to form their own guilds, they often went on strike
for higher wages, hence the documentation of these negotiated wage rates in the stele
records.

Information on the daily productivity quoted in Xu’s study can be applied for converting
the piece rates into daily wages. According to Xu, a calenderer could press one bolt of cloth
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in about 40 minutes.54 In a day of about 11 working hours, he could press about 12 bolts
of cloth. For conversion, we use 11 bolts of cloth pressed per day to adjust it roughly to a
10-hour working day. However, the calenderers would have to hand in 20 per cent as
payment for rental and other expenses. Deducting the 20 per cent from the final wage, we
converted the piece wage of 0.0113 taels (in 1730) and 0.013 taels (in 1772 and 1795) per
bolt of cloth into 0.0994 and 0.1144 taels per day respectively.The daily productivity data
in Xu’s study are based on suburban Shanghai in the early twentieth century, but Xu
explicitly states that both technology and organization then had changed little from the
early modern period.55

B. Gamble’s nineteenth-century wage series

The wage series in Gamble’s ‘Daily wages’, which spans almost the entire nineteenth
century, was derived from detailed account books of a fuel store in rural Beijing. Gamble
presented three series of average wages for the months of May to August, April to
September, and January to December respectively.56 His careful study reveals the highly
seasonal nature of the annual wage patterns which corresponds with the agricultural
harvest season.We chose the annual average wage series (January to December), which is
the lowest of the three, as it includes the rates for the slack winter period.This wage series
in copper cash is shown in the first column of appendix table 1 below.

The original wage series are all quoted in copper cash. Since Gamble was mainly
interested in constructing wage indices, he presented nominal and copper wage indices in
table 6 of his article without explicitly giving the copper–silver conversion rates.57 More-
over, due to a major debasement around 1860 and a corresponding change of monetary
account in the fuel store account books, Gamble broke his silver and copper wage indices
at 1860, setting 1845 as a base 100 for the pre- and post-1860 periods respectively.Thus,
it is possible to derive the index—not the actual rate—of copper–silver exchange from his
copper and silver wage indices.

Gamble did mention the actual silver–copper conversion rates in numbers of tiao (strings
of copper cash) per silver tael for selected years of 1807, 1827, 1862, 1884, and so on.58

Our procedure for arriving at a consistent series of copper–silver exchange rates for the
nineteenth century is to combine these benchmark rates with the derived copper–silver
exchange indices.

However, interpreting the value of one tiao, which usually contained 1,000 copper
coins but could vary by region, is a major hurdle. Gamble remarked that one tiao in
rural Beijing was equal to 500 copper cash before 1860 and 100 copper cash after
1860.59 In other words, the copper cash before 1860 circulated in that locality was only
half of the value of the official cash. This seems to be corroborated by Yan et al.’s study
of prices and exchange rates.60 They derived the exchange rate series (1807–50) from the
account books of a merchant store located in Daliu zhen of Ningjin County in Hebei
province, about 300 kilometres from Beijing. In a footnote to their exchange rate table,
the authors pointed out that the value of two copper cash was counted as one.61 A
comparison of their copper–silver exchange series and our implicit Gamble series shows
that their trends are nearly identical.

54 Xu, ed., Jiangnan tubu shi, p. 378.
55 Ibid., p. 375.
56 Gamble, ‘Daily wages, p. 61.
57 Ibid., p. 60.
58 Ibid., pp. 44, 69.
59 Ibid., p. 44.
60 Yan et al., eds., Zhongguo jindai jingjishi, p. 428.
61 Ibid., tab. 31, p. 38.
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Despite their footnote,Yan et al. derived their copper–silver series based on the standard
rate of one tiao being equal to 1,000 cash. Our copper–silver exchange rate series in the
second column is similarly derived, with the standard of one tiao equal to 1,000 cash. In
order to derive the accurate wage rate in silver tael, the third column of table A1 is the silver
wage converted from the first two volumes further divided by two. The wage rate thus
derived seems extraordinarily low. However, as indicated by Gamble, workers were
also given additional food.62 As shown in section II, we use only the trend (not the level)
for this study.

Table A1. Gamble’s rural Beijing wage series in copper cash and silver taels,
1807–1902

Year
Copper wages
in cash (wen)

Copper cash
per silver tael

Silver wages
in taels

(= col.1/
(col.2x2) Year

Copper wages
in cash (wen)

Copper cash
per silver tael

Silver wages
in taels (= col.
1/(col. 2x2)

1807 81 979 0.041 1860 255
1808 83 1,020 0.041 1865 265 5,180 0.026
1812 81 1,078 0.038 1870 287 5,576 0.026
1813 80 1,067 0.037 1871 333 5,892 0.028
1816 87 1,129 0.039 1872 355 6,170 0.029
1817 80 1,123 0.036 1873 382 6,383 0.03
1818 89 1,106 0.04 1874 388 6,611 0.029
1819 87 1,183 0.037 1875 389 6,681 0.029
1820 95 1,159 0.041 1876 370 7,446 0.025
1822 99 1,203 0.041 1877 368 8,325 0.022
1824 83 1,208 0.034 1878 348 8,314 0.021
1825 88 1,192 0.037 1879 375 8,342 0.022
1827 88 1,265 0.035 1880 410 8,510 0.024
1829 95 1,294 0.037 1881 401 8,341 0.024
1830 96 1,329 0.036 1883 387 7,154 0.027
1831 92 1,346 0.034 1884 356 6,722 0.026
1832 89 1,347 0.033 1885 395 7,573 0.026
1835 94 1,251 0.038 1886 402 6,950 0.029
1836 85 1,378 0.031 1887 395 7,024 0.028
1837 96 1,488 0.032 1888 361 7,883 0.023
1838 91 1,553 0.029 1889 421 7,314 0.029
1841 98 1,382 0.035 1890 393 7,254 0.027
1842 100 1,439 0.035 1891 390 7,627 0.026
1845 86 1,823 0.024 1892 372 7,651 0.024
1846 96 2,010 0.024 1893 410 7,212 0.028
1847 87 2,013 0.022 1894 443 6,722 0.033
1848 68 2,049 0.017 1896 448 6,501 0.034
1849 80 2,046 0.02 1900 422 5,312 0.04
1850 94 1,997 0.024 1901 462 5,758 0.04
1852 93 2,018 0.023 1902 470 6,079 0.039
1853 93 2,205 0.021
1854 90 2,723 0.017
1856 110 4,970 0.011
1857 105 3,935 0.013
1858 130 4,970 0.013

62 Gamble, ‘Daily wages’, p. 41.
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APPENDIX II: NOTES ON THE SOURCES FOR CHINESE PRICES

Our series of prices for Beijing begins with Meng and Gamble’s study of wages and
prices in Beijing between 1900 and 1924.63 For that period they collected the retail
prices of most elements of the basket detailed in table 4. We abstracted the
following series: wheat flour, lao mi (old, blackened rice), bean flour, millet, corn
flour, pork, sweet oil, peanut oil, foreign cloth, and coal balls. ‘Sweet oil’ was
treated as ‘edible oil’ in our scheme and ‘peanut oil’ as ‘lamp oil’. Coal balls were
two-thirds coal dust and one-third earth, and the price was converted to an energy
basis by rating one kilogram of coal balls at two-thirds of the energy content of
coal, which was itself rated at 27,533 BTU per kilogram.

To estimate the price of soybeans for 1900–8, we increased the wholesale price
per kilogram of black beans by 50 per cent to allow for trade mark-ups and quality
differences. The wholesale price was derived from Li, ‘Grain prices’.64 For 1909
onwards, when the Li series ends, the 1908 price was extrapolated on the basis of
Meng and Gamble’s price series for bean flour.65

Since no information on the price of candles was available, we assumed their
price per kilogram to be the same as that of one litre of lamp oil. Based on
European precedents, we estimated the price of soap at half of the price of lamp
oil.

The next problem was to extend these series back to the pre-industrial period.
It should be noted that in several important respects Meng and Gamble’s data
were ideal: they were retail prices of goods that consumers actually bought. In
contrast, many historical price series are wholesale prices of intermediate goods.
For instance, Meng and Gamble recorded the price of wheat flour in a shop, while
historians must usually make do with the price of unprocessed wheat in wholesale
markets.

Taking advantage of these ideal features of Meng and Gamble’s data, we applied
Li’s study of wholesale grain prices in Zhili province, which includes Beijing. From
the graphs in her paper, we could read off the prices of wheat, millet, and sorghum
from 1738 to 1908, as well as the relative price of black beans to wheat.These are
five-year moving averages, so annual fluctuations are suppressed, but that is of little
consequence for the present study.66 On the basis of these series, the retail prices
of wheat flour, millet, corn flour, bean flour, and soybeans were extrapolated back
to 1738. The resulting extrapolated series are linked using the average of 1901–4
as the base period. This procedure assumes that the ratio of the retail price of the
consumer good to the wholesale price of the unprocessed good remained constant.

The retail prices of other products were extrapolated back to 1738 as follows: for
meat, edible oil, lamp oil, and candles, the price of wheat flour was applied, based
on the benchmark period of 1901–4 for meat (the average price of pork and
mutton), and 1902 for the rest. For corn flour, the price of sorghum based on the
1901–4 benchmark was used, and for rice (lao mi, old or blackened rice), the price
of rice in the Yangzi Delta, based on the 1901–4 benchmark.67

63 Meng and Gamble, ‘Wages, prices, and the standard of living’, pp. 28, 38–9, 51, 59.
64 Li, ‘Grain prices’, pp. 69–100.
65 Meng and Gamble, Prices, p. 28.
66 Professor L. M. Li kindly supplied us with some of the underlying series for her paper, ‘Integration’.
67 Wang, ‘Secular trends’, pp. 40–7.
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Two things can be said in favour of these extrapolations. First, most of the
long-term agricultural time series inflate at the same rate, so the values projected
back into the eighteenth century do not depend critically on which price series is
used for the extrapolation. Second, the extrapolations can be checked by compar-
ing the values we obtain in the eighteenth century for prices listed in the VOC
records for Canton. Since the extrapolated prices are similar to prices paid then,
this gives us some confidence in the procedure.

The price series of cotton cloth is based on several sources. First, the Beijing
retail price of foreign cloth was projected back to 1871 using Feuerwerker’s series
of the price of cotton cloth imported into China.68 Imported cloth was measured
in pieces which were usually 40 yards long by one yard wide (360 square feet).
Meng and Gamble’s price was the price per 100 feet. We interpret that to mean
100 linear feet from a bolt of cloth, which we assume was three feet wide—a typical
width. On those assumptions, the retail price per square foot of foreign cloth in
Beijing was about 50 per cent more than the price at which it was landed. This is
not an unreasonable mark-up.

In his detailed discussion of eighteenth-century cloth prices and weaving
incomes, Pomeranz estimated the price of cloth in a low price scenario at 0.5 taels
per bolt.69 On this assumption, 300 square feet of cloth were worth 4.59 taels, and
we interpret this as the eighteenth-century counterpart to Meng and Gamble’s
price for a 100-foot length of a piece of cloth three feet wide. Following Pomeranz,
we assume that cloth prices remained constant over the eighteenth century.70

For the years between 1800 and 1870, we were guided by the history of cloth
prices in Indonesia. A series of the price paid for cotton cloth in Java from 1815 to
1871 shows that from 1815 to 1824, the price was 4.89 grams of silver per square
metre, which compares to a Chinese price of 5.12 grams per square metre for the
eighteenth century. This correspondence is reassuring since cotton cloth was
traded across Asia, so we would not expect extreme differences in its price. Starting
in the 1830s, the price in Java dropped fairly quickly to a value of about 2.5 grams
of silver per square metre and stayed at that level until 1871.71 That low price is
similar to the value of cloth imported into China—2.36 grams of silver per square
metre in 1871. On the assumption that cloth prices in China followed the same
temporal pattern as those in Java, the eighteenth-century price derived from
Pomeranz was continued to 1830, and then interpolated linearly between 1830
and 1871.

The price of energy was also combined from diverse sources. For 1739–69, we
used the data implied by charcoal prices in Zhili province in the 1769 Wuliao jiazhi
zeli, and for 1816, the price implied by the price of coal in Beijing given by
Timkovski.72 From 1900 onwards, the cost of energy was based on the price of coal
balls. One of the striking features of this scattered information is that it gives a
fairly constant price for energy. In view of that constancy, the values for the missing
years were interpolated.

68 Feuerwerker, ‘Handicraft’, p. 344.
69 Pomeranz, Great divergence, p. 319, decided that a cloth of 16 chi in length cost 0.4 taels. According to

Li, Agricultural development, p. xvii, a bolt of 20 chi had 3.63 square yards. Hence, the price of cloth was 0.5 taels
per bolt.

70 Pomeranz, Great divergence, p. 323.
71 See Korthals Altes, ‘Prices’, for cloth prices in Java.
72 Timkovski, Voyage, p. 200.

LIVING STANDARDS IN CHINA 37

© Economic History Society 2010 Economic History Review, 64, S1 (2011)



Since no Chinese alcohol prices were available, the present study used the
Japanese data, which show that one litre of sake equalled 1.31 kg of rice.73 This
ratio is applied to Beijing and Canton, assuming that the technology for processing
rice wine was similar in China and Japan.

Table A2. Caloric and protein contents

Unit
(metric)

Calories
per unit

Grams of protein
per unit

Bread kg 2,450 100
Beans/peas (Europe) litre 1,125 71
Beans (Asia) kg 3,383 213
Meat kg 2,500 200
Butter kg 7,268 7
Cheese kg 3,750 214
Eggs pieces 79 6.25
Beer litre 426 3
Soy beans kg 4,460 365
Rice kg 3,620 75
Wheat flour kg 3,390 137
Barley kg 3,450 105
Millet kg 3,780 110
Buckwheat kg 3,430 133
Corn flour kg 3,610 69
Fresh fish kg 1,301 192
Edible oil litre 8,840 1
Alcohol (20°) litre 1,340 5

Sources: The caloric and protein content are based on Allen, ‘Great divergence’, p. 421, for bread, beans/peas consumed in
Europe (fresh with pods, measured in litres), meat, butter, cheese, eggs, and beer. For other items, we relied on US Department
of Agriculture (USDA) National Nutrient Database for Standard Reference [http://www.nal.usda.gov/fnic/foodcomp/search/]
[accessed 11 Jan. 2010].

73 On the basis of sake and glutinous rice price data in Osaka in the period in 1824–54 reported in Bunko, ed.,
Kinsei Nihon, tab. 8, pp. 113–17.
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This article mobilizes and integrates both existing and new time series data on real wages,
physical heights and age-heaping to examine the long-term trend of living standards and
human capital for China during the eighteenth to twentieth centuries. Our findings confirm
the existence of a substantial gap in living standards between China and North-western
Europe in the eighteenth and nineteenth centuries. They also reveal a sustained decline
in living standards and human capital at least in South China from the mid-nineteenth cen-
tury followed by a recovery in the early twentieth century. However, comparative exami-
nation of age-heaping data shows that the level of Chinese human capital was relatively
high by world standard during this period. We make a preliminary exploration of the his-
torical implication of our findings.
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1. Introduction

One prominent feature that underpins the phenomenal catch-up of East Asia from very low levels of per capita incomes
after World War II is the rapid accumulation of physical and human capital. Godo and Hayami (2002) compiled data on aver-
age years of schooling to show that the Japanese catch-up in average years of schooling preceded that of per capita income
relative to the US in the pre-War period. Unfortunately, works with such a long-term perspective are relatively scarce given
the paucity of systematic and comparable data, especially for China.1 Similarly, despite the voluminous literature on China’s
long and tumultuous nineteenth century, which saw social and economic dislocation from the onslaught of Western imperial-
ism and the devastating domestic rebellions, quantitative indications of a systematic kind are sorely lacking for long-term trend
in welfare and living standards.

Our paper represents the first attempt to construct a more comprehensive profile of the evolution of Chinese living stan-
dards and human capital in the nineteenth and twentieth centuries based on the integration of large-sample based real wage
and anthropometric evidences. Our data series confirm a general decline in living standards and human capital after the mid-
nineteenth century followed by a recovery only at the turn of the century. Our real wage data also reveal Chinese living stan-
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dards were probably closer to the relatively backward parts of Europe but lower than North-western Europe in the eigh-
teenth and nineteenth centuries. So contrary to recent revisionism (Pomeranz, 2000; Lee and Wang, 1999), our studies con-
firm the traditional view that the divergence in living standards and per capita incomes between Europe and China already
existed before the industrial revolution and only widened from the nineteenth century and afterward. However, in contrast
to the findings based on real wages and heights, our age-heaping index – a measure of Chinese numerical abilities – reveals a
relatively high level of Chinese human capital, which was closer to that of North-western Europe for eighteenth and nine-
teenth centuries than countries with a comparable low level of living standards.

We explore the historical implication of this intriguing combination of relatively low living standards but high human
capital in China at the time. The concluding section makes some preliminary discussion on the unique institutional features
in traditional China, such as the Civil-Service Examination, a unified character-based language and a precocious government
bureaucracy, as factors that contributed to relatively higher level of literacy and numeracy without necessarily generating
sustained economic growth to support a higher living standard in the early modern era. We posit that this large reservoir
of human capital in early modern China and East Asia formed important strategic factors to underpin the region’s rapid eco-
nomic catch-up in the modern era once the institutional and ideological changes were accomplished.

The rest of the paper is divided into three sections to discuss the findings derived from real wage, heights and age-heap-
ing, followed by a concluding section.
2. Real wages

In the debate on the comparative standard of living of Asians and Europeans on the eve of the Industrial Revolution, a
recent wave of revisionist scholarship has claimed Asian living standards were on a par with those of Europe in the eigh-
teenth century. However, the evidence brought to this debate is fragile, using indirect comparison of scattered output, con-
sumption or demographic data. This contrasts with our knowledge of real incomes in Europe where scholars since the mid-
nineteenth century have been compiling databases of wages and prices for European cities from the late Middle Ages into the
nineteenth century when official statistics begin.2

The ideal measure for comparison would be per capita GDP, which has the advantage of being the most acceptable mea-
sure of the overall economy and productive capacity, despite the long-held caveats that it was not able to capture non-mar-
ket income often crucially important for developing economies, and distributional dimensions. Unfortunately, there are no
meaningful GDP series for China before the twentieth century.3 The influential estimates by Maddison are largely guess-work
based on backward projection from twentieth century estimates. While highly questionable, they might still be useful as a guide
for rough comparisons across benchmark years, but they give little indication of fluctuations between the benchmarks.

Recent studies by Allen et al. (2007, 2009) represent the most ambitious attempt to use real wages to fill this gap for China
in the eighteenth and nineteenth centuries. The wage series in these studies are constructed from data obtained from Chi-
nese imperial ministry records, merchant account books and local gazetteers, which have been deflated using appropriate
cost of living indices reconstructed from consumption baskets. The Allen et al. paper concentrates on the wage histories
of Canton (south China), Beijing (north China), and Suzhou and Shanghai in the lower Yangzi (east China), because they
are comparable to the large cities in Europe and Japan for which we have similar information.

While the Allen et al. study is the most comprehensive so far in terms of data coverage and methodology, their compar-
ison concentrates only on the real wage of urban unskilled workers in major cities of Europe and China. This raises questions
of the representativeness and comparability of their findings.4 Despite these qualifications, which were extensively discussed
in the Allen et al. paper, we have reason to believe their finding represent a better approximation of the relative levels of real
income at the two ends of Eurasia for the eighteenth and nineteenth centuries than any available alternative estimates. Clearly,
future research is needed to produce more definitive findings in this area. Fig. 1 reproduces one of their real wage comparisons,
which paint a less optimistic picture of Chinese or Asian performance than the revisionists suggest.

Fig. 1 confirms the traditional view that the divergence in living standards between major urban centers of China and
those of the Netherlands and England was already present in the eighteenth century. The standard of living of workers in
London and Amsterdam was much higher than that of workers in Beijing or Suzhou in the eighteenth century. But a major
surprise is that unskilled laborers in major cities of China – poor as they maybe – had roughly the same standard of living as
their counterparts in central and southern Europe, the Ottoman Empire, India, and Japan for the larger part of the eighteenth
century.5

Secondly, from the mid-nineteenth century, real wages in the industrial core of Western Europe such as Leipzig began to
overtake those of China. In contrast, Milan remained at a similarly low level as China during this period. By the twentieth
century, enough progress had occurred in even the backward parts of Europe (as shown in Milan) and Japan that their stan-
2 See Allen et al. (2007) and (2009) for a review of the data issues and Ma (2004) for a general review of the revisionist scholarship.
3 See Fukao et al. (2007) for a review of GDP data in East Asia.
4 One obvious question is the representativeness of the largest and fastest growing cities in Europe. Allen (2001) has shown that in smaller English cities such

as Oxford, real wages were much lower than those in London, but they were still higher than in China (also see Bassino and Ma, 2005).
5 See Allen et al. (2009), Fig. 6 for other Asian cities. As their paper finds no major differences in levels of real wages among the three cities of Beijing, Canton

and Suzhou/Shanghai, the real wage series for Canton is omitted in Fig. 1.
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dards of living were beginning to creep above those in China, while London increased the lead over Beijing. This is what we
term as the second divergence in the modern era.

Thirdly, and most relevant for our perspective, is the trend in the real wage series for Beijing (Fig. 1). This series is com-
posed of three series linked together: the first one for the eighteenth century based on the average of large number of scat-
tered wage information; the second series based on Sidney Gamble (1943), which runs from 1807 to 1903, and the third
series is for 1900–1925 from Meng and Gamble (1926). Among these series, the Gamble (1943) series most importantly
spans the entire nineteenth century. As seen in Fig. 1, it points to a clear and sharp drop in real wages during the mid-nine-
teenth century, a period known for the severe economic dislocation caused by Taiping Rebellion that devastated large
swathes of southern and eastern China.
3. Heights

Historical data on heights have long been an important complementary measure of living standard (Fogel, 1994; Komlos,
1994; Steckel, 1995, 2009; Komlos and Baten, 1998; Komlos and Cuff, 1998). While heights do not measure the purchasing
power aspect of living standard, they are better at capturing the ‘biological’ component of welfare such as health, life expec-
tancy and the quality of nutrition. Compared with GDP, height is particularly sensitive to the economic inequalities and the
welfare development of the lower income strata, which corresponds more closely to the groups of unskilled workers in the
real wage study.6

Care needs to be taken about interpretation of heights in international comparison due to differences in intergenerational
height transmission and nutritional habits, which might not be directly related to economic scarcities, at least in the short
run. For example, the Dutch and Scandinavians today still consume far more milk than Southern Italians and Japanese, pos-
sibly a legacy of economic scarcity of the past.7 Even within China, there exist regional differences with Northerners far taller
than people in the South. Nonetheless, with rapidly changing nutritional and economic conditions, there has been a narrowing
of regional differences in heights as well as a convergence of Chinese heights to the European and North American level more
recently.8

For this research, we mobilize several large data sets of heights of Chinese who migrated from South China to the United
States, Australia and Indonesia during the nineteenth and twentieth centuries, or who worked in modern organisations in
6 Height is closely correlated with income; the poorer strata of a population on average are shorter than those in the better off strata. In a low income
economy, an increase in income will raise average height, other things being equal. Average height will also increase if income distribution improves such that
the lower income strata are better able to acquire the inputs necessary for human growth. Conversely, where inequality worsens average height might decline
even in the presence of increasing GDP. See Steckel (1995).

7 Lactose intolerance, the inability to drink milk without diarrhoea, may have played a limited role in genetically predisposing some populations to shorter
stature. East Asians, Native Americans and some African people suffer from lactose intolerance (see Mace et al., 2003).

8 In the early twentieth century the difference between north and south China was in the order of 6 cm, compared with about 3 cm in 2000 for populations of
roughly the same socioeconomic status (Morgan, 2009, Table 7). Also, contemporary educated young male adults in Beijing are not much shorter than white
American males. The average height of the birth cohort of 1978–81 in urban Northern China was 173.0 cm (ranged from 171.2 to 175.8 cm) for the pooled ages
age 19–22 years, which is only 2.2 cm shorter than the United States average in the 1980s (175.8 cm); Beijing urban males were 175.5 cm on average (China,
Ministry of Education, 2002). Large-scale anthropometric surveys of children 7–22 years have been conducted in China since the late 1970s about every five
years. Analysis of the 1979–1995 surveys and survey methodologies is reported in Morgan (2000).
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China. We believe that the reported height trend and – with certain qualifications – their levels during the nineteenth–twen-
tieth century is likely to be a robust long-term indicator for nutritional quality and ceteris paribus the living standards at least
for the Southern Chinese. Below we explain our data sets in six different categories.

(1) Immigrants to Indonesia: Baten and Hira (2008) made use of a large data set of Chinese migrants to Indonesia originally
measured by the anthropologist Bernhard Hagen in the 1880s. Most of the observations were made in 1885 and 1886,
with some perhaps in 1887.9 The occupations of the Chinese were described as ‘‘mainly agricultural.” Fortunately, Hagen
reported the ages so that the approximate birth years can be calculated. Overall, Hagen measured no less than 15,722
Chinese males who had migrated to Indonesia. Our data set made use of 12,678 subjects, aged from 23 to 50 years.
We discarded all those above 50 and below 23 years of age to exclude the effects of residual growth in our data set.
We also collected a much smaller data set of migrants to Suriname (159 cases) for the birth cohort of 1830–1834 to
1845–1849. As explained later, they reveal similar height features to migrants to Indonesia.

(2) Prisoners in the United States: Carson (2006) collected a sample of 1472 Chinese male immigrant workers who were
incarcerated in the United States mostly for petty crimes.

(3) Prisoners in Australia: Morgan (2009) compiled a data set of 1492 Chinese imprisoned in Australia between the 1850s
and 1920s, who were from South China and who were mostly born between the 1810s and 1880s. Many arrived dur-
ing the ‘‘Gold Rush” period of the 1850s. When the alluvial gold petered out, those who remained in Australia mostly
turned to rural occupations and were generally in a lower socioeconomic group than Chinese migrants who arrived
from the 1880s.

(4) Migrants to Australia: In the later decades of the nineteenth century another wave of Chinese migrants, also mainly
from South China, arrived in Australia. Somewhat different from the prisoners’ sample, they included many small mer-
chants, market gardeners and tradesmen who went to destinations such as Melbourne and Sydney (Morgan, 2006a).
Those who settled in northern Australia, such as Queensland or the Northern Territory, were engaged in mining and
agriculture and they were more typical of the earlier gold-rush period migrants; they were also shorter than those
residing in Melbourne or Sydney. The current dataset numbers 3692 subjects.10

(5) Migrants to the US: From the National Archives and Records Administration (NARA) archive of the Pacific Region, we
obtained a small data set of heights (N = 360) from the ship lists of Chinese migrants to the US or returning to China.
Moreover, this archive also holds the National Archives microfilm publications of passenger manifests for ships arriv-
ing at San Francisco, 1893–1957. The manifests list the height and age of each passenger from 1907 to 1948, and the
same is true for most of the immigration files.

(6) Employees of Government Organisations in China: The last data set discussed comes from government enterprises and
agencies, who measured their employees in the 1930s and 1940s as part of a medical examination system. Most of
them were born between the 1890s and the 1920s, with some teenagers from the early 1930s (Morgan, 2004). The
largest group was railway workers, but there were also employees of government, financial or other institutions.

The region of birth is relatively homogenous: the south, and the province Guangdong in particular.11 Only in the case of
the government employees (sample 6) was the regional spread larger, but we took care to extract a regionally homogenous ser-
ies – unskilled railway workers from South China. We can therefore assume that the estimates approximate trends in Southern
China.

Fig. 2 gives a plot of the trend level of different time series of Chinese heights as described in the sample. Two features
stand out. Firstly, the shortest Chinese were those who went to Indonesia as contract worker as well as those that went to
Suriname.12 The heights of prisoners in both Australia and the United States were the second shortest. Clearly, among the tallest
are the migrants to the US and Australia. Interestingly, migrants to the Australian Northern territory were shorter than those
that resided in Melbourne and Queensland. Finally, the railroad employee data set for South China had relatively high values.

We believe the observed differences in our samples seem a reasonable reflection of the selectivity biases among the mi-
grants who comprise the samples used here. It is likely that those who went to more attractive locations had to incur higher
costs of migration and thus might have been slightly positively selected. This might have been the case for Chinese migrants
to the United States and Australia, many of whom funded their passage through debts securitised against property or other
family assets (summarized in Morgan, 2009). Those in Northern Territory, who were the shortest of the later migrants to
Australia, are a case in point: they could reach Port Darwin more cheaply via Singapore than the eastern seaboard cities
of Melbourne or Sydney, and they were mostly engaged in mining or remote area agriculture rather than in urban commer-
9 Murray (1994) found a citation to the study in another anthropological study of the 1920s, and we were able to locate the original text (in German) at the
University Library Hamburg.

10 The data are from the National Archives of Australia (NAA) series B13/0, B78/1, J2482, and E752/0, which comprise ‘Certificate Exempting from Dictation
Test’ (CEDT) and a ‘Statutory Declaration’ for Chinese resident in Australia after 1901 who wish to leave Australia and return. Detailed description of these series
can be obtained from the NAA online search facility at www.naa.gov.au and the use of the Australian immigration records for anthropometric research is
discussed in Morgan (2006b).

11 All measured Chinese immigrants were reported to have come from the South (usually Canton) or simply ‘‘China”. Our statistical t-test reveals that the
differences in mean heights for migrants identified as Canton or another place in South China and ‘‘China” groups as indistinguishable at the 1 per cent level. For
the predominance of Guangdong and Fujian origin of overseas Chinese migrants in the nineteenth century, see Ge et al. (1999), pp. 191–201.

12 The Surinam sample not shown in the figure confirms a similar height levels with a clear downward trend from the 1840s, see Baten and Hira (2008).

http://www.naa.gov.au
xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度

xiangbaobao
高亮度



158

159

160

161

162

163

164

165

166

167

168

18
10

18
20

18
30

18
40

18
50

18
60

18
70

18
80

18
90

19
00

19
10

19
20

H
ei

gh
t i

n 
cm

Mig to ID Pris US Pris AU Mig AU-Nth Terr.

Mig US Mig AU-Qld Sth unskilled rlwy Mig AU-Melb./Vic.

Fig. 2. Trends of Chinese height samples by Birth Cohort. Source: See text. Notes: Mig to ID, Migrants to Indonesia; Pris US, Chinese prisoners in the United
States; Pris AU, Chinese Prisoners in Australia; Mig US, Migrants to the United States; Sth unskilled rlwy, unskilled railway workers from south China; Mig
AU-Nth Terr, Migrants to Australia’s Northern Territory; Mig AU-Melb./Vic., Migrants to Melbourne/Victoria; Mig AU-Qld, Migrants to Queensland; The
reported height of the Chinese to Australia for both prisoners and migrants were adjusted for age-related shrinkage as explained in Morgan (2009).

J. Baten et al. / Explorations in Economic History 47 (2010) 347–359 351
cial activities. Finally, the relatively high value of the unskilled railroad workers in South China can be explained by the fact
that these government employees were often regarded as a kind of elite workers with literacy level higher than the average
working population (Morgan, 2004).

Secondly, despite this heterogeneity, we can discern clearly a broad common trend among these different series. While
the height trend seems to have been stable up until the 1830–1840s, all series started to decline from the mid-nineteenth
century, which coincided with the devastating Taiping rebellion. Moreover, an unexpected finding is that most of the series,
following what seems like a stagnation – at best a mild recovery – in heights during the 1860s and 1870s, revert back into a
fairly substantial and sustained decline all the way into the 1880s and even 1890s. This decline seems to have bottomed out
towards the turn of the last century with a rebound and recovery in the first two decades of the twentieth century. The co-
movement of these series is remarkably consistent.

We believe that systematic selection biases in any one direction are less likely as our data sets consist of large numbers of
South Chinese migrants who went to different locations in both developed and developing regions with varying entry dates
and measured by different authorities.13 We also make a cross-check against the only independent height series for non-over-
seas migrant available during the nineteenth century: Chinese residents (largely of Cantonese and Fujianese origin) in Taiwan
still under Qing rule (Olds, 2003). Measured by Japanese colonial authority in the early twentieth century, the height trend for
male and female reveal nearly identical patterns of decline from the mid-nineteenth century, followed by stagnation during the
1860s and 1870s, and a renewed and sustained decline in the 1880s and 1890s.14

In Fig. 3, we summarize these disparate sample series into a single continuous but notional series that we believe is rep-
resentative of the height trend of the lower and working class Southern Chinese male in 1810–1920, but with sufficient hu-
man capital and wealth to move to Australia. The series splices together the Australia prisoner series for 1810–1840 with the
migrant series estimated for migrants in the Northern Territory, whose occupation backgrounds is similar to the prisoners,
and the gap 1840–1850 is filled by simple linear interpolation.15 We also plot this trend line against other height series for
international comparison. These series were adult males of broadly comparable social class to our Southern Chinese series
and regionally representative for their country population as a whole (see Baten, 2006).

Fig. 3 clearly indicates that the northern Europeans (Netherlands) were taller and became even taller after the mid-cen-
tury. The southern Europeans (Italy) were shorter than the Chinese with little upward movement in stature until the 1860s,
after which their heights began to rise above the Southern Chinese. Fig. 3 thus confirms the so-called second divergence
where both Dutch and Italian heights starting an upward trend from the mid-nineteenth century following rapid industri-
alization, while Chinese height stagnated or declined thereafter.16
13 See Fig. 8 in Morgan, 2006a for the year of arrival for some of Chinese immigrants in Australia.
14 See Olds (2003), Figs. 2 and 3, which are partly reproduced in Fig. 3 in this article.
15 The original series were estimated in decadal units. Linear interpolation between the decal mid-points have been used to create a five-year series.
16 We can place our Southern Chinese height data in a larger sample of the heights in all European countries. An appendix to Baten (2006) presents the height

estimates for all European countries with 500,000 and more inhabitants for the birth cohorts 1850, 1890, and 1920 (available from: http://www.wiwi.uni-
tuebingen.de/cms/fileadmin/Uploads/Schulung/Schulung5/Paper/eurohgt.pdf accessed May 7th, 2009). In 1850, the Southern Chinese height of around 164 cm,
is shorter than the average height of 168–169 cm in those European countries with tall inhabitants (Scandinavia, Ireland, some parts of later Yugoslavia) but
surpasses the 160–162 cm average attained in those countries with short populations (Portugal, Spain, Italy). Overall, seven out of 36 countries or about one
fifth of European countries had lower heights than those of Southern China. By 1890, however, all European populations except Portugal were taller than
Southern China, and by 1920, Southern China stood at the bottom of the European height distribution.

http://www.wiwi.uni-tuebingen.de/cms/fileadmin/Uploads/Schulung/Schulung5/Paper/eurohgt.pdf
http://www.wiwi.uni-tuebingen.de/cms/fileadmin/Uploads/Schulung/Schulung5/Paper/eurohgt.pdf
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Perhaps more interesting is that the Southern Chinese seemed to perform poorly in the East Asian context. As shown in
the data, although the Japanese started as unusually short, they managed to grow at a rate of about 1.0 cm a decade from the
late nineteenth century. More strikingly, heights of Chinese in Taiwan (largely of South China origin) are almost non-distin-
guishable both in trend and level during the nineteenth century but grew rapidly from the early decades of Japanese colo-
nialism from the beginning of the twentieth century (Olds, 2003; Morgan and Liu, 2007). Overall, we see a case of China
lagging behind the better performers during the nineteenth–twentieth centuries.17
4. Age-Heaping

Recently, new research based on the use of age-heaping measurement has made it possible to quantify numeracy in com-
parative and long-term perspectives. This line of research was pioneered by Mokyr (1983) in the modern economic history
context, and by Duncan-Jones (1990) for the study of ancient economies (after some earlier demographic studies, see Bachi,
1951). But recently, Crayen and Baten (forthcoming-a,b) have compiled large international data sets that allow global com-
parisons. The age-heaping strategy is based on the tendency of poorly educated people in the past to round their age. For
example, when asked their age they answer more often ‘‘40”, when their actual age may in fact be 39 or 41 years. Conversely,
better educated people are more likely to report their exact age. The age-heaping index (also called a Whipple index) is a
measure of the concentration or degree of age-heaping between 23 and 62 years inclusive and is represented as follows:
17 The
in a lar
WI ¼ 5 � number of ages ending in a 0 or a 5
number of all ages

� 100 ð1Þ
Therefore, an index equal to 100 indicates the absence of age-heaping and magnitude of the index being above 100 indi-
cates the degree of age-heaping.

A wide range of research has confirmed a strong relationship between illiteracy and age-heaping especially for Less
Developed Countries (LDCs) after 1950. For example, a correlation coefficient of 0.63 has been found for a sample of about
270,000 individuals, organized by 416 regions, ranging from Latin America to Oceania. The data from the PISA (Programme
for International Student Assessment) results for numerical skills yielded an even higher correlation coefficient (A’Hearn
et al., 2009, Appendix). This correlation has also been confirmed for the nineteenth century data (A’Hearn et al., 2009; Crayen
and Baten, forthcoming-b). Age-heaping index reflects numerical skills even more than literacy skills, which could be more
important for technical, commercial and craftsmen activities than literacy.

The appeal of age-heaping methods is the ready availability of age-information for countries such as China where system-
atic sources of historical numeracy or literacy information are largely absent. Before we present our findings, it is important
to clarify some specific issues related to the use of age-heaping measures in the context of traditional China. We perform a
test to examine the linkage between literacy and numeracy using an exceptional sample of Chinese migrants in the US,
unusually short level of Japanese heights in the nineteenth and twentieth centuries has been much noted and may be associated with a lack of protein
gely vegetarian diet until quite recently. Here our comparative analysis focuses on its trend, which is unequivocally from the 1880s.
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which provide not only age-information but also literacy (which includes both Chinese as well as English reading and writing
skills) and occupational categories. This is a data set of 2435 Chinese males in the United States, 220 of whom were US born.
The data, extracted from the Individual Public Use Microdata Set (IPUMS) data set of 1850–1910, are a representative sample
based on the US censuses (Ruggles et al., 2004). We exclude the females (their number was too small for reliable analysis)
before calculating age-heaping for those of the birth decades of the 1830s–1880s.

For our purpose, we use the standard occupational classification used by the US Census to create nine categories for the
2435 Chinese males between 23 and 72. The occupations ranged from income level of 600 dollars per year in 1950 prices
(group 1) to between 1500 and 2000 (group 5), and to more than 2500 (group 9). The distribution of incomes was not linear,
and some occupations accounted for a large share of the Chinese population, so we took care that sufficient numbers of
observations fell in each group.

Fig. 4 reveals a high negative relationship (with a correlation coefficient of �0.8) between literacy rates and Whipple In-
dex for these nine occupation categories.18 More interestingly, this correlation seems actually tighter than the correspondence
between income categories and literacy rates. While the higher income groups 7 and 9 had the highest literacy rates, and the
poorest group 1 has the lowest rate, occupation categories 4 (mainly launderers) and 8 (mainly miners) or group 2 (domestic
servants) in fact have similar levels of literacy rates. Thus, we are reasonably assured that age-heaping index is good predicator
for literacy rates and human capital in China.19

Below we describe six different data sets for our age-heaping series:

(1) The Qing archives of the Imperial Board of Punishment contain a record of criminal cases of Chinese farmers and peas-
ants involved in various property crimes, rental conflicts, usury or domestic conflicts during the late seventeenth and
eighteenth centuries. The court files as published covered a large number of Chinese regions. Overall, we have 602
reported ages between 23 and 72, which allows some point estimates for the late seventeenth and early eighteenth
century.20

(2) The data file for immigrants to Indonesia is the same as those for the height series.
(3) We collected a smaller data set of 193 Beijing Chinese soldiers born in mid-nineteenth century. Although a small sam-

ple, these data are particularly valuable as other nineteenth century data consisted mostly of overseas migrants. The
sources are from the Qing archive and consisted of soldier lists from the Chinese army (partially Manchu), which were
taken by Chinese officers between 1902 and 1911.21
18 Without using the classification of occupational categories, we can also confirm this negative relationship with a logit regression, which regresses a dummy
variable of people who reported their ages in the multiples of 0s and 5s on a dummy variable of literacy. Our result shows that people who reported ages in 0s
and 5s are 3% less likely to be literate than those who did not, which is statistically significant at 10% level. The small marginal effects (3%) are expected given
that this is a fairly literate sample and that not all people who reported their ages in round numbers are illiterate.

19 We also checked whether the Chinese use of animal cycles for their birth years may lead to age-heaping of a different sort rather than on multiples of 5s or
0s. We checked the age-heaping around the dragon year of birth – the most popular and auspicious animal sign for a birth year – for Chinese migrants to the US
and found they were far less marked than heaping on multiples of 5s.

20 The censorial section of the board of punishment (Xingke tiben) is an important archival source for a number of reasons, not only the age statements. The
memorial documents contain information on land prices, land rents, interest rates (‘usury’), among other personal and household data, covering all Chinese
administrative regions. A small part of these memorials, especially from the Qianlong period (1735–95) have been published (Historical Archive No. 1 1981).
Allen et al. 2007 also made use of wage information from these sources. Ages we used in those sources only include self-reported ones by ‘‘criminals” still living
at the time.

21 The No. 1 Historical Archive, Beijing, Shuntian Fu archive, microfilm reel No. 254. We thank Hans-Ulrich Vogel for helping with the access to this valuable
source.
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(4) Two data series for Chinese immigrants to Australia are used to estimate age-heaping. The first is the same as the
height series discussed above for migrants to Melbourne, Brisbane and Darwin. The second series is a recently com-
piled dataset of 8209 Southern Chinese immigrants who lived in Sydney, or elsewhere in the state of New South Wales
in Australia, from the ST84/1 series at the NAA, Sydney Office. This series has only been used to estimate age-heaping
and is independent of the first series used to report heights.22

(5) The data set of 2435 Chinese males in the United States as described earlier.
(6) We use the first Chinese nationwide census undertaken in 1953 to calculate Whipple Index for those born in the 1900s

and 1910s, in order to complement the eighteenth and nineteenth century data with an endpoint in the early twen-
tieth century.

Fig. 5 plots the Whipple indices of the different data series.23 The late seventeenth and early eighteenth century data from
the Board of Punishment files reveal a rather modest level of age-heaping of about 110. It is important to note that most Euro-
pean countries reached such a low level not before the late eighteenth century, whereas the early eighteenth century levels of
France and Germany were much higher (in the range of 160–220).24 We do not have data for the period between the early eigh-
teenth century and the 1820s. But for series starting from the 1820s, the picture that emerged in Fig. 5 is that for almost all
series of age-heaping indices as organized by birth-decades rose and peaked around the 1840s, with that of the US migrants
rising to as high as 170–190.25 A similar spike in age-heaping is also confirmed for the Beijing soldiers in the period 1840–
60, with a value at 150. But from the 1860s (birth cohorts) onward, Fig. 5 reveals a huge improvement in age-heaping almost
22 The Sydney ST84/1 series only contains the CEDT (also known as a Form 21) and does not include the Statutory Declaration (Form 22), which shows data
related to occupations, residences, and other information useful for analysing height trend.

23 For calculating age-heaping, we aggregate all age statements into the age groups such as 23–32, 33–42, and 53–62, and denote those born mostly in the
1850s as ‘‘1850” in the graph (even if this sometimes refers to those born actually 1847–56). This methodology is common in the age-heaping literature to
ensure that age-heaping is estimated more conservatively than the obvious alternative to estimate age brackets 20–29, 30–39, 50–59 and so on. The problem
with the alternative method is a strong age-heaping on, for example, age 50, in societies with low life expectancies leaving fewer survivors past age 53.
Similarly, there will be more survivors at age 55 rather than age 59. Thus, taking age brackets 23–32 etc. places the most strongly preferred age 30 and 25 to the
middle of the distribution, hence minimizing this bias.

24 We also located a very small data set of about 50 seamen who found shelter in Japan during a storm. Their Whipple Index turned out to be as high as 213.
The sample size is too small to be meaningfully included here. But it is plausible that levels of literacy and numeracy were very low among the class of seamen
or pirates who were usually social outcasts barred, for example, from taking part in the Civil-Service Examination system, see Wakeman (1997), chapter 1. Data
on Chinese seamen are from Ry�uky�u ōkoku hyōjōsho monjo hensh�u iinkai (1988).

25 For the US migrant sample, average age by birth decade is relatively constant at 30–36 (except for the middle cohort of those born in the 1860s, with an
average age of 41), so we believe that our result is not biased by possible differences in the age composition of the various samples.
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across all the data series.26 By the early twentieth century, age-heaping seems to have largely disappeared based on the National
census data of the 1950s.27

Fig. 6 organizes the various age-heaping measures for China into one single notional series to cast it in international con-
text. Taking an average of the Chinese age-heaping values reported above yields values around 160 during the 1820s, rising
to 170 during the mid-century crisis period, and declining afterwards until full age numeracy is reached among the birth
cohort of the 1890s (with a Whipple Index of 100). Despite the mid-nineteenth century surge, the Chinese degree of age
numeracy thus measured were impressive by international comparison, being among the highest in the world along with
Western and Eastern Europe in the nineteenth century (see Crayen and Baten, forthcoming-b). In fact, we could make a gen-
eral case for East Asia. The earliest source on Japanese age-heaping in 1879 (published 1882 for the region which is now
Yamanashi) that could be located so far did not show any age-heaping for the birth cohorts of the early nineteenth century,
nor did the Taiwan list from 1905, taken by the Japanese colonial government.28 Fig. 6 shows that while UK and France were
achieving better values already in the early nineteenth century, Poland, Russia (European part) and Ireland were actually doing
worse than China, with India or Turkey (with per capita income possibly comparable to that of China) faring far worse.

The anthropometric, age-heaping, and real wage evidences presented in this article now allow us to piece together a
quantitative profile of Chinese welfare and human capital for the eighteenth to twentieth centuries when historical evi-
dences presented so far have been descriptive, indirect and scattered. Our findings confirm and revise traditional historiog-
raphy as well as reveal new insights.

Firstly, our study quantitatively confirms the large and sustained decline in living standards and human capital during the
mid-nineteenth century, an era of political and economic crises brought by the Opium War and the devastating Taiping
Rebellion. The Taiping rebels originated in the southern province of Guangxi in 1850 and spread north into east China
and beyond. By the time of their military defeat in 1864, the entire rebellion and its suppression led to a halving of the pop-
ulation of the lower Yangzi provinces of Jiangsu and Zhejiang and possibly 30 million deaths nationwide. For Guangdong
province and the city of Canton, the rebellion of Red Turbans associated with Taiping movement caused large-scale destruc-
26 Although not sufficient in numbers, we also calculated the level of United States born Chinese for the 1870s and 1880s. Interestingly, their age-heaping is
not lower than those Chinese born, but rather higher, with values of 167 of those born in the 1870s, and 136 in the 1880s.

27 We also calculated Whipple Index for the data series of the railway and other modern organisations for the early twentieth century and also confirmed that
there was no age-heaping. This is not surprising given that the average literacy level for the Chinese national railways was about 70%, and 100% for the
professional staff. More importantly, these data also recorded birth dates and years, making the calculation of age-heaping index highly problematic.

28 We thank Osamu Saito for providing those lists on Japan and Taiwan.



356 J. Baten et al. / Explorations in Economic History 47 (2010) 347–359
tion of lives and properties during the mid-1850s (Spence, 1999; Wakeman, 1966). Our data reveals the severe negative im-
pact of mid-nineteenth century crisis on the 1840s Chinese birth cohort’s capacity to acquire numerical and literacy skills
possibly due to malnutrition and breakdown of social order and traditional school system during their formative decades
of the 1850s and 1860s. Such an experience is not peculiar to China as witnessed by the surge in age-heaping among the
Irish inflicted by the famine crisis of the 1840s and also for Spain on a milder scale (Manzel, 2008).

Secondly, the different patterns of the three data series as revealed in our study contribute new historical insights. Among
the three series, real wage and age-heaping indices bounced back from the 1860s, but the fall in height trend seems to have
sustained throughout the latter half of the nineteenth century. The rapid recovery of the first two series seems to confirm the
traditional historiography that emphasized the relative success of the so-called 1862–1874 Tong-Zhi restoration in returning
the post-Taiping China to peace and normalcy (Wright, 1962). A hallmark of the Restoration was the rejuvenation of tradi-
tional governmental bureaucracy as severely compromised by the massive sale of official titles in the war era for revenue
purpose and reinstatement of the millennium-old national Civil-Service Examination system as suspended during the
War era (Wright, 1962, chapter 5). It is likely that these policies have restructured incentives for human capital accumulation
and contributed to the drastic improvement in age-heaping indices.

The somewhat surprising finding of a sustained decline in heights into the 1880s and 1890s seems to stand in contrast to
the rapid recovery of age-heaping (and the real wage series) in the post-Taiping Rebellion era. While it is plausible this de-
cline may be more region-specific to South China (including Taiwan) with Canton losing her eminent trading port status to
Shanghai or other treaty ports in the post-Opium War era, we believe that our empirical finding merits serious future aca-
demic research, which may well lead to a more pessimistic profile of living standards during the latter half of the nineteenth
century. 29 In fact, despite the high-profile attempts to modernize her military and other limited industrial sectors, the general
outlook and policy of Qing under the so-called late-nineteenth century self-strengthening movement remained conservative,
especially in contrast to contemporaneous Meiji Japan. Not only did they resist any fundamental institutional reform, but also
obstructed the construction of modern infrastructures such as railroads. Modern public infrastructures constructed mostly after
the beginning of the twentieth century, as emphasized recently by Ge et al. (1999), would have allowed effective relief efforts to
avert the kind of massive human and material losses incurred by disaster and famine in the latter half of the nineteenth cen-
tury.30 In this context, the recovery in heights from the beginning of the twentieth century – an era marked by the imminent
dynastic collapse and national disintegration – does not come as total surprise. Recent scholarship has emphatically shown that
the first three decades of the twentieth century – despite the political and civil strife – were marked by the onset of a region-
based spurt of industrialization and modernization (Rawski, 1989; Ma, 2008).
5. Conclusion: towards an integrated narrative of living standards and human capital

By placing our new time series data in an international context, our article reveals a rather intriguing combination of rel-
atively low living standards with high human capital in traditional China. While our finding of a relatively low standard of
living counters the argument of recent revisionism, the case for a relatively high level of human capital seems to echo other
historical studies. For example, Ronald P. Dore’s landmark study in 1965 offered a remarkably optimistic reassessment of
Japanese education in the Tokugawa period (1603–1868). The school enrolment data in 1868 led him to conclude something
like 43% literacy rate for male and 19% for girls, a remarkably high level by early modern standards (Hayami and Kito, 2004).
Other studies have also pointed to the existence of a dynamic book publishing industry and book rental market as well as
near ubiquitous presence of book-keeping and accounting practise among business and domestic households, and the wide-
spread use of farm manuals (Hayami and Kito, 2004; Smith, 1988).

Evelyn Rawski’s 1979 study in many ways echoed the Japanese assessment for the case of China. Based on admittedly
fragmentary and circumstantial evidence, Rawski put the basic literacy level of Chinese males at 30–45 percent and females
at 2–10 percent for China as a whole (Rawski, 1979, p. 22–23). According to her, both opportunities for education and school-
ing had expanded during the Ming (1368–1644) and Qing (1644–1911) period. More importantly, education went way be-
yond the elites in preparation for the prestigious civil-service examinations and spilled over to a wide spectrum of the
society to fulfill demand for commerce, local administration or even agricultural production (Rawski, 1979, chapter 1, Li,
2004). In comparison with Japan, Rawski argued that ‘‘if a stratified, status-fixed society such as Japan’s experienced this
great demand for basic skills in reading, writing, and arithmetic among townsmen and farmers (in the Tokugawa period),
a relatively open society such as China’s, where education was the key to upward social mobility, should have stimulated
a similar if not greater effective demand for literacy” (p. 5). In other studies, both Rawski (1985) and Li (2004) detailed
29 For regional differences in height trend in the first three decades of the twentieth century, see Morgan (2004)).
30 Ge et al. (1999), noted the importance of modern health facilities and public infrastructure in the early twentieth century for disaster and famine relief. For

wars and disasters occurring during the period of 1870–1890, see Cao (2001), chapters 13–15, on the prolonged Muslim rebellions in South- and North-western
parts of China and severe drought leading to famine in five provinces of Northern China in the late 1870s which claimed tens of millions of lives. Finally, cross-
national factors could be at work as well: waves of rinderpest (cattle plague) seemed to have swept across parts of Asia and Africa where we observed similar
decline in heights in the 1880s and 1890s period (Spinage, 2003). Rinderpest was enzootic to hooved animals in China’s central plains and the Mongolian
steppes. Its presence was first observed in outbreaks in Hong Kong and Shanghai in the 1860–70s, and transmitted to Japan through imported cattle with
epizootic effect, though there were earlier suspected outbreaks (Spinage, 2003; MacPherson, 1987; Kishi, 1976). A foreign medical missionary (Bliss, 1922)
described rinderpest as having a more debilitating affect on Chinese agriculture than floods and drought, primarily by depriving farmers of ox and buffalo for
ploughing fields and pumping water, which could reduce grain yield.

xiangbaobao
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the development of a thriving private and commercial publishing industry to satisfy the demand of a large reading public
forged by the homogeneity of the Chinese written character. Book publishing was highly differentiated, from scholarly ency-
clopedias, histories and philosophical treatises to morality plays, romance novels, Buddhist sutra and primers for all sorts of
trades. In addition, cities and towns ‘‘had an abundance of posted regulations, shops signs, advertisements, and other mate-
rial to read for profit and amusement” (Naquin and Rawski, 1987, pp. 58–59) and publishing was further aided by the rel-
atively low cost of paper and Chinese style of woodblock printing (Rawski, 1985). Commercial publishing in the Yangzi
region, for example, catered not only for the literate elite, but also for merchants, artisans and other non-elite readers (Li,
2001).31

Besides literacy, scholars have also presented direct historical evidence of numeracy. Li (2004), in particular, noted the
widespread diffusion of popular arithmetic textbooks, the spread of abacus, and the adoption of various special numerals
for book-keeping and accounting during the late Ming and Qing. A series of new research have now begun to utilize long-
ignored surviving account books, which meticulously recorded transactions and various summary accounts with sophisti-
cated traditional accounting techniques (Guo, 1982, 1988; Gardella, 1992, for China; Jun and Lewis, 2006, for Korea). The
important role of a lunar calendar in daily lives and in fact, the numerology and number-mysticism, for whatever its dubious
claim to prediction, predisposed Chinese thinking to a numerical framework for scientific inquiry (Ronan and Needham,
1978).

In fact, the combination of high human capital and low income level is not merely a historical phenomenon. Drawing on
the results of standardized international tests, Hanushek and Woessmann (2008) show that the average test scores of Chi-
nese students today ranked among the top end of those from OECD countries whose per capita income are several fold higher
than in China. Further research should explore the possible historical root of this relatively high level of human capital accu-
mulation, in particular its linkage with long-lasting institutions in traditional China, such as a relatively open Civil-Service
Examination, a unified written character and a precocious government bureaucracy. The rise of an independent small-hold-
ing peasantry under this institutional framework turned each household into a self-contained producing and marketing unit
in direct interaction with both the market and state (for taxation).

It is important to note that these institutional features in traditional China had been largely designed for social control
and discipline for an agrarian empire. But its unintended legacy – a relatively large reservoir of human capital in early mod-
ern China and East Asia – may have facilitated their rapid economic catch-up of in the modern era once required institutional
and ideological changes were accomplished. In fact, the lags and differential pace of economic catch-up within East Asia over
the past two centuries may well be an outcome of the differential timing of the institutional and ideological change. This
intricate relationship between human capital and institutions for China and East Asia is a confirmation of recent theoretical
and empirical insights as expounded in Glaeser et al. (2004). It serves as a fresh reminder that by focusing exclusively on the
comparison of national income per capita, we may be missing the most crucial and essential factor that accounts for both the
early modern great divergence and the recent convergence between the two ends of Eurasia.
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Why Japan, Not China, Was the First to Develop in East
Asia: Lessons from Sericulture, 1850–1937*

Debin Ma
Foundation for Advanced Studies on International Development, Tokyo,
and National Graduate Institute for Policy Studies, Tokyo

Although Japan and China are geographically and culturally close, today their
levels of economic development are worlds apart. The origin of this gap is
relatively recent. As late as the nineteenth and early twentieth centuries, Jap-
anese exports competed directly with Chinese in the international market in
such low value-added, labor-intensive products as raw silk. Between 1850
and 1930, raw silk ranked as the leading export for both countries, accounting
for 20%–40% of Japan’s total exports and 20%–30% of China’s.1

Raw silk consists of bundles of long, continuous silk threads used for
silk weaving. Its production starts with sericulture that involves the cultivation
of mulberry trees and the harvesting of the leaves to feed the silkworms that
develop into self-spun cocoons. Traditionally, cocoons were hand-reeled into
raw silk within rural households. However, by the latter part of the nineteenth
century, the spread of mechanization was steadily shifting the reeling process
to modern factories.

The performance of the Japanese raw silk exports contrasted sharply with
that of China. In 1873 China exported three times as much raw silk as Japan,
but by 1905, Japanese raw silk exports exceeded the Chinese, and in 1930,
Japanese raw silk exports tripled those of China, gaining a dominant 80%
share in the global market.2 This contrast is puzzling given that as late as the
sixteenth and seventeenth centuries, Chinese raw silk dominated the Japanese
market, and even in the mid-nineteenth century, Chinese silk enjoyed a more
favorable global reputation than that of Japan.

This article presents a comparative analysis of this dramatic contrast by
focusing on the cocoon sector that contributes between 60% and 80% in the
value added of raw silk, leaving the reeling sector to future study.3 It also
adopts a regional approach by comparing Japan with the Lower Yangzi, the
most advanced region of China. They are comparable in size, population, and
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370 Economic Development and Cultural Change

climate and are part of the wet-rice economies characterized by intensive
agriculture, high population density, and small-scale farming. The broad sim-
ilarities in initial conditions, factor endowment ratios, crop choice, and geo-
graphic environment offer us a rare case study of a relatively controlled
experiment.4

I argue that the Japanese success in silk export largely derived from the
capacity of its sericultural sector to develop appropriate technology and in-
stitutions through a creative combination of traditional technology and modern
science to overcome its resource constraints. These accord well with the so-
called induced innovation hypothesis advocated by Yujiro Hayami to explain
the overall success of Japanese agriculture for the same period.5 Thus, the
absence of the Japanese style of innovation was the cause of the stagnancy
of the Lower Yangzi sericulture.

Why did broadly similar conditions induce innovations in one place and
not the other? I argue that important physical and social infrastructure built
up after the Meiji reform in Japan but largely ignored by the Qing bureaucrats
of the conservative Self-Strengthening Movement in the Lower Yangzi during
the latter part of the nineteenth century are the key to understanding this
contrast. This article shows further that the Japanese success in turn profoundly
affected the Lower Yangzi and elicited a dynamic technological and institu-
tional response in the 1930s when a minimal set of necessary conditions was
gradually being put into place since the Meiji-inspired Late-Qing reform in
1903–11.

This article mobilizes a multitude of independent sources of information,
including the voluminous survey reports on the Chinese silk sector written
by Japanese specialists between the 1890s and the 1930s, and offers various
technical and productivity indices, including a price dual total factor produc-
tivity (TFP) index. The quantitative analysis is further supported by a careful
examination of the institutional and technological developments in the cocoon
production and distribution sectors in these two regions.

The rest of the article is divided into three sections followed by a con-
clusion. Section I presents comparative data on output, input, and prices and
estimates of partial and total factor productivities. Section II, consisting of
three parts, offers a comparative narrative of technology and commerciali-
zation and a summary of growth accounting results. Section III describes the
1930s catch-up in the Lower Yangzi.

I. Output, Prices, and Productivity
Annual Japanese cocoon output (for both domestic consumption and export)
almost quintupled from the 1890s to the 1930s to about 300,000 tons. Com-
parable data were not available for the Lower Yangzi. Robert Eng’s collection
of various French and Japanese scholars’ cocoon output estimates gave a
range of between 70,000 and 100,000 metric tons, with growth rates largely
stagnant for the Lower Yangzi between 1875 and 1930. Despite the data
problem, it seems plausible that the cocoon output performance largely mirrors
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Debin Ma 371

the regions’ contrasting performance in raw silk exports, that is, that circa
1930, Japan was producing three to four times more cocoons than the Lower
Yangzi.6

Various household and land productivity data seem to confirm a similar
story of contrasting performance between 1890 and 1929. Annual cocoon
output per household in the late 1920s Lower Yangzi was about 50–65 kil-
ograms, about a third of the Japanese level during the same period, but roughly
equivalent to its 1900 level. Annual cocoon output per acre of land in the
Lower Yangzi was estimated to be about 150 and 142 kilograms in 1897 and
1932, respectively, about 70% of the Japanese level in the 1920s but equal
to the Japanese level around 1910. The actual cocoon productivities in the
Lower Yangzi would be even lower in comparison to Japan if cocoon quality
deterioration in the 1910s and 1920s were taken into account.7

These partial productivity indices suffer various shortcomings. For the
Lower Yangzi, most estimates were based on scattered individual observations.
For Japan, as will be shown later, land and labor productivity improvements
were exaggerated by the rapid intensification in Japanese sericulture that oc-
curred between 1900 and 1920. These problems posed formidable obstacles
to the construction of TFP based on the primal input-output approach.

In this context, the cost (or price) based TFP approach is more viable
as time series data of input and output prices were relatively consistent and
reliable. The dual equivalence of production and cost side TFP based on a
Cobb-Douglas production function requires the assumption of constant returns
to scale and long run competitive market assumptions (with cost side TFP
expressed as ,wit andai being price and weight, respec-

4d aiA p � w / ACt it tip1

tively, for the ith input at timet, ACt as average cost of production and
). Both these assumptions are reasonably satisfied for the small-scaleSa p 1i

and scattered rural sericultural production taking raw silk and cocoon prices
as given by the global market.

To calculate the dual TFP, I have used cocoon price forAC and four
price series of input, namely, labor, land, sericultural inputs (fertilizer, silk-
worm egg seeds, etc.), and capital (silkworm rearing room, tools) for the
period between 1903 and 1928. Their summary statistics are presented in the
appendix.

Figure 1 shows the annual cocoon (as well as raw silk) prices for Japan
and the Lower Yangzi all converted into Japanese yen. The cocoon price of
the Lower Yangzi is from Wuxi, the most important cocoon-marketing center
in the region. Notice that the Wuxi cocoon price, which roughly paralleled
that of the Japanese cocoon price until the mid-1910s, began to dip consistently
below the Japanese level thereafter.

The abrupt but sustained lowering of the level of cocoon prices after the
mid-1910s reflected a systematic deterioration of cocoon quality in the Lower
Yangzi as captured by the rising silk yield ratio—the amount of cocoons
needed to produce a certain unit of raw silk. Shigema Uehara, the most
authoritative specialist on Chinese silk industry at the time, presented data
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372 Economic Development and Cultural Change

Fig. 1.—Cocoon and raw silk prices in Japan and the Lower Yangzi. The “Japan”
and “Wuxi” series are for Japanese and the Lower Yangzi cocoon prices in 100
kilograms.Wuxi(q)stands for the quality adjusted price series. The “Yokohama” and
“Shanghai” series are for raw silk export prices in 10 kilograms from Japan and the
Lower Yangzi. Sources: For sources, see the data appendix. The Shanghai series for
1896–1917 is from Ziyu Chen,Jindai Zhongguo de Zisi Saosi Gongye, 1860–1945
(The silk industry of modern China, 1860–1945) (Taipei: Institute of Modern History,
Academia Sinica, 1989), p. 62; and that for 1917–32 is from Xin-wu Xu, ed.,Zhongguo
Jindai Saosi Gongyeshi(Modern history of Chinese silk-reeling industry) (Shanghai:
People’s Publishing House, 1990), pp. 692, 698. The Yokohama series is from Shoz-
aburo Fujino, Shiro Fujino, and Akira Ono,Estimates of Long-Term Economic Sta-
tistics of Japan since 1868(Tokyo: Toyo Keizai Shinposha, 1979), 11:296–97.
Exchange rates are from Liang-lin Hsiao,China’s Foreign Trade Statistics, 1864–1949
(Cambridge, Mass.: Harvard University Press, 1974), pp. 190–93.

showing that the amount of dried cocoon required for producing 100 kilograms
of raw silk increased from 500 in 1915 to more than 600 kilograms in 1924—
a decline of more than 20%.8

Adjusting the cocoon price by the quality change is essential for an
accurate calculation of TFP changes for the Lower Yangzi. The quality-ad-
justed cocoon price in Wuxi (obtained by multiplying the cocoon price by
the standardized silk-yield ratios) is displayed in figure 1 as Wuxi(q). The
price dual TFP adjusted by cocoon quality ( ) can be written asq qA A pt t

, with St andpt denoting the standardized silk-yield and market
4 ai� w / S pit t tip1

cocoon price, respectively. For the Lower Yangzi, is equivalent to Wuxi(q).S pt t

The results for both regions are presented in table 1. Japanese TFP growth
accelerated during these 3 decades. The Lower Yangzi showed very promising
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TABLE 1

Quality-Adjusted TFP Index for Japan and the Lower Yangzi

Japan Lower Yangzi

1903–9 105 1904–9 68
1910–19 119 (1.3%) 1910–19 86 (2.35%)
1920–28 157 (3.2%) 1920–28 79 (�.9%)
Average annual growth

rate 1903–28 2.05%
Average annual growth

rate 1904–28 .52%

Sources.—For sources of input and output prices and Chinese silk yield data, see the data
appendix. Japanese silk yield data are from Shozaburo Fujino, Shiro Fujino, and Akira Ono,
Estimates of Long-Term Economic Statistics of Japan since 1868(Tokyo: Toyo Keizai Shinposha,
1979), vol. 11, table 49, col. 4. The shares of labor, land, capital, and input (fertilizer being the
major item) used for Japan are .5, .12, .2, .18, respectively, and .5, .17, .15, and .18 for the
Lower Yangzi, respectively. The Japanese factor share information is from Central Committee
of Japanese Sericultural Association,Souen oyobi yousan keieihi no kenkyu(Studies on the cost
of mulberry cultivation and silkworm rearing), nos. 1, 2, 3 (1924 and 1925), report no. 1, p. 11;
report no. 2, p. 19. For the Lower Yangzi, I have used information from Shigemi Uehara,Shina
Sanshigyo Taikan(Overview of the Chinese silk sector) (Tokyo, 1929), pp. 83–84, 160; and also
Ziyu Chen,Jindai Zhongguo de Zisi Saosi Gongye, 1860–1945(The silk industry of modern
China, 1860–1945) (Taipei: Institute of Modern History, Academia Sinica, 1989), pp. 60–70.

Note.—Numbers in parentheses are growth rates compared with the earlier period. For the
Lower Yangzi TFP, I used 1904 as the starting year because 1901–3 corresponded to an extraor-
dinary period of cocoon market speculation in Wuxi due to a sudden surge of silk-reeling factories
in Shanghai. This is explained in Sec. IIB above. If I use 1901 or 1903 as the starting year,
annual TFP growth rates in 1901–28 would be 1.5% and 1.1%, respectively. To test for the
robustness of my TFP calculation, I have performed a sensitive test by applying alternative
weights. Applying Chinese share weights on the Japanese data gives an average annual growth
rate of 2.1% for Japan in 1903–28. Using Japanese share weights on Chinese data gives an
annual TFP growth rate of 0.67% for the Lower Yangzi in 1904–28. Neither of these two rates
was significantly different from those in this table.

TFP growth from about the 1900s to the 1910s, but this then turned negative
in the 1920s as the silk yield decline took its toll. Overall, the Lower Yangzi
TFP growth rate of 0.52% was only about a quarter of Japan’s 2.05% in the
first 3 decades of the twentieth century.9

II. Accounting for Growth: Technology and Commercialization
The leaders that came to power through the 1868 Meiji Restoration made no
pretense of “restoring” Japan to its old days but, instead, proclaimed, in the
new imperial “Charter Oath,” that “knowledge shall be sought throughout the
world” and subsequently embarked on a reform program to forge a modern
nation-state modeled after the West.10 Japan’s decisiveness in turning outward
in the face of the Western Imperialist challenge was matched by contempo-
raneous Qing’s determination to reinstate an orthodox neo-Confucian ruling
ideology to an empire that had been brought to the brink of collapse by the
devastating 1860s Taiping rebellion.

The Qing bureaucrats did recognize the superiority of Western military
technology and, under the so-called Self-Strengthening Movement (1860–94),
attempted to modernize the Chinese military through a series of either gov-
ernment-financed or government-controlled Western style industrial enter-
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374 Economic Development and Cultural Change

prises. The attitude of the Self-Strengthening Movement toward private ini-
tiatives in the modern sector ranged from indifference to hostility and
displayed little interest in supplying modern public goods; in most cases, this
movement was even opposed to private efforts to build public infrastructure
such as railroads and inland steam shipping.

In comparison, Meiji’s sell-off of its limited number of government en-
terprises in the 1880s gave a powerful signal that the private sector was the
mainstay of Japan’s industrialization. The government concentrated on build-
ing crucial social and physical infrastructures such as a legal system, public
education, research and technological diffusion, a modern monetary and bank-
ing system, modern transportation, and modern communication.

China’s shocking naval military defeat by Japan in 1895 was soon to
spell the end of the Self-Strengthening Movement and subsequently set off a
process of intellectual awakening that questioned the fundamentals of the
traditional system. The Qing constitutional reform in 1903–11, itself inspired
and modeled after the Meiji reform, recognized the importance of the private
sector and the government’s role in public goods provision. But the imperial
Qing collapsed in 1911, leaving an unfinished reform agenda to a China in
disarray.11

The following three sections will show that these crucial changes in the
late nineteenth and early twentieth centuries set the production and commer-
cialization in Chinese and Japanese sericulture along increasingly divergent
paths of technology and institutions despite similar starting points. This di-
vergent path directly affected the productivities and competitiveness of the
two sectors.

A. Technology
Japan was a latecomer in the global silk market. The rise of a domestic
Japanese raw silk sector, originated in Tokugawa shoguns’ 1685 restrictions
against Chinese silk imports, was a case of import substitution based on the
borrowing of the Chinese, particularly the Lower Yangzi sericulture technol-
ogy. In the 1860s and 1870s, Japan became the most important supplier of
quality silkworm eggs for Europe. Japan’s comparative advantage in the export
of silkworm eggs, a product lower in value added than raw silk, seems to
corroborate other evidence that pointed to a level of late-Tokugawa Japanese
technology, while possibly converging to or even overtaking that of the Lower
Yangzi in the area of silkworm rearing, still lagging behind in mulberry
cultivation and hand-reeling technique.12

Meiji reform opened Japanese sericulture to the world of European sci-
ence and technology. The Iwakura mission that sent Meiji ministers on a 2-
year study tour of Europe and America in 1871–73 enlightened Japanese
sericulturalists as well. Following the official Iwakura mission to Italy was a
group of Japanese sericultural experts headed by Nagaatsu Sasaki, who visited
northern Italy in 1873.

At the time of Sasaki’s visit, northern Italy represented the frontier of
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Europe’s sericultural technology, being transformed by the application of mod-
ern science, particularly the discovery and diffusion of Louis Pasteur’s mi-
croscopic examination method of pebrine disease. The sericultural institute
that Sasaki visited and studied for one full month in Gorizia (in northern
Italy) was the first of its kind set up in 1869. Sasaki returned to Japan with
the most up-to-date silkworm-rearing tools, such as microscopes and hy-
grometers, and actively advocated the establishment of modern sericultural
research and education in Japan. The visit heralded the beginning of Japan’s
own national system of technological innovation, diffusion, and education. In
the period between the 1890s and 1940s, Japanese sericultural specialists
produced a steady stream of survey reports on foreign sericultural technology
and commercial practices, with a total of about 40 volumes just on China.13

Such keen awareness of the ongoing technological revolution in European
sericulture could not be found in the Lower Yangzi before the twentieth
century.14 Preparation for the grueling, pyramid-structured Civil Service Ex-
amination system based on the memorization of Confucian classics continued
to engross the intellectual energies of the Chinese elites. Among the limited
efforts by the Self-Strengthening bureaucrats to diffuse Western science and
technology was the translation of a series of Western texts by the translating
department of the Jiangnan Arsenal, a government industrial venture estab-
lished to build Western-style military ships. One of these texts translated in
1899 is a classic Italian sericulture book, published originally in the late 1810s.
The Chinese translation, itself possibly based on a late English translation,
involved the work of three nonspecialists in sericulture—an Englishman by
the name of John Fryer provided the oral interpretation of the text and two
Chinese writers converted Fryer’s verbal explanation into classical Chinese.
This Chinese style of acquiring a classic but outdated Italian technology
through a multiple of indirect media forms a direct contrast to the Japanese
style of learning as displayed in Sasaki’s 1873 study tour in Italy.15

By the turn of the century, Japanese surveys on Lower Yangzi sericulture
had already shown important traces of technological divergence. These reports
often criticized silkworm-rearing practices in the Lower Yangzi as backward,
naı̈ve, and superstitious, and most interestingly, “very much like our practices
in the pre-Meiji era.”16 It confirms that Japanese sericultural technology began
decisively to forge ahead of the Lower Yangzi only around the turn of the
last century. The following comparative narrative illustrates two of Japan’s
most important technological breakthroughs in the early twentieth century that
laid the foundation for its global dominance.17

Silkworm improvement: Developing the F1 variety. Silkworm eggs are
an essential input to cocoon production. While there were numerous technical
innovations in the prevention of silkworm disease and improvement of silk-
worm varieties, the fundamental breakthrough came with the discovery of the
so-called first filial (F1) hybrid silkworm in the early 1910s. The performance
of the F1 variety surpassed the previous types in almost all technical indices.18

The concept of hybrid vigor behind the F1 variety is ancient in East Asia.
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376 Economic Development and Cultural Change

However, previous studies and experiments with silkworm crossbreeding, in-
cluding those done in the early Meiji era, were not supported by the theory
of heterosis as expounded by Mendel’s genetic principle. The key element of
Mendel’s discovery was that the superior traits of the two pure strain parent
varieties were stable in their first generation of crossbreeds but not in the
succeeding generations derived from this cross. This important theoretical
recognition led to the rise of modern experimental labs that specialized in the
selection and breeding of pure strain varieties and the mass production of the
crossed F1 variety silkworm eggs for cocoon production.

It is important to note that the success of the F1 variety was founded on
a series of cumulative research on embryology and cellular biology. Unlike
other minor innovations, government-sponsored research labs and university
departments were responsible for most of the basic scientific research and
biological experiments at the core of the F1 technology.19

Aided by a diffusion network of experimental stations, specialized silk-
worm-egg dealers, industrial silk reelers, and associations, the F1 variety dif-
fused rapidly among sericultural farmers. The diffusion started in the early
1910s, and by 1923, the F1 variety’s share in the spring crop reached 100%;
by 1929, 100% of the summer and fall crop used the F1 breed.20

The diffusion of the F1 variety had a direct impact on both the productivity
and quality of cocoons in Japan. The most commonly used indicator for the
performance of silkworm varieties and rearing was the so-called cocoon-egg
yield—the weight of cocoons obtained from a certain amount of hatched
silkworm eggs. Table 2 shows clearly that the improvement of cocoon yield
accelerated from 1900–1909 to 1910–19, which corresponded well with the
timing and rate of diffusion of the F1 variety. This also matched the acceleration
of my TFP index for Japan. By the late 1920s, when the diffusion of the F1

variety was complete, Japanese egg yields surpassed the level of Italy.
In contrast, silkworm eggs used in the Lower Yangzi before 1925 were

almost entirely produced by traditional breeding methods, with little use of
the microscopic method of disease prevention. Based on various Japanese
survey reports, the final column of table 2 presents a direct comparison of
the cocoon yield for these two regions. This contrast is compelling. Around
1900, the cocoon-egg ratios in Japan and the Lower Yangzi were roughly
equal, but for the next 2 decades, the Japanese cocoon-egg ratio surged, as
opposed to a largely immobile cocoon yield index in the Lower Yangzi.

Intensification: Rearing a second crop. The next major Japanese in-
novation was the rearing of a second crop of silkworms in the fall in addition
to the main spring crop. Again, like so many other Japanese innovations, this
one has its roots in East Asia.21 However, instability in hatching and other
technical problems constrained its growth. The great merit of the fall crop
was that the timing of its rearing fell in the period when rice cultivation
required the least labor, thus enabling cocoon growth without the sacrifice of
cereal production.22 In Japan, studies of artificial hatching started in the late
1880s, and Japanese farmers had also experimented with various crude meth-
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TABLE 2

Yield of Silkworm Eggs (Kilograms of Cocoons per Gram
of Silkworm Eggs Hatched)

Italy France
Japan (All

Crops)

The Lower Yangzi as a
Percentage of the Japanese

Level in That Year

1878–87 1.02 .94
1888–1902 1.48 1.43 .86 (1899)
1903–13 1.76 1.55 .80 (1900–1909) 100% (1900)
1910–19 1.06 (3.8%) 74% (1917)
1920–29 1.74 1.75 (5.2%) 50% (1927)

Sources.—Italian and French data are from Giovanni Federico,An Economic
History of the Silk Industry(Cambridge: Cambridge University Press, 1997), appendix,
table 15. I choose thec column for the Italian yield, which is the more consistent but
also higher than the other estimate. Japanese data are from Shozaburo Fujino, Shiro
Fujino, and Akira Ono,Estimates of Long-Term Economic Statistics of Japan since
1868 (Tokyo: Toyo Keizai Shinposha, 1979), vol. 11, table 62. For Chinese data, the
1904 yield is from Kizo Minemura,Shinkoku Sansigyou Sisatu Fukumeisho(Survey
report on the Chinese silk sector) (Tokyo: Ministry of Agriculture and Commerce,
1900), pp. 105–8. The yield for 1917 is for Zhejiang province given by Akaishi quoted
in Katsuhiko Ikawa,Kindai Nihon Seishigyo to Mayu Seisan(Modern Japanese silk-
reeling industry and cocoon production) (Tokyo: Tokyo Economic Information, 1998),
p. 223. The 1927 data are from Shigemi Uehara,Shina Sanshigyo Taikan(Overview
of the Chinese silk sector) (Tokyo, 1929), p. 30. Various estimates by Chinese scholars
put the average cocoon yields in Jiangsu province of the late 1920s and early 1930s
at roughly less than 1 kilogram per gram of eggs. See Su-Ping Yue,Zhongguo Cansi
(Chinese silk) (Shanghai: World Press, 1935), p. 78; and Zhuang-Mu Wang, ed.,
Minguo Sichou Shi(History of silk in the Republic Era) (Beijing: China Textile
Publishing House, 1995), p. 50.

ods of preserving and hatching the silkworm eggs in autumn. But it was not
until Japanese scientists’ discovery of hydrochloric acid processing in 1911–12
that the timing and outcome of artificial hatching stabilized.

Innovation in silkworm egg preservation and hatching was only half of
the tale. The more binding constraint on the fall crop was the supply of
mulberry leaves in the fall season when mulberry trees were no longer yielding
fresh leaves. Technical innovation in this area had gone through several phases
of search and experimentation and eventually converged to a set of three
complementary technologies: the introduction and adaptation of a fertilizer-
responsive tree variety, known as “Lu” from the Lower Yangzi; a new tree-
pruning technique called “stem pruning”; and the adoption of new types of
commercial fertilizer.

Japan had learned of the superior Lu mulberry trees through Chinese
sericultural texts in the Tokugawa era but only started widespread introduction
after Meiji through the advocacy of the energetic Sasaki. Stem pruning applied
to the Lu types of trees reduced the tree trunks to bushes that matured faster,
carried a higher yield, and could bloom multiple times within a year but that
had a shorter life span.23

In China, the stem-pruning technique and bush type of mulberry trees
(not the Lu type) were widespread in the subtropical Guangdong province.24

Japan’s success in transferring a subtropical technique to the temperate zone

This content downloaded from 101.5.162.140 on Tue, 18 Jun 2013 11:54:32 AM
All use subject to JSTOR Terms and Conditions

http://www.jstor.org/page/info/about/policies/terms.jsp


378 Economic Development and Cultural Change

was complementary with the diffusion of new commercial fertilizers in
1900–1930. Among the types of commercial fertilizer used, soybean cake
imported from Manchuria in northeast China was the most important.25 The
commercial adoption of the soybean cake from Northern China was a major
historical achievement of Lower Yangzi agriculture in the eighteenth and
nineteenth centuries. But by the twentieth century, Japan’s colonial eco-
nomic activities in Manchuria as well as significant improvements in internal
distribution and transportation effectively diverted this trade flow toward
Japan.26

This combination of technological innovation led to the rise of the ratio
of the summer and fall crop to total output from just over 20% in the
1880–1900 period to 34% in 1900–1909, and, after 1920, the summer and
fall crops consistently made up about half of the total output, rivaling the
spring crop.27

By contrast, the early twentieth-century mulberry cultivation in the Lower
Yangzi displayed an ecosystem formed since the late Ming (about the late
sixteenth century). Mulberry trees, mostly of the Lu type, trunk-pruned, clus-
tered along the banks of the canal system, fertilized by the canal sediments,
with mulberry leaves transported to markets through the canal network.28

Scattered estimates show that 1910–30 average Lower Yangzi mulberry yields
per acre, while still higher than those for Gunma and Nagano prefectures for
the period of 1880–90, the two most important sericultural regions in Japan,
became only half of Japan’s national average yield in 1927. Consequently,
the share of summer and fall crops in the late 1920s Lower Yangzi remained
at about the level of Japan before the 1880s.29

B. Commercialization
Japan: Breaking the resource constraint. In the 1880s the Suwa district of
Nagano prefecture became the center of mechanized reeling factories. As Suwa
was in the heart of the sericultural regions in eastern Japan, initially silk-
reeling factories acquired cocoons directly from the rural households in neigh-
boring areas. With the phenomenal growth of modern reeling factories over
the next 2 decades however, silk reelers began to reach into other prefectures
for additional supplies of cocoons at cheaper prices. Nationwide cocoon pro-
curement by silk reelers induced the growth of cocoon collection and mar-
keting centers in all of the major sericultural regions from the 1880s to the
1910s. These collection and marketing centers usually consisted of cocoon
merchant houses as well as individual merchants, some equipped with cocoon
drying and storage facilities.

The mountain-locked Suwa district was a harsh environment for com-
mercialization. Therefore, the rapid extension of the radius of the cocoon
supply region was a feat of man’s triumph over geography. Nakabayashi has
carefully documented how the adoption of modern insurance and transpor-
tation methods, the building of railroads, and the cooperation of silk reelers
and railroad authorities had managed to break, one by one, the bottlenecks
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that would have otherwise constrained the enormous expansion of the cocoon
supply. The building of railroads, starting in the early 1880s, instantly opened
up new cocoon supply regions for the Suwa silk reelers, turning more and
more traditionally integrated producers of silk-reeling and silkworm rearing
into specialized cocoon farmers.

From the 1910s, the development of direct purchase arrangements be-
tween reelers and farmers expanded at the expense of intermediary markets
or middlemen. After World War I, the direct exchange between reelers and
farmers or farmers’ cooperatives markedly increased. Statistics show that, by
1923, cocoons sold directly to the reelers were 46.6% of total sales, higher
than the 23.9% and 29.5% sold through the cocoon market and merchants,
respectively.30 Out of the direct exchange system evolved another institutional
innovation that brought reelers and rearers even closer, the so-called subcon-
tractual direct purchase system. This system, which probably originated in
1905, entailed a long-term exchange contract between farmers and reelers.
From 1926 to 1933, the share of cocoons sold through this system grew from
12.5% to 40.1% in Japan.31

The Lower Yangzi contrast: Growth and constraints. Compared with
the almost linear progression of Japanese cocoon commercialization, the pro-
cess for the Lower Yangzi was far more twisted. The period before the mid-
1890s saw much activity but little real spread of modern silk-reeling factories.
The exports of machine-reeled raw silk from Shanghai before 1894 were so
insignificant that they were counted as hand-reeled raw silk in the customs
statistics.

This is no surprise, as private modern industry, distinguished from those
supported by the Self-Strengthening bureaucrats, had no legal status before
the twentieth century. The few mechanized silk-reeling factories that did sur-
vive under the dubious extraterritorial protection in the treaty port of Shanghai
were repeatedly harassed by the local officials representing the interests of
the traditional silk weavers, who feared for their source of raw silk supply.32

The issue was swept away by the treaty of Shimonoseki in 1895 signed after
China’s defeat by Japan granting legality to private enterprises in the treaty
ports.

In Shanghai, the number of modern silk-reeling factories more than dou-
bled between 1895 and 1896.33 But the take-off of the Shanghai reeling in-
dustry, itself located about 200–300 kilometers from sericultural regions, soon
ran into the constraint set by the nascent cocoon marketing and distribution
infrastructure in rural Lower Yangzi, sending the cocoon price in Wuxi as
presented in figure 1 to surge 70% between 1902 and 1903.

In the nineteenth century, the Lower Yangzi lowlands relied on its in-
tricate waterways for cocoon transportation, thus barely surviving Qing’s
prohibition of railroads in China. Attempts by Shanghai silk reelers and mer-
chants to introduce steamships into inner rivers were thwarted by local officials
who were protecting the interests of traditional shippers. It was after 1896
with the signing of the Shimonoseki treaty that steamship and, later, regular
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steamer routes in the inner river and canal system began.34 In 1908 and 1912,
two railroads linking Shanghai to the sericultural heartlands of Jiangsu and
Zhejiang provinces were also completed.

Lower Yangzi cocoon distribution was largely in the hands of the cocoon
hangs. Thehangs received fresh cocoons from farmers, dried them in their
ovens, and then shipped them to Shanghai. Cocoonhangs belonged to the
traditional Ya-hang system, in which the Ya-hang obtained local trading priv-
ileges by its purchase of government-issued licenses and payment of com-
mercial taxes.35

The rising demand in the twentieth century induced a steady increase of
cocoonhangs. In Wuxi, the number of cocoonhangs increased from fewer
than 50 in 1895 to 140 in 1910. By 1917, Jiangsu and Zhejiang provinces
had over 700 cocoonhangs scattered in major sericultural regions.36 In 1902,
Wuxi hangmerchants, whose organizing activities to regulate market practices
and coordinate collective action could be traced back to the 1880s, founded
their official Cocoon Guild. This was absorbed in 1909 into a joint guild
organization representing both the Lower Yangzi cocoon merchants and
Shanghai silk reelers.37

Still, cocoon commercialization in twentieth-century Lower Yangzi was
no smooth sailing. In the mid-1910s, at the peak of the Lower Yangzi cocoon
commercialization, the traditional silk weavers’ guild succeeded in pressuring
the provincial governments to promulgate legislation to place a ceiling on the
number of cocoonhangs allowed within a certain geographical area in the
Lower Yangzi. Subsequently, the pace of growth of cocoonhangs and ship-
ments to Shanghai noticeably slackened during the 1920s.38

Commercial organization in twentieth-century Republican China as char-
acterized by guilds andhangs was a legacy of the traditional imperial system.
In the Late Qing, strained by its deteriorating fiscal condition, the government
increasingly resorted to commercial taxes in place of the rigid land tax. But
the collection of commercial tax, particularly the infamous Lijing tax levied
on goods in domestic transit, was in the hands of local governments whose
revenue-extracting measures were often arbitrary and extortionary. It was the
organized guilds, taking advantage of local governments’ limited informa-
tional capacity on commercial activities, that acted as tax collection agents.
Through the practice and spread of commercial tax farming, merchant guilds
wielded additional leverage over rural cocoon distribution in the Lower
Yangzi.39

Throughout this period, the Cocoon Guild, like the other guilds, resorted
to all means to protect their trading privileges by shutting out independent
cocoon intermediaries. Their efforts to collectively bargain down the purchase
price for cocoons alienated cocoon farmers, who were constantly attempting
to circumvent thehangsystem.40

A potential information problem emerged in the process of cocoon com-
mercialization that created a division of labor between silkworm rearing and
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silk reeling. In scattered rural households where silkworms were reared, co-
coon farmers had private information about their rearing process and the
quality of their products. By the 1910s and 1920s, the fraudulent and dishonest
practices of selling low-quality cocoons had turned the cocoon market into
something like Akerlof’s lemon market.41

Interestingly, Tokugawa Japan, especially in the eighteenth century, may
have been no less guild-oriented than the Lower Yangzi. Official chartered
merchant guilds paid license fees and contributed tax revenue to the Bakufu
in exchange for trading privileges. It was Meiji reform that abolished the
merchant guild system and upheld the legality of free commercial trans-
actions.42

The absence of a government-sanctioned monopoly gave rise to the di-
versity of institutional arrangements of cocoon transactions in Japan and cre-
ated possibilities for institutional innovation, as seen in the case of the “sub-
contractual direct purchase” system. Through the long-term direct purchase
contract, industrial silk reelers, by providing scientifically bred silkworm eggs
and detailed technical guidance, acquired a monitoring capacity of farmers’
silkworm-rearing process. In Japan, large-scale, high-quality raw silk manu-
facturers such as Katakura and Gunze were the main users of this system.43

The asymmetric information problem that had plagued the Lower Yangzi in
the 1910s and 1920s, possibly causing the regions’ silk yield decline, was
eased by a system of semivertical integration in Japan.

C. A Summary Growth Accounting
The differential pace and sequence of cocoon commercialization in the two
regions have productivity implications. Both visual observation and the stan-
dard statistical cointegration test on the price series in figure 1 reveal the
much higher degree of market integration between Japanese cocoon markets
and the Yokohama raw silk market than that between Wuxi and Shanghai in
the first 2 decades of the twentieth century. Sericulture in the twentieth-century
Lower Yangzi, possibly at a similar stage of commercialization as that in
Japan in the latter half of the nineteenth century, might have realized significant
productivity gains from new infrastructures and greater specialization. Such
gains, however, may have been relatively insignificant for Japan in the twen-
tieth century, as major infrastructures and a cocoon-marketing network were
already well established. If we could assign the 0.52% annual Lower Yangzi
TFP growth in 1904–28 in table 1 to possible efficiency gains from com-
mercialization, we have to explain the 2.05% Japanese rate of TFP growth
in 1903–28 in the context of the momentous technological and institutional
innovations within its sericultural sector.44

Table 3 presents the growth accounting to calculate separately the con-
tributions of input expansion (extensive growth) and TFP growth (intensive
growth) to cocoon output growth for Japan. It shows that TFP growth (from
table 1) made up 37% of the total growth in cocoon output, leaving the
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TABLE 3

Average Annual Growth Rates of Input, Output,
and TFP in 1903–27

Japan Lower Yangzi

Input expansion:
Input (excluding summer and fall) 2 (42) …
Intensification (summer and fall) 1.15 (21%) 0

Total factor productivity 2.05 (37%) .52
Cocoon output 5.5 …
Raw silk exports 7.9 2.8

Source.—For Japan, cocoon and raw silk data are from Shozaburo Fujino,
Shiro Fujino, and Akira Ono,Estimates of Long-Term Economic Statistics of
Japan since 1868(Tokyo: Toyo Keizai Shinposha, 1979), vol. 11, tables 57,
61, 63. For the Lower Yangzi, raw silk data are from Xin-wu Xu, ed.,Zhongguo
Jindai Saosi Gongyeshi(Modern history of Chinese silk-reeling industry)
(Shanghai: People’s Publishing House, 1990), pp. 690–92.

Note.—Numbers in parentheses indicate percentage contribution to
growth rate of cocoon output. The 5.5% number is the Japanese cocoon growth
rate adjusted by the silk yield. The growth rate without the quality adjustment
is 5.2%.

remaining 63% to input expansion in 1903–28. Out of this 63% input ex-
pansion, I calculate the pure intensification effects from summer and fall crops
using the following counterfactual calculation:

Annual growth rate from intensification

p exp [log (Q1927)� log (Q 1927)]/24� 1.h

The expressionQ1927 p total spring, summer, and fall cocoon output in
1927;Qh1927p 1927 spring cocoon output� (Q1927# 1903 summer and
fall ratio).

This calculation, as presented in table 3, shows that intensification through
the summer and fall crop (as a part of the input expansion) was equivalent
to an annual 1.15% input growth (about 21% of the total growth in cocoon
output). Altogether, TFP growth and intensification accounted for 58% of the
annual growth in Japanese cocoon output, leaving the remaining 42% to pure
expansion in land and labor.

I showed earlier that the TFP growth was directly related to the dis-
covery and diffusion of the F1 variety, while intensification was achieved
through the application of artificial hatching in combination with the set of
complementary technologies in mulberry cultivation. These constituted the
core of the induced innovation in Japanese sericulture. Had such innovation
not occurred, that is if we remove the 58% contribution of the induced
innovation from the 5.5% annual cocoon growth rate in 1903–27, Japanese
growth would have been only 2.3%. This is roughly equivalent to the 2.8%
growth rate of the raw silk exports in the Lower Yangzi in the same period.
Clearly, what ultimately made the difference between these regions is the
race-seed-fertilizer transformation.45
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III. An Epilogue: The Lower Yangzi Catch-up in the 1930s
The lackluster sericultural performance in twentieth-century Lower Yangzi
has to be placed in the larger context of China’s political disintegration and
social and economic dislocation that occurred after the Qing collapse in 1911.
Under a series of weak governments or sometimes no government in the
Republican period, real reforms made little headway. Yet the legacy of reform
and the fundamental ideological switch proved to be far more enduring.

In 1897, a local magistrate founded China’s first modern sericultural
institute in Hanzhou, Zhejiang province. Sericultural manuals with titles
using the newly introduced term “experiment” appeared after 1900. The
Late Qing reform, which abolished the Civil Service Examination, paved
the way for a modern educational system with a new curriculum. Slowly
but steadily, experimental stations, research institutes, schools of various
levels, departments in universities, and a scientific community grew, actively
promoting sericultural reform, popularizing scientific principles, and dif-
fusing new technology.46

The first 2 decades of the century also heralded the so-called golden age
of Chinese capitalism in the treaty port of Shanghai. Rapid industrial and
financial growth in Shanghai was spilling over to the Lower Yangzi, especially
along the recently completed Shanghai-Nanjing railroad on which Wuxi was
located. By the mid-1920s, Wuxi, with its cheap labor and proximity to raw
materials, had emerged as a second center of modern silk-reeling production
in the Lower Yangzi.

The scattered mosaics of economic growth seemed to really come to-
gether with the founding of the new Nationalist government in Nanjing,
Jiangsu province, in 1927. The restoration of general peace and stability was
an invaluable public good that a government could offer. By 1933, for the
first time the number of modern silk-reeling machines in Wuxi exceeded those
in Shanghai.47 Most notable was the rise of a giant silk-reeling conglomerate,
the Yongtai Company, which moved from Shanghai in 1926. It soon emerged
as the industry leader in pushing for sericultural improvement and techno-
logical diffusion in the 1930s.

In 1928, the Nationalist government abolished the trading privileges
of the Cocoon Merchant Guild, lifted the restrictions on the opening of
cocoonhangs, and started reforms in commercial taxation and tax farming.
Between 1928 and 1929, the number of cocoonhangs in Wuxi county
jumped by about 30%.48 The government encouraged the establishment of
silkworm-rearing cooperatives to sell cocoons directly to reeling factories.
In 1932, the Yongtai Reeling Company began to set up long-term exclusive
contracts with farmers or cooperatives in the Lower Yangzi, a system very
similar to the subcontractual direct purchase system pioneered by the large
silk reelers in Japan.49

Starting in 1932, the provincial governments of both Jiangsu and Zhejiang
began to take a direct role in promoting sericultural improvement and tech-
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Fig. 2.—Diffusion of scientifically produced silkworm varieties in Japan and the
Lower Yangzi. Sources: Diffusion figures for Japan were adapted from Yukihiko Ki-
yokawa, “The Diffusion of New Technologies in the Japanese Sericulture Industry:
The Case of the Hybrid Silkworm,”Hitotsubashi Journal of Economics25 (1984):
31–59, esp. p. 41, fig. 1.A includes all crops, whileS includes only spring crops. For
China, see Saiichi Benno, “Chugoku No Nogyo Kindaika Ni Taisuru Teiko” (Resistence
toward Chinese agricultural modernization),Shakai Keizai Shigaku59, no. 2 (1993):
30–59, esp. p. 43; Zhuang-Mu Wang, ed.,Minguo Sichou Shi(History of silk in the
Republic Era) (Beijing: China Textile Publishing House, 1995), pp. 10, 49; and Y.
Robert Eng,Economic Imperialism in China: Silk Production and Exports, 1861–1932
(Berkeley: University of California Press, 1986), p. 136.

nological diffusion by designating model districts across the region. In 1934,
the government founded a national level sericultural research and improvement
organization.50

The outcome was a 1930s Lower Yangzi catch-up with Japan that was
nothing short of remarkable. Figure 2 plots the Lower Yangzi diffusion curve
for the scientifically improved variety, mostly of the F1 types. For Jiangsu
province, the percentage of scientifically produced silkworm eggs increased
from 5% to almost 100% within only 5–7 years. Diffusion lagged somewhat
in Zhejiang, but the overall rate of diffusion in the Lower Yangzi in the 1930s
was comparable to the Japanese diffusion of the F1 hybrids in the 1910s and
1920s.

Following the Japanese method of artificial hatching, Jiangsu province
took the leadership in rearing fall silkworms. In 1935, the ratio of fall crops
to total crops was 42% for Jiangsu and 18% for Zhejiang province.51

The distinctive imprint of Japanese technology and institutions on the
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Lower Yangzi path of catch-up was unmistakable. This came about by no
accident but was the outcome of 2 decades of conscious Japanese learning
on the part of Chinese sericulturalists and later the Wuxi entrepreneurs. Lower
Yangzi’s success in a near full-scale transplantation of the Japanese sericultural
model attests to the binding power of comparable conditions of factor en-
dowments and a common cultural and technological heritage between the two
regions. It also bears witness to the early twentieth-century momentous re-
versal of the historical direction of knowledge transfer between these regions
from the premodern era.52

Cocoon output and raw silk exports from the Lower Yangzi increased
in 1935 and 1936. Equipped with the newly imported Japanese reeling tech-
nology, raw silk by Yongtai conglomerate cut into the U.S. silk stockings
market, formerly the exclusive territory of the giant Japanese high-quality raw
silk producers such as Katakura and Gunze.

The positive developments centered around Wuxi sent alarms to the
Japanese competitors. Despite its global dominance in the 1930s, Japanese
competitiveness in this labor-intensive product was rapidly eroding due to
rising labor costs brought about by decades of economic growth. The massive
outflow of Japanese technology was only chipping away at its last line of
defense.53 Therefore, the 1930s Lower Yangzi catch-up was riding the his-
torical shifting tides of dynamic comparative advantage, only to be abruptly
brought to a halt by Japan’s full-scale invasion of China in 1937.

IV. Conclusion
Around the middle of the nineteenth century when Western imperialism
opened up East Asia, China, by all measures of comparative advantage, seemed
set on a course of regaining its historical supremacy in the global silk market.
Instead, the 6 decades to follow were to witness the rise of Japan against all
odds.

This article demonstrates that induced technological and institutional in-
novation brought Japanese sericulture decisive productivity advantages over
that of the Lower Yangzi, the key to its dominance in the twentieth-century
global raw silk market. It further argues that the rise of induced innovation
in Japan and its absence in the Lower Yangzi during this period has to be
analyzed in the context of the two countries’ contrasting ideological and
political responses to the mid-nineteenth-century Western imperialist chal-
lenge, leading to economic policies drastically different in the provisioning
of public goods, the structuring of economic incentives, and the alignment of
interest groups. Therefore, the case of the Lower Yangzi’s remarkable con-
vergence to Japan in the 1930s was as much in the areas of technology and
commercialization as in ideology.

This, however, begs the larger question: why, when confronted with the
same Western challenge, had Japan’s ideological or cognitive switch been
earlier and more decisive? This is a question of enormous import to our
understanding of economic development that would call upon a much more
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comprehensive and multidisciplinary approach than the scope of this article
allows.

This comparative analysis contributes both a historical and an East Asian
perspective to the theory of induced innovation. In Japan and the Lower
Yangzi, the development of technology biased toward using labor and saving
capital and land as a response to the rising labor-land ratio had been a long-
standing tradition traceable to Tokugawa Japan and Southern Song China
(1127–1279).54 Even in the twentieth century, the two Japanese epochal tech-
nical innovations in crossbreeding and summer and fall crops were ancient
in origin but achieved fundamental breakthroughs with the infusion of modern
science, the establishment of a national diffusion network, the build-up of
modern physical and social infrastructure, and the rise of new systems of
production and distribution.

Clearly, what set the Japanese induced innovation in the modern era apart
from that of the premodern is not its direction of technical bias but, rather,
its sharply accelerated pace of technical progress due to the availability of
the newly supplied public or social capital to create economy-wide external-
ities. While some of these externalities, as shown by the Japanese experience,
can be partially internalized by the large and integrated reeling firms that acted
as powerful agents of change, such a possibility was stymied in the Lower
Yangzi—the growth of its mechanized reeling industry was both belated and
geographically removed from the rural sector as a consequence of China’s
fragile legal environment for the private sector.

Judged in this light, the late nineteenth-century and early twentieth-
century growth record of the Lower Yangzi sericulture was quite impressive
and historically unprecedented if measured by the standards of the sixteenth
and seventeenth centuries, when Chinese raw silk still reigned supreme glob-
ally. It pales in comparison to Japan only in its fast track of modern economic
growth.

Finally, this article also sheds light on the ongoing historical debate on
China related to the so-called Needham puzzle—why China, with its signif-
icant scientific achievements and relatively flexible economic institutions,
failed to become the first country to industrialize. The related grand hypotheses
ranging from “high level equilibrium trap” to “involution” and to the recent
California school’s resource constraint argument, all grounded in some form
of resource and factor endowment explanation seem to have neglected the
important lesson from Japan’s rapid industrialization in the twentieth century
in the face of overpopulation, labor abundance, and resource scarcity.55 Open-
ness, by which I mean not only opening the country to trade, but also opening
the minds of its populace, clearly matters.
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Data Appendix
I. Averages of Nominal Input and Cocoon Price Indices for Japan

and the Lower Yangzi

The Lower Yangzi Japan

Labor Land

Capital
(Draft

Animal)

Input
(Bean
Cake) Cocoon Labor Land Capital

Input
(Fertilizer) Cocoon

1901–9 100 100 100
(1906)

100 100 100 100
(1903)

100 100 100

1910–19 169 152 149 109 98 173 200 140 127 118
1920–28 220 197 202 130 119 369 369 261 173 215

Sources.—For the Lower Yangzi, the cocoon price in Wuxi: for 1901–20 it is from Katsuhiko
Ikawa,Kindai Nihon Seishigyo to Mayu Seisan(Modern Japanese silk-reeling industry and cocoon
production) (Tokyo: Tokyo Economic Information, 1998), table 2, pp. 304–5; for 1920–24, it is
converted from Shigemi Uehara,Shina Sanshigyo Taikan(Overview of the Chinese silk sector)
(Tokyo, 1929), p. 225. Data for 1925–27 are unavailable; I projected them from the 1924 cocoon
price level using the 1925–27 market price of raw silk. The 1927–29 cocoon price is from Jing-
Yu Gao and Xue-xi Yan,Jindai Wuxi Cansi Ye Ziliao Xuanji(Selected materials on the modern
silk industry and sericulture) (Jiangsu People’s Press and Jiangsu Classics Press, 1987), pp.
88–89. The market price of raw silk in Shanghai is from D. K. Lieu,The Silk Industry of China
(Shanghai, Hongkong, and Singapore: Kelly & Walsh), appendix, table 4. The original 1912
price for fresh cocoons in Ikawa is 24, which seems implausibly low. I adjusted it to 28.5 using
the cocoon price in Ziyu Chen,Jindai Zhongguo de Zisi Saosi Gongye, 1860–1945(The silk
industry of modern China, 1860–1945) (Taipei: Institute of Modern History, Academia Sinica,
1989), p. 62. The farm wage index, land price index, and farm animal price index in the Lower
Yangzi are from John Buck,Land Utilization in China(Nanjing: University of Nanking, 1937),
vol. 3, table 5, pp. 151–52, table 10–1, p. 168, and table 6, p. 153. The soybean cake price is
from Liang-lin Hsiao,China’s Foreign Trade Statistics, 1864–1949(Cambridge, Mass.: Harvard
University Press, 1974), pp. 80–81. There were no consistent long-term price series data for
fertilizer and capital stock in the Lower Yangzi; I used the prices of bean cake and draft animals
as proxy prices. None of these two inputs were used on a large scale in the Lower Yangzi, and
their inclusion could lead to possible biases in TFP. Considering that their share is relatively
small (12% and 18%), the biases may not be so serious and could potentially offset each other.
Japanese cocoon price, land price, current input, and capital prices are from M. Umemura, S.
Yamada, Y. Hayami, N. Takamatsu, and M. Kumazaki,Agriculture and Forestry, vol. 9,Estimates
of Long-Term Economic Statistics of Japan since 1868(Tokyo: Toyo Keizai Shinposha, 1966),
col. 11 of table 7, cols. 3 and 13 of table 34, and col. 6 of table 31.

Note.—Numbers in parentheses indicate the earliest available data.

II. Lower Yangzi Silk Yield Data
The following table from Shigemi Uehara,Shina Sanshigyo Taikan(Overview of the
Chinese silk sector) (Tokyo, 1929), p. 225, is the Wuxi silk yield data in kilograms
of dried cocoons required to produce 100 kilograms of raw silk.

Year
Before
1916 1916 1917 1918 1919 1920 1921 1922 1923 1924

Wuxi 520 550 510 560 620 600 670 590 680 620
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Uehara also listed silk yields of three other sericultural districts in the Lower
Yangzi. They all showed a declining trend similar to that in Wuxi.

Silk yield in the 1900s and the early 1910s was around 500. For 1903, see Kizo
Minemura,Shinkoku Sansigyou Sisatu Fukumeisho(Survey report on the Chinese silk
sector) (Tokyo: Ministry of Agriculture and Commerce, 1900), p. 148; and for 1910,
see Kouhisa Ootori,Shina Seijyou no Kenkyuu(Tokyo: Houbunsha, 1919), pp. 177–78.
Various reports confirm that by the late 1920s and early 1930s, it had become a standard
practice in the Lower Yangzi to use 620–50 for cocoon silk conversion; Jing-Yu Gao
and Xue-xi Yan,Jindai Wuxi Cansi Ye Ziliao Xuanji(Selected materials on the modern
silk industry and sericulture) (Jiangsu People’s Press and Jiangsu Classics Press, 1987),
p. 75; Saiichi Benno, “Chugoku No Nogyo Kindaika Ni Taisuru Teiko” (Resistence
toward Chinese agricultural modernization),Shakai Keizai Shigaku59, no. 2 (1993):
30–59, esp. pp. 32, 43.

For computing the TFP, I used the Wuxi silk yield. For 1903 and 1910, I used
the silk yield of 500. Linear interpolation is applied for the interval years between
1903 and 1916. For silk yields after 1924, the averages of 1920 through 1924 are
used.

Notes
* For comments and suggestions, I thank Robert Gallman, Paul Rhode, Miles

Fletcher, Takeshi Abe, Loren Brandt, Yoshihisa Godo, Yujiro Hayami, Ryou Kam-
bayashi, Paul Kandasamy, Christopher Isett, Akinobu Kuroda, Yukihiko Kiyokawa,
Angus Maddison, Ramon Meyers, Konosuke Odaka, Keijiro Otsuka, Jan Pieter Smits,
Osamu Saito, Bart van Ark, and Claudio Zanier as well as the participants of seminars
at Hitotsubashi University, Tokyo University, University of Groningen in the Neth-
erlands, Washington University, and University of Toronto. My thanks also go to D.
Gale Johnson and to a referee of this journal. Research grants from the Japan Society
for the Promotion of Science, University of Missouri at St. Louis, and Foundation for
Advanced Studies on International Development are gratefully acknowledged. I alone
am responsible for all errors.
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Statistics of Japan since 1868(Tokyo: Toyo Kiezai Shinposha, 1979), 14:5. Globally,
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three-fourths of world raw silk trade.

2. See Giovanni Federico,An Economic History of the Silk Industry(Cambridge:
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rushima,Furushima Tosio Cyosakusyu(Collected works of Tosio Furushima) (Tokyo:
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di Gorizia,Annuario dell’ Istituto Bacologico Sperimentale di Gorizia, Seitz(Gorizia,
1874), p. vi.
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in the 1870s, was the manager of an American-funded silk-reeling plant in Shanghai.
In 1886, when Li Hongzhang, the leader of the Self-Strengthening Movement, visited
his factory, Brunat made a direct appeal for the need of introducing microscopic
examination in China. Brunat’s appeal, reported in the Shanghai newspapers but clearly
ignored by Li and others, caught the attention of Japanese bureaucrats at the Ministry
of Agriculture and Commerce, who translated this news piece into Japanese. Alarmed
by the potential possibility of silkworm disease in Japan, technicians at the ministry
conducted microscopic examinations on silkworm eggs in Japan, only to be shocked
by the prevalence of disease already in Japan. This finding, according to these bu-
reaucrats, was one important reason behind the promulgation of the Silkworm Disease
Prevention Law in Japan in that year. SeeDai Nippon Sanshi Kaihou(Report of the
Sericultural Association of Japan), no. 178, March 20, 1907, p. 39. Also see Kazuko
Furuta, “Kindai Seishigyou No Douryu to Kounan Shakai no Taiou” (The introduction
of modern sericulture and the response of Jiangnan society), inKindai Nihon to Ajia
(Modern Japan and Asia), ed. Hirano Keniichirou (Tokyo: University of Tokyo Press,
2000), p. 96.

15. This Chinese translation of this Italian sericulture book by Vincenzo Dandolo
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I thank Claudio Zanier for the information on Dandolo. For John Fryer, see Fairbank
(n. 11 above), 10, pt. 1: 536. For the tradition of Japanese directly translating Chinese
and Western works (especially in the Dutch Studies period in Tokugawa) and the
contrasting tradition of Chinese intellectuals dependent on Western scholars’ oral in-
terpretation of Western works in Ming and Qing, see chap. 8 of Tingjiu Li and Atsushi
Yoshida,Zhongre Wenhua Jaoliu Shi Dashi: Keji Juan(History of Sino-Japan cultural
exchange: Science) (Hangzhou: Zhejiang People’s Publishing, 1996).

16. See Nakajiro Takatsu,Shinkoku Sanshigyo Shisatsu Houkokushou(Reports
on China’s sericultural sector) (Tokyo: Ministry of Agriculture and Commerce, 1898),
p. 16; Zenshino Oishi,Shinkoku Kouso Sekko Ryoushou Sanseishi Chousahoukokusho
(Survey reports on the silk sectors of Jiangsu and Zhejiang provinces) (Tokyo: Tokyo
High School of Commerce, 1908), p. 8. Hitosi Matunaga,Shinkoku SanGyo Sisatsu
Fukumeisho(Survey report on Chinese sericulture) (Tokyo: Ministry of Agriculture
and Commerce, 1898), pp. 3–5.

17. It is worthwhile to note that Europe had for long sought East Asian sericultural
technology, whose global leadership may have been maintained as late as the eighteenth
century. This European quest culminated in the publication of two translated works
of Chinese and Japanese sericultural texts in 1837 and 1848. See Claudio Zanier,
Where the Roads Met: East and West in the Silk Production Processes (17th–19th
Century)(Kyoto: Italian School of East Asian Studies, 1994), pp. 71–94.

18. Lab tests confirmed that the F1 variety shortened the rearing period, produced
longer fibers, yielded fewer defective cocoons, and was better suited to the demands
of machine reeling. See Yukihiko Kiyokawa,Nihon No Keizai Hatten To Gijutsu
Fukyu (Japanese economic development and technological diffusion) (Tokyo: Toyo
Keizai Shinpousha, 1995), pp. 91–92.

19. Yukihiko Kiyokawa, “The Diffusion of New Technologies in the Japanese
Sericulture Industry: The Case of the Hybrid Silkworm,”Hitotsubashi Journal of
Economics25 (1984): 31–59, pp. 37–38.

20. For a diffusion curve, see Kiyokawa, “The Diffusion of New Technologies
in the Japanese Sericulture Industry.” The diffusion of the F1 variety led to the stan-
dardization of silkworm egg varieties used nationally and thus to more uniform types
of raw silk, a feature highly favored by the increasingly mechanized U.S. market. For
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the growing importance and eventual dominance of the U.S. market for raw silk in
the twentieth century, see Debin Ma, “The Modern Silk Road: The Global Raw-Silk
Market, 1850–1930,”Journal of Economic History56, no. 2 (1996): 330–55.

21. Zhu Xin-yu pointed out a method of artificially prolonging the silkworm egg
hibernation period in low temperature recorded in a Chinese sericultural manual dated
1273a.d.; see Xin-yu Zhu,Zhong Guo Si Chou Shi(History of Chinese silk) (Beijing:
Textile Publishing, 1992).

22. For a linear-programming-based study analyzing the gains of allocative ef-
ficiency from summer and fall crops, see the work by Le Thanh Nghiep and Yujiro
Hayami included as chap. 6, “The Tradeoff between Food and Industrial Crops: Sum-
mer-Fall Rearing of Cocoons,” inThe Agricultural Development in Modern Japan: A
Century’s Perspective,ed. Yujiro Hayami and Saburo Yamada (Tokyo: University of
Tokyo Press, 1991), pp. 175–98.

23. For the cumulative improvements of the Lu mulberry trees in the Lower
Yangzi over almost a millennium, see chap. 4 of Fagen Ji, ed.,Shichou zi Fu Huzhou
yu Sichou Wenhua(Silk city Huzhou and silk culture) (Beijing: China International
Broadcasting Publishing House, 1994). As European sericulturalists had long learned
about and experimented with the Lu variety in Europe (which they named the “Phil-
ippine variety”); see Zanier, p. 74. Sasaki himself recalled that he owed his knowledge
of the Lu tree to the works of Kaibara Ekiken (1630–1714), Tokugawa Japan’s foremost
scholar on the philosophy of Confucius and on Chinese botany. SeeDai Nippon Sanshi
Kaihou (Reports of the Sericultural Association of Japan), no. 176 (1907), pp. 24–26;
Editorial Committee (n. 13 above), 4:80; and Zanier, p. 74. For the advantages of the
stem-pruning technique, see Katsuhiko Ikawa,Kindai Nihon Seishigyo to Mayu Seisan
(Modern Japanese silk-reeling industry and cocoon production) (Tokyo: Tokyo Eco-
nomic Information, 1998), chap. 3.

24. For the stem-pruning method in China, see Jiamian Liang, ed.,Zhongguo
Nonye Kexue Jishu Sigao(History of Chinese agricultural science and technology)
(Beijing: Agricultural Publishing, 1989), pp. 219–20. For the bush type of mulberry
trees in Guangdong province, see C. P. Howard and K. P. Buswell,A Survey of the
Silk Industry of South China(Canton, 1925), chap. 3.

25. Other commercial fertilizers used were fish cakes and, later, modern chemical
fertilizer; see Ikawa, chap. 8; and Hayami and Yamada, eds., chap. 4.

26. For soybean in the Lower Yangzi, see Keiji Adachi, “Daizukasu Ryutsuu to
Shindai no Shougyouteki Nougyo” (Distribution of soybean cake and the commer-
cialization of Qing agriculture),Touyoushi Kenkyu37, no. 3 (1978): 35–63. For Japan’s
internal transportation and distribution improvements and the activities of large Jap-
anese shipping companies and trading houses, such as Mitsui and Mitsubishi in Man-
churia, see Ikawa, chap. 8.

27. Data on the ratio of the summer and fall crops in 1880–89 are from Kiyokawa,
Nihon No Keizai Hatten To Gijutsu Fukyu(Japanese economic development and
technological diffusion), pp. 60–62. The rest is from Fujino, Fujino, and Ono (n. 4
above), vol. 11, table 57, cols. 6, 7. The Lu type and its close relatives represented
the single most important variety, accounting for one-fifth of mulberry acreage in
Japan by 1920. Lu trees also crossed with other varieties and could use different
names. Besides Lu, Meiji Japan introduced other varieties of mulberry from other
sericultural regions in China as well as other parts of the world, including Italy, India,
and South America. By the 1910s and 1920s, the stem-pruned type of mulberry tree
formed about 60% of all mulberry trees in Japan. By the 1920s, almost 70% of the
mulberry fields in Japan could supply leaves for both the spring and fall crops in a
year. See Editorial Committee, 4:14, and 4:105–13; Ikawa, chap. 3; and Fujino, Fujino,
and Ono, 11:155.

28. Ikawa, pp. 227–31.
29. For Chinese mulberry yield, see ibid., p. 231; Yue (n. 7 above), pp. 19, 71;
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Jing-Yu Gao and Xue-xi Yan,Jindai Wuxi Cansi Ye Ziliao Xuanji(Selected materials
on the modern silk industry and sericulture) (Jiangsu People’s Press and Jiangsu
Classics Press, 1987), pp. 10–11; Shanghai International Testing House,A Survey of
the Silk Industry of Central China(Shanghai, 1925), pp. 88, 92. The Gunma and
Nagano yield are from Ikawa, pp. 230–31. Japanese national average yield in the 1920s
is from Editorial Committee (n. 13 above), 4:319–20. For the Lower Yangzi share of
summer and fall crops in the 1910s and 1920s, see Ikawa, p. 225; and Toua Dobun
Kai, Shina Nen Kan(China annals) (Tokyo: Toua Dobun Kai, 1917 and 1919).

30. The narrative so far is based on Ishii (n. 12 above), pp. 397–405; and Masaki
Nakabayashi, “Seishi Gyo no Hattatsu to Kansen Tetsudo” (Development of silk reeling
and main rail lines), inMeiji no Sangyo Hatten to Shakai Shihon, ed. Naosuke Tak-
amura, Meiji Industrial Development and Social Capital (Tokyo: Minerva, 1997).

31. Ishii (n. 12 above), pp. 423–29.
32. For the troubles of modern silk-reeling factories in Shanghai, see Suzuki (n.

11 above), pp. 325–33. The fragility of private enterprise in nineteenth-century China
can best be illustrated by the fate of an indigeneous modern private silk-reeling industry
in rural Guangdong. The mechanized silk-reeling factories, set up by an overseas
Chinese merchant in 1872, grew rapidly within a few years but were faced with riots
from traditional silk weavers and subsequently ordered to close by the local magistrate.
See Debin Ma, “Europe, China and Japan: Transfer of Silk Reeling Technology in
1860–95,” in Asia Pacific Dynamism, 1550–2000,ed. A. J. H. Latham and Heita
Kawakatsu (London: Routledge, 1998).

33. Xin-wu Xu, ed.,Zhongguo Jindai Saosi Gongyeshi(Modern history of Chi-
nese silk-reeling industry) (Shanghai: People’s Publishing House, 1990), p. 615.

34. Under the treaty system, steamship companies were allowed to ply the Yangzi
river and the coast but not the inner rivers or canals. The government did compromise
in 1889 to grant the use of steamers in towing traditional boats in 1889; Suzuki (n.
11 above), p. 347.

35. For commercial organization in Qing China, see Susan Mann,Local Mer-
chants and the Chinese Bureaucracy, 1750–1950, (Stanford, Calif.: Stanford University
Press, 1987); for cocoon hangs, see L. Li (n. 1 above), pp. 176–85; Saburo Soda,
Chugoku Kindai Seishi Gyo Shi No Kenkyu(Study on the modern Chinese silk industry)
(Tokyo: Kyuko Shoin, 1994), pp. 389–404; Gao and Yan, pp. 18–19.

36. Soda, p. 417.
37. See chap. 4 of Lynda Bell’sOne Industry, Two Chinas: Silk Filatures and

Peasant-Family Production in Wuxi County, 1865–1937(Stanford, Calif.: Stanford
University Press, 1999); Suzuki, p. 406; Soda, pp. 416–22.

38. Soda, pp. 423–44; and Bell, pp. 79–80. The average metric tons of annual
cocoons shipped from the sericultural regions in the Lower Yangzi to Shanghai in the
period of 1900–1909 were 9,767. This number increased to 21,303 tons for 1910–19
but only to 27,152 tons for 1920–28. See Uehara (n. 7 above), pp. 227–28 for 1913–28;
and Akira Sitou,Shinkoku Sansigyou Ippan(An examination of the Chinese silk sector)
(Tokyo: Raw Silk Inspection Bureau of Ministry of Agriculture and Commerce, 1911),
pp. 120–22 for 1898–1911.

39. For Qing’s fiscal system, see Yeh-chien Wang,Land Tax in Imperial China,
1750–1911(Cambridge, Mass.: Harvard University Press, 1993); Bell, pp. 83–87;
Mann.

40. Bell, p. 82; and Soda, p. 427. The cocoon hang system had a control of about
40%–60% of all total cocoons sold in the Lower Yangtze. Federico (n. 2 above), pp.
148–49.

41. There were systematic efforts by the farmers to mix inferior quality cocoons
with better quality cocoons; see L. Li (n. 1 above), p. 185; and Soda, pp. 433–44.

42. For an English-language account of the rise, fall, and revival of the merchant
guild system (Kabu Nakama) in the Tokugawa period, see Charles Sheldon,The Rise
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of the Merchant Class in Japan, 1600–1868(New York: Augustin, 1958). For the
Meiji abolishment of guilds, see Ryousuke Ishii,Houseishi(Legal history) (Tokyo:
Yamagawa Publishing, 1965), p. 261.

43. Ishii (n. 12 above), pp. 57–83, 429. Among the eight variables used in
Kiyokawa’s probit regression, the subcontractual direct purchase system was the lead-
ing variable in explaining the rapid diffusion of the F1 variety (Kiyokawa, “The Dif-
fusion of New Technologies in the Japanese Sericulture Industry” [n. 19 above], p.
47).

44. For efficiency gains from commercialization in twentieth-century China, see
Earnest Liang, “Market Accessibility and Agricultural Development in Prewar China,”
Economic Development and Cultural Change30, no. 1 (October 1981): 77–105; and
Loren Brandt,Commercialization and Agricultural Development: Central and Eastern
China 1870–1937(Cambridge: Cambridge University Press, 1989).

45. Hayami and Yamada ([n. 22 above], chaps. 5 and 6) conducted counterfactual
statistical analysis on what the performance of Japanese agriculture would have been
like had developments in commercial fertilizer and summer and fall crop not occurred.
Had Hayami conducted a comparative study of China and Japan, he would have felt
less need for his counterfactual exercise. The Lower Yangzi sericulture unfortunately
supplied exactly the factual side of Hayami’s counterfactual of Japanese agriculture
in the early twentieth century.

46. Zhuang-Mu Wang, ed.,Minguo Sichou Shi(History of silk in the Republic
Era) (Beijing: China Textile Publishing House, 1995), pp. 45–46, 87. For a list of
sericultural texts, see Zhu (n. 21 above), app. 1. For the growth of modern academic
communities and institutions after the twentieth century, see chap. 8 of John Fairbank
and Albert Feuerwerker,The Cambridge History of China,vol. 13,Republican China,
1912–1942, pt. 2 (Cambridge: Cambridge University Press, 1986).

47. It is important to note that the emergence of the Suwa district as Japan’s
premium silk-reeling production center was the spread of modern banking and other
service facilities throughout Japan in the nineteenth century. See Ishii (n. 12 above),
chap. 2. For banking and service developments in Wuxi, see Chen (n. 7 above), chap.
2; and Gao and Yan (n. 29 above).

48. Mann argued that tax-farming practices did not disappear but were taken
over by specialized tax-farming agents (Mann, n. 35 above), chap. 9.

49. See Toua Kenkyujyo (n. 4 above), pp. 63–69; Gao and Yan, pp. 305–8.
50. Tetsu Okumura, “Kyoko Ka Kosetsu Sanshigyo no Saihen” (Restructuring

of the Jiangsu and Zhejiang silk industry under the Great Depression),Toyoshi Kenkyu
37, no. 2 (1979): 80–116; Saiichi Benno, “Chugoku No Nogyo Kindaika Ni Taisuru
Teiko” (Resistence toward Chinese agricultural modernization),Shakai Keizai Shigaku
59, no. 2 (1993): 30–59; Zhuang-Mu Wang (n. 46 above), pp. 64–86.

51. For a penetrating analysis of factors accounting for the lag in diffusion of
the improved variety in Zhejiang, see Benno. The ratio of fall crops is calculated from
Toua Kenkyujyo (n. 4 above), p. 298.

52. Although European and American individuals and organizations also made
positive contributions to sericultural improvements, the Japanese model eventually
took dominance in the Lower Yangzi, as confirmed by the large number of sericultural
reformers holding Japanese degrees, direct participation of Japanese specialists in
Lower Yangzi sericultural schools, and extensive introductions of Japanese sericultural
technology in journals and books in the 1920s and 1930s. See Kazuko Furuta, “Tech-
nology Transfer and Local Adaptation: The Case of Silk-Reeling in Modern East Asia”
(Ph.D. diss., Princeton University, 1988), pp. 117–82; and Zhuang-Mu Wang (n. 46
above). For a description of Chinese copying the Japanese model of reform, see
Douglas Reynolds,China, 1898–1912: The Xinzheng Revolution and Japan(Cam-
bridge, Mass.: Harvard University Press, 1993).

53. For cocoon output and raw silk exports, see Chen, p. 109; and Okumura.
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For imports of Japanese silk-reeling technology in Wuxi and Yongtai’s marketing
activities in the United States, see Gao and Yan, pp. 325–29, 362–64. For Japanese
investigators’ warnings of the Lower Yangzi competition in the 1930s, see Benno, pp.
32, 39.

54. Francesca Bray,Science and Civilisation in China, vol. 6, Biology and Bi-
ological Technology, Part II: Agriculture(Cambridge: Cambridge University Press,
1984), pp. 609–10.

55. For a recent debate on this issue, see the articles that appeared inJournal of
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Lancashire, India, and shifting
competitive advantage in cotton textiles,

1700–1850: the neglected role of
factor prices1

By STEPHEN BROADBERRY and BISHNUPRIYA GUPTA

In the early eighteenth century, wages in Britain were more than four times as high
as in India, the world’s major exporter of cotton textiles. This induced the adoption
of more capital-intensive production methods in Britain and a faster rate of techno-
logical progress, so that competitive advantage had begun to shift in Britain’s favour
by the late eighteenth century. However, the completion of the process was delayed
until after the NapoleonicWars by increasing raw cotton costs, before supply adjusted
to the major increase in demand for inputs.

During the early modern period, India was the world’s main producer of cotton
textiles, with a substantial export trade. Indian textiles were exported to

Britain on a large scale from the seventeenth century.2 By the early nineteenth
century, however, Britain had become the world’s most important cotton textile
producer, dominating world export markets, and even exporting to India.3 This
dramatic change in international competitive advantage, which must surely rank as
one of the most important developments of the industrial revolution period, is
often described entirely in terms of developments within Britain, without any
reference to India, and with little or no reference to factor prices.4 This paper
attempts to redress the balance.

This paper links the development of the Lancashire cotton textile industry
during the industrial revolution to factor price developments in Britain and India.
The import substitution emphasized by Inikori is characterized as a two-stage
process: first, a shift from production using traditional skills to production with
machine-intensive technology; second, a faster rate of innovation in the machine-
intensive technology.5 The process was begun and sustained by a major difference
in factor prices between Britain and India, with wages in Britain being much

1 We are grateful to Huw Bowen and Sumit Guha for making unpublished data available to us.We would also
like to thank Bob Allen, Maxine Berg, Nick Crafts, George Grantham, Santhi Hejeebu, Frank Lewis, Jonas
Ljungberg, Patrick O’Brien, Richard Sutch, and seminar/conference participants at Berlin, Granlibakken (Clio),
Kingston, Leicester (Economic History Society), Madrid, Montreal, Oxford, Utrecht (Global Economic History
Network), Venice, and Warwick, for helpful comments and suggestions. The financial support of the European
Commission Marie Curie Actions (contract no. MRTN-CT-2004-512439) and the ESRC (grant no.
R000239492) is gratefully acknowledged.

2 Baines, History, pp. 55–83; Robson, Cotton industry, p. 1.
3 Ellison, Cotton trade, pp. 57–70; Robson, Cotton industry, pp. 1–3.
4 Ellison, Cotton trade, pp. 14–70; Landes, Unbound Prometheus, pp. 82–8; Rose, Firms, pp. 22–37.
5 Inikori, Africans, pp. 427–51.
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higher during the eighteenth century.6 This idea of factor price differences driving
technological choice is well established in accounts of American industrial devel-
opment during the nineteenth century. The argument is most closely associated
with the work of Rothbarth and Habakkuk, who emphasized the role of land
abundance in creating a labour shortage in the New World, and hence higher
wages in the United States compared with Britain.7 Faced with high labour costs,
American entrepreneurs developed a more capital-intensive technology with
higher labour productivity.8

Mokyr writes, after a discussion of the Habakkuk debate, that ‘Most of the
debate is carried out in the context of Anglo-American differences, with Britain,
interestingly enough, considered the low-wage economy (though in the period of
the Industrial Revolution it would, relative to the rest of Europe, be the high-wage
economy). A comparison between Britain and the Continent during the Industrial
Revolution would be worthwhile, but so far has not been attempted seriously’.9 In
fact, a wider comparison of the international wage differences suggests a much
stronger prima facie case for factor prices playing an important role in the case of
eighteenth-century Britain and India. As early as the seventeenth century, an
unskilled labourer earned four to five times as much in Britain as in India.10 In the
middle of the nineteenth century, an unskilled labourer earned less than twice as
much in America as in Britain.11 Similarly, the British unskilled silver wage during
the second half of the eighteenth century was also less than twice as high as in
much of western Europe.12 The Anglo-Indian factor price comparison is of par-
ticular importance in cotton textiles, where India was Britain’s major competitor.
Chaudhuri hints at the effect of factor prices on the choice of technique, but
without really developing the argument. After noting that ‘English labour was a
great deal dearer than Indian’, he goes on to argue that ‘It is perhaps not entirely
a chance occurrence that the large-scale application of machinery to the produc-
tion process happened in the textile industry in England’.13

One reason for the neglect of factor prices in the history of the cotton industry
is thus that the comparative analysis has rarely considered the diversity of wages in
the global economy, tending instead to focus on Europe and the United States.
However, there appears also to be a second reason, arising from a reluctance to
characterize Britain as a high-wage economy during the industrial revolution, a
period where the focus has been on the slow growth rather than the high level of
British wages. Von Tunzelmann, for example, endorses Habakkuk’s view of the
US/Britain case, but rejects its applicability to the case of Britain and Europe
during the industrial revolution.14

Some writers have considered the logical possibility of high wages affecting
technological choice, but because of their focus on Europe, they have not per-
ceived the huge silver wage gap with India. Consequently, factor prices have been

6 Broadberry and Gupta, ‘Early modern great divergence’, pp. 13–18.
7 Rothbarth, ‘Causes’; Habakkuk, American and British technology.
8 David, Technical choice; Broadberry, Productivity race.
9 Mokyr, ‘Editor’s introduction’, p. 88.

10 Broadberry and Gupta, ‘Early modern great divergence’, p. 17.
11 Williamson, ‘Global labor markets’, p. 178.
12 Allen, ‘Great divergence’, p. 416; Broadberry and Gupta, ‘Early modern great divergence’, p. 5.
13 Chaudhuri, Trading world, p. 238.
14 Von Tunzelmann, ‘Technical progress’, pp. 159–60.
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accorded only a minor role in the changing competitive advantage in the world
cotton textiles market. Thus Landes devotes a short section to high wages as a
stimulus to mechanization in his early work, but makes no mention of this
inducement mechanism in his later work.15 Others, such as Deane, only mention
wages in the context of the British cotton industry in order to stress the importance
of ‘an almost inexhaustible low-priced labour supply’.16

The story of Anglo-Indian competition in cotton textiles begins with the growth
of cloth imports into Britain via the East India Company from the seventeenth
century. The new cloths, patterns, and designs became increasingly fashionable
and thus threatened the livelihood of domestic producers of fine woollens and
linens, which were the closest substitutes for printed cottons from India.17 The
pressure from these groups led to protective legislation that remained in force
between 1701 and 1774, and opened up new opportunities for British manufac-
turers via a strategy of import substitution.18 However, high silver wages in Britain
meant that cotton textiles produced domestically using labour-intensive produc-
tion methods could not compete with Indian goods in third markets. This stimu-
lated a two-stage process of technological change.

First, high wages led to the adoption of a more capital-intensive technology in
Britain. Second, this choice of technology resulted in a faster rate of productivity
growth in Britain, because of the greater incentive to devote resources to improv-
ing technology where capital intensity is higher.This is consistent with the positive
relationship between capital intensity, resources devoted to research and develop-
ment, and the rate of technological progress, highlighted in Schumpeterian models
of economic growth.19 This effect can be explained partly by the greater learning
potential on capital-intensive technology.20 In Britain, however, the effect was
amplified by the existence of an effective patent system.21

There was thus a stronger incentive to devote resources to innovation in the
machine-intensive industry of Britain, compared with the labour-intensive industry
of India. As productivity increased in the machine-intensive British cotton textile
industry and stagnated in India, a shift in competitive advantage occurred.
However, the shift was delayed in international markets during the late eighteenth
and early nineteenth centuries by a temporary rise in raw cotton prices in Britain, as
the increase in production put pressure on factor markets.The shift of competitive-
ness in the Indian market was delayed further by transport costs, which prevented
the British from breaking into the Indian market on a large scale until after 1830.22

The paper proceeds as follows. Section I provides a brief quantitative overview
of developments in the British and Indian cotton textile industries. Factor prices

15 Landes, Unbound Prometheus, pp. 57–60; idem, Wealth and poverty.
16 Deane, First industrial revolution, p. 97. R. C. Allen, ‘The British industrial revolution in global perspective:

how commerce created the industrial revolution and modern economic growth’, Nuffield College, Oxford, 2006
[WWW document]. URL http://www.nuff.ox.ac.uk/users/allen/unpublished/econinvent-3.pdf [accessed on 13
June 2008], also argues for the importance of high wages in Britain for technological choice during the industrial
revolution, although he appears to remain ambivalent about the existence of a real wage gap between Britain and
Asia; see Allen, ‘Real wages’.

17 Baines, History, p. 106; de Vries, ‘Purchasing power’; Berg, ‘From imitation to invention’.
18 Inikori, Africans, pp. 428–32; O’Brien, Griffiths, and Hunt, ‘Political components’.
19 Aghion and Howitt, Endogenous growth, pp. 85–121.
20 Arrow, ‘Economic implications’.
21 Dutton, Patent system; Sullivan, ‘England’s “age of invention” ’.
22 Ellison, Cotton trade, p. 63; Twomey, ‘Employment’, p. 53.
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in Britain and India are then examined in section II, establishing that money wages
and the wage-rental ratio were much higher in Britain. Raw cotton was also more
expensive in Britain. Section III uses input and output prices to derive estimates
of comparative total factor productivity (TFP) levels. The most important proxi-
mate cause of the shift in competitive advantage was the faster growth of TFP in
Britain, although a temporary increase in raw cotton prices at the end of the
eighteenth century delayed the shift. Section IV relates comparative TFP to factor
prices, drawing on analysis of nineteenth-century American and British industrial
development. Section V concludes.

I

There is widespread agreement that the arrival on a large scale of Indian cotton
cloth in Britain in the seventeenth century had a substantial effect on the domestic
textile industry. Indian patterns and designs quickly became fashionable and
forced domestic textile producers to react, on the one hand lobbying for protec-
tion, and on the other hand imitating through printing on wool, linen, and calico.23

The British cotton industry, which took root in the already established textile
producing region of Lancashire, remained small throughout the seventeenth
century and the first half of the eighteenth century, since it was not yet competitive
with Indian cotton textiles.24 The lack of competitiveness of the early British cotton
textile industry can be seen most clearly in the trade data presented in tables 1 and
2. Trade data were collected by customs officials on a value basis, but at ‘official’
rather than current prices.

Although much attention has been focused in the literature on how these official
values provide a misleading guide to current values of trade, particularly after the
late eighteenth century, this does not invalidate their use as indicators of trade
volumes. Indeed, Flux notes that ‘(t)he official values appear to give a much better
indication on the movements in the volume of trade than one could have
expected’.25 Certainly, the increase in the volume of both piece goods and yarn
exports during the first half of the nineteenth century (shown in part B of table 1)
moves broadly in line with the official values of exports (shown in part A) over the
same period. At the beginning of the eighteenth century, British cotton textile
exports were a mere 0.5 per cent of their level at the beginning of the nineteenth
century. By the 1750s, despite substantial growth, export volumes remained at just
3 per cent of their level in the early 1800s. In part A of table 2, the data on trade
values at official prices show how British cotton textile exports were a small
fraction of the imports of cotton cloth from India before the 1780s.26

Worries about competition from India in the British market led to pressures for
protection. But it should be noted that the pressure for such measures came more
from producers of woollens and linens than from the small community of British
cotton textile producers, since fine woollens and linens were the closest substitutes
for printed cottons from India.27 Initial measures from 1690 took the form of

23 Wadsworth and Mann, Cotton trade, p. 118; Thomas, Mercantilism, pp. 25–66.
24 Wadsworth and Mann, Cotton trade, pp. 15, 527.
25 Flux, ‘Old trade records’, p. 81, also cited in Mitchell, British historical statistics, p. 446.
26 Davis, ‘English foreign trade, 1660–1700’; idem, ‘English foreign trade, 1700–1774’.
27 Baines, History, p. 106.
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Table 1. Exports of cotton textiles, measured at constant official prices, Great Britain,
1697–1850 (£000 at 1697 prices)

A. Annual average values at constant official prices (£000 at 1697 prices)

Total Piece goods Yarn Total

1697–9 16 1770–9 246
1700–9 13 1780–9 756
1710–19 8 1790–9 2,525 101 2,626
1720–9 16 1800–9 7,603 749 8,352
1730–9 14 1810–19 17,712 1,133 18,845
1740–9 11 1820–9 25,605 3,225 29,830
1750–9 86 1830–9 44,086 7,519 51,605
1760–9 227 1840–9 73,838 12,109 85,947

B. Annual average volumes

Piece goods Yarn

Million linear yards Million lbs Million lbs

1800–9 109.5 20.0 7.4
1810–19 205.0 37.4 12.0
1820–9 320.3 58.5 35.5
1830–9 552.4 100.8 84.3
1840–9 977.5 178.4 136.1

Sources: Part A: 1697–1808: Schumpeter, English overseas trade, tabs. X, XI, pp. 29–34; 1808–1850: Parliamentary Papers, Finance
accounts. Part B: Robson, Cotton industry, p. 331.

Table 2. British imports and re-exports of cotton piece goods from India, compared with
British exports of cotton textiles, 1663–1856

A. Annual average values at constant official prices (£000 at 1697 prices)

Imports Re-exports Exports

1663–9 182
1699–1701 367 340 20
1722–4 437 484 18
1752–4 401 499 83
1772–4 697 701 221

B. Annual average values at current prices (£000)

Imports Re-exports Exports

1784–6 1,344 395 797
1794–6 1,687 1,148 3,801
1804–6 823 777 16,339
1814–16 515 433 18,994
1824–6 363 430 17,375
1834–6 347 406 22,398
1844–6 478 450 25,835
1854–6 481 532 34,908

Sources: Part A: 1663–1701: Davis, ‘English foreign trade, 1660–1700’, pp. 164–5; 1722–74: Davis, ‘English foreign trade,
1700–1774’, pp. 300–3. Part B: 1784–1856: Davis, Industrial revolution, pp. 94–125.
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import duties, but these were too low to make much impact on the huge labour
cost differences.28 From 1701, however, printed calicos and certain other types of
cotton cloth imported from India were prohibited.29 The 1701 Calico Act still
allowed the importation of white cottons from India for printing within Britain,
until further legislation in 1721 prohibited these imports unless they were for
re-export. O’Brien, Griffiths, and Hunt see these protectionist measures, which
remained in force with various amendments until 1774, as giving an important
boost to the British cotton industry.30

By the mid-eighteenth century, Britain’s cotton producers were still not able to
compete seriously on world markets.31 But the search for machine-intensive tech-
niques, driven by the much higher wages in Britain than India, had already begun by
this time, and developments occurred before the industrial revolution in all the main
sections of preparation, spinning, and weaving.32 However, the crucial ‘macro
inventions’ of the industrial revolution period had not yet appeared, since searching
for any particular invention does not guarantee that it will be found immediately.33

Hence, while labour productivity in Britain was higher than in India, it was still not
sufficiently high to offset the higher wages. Indeed, since wages increased more
rapidly in Lancashire than in southern England during the eighteenth century, the
Anglo-Indian wage gap in cotton textiles increased substantially.34

During the second half of the eighteenth century, however, labour productivity
increased dramatically in the British cotton textile industry as a result of further
technological progress, while technology and productivity stagnated in India.This
led gradually and in stages to a shift in competitive advantage, so that by the early
nineteenth century, Britain was dominant in world markets, and was even able to
export to India. However, Britain’s conquest of world markets was hampered
between the 1780s and the 1820s by the high price of inputs resulting from the
sudden surge in British demand.This applied most obviously in the labour market,
where shortages of handloom weavers famously led to very high earnings.
However, it also affected the price of raw cotton in Britain, which reached very
high levels in the late eighteenth and early nineteenth centuries.35 However, as
supply increased, particularly from the United States, the price of raw cotton in
Britain fell back, returning during the 1830s to its level in the early eighteenth
century. From this point on, Indian producers were faced with the full force of
British competition in their home market as well as in export markets.

Table 2 shows estimates of trade values in official and current prices.36 The
figures suggest that the size of the British market for Indian imports was lower than
the quantities re-exported through London between the early 1720s and the early

28 Davis, ‘Rise of protection’, p. 309.
29 Wadsworth and Mann, Cotton trade, pp. 117–18.
30 O’Brien et al., ‘Political components’, pp. 413–18.
31 Baines, History, p. 81.
32 Timmins, ‘Technological change’, pp. 34–9.
33 Mokyr, Lever of riches, p. 13; Crafts, ‘Industrial revolution’, pp. 432–4.
34 Gilboy, Wages, pp. 254–64, 280–7.
35 Mitchell, British historical statistics, pp. 759–60.
36 As current prices began to deviate substantially from official prices towards the end of the late eighteenth

century, Davis, Industrial revolution, provides estimates of trade values at current prices, shown here in part B of
tab. 2. Official prices show estimates at constant prices. Since the shares of imports, exports, and re-exports are
being examined here in order to get an idea of the relative market sizes, it is unimportant whether current or
official prices are used.

284 STEPHEN BROADBERRY AND BISHNUPRIYA GUPTA

© Economic History Society 2008 Economic History Review, 62, 2 (2009)



1770s. However, after the repeal of protective legislation, the retention of imports
in the home market exceeded re-exports by a considerable margin until the early
nineteenth century. At the same time, the export of British-made goods rose
dramatically from the early 1790s, indicating that the shift of competitive advan-
tage was beginning to occur.

British-made cottons first broke into the export trade in the African and
American markets during the eighteenth century, but success tended to be limited
to periods when the availability of Indian goods was restricted by war. Indian
goods were still able to take market share from the British-produced cottons in
Africa when the disruption of the SevenYears’ War ended in 1763.37 The struggle
over American independence added to the difficulties of Britain’s cotton exporters.
However, from the 1770s, technological developments made Britain competitive
in Europe, finding a growing market for what were called in the trade data
‘Manchester cottons and velverets’.38 The ability of merchants and manufacturers
to switch flexibly between the American and European markets was important
during the period of the Revolutionary and Napoleonic Wars between 1793 and
1815.39 Not only was British trade with Europe frequently disrupted by the
fighting on the Continent during this extended period, but Britain also went to war
with the United States between 1812 and 1814. Indian cottons continued to share
the West African market equally with British-made cottons during the second half
of the eighteenth century, but Lancashire goods pulled ahead decisively after the
Revolutionary and Napoleonic Wars.40

The penetration of British cotton textile exports into the Indian market pro-
ceeded more slowly. Indian producers retained a transport cost advantage which
they lacked in competition between the two countries in Africa, America, or
Europe, as well as an informational advantage. In order to estimate Britain’s share
of the Indian market in table 3, it is necessary to make assumptions about cotton

37 Wadsworth and Mann, Cotton trade, pp. 159–60.
38 Ibid., pp. 168–9.
39 Edwards, Growth, p. 50.
40 Inikori, Africans, p. 444.

Table 3. British cotton textile exports in the Indian
market, 1810–19 to 1890–9

Annual average Indian consumption
of cotton textiles (million yards)

Share taken by British
exports (%)

1810–19 1,890 0.1
1820–9 1,890 1.3
1830–9 1,926 2.7
1840–9 1,998 11.5
1850–9 2,142 21.8
1860–9 2,250 24.9
1870–9 2,570 40.1
1880–9 3,200 61.4
1890–9 3,550 51.8

Sources: Indian consumption: 1810–69: derived from the population data in
Roy, Economic history, pp. 281–3, and the per capita cotton consumption esti-
mates of Ellison, Cotton trade, p. 63; 1880–1909: Twomey, ‘Employment’, p. 46.
British exports to India: Sandberg, Lancashire in decline, p. 142.
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consumption in India, which in turn depend on estimates of population and per
capita consumption of cloth.These estimates can be married up with more reliable
data on British exports to India to obtain a rough idea of the timing of the shift of
competitive advantage in this important market. Table 3 suggests that the British
share of the Indian market was negligible before the 1830s, with Indian producers
continuing to supply a larger share of their home market until the 1870s.The share
of British exports rose to a peak in the 1880s before Indian producers regained
some market share.

Before the dramatic rise of Lancashire in the late eighteenth and early nine-
teenth centuries, the world’s most important cotton textile industry was located in
India.41 Chaudhuri argues that India’s competitiveness in this industry can be
explained by an abundant supply of skilled labour, with specialized tacit knowl-
edge being passed down through the generations in classic Marshallian fashion.42

It was this cheapness of skilled labour, rather than the quantity or quality of capital
equipment, which underpinned India’s domination of the world market. Estimates
of weavers’ fixed costs confirm that the technology used was highly labour inten-
sive. In early nineteenth-century Bengal, the cost of a traditional loom, sticks for
warping, and a wheel for winding amounted to little more than the cost of yarn
sufficient for one piece of cloth.43 Hossain’s work on eastern Bengal in the
eighteenth century echoes the same view that the capital input was minimal, with
output being increased by drawing in surplus labour.44 The spinning machine or
charkha was a simple piece of equipment which needed only one person to
operate, while the cleaning of cotton was an intricate, labour-intensive task.
Cleaned cotton was dried in the open and teased with a small bow operated by
women or a larger bow operated by men.45

Raw cotton was available locally and regional varieties often had a crucial impact
on the type of cloth produced. Although spinning and weaving activities were
widely dispersed throughout the country, regional specialization was a key aspect
of the Indian cotton textile industry. Coarse cloth was produced for the local
market and was spread across all regions. Fine cloth was produced for interre-
gional and international markets, mainly in the four regions of Gujarat, the
Punjab, the Coromandel Coast, and Bengal.46

The Gujarat cotton industry exported largely to the Red Sea ports, while
exports from the Punjab went overland to Afghanistan, East Persia, and central
Asia, and by river and sea to the Persian Gulf.47 Before the growth of the European
trade, the Coromandel industry exported mainly to south-east Asia, while Bengal
supplied upper India. From the seventeenth century, substantial quantities of
Indian cotton cloth were exported to Europe, particularly through the English East
India Company (EIC) and the Dutch United East India Company (Verenigde
Oostindische Compagnie or VOC).

41 Robson, Cotton industry, p. 1.
42 Chaudhuri, Trading world, p. 238. Marshall (Principles, p. 225) famously noted that ‘The mysteries of the

trade become no mysteries; but are as it were in the air’.
43 Mitra, Cotton weavers, p. 174.
44 Hossain, Company weavers, p. 20.
45 Ibid., p. 37.
46 Chaudhuri, Trading world, p. 243.
47 Ibid., pp. 243–5.
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Figure 1 shows the number of textile pieces imported into Britain between 1665
and 1834 by the EIC from Bombay (the Gujarat trade), Madras (the Coromandel
Coast trade), and Bengal, with these three centres making up the total Indian
trade. Textile imports from India to Britain, which were dominated by cotton
cloth, show a strong growth from the 1660s to the 1680s, followed by a sharp
downturn due to political conflict and war. A second downturn in the first decade
of the eighteenth century can be explained by the introduction of measures to
protect British textile producers, together with bullion shortage and war.48 There-
after, imports of Indian textiles to Britain fluctuated around 600,000 to 800,000
pieces for the rest of the eighteenth century. Following the repeal of the Calico Act,
imports increased, reaching a peak during the period 1795–9, in line with the data
in table 2. After this, imports from India began to trend downwards, collapsing
precipitously after the end of the Napoleonic Wars.

The regional balance of this import trade from India changed substantially
between the seventeenth and nineteenth centuries. Whereas Bombay and Madras
were clearly more important during the seventeenth century, Bengal became the
dominant supplier of textiles to the EIC during the eighteenth and nineteenth
centuries.The declining importance of the Coromandel Coast as a supplier partly
reflected the disruption caused by political conflict.49 However, Chaudhuri also
notes a relative cheapening of Bengal cottons.50

The EIC was the largest European importer of cotton textiles from India,
followed by the VOC, with the French and Danish companies trading on a
substantially smaller scale.51 In attempting to understand the effects of British
competition on the overall size of the Indian cotton textile industry, however, it is
important to bear in mind that India’s home market was much bigger than its
export sector. Hence the impact on employment was delayed until well into the

48 Ibid., p. 295.
49 Arasaratnam, Merchants, companies and commerce, p. 153.
50 Chaudhuri, Trading world, p. 296.
51 Morineau, ‘Indian challenge’, pp. 252, 266.
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nineteenth century, when Lancashire penetrated the Indian market significantly.52

However, even here, it is important to realize that there were two phases in the
development of the nineteenth-century Indian market. First, Indian producers
faced the emerging competition from British goods. However, during the second
half of the century, a modern Indian cotton mill industry developed, particularly
in the spinning section. The falling price of yarn then allowed the handloom
industry to remain competitive in some segments of the domestic cloth market.

II

In this section the wages of cotton textile workers in Lancashire and India are
compared. An anonymous author arguing for the protection of the British textile
industry in 1701 claimed that the same amount of labour that would cost a shilling
in England could be had for two pence in India. He argued that: ‘There is no
reason to believe that the Indian will take any of our manufactures as long as there
is such a difference between the price of English and Indian labour’.53

To what extent did this 6:1 wage differential exist in cotton textile production,
and how did it vary over time? Table 4 presents a comparison of earnings in the
cotton industry between 1680 and 1820. The Indian earnings are collected from
a variety of sources for the Coromandel Coast and Bengal. Data for the early
period are taken from several studies of the handloom industry in south-eastern
India, while data for the later period are mainly from Bengal. This is in line with
the regional shift of production for export between the seventeenth and eighteenth
centuries.54 The Lancashire earnings for 1770 are taken from the authoritative
study by Wadsworth and Mann, and derive originally from the work of Young,
based on the weekly earnings of a handloom weaver operating a single loom, with

52 More recently, Clingingsmith and Williamson, ‘Deindustrialization’, have argued that de-industrialization
began with the decline in the terms of trade for manufactured goods as agricultural prices rose due to disruption
caused by the decline of the Mughal Empire in the eighteenth century.

53 McCulloch, Early English tracts, p. 549, also cited in Chaudhuri, Trading world, p. 237.
54 Chaudhuri, Trading world, pp. 540–5.

Table 4. Weekly earnings of cotton operatives in Britain and India, c. 1680–1820
(s./d.)

Lancashire India Lancashire as % of India

c. 1680 6 s./0 d. 1 s./6 d. 400
c. 1770 6 s./11 d. 1 s./6 d. 460
c. 1790 13 s./3 d. 2 s./0 d. 663
c. 1820 10 s./4 d. 2 s./0 d. 517

Notes and sources: India: c. 1680: Brennig, ‘Textile producers’, pp. 348–9, for southern India.
c. 1770: Arasaratnam, ‘Weavers, merchants and company’, p. 269, for southern India; Chaudhury, From prosperity to decline,
pp. 161–2, for Bengal.
c. 1790: Arasaratnam, ‘Weavers, merchants and company’, p. 269; Ramaswamy, Textiles and weavers, p. 156; Mukerjee, Economic
history, p. 28, for southern India. Chaudhury, From prosperity to decline, pp. 161–2; Hossain, Company weavers, pp. 52–3, for Bengal.
c. 1820: Mitra, Cotton weavers, pp. 128–9; Buchanan, Purnea, pp. 542–3; idem, Bhagalpur, p. 616; Buchanan Hamilton, Dinajpur,
pp. 296–8, for Bengal. All Indian earnings given on a monthly basis and converted to a weekly basis on the assumption of a
four-week month.
Lancashire: c. 1680: Gilboy, Wages, pp. 280–7; c. 1770: Wadsworth and Mann, Cotton trade, pp. 401–2; c. 1790: Wood, History of
wages, p. 112; c. 1820: Wood, History of wages, p. 127. Lancastrian earnings given on a weekly basis, except Gilboy, Wages, given
on a daily basis and converted to a weekly basis on the assumption of a six-day week.
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some assistance from his wife and children.55 The Indian data for 1770 are derived
from an estimate of the monthly earnings of a loom operated by one weaver and
another adult male with the assistance of the weaver’s wife and children.56 These
data put the Lancashire wage at 460 per cent of the Indian wage, a bit less than the
6:1 differential noted by the anonymous tract author, but still extremely large.

The evidence for the wages of spinners is less reliable than that for weavers, but
also supports the idea of a large Anglo-Indian wage gap. For Lancashire in 1770,
Wadsworth and Mann report a range of 2 s. to 5 s. per week, or an average of 3 s.
6 d., again based onYoung’s data.57 In the case of south India,Wendt suggests an
average of 0.44 pagodas per month for the seventeenth and eighteenth centuries
for spinners of coarse yarn, with a range of 0.32 to 0.56 pagodas.58 This works out
at an average of 10.56 d. per week, which gives an Anglo-Indian wage ratio of
approximately 4:1, fairly close to the ratio for weaving.

The wage data must be interpreted with caution, since the quality of yarn and
cloth varied with the skills of the workers, and this led to variation in earnings. It
is therefore important not to pay too much attention to the earnings of a few highly
skilled workers producing very high quality cloth or yarn. Although Parthasarathi
reports monthly earnings of around 2.5 pagodas, or 5 s. per week in mid-
eighteenth-century south India, Broadberry and Gupta show that these earnings
cannot be taken as representative of average earnings, since they are not consistent
with the extensive wage data collected by other authors for the same region at the
same time and do not fit with developments over time in other Indian regions.59

Parthasarathi claimed support for his high estimate of the amount of grain which
an Indian spinner could buy with his monthly earnings from the work of Brennig,
but Broadberry and Gupta point out that Brennig relied on a low grain price rather
than high money earnings for this result.60

Working back from 1770, the 1680 figure for India has been taken from
Brennig’s study of the Coromandel textile trade in the late seventeenth century.61

The weekly data are derived as one-quarter of the estimated monthly earnings of
a master weaver operating a single loom with the help of an assistant. The weaver
would also have been assisted in ancillary tasks by his wife. For Lancashire,
Gilboy’s estimate of the daily wage of a craftsman, assuming a six-day week, has
been used.62

Working forward from 1770, the earnings in Lancashire in c. 1790 have been
taken from Gilboy.63 The figure used here is for skilled workers. Wood suggests
even higher earnings for handloom weavers during the late 1790s, due to a
substantial imbalance between the spinning and weaving sections of the industry
at this time, following a number of dramatic improvements in spinning technology,

55 Wadsworth and Mann, Cotton trade, pp. 401–2; Young, Six months tour, vol. iii, pp. 245–8. These figures for
the earnings of English weavers are also used by Parthasarathi, ‘Rethinking wages’, pp. 83–4.

56 Since all earnings are attributed to male weavers rather than allocated between weavers and other family
members, the true wage of an individual weaver is, if anything, overstated in these sources.

57 Wadsworth and Mann, Cotton trade, p. 402; Young, Six months tour, vol. iii, pp. 245–8.
58 Wendt, ‘Writing’.
59 Parthasarathi, ‘Rethinking wages’, p. 97; Broadberry and Gupta, ‘Early modern great divergence’, p. 14.
60 Brennig, ‘Textile producers’, p. 349; Broadberry and Gupta, ‘Early modern great divergence’, p. 15.
61 Brennig, ‘Textile producers’.
62 Gilboy, Wages.
63 Ibid., pp. 280–7.
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but before the successful introduction of the powerloom.64 However, Gilboy
suggests a substantial increase in earnings during the course of the 1790s, and
spinners’ earnings were substantially lower, so Gilboy’s figure gives the best guide
to the situation in the industry as a whole at the start of the decade.65 Since the
wages of handloom weavers increased much more slowly in India, the English
wage as a proportion of the Indian wage increased. For 1820, the Lancashire
earnings data are taken from Wood and refer to all cotton operatives, including
factory workers as well as handloom weavers.66 With handloom weaving now being
threatened by factory production, and with a general rebalancing of supply and
demand in the labour market, English wages fell back in cotton textiles.67 Mitra
shows that the wages of Indian cotton spinners remained constant in money terms
between 1790 and 1820.68 This is consistent with the change we find in the data,
with the English wage falling back to 517 per cent of the Indian level.

Table 5 shows that the price of raw cotton in Britain averaged about seven old
pence per pound in both the late seventeenth century and the mid-nineteenth
century. However, from the mid-eighteenth century to the early nineteenth
century, the price of raw cotton in Britain increased substantially, in response to
the sharp increase in demand. The figures need to be interpreted with care,
because of the issue of cotton quality. As the English demand for cotton increased,
it proved difficult to expand supply from traditional West Indian sources, particu-
larly of the better quality staples.69 As prices increased, supply responded from
the United States, initially with the growth of long-staple Sea Island cotton in the
islands and adjacent mainland of Georgia and South Carolina. Following the

64 Wood, History of wages.
65 Gilboy, Wages.
66 Wood, History of wages, p. 127.
67 Money wages also fell in line with prices in England during the postwar deflation; Gayer, Rostow, and

Schwartz, Growth and fluctuation, p. 818.
68 Mitra, Cotton weavers, pp. 128–9.
69 Edwards, Growth, p. 79.

Table 5. Price of raw cotton in Britain, 1680–1879

d. per lb d. per lb

1680–9 7 1780–9 23
1690–9 7 1790–9 24
1700–9 7 1800–9 15
1710–19 9 1810–19 17
1720–9 10 1820–9 16
1730–9 10 1830–9 8
1740–9 10 1840–9 5
1750–9 16 1850–9 6
1760–9 16 1860–9 15
1770–9 16 1870–9 8

Notes: Before 1800, annual averages forWest Indian cotton are calculated as the
mean of the range quoted, and decade averages are obtained from the incom-
plete number of annual observations. After 1800, data are annual average prices
for upland or middling American cotton. Allowance has been made for the
discount of the British pound against silver during the suspension of convert-
ibility between 1797 and 1821 using data from Officer, Dollar-sterling gold points,
p. 77.
Sources: 1680–1780: Wadsworth and Mann, Cotton trade, app. H, pp. 522–3.
1780–1879: Mitchell, British historical statistics, pp. 759–60.
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introduction of the yield-increasing ridge method of planting and the invention of
Whitney’s gin, cultivation spread westwards with short-staple upland cotton. By
the early 1800s, American cotton was dominating the English market.70 Our
figures are average prices for West Indian cotton to 1800, and average prices for
upland or middling American cotton thereafter. Note that prices have been
adjusted to take account of the discount of the British pound against silver during
the suspension of convertibility between 1797 and 1821, using data from
Officer.71

Table 6 shows that India, with its local supply, faced a raw cotton price that was
generally cheaper than in Britain. Again, care must be exercised here because of
issues of quality. It is possible to find quotes of English merchants which show
Indian cotton selling at a discount to upland or middling American cotton in the
early nineteenth century. Edwards, for example, shows Surat cotton selling at
around 80 per cent of the price of Bowed Georgia at Liverpool in 1801.72

However, it must be borne in mind that the section of the Indian cotton industry
about which quantitative information is available operated at the high quality end
of the market producing for export, and that quotes for high quality cotton from
Surat suggest that it sold at a premium.73 The lower price of raw cotton gave India
a further competitive edge over and above the lower wage costs. Furthermore,
whereas raw cotton prices followed a sharply upward trend in Britain after 1740,
the increase was much more gradual in India. Raw cotton prices remained high in
Britain until the end of the Revolutionary and Napoleonic Wars.

Even allowing for quality differences and wartime inflation, the data in tables 5
and 6 suggest that relative raw cotton costs played an important role in the timing
of the shift in competitive advantage. For just as the British cotton industry began
to experience dramatic productivity growth in the late eighteenth century that
could offset the high wages, raw cotton costs rose rapidly to delay the shift in
competitive advantage. As raw cotton prices fell back after the end of the Napo-
leonic Wars, the effects of the productivity growth were realized and Lancashire
cotton textiles replaced Indian textiles in world markets.

70 Ibid., pp. 89–93.
71 Officer, Dollar-sterling gold points, p. 77.
72 Edwards, Growth, p. 122.
73 Ibid., p. 81.

Table 6. Comparative raw cotton prices in Britain and India, 1710–1830

Britain (d. per lb) India (d. per lb) Britain/India (India = 100)

1710 8 4.4 182
1740 9 4.6 196
1792–3 24 5.0 480
1802–3 13 6.3 206
1812–13 15 6.3 238
1822–3 8 6.3 127

Sources: India: 1710, 1740: Mukund, Trading world, p. 84, gives the cotton price in the south as 23 pagodas per candy of 500 lb
in 1710, with one pagoda being equal to eight shillings; Chaudhuri, Trading world, p. 471. 1792–1823: Mitra, Cotton weavers,
pp. 126–7, gives average cotton prices in Bengal as 12.42 rupees per maund of 74.5 lb in 1792–3. Britain: Wadsworth and
Mann, Cotton trade, app. H, pp. 522–3; Mitchell, British historical statistics, pp. 759–60.
Notes: Allowance has been made for the discount of the British pound against silver during the suspension of convertibility
between 1797 and 1821 using data from Officer, Dollar-sterling gold points, p. 77.
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If the rental price of capital were also much higher in Britain, then the high
wages would not have provided an incentive to substitute capital for labour. It is
therefore necessary to consider the rental price of capital (R) in the two countries,
given by:

R P i PK K= + −( )δ ˆ (1)

where PK is the price of capital goods, i is the rate of interest, d is the depreciation
rate and a circumflex over a variable indicates a proportional rate of change.

Table 7 provides a range of interest rate data for Britain, including the return on
consols and the return on housing and on land.74 For India, interest rates on
secured loans are taken from Moosvi, who argues that by the mid-nineteenth
century these rates were about 2 per cent above the London rates on equivalent
loans.75 Mitra’s claim that an interest rate of 12 per cent was typically paid on loans
to the European companies until the middle of the eighteenth century is consistent
with this evidence.76 This suggests broad comparability between the Indian series
on secured loans and the British series on the rate of return on buildings. Feinstein
shows a depreciation rate for Britain of around 1.5 per cent, and this is assumed
to apply also to India.77 In the absence of reliable continuous series on the price of
capital goods, the capital gains term is set to zero for both countries. Allen
measures the price of capital goods in Britain as an average of the prices of iron,
non-ferrous metals, timber, and bricks.78 For India, less comprehensive data are
available, and thus table 8 has a more restricted focus on the price of bar iron.The
price data for bar iron in Britain are taken from Mitchell and Hyde, and are
compared with unpublished Indian price data made available by Guha.79 Although
the price of capital goods was higher in Britain than in India, this was offset by
lower interest rates.80

74 Mitchell, British historical statistics; Clark, ‘Cost of capital’; idem, ‘Debt’.
75 Moosvi, ‘Indian experience’, p. 351.
76 Mitra, Cotton weavers, p. 67.
77 Feinstein, ‘National statistics’, p. 427.
78 Allen, ‘British industrial revolution’ (see above, n. 16), p. 6.
79 Mitchell, British historical statistics; Hyde, Technological change.
80 It should be noted that although the price of capital goods was in general lower in India than in Britain, this

did not apply to the modern textile machinery, which was largely imported from Britain; Saxonhouse andWright,
‘New evidence’, p. 512.

Table 7. Interest rates in Britain and India (% per annum)

Britain India

Consols Land Buildings Secured loans

c. 1680 — 4 6 8
c. 1770 4 4 6 10
c. 1790 4 4 5 12
c. 1820 4 3 5 12
c. 1840 3 3 5 7

Sources: Mitchell, British historical statistics, p. 678; Clark, ‘Cost of capital’, p. 273; idem, ‘Debt’, pp. 416, 434; Moosvi, ‘Indian
experience’, pp. 337–9, 342, 351–2.
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III

Table 9 shows comparative Britain/India total factor input (TFI) prices as a
weighted average of wages, raw cotton costs, and the rental price of capital. The
weights are based on the data of Jones and Edwards, with raw cotton costs making
up around half of total costs, and with the other half split evenly between labour
and capital costs.81 It is tempting to think that this TFI price ratio reflects the
comparative total factor productivity ratio (A/A*), since the levels equivalent of the
familiar cost dual TFP equation is:

A A
W W C C R R

P P
*

* * *
*

= ( ) ( ) ( )
( )

− −α β α β1

(2)

where A is total factor productivity (TFP), W is the wage rate, C is the cost of raw
cotton, R is the rental price of capital, P is the price of cotton yarn or cloth, and

81 Jones, Increasing return, p. 105; Edwards, Growth, p. 240.

Table 8. Rental price of capital in Britain and India (£ per ton)

Britain India

PK PK(i + d) PK PK(i + d)

c. 1680 15 1.125 8.63 0.820
c. 1770 15 1.125 8.63 0.992
c. 1790 19 1.235 8.63 1.165
c. 1820 11 0.715 8.63 1.165
c. 1840 9 0.585 8.63 0.734

Sources: Price of bar iron in Britain: Hyde, Technological change, pp. 44, 81, 104; Mitchell, British historical statistics, pp. 762–3.
Price of bar iron in India: unpubl. data, made available by Sumit Guha. Interest rates from tab. 7. Depreciation rate from
Feinstein, ‘National statistics’, p. 427.

Table 9. Comparative Britain/India costs and prices (India = 100)

A. Costs

Wage (W/W*) Raw cotton price (C/C*) Rental price of capital (R/R*) TFI price

c. 1680 400 182 137 206
c. 1770 460 320 113 270
c. 1790 663 480 106 357
c. 1820 517 127 61 150

B. Prices and TFP

TFI price FOB price (P/P*) TFP (A/A*)

c. 1680 206 200 103
c. 1770 270 200 135
c. 1790 357 147 243
c. 1820 150 53 283

Sources: Wage, raw cotton price, and rental price of capital derived from tabs. 4–8. Prices FOB derived from Chaudhuri, Trading
world, pp. 540–5, for 1680 and 1770, extended to 1790 and 1820 using Cuenca Esteban, ‘British textile prices’, pp. 101–2, and
idem, ‘Factory costs’, p. 755. Weights of 0.25 for the wage, 0.5 for the raw cotton price, and 0.25 for the rental price of capital
derived from Edwards, Growth, p. 240, and Jones, Increasing return, p. 105.
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a and b are the shares of wages and raw cotton in costs. An asterisk indicates the
numeraire country, which is taken as India. In competitive markets, the selling
price must be equal, so the denominator in equation (2) may at first sight appear
to be unity.

However, it is important to note that the correct prices to use in the denomi-
nator here are prices free on board (FOB), whereas the selling prices (SP) include
transport costs (T):

SP P T= + (3)

In table 9, it is assumed that the initial FOB price ratio was 200, obtained from
information on the East India Company mark-up on Indian textiles.82 This has
been extended forwards from 1770 using a British cotton textile price index
together with the assumption of stagnant FOB prices in India. The British price
index is a unit value index of cloth exports taken from the work of Cuenca
Esteban.83 This takes on board some criticisms of an earlier series produced by
Cuenca Esteban, which Harley believes overstated the decline in cloth prices.84

Although Harley still argues in a further exchange that Cuenca Esteban overstates
the fall in cotton cloth prices, the differences are now much smaller.85 Further-
more, it is worth bearing in mind that there is also a bias in the other direction,
since the Cuenca Esteban series excludes yarn prices, which fell much more
rapidly than cloth prices during the period 1770–1820.86 Evidence in favour of
stagnating prices in India over this period is provided by Mitra and Hossain across
different varieties of cloth.87 The EIC increasingly ran into difficulties in fulfilling
its orders for cotton cloth in India, yet was unable to offer higher prices because of
the situation in the English market.88 The contrast between falling cotton yarn
prices in England and stagnating yarn prices in India between 1812 and 1830 is
clearly visible in the data assembled by Specker on a variety of yarn counts ranging
from 49 to 250.89

Given these developments inTFI prices and FOB prices on a comparative basis,
it can be seen in table 9 that Britain’s TFP advantage increased continually
throughout the period, at around 0.3 per cent per annum before 1770, rising to
1.5 per cent per annum during the period 1770–1820. This would be quite
consistent with the 1.9 per cent per annumTFP growth rate reported by Harley for
the British cotton industry between 1780 and 1860, together with slowly rising or
stagnating productivity in India.90

The change in competitive advantage in the production of cotton textiles
occurred in stages. In the first stage, which continued until the 1770s, the British
cotton industry sheltered behind protective measures, with the selling price of

82 Chaudhuri, Trading world, pp. 540–8.
83 Cuenca Esteban, ‘Factory costs’, p. 755.
84 Cuenca Esteban, ‘British textile prices’, pp. 101–2; Harley, ‘Cotton textile prices and the industrial revolu-

tion’, pp. 57–60.
85 Harley, ‘Cotton textile prices revisited’; Cuenca Esteban, ‘Factory costs’.
86 Harley, ‘Cotton textile prices and the industrial revolution’, pp. 57–9.
87 Mitra, Cotton weavers, pp. 192–6; Hossain, Company weavers, pp. 53–5.
88 Gupta, ‘Competition and control’.
89 Specker, ‘Madras handlooms’, p. 207.
90 Harley, ‘Reassessing’, p. 200.
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goods produced in India but sold in Britain for re-export being substantially lower
than the British FOB price. In the second stage, between the 1770s and the 1790s,
competitive advantage started to shift in Britain’s favour, with rapid technological
progress raising productivity in Lancashire. However, with the wage and raw
cotton costs moving in India’s favour, the British FOB price remained above the
CIF price of Indian goods in Britain. In the third stage, between the 1790s and the
1820s, rapid technological progress continued to raise productivity, while wage
and raw cotton costs moved back in Britain’s favour. The British FOB price now
fell below the CIF price of Indian goods in Britain. As a result, Indian cloth was
increasingly displaced from the British market, while Lancashire producers found
it easier to compete against India in third markets such as Africa, where transport
costs were similar for both countries.91

In the fourth stage, from about 1830, the productivity gains in Britain, particu-
larly at this time in weaving, reduced the British FOB price still further, so that the
British selling price in the Indian market, inclusive of transport costs, could fall
below the Indian FOB price in at least some products. Table 3 shows Britain’s share
of the Indian market growing from 2.7 per cent in the 1830s to 61.4 per cent in the
1880s. This view of the dynamics of Britain’s penetration of the Indian market
during the nineteenth century is broadly consistent with the picture presented by
authors interested primarily in the issue of Indian de-industrialization. Clinging-
smith andWilliamson argue that until the early nineteenth century the Indian cotton
textile industry was adversely affected more by shocks emanating from other parts
of the domestic economy than by international competition.92 Twomey shows that
although India became a net importer of cotton cloth from about 1830, handicraft
production for the home market turned down only after 1850.93

IV

This paper stresses the link between high wages in Britain and technology, with
growing British productivity leading to a shift in competitive advantage. The
argument is familiar from the analysis of nineteenth-century industrial develop-
ment in Britain and the United States, but has not been applied seriously to the
shift in competitive advantage from India to Britain in the context of the industrial
revolution, where Britain has to be cast in the role of the high-wage producer. As
noted in the introduction to this article, we attribute this neglect of factor prices to
the focus on Europe and the United States rather than Asia, where the wage
differences were much greater, combined with a focus on the slowness of the
growth of real wages in Britain rather than their high level.

We see a two-stage process leading from relatively high wages in Britain to
substitution into capital-intensive production methods, followed by a faster rate of
innovation in the capital-intensive technology. The analysis draws on David’s
framework.94 The first stage, with high wages leading to substitution of capital for
labour is analysed in figure 2, where country A is Britain and country B is India.

91 Wadsworth and Mann, Cotton trade, pp. 168–9; Inikori, Africans, p. 444.
92 Clingingsmith and Williamson, ‘Deindustrialization’.
93 Twomey, ‘Employment’, pp. 40, 53.
94 David, Technical choice, pp. 19–91.
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Figure 2A characterizes the initial different technical choices in Britain and India
at the beginning of the eighteenth century. There are two available technologies,
which differ in the proportions of capital (K) and labour (L). Once the technique
has been chosen, substitution possibilities are very limited, so that to all intents and
purposes fixed coefficient technology can be assumed.The convex combination of
these alternative techniques determines the available process frontier (APF), since,
in principle, a combination of both processes could be used. If we assume a further
set of latent techniques spanning the range of factor proportions, then, joining up
the points of minimum input combinations, we obtain a continuously differen-
tiable isoquant of the fundamental production function (FPF).

In figure 2B, relative factor prices are added in. If, as in eighteenth-century
India, labour is relatively abundant and hence relatively cheap, the relevant factor
price line is P0 and producers locate at B, using the relatively labour-intensive
technique. On the other hand, if labour is relatively scarce and hence relatively
expensive, as in eighteenth-century Britain, the relevant factor price line is P1 and
British producers locate at A. Note that although Indian and British producers use
different techniques, they nevertheless have access to the same fundamental pro-
duction function.

The second stage is the faster rate of technological progress on the capital-
intensive technology, which is analysed in figure 3. The link between capital

A. The available process frontier and the fundamental production function 

B. The role of factor prices 

K/Y

A

B

L/Y

P1

P1

P0

P0

K/Y

T1

A T1

T0

T0

APF

B

FPF

L/Y

Figure 2. Choice of technique
Source: David, Technical choice, p. 63.
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intensity and the rate of technological progress is provided in the Schumpeterian
growth model of Aghion and Howitt, partly via a process of learning by doing and
partly via the scale of resources devoted to research and development (R&D).95

More R&D occurs in more capital-intensive sectors.The argument is strengthened
in the institutional context of the patent system in England, which provided a
stronger incentive to search for improvements in machine-intensive processes,
where innovations could be patented. Although economic historians have tradi-
tionally played down the role of the patent system, a revisionist strand of research
beginning in the 1980s has suggested that by the middle of the eighteenth century
patents were playing an important role in encouraging investment in innovation.96

Although MacLeod has continued to take a more equivocal view, emphasizing the
expense of patenting and the difficulties of enforcement, she nevertheless acknowl-
edges that by the mid-eighteenth century, the system had ‘developed its own
momentum and promoted a first-strike mentality among its users: one neglected
to patent at one’s peril’.97

Although Griffiths, Hunt, and O’Brien seek to play down the role of patents in
the textile sector during the industrial revolution period by pointing to the sub-
stantial number of non-patented inventions, it should be noted that the majority of
the latter were produced in response to prizes offered by sponsoring societies.98

Their evidence is thus quite consistent with this article’s emphasis on the role of
the profit motive in encouraging innovation in machine-intensive industry. Fur-
thermore, the data show that the propensity to patent machinery was higher than
for other innovations.99 Thus figure 3 shows technological progress in the capital-
intensive technology combined with technological stagnation in the labour-
intensive technology.

95 Aghion and Howitt, Endogenous growth, pp. 85–115.
96 Dutton, Patent system; Sullivan, ‘England’s “age of invention” ’.
97 MacLeod, Inventing, p. 1.
98 Griffiths, Hunt, and O’Brien, ‘Inventive activity’, p. 885.
99 Ibid., p. 888.
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Figure 3. Localized technological progress
Source: David, Technical choice, p. 66.
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Figure 3 also shows technological progress occurring in a trial-and-error process
which was characterized by Atkinson and Stiglitz as local learning.100 This results
in locally neutral technological progress, which can be represented as a movement
around a ray through the origin.The ‘elastic barriers’ surrounding the process ray
a in figure 3 can be seen as representing non-convexities in micro-engineering
designs.101 Mokyr later made a distinction between macro and micro inventions,
which captures the essence of this view.102 Large ‘door-opening’ changes are
followed by ‘gap-filling’ improvements which look fairly similar, only better.Tech-
nological progress under these conditions was modelled by David as a stochastic
process between the elastic barriers around the a-ray, shifting the available process
frontier from APF to APF’ in figure 3.103

The substitution of capital for labour in the British cotton textile industry is well
known, and is seen most obviously in the emergence of a machine-intensive factory
system, particularly at first in spinning, where the introduction of Crompton’s
mule at the end of the 1770s led to a substantial gain in labour productivity.
Although Inikori suggests that Lancashire firms producing for the West African
market were already adopting machine-intensive methods before the ending of
protection in 1774, the process accelerated following the repeal of the Calico Act,
which opened up the home market to renewed competition from Indian cloth.104

Catling provides data on English labour productivity for spinning 80 count
cotton yarn, using the concept of OHP, or operative hours needed to process
100 pounds of cotton, which is just the inverse of labour productivity.105 This takes
account of the effects of the increasing speed of the newer mules, the increasing
number of spindles per mule, and the later practice of operating the mules as pairs.
In table 10, the OHP requirement for 80 count yarn in Britain around 1780 was
2,000. For India, Buchanan Hamilton suggests that a woman spinner working
full-time could clean and spin two-and-a-half pounds of cotton in a month.106

Assuming a ten-hour working day and a six-day week, that would translate into
around 100 hours to process a pound of cotton, or an OHP of 10,000. Buchanan
Hamilton’s figure for Bengal finds support in the calculations of spinning produc-

100 Atkinson and Stiglitz, ‘New view’.
101 David, Technical choice, p. 81.
102 Mokyr, Lever of riches, p. 13.
103 David, Technical choice, p. 66.
104 Inikori, Africans, p. 442.
105 Catling, Spinning mule, p. 54.
106 Buchanan Hamilton, Dinajpur, p. 289.

Table 10. Best-practice labour productivity in
spinning 80 count yarn in England, 1780–1825

(operative hours to process 100 lbs of cotton)

Technology OHP

1780 Crompton’s mule 2,000
1790 100-spindle mule 1,000
1795 Power-assisted mule 300
1825 Roberts’ automatic mule 135

Source: Derived from Catling, Spinning mule, p. 54.
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tivity by Wendt for southern India, which puts the output of fine thread spinners
at 2.2 to 2.4 pounds per month.107 These figures are consistent with a substantial
British labour productivity advantage in spinning as a result of a higher capital-
labour ratio. However, it is necessary to be cautious here, because the example is
based on a very fine yarn, which was not representative of the industry as a whole.
After 1780, real prices fell much more dramatically on fine yarns than on coarse
yarns, as can be seen in table 11. Nevertheless, this differential productivity growth
had not yet occurred in 1780, so the Anglo-Indian productivity difference on fine
yarns may still give a good indication of the overall productivity difference in
spinning at this stage.

In weaving, it seems likely that the British capital per worker advantage around
1780 was smaller than in spinning, since technological progress was more limited in
weaving before the introduction of the powerloom. As with yarn, there was some
variation across cloth qualities in the extent of price falls, with the price of calicos
falling more than the price of muslins (table 11). Although Wadsworth and Mann
indicate ancillary labour inputs from family members in the Lancashire weaving
industry during the first half of the eighteenth century, each loom was operated by
only one full-time male weaver.108 By contrast, there is abundant evidence of more
than one weaver per loom from the major cotton textile producing regions of India.
In Coromandel weaving, Brennig (for the late seventeenth century) and Arasarat-
nam (for the late eighteenth century) indicate two full-time male operatives
per handloom, in addition to ancillary labour inputs from family members.109

For Bengal, Mitra’s evidence suggests that two men worked per loom in the late
eighteenth century, while Prakash reports estimates of one-and-a-half to two
persons per loom.110 For finer cloths, more workers per loom were often required.111

107 Wendt, ‘Writing’.
108 Wadsworth and Mann, Cotton trade, pp. 324–39.
109 Brennig, ‘Textile producers’, p. 348; Arasaratnam, ‘Weavers, merchants and company’, p. 269.
110 Mitra, Cotton weavers, pp. 113–15; Prakash, Dutch East India Company, p. 241.
111 Baines, History, p. 71; Hossain, ‘Alienation of weavers’, p. 325.

Table 11. English cotton yarn and cloth prices deflated by general price index,
1780–1829

Yarn (d. per lb) Cloth (s. per piece)

18 count weft 40 count warp 100 count twist Calico Muslin

1780/4 47 168 — 52 116
1785/9 47 142 761 43 80
1790/4 36 97 318 34 64
1795/9 36 77 112 29 44
1800/4 27 55 80 24 38
1805/9 19 39 66 16 35
1810/14 15 30 50 18 27
1815/19 15 30 62 19 31
1820/4 11 22 51 15 40
1825/9 10 20 52 10 33

Note: Deflated yarn and cloth prices are in constant 1825/9 prices.
Source: Harley, ‘Cotton textile prices and the industrial revolution’, pp. 55, 59.
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This would all be consistent with Lancashire being able to draw on the tech-
nological change that had occurred in the European cotton industry and in textile
manufacturing in general during the late medieval and early modern periods.112 In
the Indian context, by contrast, Habib has argued that the ordinary loom for the
simple weave was practically impossible to develop further until the invention of
the flying shuttle.113 Rather, innovation tended to take the form of new weaving
designs and new types of dyeing.114

The analysis so far has painted a picture of stagnating labour productivity in India
while the British cotton textile industry was being transformed, which raises the
issue of whether the Indian industry was acting rationally in its choice of technology.
Here, an analogy can be drawn with the literature on allegations of entrepreneurial
failure in late Victorian Britain.115 In many industries, Britain lost market share in
the late nineteenth century to American producers using new technology, while the
British continued to use old technology.116 As was pointed out by a number of
authors in an influential volume edited by McCloskey, however, the new technolo-
gies would not have been profitable at British factor prices.117 The same argument
applies to British and Indian technology in cotton textiles during the early nine-
teenth century. Given the much lower wages in India, the savings on labour costs
would not have offset the higher capital costs of adopting the British technology.
However, when costs on the new technology had fallen sufficiently by the mid-
nineteenth century, it became possible to adopt the new technology profitably in
India, and a modernized cotton textile industry emerged in Bombay. This indig-
enous modernized industry, however, adopted a lower capital–labour ratio in
response to the low wage costs. For an equivalent machine imported from Britain,
an Indian mill used at least twice as many workers as a British mill. Hence, although
labour productivity in the modern sector was higher than in the traditional sector,
it was still low in international comparative terms.118 Nevertheless, the machine-
made products were competitive with British imports at the lower quality end of the
market as a result of very low wages, so that domestic producers managed to regain
market share from the British after the 1870s.119

The literature following Habakkuk made an important distinction between
factor substitution, with high wages leading to a one-off shift to ‘more machinery’
per worker, and biased technological change, with high wages leading to ‘better
machinery’.120 Some writers sought to endogenize technological progress by
arguing for a direct link from high wages to labour-saving technological progress.
Cain and Paterson, for example, reported econometric evidence for labour-saving
technological progress as well as substitution of capital for labour in American
industry between 1850 and 1919.121 However, in the case of Britain during the
industrial revolution, vonTunzelmann argues that technological progress was only

112 Mazzaoui, Italian cotton industry, pp. 73–86.
113 Habib, ‘Notes’, p. 182.
114 Ramaswamy, Textiles and weavers, p. 67.
115 McCloskey and Sandberg, ‘From damnation to redemption’.
116 Broadberry, Productivity race, pp. 157–209.
117 McCloskey, ed., Essays.
118 Clark, ‘Why isn’t the whole world developed?’, pp. 149–52.
119 Ellison, Cotton trade, p. 63; Twomey, ‘Employment’, p. 46.
120 Habakkuk, American and British technology; Temin, ‘Labour scarcity’.
121 Cain and Paterson, ‘Biased technical change’, pp. 59–60.
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strongly labour-saving after 1830.122 Note, however, that our argument does not
rely on this type of endogenous innovation, with bias in the direction of techno-
logical progress. We argue only for an induced acceleration in the rate of techno-
logical progress following the shift to capital-intensive technology in response to
the high cost of labour in Britain compared with India. As in figure 3, we do not
then require a further bias in the direction of technological progress, but merely
locally neutral technological change.

In our view, one factor explaining the acceleration of technological progress after
the adoption of capital-intensive techniques was the existence of a patent system,
which offered stronger protection of property rights to innovations embodied in
machinery than to innovations without the involvement of machinery.This meant
that more resources were devoted to innovation in the machine-intensive British
cotton textile industry than in the labour-intensive Indian industry. Sullivan points
out that machinery and motive power accounted for 42.9 per cent of all patents
issued in Britain during the period 1661–1710, rising to 46.6 per cent by
1801–50.123 The shift to a more machine-intensive technology in response to high
wages thus carried with it a higher probability of resources being devoted to
improving technology and hence a higher rate of technological progress. This
description fits the British cotton textile industry very well, and textile innovations
played an important role in the acceleration of patenting which occurred in Britain
during the late eighteenth century.124 Indeed, an examination of Woodcroft’s
subject matter index of English patents reveals that ‘spinning’ was the largest
category.125 All of this inventive activity in spinning led to a dramatic increase in
productivity, as can be seen in tables 10 and 11.

It is important to note that this argument is quite consistent with the evidence
on the stated aims of inventors in the patent records, which suggests that only a
small proportion of innovations in the textile industry were driven by a desire to
save labour.126 Even allowing for the fact that there were difficulties in openly
stating the aim of saving labour during the Luddite era, it seems likely that in a
trial-and-error process of improvement, the direction of factor-saving bias would
have been at best a secondary consideration.127

It should also be noted that in choosing to highlight the neglected role of the
patent system, it is not our intention to deny a role for all of the other fundamental
factors emphasized by other writers. Indeed, it should be clear that some of these
other factors can be seen as underpinning the high wages that we have placed at
the centre of our analysis. Mokyr, for example, emphasizes the importance of the
skills of the labour force in creating an environment conducive to technological
progress in Britain.128 In our framework, these labour force skills can be seen as
leading to high wages, and it is the interaction between high wages and the patent
system which results in the adoption of a more capital-intensive technology and an
acceleration of the rate of technological progress.

122 Von Tunzelmann, ‘Technology in the early nineteenth century’, pp. 289–90.
123 Sullivan, ‘England’s “age of invention” ’, p. 442.
124 Ibid., p. 430.
125 Woodcroft, Subject matter index; Sullivan, ‘England’s “age of invention” ’, p. 431.
126 Griffiths et al., ‘Inventive activity’, p. 895.
127 MacLeod, Inventing, pp. 158–81.
128 Mokyr, ‘Technological change’, pp. 39–41.
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Finally, consideration should be given to the implications of this approach for
the question of why the key technological breakthroughs in cotton textiles
occurred first in Britain.When Crafts posed this question, the obvious comparator
country was France, which was being portrayed in revisionist work as having
similar development potential.129 However, the revisionism now seems to have
been overdone, and in the recent literature on comparative levels of development,
France emerges as a relatively low-wage economy in the eighteenth century.130 As
Zeira points out, where the new technology requires more of one factor as well as
less of another, it cannot be adopted without appropriate relative factor prices.131

As Allen emphasizes, the technology of the industrial revolution was particularly
adapted to British factor prices.132 The other high-wage European economy was
the Dutch Republic, and it is therefore interesting now to restate Crafts’s question
as ‘Why Britain, and not Holland?’ rather than ‘Why Britain, and not France?’.133

The answer offered here is that while Holland had high wages like Britain, it lacked
the large market to provide sufficient rewards for innovation; and while France had
a large population to provide a large market, it lacked the high wages to stimulate
the adoption of machine-intensive technology which underpinned the process of
technological change that occurred in Britain.

V

This article has re-examined the shift of competitive advantage in cotton textiles
from India to Lancashire between 1700 and 1850. As well as emphasizing the need
to consider developments in Britain and India together, as two sides of the same
coin, this article highlights the surprising neglect of the role of factor prices in
previous accounts.134 The growing imports of cotton cloth from India via the East
India Company during the seventeenth century opened up new opportunities for
import substitution as the new cloths, patterns, and designs imported from India
became increasingly fashionable, and as domestic producers succeeded in securing
protection. However, high silver wages in Britain meant that cotton textiles pro-
duced domestically using traditional labour-intensive production methods could
not compete with Indian goods in world markets.This stimulated a search for new
methods of production, which led ultimately to a shift of competitive advantage in
Britain’s favour.

The shift of competitive advantage occurred in stages. First, a domestic cotton
textile industry was established in Lancashire behind protective barriers between
about 1700 and the 1770s. Second, between the 1770s and 1790s, Lancashire’s

129 Crafts, ‘Industrial revolution’; O’Brien and Keyder, Economic growth.
130 Allen, ‘Great divergence’, p. 416.
131 Zeira, ‘Workers’.
132 Allen, ‘British industrial revolution’ (see above, n. 16), pp. 4–8.
133 Crafts, ‘Industrial revolution’.
134 Parthasarathi argues that although the early literature stressed competition with India as the driving force

behind technological progress in the English cotton industry, India got written out of the story because of a later
emphasis on imbalances between the spinning and weaving sections of the English industry as the inspiration for
technological change (P. Parthasarathi, ‘The European response to Indian cottons’, paper presented at the Global
Economic History Network Conference, Pune, 18–20 Dec. 2005 [WWW document]. URL http://www.lse.ac.uk/
collections/economicHistory/GEHN/GEHNConference8Papers.htm [accessed 13 June 2008]). However, he
makes no mention of factor prices, and indeed argues elsewhere (Parthasarathi, ‘Rethinking wages’) that India
should be seen as a high wage economy.
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competitive position began to improve with the adoption of more capital-intensive
production methods, followed by a faster rate of technological progress on the
more machine-intensive technology. However, in this second phase, there were
offsetting factors, as raw cotton costs moved in India’s favour. In the third phase,
from the 1790s to the 1820s, with continued technological progress and raw
cotton costs moving back in Lancashire’s favour, Lancashire became competitive
against India in third markets where transport costs were similar for both coun-
tries. In the fourth phase, after about 1830, further technological progress com-
pleted the shift of competitive advantage, making Lancashire competitive even in
the Indian market.
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