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Abstract 
Long-range market integration is an essential component of globalization but it is still 
comparatively under-researched. The conventional wisdom relies heavily on the case of Atlantic 
trade in the period after 1870. This paper covers also the Pacific Ocean and extends the period 
under consideration. Integration started in first half of the 19

th
 century, and timing and extent of 

convergence differed substantially among products.  The second part of the paper analyses the 
causes of the process with a panel regression. Economic factors (most notably the decline in 
freights) accounted for about three fifths of total change, and policies by producing and importing 
countries for the rest. The key message of the paper is that simple generalizations about the first 
globalization are not good substitutes for empirical research.  
 



 
1) Introduction  
 
    Integration of commodity markets is widely regarded as an essential component of  the first 
globalization, the decades before World War One (Findlay-O‟Rourke 2007 Persson 2010). As  
O‟Rourke and Williamson put it at the beginning of their very influential book on Globalization and 
history “the really big leap to more globally integrated commodity and factor markets took place in 
the second half of the [19

th
] century” (1999 p.2). This trend contrasts with the persistence of wide 

gaps in prices between Asia and Europe before 1800 (O‟Rourke and Williamson 2002 Ronnback 
2009) and with the disintegration after World War One (Hynes, Jacks and O‟Rourke 2009). In the 
prevailing narrative, convergence before 1913 reflects mostly the technological progress in 
transportation means, while the post-war disintegration was a consequence of the protectionist 
backlash. 
 This conventional wisdom suffers from four problems 
i)  there is very little evidence on  the first half of the 19

th
 century, a period of massive 

convergence in the European market (Federico 2011) 
ii) the geographical coverage is limited to trade across the Atlantic Ocean, which may not be 
representative enough of overall trends 
iii) the role of transport costs and policies is guessed from the evidence rather than formally 
tested.  
This paper addresses all these shortcomings, by comparing convergence in prices across the 
Atlantic and Pacific Oceans in a very “long” 19

th
 century, from Waterloo to World War Two for a 

representative sample of major commodities. It addresses four issues 
i) what happened before 1870? Did price converge, as in Europe, or not?  
ii) did price converge  to the same extent across the Pacific and the Atlantic?  To what extent was 
the integration in the Atlantic economy representative of world-wide trends?  To what extent did 
trends differ across commodities? 
iii) What did account for these differences? To what extent did long-range convergence reflect the 
fall in transport costs or policies by suppliers and/or consuming countries? 
iv) Which effects did convergence (or the lack of it) have on allocation of resources, patterns of 
consumption and welfare, especially in producing countries   
      The data and methods are discussed in Section Two, after a brief introduction on the 
measurement of integration. Section Three deals with the rate and timing of convergence, which 
differed widely between Oceans and among commodities. The second part of the paper explains 
long-term changes with a simple panel regression analysis.  The implicit model is very 
straightforward: price differentials are assumed to depend on transaction costs (most notably 
transport costs), efficiency of the markets and policies. Section Four outlines the long-term 
changes and discusses the available data, while Section Five reports the results of a panel 
regression. Section Six deals tentatively with  the effects of integration on welfare and Section 
Seven concludes.



 
2) Measurement  and data 
 
 The analysis  considers six primary commodities, two for the Atlantic trade, wheat (1802-1937) 
and cotton (1802-1939), and four for the Pacific trade between Java, by then a Dutch colony, and 
Europe, sugar (1822-1933), pepper (1828-1938), coffee (1833-1922) and tin (1840-1939). These 
products accounted for between a seventh and an eight of total world exports in the first half of 
the 20

th
 century, and for 45% of British imports

1
. Wheat and cotton accounted for 28% of United 

States exports (Historical Statistics 2006). The share of the other four products on exports from 
Java was surely higher.  Thus, they can be considered rather representative. 
  The sources of price data are detailed in Appendix A.  Prices for wheat and cotton refer to New 
York and London (or Liverpool) and are taken from a number of sources. Prices for sugar, coffee, 
pepper and tin in Batavia and Europe (the Netherlands and/or the United Kingdom) are provided 
by Korthals Altes (1994), an impressive, but somewhat neglected, collection of statistical sources. 
It reports also two other set of data, export prices (for sugar and tin) according to Dutch colonial 
statistics and the gross and net receipts per unit by the Nederlandsche Handel-Maatschappij 
(NHM), the official trade company established in 1824 which until 1870 enjoyed a monopoly of 
sales of Indonesian goods in the Netherlands (for coffee, sugar and tin). The net receipts 
excluded freights, sales commissions, registration duties and, and thus ”may broadly be 
compared with the free on Board prices in the Netherlands-Indies” (Korthals Altes 1994 p.73). 
This statement is somewhat vague  and the series are shorter than market based ones. Thus, 
they can be used to double-check results obtained from market data. 
  The historical studies in market integration often use sophisticated, state-of-the-art, econometric 
techniques (Federico forthcoming a).  Just  to quote papers on integration across Oceans, 
Williamson and O‟Rourke (1994) use OLS regressions, Jacks (2005) a Threshold-Autoregressive 
processes,  Sharp (2008) cointegration test and Dobado and Guerrero (2009)  the relative 
variance of (de-trended) residuals.  These are not really suitable to the issue in hand. First, they 
are extremely demanding in terms of data. The frequency of data should match exactly the 
frequency of adjustment, while all the available data are yearly ones. Second, they have very 
strong assumption on the working of markets (number of relevant locations, exogeneity of 
transaction costs, amount of available information and so on). Last, but not least, they measure 
the speed of reaction by traders to opportunities of profitable arbitrage provided by exogenous 
shocks. This is a test of efficiency of markets, as defined by Fama (1970).  Efficiency is an 
important feature, but at the end of the day its relevance for understand long-term economic 
growth is questionable. In fact price gaps can remain large and constant even if the market is 
highly efficient, and the level of prices is the main determinant of decisions by producers and 
consumers in competitive markets. 
 The obvious alternative is to test whether prices did converge between markets by looking at 
trends in price ratios. These latter are an accurate measure of convergence provided that the two 
price series refer to the same quality, or at least, the relative quality is not changing (Persson 
2004, Broda and Weinsten 2008).  Differences in quality can add manageable static gaps, while 
changes in relative quality can add much more damaging spurious trends.  Unfortunately, only 
the series of prices of sugar in Batavia is quality-adjusted according to rigorous standards, and 
only for part of the whole period. Cotton series are both for “middling Upland”, which was a fairly 
standard description. There is no information on quality for all the remaining nine series, including 
the sugar prices in London 

2
. Thus, prices may be not strictly comparable pair-wise. 

 
3) When did the market integrate? 
 

                                                 
1
 Cf. Yates 1959 The average share by product across the three benchmark years (1913, 1929 and 1937) 

was 4.2% for cotton,  3.9% wheat, 2.9% sugar, 1.8% coffee and 0.3% for tin (metal). Yates does not report 

separate data for pepper. For the United Kingdom cf Annual statement for 1913 
2
 The prices of tin are less precise. Until 1913, they refer to fiscal year ending in April, while 

afterwards to quotations in Singapore rather than in Batavia. 



   As a starting point, Figure 1 reports the simple ratios of prices in the European markets to 
prices in the United States or Indonesia



Figure 1 a) 
Price ratios, Atlantic trade: wheat and cotton 
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Graph 1 b) 
Price ratios, Pacific trade: sugar and pepper 
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Graph 1 c) 
Price ratios, Pacific trade: coffee and tin 
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A first visual inspection highlights three stylized facts: 
i) as expected, prices did converge in the “long” 19

th
 century, but process seems to have unfolded 

mostly around the mid-century rather than after 1870. The effects of World War One and of the 
Great Depression differ across products and Oceans, but on the whole, they are much less 
dramatic than expected. There is a clear divergence only for pepper. 
ii) there are substantial differences among products. In particular, cotton stands out as paragon of 
integration. The average price ratio for cotton before the Civil War hovered around 10%, a level 
reached by other products in the 1880s-1890s. On the other side, the gap in pepper prices 
remained stubbornly high, in the region of 30%, but for a brief interlude in the mid 1900s. 
iii) although trends are by and large common to both Oceans, the levels of integration differ 
markedly. For the whole century 1838-1938, the average price ratio differentials were smaller 
across the Atlantic (wheat 1.20, cotton 1.14) than across the Pacific (pepper 1.57, coffee 1.32, 
sugar 1.32, tin 1.08).  
 The graph shows also another somewhat puzzling fact. In a number of instances, prices in the 
destination market are lower than in the port of origin. For some products, the deviations are few 
and scattered in time and they may be neglected as statistical quirks. This is not the case for tin 
and wheat, as deviations are numerous (respectively 11 out of 96 years and 27 out of 127) and 
persistent in time. The price of tin in the United Kingdom was about 5% lower than in Indonesia in 
the mid 1850s, and the ratio increased steadily to 27% in the late 1860s. The ratio for wheat 
remained below one in almost every peace-time year from 1904 to 1939.  These persistent 
differences may reflect, barring systematic errors in measurement, either differences in quality, or 
the lack of trade. There is some evidence to buttress the latter hypothesis. In the 1850s, the 
London market for tin was still mainly supplied by Cornish mines. Similarly, in the 1930s the 
United Kingdom imported wheat mainly from the Empire, and indeed total export from the United 
States collapsed from about 3 million tons in the three years before 1929 to about 160000 in 
1934-1936, in part because of supply-side shocks (Historical Statistics 2006). This possibility has 
to be taken in mind in the econometric analysis of the causes of integration. In fact, without direct 
trade, however, prices differentials may not be representative of transaction costs even if the 
market is perfectly efficient. 
  Following Razzaque et al  (2007), the pattern of convergence is explored by running a 
regression  
 
Δ Ln RP=α+β TIME+ψlnRPt-1+ φln Δ Ln RP t-1 +u       1)  
 
 Price converge if the β coefficient is negative and significant,  and the rate of change is t=- β/ψ. 
The specification add a ECM mechanism: a negative and significant ψ coefficient (between -1 
and 0) implies that price ratio return to the trend after a shock. The lagged shock term is added to 
address the possible serial correlation.

3
  Results for the whole period are in Table 1  

 
Table 1 
Long-term convergence 

∆lnRPt Period Constant  β  ψ Adj R
2
 t*(100) 

Coffee 1835-1913 6.92***(4.2) -0.00360***(4.2) -0.66***(5.0) 0.30 -0.545 

Pepper 1830-1939 1.14    (1.1) -0.00055    (1.0) -0.26***(3.2) 0.13 -0.211 

Sugar 1824-1938 2.91***(3.0) -0.00150***(2.9) -0.37***(4.6) 0.16 -0.406 

Tin 1842-1939 0.29    (0.8) -0.00014   (0.7) -0.25***(2.9) 0.28 -0.058 

Cotton 1803-1939 2.03***(2.9) -0.00105***(2.8) -0.40***(5.0) 0.22 -0.259 

Wheat 1802-1937 4.13***(4.2) -0.00217***(4.2) -0.39***(5.3) 0.16 -0.561 

* significant at 10%, ** significant at 5% *** significant at 1% 
 

                                                 
3
 The coefficient is significant only for tin, and it is thus omitted from Table 1 



 The results show that shocks were corrected fairly quickly, with half lives ranging from eight 
months for coffee to 2 years and five months for tin. Price ratios were trendless for pepper and 
tin, while there is strong evidence of convergence for the four other products. The cumulated 
rates over the whole period correspond to halving the initial gap   declined in the other four cases, 
with quite different coefficients. The rate for wheat corresponds, if cumulated over the whole 
period, to a 50% fall, while the ratios for the three other products declined by around one third.  
 These long-run rates would underestimate the real process of convergence during the 
globalization period if, as posited by the conventional wisdom, price ratio had been stable before  
1870 and had been rising in the 1930s.  This possibility can be investigated by looking for 
structural breaks with a Bai-Perron (2003) test and, if successful, by estimating different  
coefficients 

4
. The results (Table 2) are fairly mixed, but no product fits exactly the conventional 

wisdom.   
 
 
Tab2 
Pattern of convergence 

∆lnRPt Period Β     ψ t*(100) 

    
 

Pepper 1830-1913 -0.00373*** -0.49*** -0.762 

Pepper 1914-1939 -0.00510 -0.53** -0.969 

    
 

Sugar 1824-1842  0.01384** -0.39** 3.576 

Sugar 1843-1875 -0.00328 -0.67** -0.489 

Sugar 1876-1914 -0.00215* -0.83*  -0.259 

Sugar 1915-1938 -0.01424* -0.66*** -2.164 

    
 

Tin 1842-1861 -0.00378  -0.56* -0.671 

Tin 1862-1876 -0.00338  -0.14 -2.363 

Tin 1877-1939 -0.00109***  -0.97*** -0.112 

    
 

Wheat 1802-1846  0.00275 -0.62*** 0.447 

Wheat 1847-1904 -0.00412*** -0.62*** -0.663 

Wheat 1905-1937 -0.00008 -0.48** -0.017 

 
 Prices of pepper and wheat did converge during the period of first globalization, but in both cases 
the trend had started in the first half of the century. Prices of sugar diverged in the 1820s and 
1840s and converged slowly since the 1870s. The trend accelerated after the war to compensate 
for the sharp increase in price differential at the outbreak of the war. Convergence for tin did start 
in the 1870s, but it continued in the interwar years, with no clear effect of the war or of the Great 
Depression. Last but not least, the series for coffee and cotton show no evidence of breaks (and 
thus are omitted from the table).  Prices converged steadily, in spite of the occasional spike 
upwards or downwards, throughout the whole 19

th
 and first thirty years of the 20

th
 

    As said, for Pacific only, it is possible to double-check these results with the NHM data.  
Unfortunately, the series for tin and sugar are fairly short. When overlapping, the coefficients are 
almost identical for sugar, while the implicit rate for the NHM series is decidedly lower for tin 

5
. 

The case of coffee is more complex. The long-run rate of convergence is broadly comparable (-
0.28% per annum vs -0.36 per annum over the period 1839-1913), but the time pattern is 
somewhat different:  convergence was very quick at the beginning of the period (-1.3% from 1839 
to 1864) and slowed down afterwards (-0.9% from 1865 to 1909).  
 

                                                 
4
 The test has been executed on a simplified model with only linear trend, using a sequential approach and 

looking for breaks in both constant and time coefficient.  
5
 The rates of change for sugar (1837-1873) are???   



Figure 2 
Price ratios, Pacific trade: NHM data 
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 To sum up, the analysis of trends highlights three main points  
i) the process of integration was substantial for most goods, but the differences in the extent and 
timing of convergence between commodities were rather large 
ii) these differences are clearly product rather than Ocean-specific 
iii) the timing does not tally with conventional wisdom. Convergence started in the first half of the 
19

th
 century, and in most cases continued also after the war. There is no evidence of 

disintegration during the Great Depression. 
 

 
4) On the causes of integration  
 
 The causes of convergences will be explored with a standard model 
 
Pi/Pj=F(Tc, Em, P)       2) 
 
 Where Tc is a set of variable(s) measuring  transaction costs,  Em proxies for the operational 
efficiency of markets (most notably the circulation of information) and P proxies for the policies 
affecting prices, adopted by importing countries (United Kingdom, the Netherlands) and suppliers 
(United States or the Dutch administration in Indonesia).  
  Transaction costs include transoceanic freights (all markets are conveniently located on the sea) 
and other costs – insurance, port charges and so on. The best measure of transportation cost in a 
single product framework is the so-called freight factor, the ratio of nominal freights to the price of 
the commodity in the port of origin (Hummels 1999, Persson 2004). The numerator should be 
route and product-specific.  The need for route-specific freights is evident, as the distance across 
the Pacific is more than double than that across the Atlantic (8576 miles between Amsterdam and 
Batavia or 8506 between London and Batavia versus “only” 3342 between New York and 
London).  But, even on the same route, the actual costs depended on the different opportunities 
for return leg, on stowage techniques, on the type of ship (steam versus sail) and so on (Harley 
1988, 1989, 2008). The data on freights are fairly abundant (Data Appendix B).  For the Pacific 
Korthal Altes (1994) reports series for sugar and coffee only, plus a general Pacific freight index 
(which seems to be based on the sugar freight). For the Atlantic trade there are bits and pieces 
series for cotton, and a wealth of series for wheat.  Using imaginatively all the available data, it is 
possible to produce, with some approximation, product-specific series for four commodities, while 
for tin and pepper one has to rely on the Pacific freight index. It is thus possible to compute for all 
products an index of freight factor, with a common basis (1869=1).  For three products, data 
suffice for a step forward – i.e. for computing the freight factor in levels as a share of the price at 
origin (Figure 3) 



 
Figure 3 
Freight factor: cotton, wheat and sugar 
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 The main message is that maritime transport cost very little, even in the first half of the 19

th
 

century. Cotton freights never exceeded 10% of the New York price and since the 1850s they 
remained around or below 2%. The ratios for sugar and wheat were higher, but still transport 
accounted for a fraction of the total price differentials for these goods. The 20% freight factor for 
wheat the 1820s-1840s compare with price differentials between New York and London between 
60% and 100%.  Freights accounted for 24.4% of gross sales of all products by the NHM in the 
1830s, 22.5% in the 1840s, 13.2% in the 1850s and 9.8% in the 1860s (Van Zanden-Van Riel 
2004 tab. 5.1). This fact raises an obvious question: what else did cause the additional 
differentials?  The theory suggests four possible answers 
 i) quality differences between commodities traded in Batavia and Europe. This possibility cannot 
be ruled out in principle, as the data are not quality-adjusted. Yet, it seems hardly plausible that 
the “sugar Java” in London in the early 1840s was twice as good as the reference quality for 
sugar on sale in Batavia 

6
. Furthermore, the price differentials exceed freights also in the NHM 

data, which in theory referred to all exports from Java. 
 ii) declining transaction costs other than freights (insurance, port handling and so on). The 
evidence confirms they were sizeable and that they declined over time, but the level is far from 
accounting for the gap in prices. The most precise, although aggregate, data refer to the 
expenditures of the NHM for all goods (i.e. including exports of Dutch manufactures to the 
colonies) In the 1830s, they accounted for about 14.3% of the gross receipt , while freights (on all 
goods) for 25%. The share declined to 12.4% in the next decade and to  8% in the 1850s and 
1860s (Van Zanden-Van Riel 2004 tab. 5.1). The data for the Atlantic trade are less precise, but 
costs seems to have been lower (Scholliers 1951 Simon ?? Persson 2004). 
 iii) a massive improvement in the operational efficiency of markets. Unfortunately the evidence 
on this point is scarce, but it points out to a gradual improvement. For instance, the time to send 
letters from Java to the mother country and get an answer dropped from 9 to 2 months, after the 
institution of mail service via Suez in 1844 (Fasseur 1992).  Communications across the Atlantic 
was obviously faster – about 14 days for a round trip in the 1850s (Hoag 2006). The successful 
laying of the telegraph cable across the Atlantic (1866) and the Pacific (1875) reduced the time to  
few hours, and then to few minutes (Headrick 1988). Better communication are bound to make 
arbitrage less risky and thus to reduce, ceteris paribus, price gaps, although the effect  should 
show more in high-frequency data (Hoag 2006) than in yearly ones. World War One may have 
inverted the trend to improvement, disrupting markets.  
 iv) the effect of policies in destination countries (Netherlands, the United Kingdom) or in the 
exporting ones (Java, the United States).  All products, as raw materials or tropical goods, have 
remained free from duties all over the period, with a major exception, wheat in the United 
Kingdom. Imports were subject to an almost prohibitive duty from 1815 to 1828, and to a quite 
high one from 1828 to 1846 (and one can remark that the break fits nicely). Imports remained free 
until the adoption of the Imperial preference system after the Ottawa conference in 1932, which 
complemented substantial subsidies to domestic producers (Egerer 1965 Rooth 1992). The 
United States had no tradition of intervention in agricultural markets, but the Great Depression hit 
the sector so hard as to suggest the Roosevelt administration to approve  the  
Agricultural Adjustment Act (1933) as one of the first measures after its inauguration. In a 
nutshell, the Act set a minimum price for the key agricultural commodities, and thus it reduced the 
incentives to export.  In contrast, the Pacific trade had a long story of  official control, since the 
beginning of Dutch rule. Williamson-O‟Rourke (2002) argue that the trade monopoly by the Dutch 
East India Company (Vereenigde Oost-Indische Compagnie or VOC) was the main cause of 
failed price convergence in the 17

th
 and 18

th
 century The VOC failed in the 1780s and Java 

become a Dutch colony.  It was invaded by the British in 1811, and returned officially to Dutch 
rule four years later. The political situation was unsettled and the native people revolted in 1825 
(Houben 2002). The revolt was eventually crushed in 1830 and the Dutch, in a difficult financial 
situation at home, introduced the so called Cultivation system (Fasseur 1992 van Zanden-Van 
Riel 2004).  The Dutch forced Indonesian peasant to  grow coffee, sugar and other primary 
products, which the government bought and re-sold in Europe via the NHM, in exchange for 

                                                 
6
 In 1838-1842, the price ratio was on average 2.30, while the freight factor was about 0.13 



Dutch manufactures. The contracts for transport were awarded to Dutch companies, at freights 
higher than the free market ones. Thus the net revenues were directly cashed by the government  
while the hidden subsidies benefitted the Dutch shipping and industries.  Since the 1850s, 
shipping contracts was gradually liberalized, and freights converged to free market levels. In the 
late 1860s, the freights from Java to the Netherlands (Korthals Altes 1994)  fell by two thirds, 
while Atlantic freights fluctuated without any clear trend. In the 1860s, trade was liberalized and 
the System was gradually wound down, to be formally abolished in 1870, although some forced 
cultivation remained. For the whole period of the first globalization, production and trade of 
Indonesian exports remained free from state interference or regulation. In 1918 the sugar 
producers set up a a private Association (VJSP)  to manages sales, which was substituted in 
1932 by a governmental organization (NIVAS) - Korthal Altes 1994.  
 
 5) Why did markets integrate?  
 
Table 3 reports the results of the baseline (unbalanced) panel for the six commodities. The 
dependent variable is the log of price ratio, while the explicative ones are (the log of) product-
specific freight indexes (FREIGHT), a Ocean-specific time trend (TREND_A and TREND_P), to 
proxy for  and dummies for specific policies – the two Corn Laws 1815-1827 (CL_1) and1828-
1846 (CL_2) for wheat, the Cultivation system with and without monopoly of shipping 
(CULTIVATION 1 for 1830-1849 and CULTIVATION2 for 1850-1870) for all Indonesian exports, 
the imperial preference after 1932 (IP)  for wheat, the Agricultural Adjustment Act after 1933 
(AAA) for wheat and cotton, and the two marketing boards for Java sugar, the private VJSP 
(1918-1931) and the official NIVAS (after 1932)

7
. The specification includes a lagged value of the 

dependent variable to reduce auto-correlation, but results without it are not qualitatively different 
 All regressions use a fixed effects specification with panel corrected standard errors to address 
cross-section heteroskedasticity and contemporaneous correlation. Columns 2)  and 4) report an 
instrumental variables specification, which takes into account the possibility that freights were 
determined by the demand for transport of commodities. They are instrumented by the lagged 
value.  With the major exception of the FREIGHT variable, the coefficients are almost identical, 
although slightly less significant

8
 

 
Table 3 
Regression results 

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

Estimation PCSE PCSE/IV PCSE PCSE/IV 

     C 0.144 (0.25) 0.694 (1.15) 0.972 (1.99)** 1.247 (2.50)** 

CL_1815 0.211 (3.69)*** 0.217 (3.66)*** 0.222 (3.87)*** 0.228 (3.81)*** 

CL_1828 0.222 (3.60)*** 0.225 (3.52)*** 0.231 (3.71)*** 0.235 (3.65)*** 

CULTIVATION1 0.109 (2.69)*** 0.133 (3.24)*** 0.090 (2.25)** 0.095 (2.30)** 

CULTIVATION2 0.029 (0.99) 0.049 (1.69)* 0.017 (0.60) 0.042 (1.46) 

IP -0.108 (-1.38) -0.111 (-1.38) 
  AAA 0.087 (1.49) 0.088 (1.47) 
  VISP -0.102 (-1.56) -0.057 (-0.85) 
  NIVAS -0.247 (-2.79)*** -0.176 (-1.94)* 
  

                                                 
7
 The variable for Corn Laws 1828-1846 (CL_2)  is actually a series of the average nominal duty 

on total imports (Federico forthcoming b). Other dummies have been transformed by adding 1 
before carrying out the transformation into logs 
8
  Results are almost identical also if we drop from the sample tin before 1876, wheat before 1828 and in 

the 1930s  to take into account the possibility of missing trade in those years. Dummies for the US Civil 

War and for the telegraph (since 1875)  are not significant or worsens results.  



FREIGHTS 0.056 (6.08)*** 0.027 (2.44)** 0.044 (5.17)*** 0.018 (3.44)*** 

TREND_A*100 -0.045 (-1.56) -0.072 (-2.38)** -0.051 (-1.93)* -0.075 (-2.71)*** 

TREND_P*100 0.002 (0.54) -0.010 (0.22) -0.044 (-1.27) -0.055 (-1.54) 

WWI_A 0.020 (0.26) 0.079 (1.04) 0.050 (0.66) 0.092 (1.20) 

WWI_P 0.199 (4.10)*** 0.259 (5.22)*** 0.241 (5.22)*** 0.290 (6.20)*** 

RP__1 0.493 (14.88)*** 0.536 (15.18)*** 0.508 (15.44)*** 0.551 (15.77)*** 

     N observations 621 617 621 617 

Adj R
2
 0.75 0.75 0.74 0.74 

F 97.9 90.7 120.9 113.74 

DW 1.96 2.09 1.95 2.09 

LL t-stat -21.6*** -23.0*** -21.5*** -24.17*** 

 
 
 
The last row of the table reports the results of the Levin, Liu and Chu (2002) test for the presence 
of a unit root in the residuals. The null of unit root is rejected at 1% - i.e. all series are co-
integrated.  The results confirm the expectations with some interesting additions. 
 As expected, freights were positively related to price gaps, but the elasticities are fairly low: the 
long-term figures are in the region of 9-10% in the OLS specification and about a half in the IV 
one.  The marginal effect of a 1% change in freights on the price gap (i.e. the absolute change at 
its mean – around 1.30) is about 0.0012-0.0014 points. The war time dummy is significant only for 
the Pacific trade and indeed price ratios jumped for pepper, coffee and sugar, although not for tin. 
This result may appear surprising, as the Netherlands were a neutral country, while the Atlantic 
trade was subject to the threat of  German submarines. However, the dummy measures the 
additional effect of the war beyond the pure risk to be sunk, which should already be priced in 
freights. The marginal effect was massive: World War One increased the price gaps for the 
Pacific commodities ocean by 0.5-0.7 points according to the specification. 
 The effect of policies is differentiated but as a rule was much bigger in the first half of the 19

th
 

century than in the interwar years. These latter have had almost no impact, with the remarkable 
exception of the NIVAS marketing board for Dutch sugar. However, it reduced price gaps rather 
than widening them. In contrast, both the Corn Laws and the Cultivation system  did increase the 
price gap between producers and consumers. Actually, the Cultivation system was much more 
important before 1850 than afterwards (coefficients lower and not significant). The former 
augmented price gaps, on average, by about 0.20-0.30 points. This suggests that the key feature 
of the system, from the point of view of long-range integration, was the reservation of transport to 
Dutch shipping. Both versions of the Corn Laws affected negatively transatlantic integration.  
 Last but not least, the time trend is significant for the Atlantic trade but not for the Pacific. The 
coefficient for the Atlantic, cumulated over the whole period, corresponds to a fall by 5%. This fall 
captures not just variations in efficiency but also changes in the relative quality of goods and the 
effect of omitted variables (e.g. transaction costs other than freights) or not well specified 
variables (for instance a change in selling practices by the NIVAS).  
 The discussion so far has considered whether and to what extent each variable, if taken in 
isolation, has affected integration.  The next step is, obviously, to compare their effect and to test 
how much of the long-term trend they can explain. In fact, a low marginal effect of a given 
variable might still be consistent with a big aggregate effect, if the absolute change is big enough. 
Thus Table 4 reports the share of each variable on the total change of the price ratios over the 



whole period. It is obtained by multiplying the change of the relevant variable by the coefficients 
from Table 3 column 3 

9
  

 
Table 4 
Decomposition of changes 

  All Pacific  Atlantic  Coffee Pepper Sugar  Tin  Cotton Wheat 

Period 
 1841-
1913 

1841-
1913 

1841-
1937 

1834-
1913 

1832-
1938 

1830-
1937 

1841-
1938 

1841-
1938 

1841-
1937 

∆ in dep var. -0.4 -0.39 -0.46 -0.45 -0.24 -0.19 -0.23 -0.55 -0.73 

          CL_1828 10 
 

27 
     

34 

CULTIVATION1 21 32 
 

28 52 63 55 
  FREIGHTS 43 51 21 50 63 15 103 8 20 

TREND_A 6 
 

22 
    

18 14 

TREND_P 11 17 
 

16 39 48 38 
  

          % accounted for  0.91 1.00 0.70 0.94 1.54 1.27 1.96 0.26 0.67 

 
 
The last row shows that the model performs fairly well, especially at an aggregate level, while the 
results for individual commodities are more mixed. The model under-predicts changes in the 
Atlantic Ocean and over-predicts those on the Pacific. Yet the message is fairly clear:  the decline 
in freight – i.e. the pure technical progress in shipping- explains only about half the total. Policies 
accounted for about a third overall, but the impact of the Cultivation system on integration of 
markets for sugar, pepper and tin was much larger. 
  
 
6)  Welfare effects 
 
 As said in the introduction, ultimately, the integration of commodity markets matters to the extent 
that it affects allocation of resources and welfare. How much did transatlantic integration (or the 
lack of it) during the very long 19

th
 century contribute to the welfare of producers in Java or in the 

Midwest, or of European consumers? The short answer is not that much, at least as long as trade 
was free from state intervention. This statement is a straightforward consequence of the low(-ish) 
initial level of transaction costs for long-range commerce. In fact, changes in transaction cost can 
be fruitfully treated as an equivalent cut in duties. A back-of-the-envelope estimate suggests that, 
even if all benefits accrued to (European) consumers, a 10% decline in transportation costs could 
have increased at most their welfare by 0.5%

10
.  

 The case might be different for transport within countries, from the production areas to the port of 
embarkation – New York or Batavia- and from the ports of arrival –London, Amsterdam- to 
consumers. Arguably, overland transport at the beginning of the 19

th
 century cost much more 

than maritime one, and thus there was more scope for improvement. Indeed, the convergence of 
prices within the United States during the 19

th
 century dwarfs the transatlantic one (Federico-

Persson 2007, Federico-Sharp forthcoming). There are no comparable data for convergence 
within Java, but in all likelihood the gains from improvements in overland transport, if any, were 
as massive. In contrast, changes were likely to have been not that large when goods could be 

                                                 
9
 The table thus omits explicative variables which did not affect the dependent variables at the beginning 

and/or at the end of the period (such as the World War dummy). The change in the dependent variable is 

the log of ratio of interpolated series (from Table 1). 
10

 The computation follows the method sketched out in Federico (2008). The figure assumes that the 

relevant commodities accounted for 10% of consumption and 5% of production (the case of wheat), with 

elasticities of domestic demand 1 and supply 0.8 or for 5% of consumption without domestic production 

(e.g. for tropical goods).    



transported by sea. It is possible to compute a freight factor for the transport of tin between the 
mines in the islands of Bangka and Batavia (Figure 4) 

11
.  
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 The Bangka price is proxied by the Batavia price (Korthals Altes 1994 Appendix A) less the transport  

cost itself. 



Figure 4 
Freight factor: domestic commerce of tin 
 
 

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

1830 1840 1850 1860 1870 1880 1890 1900 1910 1920 1930 
 



 The trends differ somewhat from those in long-range transport as changes reflect mainly 
movements of tin prices in Batavia, while freights remained remarkably stable.  Anyway, the key 
issue is that freight factors were extremely low throughout the whole period – between 0.55% (in 
1918) and 2% (in 1878). Thus, there was little scope for massive gains from better transportation. 
  The discussion explicitly refers to competitive markets, where price gaps depended only on 
transport costs and market efficiency. However, the regression results show that policies were 
quite important. In the case of Corn Laws, the estimates capture the effect in full, as the trade of 
wheat within the United Kingdom, once paid the duty, was free. In contrast the dummy for the 
Cultivation System registers the impact of monopoly of shipping, but not the costs of the 
monopoly of trade within Java. These latter depended on the difference between the (unknown) 
farm-gate prices under the System and the implicit ones - i.e. the Batavia prices plus the transport 
costs to the interior. However, the net revenues of the System were large enough to account for 
between a third and a fifth of total revenues of the Dutch treasury and for about 3-4% of the Dutch 
GDP 
Table 5 
The revenues from the Cultivation System 

 
1830s 1840s 1850s 1860s 

Revenues for the Treasury (Batig Slot) 79.8 133.4 238.7 250.5 

Total income for Netherlands (minimum) 120.8 161.3 249.3 255.1 

Implicit hidden subsidy on shipping 29.8 54.3 40.1 21.6 

Total income for Netherlands (maximum) 150.6 215.6 289.4 276.7 

     % GDP 2.9 3.7 4.4 3.3 

% tax revenues 31.9 38.6 52.6 44.5 
Source: Van Zanden Van Riel (2004) tab 5.1 
 
 It is thus likely that the abolition of the system benefitted peasants. Indeed, they did not return to 
subsistence agriculture and production of cash crop continued to  grow (Booth 1988, Van der Eng 
1996) 
 
 
 
 
 
7) Conclusions:    
 
To sum up, the paper makes  four points 
i) world market did integrate, but the process stretched on a much longer period of time 
ii) the extent and timing of integration differed widely among products 
iii)  policies mattered a lot in determining the integration and in creating differences among 
products  
iv) the effects of long-range integration on welfare 
None of these points is really new, but as a whole they  
These figures are perfectly consistent with the data on freight factor, but they imply that a purely  
 
 Need to stress the implications of the differences by product and across Oceans and by 
products. Thus, imprudent to  as a lot of discussion on globalization.. 
 
 
 
 
 



 
Appendix  A 
 
Sources on prices 
 
Coffee. Korthals Altes (1994) reports two prices only for Indonesia, the NHM net series (1833-
1922, series n.05) and for the average price of exports (1833-1913, series n.01). The former is 
then related to the average price in Rotterdam for „good ordinary Java‟ (1830-1913, series n.07). 
The resulting ratio is thus not adjusted for quality changes 
Pepper. The source reports export prices for „black pepper‟ for the period 1828-1832 (series n.31) 
and two series of market quotations for the same good, without specifying the difference (series 
n.31 for 1833 to 1855 and n.32 from 1848 to 1939). The final series is obtained by extrapolating 
the series n.32 to 1832 with the series n.31

12
. The European price is proxied by the market price 

for „black pepper‟ in Amsterdam  (1828-1939, series n.33)
13

. As in the previous case, the ratio is 
not quality-adjusted. 
Sugar  For Batavia, Korthals Altes (1994) reports four different series, the NHM net prices 1837-
1873 (series n.66), the average export price according to trade statistics 1822-1936 (series n.65), 
a series of prices for specific qualities in Batavia 1848-1913 (series n.62, referring to n.16 from 
1848 to 1868, to n.14 1869-1894, n.15 1895-1913) and  a series of “wholesale price Batavia 
second hand” 1913-1939 (series n.63, referring to a mix of qualities over n.16). The final series is 
obtained by adjusting the Batavia prices to a common quality for the period 1848-1913 and then 
extrapolated backwards it to 1837 with the NHM series and then to 1822 with the series of export 
prices and forwards to 1939 with the “wholesale prices” 

14
. For London, he provides only two 

series, referring to generic raw sugar for the period 1820-1845 (series n.68) and to Java sugar 
1845-1939 (series n.69). Thus, the ratio seems more accurate for the period since 1848 than for 
earlier years.  
Tin Korthal Altes (1994) provides a series of export prices, from official statistics (1823-1936, 
series n.82), a net NHM series (series n.84, 1839-1920) and two market quotation, a series „tin 
from Belitung‟ traded in Batavia (1862-1913 series n. 81), and a series for „tin in Singapore‟, 
allegedly net of transport costs (1913-1939, series n.83). The final series is obtained by adjusting 
the „tin from Beilitung‟ series from fiscal year (ending April 30st) to calendar year and then 
extrapolating it backward, to 1839 with the NHM net series and subsequently to 1823 with the 
export prices, and forward to 1939 with the „tin in Singapore‟.  European markets are represented 
by a series of „East Indian tin‟ in Amsterdam (1840-1914, series n.87) and two series for (generic) 
tin in London, one from Sauerbeck (1846-1879, series n.88) and another from industry sources 
(1871-1940 series n. 89). The coincidence between the two London series, when overlapping, is 
almost perfect (0.995). Thus the series is obtained by splicing the two, and extrapolating 
backwards the resulting series to 1840  
Cotton. Prices in New York for „middling Upland‟ from Carter et al 2006 series Cc222-223, in 
Liverpool  for „middling American‟ Mitchell 1988 pp.760-761, converted into US dollars with the 
exchange rates from Carter et al (2006) series 1800-1913 and Globalfinancialdata (..) 1914-1939 
Wheat. The prices series in New York and London 1800-1913 have been kindly provided by  
David Jacks (Jacks 2005). They have been converted into US dollars with the exchange rates 
from Carter et al (2006) series.  For the post-war period, the prices in New York 1924-1937 are 
from Statistisches Jarhbuch (1939) and  in London from the journal Wheat studies ad annum 
(originally from IIA Yearbook) – both in dollars per quintal. Unfortunately, none of these sources 
allow to control for quality differentials. Persson (2004) provides  quality-adjusted price series, 
which however covers only the period 1850-1900 and are converted in gold (rather than paper 
dollars) 1862-1878.  The ratio similar Jacks data (0.96) and cointegrated at 2%, and the 
coefficient of correlation for the whole period 0.565 and 1878-1900 0.872.  
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 The two series are fairly well correlated when overlapping and the level is almost identical 
13

 Korthals Alter (1994) reports also a series for “black pepper” in London 1885-1939 (series n.34). The 

simple coefficient of correlation is 0.862 and the series are cointegrated at ??% 
14

 When the two series overlap, the coefficient of correlation between the baseline series and the NHM net 

prices (0.794) is somewhat higher than the same series and the export prices (only 0.611).  



 
 
 
Appendix B 
Sources on freights 
 
There are at least eight available series of freights for transport of wheat across the Atlantic, from  
six works, by five different authors i) North (1958) freight factor for American (East Coast), 1826-
1913, which can be transformed back into shilling/quarter by multiplying by the Gazette price  
(Mitchell 1988), which North used as denominator; ii) Harley‟s‟‟ New York grain series‟ (1988), for  
1855-1872,  presumably in cents/bushel; iii) Shah-Williamson (2004) indexes (1884=1) of freights 
from East North America, 1869-1938 and from the Gulf Coast  1884-1939; iv) Persson (2004) 
freights from Liverpool to London, 1850-1900 in shilling/quarter ; v) Klovland‟s (2006) series of 
freights from New York to London or Liverpool, 1848-1861 in pence/bushel ;  vi) Harley (2008) 
rates „Cork for order‟ (i.e. for specialized tramp shipping) for 1863-1908 and to rates „New York 
Liverpool berth‟ (i.e. for transport as supplementary cargo in ships carrying live animals or frozen 
meat) for 1868-1913  
  Table B.1 reports the coefficients of correlation among the five most important (in terms of 
lenght and representativeness) series, by North, Persson, Harley (1 „Cork for order‟ and 2 liner) 
and Shah-Williamson (1 for East Coast, 2 for the Gulf).  
 

 North Harley 1 Harley 2 Persson Shah-W 1 

North      

Harley 1 0.952     

Harley  2 0.920 0.968    

Persson 0.932 0.935 0.988   

Shah-W 1 0.761 0.760 0.747 0.672  

Shah-W 2 0.778 0.830 0.717 0.671 0.526 

 
 The coefficients of correlation between the series by North, Harley and Persson are quite high, 
and thus ultimately the choice of any of them would not affect the long-term trends. On the other 
hand, the levels differed hugely, as the transport by liners cost about half: the average ratio of 
Harley 1 to Harley 2 0.60 (DS 0.15), to Persson 0.44 (DS 0.05) and to North 0.51 (DS 0.07).  
Thus,  any change in the market share of liners would affect the average freight.  Although data 
are very scarce, the anecdotal evidence suggests a sharp increase in that share since in the 
1880s, up to about 60-70% in the mid-1890s (Harley 2008). To capture this effect, the final series 
of freights to 1913 is a weigthed average of the series of tramp freight by North and of liners rates 
by Harley, assuming the weight of the latter to have increased from 1% in 1860 to 10% in 1880 to 
66% in 1890. The tramp freights are taken from North (1958), which extends back to 1832, with a 
ten-years break from 1833 to 1842. In those years, and in the years 1814-1832, the series is 
interpolated, faute de mieux, with the series of overall freight by North (1968). Last but not least, 
the series is extrapolated forward to 1939 with Shah-Williamson (2004) East Coast grain index  
 
 
Cotton 
  The evidence on cotton is decidedly less abundant than for wheat . it includes i)  Harley (1988) 
series of tramp from Charleston (1812-1860), New Orleans (1817-1860) and New York (1823-
1860), probably in cents/pound; ii). Shah-Williamson (2004) index (1884=100) for Gulf cotton 
1878-1910 ; iii) Klovland (2006) series for transport of cotton from New York and New Orleans, in 
pence/pound; iv) North (1965) series of freight factor (computed as freight/CIF import price) 1810-
1906 One can add the index by North (JPE 1968) which Harley reckons to cover mostly cotton 
(1988 p. 856) 

15
.   
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 This statement is buttressed by the very high coefficient of correlation with Harley‟s New York 
series when overlapping (0.92).  



    The starting point for building the series is Harley‟s series of freights from New York, suitably 
extended backwards to 1814 with his own series from Charleston. Unfortunately, there are no 
cotton-specific series until 1878 and after 1911. The gaps have to be filled with data for wheat – 
respectively the North (1958) index for 1861-1877 and the  Shah-Williamson East Coast index for 
1911 onwards /RE-DO/

16
 

  
 
Pacific 
Sugar. Korthals Altes reports two distinct series for sugar. The series 1832-1870 refers to the 
transport to the Netherlands („homeward‟) on behalf of the NHM (series n.02 for 1832-1870 and 
n.03 for 1868-1876). Since 1869 he provides a series labelled „Java-UK‟(1869-1929, series n.04), 
which is taken from Faiplay. The two series overlap in 1869 and the latter is about a third lower. 
To avoid a possible spurious discontinuity, consistently with the method used for the price series, 
the series of sugar freights is obtained by extrapolating the „Java-UK‟ series. Extrapolation 
backward to 1832 with the homeward freight series, while for the two extremes (1823-1831 and 
1930-1938) used the „generic‟freight index from Korthals Altes (1994 Appendix A) 

17
  

 Coffee. Korthals Altes reports a series of freights for transport with liners (Tab.4 series n10) for 
the period 1871-1931. The series is extrapolated backwards to 1823 and forward to 1938 with the 
„generic‟freight index from Korthals Altes (1994 Appendix A)  
 There are no data on freights for pepper or tin and thus they proxied by the „generic‟freight index 
from Korthals Altes (1994 Appendix A). 
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 The North index has been preferred to other tramp shipping ones as it does not feature any gap in the 

relevant years. 
17

 This series is correlated at 0.99 with freights from South East Asia from Shah-Williamson (2004) 
– so it is indifferent which one used… 
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