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The fast growth of the Chinese economy, which in 2006 reached 10.7%, has revived doubts about growth sustainability and access to resources. China is certainly committed to getting the resources needed to sustain its sky-rocketing economy, and is taking its quest to lock down sources of oil and other necessary raw materials across the globe. In a context of long term instability in the Middle-East, China’s appetite for oil has channeled investment into Africa, turning Angola, for instance, into the single largest supplier of oil to China. 

In a world of scarce resources, access is a valuable asset to sustain economic development and growth and, in that regard, the much earlier battle for resources brought about by the American rise as an industrial power might help us understand the Chinese current quest for resources. However, the United States is usually regarded as a rich resource country and several theories explained its economic development and growth as based on access to cheap domestic resources. For instance, Wright (1990) and Nelson and Wright (1992) claimed that American manufacturing exports were increasingly intensive in non-reproducible resources. Furthermore, Habakkuk (1962), Wright (1990) and Broadberry (1994) are often cited to claim that resource endowments explained the productivity gap favouring the United States. 
Evidences from rubber manufacture industry do qualify these long accepted ideas though. Until 1910, and consequently before rubber plantations, the United States did possess a productivity advantage in rubber manufacturing compared to Britain but it is shown here that this productivity gap was not laid upon an easier and cheaper access to crude rubber, the main input in the industry. Surprisingly, wages might partly explain the productivity gap but it seems that protection (in form of tariffs and patent rights) might have played a decisive role.

Moreover, the paper qualifies Crafts and Thomas (1986) who claimed that Britain was a laggard just before the Great War. As far as rubber manufacturing is concerned, British rubber manufacture net export in the first decade of the twentieth century was higher in Britain than in the USA despite the fact that the US rubber manufacturing industry was three times larger than its British counterpart. Revealed comparative advantage further shows that Britain was ahead of the United States up to 1908.

Therefore, the paper addresses the paradox of why American productivity gap in rubber manufacturing did not translate into comparative advantage. So: 1) Why was rubber manufacturing productivity higher in the United States? 2) What then explains British comparative advantage in rubber manufacturing in a context of higher US productivity in this very same industry?

1. Defining Comparative Advantage and Productivity

Before addressing these two questions it is important first to define comparative advantage and productivity in rubber industry. Here, comparative advantage is measured by the index of Revealed Comparative Advantage as proposed by Lafay (1990). The index provides a measure of the contribution of rubber manufacture trade to the total trade balance. Since we are interested in the evolution of revealed comparative advantage over time, the comparative advantage of rubber manufacturing industry will depend not only on its trade balance but also on the GDP which is used as a proxy for domestic demand. The revealed comparative advantage in rubber manufacturing would increase whenever the trade balance in that sector increases more than the overall growth of the economy. Since the index is weighted by the country’s total trade, increases in the trade balance that affect all sectors relatively in the same way (like a devaluation of the currency) should not impact the index and thus a positive estimate must then be interpreted as the country revealing comparative advantage. The index is defined as below:
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where 
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 refers to total imports of rubber manufactures whereas Xi and Mi are country’s i total exports and imports, respectively. Lastly, GDPi refers to country i’s GDP.

The index suggests that both the USA and Britain possessed comparative advantage in rubber manufacturing but British comparative advantage was higher until 1908 (see figure below). This comparative advantage gap can also be assessed directly from foreign trade data. From 1900 to 1910, Britain exported US$8.9 million in rubber manufactures compared to just US$6.1 million for the USA in the same period. It is true that Britain imported more rubber manufactures than the USA but rubber manufacture net exports over this period were still favourable to Britain: US$5.2 million against US$4.7 million. 

[image: image4.emf]Figure 1: Revealed Comparative Advantage, UK versus USA (1900 - 1910)  
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  Data Sources: 1)  UK  –  a) Rubber Manufacture Imports and Exports (in  £ ): up to 1900 from Woodruff (1958, pp.206 - 7) and  Parliamentary Papers thereof; b) Total Imports, Export s, Re - Exports and GDP (all in   £ ): Mitchel l ( 1988 ). 2) USA  –  a) Imports of Rubber  Manufactures: computed as the sum of imports of Manufactured Gutta - Percha, Elasticon & Similar substitutes for India Rubber and  India - Rubber (all in US$): from US Trade and Navigation  Reports ; b)  Exports of Manufactu red Rubber (in US$): from US Trade and  Navigation Reports.  Total Imports, Exports, Re - Exports and GDP  (all in US$) : Historical Statistics of the United States, Millennium  Edition .    


Therefore, foreign trade data suggest that Britain had a comparative advantage over the USA, but was it rested upon a productivity gap favouring the British rubber manufacturing industry? Productivity here is measured in two different ways. First, in the absence of any measure of prices and physical production of rubber manufactures, productivity in the US rubber industry can only be computed from 1869 onwards as gross production of rubber goods per wage earner. Apart from 1869, when a wage earner produced US$7,541 worth of rubber goods, the other years seem to indicate that between 1879 and 1909, a rubber worker would have produced on average US$5,177 worth of rubber goods (all values were deflated by the price of crude rubber in the USA from trade data). 

Unfortunately, there is no equivalent dataset for Britain that would allow us compare productivity in the nineteenth century as the first UK Census of Production was only taken in 1907. But we can use 1904 and 1909 for the United States and 1907 and 1912 for Britain as benchmark years for comparison. The difference here is that implicit rubber prices from imports registered different values in these two countries and we are faced with two possible deflators: the UK rubber price and the US rubber price.

[image: image5.emf]Figure 2: Rubber Manufacturing Productivity, 1904 - 1912  

USA 1904 UK 1907 USA 1909 UK 1912

Production Levels

Current Price (US$) 148,015,391      43,292,880        197,394,638      62,336,000       

at 1910 US Rubber Price (US$) 216,054,484      56,570,149        282,737,669      73,886,059       

at 1910 UK Rubber Price (US$) 283,210,432      79,344,672        290,260,706      94,399,922       

Number of Wage Earners 43,873              24,039              49,264              31,900             

Unit Value (in US$)

Current Rubber Prices in the USA 1.51 - 1.54                  -

Rubber Price in 1910 in the USA 2.21 - 2.21                  -

Current Rubber Prices in the UK - 1.55                  - 1.88                 

Rubber Price in 1910 in the UK - 2.85                  - 2.85                 
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  Source s :  US Census of Manufactures (1904 and 1909) and UK Census of Production (1907 and 1912). Rubber prices were used to  estimate Unit Value and were computed as the implicit price from crude rubber imports: total  value of crude rubber imports over total  quantity of crude rubber imported. Crude rubber import data were obtained from US Trade and Navigation Reports and from UK  Parliamentary Papers.  UK Values were converted into US dollars using worthmeasuring.com too l .    


Once converted into the same currency, it is possible to compute the productivity gap across the Atlantic. Using US crude rubber prices as deflator, the productivity gap ranged from 2.1:1.0 to 2.5:1.0 favouring the United States whereas under UK crude rubber prices, the productivity gap stood around 2:1. These estimates are in line with Broadberry’s (1997) figures for the whole manufacturing sector. However, they do not take into account quality differentials or specialisation of production since the unit value used here did not take into account those effects. Indeed, the production mix of rubber goods was quite different: whereas rubber tyres accounted for only 32% and 38% of overall rubber manufacture gross production in the UK in 1907 and 1912, respectively, rubber tyres accounted for 74% of overall US rubber production in 1914. Conversely, footwear and waterproofing clothes remained relatively more important in Britain compared to the USA. Quality differentials are more difficult to assess, but it might be the case that the United States were buying low quality rubber (at least at the margin) which could have limited and influenced the quality of their rubber manufacture products. Rubber prices were indeed lower in the USA, suggesting that quality might have been lower as well (see Figure 2).

Thus, an alternative and perhaps complementary way to assess productivity in rubber manufacturing would be by analysing crude rubber consumption per wage earner in the manufacturing industry, capturing how much crude rubber a wage earner was able to process (Figure 3 below). By this index, in mid-1880s American workers started to process more crude rubber in per capita terms than their British counterparts. This productivity gap was narrowed in 1907 just to widen again up to 1910. Therefore, contrary to the previous measure of productivity, there does not seem to be a productivity gap as high as in the manufacturing sector as a whole, even though there seems to be no doubt that the USA registered a higher productivity in the later part of the period under analysis here.
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[image: image8.emf]Sources: Crude Rubber Consumption was computed as Net Imports (Imports minus Re - Exports) computed from UK Parliamentary  Papers Series for the years 1861, 1871, 188 1, 1891, 1901 and 1911 and from US Trade and Navigation Reports for the years 1869,  1879, 1889 and 1899. For the period 1904, 1909 and 1914, data came from Barker (1938). The number of US rubber workers was  obtained from US Census of Manufactures for 1869,  1879, 1889, 1899, 1904, 1909 and 1914. In turn, the number of British rubber  workers was obtained as the number of rubber workers registered in the Census of Scotland plus the number of rubber workers  registered in the Census of England and Wales for the  years 1861, 1871, 1881, 1891, 1901 and 1911. For both, the USA and Britain,  the crude rubber net imports were divided by the number of rubber workers and interpolated to compute the graph above .  


2. Why was then Productivity higher in the USA?

The answer to this question partly lies on the standardisation of demand and the move towards mass-production in the USA, especially because that productivity gap was mainly created by the close relationship between American tyre making companies and the US motorcar industry and the consequent adoption of Fordian organisation of production after the turn of the century: the average size of rubber manufacturing establishments was increasing over time from 72 rubber workers per plant in 1849 to 185 in 1909. But these averages still hide the emergence of the 4 giant rubber concerns where most of these economies of scale were being generated: by 1907 B.F.Goodrich employed 2,500 workers in a single plant. Moreover, the relationship with car makers granted the US tyre manufacturers advantage in the development of the new designs necessary for car tyres. Therefore, in addition to economies of scope, US rubber companies exploited substantial economies of agglomeration as rubber companies clustered around Akron, Ohio.

Economies of scope and agglomeration should have certainly generated a productivity advantage but what was their impact on costs in the industry? Rubber manufacture companies moved to Akron for two main reasons: labour supply and access to cheap resources. Let’s see each of these two factors in detail. First, Akron possessed a readily available supply of labour that was being pulled out by the economic decadence of some other industries in the region. With agglomeration of rubber industries the cost of searching and training labourers should have declined over time as more and more people were acquiring the skills necessary for rubber production. Moreover, the interaction between rubber workers might have generated spillovers of new techniques and production process. In sum, in a context of population (and labour force) growth, we should expect wages to decrease, at least in relative terms: indeed, compared to the national average, Akron rubber companies paid 20 percent less as wages. But what was the extent of the impact of economies of agglomeration on rubber industry costs (notably on wages)?

Unfortunately, the UK Census of Production in 1907 and 1912 did not record wage sums for the British rubber industry. However, it was possible to compute an average wage for the British firm Moulton & Co. from 1870 to 1900 that, once converted into US dollars, can be compared to the US average from the US Census of Manufactures. Given the fact that Moulton & Co. was a specialized firm in high quality rubber springs and buffers, it is likely that their wages were higher than the British rubber industry average. 

Until the beginning of the 1890s, wages in the USA might have been considerably higher but the ratio took a downward trend from the 1880s onwards, possibly due to economies of agglomeration, giving room for the productivity gap to emerge favouring the USA: wages were indeed a significant part of total costs, ranking in second only after crude rubber.

Access to other inputs could have determined the productivity gap as proposed by Habakkuk (1962), Wright (1990) and Broadberry (1994) among others. However, this does not seem to be the case here as coal, fabrics and chemicals comprised a very small proportion of total costs and price differentials across the Atlantic were certainly insufficient to account for the productivity gap. Therefore, the remaining cost explanation for the productivity gap would then be crude rubber whose cost amounted to around 30% of the final price of rubber products from 1870 to 1910.

In order to analyse if crude rubber endowment resources explained the higher productivity in the USA, it is necessary to assess how scarce crude rubber was in the USA and Britain, and the extended version of the paper shows that this commodity was generally very scarce in both markets throughout the period from 1870 to 1910. Under scarcity, access to raw rubber sources became even more strategic, and the main finding is: British and American struggle for crude rubber generated different geography of supply, impacting over the quality of rubber these two countries were importing. 

As far as rubber manufacture industry is considered, resource endowments do not explain the productivity gap as proposed by Habakkuk, Wright and Broadberry among others. At this stage, my hunch is that tariffs (and declining relative wages) would then explain the higher productivity in the USA compared to Britain. I have not yet computed the effect of tariff protection but the evidence suggest that it might have been high: for instance, the McKinley act of 1890 increased the ad valorem duties on imported cycles and parts from 35% to 45%. Protection, here, should also embody patent rights: the extended paper indeed shows that rubber goods were sometimes excluded from markets due to patented monopolies in certain market niches.

Once having understood the causes of higher productivity in the USA as being the protection umbrella and possibly declining relative wages, we still need to understand why this productivity gap did not translate into comparative advantage on trade favouring the USA. To assess this issue, we turn, once more to the crude rubber market.

3. What explains British Comparative Advantage? The Role of the Crude Rubber Market

Given the nature of production until 1910, which was almost exclusively from wild sources, the paper investigates, from British and American trade balance data, how hungry for rubber these industrial centres were and what their strategies were to save on rubber. The methodology is based on the estimation of elasticities of demand from the two main sources of rubber: Brazil and British Colonies (for the USA, the last category includes Britain). Together, they accounted for 76.2% of total crude rubber imports into the UK and 74.4% of total crude rubber imports into the USA from 1870 to 1910. The estimation procedure proposed is based on an Almost Ideal Demand System (AIDS) which provides a framework that is general enough to be used as a first-order approximation to any demand system. The important feature of the estimation is that it captures the fact that the USA was very reliant on crude rubber re-exports from Britain.

Elasticities of demand for Brazilian and British Colonial rubber (not shown here, see the extended paper for details) suggest that in a context of rising prices of crude rubber, both the USA and Britain would have saved on rubber to some extent, but Britain was in a better position: since that country was importing more rubber than its domestic market needed, if crude rubber prices increased, they could simply save on all rubber sources and re-export even more (at higher price) to the USA. For the USA, there were clearly limits to save on rubber and the alternative was just to mix more low quality rubber from British Colonies with better quality rubber from Brazil, impacting on the overall level of quality of the raw product. In this context of high crude rubber scarcity, it is easy to understand why the USA was more reliant on reclaimed rubber than Britain.

The US rubber manufacture industry really reached physical limits to its expansion due to the lack of a steady and reliable supply of the main input of the industry: crude rubber. With the increasing domestic demand for rubber manufactures, American producers could not expand their production even further to supply the domestic market and at the same time to capture a higher market share abroad, especially because to increase production at the margin American producers would have paid higher prices for more low quality of crude rubber. Low quality of that raw material was not suitable for every use and the American producers would have had to either decrease the overall quality of their production (because they would be mixing more low quality rubber with their good quality rubber) or just produce lower quality rubber manufactures at the margin. Neither solution would be satisfactory and that is why the British, who possessed a better access to crude rubber were able to reveal a higher comparative advantage even in a context of higher productivity level in the US rubber manufacture industry.

Therefore, as far as rubber manufacturing is concerned it seems that imperialism might have paid off to Britain to some extent. The lesson from American rise to power is then that securing a source of key commodities does pay off and might even provide a cutting edge in manufacturing and then the Chinese political and economic expansion in Africa should then be analysed from this viewpoint.


















































































� References and sources are presented in the extended version of the paper only, available at � HYPERLINK "http://personal.lse.ac.uk/fernanft" �http://personal.lse.ac.uk/fernanft�.
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