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1. Introduction* 
 

In recent years there has been an upsurge of interest among growth economists 

in General Purpose Technologies (GPTs).  A GPT can be defined as "a technology 

that initially has much scope for improvement and evntually comes to be widely used, 

to have many uses, and to have many Hicksian and technological complementarities" 

(Lipsey et al., 1998a, p. 43).  Electricity, steam and information and communications 

technologies (ICT) are generally regarded as being among the most important 

examples. 

An interesting aspect of the occasional arrival of new GPTs that dominate 

macroeconomic outcomes is that they imply that the growth process may be subject to 

episodes of sharp acceleration and deceleration.  The initial impact of a GPT on 

overall productivity growth is typically minimal and the realization of its eventual 

potential may take several decades such that the largest growth effects are quite long-

delayed, as with electricity in the early twentieth century (David, 1991).  

Subsequently, as the scope of the technology is finally exhausted, its impact on 

growth will fade away.  If, at that point, a new GPT is yet to be discovered or only in 

its infancy, a growth slowdown might be observed.  A good example of this is taken 

by the GPT literature to be the hiatus between steam and electricity in the later 

nineteenth century (Lipsey et al., 1998b), echoing the famous hypothesis first 

advanced by Phelps-Brown and Handfield-Jones, 1952) to explain the climacteric in 

British economic growth. 

Although there exists pioneering cliometric research on the social savings of 

both steam engines (von Tunzelmann, 1978) and railways (Hawke, 1970), there has 

never been an attempt to examine the long-run impact of steam technology on British 

economic growth during the late eighteenth and nineteenth centuries.  This paper uses 
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growth-accounting to fill this gap and, in so doing, both to assess the validity of a 

GPT-based account of British economic growth and also to place the impact of steam 

in a comparative perspective. 

In particular, three questions are addressed: 

1.  When did steam have its greatest impact on productivity growth ? 

2.  How does steam measure up to the contribution of ICT in the late 

twentieth century ? 

3.  Was steam's contribution to productivity growth responsible for the 

chronology of trend growth in the economy overall ? 

The answers will provide a way of contextualizing the modest growth now 

perceived to have characterized the first industrial revolution; recent estimates are 

summarized in Table 1.  Whereas earlier estimates had seen TFP growth surging from 

0.2 per cent per year before 1800 to 1.3 per cent per year in 1800-1830 before falling 

back to 0.8 per cent per year in the mid 19th century (Feinstein, 1981), it now appears 

that there was a modest acceleration rather than a surge in TFP growth in the early 

19th century followed by a long period of steady but unspectacular productivity 

growth.  The apparent TFP growth climacteric suggested by the endpoint calculations 

reported in Table 1 is deceptive − when subjected to time series analysis there is at 

most a slight weakening of trend growth (Crafts et al., 1989). 

The paper proceeds as follows.  The growth accounting methodology used in 

the paper is set out in section 2 which also contains a benchmark calculation of the 

impact of ICT on recent American productivity growth.  Section 3 describes and 

quantifies the diffusion of steam power in Britain between 1760 and 1910.  Section 4 

builds on these data to provide growth accounting estimates of the contribution of 

steam to labour productivity growth, uses these to address the questions posed in this 

introduction and offers some reflections on the 282.lon vs atsue 









These improvements in steam technology were reflected in the declining costs 

of steam power reported in Table 4.  These estimates are for a benchmark case, 

namely a textile mill in Lancashire, and would not necessarily apply in other sectors 

or locations.  Nevertheless, they match very closely the estimated modal experience in 

the United States where the annual costs of a horsepower of steam fell by just over 80 

per cent between the 1820s and the 1890s Atack (1979, p. 423). 

The history of railways is much better known and needs only brief description.  

This form of transport was initially wholly dependent on steam engines and can be 

seen as a manifestation of a developing GPT at work.  The first major scheme was the 

Liverpool and Manchester railway opened in 1830.  By the early 1850s the core trunk 

routes of the network were in place and about 7000 miles of track were open.  

Eventually the network grew to about 20000 miles.  Railways were a massive 

investment by the British economy which was undertaken rapidly such that by 1855 

their capital stock was equal to 30 per cent of



Table 5 sets out the growth accounting estimates for stationary steam engines.  

The rate of growth of the capital stock is based on the rate of growth of horsepower.  

This is obviously not quite the equivalent of estimating the growth of computer power 

using hedonic prices to deflate ICT expenditure but it does capture the key 

characteristic as seen by contemporaries.  Moreover, with the move in the mid-19th 

century to measuring this in terms of 'indicated' rather than nominal horsepower this 

did reflect the real capabilities of this investment (Kanefsky, 1979a, pp. 23-28). 

The contribution of TFP growth in the provision of steam power to the economy 

is estimated using the concept of social savings popularized in the cliometric literature 

on railways following Fogel (1964).  This is simply the difference in resource cost of 

supplying a given volume of output using old and new versions of the technology.  

For constant input prices, the price dual measure of TFP growth is just equal to the 

rate of output price decline, i.e., TFP growth can be interpreted as the rate of real cost 

reduction (Harberger, 1998).  Social savings from reductions in the cost of steam 

power as a proportion of GDBeo362 Tc steTc 0.19212.1589 Tm
(e growth of d7vT55FP m80312.0484u 734h ie equivalent of estim)Tj
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than did ICT even before the mid-1990s - at no time does steam's contribution match 

the 0.68 per cent per year of ICT in 1974-90.  Of course, it remains to be seen how 

long-lasting is the impact of ICT and it would be premature to argue that the total 

effect of ICT will be the larger.1  What is apparent is that there was no equivalent to 

Moore's Law in the age of steam. 

None of these estimates quantifies the extent of TFP spillovers.  With regard to 

steam it is important to distinguish between the pre- and post-1850 periods.  The 

literature on the social savings of steam engines and railways addressed this issue 

directly and argued strongly that TFP spillovers were negligible for the former period.  

The main point with regard to railways is that they seem to have very little impact on 

location decisions in an economy that had already been able to assemble the 

agglomerations of Birmingham and Manchester based on canals (Hawke, 1970, pp. 

381-400; Turnbull, 1987).  As far as steam engines are concerned, the main impact 

might be expected through technological change in textile production but von 

Tunzelmann (1978) pointed out that all the major advances were originally developed 

for other forms of power. 

In the second half of the nineteenth century TFP spillovers from steam may well 

have been much more important.  Rosenberg and Trajtenberg (2001) have argued that 

the improvements embodied in the Corliss steam engine, notably more sophisticated 

valves which allowed a continuous uniform flow of power as well as much greater 

energy efficiency, facilitated increased agglomeration and the realization of both 

internal and external economies of scale in nineteenth century manufacturing.  The 

first Corliss steam engine was installed in Britain in 1861.  Also, more indirect stimuli 

to agglomeration benefits may have arisen from the reductions in international 

                                                 



transport costs and enhanced specialization along lines of comparative advantage 

associated with the steamship. 

It seems very probable that if TFP spillovers could be added into the estimates 

summarized in Table 7 that they would reinforce the main result, namely, that the 

strongest impact of steam power on British productivity growth was felt in the second 

half of the 19th century rather than earlier.  It is, however, much less clear what might 

be implied for a comparison with ICT since TFP spillovers for that technology also 

remain to be convincingly quantified although some microeconomic evidence 

suggests they may be substantial (Brynjolfsson and Hitt, 2000). 

What are the wider implications for the GPT literature of the results obtained in 

this paper ?  The first and most obvious message is that the major impact of a GPT on 

productivity may be very long-delayed.  While electricity delivered its major boost to 

American economic growth about 40 years after the first commercial generating 

stations came on stream (David, 1991), the lag following James Watt's steam engine 

was about 80 years.  In a proximate sense, this long delay resulted from the time taken 

to understand the true potential of steam in an era when science and technology were 

relatively primitive.  In turn, this implied that steam power accounted for a very small 

share of the capital stock; only in the third quarter of the 19th century did the 

combined share of stationary steam engines and railways match that of ICT in the 

United States in the 1980s.  In this context, the well-known Solow paradox − that you 

could see computers everywhere but in the productivity statistics − appears less 

puzzling and in fact the impact of ICT on labour productivity growth has appeared 

quite fast.  Perhaps the true paradox is  Tm
( .9986 299.7143 Tm
(co<726537u welt1ilt1ilt1ilt1ilt1ilt1ilm)Tj2s82 0 0 13.02 27  0.1256 Texphil ap265of steam)Tj
13j
-0.ET
EMC
/P <</MC0u/ 287.75o55o55o55o55o55o55o55o5q87 347.3546 Tm
(s anl)gm450.9589 299.714he jor imrelatively pr52 0 13.02 242.8964 438 0 0 7j
130 150j
0 0 1e553 Tmbe6associat6 Twith9 Tm
(share of the050ductivity statistics )13.0273
130 150j
0 0 2 0 3.02 0 0 13weak13.in



in von Tunzelmann (1978) but this connection has not previously been made 

explicitly. 

The third important aspect of the results is that, while they help explain a delay 

in the acceleration of productivity growth as Britain industrialized, they suggest that 

the claim that an ending of the massive application of steam power led to a late 19th 

century climacteric is implausible.  In fact, the revisionist notion of a late 19th century 

climacteric in TFP growth at the level of the aggregate economy does not survive 

serious econometric investigation (Crafts et al., 1989).  And it is clear from Tables 5 

and 6 that any reduction in TFP growth from steam was very small − around 0.1 

percentage points. 

If, a more traditional view of the climacteric is taken, namely, that it is to be 

interpreted in terms of the growth of industrial output per worker, then the suggestion 

that there was a post-1870 slowdown based on a weakening of the application of 

steam power can be rejected by reworking the data underlying Table 4 in terms of 

industry rather than GDP.2  This is easy since the stationary steam engine was used in 

industry rather than the rest of the economy.  The capital deepening contribution to 

industrial labour productivity growth is found to rise steadily over time from 0.04 in 

1800-30 to 0.11 in 1830-70 and 0.20 percentage points per year in 1870-1910.  The 

objection made by Musson (1963) that the hypothesis is invalid because steam-

powered mechanization was still proceeding rapidly is sustained. 

 

 

5. Conclusions 

 

In the introduction three specific questions were posed.  The answers that have 

been obtained in the paper can be summarized as follows. 

First, steam had its greatest impact on productivity growth in the second half of 

the 19th century not during the industrial revolution. 

                                                 
2 Industrial output per worker growth was 1.5 per cent per year in 1831-71 but fell to 0.8 per cent per 
year in 1871-1911 (Crafts and Mills, 2002). 



Second, in terms of its impact on the annual rate of productivity growth through 

capital-deepening and own TFP growth steam always had a much smaller impact than 

ICT even before the mid-1990s. 

Third, slow productivity growth during the industrial revolution followed by 

acceleration in the mid-19th century is at least partly explained by steam's 

contribution; on the other hand, the idea of a late 19th century climacteric resulting 

from a weakening in the application of steam power is not persuasive. 

In sum, seeking to base an account of 19th-century British economic growth 

primarily on the implications of steam is surely misconceived.  At no time is its 

impact large enough to dominate.  Perhaps in this respect there is a real difference 

from the world of ICT − but only time will tell. 
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Table 1.  Growth Accounts for Britain, 1760-1913. (% per year) 
 
 
 Due to Capital Due to Labour TFP Growth GDP Growth 
     
1760-80 0.25 0.35 0.00 0.6 
1780-1831 0.6



Table 2.  Contributions to Labour Productivity Growth in US Non-Farm 
Business Sector, 1974-2001 (% per year) 
 
 
 1974-90 1991-5 1996-2001 
    
Capital Deepening 0.77 0.52 1.19 
      ICT Capital 0.41 0.46 1.02 
      Other 0.36 0.06 0.17 
    
Total Factor Productivity 0.59 1.02 1.24 
      ICT Sector 0.27 0.41 0.77 
      Other 0.32 0.61 0.47 
    
Labor Productivity Growth 1.36 1.54 2.43 
    
Memorandum Items    
      ICT Capital Income Share (%) 3.3 5.3 6.3 
      ICT Sector Output Share (%) 1.4 1.9 2.5 
 
Source: derived from growth accounting estimates of equation (4) by Oliner and Sichel (2002); labour 
quality is included in other TFP. 
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Table 3. Sources of Power, 1760-1907 (Horsepower) 
 
 
 1760 1800 1830 1870 1907 
Steam   5,000   35,000 160,000 2,060,000 9,659,000 
Water 70,000 120,000 160,000    230,000    178,000 
Wind 10,000   15,000   20,000      10,000        5,000 
Total 85,000 170,000 350,000 2,300,000 9,842,000 
 
Source: Kanefsky (1979a, p. 338); not including internal combustion engines. 
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Table 4.  Capital Cost and Annual Cost per Steam Horsepower per Year (£ 
current) 
 
 Capital Cost Annual Cost 
1760 42 33.5 
1800 56 20.4 
1830 60 20.4 
1850 37 13.4 
1870 25   8.0 
1910 15   4.0 
 
Note:  the estimates are for a benchmark textile mill in a low coal cost region like Manchester annual 
costs include depreciation and interest costs, and running costs including coal and labour.  In 1760 
steam engines were not yet employed in this way and the estimate is for a typical Newcomen (pre-
Watt engine) used in mining. 
Sources:  Capital cost: 1760, 1800 and 1830 from von Tunzelmann (1978, p. 49, 72, 75); 1850 and 
1870 from Kanefsky (1979a, p. 158-9); 1910: Winterbottom (1907, p. 238).  Running cost: 

 von T 



Table 5. Contributions to British Labour Productivity Growth from Stationary 
Steam Engines, 1760-1910 (% per year) 
 
 1760-1800 1800-30 1830-50 1850-70 1870-

1910 
      
Rates of Growth      
     Steam HP per worker 4.3 3.9 4.2 5.2 3.9 
     TFP in steam power 2.8 0.00 1.2 3.5 1.7 
      
Contributions      
     Capital Deepening 0.004 0.02 0.02 0.06 0.09 
     TFP 0.005 0.00 0.02 0.06 0.05 
      
     Total 0.01 0.02 0.04 0.12 0.14 
      
Memoranda (%GDP)      
     Steam Income Share 0.1 0.4 0.5 1.2 2.2 
     Social Saving 0.2 0.0 0.3 1.2 1.8 
 
Source: derived using growth accounting methods equivalent to Table 2. 
Capital stock growth based on Kanefsky (1979a, p. 338) for growth of horsepower.  From 1850, the 
figures are for indicated horsepower.  The estimate of horsepower in 1870 (1,668,000) is based on 
corrections for horsepower actually in use reported in Kanefsky (1979b, p. 373) and the horsepower 
estimate for 1850 (487,500) is derived from Musson (1976, p. 435) adjusted in accordance with 
Kanefsky's suggestions to account for omissions and divergence between indicated and noimnal 
horsepower. 
TFP growth in steam power based on the annual costs of steam to the user reported in Table 4 
adjusted for inflation using the implicit GDP deflators in Mitchell (1988, pp. 831-9) and for 1760-
1800 in Crafts (1985, p. 41). 
Steam engine income share derived using capital costs reported in Table 4 to derive share of total 
capital stock using the estimates in Feinstein (1988, pp. 437-8). 
The social savings of steam engines, which are derived using the period reductions in annual costs per 
horsepower in Table 4 multiplied by the estimates for horsepower is use, are used to estimate the TFP 
growth contribution, as described in the text. 
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Table 6. Contributions to British Labour Productivity Growth from Railways, 
1830-1910 (% per year) 
 
 1830-50 1850-70 1870-1910 
    
Rates of Growth    
     Railway Capital per worker 22.8   5.9   0.4 
     TFP in railways   1.9   3.5   1.0 
    
Contributions    
     Capital deepening 0.14 0.12 0.01 
     TFP 0.02 0.14 0.06 
    
     Total 0.16 0.26 0.07 
    
Memoranda (%GDP)    
     Railway profits share   0.6   2.1   2.7 
     Railway output share   1.0   4.0   6.0 
 
Source: derived using growth accounting methods equivalent to Table 2. 
Capital stock growth from Feinstein (1988, p. 452). 
TFP growth pre-1870 from Hawke (1970, p. 302) and post-1870 from Foreman-Peck (1991, p. 81). 
Railway profits and output shares based, respectivel profits and output shares bas81). 



Table 7.  Total Contribution to British Labour Productivity Growth from Steam 
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