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I.  OVERVIEW 



Three Debates 

• Pace of GDP growth and productivity growth. 

• Nature of the productivity change in manufacturing:  
widespread or limited? 

• Did ordinary workers benefit? 



Estimates of GDP and Productivity Growth 

 

 

From:  Antràs and Voth, “Factor Prices and Productivity Growth,” and 
Broadberry, et al., “British Economic Growth, 1270-1870” 

Broadberry, et al. (2011) 
    1760–1801                                                           1.2 
    1801–1830                                                           1.6 
    1830–1870                                                           2.5 



Papers for today all use unusual data or 
approaches to advance the debates. 

• Temin uses trade data to investigate the question of 
whether the changes were widespread or limited. 

• Nicholas and Steckel use height data to infer changes 
in the standard of living. 

• Antràs and Voth use factor prices to deduce overall 
productivity growth. 



 

II. PETER TEMIN 

“TWO VIEWS OF THE BRITISH INDUSTRIAL REVOLUTION” 



 

 

From:  Temin, “Two Views of the British Industrial Revolution” 



Comparative Advantage with Many Goods 

• Focus just on manufactured goods. 

• Assume labor is the only input. 

• ai is the hours of labor needed to produce one unit of 
good i in Britain. 

• ai* is the hours of labor needed to produce one unit 
of good i elsewhere. 

• ai*/ai is relative productivity. 



Comparative Advantage with Many Goods 

• Can order manufactured goods from 1 to N, where 1 
has greatest productivity advantage for Britain. 

 

• Let w be the wage in Britain; w* the wage elsewhere. 

• Britain exports goods for which ai*w*>aiw, or            
ai*/ai>w/w* 

 



Comparative Advantage with Many Goods 
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Widespread Technological Progress in Manufacturing 
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Technological Progress in a Few Industries 
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Predictions for the Range of Manufactured 
Goods Exported 

• General technological change in manufacturing leads 
to a widening of the range. 

• Technological change in just a few key industries 
leads to a narrowing of the range. 

• Productivity increase in agriculture (relative to 
manufacturing) will accentuate the narrowing of the 
range. 



 

 



 

 

From:  Temin, “Two Views of the British Industrial Revolution” 



 

 

… 

From:  Temin, “Two Views of the British Industrial Revolution” 



Evaluation of Temin’s Analysis 

• Very clever. 

• More narrative evidence might have been useful. 

• Data analysis could have been more precise; in 
particular more focus on changes than on list of 
exports as of 1850. 

 



Factors that Could Affect the Results 

• A rise in net capital outflows. 

• Including another factor:  scarce land. 

• Technological progress abroad. 

• Changes in trade protection. 



 

III.  STEPHEN NICHOLAS AND RICHARD STECKEL 

“HEIGHTS AND LIVING STANDARDS OF ENGLISH WORKERS 
DURING THE EARLY YEARS OF INDUSTRIALIZATION,   

1770-1815” 



Alternative Real Wage Series 

 

 

From:  Clark, “The Condition of the Working Class in England, 1209-2004” 



Nicholas and Steckel’s Approach 

• Use height of a cohort as an indicator of standard of 
living in first 15-20 years of life. 

• Sensible? 



Nicholas and Steckel’s Data 

• Source? 

• Strengths and weaknesses? 



 

 

From:  Nicholas and Steckel, “Heights and Living Standards” 



Nicholas and Steckel’s Data 

• Source? 

• Strengths and weaknesses? 

• Why do we want Irish convicts as a control? 

• Is the sample representative; do we care? 



 

 

From:  Nicholas and Steckel, “Heights and Living Standards” 



 

 

 

 

 

From:  Nicholas and Steckel, “Heights and Living Standards” 



 

 

From:  Nicholas and Steckel, “Heights and Living Standards” 



 

 

 

 

 

• North and Fringe taller than London, South, and 
Midlands 

 

 

 

 

 

 

From:  Nicholas and Steckel, “Heights and Living Standards” 



Evaluation of Nicholas and Steckel 

• Clever; innovative at the time. 

• Needs more separation of the forest from the trees. 

• Did you find them convincing? 



 

IV.  POL ANTRÀS AND HANS-JOACHIM VOTH 

“FACTOR PRICES AND PRODUCTIVITY GROWTH DURING 
THE BRITISH INDUSTRIAL REVOLUTION” 



The Dual Approach 

• Simple case:  One factor of production, so 𝑌 𝑡 =
𝐹 𝐿 𝑡 ; 𝑡 .  Constant returns to scale in L. 

• Constant returns implies that labor’s marginal product 
equals its average product:  𝑌 𝑡 = 𝑀𝑀𝐿 𝑡 𝐿 𝑡 . 

• So:  �̇� 𝑡 = 𝑀𝑀𝐿 𝑡 �̇� 𝑡 + 𝐿 𝑡 𝑀𝑀𝐿̇ 𝑡 , 

which implies �̇� 𝑡 − 𝑀𝑀𝐿 𝑡 �̇� 𝑡 = 𝐿 𝑡 𝑀𝑀𝐿̇ 𝑡 . 

• Dividing both sides by Y yields:  �̇�(𝑡)
𝑌(𝑡)

 −  �̇�(𝑡)
𝐿(𝑡)

=  𝑀𝑀𝐿
̇ (𝑡)

𝑀𝑀𝐿(𝑡)
. 

• Thus:  Growth not coming from increases in inputs is 
reflected in a higher marginal product of labor. 



The Big Advantage of the Dual Approach 

• Recall:   �̇�(𝑡)
𝑌(𝑡)

 −  �̇�(𝑡)
𝐿(𝑡)

=  𝑀𝑀𝐿
̇ (𝑡)

𝑀𝑀𝐿(𝑡)
. 

• If factors are paid their marginal products:  Mainly 
requires data on prices, not quantities. 



Multiple Factors 

• Assume 𝑌 𝑡 = 𝐹(𝐾 𝑡 , 𝐿 𝑡 ,𝑇 𝑡 ; 𝑡), with constant 
returns to scale in K, L, and T (T is land).  

• The constant returns to scale assumption implies: 
 𝑌 𝑡 = 𝑀𝑀𝐾 𝑡 𝐾 𝑡 + 𝑀𝑀𝐿 𝑡 𝐿 𝑡 + 𝑀𝑀𝑇(𝑡)𝑇 𝑡 . 

• Differentiating both sides with respect to t:   
�̇� 𝑡 = 𝑀𝑀𝐾 𝑡 �̇� 𝑡 +  𝑀𝑀𝐿 𝑡 �̇� 𝑡 +  𝑀𝑀𝑇 𝑡 �̇� 𝑡

+  𝐾 𝑡 𝑀𝑀𝐾̇ 𝑡 +  𝐿 𝑡 𝑀𝑀𝐿̇ 𝑡 +  𝑇 𝑡 𝑀𝑀𝑇̇ 𝑡 . 



Multiple Factors (continued) 

• �̇� 𝑡 = 𝑀𝑀𝐾 𝑡 �̇� 𝑡 +  𝑀𝑀𝐿 𝑡 �̇� 𝑡 +  𝑀𝑀𝑇 𝑡 �̇� 𝑡 +
 𝐾 𝑡 𝑀𝑀𝐾̇ 𝑡 +  𝐿 𝑡 𝑀𝑀𝐿̇ 𝑡 +  𝑇 𝑡 𝑀𝑀𝑇̇ 𝑡 . 

• Hence, the Solow residual (in terms of the change in Y, 
rather than its growth rate), �̇� 𝑡 − 𝑀𝑀𝐾 𝑡 �̇� 𝑡 +
 𝑀𝑀𝐿 𝑡 �̇� 𝑡 +  𝑀𝑀𝑇 𝑡 �̇� 𝑡 , equals 𝐾 𝑡 𝑀𝑀𝐾̇ 𝑡 +
 𝐿 𝑡 𝑀𝑀𝐿̇ 𝑡 +  𝑇 𝑡 𝑀𝑀𝑇̇ 𝑡 . 

• Intuition:  If technology improves, at least some factors 
of production will have higher marginal products.  We 
can use a weighted sum of increases in marginal 
products to estimate technological progress.   



From Time Derivatives to Growth Rates 

• Algebra yields: 

 
 
where: 

𝑔𝑋 𝑡 ≡  �̇� 𝑡
𝑋(𝑡)

, the growth rate of X,  

𝜂𝑋 𝑡 ≡  𝑀𝑀𝑋 𝑡 𝑋 𝑡
𝑌(𝑡)

, the elasticity of Y with respect to X. 

• Thus:  Productivity growth equals a weighted average 
of the growth rates of factors’ marginal products. 



Some Issues in Implementing This Approach 

• Did factor payments equal marginal products? 

• Capital is owned, not rented. User cost of capital:   
𝑝𝐾 𝑟 +  𝛿 − 𝐸 𝑝�̇�

𝑝𝐾
. 

• 𝑟 = 𝑖 −  𝜋𝑒 .  What 𝑖 to use? How do we measure 
𝜋𝑒? 

• Labor is heterogeneous.  (So are capital and land.) 

• Need real marginal products, so need a price index. 

• … 



Some Specifics 

• They set ηL = 0.5, ηK = 0.35, ηT = 0.15. 

• Baseline data sources (“Benchmark 1”):  Wages from 
Feinstein; land rents from Clark: prices from 
Feinstein; price of capital from Feinstein; 
depreciation from Feinstein and Pollard; interest rate 
from consol yields. 

• “Benchmark 2”:  Same as Benchmark 1, but corrects 
for CPI vs. GDP deflator. 

• “Preferred”:  Same as 1, but uses GDP deflator in 
place of CPI, and corrects for indirect business taxes. 



From:  Antràs and Voth, “Factor Prices and Productivity Growth” 

[…] 



From:  Antràs and Voth, “Factor Prices and Productivity Growth” 

[…] 



What (If Anything) Is a Reasonable Candidate 
Source of Large Errors in Antràs and Voth’s 

Results? 

• * Large errors in the price index. * 

• (Perhaps.)  Missing a large part of income, perhaps 
from returns to entrepreneurship, or perhaps from 
monopoly or monopsony profits. 

• (Perhaps.)  A combination of many small errors. 



From:  Antràs and Voth, “Factor Prices and Productivity Growth” 

[…] 



The User Cost of Capital in More Detail: 

• Recall:  The user cost of capital is 𝑝𝐾 𝑟 +  𝛿 − 𝐸 𝑝�̇�
𝑝𝐾

, 
where 𝑟 = 𝑖 −  𝜋𝑒. 

• What is the right i?  What do Antràs and Voth use? 

• How measure 𝜋𝑒?  What do Antràs and Voth do? 

• How measure 𝐸 𝑝�̇�
𝑝𝐾

?  What do Antràs and Voth do? 

• Effects of usury laws? 

• Is it plausible that the marginal product of capital fell 
by 12% 1770–1800 and rose by 21% 1800–1830? 



From:  Antràs and Voth, “Factor Prices and Productivity Growth” 



Final Questions 

• Relation of Antràs and Voth’s findings to Temin’s 
evidence? 

• How important is all of this to the issue of whether 
we should think of this period as an “Industrial 
Revolution?” 
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