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Abstract 
 
The cross-sectional distribution of wages has so far been neglected compared to the study of income differ-
ences across countries over time. We propose a stochastic model, built on the theory of diffusion processes, 
to describe the evolution of global labor markets since 1830. The model is applied to empirical data collected 
by Williamson, in order to describe the level and variation of cross-country wages. The empirical application 
validates the proposed method. 
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1. Introduction 
 
The economics literature is rich with studies which ex- 
amine wage differentials across countries over time. The 
dynamics in the cross-sectional distribution of wages 
have been relatively neglected however. The main objec- 
tive of this paper is to examine the disequilibrium pro- 
cess of wage adjustment in face of an exogenous shock. 
We hypothesize that the growth distribution of wages 
can be generated by a single stochastic process that 
builds upon the theory of diffusion. A drift-diffusion 
model is proposed which describes the dynamics of 
cross-sectional distribution of real wages. The dynamics 
of the model are governed by the speed of diffusion of 
knowledge, the mobility of capital and labor, and decline 
in transportation costs which come along with integration 
and globalization. An empirical application of the pro- 
posed model to the level and variation of real wages 
using data collected by Williamson between 1830 - 1988 
tests the validity of the method. 
 
2. Theoretical Framework 
 
In a classic study of global labor markets, Jeffrey Willi- 
amson [1] explores the economic convergence of 
currently industrialized nations and offers a new data 
base consisting of purchasing-power-parity-adjusted real 
wage rates for unskilled labor. The new data base has 
several advantages over the standard GNP estimates, as 
factor prices generally, and real wages specifically, are 
likely more suitable measures for the analysis of econo- 

mic performance and standards of living. This difference 
becomes significant under conditions of incomplete com- 
modity price equalization. Moreover, labor participation 
rates differ across space and over time in an environment 
of migration and differential rates of population growth. 
Both these considerations hold true with greater strength 
the farther back in history we look. 

This paper explores the dynamics in the evolving dis- 
tribution of real wages across Williamson’s data. Willi- 
amson describes his data via four ‘regimes’. We explore 
whether there is an equilibrium distribution of wages in 
general and to what extent the dynamics of the 
distribution is ‘regime’ dependent. We assume a world in 
which both convergence and divergence forces are at 
work, with globalization favoring convergence. At the 
same time, a decline in transportation costs, and faster 
population growth lead to divergence [2-5]. Consistent 
with this observation, a model is proposed to describe the 
fluctuations over time in the density of cross-sectional 
distribution of real wages. It is hypothesized that these 
flows follow simple stochastic laws that can be described 
with five parameters1. 

Consider a region consisting of a constant number of 
countries with different levels of wages. The set of 
wages forms a distribution which evolves over time. 
Fierce competition in labor markets generates some sta- 
tionary equilibrium distribution of real wages with a cer- 
1Our study is in the spirit of probabilistic models which study city and 
firm sizes [6-8]. Our suggestion is that these models could provide 
interesting insights, if applied to the spatial dynamics of real wages as 
well. 
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tain mean and variance, towards which the ensemble of 
countries considered tend. The equilibrium is a result of 
tension between counteracting forces of convergence and 
divergence [9-10]. The drift spread is driven by 
diminishing returns to capital. A counteracting diffusion 
spread is at work, driven by bottlenecks in the flow of 
labor and capital and by random effects, which cause a 
spread of wages from high density towards lower density. 
Diffusion of knowledge and learning [11-16] is limited 
by the presence of obstacles in the form of trade barriers 
and the like. 

Consistent with the above, the following drift-diffu- 
sion model is proposed to express the wage adjustment 
process with noise, describing diffusion of shocks across 
space: 
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where f  denotes probability density, u  denotes the 
mean of the stationary equilibrium distribution, s  de- 
notes wages, λ  the wage adjustment rate, and ε  a di- 
ffusion parameter2. 
 
3. Empirical Analysis 
 
The empirical analysis uses Williamson’s data [1] which 
consists of purchasing power parity adjusted real wage 
rates for unskilled labor recorded from 1830 - 1988. The 
data is for the following countries3: Argentina, Aus- 
tralia, Belgium, Canada, Denmark, France, Great Britain, 
Germany, Ireland, Italy, Netherlands, Norway, Spain, 
Sweden, USA, Brazil and Portugal. 

The evidence presented by Williamson suggests that 
there have been four distinct global labor market ‘regi- 
mes’ since 1830. In this paper, we adopt Williamson’s 
four regimes: (1) 1830-1869, (2) 1870-1913, (3) 1914- 
1945, and (4) 1946-1988. The first is associated with 
early industrialization in Belgium, Denmark, France, 
Great Britain, Germany, Ireland, Italy, Netherlands, Nor- 
way, Spain and Sweden, settlement in Australia, Argen- 
tina, Canada and the United States, international migra- 
tions, high transport costs on commodity trade, and ba- 
rriers to trade. The second covers the age of industria- 
lization and free international migration, the Victorian 
boom amidst an age of imperialism, and a general world 
boom under free trade and the gold standard. The third 
covers the two World Wars and the interwar period when 
world commodity and factor markets break down. The 
fourth is the post World War II period.  

The evolution of the distribution of log of real wages 

across the four time periods has been investigated. Table 
1 reports the descriptive statistics for the entire data set, 
along with the subset used to obtain convergence. 

It can be observed that in general, real wages rose 
sharply, especially in regime 4. Table 1 reports a lower 
mean wage for Phase 1 as compared with the reported 
mean wage of Phase 2, Phase 3, and Phase 4. In what 
follows, we estimate the five model parameters: the 
initial mean wage 0u , the initial standard deviation 0σ , 
the mean wage at stationary equilibrium u , the velocity 
of convergence to stationary equilibrium λ , and the 
diffusion parameter ε . 
 
3.1. Estimation 
 
The model has been fitted to the log real wage distri- 
bution of the four populations as a function of time, 
using the non-linear least-squares estimation using a 
two-step procedure. First, the values for 0u , u  and λ  
were estimated using the first moment of the distribution.  
In the second step, the values for ε  and 0σ  were 
computed using the second moment. Tables 2-5 report 
estimates for the five model parameters, along with the 
standard errors and t-values for the four phases respec- 
tively. 
 

Table 1. Descriptive of the four Phases. 

 N Years Min-
imum 

Max-
imum Mean 

Std. 
Devi-
ation 

Phase 1All data   
Used: mu  
Used: sigma 

369 
327 
246 

1830-1869 
1836-1869 
1847-1869 

3.33 
3.33 
3.33 

4.88 
4.88 
4.88 

4.01 
4.02 
4.04 

0.34 
0.34 
0.32 

Phase 2 All data 
Used: mu  
Used: sigma 

659 
659 
659 

1870-1913 
1870-1913 
1870-1913 

3.52 
3.52 
3.52 

6.56 
6.56 
6.56 

4.46 
4.46 
4.46 

0.26 
0.26 
0.26 

Phase 3 All data 
Used: mu  
Used: sigma 

452 
52 
452 

1914-1945 
1942-1945 
1914-1945 

3.66 
3.66 
3.66 

5.60 
5.60 
5.60 

4.80 
4.80 
4.80 

0.27 
0.39 
0.27 

Phase 4 All data 
Used: mu  
Used: sigma 

640 
640 
450 

1946-1986 
1946-1988 
1959-1988 

4.07 
4.07 
4.29 

6.55 
6.55 
6.55 

5.49 
5.49 
5.68 

0.54 
0.54 
0.47 

 
3Williamson [1] reports data for 11 countries. We are grateful to Wil-
liamson for data on the remaining countries, which were collected and 
received post-publication of [1]. We are also grateful to Mark Hannay 
for assistance on the empirical analysis section of this paper. 
 

2For an elaboration of this model see [17-22] and the Appendix. 



F. HASHEMI 
 

Copyright © 2011 SciRes.                                                                                  ME 

586 

Table 2. Phase 1 parameter estimates. 

Parameter Value Std Error t-value 

λ 0.001 0.032 0.06 
u 7.09 49.87 0.14 
u0 3.86 0.04 83.02 
σ0 0.28 0.09 2.97 
ε -0.002 0.002 -1.18 

 

Table 3. Phase 2 parameter estimates. 

Parameter Value Std Error t-value 
λ 0.03 0.005 6.31 
u 4.84 0.05 82.38 
u0 4.09 0.01 231.79 
σ0 0.10 0.03 2.92 
ε -0.001 0.001 -0.77 

 
Table 4. Phase 3 parameter estimates. 

Parameter Value Std Error t-value 

λ 0.13 0.03 3.38 

u 4.89 0.02 172.63 

u0 4.50 0.04 93.09 

σ0 -37.31 640.56 -0.05 

ε 0.03 0.06 0.57 

 
Table 5. Phase 4 parameter estimates. 

Parameter Value Std Error t-value 

λ 0.009 0.004 1.91 

u 8.63 1.63 5.28 

u0 4.84 0.02 168.41 

σ0 0.23 0.02 8.07 
ε -0.001 0.002 -0.39 

 
One may look at the evolution of actual versus 

predicted distributions. Figures 1-4 graphically illustrate 
the evolution of the distribution of real wages over time, 
superimposed on histograms which describe the time 
evolution of the distribution of wages in the data across 
the four Phases. The solid curves in these figures 
illustrate the distribution of real wages as predicted by 
the model, and the dotted curves illustrate the 
distribution of real wages in the data. The vertical axes in 
these figures denote frequency, and the horizontal axes 
denote real wages in logarithms.  

The following observations can be made concerning 
our results: 

 

 
Figure 1. Phase 1 (selected years 1830 and 1869). 
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Figure 2. Phase 2 (selected years 1870 and 1913). 

 
1. The mean and variance of all four distributions are 

clearly evolving, corresponding to our theoretical pre- 
dictions. 

2. The value for the wage adjustment rate λ  is 
positive for all four sub-periods and varies from sample 
to sample as expected. 

3. The value for the diffusion parameter ε  is small 
for all four sub-periods, conforming to our theoretical 
predictions. The diffusive is: 2 = .lim t

t
σ ε λ

→∞
 The results 

p r e d i c t  t h a t  i f  w e  s t a r t  w i t h  a  n o r m a l  

 

 
Figure 3. Phase 3 (selected years 1914 and 1945). 

 

 
Figure 4. Phase 4 (selected years 1946 and 1988). 

 
distribution and let the model drive the distribution, the 
distribution variance will tend toward a constant ε λ  
and concentrated around a mean u  which is largest in 
order of importance for Phase 4, Phase 1, Phase 3 and 
Phase 2. 
 
4. Conclusions 
 
An empirical application of the proposed model to the 
dynamics in four subperiods following the classification 
of Williamson [1] illustrates the applicability of our 
method. The empirical analysis confirms the results by 
Williamson and offers some new insights. Like Willi- 
amson [23], we find a significant variance in the rate of 
convergence since the mid-19th century, suggesting that 
the world economic environment mattered a great deal, 
and that the forces driving this trend are likely to have 
had variable quantitative significance across different 
time periods. Our results illustrate that the methodology 
proposed in this paper is not without merit, albeit better 
adapted to certain time periods over others. It can be 
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fruitfully extended to shed additional light on historical 
observations such as those documented by Williamson in 
[1, 23]. 
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Appendix 
 
The expression representing the time-development of the 
distribution is: 
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and N  is the normalization constant.
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