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Implications of Automation for Global Migration 

 
Abstract 

Relative wages and the share of total value added accruing to low-skill workers have declined 
during the past three decades, among both OECD countries and large developing countries.  The 
primary beneficiary until recently has been skill, the supply of which has risen as education 
investment has increased.  The rise in artificial intelligence (AI)-driven automation suggests that 
declines in value added shares accruing to low-skill workers will continue.  Indeed, AI-driven 
automation creates an impulse for diminished labor market performance by low-skill workers 
throughout the world but most prominently in high-fertility, relatively youthful regions with 
comparatively strong growth in low-skill labor forces.  The implied bias against such regions 
will therefore enhance emigration pressure.  This paper offers a preliminary analysis of these 
effects.  Central to the paper is a model of the global economy that includes general demography 
and real wage sensitive bilateral migration behavior, which is used to help quantify potential 
future growth in real wage disparities and the extent, direction and content of associated 
migration flows.  Overall, global wage inequality is increased by expanded skilled migration, 
primarily because of large increases in skilled wage premia that arise in developing regions of 
origin.  Inter-regional divergences in skilled wages are reduced, however, due to the additional 
skilled labour market arbitrage opportunities offered by more open migration policies. 
 
 
1. Introduction 

Several prominent trends in global economic performance have emerged in the past three 

decades.  Total factor productivity growth has slowed (Lo and Rogoff, 2015), rates of return on 

investment and long maturity bond yields have declined (Summers 2014, 2016), and the new 

income and wealth that has been generated has been largely captured by high-level professional 

and capital-owning households (Piketty and Zucman 2014, and Rognlie 2015).  It is unsurprising 

that these three trends are related (Pichelmann 2015) and that they depend, at least in part, on 

technical changes in the period (Gordon 2014, 2015) and the recent surge in automation and 

robotics (Lankisch et al. 2019).  A key symptom has been a steady decline in the relative wages 

of the low skilled and their share of value added throughout the OECD and the transitional 

economies, as well as increased regional concentration in the availability of “decent” jobs 



3 
 

relative to the demographic changes that drive the demand for them (OECD 2012, Autor et al. 

2016, Abeliansky et al. 2019, Bloom et al. 2019).1  

Indeed, the associated changes in US factor shares typify developments elsewhere.  They show a 

continuous decline in the low-skill share, mainly to the benefit of skilled workers.  Most recently, 

however, we see in the US the commencement of a trend toward a static skilled worker share and 

a rising capital share.  While the rise of intelligent machines is a favored explanation,2 other 

contributing forces include East Asian comparative growth and trade,3 the rise of the property 

rights component of intangible capital (Kho et al. 2016) and the interaction between IT 

development and the diminution of competition within IT-intensive oligopolies.4 

This paper explores the demographic implications of technical changes that might continue to 

reduce the low-skill share, while raising the capital share, for real wage growth in both advanced 

and developing regions.  Our working hypothesis is that changes in choice of technique in the 

production process will suppress the growth of real wages for low-skill workers in both the 

advanced and developing countries. But because of differences in labor force growth rates, this 

trend will be less pronounced in countries with aged populations, such as Japan (Tyers 2012, 

Bloom et al. 2018) and more pronounced in in poorer regions with youthful and high-fertility 

populations, such as in Africa and the Middle East, as well as parts of Southeast and South Asia.  

This will create upward pressure on the real wage disparity between the advanced economies and 

the poorer ones, and between those with rising populations and those with contracting ones.  In 

turn, it will reduce the expected future earnings of workers in poor countries relative to the 

average conditions in advanced ones and thus more widely support the choice to try to migrate.  

Indeed, new automation could obviate the economic gains from outsourcing labor-intensive 

processes to developing countries and even cause “reshoring” (Krenz et al. 2018).  This could 

                                                 
1 The complementary rise in the capital share of income is the prime focus of Piketty and Zucman (2014) and 
Rognlie (2015).  Beyond the OECD, trends in factor shares have been in the spotlight more broadly (Zhou 2018).  
Applications to China include those by Fleisher et al. (2010), Zhou and Song (2016), Kanbur et al. (2017) and Zhou 
and Tyers (2019). 
2 Changes in choice of technique that alter patterns of labor use are the focus of an expanding literature that is led by 
Acemoglu and Autor (2011), Acemoglu and Restrepo (2015), Susskind and Susskind (2015), Autor (2016) and 
Prettner (2017). 
3 See Pierce and Schott (2012), Autor et al. (2013), Arora et al. (2015), Acemoglu et al. (2016) and Tyers (2015). 
4 See Ezrachi and Stucke 2016, Moazed and Johnson (2016) and Autor et al. (2017a). 
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prevent currently poor countries from succeeding with manufacturing-led growth in the wake of 

the East and Southeast Asian economies. 

We approach this issue in two stages.  First, we use available data on wages and migration rates 

to test the hypothesis that migration flows are indeed stimulated by changes in relative real 

wages and that this link has tended to grow stronger in recent decades.  We then build this 

behavior into a dynamic general equilibrium model of the global economy in which regions are 

interlinked by both trade and financial flows and demographics are characterized fully in each.  

Bilateral migration flows are endogenous over time and disaggregated by age, gender and skill 

level.  This model is used to establish a baseline projection of economic performance and 

migration flows to 2050, under neutral assumptions about technical advancement and 

immigration policy in destination regions.  It is then used to illustrate the continuation of recent 

trends toward increased responsiveness of migration flows to real wage divergences and, 

ultimately, bias in favor of capital and away from low-skill labor under alternative immigration 

policy scenarios. 

The section to follow summarizes our preliminary empirical analysis of relative wage and 

migration data at the global level.  Section 3 then offers a more detailed description of the global 

model used and Section 4 summarizes a preliminary experiment on increasing responsiveness to 

real wage divergences.  Section 5 concludes. 

 

2. Migration and Relative Real Wages 

In this section, we examine the statistical record of the relationship between relative real wages 

and migration flow between countries.  Specifically, we test whether migration flow grows when 

the relative real wage between the host country and the country rises.  

The empirical specification takes the form below:  

(1)           , , , , ,  

where  indicates the host country,  indicates the home country, and  refers to the time period.  

, ,  is the natural logarithm of the migration inflow from country  to country  in period , 

and , ,  is the one-period lag of the relative real wage between country  and country .  
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Because relative real wages are available for high-skill, medium-skill and low-skill workers, 

three alternative specifications of (1) are used, with , ,  representing the relative real wages 

for each labor type, respectively.  While our objective is to model the structure of migration 

flows more finely, this extension is discussed in the next section.  To estimate (1), however, the 

most readily available data on migration flows does not differentiate between age, gender or 

skills and so our applications of (1) do not reflect type-specific dependent variable flows.  The 

lag of the relative real wage is adopted as the regressor because migration flow is the outcome of 

human action and therefore is likely to be affected by previous period’s relative real wages.  By 

using the lagged value of the regressor, we also reduce potential bias due to endogeneity. 

To measure relative real wages, we resort to data from the World Input Output Database 

(WIOD).  These data contain annual time-series of world input-output tables and factor 

requirements covering the period from 1995 to 2008 for two-digit industries classified according 

to the statistical classification of economic activities in the European Community (NACE) in 40 

major economies in the world (Timmer et al 2015) 5.  From the Socio Economic Accounts of the 

World Input-Output Database, we obtain aggregate-economy data6 on total labour compensation, 

shares of high-skill, medium-skill and low-skill labour compensation in total labour 

compensation, total hours worked by persons engaged, shares worked by high-skill, medium-

skill and low-skill persons engaged in total hours, gross output, and price levels of gross output.7 

To calculate Purchasing Power Parity (PPP) adjusted hourly real wage rates of workers of 

different skill levels, we take several steps.  First, we calculate labor compensation and hours 

worked of each skill level.  We then divide labor compensation by hours worked of each skill 

level to obtain hourly wage rate of workers of each skill level.  The calculated wage rates based 

on data from WIOD are denoted in national currencies.  So as a second step we deflate nominal 

wage rates in national currencies by gross output price indices to obtain real wage rates in 

                                                 
5 WIOD contains data covering the period 1995 to 2011. However, the data for labour compensation are available 
only until 2009. We drop the data for 2009 because of the significant deviation from long-run trend during the 
Global Financial Crisis (GFC). NACE is the abbreviation for statistical classification of economic activities in the 
European Community.  
6 Data for these variables are also available for each two-digit NACE industry in each country. 
7 In WIOD database, there are 40 economies in total. Data for Taiwan are not used in the analyses in this study 
because reliable purchasing power parity (PPP) adjusted exchange rate between Taiwan New Dollar and USD is not 
available from the World Bank Database.  
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national currencies.  The growth rates of these real wage rates are then calculated.  Third, we 

convert wage rates into “international dollars” using purchasing power parity (PPP) adjusted 

exchange rates between various national currencies and the U.S. Dollar as of the first year of the 

interval, 1995, to obtain the initial PPP adjusted wage rates.  The PPP adjusted exchange rates 

are obtained from the World Bank, International Comparison Program database8.  Finally, we 

extend the international dollar real wage rates from 1995 to 2008 by imposing the previously 

calculated growth rates of real wages over time.  Patterns for country-average hourly real wage 

rates of three skill levels are shown in Table 1. 

To measure migration inflow between countries, we use data from the DEMIG C2C database 

(DEMIG 2015). This country-to-country migration database contains bilateral flows for 34 

reporting countries and from up to 236 countries over the 1946–2011 period.  It includes data for 

inflows, outflows and net flows, respectively for citizens, foreigners and/or citizens and 

foreigners combined, depending on the reporting countries. The final sample used to estimate (1) 

is obtained by merging the relative real wage data and the migration flow data.  In this 

preliminary analysis, rather than using annual data, we choose to focus on the three time periods 

1995, 2001 and 2008.  We examine how migration flow responds to the previous period’s 

relative real wage.  That is, the migration flow in 2008 responds to the relative real wage in 2001, 

and the migration flow in 2001 responds to the relative wage in 1995.  

Table 2 presents the regression results.  The relative real wage ratio by skill level are adopted as 

the regressor in each model in turn.  As the three relative real wages are highly collinear, they are 

not included as regressors together in one regression to avoid multicollinearity.  The coefficient 

estimates for the three relative real wage rates are positive and statistically significant, and 

therefore there is clear evidence that higher relative real wage is associated with higher migration 

inflows.  Moreover, the coefficients are strongest for high-skill labor, suggesting the relative ease 

of migration for workers in this category.  The results of two sub-samples, from 1995 to 2001 

and from 2001 to 2008 are shown so as to detect any trend through time in the strength of this 

relationship.  A positive trend does emerge, since the coefficient estimates for the three wages 

                                                 
8 The link to the database is https://data.worldbank.org/indicator/PA.NUS.PPP. The PPP adjusted exchange rate is 
based on the variable “PPP conversion factor, GDP (LCU per international $).  
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increase in magnitude in 2008 compared with those in 2001.  The rise in the coefficient estimate 

is especially clear for high-skilled labor, suggesting that responsiveness of migration flow to 

relative real wage is greatest for high-skill labor and that it is growing through time.  In what 

follows we examine this behavior, and its economic consequences, using a model of the global 

economy and a baseline projection displaying technical change with bias in favor of capital and 

against low-skill labor. 

 

Table 1. Average hourly wage rates of low-skill, medium-skill and high-skill workers in 
forty economies, 1995 and 2008 (ppp adjusted real wage in 1995 international dollars) 

  

low-skill  
hourly wage rate 
 (1995 international dollar) 

medium-skill  
hourly wage rate 
(1995 international dollar) 

high-skill  
hourly wage rate  
(1995 international dollar) 

1995 2008 1995 2008 1995 2008 
Belgium 21.4 21.5 23.4 24.7 37 37 
Luxembourg 18.6 15.5 25.1 21.0 28.0 33.1 
Italy 16.1 15.1 17.8 18.8 32.4 26.7 
Netherlands 15.9 16.7 19.2 20.5 26.1 30.0 
France 15.0 17.9 17.5 20.1 31.4 31.0 
Finland 14.1 16.9 14.0 16.7 19.2 25.5 
Sweden 13.9 18.2 15.4 19.1 20.9 24.8 
Denmark 13.0 15.1 16.8 19.5 20.6 23.5 
Germany 12.7 13.2 18.5 20.0 29.8 33.7 
Austria 12.4 12.0 18.9 19.9 32.4 33.3 
Spain 12.4 12.6 16.3 15.1 26.5 22.1 
Ireland 12.2 14.9 14.0 17.4 19.5 27.2 
Australia 11.5 12.2 15.3 15.7 29.6 33.8 
United Kingdom 11.1 14.4 13.0 16.3 19.7 25.5 
United States 11.1 11.7 15.8 18.1 26.8 34.3 
Canada 10.8 11.8 14.3 16.7 19.6 24.4 
Japan 10.4 10.8 11.8 12.3 20.2 20.1 
Malta 8.1 10.8 10.4 14.3 17.9 28.0 
Poland 8.0 6.0 8.4 7.7 14.1 14.3 
Lithuania 8.0 24.5 10.5 23.2 19.1 38.0 
Slovenia 7.4 9.7 10.3 12.9 20.6 24.3 
Cyprus 7.2 9.0 9.3 11.3 16.0 19.4 
Portugal 7.2 8.7 11.5 12.4 22.5 24.0 
Greece 6.6 10.1 7.3 11.6 14.5 20.1 
Korea 5.8 8.5 7.0 10.3 11.6 16.5 
Hungary 4.2 5.2 5.7 7.1 11.6 16.8 
Romania 3.6 7.3 5.0 8.9 7.1 14.6 
Czech Republic 3.4 8.8 4.6 10.7 8.8 20.2 
Turkey 3.4 9.1 5.6 12.7 11.6 23.8 
Bulgaria 3.4 3.9 4.2 5.7 6.1 9.9 
Indonesia 2.8 3.2 8.8 1.5 20.3 22.0 
Slovakia 2.7 5.5 3.6 6.7 5.9 11.4 
Estonia 2.6 7.6 3.4 7.8 6.1 11.5 
Brazil 2.5 3.0 4.3 3.9 10.0 9.3 
Latvia 2.2 4.2 2.5 4.6 4.3 9.4 
Russia 2.1 3.4 3.0 4.9 6.6 11.3 
Mexico 1.3 1.1 4.9 4.5 7.8 7.7 
China 0.9 1.6 1.4 2.6 1.7 4.5 
India 0.6 0.9 1.3 1.9 3.2 5.7 

Source: authors’ own calculation based on data from the World Input Output Database (WIOD). 
Note: Countries are ordered by the ranking of PPP adjusted low-skill real wage rates in 1995 from highest to lowest. 
The rankings of countries by medium-skill or by high-skill wage rate are in general similar to the ranking by low-
skill wage rate.  



8 
 

  



9 
 

Table 2. The relationship between migration flow and relative real wages of different skill 
levels 

Overall sample 
Dependent variable , , , Independent variables: 
WR_L (low-skill) WR_M (medium skill) WR_H (high skill) 

_ , ,  0.12***   
 (0.019)   

_ , ,   0.24***  
  (0.031)  

_ , ,    0.28*** 
   (0.035) 

 5.67*** 5.47*** 5.45*** 
 (0.096) (0.11) (0.11) 
Adjusted R-squared 0.051 0.076 0.080 
Observation number 738 738 738 
    

1995-2001 
Dependent variable , , , Independent variables: 
WR_L (low-skill) WR_M (medium skill) WR_H (high skill) 

_ , ,  0.11***   
 (0.028)   

_ , ,   0.24***  
  (0.031)  

_ , ,    0.25*** 
   (0.047) 

 5.67*** 5.47*** 5.34*** 
 (0.096) (0.11) (0.16) 
Adjusted R-squared 0.040 0.071 0.077 
Observation number 326 326 326 
    

2001-2008 
Dependent variable , , , Independent variables: 
WR_L (low-skill) WR_M (medium skill) WR_H (high skill) 

_ , ,  0.13***   
 (0.025)   

_ , ,   0.26***  
  (0.042)  

_ , ,    0.35*** 
   (0.055) 

 5.77*** 5.57*** 5.46*** 
 (0.12) (0.14) (0.15) 
Adjusted R-squared 0.060 0.081 0.089 
Observation number 412 412 412 
Source: Regression analysis discussed in the text. 

 

3. Modelling the Global Economy and Demographic Behavior 

Hamilton and Whalley (1984) offer an early contribution to the literature on the use of global 

models to examine the economic consequences of large-scale population movements, showing 

the potential gains from the relocation of the world’s labor force from low- to high-productivity 
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regions.  Progress on this front has since been constrained, however, by incomplete reporting of 

migration flows and the consequent lack of a comprehensive global migration database.9  

Walmsley et al. (2005) relaxed this constraint by assembling from census data a matrix of 

immigrant stocks (foreign-born populations by country of origin) for almost all of the world’s 

countries.  Using these new data, Walmsley and Winters (2002, 2003) carry out comparative 

static analyses of the effects of global population redistribution.  For our dynamic analysis, 

however, the matrix of migrant stocks is of no direct use.  In order to project the consequences of 

more open immigration policies in destination countries that arise to accommodate expanded 

immigration demand, it is necessary to represent migration flows rather than stocks.  Moreover, 

the skill content of those flows is central to the analysis of our working hypothesis, requiring that 

we assemble global migration flow matrices by age group, gender, and skill level, including 

approximations where data are absent.10 

Once constructed, we build these matrices into a model of global demographic behavior, which 

we embed in a dynamic general equilibrium model of the world economy, defined on 18 regions, 

five primary factors that include low-skill and high-skill labor, and eight product and service 

markets.  Each region has 16 separate “household types”, based on age, gender and skill, with 

differing saving behavior and shares of consumption over goods and services.11  Applications of 

this system are organised in the following sequence.  First, we apply technology shocks that 

extend observed historical downward trends in low-skill labor shares of value added through 

2030, as suggested for the US in Figure 1, with highly restrictive immigration policy settings in 

destination regions.  This indicates the extent to which real wage divergences, and therefore 

incentives to migrate, could accumulate in the coming decades.  Second, we allow softening of 

the restrictions on immigration flows in destination regions and examine the effects on migration 

flow rates, real wages, and economic performance in both origin and destination regions. 

                                                 
9 Here, by “comprehensive” we mean bi-directional flows disaggregated by age, gender and skill level across all 
countries of destination and origin.  This is not to imply that there has been no advancement, however.  The 
literature on the global economic impacts of migration has evolved substantially since Walmsley and Winters, with 
key empirical contributions including those by Chiswick and Hatton (2003), Hatton and Williamson (2005, 2006), 
Özden and Parsons (2016) and Dao et al. (2018). 
10 Skill levels have been modelled on a global scale, including by Harris and Robertson (2013) and Prettner and 
Strulik (2019).  This work adds sophistication to the underpinnings of the skill acquisition process, though neither 
explore the consequences for migration flows. 
11 The model is an adaptation of that used by Golley and Tyers (2012a,b, 2014) and Golley et al. (2018). 
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The approach adopted follows Tyers and Shi (2007), in that it applies a complete demographic 

sub-model that is integrated within a dynamic model of the global economy.  The economic 

model is a development of GTAP-Dynamic, the standard version of which has single households 

in each region and therefore no demographic structure.  The version used has regional 

households that are disaggregated by age group, gender and skill level. 

 

Figure 1. Factor Shares of Value Added in the US 

 

Source: Calculations by Tyers and Zhou (2017), based on the Penn World Tables (Feenstra et al. 2015) and Socio 
Economic Accounts, World Input Output Database, 2013 Release (Timmer et al. 2015), along with employment and 
wage data from FRED.  Solid lines indicate historical data.  Broken lines indicate extrapolations. 

 

3.1 The Demographic Model 

The demographic sub-model tracks populations in four age groups and two genders: a total of 8 

population groups in each of 14 regions.12  The four age groups are the dependent young, adults 

of fertile and working age, older working adults and the mostly-retired over-60s.  The resulting 

age-gender structure is displayed in Figure 2.  The population is further divided between 

households that provide production (unskilled) labour and those providing professional (skilled)  

                                                 
12 The demographic sub-model has been used in stand-alone mode for the analysis of trends in dependency ratios.  
For a more complete documentation of the sub-model, see Tyers et al. (2007). 
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Figure 2: The Demographic Sub-Model 
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    D       Mo              D       Mo 
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   15-40             B            15-40 
 
 
     S                 S 
    D       Mo              D       Mo 
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  S Survival 
  B Births 
  Mi Immigration 
  Mo Emigration 

SRB Sex ratio at birth  
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labour.  Each age-gender-skill group is a homogeneous sub-population with group-specific birth 

and death rates and rates of both immigration and emigration. 

The final age group (60+) has duration equal to measured life expectancy at 60, which varies 

across genders and regions.  The key demographic parameters, then, are birth rates, sex ratios at 

birth, age and gender specific death, immigration and emigration rates and life expectancies at 

60.  Immigration rates are a particular focus here and these are responsive to inter-regional real 

wage comparisons, constrained in a manner designed to represent the impacts of immigration 

policy.  A further key parameter is the rate at which each region’s education and social 

development structure transforms production worker families into professional worker families.  

Each year a particular proportion of the population in each production (unskilled) worker age-

gender group is transferred to professional (skilled) status. In particular, mothers in families 

providing production labour are assumed to produce children who will grow up to also provide 

production labour, while the children of mothers in professional families are correspondingly 

assumed to become professional workers.  These proportions depend on the regions’ levels of 

development, the associated capacities of their education systems and the relative sizes of the 

production and professional labour groups.  They are also responsive to regional skilled wage 

premia, to an extent that is readily adjusted to reflect changes in the capacities of education and 

training systems. 

In any year, for each age group a, gender group g, skill group s, region of origin r, and region of 

destination d, the volume of migration flow is: 

(2) , , , , , , , , , , , , , , ,t t R t
a g s r d d a g s r d a g s dM M N a g r d   , 

where t
d  is a destination-specific factor reflecting immigration policy in region d, set to unity in 

all but counterfactual experiments, , , , , is the migration rate between r and d expressed as a 

proportion of the group population in region d, , , , , .  The migration rate is then responsive 

to regional differences in real wages via: 

(3) 
, , , ,

, ,0
, , , , , , , ,

M
a g s r d

s d s rR R
a g s r d a g s r d C C

d r

W W
M M

P P


    

     
   

, 
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where ,s rW  and ,s dW  are wage rates by skill level in regions of origin and destination (measured 

relative to a common global numeraire), C
rP  and C

dP  are consumer price levels in the two regions 

(measured relative to the same global numeraire) and , , , ,
M
a g s r d  is an elasticity of response that 

reflects the extent to which immigration policies constrain the bilateral flow between r and d. 

And MRO is the corresponding base period migration flow. 

Given the migration matrix, , , , , , the population in each age, gender and skill group and 

region can be constructed.  We begin with the population of males aged 0-14 from professional 

families in region d (a=014, g=m, s=sk, r=d). 

(4) 

1 1
014, , , 014, , , , 1539, , ,

1
014, , , 014, , , 014, , , , 014, , , ,

1 1 1
014, , , 014, , , 014, , , 014, , ,

1

1
,

15

t
t t t td

m sk d m sk d sk d f sk dt
d

t t t t
m sk d m sk d m sk r d m sk d rr r

t t t t
d m unsk d m sk d m sk d m sk d

S
N N B N

S

D N M M

N N D N d

 



  

 


  

     

   

where t
dS  is the sex ratio at birth (the ratio of male to female births) in region d, ,

t
s dB  is the birth 

rate for women of skill level sk, 014, ,
t

m dD the death rate and d  is the rate at which region d’s 

educational institutions and general development transform production into professional worker 

families.  The final term is survival to the corresponding 15-39 age group.  In the corresponding 

equation for young males from production worker families the penultimate term is negative and 

the subscript sk is replaced with unsk in all but that penultimate term. 

For females in professional families in this age group the corresponding equation is:  

(5) 

1 1
014, , , 014, , , , 1539, , ,

1
014, , , 014, , , 014, , , , 014, , , ,

1 1 1
014, , , 014, , , 014, , , 014, , ,

1

1

1
,

15

t t t t
f sk d f sk d sk d f sk dt

d

t t t t
f sk d f sk d f sk r d f sk d rr r

t t t t
d f unsk d f sk d f sk d f sk d

N N B N
S

D N M M

N N D N d

 



  

 


  

     

   . 

For adults of gender g from professional families in the age group 15-39 the equation includes a 

survival term from the younger age group.  It is: 



15 
 

(6) 

1 1 1
1539, , , 1539, , , 014, , , 014, , , 014, , ,

1
1539, , , 1539, , , 1539, , , , 1539, , , ,

1 1
1539, , , 1539, , , 1539, , , 153

1

15

1

25

t t t t t
g sk d g sk d g sk d g sk d g sk d

t t t t
g sk d g sk d g sk r d g sk d rr r

t t t
d g unsk d g sk d g sk d

N N N D N

D N M M

N N D N

  



 

    

  

  

 
1
9, , , , ,t

g sk d g d   

 

where the second term is the surviving inflow from the 0-14 age group and the final term is the 

surviving outflow to the 40-59 age group.  Again, the skill transformation term is negative in the 

case of the corresponding equation for production worker families.  The population of 

professional adults of gender g, in age group 40-59 follows as: 

(7) 
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For adults in the 60+ age group, the corresponding relationship is: 

(8) 
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where the final term indicates that deaths from this group each year depend on its life expectancy 

at 60, 60 , , ,
t

g sk dL  .  Again, the equation for aged production worker family members is the same 

except that the skill transformation term is negative. 

Finally, d , the rate at which region d’s educational institutions and socioeconomic development 

transform production into professional worker households, is assumed to depend on the level of 

the region’s real GNP per capita and on the size of its skilled wage premium. 

(9) 
0

W Y S

sk sk

unsk C

W GNP L

W N P L

  

 
           

    
 

where, w , y  and l  are, respectively, the elasticities of the transformation rate to the skill 

premium, real GNP per capita and the skill share of labour force. 
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3.2 The Global Economic Model 

We use a multi-region, multi-product dynamic simulation model of the world economy.  In it, the 

world is subdivided into 18 regions.  Industries are aggregated into seven sectors: agriculture, 

light manufacturing, heavy manufacturing, metals, energy, minerals and services.  To reflect 

composition differences between regions, these products are differentiated by region of origin, 

meaning that the agricultural products produced in one region is not the same as those produced 

in others.  Consumers substitute imperfectly between such products from different regions. 

As in most dynamic models of the global economy the main endogenous component of 

simulated economic growth is physical capital accumulation.  Technical change is introduced in 

the form of exogenous trends but skill (or human capital) acquisition is also endogenous, driven 

by the skill transformation process introduced in Section 3.1.  A consequence of this is that, at 

least for the world as a whole, the model exhibits the property that an increase in the growth rate 

of the population raises the growth rate of real GDP but reduces the level of real per capita 

income.  This result is common to all models with diminishing returns to capital and labour, 

including that of Solow (1956) and Swan (1956).13  What distinguishes the model from this 

simpler progenitor is its recursive multi-regional dynamics.  Investors have adaptive expectations 

about the real net rates of return on installed capital in each region.  Capital accounts are open so 

these drive the distribution of investment across regions.  In each, the level of investment is 

determined by a comparison of net rates of return with borrowing rates yielded by a global trust 

to which each region’s saving contributes. 

To capture the full effects of demographic change, including those of ageing, the standard model 

has been modified to include multiple age, gender and skill groups in line with the structure of 

the demographic sub-model.  In the complete model, these 16 groups differ in their consumption 

preferences, saving rates and their labour supply behaviour.  Regional national income is first 

divided between government consumption and total private disposable income.  The implicit 

assumption is that governments balance their budgets while private groups save or borrow. 

In splitting each region’s private disposable income between the eight age-gender groups, the 

approach is to construct a weighted subdivision that draws on empirical studies of the 

                                                 
13 The effects of population growth economic models are reviewed in detail by Pitchford (1974: Ch.4). 
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distribution of disposable income between age-gender groups for “typical” advanced and 

developing countries.  Individuals in each age-gender group then split their disposable incomes 

between consumption and saving.  A reduced form approach is taken to the inter-temporal 

optimisation problem faced by each.  It employs an exponential consumption equation that links 

group real per capita consumption expenditure to real per capita disposable income and the real 

interest rate.  This equation is calibrated for each group and region based on a set of initial 

(1997) age-specific saving rates from per capita disposable income.  Importantly, these show 

transitions to negative saving with retirement in the older industrial regions.  This gives rise to 

declines in average saving rates as populations age.  For recent migrants, a portion of saving is, 

in practice, remitted to their home country.  While there is ample evidence of this, and the scale 

of remittance flows have been estimated to be significant for some developing countries 

(Walmsley and Winters 2003), the evidence on remittances by professional (skilled) workers, 

whose migration is more likely to be permanent, is mixed (Faini 2003).  In the absence of a 

clearer subdivision of these flows between production and professional workers, they remain part 

of aggregate saving and capital account flows between regions but they are not linked to the 

volume of skilled migration. 

For this preliminary modelling exercise the base period is 2000.  The data on bilateral migration 

flows for the years around 2000 is incomplete, at least at the level of disaggregation employed in 

the model.  We therefore employ what data is available to break down flows by age, gender and 

skill level in some bilateral directions and generalise to others from those.  The structure of those 

flows is summarised in Figure 3 from which it is clear that net migration flows are from the 

developing to the developed world.  The corresponding structure of real wages, which we posit 

contributes substantially to the incentives behind these flows, are indicated in Figure 4.14 

  

                                                 
14 We note, again, that these may over-state real wage diversity across regions, relative to the estimates discussed in 
Section 2, due to the use of a market exchange rate database and therefore mispriced services. 
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Figure 3: Annual migration flows, ca 2000 (millions) 

 
 

Figure 4:  Initial (ca 2000) Real Wages per Worker by Skill Level 
(2000 US$‘000 / year) 

 
 
 

3.3 Constructing the Baseline Scenario with Rising Automation 

The base line projection scenario holds constant all policy settings, as they affect trade, taxation 

and migration, through 2030.  Although policy analysis can be sensitive to the content of this 

scenario, the focus of this paper is on the interaction between growing factor bias embodied in 

the baseline scenario and the extent of departures from that scenario that would be caused by an 

increased level of responsiveness of migration flows to inter-regional real wage divergences.  

Thus, we use the model to construct two scenarios that have in common a set of assumptions 

about future trends in the demographic parameters already discussed, factor productivity and 
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investment interest premia.  Of particular interest here are the assumptions concerning factor 

productivity. 

Exogenous sources of growth enter the model as factor productivity growth shocks, applied 

separately for each region and each of the model’s five factors of production (land, physical 

capital, natural resources, production labour and professional labour).  Simulated growth rates 

are very sensitive to productivity growth rates since, not only does higher productivity boost 

income directly but it also raises the marginal product of capital and hence investment.  These 

exogenous shocks are the same for both the scenarios examined here.15  While the levels of TFP 

growth implied are designed to be consistent with the observed growth performance of the 

regions represented post 2000, they also exhibit significant factor bias in favor of skill and 

capital and against low-skill labor.  The extent of this is designed to capture the observed trends 

in factor shares suggested in Figure 1. 

Demographic changes in the base line projection are characterised by declining fertility and 

ageing in all regions.  The key demographic differences between regions concern their initial age 

distributions and fertility levels – the industrialised regions begin with older populations and 

lower fertility than the developing ones and so, generally, population growth continues to be 

higher in the developing regions, particularly in South Asia and Africa.  The pervasive ageing is 

suggested by rising non-working aged dependency ratios.  In part because of its comparatively 

young population and hence its continuing rapid labour force growth, India attracts substantial 

new investment and is projected to take over from China as the world’s most rapidly expanding 

region.  Comparatively rapid population growth detracts from India’s real per capita income 

performance, however.  By this criterion, China is the strongest performing region through the 

three decades.  “Other East Asia” is also a strong performer, while the older industrial economies 

continue to grow more slowly.  The African regions enjoy good GDP growth performance but 

their comparatively high population growth rates limit their performance in per capita terms. 

                                                 
15 The model takes no explicit account of financial market maturity or investment risk and so tends to allocate 
investment to regions that have growing marginal products of physical capital, which tend to be labor-abundant 
developing countries whose labor forces are still expanding rapidly.  To account for financial market segmentation, 
financial depth and risk, which limit the flow of foreign investment, investment interest premia are applied at region-
specific rates that are calibrated from model simulations over the period 2000-2011.  These are positive for populous 
developing regions, and particularly Sub-Saharan Africa, and negative for Japan.  See McKinnon (2005) for a clear 
explanation of Japan’s negative premium. 
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4. Increasing Responsiveness to Real Wage Divergences 

The shocks introduced centre on the two key steps in this study: the projected future change in 

real wage diversity across regions and the extent to which immigration policy in destination 

regions resists rising incentives associated with that diversity.  At the outset we exploit the 

tendency for real wage diversity to rise through time with only the level of automation implied 

by exogenous factor-specific technical changes applied in the baseline simulation.  We then 

allow immigration restrictions to be relaxed and observe the changes in migration flows and their 

consequences.  In this latter step the key elasticity is that in equation (3), , , , ,
M
a g s r d .  Recall that 

this is the elasticity of the immigration rate to region d from region r, for age group a, gender g 

and skill level s to the ratio of the destination and origin real wages.  In the baseline simulation, 

this elasticity is set to zero, so that migration flows are driven only by the sizes of destination 

populations in each age-gender group.  That is, migration flows maintain base period rates over 

destination populations in each bilateral direction for each age-gender-skill group.  This is 

intended to imply that the flows are dictated only by immigration policies in destination regions 

and not from real wage pressure. 

An alternative simulation is then constructed, which we term M1.  As a first step this expands 

this elasticity for skilled workers only, to a value of 0.75 in the interval 2000-2030 for all regions 

uniformly.  This is consistent with the empirical work of Section 2, which suggests that the 

greatest responsiveness to real wage diversity is by high-skill workers.  There is already greater 

ease of international movement by the skilled and so this represents a more feasible area of 

migration liberalization in future.  The extent of this opening to skilled migration is set to be just 

short of what would be required to completely erode the skilled wage premium in Australia, the 

region with the greatest immigration rates.  While M1 does, in other respects, embody an 

arbitrary shock, the point of the experiment is to observe the effects of an opening that is uniform 

across all regions. 

4.1 Demographic and Output Effects 

We observe that expanding migration through increasing responsiveness to real wage differences 

yields “more of the same” in terms of the direction and relative magnitudes of migration flows, 

as shown in Figure 3 and Figure 4.  Significant exceptions to this general pattern are 

comparatively large skilled immigration to North America and emigration from India.  This is 
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due to real skilled wage divergences that are measured as particularly large between these two 

regions.  Except in the case of “Central Europe and the former Soviet Union”, migrants tend to 

leave populous regions, so their departures have comparatively small proportional effects on 

population levels in regions of origin.  They do make a significant difference in the principal 

regions of destination, however, namely Western Europe, North America, Australia and the 

“Middle East and North Africa”.  Of the destination regions identified, the skilled immigrant 

intake is largest relative to the population in Australia, where the additional migrants expand the 

2030 population by more than a tenth.  The effects of the additional migration on populations 

and labor forces are summarised in Figures 5-7. 

The economic effects of these migrant flows come from changes in skilled labour forces and 

age-gender distributions.  The labour force effects are illustrated in Figure 8, reflecting the 

different impacts on population levels indicated in Figure 6, above.  For North America and 

Australia, professional labour forces almost double by 2030 and that of the Middle East and 

North Africa rises by 60%, while those of the key regions of origin fall.  Note that the unskilled 

labour forces also tend to rise in the destination regions.  This is because skilled wage premia fall 

so that fewer local production workers choose to train to professional status.  The exception is 

Western Europe, where the elasticity of skill transformation to the skilled wage premium is 

smaller.  The dominant effect in Western Europe is then the positive link between the relative 

supply of skilled workers and the rate of transformation, which is more than offset by the skill 

premium effect in the other destination regions.  The net effects of the migration expansion on 

the skill composition of labour forces are most significant for the destination regions.  Amongst 

the regions of origin, however, the effects tend to be small for all except for the two South Asian 

regions and the “Rest of the World” group. 

The expanded professional labour forces in the principal destination regions have broad 

economic implications.  First, by relocating skilled workers from regions with comparatively low 

labour productivity to the industrialised regions there is a boost to global GDP growth – the 

Hamilton and Whalley (1984) effect.  By 2030, global GDP is larger by almost 10 per cent than 

it would be in the baseline.  This result requires cautious interpretation, however.  On the one 

hand, the assumption of internationally homogeneous skilled workers tends to cause 

overestimation, since migrants have been shown to require time for their labour productivity to 

catch up (Hatton and Williamson 2005).  On the other, the market exchange rate (MER) database 
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Figure 5: Simulated High Skilled Net Migration Movement, 2000-2030 
(Millions) 

 
 

Figure 6: Simulated Departures from Base Line Populations in 2030, % 

 
 

Figure 7: Net Population Changes due to Migration, 2000-2030 
(Millions) 
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used here, which makes labour productivity in tradeable goods sectors more similar across 

regions than the actual wage data suggest, tends to favour underestimation.  At the regional level, 

however, except for two of the destination regions, the changes in 2030 GDP growth levels over 

the period are modest, as shown in Figure 9.  The levels of GDP in Australia and North America 

are larger in 2030 by almost a quarter, roughly in line with the changes in their populations and 

labour forces shown in Figure 7 and Figure 8. 

 

Figure 8: Departures from Base Line Labour Forces, 2030, in % 

 
 

Figure 9: Simulated M1 Departures from Baseline Regional GDP in 2030, % 
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4.2 Real Wage Effects 

The effects of opening to greater responsiveness of skilled migration to real wage divergences 

are indicated in Figure 10.  Skilled real wages fall in destination regions and rise in regions of 

origin.  Over three decades these changes are quite significant, particularly for regions of origin 

like India and other South Asia.  When it comes to the combined effects of automation and the 

migration liberalization it is simplest to use labour-force weighted averages and coefficients of 

variation of skilled and unskilled wages across all regions.  Trends in the averages are shown in 

Figure 11. 

Figure 10: Simulated M1 Departures from Base Line Real Wage Rates, 2030 
(per cent) 

 
 
 

Figure 11: Simulated Changes in Global Average Wagesa 
(Labour force weighted, 2000 and simulated 2030) 

 
a The average wage, weighted by the unskilled or skilled labour force, measured in 1997 US$’000.. 
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Automation embodied in the baseline projection is shown to substantially increase the average 

global skill premium (from 260% in 1997 to 280% in 2030).  The effect of expanded skilled 

migration is to further increase this, to 308%.  This occurs because, while skill premia are 

reduced in destination regions they are greatly expanded in some populous regions of origin, and 

particularly in India and Other South Asia.16  The larger labour forces in the latter regions cause 

the increased wage inequality in those regions to outweigh the declines in wage inequality in the 

industrial regions of destination.  Nonetheless, global average unskilled wages are higher with 

the expanded migration despite the lower unskilled wages in relatively populous regions of 

origin.  Because of their large unskilled labour forces, the proportional fall in unskilled wages in 

regions of origin is smaller than the rise in the destination regions. 

Wage dispersion across regions is indicated by the labour force weighted coefficients of 

variation in Figure 12.  Unskilled wage dispersion rises slightly in the baseline projection due to 

the exogenous automation and the unequal distribution of TFP growth across regions.  It is 

increased slightly by expanded skilled migration since this does not allow any additional 

movement of production workers and therefore no low-skill labour market arbitrage.  Skilled 

wage dispersion also rises in the baseline projection, for the same reason unskilled wage 

dispersion rises.  But the effect of expanded skilled migration, and the skilled labour market 

arbitrage opportunities this offers, is to reduce skilled wage dispersion internationally. 

Figure 12: Simulated Changes in Global Wage Dispersiona 
(2000 and simulated coefficients of variation, labour force weighted,) 

 

                                                 
16 Along with technical change, this might be a reason why we observe increased wage dispersion in developing 
countries, in spite of the role of expanded trade in raising unskilled wages there. 
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a The ratio of the standard deviation (the square root of the average sum of squared deviations from the average, 
both weighted by the skilled or unskilled labour force) and the corresponding average wage. 
 

4.3 Overall Effects of the Migration 

The relevant effects of rendering skilled migration responsive to real wage divergences, relative 

to a baseline in which automation causes bias away from low-skill workers, are three-fold.  First, 

immigration raises the domestic population in destination regions, slowing the growth rate of real 

income per capita (following the behaviour of all such neoclassical capital-accumulation 

models).17  Second, also in destination regions the skill level of the overall labour force is 

increased by the immigration, which tends to raise real income per capita and hence to at least 

partially offset the population effect.  Third, the immigration tends to reduce destination regions’ 

average real wages and hence it reduces production costs and export prices relative to regions of 

origin.  They therefore experience real depreciations relative to the base line, or adverse terms of 

trade effects.18  These three effects tend to offset each other, so that the net changes in real per 

capita income due to the expanded skilled migration are small. 

In Australia and North America these effects appear to be very similar, yet real per capita income 

is raised in North America and it falls slightly in Australia.  This is because net immigration to 

Australia is larger relative to its labour force and there is a greater reduction to its average wage.  

Although this attracts more capital accumulation, and hence it bolsters Australia’s GDP growth, 

the additional capital income does not accrue to Australian residents and so its real income per 

capita is not increased.  Moreover, the skill-intensity effect of the immigration is negligible by 

2030.  So, for Australia, the population-expanding and terms of trade effects dominate and real 

per capita income is shown to grow very slightly slower (be smaller than baseline in 2030).19  In 

                                                 
17 As Pitchford (1974), indicates, technical change assumptions are important in this.  In our analysis the underlying 
changes in factor productivity are exogenous and constant across the base line and M1 simulations.  This absence of 
interaction between migration and the productivity of individual factors (including production and professional 
labour) ensures that the standard implications of population growth for per capita income emerge. 
18 For some regions, particularly those where the labour force size effects of the expanded migration are small,  the 
terms of trade effects are driven mainly by externally induced changes in trading prices. 
19 North America included Mexico, so it starts with relatively fewer skilled workers and more labour-intensive net 
exports.  This means it could be more advantaged than Australia by the loss of both skilled and unskilled workers in 
regions of origin, which export labour-intensive products.  Although this is not reflected in the crude terms of trade 
index used in the table, the Australian terms of trade is increased due to higher prices of low-value-added minerals 
while that of North America is increased due to higher manufactures prices.  So the income gain to North America is 
bigger. 
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the case of Western Europe, all three effects are smaller still, and the net is a gain relative to the 

baseline.  Japan is a small net gainer, mainly because of an externally induced improvement in its 

terms of trade.  In most source regions, the slower population growth due to emigration, 

combined with their improved terms of trade, dominates their loss of skill intensity, so they are 

net gainers.  The exceptions are “other South Asia”, which suffers a substantial reduction in skill 

intensity, and Sub-Saharan Africa, where all three effects are proportionally small but the loss of 

skill intensity appears to dominate. 

5. Conclusion 

We observe that AI-driven automation creates an impulse for diminished labor market 

performance by low-skill workers throughout the world but most prominently in high-fertility, 

relatively youthful regions with comparatively strong growth in low-skill labor forces.  The 

implied bias against such regions is therefore likely to enhance expected emigration gains.  In 

this paper we first use empirical methods to show that widening global real wage dispersion has 

been associated with increased migration flows, particularly and increasingly for skilled workers.  

We then employ a model of the global economy that includes general demography and real wage 

sensitive bilateral migration behavior, to help quantify potential future growth in real wage 

disparities and the extent, direction and content of associated migration flows.  A baseline 

simulation is first constructed to 2030 that embodies significant growth in TFP in most regions 

combined with the bias against low-skill labor that is anticipated in association with AI-driven 

automation.  This baseline sustains existing controls over immigration by destination regions.  

Against it is then compared a simulation in which the only difference is that immigration 

restrictions in destination regions are partially relaxed, though only for skilled workers. 

While the embodied TFP growth ensures that global real GDP growth to 2030 is substantial, as is 

growth in average real wages, the effect of the automation is also to raise global wage dispersion 

and to increase pressure to migrate.  Even when the relaxation of controls is partial and applies 

only to skilled workers, the resulting effects on flows, populations, labor forces and regional 

incomes are very significant.  It is found to have most effect on labour markets in the traditional 

migration destinations, Australia, Western Europe and North America, where it restrains the skill 

premium and substantially enhances GDP growth.  The skill premium is raised, however, in 

regions of origin, and particularly in South Asia. 
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The normative effects of expanded skilled migration depend on its implications for population 

sizes, labour force skill shares and the international terms of trade.  As it turns out, these different 

effects tend to be off-setting in both regions of origin and destination, so that net changes in real 

per capita incomes are proportionally small.  Regions, like Japan, that are not deeply involved in 

the migration, are seen to be significantly affected by associated shifts in the international terms 

of trade alone, however.  Overall, global wage inequality is increased by expanded skilled 

migration, primarily because of large increases in skilled wage premia that arise in developing 

regions of origin.  Inter-regional divergences in skilled wages are reduced, however, due to the 

additional skilled labour market arbitrage opportunities offered by more open migration policies. 
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Appendix: Modelled Demographic Details 

Key parameters in the model are the migration rates, , , , ,
R
a g s r dM , birth rates, ,

t
s rB , sex ratios at 

birth, t
rS , death rates, , , ,

t
a g s rD , life expectancies at 60, 60 , , ,

t
g s rL   and the skill transformation rates 

d .  The migration rates are based on the flows analysed in Section 2.  In the baseline projection 

the elasticity of migration rates to international wage divergences is set at zero so 

M
a,g ,s,r ,d
R  M

a,g ,s,r ,d
R0 .  Thus, the migration rates (proportions of the destination group populations 

incremented per year) are held constant through time in this projection, so that migration flows 

change in proportion to destination age-gender-skill group populations.  As described above, 

however, flows can be opened up to the influence of wage differences between source and 

destination regions. 

The skill transformation rates are based on changes in the composition of aggregate regional 

labour forces between production and professional workers during the decade prior to the base 

year, 1997.  For the 14 regions, ILO occupational data and IMF financial statistics were used to 

construct time series for each region of the skill composition of aggregate labour forces, the 

skilled wage premium and real GNP per capita.  From the skill composition series a 

corresponding series for the transformation rates,  , was then constructed and equation (10) was 

estimated.20  Amongst the industrial regions, the response to the local wage premium is smaller 

in Western Europe than elsewhere, as is the initial transformation rate.  In the developing 

regions, responsiveness to the local skill premium is greatest in China, though the initial rates of 

transformation in both China and India are relatively low, particularly compared with “Other 

East Asia”. 

The birth rates, life expectancy at 60 and the age specific mortality rates are all exogenous and 

assumed to trend through time asymptotically.  For each age group, a, gender group, g, and 

region, r, a target rate is identified.  The parameters then approach these target rates with initial 

growth rates determined by historical observation. 

  

                                                 
20 This is described in Tyers et al. (2007).  The resulting baseline projections of skill composition are broadly 
compatible with the human capital projections by Goujon and Lutz (2004). 
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Labour force: 

To evaluate the number of “full-time equivalent” workers we first construct labour force 

participation rates, by gender and age group for each region from ILO statistics on the 

“economically active population”.  For each age group, a, gender group, g, and region, r, a target 

country is identified whose participation rate is approached asymptotically.  The rate of this 

approach is determined by the initial rate of change.  Target rates are chosen from countries 

considered “advanced” in terms of trends in participation rates.  Where female participation rates 

are rising, for example, Norway provides a commonly chosen target because its female labour 

force participation rates are higher than for other countries.21  We then investigate the proportion 

of participating workers that are part time and the hours they work relative to each regional 

standard for full time work.  The result is the number of full time equivalents per worker and the 

full time equivalent labour force, disaggregated by age, gender and skill level. 

                                                 
21 The resulting participation rates are listed by Tyers et al. (2007: Table 10). 
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