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Abstract
This paper uses a multi-country dynamic computable general equilibrium model to investigate the long-term impact of population ageing in a global context and the transmission effect of world ageing on a small open economy like Canada. The model represents 7 regions of the world: the USA, the EU, Canada, Japan, China, India, and the rest of the world (aggregated into one region). The analysis shows that faster ageing countries like Japan will be mostly affected by population ageing, followed by Canada and the EU, while the USA will be moderately affected. Faster ageing countries will also experience a terms of trade appreciation relative to slower-ageing countries, which should sustain consumption in the former countries.  
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1. Introduction
Structural economic developments are generally hard to predict. However, population ageing is one notable exception, since it is potentially one of the most important and well anticipated structural adjustment that will affect the world economy over the next decades. Although at different degrees, most OECD countries have experienced significant declines in fertility rates and increases in life expectancy since the 1960s and 1970s. When we look at non-OECD countries, population growth in China is also slowing and its population will age at a rapid pace over the next decades, while the population in other emerging non-OECD countries, like India is still growing rapidly and their populations remain relatively young. Latin America is also at the beginning stages of a demographic process with a relatively young population.  

There is a rich and abundant literature of country-specific studies examining the macroeconomic and fiscal implications of population ageing. However, country-specific analyses usually neglect the aspects of globalization. Ignoring the rest of the world can be misleading in terms of implications for growth in living standards, labour market flows, savings and net foreign assets for a number of reasons. 

First, there is empirical evidence that demographic changes induce international capital flows.
 Feroli (2003) and Börsch-Supan et al. (2001) have also shown with multi-regions overlapping generations models that to the extent that capital is internationally mobile, population ageing will induce capital flows between countries. Börsch-Supan et al. (2001) argue that the difference in the pace and magnitude of demographic changes may influence international capital flow movement between faster and slower ageing regions of the world. In such a case, the international capital market would be able to offer better returns to savings and partly accommodate faster ageing countries. Feroli (2003) finds that demographic changes may also explain part of international capital flows in the G-7 over the past 50 years.  
  
As well, globalization and the rise of a huge, accessible, but relatively unskilled labour force in China and India may have significant implications for incomes. For example, this abundance of low-skilled labour supply may be a factor underlying the fact that the labour share of national income is closer to recessionary lows than to the equilibrium levels previously observed at similar stages of the business cycle. Also, according to Fehr, Jokisch and Kotlikoff (2005), adding the transitional path of China into the analysis might dramatically alter the results because of its saving behaviour, growth rate and fiscal policy which are very different from the rest of the world. They argue that although its population is ageing at a rapid pace, China could become the world’s saver over the next decades.

Moreover, country-by-country demographic analysis might lead to the conclusion that greater immigration is a valuable option to offset declining fertility rates. This may not be true in a global context, where immigration is a zero-sum game. For example, while Canada may think of itself as a 'small open economy' for immigration purposes, and thus able to (in theory) import as many immigrants as it wants, this is simply not true of the OECD as a whole.  In particular, international competition for skilled workers is becoming a more important issue, and it can only be examined in a global context.
In this paper, we have developed a multi-country dynamic computable general equilibrium model to investigate the transmission effects of population ageing on the world economy and on a small open economy like Canada. The model represents 7 regions of the world: US, Europe, Japan, China, India, Canada and the rest of the world (ROW) aggregated in one region. The model also has an overlapping generations structure based on Samuelson (1958), Diamond (1965) and Auerbach and Kotlikoff (1987). 
The paper is divided as follows. Section 2 presents an overview of projected world demographic changes over the next decades based on United Nations demographic projections. Section 3 discusses the transmission effect of demographic changes in an open economy framework. Section 4 provides an overview of the economic literature on the macroeconomic transmission of population ageing. Section 5 presents a technical description of the model. Section 6 presents the simulation results and finally Section 7 provides some concluding remarks. 
2. World Demographic Changes

According to the United Nations (UN) demographic projections, population ageing will be a defining feature of the economic landscape of major industrialised and emerging countries in the world during the course of the 21st century. Population ageing is explained by a combination of factors: rising life-expectancy, declining fertility rates and in specific regions, emigration of young people and/or immigration of older people. 

To determine the evolution of the population in each region, we assume that current and future fertility rates, life expectancy and net migration follow the median variant of the United Nations demographic projection (see Table 1). Over the next 15 years, the total fertility rate is assumed to average 1.5 in Canada, 1.4 in Europe, 2 in the U.S., 1.4 in Japan, 1.8 in China and 2.7 in India. The UN demographic projections also assume that the total fertility rate in all regions of the world will eventually converge to 1.85 by 2050. The population in the rest of the world is also assumed to maintain relatively high fertility rates.   

Also, according to the data, Japan and Canada enjoy higher life expectancy at birth, followed by the US, Europe and China. The demographic projection also assumes that life-expectancy will continue to rise by 5 to 6 years over the next 50 years for these countries. In contrast, India has a much lower life-expectancy, although the demographic projection assumes that life-expectancy at birth will rise faster over the next decades, from 64 years in 2000-2010 to 75.4 years in 2040-2050. 

The projections also assume that Canada, Europe, the U.S. and Japan will continue to enjoy net in-migration over the next decades, while India, China and the rest of the world will face net international out-migration.  


Chart 1 presents the simulated elderly dependency ratio (population 65+ as a ratio of the population 15-64) by region of the world, over the period 1980 to 2070. As can be seen from the Chart, Japan is by far the fastest ageing country, with the elderly dependency ratio rising from 25% in 1990 to 70% by 2040. This is explained by a combination of low fertility rate and high life-expectancy. The European Union (EU) has the second highest elderly dependency ratio, followed by Canada. However, the change between 1990 and 2040 is similar to Canada. The elderly dependency ratio is expected to rise from 25% in 1990 to about 50% in 2040 in the EU, compared to a rise from 18% to 43% for Canada. In contrast, the U.S. has a much higher total fertility rate than in most industrialised countries. This contributes to a more moderate increase in the elderly dependency ratio, which will move from 20% in 1990 to 32% in 2040. 

Table 1

Total Fertility Rate, Life-Expectancy at Birth (Both Sexes) and Net Migration by Region of the world
	Country/Region of the World
	2000-2010
	2010-2020
	2020-2030
	2030-2040
	2040-2050

	Canada

    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	1.5

80.3

205
	1.5

81.7

200
	1.6

82.9

200
	1.8

84.0

200
	1.85

85.0

200

	Europe 

    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	1.37

74.0
937
	1.46

75.5
704
	1.6

78.2
699
	1.72

78.8
699
	1.83

80.2
699

	United States
    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	2.0

77.6
1155
	1.95

78.8
1105
	1.86

79.9
1100
	1.85

81.0
1100
	1.85

82.1
1100

	Japan
    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	1.35
82.3
54
	1.47

84.1
54
	1.61

85.6
54
	1.75

86.9
54
	1.84

88.0
54

	India
    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	2.9
64.0
-265
	2.4

67.6
-240
	2.0

70.7
-240
	1.85

73.2
-240
	1.85

75.4
-240

	China
    Total fertility rate

    Life-expectancy at birth

    Net Migration (thousands)
	1.72

72.5
-370
	1.83

73.6
-335
	1.85

74.8
-320
	1.85

76.7
-320
	1.85

78.4
-320


Source: United Nations Population Division, 2005

The Chinese elderly dependency ratio follows a quite different pattern than in the other regions of the world. In 1990, China benefited from one of the lowest elderly dependency ratio, near 10% after India and other non-OECD countries. However, the drastic fall in the fertility rate combined with net out-migration will lead to a sharp increase in the elderly dependency ratio over the next several decades, reaching 30% in 2040 and continuing to rise. Finally, India and the rest of the world have relatively younger populations. Therefore, their elderly dependency ratio is expected to rise more modestly from 10% in 1990 to less than 20% in 2040.  
Chart 1
Simulated Elderly Dependency Ratio by Region of the World
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3. Analyzing Population Ageing in an International Context

Since a lot of single-country analyses have been done with CGE models, we may wonder about the value added of introducing a multi-country model when analysing population ageing.  Population ages rapidly in all parts of the world. However as indicated in introduction, some regions age faster or are not at the same stage in the ageing process. Exploiting these differences might help mitigate the macroeconomic impact of population ageing in countries most affected by ageing. There are at least three mechanisms through which globalisation can mitigate the impact of population ageing on faster ageing countries: 1) through changes in the terms of trade; 2) through world interest rates; and 3) through savings and current accounts. We will discuss all three channels of transmission. 

3.1 Terms of Trade
Population ageing will lead to a reduction in labour force growth. Thus, it can be interpreted as a negative labour supply shock which reduces potential output. If we assume that the goods and services produced in each country are imperfectly substitutable, the price of goods and services produced in the country that is ageing the most is likely to increase the most, thus leading to an improvement in the terms of trade for that country (and thus a deterioration of the terms of trade for less ageing countries.)  Recall that an improvement of the terms of trade means that for unchanged real imports, the country does not need to export as much as before, so that, ceteris paribus, real consumption can increase. Thus, in an open economy context, real consumption per capita is not likely to fall as much as it would in a closed economy.  In contrast, less ageing countries will experiment a deterioration in their terms of trade and therefore consumption per capita might be reduced in those countries.  

3.2 World Interest Rates and Savings

Although terms of trade effects favour older societies at the expense of the younger ones, the impact on world interest rates is likely to be mutually beneficial. In a closed economy context, an economy which ages will first accumulate savings during the demographic transition (so that the aggregate saving rates are high) and thereafter, as a greater share of the older population retires, will lower savings while increasing consumption (so that aggregate saving rates are low). For unchanged domestic investment, we should therefore initially expect a decrease in financial interest rates (in the phase when saving is piling up) followed by a strong increase in interest rates. The turning point is possibly when the last generation of baby boomers will be retiring (which is around 2030 in North America and the European Union). 
In an international and open economy context, however, domestic investment need not equal domestic saving since saving can be invested where it will attract the highest returns. The older populations that are saving a lot now (which tends to depress domestic interest rates) may potentially invest in these countries that are still relatively young and where saving is still relatively small (which tends to keep interest rate high).  The impact is that world interest rates will not fall as much as it would in the first phase of ageing (when saving is high) of an already old population in a closed economy.    

The advantage of this channel, for a relatively old population is that they can obtain a higher return on their saving so that they may expect a higher consumption profile over their life.   The advantage of this channel for a relatively young population is that they can attract foreign savings and increase productive investment capacities which will result in higher growth rate of their economy.  

3.3 Saving and Current Accounts

The current account is the excess of national saving over domestic investment. Therefore, countries with relatively old population in the start of the 21st Century (e.g. Japan, Italy, Germany), which start the century with large aggregate saving rates, have large current account surpluses. However, as the century progresses, saving will decrease in these countries so that current account surpluses will move towards a deficit. The opposite should be true from countries with relatively younger population.  The opposite movement also reflect the fact that the sum of trade balances (and current accounts) across countries should equal zero. This effect is also consistent with the fact that older countries will benefit from a terms of trade improvement (which should deteriorate their trade position), while younger population will experiment a terms of trade deterioration, which will improve their trade position.    
4. Literature reviews


Some studies have looked at the international aspects of population ageing. Among the most notable studies, Turner et al. (1998) present a number of long-term scenarios on the international macroeconomic effects of population ageing across the OECD using a dynamic CGE modeling approach. Their analysis indicates that economic growth is expected to slow significantly over the next decades as a result of population ageing, with world real interest rates remaining either stable or even increasing because of the decline in world private savings and increases in public indebtedness. 

Kenc and Syan (1998) argue that international commodity and capital flows provide channels for the transmission of changes in terms of trade and interest rates onto small countries coming from large countries that experience population ageing. Using a two-region CGE model with overlapping generations parameterized for Turkey and the European Union (EU), they show that the economic effects of population ageing in the EU will magnify the effects in Turkey even if its population is relatively younger. Using a similar two-country modeling framework, Sayan and Uyar (2002) find that when labour is mobile across countries, wage differentials provide incentives for workers in the country with the relatively younger population to migrate to the country that experiences population ageing. 

Although Canada can be considered as a small-open economy, very little work has been done so far to analyse the long-term economic and labour market implications of ageing in the context of globalization. Fougère and Mérette (1998, 2000) have examined the impact of population ageing on economic growth and the current account for Canada and five other OECD countries, assuming for convenience that these countries are small-open-economies and that interest rate movements in the world market are determined by demographic changes that occur in the U.S. economy. However, they ignore the fact that these countries as a group influence international capital markets. They also ignore the contribution of emerging countries, like China and India who play an increasing influential role in international markets. Finally, their analysis does not account for other economic interactions across countries, such as international trade.

Borsch-Supan et al. (2001, 2003) examine the likely impact of population ageing on international capital flow movements using a stylised multi-country overlapping generations model. Their simulations suggest that capital flows from fast-ageing to the rest of the world will be substantial and that closed-economy models of pension reform are likely to miss important effects due to international capital mobility. 

According to Équipe Ingénue (2001), when analysing the prospects of pay-as-you-go pension systems, most studies done over the past two decades have tended not to take account, or to over-stress the implications of economic and financial globalization on domestic evolution. To accommodate such analytical needs, they have built a multi-country overlapping generations model and explored the macroeconomic impact of pension reforms in the European Union.  When comparing scenarios in either autarkic or closed economy models with small open-economy models, they find that indeed large capital flows on average help smoothing the long accumulation cycles that arise from ageing and fluctuations in population sizes. 
Fehr et al. (2004) have developed a dynamic multi-country overlapping generations model to study the interdependent demographic and economic transitional path of the European Union, the U.S. and Japan. Their simulations show that tax hikes will be needed to pay for social security benefits, which will lead to a major capital shortage and a reduction in real wages per unit of human capital. 
Ferh et al. (2005) add China in their analysis and recalibrate their model to treat government capital expenditures as investment rather than current consumption. With government investment included, they find much less crowding out over the next decades and much more moderate declines in real wages. Including China in the model dramatically alters the results. Although China is ageing rapidly, its savings behaviour, strong economic expansion and fiscal policy are different than in developed countries. According to their simulations, if Chinese technology and education catches up with those of developed countries, China could become the world’s saver. Also, rather than seeing real wages falling in developed countries, real wages increase over and above those associated with technical progress.   

5. The Model
In this section, we present a technical description of the multi-country OLG model and discuss the calibration. 


The model is dynamic and represents the world economy. It is composed of seven regions: Canada, the United States, Japan, the European Union, China, India and the rest of the world (ROW), which is aggregated into one region. In the model, each region of the world produces one differentiated good that is imperfectly substitutable with other regions’ production good and is tradable. 
5.1 The production sector

In each region of the world j, a representative firm produces a single good using a Cobb-Douglas technology. The firm hires labour and rents physical capital. Both factors are region specific. With 
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 representing the region’s output, 
[image: image3.wmf]K

 physical capital, 
[image: image4.wmf]L

 effective units of labour, A the scaling factor and ( the share of physical capital in value added, the region specific production function is: 
(1)
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Firms are assumed perfectly competitive and factor demands follow from profit maximization:

(2)
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(3)
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where 
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 and 
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 are the rental rates of capital and wages, and 
[image: image10.wmf]P

 is the output price. Labour is distinguished by two skill levels, high-skilled and low-skilled workers, denoted by Lqual and the labour demand function is a constant-elasticity-of-substitution (CES) function:

(4)        
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where 
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 is the local market price per unit of a specifically skilled labour, and 
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, 
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 are respectively share and substitution-elasticity parameters. It follows from optimization that the composite price 
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 of the firm’s aggregate labour input is related to market wages 
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 by the following expression:

(5)        
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5.2 Household Behaviour

Each region of the world is represented by 7 representative households in an Allais-Samuelson overlapping generations structure. Individuals enter the labour market at the age of 15 and die at the age of 75. This implies that each period in the model corresponds to 10 years. Younger children are fully dependent on their parents and play no active role in the model.  

A household’s optimization problem consists of choosing a profile of consumption over the lifecycle, in order to maximize a CES type inter-temporal utility function of consumption, subject to discounted lifetime income. Inter-temporal preferences of an individual born at time t are as follows:

(6)
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with 0 < θ < 1. 
[image: image19.wmf]C

 denotes consumption; 
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 is the pure rate of time preference and θ the inverse of the inter-temporal elasticity of substitution. The household is not altruist so that it does not leave bequest to its children. 
Assuming no borrowing constraint constraints and perfect capital markets, the present value of household wealth is the discounted sum of lifetime labour income YL g,t .
(7)
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where Ri is the interest rate, τK the effective tax rate on capital, τL the effective tax rate on labour, and Ctr the contribution on the public pension system.

Labour income depends on the individual’s age-dependent productivity (earnings) profile (EPg) which is defined as a quadratic function of age g:  

(8)
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with parametric values chosen to ensure that the maximum is reached between mid-life and retirement. Labour income is defined as:

(9)
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where wqual is the market wage and PaR the labour force participation rate.   


Retirees’s pension benefits are proportional to their lifetime labour earnings. The fraction is defined by the pension replacement rate PensR. Pension benefits are equal to: 
(10)      
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Differenciating the household utility function with respect to its lifetime budget constraint yields the following first-order condition for consumption:

(11)
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 where 
[image: image26.wmf]C
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 is the consumption price index of the individual. 
In the next optimization step, households must allocate their consumption expenditures across the available seven regional final goods using CES sub-utilities. Hence, using the first order conditions, a region j individual’s consumption demand of region i goods, 
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where 
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 and 
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 are respectively share parameters and Armington substitution elasticities. The composite consumption price index is consistently defined as a non-linear weighted average of regional prices:

(13)
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5.3 Investment and Asset Returns
The accumulation of each region’s capital stock (K) is subject to exponential depreciation: 

(14)
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where 
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 represents investment and δ the depreciation rate of capital. The investment technology is characterized by a CES function that combines goods from the six different regions; the optimal mix implies that region i’s goods are demanded by region j for investment purposes in amount

(15)       
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where 
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 and 
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 represent share and Armington substitution-elasticity parameters, and 
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 is the composite price of the investment good, defined (as a result of optimization) as:

(16)
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Financial markets are fully integrated. This means that financial capital is perfectly mobile across countries and undifferentiated so that interest parity holds. Let us denote by 
[image: image39.wmf]R

 the net rate of return on physical assets; it is defined as the rental rate minus the depreciation rate, plus capital gains:

(17)
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Bonds and shares are perfect substitutes and therefore bear the same ex ante return: 

(18)
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where 
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 and 
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P

are respectively the rate of interest promised on, and the price of, bonds issued by the local government. Perfect financial capital mobility implies that, ex ante, interest rate is the same across all regions.
5.4 Government Sector
The government budget constraint is defined as:

(19)
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where, (c is the effective tax rate on consumption, Lend is the stock of wealth accumulated by households and, Gov is public expenditures. Pay-as-you-go pension benefits are financed by contribution rates on labour income. The pension program is represented by the following equation: 

 (20)
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where cP is the national contribution rate for the pay-as-you-go program.

5.5 Market and Aggregation Conditions  
The model assumes that all markets are perfectly competitive. There are 7 goods markets in the model. The equilibrium condition for the goods market states that each regional output must be equal to total demand originating from all countries i:

(21)

[image: image46.wmf])

(

,

,

,

,

,

,

,

t

i

j

i

t

i

j

t

i

j

t

j

Gov

EInv

EC

Y

+

+

=

å

  ,

where 
[image: image47.wmf]å

=

g

t

g

i

j

t

i

j

ConI

EC

,

,

,

,

,

. Labour and physical capital are immobile across regions, so a market exists for these two production factors in each region. The stock of effective labour is the number of individuals times their corresponding productivity level:

(22)
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Finally, the world capital market must be in equilibrium that is, the sum of the stock of wealth (Lend) accumulated at any point in time must be equal to the sum of bonds issued by regional governments and the stocks of capital used in each region of the world: 

 (23)
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5.6 Data and Calibration

The model is calibrated to the GTAP-6 database [Dimanaran and McDougall (2005)]. Table 2 provides the list of the main calibration parameters. 
Table 2
Calibration Parameters

	Region
	Canada
	USA
	EU
	Japan
	China
	India
	ROW

	Regional Share of GDP
	0.021
	0.306
	0.249
	0.125
	0.054
	0.015
	0.229

	Share of capital in production
	0.407
	0.378
	0.441
	0.387
	0.448
	0.547
	0.513

	Share of high-skilled workers
	0.327
	0.414
	0.441
	0.379
	0.194
	0.238
	0.323

	Intertemporal elast. of substitution
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5
	1.5

	Armington trade elasticity
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5
	2.5

	Rate of time preference (10-year)
	0.425
	0.414
	0.271
	0.417
	0.451
	0.285
	0.323

	Wage income tax rate
	0.165
	0.159
	0.379
	0.188
	0.101
	0.101
	0.101

	Capital income tax rate
	0.042
	0.03
	0.016
	0.033
	0.013
	0
	0.013

	Consumption tax rate
	0.103
	0.004
	0.089
	0.043
	0.044
	0.019
	0.044

	Effective retirement age
	65
	65
	60
	70
	65
	65
	65

	Pension benefit rate
	0.425
	0.386
	0.536
	0.503
	0.50
	0.50
	0.50


6. Simulation Results

We now present the baseline simulation scenario with world population ageing. Recall that the magnitude of the demographic shock by region is presented in Chart 1. 

As indicated earlier, the direct transmission effect of population ageing on the world economy is through the reduction in effective labour supply, which differs in timing and magnitude in each region. Faster ageing countries experience a greater reduction in effective labour supply, thus contributing more negatively to productive capacity. The real world interest rate is determined in the world capital market, by equating the sum of regional investment flows to the sum of regional savings. According to the life-cycle model of savings and consumption, an ageing world population should lead to a reduction in world savings, as households accumulate wealth during their young and middle age and live out of their wealth during retirement. However, population ageing also changes the balance between physical capital and labour, with labour becoming more scarce and physical capital more abundant, making investment less attractive. This creates upward pressures on real wages and downward pressures on the return to physical capital and the world real interest rate, which further reduces incentives to save.  

However, the timing of demographic changes differs by region of the world, with developed countries generally having an older population and abundance in physical capital, while developing countries have a younger population and a relative low supply of physical capital. This implies that the return to physical capital is lower in developed countries and higher in developing countries, which induces international capital flows from faster ageing to slower ageing countries. 
Chart 2 presents the impact of population ageing in the multi-country model on real GDP per capita over the period 1980 to 2070. As expected, among the seven regions, Japan is the most negatively affected by population ageing, with an earlier and sharper decline in real GDP per capita (see also Table 3 for summary of main economic indicators). Relative to the initial steady state, real GDP per capita in Japan begins to fall between 2000 and 2010, while it continues to increase in the other regions. However, the older Japanese workforce retires later than in other developed and emerging countries, which partly accommodates for the negative effect of population ageing on labour supply. 

Canada and the European Union (EU) are the second and third regions most negatively affected by ageing. Real GDP per capita peaks in 2010 and declines thereafter in both regions. Although the demographic shock is more severe in the EU and its workforce retires earlier than in Canada, the impact of population ageing on real GDP is somewhat more moderate than in Canada, because the EU experience a smaller reduction in investment/GDP and benefits from a greater increase in the capital-labour ratio than Canada. A higher capital-labour ratio contributes to raise labour productivity and to accommodate for the negative labour supply shock. Finally, among developed countries, the U.S. has a slower ageing population, compared to Japan, the European Union and Canada. Accordingly, the demographic shock has a small negative impact on U.S. real GDP per capita, between 2010 and 2050.

Chart 2
Real GDP per Capita

Relative deviation with respect to initial steady state
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Looking at the Chinese economy, initially with its abundant workforce, the impact of population ageing contributes to raise real GDP per capita, until 2020. Eventually, as the demographic shock becomes more severe, the supply of labour falls and contributes to lower real GDP per capita, with respect to the initial steady state. By 2060, real GDP per capita is down at a level close to Japan’s. In comparison, India and the rest of the world have relatively younger populations and a similar profile in the elderly dependency ratio. As can be seen in Chart 2, India strongly benefits from demographic changes as real GDP per capita increases until 2030 with respect to the initial steady state. After 2030, real GDP falls very modestly. An important drawback, however, is that the terms of trade in India deteriorate relative to more ageing countries (see Table 4). This leads to more moderate increase in real consumption per capita. Like India, the rest of the world (ROW) has a relatively younger population and is little affected by population ageing.  

As shown in Table 3, real consumption per capita increases sharply in the EU and more modestly in other regions of the world. According to the model calibration, the population in the EU has a lower rate of time preference than other regions of the world, which implies that younger cohorts tend to save more when young and consume more when they are older. In this context, the EU benefits from an excess supply of savings, which is invested in other regions where the return to capital is higher. As a result, they can raise their stock of net foreign assets and net flow of investment income, allowing them to sustain a trade deficit with other regions of the world. Finally, as the EU population ages, they can afford to consume more as a share of GDP.    

Also, according to the simulation scenario, the real world interest rate falls by near 100 basis points over the period 1980 to 2060, relative to a situation with no population ageing, to equate the world demand for financial capital with the world supply. The impact of population ageing on world interest rates simulated in this paper is of similar magnitude to the impact found in Équipe Ingénue (2001).    

In nominal term, countries that age faster are expected to experience a greater increase in nominal wages as well as in producer prices. However, in an open economy framework, consumer prices need not be equal to producer prices, because consumers consume baskets of goods from different countries. Therefore, a faster ageing country is expected to have consumer prices below producer prices, while the opposite is true for slower ageing countries. Moreover, the more open the country is to international trade (i.e., the larger the foreign component of the consumption basket is), the more important is the difference between producer and consumer prices. 

Table 4 presents the impact of population ageing on wages and prices, while Chart 3 presents the impact of population ageing on real wages. According to the simulation, the EU, Japan and Canada will benefit from more robust nominal and real wage increases over the next decades. This is explained by stronger labour market pressures in these countries, due to a more severe ageing workforce. Early retirement behaviour in the EU also exacerbates labour market pressures (effective retirement age is 60). In contrast, the Japanese older workforce retires at 70. In addition, as indicated earlier, the EU enjoys more capital deepening than other Western countries and Japan. This effect, combined with the relative scarcity of labour explains the extra wage gains.  
Table 3

Impact of Population Ageing on Main Economic Indicators

Relative deviation with respect to initial steady state 

	
	1990
	2000
	2010
	2020
	2030
	2040
	2050
	2060

	Real GDP per capita
	
	
	
	
	
	
	
	

	   Canada
	0.04
	0.07
	0.07
	0.05
	0.00
	-0.04
	-0.05
	-0.04

	   U.S.A.
	0.04
	0.07
	0.08
	0.06
	0.03
	0.01
	0.00
	0.00

	   Europe
	0.04
	0.07
	0.08
	0.06
	0.02
	-0.01
	-0.02
	-0.02

	    Japan
	0.02
	0.03
	0.02
	-0.02
	-0.07
	-0.11
	-0.11
	-0.10

	    China
	0.03
	0.06
	0.08
	0.07
	0.04
	0.00
	-0.05
	-0.08

	    India


	0.02
	0.06
	0.09
	0.12
	0.13
	0.12
	0.10
	0.10

	    ROW


	0.02
	0.05
	0.07
	0.08
	0.08
	0.06
	0.03
	0.02

	Real consumption per capita
	
	
	
	
	
	
	

	   Canada
	0.06
	0.12
	0.16
	0.17
	0.15
	0.13
	0.11
	0.11

	   U.S.A.
	0.05
	0.09
	0.12
	0.12
	0.10
	0.08
	0.06
	0.07

	   Europe
	0.07
	0.16
	0.25
	0.32
	0.36
	0.40
	0.43
	0.46

	    Japan
	0.06
	0.10
	0.12
	0.11
	0.08
	0.05
	0.03
	0.03

	    China
	0.05
	0.12
	0.17
	0.20
	0.19
	0.17
	0.14
	0.10

	    India


	0.00
	0.05
	0.11
	0.17
	0.22
	0.25
	0.27
	0.29

	    ROW


	0.00
	0.03
	0.08
	0.11
	0.13
	0.13
	0.13
	0.14

	Capital-labour ratio
	
	
	
	
	
	
	

	   Canada
	0.02
	0.08
	0.16
	0.25
	0.32
	0.35
	0.33
	0.30

	   U.S.A.
	0.01
	0.06
	0.12
	0.18
	0.21
	0.21
	0.19
	0.17

	   Europe
	0.03
	0.11
	0.24
	0.36
	0.46
	0.51
	0.51
	0.49

	    Japan
	0.03
	0.09
	0.16
	0.22
	0.27
	0.30
	0.30
	0.30

	    China
	0.01
	0.05
	0.12
	0.19
	0.26
	0.30
	0.33
	0.33

	    India


	-0.01
	0.04
	0.11
	0.20
	0.27
	0.32
	0.34
	0.37

	    ROW


	-0.01
	0.02
	0.08
	0.14
	0.18
	0.2
	0.18
	0.19

	Investment/GDP
	
	
	
	
	
	
	

	   Canada
	-0.01
	-0.05
	-0.10
	-0.15
	-0.19
	-0.19
	-0.18
	-0.16

	   U.S.A.
	0.00
	-0.01
	-0.04
	-0.07
	-0.09
	-0.10
	-0.11
	-0.12

	   Europe
	0.02
	0.00
	-0.04
	-0.10
	-0.15
	-0.18
	-0.17
	-0.14

	    Japan
	-0.01
	-0.03
	-0.04
	-0.07
	-0.09
	-0.10
	-0.09
	-0.07

	    China
	-0.02
	-0.06
	-0.12
	-0.17
	-0.22
	-0.25
	-0.27
	-0.27

	    India


	0.02
	-0.01
	-0.06
	-0.12
	-0.18
	-0.23
	-0.28
	-0.31

	    ROW


	0.01
	-0.03
	-0.08
	-0.15
	-0.21
	-0.26
	-0.31
	-0.34

	Real trade balance/GDP
	
	
	
	
	
	
	

	   Canada
	-0.19
	-0.32
	-0.40
	-0.43
	-0.43
	-0.42
	-0.42
	-0.42

	   U.S.A.
	-0.19
	-0.32
	-0.41
	-0.47
	-0.51
	-0.54
	-0.57
	-0.59

	   Europe
	-0.13
	-0.23
	-0.28
	-0.29
	-0.27
	-0.23
	-0.18
	-0.13

	    Japan
	-0.09
	-0.14
	-0.13
	-0.08
	0.04
	0.21
	0.44
	0.70

	    China
	-0.29
	-0.47
	-0.58
	-0.64
	-0.67
	-0.68
	-0.67
	-0.66

	    India


	-0.32
	-0.53
	-0.66
	-0.75
	-0.80
	-0.83
	-0.86
	-0.88

	    ROW


	-0.32
	-0.53
	-0.66
	-0.74
	-0.79
	-0.83
	-0.86
	-0.87

	Real world interest rate
	
	
	
	
	
	
	

	   (Basis point)
	-0.17
	-0.39
	-0.61
	-0.77
	-0.86
	-0.87
	-0.92
	-0.97


Table 4
Impact of Population Ageing on Wages, Producer and Consumer Prices
Relative deviation with respect to initial steady state 

	Nominal wage rate
	1990
	2000
	2010
	2020
	2030
	2040
	2050
	2060

	   Canada
	0.05
	0.14
	0.25
	0.38
	0.51
	0.62
	0.69
	0.71

	   U.S.A.
	0.05
	0.13
	0.22
	0.31
	0.38
	0.44
	0.46
	0.47

	   Europe
	0.08
	0.21
	0.38
	0.59
	0.79
	0.97
	1.12
	1.21

	    Japan
	0.10
	0.25
	0.41
	0.59
	0.78
	0.97
	1.12
	1.26

	    China
	0.02
	0.06
	0.12
	0.19
	0.27
	0.36
	0.44
	0.50

	    India


	-0.01
	0.01
	0.04
	0.08
	0.11
	0.13
	0.14
	0.16

	    ROW


	-0.01
	0.01
	0.04
	0.07
	0.09
	0.10
	0.09
	0.09

	Real wage rate
	
	
	
	
	
	
	
	

	   Canada
	0.01
	0.04
	0.07
	0.12
	0.15
	0.18
	0.18
	0.17

	   U.S.A.
	0.01
	0.03
	0.05
	0.08
	0.09
	0.09
	0.08
	0.08

	   Europe
	0.02
	0.07
	0.13
	0.20
	0.26
	0.30
	0.32
	0.33

	    Japan
	0.02
	0.05
	0.09
	0.12
	0.15
	0.18
	0.19
	0.21

	    China
	0.00
	0.02
	0.05
	0.08
	0.11
	0.13
	0.15
	0.16

	    India


	-0.01
	0.01
	0.05
	0.09
	0.13
	0.15
	0.15
	0.17

	    ROW


	-0.02
	-0.01
	0.01
	0.03
	0.04
	0.04
	0.03
	0.03

	Wage tax rate
	
	
	
	
	
	
	
	

	   Canada
	-0.07
	-0.14
	-0.18
	-0.18
	-0.13
	-0.07
	-0.04
	-0.04

	   U.S.A.
	-0.04
	-0.07
	-0.10
	-0.09
	-0.06
	-0.03
	0.00
	0.01

	   Europe
	-0.06
	-0.13
	-0.17
	-0.18
	-0.18
	-0.17
	-0.17
	-0.19

	    Japan
	-0.04
	-0.08
	-0.08
	-0.05
	0.01
	0.07
	0.09
	0.07

	    China
	-0.04
	-0.07
	-0.09
	-0.10
	-0.06
	0.01
	0.09
	0.17

	    India


	0.01
	-0.01
	-0.04
	-0.07
	-0.09
	-0.08
	-0.02
	0.00

	    ROW


	0.01
	-0.01
	-0.03
	-0.05
	-0.04
	-0.01
	0.07
	0.12

	Producer prices relative to ROW

	   Canada
	0.05
	0.10
	0.17
	0.26
	0.35
	0.43
	0.50
	0.54

	   U.S.A.
	0.05
	0.10
	0.16
	0.23
	0.29
	0.34
	0.37
	0.38

	   Europe
	0.07
	0.16
	0.26
	0.38
	0.51
	0.64
	0.76
	0.85

	    Japan
	0.09
	0.20
	0.34
	0.48
	0.63
	0.78
	0.92
	1.04

	    China
	0.02
	0.04
	0.07
	0.10
	0.15
	0.20
	0.27
	0.32

	    India


	-0.01
	-0.01
	-0.02
	-0.02
	-0.03
	-0.03
	-0.03
	-0.02

	    ROW


	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00

	Consumer prices relative to ROW

	   Canada
	0.05
	0.10
	0.16
	0.24
	0.31
	0.38
	0.43
	0.46

	   U.S.A.
	0.05
	0.10
	0.16
	0.22
	0.27
	0.32
	0.35
	0.36

	   Europe
	0.06
	0.13
	0.22
	0.32
	0.42
	0.51
	0.60
	0.66

	    Japan
	0.08
	0.18
	0.30
	0.42
	0.54
	0.67
	0.78
	0.87

	    China
	0.02
	0.04
	0.07
	0.10
	0.15
	0.20
	0.25
	0.30

	    India


	0.00
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	-0.01
	0.00

	    ROW


	0.01
	0.02
	0.03
	0.04
	0.04
	0.05
	0.05
	0.06


Chart 3
Impact of Population Ageing on Real Wages

Relative deviation with respect to initial steady state
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In contrast, slower ageing countries and China go through more modest nominal and real wage increases. Slower ageing countries experience a moderate increase in labour market pressures. Also, although China and India have a different demographic pattern, real wage changes are similar and growing more rapidly than in the U.S. and the ROW. The real wage is deflated by consumer prices. This explains why China and India, while experiencing very different ageing processes and thus very different pressures on nominal wages, end up with somewhat similar increases in real wages. Finally, although labour market pressures are weaker in India than in the U.S., real wages increase at about the same pace. Producer and consumer prices rise faster in the US than in India, which contributes to reduce the real wage difference between the two countries. 

7. Conclusion

In this paper, we developed a multi-country dynamic computable general equilibrium model with overlapping generations to investigate the long-term impact of population ageing in an international context and the transmission effect of world ageing on a small open economy like Canada. The model represents 7 regions of the world: the USA, the EU, Canada, Japan, China, India and the rest of the world aggregated in one region. The analysis shows that productive capacity in faster ageing countries like Japan will be mostly affected by population ageing, followed by Canada and the EU, while the USA will be moderately affected. In contrast, India should strongly benefit from a relatively younger population. 
This simulation experiment undertaken with the multi-country model is still exploratory. In particular, we plan to revisit some of the assumptions incorporated in the model calibration. For example, rate of time preferences are determined endogenously in the model. Our calibration exercise suggests that the EU possesses a low rate of time preference, compared to other developed countries, which generates a favourable outcome for the EU in the simulation exercise. This will likely need to be revisited with more realistic assumptions. In addition, the model calibration does not well account for the Chinese savings pattern, which according to Fehr et al. (2005) could very well determine future international capital flow movements in the context of an ageing society. We therefore need to increase our understanding of simulated current accounts and trade balances in the model.  Finally, we also plan to examine alternative scenarios of economic emergence from China and India, to explore the potential implications for the world economy and for Canada.
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