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This paper explores the global impact of population aging, using a calibrated overlapping
generations model of eight world regions to simulate the effects of historical and projected
demographic trends on international capital flows. The simulations show that there will be
aturning point in the global savings — investment balance around 2010 when the European
Union and North Americawill experience a substantial decline in savings relative to
investment as their populations age rapidly. This shift will be financed by capital flows
from less developed regions that are projected to become capital exporters.
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This paper explores the macroeconomic impact of population aging on aglobal level.
It draws on historical and projected population data to examine demographic trends, finding
that while population aging is projected worldwide over the longer-term, there are important
regional differences over the medium-term. For example, youth dependency in North
Americaroseto apeak of 52 percent in 1960, up from 42 percent 10 years earlier. By 2015
youth dependency is projected to be as low as 29 percent. This pattern isindicative of the
baby boom — baby bust, a post-war surge and subsequent decline in fertility throughout much
of the industrialized world. In contrast youth dependency in Africawas 78 percent in 1950,
rising to a peak of 87 percent in 1990 before projections have it declining to 68 percent by
2015. The paper explores the macroeconomic effects of these regional differences over the
medium term, focusing on international capital flows. It also takes a broader view, asking
how population aging will affect the world economy in the very long run. How much capital
deepening will be associated with the projected decline in fertility, and what will be the
effects on factor returns?

To address these issues the paper develops an overlapping generations model in which the
representative agent lives for four periods: childhood, young working-age, old working-age,
and retirement. The model treats fertility as exogenous, and children as depending on their
parents for consumption. Workers supply labor inelastically, feed their household, and save
for retirement. Retirees ssimply consume down savings, there being no bequests. This
framework provides the basis for amodel of large open economies. Each economy has
identical preferences and generates output using a common Cobb-Douglas technology with
economy-specific total factor productivity. Under the assumptions of perfect capital mobility
and perfect foresight, international capital flows equate the return on capital across regions.
The region-specific productivity parameters are calibrated to match income per capitain
eight global regions. North America, the European Union, Japan, Latin America and the
Caribbean, China, Africa, the FSU countries, and aregion representing the rest of the world.

This framework is used to simulate the global demographic transition over the period 1770 to
2230. Thisis done by moving the model from a high to alow population growth equilibrium,
with population dynamics over the transition calibrated to match historical and projected
data. The simulation yields a*“ parallel universe” with apast that is somewhat different from
observed history, and a forecast conditional upon this past. Specifically the model projects
that there will be asignificant shift in the global savings — investment balance around 2010.
At this time the European Union and North America are forecast to experience a substantial
decline in savings relative to investment as their populations age rapidly. Of course these
regions switch to importing capital precisely because they previously exported capital to
developing regions such as Africa. They are simply running down their foreign assets.

The parallel universe differs from the real world in some important respects. First, capital
around the world has the same risk-return characteristics (it is riskfree since investors have
perfect foresight) so that workers saving for retirement are indifferent between holding North
American or African equity for example. Because the parallel universe does not control for



risk, capital flows from the developed world to emerging markets are too large. This
deficiency of the model is exacerbated by the assumption of perfect capital mobility. Thereis
no gradual removal of capital controls, nor is there heterogeneity in this regard across
regions. The parallel universe should therefore be thought of as providing an upper bound on
the effects of demographic change.? Second, the model assumes that agents accumulate
wealth purely for consumption in retirement. There are no unexpected medical expenses or
layoffs, and as a result no precautionary saving. Similarly there are no adjustment costs to
investment so that capital adjusts instantaneously to its optimal level. For aregion with high
population growth relative to the rest of the world this means that the capital stock expands
rapidly with the labor supply, to keep the capital-labor ratio in line with the global return on
capital. In short, global capital flowsin the parallel universe are driven exclusively by the
interaction of life cycle factors with demographic change. Finally, the paper focuses only on
the direct effects of demographic change. It abstracts away from the labor supply decision
and ignores possible interactions of demographic change with technological progress.

The parallel universe does however control for one important feature of reality: differencesin
size, both across economies and over time. Intuitively size matters because the parallel
universeisamodel of open economies. The larger an economy relative to the world the
greater itsimpact on the global interest rate for a given shock. The greater its effect on the
world interest rate, the closer domestic savings supply and investment demand must move
together in equilibrium. The smaller an economy relative to the world the more it will take
the world interest rate as given, with domestic investment largely independent of the
domestic supply of capital. Differencesin size matter over time because the EU countries and
Japan have grown substantially relative to North America since the end of World War 11. The
simulated demographic shift will control for differencesin size across economies and over
time by calibrating the model to match regional trendsin GDP per capita.

Against this background the parallel universe generates international capital flows that match
historical trends. It generates a path for the North American current account that goes from a
surplus of 3.9 percent of GDP around 1950, when North Americais financing economic
recovery in the EU countries and Japan, to a deficit of —0.5 percent of GDP around 1990. The
parallel universe projects that the North American current account will then recover to 2.1
percent of GDP around 2010 as aging baby boomers invest their retirement savings abroad.
Around 2030 the situation will be reversed as retired baby boomers dissave and liquidate

2 Adding uncertainty to the model would allow capital in emerging markets to be riskier than
in developed economies. Such an extension would generate risk premia such that the risk-
adjusted returns across regions would be equalized. Greater risk in emerging markets could
reflect technological, political or institutional factors. Lucas (1991) argues that adjusting for
lower levels of education in the devel oping world would reduce the scale of international
capital flows. In the context of the model this would involve scaling down the effective labor
supply in developing regions, thereby bringing capital-labor ratios in emerging markets up
towards those in developed economies.



their foreign assets. The EU current account isin deficit around 1950, to the tune of —2.3
percent of GDP, as economic recovery attracts capital from abroad. By 1990 the current
account registers a surplus of about 0.7 percent of GDP. Driven by the savings of aging
European baby boomers the current account is projected to rise to around 1.5 percent of GDP
by 2010, before deteriorating to —1.5 percent of GDP as retired boomers dissave. Although
population aging in Japan is more pronounced than in either of the above regions, past
economic growth will continue to drive current account surpluses. In 1990 the model
generates a current account surplus of 3.7 percent of GDP, with capital exports deteriorating
gradually to about 2.2 percent of GDP by 2030.

Why does all of this matter? At its core this paper models the global savings — investment
balance as a function of demographic change and economic growth. It provides estimates of
current account balances that are consistent with these fundamentals, key inputs in a model
of equilibrium exchange rates. But the projected turning point in the global savings —
investment balance between 2010 and 2030 has implications that go beyond exchange rate
policy. The parallel universe uses international capital flows as a summary statistic for the
stresses imposed by population dynamics. As such the turning point is an important policy
indicator for fiscal policy and beyond.

The Paper vis-a-visthe Literature

Attanasio and Violante (2000) present an overlapping generations model of two open
economies, with one calibrated to match aregion called North (representing North America
and Europe) and another calibrated to match Latin America. They proceed to simulate the
macroeconomic effects of a demographic transition that is based on actual and projected
population data. The key advantage of their framework isthat it incorporates mortality risk,
which allows them to simulate a demographic shock composed of changesin fertility and life
expectancy.® They main shortcoming of their approach is that it accounts for only two stages
of thelife cycle: working-age and retirement. There are no children, and hence no youth
dependency, because agents are born as functioning workers. This paper models the general
equilibrium effects of youth and old-age dependency explicitly.* A further disadvantage of
their approach is that they do not allow for convergence in GDP per capitaover time. But as
this paper shows, size matters not only in the cross-sectional but also in the time-series

% Life expectancy in the model used here is exogenous, since all agents live for four periods
regardless of when they are born. Higgins and Williamson (1996) argue that changesin
fertility, and resulting changes in youth dependency, are responsible for large swingsin
savings, investment, and foreign capital dependence in Asia during the post-war period.
Thereis certainly more cross-sectional variation in youth than old-age dependency rates, so
that this deficiency of the model is perhaps second-order.

* It incorporates the effects of youth dependency by allowing consumption of children to
enter parents’ utility function. Both papers are similar in that they treat fertility as exogenous.



dimension. Finally, this paper provides a more comprehensive analysis by focusing on the
global impact of historical and projected population trends. On the downside, this paper
makes the crucia assumption that labor isimmobile. This amounts to using global capital
flows to measure the effects of population dynamics. A recent paper by Storesletten (2000)
looks explicitly at immigration within the context of Social Security reform. Storesletten
guantifies the effects migration could have on the sustainability of Social Security. In a sense
this paper complements his study by modeling capital rather than labor mobility.

A variety of papers approach the relationship between demographic change and
macroeconomic variables from an empirical angle. Higgins and Williamson (1996) find that
much of the risein Asian savings rates since the 1960s can be explained in terms of the
decline in youth dependency burdens. Heller and Symansky (1997) argue that aging in
emerging Asian economies will depress savings rates as a growing elderly population begins
to dissave. Higgins (1998) examines the relationship between age distributions, national
savings, and the current account balance. Using data for alarge cross-section of countries, he
finds evidence of substantial demographic effects, with increases in youth and old-age
dependency associated with lower savings rates. He also finds evidence of differential effects
on savings and investment, and thus a role of demography in determining the current account
balance. Chinn and Prasad (2000) find that measures of relative youth and old-age
dependency are negatively related to current account balances of industrial and developing
countries, though the relationship is not consistently significant at conventional levels.

The Overlapping Generations M odel

This section describes the overlapping generations framework, which is the
foundation for the multicountry model. The discussion describes the life-cycle problem for
the representative agent in country j, surpressing the country index. The representative agent
lives for four periods: childhood, young working-age, old working-age and retirement. In
childhood the agent is not a decision maker. Consumption ¢ is determined by the parent
who is endowed with e; efficiency units of labor. Childrearing requires| units of time per
offspring, with time not devoted to childrearing inelastically supplied to the labor force.

Y oung workers make a standard consumption-saving decision, consuming ci* + (1+ny)c’ for
the household and saving s*. The budget constraint of a period t young worker is thus:

(L+n )’ +c +s =ew[l- | @+n)] 1)

In old working-age agents are endowed with e, efficiency units of labor, which they again
supply inelastically. Wage income is supplemented by interest on wealth accumulated in the
previous period. Children drop out of the budget constraint, having joined the workforce and
become self-sufficient. The budget constraint of a period t+1 old worker is then:

Ct2+l + Stz+1 = e2vvt+1 + (1+ r.t+l )Stl (2)



Herer.1 isthe return on capital held from period t into period t+ 1. Retirees are endowed
with e; efficiency units of labor, which they inelastically supply to the labor force. Since
there are no bequests retirees simply consume down wealth. This amountsto adecision rule
for consumption, so that like children they are not active decision makers. The budget
constraint of aperiod t+2 retireeissimply:

oy = W, +(1+1,,)5% (3)

Preferences are described by an additively separable utility function. The lifetime utility of an
agent bornin period t-1is:

1-q 1-q 1-q 1-q
V. =a(l+n)"*g, (ito_)q +0, (f_)q +bg, (Cf_l)q +b’g, (Ci*_zl 4

The parameter a < 1 givesthe rate at which parents discount the utility of their children. The
weight per child in the parental utility function is declining in the number of children so long
ase> 0. Therelative importance of consumption while in childhood, young working-age,
old working-age and retirement is given by o, &1, @ and g. The subjective discount factor is
given by b, where O<b<1, while q isthe coefficient of relative risk aversion. The
substitutability of consumption over timeis described by 1/q, the elasticity of intertemporal
substitution. When 1/q is greater than one, higher interest rates lead to increased savings,
while the opposite is the case when 1/q is less than one. When g=1 the income and
substitution effects of changesin the interest rate cancel out.

The age distribution in period t consist of Ni.; young workers, N;. old workers, and Ni.3
retirees. The period t cohort of children is determined according to Ni=(1+n)N..1 where n; is
the period t cohort growth rate, which is exogenous. Table 1 describes the evolution of the
age distribution over time:

Table 1. The Age Distribution over Time

Period Children Young Workers ~ Old Workers Retirees
t Nt Nt—l Nt—2 Nt—3
t+1 Nt+1 N N1 N2

t+2 Ni+2 Ni+1 Nt Nt-1

Output is generated according to a constant returns to scale neoclassical production function.
Factors markets are efficient so that capital and labor are rewarded their marginal products:

r-t+l :f p’(+ll<tf_l()(’(+l|‘t+l)l_f - d (5)

Wi = (1' f btﬂth th+{ L;Jfrl (6)



where Li+1 = e1(1-1 (1+nw1))N: + €2Ni.1 + €3N, represents the aggregate [abor supply
measured in efficiency units. Exogenous technological progressis assumed to occur at a
constant rate g, so that X+1 = (1+g)X:. pw+1 captures level differencesin total factor
productivity in the multicountry setting, while d is the depreciation rate of capital. The capital
stock entering period t+1 production is dated as of period t because it is generated by savings
and investment decisions made in period t. The optimal consumption profile of the
representative agent is given by:
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Equation (7) shows that an increase in the number of children leadsto afall in consumption
per child relative to consumption of young workers. But for g > e the consumption of the
child cohort relative to that of young workersisincreasing in n.

The Large Open Economy M odel

The world economy is assumed to consist of mregions, which differ in the level of
total factor productivity p. This parameter permits the model to have economies that vary in
size and therefore in their impact on the world interest rate. Countries with low total factor
productivity resemble small open economies that take the world interest rate as given, while
countries with high productivity are larger and behave more like closed economies. The
productivity parameter is time dependent to allow for convergence in GDP per capita over
time. Capital is assumed to be perfectly mobile so that agentsin country j receive the same
return whether they invest in domestic or foreign capital:
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This no arbitrage condition implies a relationship between the capital stock in country j and
country i that must hold in equilibrium:

Ki=giiy ek, (1)

Wages across countries are related by a factor measuring relative productivity:

=
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The restriction that the production technology is identical across regions except for
differencesin total factor productivity means that the capital-output ratios are equal across
€conomies:

K)  f
, +d

(13)

Yor T
The advantage of imposing a common production technology isthat it keeps the model
tractable. Global equilibrium in capital markets requires that demand for capital equal supply,
or equivalently that net saving equal net investment at the world level:

A K=& NS + N/ L8] (14)
j=1 j=1

Expanding this expression by substituting in for savings by young and old workers and using
eguations (11) and (12) to express capital stocks and wage levelsin terms of the capital-labor
ratio of the first region yields a non-linear difference equation in the capital-labor ratio of the
first region, the only state variable of the model:

= (15)
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Assuming that cohort growth is constant over time and equal across regions, and dropping
time indices from all other variables, yields an equation in the steady state capital-labor ratio
of thefirst region:
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The steady state capital-labor ratio is independent of relative productivity levels and depends
only on factors relating to the first economy. This result is quite general and holds for other
level differences, for example level differences across economiesin effective labor supply.

Model Calibration

The model is parameterized to reflect the fact that each period corresponds to roughly
20 years. The subjective discount rate b is set at 0.6, which corresponds to a pure rate of time
preferencer of about 2.5 percent per year where b=1/(1+r ). The discount factor applied to
the utility of children a isset at 0.6, equivalent to an annual discount factor of 0.975. The
coefficient of relative risk aversion q is set at 2 so that the elasticity of intertemporal
substitution is0.5. eis set at 0.5 so that g > e. Consumption in childhood, young working-
age, old working-age and retirement carries the same weight in lifetime utility so that o, gi,
@ and gz each equal one. Agents are endowed with one efficiency unit of labor in each
working-age period, while they have a zero labor endowment in retirement. The parameter
which describes the time cost of childrearing | isset at 0.1 so that young workers devote
| (1+n;) percent of their time endowment to this task. The share of output rewarded to capital
f isset at 0.3, while depreciation is assumed to occur at arate of 5 percent per year so that d
= 1-0.95% = 0.65. Exogenous technological progress is assumed away so that g = 0.

This choice of parameters represents a baseline specification and should not be regarded as
the only relevant parameterization. Indeed the choice of parameters should be seen in terms
of the main hypothesis underlying the model, that life cycle factors are akey determinant of
the current account balance. Since the effects of youth and old-age dependency figure so
prominently in this hypothesis, the parameter choicesfor a, e, | , i, &, &, &, €1, & and e; are
significant because they determine the relative importance of youth and ol d-age dependency

® These parameter choices are consistent with the recent overlapping generations literature.
Higgins (1994) chooses f =0.33, b=0.54, d=0.72, and g=0.77 in the context of a 3 period
model. For this choice of g the elasticity of intertemporal substitution is 1.3, so that higher
interest rates lead to a moderate increase in saving. Higgins and Williamson (1996) appear to
have the same parameterization, with the exception of g, which isset at 1, making savings
unresponsive to changes in the interest rate. Attanasio and Violante (2000), in amodel with
mortality risk, set f =0.36, b=1.011 per annum, d=0.05 per annum, with g=2 such that higher
interest rates reduce savings slightly.
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effects for a given demographic shift. From the point of view of robustness of the results a
key question is then: are the results of the model qualitatively unchanged for reasonable
values of these parameters? Table 2 presents steady state capital |abor ratios for the baseline
parameterization of the model, assuming that p = 1 and that n* = 0.71 so that steady state
population growth is about 2.7 percent per annum.

Table 2. Steady State Capital-L abor Ratios

a 0.2 0.6 1
k*(a) 0.0168 0.0103 0.0078
e 0 0.5 1
k* (€) 0.0089 0.0103 0.0118
I 0 0.1 0.2
k(') 0.0129 0.0103 0.0076
n* 0 0.23 0.71
k*(n) 0.0435 0.0253 0.0103
q 0.5 1 2
k*(q) 0.0752 0.0404 0.0103

Asa fallsthe capital-labor ratio increases because youth dependency becomes relatively less
important for a given rate of population growth. As e rises away from zero the capital-labor
ratio increases as the weight per child in the parental utility function declines. As| increases
agents devote a greater amount of time per unit of offspring so that for a given n the effective
labor supply falls. Nonetheless the capital-labor ratio declinesas| increases because the
impact on capital accumulation outweighs the effect on the labor force. As cohort growth
declines towards zero the capital-labor ratio increases due to capital deepening associated
with lower fertility. Capital deepening is also associated with lower valuesfor q .

The productivity parameter p’ takes on a special significance in the model because it
determines the size of economy j. The parallel universeis assumed to consist of eight global
economies. Canada and the US (NA), the 15 member countries of the European Union (EU),
Japan (JAP), Latin America and the Caribbean (LAC), Chinaand Taiwan (CHI), Africa
(AFR), the countries of the former Soviet Union (FSU), and a region representing the rest of
the world (ROW). Table 3 listsreal GDP per capitain these regions relative to that in NA,
using data from Maddison (1991) and the Penn World Tables Mark 5.6:°

® The data from Maddison (1995) give GDP per capitain 1985 US dollars and the total
population for arange of countries starting in 1870. This datais reproduced in Barro and
Salai-Martin (1995). For the AFR and FSU economies the POP series, which is population
in thousands, and the RGDPCH series, which is GDP per capitain constant dollars, were
used from the Penn World Tables Mark 5.6 to construct the ratios.
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Table 3: Ratio of Real GDP per Capitato NA (in %)

EU LAC CHI JAP AFR FSU ROW
1870 77
1890 70 21 13 28 15
1910 60 19 9 24 12
1930 60 20 7 28 9
1950 42 16 4 16 8 25 7
1970 64 21 6 57 8 32 7
1990 70 17 10 79 8 42 7

Table 3 tellsastory of different and evolving economic fortunes. Prior to World War |1 real
GDP per capitarelative to NA deteriorated in the EU countries, falling to alow of 42 percent
in 1950. The war had a similar effect on Japan, though real GDP per capita was only around
30 percent that of NA around 1900. The postwar period has seen convergence in both regions
towards real GDP per capitain NA, with the EU and Japan around 70 and 80 percent
respectively in 1990. Meanwhile real GDP per capitarelative to NA has remained stablein
other regions, at around 20 percent in LAC, 10 percent in CHI, AFR and ROW, and 30
percent in the FSU.

Itisclear from Table 3 that size matters, both across regions and over time. The simulations
that follow calibrate the regional total factor productivities to match the historical evolution
of per capitaincome, both across regions and over time.

Historical and Projected Population Trends

Figures 1 and 2 plot youth and old-age dependency ratios in the eight global regions
for the period 1950 to 2150.” There exists awide dispersion in 1950 in both youth and ol d-
age dependency ratios. The EU and North America are substantially “older” than other
regions, having lower youth dependency and higher old-age dependency. Africaand LAC are
at the other extreme, with the highest youth and lowest old-age dependency ratios. Japan is
somewhere in the middle. Its youth dependency ratio in 1950 is near 60 percent, roughly
halfway between the EU and Africa, while its old-age dependency ratio also occupies the
middle ground. Looking forward this underscores the dramatic decline in fertility that has
transformed Japan’ s age distribution.

’ For the period 1950 to 1990 the data are taken from the United Nations “World Population
Prospects: The 1992 Revision,” which provides data on the age distribution (in 5 year age-
groups) for alarge cross-section of countries. The demographic data from 1995 onward are
imputed using country-specific cohort growth rates (for the same 5 year age-groups) from the
World Bank “World Population Projections: The 1994-95 Edition,” using the United Nations
dataas abase. This data splice is necessary because the United Nations projections extend
only to 2025, while the World Bank data go back only to 1990. In 1990, the base year for the
projections used in this paper, the age distribution data from both sources are very similar in
most cases.
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From Figure 1 it isclear that historical and projected trendsin fertility are quite different
across regions. Japan sees a dramatic decline in youth dependency from 60 percent in 1950 to
aprojected 23 percent in 2000. The EU sees a dlight increase in youth dependency, which
peaksin 1970 at 39 percent, before the baby bust pushes youth dependency to a projected
minimum of 24 percent in 2010. The effects of the post-war baby boom are most pronounced
in North America where youth dependency risesto a peak of 52 percent in 1960. Thereafter
the baby bust brings youth dependency down to near 30 percent by 1980, close to the
projected long run level. The picture is quite different in developing regions. In Africa youth
dependency is projected to remain above 80 percent until 2000, before it declinesto an
assumed long run equilibrium of 30 percent. LAC sees an earlier and more precipitous drop
in youth dependency, while CHI sees a substantial drop in youth dependency from a peak of
72 percent in 1965 to around 30 percent in 2010.

Figure 1 illustrates an important property of the World Bank projections: assumed
convergence in population growth in the very long run. Y outh dependency across regions
converges at 30 percent by 2075, for population growth near zero. This feature of the
projectionsis better interpreted as an “equilibrium condition” rather than as aforecast. From
the point of view of the simulations this aspect of the projectionsis helpful since cohort
growth must be equal across regions for there to be a steady state.

Figure 1: Youth Dependency Ratios
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Figure 2 shows that the aging of Japan’s population is remarkable compared with other
regions. Old-age dependency rises from 8 percent in 1950 to a projected 24 percent in 2000,
the same level asin the EU, which has old-age dependency of 14 percent in 1950. Old-age
dependency in Japan then accel erates to the highest projected level of any region in 2050 at
53 percent. In the same year old-age dependency is also projected to peak in the EU at 49
percent. Meanwhile old-age dependency remains at comparatively sedate levelsin North
America, reaching 39 percent in 2050 before converging to along run equilibrium near 45
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percent. Old-age dependency ratios in developing regions remain extremely low until they
are driven up by the long-run “equilibrium condition” around 2050.

Figure 2: Old-Age Dependency Ratios
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Figures 3 and 4 plot youth dependency ratios for a selection of countries over the period 1850
to 2150. They raise three important points. First, the world was not in a demographic steady
state prior to 1950. Population data for developed economies suggest these regions
experienced a dramatic decline in fertility leading up to 1950. For example youth dependency
in the US declined from 74 percent in 1850 to 36 percent in 1945, a decline similar to that
experienced by other developed countries. Second, the degree of comovement between the
seriesis striking, suggesting that fertility trends across the devel oped world are dominated by
aglobal factor that loads on events such as the two world wars and the Great Depression.
Third, Japan is a notable exception to the global fertility decline prior to 1960. Y outh
dependency in Japan remained stable around 60 percent until 1950. Unlike the rest of the
countries plotted here, Japan was in a high fertility equilibrium, which in part explains the
severity of aging in Japan today.

Figure 3: Y outh Dependency Retios
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Figure 4: Y outh Dependency Ratios
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The Simulated Demographic Transition

The ssmulated demographic transition takes into account the fact that across many
developed countries fertility declined in the period leading up to 1950. Figure 5 plots
annualized cohort growth for the eight global regions over the ssmulation period, which
extends from 1770 to 2230.2 Before the transition the world economy is assumed to bein a
high fertility equilibrium with cohort growth about 2.7 percent per annum (n* = 0.71).° The
demographic transition beginsin 1870 when cohort growth in NA, the EU and the FSU falls
steadily to around 1 percent per year in the model period centered around 1950. Cohort
growth remains near the high fertility equilibrium for all other regions of the model. Beyond
1950 cohort growth rates replicate historical and projected population trends, rising in the
period centered around 1970 in NA, the EU and the FSU because of the baby boom and
declining rapidly thereafter as the baby bust takes hold. Beyond 1950 cohort growth in
developing regions such as CHI, LAC, AFR and ROW surges above the initial equilibrium
rate before eventually declining. Japan follows an entirely different path. It transitions from
theinitial high fertility equilibrium to an equilibrium with zero cohort growth in the space of
just one model period (between 1950 and 1970). The simulated transition ends around 2070

8 Cohort growth rates for the model are computed by aggregating thel6 5-year age groupsin
the data into 4 20-year age groups that span 0-19, 20-39, 40-59, 60+. The cohort growth rate
isthen the “child” cohort divided by the “young worker” cohort minus one, calculated in 20
year intervals.

® Under the assumption of perfect capital mobility cohort growth must be equal across
regions in the steady state. The level of cohort growth in the pre-transition steady stateis
important because it will impact the extent to which the transition will produce capital
deepening. The ssimulated transition will produce substantial capital deepening as cohort
growth declines from initially 3 percent per year to zero. A second transition scenario that
beginsin 1950 and starts from an initial steady state with cohort growth around 1 percent per
annum produces less capital deepening but qualitatively unchanged transitional dynamics
beyond 1990.
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when cohort growth in all regions stabilizes at close to zero (n* = 0.02). The transition from a
high to alow fertility equilibrium is complete.

Figures 6 and 7 plot youth and old-age dependency ratios for the simulated demographic
shift. Y outh dependency falls from about 110 percent in the pre-transition equilibrium to just
above 50 in the post-transition steady state when the global population is basically stable.
Old-age dependency rises from an initial level of around 20 percent to along run equilibrium
level of 50 percent. Both charts demonstrate that the simulated demographic shift reproduces
the key features of observed demographic trends, both across regions and over time.

Figure 5: Annudized Cohort Growth Rates
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Figure 6: Y outh Dependency Ratios
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Figure 7: Old-Age Dependency Ratios
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Simulating the Effects of Demogr aphic Change

Figures 8 through 13 plot the current account over the transition for some of the
regions.’® The charts are three dimensional for a simple reason. Each region’s productivity
parameter p isheld constant over the simulation period, to focus only on the effects of
demographic change. But GDP per capitain the EU and Japan has converged significantly
towards that in NA since 1950, so that for purposes of calibration it is unclear how large to
make both regions relative to NA. This problem is addressed by simulating the demographic
shift ten times, progressively increasing the productivity parameter assigned to the EU and
Japan from 0.1 to 1 in increments of 0.1. Table 4 gives the steady state ratio of income per
capitain both regionsrelative to that in NA.

Table 4: Ratio of GDP per Capitain the EU and JAP relative to NA (in %)
P 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Ratio 4 10 18 27 37 48 60 73 86 100

In other words the simulated current account path for p = 0.7 assumes that GDP per capitain
the EU and Japan is on average 60 percent that in NA over the simulation period. This
scenario amounts to freezing relative GDP per capitain the EU and Japan at 1970 levels for

19 Using equation (16) is possible to find the steady state capital-labor ratio for a given cohort
growth rate. Using csol ve. m anon-linear equation solver for Mat | ab written by
Christopher Sims, thisis done for the pre- and post-transition steady states. These capital-
labor ratios are then imposed asinitial and terminal conditions in a system of non-linear
difference equations, based on equation (15), that must hold over the transition. The
equilibrium path of the capital-labor ratio consistent with this system of equationsis then
solved for numerically using csol ve. m
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the full simulation period. The other productivity parameters are held fixed such that the
steady state GDP per capitaratios are 21 percent in the case of LAC, 10 percent in the case of
CHI, AFR and ROW, and 25 in the case of the FSU area. In effect this approach amountsto a
sensitivity analysis that examines whether the effects of demographic change are robust to
convergence in GDP per capita of the EU and Japan relative to NA.*

Figure 8: The Current Account Balancein NA (in % of GDP)
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Figure 8 plots the current account in percent of GDP for North America. As cohort growthin
North Americafalls below the global average beyond 1850 the underlying return on capital
in NA falls also, which generates current account surpluses that persist until 1970 when the
baby boom drives cohort growth in NA above that in the EU, Japan and the FSU. The baby
boom raises the underlying return on capital in NA, which leads to a current account deficit
for p greater than 0.4 in the case of the EU and Japan. The intuition behind thisresult is
simple. Cohort growth in the EU and Japan is below that in NA so that as p increases they
drag down the world return on capital. For p greater than 0.4 their impact is such that the

™ The current account balance is derived as the difference between net saving and net
investment. Net saving in period t is given by A.— A.; where A, = Neost + Nt_zstz isweadlth
accumulated in period t and invested in period t+1. If A.— A1 > 0 then total saving by
workers exceeds dissaving by retireesin period t, whileif A;— A1 < Ototal dissaving by
retirees exceeds wealth accumulated by working-age cohorts. Net investment in period t is
given by K; — K.;. In the steady state it isthe case that Ai— A1 = K — Kt.1. Net saving equals
net investment just asin a closed economy. Over the transition, however, as cohort growth
diverges across regions this need no longer be the case. Regions with net saving in excess of
net investment are investing abroad and accumul ating foreign assets, while the reverse istrue
for regions with net saving below net investment.
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underlying return on capital in NA is above the world return, producing capital inflows. The
current account peaksin 2010 at around 3.4 percent of GDP (for p between 0.8 and 1), then
drops sharply to —3.2 percent of GDP in 2030 before returning to zero in the long run steady
state. The sharp swing in the current account from 2010 to 2030 is a product of the baby
boom — baby bust and is robust to different factor productivities for the EU and Japan. The
intuition behind the swing is obvious. A large cohort of baby boomersisbornin 1970. The
boomers accumulate savings for retirement primarily in 2010 when they are in old working-
age. Thisdrives saving above investment, generating the current account surplus. They
dissave in 2030 when they are in retirement, driving the current account negative.

Figure 9: The Current Account Baance in the EU (in % of GDP)
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Figure 9 plots the current account balance in percent of GDP for the EU. Asin NA the
current account turns positive beyond 1850 as cohort growth in Europe falls below the global
average. As cohort growth increases in the period centered around 1970, the model period
that captures the baby boom, the surplus declines because the underlying return on capital in
the EU countries rises towards the world interest rate. The current account surplus peaksin
2010 (for p > 0.1), averaging about 2.8 percent of GDP for p intherange 0.8 to 1. Asin NA
working-age boomers born in 1970 are saving for retirement, which pushes up domestic
saving supply relative to investment demand. In effect European baby boomers are
accumul ating retirement savings by investing in devel oping regions where the underlying
return on capital is higher. The current account turns negative in 2030, averaging about —2.8
percent of GDP for p around 0.8, and deteriorates further in 2050 to around —3.1 percent of
GDPfor p = 0.8. The fact that the current account deficit worsensin 2050 is linked to the
evolution of cohort growth in the EU, which unlike cohort growth in NA remains negative in
2010. The European baby bust lasts longer, and as a result the current account deficit does
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too. Asin the case for NA the switch from surplusto deficit going from 2010 to 2030 is
robust to different values for p.

Figure 10: The Current Account Balance of Japan (in % of GDP)
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Figure 10 plots the current account balance in percent of GDP for Japan, which remainsin a
high fertility equilibrium until 1950. As cohort growth in NA, the EU and the FSU declines
beyond 1850 this means that the underlying return on capital in Japan is above the world
interest rate, which resultsin capital inflows. The current account deficit bottoms out at —1.8
percent of GDP in the period centered around 1930, a magnitude that is stable across
different values for p. Cohort growth declines from above 2 percent per annum in 1950 to
below zero in 1970. This huge shift in fertility dramatically reduces the implicit return on
capital in Japan so that savers shift their holdings abroad. The current account switches from
—1.2 percent of GDP in 1950 to a surplus of 3.12 percent of GDP in 1970 (for p around 0.8).
The current account remains positive in 1990, rising to 4.7 percent of GDP for p = 0.8,
driven by the savings of the last generation born during the high fertility equilibrium in 1950.
The dissaving of this cohort drives the current account balance negative in 2010 when it
averages —1 percent of GDP for values of p greater than 0.6. Japan is projected to suffer a
second baby bust when cohort growth falls below —1 percent per annum in the period
centered around 2010. This decline in fertility is responsible for the current account deficit of
about —4.4 percent of GDP in 2050, when arelatively large cohort born in 1990 moves into
retirement and dissaves. In short, the Japan’ s demographic transition produces areversal in
the current account that comes earlier and is more persistent than in the EU or NA. While the
|atter regions experience the post-war baby boom and bust, which produces a swing from
current account surplusin 2010 to deficit in 2030, Japan’ s pronounced fertility decline after
1950 generates a transition from current account surplus to deficit that begins between 1990
and 2010.
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Figure 11: The Current Account Balance for LAC (in % of GDP)
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Figure 11 plots the current account balance in percent of GDP for the LAC region. Beyond
1850 cohort growth in LAC rises above that in the initial high fertility equilibrium. Asa
result the implicit return on capital rises above the world interest rate and the region registers
large and persistent capital inflows. The period centered around 1970 illustrates how size
matters in the model. In that period the current account deficit of LAC ranges from —1.5
percent of GDP for p = 0.1 to -4.75 percent of GDP for p = 1. Asthe EU countries and Japan
convergein sizeto NA low cohort growth in both regions tends to pull down the world
interest rate relative to the implicit return on capital in LAC. Thuswith p increasing the
current account deficit becomes greater. The current account switches to surplusin 2010
when it amountsto 1.2 percent of GDP for values of p between 0.1 and 0.5. In thisregard the
LAC regionissimilar to other developing regions such as CHI, AFR or ROW where deficit
turns to surplus around a similar time. Figures 12 and 13 present the evolution of the current
account for CHI and AFR respectively.

Figure 12: The Current Account Baance of CHI (in % of GDP)
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Figure 13: The Current Account of AFR (in % of GDP)
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Overall anumber of interesting points emerge. First, developed regions such as NA, the EU
and Japan experience capital outflows from 1950 to 1990 when declining fertility relative to
the rest of the world pushes down their implicit returns on capital. Beyond 2010 the situation
isreversed. The developed world experiences large current account deficits as large boomer
cohorts dissave in retirement, pushing net saving below investment. In effect the devel oped
world is running down its accumul ated shares in foreign capital. The pictureis of course the
opposite for developing regions such as AFR, CHI and LAC. Second, size matters. The
magnitude of international capital flows depends on the p parameter, or the assumed size of
the EU and Japan relative to NA. Importantly though, the global turning point around 2010 is
robust to changesin p. The impact of the baby boom and bust on saving and investment
behavior istoo pronounced for p to have an effect. Third, the demographic “center of
gravity” of investment demand is earlier than for savings supply, a point first made by
Higgins and Williamson (1996) and documented empirically by Higgins (1998). Investment
demand is more closely related to the share of children in the population, through its
connection with labor force growth. In contrast, savings supply is more closely related to the
share of working-age adults and retirees, through its connection with retirement needs. A
shift towards a younger age distribution thus generates current account deficits and foreign
capital dependence, asinvestment demand exceeds the domestic supply of savings.

Simulating the I nter actions of Demographic Change and Growth

The ssimulations in the previous section focus on demographic change, simulating the
effects of population dynamics holding all else constant, especially economic development.
Of course thisis not what happened. The ratio of GDP per capitain the EU to that in NA
grew from 42 percent in 1950 to 70 percent in 1990, while in the same period it grew from 16
percent to 79 percent in the case of Japan. Size matters not only across regions but also over
time. In the context of the model this isimportant because the key driver behind international
capital flows on the investment side is the implicit return on capital, which is affected by
relative cohort growth and the level of p. This section simulates the demographic transition,
calibrating the p’ to match the evolution of the GDP per capita ratios over time. Figure 14
plots the evolution of GDP per capitafor the smulated transition.
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Figure 14: GDP per Capita
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Convergence in GDP per capitain the EU region and Japan matches the datain Table 3 up
until 1990, beyond which it is assumed that convergence in the production technology with
NA isachieved by 2010 in Japan and by 2050 in the EU. The overall increase in GDP per
capitalevels arises from capital deepening effects associated with lower fertility in the long
run. Figure 15 plots the current accounts of Japan and the EU over the transition.

Figure 15: Current Account Balances (in % of GDP)
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Both Japan and the EU experience large current account deficits in the model period centered
around 1950. The postwar recovery in both regionsis financed by capital flows from NA and
from developing regions where the implicit return on capital, driven only by cohort growth,
falls behind the underlying rates of return in Japan and Europe. As Table 5 shows the EU
current account registers a deficit of —2.3 percent of GDP in the period centered around 1950,
asurplus of 0.5 percent in 1970 and a surplus of 0.7 percent in 1990. In 2010 the surplus rises
to 1.5 percent of GDP as aging baby boomers accumul ate retirement wealth. As these baby
boomers dissave in retirement the current account registers a deficit of —1.5 percent of GDP
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in 2030. The deficit persists into 2050 when it measures —1.1 percent of GDP. In short,
accounting for economic growth leaves the implications of demographic change for the EU
current account qualitatively unchanged. The turning point in the savings — investment
balance going from 2010 to 2030 is unaffected. The sameis not true for Japan where
economic recovery following World War Il is so strong that it registers a current account
deficit of —17.3 percent of GDP in the period centered around 1950. Improvementsin
Japanese technology are such that huge capital inflows are necessary to keep the return on
Japanese capital in line with the world interest rate. The magnitude of these inflows changes
the subsequent path of the Japanese current account. To pay off foreign liabilities the current
account switches to surplus in 1990 and remains positive through 2030. Accounting for the
rapid postwar recovery in Japan has important repercussions for the evolution of the current
account.

Table 5: Current Account Balancesin % of GDP

1910 1930 1950 1970 1990 2010 2030 2050 2070

EU 0.70 3.67 -2.27 0.50 0.74 153 -152 -113 -0.38
JAP  -3.00 377 -17.28 -1.30 3.68 2.63 216 -402 -148
NA 151 -0.23 3.86 137 -0.48 211 -383 -001 -0.93
FSU  -0.08 -1.69 3.88 249 025 048 -003 -153 -0.80
LAC -18 -492 195 -083 -243 -0.17 2.08 032 -067
CHI -0.70  -2.97 346 -045 -0.83 333 -023 -138 -0.73
AFR -234 574 132 -102 -583 -859 -220 2.20 177
ROW -136 -4.01 249 001 -274 -2.09 151 164 -067

Figure 16 plots the current account in percent of GDP for NA and LAC. Much of the
financing for economic recovery in Japan and the EU is generated by NA, although the LAC
current account also registers asurplusin 1950. As before the NA current account turns from
surplusin 2010 to deficit in 2030 as the baby boomers move into retirement.

Figure 16: Current Account Balances (in % of GDP)
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Figure 17 plots the annualized world return on capital. The long run declinein fertility
produces substantial capital deepening, raising the capital-labor ratio and pushing down the
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world interest rate. In the pre-transition steady state the world return on capital isjust shy of
11 percent per annum, falling to 6 percent in the long run. The impact of technological
destruction related to World War |l can be seen in the decline of the world return on capital
to about 8.5 percent per year in the period around 1950. Thereafter economic recovery in
Japan and the EU and the baby boom in devel oped regions push the world return back above
10 percent.*

Figure 17: Annuaized World Return on Capitel
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How do the generated capital flows match with the data? Table 6 provides current account
balances in percent of GDP for the model regions.™ It lists average current account balances
for 20 year periods centered around 1970 and 1990. On the basis of two observationsit is
hard to say anything about the fit of the model, though it is clear that controling for the
postwar economic recovery in Japan and the EU improves the fit. In both regions economic
growth drives the current account negative around 1950 and the model predicts a gradual
improvement through 2010. Certainly this shift is consistent with the data. Interestingly the
model also matches the deterioration in the NA current account, from a surplus of 1.4 percent
of GDPin 1970 to adeficit of —0.5 percent of GDP in 1990.

12 The capital deepening effects over the very long run are conditional on the World Bank
forecast, which sees cohort growth in the very long run decline to zero.

13 The current account and GDP series are taken from the World Economic Outlook. The
regional series have different lengths, because data for devel oping countries becomes
available later than for industrial ones. For Africathe series beginsin 1970, for Chinain
1968, for the EU and FSU countriesin 1969 (this WEO category includes some Eastern
European countries), for Japan in 1966, for LAC in 1968, for North Americain 1961, and for
the ROW region in 1980.
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Table 6: Historical Current Account Balancesin % of GDP

NA EU JAP CHI FSU LAC AFR ROW
1970 0.07 -0.47 0.63 0.97 0.14 -2.80 -2.82 4.27
1990 -1.89 0.20 244 0.78 -0.52 -2.26 -3.38 -0.41

Conclusion

This paper finds that there are important general equilibrium effects of historical and
projected population trends on global capital flows. It identifies a turning point around 2010
when North America and the EU are projected to become capital importers as rapid
population aging pushes their savings below investment. This shift will be financed by
developing countries that will become capital exporters.
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