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Abstract

This paper focuses on the macroeconomic consequences of demographic
differences between lower- income, less developed countries (the “ South™) and higher-
income developed countries (the “North”). The analysis emphasizes the likely
implications in the two regions for aggregate saving- investment imbalances, exchange
rates, and the resulting net capital flows between North and South. An optimistic view of
asymmetric demographic transitions among Southern and Northern economies suggests
that the North can run a current-account surplus sizable in relation to the Northern
economy, thereby transferring large net amounts of financial capital to the South. This
paper argues that the optimistic view is a plausible summary of demographic influences
on North South capital flows in the historical period between 1950 and the mid-1970s.
For historical decades after the 1970s and for the initial decades of the 21% century,
however, the analysis suggests instead that asymmetric demography between the South
and the North operates to reduce rather than increase the net flow of Northern savings to
the South as a proportion of the Southern and Northern economies. This conclusion holds
broadly for arange of alternative assumptions about the speed of the South’s
demographic transition. It also appears to hold regardless of whether Southern
productivity growth is vigorous or sluggish, and regardless of whether cross-border goods
substitutability is moderate or strong. Substantial research remains to be done to refine

the paper’ s analytical framework and to test the robustness of this conclusion.



Every region of the world has been gradually moving from a state of short life spans and high
fertility rates to one of longer lives and lower fertility rates. These demographic transitions have been
dramatically altering the age structures of populations. Eventually, the entire world is expected to be
characterized by few births per woman, long life expectancies, and population structures with more
elderly individuals and fewer children.

In the early stages of a demographic transition, both infant mortality and overal mortality
decline. As aresult, children become more numerous and the popul ation becomes younger.
Decreases in infant mortality are often accompanied, typically with alag, by declines in fertility rates,
as mothers choose to maintain a similar expected number of surviving offspring. In later stages, the
working-age population and the labor force grow faster than the population as awhole. This
development, sometimes termed a “demographic dividend,” causes a marked decline in the youth
dependency ratio, the fraction of youths as a share of the total population. In the final phases of a
demographic transition, further increases in longevity and alow fertility rate dow the growth of the
working-age population; the elderly dependency ratio (elderly as a share of the population) rises
sharply.

Although now pervasive, the timing and speed of these demographic changes have been
highly asymmetric across regions. Western European countries began their transitions at the
beginning of the 19th century. Those countries, along with many other industrial countries, are now
in the later stages of their transitions with old-age dependency ratios increasing rapidly. At the other
extreme, the transitiors in some least developed countries have started only in recent decades. Such
countries are still experiencing rising youth ratios and are only now beginning to enter the period of
demographic dividend. Although substantial heterogeneity exists within each grouping, the largest
demographic asymmetries in the world today exist between higher-income OECD countries (the
“North”) and lower-income, less developed countries (the “ South™).

Asymmetric demographic change has major macroeconomic consegquences. Exchange rates
and external imbalances in particular are strongly influenced by demographic differences across

countries, which in turn can cause significant effects on countries’ welfare.



For severa years, | have been carrying out research on these global dimensions of
demographic change. This paper draws extensively on thet earlier research ! Unlike the earlier
papers which concentrated on interactions among devel oped economies, however, this paper takes a
new tack: it focuses on the macroeconomic consequences of the broad demographic differences
between devel oped and developing economies. It emphasizes the likely implications in the two
regions for aggregate saving- investment imbalances, exchange rates, and the resulting net capital
flows between North and South.

The paper begins with a summary of aternative views about the influence of demographic
trends on North-South capital flows. It thendescribes the analytical approach used in the study,
provides an overview of Southern and Northern demographic transitions, and identifies key analytical
characteristics of Southern and Northern economies. The bulk of the report analyzes the effects of
demographic forces on saving-investment balances and key external- sector variables. Initial
conclusions are summarized in the final section of the paper. A postscript discusses the agenda for

further research.

Alternative Views of North-South Capital Flows

A relatively optimistic view of asymmetric demographic transitions and the resulting North
South net capital flows suggests that the North can run current-account surpluses sizable in relation to
the Northern economy, exporting a significant fraction of Northern savings to the South where the
capital-output ratio is lower and, arguably, the rate of return to capital may be higher. Such an outcome
could be mutually beneficial, permitting asset owners in the North to earn higher returns on their
savings than would otherwise be possible and simultaneously permitting investment within the South to
be higher, thereby advancing Southern development and welfare.

This view of North-to-South net capital flows stimulated by savings-investment imbalancesin
the North and South associated with demographic transitions is suggested by, for example, Attanasio
and Violante (2000) and Brooks (2003). Higgins (1998), L thrmann (2003), Bosworth and Keys
(2004), and Helliwell (2004) provide partia-equilibrium empirical evidence based on reduced- form

regressions in which demographic ratios help to explain savings, investment, and current-account

! The earlier research in the project is summarized in Bryant (2004a, 2004b); Bryant, Farugee, Velescu, and Arbatli
(2004); Bryant and McKibbin (2004); and Bryant and de Fleurieu (2005). Bryant (2004b) gives references to related
work carried out by other researchers.



balances. This evidence has been interpreted, for example by Bosworth and Keys, as supporting the
relatively optimistic view.?

The empirical regressions revea that demographic shifts influence saving and investment
differently. Countrieswith high and rising youthratios and high and rising elderly ratios tend to have
saving fal relative to investment; such countries therefore become larger net importers (or smaller net
exporters) of financial capital. High dependency ratios, in other words, weaken a country’s current-
account balance (move it toward larger deficits or smaller surpluses). Conversely, countries with high
and rising ratios of working-age adults to the total population tend to have increases in saving relative
to investment and thus to become larger net exporters (or smaller net importers) of capital. Life-cycle
models predict several influences, partly offsetting, on savings. The elderly begin to consume out of
accumulated wealth in the later years of life. Workers at earlier stages of their lives, on the other hand,
may anticipate the greater need for retirement saving in economies where elderly ratios are expected to
rise further. The higher saving by workers may increase saving more than the consumption of the
rising numbers of elderly may reduceit. Saving thus could rise relative to investment, and some part of
the increased saving could flow to lower-income devel oping economies.

Two considerations, however, caution against a highly optimistic view that financial capital will
be transferred in large net amounts from the North to the South. The primary obstacle isthat the
economies and polities of many developing nations have features that inhibit their net absorption of
foreign saving. Macroeconomic management of Southern economiesis frequently even less sound
than the counterpart management of Northern economies. The prudential supervision and regulation of
financial ingtitutions and financial markets may be inadequate. Business contracts may sometimes be
less secure than in the OECD economies. More broadly, the quality of institutions and collective
governance may be weaker on average in developing countries than they are in the higher-income
countries of the OECD. While in principle Southern economies might provide substantial investment
opportunities at the margin, in practice the South might not be able to absorb enough Northern savings
to ater significantly the saving-investment balance for the North. Most analysts agree that investments
in the South by Northern owners of financial capital, if feasible, bring advantages to both the North and

South through enhanced risk diversification and higher rates of return. For Southern economies to

2 The special chapter in the IMF’s September 2004 World Economic Outlook also replicates empirical regressionsin a
similar vein (International Monetary Fund, 2004).



capture those potential gains, however, the frictions and impediments— economic, political, and legal —
that inhibit Northern investment in the South must not be too severe.®

A second set of reasons may also prevent asymmetric demographic transitions from inducing
large net capital flows running from the North to the South  Net demographic influences within the
North and the South may not operate in ways that will move saving-investment imbalances in the
required directions.

In recent decades, Northern youth ratios have declined to considerably lower levels than
youth ratios in most Southern economies. OECD elderly ratios have risen to much higher levels than
elderly ratios on average in the South On balance, total dependency ratios (youths plus elderly asa
proportion of either the total or the working-age population) tend to be markedly higher in the South
than the North. Considered in isolation, the differences in dependency ratios between the North ard
the South thus support the hypothesis that savings will be weak in the South and stronger in the
North, thereby leading the North to be a net exporter of savings to the South, for at least the near-term
future.

For the medium and long runs, however, the demographic transition for the South as awhole,
and certainly the transitions of important individual developing economies, will move just as fast or
faster than the continuing demographic transitions within the OECD. The higher youth ratios in the
South will continue to fall rapidly. Most of the higher-income advanced countries, in contrast, have
aready experienced the larger part of their fertility declines. Northern youth ratios are projected to
change relatively little in the future; increases in Northern elderly ratios will be dramatic for several
more decades. Thus total dependency ratios may well rise in the North relative to the South. The
large prospective Southern declines in fertility, moreover, will permit reductions in expenditures for
children’s consumption and child-related investments (relative to what they would be with higher
youth ratios), thereby freeing resources for adults to raise adult consumption, saving, or some of both.
The demographic dividend in Southern economies (large numbers of children entering the work
force, raising the labor force and output) that has aready been prominent in Asia— Higgins and

Williamson (1997) — will continue for several more decades. These considerations suggest that, over

3 Analysts such as Holzmann (2000) and Helliwell (2004) are relatively pessimistic that improvements in institutional
quality and collective governance are feasible within a sufficiently short time. The World Bank’s (2002, 2004) World
Development Reports for the years 2002 and 2005 emphasi ze issues about institutions and the investment climatein
developing countries.



the medium run, demographic factors could cause Northern saving to fall relative to Northern
investment while Southern saving rises relative to Southern investment.

Today there is alarge gap between Northern and Southern demographic transitions. Again,
the levels of total dependency ratios are higher in the South than the North. But the effects of
demographic transitions depend not only on the absolute levels of dependency ratios, and hence on
the levels of the underlying birth rates and mortality rates, but also on the sizes of incremental
changes in dependency ratios and underlying demographic rates. If one focuses on the changes as
well as levels, the demographic transitions in Northern economies are beginning to slow down while
transitions within Southern economies are just now picking up speed.

Thus the gap between Southern and Northern demographic experiences will gradually
diminish through time. Alternatively stated, because of declining fertility rates and their effects on
youth ratios as well as changes in elderly dependency ratios, Southern economies will prospectively
experience demographic change more rapidly — not less rapidly — than Northern economies.

In the analytical world of two identical developed regions studied in Bryant (2004a, 2004b),
asymmetrically larger fertility declines and asymmetrically larger adult-mortality declinesin one of
the regions lead that region to run a current-account surplus with the rest of the world. The direction
of movement of the exchange rate for asymmetric fertility declines differs from the direction of
movement for asymmetric declines in the adult mortality rate. For both cases however, the region
with the larger demographic shocks runs a current-account surplus and builds up a positive net-
foreign-asset position withthe rest of the world in the shorter and medium runs. That analysis
suggests that if the North and South were similar in their macroeconomic characteristics, prospective
demographic devel opments might cause the North to run smaller rather than larger current-account
balances (diminished surpluses or even deficits) vis-&vis the South in the shorter and medium runs.*
Rather than net “excess’ Northern saving flowing to the South to facilitate growth and devel opment
in the South, the tendency to net “excess’ savings might arise more strongly in the South, with the
result that reduced inward capital flows to the South might diminish Southern domestic investment
relative to what it might otherwise be.

Helliwell (2004), drawing on Higgins (1998), L tihrmann (2003), and his own charts and
regressions, argues that, other things equal, demography-induced capital movements in the future are
likely to flow toward the OECD nations, not away from them. Even Bosworth and Keys (2004), who

4 This possibility isalso discussed in Taylor (1995).



interpret their empirical work as suggesting that net capital flows will initially run from high-income
regions to lower-income regions, project in their time-series analysis that after the year 2020 the
current-account balance in higher-income Northern economies moves away from surplus to deficit.
The Bosworth-Keys cross- national analysis reports significant effects of demographic change on
national saving but not on investment; overall, they conclude, “the cross-national analysis suggests
that aging has a larger negative impact on natioral saving than on investment, pushing aging societies
toward substantial trade deficits.”

Reduced-form empirical regressions in which demographic ratios help to explain savings,
investment, and current-account balances, such as those studied by Higgins, LGhrmann, Bosworth
Keys, and Helliwell, may not be adequately robust. To be sure, those researchers have investigated
several aternative specifications and carried out extensive sensitivity analyses of their results.
Nonetheless, the statistical significance of some of the coefficients on dependency ratiosis low,
especially for some estimates of the effects of elderly dependency. The values of the coefficients
vary, depending sensitively on the sample of countries and the time period. The variability of current-
account data tends to be markedly higher for Southern than for Northern economies (so that the
correlation between national savings and domestic investment is lower for the developing
economies). But that result, as Helliwell asserts, is almost surely not attributable to greater capita
mobility among the non-OECD countries than within the OECD. The quality of current-account,
saving, and investment data for developing economies is poorer than data for the OECD economies.

Even if reduced-form empirical correlations were reliable, they might not be a satisfactory
foundation for drawing conclusions about the dynamic effects of demographic changes on saving-
investment balances. The dynamic effects of demographic shocks on youth ratios and elderly ratios,
and of course more broadly the dynamic effects on key macroeconomic variables, depend on whether
the underlying shocks are declines in birth rates or declines in mortality. The reduced-form empirical
regressions cannot capture such differences. The regressions estimate the effects on savings and on
current-account balances of a decline in youth ratios or an increase in elderly ratios, for example, as

invariant to why the ratios change.

®> When incrementally higher life expectancy is introduced into their time-series analysis, Bosworth and Keys project that
high-income countries would experience even larger current-account deficitsin the longer run. They project that middle-
income regions would have sizable and continuing current-account surpluses, though these are projected to be smaller
under the assumption of an accelerated rate of improvement in life expectancy.



The further into the future one looks, the more the asymmetric demographic transitionsin
high-income and lower-income countries, taken in isolation, may operate to reduce rather than
increase the net flow of capital from the North to the South. That concern, at any rate, isa primary

motivation for the exploratory research described in this paper.

Analytical Approach of This Study

Asin my earlier research on the cross-border dimensions of demographic change, the
analytical framework in this paper is aworld composed of two regions with cross-border flows of
goods and capital. The exchange rate linking the currencies and economies of the regions adjusts to
ensure that the global (algebraic sum of both regions) current-account balance and net- foreign-asset
position are always zero. All other flow and stock identities are carefully enforced, for each region
and the world economy as a whole, ensuring the framework’s internal consistency. Within each
region’s economy, optimizing firms produce a single composite good, determined by an aggregate
production function with capital and productivity-augmented labor as its arguments. The composite
goods from each region are imperfect substitutes, some production in each region is exported; import
demands are a function of regional incomes and relative prices.

Households in each region are assumed to have identical preferences over foreign and
domestic goods. The treatments of household consumption, saving, and wealth accumulation build
on the overlapping generations framework of Blanchard (1985), Weil (1989), and Y aari (1965) as
extended by, among others, Farugee, Laxton, and Symansky (1997) and Farugee (2002) to
incorporate age-earnings profiles and a more realistic determination of labor income. Population
growth and structure are endogenous. The population contains working adults, youth dependents
(children for short), and elderly dependents who receive public pension benefits.

This analytical framework permits a focus on the cross-border effects of region specific
changes in demography. One of the previous papers highlighted modifications in the treatment of
consumption, saving, and wealth accumulation that are associated with youth dependency and the
economic linkages between the child and adult populations. Another paper emphasized elderly
dependency and the implications of various public pension arrangements for region specific and

world levels of saving, investment, and interest rates.®

® Bryant, Farugee, Velculescu, and Arbatli (2004) and Bryant (2004a).



This paper amends the analytical framework so that the two regions are demographically and
economically different. Most fundamentally, the regions differ in the sizes and compositions of their
populations and in the sizes of their outputs and capital stocks. One of the regions, labeled the South,
incorporates rudimentary efforts to represent the features of economies and polities in developing
countries that dampen investment prospects, inhibit growth and development, and therefore limit the
net absorption of foreign saving.

The strength of the analytical framework is that it permits analysis of the co-evolution of
Southern and Northern economies in a manner that fully allows for the general-equilibrium
macroeconomic interactions that determine the outcome of the demographic pressures differing
across the regions. Analysis cannot avoid the fundamental difficulty that the macroeconomic effects
at issue are inherently general-equilibrium in nature. Notably, the saving-investment imbalance and
hence the current-account imbalance in the North obviously cannot change without an associated
change in the saving-investment and current-account imbalance in the South, and vice versa. The
only analytical frameworks capable of dealing adequately with the issues are general-equilibrium
models.

A later section of the paper summarizes the key assumptions used to differentiate the behavior
of the South and North regions in the model. Before turning to those differences, | first discuss how
demographic trends differ between Southern and Northern economies and summarize the aggregated

demographic series used as inputs to the analysis.

Overview of Southern and Northern Demographic Transitions

The Population Division of the United Nations publishes biannual statistical volumes on
world and national demographic trends. The detailed data in recent editions are presented for
quinquennial averages, beginning with the period 1950-55 for historical data and ending with 2045-
2050 for forward- looking projections.” The demographic inputs used in this study’s analytical
framework are derived from these UN data.

Selected Individual Nations. The panels of Figure 1 show datafor 3 developed countries —
Japan, Germany, the United States — and 5 devel oping economies — China, India, Brazil, Tanzania,
and Mali. These individua countries exemplify differing stages of demographic transitions. Japan

and Germany are representative of developed Northern countriesin the late stages of their transitiors.

" For example, United Nations Population Division (2001, 2003, 2005).



The United States, though less typical in some ways, isaso in afairly late stage and has the largest
population among Northern countries. India and Brazil are large countries illustrating broad
demographic trends among devel oping Southern economiesin the earlier to middle transition stages.
The demographic characteristics of China differ somewhat from those of other Southern economies;
its population, however, is the largest in the South (and in the world) and thus has a significant
influence on aggregate demographic statistics. Mali and Tanzania are two smaller, least developed
countriesin early stages of their demographic transitiors.®

Lifetime births per woman are much higher in the South than in the North (Figure 1a). Yet
they are falling throughout the world with only afew exceptions. By the 1970s the fertility rate in
many Northern economies, as in Japan and Germany, had dropped below arate (about 2.1 births per
woman) that would be consistent with steady-state replacement of the population. The United States,
with itsrate in recent years close to 2.0, is an exception above the average rate for Northern
economies. For most countries in the South, fertility rates today fall into the range 3to 5. China,
with its one-child- per-couple policy and plummeting birth rate in the last decades of the 20th century,
is a belowaverage outlier for developing countries. Countriesin early transition stages such as
Tanzaniaand Mali have high birth rates that have only started to decline in the last several decades.

Life expectancy is markedly higher in Northern than in Southern economies (Figure 1b). The
differencesin levels are striking. For example, a child born today in Japan— currently the nation with
highest life expectancy at birth— can expect to live on average some 34-35 years longer than achild
born in Tanzania or Mali. No less striking, however, is the rough similarity in mortality trends
throughout the world. Life expectancy has been rising persistently almost everywhere; increases are
projected to continue. The sharp fall in Tanzania s life expectancy over the last two decades,
interrupting the trend increase, illustrates the experience of a minority of developing countries that
have been hit especially hard by the HIV/AIDS epidemic. Chinaisan atypical developing nation
because of its especially sharp 1970s increase in life expectancy (again related to its policy of one
child per couple).

Most countries in the world, South and North, have experienced declines in the annual growth
rates of their total populations (Figure 1c). Broadly speaking, decreases in fertility have been more

important quantitatively than increases in life expectancy; thus the net effects on growth rates have

8 The forward-looking projections shown in the panels of Figure 1 are the “medium,” intermediate scenarios of the UN
Population Division (not the “high” or the “low” scenarios).



10

been negative. The UN projects the trend reductions in growth rates to continue. Differencesin the
levels of birth rates and life expectancies, however, can cause major differencesin the levels of the
growth rates. For developed nations such as Japan and Germany, growth rates have fallen so low as
to become negative; the total populations are now beginning to contract. In contrast, many Southern
countries, such as Brazil and India, still have annual population growth rates in the neighborhood of
1-1/2 percent or higher. (China with its accelerated demographic transition is again atypical.) At the
extreme, the population growth rate in least developed countries such as Mali is very highand is
projected to remain high for several more decades before eventualy falling.

The youth dependency ratio has fallen fastest and furthest in those Northern economies, for
example Japan and Germany, whose demographic transitions are the most advanced (Figure 1d).
Conversely, youth deperdency ratios in early-stage developing countries such as Tanzania and Mali
are till very high; well over half of the population is under the age of 20. On averagein middle-
stage Southern economies, some two fifths of the total populationare youths.®

Because of their more advanced transitions, Northern economies have also experienced the
greatest alterations in the share of the elderly in their populations (Figure 1e). Japan and Germany,
for example, already have one fifth of their populations as elderly (65 years and older), with large
further increases projected between now and 2050. The level of the elderly dependency ratio is
projected eventually to rise significantly throughout the developing world, but from levelstoday that
are much lower than in Northern economies. For early-stage developing countries, the elderly ratio
may not rise at all until several more decades have passed.

The “active ratio” — the proportion of the total population accounted for by adults of working
age (20-64 years) — is strongly influenced by the stage of demographic transition(Figure 1f).
Differences between South and North are dramatic, both for levels at any point in time and for
changes through time. In the second half of the 20th century Southern economies had significantly
lower active ratios than Northern economies. Early-stage-transition economies such as Tanzania and
Mali have had especially low and often even falling ratios. Japan and Germany reached the
maximum values for their rising active ratios in the 1990s; the United States is currently near the
peak of its activeratio. For the first half of the 21st century, broad trends in the active ratios of

Northern and Southern economies will continue to be contrary, but in reversed direction The North is

® When using the UN Population Division demographic data, one has the choice of defining youths as either age 0-14
yearsor 0-19 years. Because my analytical framework presumes children pass from youth to adult age at the end of the
18th year, | choose the 0-19 year span.
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moving into a stage when active ratios will persistently decline. Most Southern economies are
entering decades in which active ratios will be significantly rising, a period that will enable them to
reap the so-called demographic bonus associated with plentiful workers relative to dependents.

North and South Regions. We have prepared aggregated “North” and “ South” demographic
series for this study that are counterparts to the series shown in Figure 1. We define the North as the
aggregation of the “more developed countries’ classified by the UN (Northern America, Europe,
Japan, and Australia/lNew Zealand). Our South region corresponds geographically to the UN’s “less
developed’ regions (the sum of the “least developed” and “other less developed” countries,
comprising al the countries of Africa, Asia except for Japan, Latin America and the Caribbean, as
well as Melanesia, Micronesiaand Polynesia).*°

In our analytical framework “youth” cohorts are assumed to be wholly dependent on adults
for the first 18 years of life. At the beginning of their 19th year, they enter adulthood, begin
supplying labor input, and no longer receive any support payments from older adults. Elderly are
defined as adults 65 years and ol der.*

As explained in earlier papers from the project, the analytical framework uses the simplifying
assumption of Blanchard (1985) and Y aari (1965) that mortality rates are age-invariant. This
simplification has the marked advantage that macroeconomic aggregation across individuals and age
cohortsis straightforward and easy. Asiswell known, however, the assumption that mortality rates
are age- invariant rather than age- specific departs seriousy from reality. Thus the model’s
demographic equations cannot reproduce in every detail the actual- life combination of birth rates,
mortality (inverse-of-life-expectancy) rates, and population growth rates contained in the UN
Population Division'stime series. In particular, the age-invariance of the model’ s adult mortality rate
has the undesirable consegquence that the numbers of elderly in the model’s regiona populations are
overestimated relative to the actual- life situation in which death rates increase sharply for adults older
than middle age.

The UN’s demographic projections do not extend beyond 2050. To carry out sensible model
simulations, one must define a consistent steady state for the world economy as awhole in which

demographic growth rates for regions eventually converge. (Without such convergence, one part of

19 The UN classifies all of Europe as developed, including Russia, Eastern Europe, and Southern Europe.

1 The age bracketsin the UN data do not correspond exactly with the model’ s age definitions. We sum the available UN
brackets from ages 0 through 19 yearsto derive amodel seriesfor youth; the UN data are not available for ages 0 through
18. Working-age adults are derived from the sum of the UN’ s age brackets for 20-64 years (though the model’ s definition
of working ages is 19-64 years). The UN and model age brackets for elderly correspond exactly.
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the world would continue to increase permanently in demographic size relative to other parts.) The
analytical requirement for convergence requires demographic projections that extend well beyond
2050. Accordingly, we extrapolate the UN projections, assuming that regional populations and hence
the world population eventually stabilize at a growth rate of zero. The assumption of ultimately
stationary populations means that the age structures of regional populations also stabilize and
converge in the very long run. Birth rates and mortality rates converge to rates that are consi stent
with the zero growth rates for youth, adult, and total populations.

To create regiona demographic aggregates from the UN data for the model, we first derive
1950-2050 growth rates for adult populations that closely match the UN data. Next we make
plausible assumptions about age- invariant mortality rates for the model that broadly capture the
trends in life expectancy as published by the UN. A benchmark for the relative sizes of regional adult
populations is set for the year 2000 based on the UN’s actual data for that year. These inputs are then
used to derive model-consistent series for birth rates, population levels, dependency ratios, and other
demographic variables. Because of our procedures for generating model series, the model’s
demographic variables are only an approximation to the historical and projected UN data. The
approximation is close, however, and the qualitative conclusions derived from model simulations do
not appear to be significantly affected by the approximation. *2

The panels of Figure 2 summarize key aspects of the demographic inputs into our model.
Each panel begins with the historical data for 1950-2005; the UN-projection data for 2005-2050 are
lightly shaded; the darkly shaded parts for years after 2050 indicate how the UN projections are
extended to produce eventual convergence to a steady state with stationary populationsin all parts of
the world.

Growth rates for the adult populations of the two regions are shown in Figure 2a. Growthin
the South is aways faster than in the North until long-run convergence. The growth-rate gap widens
in the last decades of the 20th century before gradually beginning to narrow during the projections.

12 One source of the approximation stems from our derivation of year-by-year data from the UN quinquennial series,
smoothing out kinks that are evident in the UN’ s quinquennial series. More important, as discussed in the text, the
assumption that mortality rates are age-invariant leads to a skewness in the numbers of elderly in the model relative to
real life. Weinitially developed our North and South demographic series using the 2000 and 2002 Revisions of the UN
Population Division (United Nations, 2001, 2003). The 2004 Revision (United Nations, 2005) became available toward
the end of the summer of 2005 and we are now in the process of amending the model’ s demographic series to correspond
to those most recent data. The panels of Figure 1 are from the 2004 Revision. Although the panels of Figure 2 are not yet
fully based on the most recent data, the substantive conclusions of the paper will not change when the minor revisionsin
demographic inputs have been completed.
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The UN demographic projections include not only paths based on medium projected fertility, but also
ones based on lower and higher fertility assumptions. Figure 2a accordingly shows not only the
“medium” UN projections for the regions’ growth rates but also the alternatives, labeled here as
“faster convergence” and “slower convergence” for the South and “largest decline” and “smallest
decline” for the North.

Mortality trends used as inputs to the model are plotted in Figure 2b. In thisfirst stage of the
study’s research we develop just asingle projected path for each region’s adult mortality rate and
youth mortality rate.

Combination of the growth rates for adult populations in Figure 2a with the mortality ratesin
Figure 2b generates the model-equation series for fertility rates shown in Figure 2c. Asin Figure 2a,
the alternative paths for fertility rates are identified as faster convergence and slower convergence for
the South and largest decline and smallest decline for the North.

Trends over time in the dependency ratios (Figure 2d) show the same differencesin levels and
differences in rates of change that are evident in the individual-nation data. (Figures 2d and 2e show
the dependency ratios only for the medium projections for each region.) Y ouths are a much higher
proportion of the population in the South than in the North. Although declining aready by the 1970s,
the projected level of the Southern youth ratio still remains above 30 percent until the 2030s and only
declines to the assumed long-run steady-state level of 18 percent in the beginning of the 22nd
century. The Northern youth ratio, by contrast, has aready completed much of its eventual decline by
2005; it is even projected to fall briefly below the long-run steady-state level before finally rising to
that level.

The levels of the elderly ratios for the regions differ greatly, of course in the opposite
direction. The Northern elderly ratio of some 27 percent as of today is amost 4 times higher than the
Southern elderly ratio of 7 percent. The Northern ratio is projected to rise persistently to 57 percent
in the 2060s before eventually falling back to the long-run ratio of 47 percent. In contrast, the
Southern elderly ratio is only beginning its long rise as of today and by the 2060s is till projected to
be no higher than 26-28 percent.

Throughout the historical period 1950-2005, the Northern active ratio lies above the Southern
ratio (Figure 2e). But already by the 1980s, the gap between the two ratios was narrowing. The
Northern ratio peaked around the turn of the century while the Southern ratio had been rising
strongly. In the UN medium projections, the Southern active ratio will exceed the Northern ratio
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after about 2010 and will keep rising until it reaches alevel of around 54 percent in the 2040s. The
Northern ratio will continue to fall and will be well below 40 percent by the 2040s.

Analytical Characteristics of Southern and Northern Economies

This section adds to the preceding discussion of demographic differences between the
Southern and Northern regions by summarizing our assumptions about the relative economic sizes of
the regions in the analytical model and about how their economic behavior differs. Such assumptions
clearly influence substantive conclusions generated with the model.

Consensus does not exist about which assumptions are most appropriate when characterizing
the behavior of developing economies. Furthermore, actual data are not readily available for
macroeconomic variables for aggregates of devel oping Southern economies (and, in many instances,
even for developed Northern economies). Some of the details of our calibration choices are, for
practical reasons, rough approximations or stylized assumptions. As the research progresses, we
continue to review and amend these calibration assumptions and try to compile better data. The
description that follows should be treated as a work in progress, not a settled and authoritative
account.

Developing countries in the aggregate have a much larger total population than developed
countries. Despite their larger size in terms of numbers of people, the aggregates of developing
countries’ outputs and their physical capital stocks are markedly smaller than aggregates of outputs
and capital stocksin developed economies. The South’s share of the total world population in recent
years, for example, isin the range of 80 to 85 percent. Y et measured at market prices and at market
exchange rates, the GDPs of Southern economies in recent years account for only about one fifth to
one quarter of world GDP. Even if output is measured at purchasing-power-parity prices, the share
of Southern economies in world output is not more than one half. Our calibration of the model’s
variables for Southern and Northern regions reflects such broad facts about relative size. ™

Relative Populations and Effective Labor Forces. The total population in the model’ s South
region in the earliest years of the 21st century is dlightly more than 4 times the North’s popul ation.
(Because of its faster demographic growth for the 1950-2005 period, the South’ s population relative

13 Bryant (2004c, Appendix Table) provides data for the distribution by nation of key macroeconomic variables such as

GDP (at market prices, and at purchasing-power-parity prices), cross-border trade, international reserves, population, and
IMF quotas. For another source of nation-by-nation and world data, see World Bank (2005), Table 1 of the Appendix on

Selected World Development Indicators.
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to the North’sin 1950 is lower, only some 2-1/4 times larger.) By the time both regions eventually
settle into along-run steady state with demographic growth rates at zero, the South’s population is
7.6 times larger — see Figure 3.4

Effective labor forces in the model represent not just the number of workers but, in effect, the
number of labor “efficiency units.” Thus the model’s levels for the effective labor force in aregion
are significantly greater than the level of that region’s adult population, reflecting the calibration of
the labor forces with their incorporation of the age-specific, relative productivities of different
workers.®® In principle, it would be desirable to estimate — or if not estimate, thenat |east assume —
different age-earnings profiles for the South and the North. Because of data difficulties, however, we
have not been able to estimate different age-earnings profiles. Nor have we devel oped a persuasive
way to assume different Southern and Northern profiles. For the time being, we assume that age-
earning profiles are the same in the South and the North.

During the historical period 1950-2005, the ratio of the South’s effective labor force to the
North’s is somewhat smaller than the ratio of populations. Eventualy, in the ultimate steady state,
the South’s effective labor force, like its population, gets to be 7.6 times that of the North. Noticein
the 2005-2050 projection period, however, that the South’s effective labor force grows much more
rapidly than the North’'s. By the 2070s, it rises to be some 12 times larger, before eventually falling
back — again see Figure 3. The explanation for the different behavior of the total-population and the
effective-1abor-force ratios is attributable to the operation of the age-earnings profiles. The effective
labor force in the South rises so rapidly relative to the North's effective labor force not just because
the number of working-age adultsisrising faster but also because, as the additioral Southern workers
move through the age-earnings profile, they supply larger amounts of labor input measured in terms
of efficiency units.

The ratio of the effective labor force to the adult population, abbreviated here as ELF/N and

shown for each regionin Figure 4, is another demographic variable with important significance for

1 The model datain Figure 3 use the “medium” UN projections for both regions. The UN datainclude all of Europe (not
just Western Europe, but also Eastern and Southern Europe and Russia) in their classification of more developed
countries. Because we base our calibrations on the UN data, the North region’ s population relative to the South’sin the
model may be on the high side relative to estimates based on different classifications of developed and developing
countries.

15 Asdiscussed in earlier project papers, the age-earnings profiles are normalized to unity at the time a youth enters
adulthood and the labor force. Hence on average all workers supply more labor input in efficiency units than suggested
bg/ the number of workersin the labor force.

18 U.S. datawere used to estimate the age-earning profile used in earlier project papers. That same profileisused in this
study (for both regions).
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the discussion below. For the North the ELF/N ratio iswell below that of the South, in part because
there are more elderly in the adult population. The Northern ELF/N ratio begins a decline by the
1990s that persists throughout the first half of the 21st century. The South ratio, though in the 1950s
above that of the North declines modestly through 1975 and then rises somewhat through the first
decade of this century. Declines in the Southern ratio do not begin until the 2020s. The much earlier
decline in the Northern than the Southern ELF/N ratio stems from the fact that the North isin amuch
more advanced stage of its demographic transition.

Relative Levels of Labor Productivity. Regional outputs and capital stocks in the model are
endogenous variables. The levels and the rates of growth of labor-augmenting technical progress are
specified exogenously.!” The single most important determinant of the initial relative sizes of
regional outputs and capital stocks, therefore, is the assumption made about the initial values of the
indexes of labor productivity. Subsequent evolution of the relative sizes of the outputs and capital
stocks through time is increasingly governed by the assumed rates of growth of labor productivity.

For this paper, we assume that an index of the South’s level of labor productivity as of the
year 1950 is about one third the level of the North’'s and that the pre-1950 rate of growth of the
South’s labor productivity was a percentage point less than the pre-1950 North’s rate of productivity
growth. The levels of the two pre-1950 growth rates are, respectively, 0.5 and 1.5 percent per year.
In the benchmark-case simulation to be discussed below, the North’s productivity growth rate is then
assumed gradually to decline monotonically until it eventually reaches a long-run steady- state rate of
1.0 percent per year by the year 2050. The South’s productivity growth rate climbs steadily from its
initia rate of 0.5 percent; climbs further and surpasses the declining growth rate of the North by the
early 1990s; rises still further to arate of some 1.4 percent by 2025; remains at that higher rate for the
next 25 years, and then gradually declines after 2050 until eventually reaching the same long-run
steady-state rate of 1.0 percent per year which the North had already attained by 2050. These
assumptions about initial conditions and growth rates mean that the level of the South’s productivity
index relative to the North's falls for several decades after 1950 but thereafter rises during the 21st
century. In the very long run, the South’s productivity level relative to the North is higher than the
1950 ratio but is not nearly equa to the level in the North.

7 Technical progressin the production functions must take the form of |abor-augmenting (so-called “Harrod neutral”)
technical change if our type of model isto generate balanced-growth equilibrium paths with well-specified steady states.
This property of balanced-growth modelsiswell understood in the literature on growth economics; see, for example,
Obstfeld and Rogoff (1996, pp. 430-431) or Romer (2001, pp. 9-12).
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These assumptions about productivity levels and growth rates are, self evidently, preliminary.

I ssues about the gap between productivity levels in the developing and developed countries and how
fast the gap may be closing or should be closing are highly controversial among devel opment
economists. A later section of this paper identifies some alternative paths for the South’s
productivity and demonstrates that the broad conclusions of the study are sensitive to such alternative
assumptions.

Investment Climatein the South Region. When calibrating the model, we have introduced
three differences between the South and North regions that are amed at differentiating the regions
investment climates. Each source of difference is motivated by a class of effects thet could explain
why investment in Southern economies may be more difficult or less profitable than in the North.

First, we force a larger risk-premium wedge on capital in the South economy. The model
contains an exogenous risk premium that is analogous to an equity premium, the difference between a
lowrisk government bond rate and the riskier return on equity claims on physical capital. Other
factors held equal, a larger risk premium makes it less attractive for investors to hold physical capital
rather than other forms of wealth. 1n the Northern economy, this risk-premium wedge between bonds
and equity capital is set at 200 basis points. For the results reported in this paper, the risk-premium
wedge in the Southern economy is set at 500 basis points, two and one-half times higher than in the
North.

Second, we assume that the adjustment costs of making new investments are much higher in
the South than the North. The model follows much of the literature on investment in specifying that
firms incur adjustment costs as they shift from one investment-to-capital ratio to another. Optimal
long-run investment is a function of Tobin's g variable (defined as the ratio of the market value of a
marginal unit of capital to its current replacement cost). If adjustment costs were assumed absent, the
value of g would remain at unity so that the value of the capital stock would always equal its
replacement cost. In contrast, when adjustment costs must be incurred, it is not preferable for firms
to keep their capital stock at its optimal equilibrium level period by period. Higher adjustment costs
dow firms adjustment from a past balanced-growth equilibrium path to a new path now deemed
appropriate.’® To dramatize the possibility that investment spending in the South is more difficult, in

18" Adjustment costs influence how quickly adjustment occurs from one path to another, but do not influence the nature of
the equilibrium balanced-growth paths themsel ves.
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our initial exploration of this effect we set the parameter determining the size of adjustment costs in
the South at an extreme value ten times greater than the Northern value.

Finally, we assume that the depreciation rate on physical capita in the South is higher than
the Northern rate. (Depreciation rates on capital are exogenous in the regional models.) Northern
capital depreciates at a fixed annual rate of 4.25 percent. Capital in the Southern region depreciates at
6.50 percert.

Intertemporal Smoothing of Consumption. For this paper, we implement only one additional
asymmetry between the North and South regions. Consumers in the South are assumed to be less
able than Northern consumers to intertemporally smooth their consumption spending.

The macroeconomic theory underpinning our analytical framework emphasizes the forward-
looking behavior of agents and presupposes that both firms and households engage in intertemporal
optimization. When implementing the theory, however, the empirical model allows for a fraction of
consumers whose consumption is constrained by an inability to borrow and hence are unable to
smooth their consumption intertemporally. These constrained consumers can only consume out of
their current income.

Earlier research in the project assumed a value of one third for the fraction of consumers
unable to smooth intertemporally. In the current study this one-third vaue isretained for Northern
consumers. In the South, however, we double thisfraction so that two-thirds of consumers are
assumed unable to smooth intertemporaly. This difference between South and North is suggested in
part by the fact that superior credit institutions and financial markets exist in the North. In addition,
many more consumers in the South than the North may not be able to smooth intertemporally
because their consumption spending is at or close to the minimums necessary to sustain survival.

Relative Levels of the South’ s Outputs and Capital Stocks. Given the combinations of
assumptions summarized above, the model generates a gross national product (GNP) for the South in
the early 1950s that is some 60 percent of the North’s. The South’s early-1950s capital stock is about
55 percent of the North’'s capital stock.



19

By the year 2005, the South’s GNP as simulated in the model is still only about two-thirds of
the North’'s GNP. Similarly, the 2005 ratio of the physical capital stock in the South relative to that
in the North is not changed much from the early-1950s ratio. *°

External-Sector Imbalances. Demographic transitions have consequences over very lengthy
periods. In the analytical context of the model, moreover, the world as a whole cannot reach a
sustainable steady state except in the very long run. Model simulations in this study are accordingly
conducted over very long-run horizons, typically for more than 500 years.

We interpret model outcomes for the year 1950 as the “initial conditions’ for simulations.
The choice of 1950 is dictated by the typical beginning year for the UN demographic data (see
Figures 1 through 4). Changes in other key (non-demographic) exogenous variables, such as the
growth rates for labor productivity, also begin in the year 1950. It is often most revealing, therefore,
to examine changes in the mode’ s variables from the values in the initial conditions of 1950.%° The
discussion below proceeds in that manner.

The model generates a 1950 outcome for the world economy in which the South runsa
current-account deficit while the North region has the counterpart equivalent current-account surplus.
The South’s 1950 current-account deficit is 3.1 percent of its nominal GDP. The ratio of the North’'s
current-account surplus to the North’s nominal GDP is 2.2 percent. Under these initial conditions,
the South pays a substantial net amount of investment income to the North, a situation that is
sustainable because the South simultaneously runs a trade surplus with the North (some 4-2/3 percent
of GDP in real terms).

The pattern of Southern current-account deficits matched by Northern current-account
surpluses has been implicitly operative in the model for many years prior to 1950. The South with a
large net foreign liability position, is adebtor region. Because of the global balance-sheet identities
enforced in the model, the North has a correspondingly large net foreign asset position vis-&visthe
South.

In the 1950 initial conditions with which simulations begin, therefore, the South region has
domestic investment that is higher than national saving, in effect importing part of Northern savings

through its current-account deficit. The North in the model has the reverse condition. National

¥ Theinitial conditions used to calibrate the model cause the South to run a current-account deficit, and hence to have a
net foreign liability position, for the historical period 1950-2005. The value of the South’s gross domestic product (GDP)
isaccordingly higher than its GNP throughout the period 1950-2005.

20 e frequently start actual model simulationsin ayear well before 1950, to be sure that the model generates a plausible
set of initial conditions for 1950 (with key exogenous variablesnot changing prior to 1950).
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saving in the North is higher than domestic investment, with a part of Northern gross saving

exported to the South through net capital outflows.

Demographic Effects on Saving- |nvestment Balances

We next analyze outcomes in the two regions resulting from a benchmark simulation with the
model. “Benchmark” is shorthand for the combination of calibration assumptions summarized in the
preceding section. The demographic paths in the benchmark case are the UN medium fertility paths
shown in Figures 2a and 2c (“medium convergence” for the South and “medium decline” for the
North).

The goal of the analysisis to understand the dynamic effects of demographic transitions on
macroeconomic variables, in particular on savings and investment and the balance between them An
overview of the causal processes can be summarized as follows. Changesin fertility and life
expectancy alter the sizes and compositions of populations. Changes in the regions' working-age
populations and their relative sizes are critical determinants of changes in the sizes of effective labor
forces. The sizes of effective labor forces, however, reflect ot only demographic shifts but also the
humped age-earning profiles associated with the life-cycle behavior of individuals and employment
practices of firms. The macroeconomic aggregates of labor incomes, human wealths, and private
savings are determined in aso-called “bottom up” fashion as demographic shifts pass through the
age-earning profiles. The endogenous determination of other key macroeconomic aggregates, such as
aregion’'s capital stock and its output, isdriven by a combination of changes in the effective labor
force and changes in the region’ s rates of 1abor-augmenting productivity growth The size of a
region’s output relative to output in the rest of the world, determined in part by the relative sizes of
the regions' effective labor forces, isakey driver of exchange rates and the saving-investment
imbalances, and hence external-sector imbalances and interregional capital flows

To gain intuition about the effects of demographics on macroeconomic variables, remember
that when individuals first enter the labor force, they have relatively low productivity, have relatively
low labor incomes, and are relatively low savers. Younger adults on average have lower savingsin
the early working yearsin part because of children and child-support experses. Then asthese
workers gain experience and seniority and have higher productivity, their effective labor input
increases over time; in effect, they ascend the left side of the hump of the economy's age-earning

profile. Individualstend to reach their years of peak earnings and high savings when they are in their
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forties, fifties, and early sixties. Saving is high in the middle years not only because of higher labor
incomes but also because of anticipation of retirement. Eventually, workers start to descend the right
side of the humped age-earning profile so that their labor incomes and saving decline. At that point,
their consumption must be increasingly financed out of their privately accumulated financial wealth
as supplemented by pension transfers from the government.

The hump-shaped profile of earnings by age influences both the supply side and the demand
side of macroeconomic behavior. On the supply side, the earnings profile is an indicator of the
changes in a cohort's relative productivity and its supply of labor over its lifetime. On the demand
side, the anticipated path of |abor income determines the saving plans of consumers over their
lifetimes. !

Incentives for investment also change in response to changes in demographics and labor
productivity. As the effective labor force adjusts, previous levels of the capital stock and output are
no longer economically appropriate. Real interest rates must adjust to reflect the new relative scarcity
of capital and labor. Investment flows, occurring promptly or sluggishly depending on the size of the
changed incentives and the adjustment costs to be paid, change the capital stock and key
macroeconomic variables such as the capital-output and the capital- [abor ratios.

For the benchmark simulation, Figure 5 plots the evolutions of saving and investment relative
to economic activity in the Southern and Northern regions. The variables are measured as changes
from the initial-conditions values of the ratios prevailing in 1950.%2 To interpret the changes through
time of the saving and investment ratios, one can derive analytical clues from a comparison of
changes in the North and South active ratios (Figure 2€) and in the North and South ELF/N ratios
(Figure 4, effective labor force to adult population). Remember also that the level of the South’s ELF
relative to that of the North increases sharply and persistently (Figure 3).%

2 The hump shape for an economy’ s aggregate age-earnings profile reflects both of two types of effects: (i) changes
over timein the relative productivities of age cohorts (initially, increases caused by rising seniority and experience and
then subsequently, decreases towards the end of working life); and (ii) changes by agein the rates of participation in the
labor force of cohorts. For further discussion and a graph illustrating the humped age-earnings profile for the Japanese
economy for various yearsin the period 1970-1997, see Bryant and McKibbin (2004, p. 363).

The denominators of the ratios in Figure 5 are Southern nominal GDP for the Southern ratios and Northern nominal
GDPfor Northern ratios. Saving is nominal national saving, the sum of nominal private saving and nominal govenrment
saving or dissaving.

2 The effective labor force in the North rises gradually from 1950 through the first decade of the 21st century but then
begins a gradual protracted absolute decline. The South’s ELF grows vigorously from the outset and only peaks by the
middle of the 21st century.
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For the first few decades after 1950, the active ratio was much lower in the South than the
North and was flat or slightly declining. The Southern ELF/N ratio, higher than the North's, also
dipped in the first decades after 1950. These Southern dips reflected the large number of children
entering the South population in those years. Significantly, Southern saving in relation to Southern
GDP was relatively weak (actually fell for the first years after 1950) and did not begin to increase
until the active ratio and the ELF/N ratios began rising several decades later. In contrast, the ratio of
Southern investment to economic activity rose strongly from the outset and then began a gradual
deceleration after the 1970s.

Demographic influences on saving and investment in the North were roughly the opposite in
those early years. The North had a high and initially climbing active ratio. The Northern ELF/N
ratio had not yet begun its long decline. Northern saving was buoyant and Northern investment was
relatively weak during the early decades when the North active ratio was rising strongly.

The savings-investment balances move dramatically in areverse direction, however, once the
Northern active ratio peaks and begins to decline and as the Southern active ratio begins to increase
strongly. As noted already, the gap between the Southern and the Northern active ratios was already
narrowing by the 1980s. In the medium UN projections, the Southern active ratio exceeds the
Northern ratio after 2010 and does not peak until the 2040s. The Northern active ratio and the
Northern ELF/N ratios continue their sharp fall. The saving ratio in the South, influenced by the
demographic bonus of afast-increasing effective labor force, begins a persistent upsurge that
continues into the middle of the 21st century. In contrast, net demographic influences in the North
contribute to a peaking of the saving ratio and then a subsequent decline. The demographic
evolutions of the two regions thus contribute to a progressive strengthening of Southern saving and a
relative weakening of Northern saving.

The saving-investment imbalance in each region is, by the natioral income accounts
identities, the current-account balance of that region and its net inflow or outflow of capital. Each
region’s external imbalance in the benchmark simulation, measured as a ratio to the region’s nominal
GDP, is plotted in Figure 6. These current-balance ratios are implicit in Figure 5, but Figure 6 makes
it easier to focus on how dramatically the saving-investment balances change over time. Figure 7

reports the associated path of the real exchange rate.*

24 A downward movement in the exchange rate represents a depreciation of the South’s currency (appreciation of the
North’'s). Thevariablesin Figures 6 and 7 are again measured as changes from the values prevailing in 1950. The
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The South’ s currency appreciates by a small amount in the 1950s, peaks, and then begins a
depreciation that continues for more than 100 years. In the steady state reached by the world
economy in the very long run, the real (and aso the nominal) exchange rate settle at alevel far below
the origina initial-conditions value.

The permanent change in the real exchange rate is traceable to changes in the relative sizes of
the regions populations and effective labor forces, which in turn cause changes in the relative size of
regional outputs. The demographic shifts studied here are transitory in terms of differences between
theregions demographic rates of growth (Figure 2a) but cause permanent changes in the relative
levels of demographic variables (Figure 3). The South’ s population and effective labor force relative
to the North’s have increased substantially by the time both regions settle down to the same rates of
growth in the long-run steady state. Correspondingly, macroeconomic aggregates such as the capital
stock and goods output become larger in the South relative to the North 2® The quantity of South
produced goods available for sale and consumption in the world thus increases relative to the quantity
of North-produced goods. With no changes in the preferences of each region’s consumers for the two
types of goods, relative prices in the world economy have to change to reflect the now relatively
more abundant South-produced goods. A permanent real depreciation of the South’s currency,
representing an improvement in the Northern economy’s real terms of trade, is an integral part of the
required change in relative prices. The size of the required depreciation of the South’s currency
depends on the degree of price sensitivity of South and North consumers, in particular on the price
elasticities of the regions import demands.®

The benchmark initial conditions for the external sectors of the two regions were described
earlier: in 1950 the South starts out as a debtor region, running a current-account deficit large in
relation to the size of its economy. Thus at the outset some part of Northern savings flows to the

South as the financing for the South’s current-account deficit. The benchmark simulation has this

Southern (Northern) ratiosin Figure 6 express the region’ s current-account imbal ance as a proportion of the South’s
(North’s) GDP. Theidentity which requires the South’s current-account imbalance to be equal, with opposite sign, to the
North’ s current-account imbalance does not require the two current-account ratios to be identical in absolute value
(because the denominators are of course not equal)..

% |n part because of differences in the levels of labor productivity between the South and the North, theincreasein
relative size of the Southern region’s economy is considerably smaller measured in terms of the ratio of real GDPs than
when measured by the ratios of populations or effective labor forces.

% The fundamental explanation for exchange-rate changes summarized here is highlighted in earlier papers; see
especially the extended analysisin Bryant and de Fleurieu (2005), who emphasize the dependence of the size of
exchange-rate changes on the degree of price elasticity of import demands. A later section of this paper returnsto this
guestion.
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pattern of large capital inflows to the South in proportion to the Southern ecoromy continuing for
two and one- half decades after 1950. In fact, the demographic shifts contribute to a large increase in
the gap between the South’s investment and national savings ratios.

However, the gaps in the regiona saving-investment ratios — the current-balance deficit ratio
in the South and the North’s current-account surplus ratio — begin to move in the opposite direction
around the mid-1970s. Thereafter, for the final two decades of the 20th and the first several decades
of the 21st centuries, the South’s current-balance ratio improves steadily and persistently. By the
middle of the 21st century the South runs a current-balance ratio nearly 1.5 percentage points of GDP
stronger than at the outset in 1950.

The key feature of the benchmark simulation that most warrants emphasis here is the dramatic
reversal after the mid-1970s of savings-investment imbalances in relation to the sizes of the regional
economies. Demographic inputs in the model, mirroring history up to the present, are a major
contributor to this reversal. Prior to the mid-1970s, demographic asymmetries between the Southern
and Northern regions increase the net flow capital from the North to the South, as postulated by the
relatively optimistic view summarized at the beginning of the paper. Beginning in the mid-1970s,
however, the demographic factors operate in the reverse direction. Asa percentage of their regional
economies, Northern saving falls relative to Northern investment while Southern saving increasingly
rises relative to Southern investment. Demographic influences progressively operate to reduce rather
than increase the net flow of capital from the North to the South in relation to the size of the Southern

economy.?’

What If Demographic Transitions Were to Proceed at a Different Pace?

It is natural to ask how the consequences discussed in the preceding section would change if
the demographic transition in aregion were to occur more rapidly or more owly. Altered effects

associated with the alternative UN demographic projections are of clear interest in their own right.

27 When interpreting the ratios in Figures 5 and 6, the reader should not forget that the comparisons are alwaysin relation
to the sizes of the regional economies and alwaysin relation to theinitial conditions of 1950. In the benchmark
simulation, the South — even by the 2030s—is still running a current-account deficit in absolute terms; the North is still
exporting a (smaller) fraction of its savings to the South. Thus the “direction of net capital flows” in absolute termsis
still from the North to the South. The more important point analytically, however, is that the capital flows occurring after
the mid-1970s are progressively diminished as a proportion of the Southern and Northern economies.

Note also that the outcomes for current-account ratios in Figure 6 are, by the medium and long runs, significantly
influenced by the depreciation of the South’s currency (Figure 7). Were it not for that exchange-rate depreciation, the
South’s current-balance ratio in the medium run would have been, compared with 1950, alarger negative or smaller
positive value.
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Studying alternative paths also helps to clarify how the model generates the macroeconomic
consequences of demographic shifts.

In our exploratory research so far, we have examined simulations generated with various
combinations of the alternative Southern and alternative Northern paths shown in Figures 2a and 2c.
In this section we discuss only two of these many simulations and compare the two with the
benchmark simulation already described. Each of the two additional simulations differs from the
benchmark case only in the assumed demographic path for the South region. One assumes the South
follows the “faster convergence” transition associated with earlier and sharper reductions in fertility.
The other assumes “slower convergence,” smaller and later reductions in fertility, and a hence a much
more protracted demographic transition. The North in both additional simulations follows the same
“medium-decline” demographics assumed in the benchmark simulation. We select these cases
emphasizing the aternative UN projections for the Southern region because the outcomes bear
significantly on the issue of North-South capital flows.?®

The active ratios shown in Figure 8 capture a key feature of the differences between the three
demographic scenarios for the South. The faster-convergence scenario with its earlier declinesin
fertility (Figure 2c) and its slower rates of growth of the population (Figure 2a) lead to earlier
declines in the youth ratio and an even more vigorous rise in the active ratio than occurs in the
medium-convergence benchmark case. The active ratio in the faster-convergence case, however,
falls more sharply and converges sooner toward the ultimate situation in which the elderly ratio has
risen to high levels. The slower-convergence scenario for the South with its delayed fertility
reductions and higher rates of population growth generates a delayed and more gradual rise in the
activeratio, alater and less elevated peak, and a more protracted convergence to the ultimate steady
state.?

As expected, all three simulations generate a large depreciation of the South’s currency over
the medium and longer runs (Figure 9) but, again as expected, the size of the depreciation is least
large for the faster-convergence case and greatest for the lower-convergence scenario. The
explanation for these exchange-rate effects was summarized above. Compared with the benchmark

case, the faster-convergence outcome results in a less large increase in the South’ s effective labor

2 My tentative judgment from examining simulations with alternative demographic pathsfor the Northern region is that
the consequences for saving-investment balances and for interregional capital flows, though worthy of further analysis
and far from negligible, are quantitatively less significant.

29 Analogous differences among the EL F/N ratios are observed for the three alternative Southern demographic paths (not
shown in a separate chart).
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force relative to the North’s and hence a less large relative rise in the South’s capital stock and
output. Thusthe amount of South-produced goods available for sale in the world relative to North
produced goods increases less than in the benchmark case. The “required” change in relative prices
and hence the “required” depreciation of the South’s currency is accordingly smaller. In the slower-
convergence case, the effective labor force, capital stock, and output of the South relative to the
North are al larger than in the benchmark. Relative prices thus have to change by more, and the
South’s currency has to depreciate by more.

Figure 10 compares the savings and investment ratios in the South for the three simulations.
Differences across the three cases are small for the savings ratio until far in the future (second half of
the 21st century). This absence of difference, at first puzzling, is readily explained. Consider, for
example, the difference between the faster-convergence and benchmark cases. In the faster-
convergence case the South has smaller numbers of adults and a smaller effective labor force; that
differencein adult population and labor input will, other things being equal, lead to lower aggregate
saving. However, the active ratio in the faster-convergence case rises sooner and faster to a higher
peak (Figure 8). Other things equal, that higher active ratio encourages higher saving. In effect, two
offsetting forces are at work, and the net effect of the two produces an outcome for aggregate saving
in the faster-convergence case that differs little from the benchmark.

Differences among the investment ratios for the three cases are larger and more readily
visible. The faster-convergence simulation relative to the benchmark, because of the smaller
effective labor force in the South, has a smaller need for capital to accompany labor inputs in the
production function. Less investment in new capital is required, and the South’s investment ratio is
lower in the faster-convergence case. An anaogous argument with the signs reversed explains why
the South’s investment ratio needs to be higher in the slower-convergence than in the benchmark
case.

The differences among the three smulations of greatest interest here are again the
consequences for the regions' current-balance ratios and hence for interregional capital flows. As
expected from the results in Figure 10 and as can be seen directly in Figure 11, the consequences for
current-account balances in relation to the economies differ by only small amounts for the first few

decades before and after the year 2005.%° But thereafter the differences become significant. The gap

30 since differences among the demographic paths do not exist for years prior to the UN alternative projections, there are
no significant consequences until the demographic paths themselves start to differ. The small differences between the
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between Southern investment and Southern saving closes in the benchmark simulationfor decades
after the 1970s through the 2040s. If the South experiences a speedier demographic transition,
converging faster to the later transition stages already being experienced by the North, the gap
between Southern investment and Southern saving will close even further and faster after 2020. Thus
demographic influences will work even more strongly to reduce rather than increase the net flow of
capital from the North to the South in relation to the Southern economy. Conversely, a slower-
convergence experience for the South can be expected to work in the reverse direction after about
2020; demographic influences would, other things equal, stimulate financing from the North for a

larger Southern current-balance deficit in proportion to the Southern economy.

Alternative Assumptions about Productivity Convergence between South and North

This section indicates the sensitivity of the analysis to assumptions about the initial relative
level of Southern productivity and its subsequent rate of growth While not qualitatively overturned
by alternative productivity assumptions, the conclusions summarized above can be significantly
modified.

Figure 12 shows graphically the benchmark assumptions about productivity growth rates
described earlier in the text. Figure 12 also shows two alternative growth paths for the South, 1abeled
“vigorous’ and “sluggish.” The sluggish path has the growth rate for Southern productivity rising
only very gradually from its 1950 starting point of 0.5 percent per year. The Southern rate does not
reach the long-run steady rate of 1 percent until late in the 21st century (three decades after the North
has declined to that rate) and never rises above the North growth rate. The vigorous-path assumption
entails a more rapid acceleration of the Southern growth rate relative to the benchmark case, avery
long period in which the Southern growth rate exceeds even the initia value of the Northern growth
rate, and a still more extended period over which the Southern rate eventually declines to the long-run
steady-state rate. With the vigorous-path assumption, the level of Southern productivity eventually

rises to 57 percent of the North level (compared with 37 percent for the benchmark path).>*

pathsin Figure 11 for the years 1990 through 2015 are attributabl e to the forward-looking behavior of those consumers
who intertemporally smooth their consumption and saving expenditures. The differencesin the saving ratios caused by
differencesin saving behavior cannot be seen as readily in Figure 10 as (implicitly) in Figure 11 because of the differing
vertical scalesin the two figures.

31 When the simulations are run with the vigorous or the sluggish paths for Southern productivity growth, the Northern
productivity growth rate is always the benchmark Northern path.
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Many consequences of a more vigorous growth in Southern productivity are straightforward
to understand. Other things equal, the higher the growth rate of Southern productivity, the higher the
level of Southern macroeconomic aggregates such as output and the capital stock. Similarly, the
higher the Southern growth rate, the faster the level of Southern productivity will rise toward the
elevated level of productivity in the North. Compared with the benchmark outcome, higher Southern
output relative to Northern output will necessitate a larger depreciation of the South’s currency.
Conversely, more sluggish growth in Southern productivity means lower values for the South’s
output and capital stock, lower South output relative to North output, and a smaller depreciation of
the South’s currency. Figure 13 shows these exchange-rate consequences.

Effects on the South’ s saving and investment ratios (Figure 14) have intuitive explanations
analogous to those given earlier. Economy-wide incomes and output are higher. More vigorous
Southern productivity growth raisesthe saving ratio relative to the benchmark case. With higher
output per unit of effective labor input, the requirements for physical capital are greater. Accordingly
there is more Southern investment, and the South investment ratio is higher than in the benchmark
case. Not surprisingly, with Southern output higher, aggregate Southern consumption and per-capita
Southern consumption are also higher. More duggish growth in productivity, with its associated
reduced incomes and output relative to the benchmark case and its reduced requirements for capital,
lowers the saving ratio and the investment ratio and reducesthe levels of aggregate consumption and
per-capita consumption.

Although the saving ratio and the investment ratio move in the same direction when
productivity growth is atered, the change in the investment ratio is larger. Therefore, as can be seen
in Figure 15, a more vigorous evolution of Southern productivity wor sensthe current-balance ratio
(enlarging a deficit or shrinking a surplus). The South’s net foreign liability position declines relative
to the size of its economy; the South thus becomes a larger debtor to the North as it uses more of the
savings generated in the Northto support Southern investment. A more sluggish growth in Southern
productivity has the opposite effect on external-sector variables, improving the current-balance ratio.

Other things equal, the South will be better off in welfare terms if Southern productivity
growth is vigorous rather than sluggish. After al, as has long been understood, Southern productivity
and the quality of Southern investment are key drivers of Southern growth and welfare. Do Southern
countries have to worry that they could make excessive use of foreign saving and thereby incur

unmanageably large external debt? No doubt Southern economies can borrow too heavily from
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abroad and get into debt troubles. But that possibility does not constitute a reason for wishing that
Southern productivity growth would be less vigorous.

Note also that the North region isitsef better off if Southern productivity grows more
vigorously. Northern output will be higher than it otherwise would be, the North will enjoy a
substantial improvement in its real terms of trade, and Northern per-adult and per capita consumption
will be higher. More of the North’s savings will be invested in the South in aworld with high
Southern productivity growth. But such a scenario is the win-win outcome that has been imagined as
being on balance good for both the South and the North.

Two key points are suggested by this analysis of alternative assumptions about productivity
growth. Firgt, differing presumptions about the extent of Southern convergence to Northern
productivity rates can generate substantial quantitative differences in estimates of the effects of
demographic transitions on the direction and size of North-South capital flows. Second, however, the
broad features of the influence of the demographics appear to be robust. Look again at the evolution
of the current-balance ratios shownin Figure 15. Regardless of fairly extreme alternative
assumptions about the speed of Southern productivity growth, it remains broadly true that
demographic forces during the period from the mid-1970s through today were working to diminish
the flow of Northern saving to the South in relation to the South’s economy. Thistrend is predicted
by model simulations to continue for several more decades, again regardless of whether Southern

productivity growth is highly vigorous or disappointingly sluggish.

The Degree of Cross-Border Goods Substitutability

The preceding analysis of the model’ s simulations emphasizes the sizes of the South’s
effective labor force and output relative to those of the North. These relativities are important
because the model specifies cross-border trade using two traditional, widely used assumptions: (i)
domestically-produced tradable goods in an economy are imperfect substitutes in demand for tradable
goods produced abroad imported into the economy, and (ii) the preferences underlying the imperfect
substitutability between home- and foreign-produced goods are unchanged over time. The
substitutability margin between home-produced and foreign-produced goods is encapsulated in the
price elasticities of each region’s demand for imports. Suppose goods production in one of the
model’ s regions accounts for alarger share of world output over time. Given the traditional

assumptions about import demands, that region will experience a faster increase in its imports than its
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exports. Asexplained before, the incipient imbalance in that region’s trade with the rest of the world
will have to be associated with area depreciation of the region’s currency. With unchanged
preferences for the imperfectly substitutable home-produced and foreign-produced goods, such
depreciation is required to induce the world’s consumers and firms to buy the now relatively less
scarce output of the faster growing region and to prevent the region’s actual trade deficit from
growing larger and larger.

The degree of imperfect substitutability between the two regions’ goods, as embodied in the
values of the substitutability parameters governing the demand for imports, can have important
quantitative effects on the macroeconomic interactions between the regions. This analytical point is
emphasized in Bryant and de Fleurieu (2005). Because of the importance of the point for North-
South capital flows, | illustrate here by reporting a “ heightened substitutability” simulation. That
simulation raises the price elasticities in the two regions import equations from a benchmark value
dightly above negative unity (a value typically estimated in aggregate import demand equations) to a
value nearly two-thirds larger (-1.65). The heightened-substitutability simulation also puts a positive
value on so-called “varieties effects’ in the model’ s import equations; the benchmark simulation sets
these effects at zero.®* Apart from these changes, the additional simulation uses inputs identical to
those in the benchmark simulation.

The parameter changes that heighten cross-border substitutability are sufficient to cut the size
of the long-run depreciation in the rea value of the South’s currency by almost two-thirds (Figure
16). And they reduce the South’s current-account balance (increase the deficit) and its current-
balance ratio (Figure 17).

The differences between the heightened- substitutability and benchmark simulations stem from
the greater importance in the former of quantity adjustments relative to the adjustments in prices and
price-like variables. When any exogenous shocks — for example, changes to fertility rates and
mortality rates — are put into an analytical economic system, real quantity variables are required to
adjust so that regional economies and the world economy as a whole can attain a new redl
equilibrium. The necessary adjustments in key quantity variables, although not independent of what
happens to price variables, are most crucially interdependent with the evolutions of other endogenous

guantity variables (with all endogenous variables ultimately driven by the exogenous shocks). I

32 Therationale for “varieties effects’ in trade equations and the way they are incorporated in the analytical model are
explained in Bryant and de Fleurieu (2005).
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shocks are asymmetric across regions, major adjustments are typically required in both the real and
the nominal values of cross-border transactions. The higher is cross-border goods substitutability
with respect to relative prices, the less will price variables have to adjust to achieve the necessary
adjustmentsin real quantity variables. Greater sengitivity of behavior to prices means that quantities,
both cross-border and domestic, adjust faster and possibly more smoothly to the required new
equilibrium. Conversely, if cross-border goods substitutability is weak, then price and price-like
variables must adjust by much larger amounts to achieve the adjustments to quantities that are
ultimately necessary. Price variables in these generalizations include of course goods prices —
domestic prices, import and export prices. But the relevant price-like variables a so include interest
rates and exchange rates (both real and nominal).

In the heightened- substitutability simulation, price adjustments — including, dramaticaly, the
real exchange rate — are less large than in the benchmark case. The South’s output relative to the
North’'s rises less, which is part of the explanation of why there is less incipient pressure on the red
exchange rate to adjust. The higher values of the cross-border substitutability parameters
simultaneously reduce the size of the depreciation of the South's currency and diminish the South’s
current-balance ratio. As can be seen from Figure 17, the heightened substitutability parameters do
not reverse the broad influences of the demographic forces on the regions external imbalances and
hence do not reverse the resulting direction of interregional capital flows. In the heightened-
substitutability as in the benchmark simulation, one observes an increase in the size of capital inflows
relative to the Southern economy during the historical period prior to the mid-1970s and then along
diminution in the decades after the 1970s. However, the levels of the current-balance ratios differ
greatly between the two simulations.

Suppose one were to gauge regiona welfare by the evolution over time in levels of per-adult
consumption (or per-capita consumption for the entire population). The two simulations would differ
dramatically in that dimension as well. Relative to the benchmark simulation, heightened cross-
border substitutability with its augmented Southern use of Northern savings improves welfare in the
Southern region But heightened substitutability worsens Northern welfare.

Plainly, analytical inferences about the subject of this paper as well as about many global
macroeconomic issues need to pay more attention to the degree of cross-border goods substitutability.
In particular, analysts and policymakers require more reliable empirical estimates of the determinants

of the degree of cross-border goods substitutability than the estimates currently available.
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Initial Conclusions

The analysisin this paper reinforces the increasingly appreciated point that demographic
asymmetries across regions can strongly influence macroeconomic outcomes. The contribution of the
paper is to develop this theme for regions saving and investment and for the balance between them,
the reverse side of the coin of interregional capital flows. By specifying the regions as aggregations
of Southern (developing lower-income) and Northern (developed higher-income) nations, insight is
gained into the consequences of the most pronounced demographic asymmetries in the world today.

A relatively optimistic view of asymmetric demographic transitions, as noted at the beginning
of the paper, suggests that the North can run a current-account surplus sizable in relation to the
Northern economy, thereby transferring large net amounts of financial capital to the South Such an
outcome could be mutually beneficial for both the South and the North. The analysis here argues that
this view is a plausible summary of what happened in the world economy in the historical period
between 1950 and the mid-1970s. But the analysis casts doubt on this optimistic view for historical
decades after the 1970s. Rather, the paper reinforces the conjecture that asymmetric demography
between the South and the North, other things being held equal, now operatesto reduce rather than
increase the net flow of Northern savingsto the Southas a proportion of the Southern and Northern
economies. Alternatively stated, demographic factors for the recent past and for several decades into
the medium-run future cause Northern saving to fall relative to Northern investment while Southern
saving rises relative to Southern investment.

Is this conclusion about the effects of demographic forces on North-South capital flows
substantially changed if one presumes a faster demographic transition in the South, for example if
Southern fertility rates were to fall faster and sooner than in the medium-convergence scenario of the
UN Population Division? Or would the conclusion change substantially if the South experienced a
slower, considerably delayed demographic transition? The answer to these questions seems to be no.
The conclusion appears robust to plausible alternative demographic assumptions. Faster or slower
Southern convergence to the later stages of demographic transition that are now being experienced by
the Northern economies would of course alter quantitative estimates of all the macroeconomic
consequences. But the broad features are changed in moderate ways, as can be readily seen in
Figures 9 through 11. Similarly, the conclusion about the effects of demographic forces on North

South capital flows appears to hold broadly regardiess of whether Southern productivity growth is
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vigorous or sluggish, and regardless of whether cross-border goods substitutability is moderate or
strong.

The analysis also suggests that afaster or slower demographic transition in the South would
not greatly change welfare consequences for the South. Faster demographic convergence would be
associated with amarginally higher path for Southern per-capita consumption in the medium run.

But the difference from the medium-convergence demographic path would be fairly small. And faster
convergence would, again, tend to diminish (other things equal) the relative extent to which the
Southern economy makes use of Northern savings to facilitate Southern development.

It may be just as well that the welfare differences between faster or slower demographic
transitions appear to be modest. Southern governments do not have much of a policy handle over the
speed of demographic developments. For example, it is unclear what policy measures might make
the fertility rate fall faster (apart from radical policies such as the Chinese one-child-per-couple
restriction). Precisely how to increase life expectancy through delivery of better health care services
isaso problematic.

If Southern governments aspire to promote growth and welfare, their best hope is presumably
to am policies at improvements in infrastructure capacity, labor education and skills, and institutions
nurturing and protecting investment. Indeed, one general inference from the simulations presented
above incorporating alternative productivity paths is that much the surest recipe for improving
Southern welfare is to lift the level and growth rate of Southern productivity. Such a statement is too
general to have direct policy relevance, but it does point the development of policy recommendations

toward the most promising areas.
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Postscript: The Agenda for Further Research

This paper is apreliminary report on the latest stage of our project’s research on the global
dimensions of demographic change. The questions with which it deals are self-evidently complex.
Much remains to be done to refine the analytical framework and the conclusions that can be robustly
derived from it.

As described, the model in its current revision embodies severa salient asymmetries between
the South and North regions in addition to obvious differences in the relative sizes of key
demographic and mcroeconomic variables. The treatment of some of these asymmetries can be
refined. And in any case further sensitivity tests need to be conducted before it is possible to
understand the consequences of each asymmetry considered in isolation. For example, the three
differences between investment climates in the South and North introduced into the model — differing
risk equity premiums, differing rates of depreciation, and differing adjustment costs for investment —
are crude ways of capturing the idea that the investment climate in the South is less favorable. Given
the inevitable simplifications in the analytical framework, these assumptions seem a useful place to
start. But at the least we need a better understanding of the significance of each of the assumptions
taken separately.

Our assumptions about productivity levels and growth rates for the regions, as stated already,
are tentative. For subsequent updates of the research, we are contemplating paths for Southern levels
and rates of productivity growth even more radical than the alternatives used above.

The initial conditions for model simulations also need further refinement. | plan to continue
reviewing and amending calibration assumptions and trying to compile better background data. The
careful reader will have noticed that this report deemphasizes the calculated levels of variables
associated with calibration of the initial conditions (for example, the South’ s large current-account
deficit and large net foreign liability position at the outset of the ssimulations). Rather, | emphasize
the changes in model variables measured as deviations from the initial conditions of 1950. | feel more
confident about the validity of inferences about these changes than | do about the initial-conditions
levels themselves.

In future extensions of the research, we not only will refine the existing model asymmetries
between the regions but will probably introduce additional asymmetries as well. Differences between

the Southern and Northern regions could feasibly be implemented, for example, in al of the
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following ways:. estimation or specification of the age-earning profiles that determine aggregate labor
incomes and the sizes of effective labor forces; calibration of the parameters governing the
consumption of children and the support of child consumption by adults; calibration of the
parameters determining the operations and generosities of public pension systems; and assumptions
about government-sector budgeting and debt policies. Such changes in the analytical framework
would be implemented to try to capture still other ways in which Southern relative to Northern
economies may have less effective ingtitutions and may be somewhat less hospitable places for
economic activity.

For reasons aready given, it seems especially important to carry out further research on how
the degree of cross-border substitutability affects inferences with the model. Cases merit
examination where the substitutability parameters not only are varied similarly for all regions but also
where they differ across the regions. The relevant parameters include those governing import
demands (elasticities with respect to relative prices), export supplies (“varieties effects’), and the
intertemporal elasticities of substitution in consumption behavior.

This agendais long and complex. But it is preferable frankly to acknowledge unfinished

business than to pretend that |oose ends have already been sewn up into a well-knit garment.

REFERENCES

Attanasio, Orazio P., and Giovanni L. Violante. 2000. "The Demographic Transition in Closed and
Open Economy: A Tale of Two Regions." Inter-American Development Bank Working
Papers 412. Washington, DC: Inter- American Development Bank, February 2000.

Batini, Nicoletta, Timothy Callen, and Warwick J. McKibbin. 2005. "The Global Impact of
Demographic Change." IMF Working Paper. Washington, DC: International Monetary
Fund, May 2005.

Blanchard, Olivier J. 1985. "Debt, Deficits, and Finite Horizons." Journal of Political Economy 93:
223-47.

Borsch-Supan, Axel, Alexander Ludwig, and Joachim Winter. 2003. "Aging, Pension Reform, and
Capital Flows: A Multi-country Simulation Model." Revised January 2003. Mannheim:
Mannheim Institute for the Economics of Aging, January 2003.



36

Borsch-Supan, Axel. 1996. "The Impact of Population Ageing on Savings, Investment, and Growth
in the OECD Area." In OECD, Future Global Capital Shortages. Real Threat or Pure
Fiction. Paris. OECD, 1996, pp. 104-142.

Bosworth, Barry P., and Benjamin Keys. 2004. "Increased Life Expectancy: A Global Perspective."
In Henry J. Aaron and William B. Schwartz, eds., Coping with Methuselah: The Impact of
Molecular Biology on Medicine and Society. Washington, DC: Brookings Institution, 2004.

Brooks, Robin Jermyn. 2003. "Population Aging and Global Capital Flows in a Parallel Universe.”
IMF Staff Papers 50. Washington, DC: International Monetary Fund, 2003, pp. 200-221.

Bryant, Ralph C. 2004a. "Demographic Pressures on Public Pension Systems and Government
Budgets in Open Economies.” Brookings Discussion Paper in International Economics No.
164. Washington, DC: Brookings Institution, August 2004.

Bryant, Ralph C. 2004b. "Cross-Border Macroeconomic Inplications of Demographic Change." in
Gordon H. Sellon, Jr., ed., Global Demographic Change: Economic Impacts and Policy
Challenges. Proceedings of a symposium in Jackson Hole, Wyoming, August 26-28, 2004.
Kansas City: Federal Reserve Bank of Kansas City, 2004. Also available as Brookings
Discussion Paper in International Economics No. 166. Washington, DC: Brookings
Ingtitution, September 2004.

Bryant, Ralph C. 2004c. Crisis Prevention and Prosperity Management for the World Economy.
Pragmatic Choices for International Financial Governance, I. Washington, DC: Brookings
Institution, 2004.

Bryant, Ralph C., and Charles Chukwuma Soludo. 1995. "The Consequences of U.S. Fiscal Actions
in a Global Model with Alternative Assumptions about the Exchange Regime in Developing
Countries." in David Vines and David Currie, eds., North-South Linkages and Inter national
Macroeconomic Policy. Cambridge: Cambridge University Press for the Centre for
Economic Policy Research, 1995. [Brookings Discussion Paper in International Economics
No. 103. Washington, DC: Brookings Institution, February 1994.]

Bryant, Ralph C., and Marc de Fleurieu. 2005. "Exchange-Rate and External- Balance Consequences
of Asymmetric Demographic Transitions: Key Determinants of Cross-Border
Substitutability.” Paper presented at the International Collaboration Projects meeting,
Economic and Social Research Institute of the Japan Cabinet Office, Tokyo, February 2005.

Bryant, Ralph C., and Warwick J. McKibbin. 1995. *“Macroeconomic Effects on Developing
Economies of Shocks in the OECD: Evidence from Multicountry Models.” In David Vines
and David Currie, eds., North-South Linkages and International Macroeconomic Policy,
Cambridge: Cambridge University Press for the Centre for Economic Policy Research, 1995.

Bryant, Ralph C., and Warwick J. McKibbin. 2004. "Incorporating Demographic Change in Multi-
country Macroeconomic Models: Some Preliminary Results.” (Initial draft March 2001,
revised October 2001 and April 2003.) In Paolo Onofri, ed., The Economics of an Ageing



37

Population: Macroeconomic Issues ESRI Studies Series on Ageing (sponsored by the
Economic and Social Research Ingtitute of the Japan Cabinet Office). Cheltenham, UK and
Northampton, MA, USA: Edward Elgar, 2004.

Bryant, Ralph C., Hamid Farugee, Delia Velculescu, and Elif Arbatli. 2004. "Fertility Declines and
Y outh Dependency: Implications for the Global Economy." Brookings Discussion Paper in
International Economics No. 163. Working paper first circulated in February 2003.
Washington, DC: Brookings Institution, August 2004.

Chinn, Menzie D., and Eswar S. Prasad. 2003. "Medium-term Determinants of Current Accountsin
Industrial and Developing Countries. An Empirical Exploration,” Journal of International
Economics 59, 1 (January): 47-76.

Farugee, Hamid, Douglas Laxton, and Steven Symansky. 1997. "Government Debt, Life-Cycle
Income and Liquidity Constraints. Beyond Approximate Ricardian Equivalence." IMF Saff
Papers, 44 (September 1997), 374-82.

Farugee, Hamid. 2002. "Population Aging and its Macroeconomic Implications: A Framework for
Analysis." IMF Working Paper WP/02/16. Washington, DC: International Monetary Fund,
January 2002. [Earlier draft October 2000.]

Fehr, Hans, Sabine Jokisch, and Laurence Kotlikoff. 2004. "The Developed World's Demographic
Transition -- The Roles of Capital Flows, Immigration, and Policy." In Robin Brooks and
Assaf Razin, eds., The Politics and Finance of Social Security Reform, Cambridge:
Cambridge University Press. [NBER Working Paper 10096. Cambridge, MA: National
Bureau of Economic Research, November 2003]

Helliwell, John F. 2004. "Demographic Changes and International Factor Mobility." in Gordon H.
Sdlon, Jr., ed., Global Demographic Change: Economic Impacts and Policy Challenges.
Proceedings of a symposium in Jackson Hole, Wyoming, August 26-28, 2004. Kansas City:
Federal Reserve Bank of Kansas City, 2004.

Higgins, Matthew, and Jeffrey G. Williamson. 1997. "Age Structure Dynamicsin Asia and
Dependence on Foreign Capital.” Population and Devel opment Review, 23 (June 1997), 261-
93.

Higgins, Matthew. 1998. "Demography, National Savings, and International Capital Flows."
International Economic Review, 39 (May 1998), 343-69.

Holzmann, Robert. 2000. "Can Investmentsin Emerging Markets Help to Solve the Aging
Problem?' World Bank mimeo. Prepared for the Conference "The Graying of the Industrial
World: Assessing the Economic, Political, and Strategic Implications of the Simultaneous
Aging of the Major Industrial Nations." January 2000.

INGENUE Model Team. 2001. "INGENUE: Une Modelisation Intergenerationnelle et Universelle.”
Paris. Banque de France, 2001.



38

International Monetary Fund. 2004. World Economic Outlook, September 2004. World Economic
and Financial Surveys. Specia Chapter on "The Global Demographic Transition.”
Washington, DC: International Monetary Fund, September 2004, pp. 137-180.

Lee, Ronald D. 2003. "The Demographic Transition: Three Centuries of Fundamental Change."”
Journal of Economic Perspectives, 17 (Fall 2003), 167-190.

L Ghrmann, Melanie. 2003. “Demographic Change, Foresight and International Capital Flows.”
MEA Working Paper 38-2003. Mannheim: University of Mannheim, Institute for the
Economics of Aging, November 2003.

McKibbin, Warwick J. 2005. "Global Demographic Change and Japanese M acroeconomic
Performance.” Paper presented to the Economic and Social Research Institute of the Japan
Cabinet Office conference on the International CollaborationProjects, February 2005.
Revised version, May 2005.

McMorrow, Kieran, and Werner Roeger. 1999. "The Economic Consequences of Ageing
Populations -- A Comparison of the EU, US, and Japan." Economic Papers 138. Brussels.
European Commission, November 1999.

Obstfeld, Maurice, and Kenneth Rogoff. 1996. Foundations of International Macroeconomics.
Cambridge, MA: MIT Press, 1996.

Romer, David. 2001. Advanced Macroeconomics, Second Edition. (First edition 1996). New Y ork:
McGraw Hill, 2001.

Taylor, Alan M. 1995. "Debt, Dependence and the Demographic Transition: Latin Americainto the
Next Century," World Development, Vol.23 (1995):869-79.

United Nations Population Division (Economic & Social Affairs Department). 2001. World
Population Prospects: The 2000 Revision. Volume |: Comprehensive Tables. Volumell: The
Sex and Age Distribution of Populations. Volume 111: Analytical Report. New York: United
Nations, 2001.

United Nations Population Division (Economic & Social Affairs Department). 2003. World
Population Prospects. The 2002 Revision. Volume |: Comprehensive Tables. Volume I1: Sex
and Age. Volumelll: Analytical Report. New Y ork: United Nations, 2003.

United Nations Population Division (Economic & Socia Affairs Department). 2005. World
Population Prospects. The 2004 Revision. Data available at web site:
www.un.org/popin/data.html. New Y ork: United Nations, forthcoming 2005.

Weéil, Philippe. 1989. "Overlapping Families of Infinitely-Lived Agents." Journal of Public
Economics 38 (1989), 183-98.



39

World Bank. 2002. World Development Report 2002: Building Institutions for Markets. Oxford and
Washington, DC: Oxford University Press for the World Bank, 2002.

World Bank. 2004. World Development Report 2005: A Better Investment Climate for Everyone.
Oxford and Washington, DC: Oxford University Press for the World Bank, 2004.

World Bank. 2005. World Development Report 2006: Equity and Development. Oxford and
Washington, DC: Oxford University Press for the World Bank, 2005.

Yaari, Menahem E. 1965. "Uncertain Lifetime, Life Insurance, and the Theory of the Consumer."”
Review of Economic Studies, Vol. 32 (April 1965), pp. 137-50.



Number of Children Per Woman

Years of Life Expectancy

8.0

7.0

6.0

5.0

4.0

2.0

1.0

90

80

~
o

@
o
I

a
o
I

40

30

Demographic Profiles for Selected Individual Nations
Historical and Projected, Quinquennial Averages 1950 — 2050

la. Fertility Rate (Lifetime Births per Woman)

—/—\\_~

/

Mali
i —

Tanzania
India
USA Brazil
China .
| Germany

/j\\\]a \7\
/N

N
SR

. S
N S LI
~—— i n i N rmmm e e —— 3

------
- - =

T T T T T T T T T T T T T T T T T T T 1
1950- 1955- 1960- 1965- 1970- 1975- 1980- 1985- 1990- 1995- 2000- 2005- 2010- 2015- 2020- 2025- 2030- 2035- 2040- 2045-
1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

1b. Expectation of Life at Time of Birth
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Annual Rate (Percent)

Demographic Profiles for Selected Individual Nations
Historical and Projected, Quinquennial Averages 1950 — 2050

1c. Average Annual Growth Rate of Total Population
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Demographic Profiles for Selected Individual Nations
Historical and Projected, Quinquennial Averages 1950 — 2050

le. Ratio of Elderly (Over Age 64) to Total Population
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1f. Active Ratio: Adults Aged 20 — 64 as a Proportion
Of Total Population
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2a. Annual Growth Rate of Adult Populations
History 1950-2005. UN Projections 2005-2050. Author's Extrapolations 2050-2200.
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2b. Assumed Mortality Rate Assumptions
Based on UN Historical and Projected Data for Life Expectancy
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2d. Dependency Ratios:
Youths to Total Population, Elderly to Total Population
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UN fertility paths underlying these ratios: "medium convergence " for South and "medium decline” for North.
2e. Active Ratios: Adults of Working Age as a Proportion of Total
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UN fertility paths underlying these ratios: "medium convergence " for South and "medium decline” for North.



Ratio of South to North

level of ratio

3. Ratios of South to North: Total Populations and Effective Labor Forces
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UN fertility paths underlying these ratios: "medium convergence " for South and "medium decline” for North.

4. Ratios of Effective Labor Forces to Adult Populations
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change from 1950 ratio (percentage points of neminal GDP)

percentage change from 1950 value

5. Ratios of Domestic Investment and National Savings to Nominal

GDP, South and North
benchmark simulation, change from 1950 value of ratios
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6. Ratios of Current-Account Balance to Nominal GDP, South and
North

benchmark simulation, change from 1950 value of ratios
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7. Real Exchange Rate, Percent Change from 1950 Value
benchmark simulation
( - = depreciation of South currency)

-50.0
1930 1960 1570 1980 1950 2000 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2110 2120 2130 2140 2150

Simulation Year



8. Active Ratios In South and North:
Three Alternative Paths for South Demographic Evolution
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9. Real Exchange Rate, Percent Change from 1950 Value
Three Alternative Paths for South Demographic Evolution
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10. South: Ratios of National Saving and Domestic Investment to Nominal GDP

Three Alternative Paths for South Demographic Evolution
change from 1950 value of ratios
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11. South: Ratio of Current-Account Balance to Nominal GDP

Three Alternative Paths for South Demographic Evolution
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12. Growth Rates for Labor Productivity
Three Alternative Assumed Paths for South Convergence to North
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13. Real Exchange Rate, Percent Change from 1950 Value
Alternative Scenarios for South Productivity Growth
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change from 1950 ratio (percentage points of South nominal GDP)
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14. South: Ratios of National Saving and Domestic Investment to Nominal GDP

Alternative Scenarios for South Productivity Growth
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15. South: Ratio of Current-Account Balance to Nominal GDP

Alternative Scenarios for South Productivity Growth
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16. Real Exchange Rate, Percent Change from 1950 Value

Alternative Assumptions about Cross-Border Substitutability Parameters
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17. South: Ratio of Current-Account Balance to Nominal GDP
Alternative Assumptions about Cross-Border Substitutability Parameters
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