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Abstract

This paper develops a dynamic, life-cycle, general equilibrium model to study the interde-
pendent demographic, fiscal, and economic transition paths of China, Japan, the U.S.;and the
EU. Each of these countries/regions is entering a period of rapid and significant aging that will
require major fiscal adjustments. But the aging of these societies may be a cloud with a silver

lining coming, in this case, in the form of capital deepening that will raise real wages.

In a previous model that excluded China we predicted that tax hikes needed to pay benefits
along the developed world’s demographic transition would lead to a major capital shortage, re-
ducing real wages per unit of human capital over time by one fifth. A recalibration of our original
model that treats government purchases of capital goods as investment rather than current con-
sumption suggests this concern was overstated. With government investment included, we find
much less crowding out over the course of the century and only a 4 percent long-run decline in

real wages.

Adding China to the model further alters, indeed, dramatically alters, the model’s predic-
tions. Even though China is aging rapidly, its saving behavior, growth rate, and fiscal policies are
currently very different from those of developed countries. If successive cohorts of Chinese con-
tinue to save like current cohorts, if the Chinese government can restrain growth in expenditures,
and if Chinese technology and education levels ultimately catch up with those of the West and
Japan, the model’s long run looks much brighter. China eventually becomes the world’s saver and,
thereby, the developed world’s savoir with respect to its long-run supply of capital and long-run
general equilibrium prospects. And, rather than seeing the real wage per unit of human capital
fall, the West and Japan see it rise by one fifth percent by 2030 and by three fifths by 2100. These
wage increases are over and above those associated with technical progress, which we model as

increasing the human capital endowments of successive cohorts.

Even if the Chinese saving behavior (captured by its time preference rate) gradually ap-
proaches that of Americans, developed world real wages per unit of human capital are roughly 17
percent higher in 2030 and 4 percent higher at the end of the century. Without China they’d be

only 2 percent higher in 2030 and, as mentioned, 4 percent lower at Century’s end.



What’s more, the major short-run outflow of the developed world’s capital to China predicted
by our model does not come at the cost of lower wages in the developed world. The reason
is that the knowledge that their future wages will be higher (thanks to China’s future capital
accumulation) leads our model’s workers to cut back on their current labor supply. So the short-
run outflow of capital to China is met with a commensurate short-run reduction in developed
world labor supply, leaving the short-run ratio of physical capital to human capital, on which

wages positively depend, actually somewhat higher than would otherwise be the case.

Our model does not capture the endogenous determination of skill premiums studied by
Heckman and Taber (1996). Doing so could well show that trade with China, at least in the short
run, explains much of the relative decline in the wages of low-skilled workers in the developed
world. Hence, we don’t mean to suggest here that all US, EU, and Japanese workers are being
helped by trade with China, but rather that trade with China is, on average, raising the wages of

developed world workers and will continue to do so.

The notion that China, India, and other developing countries will alleviate the developed
world’s demographic problems has been stressed by Siegel (2005). Our paper, although it includes
only one developing country — China — supports Siegel’s optimistic long-term macroeconomic view.
On the other hand, our findings about the developed world’s fiscal condition are quite troubling.
Even under the most favorable macroeconomic scenario, tax rates will rise dramatically over
time in the developed world to pay baby boomers their government-promised pension and health
benefits. As Argentina has so recently shown, countries can grow quite well for years even with
unsustainable fiscal policies. But if they wait too long to address those policies, the financial

markets will do it for them, with often quite ruinous consequences.



I. Introduction

This paper develops a dynamic, life-cycle, general equilibrium model to study the interde-
pendent demographic, fiscal, and economic transition paths of China, Japan, the U.S., and the
EU. Each of these countries/regions is entering a period of rapid and significant aging that will
require major fiscal adjustments. Understanding how national aging and the fiscal reaction to na-
tional aging will affect the macro economies of these regions is important. If the macroeconomic
response is favorable, governments can do less and take more time to deal with what’s coming. If

the opposite is true, governments must do more and do it more quickly.

Our past research (Fehr, Jokisch, and Kotlikoff (2004a,b, 2005) suggested an unfavorable
macroeconomic response to national aging arising from a growing shortage of physical capital
relative to human capital. This long-term capital shortage sufficed to reduce the model’s real wage
per unit of human capital by 20 percent over the course of the century. The model’s predicted
major decline in capital per unit of human capital connects to the model’s predicted major rise
in payroll and income tax rates. These tax hikes, in turn, reflect the need to pay pension and
health care benefits to increasingly older populations. As originally stressed by Feldstein (1974),
raising taxes on workers to make transfers to the elderly reduces the amount of capital workers

individually and collectively can and will accumulate.

But our earlier studies, with their dismal forecasts that the interaction of aging and huge
fiscal commitments to the elderly will undermine the macro economies of the developed world,
omitted two issues. Both of these issues are taken up here, and both militate against a severe

capital shortage.

The first is government investment. In our prior studies we treated all government purchases
as current consumption. There is some logic for doing so, since many so-called government in-
vestment goods (e.g., tanks, office buildings to house bureaucrats, space vehicles) may make little
or no contribution to the nation’s output and productivity and, indeed, may do the opposite. On
the other hand,the lion’s share of government investment, be it in constructing roads, erecting

schools, building research labs, does seem to be productive.

Treating what governments call investment as investment in the model doesn’t entirely elim-



inate the predicted long-term capital shortage, but it does significantly mitigate it. Compared
with its 2004 value, the model’s real wage per unit of human capital in 2100 is reduced by only 4

percent rather than by 20 percent.

The second omission is China. As everyone knows, China is already a major producer of
world output. Its GDP now equals roughly one ninth of U.S. output. China is also absorbing
Western and Japanese technology at a rapid clip. This acquisition of technology, in combination
with improved education, holds the prospect for ongoing real income growth in China. But, given
China’s exceptionally high saving rate, more income growth in China means more Chinese saving

that can be invested in the developed world as well as in China.

The potential for China and other developing countries to bail out the developed world, at
least in terms of its capital needs, has recently been advanced by Jeremy Siegel (2005). But China
has a long way to go if it is to play such a role. China’s per capita income and wealth levels are
currently only a small fraction - probably less than 15 percent - of the developed world’s levels.
Of course, China has lots of capitas - its population is 2.6 times the combined populations of the
U.S., Japan, and the EU. Still, China’s current total holdings of wealth appear to be less than one

quarter and could be easily be less than one tenth of total wealth holdings across the four regions.

Moreover, Chinese saving behavior may change. It’s certainly far from what one would expect
to see. One would think that having low current income, but the prospect of much higher future
income, would lead the Chinese to spend most of what they now produce. But, if official statistics
are to be believed, nothing could be further from the truth. According to OECD (2002) data, the
Chinese private sector appears to be saving 40.0 percent of private available output, defined as
net national income minus government purchases of goods and services. This extraordinarily high
Chinese private-sector saving rate explains why the Chinese are currently exporting more capital
to the rest of the world than they are importing. Based on European Commission (2005) data,
the comparable private-sector saving rates in the U.S., Japan, and EU are only 4.0 percent, 11.5

percent, and 11.1 percent, respectively.

China is also remarkable when it comes to aging. Like the developed world, China is getting

older. But it’s projected over the next half century to age much more rapidly than the U.S.,



Japan, or the EU. This doesn’t mean that China will end up older than these regions. It just
means it will make the transformation from a relatively young to a very old society much more

rapidly than its trading partners in the developed world.

As Table 1 details, only 6.8 percent of today’s Chinese are 65 and older compared with 17.2
percent in Japan, 16.4 percent in the EU, and 12.3 percent in the U.S. In 2050, 23.6 percent of the
Chinese population will be 65 plus. This is larger than the 20.6 percent elderly share projected
for the U.S., but smaller than the 28.6 and 35.9 percent shares projected in the EU and Japan,
respectively. So the rapidity of China’s aging doesn’t reflect where it will end up, but where it is

starting.

The fact that China, like Japan and the West,is aging and faces significant fiscal obligations
associated with that process suggests that China’s inclusion in our model would make little differ-
ence to the model’s unpleasant prediction of a looming capital shortage. But because of China’s
much higher rates of growth and saving and because its population is so large, adding China can,
as documented below, transform a capital shortage into a capital glut. Whether or not this occurs
depends on how China’s fiscal policy and saving behavior evolve. If, over the course of the next
50 years, China adopts fiscal arrangements and saving propensities that are similar to those of
developing nations, China will make only a modest contribution to the world’s supply of capital,
leaving real wages per unit of human capital at the end of this century only about 4 percent higher
than they are today. If, on the other hand, China limits growth in public expenditures and the
Chinese people continue to eschew consumption, China will save enough for its own capital needs
as well as those of the developed world, leaving real wages per unit of human capital at the end

of this century roughly 60 percent above the current level.

The usefulness of these findings depends, of course, on the realism of our model. Our life-
cycle model’s features are a mouthful. The model includes age-, region-, and year-specific fertility
and mortality rates, lifespan uncertainty, age-, region-, and year-specific pension, disability, health
care, and other government transfer policies, region- and year-specific government purchases of
goods and services, region-specific levels of debt, high, middle, and low earners within each cohort

in each region, region-specific personal wage income, capital income, corporate income, and pay-



roll taxes, international capital mobility, technological change, quadratic costs of adjusting each
region’s capital stock, age-specific inheritances, age-specific and unintended bequests, intertem-
porally separable CES utility functions in consumption and leisure, region-specific Cobb-Douglas
production functions, the presence of children’s utility in parents’ utility functions when the chil-
dren are young, exogenously specified age-, earnings class-, region-, and year-specific immigration,

and region- and cohort-specific time preference rates.

As with our other three regions, to accommodate Chinese saving behavior, we’ve set the
Chinese time preference rate to match the current observed saving rate for China. And we’ve
calibrated the multifactor productivity coefficient in the Chinese production function to match
the current observed Chinese relative wage. The big questions with respect to China’s calibration,
however, are not how to treat current saving preferences and technology, but rather how to model

future saving preferences and technology:.

Consider first the issue of technology. It seems reasonable to believe that the level of Chinese
technology will converge to that of the West. The unknown is the rate of convergence. In this
study we assume that the Chinese multi-factor productivity coefficient rises gradually, reaching
the U.S., Japanese, and EU rates by mid century. But we also consider slower and faster rates of

technological convergence.

Now consider modelling future Chinese saving behavior. Here we examine two alternative
assumptions. The first is that the Chinese time preference rate remains fixed through time at the
very low rate needed to calibrate the current Chinese saving rate. The second is that successive
cohorts of Chinese gradually adopt Western saving behavior such that the Chinese born in 2050

and thereafter have the same time preference rate as Americans in 2004.

II. Our Model and Its Predecessors

The development of dynamic life-cycle simulation models was stimulated by Feldstein’s
(1974) article contending that government pension systems lower national saving. Early dynamic
analysis of government pension programs and other policies include Kotlikoff (1979), Summers
(1981), Auerbach and Kotlikoff (1983, 1987), and Seidman (1986). More recent papers have con-

sidered the importance of land, earnings uncertainty, political economy considerations, liquidity



constraints, different options for funding Social Security, and human capital decisions. These
studies include Hubbard and Judd (1987), Imrohoroglu, Imrohoroglu, and Joines (1995, 1999),
Kotlikoff (1996), Huang, Imrohoroglu, and Sargent (1997), Huggett and Ventura (1998), Cooley
and Soares (1999a, 1999b), De Nardi, Imrohoroglu, and Sargent (1999), Kotlikoff, Smetters and
Walliser (1998a, 1998b, 1999, and 2002), Raffelhiischen (1989, 1993), Heckman, Lochner, and
Taber (1998), Bohn (2001), Smetters and Walliser (2004), Nishiyama and Smetters (2004), and
Fehr and Habermann (2005).

This model, like our previous ones, builds on Auerbach-Kotlikoff’s (1987) overlapping gen-
eration (OLG) model. Auerbach and Kotlikoff also simulated demographic transitions, but their
model assumed that all agents gave birth at a fixed age, died and bequeathed at a fixed age,
and received inheritances at a fixed age. Kotlikoff, Smetters, and Walliser (2001) advanced the
Auerbach-Kotlikoff model by incorporating age-specific fertility and inheritance, lifespan exten-
sion, intragenerational earnings heterogeneity, and additional fiscal institutions. Fehr, Jokisch,
and Kotlikoff (2004a,b, 2005) included lifespan uncertainty as well as bequests arising from in-
complete annuitization. They also introduced multiple regions with international capital mobility

and immigration.

As in Kotlikoff, Smetters, and Walliser (2001), our model features monozygotic reproduction
with agents in their child-bearing years giving birth each year to fractions of children. This means
of finessing marriage and family formation permits us to incorporate changes through time in age-
specific fertility rates and to closely line up our model’s age-specific population shares to those

forecast for the four regions.

We assume that agents care about their children’s utility when they are young and, as a con-
sequence, make consumption expenditures on behalf of their children (pay for their consumption),
but only when the children are young. We also assume that agents die with realistic mortal-
ity probabilities starting at age 68. Agents fully appreciate the uncertainty of their longevities
and maximize, at any point in time, their expected remaining lifetime utilities. The inclusion of

lifespan uncertainty permits a realistic modelling of bequests and inheritances.

We generate bequests by assuming that agents fail to annuitize their assets in old age. Hence,



when they die, they leave undesired bequests to their children. Since agents die at different ages
and have children of different ages, their heirs also inherit at different ages. Agents who were born
when their parents were young receive inheritances later in their life than do their younger siblings.
Finally, uninsurable lifespan uncertainty leads agents to gradually reduce their consumption in

old age.

Our model also includes capital adjustment costs. As is well known, these costs can drive
temporary wedges between the marginal products of capital in different regions and lead the
market values of capital assets to temporarily differ from their replacement costs. Thus inclusion
of adjustment costs in the model generates what amounts to regional stock markets and permits

us to explore how population aging affects world stock prices through time.

A final, but very important, feature of our framework is its intra-cohort disaggregation. As
in Kotlikoff, Smetters and Walliser (2001), we consider three income classes within each generation
each with its own earnings ability. Immigrants are also split into these income classes permitting

us to simulate the arrival of immigrants with different stocks of human and physical capital.

The following sections present the general structure of our model. A more detailed descrip-

tion of the three-country model is provided in Fehr, et al. (2003).

1. Demographics

Each region is populated by households who live at most to age 90. Consequently, there
are 91 generations with surviving members at any point in time. The individual life cycle of a
representative agent is described in Figure 1. Between ages 0 and 20 our agents are children who
earn no money and are supported by their parents. At age 21 our agents leave their parents and
go to work. Between ages 23 and 45 our agents give birth to fractions of children at the beginning
of each year, i.e. the first (fraction of) children are born when the agents are 23 and the last
are born when they are age 45. An agent’s first-born children (fractions of children) leave home
when the parents are age 43, while the last-born leave when the agents are age 66. Our agents
die between ages 68 and 90. The probability of death is 1 at age 91. Children always outlive
their parents, meaning that parents always outlive grandparents. To see this note that if a parent

reaches age 90, his or her oldest children will be 67. These are children who were born when the



parent was age 23.

In each year new immigrants in each skill and age group arrive with the same number and
age distribution of children and the same level of assets as natives of the identical skill and age.
Since the demographic structure has the same general form in all four regions, it suffices to discuss

a representative region and omit region indices.

To specify the current and future demographic structure of each region we start with year-

2000" age-specific population [N (a, 2000)] and age-specific net-immigration [N M (a, 2000)] counts.

In constructing existing as well as future age-population counts, we have to link each initial
cohort between the ages of 1 and 68 to those of their parents who are still alive. The reason is
that children receive bequests from their parents, and the levels and timing of these inheritances
depend on the ages of their parents. This linkage is achieved by applying past fertility rates to
each cohort under age 69 in year 2000. If, for example, 15 percent of the parents of newborns in
1980 were 25 years old, then 15 percent of the 20-year-old’s in year 2000 are assigned to parents
age 45.

In addition, each cohort is split into three income classes k. Specifically, we assume that 35
percent of each cohort belong to the lowest income class, 10 percent to the top income class, and
the remaining 55 percent to the middle income class. We denote the population vector for year t
as N(a,t,s, k) where a = 1,...,58 =23,...,45, k = 1,2,3. The term s references the age of the
parent at the time of birth of agents age a in 2000.

To determine the evolution of the population in each region over time, we applied region-,
age-, and year-specific mortality and fertility rates to the cohorts alive in year 2000 as well as to
their children as they reach their ages of fertility and mortality. In the baseline path the exogenous
current and future mortality and fertility rates follow the medium variant of the United Nations

population projection (UNPD, 2003 for the U.S., EU and Japan; UNPD, 2005 for China).

According to this projection, mortality rates will decline in all three regions over time.

Consider the Japanese, whose 2000 life expectancy equaled 81.6. According to official projections,

L Although the economic model starts in year 2004, we chose year 2000 as the initial year for the population

projections due to data availability.



Japan’s life expectancy in 2050 will reach 88.1. The Japanese, who now have a 4.5 year higher life
expectancy than Americans and a 3.0 higher life expectancy than EU citizens, will continue to
maintain their longevity lead through time. Indeed, projected 2050 U.S. life expectancy doesn’t
even exceed current Japanese life expectancy! In China life expectancy is now a full 10 years lower
than life expectancy in Japan. And this 10 year gap is projected to continue for the next half

decade.

Table 1 shows our agent’s life expectancies at birth in the baseline path, which is kept
constant after year 2050. The respective numbers are higher than the actual values, since our
model’s agents don’t die prior to age 68. However, the model’s life expectancies conditional on

reaching age 60 are close to those reported by the UNPD (2005).

Total fertility rates currently equal 2.1, 1.3, 1.6 and 1.5 in the U.S., Japan, China, and the
EU, respectively. Nevertheless the United Nations expects fertility rates in all three regions to
converge to 1.85 children by 2050. This path of fertility rates is also shown in Table 1. In the
baseline path, we assume annual net immigration of 1 million per year in the U.S.; 450,000 in the
EU, and 54,000 in Japan. Net immigration into China is negative. The number of net emigrants
is fixed at its current value of 390,000 people per year. Given the population age structure in year
2000 as well as projected future fertility, mortality, and net immigration rates, we compute the
population vector N(a,t,s, k) for the years ¢t between 2001 and 2050. After year 2050, fertility
rates are endogenously adjusted in order to achieve zero population growth and a stable population
age structure. Since net immigration is positive in the U.S., the EU, and Japan, the population-
stabilizing post-2050 fertility rates are below 2.0. Equivalently, the fertility rates in China are set

above 2.0 after 2050 due to net emigration.

Table 1 also shows projected changes over time in total populations and population age
structures. Due to high fertility and net immigration rates, the U.S. population is projected to
increase from 275 million in 2000 to 442 million in 2100. In Europe, the population falls over the
century from 375 to 340 million, and in Japan, the population falls from 126 million to 85 million.

The Chinese population decreases by even more — from 1.3 billion to 1.2 billion.

As one would expect, the population share of those 65 and older increases in all four regions.
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There are, however, big differences in the aging process across the four regions. First, in the U.S.
and China the absolute decrease of the shares of the young population through 2050 are almost
the same as for the working age population. In contrast, the EU and Japan experience much
larger absolute declines in the share of the population that is of working age. Second, the share of

elderly increases to a much larger extent in Japan and China compared to the U.S. and the EU.

Table 1 indicates that our model’s demographic machinery does a remarkably good job
matching official projections for the four regions both with respect to the absolute number and

age compositions of their respective populations. We now describe this machinery in more detail.

The total number of children of an agent age a in income class k in year ¢ is recorded by the

following function

m

Nt
KID(a,t,k) =Y Upt,a=j, k) 23<a<65 k=123 (1)
j=u Z;liQS N(a’t787k>

where v = maz(0;a — 45) and m = min(20,a — 23). Recall that agents younger than 23 have
no children and those over 65 have only adult children, i.e. KID(a,t, k) =0 for 0 < a < 22 and
66 < a < 90. Agents between these ages have children. Take, for example, a 30 year-old agent.
Such an agent has children who were born in the years (a — j) since she/he was 23. In year ¢,
these children are between age 0 < j < 7. The KID-function (1) sums the total number of kids of
the respective parent-income class generation and divides it by the total number of parents of age
a in year t who belong to income class k. This function takes into account that the family’s age
structure will change over time due to changing fertility. This approach permits the distribution
of births by the ages of parents to change over time — an important improvement relative to the

birthing process stipulated in Kotlikoff, Smetters and Walliser (2001).

2. The Household Sector

As previously mentioned, we do not distinguish between natives and immigrants once the
immigrants have joined the native earnings- and age-specific cohorts. The model’s preference
structure is represented by a time-separable, nested, CES utility function. Remaining lifetime

utility U(j,t, s, k) of a generation of age j at time ¢ whose parents were age s at time of birth and
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who belongs to income class k takes the form
U(j7t787k) = V(]7t7 S? k)+H(j7t7S7k)7 (2)

where V'(j,t,s, k) records the agent’s utility from her/his own goods and leisure consumption
and H(j,t,s,k) denotes the agent’s utility from the consumption of her/his children. The two

sub-utility functions are defined as follows:

90 — 1—1
1 1 = N 11—
Vit s k) = 1_1Z<m> Pla,i) |e(a,i,s, k)5 + al(ai;s, k) ] (3)
Y a=j
. 1 X 1 o . . . 1—1
HGts k) = =1 (175)  P@idKID(ai kex(a,is k), (4)
Y a=j

where c(a, i, s, k) and ¢(a, 1, s, k) denote consumption and leisure, respectively, and i is defined as
1 =t+ a— j. The children’s consumption of income class k£ parents who are age a in period i
and whose parents were age s at the time of their birth is defined as ck(a, i, s, k). Note that the

number of children is independent of the grandparent’s age at the time of the birth of the parents.

Since lifespan is uncertain, the utility of consumption in future periods is weighted by the

survival probability of reaching age a in year ¢

a

P(a,i) = [[I1 = d(u,u - a + 1)), (5)

u=j
which is determined by multiplying the conditional survival probabilities from year ¢ (when the
agent’s age is j) up to year i. Note that d(j,t) is the mortality probability of an agent age j in year
t. The parameters 6, p,a and v represent the “pure” rate of time preference, the intratemporal
elasticity of substitution between consumption and leisure at each age a, the leisure preference
parameter, and the intertemporal elasticity of substitution between consumption and leisure in

different years, respectively.

In maximizing utility, agents choose their demand for leisure subject to the constraint that
leisure in each period not exceed 1, which is the time endowment. The determination of the
shadow values of these leisure constraints, when these constraints are binding, is included as part
of the maximization. To ensure that agents retire by a designated maximum retirement age, we

set the net wage at that age and thereafter to zero.
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Given the asset endowment a(j,t, s, k) of the agent in year ¢, maximization of (2) is subject

to a lifetime budget constraint defined by the sequence:

a(j+1,t+ 1,5 k)= [a(j,t,s, k) + [(j, t, s, k)| (1 +7(t)) + w(t)E(a, k)[h(a,t) — l(a,t,s, k)]

=T, t,s, k) —c(j,t,s, k) — KID(j,t, k)ck (4, t, s, k), (6)

where 7(t) is the pre-tax return on savings and I(j,t,s, k) denotes the inheritance the agent
receives in year t. When the parents die between age 68 and 90, their remaining assets are split
between their children. Consequently, inheritances of agents who are age j in year ¢t and whose

parents were age s at their birth are defined by:
, d(j+ s)A(j + s, t, k
[(]7t757k) = 45( ) ( ) . (7>
Yoweos NG+ s —u,t,u, k)

The numerator defines the aggregate assets of income class k parents who die in year ¢ at
age 7 + s. The denominator defines these parents’ total number of children who are between ages
Jj+s—45 and j4s—23 in year t. The receipt of inheritances requires us to distinguish members of
each cohort according to the ages of their parents at birth. The parents’ ages at death determine
when the children receive their inheritances. While the oldest children (born when their parents
are age 23) receive their inheritances between ages 45 and 67, the youngest children (born when

their parents are age 45) receive their inheritances earlier in life, between ages 23 and 45.

As in Altig et al. (2001) and Kotlikoff, Smetters and Walliser (2001), we assume that
technical progress causes the time endowment h(-) of each successive generation to grow at the

rate A, i.e.

h(a,i) = (1 + A)h(a,i—1). (8)

The proposition here is not that time, per se, expands for successive generations, but rather
that each successive generation is more effective in using time to either preform work or enjoy
leisure. Treating technical change in this manner is essential to ensure that the economy achieves
a long-run steady state. The assumption of labor-augmenting technical change would not, for
example, be compatible with a long-run steady state given the nature of the model’s preferences.
And having the economy achieve a long-run steady state provides, in effect, the terminal conditions

needed by our algorithm to solve for the model’s equilibrium transition path.
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Gross labor income of the agent in year t is derived as the product of her/his labor supply
and her/his wage rate. The latter is the product of the gross wage rate w(t) in period ¢ and the

age- and class-specific earnings ability.

E(CL, k’) _ 5(k)64.47+0.033(a—20)—0.00067(a—20)2(1 + A)G_QI with

£(1) =0.2, £(2) = 1.0, £(3) =5.0 (9)

The middle-income class profile is taken from Auerbach and Kotlikoff (1987). The shift parameters
&(k) are then applied to derive income class-specific profiles. Moreover, since technological change
is an important determinant of secular growth over the life cycle, we multiply the age-specific
longitudinal earnings ability profile by the term involving A\. Hence, the longitudinal age-wage

profile is steeper the greater is the rate of technological change.

The net taxes T'(j,t,s,k) of an agent in year t consist of consumption, capital income,
and progressive wage taxes as well as social security contributions net of pension and disability
benefits received. Due to our assumed ceiling on payroll tax contributions, pension, disability
insurance, and health-care average and marginal payroll tax rates differ across agents. Each
agent’s pension benefits depend on her/his pre-retirement earnings history, while health care and

disability transfers are provided on a per capita basis to all eligible age groups.

Given individual consumption, leisure, and asset levels of all agents, we can compute ag-
gregate variables. For example, the aggregate value of assets A(t 4+ 1) in period ¢ is computed

from

At+1)=> "> ala+1,t+1,5k)N(a,t,s,k) (10)

A(a+;;f+1,k)
Since households die at the beginning of each period, we have to aggregate across all agents who
lived in the previous period in order to compute A(a+1,¢+1, k), which we need for the calculation

of bequests, see (7). If we aggregate across agents who live in period ¢t + 1, i.e.,
3
At +1)=>">" > alat+1,5kN(at+1,s k) (11)

assets of the arriving immigrants of period ¢ + 1 are included.
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Finally, aggregate labor supply of agents in year ¢, L(t), is computed from the individual

labor supplies, i.e.

L(t) = i Z E(a,k)[h(a,t) — l(a,t, s, k)] N(a,t,s, k). (12)

3. The Production Sector

The economy is populated by a large number of identical firms, the total number of which
is normalized to unity. Aggregate output (net of depreciation) is produced using Cobb-Douglas

production technology, i.e.

F(K(t), L(t)) = oK (t)°L(t)" (13)

where K (t) is aggregate capital in period ¢, € is capital’s share in production, and ¢ is a technology
parameter. Since we posit convex capital adjustment cost, the firms’ marketable output in year

t, Y(t), is given by the difference between gross output and adjustment costs, i.e.
Y(t) = F(K(t), L(t) — 0.5 AK(t)*/K(t) (14)

where AK (t) measures investment in year . The term v is the adjustment cost coefficient. Larger
values of ¢ imply higher marginal costs of new capital goods for a given rate of investment. The
installation technology is linear homogeneous and shows increasing marginal cost of investment
(or, symmetrically, disinvestment): faster adjustment requires a greater than proportional rise in

adjustment costs.

Corporate taxes, T"(t), are given by
TH(E) = T8OV (1) — w(t)L(t) — () AK (t)] (15)

where 7%(t) and €(t) define the corporate tax rate and the immediate write-off share of investment,
expenditures, respectively. Since adjustment costs are fully, and investment expenditures are
partly, deductible from the tax base, arbitrage between new and existing capital implies that the

latter has a price per unit of
q(t+1)=1—€()T"(t) + [1 — 7"(t)| AK(t)/K(t). (16)
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Similarly, the arbitrage condition arising from profit maximization requires identical returns

to financial and real investments:
r(t)g(t) = [1 = 7 (O{ Frq + 0.5 % (AK(t)/K(1))*} + q(t + 1) — q(t). (17)

The left side gives the return on a financial investment of amount ¢(t), while the return on one
unit of real capital investment is the net return to capital (which includes the marginal product

of capital F () plus the reduction in marginal adjustment costs) and capital gains.

4. The Government Sector

The consolidated government issues new debt AB(t) and collects corporate taxes and net-
taxes from households in order to finance general government expenditures G(t) as well as interest

payments on its debt:

AB()+Tt) + )Y Y T(a.t,s,k)N(a,t,s,k) = G(t) + r(t)B(t). (18)

k=1 a=21 s=23
With respect to public debt, we assume that the government maintains an exogenously fixed ratio
of debt to output. The progressivity of the wage tax system is modelled as in Auerbach and

Kotlikoff (1987). Specifically, marginal wage tax rates rise linearly with the tax base.

PY (t) defines the aggregate payroll tax base, which differs from total labor earnings due to
the ceiling on taxable wages. This ceiling is fixed at 250, 200, 168, and 300 percent of average
income in the U.S.; EU, Japan, and China, respectively. Aggregate average social security payroll
tax rates 77, 7" and 7¢ are computed each period from the relevant budget constraint for the

program and region in question, i.e.
F()PY(t) = PB(t) #"(t)PY(t)=HB(t) and 7(t)PY(t) = DB(t), (19)

where PB(t), HB(t) and DB(t) are total outlays of the pension, health care, and disability sys-
tems, respectively. For China we assume that disability insurance is part of the state pension

system. Hence, we do not calculate separate disability insurance payroll tax rates for this country.

Due to contribution ceilings, individual pension, disability and health insurance payroll tax

rates can differ from the payroll tax rate. Above the contribution ceiling, marginal social security
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contributions are zero and average social security contributions fall with the agent’s income. To
accommodate this non-convexity of the budget constraint, we assume that the highest earnings
class in each region pays pension and, in the EU, Japan and China, health insurance payroll taxes,
up to the relevant ceilings, but faces no pension and no health care payroll taxes at the margin.
The other earnings classes are assumed to face the full statutory tax rate on all earnings. The
disability payroll taxes in the U.S., the EU and Japan are modelled in an equivalent manner.
However, since there is no ceiling on U.S. Medicare taxes, all earnings groups are assumed to face

the health insurance payroll tax at the margin.

If a k-income class agent,whose parents were s years old at his birth, retires in year z at the
exogenously set retirement age a(z), her/his pension benefits Pen(a,i,s,k) in years ¢ > z when

he is age a > a(z) depend linearly on her/his average earnings during his working time W (z, s, k):
Pen(a,i, s, k) = wy+w; x W(z,s,k). (20)

The region-specific parameters wp,w; in the U.S., the EU and Japan were chosen in order to
approximate replacement rates relative to individual lifetime earnings as reported in Whitehouse
(2002). In China, we assumed a pension-replacement rate of 50 percent of average pre-retirement
earnings. There is little reliable data to assess the accuracy of this replacement rate assumption.
But the assumption seems reasonable given the Chinese government’s recent decision to recognize

the unfunded liabilities of state-owned enterprize.

General government expenditures G(t) consist of government purchases of goods and services,
including educational expenditures and health outlays. Over the transition, general government
purchases of goods and services are held fixed as a percent of national income. Age-specific
education and disability outlays are held fixed per capita over the transition with an adjustment for
technological change. Age-specific health outlays are also held fixed per capita, but are assumed
to grow at twice the rate of technological change during the first 25 years of the transition.
Afterwards, the age-specific levels of these outlays grow at the same rate as technological change.
Note that while the outlays of the health care systems are treated as government expenditures,
disability benefits are modelled as direct transfers to the households. The government’s budget

(18) is balanced each year by adjusting the intercept in our linear equation determining the average
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wage tax rate.

5. World Equilibrium

Up to now we’ve described the model for the representative economy. The four regions of
the model are, however, connected through the world capital market. A condition of this market
is that the value of aggregate world assets equals the market value of the world-wide capital stock
plus the value of all outstanding government bonds; i.e.,

> A(t,z) =Y [q(t,x)K(t,2) + B(t,z)], with W ={US. EU, Japan, China}.  (21)
zeW zeW

6. Solving the Model

To simulate the model we need, of course, to specify preference, technology, and policy pa-
rameters. Table 2 reports these values, which, in the case of preference and technology parameters,

are mostly taken from Kotlikoff, Smetters and Walliser (2001).

The multi-factor technology coefficient in the U.S. Cobb-Douglas function was set to generate
a U.S. marginal product of labor of 1.0 in the initial year 2004. For the EU and Japan we simply
adopted this technology level. For China the technology level was set to achieve a 2004 real wage
equal to 15 percent of the U.S. level. During the transition we gradually adjust China’s technology
level such that it reaches the developed world level in 2050.

The time-preference rates in the four regions were set to match the model’s 2004 ratios
of private consumption to national income to the region-specific values reported in European
Commission (2005). The U.S., EU, and Japanese time-preferences rates are held fixed through tim.
But in line with our baseline assumption that the Chinese public will eventually adopt American
spending habits, we gradually raise the time preference rate of successive Chinese cohorts so that
the cohorts that reach adulthood (age 21) in 2030 and thereafter have the time-invariant U.S.

time preference rate.

The model’s debt levels in the four regions were chosen to accord with real government
interest payments reported in European Commission (2005) for the year 2004. The maximum

ages of retirement are taken from Bloendal and Scarpetta (1999) for the U.S. and the EU, from
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Whitehouse (2002) for Japan and from OECD (2002) for China. We set the consumption tax rate,
personal capital income tax rate, corporate income tax rate, and expensing rate for the U.S., the
EU, and Japan in line with the structure of indirect and direct tax revenues reported in European
Commission (2005). We use OECD (2002) data to determine China’s consumption tax rate, but
assume China has no personal capital income or corporate income taxes. It may well be that such

taxes exist in China, but we have no reliable information to understand their magnitudes.

Our wage tax systems are assumed to be progressive, with the parameters of these tax
systems in each region set so as to generate what seem to be realistic average and marginal tax

rates, which are reported below.

In calibrating health expenditures in our model, we apply the Japanese age-specific govern-
ment healthcare expenditure profile for Japan as well as China. In the case of the EU, we use
the German profile. For the U.S., the Medicare program applies only to households 65 and older.
We assume uniform Medicare expenditures by age. We make the same uniform age-distribution
assumption with respect to the disability insurance systems in the U.S., the EU, and Japan, which

we assume applies only to those older than 20 and younger than 65.

In the case of the U.S., EU, and Japan, total social insurance outlays for pensions, disability,
and health, measured as a share of national income, are set to accord with the values of these
totals reported in European Commission (2005). But we determined the composition of these
expenditures as between the three types of benefits using data reported in Docteur and Oxley
(2003), European Commission (2003), and OECD (2001) and invoking the assumption for the
EU and Japan that their ratios of disability expenditures to pension expenditures is the same as
prevails in the U.S. Note that our baseline path assumes a gradual 20 percent cut in Japanese
pension replacement rates through 2017, which was recently legislated by the Japanese govern-
ment. For China our division of social insurance outlays is restricted to pensions plus disability
payments, on the one hand, and health expenditures, on the other. Calibration here is based on

OECD (2002).

We use the German age-specific education profile for all regions in the model and rescale

it to get realistic education outlays in year 2004 in each region (see below). In addition to these
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parameter values, our model requires an initial distribution of assets by age and income class for

each region. These profiles are region-specific.?

To run our model as an open world economy, we also need to specify total world assets and
how these assets are distributed across regions. The model’s level of total world assets was set
to generate a capital-output ratio of 3.0 in our model in the absence of China. Our additional
assumption that per capita wealth in China equals 10 percent of per capital wealth in the developed

countries sufficed to pin down the capital-output ratio in the four-region model, namely 2.3.

In our simulations with adjustment costs, we also need to specify, for 2004, the base year,
the shares of wealth in each country owned by citizens of each region. The reason is that the
endogenous determination of capital prices in each region will differentially affect wealth holdings of
each region’s nationals depending on where they hold their wealth. The data needed to determine
the region-specific allocation of each region’s wealth holdings are not available. Consequently, we
make the following, admittedly crude, assumption. We assume that each U.S., EU, Japanese, and
Chinese nationals own 70 percent of the capital installed in their region and that the remaining
30 percent is owned equally by foreigners from the other three regions. In the case of the U.S.,
for example, we assume that the Japanese, European Unioners, and Chinese each own 10 percent

of the U.S. capital stock, where these holdings include government claims.

The initial (year 2004) world capital stock, the allocation of this capital stock across regions,
the regional ratios of government debt to national income, and the international, intergenerational,
and intragenerational distributions of assets constitute the initial conditions needed to solve for
the perfect foresight general equilibrium transition path of the economy. The algorithm we use to

solve the model employs Gauss-Seidel iteration.

Specifically, our algorithm starts with initial guesses for capital stocks and labor supplies
in each region for the post-2004 years of the transition. Next we compute from equation (16)

the path of the q’s — the region-specific market prices of capital. The path for the world interest

2The profile of Japanese average net wealth by age was provided by Charles Horioka, while the European age-
specific average wealth profiles was adjusted from German data provided by Reinhold Schnabel. We calculated a
U.S. age-wealth profile using the 1998 Survey of Consumer Finances. For China, we adopted the Japanese age-net

wealth profile.
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rate is derived from the arbitrage condition (17) for the U.S. Next, region-specific wage rates are

computed for each year by setting them equal to their respective marginal products of labor.

The initial region-specific capital values, our working value of q in 2004, and 2004 initial
region-specific debt levels suffices to determine total worldwide wealth in 2004 using the world
capital market equilibrium condition (21). These aggregate values are then distributed to the
agents of each region based on the initial 2004 region-specific wealth shares and region-specific

age-asset profiles.

Given these initial individual asset holdings, our initial guesses of tax rates/tax function
parameters, as well as the derived time paths of wage and interest rates, we calculate household
consumption, saving, and labor supply decisions. The first-order conditions and lifetime budget
constraints determining these decisions are fairly complex and certainly do not omit of closed form
solutions. Part of this complexity arises because of the progressive nature of our assumed wage tax
structures, which means that marginal tax rates are themselves endogenous and need to be deter-
mined jointly with life-cycle consumption, saving, and labor supply decisions. This is done using
Gauss-Seidel iteration. We refer to this as “inter-loop” convergence. As indicated momentarily,
we also use Gauss-Seidel iteration to determine the time path of the economy’s macroeconomic

variables. We refer to this iteration on macro variables as “outer-loop” convergence.

The next step in our overall solution algorithm uses the annual revenues and Social Security
benefit payments implied by these household decisions to update annual tax rates/tax parameters.
We also update the model’s region-specific time paths of government debt. These updates are

based on equations (18) and (19).

Aggregating individual labor supplies in each year provides new time paths of aggregate
region-specific labor supplies. Determining new time paths of capital stocks in each region is a
bit more involved. First, we use year-2004 wealth holdings plus agent-specific saving decisions to
determine agent-specific asset holdings in each year during the transition. Second, we aggregate
agent-specific assets at each date to determine a time-path of aggregate world-wide asset holdings.
Third, use (17) to substitute out for AK (t)/K — the percentage change in capital —in (16). Finally,
we equate the interest rates in Japan, the EU, and China to that in the U.S. using the modified
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versions of (16). Given our working values of the ¢’s, this provides us with three equations in a
given year to solve for the four region-specific capital stocks. The fourth equation comes from
the worldwide capital market condition, which, given our working values of ¢’s and debt, provides

another equation in the four unknown region-specific capital stocks.

The new values for the aggregate supplies of capital and labor in each region in each year
are then weighted with the initial guesses of these variables to form new guesses of their time
paths. The algorithm then iterates until the region-specific time paths of capital stocks and labor

supplies converge to a fixed point.

We give our economy 300 years to reach to a steady state. In fact, our model reaches a steady
state to many decimal places decades prior to year 300. It also converges very tightly around
the equilibrium transition path. However, when we include capital adjustment costs finding the
equilibrium transition path is very time consuming even on today’s most powerful desktop PCs.
Doing so requires finding the path with no such costs, which can be done relatively quickly, and
then using the region-specific capital and labor supply equilibrium paths from that simulation
as the initial guesses for a run with very small adjustment costs. We then use the results of
the small adjustment costs simulation as initial guesses for a simulation with somewhat higher
adjustment costs and proceed in this manner until we’ve solved the model with our desired level
of adjustment costs. Given the time required for these calculations, we assumed no adjustment
costs in all but one simulation presented below. The simulation with adjustment costs is of the
base case transition. The results indicate that inclusion of reasonable adjustment costs make little

difference to the results.

III. Initial Equilibrium and the World Economy’s Baseline Transition Path

Table 3 reports key macroeconomic variables in 2004 in the four regions. Note that there
is a fairly close accordance between actual and computed values of private consumption and gov-
ernment purchases measured as a share of national income. The one exception is EU government
purchases. The official data seem too low given the reported ratio of tax revenues to national
income. In our calibration, we chose to benchmark government purchases based on the ratio of

tax revenues to national income.
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The reported ratios of educational expenditure to national income are very close to actual
levels®. In the case of pension, health, and disability, expenditures, we closely match the shares
of national income received in the form of social contributions in the U.S., the EU and Japan as
reported in European Commission (2005). In China, the level of health expenditures measured
as a share of national income was set in accord with WHO (2004, 136). The resulting social
security payroll tax rates come close to observed levels. Concerning the overall structure of tax
revenues, the assumed tax rates on capital income, corporate income, and consumption as well as

the expensing fractions (see Table 2) yield a realistic pattern®.

The baseline simulation ignores adjustment costs. Hence, capital prices do not change during
the transition. However, due to the differences in the expensing fractions for the corporate tax,
capital prices deviate from one in the EU and Japan. Thus the capital price is 0.964 in the EU
and 0.936 in Japan throughout the transition, while it is 1.000 in the U.S. and China. Finally,
the model’s year-2004 capital-output ratios seem reasonable not only relative to U.S. Commerce
Department figures, but also in terms of the year-2004 marginal product of capital, which equals

9.8 percent.

Next we turn to the simulation results for the baseline transition. The transition paths for
the four regions are reported in the upper panels of Tables 4 to 7 for the U.S., the EU, Japan, and
China. Note that region-specific ratios of national income, the capital stock, the supply of labor,

and the pre-tax wage rate are all expressed relative to the U.S. values in year 2004.

Although the four economies are aging, the baseline path shows a steady increase in effective
labor supply in the U.S., the EU and Japan. This may seem surprising especially for Japan and
the EU where the population and work force decline over time (see Table 1). The explanation
lies in our assumption that each successive cohort has a higher effective time endowment, which
admits greater effective labor supply by each successive cohort. Thus, the future decrease in the
actual labor force is offset in the EU, Japan, and China and the growth in the actual number of
workers in the U.S. is augmented. However, effective labor supply grows at much different rates in

the regions. In Japan it increases over the century by 41 percent. In the EU it more than doubles

3See OECD (2003a, 178; 2003b, 71, 77).
4Actual values are calculated from European Commission (2005) and OECD (2003c).
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over the same period. And in the U.S. it increases over the century by a factor of almost four.

The evolution of effective labor supply in China is particularly interesting. During the next
two decades effective labor supply increases, then it declines until mid century when it begins to
increase again. This complex pattern reflects major changes in substitution and income effects
over the transition, the demographic changes themselves, as well as the ongoing technological
change. By the end of the century, China’s effective labor supply is larger, but only 18 percent
larger, than it is today.

Due to the dramatic aging of populations,social security tax rates increase through 2050
by 5.5 percentage points in the U.S., by 12.8 percentage points in the EU, by 13.8 percentage
points in Japan, and by 7.8 percentage points in China. Over the century the respective increases
are 11.4 percentage points in the U.S. and the EU, 10.7 percentage points in Japan and 16.6
percentage points in China. These changes constitute very major percentage payroll tax hikes
given the base-year values. In the U.S. and China, for example, the model is predicting more than

a 100 percent rise in payroll tax rates.

Despite the rising payroll tax burden, capital stocks rise dramatically in all regions over the
course of the century. The capital stock increases by a factor of 4.7 in the U.S., by a factor of 2.5
in the EU, by a factor of 1.7 in Japan and by a factor of 9.6 in China. In China this development is
due to high investment rates associated with high private saving and the assumed rapid catch-up
in the country’s level of technology. The other regions also benefit from the economic boom in
China. As the development of the current accounts suggests, initially capital mainly flows from
the three developed regions to China. However, in subsequent decades the asset holdings of the
U.S., the EU, and Japan in China decline and capital starts to flow from China to all three of
these regions. After 2050, this is reversed again so that capital flows from the U.S., EU, and Japan
back to China. This reversal is expected; it reflects the repatriation of Chinese foreign capital

earnings back to China.

The differences across the four regions in the growth of effective labor supply and capital stock
and, in the case of China, in the evolution of the multifactor productivity coefficient materially

affects overall economic growth. In the U.S. output grows by a factor of 4.1 over the next 100
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years. It grows by a factor of 2.2 in the EU, 1.4 in Japan and 8.5 in China. The larger increase in
capital compared to labor supply leads to an increase in the pre-tax wage rate in the developed
economies of almost 16 percent through the middle of the century. In China wages rise by more
than 700 percent thanks, primarily, to the gradual increase in China’s technology level. After
2050, however, growth in labor supply exceeds growth in capital stocks in all regions so that the
wage rate starts to decline. At the end of the century real wages per unit of human capital in the

developed economies are still above 2004 levels, but only 4 percent higher.

As one would expect, the world-wide capital deepening in the first half of the century and
capital-shallowing in the second half has a major impact on the world interest rate. Between 2004
and 2030 the world interest rate declines by 370 basis points — from .098 to .061. This is followed
by an increase to a 2100 level of .087 percent. Wage tax rates follow a similar pattern — declining

in the first half of the century and rising in the second half.

This interesting pattern in the evolution of factor prices reflects China’s ongoing rapid growth
and its assumed gradual change in saving behavior. During the first half of the century, China
makes a major contribution to world-wide capital formation. In the second half of the century,
more and more of its cohorts have adopted U.S. preferences with respect to spending and the

Chinese saving engine starts to sputter and fail.

To understand better the role of China in worldwide capital formation, let’s consider what
would happen were the developed world forced to evolve without the ability to import capital

from China.

IV. The World Economy’s Baseline Transition Path Excluding China

Table 8 reports baseline transition paths for the developed economies if we calibrate the
model as above, but simply exclude China. Doing so has dramatic effects. Capital stocks in all
three regions in the initial years of the transition are much higher compared to the four-country
case since more capital now remains in the developed world. For example, in 2010 the capital
stock index in the U.S. is 1.60 compared with 1.02 in the 4-country simulation (see Table 4). In
both simulations, the capital stock is measured relative to the U.S. value in 2004 in the 4-country

simulation.
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Interestingly, even though the developed world has more capital to work with initially, real
wages are actually lower in 2010 than in the transition with China. The reason is that labor supply
is initially also much higher in the developed world in the no-China simulation. Presumably this
reflects the income effect of having lower real wages in the medium term when China is no longer

serving as the developed world’s saving machine.

With China out of the picture, the developed regions’ capital stocks increase much less
rapidly over time. This puts a significant damper on output growth. During the first half of the
century, capital growth is somewhat larger than labor supply growth. Thus wage rates increase
by approximately 2 percent and the world interest rate decreases by about 30 basis points. In
the second half of the century, however, all three regions experience a capital shortage due to the
high tax burden. As a consequence, wage rates decline. Indeed, the 2100 wage per unit of human
capital is 4 percent below its 2004 level, and the interest rate is 100 basis points above its base
year value. The lower level of real wages in the no-China transition leads to higher average wage

and payroll tax rates, both of which limit capital accumulation.

The current accounts show that capital flows primarily to the U.S. during the coming decades
due to its younger population and higher population growth rate. After 2050, capital flows to the

EU and increasingly to Japan as the Europeans and Japanese repatriate their U.S.-earned income.

As indicated in the introduction, the no-China developed world transition path shows a
relatively modest capital shortage compared to our previous findings reported in Fehr, Jokisch
and Kotlikoff (2004a,b; 2005). The main reason, again, is that we are now calibrating the model
to include government investment. In addition, we’ve switched to using European Commission
(2005) data for our measures of social contributions received. This lowers, somewhat, initial

payroll tax rates as well as subsequent payroll tax hikes.

V. Adjustment Costs

Table 9 repeats the base-case simulation, but includes capital adjustment costs. A compar-
ison of this table with the first panels in Tables 4 through 7 shows that adjustment costs make
very little difference to the four-region dynamic equilibrium. The initial levels and times paths of

regional stock prices per unit of physical capital (the ratio of market value to replacement cost)
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are, however, interesting.

In 2004, EU stock prices are 5.1 percent lower than US stock prices. Japanese stock prices
are 12.6 percent lower, and Chinese stock prices are 16.1 percent higher. The model predicts
increases in stock values in all four regions for the next 10 to 20 years, depending on the region,
followed by a long term decline in stock values. The U.S. stock market value is 1.000 in 2004, hits
1.062 in 2020, and falls to .917 in 2100. The EU’s 2004 stock market value is .949. It’s .979 in
2020 and then gradually falls to .882 in 2100. Japan’s 2004 stock market value is .874. In 2020
it’s .938, but then falls to .851 by Century’s end. And China’s stock market value starts at 1.161,
reaches 1.196 in 2020 and declines to .914 in 2100.

VI. Examining China’s Saving and Absorption of Technology

This section returns to the four region model without adjustment costs and examines the
importance of our assumptions about the evolution of Chinese saving behavior and the rate at
which China absorbs developed-world technology. Specifically, we first consider keeping the time
preference rate of successive Chinese cohorts at same the level calibrated for all Chinese cohorts
for 2004 in the base case transition. Next we assume the technology coefficient in the Chinese
Cobb-Douglas production function rises only to half, rather than 100 percent, of the U.S. level by

2050 and remains at that value thereafter.

1. Constant Time Preference Rate in China

The second simulation reported in Tables 4 through 7 from permanently maintains the
Chinese time preference rate at its year-2004 level. Doing so has dramatic consequences. In
particular, the 2100 world stock of capital is 5.9 times higher than in the base case! China not
only becomes the world’s saver. It also becomes the world’s investor, sending huge flows of capital
to the developed world over the course of the Century. By 2100, the capital stocks in the U.S.,

the EU, and Japan are 5.6, 5.6, and 5.8 times their initial values, respectively.

This huge impetus to capital formation has a major impact on economic growth in all four
regions, leaving world output roughly 50 percent higher in 2100 than it would otherwise have

been. This is true notwithstanding a basically unchanged supply of labor in the four regions. The
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rough constancy of labor supply reflects competing income and substitution effects arising from
roughly 55 percent higher long-run (year 2100) levels of the real wage per unit of human capital.
The long-run capital glut also leads to a very major decline in the world real interest rates — from

9.8 percent in 2004 to 2.3 percent in 2100.

The long-run rise in real wages has a major effect on long-run payroll tax rates, although
it does very little to payroll tax rates over the next three decades. Year-2100 payroll tax rates
are now 16.4 percent instead of 23.0 percent in the U.S.; 26.1 percent instead of 36.7 percent in
the EU, 22.7 percent instead of 32.8 percent in Japan, and 26.0 percent instead of 27.7 percent
in China. Higher output growth immediately translates into increased government expenditures.

This explains the higher wage tax rates in the medium and long run.

2. Slower Technology Growth in China

Our next simulation, reported in the third panels of tables 4 through 7, assumes that the
multi-factor technology coefficient in the Chinese production function rises by 2050 to only 50,
rather than 100 percent of the U.S. level and remains fixed at half the U.S. level thereafter. As
a comparison with the base case shows, slower Chinese technological growth means much lower
capital demand, output, and real wage levels in China. Indeed, in 2100 the Chinese capital stock
and output levels are just over half of their base-case values. And the Chinese real wage is only

39 percent of what it would otherwise have been.

In contrast to what happens to China’s capital stock, China’s labor supply is significantly
higher along the entire transition path. This reflects the income effects (relative to the base case)
experienced by the Chinese in receiving lower real wages as well as smaller inheritances. These
income effects matter to labor supply from the get go. Indeed, the immediate increase in labor
supply explains why Chinese output and capital stock levels are initially higher than they are in

the base case.

The rise in China’s labor supply doesn’t suffice to offset the lower path of wages with respect
to determining the Chinese payroll tax base. Consequently, social security payroll tax rates are

markedly higher during this transition.
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The most interesting thing about this simulation of slower Chinese technological progress is
what happens to the economies of the developed world. The answer, surprisingly, is very little.
Although China saves much less than in the base case, it also demands significantly less capital.
Consequently, the U.S., the EU, and Japan end up with essentially the same capital stocks, wage

rates, and tax rates over time that they enjoy in the base case.

The welfare effects of this simulation are given in Table 9. The numbers show the change in
welfare measured as an equivalent variation and expressed as a percentage of remaining lifetime
resources for cohorts born between 1920 and 2030. As expected from the macroeconomic devel-
opment, middle-aged and future cohorts in China experience large welfare losses due to reduced
wages and increased payroll tax rates during their lifetimes. The welfare changes for developed

world cohorts are, in contrast, quite small.

VII. Population Policies

In this section we analyze three different population scenarios. The first scenario keeps
fertility rates fixed at their initial levels. The second scenario considers increases in life expectancy

relative to the base case. The third scenario doubles rates of immigration in all four regions.’

1. Fixed Fertility Rates in All Regions

The fourth panels in Tables 4 through 7 show the impacts of keeping the initial fertility rate
of 2.11 births per woman in the U.S., 1.46 births in the EU, 1.28 births in Japan and 1.62 births
in China fixed through 2050.°

The higher short-term U.S. fertility rate increases that country’s total population as well
as its effective labor supply. The latter variable is first affected in 2026 when the first cohort
generated by the higher birth rate enters the labor force. Effective labor supply and national
income in 2100 are raised by 17 percent relative to the baseline simulation. Due to the younger

population age-structure and the increased labor supply, social security contribution rates in the

5 A more extensive analysis of how different population policies affect the future fiscal and economic development

in the developed world is presented in Fehr, Jokisch and Kotlikoff (2004a, b).
6 After 2050 fertility rates gradually adjust again in order to achieve a zero long-run population growth rate.
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U.S. decrease. In 2100 the social security payroll tax is 20.9 percent, compared to 23 percent in
the base case. However, the average wage tax rate rises. Compared with the base case results, the
average wage tax rate is 1.1 percentage points higher in 2100. This reflects the need to finance
additional government expenditures associated with the population increase. The capital stock
keeps pretty close track with the higher time path of labor supply. In 2100 the capital stock is 16

percent higher relative to the base case.

In the case of the EU, Japan, and China, holding fertility rates fixed at their 2004 values
for the next 45 years leads to smaller work forces and populations. In the EU labor supply and
national income in 2100 are 23 percent below their baseline values. These are big differences.
In China, effective labor supply and national income in 2100 are both 17 percent lower. And in
Japan, the maintenance of current fertility patterns through 2050 reduces effective labor supply
at the end of the century by 33 percent and national income by 32 percent. Indeed, the absolute
size of the Japanese economy, as measured by national income, is smaller in 2100 than in 2004

notwithstanding almost 100 years of technological progress!

Lower fertility rates raise dependency ratios in the three developed regions. This necessitates
larger increases in social security tax rates. On the other hand, average wage tax rates are
slightly reduced during the transition since government expenditures on education decrease with
the reduction in the number of young people and general government expenditures decrease with
the reduction in population growth. The higher payroll taxes in China, Japan, and the EU lead
households to save less and export more capital to the U.S. Thus, capital stocks in the three
regions decline during the second half of the century. Finally, since capital-labor ratios are little
affected in the four regions, wage rates and the world interest rate remain almost the same as in

the baseline path.

2. Higher Life Expectancies in All Regions

Now we consider a simultaneous rise in longevity in all regions. To be precise, we gradually
raise life expectancy in each region through 2050 by approximately 3 years, i.e. life expectancy in
2050 is 86.8 years in the U.S.,; 87.6 years in the EU, 91 years in Japan, and 83.3 years in China.

These values for the developed regions find support in the projections of Tuljapurkar, et. al.
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(2000). Simulation results for this scenario are reported in the fifth panels of Tables 4 through 7.

Greater longevity leads to more saving for retirement as well as more labor supply to help
generate this saving. Consequently, the labor supply and the capital stock increase in all four
regions compared to the base case. The broadening of the tax base implies a slight decline in wage
tax rates in the medium and long run. However, at the same time, higher life expectancy leads to
a rise in dependency ratios. Hence, the year-2100 social security contribution rates are increased
by 2.4 percentage points in the U.S., 2.3 percentage points in the EU, 2.2 percentage points in
Japan and 4.1 percentage points in China. Since the increase in capital exceeds the increase in
labor, wage rates rise slightly during the transition. Consequently, the values of the world interest

rate are lower than in the baseline path.

3. Doubling of Immigration in All Regions

The sixth panels in Tables 4 through 7 show the impacts of immediately and permanently
doubling immigration in all four regions. This means, for example, that in 2004 2 million immi-

grants enter the U.S., 900,000 enter the EU, 108,000 enter Japan, and 780,000 exit China.

As is clear from the figures for effective labor supply, doubling immigration makes a material
difference to the long-run supply of labor in all four regions. Take the developed regions. Relative
to the baseline simulation, this policy raises effective labor supply in 2100 by 31 percent in the
U.S., by 21 percent in the EU, and by 10 percent in Japan. The remarkable thing is how long
it takes for immigration to alter effective labor supplies. In the U.S., for example, the effective
supply of labor is only 11 percent larger in 2030 despite a doubling of immigration starting in

2004. The comparable figures for the EU and Japan are 6 percent and 2 percent.

Given that the developed world’s severe fiscal problems associated with aging will begin to
appear well before 2030, it would seem that even a doubling of immigration is “too little too late”.
This, indeed, is what the other figures in the second panel of results show. Relative to the baseline
simulation, doubling immigration makes little difference to any of the three countries in terms of

their macroeconomic variables.

Take the U.S. In 2030 the payroll tax rate is 15.3 percent with a doubling of immigration
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— not much lower than the 16.4 percent rate without the extra immigrants. In 2100 the payroll
tax rate is 22.4 percent, compared with 23.0 percent under base-case immigration policy. Factor
prices are also essentially unchanged by a doubling of immigration. In 2030, the pre-tax wage is
1.17 in both simulations. And in 2100, the pre-tax wage is 1.05 compared to 1.04 in the base case.
The explanation here is that while the long-run U.S. labor supply rises by 31 percent, the long-run

capital stock rises by 33 percent, leaving the long-run capital-labor ratio essentially unchanged.

If the long-run real wage in the U.S. stays fixed, but labor supply rises by 31 percent, why
doesn’t the payroll tax rate and, for that matter, the average wage tax rate fall by 31 percent in
light of the 31 percent larger long-run supply of effective labor? The answer is that the model
provides new immigrants with public goods and social insurance benefits on the same basis as
existing natives. And doubling the number of immigrants on an across-the-board basis ends up
costing the U.S. government almost as much in additional expenditures as the U.S. government
earns in additional revenues. As tables 5 and 6 indicate, the same can be said of the EU and

Japan.

Of course, the opposite happens in China. Higher emigration reduces China’s long-run labor
supply by 5 percent and long-run capital stock by 3 percent. More emigrants means a reduction in
the taxable wage base and thus an increase in payroll tax rates. However, as the results indicate,

the changes in payroll tax rates are quite small.

Table 10 reports the welfare effects of doubling immigration. Almost all cohorts in the
developed regions experience welfare gains, albeit mostly very small ones. For initially younger
and future generations these gains stem from the reduction in payroll taxes. The gains are smaller
for members of the high-skilled class because the ceiling on key payroll taxes limits the benefits
they can experience from cuts in these taxes. Welfare gains are generally higher in the U.S. and
the EU. This is particularly true of younger and future cohorts. Indeed, for the low-skilled cohort
born in 2030, the welfare gain is 2.07 percent in the EU and 1.35 percent in the U.S.; but only
1.03 percent in Japan. Unlike the gains of initial older generations, these gains are substantial.
They appear to reflect the reduction in excess burden arising from even the modest reductions in

marginal tax rates arising from the immigration reform.

32



Initially middle-aged people in China experience small welfare gains which are mainly due
to small reductions in the average wage tax. In contrast, younger and future cohorts experience
welfare losses. Of course, the reasons are the higher payroll tax rates throughout the transition.
As one would expect from the macroeconomic outcomes, welfare effects in China are much smaller

than in the developed regions.

VIII. Social Security Policies

This section considers different social insurance policy scenarios. The first is a larger increase
in health expenditures than that assumed in the base case. The second and third scenarios analyze
the consequences of different financing methods for the social security systems. The fourth scenario
considers cuts in state pension systems. The final scenario is a privatization of public pension

systems.

1. Increased Health Expenditures

In this simulation, health expenditures increase by 3 percent during the first 25 years of the
transition instead of the 2 percent rate assumed in the base case. The simulation results are shown

in the seventh panels of Tables 4 through 7.

Of course, higher health expenditures increase social security contributions. The additional
increase in payroll taxes depend on the relative sizes of overall health expenditures and populations
in each region. Thus in 2030, payroll tax rates are 1.3 percentage points in the U.S., 3.2 percentage
points in the EU, and 3.5 percentage points in Japan and China above their baseline values. In
year 2100 the difference is 1.8 percentage points in the U.S., 3.2 percentage points in the EU, 3.7

percentage points in Japan, and 0.8 percentage points in China.

The higher payroll tax burden leads to lower net wages. Consequently, medium-term and
long-run capital stocks are below their respective base-case values. The lower capital formation
is partly offset by higher capital inflows into the three developed regions from China during the
first decades of the century. This explains the slightly increased output growth during this period.
In the long run, output in the U.S. and China is lower compared to the base case and higher in

the EU and Japan. This is due to the adjustment in effective labor supply in order to offset the
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income losses. Higher output growth during the first decades and lower wages in the second half

of the century lead to an additional increase in wage tax rates.

The welfare effects of this simulation as reported in Table 11 confirm our macroeconomic
findings. Apart from small welfare gains for initially older generations in the EU and Japan,
all cohorts already alive in the initial year and all future cohorts experience welfare losses from
increased health expenditures. The explanation is the higher payroll and wage tax rates. Since the
additional tax burden increases with time, welfare losses rise with the birth year of the observed
generations. Note also the differences in welfare losses between the four regions. Generations in
the EU and Japan are hurt much more than people in the U.S. and China. This indicates the

bigger size in health expenditures in the former two regions and thus the larger rise in tax rates.

2. Financing Social Security Benefits at the Margin with General Tax Revenues

Next we consider a scenario where payroll tax rates are fixed at their year-2004 value through-
out the transition. The budgets of the social security systems are then financed by general tax

revenues. The results are reported in the eighth panels of Tables 4 through 7.

Balancing the future budgets of the social security systems by general tax revenues increases
the wage tax rate in all four regions. In year 2100, the average wage tax rate is now 17.8 percent
in the U.S. instead of 6.8 percent in the base case. In the EU it is 17.8 percent instead of 7.4
percent, in Japan 12.0 percent instead of 2.7 percent, and in China 17.6 percent instead of 1.9
percent. Note that the wage tax rates do not increase as much as the payroll tax rates would
otherwise have risen because there is no ceiling on wages subject to taxation. This differentially
reduces the welfare of high-earnings agents. It also reduces their ability to save and their desire
to work. Thus capital stocks, labor supply and national income are lower than in the base case.

The course of current accounts, wage rates, and interest rates are, however, little changed.

Table 13 records the welfare effects of this policy. Agents in the low- and middle income
classes experience welfare gains since they now face a lower tax burden. Note also the differences in
welfare effects between the developed regions, which stem from the different extents of population
aging in the three regions. At first glance it might be surprising that initially middle-aged and

younger cohorts in the low- and middle-income classes in China experience small welfare losses
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and those in the high-income class enjoy welfare gains. The reason is that payroll taxes in China
decline in the base-case transition during the first few decades. Keeping payroll tax rates fixed at
the year-2004 level translates into lower average wage tax rates during these decades than would
otherwise be the case. This, of course, hurts people in the low- and middle-income class, while

those in the high-income class gain.

3. Financing Social Security Benefits With Government Debt

This scenario examines the consequences of financing social security benefits through 2029
with government debt. To be precise, we keep payroll tax rates in each region fixed at their year-
2004 values through 2029. We also fix the intercept and the progressive terms of our wage tax
rate formula at their 2004 values. The government’s general budget and the budgets of the social
security systems are then balanced with government debt. Starting in year 2030, payroll tax rates
and the intercept of the payroll tax rate formula endogenously adjust to balance social security
systems and government general budgets, respectively. In the years 2030 and thereafter we keep
government debt fixed as a share of national income. The ninth panels in Tables 4 through 7

report results.

In the U.S. debt increases from 33.3 percent of national income in 2004 to 73.8 percent in
2100, in the EU from 38.9 percent in 2004 to 134.6 percent in 2100 and in Japan from 41.4 percent
in 2004 to 249.5 percent in 2100. In China, payroll tax and wage tax rates decline, with some minor
exceptions, in each year during the first few decades of the base-case transition. Consequently,
holding these tax rates fixed through 2030 in China means running a surplus. Indeed, in 2100
government debt in China is negative 38.8 percent of national income, rather than positive 10

percent — its base-case year 2100 value.

Higher debt ultimately implies higher average tax rates in order to finance higher interest
payments. In 2100, average wage tax rates are 11.8 percent in the U.S., 21.9 percent in the EU,
and 30.5 percent in Japan. The corresponding 2100 base-case average wage tax rates are 6.8

percent in the U.S., 7.4 percent in the EU, and 2.7 percent in Japan.

These are, obviously, huge increases. Of course, one would expect that capital formation,

labor supply and output growth to be greatly reduced by this policy. But this doesn’t happen
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thanks to China’s surplus.

Next consider the welfare effects of this policy shown in Table 14. Initial middle-aged and
younger generations in the U.S., the EU and Japan gain from this policy reform. This reflects,
of course, the fact that they enjoy constant rather than rising tax rates through 2030. The gains
are largest in Japan since in the baseline path the increase in social security contributions is the
largest. Future cohorts in the developed regions experience remarkably large welfare losses. These
stem from the large increase in wage taxes to finance the higher government debt. Take, as an
example, members of the 2030 Japanese birth cohort. They experience a 20.25 percent welfare
loss. These show the dramatic increase in excess burdens due to the adjustment in the wage taxes.
The opposite is observed in China. Here middle-aged people lose from the reform since they now
face higher payroll tax burdens. Future cohorts, however, experience welfare gains from the lower

and even negative wage taxes.

4. Cutting Pension-Benefit Replacement Rates

As mentioned, our baseline path includes the legislated cut of the pension replacement rates
in Japan of 20 percent that is being phased in between now and 2017. We now assume the same cut
in all other regions over the same period. The simulation results are reported in the tenth panels
of Tables 4 through 7. In 2100, social security contribution rates are reduced by 3.6 percentage
points in the U.S., by 4.7 percentage points in the EU, and by 4.6 percentage points in China
compared to the respective baseline values. As one would expect, this policy increases capital
formation in the three regions. Thus the long-run capital stock is increased by 11.6 percent in the
U.S., by 10.3 percent in the EU and by 11.2 percent in China relative to the base case. At the
same time, labor supply is slightly reduced, and output growth increases. The higher capital-labor
ratios lead to higher wages and lower interest rates during the transition. Due to higher wage

income, the average wage tax rates in the three regions are lower than in the baseline path.

The pension reform in the U.S., the EU and China also affects the Japanese economy in
the future. Higher capital stocks in the U.S., the EU and China lead to larger capital imports
by Japan. Consequently, Japan’s capital stock and national income is also higher compared to

the base case. The increase in wages during the transition lowers payroll tax rates slightly since
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labor supply remains unaffected. However, the average wage tax rate increases due to the higher

growth in general government expenditures arising from higher output growth.

As the welfare effects in Table 15 indicate, initially middle-aged people lose from this pol-
icy reform in all four regions. In the U.S., the EU, and China this reflects the cut in pension
replacement rates. People now receive lower benefits than under the baseline scenario. In Japan
the losses stem from the increases in the average wage tax rate. Initial older cohorts in the four
regions are almost unaffected. Initial young and future cohorts, however, gain in all four regions.
The reason is mainly the reduction in payroll and wage tax rates in the U.S., the EU, and China
and the increased wages that outweigh the benefit losses. In Japan, the welfare gains of the low-
and middle-income classes also stem from the reduction in payroll taxes and the higher wages.

The highest income classes are adversely affected by the increase in the wage tax rate.

5. Privatizing Pensions

Our final reform is complete pension privatization, which we model as the elimination of any
new public pension benefit accrual coupled with the establishment of individual accounts. The
reform entails paying off all accrued benefits to all those retired in 2004 and to all those working
in 2004 when they reach retirement. To approximate this payoff of accrued benefits we pay all
initial retirees their full benefits over time and pay post-2004 retirees benefits in retirement whose
values are linearly phased out over a 45-year period starting in 2004. Thus, the members of the
cohort retiring in 2005 receive in public pension benefits 44/45ths of what they would otherwise
have received. The members of the cohort retiring in 2006 receive 43/45ths of what they would

have received, etc.

We finance the move to individual accounts via consumption taxation. Specifically, we com-
pletely eliminate those payroll taxes used to finance state pensions and impose a new consumption
tax in each region to pay, over time, all accrued benefits. By 2078 all accrued pension benefits

have been paid off, so the new consumption tax rates from that point on are zero.

The key feature of the reform is not “privatization” per se, but rather the intergenerational
redistribution associated with moving to private accounts. The redistribution comprises three

element. First, the shift from payroll to consumption taxation reduces the tax burden on current
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and future workers and shifts it onto current retirees. Second, paying current workers (those
working in 2004) when they reach retirement only their accrued state pension benefits rather
than their projected benefits represents a cut in transfer payments that hurts those workers but
benefits future workers who would otherwise have had to help pay for those benefits. Third, factor
price changes arising from this policy help later generations at the cost of hurting earlier ones.
Specifically, later generations benefit from higher real wages, while earlier generations lose from

receiving lower returns on their assets.

There is no need to formally model the private accounts in which agents would be forced to
save as part of this privatization reform. The reason is that our agents face no liquidity constraints.
Hence, they are free to borrow against their private account balances if they wish to consume more
than their disposable income net of contributions to these accounts. Consequently, forcing our

agents to save has no impact on their behavior.”

In the U.S., the additional consumption tax rate needed to pay off accrued pension benefits
is initially 6.8 percent and gradually declines thereafter. The U.S. payroll tax rate declines imme-
diately by 7.8 percentage points. Over the transition, the payroll tax rate rises by 2.7 percentage

points since expenses for health care and disability insurance grow.

In the EU, the added consumption tax rate has an initial value of 15.0 percent and then
declines. Because of this reform, the payroll tax is reduced by 14.6 percentage points in year 2004
and rises to a maximum of 13.9 percent in 2075. In Japan, the consumption tax rate is initially
11.1 percent. It then rises to a maximum of 12.7 percent in 2016 before declining. The payroll
tax is 12.1 percentage points lower in 2004. And the maximum value reached is 15.7 percent in
2050. Finally, the initial rate of the new consumption tax in China is 10.5 percent. The payroll
tax rates is initially reduced by 8 percentage points and rises to its maximum value of 5.5 percent

in 2075.

Of course,since part of the tax burden is shifted from payroll taxes towards consumption

"Including liquidity constraints would require solving our agents’ utility maximization problems using dynamic
programming. Doing so would be much more time consuming. It would also introduce a degree of approximation
error into the solution that we avoid with our current formulation in which we find the solutions to the first order

conditions and budget constraints of our agents to a very high degree of precision using Gauss-Seidel iteration.
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taxes, the burden on younger households falls and that on the elderly rises. The intergenerational
redistribution associated with the consumption tax depresses aggregate consumption, which per-
mits an increase in national saving and capital formation. The long-run consequences of this
reform are dramatic in all three regions. Relative to the base case simulations, the year 2100
capital stock increases by 87.6 percent in the U.S., by 81.1 percent in the E.U., by 90.4 percent
in Japan, and by 83.2 percent in China.

The higher capital stocks increase gross wages, which rise by 2100 by approximately 18
percent in all four regions. The combination of higher gross wages and reduced payroll and wage
taxes boosts net wages, which almost double in the four regions. The reductions in labor supplies
in the four regions, reported in Tables 4 to 7, are a direct consequence of the positive income
effects experienced by younger generations. Finally, capital accumulation leads to lower year-2100

interest rates.

Of course, the advantageous macroeconomic effects of privatization come at a cost, which is
shown in Table 16. The reform entails a major redistribution from older generations in all four
economies towards younger and future generations. The intergenerational and intragenerational
redistribution is less severe in the U.S. compared to the EU, Japan and China, whose initial

consumption tax rates are much higher.

The elderly are hurt because they are now forced to pay for their pension benefits via the
consumption tax. Younger and future generations benefit enormously from the policy since they
face a much lower payroll tax burdens during their working years and experience much higher
wages. Consider middle-earning agents in the U.S. The oldest such agents included in Table 16 —
those born in 1920 experience a 2.9 percent reduction in welfare. In contrast, the youngest such
agents included in the table — those born in 2030 — enjoy a 12.2 percent rise in welfare. The
corresponding welfare losses and gains experienced by the 1920 and 2030 middle classes are 6.1
percent and 23.5 percent in the EU, 5.3 percent and 15.9 percent in Japan, and 6.3 percent and
13.3 percent in China.

Another key feature of Table 16 is that the poor initial elderly experience larger welfare

losses than the middle class or rich initial elderly. The explanation for this differential welfare loss
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is that both the poor and rich elderly are constrained with respect to their consumption of leisure
because they are both fully retired. However, the rich elderly are consuming a lot more than the
poor. Hence, while both the rich and the poor experience roughly the same percentage reduction
in consumption from the imposition of the consumption tax, the impact on their utilities are not
the same because a) their initial consumption-leisure ratios differ and b) utility is not separable

with respect to the two arguments.

IX. Conclusion

The developed world and China all face enormous demographic changes which will greatly
challenge their already overly stressed fiscal institutions. Fortunately, our dynamic life-cycle model
suggests there may be a macroeconomic silver lining to this very gray demographic cloud. The
silver lining is China, whose continued rapid acquisition of technology and human capital and
extraordinarily high rate of saving can dramatically raise the world’s supply of capital. Assuming
the developed world’s capital market remains open, China will gradually become the developed

world’s major source of capital.

Indeed, assuming China attains the developed world’s living standard by the middle of this
century and also maintain its very high propensity to save, it will raise real wages in the developed
world by 40 percent. This is over and above real wage increases arising from technological change.
Even were China to gradually adopt Western spending habits, real wages at mid Century will be
16 percent higher than is currently the case. This again is above and beyond what technological

change can be expected to deliver.

Moreover, China’s contribution to the developed world’s own development is positive in the
short as well as long runs. Even though capital initially moves from the developed world to China,
there are no major short-run reductions in developed world real wages. The reason is that the
prospect of higher future real wages leads developed world workers to supply less current labor.
This keeps initial developed world capital-labor ratios and the real wages on which they depend

from falling.

Absent China, our model suggests a very gradual decline in the developed world’s capital

intensivity with real wages per unit of human capital 4 percent lower at the end of the Century
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than they are today. This is much less ominous news than we delivered in previous studies that
omitted China. The reason is that we now incorporate government investment, which implies

more developed world saving.

In addition to examining China’s role in world economic development and incorporating
government investment, this study has entertained a variety of demographic and fiscal scenarios.
Our demographic scenarios, which we apply to all four regions simultaneously, are a) maintaining
fertility rates at their current generally very low levels for much longer than governments now
project, b) increasing longevity at faster than projected rates, and ¢) immediately and permanently

doubling rates of immigration.

Each of these demographic changes has very little impact on the overall macroeconomic
situation, but each makes a non-trivial difference to where payroll tax rates end up. For example,
Japan’s payroll tax rate ends up 25 percent higher at the end of the century if its fertility rate
fails to rise to the now-projected 2050 level; the EU’s payroll tax rate ends 5 percentage points
higher in 2030 if EU life expectancy rises by 3 years more by 2050 than now expected; and the
U.S. payroll tax rate is reduced by 1 percent in 2050 if it doubles its rate of immigration.

Our policy simulations raised the rate of growth of health expenditures over the next quarter
Century, switched, at the margin, to income-tax finance of government pension benefits, financed
future increases in aggregate pension benefits via increases in income taxes rather than payroll
taxes, and privatized state pension systems by paying off accrued pension benefits with a con-
sumption tax. Each of these policies has important impacts on the macro economy. But the one
with the biggest impact is the privatization of state pensions, which more than doubles long-run
ratios of physical capital per unit of human capital and raises long-run real wages by roughly
a quarter. The policy delivers major benefits to future generations, both because of the higher

wages they earn and the dramatically lower payroll tax rates that they face.

To conclude, there is no reason to believe that China is currently eating our lunch or will do
so in the near future. On the contrary, there is good reason to believe that China is in the process
of taking us to diner by slowly but surely becoming the world’s biggest saver and the developed

world’s major supplier of capital.
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Figure 1: The individual life-cycle
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Table 1: Comparing Actual and Simulated Population Projections
Population Projection U.S.
Year 2000 2010 2020 2030 2040 2050 2100
Fertility Rate
Model 211 205 200 195 190 1.8 1.77
Official® 211 208 203 195 189 1.85 -
Life Expectancy at Birth
Model 81.7 821 825 83.0 834 838 838
Official® 771 783  79.1 799 81.0 81.6 -
Total Population®
Model 276.2 307.3 340.0 366.4 385.8 400.3 442.0
Official® 285.0 3149 344.3 3704 391.4 408.7 -
Age Structure®
<15 Model 216 201 197 185 182 178 159
Official® 21.8 205 20.0 19.3 185 179 -
15-64 Model 66.2 672 640 614 61.7 62.1 60.7
Official® 65.9 66.6 64.1 61.5 61.7 62.1 -
65-90 Model 122 127 163 20.1 202 20.1 23.3
Official® 123 128 159 192 198 20.0 -
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Population Projection EU

Year 2000 2010 2020 2030 2040 2050 2100

Fertility Rate

Model 1.46 153 1.60 1.67 1.74 1.82 1.82

Official? 1.58 1.61 1.68 1.77 1.84 1.85 -

Life Expectancy at Birth

Model 82.2 827 832 836 84.1 84.6 84.6

Official® 78.6 80.0 81.1 820 83.0 83.6 -

Total Population®

Model 376.4 385.8 3909 391.1 384.1 3721 340.6

Official® 377.3 3832 3844 382.8 377.8 369.8 -

Age Structure

<15 Model 169 153 145 143 143 148 16.5
Official® 16.7 153 144 144 147 150 -

15-64 Model 66.9 66.9 64.7 60.8 57.7 572 59.7
Official® 66.9 66.5 64.7 60.8 57.5 56.7 -

65-90 Model 16.2 178 208 249 280 280 239
Official® 16.3 182 21.0 247 278 283 -

Population Projection Japan

Year 2000 2010 2020 2030 2040 2050 2100

Fertility Rate

Model 1.28 137 147 156 1.66 1.75 191

Official® .32 1.37 149 1.68 1.81 1.85 -

Life Expectancy at Birth

Model 83.8 84.6 854 862 870 878 87.8

Official® 81.6 835 8.1 86.6 87.7 88.1 -

Total Population®

Model 126.7 128.9 127.1 121.8 114.2 108.8 84.8

Official® 127.0 128.0 125.6 121.0 115.7 109.7 -

Age Structure®

<15 Model 146 134 125 119 125 129 16.0
Official® 146 136 124 11.8 126 13.0 -

15-64 Model 68.2 64.1 59.2 581 55.0 521 56.3
Official® 68.2 64.0 595 57.8 53.0 504 -

65-90 Model 172 225 282 300 325 35.0 27.7
Official® 172 224 281 304 344 365 -
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Population Projection China

Year 2000 2010 2020 2030 2040 2050 2100

Fertility Rate

Model 1.62 1.67 1.71 1.76 1.80 1.85 2.01

Official® 1.32 1.37 1.49 1.68 1.81 1.85 -

Life Expectancy at Birth

Model 75.8 76.7 77.5 78.4 79.3 80.2 80.2

Official® 71.5 72.6 73.8 75.3 77.1 78.7 -

Total Population®

Model 1273.1 1360.7 1455.0 1490.7 1481.3 1430.8 1181.8

Official® 1274.0 1354.5 1423.9 1446.5 1433.4 1392.3 -

Age Structure®

<15 Model 24.6 19.5 18.3 16.5 15.6 16.3 18.5
Official® 24.8 19.5 18.4 16.9 15.6 15.7 -

15-64 Model 68.6 73.3 70.6 67.8 63.1 61.6 61.7
Official® 68.4 72.2 69.7 66.8 62.1 60.7 -

65-90 Model 6.8 7.2 11.1 15.7 21.3 22.0 19.8
Official® 6.8 8.3 11.9 16.3 22.3 23.6 -

@ UNPD (2003), medium variant projections; ® in millions; ¢ in percent of total population;
4 UNPD(2003), medium variant projections, Western Europe; © UNPD (2005), medium variant

projections.
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Table 2: Parameter Values of the Model

Symbol Value
U.S. EU Japan China

Utility  Function
Time preference rate 0 0.01 0.00 0.01 -0.13
Intertemporal elasticity of substitution -~ 0.25
Intratemporal elasticity of substitution p 0.4
Leisure preference parameter « 1.5
Production Function
Technology level 10) 1.01 1.01 1.01 0.24
Capital share in production € 0.25
Technical progress A 0.01
Policy Parameters
Consumption tax rate (in %) T¢ 10.2 23.6 14.7  20.0
Capital tax rate (in %) 7" 11.0 140 8.0 0.0
Corporate tax rate (in %) Tk 12.0 18.0 16.0 0.0
Expensing fraction (in %) € 0.0 20.0 40.0 0.0
Debt (in % of national income) B/Y 33.3 389 414  10.0
Age of retirement 63 60 60 60

20



Table 3: The Year 2004 of the Baseline Path®

Model Official®
U.S. EU Japan China | U.S. EU Japan China
National Income
Private consumption 79.7 65.1 70.5 5241 79.3 67.3 69.3 49.5
Government purchases of goods  18.7 31.0 21.9 17.9 | 174 24.3 21.7 17.6
and services
General public expenditures 10.9 19.3 12.3 13.8 - - - -
Aggregate education outlays 5.9 6.0 4.4 211 59 6.0 4.3 2.1
Aggregate health benefits 1.9 5.7 5.2 20| 25 6.2 6.8 2.0
Current account 28 83 13.8 -16.1| -6.1 0.5 4.5 1.9
Government Indicators
Social contributions received 8.1 16.4 13.9 7779 16.6 13.4 -
Aggregate pension benefits 5.3 9.2 7.6 5.2 | b7 11.6 10.8 3.0
Aggregate health benefits 1.9 57 5.2 20| 25 6.2 6.8 2.0
Aggregate disability benefits 09 1.5 1.1 0.0] 0.9 - - -
Pension contribution rate® 7.7 14.2 12.1 8.0 | 10.6 - 17.3 11.0
Health-care contribution rate® 2.5 838 8.2 3.1 29 - 8.5 8.0
Disability-insurance contribution 1.4 2.3 1.8 0.0 1.9 - - -
rate®
Interest payment on public debt® 3.3 3.8 4.1 1.0 3.0 3.5 3.7 0.8
Tax revenues® 20.3 30.3 21.9 15.8 | 20.6 31.0 19.1 14.8
Direct taxes 122 149 11.5 53] 125 15.1 8.9 2.8
Personal income taxes 9.2 10.5 7.5 5.3 95 10.7 4.7 0.7
Wage taxes 57 5.9 4.9 5.3 - - - -
Capital taxes 3.5 4.6 2.6 0.0 - - - -
Corporate income taxes 3.0 44 4.0 00| 3.0 44 4.2 2.1
Indirect taxes 8.1 154 10.4 10.5| 81 15.9 10.2 12.0
Wage tax rates®
Average 7.8 8.0 6.6 7.1 - - - -
Marginal 142 139 11.9 8.9 - - - -
Capital-output ratio 22 22 2.3 2.6 - - - -
Capital-labor ratio 3.0 29 3.1 0.5 - - - -
Interest rate® 9.8 9.8 9.8 9.8 - - - -

“ in percent of national income if not stated differently; ® European Commission (2005) for the U.S.,

the EU and Japan, OECD (2002) for China; ¢ in percent.

51



6L0° 60¢ 180 0T €eo’ 9V (G 8% 00I¢
€60° 88T 8L0° 80°T vco eve 197 69°¢  GL0¢
360 99T 90 91’1 €el” ge'e (2% €Lc 050¢
080° 228 190° LT'T 081"~ a9l 90°¢ 68'T 0€0¢ suordoy
0L0° 8ET” GLO 60°T LyT- Ge'T 6’1l Lv'T 0¢0¢ [V ut
0L0° 61T €60° a0l 6€0°- ¢l'l 61T €'T  010¢ RCIIURET: |
8L0° 91T 860° 00°T 8¢0° 00T 00T 00'T 7002 jue)suo)
690° €eT 680° €0'T 910 v6°€ 0S¥ 90’7 00Tc
a80° 11¢ €80° 90°T ro L0°€ 98°¢ vee  GL0¢
960° LT 190° LT'T 650 6¢°C 6C7 L9°¢  0S0¢
G80° 09T 960 0¢'T vl €91 e G6'T 0€0C
LLO 0€T” L90° 4N 841"~ LET 8C'C Ge¢'T  0c0g BUIYD
€L 498 G80° G0'T Grr'- IT°T S LT'T  0T10¢ ut [3molry)y
VL0 LIT 660° 00°T €90°- 66°0 86°0 86'0 T00T AJ0[0UYIA, MO
8L0° 28 €co a9l ¥80°- 8L°€ 60°9¢ 60°9 00T¢
180° eqr acor 84T TLT- G6°¢C Gy°81 ¢9¥v  GL0C
180 16T 9€0° ov'1 €qc- LT°C 6€'8 ¢0'¢ 0502
8L0° eor 760 ¢c'l €ce- LGT 0s°€¢ 06'T 0€0g
690° 8ET” cLO ITT 0Te'- €e'l 66°T 9%'T  0c0e BUID
0L0° 61T €60° a0l €50~ ITT 0¢'1T €'t 010c Ul 99uaI9faId
8L0° 91T 860° 00°T vco 00°T 00T 00'T 700g  OWL], juelsuoy)
890° 0€e 180 V01 L10° 96°¢ 197 ITv 001¢
080" L0¢ 080" L0°T LEO 80°€ 0¥ 6¢'¢  GL0C
€60° LT €90 9’1 250 8C'C 1Ty €9¢ 050¢
8L0° T 190° LT'T 891"~ 9’1l v0°€ 68'T 0€0C
690° 8ET” GLO 60°T 445 Ge'lr G661 Ly'T  020¢
0L0° 61T €60° 01T 6€0°- ¢r'l 6T°T €T'T 0T10¢
8L0° 9IT 860° 00°T 8¢0° 00°T 00T 00'T %002 oser) osey
XeI, 93ey 150D ey aSem IN/ Apddng 003§ oWOdU] Ie9x
oSem AJINO9G  9S9I0jU]  XBI-9IJ  JUNOIDY Toqe reyde) TeuoryeN
oderaAy [er00g JO Xopu]  JUAIIN)) JO XopU] JO Xopu]  JO Xopu]

'S'() O 10§ SINSOY UOTRNWIG F O[GRT,

52



8LT 91T 180 701 810 €6'¢ 65V L0'v  001¢
69T 91T 080° L0'T LEO L0°€ 7o'V L2’ GL0¢
ian 91T €90’ 9T'1 250 8C'C ey €9°¢  090¢
gcl 9IT 190° LT'T GLT'- 191 G0°¢ 88T 0€0¢
060° 91T GLO 60T V- ge'1 6’1 Ly'T  020¢ SOMULSASY
€L0 91T €60’ 0T 6€0°- o'l 0e'T €T'T 0107  Xe [ewuen Aq
8L0° 91T 360 00T 8¢0’ 00T 00T 00T F00T Si1gousg Suroueur]
0L0° jza 680° €01 L10° L6°€ S 0T’y 00T¢
G800 vee 180" 90'T LEO 60°¢ 96°'¢ 8¢'¢ GL0C
760’ 8T 790’ SI'T 250 6¢°C 90V €9'¢ 090¢
6L0° LLT 190° LT'T 991"~ a9'1 G0°¢ 68T 0€0¢ SUOI3Y [V Ul
690° eV GLO 60T VT - Ge'1 €6°T Ly'T  020g Juao.Ied €
0L0° Ocr €60’ c0'1 6€0°- 'l 0c'T PI'T 010¢  Aq seamjrpuadxy
8L0° 91T 860 00T 8¢0’ 00°T 00T 00T ¥00¢ [I[eoH Ul oSTY
€90’ vee g0 S0'T 180 8T°¢ ¢c'9 7'e  00T¢
8L0° 861 080° L0°T geo’ 06°€¢ (AR LTV GL0C
160° 091 790’ 9T'1 870’ 1L°¢ 8V e€r'e  090¢
6L0° eqr 90 LT'T 0LT"- 08T vee 0T'c 0€0¢
690° 1eT 9.L0° 60T 8¥1'- av'r v0'C L8'T  0c¢0¢ SUOI3Y [V Ul
690° LIT €60’ 01 0"~ VLT el LT'T  010¢ uoTyRISIIII]
9.L0° 91T 360 00T 9¢0’ 00T 00T 10°T  ¥00¢ Surqno(q
G90° vee G0 GO'T 0co’ S0V e6'v €y 001¢
6L0° 8¢C GLO 60T cso (AR Iy ar'e GL0¢
060° P8I LG0° 61T evo’ 1€°¢ oLy GL'¢ 090¢
LLO 89T 860’ 61T G81'- €91 6¢'€ €6'T 0€0¢ suotgoy
690° 8ET €L0 OT'T ¢Sl - 9¢°1 ¢0'c 6V'1T  0¢0¢ 1A
0L0° 61T ¢60° c0'1 9%0'- el el VI'T 010  Adoueyoedxy ofi]
LLO 91T 860 00T veo 00°T 00T 00T ¥00¢ TYSTH
Xe], 9jey 180D ey oSep IN/ Addng 300} oWOOU]  IRIX
o8ep AJIND9G 9S00  XB[-OIJ JUNOIDY Toqe reyde) TeuoryeN
oSeIoAy [eog JO XopuU]  JUOLIN) JO XOpUJ JO XOpuJ  JO Xopuf

"§’() Y} I0J s)Nsel Uolje[nUIIg :(penuljuod) j o[qr],

93



¥40° G90° €40’ €C'1 010 G8'¢ 9.8 1% 001¢
c90° 090 S0’ Vel 810" 66°C 1074 89°¢ GL0¢
9.0 [as{0y 870" LC'T 0G0 GGG 6L.°G 18°¢ 0S0¢
120° ¥40 cs0r Vel TLT - 9’1 LLE 66'T 0€0¢
90’ 124 L90° e€r't1 474 9¢°T 9¢'¢ a1 0¢0¢
890" 6€0° 680° €01 Lv0'- €r'l 6C'1 LI'T  0T10¢ suotsuaq
LLO 8€0° 00T 66°0 1¢0 0T 00T 10°T  ¥00¢ SurzryeArrq
G90° V6T 6L0° 20T 910 v6°€ 126 1¢v  001¢
9.0 9LT" L0 0T'T ve0” 90°€ v Ge'e  GL0C
880" SN 090 8T'T 740 9¢'¢ 6¢V 99°¢  050¢
9.0 44N 650 8T'T 691"~ 91 61°€ 16'T 0€0¢
890" qn €L0" 01T 137 Ge'1 66°T 87T 0¢0¢ suotgoy
690° LIT 60’ 01 6€0°- ¢l'l 1¢°1 vI'T  0T0¢ [V Ut soyey
8L0° 91T 860° 00°T 630" 10°T 00°T 00T 700g juswederday Jo 1y
61T vee ¥60° 10T 910 66°€ 1c¥ €07 001¢
ecr 01¢ G80° GO'T Geo’ 0re VL€ vee  GL0¢
91T ELT 990 4N! 0 6¢°C 16°¢ 19'¢  0S0¢
860° 991" 190 LT°T V91"~ 091 66°C 98T 0€0¢
690° 91T LLO 60°T 9¥1 - Ge'1 881 Lv'T  0¢0¢
0L0° 91T ¥60° 10°T 6€0°- 11T 81T €I'T  010¢ 1990 A9
8L0° 91T 860° 00T 1€0° 00T 00T 00T F¥00%  sygousg Subueur
XR], 91RY 150D o1y 93eA\ IN/ Addng 00938 QWIOOU]  IB9X
8. A)IND09G  JS9I9YU]  XBI-9IJ JUNOIDY Ioqe reypde) [euoryeN
ogrIoAy [e120§ JO Xopu]  JUSLINy) JO XopU] JO XopU] JO Xopujf

"§’() Y} I0J s)Nsel Uolje[nUIIg :(penuljuod) j o[qr],

o4



G90 qi 180 €0t G00° 6€°C L9°¢ @v'¢  00T¢
090° vey 8L0° L0°T L10° 90°¢ L9°¢ 61°C GL0C
90 v6¢ 90 STt 240 06°T vee LT’ 0S0¢
Gso 6¢E” 190° 91’1 €80°- LT vre 10°¢  0€0¢ suordoy
050° L8¢ GLO 80°T 760~ 99°T Gc'e 84T 0c¢0¢ [V ut
090 q9¢ €60° 10°T 0€0 €q'l 941 €41 010¢ RCIIURET: |
080" €qc 860° 66°0 a80° (4! 8€'T ¢l 700¢ JueIsuoy)
VL0 69¢° 680° a0l 0c0° ore 8€°€¢ ar'e  00Te
a80° Gye” €80° G0'T @4y Vv'e €6°C ve'c  GL0¢
180° LLE 190° 911 LEO 10°¢ 09°¢ 1€¢ 04602
GLO L1€ 960 61T LG0'- 6L°T LG°€ 11°¢  0€0¢
cL0 oLT L90° ¢l'l 690"~ 69°T 1L°¢ 68T 0¢0c Uy
TL0° qqe” G80° 70T geo'- €q'r 8L°T 8G'T 0102 Ut qimolrs)
8L0° 6qc 660° 66°0 600 4! 9¢€'1 IV'T $00C ASo[outpay, 1omo
([q% 19¢ €co 09T 9L0°- 66°C 8961 9L v 00T¢
e€cr €L acor 94T LGT- 9€¢ a4t L9°€ €L0C
10T 6¢E” 9€0° 6€°T g1e'- G6°T 1¢°L 69°¢ 0502
990 1ee” 760 kAl V61 - LT 1L°€ 60°¢ 0€0c
€50° 98¢ cLO 60°T 760~ 99T 8€'C 18T 0¢0¢ BUID
090° G9¢ €60° 10°T Gc0r €a'l 84T €9'T  0T10¢ Ul 9oUBI9fa.Iq
080" €qc 860° 66°0 180° av'r 8€'T ¢V'1T v00g  OWIL], jurlsuoy)
VL0 L9¢ 180 €0'tT 0c0° 1Te 06°€ 61°¢ 00T¢
6L0° 08¢” 080" 90°T 410 Vv'e 90°€ L9°¢  §L0¢
TL0° 18€° €90 4N 1eo 00°¢ vye 8¢'¢  050¢
860 Lce 190° 9T'1T €80°- 9L°1T AR €0'c 0€0c
160’ 98¢ GLO 80°T 650~ L9°T LCC 6T 0¢0c
090 q9¢” €60° 10°T ce0’ €q'l L8°T €9'T 010¢
080" €ac 860° 66°0 €80 Sl 8€'T ¢’ ¥00g oser) osey
Xe], 9jey 180D ey aSem IN/ Apddng 003§ oWOdU] Ie9x
aSep AJINO9G  9S9I0jU]  XBI-9IJ  JUNOIDY Toqe reyde) TeuoryeN
oderaAy [er00g JO Xopu]  JUAIIN)) JO XopU] JO Xopu]  JO Xopu]

N Y} I0] SHNSY UOTYe[NWIS G 9[qRT,

55



8LT €qc 180 €01 1o 0rT'e 9¥°€ LT°€  001¢
61 €4¢ 080° 90T ero’ ev'e 90°€ 9¢'c  GL0¢
V8T’ €4¢e €90’ eI’ 8¢0’ 86°T Ve 9¢'c  090¢
ver €4e 190° 9T'1 480"~ LT LT°E ¢0'c  0€0¢
180" €qe GLO 30T 160°- 29T L3¢ 6L°T 0¢0c SOMULSASY
1L0° €4¢ €60’ 10°T 440 €41 LG €G'T 0107  Xe, [ewuen Aq
080° €4e 360 66°0 780 S 3¢'T CV'T  T00T sigeusg Subueulg
L80° 66¢ 680° c0'1 L10° LT°E 9¥'€ ¢c'e 001¢
060’ v 180" S0'T 110 8¥'¢C €0'¢ 69°¢  GL0C
8L0° e 790’ [4N! 9¢0’ ¢0'c €V'e 0¢€'c 0902
190° 69¢” 190 9T'1 980~ LLT 3T°¢ ¥0'c  0€0¢ SUOI3Y [V Ul
€40’ €0¢ GLO 80T 060~ 891 6C°C 08T 0c0g Juao.Ied €
190 0LT €60’ 10°T eeo’ 45! 8¢°T PS'T 010  Aq semjrpuadxy
080° €4¢ 860 66°0 7807 Sl 8¢'T €V'T 7002 [I[eoH Ul oSTY
690° 9¢¢” g0 €01 €co’ LL€ eev 68°¢ 00T¢
6L0° 79¢€’ 080° 90T 910’ 98°C 19°€¢ ¢0'¢  GL0¢
GLO 09¢’ 790’ VI'T el GGG 6L.°€ €9'¢  090¢
090° L1E 90 SI'T1 P80~ 981 0¢'€ v1'¢  0€0¢
¢so’ 18¢ 9.L0° 80T ¢S0'- L1 GE'C G8'T 0c¢0g SUOI3Y [V Ul
090° €9¢ €60’ 00T 0€0’ qq1 84T 6e¢'T 0102 uoTyRISIIII]
080" €qe 360 66°0 ¢80 S 8€'T e€V'T  v002 Surqno(q
L0 06¢’ G0 V0T €co’ 8T°¢ 0L°€ 6¢'¢  00T¢
6L0° i GLO 30T 9¢0’ 0S¢ 6¢°¢ 89°¢ GL0C
690° L6€° LG0° 8T'T a4 v0°¢ 86°€ 6€'¢ 050¢
650° 0ge’ 860’ ST'T 060°- 8L°T Ve 60'c 0€0¢ SUOISNY
€40’ 98¢ €L0 60T 960~ 691 0v'c €8T 0c¢0¢ 1A
190 v9¢ 60 10°T 6¢0’ [A5! 091 GG'T 010z  Adouedadxy o1y
080" €4c 860° 66°0 180 S 8¢'T EV'T  700¢ TYSTH
Xe], 9jey 180D ey oSep IN/ Addng 300} oWOOU]  IRIX
o8ep AJIND9G 9S00  XB[-OIJ JUNOIDY Toqe reyde) TeuoryeN
oSeIoAy [eog JO XopuU]  JUOLIN) JO XOpUJ JO XOpuJ  JO Xopuf

N 92U} I10] s3[nsel UOIjR[NUIG :(pPanuIjuod) G a[qe],

o6



1c0 Ger €40’ I1¢'T vl ¢6'C ¥€9 ¢G'€ 00T¢c
ol 6¢T” S0’ Gl 020" 8¢'C ¢lg 8L°¢ GL0¢
Geo’ LET 870" 9¢'T 0,0 €6'T 18% I7'¢  0S0¢
870" Lol cs0r Gl 0~ LLT G6'¢ GI'e 0€0c
670’ 91T L90° cl'l G1o0'- 0LT 69°C 06T 0c¢0¢
€90 11T 680° 0’1 Geor L9871 121 09°'T 010¢ suotsuaq
G80° L0T 00T 86°0 L60° (! 0v'1 9¥'T  ¥00¢ SurzryeArrq
LG0° 0ce” 6L0° 90T g4 G0°€ 98¢ ¢c'e 001c
c90° €ee” L0 60T LT10 6¢°C €€ 69°¢ GL0¢
190 et 090 LT°T 070 86°T 99°¢ 6¢°¢  050¢
Gao- €6¢° 650 LT°T ¥2.0°- 9L°T cee 90°'¢  0€0¢
0G0 L9¢ €L0" 60T 0~ 891 9¢°¢ ¢8'1  0c0¢ suotgoy
090° 09¢’ ¢60° 10°T 9¢0° 20! 091 66’1  010¢ [V Ut soyey
080" 16¢ 860° 66°0 G80° 91 6¢°T EV'T  F00g Yuowede[dey Jo )
Gce’ 64€” ¥60° 00°T 600"~ 8C'€ 1€°¢ L¢€  00T¢
961" 8LE" G80° V0T ¢l0- 0¢¢ 68°C 8¢'¢ G.L0¢
Ger €8¢ 990 €T'T 900 10°¢ 8C'€ 9¢'¢  050¢
¢IT 0ve” 190 9T'1 ¢l 0L°T ¥0°€ 96T 0€0¢
160 €4¢ LLO L0°T €90~ 891 €CC 6L°T 0¢0¢
090 €4 ¥60° 00°T 920" €41 a1 ¢S'T 0102 1990 A9
080 €4¢ 860° 66°0 080° ¥l 8€T CV'T  700T  sigoueg Sumueulf
XR], 91RY 150D o1y 93eA\ IN/ Addng 00938 QWIOOU]  IB9X
8. A)IND09G  JS9I9YU]  XBI-9IJ JUNOIDY Ioqe reypde) [euoryeN
ogrIoAy [e120§ JO Xopu]  JUSLINy) JO XopU] JO XopU] JO Xopujf

N 92U} I10] s3[nsel UOIjR[NUIG :(pPanuIjuod) G a[qe],

o7



L00° 007 L80° GO'T 01O~ 9%°0 gg0 8¥7'0 00T¢

700~ aov” 8L0° 60°T 10 7¥0 90 870 GL0¢

600° 8LE 90 LT'T 690 870 16°0 9¢°0 0502

LaO o0€” 190° 8T'T 890"~ 16°0 66°0 09°0 0€0c suordoy

9¢0 00¢” GLO 0T'T €50~ 670 1270 740 0c0g [V ut

evo L9¢ €60° a0l 180° 670 €40 6¥7'0 0T0¢ RCIIURET: |

990° ¢ee’ 860° 10°T 8ET” 670 060 6¥°0  700¢ jue)suo)
aeor 43 680° 701 8¢0° 89°0 080 1.L°0 00T¢

9¢0 09¢” €80° L0°T 240 LG°0 €L°0 090 9L0¢

8¢0 vae 190° 8T'T G90° ¢q0 00T 19°0 04502

0 06¢ 960 1e'1 0v0°- ¢q0 ¢l'l €9°0 0€0¢

0v0° €8¢ L90° 4N 990"~ 050 980 L9°0 0c0¢ BUIYD

050 8V¢ G80° 90°T 910 670 19°0 16°0 0102 ut [3molry)y

L90° vee 660° 00°T LSO 870 670 8%'0 ¥00T AS0[0uyda], MO
G90° LeT €co €91 050°- 89°0 87 OT'T 00Te

L90° 94¢ acor 69T LCT'- 940 ¢9'¢ 68°0 GL0¢

160’ voe 9€0° [A! 08T~ 16°0 €0°C ¢L'0 0502

6€0° 16¢ 760 €c’l GLT- 1670 LT'T €9°0 0€0c

8¢0° G6¢” cLO ITT 480~ 670 9.0 Gg'0 0c0e BUID

evo 94¢ €60° €0'tT 180 670 740 0¢°0 0T0g Ul 99uaI9faId

990° 0¢e: 860° 10°T 6ET 670 060 67'0 ¥00g  OWL], juelsuoy)

Lco 8CE” 180 0T 8¢0° 69°0 €8°0 1.0 00T¢

9¢0 vae 080" 80°T Lco LG°0 LL°0 19°0  GL0¢

éadiy 69 €90 LT'T 090 ¢q0 G6°0 09°0 0%0¢

T€0° 10€° 190° 8T'T 0L0°- ¢q0 00°T 09°0 0€02

L2o 66¢° GLO 0T'T 050"~ 670 ¢l0 740 020¢

Vo L9¢ €60° 0T a80° 670 €40 05¢°0 0102

990° [kéa 860° 10°T 8€T” 670 0s°0 67°0  ¥00¢ oser) osey
XeI, 93ey 150D ey aSem IN/ Apddng 003§ oWOdU] Ie9x

oSem AJINO9G  9S9I0jU]  XBI-9IJ  JUNOIDY Toqe reyde) TeuoryeN

oderaAy [er00g JO Xopu]  JUAIIN)) JO XopU] JO Xopu]  JO Xopu]

uede 10J SHNSY] UOIIRINUIG :9 S[(E],

o8



0T 128 L80° G0'T 00’ 89°0 z8°0 1.°0 001¢
4 12¢ 080° 80'T G0’ 250 LL0 19°'0 GL0%

ovT 138 €90’ LT'T 090’ 16°0 96°0 09'0 0%0%

860" 12¢ 190° 8T'T 720~ 160 00T 09°'0 0£0%
160" 138 GLO 0T'T 7S0°- 670 gL0 ¥S°0  030T SONUAANY
cLO 12¢ €60 01 980 670 €S0 67°0 010z  XeI [eroudy) £q
690’ 138 860 10'T 4an 670 0S50 67'0 F00g SygouLdg Sumueuly
9¢0° Gog’ 680° 70T L20° 0,0 80 gcL'0 001G

760’ 76¢ 180° L0°T €0’ 860 9L°0 290 SL0T

L350 66¢° 790" 911 GGo’ zs0 G6°0 09'0 0%0%
40} 9¢¢” 190° ST'T GL0- zs0 00T 19°'0  0£0% SUOL3Y [V Ul
820’ 91¢ GLO" 01’1 670 - 0S°0 €L°0 S0  080% JudIdg §
70° 19¢ €60’ 01 680’ 67°0 760 050 010¢  Aq semjyrpuadxyy
990’ 128 860° 10'T 6ET 670 0S°0 67'0 ¥00G [jTeol Ul oSy
920" I14% G0’ GO'T 00’ 9L°0 76°0 6.0 001C

L350 eve 080° 80'T 820 290 €8°0 99'0 GL0OT

izdi) 67¢ 790’ 9T'T 8GO’ 750 66°0 €9°0 0%0T
1€0° 16T 290’ LT'T 890'- €60 00T 29°0 0£0%

120 96¢° 9L0° 0T'T 870"~ 0S°0 gL0 S0 030g SUOL3Y [V Ul
S70 9%’ £60° 01 €80 670 760 00 0102 uorjeIsIuImy
990° 122 860 10'T 8eT 670 050 670 ¥00% surqno(y
120° 0s¢’ 680’ 90’1 €eo’ 0L°0 180 €L'0 001%
1207 43 GLO’ 0T'T 9¢0° 860 680 €90 SL0T

610° L9¢° LSO 03’1 650" €60 01’1 €9°0  0%0%

0g0° Go¢’ 8G0’ 0T'T cL0- zs0 80T 290 0€0T SUOIZY
L350 86¢ cLO’ IT°T L0~ 0S°0 9L°0 6G'0  020% [V ut
770 GGT” 60" €01 180° 670 GS 0 0S'0 010z  Adouejoadx( oy
290’ 0% 860" 00'T r4an 670 050 670 ¥00% IOUSI
Xe[, 9IvYy 180D ey age\\ IN / Arddng 2018 QUWIOOU] IR

o8ep AJLINOOG  9SOIOJU]  XBI-OI  JUNOIDY oqe [epden [rUORN

98RIDAY [emog JO Xopu]  JUAIIN,) JO Xopu] JO XOpu]  JO Xopuf

uede( I10] s)[nsel UOI)R[NUIIG :(PoNUIIU0D) 9 d[qR],

99



¥l (34N €40’ Vel 800" 89°0 84T €8°0 001T¢
910 qar S0’ Ge'l G00° Ggo el 690 GL0¢
10 LGT 870" 8C'T 890" 16°0 9¢'T G9'0 0%0¢
€e0’ 8¢ cs0r Vel 790"~ ¢S0 Vel 79°0 0€0¢
ceo’ 6¢I L90° 4N! avo'- 0S¢0 G8°0 L8°0 0c¢oc
L0 01T 680° vO'T 180° 67°0 8¢°0 16°0  010¢ suotsuaq
TL0° 00T 00T 00T ver 670 060 670  ¥00¢ SurzryeArrq
8¢0° qre” 6L0° 80T 1c0 0.0 ¥6°0 6.0 00T¢
€e0’ ave L0 ITT 810" L8°0 980 €90 GL0¢
920" cse” 090 611 280" ¢S0 €01 190 060¢
¥e0” 96¢° 650 61T 080"~ ¢S50 GO'T 19°0  0€0¢
620" G6¢° €L0" IT'T €90°- 67°0 GL0 740 0c0¢ suotgoy
240 9¢¢’ ¢60° €0°T L0 670 40 060 010¢ [V Ut soyey
990 444 860° 00°T 1eT 67°0 060 67°0 F00g tuowede[dey Jo )
1€¢ ¢0¢ ¥60° 0T 0€0"- LL°0 ¥8°0 8.0 00T¢
G9¢ 6¢€” G80° GO0'T 8¢0'- 19°0 9.0 790 GL0¢
84T" yae 990 GT'T 700 €490 ¥6°0 19°0  0S0¢
0LT" 8cE” 190 8T'T 191~ 70 16°0 G¢'0 0€0c
Leo 1¢e LLO 60°T 9.0~ 060 1270 74’0 0¢0¢
€0’ 1¢e ¥60° 0’1 190° 870 €40 670 010¢ 1990 A9
G0’ 1¢c 860° 10°T gcl 870 060 8F°0 F00T  sygousg Subueul]
XR], 91RY 150D o1y 93eA\ IN/ Addng 00938 QWIOOU]  IB9X
8. A)IND09G  JS9I9YU]  XBI-9IJ JUNOIDY Ioqe reypde) [euoryeN
ogrIoAy [e120§ JO Xopu]  JUSLINy) JO XopU] JO XopU] JO Xopujf

uede( I10] s)[nsel UOI)R[NUIIG :(PoNUIIU0D) 9 d[qR],

60



¢lo G0¢ L80° 80T 810 898 €0cl G€'6  00I¢

¢l10°- €6¢ 8L0° €r't 910°- 99°L geelt L9'8  €L0C

810~ €6T” 90 60°T Gc0'- 09°L G671 L8  050¢

€0’ arr 190° G9°0 460 96°8 89°0T 08°¢  0€0¢ suordoy

9L0° G80° GLO oo 180 ot 629 €¢y  0c0e [V ut

880" ¢80° €60° ¥20 810"~ 8L°6 9L°¢C 6¢'¢  010¢ RCIIURET: |
TL0° 1T 860° g1'o 091"~ 16'8 4l €¢'T  ¥00¢ jue)suo)

910° €8¢ 680° €70 Gco'- ITvL LG°L 009 00T¢

910°- e8¢’ €80° 770 €vo'- (4! €89 ¢0'¢  GL0C

760~ vee 190° 70 €90°- 66°6 1e'8 87'¥ 0502

gy 16T 960 €€0 vel 1€°0T LL9 0v'e€  0€0g

860 I L90° 9¢°0 LT 00°TT 1Ly 08°¢  0¢0c BUIYD

680° 960 G80° 61°0 460" 0€°0T ¢4'c 06'T 0102 ut [3molry)y

L60° 01T 660° gr'o 0c0° 9€°6 84T 66T 700 AS0[0UTdR, MO

010~ 09¢ €co 69°T €q0° PG 01 €198 99°LT 00T¢

€10 vee acor 991 00T G0°6 ¢l'L9 08'¥T GL0C

€90 6V1 9€0° ce'l rer LT6 VC'8€ ¢lrel  0%0¢

980" 660° 7s0° 89°0 9T 8€°0T a9Vl 102 0€0¢

760° 080 cL0 €V0 arr LLOT 90°L 9¢¥7  0c0c BUID
¢60° ¢80° €60° ¥¢0 L00"- ¢6°6 G8'C €e€'c 010c Ul 99uaI9faId

€L I 860° qr'o Gqr'- G6'8 ¢q'1 €€'T  700g  OWIL], juelsuoy)

610° LLT 180 60°T V10~ Ly 01 G9vI I€TT  00I¢

¢00°- 69¢ 080" 'l 810~ ¢9'8 429! 196  GL0¢

G1o0°- 68T €90 60°T 6¢0°- L8, ar-gr ¢4'8  050¢

evo arr 190° 99°0 160° 66°8 1L°0T 8¢  0€0C

9L0° G80° GLO o 8L0° eror 1€°9 €cy  0c0c

880° ¢80° €60° ¥c0 0¢0'- 8L°6 9L°¢ 6¢'¢c  010¢

T20° T 860° aro 191"~ 06°8 ¢Sl €e€'T  v00¢ oser) osey
XeI, 93ey 150D ey aSem IN/ Apddng 003§ oWOdU] Ie9x

oSem AJINO9G  9S9I0jU]  XBI-9IJ  JUNOIDY Toqe reyde) TeuoryeN

oderaAy [er00g JO Xopu]  JUAIIN)) JO XopU] JO Xopu]  JO Xopu]

UL 10 SHNSOY UOHRIUIG ) S[R],

61



LT 11T L80° 80'T 710~ 9¢°0T cevI 9T'TT 001%

6V1T 11T 080° o1l 810'- 678 LTET €V'6  GLOT

090" 11T €90’ 60T 620"~ 18°2 GT'GT L¥'8  050¢
Lv0 11T 190° G9°0 €60’ 00'6 8L°0T 786G 0£0¢

€S0’ 11T GLO’ 4] 8L0’ 9T°0T 7€9 6V 020T SONUAANY
€90’ 11T £60° iz 120°- 6.6 9L'C 6¢'c 010g  XeI [eroudn) £q
TL0° 11T 860 ST°0 79T~ 06'8 4 ZE'T  F00T sygouag Sumueury
co0 68T 680° 80T €10 - 7501 0€¥T 0¢'TIT 001G

100° cog’ 180° 111 L10°- 89' LT°ET 186 GLOT

z1o 8€T 790" 80'T 820'- 6L 00°GT €6'8  0%0%

S70 0ST 190° G9°0 60 06 €L 0T 786G 080T SUOL3Y [V Ul
LLO 060’ GLO" vo 9L0° G101 Ge'9 GV 00T JudIdg §
680" 780" €60’ 720 3e0°- 8L'6 LLT 62°¢ 010¢  Aq semyrpuadxyy
1.0° 11T 860 ST1°0 €91~ 16'8 16T €e'T  ¥00% [jTeol Ul oSy
120° SLT G0’ 60T 120°- G6'6 6171 6L°0T 001C

€00’ eLT 080’ o1l €20'- 9¢'8 1621 91'6 GLOG
L10° 6T 790’ 60T z80°- 29°L 1971 128 0502

o LT 290’ G9°0 10T 688 S €L'G  080%
9L0° G0’ 9L0° 4] G0’ L0°0T 129 0Z'¥ 0g0g SUOL3Y [V Ul
680" €80° £60° v¢'0 910'- GL'6 VLT 8¢'¢ 010% uorjeIsIuImy
1.0° 11T 860 ST°0 6GT°- 06'8 4 €T ¥00% surqno(y
L10° 81¢ G0’ 01’1 910'- 1.°0T TPG1 G9'IT  001%
e10’ cog’ GLO’ PT'T L20°- 78'8 88VT 00'0T €L0T

G10° c0e LSO AN €20'- 10°8 A 76'8  0S0¢
Ly0 LIT 8G0’ 99°0 L60° er'6 GO'TT 109 0£0% SUOIZY
6L0° 980" cLO’ €70 z80° 7C 0T 299 eV 020C [V ut
060 €80 60" ¥2'0 G10°- GR'6 8¢ e 010  Adouejoodxy o1
cLO’ 11T 860" ST°0 LGT- 96'8 4 €e'T  ¥00C IOUSI

Xe[, 9IvYy 180D ey age\\ IN / Arddng 2018 QUWIOOU] IR
o8ep AJLINOOG  9SOIOJU]  XBI-OI  JUNOIDY oqe [epden [rUORN

98RIDAY [emog JO Xopu]  JUAIIN,) JO Xopu] JO XOpu]  JO Xopuf

RUI) I0] S)[NSeY] UOR[NUWIG :(PanuIjuod) J, a[qe],

62



01O’ €q0’ €q0’ 8¢'T 110~ G6°6 78°9¢ 99°¢l  001¢

¢00°- Gao- cs0r 6C'1 ¢l0- €e'8 0¢'€c 6901 GL0¢

L00"- 440} 8¥0° 61T 8€0"- V'L Gg'1¢ 816 0S0¢

cs0r 6€0° cs0r 69°0 9.0 61°6 GG€l 8¢9 0€0¢

€80° 0€0’ L90° 770 190° €e01 1674 677 0¢0¢

¥60° 8c0° 680° ¥c'0 1€0™- 166 86°C 9¢'¢  010¢ suotsuaq

LL0° 1€0° 00r” Gg1'o LT 10°6 0S'1T €¢'T  ¥00¢ SurzryeArtq

LT0° 1€¢ 6.0 ¢l'l €10~ 8¢ 01 6¢°91 V4'IT  001¢

¢00°- 44 VL0’ qr't1 L10°- LG8 e8VI 9.6 GL0¢

¥10°- [N 090 IT'T 1€0°- ¢8'L 0¢'91 ¢9'8  0490¢

244 10T 6G0° 99°0 880° ¢0'6 GC'1lI 16°¢  0€0¢

LL0° LL0 €L0 ¢ro 9.0 LT°0T ga'9 6¢ 7 0c0¢ SUOISN

680° 180° ¢60° ve0 0¢0™- ¢8'6 08¢ 1€¢ 0102 [V Ut soyey

L0’ TTT 860° G1'o 4% 768 161 €8’ ¥00g jusweoerday Jo

200 €8¢ ¥60° 90T 100"~ L8701 L8°CI 6,01 00T¢

010°- VLT G80° 60T 200°- 748 1¢cl L86  GL0C

810"~ 16T 990 20T 910"~ LY.L LETI 078 050¢

€0’ SIT 190 90 90T 668 ¢9°01 18°G  0€0¢

GLO G80° LLO 4y L80° [N 919 1¢v  020¢

880" €80° ¥60° €c0 ¢l0- LL°6 €L°C 8¢'¢  010¢ 1990 A9
TL0° 1T 860° qro Va1 - 16°8 ¢Sl €8T F00T  sygoudg Subueurq
XR], 91RY 150D o1y 93eA\ IN/ Addng 00938 QWIOOU]  IB9X

8. A)IND09G  JS9I9YU]  XBI-9IJ JUNOIDY Ioqe reypde) [euoryeN

ogrIoAy [e120§ JO Xopu]  JUSLINy) JO XopU] JO XopU] JO Xopujf

RUI) I0] S)[NSeY] UOR[NUWIG :(PanuIjuod) J, a[qe],

63



170 6¢€ ¢80° 2670 800° ¢L0 80 0.0 00T¢

8¢0° GLE 180 2670 700"~ 640 12L°0 L6°0 GL0¢

010 01V GL0 66°0 V10 €490 0.0 ¢4'0  050¢

9¢0° gee” 690 0’1 0 740 6.0 G¢'0 0€0¢

240 L0€ 0L0° 01 0€0’ ¢S0 GL0 €60 0c¢0¢

670 0se L0’ 10T L0 16°0 12L°0 16°0  010¢

190 9T¢ L0 10°T LLO 060 89°0 050 700g ueder
€60° vLE 807 G6°0 000 9¢’€ 69°€ 80°¢ 001I¢

¢80° 86€° 180 G6°0 ¢lo- €4°C 18°¢C 07'¢ GL0¢

960" 4 QL0 86°0 €10~ G0°¢ 454 66T 050¢

940 G9¢” 690 10°T Gco €8T ga'e €8T 0€0¢

L90° 96¢° 0L0° 00°T €al’ 9L°1 0v'¢ GL'T 0¢0¢

LLO 6G¢ L0 66°0 410 69T 80°¢C L8'T 0T10¢

€80° 0se” L0’ 66°0 V10 vl 06°T ST ¥00c  NH
LL0° 1€¢ ¢80° 96°0 100~ 91V 8LV L6¢ 001T¢

a80° y1e 180 96°0 010 0c'e 1L°¢ L0°¢  GL0¢

060° €6T° GL0° 66°0 800° ¥€'¢ 00°€ 0¢'¢ 050¢

80" 8T 690 0’1 170 891 y'e 0L°T 0€0¢

080 T 0L0° 10°T 6€0°- eVl ¥0°¢ ST 0¢0¢

8L0° 91T L0’ 00°T 060"~ LT'T 09°1 91'T  010¢

9L0° VI L0 00T L60°- 10°T LET 10°T ¥00¢  'S'N
XR], 91RY 150D oreYy a3eA\ IN/ Addng Y0038 oWIOOU]  IB9X

a8e M A£)1IND9G  JSI9YU]  XBI-9IJ JUNODY oqe reypde) [euolyeN
ogrIoAy [B100g JO Xopu] JUeLIN) JO XopU] JO Xopu] JO Xopuj

UOI}R[NUIIG UOISY-901[ ], 91} I0] S}HNSY UOIJe[NWIS R S[qRT,

64



9¢€0° LLT 280" 1670 60°T V10 167071 8V V1 LETT  00T¢

10 ¥9¢’ 780 G88°0 o'l €c0- 698 ¢Eel 996 GL0¢

700’ 18T 990° L€6°0 70T Gc0'- 90°8 v8¢Cl 9€'8  040¢

y0° L1T 250 080°T 19°0 6G0° 606 gc'8 ¢r's  0€0¢

890° 880 890" 96T°T 6€°0 980" G6°6 87 8L'¢ 0¢0c

vL0° G80° 880° Gee'l €¢0 S Gv°6 [5x4 v0'¢  0T10¢

cso orrT 860° 19T°T a1 o 990°- 198 el v¢'T  v00¢ ®uly)
0€0’ 6¢e’ 280" 1680 0T 9¢0’ 890 ¢80 1L°0  001¢

1€0° (455 780 8180 60°T 9€0° 960 8L°0 19°0  GL0¢

Geo’ 9¢¢’ 990° 70870 LTT S0 ¢S50 G6°0 19°0  090¢

el 80¢" 250 106°0 9T'T L60°- ¢g'0 16°0 09°0 0€02

1¢0 €0¢ 890° 8€6°0 TT°T 690"~ 670 ¢L0 €90 0c¢0¢

0€0’ 19¢ 880" 6060 Go'T 9v0 Ly0 gg'0 67°0 0102

670" 6¢C’ 860° V.80 0T 00T 970 050 Ly'0 $00g ueder
¢q0° 0L L80° G880 €01 €co L0°€ 6€°€ ¢r'e  00Te

90’ G8E” 780 868°0 90T La0 17'e 10°€ G¢'c GL0¢

L0 8LE 990 €780 V'L €e0 a0'¢ €ee 0¢'¢  050¢

690° 9¢e 250 €€6°0 [4N! 9€0°- 81 00°€ G0'c 0€0¢

690° 84T 890" 6.6°0 80°T avo'- VLT 8C'C 8T 0c¢0c

780 €4e 880° 04670 10°T S00° 19T P91 19°T 0102

vor e 860° 6¥6°0 86°0 veo €q'l 8€T 8V'T 700c  NH
790’ 0€e 280" L1670 70T LT10° G6°¢ e€qv 607 001¢

LL0° 80¢ 780 ¢06°0 L0°'T 6€0° L0°€ 88°¢ 9¢'¢  4L0¢

760’ ELT 990° L06°0 e€r't1 0v0’ GE'C CcL'E 19'¢  090¢

180° 99T 250 LT0'T [4N! VIT- 91 [2é 98T 0€02

€LO’ 9ET 890° ¢90°T 80T Gp1 - 8¢'T 18T 9’1 0¢0¢

GLO 91T 880" 8€0°T 0T ¢L0- €Tl ¢c'l 9T'T 0T10¢

€80 VIT 860" 000°T 00T G1o°- 0’1l 00°T ¢0'T 700G 'S
Xe], o3eY 1800 ey 9011 g a8ep IN/ Addng Y00)g  oWOOU] IBIX

o8ep Aumoag  jserejuy  reyde)  XBI-9IJ  JUNOIDY roqe Teyde) [euorjeN
oderoAy [ero0g JO XOpu]  JUAIIN)) JO XopU] JO XopU]  JO XopU]

$1800) JULUISNIPY IM 9se)) aseg oY) I0] SHNSY UOIIR[NUWIG :6 S[qR],

65



Table 10: Welfare Effects of Lower Technology Growth in China

U.S. EU Japan China
Birth Income Class Income Class Income Class Income Class
Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 |-0.73 -0.49 -0.10 |-0.68 -0.48 -0.15|-0.70 -0.40 -0.11 1.05 2.24 2.06
1930 | -1.58 -1.18 -0.38 | -1.25 -1.08 -0.63 | -1.57 -1.16 -0.55 0.22 1.33 1.31
1940 | -2.34 -1.88 -0.72|-2.01 -1.74 -1.02|-2.40 -1.94 -1.12| -1.06 0.10 0.40
1950 | -1.53 -1.43 -1.02|-1.98 -1.76 -1.15|-2.25 -1.98 -1.35|-10.08 -8.07 -4.25
1960 |-0.10 -0.66 -0.98 |-0.21 -0.79 -1.10|-0.26 -0.85 -1.11 |-21.70 -17.12 -7.99
1970 | 1.61 0.54 -0.50| 0.97 0.06 -0.86| 1.22 0.24 -0.75|-28.60 -22.17 -9.05
1980 | 2.35 1.32 0.10| 1.12 0.33 -0.65| 1.55 0.68 -0.39 |-33.45 -24.66 -7.85
1990 | 2.16 135 0.33| 1.38 0.80 -0.22| 2.10 1.35 0.17 | -40.40 -30.67 -12.50
2000 1.38 090 028 0.71 039 -0.20| 146 0.99 0.18|-45.17 -35.54 -18.92
2010 | 0.57 0.38 0.14 | -0.03 -0.09 -0.20 | 0.66 0.48 0.10 | -48.43 -38.65 -22.54
2020 | 0.05 0.07 0.07|-0.46 -0.35 -0.14| 0.12 0.14 0.08 | -51.18 -41.00 -24.34
2030 |-0.40 -0.21 0.00 | -0.74 -0.52 -0.09 | -0.33 -0.16 0.09 | -53.03 -42.83 -25.89
Table 11: Welfare Effects of Doubling Immigration in All Regions
U.S. EU Japan China
Birth Income Class Income Class Income Class Income Class
Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | 0.00 0.00 0.00 | 0.00 0.00 0.00]0.01 0.00 0.00| 0.00 0.00 0.00
1930 | 0.03 0.02 0.01 | 0.02 0.02 0.02|0.04 0.03 0.02] 0.02 0.02 0.02
1940 | 0.06 0.05 0.03]0.06 0.05 0.04]0.08 0.07 0.05| 0.08 0.08 0.06
1950 | 0.13 0.09 0.04 | 0.10 0.08 0.05]0.11 0.10 0.07| 0.21 0.18 0.11
1960 | 0.07 0.06 0.04|0.04 0.06 0.05]0.05 0.07 0.06| 022 0.18 0.11
1970 |-0.03 0.01 0.01]0.02 0.06 0.05|0.00 0.04 0.05| 0.11 0.12 0.09
1980 | 0.69 0.50 0.23]0.21 0.19 0.07|0.03 0.06 0.05]|-0.05 0.04 0.06
1990 | 0.64 0.47 0.19 041 0.34 0.02|0.05 0.07 0.01]-0.20 -0.06 0.05
2000 | 0.89 0.67 0.30|0.79 0.65 0.03|0.18 0.17 -0.01|-0.29 -0.14 0.03
2010 | 1.04 0.78 0.37|1.28 1.05 0.10]0.39 0.32 0.00 [-0.25 -0.12 0.04
2020 | 1.12 0.83 0.39 | 1.70 1.40 0.20 | 0.68 0.53 0.04 | -0.18 -0.09 0.01
2030 | 1.35 098 0.44 |2.07 1.68 0.30]|1.03 0.79 0.10 |-0.21 -0.14 -0.03
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Table 12: Welfare Effects of a Rise in Health Expenditures By 3 Percent in All Regions

U.S. EU Japan China

Birth Income Class Income Class Income Class Income Class

Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | 0.00 0.01 0.00| 0.07 0.08 -0.01| 0.07 0.04 -0.02]-0.02 -0.01 -0.01
1930 | -0.03 -0.01 -0.01 ] 0.05 0.07 -0.02| 0.04 0.02 -0.03|-0.04 -0.03 -0.03
1940 | -0.05 -0.03 -0.02 | 0.03 0.04 -0.03| 0.02 0.00 -0.05|-0.08 -0.07 -0.06
1950 | -0.06 -0.04 -0.02 |-0.06 -0.03 -0.04 |-0.07 -0.05 -0.05|-0.17 -0.14 -0.08
1960 | -0.08 -0.06 -0.03 |-0.29 -0.19 -0.08 | -0.33 -0.22 -0.08 | -0.19 -0.15 -0.05
1970 | -0.18 -0.13 -0.06 | -0.69 -0.50 -0.14 | -0.77 -0.55 -0.13 |-0.26 -0.19 -0.04
1980 | -0.35 -0.25 -0.13 |-1.17 -0.88 -0.23 |-1.26 -0.92 -0.19 | -0.42 -0.25 -0.02
1990 | -0.67 -0.49 -0.26 | -2.17 -1.73 -0.45|-2.32 -1.79 -0.35|-0.78 -0.48 -0.07
2000 |-1.08 -0.79 -0.44 |-3.29 -2.68 -0.71]-3.49 -2.72 -0.56 |-1.29 -0.88 -0.29
2010 |-1.35 -0.98 -0.54 | -4.05 -3.36 -0.91|-4.20 -3.29 -0.71|-1.72 -1.22 -0.53
2020 |-1.50 -1.08 -0.58 | -4.54 -3.81 -1.04|-4.77 -3.79 -0.83|-1.90 -1.34 -0.58
2030 | -1.68 -1.22 -0.64 |-4.91 -4.15 -1.15]-5.23 -4.20 -0.93|-2.02 -1.42 -0.61

Table 13: Welfare Effects of Financing Benefits By General Tax Revenues in All Regions

U.S. EU Japan China

Birth Income Class Income Class Income Class Income Class

Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | -0.02 -0.01 0.00|-0.05 -0.03 -0.04 |-0.08 -0.04 -0.23| 0.00 0.02 -0.08
1930 |-0.02 -0.01 0.00|-0.05 -0.04 -0.05]-0.08 -0.04 -0.19 | 0.00 0.01 -0.08
1940 |-0.04 -0.02 -0.01|-0.06 -0.05 -0.04 |-0.10 -0.06 -0.26 |-0.02 -0.01 -0.10
1950 |-0.02 -0.02 -0.01|-0.02 -0.02 -0.02| 0.05 0.02 -0.14 |-0.19 -0.15 0.02
1960 | 0.00 -0.01 -0.01| 0.09 0.04 -0.03| 0.37 0.23 -0.12|-0.34 -0.27 0.11
1970 | 0.05 0.02 -0.02| 0.22 0.14 -0.10| 0.62 0.43 -0.34 |-0.30 -0.24 0.10
1980 | 0.12 0.07 -0.08 | 0.39 0.27 -0.20| 0.80 0.58 -0.50 [ -0.20 -0.18 0.04
1990 | 0.20 0.13 -0.16 | 0.73 0.56 -0.62| 1.19 0.91 -0.94 |-0.02 -0.07 -0.03
2000 | 0.28 0.19 -0.25| 1.13 089 -1.09| 147 1.11 -1.17] 0.21 0.11 -0.13
2010 | 0.33 0.23 -0.28 | 1.48 1.21 -1.53| 1.75 134 -1.43| 0.35 0.23 -0.19
2020 | 0.34 0.25 -0.35| 1.65 1.38 -1.87| 2.05 162 -1.82| 0.38 0.26 -0.30
2030 | 0.35 0.26 -049 | 1.65 1.40 -2.06| 2.18 1.75 -2.09| 0.44 0.30 -0.46
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Table 14: Welfare Effects of Financing Benefits By Debt

U.S. EU Japan China
Birth Income Class Income Class Income Class Income Class
Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | 0.01 -0.02 0.00| -0.09 -0.12 0.02| -0.28 -0.18 0.08 | 0.07 0.06 0.03
1930 | 0.09 0.05 0.02| -0.04 -0.07 0.06| -0.19 -0.09 0.10| 0.13 0.12 0.08
1940 | 0.18 0.13 0.06 0.06 0.02 0.11| -0.10 -0.02 0.19] 0.29 0.28 0.20
1950 | 0.26 0.19 0.11 0.35 0.23 0.15 0.62 0.42 0.26| 0.56 048 0.29
1960 | 0.43 0.31 0.17 0.83 0.60 0.27 2.27 1.53 044 | 046 0.39 0.24
1970 | 0.53 0.44 0.27 1.53 1.18 0.42 3.50 259 062 021 024 0.20
1980 | 0.23 0.28 0.24 0.90 087 0.34 1.75 1.62 0.39| 0.23 0.32 0.20
1990 |-0.07 0.10 0.18 0.06 0.32 0.07| -0.62 0.00 -0.39 | -0.02 0.17 0.22
2000 | -1.00 -0.58 -0.14 | -245 -1.69 -0.69| -6.90 -5.10 -2.30|-0.53 -0.22 0.09
2010 |-3.03 -2.16 -1.06 | -7.01 -5.74 -2.211|-15.80 -12.97 -5.31]|-1.00 -0.60 -0.18
2020 | -3.55 -2.52 -1.22 | -856 -7.11 -2.85|-17.05 -14.03 -5.951|-0.93 -0.49 -0.05
2030 | -4.08 -2.89 -1.36 | -10.72 -9.06 -3.77 | -20.25 -16.94 -7.42|-0.75 -0.30 0.16
Table 15: Welfare Effects of a Cut of Replacement Rates in All Regions
U.S. EU Japan China
Birth Income Class Income Class Income Class Income Class
Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | 0.21 0.12 0.00| 0.34 0.23 -0.04 |-0.10 -0.03 0.00| 0.04 0.18 0.25
1930 | 0.10 0.03 -0.03| 0.28 0.17 -0.10|-0.20 -0.12 -0.05|-0.05 0.08 0.16
1940 |-0.02 -0.08 -0.09| 0.13 0.03 -0.17]-0.36 -0.26 -0.15|-0.27 -0.13 0.00
1950 | -2.84 -1.59 -0.48 |-3.04 -1.75 -0.48 |-0.45 -0.36 -0.23 |-3.71 -3.14 -1.79
1960 | -1.80 -1.11 -0.46 |-2.98 -1.84 -0.57|-0.23 -0.27 -0.25|-3.18 -2.55 -1.32
1970 |-0.49 -0.34 -0.25|-1.11 -0.70 -0.35| 0.06 -0.11 -0.25|-1.71 -1.39 -0.73
1980 | 0.67 046 0.08| 041 0.35 -0.10| 0.23 0.01 -0.23 |-0.74 -0.74 -0.43
1990 | 1.64 1.15 0.38| 229 1.83 0.36| 0.60 0.28 -0.13| 0.50 0.07 -0.29
2000 | 2.84 1.76 0.64| 421 333 0.78| 0.83 0.41 -0.12] 2.03 1.23 0.19
2010 | 3.04 2.13 0.79| 576 457 1.11| 098 050 -0.15| 3.33 2.22 0.83
2020 351 242 0.86| 687 548 1.34| 1.16 0.62 -0.20| 3.84 2.53 0.93
2030 | 4.02 2.77 094 | 758 6.07 148 | 1.31 0.71 -0.31| 4.36 2.86 1.00

68



Table 16: Welfare Effects of Privatizing Pensions in All Regions

U.S. EU Japan China

Birth Income Class Income Class Income Class Income Class

Year 1 2 3 1 2 3 1 2 3 1 2 3
1920 | -4.72 -2.88 -1.01| -892 -6.14 -3.39| -812 -531 -232| -7.11 -6.34 -4.36
1930 | -5.14 -3.19 -1.08 | -9.06 -6.39 -3.73 | -8.84 -5.78 -242 | -6.73 -6.01 -4.12
1940 | -5.73 -3.82 -1.48 | -9.42 -6.67 -3.73 | -949 -6.60 -3.25| -7.14 -6.43 -4.48
1950 | -6.31 -4.17 -2.11| -9.06 -6.22 -3.12| -6.01 -4.37 -2.811| -9.38 -8.07 -5.68
1960 | -4.50 -3.17 -2.09 | -5.82 -4.05 -3.05| -1.94 -1.62 -245| -8.63 -7.02 -4.49
1970 | -1.69 -1.19 -1.57| -2.40 -1.29 -2.60| 035 0.55 -2.10]| -7.01 -5.71 -3.47
1980 1.22 1.18 -0.34 | 0.97 1.51 -1.59| 220 231 -1.29]| -5.52 -4.69 -2.50
1990 3.67 299 0.73| 519 536 0.22| 456 4.62 -0.15]| -2.17 -2.54 -2.37
2000 7.10 528 1.80|11.93 10.22 1.77| 829 7.09 0.61 513 2.71 -0.51
2010 | 10.84 7.60 2.72119.36 1548 3.31 1278 999 1351282 831 2.74
2020 | 14.59 9.89 348 | 26.20 20.25 462 |17.83 13.38 2.12|17.11 10.89 3.81
2030 | 18.27 1221 4.22130.92 23.49 550 | 21.54 1590 2.64|21.21 13.34 4.65
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