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1 Introduction

This paper develops a large-scale life-cycle model to simulate Russia’s demographic and fiscal

transition under favorable and unfavorable fossil fuel price regimes. The model includes six

regions – Russia, the U.S., China, India, the EU, and Japan+ (Japan plus Korea).

Our precise quantitative and qualitative findings for each region are rather surprising and illus-

trate the power of highly detailed computable general equilibrium life-cycle models to inform

predictions about future macroeconomic outcomes.

Our model builds on Fehr, Jokish, Kambhampati, and Kotlikoff (2014) by adding Russia and

also including country-specific exhaustible fossil fuel endowments, albeit in a very simpli-

fied form. The model is calibrated to capture each region’s current and projected future de-

mographic conditions as well as its fiscal institutions. After 2058, we assume that births in

each region stabilize. This assumption entails gradual changes in region-specific fertility rates

and eventuates in stable populations after 90 years. These post-2058 paths to zero population

growth produce a very different long-run age distribution in each region than now prevails.

In our baseline simulation, effective wage tax rates rise dramatically over the next few decades

in the U.S., India and EU thanks to population aging. Interestingly, Japan+, which is already

older than the other regions and which continues to age significantly through mid Century,

experiences a less substantial increase in overall effective wage taxation. This reflects that

region’s relatively flat age-health expenditure profile, its assumed catch up productivity growth,

its relatively low level of pension benefits, and the rapid projected growth in its consumption-tax

base. The medium-term transition in China is relatively benign for many of the same reasons.

In 2084, when we assume fossil fuels are exhausted, tax rates increase globally. But the increase

is largest for Russia. This reflects two factors. First, 17.1 percent of Russia’s GDP arises from

fossil fuel rents. Second, the Russian government collects 30.4 percent of its revenues from the

sale of fossil fuels. In the U.S., in contrast, fossil fuels account for only 1.0 percent of GDP

and only 1.1 percent of government receipts.

The baseline results for the U.S., EU, India, and Russia entail future tax rates that are suffi-

ciently high so as to call into question their political feasibility. And while such high tax rates

are economically viable according to the model (i.e., it converges), the model does not ex-

plicitly incorporate country-specific informal sectors that would permit workers to escape high

rates of taxation. Inclusion of an informal sector, which is our near-term research goal, could

well make projected expenditures paths in these regions infeasible.
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Our baseline is primarily calibrated based on IMF data for 2013. Other important data sources

include the World Bank, OECD, and the ministries of finance of the countries concerned. But

the year 2014 saw a dramatic decline in oil prices of roughly 50 percent. A permanent shock

of this magnitude in fossil fuel output and state revenues puts Russia under even greater fiscal

stress.

Russia is not without policy options. One is to gradually phase out its pay-as-you-go state-

run pension system and its associated very high payroll tax and replace it with a personalized

account system.1 This switch would constitute a reverse generational transfer policy – redis-

tributing from current middle-age Russians to young and future Russians. It would boost the

welfare of those living in the future by significantly lowering their average and marginal tax

rates.

A second option is to eliminate Russia’s corporate income tax and make up lost revenue by

raising consumption and income taxes. This would induce a major inflow of capital to Russia,

which would raise Russian wages and GDP.2

A third option is to raise Russia’s fertility rate significantly (we consider a 25 percent increase)

via a means that we leave unspecified. This would increase the tax base in the medium term,

helping to sustain the country’s expensive public outlays and transfer programs.

According to our model, raising Russia’s fertility rate has a pronounced impact on the country’s

future GDP. This impact goes beyond that associated with pension or corporate-tax reform. The

lesson here is that the size of the Russian work force, not improved work incentives facing Rus-

sian workers (via lower marginal tax rates or higher pre-tax wages), is of paramount importance

in determining Russia’s production of goods and services.

These findings are both reasonable and expected. The model’s realistically calibrated prefer-

ences over goods and leisure entail largely offsetting income and substitution effects when it

comes to workers increasing their labor supply in response to a higher net wage. But the fact

that neither pension nor corporate tax reform generate far greater levels of GDP doesn’t under-

mine their value in improving other economic indicators. Pension reform is extremely useful

when it comes to lowering long-term effective wage-tax rates. And corporate tax reform is

extremely effective in raising short-, medium-, and long-run levels of wages.

Each of the three Russian policies – pension reform, corporate-tax reform, and increased fertil-

ity – is purely hypothetical. There is no reason to believe that the Russian government has any

plans whatsoever to enact any of these policies.

1See, for example, www.thesocialsecuritypurpleplan.org
2Fehr, et. al. (2013) study this policy for the U.S.
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But these or related policies could make a major positive impact on Russia’s transition. They

are, therefore, worth considering as a potential future guide to policy making. In combination

the three policies can more than offset any damage done by an ongoing collapse in fossil-fuel

revenues.

This said, phasing out its pension system, cutting corporate income taxes, or raising fertility

rates may not be politically or, in the case of fertility, socially feasible. Moreover, given that

Russia currently has a very low debt-to-GDP ratio, Russian politicians may opt, at least in

the short term, to borrow rather than raise tax rates. To investigate the consequences of such

borrowing we also simulate a policy of keeping tax rates fixed for the next 10 years. As we

show, postponing Russia’s fiscal fallout in this manner only makes its eventual fiscal adjustment

larger and more painful.

The next section reviews the literature on multi-country, dynamic, life-cycle simulation models.

Subsequent sections present our model, discuss its calibration, present baseline results, consider

a permanent 50 percent reduction in fossil-fuel rents, consider policy alternatives in the context

of low fossil-fuel prices, examine the costs of maintaining the status quo, and conclude.

2 Literature Review

The development of computable general equilibrium dynamic life-cycle simulation models

dates at least to Tobin’s (1967) steady-state analysis of the role of life-cycle saving in aggregate

wealth accumulation. A half century later, CGE models with overlapping generations have be-

come a standard tool for quantifying the economic effects of fiscal reforms and demographic

changes.3

Were all generations altruistically linked, as in Barro (1974) and the vast RBC literature, they

would effectively operate as one economic unit in deciding how much to work, save, and con-

sume. In that case there would be no need to know which generations held particular amounts

of assets or accounted for different shares of labor income. Nor would we be concerned with

generational policy – policies that redistribute across generations.

But the evidence against operational intergenerational altruism seems overwhelming whether

one looks at micro studies of consumption (e.g., Altonji, Hayashi, and Kotlikoff, 1992, 1997

and Hayashi, Altonji and Kotlikoff, 1996), cohort studies of consumption (e.g., Abel and

Kotlikoff, 1994), or studies of changes in the relative consumption of different cohorts (e.g.,

3This section draws heavily on Fehr, et. al. (2013).
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Gokhale, Kotikoff, and Sablehaus, 1993 and Lee, 2014).

In late 1979 Auerbach and Kotlikoff began developing a method for solving transition paths

of large scale OLG models inhabited by agents who form rational expectations. Their first

working paper, Auerbach and Kotlikoff (1981), assumed inelastic labor supply and very simple

demographics. But it showed the potential for exploring a range of fiscal and demographic

questions. The authors quickly added variable labor supply and demographic change. Their

early work is summarized in Auerbach and Kotlikoff (1987).

Auerbach, et. al. (1989) is the first multi-country ancestor of this model. Kotlikoff, Smetters,

and Walliser (2007) added age-specific and time-varying fertility and mortality, multiple earn-

ings groups, life-span uncertainty, and bequests arising strictly from incomplete annuitization.

Fehr, Jokisch, and Kotlikoff (2008) added multiple goods to the multi-country OLG framework,

some traded and some not. Their paper also developed an iterative numerical method to solve

for the time-varying pattern of specialization in the production of traded goods.

Other early work simulating life-cycle models includes Kotlikoff’s (1979) steady-state model

of unfunded Social Security, Summers (1979) myopic expectations model of dynamic tran-

sitions, and Seidman’s (1986) study of the effects of eliminating Social Security. Somewhat

more recent papers considered the importance of land, earnings uncertainty, political economy

considerations, liquidity constraints and different options for funding Social Security. These

studies include Hubbard and Judd (1987), Imrohoroglu, et. al. (1995, 1999), Kotlikoff (1996),

Huang et al. (1997), Huggett and Ventura (1999), Cooley and Soares (1999a,b), De Nardi, et.

al. (1999), Kotlikoff, et. al. (1998a,b,1999,2002), Raffelhuschen (1989, 1993), Bohn (2001),

Smetters and Walliser (2004), and Diamond and Zodrow (2012).

Broer and Westerhout (1997) include age-specific mortality rates and uncertain life span so that

individual consumption and saving decisions are influenced by aging. While in their model as-

sets are completely annuitized, Kato (2002) and others assume that people leave unintended

bequests. In contrast, De Nardi, et. al. (1999) consider a life-long bequest motive and assume

inheritances to be received throughout the life cycle. Fehr (2000) and Beetsma, et. al. (2003)

distinguish different productivity profiles within cohorts to account for intra-generational distri-

bution effects of social security reforms. Nishiyama and Smetters (2005) assume heterogeneous

agents who face idiosyncratic wage shocks. Hasanhodzic and Kotlikoff (2013) calibrate and

simulate 80-, 40-, and 20-period OLG life-cycle models with aggregate productivity shocks in

order to assess the size of generational risk and the ability of the government to mitigate such

risk. Hasanhodzic and Kotlikoff (2014) use their framework to value government promises in

the context of incomplete markets.
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Many of these models focus on demographic changes in a single economy modeled either as

closed or small and open. However, the different timing and extent of national aging processes

can be expected to impact worldwide factor prices and to trigger major international capital

flows. Not surprisingly, multi-region CGE models have been developed that analyze the demo-

graphic transition in an international context. Examples are Borsch-Supan, et. al. (2006) and

Ingenue (2007). These studies find that aging leads to a crowding in of capital, which raises

wages and decreases the return to capital.

The multi-region models of Fehr, Jokisch, and Kotlikoff (2004, 2005, 2008b) draw a different

conclusion; i.e., they show that two forces lead to at least some shortage of capital (an increase

in the effective supply of labor relative to capital) over time. First, productivity growth can

expand effective labor supplies even if the number of new workers coming into the workforce

is declining. Second, rising taxes needed to pay older cohorts their government pensions and

health care benefits limit the saving of younger cohorts.

Brooks (2003) is an early CGE model with developing as well as developed countries. His

framework features eight regions - three developed (EU, Japan, North America) and four de-

veloping regions (Eastern Europe, Africa, Latin America, China). He finds that the developed

regions export capital to the developing regions as long as the baby boom generations are still

in the work force. After 2030 when these generations retire and start decumulating their assets,

capital will be repatriated to the developed countries.

However, Brooks (2003) assumes that the technology levels in developing countries like China

remain unchanged. Other studies assume ongoing closure of the gap in per capita incomes

between the developed and developing world. Saarenheimo (2005), for example, presents a

five-region model that has China and India reaching 40 percent of the European labor produc-

tivity by 2050.

Aglietta, et. al. (2007) consider different rates of Asian catch up. They find that China will

improve its current account dramatically between 2030 and 2050 if it catches up to total factor

productivity in North America by 2100. In their model, North America is the largest supplier

of capital in the medium and long run. Finally, Fehr, et. al. (2007) show the major importance

of the future saving behavior of the Chinese population. If China maintains its very high saving

rate it could become the developed world’s major medium-term supplier of capital.

These studies as well as Fehr, Jokisch, Kallweit, Kindermann, and Kotlikoff (2013) give im-

portant insights into how demographic changes might affect international capital movements.

What they miss is the fact that the demographic developments together with the dramatic eco-

nomic growth of Asian regions will also have a major impact on production structures and
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international commodity trade. Aglietta, et. al. (2007) and Ingenue (2007) account for in-

ternational commodity trade but omit other key factors, such as different final consumption

goods.

Fehr, Jokisch, and Kotlikoff (2010, 2013) fill in some of these gaps. Their papers analyze

the impact of globalization on the world’s demographic/fiscal transition path, particularly the

course of wage inequality. Their dynamic life-cycle model features six goods and five regions.

It predicts a substantial increase of the ratio of high- to low-skilled wages over the century.

The major source of this increase comes from Chinese and Indian productivity catch up that

produces a significant growth in the relative global supply of unskilled labor.

3 Model

In presenting our model, we begin with demographics and then discuss household preferences.

We then turn to the model’s supply side including our simple formulation of the energy sector.

Next we specify the model’s fiscal policy. Finally, we explain the model’s solution algorithm.

3.1 Demographics

Agents in each region live at most to age 90. Consequently, there are 91 generations with

surviving members at any point in time. The life cycle of a representative agent is depicted in

figure 1. Between ages 0 and 20 agents are non-working children supported by their parents.

At age 21 agents enter the labor force and accumulate assets. Between ages 23 and 45 agents

give birth, annually, to fractions of children.

Why fractions of children? The answer is to generate realistic distribution of births by age

and, thereby, produce realistic distributions of population by age. This approach, which dates

to Kotlikoff, Smetters and Walliser (2007), precludes having to incorporate marriage in the

model with different couples producing different numbers (including zero) of children at spe-

cific child-bearing ages.

An agent’s first-born children (those born when the agent is 23) leave home 21 years later when

the agent is age 44 and the last-born (those born when the agent is 45) leave when the agent is

age 66.

Agents die at an increasing rate between ages 68 and 90, with the probability of death at age 90

set to 1. The assumption that no one dies prior to age 68 simplifies our modeling of bequests.

It ensures that children always outlive their parents. To see this, note that if a parent reaches
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age 90, her oldest children, born when the parent was 23, will be 67. For India, where infant

mortality is strikingly high, we also incorporate a small rate of infant mortality. This rate is

.0093 in 2013 and it declines linearly to .0003 in 2058. After that date it remains constant.

Infant mortality in the other regions is neglible and its inclusion would not materially alter our

calibration.

Agents accrue no utility from leaving bequests. Hence there are no intentional bequests. In-

stead, bequests arise due to the model’s agents not being fully annuitized. I.e., they die with

assets on hand that they intend to spend through the rest of their potential lives.

Figure 1: The individual life-cycle

-

0 21 23 45 66 68 90� �� � � �
� �

childhood

children are born

parents raise children parents die

Age

The model also includes annual age- and skill-specific immigration. In each year new immi-

grants 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. Once they join a native

cohort, they experience the same future age-specific fertility and mortality rates as native-born

cohort members.

3.2 The household sector

The model’s preference structure is represented by a time-separable, nested, CES utility func-

tion. Remaining lifetime utility U(a, t, k) of an agent age a at time t belonging to skill-class k

takes the form

U(a, t, k) = V (a, t, k) +H(a, t, k), (1)

where V (a, t, k) records the agent’s utility from her own consumption and leisure andH(a, t, k)

denotes the agent’s utility from the consumption of her children.The two sub-utility functions

are defined by

V (a, t, k) =
1

1− 1
γ

90∑
i=a

(
1

1 + δ

)i−a
P (a, i, t)

[
c(i, t+ i, k)1− 1

ρ + ε`(i, t+ i, k)1− 1
ρ

] 1− 1
γ

1− 1
ρ(2)

H(a, t, k) =
1

1− 1
γ

90∑
i=a

(
1

1 + δ

)a−i
K(a, i, t, k)cK(a, i, t, k)1− 1

γ , (3)
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where P (a, i, t) is the probability that an agent who is age a at time t will survive to age i,

c(a, i, t, k) is the age-i consumption of an agent in skill class k who is age a at time t, l(a, i, t, k)

is the age-i leisure of an agent in skill class k who is age a at time t, K(a, i, t, k) is the number

of children of an agent age a at time t in skill class k when the agent is age i, and cK(a, i, t, k)

is consumption per-child at time t of an agent age a in skill class k when the agent is age i.

The parameters δ, ρ, ε and γ represent the rate of time preference, the intratemporal elasticity

of substitution between consumption and leisure, the leisure preference parameter, and the

intertemporal elasticity of substitution between consumption and leisure, respectively.

The probability of an agent age a at time t surviving to age i is

P (a, i, t) =
i∏

z=a

[1− d(a, z, t)], (4)

where d(a, z, t) is the agent’s probability of dying at age z conditional on surviving to that age.

The assets A(a, t, k) of a skill-k agent who is age a at time t evolve according to

A(a+ 1, t+ 1, k) =
[
A(a, t, k) + I(a, t, k)

]
(1 + r(t)) + w(a, t, k)

[
h(a, t)− `(a, t, k)

]
− T (a, t, k)−

[
c(a, t, k) +K(a, t, k)cK(a, t, k)

]
, (5)

where r(t) is the pre-tax return, I(a, t, k) are inheritances received in year t, h(a, t, k) is the

endowment of time, T (a, t, k) is net taxes (taxes paid net of pension, disability, and other

transfer payments received). T (a, t, k) includes all taxes, including taxes on asset income,

taxes on labor income, and consumption taxes.

To calculate I(a, t, k) we sum together all bequests within a skill class and distribute them by

age. Private assets of all agents who died are aggregated and then distributed according to

an endogenous age-dependent distribution scheme Γ(l, t) to all agents aged between 23 and

67. These bounds are the maximum age of death minus the minimum age of fertility, and the

minimum age of death minus the maximum age of fertility. To be precise, the inheritance of

agents age l in year t is given by:

I(l, t, k) = Γ(l, t)
Ā(t, k)

N(l, t, k)
where

67∑
l=23

Γ(l, t) = 1. (6)

The numerator in this ratio measures the aggregate assets of skill-class k agents who die in year

t. A share Γ(l, t) of these bequests is dedicated to inheritants aged l of the same skill class. This
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share is split equally among all agents of the same age and skill group. Γ(l, t) is the distribution

of the ages of children of individuals dying in that year.

As in Altig, et. al. (2001) and Kotlikoff, Smetters and Walliser (2007), we model technical

progress as permitting successive generations to use time more effectively whether in working

or enjoying leisure. We implement this assumption by having the time endowment of suc-

cessive generations in each region grow at the common rate λ. Denote h(a, i) as the time

endowment of an agent age a at time i, then

h(a, i) = (1 + λ)h(a, i− 1). (7)

This treatment of technical change ensures eventual convergence of the economy to a long-

run steady state. Other formulations of technical change, such as making it labor-augmenting,

preclude a steady state given the model’s preferences. This would preclude using our iterative

method for determining the model’s equilibrium transition path, which requires the terminal

conditions provided by the economy’s long-run steady state.4

Gross labor income of an agent in year i is derived as the product of her labor supply and

wage rate. The latter is the product of the skill-specific wage rate w(k, i) in year i and age-

and year-specific productivity per time-unit E(a, i). Energy endowment income is denoted by

x(l, t, k).

Net taxes, T (l, t, k), include consumption, capital income, and progressive income taxes as well

as social security contributions net of pension, disability, and health benefits received in the

form of transfer payments. Given the assumed ceiling on payroll tax contributions, payroll tax

rates, both average and marginal, differ across agents. Each agent’s pension benefits depend on

her pre-retirement earnings history. In contrast, health care and disability benefits are provided

on a per capita basis with an adjustment for relative benefits by age. Finally, households receive

lump-sum rebates of part of the corporate tax payments made on their behalf. These rebates

are needed to ensure reasonable average corporate tax rates, while permitting, for most regions,

the use of much higher marginal corporate tax rates.

Given price indices p(a, i), interest rates r(i), and wages w(k, i), agents maximize utility (1)

subject to the intertemporal budget constraint (5) and the constraint that leisure in each period

not exceed their time endowment (i.e. `(l, t, k) ≤ h(l, t)). They do this by choosing their

leisure and consumption demands, i.e., `(l, t, k), c(a, i, k) and cK(a, i, k).

4Note that assuming a higher rate of technical progress is isomorphic to assuming the economy has more
agents with the same endowment of time. Clearly, adding agents to the model doesn’t limit its ability to reach a
steady state.
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Given individual consumption and leisure, agents’ asset levels are derived from (5). Aggregate

values of assets, private consumption goods, and labor supply obey

A(t+ 1) =
2∑

k=1

90∑
a=21

a(a+ 1, t+ 1, k)N(a, t, k)︸ ︷︷ ︸
Ā(a+1,t+1,k)

, (8)

C(t) =
2∑

k=1

90∑
a=21

[
c(a, t, k) +KID(a, t, k)cK(a, t, k)

]
N(a, t, k), (9)

Ls(k, t) =
90∑

a=21

E(a, t)
[
h(a, t)− `(a, t, k)

]
N(a, t, k). (10)

Since households die at the beginning of each period, we aggregate across all agents alive at

the end of the prior period to compute Ā(a + 1, t + 1, k), which is used in the calculation of

bequests (see (6)). Total assets of agents alive at the end of period t+ 1 can be written as

A(t+ 1) =
2∑

k=1

90∑
a=21

a(a, t+ 1, k)N(a, t+ 1, k), (11)

which includes the assets of period t+ 1 immigrants.

3.3 Adding Energy to the Model

The current model adds an energy sector to Fehr, et. al. (2013), albeit one formulated in the

simplest possible manner. Specifically, we model the endowment of fossil fuels in each country

as generating an annual flow of the model’s single output good. This flow is net of extraction

costs. All regions exhaust their energy resources at the same time.

The model specifies the size of the global energy flow, its division across regions, and the share

of each region’s flow owned by the government. The government’s share of its region’s flow

of output from the energy sector is treated as a receipt. The flow of energy in each country is

constant through time up to the point of exhaustion. And since the global economy grows, GDP

originating in the fossil-fuel sector declines each year through 2083 (when exhaustion occurs)

as a share of world GDP.

The privately owned share of the global energy flow is a private asset. This asset together with

government bonds and capital represent the model’s total private assets. Individuals may hold

negative assets, on which they pay the domestic interest rate, so there is technically also a fourth

asset (private debt), but this is in zero net supply. Arbitrage ensures that all assets earn the same

return and that agents are indifferent with respect to the division of their holdings of the assets.
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This precludes the need to keep track of each agent’s portfolio.

3.4 The Production Sector

Each region’s GDP equals the sum of its endowment flow X(t) and aggregate non-energy

output Y (t):

GDP (t) = Y (t) +X(t) (12)

Non-energy output is produced via a Cobb-Douglas technology that uses capitalK(t) and skill-

specific labor L(s, t), i.e.,

Y (t) = φK(t)αL(1, t)βlL(2, t)βh , (13)

where α is the share of capital income in production, βl is the share of low-skilled labor input,

βh is the share of high-skilled labor input, and α + βl + βh = 1. The parameter φ references

total factor productivity.

Corporate taxes T k(t) equal the corporate tax rate τ k(t) times output net of labor costs and

depreciation.

T k(t) = τ k(t)[Y (t)−
2∑
s=1

w(s, t)L(s, t)− δKK(t)] (14)

Firms maximize profits π(t) given by

π(t) = Y (t)−
2∑
s=1

w(s, t)L(s, t)− (r(t) + δk)K(t)− T k(t), (15)

where w(1,t) is the wage of low-skilled workers, w(2,t) is the wage of high-skilled workers,

and r(t) is capital’s rental rate.

Profit maximization requires

w(1, t) = βlφK(t)αL(1, t)βl−1L(2, t)βh , (16)

w(2, t) = β2φK(t)αL(1, t)βlL(2, t)βh−1, and (17)

r(t) = (1− τ k(t))
(
αφK(t)α−1L(1, t)βlL(2, t)βh − δK

)
. (18)
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3.5 The Government Sector

Each region’s government pays for general expenditures via new borrowing, ∆B(t), energy-

sector revenue Xg(t), and taxes collected from households and firms. General expenditures

consist of purchases of goods and services Cg(t), payment for pension, health care, and dis-

ability benefits that aren’t covered via payroll taxes, and interest on existing debt:

∆B(t) +Xg(t) +
2∑

k=1

90∑
a=21

T (a, t, k)N(a, t, k) + T k(t) = Cg(t) + %SB(t) + r(t)B(t), (19)

where % denotes the share of these transfer payments financed by general revenues.

To generate realistic marginal and average corporate tax rates we assume that a fraction of gross

corporate tax revenues, T k(t), is rebated to households and included in T (a, t, k) as a lump-

sum transfer. The progressivity of income taxation is modelled after Auerbach and Kotlikoff

(1987) with marginal income tax rates rising linearly with the income-tax base.

Turning to payroll taxation, let PY (t) reference the aggregate payroll-tax base. This tax base

differs from total labor earnings due to the ceiling on taxable wages. This ceiling is fixed at

290, 200, 155, 300, and 300 percent of average income in the U.S., Europe, Japan+, China, and

India, respectively. Japan+’s ceiling is set at Japan’s 2012 level (OECD, 2013). For Russia,

there is no ceiling.

Average employer plus employee payroll tax rates τ̂ p(t) for the pension, healthcare, and disabil-

ity transfer programs are determined based on each region’s transfer-program-specific budget

taking into account general revenue finance, i.e.

τ̂ p(t)PY (t) = (1− %)SB(t). (20)

Due to contribution ceilings, statutory payroll-tax rates can differ from the average payroll tax

rate. Above the contribution ceiling, marginal social security contributions are zero and average

social security contributions fall with the agent’s income. To accommodate this non-convexity

in the budget constraint, we assume that the highest earnings class in each region with a payroll

tax ceiling (i.e., all regions except Russia) pays payroll taxes up to the relevant ceiling, but

faces no payroll taxation at the margin.

Turning to pension benefits, consider an agent who retires in year i at the exogenously set

retirement age ā(i). Her pension benefit Pen(a, t, k) in year t ≥ i when she is age a ≥ ā(i) is
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assumed to depend linearly on her average earnings during her working life W̄ (i, ·). Thus,

Pen(a, t, ·) = ν1 × W̄ (i, k). (21)

General government expenditures, Cg(t), consist of government purchases of goods and ser-

vices, including educational expenditures and health outlays. We keep age-specific per capita

purchases fixed in efficiency units over the transition. Consequently, aggregate expenditures

adjust with changes in the size and age structure of the population.

Age-specific health outlays also grow with Y (t). However, in the U.S., Europe, Japan+, and

Russia, we assume an additional growth rate of 1.0 percent per year between 2013 and 2035.5

In China and India, age-specific health care outlays per capita are assumed to grow at a faster

pace: For the first 35 years after 2013 transition there is an additional annual growth rate of

four percent. All government health benefits are treated as government consumption, whereas

disability benefits are treated as fungible transfers to households.

During the transition, the governments in the U.S., Europe, Japan+, Russia, and India main-

tain their initial debt-to-GDP ratios. In these regions we keep the ratio of income-tax to

consumption-tax revenue fixed each year and balance the government’s annual budget (19)

by adjusting the intercept in our linear equation determining the average income-tax rate as

well as the consumption-tax rate.

3.6 Solution algorithm

Given initial individual asset holdings, our initial guesses of tax rates/tax function parameters as

well as of the time paths of region-specific capital stocks, wage rates and marginal products of

capital, we first calculate the world interest rate path using the first-order condition determining

U.S. demand for capital. We then use this new path for the interest rate to update the capital

stocks in all regions except the U.S. Afterwards we solve for household consumption, saving,

and labor supply decisions.

Aggregating individual labor supplies in each year provides new time paths of aggregate region-

specific labor supplies. Next we aggregate agent-specific assets at each date to determine a

time-path of aggregate world-wide asset holdings. Given capital demand in Europe, Japan+,

Russia, China, and India, we can calculate the new capital stock in the U.S. as the difference

between world-wide asset holdings and capital demand in the remaining regions. The new

values for the aggregate supplies of capital in the U.S. and labor in each region in each year

5As shown in Hagist and Kotlikoff (2009), this is a rather conservative assumption concerning future growth
in benefit levels.
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are then weighted with the initial guesses of these variables to form new guesses of their time

paths.

The next step in our algorithm is to calculate new wage rates and use the annual revenues

and Social Security benefit payments implied by the household decisions to update annual tax

rates/tax parameters. We also update corporate tax transfers to households. 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 a steady state. This is ample time as our

model reaches a steady state to many decimal places decades earlier. It also converges very

tightly around the equilibrium transition path.

4 Calibration

This section first presents our demographics calibration. Next we explain the calibration of the

model’s productive technologies and preferences. Finally, we discuss our fiscal calibration.6

4.1 Population Projections Through 2050

The main source for population data for all regions apart from Russia’s is the medium variant

of the United Nations population projections (UNPD, 2014). Demographic data for Russia is

based on the average of the UNPD and Rosstat’s (the Russian Federal State Statistical Service)

projections.

Our model generates a future path of demographics based on the start year of 2008 for which we

have population counts by age for each country. The model’s age-, year-, and country-specific

fertility, mortality, and immigration rates are calibrated to match official projections through

2058. After 2058, fertility rates are endogenously set each year to stabilize total births. This

entails gradual changes in fertility rates that lead, over time, in conjunction with our assumed

stable net immigration rates, to a stable population and age structure in each region.

As indicated, each country’s workforce consists of high- and low-skilled workers. We assume

that 30 percent of the U.S., European, Japanese+ and Russian work forces are high skilled.

This is in line with figures on educational attainment from Barro and Lee (2001). For China

and India we assume that 25 percent of the workforce is high skilled class.

Table 1 compares official and simulated projections of total population, fertility rates, and age

structures between 2013 and 2050. Since the model features self-fertilizing hermaphrodites

6This section draws on Fehr, et. al. (2013).
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(agents that reproduce on their own), long-run zero population growth entails a fertility rate of

1, not 2, ignoring net migration and infant mortality (i.e., each agent needs to reproduce herself,

not herself and a sexual partner, to stabilize the population). In reporting the model’s region-

and year-specific fertility rates, we double the model’s rates for comparability with real-world

projected rates.

Consider first the official projections of total population counts. Due to relatively high fertility

and net immigration, the U.S. population is projected to increase from 320 million in 2013

to 401 million in 2050. This represents a veritable population explosion with the four-decade

increase in the number of Americans equaling over 60 percent of Russia’s current population.

The Chinese population, in contrast, is projected to rise by ”only” 40 million people between

2013 and 2050. The biggest winner when it comes to population growth will be India with a

projected increase of 370 million people – far more than the current U.S. population! This will

make India the most populous country in the world. In contrast, the EU’s population changes

very little through mid-century. Finally, Japan+ and Russia populations are projected to shrink

by roughly 22 million and 8 million, respectively. For Japan+ this represents a 12.5 percent

decline. For Russia the decline is 5.5 percent.

How well does the model reproduce official projections? The answer is remarkably well. In

Russia, for example, the model’s 2013 population total differs from the official tally by only 0.5

percent. And the discrepancy in 2050 is only about 2 percent. Or consider the EU. In 2013 the

model overstates the population count by less than 2 million people. In 2050, there is a larger

discrepancy – an 11.4 million underestimate. But, again, this is only a 2 percent differential.

The model also does a remarkably good job tracking region-specific changes in population age

distributions. The main exception here is in the share of Russians who are elderly. To keep

easy track of bequests, our model requires that parents always predecease their children. As

indicated, we set age 68 to be the earliest age at which one can die. At age 68, one’s parents

are definitely deceased since the youngest parent of a 68 year-old (who gave birth at age 23)

would be age 91. And age 90 is the assumed maximum age of life. Ruling out death before

age 68 makes replicating the Russian age distribution particularly difficult given that region’s

unusually high mortality rates in late middle age.

Consider next the model’s fertility rates. These closely approximate official projections. Take

China with official fertility rate estimates of 1.66 and 1.81 in 2013 and 2050, respectively.

The corresponding model values are 1.68 and 1.85. Or compare Russia’s projected increase in

fertility from a rate of 1.53 in 2013 to 1.69 in 2050 with the model’s 1.48 for 2013 and 1.53

value for 2050.
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According to official projections all six regions will age dramatically in coming decades. The

model does a good overall job reproducing this process. For example, the share of Russia’s

population over age 70 will be 13.7 percent in 2050 based on official forecasts and 13.9 accord-

ing to our model. Or take the EU, whose over-70 2050 population share is officially projected

at 22.6 percent and equals 20.9 percent in our model. The model also captures much of Japan’s,

China’s, and India’s aging processes where the projected 2013-2050 increases in the age 70-90

population shares are 14.2, 11.7 and 4.9 percentage points. The respective model-generated

increments are 13.4, 11.0, and 7.1 percentage points.

4.2 Simulated Demographics, 2050 and 2100

Table 2 reports the model’s population totals, fertility rates, and age structures for 2050 and

2100. As previously indicated, we adjust all age-specific fertility rates after 2058 (the last year

of our official fertility rate projections) by a factor that leads each cohort to produce the same

number of births at a given age as the cohort one year older produced at that age. The above

in addition to our assumption of constant age- and skill-specific immigration rates (after 2058),

lead over time (after 90 years, to be precise), to a stable age distribution as well as population

size in each region.

Note that projected population totals in 2100 can differ dramatically from those in 2058. Coun-

tries whose older single-age cohorts are larger in size than the number of newborns will experi-

ence population declines. The reason is simple. After 2058, all existing cohorts will gradually

be replaced by new cohorts of equal size (ignoring any mortality after age 68) as the number of

newborns in 2058.

Take Russia for example. Between 2050 and 2100 the population shrinks from 134.1 million

to 102.1 million! This is true notwithstanding the gradual increase in Russia’s fertility rate

associated with our assumed post-1958 stabilization of the number of new births. Intuitively,

below-replacement levels of fertility mean that there will be fewer child-bearing agents in the

future than there are in the present, which, for this discussion, we take to be 2058. To produce

the same number of births, these smaller sized cohorts need to have higher fertility rates when

they reach their child-bearing ages.

The assumed increase in Russia’s fertility rate – from 1.53 in 2050 to 1.79 in 2100 – is substan-

tial. Both rates exceed the current rate of 1.51. Yet the legacy of the precipitous post-Soviet

era decline in Russian fertility from its post-1970 high of 2.3, recorded in 1987, to its low of

1.2, recorded in 1999, spells a Russian population at the close of this century that’s almost one

third smaller than exists today! In short, even if the Russian fertility rate starts rising at a pretty

rapid clip after mid Century, it will be too little too late to keep the country’s total population
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at the turn of the Century from shrinking by over 30 percent relative to its current size.

Like Russia, the EU, Japan+, China, and India experience population declines between 2050

and 2100. The EU loses roughly 30 million people, Japan+ loses some 48.6 million, China is

down almost a quarter of a million people, and India shrinks by almost 125 million. The U.S.,

in contrast, experiences a net increase of over 43 million over the second half of the century.

The difference between the Russian demographic transition post 1950 and those of the other

four regions reflects differences in their paths of fertility between 2013 and 2050. The EU,

for example, is officially projected to experience a significant rise in its fertility rate over this

period – from 1.58 to 1.83. This means that in 2058 the ratio of new births to the number

of childbearing agents is relatively high. Post 2058, as these relatively large number of new

cohorts populate the childbearing ages, the fertility rate needs to fall to maintain fixed the total

number of new births each year.

China and India based on our model’s assumptions, experience very similar demographic tran-

sitions. Both regions witness their populations’ first rise, through mid Century, and then shrink.

This is true notwithstanding a higher fertility rate at the turn of the Century than at the middle.

The moral to this story, then, is that populations can fall despite high fertility if there aren’t

enough people of reproductive age. They can also fall if there are enough people in their

fertility years, but these child bearers have low fertility.

The last thing to highlight in the table is that fertility rates in China and India end up above

the model’s 2.0 long-run population replacement-rate value. This reflects the assumption that

these countries will experience net emigration – more people leaving then entering. In the other

regions net immigration is positive meaning their ultimate fertility rates are below 2.0.

Each region achieves its long-run population distribution and level in 2148, 90 years after 2058,

when total births by age are stabilized. Looking through the entire course of the century, the

model predicts dramatic changes in absolute and relative population sizes. Japan’s population

shrinks by 40 percent, Russia’s by 28 percent, the EU’s by almost 8 percent, and China’s by

over 16 percent. In contrast, the U.S. population rises over the century by almost 39 percent.

And India’s population rises by almost 20 percent.

4.3 Production, Preference and Policy parameters

Table 3 shows the parameters of our production technology. Table 4 reports values of preference

and policy parameters. Capital’s share of production is set according to Institut der Deutschen

Wirtschaft (2009). The output shares of the low- and high-skill groups were set to generate a
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roughly 50 percent wage differential between the two groups. The depreciation rate is set at 7.5

percent.

Time-preference rates in the six regions were calibrated to match the model’s 2013 region-

specific ratios of private consumption to GDP. However, the time preference rate in China is

assumed to grow linearly to the U.S. value of -0.024 in 2023. The intertemporal elasticity

of substitution, the elasticity of substitution between consumption and leisure, and the leisure

preference parameters are taken from Kotlikoff, et. al. (2007).

The age- and year-specific productivity profile of a low- or high-skilled worker age a in period

t is given by

E(a, t) = ξ(t)e4.47+0.033(a−20)−0.00067(a−20)2(1 + λ)a−21, (22)

This profile is that used by Auerbach and Kotlikoff (1987). Note that the higher is the rate

of technological change, λ, the steeper is the age-ability profile. This captures the role of

technical progress in influencing not just the level, but also the shape of longitudinal age-

earnings profiles. The labor productivity parameter ξ is country specific. It determines the

productivity in a given country of the time-t cohort entering the labor market. The U.S. value

of ξ variable is time invariant and normalized at 1. The calibration of this parameter for other

regions is described in the following subsection.

Retirement ages – the ages at which agents stop working and also start collecting their state

pensions – are taken from OECD (2014) for the U.S. and Europe, from SSA (2010) for Japan+,

China, and India, and from the Russian Ministry of Finance.

4.4 Calibrating Government and National Accounts

We chose region-specific values for the following parameters to match official government and

national account data in 2013 as closely as possible: the initial productivity parameter, ξ, the

time preference rate, δ, income and corporate tax rates, the mix of income versus consumption

taxes (that we use in stabilizing debt-to-GDP ratios), the percentage in each region of corporate

taxes that is rebated, the pension-income replacement rate, the share of fossil-fuel endowment

flow contributing to the GDP of each country, the share of energy revenues collected by each

government, the overall contribution of fossil fuels to GDP, and the initial levels of disability,

health, education, and other government expenditures.

GDP (PPP) is taken from IMF (2014). Government revenue and expenditure data as well

as other national account data for Europe, Japan+, Korea and the U.S. are taken from IMF

(2014) and the World Bank’s World Development Indicators (WDI, 2015). For some regions

the reported data reflects our best judgment about how to classify expenditures by functions.
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For China, India and Russia, these figures are calculated using publicly available data from

their respective ministries of finance following the GFS manual. Energy-sector rents are the

sum of World Bank oil, gas and coal resource rents, defined as the difference between revenues

and extraction costs for the year 2012 (World Bank, 2015).

For non-U.S. regions, the initial values of ξ parameter are set to help reproduce the 2013 relative

values of GDP and are gradually raised to 1 (i.e., to parity with the U.S.) for each successive

cohort of new workers. For Europe, Japan+, China, India, and Russia we assume this adjust-

ment occurs over 25, 25, 40, 95, and 40 years, respectively. We have no solid basis for these

choices other than their production of plausible relative GDP ratios in 2050. Our assumption

of such a slow catch up for India was influenced by Bosworth and Collin’s (2008) finding of

very little improvement in elementary education in that country over the past four decades.

Each region is assumed to adjust income and consumption taxes to maintain its 2013 debt-to-

GDP ratio through time. In 2013, debt-to-GDP ratios are calibrated to match 2013 government

net-interest payments. We exogenously set the corporate tax rate to match the official nominal

rate. These rates are 40, 22.8, 35.2, 25, 34, and 20 for the U.S., EU, Japan+, China, India,

and Russia. But official tax rates are uniformly higher than effective rates. To match actual

corporate tax revenues relative to GDP, we assume each nation rebates a percentage of corporate

tax revenues as a lump-sum transfer. This rebate is set at 49, 8, 0, 0, 20, and 10 percent,

respectively, for the six regions.

The remaining revenue collected in 2013 comes from consumption and income taxes. The

consumption-tax shares of these remaining revenues are 53, 58, 48, 93, 85, and 75 percent

for the U.S., EU, Japan+, China, India, and Russia, respectively. In each year of the model’s

transition, we multiply the 2013 region-specific consumption- and income-tax shares by the

amount of revenues needed to keep debt fixed as a share of GDP in that year. This determines

each year’s total consumption- and income-tax revenues. The model’s annual consumption and

income tax rates are then set to generate these revenue amounts.

Our income tax systems are assumed to be progressive with the parameters of each region’s

income-tax functions set to generate what appears to be realistic average and marginal tax

rates. Revenues raised from the income tax satisfy

Rt = τtBt +
ϕtB

2
t

2
, (23)

where Rt is total revenues from the income tax, τt is the endogenously calculated average

income tax rate, Bt is total labor income, and ϕt an exogenously set progressivity term. For the

U.S., the EU, and Japan this takes the value 0.3. For the other three regions it is 0.
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Under this calibration the 2013 average U.S. income tax rate is 13.1 percent and the average

marginal income tax rates on unskilled and skilled workers are 24.5 and 34.1 percent, respec-

tively.

Outlays of social security systems were calibrated to yield official values from the IMF (2014)

and WDI (2015). The level of benefits is calibrated by setting the pension replacement rate.

The replacement rates for the U.S., EU, Japan+, China, India, and Russia are set at 71.7, 81.5,

24, 27, 60, and 63 percent respectively. The percentage of pensions paid via a dedicated payroll

tax is constant and calibrated based on the 2013 ratio of payroll tax revenues to benefits. For

the U.S., 35 percent of pension benefits are paid via general government revenues. For the EU,

Japan+, China, India, and Russia the percentages are 6.4, 5, 40, 55, and 21, respectively.

Due to data limitations we use the German age-specific education profile for all regions in

the model and re-scale the profile on a country-specific basis to get realistic education outlays

in year 2013 in each region. Education expenditures and ’other expenditures’, which include

military spending and other government services, are calibrated in the same way. We assume

the level of disability transfers grows with the rate of technological growth, health expenditures

grow as described above, and we assume education and other expenditures remain constant as

a share of non-fossil fuel output (GDP less energy sector rents).

In calibrating health expenditures, we apply the Japanese age-specific government health care

expenditure profile for Japan+ as well as for China and India. In the case of Europe, we use

the German profile. For the U.S. our profile comes from Hagist and Kotlikoff (2009). The

Swedish profile from that study is used for Russia. These profiles are then multiplied by a

country-specific factor to reproduce the 2013 ratio of health expenditures to GDP.

We assume, for all countries, that disability benefits paid per agent are the same regardless of

age. The level of disability benefits in each region is calibrated to match the ‘other transfers’

share of national public expenditures.

In addition to these parameter values, our model requires an initial distribution of assets by age

and income class for each region. We generate the country-age-income class asset distribution

by calculating the steady state of the model using 2008 demographics and parameters. The

level of each region’s asset profile is then adjusted to generate plausible interest rates and ratios

of assets between regions. Regions’ aggregate share of world assets in the baseline path are

given in table 12.

Finally, the model’s 2013 ratio of household consumption to GDP is calibrated by adjusting the

time preference rate of different regions.
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Table 5 compares the model’s 2013 values of GDP and other variables with actual values. Each

country’s GDP, including GDP from its energy sector, is presented as a share of U.S. 2013

GDP.

As the table makes clear, the model generally does a very good job matching actual 2013 rela-

tive GDPs and ratios of private and government consumption to GDP. And it does a reasonable

job matching actual aggregate- and category-specific expenditure ratios to GDP. Since either

revenue must adjust to expenditures or the other way around, one can’t separately calibrate on

both revenues and expenditures. We chose to calibrate on expenditures, which is why they

match up to actual data far more closely than the model’s endogenously determined revenue

amounts.

5 Findings

This section presents the model’s baseline predictions. Next it examines the consequences of a

50 percent unanticipated, but permanent decline in fossil-fuel prices. It then considers the im-

pact of using debt finance to keep tax rates temporarily fixed in response to this shock. There-

after, it considers the consequences of three hypothetical Russian policies – pension reform,

corporate tax reform, and policy-induced changes in the fertility rate. The section concludes

by evaluating the impact of implementing all three policies in the presence of a permanent 50

percent fossil-fuel price shock.

Note that in all scenarios the amount of sovereign debt in 2013 is held at the baseline level.

Debt-to-GDP ratios (except in the deficit finance case) are then calculated and fixed at a new

level determined by how GDP in 2013 adjusts to the shock. We model scenarios in which

energy prices fall in half by simply cutting the flow of energy output in half.7

5.1 GDP in the Baseline Transition

Table 6 shows, for each country, the evolution of GDP, the capital stock, labor supply, and tax

rates along the baseline path. GDP, capital stocks, and labor supplies are written as ratios of

7Note that were we to explicitly model energy as a separate good with its own relative price, a change in that
relative price would not entail a global, i.e., economy-wide wealth effect. The reason is that the physical economy
wouldn’t change. There would be the same amount of physical capital and energy reserves in our six-region world.
The relative price change would, however, visit offsetting wealth effects on young and older cohorts as well as
agents in different regions. In this model, since we ignore the relative price of energy, we approximate the energy-
price shock by not only cutting in half of the stream of energy output from 2013 through 2083. We also increase
the world’s stock of capital by over 4 percent to roughly approximate what would arise were we to explicitly
model energy as a distinct commodity. This permits us to focus on the point of interest – the redistribution away
from Russians toward the rest of the world.
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their 2013 U.S. counterparts. Thus, India’s value of GDP in 2100 indicates that its economy is

9.62 times larger than the U.S. economy was in 2013. Labor supplies are measured in effective

units, i.e., they take into account country- as well as cohort-specific labor productivity.

Based on the table, our model’s 2013 global GDP is just over 4 times that of the U.S. in 2013.

By 2100, it’s 27.7 times 2013 U.S. GDP. Hence, the model is predicting tremendous economic

growth over the rest of the century on the back of productivity catch up of and larger population

entering the labor force mainly in China and India. Altogether the model predicts total output

rising by over a factor of 7!

The model also predicts a vastly different long-run world order. In 2100 the U.S. share of global

GDP is no longer what it is today, namely 25 percent. Instead, it’s less than 13 percent. The

EU faces a very similar decline in its share of global GDP.

What about Japan? It’s economy accounts for less than 10 percent of global output in 2013 and

less than 3 percent in 2100. In 2013, China’s output is 2.5 Japan’s output. In 2100, it’s almost

14.5 times Japan’s output.

Japan’s productivity does catch up to the U.S.’s. But when it comes to the relative size of

its economy, this productivity catch up is not enough to offset the decline in the number of

Japanese workers. Whereas Japan’s GDP is 39 percent of U.S. GDP in 2013, by the end of the

century, it’s only 18 percent.

Russia’s economy also shrinks compared to the global economy. Currently its economy pro-

duces 5 percent of total global output. By 2100 this figure drops to 3 percent.

Thanks to China’s fast productivity catch up and India’s massive population growth, the East

economically eclipses the West by mid century. And by the end of the century the East rep-

resents the bulk of the global economy. Taken together, the GDPs of China and India account

for 34 percent of 2013 global output. In 2100, the two countries account for 67.6 percent of

global output. In 2100, these two nations and Japan+ account for seventy cents of every dollar

of global GDP.

The explanation for these striking results lies in differences across the regions in population

growth and degrees of labor productivity catch up. In Japan, for instance, population falls by

roughly 70 million people between 2013 and 2100. India’s population, in contrast, rises by

over 400 million. This exceeds the total current U.S. population!
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5.2 Understanding the Sources of Growth Along the Transition

General productivity growth – the 1 percent growth in the time endowment discussed above –

would, by itself, raise global GDP, but only by a factor of 2. The remaining growth is due to

our assumed productivity catch up, capital accumulation, and global population growth.

The big growers are, of course, China and India, albeit not exactly following the same patterns.

India, though far more populous by 2100, is still less productive than the U.S. due to our

assumption of slower labor-productivity catch up and the fact that once catch up occurs for new

cohorts, it takes roughly four decades for all workers in caught-up regions to have the same

productivity as same-aged workers in the U.S. In contrast, by 2100, China is fully caught up,

while India still has several decades to go. Nonetheless, India’s 2100 GDP is only slightly

lower than China’s thanks to its larger projected population.

The productivity catch up is clear when observing the relative growth across regions in the

total effective labor supplies of low- and high-skilled workers. Take China and Russia. The

Chinese and Russian populations both shrink relative to that of the U.S. But the effective U.S.

workforce grows to the end of the century by a factor of roughly 3.5 whereas the Chinese and

Russian effective work forces grow by factors of roughly 10 and 5, respectively.

Japan also experiences catch-up growth, but its catch up is smaller. Its population also shrinks

through time due simply to their demographic transition, characterized by a declining young

population. Consequently, Japan’s effective labor force grows at a slower rate than that in the

U.S., which experiences rapid growth in workers, but zero catch up growth in productivity.

Changes through time in the model’s country-specific capital stocks generally align with changes

in each country’s effective labor supply. Table 7, which shows relatively stable pre-tax marginal

products of capital and labor confirms this point. Consider, for example, the gross marginal

product of capital in the U.S., which depends on the capital-labor ratio. It is 17.5 percent in

2013 and 16.7 percent in 2060.

Note also that the differences across the regions in gross marginal products reflect differences

in their marginal (before rebate) corporate income tax rates. Moreover, since capital’s interna-

tional mobility leads to equalization across regions in the post corporate-tax return to capital (as

confirmed in Table 7), regional differences in pre-tax returns (the marginal products of capital)

arise due to differences across regions in rates of corporate income taxation.

Table 7 also shows the marginal products of labor per unit of effective labor supply. There are

interesting and easily explained regional differences here. For example, the U.S., thanks to its
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relatively high corporate income tax rate, has less capital per worker and, therefore, somewhat

lower marginal products of low-skilled labor compared with EU or Russia. Another interesting

feature is the relatively high marginal products of skilled workers in China and India. This

reflects the initial and assumed ongoing scarcity of skilled relative to unskilled workers in these

regions.

The final point to make about Table 7 concerns differences in wage rates (of 30 year-olds) across

the six regions at a point in time as well as over time. The marginal products of labor tell us

the extra output that a 30 year old of a particular skill type who is endowed with the productive

capacity of an equally skilled 30 year-old U.S. worker would produce in the specified country

in the year under consideration.

But a 30 year-old skilled (unskilled) worker in a given country in year t won’t be as productive

as her counterpart in the U.S. until the productivity catch up phase in her country is complete.

Consequently, the wage rates in the non-U.S. countries are considerably lower than in the U.S.

in 2013 and for many years thereafter until the catch up is complete. In Russia in 2020, for

example, a thirty year-old low-skilled worker earns only 29.7 percent of her U.S. counterpart.

But by 2060, the gap is closed, indeed, more than closed. Russian wages are higher thanks to

its higher marginal products of labor, which, in turn, are due to a larger ratio of capital to labor

in the country, which, in turn, is due to Russia’s relatively low corporate income tax.

5.3 Fiscal Dangers Along the Baseline Transition

Although the baseline transition path provides good news when it comes to global output

growth, four of the six regions, the U.S., EU, Russia, and India, face extreme fiscal challenges

in the next hundred years. Table 6 displays income, pension, and consumption tax rates across

regions and time. It shows that in these four regions, each of these tax rates rise over the cen-

tury. Table 8 combines these tax rates in a single total effective income-tax rate measure. The

table presents the values of average (across all workers of all ages) effective income-tax rates

as well as the average marginal effective income-tax rate for each region in the year specified.

These are weighted averages with the weighting based on workers’ earnings.

In the U.S. case, the sum of the income, pension, and consumption tax rates is 37.6 percent in

2013, where the consumption tax is measured as an equivalent tax on income.8 This total rate

rises through 2100 to 64.0 percent! Moreover, the average marginal tax rates are 49.0 and 49.7

percent respectively for unskilled and skilled U.S. workers in 2013. By 2100, the corresponding

tax rates are 75.2 and 70.7 percent. Russia follows a similar pattern, with the average effective

wage-tax rate increasing from 37.8 to 72.3 percent over the century, for both unskilled and

8Specifically we add the income tax and the social security tax rate to η
1+η where η is the consumption tax rate
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skilled workers. Why are these U.S. marginal tax rates on the much higher paid skilled workers

initially slightly higher and ultimately lower than those of the unskilled workers? The answer

is the ceiling on taxable pension income that leaves high skilled workers paying no payroll tax

at the margin.

One might wonder how the model can converge with such high marginal tax rates. The answer

is that income and substitution effects largely offset one another, i.e., the need to work due to

the income loss from having to pay higher taxes balances out in large part against the incentive

to substitute leisure for consumption.

Although the model converges, which says its global economy can withstand much higher av-

erage and marginal tax rates than now prevail, the model excludes a key factor that should give

one pause. In its current incarnation, the model posits neither tax avoidance nor tax evasion.

Were we to incorporate these two important factors in the model (which is on our immediate

research agenda), financing projected future expenditure might well be unfeasible.

Unsustainable fiscal policy means a government can’t satisfy its intertemporal budget along its

transition path, i.e., it can’t, as a present value matter, collect enough taxes through time to

cover its path of expenditures, also valued in the present. But having the government off its

budget constraint, while having households satisfy theirs, implies that the economy is off its

budget constraint and is trying to consume more in present value than the present value of its

resources – its physical plus human capital. Human capital references the present value of all

of the economy’s future labor earnings. Our reading, then, of these fiscal tax-rate results is that

they portend very major macroeconomic and political problems through time.

The rise in the total effective tax rate is less pronounced in the EU. The 2013 average is 57.1

percent, 1.5 times larger than the U.S. value. This narrows by 2100, when the EU total effec-

tive wage tax rate is 1.2 times that of the U.S. Thus the U.S. starts with a much lower total

effective wage tax rate, but, at century’s end, it closes the gap. The explanation here involves

our assumed productivity catch up in the EU. Because the EU’s productivity converges to that

of the U.S. over the course of 25 years, in the year 2100 all EU workers have U.S. levels of

productivity. However, pension benefits are calculated based on the lifetime wage of retirees

and in 2100 reflect Europe’s previously lower productivity.

Japan+’s fiscal transition is less dramatic than the EU’s. Like the EU, the region gets older

from a position of already being quite old. Hence, the fiscal impact, measured on a percentage

basis, is not as substantial as in the U.S. or China. Additionally, Japan+’s catch-up productivity

growth proceeds in the same time frame as in the EU. Consequently, the fiscal impact of having

such a large elderly population in 2100 is mitigated by the assumed higher productivity of its

25



workforce. In Japan+, the average total effective income tax rate is 38.1 percent in 2013 and

46.0 percent in 2100. Japan+’s high skilled workers face a higher marginal rate throughout the

transition, as pension taxes are a smaller share of Japan+’s total taxes. Japan+’s consumption

tax rate (Table 6) is able to decrease while keeping revenues high because of a dramatic increase

in private consumption. In fact, Japan +’s consumption’s share of GDP rises from 57.8 percent

in 2013 to 79.6 percent in 2050! This is due to the retirement of large numbers of Japanese

retirees who, due to their advanced ages, have very high propensities to consume.

India also experiences a major hike in its total effective wage-tax rate, but it takes place primar-

ily in the second half of the century as fertility rates gradually adjust and the country gradually

becomes roughly as old as its trading partners. China’s fiscal transition is relatively benign

thanks not to its aging, which is the most significant of any of the six regions, but to its as-

sumed rapid and very significant catch-up growth.

5.4 Russia’s Fiscal Transition

Of the six regions, Russia faces the greatest challenges in financing government expenditures

over the rest of this century. In 2013, its population age 60 and over accounts for less than 18

percent of the total. But by 2050, this age group represents over 34 percent of all Russians.

Other things equal, this should produce a major rise in the payroll tax needed to fund the

Russian pension system. Even with Russia’s assumed catch up productivity growth this mate-

rializes, for instance while in 2013, the average equivalent total wage tax rate in Russia is 37.8

percent, in 2060, it’s 54.1 percent.

Russia’s fiscal crunch worsens after 2083 with the exhaustion of fossil fuel reserves in Russia

as well as in the other regions. By 2100 the average total effective wage tax rate is 72.4 percent.

The increase in the Russian tax rate after 2060 has three main drivers. On the one hand, more

than half of the increase reflects the loss of fossil fuel receipts. The other half reflects both, the

projected continued aging of Russia after 2050 and our assumed growth in health care benefit

levels.

Russia, it should be noted, already has a very major problem with tax evasion. Its informal

sector is very large as reflected by the difference in its 22 percent9 statutory payroll tax rate and

its 13.6 percent 2013 effective payroll tax rate. Hence, the prospect of a massive increase in tax

rates toward the end of the century is particularly challenging for Russia.

Russia also experiences important changes in national saving. From a base of about 51 percent

9This tax is designated to finance state pensions. http://www.ssa.gov/policy/docs/progdesc/ssptw/2012-
2013/europe/russia.html
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of GDP in 2013, private consumption decreases to a low of 43 percent of GDP in 2063. This

is due to Russians increasing their savings in anticipation of hard times. Subsequently, how-

ever, Russian private consumption increases steadily to about 47 percent of GDP after fuel’s

exhaustion in 2083. This is due to Russian aging and the larger propensity to consume of the

elder.

5.5 Fossil Fuel Price Shock

In this section we assume that fossil-fuel output permanently falls in half starting in 2013.

Again, this is an approximation to the impact that would arise were we to explicitly model

energy as a distinct commodity and consider a halving of its relative price. This reduction in

fossil-fuel income disproportionately impacts Russian government finances. Russia’s debt to

GDP ratio increases by 6.5 percent immediately.

Unsurprisingly, the change has a sizable negative impact on Russian welfare. Welfare for a

skill- and country-specific cohort born in year t is measured as a compensating differential.

The compensating differential measures the percentage change in annual consumption under

the baseline simulation needed to achieve the same utility gain or losses as arise in the transition

under consideration. This measure is presented for a selection of Russian birth cohorts in Table

13.

In 2013, Russian GDP is 6 percent below its baseline level (Table 9), representing a $200

billion decline in Russian GDP. However, the Russian economy recovers over time. In 2080,

Russia’s GDP is only 1.4 percent below its baseline level. This reflects increased labor supply

as Russians respond to the loss of income associated with their now higher taxes.

The halving of fossil-fuel output entails a reduction in the present value of income from energy

assets. This means that more of workers’ savings are crowded into capital. This is particularly

beneficial to Japan+, which benefits from the larger world capital stocks but has negligible

fossil fuels of its own. Its 2013 GDP rises by 1.5 percent. However, by 2040 Japan’s capital

stock is pretty close to its baseline level.

While all Russians alive in 2013 are hurt by the decline in the fossil fuel price, elderly Russians

are hurt the most. Cohorts entering retirement between 2008-2018 are worst off, with the

low skilled retiring in 2015 facing a nearly 6 percent reduction in lifetime utility, while future

generations are impacted to a lesser extent. This is because the old face higher consumption

taxes, which must be raised to make up the shortfall. The young must pay higher taxes as well,

but they have more time to adjust their labor supply and saving. Future generations are little

affected compared with the baseline as fossil fuels exhaust in any case in the baseline. Other
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nations of the world are barely affected.

As stated, the main mechanism for the immiseration of the Russian old is an increase in taxes.

Spending is left unchanged so tax rates must increase to make up for the loss of fossil fuel

revenue. Consumption taxes are 44 percent higher and income taxes 33 percent higher in 2013

as a result of the changes.

5.6 Using Debt Finance to Buy Time

A permanent collapse in fossil fuel revenues leaves Russia in a particularly tenuous position.

If, as assumed above, Russia chooses not to make cuts to spending, then it will need to increase

taxes, institute growth-enhancing reforms, or resort to debt finance. Here we consider debt

finance. In this scenario Russia fixes all non-pension tax rates at their 2013 no-fossil-fuel-

shock levels for 10 years. This leads to a dramatic expansion of Russia’s debt-to-GDP ratio,

placing an even larger repayment burden on future generations while shielding current older

generations from immediate tax hikes or spending cuts.

Absent additional revenue or expenditure cuts, Russia’s public sector immediately runs higher

deficits. In fact, its primary balance falls from a surplus of 0.6 percent of GDP to a deficit

of 5.4 percent of GDP. This raises the overall deficit to 6.3 percent of GDP. For the next 10

years, the gap between revenues and non-interest expenditures rises, raising the primary deficit

to 9.5 percent of GDP in 2023, the last year of deficit finance. Moreover, interest payments

increase by an average of 20 percent annually, driving the peak overall deficit to 14.7 percent

of GDP. Given this 10-year period of persistent high deficits, public sector debt explodes from

17 percent of GDP to 115 percent of GDP. Indeed, in this scenario, Russian interest payments

in 2024 total 5.7 percent of GDP versus 0.7 percent in the baseline. Assuming spending isn’t

cut, taxes must be raised dramatically after 2024 to handle both the ongoing revenue shortfall

and interest on the additional debt.

Temporarily keeping tax rates low is good for current retirees but places a larger burden upon

future generations. The impact on current retirees of the fossil-fuel shock is roughly cut in

half. The first generation to suffer, compared with facing the energy-price shock without debt

finance, is the generation born in 1940. The generation born in 2100, which is relatively unaf-

fected by the fossil fuel shock in the previous scenario, finds itself about 5 percent worse off

due to having to help make permanently higher interest payments on the national debt.
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5.7 Russian Corporate Tax Reform

An alternative approach to addressing a permanent fossil-fuel price shock is to undertake re-

forms that boost economic growth. Such policies can expand the tax base improving the

medium and long-term fiscal revenues and easing the fiscal burden for future generations. One

such policy would be to reduce the corporate income tax while raising personal income taxes

to make up for reduced revenue not recouped via induced economic growth.

In order to exemplify how a corporate tax reform may render better outcomes, in this chapter,

the model simulates a reform that eliminates the corporate tax. This policy dramatically boosts

foreign investment in Russia.10 The extra capital put to work in the country makes labor more

productive. This boasts the demand for labor producing significantly higher real wages.

Table 9 shows the impact on GDP in the six regions of eliminating the corporate tax. As be-

fore, a combination of income and consumption taxation is used to make up revenue shortfalls

in each country. The table presents, for each country in selected years, baseline values of GDP,

values of GDP after the fossil fuel price shock, and values of GDP arising from each hypothet-

ical Russian policy reform as well as from combining all reforms. As Table 9 makes clear, the

corporate tax reform leads to an immediate and sizable boost to Russia’s economy. In fact in

2013, Russia’s GDP is 5.4 percent higher than in the baseline.

Finally, this reform differentially affects different birth cohorts. For example, generations that

are about to retire (those born around 1955) are made 3.7 percent worse off as a reduction in

corporate taxes must be made up for through increases in consumption and income taxes. In

fact, the model shows that income and consumption taxes are 6.3 and 17.8 percent, respectively,

higher in 2013 as a result of the reform. But future generations benefit from the change. The

generation entering the workforce today (born around 1990) is 1.4 percent better off as a result

of the change. The generations born just on 1975 are the oldest to see a universal benefit from

corporate tax reforms.

5.8 Russian Pension Reform

Another strategy for boosting Russia’s long-term welfare is pension reform. Russia’s current

”pay as you go” pension system taxes workers to pay for the pension needs of the current

elderly. As Russia’s population ages, this places an increasing burden on Russia’s workers. One

option for preventing this crisis would be to slowly phase out the current pension system and

replace it with a system of personal retirement accounts that are invested globally, but passively

(i.e., in index funds). Kotikoff proposes such a system at www.thepurplesocialsecurityplan.org.

10The potential for such investment in the real world clearly depends on geopolitical factors.
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Because private net saving arising is ultimately privately determined, we can model this possi-

ble pension reform simply by gradually eliminating the current pension system. I.e., there is no

need to go beyond this and model the personal accounts, contributions to which can be viewed

simply as a component of each worker’s total private saving in each year.

In this simulation we consider a slow phase out of the Russian pension system beginning in

2013. Starting in that year, every generation reaching retirement age receives a slightly less

generous pension. More precisely, we linearly reduce by 3 percent per year the pension re-

placement rate for each cohort as it enters retirement. The generation retiring in 2034 is the

first to receive zero benefits, but grandfathered benefits are still being paid to earlier retirees

through 2065.

The goal of this reform is to gradually raise national saving, wealth accumulation, and lower

taxes. The reform hurts those about to retire, but helps those who have not yet begun working.

Unfortunately, because of capital is mobile internationally, increases in Russian saving arising

from the reform have only a very small impact on the amount of capital that actually ends up

being invested in Russia. As a result of the reform Russian GDP will be only about 50 billion

dollars higher than the baseline in 2040. In the year 2100, GDP is almost a full trillion dollars

lower. Other countries benefit from increased Russian saving. U.S. GDP slightly improves and

in 2040 is about 160 billion dollars higher. After 60 additional years, U.S. GDP is 500 billion

dollars larger.

Unsurprisingly, phasing out the current pension system reduces total government spending

considerably. After 2065 state pension spending is zero. In the baseline simulation the level of

pension spending is 9.9 percent of GDP in that year. Other elements of spending are unaffected.

Pension taxes plummet as a result of these changes.

The increase in personal saving induced by the pension reform permits much larger consump-

tion over time. In 2100 Russian private consumption as a share of GDP is 71 percent rather

than 56 percent. However, not everyone enjoys the same positive effects on welfare. Those

nearing retirement are negatively impacted. The generation born in 1970 is worst off with their

lifetime welfare reduced by about 9.8 percent. This and similarly aged generations neither had

the time necessary to build up precautionary savings nor are they young enough to be helped by

lower pension tax rates. The generation entering the labor force in 2013 is roughly indifferent

to pension reform, while subsequent generations benefit. Lower tax rates allow Russians to

consume more and work less. GDP is marginally lower in the long run thanks to this reduction

in labor supply. Indeed, in 2100 labor supply is about 8 percent below its baseline level.
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5.9 Russian Fertility Increase

The Russian government’s attempts to raise the nation’s fertility rate have, so far, met with

limited success. Yet, it is interesting to investigate what a successful fertility policy would

achieve.

A higher fertility rate would, over time, ease the burden of supporting Russia’s elderly and

the financing of other government spending commitments. On the other hand, higher fertility

means a larger economic burden on Russia’s young parents who will be forced to sacrifice – to

consume less and work more – to provide for their additional children.

One thing Russia need not worry about, assuming it remains open to foreign investment, is that

a larger long-run work force would depress Russian wages. The reason is that additional capital

would flow into Russia to maintain Russian labor productivity.

To see what higher fertility would mean for Russia we reran our model assuming a 25 percent

increase in Russian fertility rates at all ages through 2058. After 2058 we assume the higher

level of births prevailing in 2057, which are associated with the assumed higher fertility rates,

continues into the future. This change in demographic assumptions produces a much younger

as well as much larger (indeed 40 million larger) Russian population in 2100 than in the baseline

projection.

The economic impacts of such a successful fertility policy are shown in Table 9. As with the

other hypothetical policies considered, the rest of the world is little affected by higher Russian

fertility. But, over time, the impact on the Russian economy is substantial. In the year 2100,

Russian GDP is almost two fifths larger than it would otherwise have been. And the total

effective wage-tax rate in that year is 69 percent smaller than baseline.

This assumed successful higher fertility policy also has striking generational implications. Cur-

rent retirees are not particularly hurt or helped by the increase in fertility. But young agents,

at the time the policy is initiated, face a different fate. Their welfare as measured by utility

from consumption and leisure falls significantly as they find themselves consuming less and

working more to pay for their additional children. And since their extra children and those of

others don’t contribute to the economy for decades, there is no near-term decline in taxation to

offset their additional child-rearing costs.

Consider, as an example, those born in 1995. They experience a 5.8 percent welfare loss.

Future generations increasingly benefit from the expansion in the tax base. The generation

born in 2030 is the first to benefit from the change, with generations after that experiencing
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even larger welfare gains.

5.10 Combined Scenario

In this simulation we implemented all three reforms simultaneously. But we did so in the

context of the previously posited permanent decline in fossil-fuel rents. While there are no

clear synergies between these policies, their combination is interesting to consider for a simple

reason. They each have the ability to ameliorate different long-run economic conditions.

As Table 9 shows, of the three policies, only the higher fertility rate produces a major long-run

increase in Russian GDP. On the other hand, as Table 11 indicates, when it comes to raising

wage rates, eliminating the corporate income tax is the most effective tool. This is thanks to

the major inflow of foreign capital (which makes Russian workers more productive) to Russia

in response to Russia’s becoming a corporate tax haven. As for pension reform, it, combined

with the fertility increase, produce much lower long-run effective taxation of labor supply. In

fact, the effective wage-tax rate at the end of the century is less than half its baseline value.

Losing pension benefits is no light matter. So in this three-policy simulation, it comes as no

surprise that initial retirees suffer and future generations benefit. The first generation to come

out ahead, despite the permanent decline in the price of fossil fuel is the cohort born in 2015.

The cost of these reforms is, however, quite steep for initial older generations. An example is

the cohort born in 1965, which suffers a 14.8 percent reduction in its welfare. However, the

gains to future generations are remarkably large. The generation born in 2100 is over 33.5

percent better off than it would be without the implementation of the three policies.

To summarize, in combination, the three policies can deliver a considerable long-run improve-

ment in Russian economic conditions. And this remains true even in the face of a significant

permanent reduction in the price of fossil fuels – Russia’s most significant export.

6 Conclusion

This paper simulates Russia’s transition within a global economic setting featuring the U.S.,

the EU, China, India, and Japan plus Korea. The model predicts vast changes over time within

this six-region economy. In particular, the economic ascendancy of China and India transforms

the other regions into small players on the global economic stage.

While the Russian, EU, and U.S. economies grow at very similar rates, these rates are dramati-

cally lower than those in China and India. In 2100, these two regions produce almost two thirds
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of total six-region output – up from one third in 2013. Thanks to its remarkably large projected

decline in population, the combined Japanese/Korean economy is unable to keep up even with

the Western economies.

Despite Russia’s challenges with respect to its relatively high energy dependence, the country

grows more rapidly than the U.S. over most of the the century. In 2013, Russia’s GDP is 20.0

percent of the U.S. GDP. In 2040, it’s 22.9 percent. In 2083, it’s 26.2 percent of U.S. GDP and

then drops to 25 percent in 2084, when fossil-fuel exhaustion occurs. In 2100 Russia’s GDP is

23.6 percent of the U.S. level.

Given the remarkably rapid projected growth in the U.S. population and the projected major

decline in the Russian population, Russia’s ability to keep pace economically reflects assumed

catch-up productivity growth. Specifically, we assume that over the next 40 years new cohorts

of Russian workers will become as productive as new young cohorts of U.S. workers. Whether

this assumption proves true will depend critically on near-term educational policies in both

Russia and the U.S.

The fact that both the Russian and the U.S economies are predicted to grow substantially over

the remainder of the century is this study’s good news for citizens of these two regions. The

bad news is the massive tax hikes both regions face unless policy is quickly changed.

Both the U.S. and Russia face major fiscal challenges over the course of the Century. In the

U.S. government expenditures associated with population aging require massive hikes in tax

rates. In Russia, population aging also takes a fiscal toll. But fossil-fuel depletion and the

potential for permanently lower fossil fuel prices make Russia’s fiscal finances particularly

precarious. Whether either country can weather its coming fiscal storms without the types of

reforms examined here is very hard to say.

With no change in policy, average tax rates in both countries will nearly double over the Cen-

tury. Marginal effective wage-taxation will also rise to levels that provide far greater incentives

for tax avoidance and tax evasion. This points calls into question the sustainability of long-term

fiscal policy in both countries.

The U.S. and Russia are not alone when it comes to running what may be unfeasible fiscal

policies. The EU and India are in much the same boat. Tax rates in China and Japan are

also projected to rise over time, but less dramatically. This is true despite rapid aging in both

countries. But the population share of the elderly is not the only factor at play. The share

of younger dependents in the population also matters. So does the age-pattern of government

transfer payments. Another key factor is the country’s reliance on particular taxes to cover
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its spending. Finally, the precise demographic changes each region faces (and they are each

unique) determine the size of particular tax bases at different points in time.

In sum, real world economies and models of them have a lot going on. Only large-scale simu-

lation models of the type presented here can capture the major, highly complex, and intercon-

nected factors at play in economies experiencing rapid changes in productivity, demographics,

fiscal policies, and factor prices. Although such models are, by necessity, black boxes, they are

black boxes whose equations can be carefully checked and that will only work (as in converge)

if all budget constraints are satisfied at each point in time and all optimality (first order) con-

ditions hold. This is certainly the case in the model presented here. Consequently our model’s

warning about current fiscal policies potentially pushing countries, including Russia, into deep

insolvency needs to be fully heeded.
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Table 1: Comparing Actual and Simulated Population Projections

Country U.S. EU Japan+ China India Russia
Year 2013 2050 2013 2050 2013 2050 2013 2050 2013 2050 2013 2050

Total Population (in millions)

Model 319.4 402.6 510.4 500.2 176.8 154.4 1364.5 1401.5 1256.0 1623.9 141.9 134.1
Official 319.9 400.9 509.2 511.6 176.3 159.4 1384.9 1385.0 1251.7 1620.1 142.7 131.1

Fertility Rate

Model 2.04 1.85 1.55 1.82 1.42 1.49 1.68 1.85 2.56 1.85 1.48 1.53
Official 1.97 1.99 1.58 1.83 1.41 1.73 1.66 1.81 2.50 1.92 1.53 1.69

Age Structure (percent of total population)
0-9

Model 13.61 11.76 9.89 10.03 9.42 7.34 12.50 10.76 20.43 12.06 11.99 9.28
Official 12.99 12.10 10.45 10.01 8.78 8.17 12.38 9.74 19.40 12.86 11.10 11.31

10-19
Model 12.91 12.17 10.58 10.00 9.67 8.22 13.43 10.82 18.34 12.36 9.61 9.90

Official 13.39 12.19 10.50 9.94 10.09 8.52 12.49 10.00 19.10 13.52 9.99 11.34
20-29

Model 13.80 12.33 12.13 10.84 11.43 8.83 15.60 10.84 16.51 12.74 14.11 9.76
Official 13.86 12.54 12.48 10.59 11.47 9.21 17.35 10.40 17.73 14.09 15.93 11.54

30-39
Model 12.84 12.98 12.98 11.27 13.79 10.13 14.76 12.38 14.84 13.50 16.79 13.23

Official 13.07 12.42 13.79 11.43 13.83 9.87 14.73 12.46 14.86 14.31 15.44 13.65
40-49

Model 12.98 12.51 15.28 11.58 14.68 11.28 17.27 11.66 11.86 14.15 13.86 12.68
Official 13.29 11.99 14.74 11.35 14.72 10.19 16.73 11.46 11.75 14.00 13.45 12.22

50-59
Model 14.27 12.05 14.19 12.32 13.06 11.64 12.98 13.62 9.27 13.09 15.67 11.78

Official 13.62 11.76 13.67 11.55 13.09 11.86 12.40 13.13 8.79 12.91 15.07 11.47
60-69

Model 11.05 11.90 12.25 13.04 12.73 13.93 9.41 14.92 6.19 12.45 12.37 18.49
Official 10.31 10.66 11.23 12.50 12.76 12.77 8.25 15.47 5.17 10.22 9.70 14.80

70-90
Model 8.55 14.30 12.71 20.92 15.22 28.63 4.05 15.01 2.56 9.64 5.60 13.88

Official 9.47 16.34 13.13 22.64 15.26 29.41 5.68 17.34 3.20 8.09 9.33 13.68
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Table 2: Simulated Population Totals, Fertility Rates, and Age Structures, 2050 and 2100

Country U.S. EU Japan+ China India Russia
Year 2050 2100 2050 2100 2050 2100 2050 2100 2050 2100 2050 2100

Total Population (in millions)

402.6 444.21 500.2 470.12 154.44 105.95 1401.5 1157.05 1623.9 1499.02 134.1 102.1

Fertility Rate

1.85 1.77 1.82 1.79 1.49 1.92 1.85 2.04 1.85 2.15 1.53 1.79

Age Structure (percent of total population)

0-9 11.76 10.55 10.03 10.83 7.34 10.12 10.76 12.34 12.06 12.80 9.28 10.45

10-19 12.17 10.94 10.00 11.01 8.22 10.18 10.82 12.30 12.36 12.40 9.90 10.65

20-29 12.33 11.58 10.84 11.82 8.83 10.44 10.84 12.13 12.74 12.10 9.76 11.24

30-39 12.98 12.12 11.27 12.17 10.13 10.55 12.38 12.06 13.50 12.06 13.23 12.04

40-49 12.51 12.41 11.58 12.27 11.28 10.58 11.66 12.03 14.15 12.05 13.68 12.66

50-59 12.05 12.67 12.32 12.19 11.64 11.18 13.62 12.71 13.09 12.30 11.78 14.66

60-69 11.90 12.73 13.04 11.99 13.93 12.42 14.92 12.81 12.45 13.01 18.49 15.32

70-90 14.30 16.99 20.92 17.73 28.63 24.52 15.01 13.62 9.64 13.28 13.88 12.98

Table 3: Production Parameters

Symbol Value

Capital share in production α 0.35
Low-skilled labor share (k = 1) βl 0.40
High-skilled labor share (k = 2) βh 0.25
Technology coefficient φ 1.68
Depreciation rate δK 0.075
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Table 4: Preference, Productivity and Policy Parameters in 2013

Symbol U.S. EU Japan+ China India Russia

Time preference rate (approximate) δ -.0243 -.0440 -.0333 -.0560 -.0043 -.0086
Intertemporal elasticity of substitution γ 0.25 0.25 0.25 0.25 0.25 0.25
Intratemporal elasticity of substitution ρ 0.4 0.4 0.4 0.4 0.4 0.4
Leisure preference parameter ε 1.5 1.5 1.5 1.5 1.5 1.5
Shift parameter for productivity ξ 1.00 .559 .625 .207 .101 .311
Technical progress λ 0.01 0.01 0.01 0.01 0.01 0.01
Wage tax progressivity (in %) ϕ 0.3 0.3 0.3 0 0 0
Age of retirement ā 63 60 60 60 60 58
Corporate Tax Rate (in %) τ c 40.0 22.8 35.2 25.0 34.0 20.0
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Table 5: The year 2013 of the baseline path

Model Actual
U.S. EU Japan+ China India Russia U.S. EU Japan+ China India Russia

Gross Domestic Product (PPP) as a share of U.S. 100.0 104.1 38.5 96.4 40.2 20.5 100.0 104.2 37.9 96.3 40.4 20.8
Private consumption as a share of GDP 67.7 56.3 57.8 34.5 59.6 51.0 68.6 57.5 58.0 34.0 61.0 52.0
Government consumption as a share of GDPa 19.5 23.1 18.4 18.9 16.9 22.9
Fossil Fuel Rents as a Share of GDP 0.9 0.3 0.1 2.7 2.5 17.2 1.0 0.3 0.0 3.4 2.9 17.1

Government Revenues as a percentage of GDPb

Total tax revenues 27.8 28.1 28.6 21.8 20.6 17.4 21.0 22.7 26.2 20.9 17.5 18.2
Consumption tax 11.6 14.5 10.3 16.0 13.0 10.7 9.8 11.7 13.7 15.7 11.7 11.3
Corporate tax 4.7 4.2 5.6 3.4 4.7 3.5 2.4 2.7 5.5 4.1 3.7 3.1
Income Tax 11.5 9.5 12.7 2.4 2.9 3.2 8.8 8.3 7.0 1.1 2.0 3.8

Non-tax revenues
Social insurance revenues 5.7 15.9 5.7 1.7 2.0 7.3 5.7 15.8 0.5 1.5 1.9 7.2
Natural resources 0.7 0.3 0.1 0.0 0.3 11.5 1.1 1.5 2.1 0.0 0.4 11.1

Total Government Expenditures
Health expenditures 8.2 8.2 8.3 2.0 1.3 3.3 7.8 7.9 8.2 1.4 0.9 3.9
Education expenditures 5.4 5.3 6.3 3.2 3.2 4.0 5.1 5.7 6.8 3.9 2.8 4.4
Government Purchases of G&S excl. Health And Education 5.9 9.7 3.8 13.7 12.4 15.6 6.3 9.6 4.0 13.8 12.8 16.0
Pension benefits 8.8 17.0 6.0 2.8 4.6 9.2 8.5 16.9 6.2 2.6 4.1 8.9
Other transfer benefits 5.4 5.9 8.3 1.8 1.4 3.4 5.1 6.5 8.5 2.4 1.7 3.9
Net Payments on Debt/Assets 1.0 -2.6 2.0 0.3 5.0 0.8 0.6 -2.3 1.8 0.2 4.5 0.7

a: Government consumption is here defined as the sum of education, health, and other purchases of goods and services. b:All following values are
given as a percentage of GDP
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Table 6: Baseline Simulation Results - Capital and Labor Supplies are Relative to 2013 U.S.

Year GDP Capital Labor Supply Labor Supply Corporate Income Pension Consumption
Stock Low-Skilled High-Skilled Tax Tax Tax Tax

U.S. 2013 1.00 1.00 1.00 1.00 40.00 13.13 8.89 18.46
2020 1.18 1.28 1.14 1.13 40.00 15.35 10.34 21.14
2040 1.66 1.72 1.65 1.64 40.00 18.56 12.57 26.40
2060 2.24 2.38 2.20 2.20 40.00 19.82 14.53 29.20
2080 3.01 3.42 2.84 2.86 40.00 20.96 15.23 32.60
2100 3.68 4.11 3.52 3.58 40.00 21.78 16.61 34.47

E.U. 2013 1.04 1.20 0.95 1.02 22.80 12.87 24.62 24.41
2020 1.18 1.46 1.04 1.12 22.80 13.97 26.02 25.72
2040 1.65 1.96 1.48 1.60 22.80 16.18 28.77 28.54
2060 2.42 2.94 2.17 2.32 22.80 16.55 25.01 31.92
2080 3.13 4.04 2.66 2.98 22.80 16.91 30.74 32.27
2100 3.87 4.90 3.29 3.81 22.80 17.04 33.80 31.92

Japan+ 2013 0.38 0.40 0.38 0.38 35.20 13.62 8.88 18.47
2020 0.41 0.47 0.39 0.39 35.20 14.38 9.65 18.46
2040 0.45 0.49 0.44 0.44 35.20 14.44 12.96 16.15
2060 0.53 0.58 0.51 0.50 35.20 14.87 12.68 15.95
2080 0.56 0.66 0.52 0.52 35.20 15.95 14.46 16.52
2100 0.62 0.72 0.58 0.58 35.20 16.59 14.67 17.35

China 2013 0.96 1.07 0.97 0.77 25.00 1.74 2.62 48.15
2020 1.28 1.54 1.27 0.98 25.00 1.70 2.74 44.49
2040 2.89 3.38 3.06 2.19 25.00 1.87 2.42 42.93
2060 5.49 6.55 5.94 3.93 25.00 2.16 2.57 48.23
2080 7.75 9.85 8.27 5.22 25.00 2.26 4.60 46.28
2100 9.05 11.32 9.89 6.10 25.00 2.23 6.24 43.07

India 2013 0.40 0.42 0.42 0.34 34.00 3.34 3.22 21.13
2020 0.61 0.70 0.63 0.49 34.00 3.18 3.06 21.54
2040 1.92 2.11 2.08 1.55 34.00 3.55 2.36 26.87
2060 4.12 4.61 4.50 3.20 34.00 4.31 3.39 34.63
2080 6.64 7.95 7.09 4.89 34.00 5.06 6.45 39.38
2100 9.62 11.30 10.52 7.07 34.00 5.35 7.61 41.96

Rusia 2013 0.20 0.20 0.16 0.16 20.00 5.92 13.37 22.74
2020 0.23 0.24 0.17 0.17 20.00 7.30 14.95 27.96
2040 0.38 0.41 0.32 0.31 20.00 8.72 13.46 37.76
2060 0.61 0.71 0.54 0.50 20.00 10.04 11.71 47.74
2080 0.79 0.99 0.69 0.63 20.00 10.77 18.65 50.27
2100 0.87 1.12 0.80 0.73 20.00 12.45 23.14 58.13
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Table 7: Marginal Products and Factor Payments in the Baseline Transition

Marg. Prod. Global Int. Marg. Prod. of Labor Wage Rates*

Country Year Capital Rate Low High Low High

U.S. 2013 0.175 0.060 1.000 1.575 1.000 1.575
2020 0.162 0.052 1.041 1.645 1.041 1.645
2040 0.170 0.057 1.013 1.610 1.013 1.610
2060 0.167 0.055 1.027 1.618 1.027 1.618
2080 0.155 0.048 1.068 1.676 1.068 1.676
2100 0.159 0.050 1.060 1.643 1.060 1.643

E.U. 2013 0.153 0.060 1.107 1.620 0.496 0.726
2020 0.143 0.052 1.150 1.678 0.577 0.842
2040 0.149 0.057 1.127 1.635 0.966 1.402
2060 0.146 0.055 1.131 1.665 1.131 1.665
2080 0.138 0.048 1.190 1.674 1.190 1.674
2100 0.140 0.050 1.192 1.624 1.192 1.624

Japan+ 2013 0.168 0.060 1.033 1.589 0.549 0.844
2020 0.156 0.052 1.071 1.664 0.618 0.121
2040 0.163 0.057 1.038 1.641 0.913 1.443
2060 0.160 0.055 1.042 1.676 1.042 1.676
2080 0.149 0.048 1.084 1.729 1.084 1.729
2100 0.153 0.050 1.074 1.701 1.074 1.701

China 2013 0.155 0.060 0.974 1.948 0.091 0.182
2020 0.145 0.052 1.004 2.046 0.153 0.312
2040 0.151 0.057 0.952 2.097 0.520 1.146
2060 0.148 0.055 0.933 2.221 0.878 2.090
2080 0.139 0.048 0.948 2.364 0.948 2.364
2100 0.142 0.050 0.929 2.373 0.929 2.373

India 2013 0.166 0.060 0.943 1.866 0.048 0.096
2020 0.154 0.052 0.976 1.958 0.077 0.155
2040 0.161 0.057 0.933 1.974 0.249 0.528
2060 0.158 0.055 0.925 2.055 0.421 0.935
2080 0.148 0.048 0.948 2.168 0.610 1.394
2100 0.151 0.050 0.929 2.176 0.772 1.808

Rusia 2013 0.150 0.060 1.092 1.699 0.232 0.360
2020 0.140 0.052 1.128 1.771 0.297 0.467
2040 0.146 0.057 1.089 1.768 0.660 1.072
2060 0.144 0.055 1.086 1.822 1.030 1.728
2080 0.135 0.048 1.113 1.906 1.113 1.906
2100 0.138 0.050 1.099 1.890 1.099 1.891

*Measured at age 30 per unit of effective time scaled by the wage of 30 year-old low skilled
Americans in 2013. Marginal product of labor is in proportion to U.S. 2013 levels.
The wedge between the marginal product of capital and the global interest rate is a function of
both the depreciation rate (7.5 percent) and country specific corporate tax rates.
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Table 8: Total Average and Total Average Marginal Wage Tax Rate in the Baseline

Average Tax Rate Average Marginal Tax Rate*
Country Year All Low-Skill High-Skill

U.S. 2013 37.602 49.012 49.712
2020 43.140 53.824 53.924
2040 52.015 62.286 60.686
2060 56.944 67.301 64.101
2080 60.776 71.785 68.585
2100 64.020 75.151 70.651

E.U. 2013 57.104 63.914 45.914
2020 60.447 67.146 48.346
2040 67.150 75.379 56.179
2060 65.748 76.985 63.985
2080 72.043 84.214 66.414
2100 75.040 86.985 65.885

Japan+ 2013 38.097 45.812 44.612
2020 39.617 47.412 45.912
2040 41.305 49.241 45.641
2060 41.309 50.993 49.493
2080 44.593 54.863 52.163
2100 46.038 56.421 53.521

China 2013 36.860 36.778 34.178
2020 35.228 35.196 32.496
2040 34.326 34.321 31.921
2060 37.271 37.324 34.724
2080 38.497 38.547 33.947
2100 38.576 38.519 32.319

India 2013 23.997 23.924 20.724
2020 23.964 23.995 20.895
2040 27.086 27.098 24.698
2060 33.422 33.406 30.006
2080 39.759 39.764 33.364
2100 42.523 42.477 34.877

Rusia 2013 37.815 37.815 37.815
2020 44.099 44.099 44.099
2040 49.587 49.587 49.587
2060 54.060 54.060 54.060
2080 62.873 62.873 62.873
2100 72.351 72.351 72.351

*Average marginal tax rates are the average marginal tax faced by each cohort of a skill group
in a given year. The high skilled face no marginal social security tax, so as this share of taxes
becomes larger, they will face relatively smaller marginal tax rates. Sum of income, pension,
and consumption tax rates, where the consumption tax is converted to an income equivalent.
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Table 9: GDP in Different Scenarios as a Share of 2013 Baseline U.S. GDP

Year Baseline Price Price Shock & Corp. Tax Pension Fertility Combined
GDP Shock Debt Finance Reform Reform Increase Scenario

U.S. 2013 1.000 1.014 1.015 0.997 0.998 1.000 1.009
2020 1.181 1.191 1.190 1.179 1.183 1.181 1.190
2040 1.662 1.667 1.661 1.661 1.677 1.661 1.677
2060 2.242 2.242 2.234 2.241 2.267 2.238 2.261
2080 3.007 3.002 2.993 3.006 3.042 3.006 3.032
2100 3.680 3.680 3.670 3.679 3.727 3.689 3.732

E.U. 2013 1.038 1.051 1.052 1.035 1.036 1.037 1.047
2020 1.179 1.189 1.187 1.177 1.181 1.179 1.189
2040 1.645 1.650 1.646 1.644 1.658 1.644 1.659
2060 2.422 2.424 2.416 2.421 2.448 2.419 2.443
2080 3.130 3.127 3.117 3.129 3.169 3.128 3.161
2100 3.873 3.872 3.861 3.872 3.925 3.883 3.929

Japan+ 2013 0.383 0.389 0.389 0.381 0.382 0.382 0.387
2020 0.410 0.414 0.414 0.409 0.411 0.410 0.415
2040 0.453 0.455 0.453 0.452 0.458 0.452 0.458
2060 0.526 0.526 0.524 0.525 0.534 0.525 0.533
2080 0.559 0.559 0.556 0.559 0.569 0.559 0.568
2100 0.616 0.615 0.613 0.616 0.627 0.618 0.628

China 2013 0.959 0.959 0.959 0.957 0.959 0.959 0.956
2020 1.281 1.279 1.278 1.279 1.284 1.281 1.280
2040 2.892 2.891 2.882 2.890 2.917 2.890 2.909
2060 5.485 5.479 5.458 5.483 5.560 5.478 5.537
2080 7.746 7.727 7.695 7.744 7.877 7.744 7.842
2100 9.053 9.043 9.007 9.051 9.233 9.083 9.237

India 2013 0.401 0.401 0.401 0.400 0.400 0.401 0.399
2020 0.614 0.614 0.614 0.613 0.614 0.614 0.614
2040 1.923 1.925 1.920 1.921 1.935 1.921 1.934
2060 4.118 4.117 4.104 4.116 4.159 4.113 4.148
2080 6.636 6.626 6.607 6.635 6.711 6.633 6.689
2100 9.623 9.616 9.591 9.622 9.746 9.643 9.747

Rusia 2013 0.204 0.192 0.191 0.215 0.211 0.205 0.211
2020 0.227 0.215 0.214 0.238 0.235 0.229 0.235
2040 0.376 0.365 0.365 0.393 0.382 0.398 0.412
2060 0.611 0.602 0.610 0.638 0.604 0.717 0.735
2080 0.792 0.781 0.796 0.825 0.769 1.035 1.045
2100 0.871 0.876 0.895 0.910 0.814 1.209 1.216
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Table 10: Total Effective Wage Tax Rates in Different Scenarios

Year Baseline Price Price Shock & Corp. Tax Pension Fertility Combined
Shock Debt Finance Reform Reform Increase Scenario

U.S. 2013 37.60 37.88 37.88 37.65 37.61 37.60 37.94
2020 43.14 43.36 43.38 43.18 43.11 43.13 43.37
2040 52.02 52.26 52.34 52.04 51.81 52.04 52.10
2060 56.94 57.26 57.35 56.95 56.62 57.00 57.01
2080 60.78 61.09 61.16 60.78 60.43 60.79 60.79
2100 64.02 64.08 64.15 64.03 63.58 63.91 63.57

E.U. 2013 57.10 56.96 56.94 57.17 57.16 57.11 57.08
2020 60.45 60.34 60.35 60.50 60.44 60.44 60.38
2040 67.15 67.15 67.23 67.17 66.96 67.16 67.00
2060 65.75 65.92 65.98 65.74 65.54 65.78 65.75
2080 72.04 72.20 72.27 72.03 71.73 72.06 71.92
2100 75.04 75.13 75.19 75.03 74.69 74.94 74.70

Japan+ 2013 38.10 37.93 37.94 38.14 38.08 38.10 37.96
2020 39.62 39.52 39.55 39.64 39.55 39.62 39.48
2040 41.31 41.27 41.33 41.32 41.10 41.33 41.12
2060 41.31 41.37 41.42 41.31 41.09 41.33 41.18
2080 44.59 44.66 44.69 44.59 44.42 44.57 44.47
2100 46.04 46.04 46.06 46.04 45.87 45.95 45.80

China 2013 36.86 36.74 36.73 36.89 36.93 36.85 36.82
2020 35.23 35.15 35.15 35.25 35.26 35.22 35.20
2040 34.33 34.31 34.32 34.33 34.31 34.33 34.32
2060 37.27 37.29 37.29 37.27 37.28 37.27 37.30
2080 38.50 38.52 38.51 38.49 38.53 38.48 38.53
2100 38.58 38.58 38.57 38.57 38.59 38.54 38.56

India 2013 24.00 23.76 23.80 24.07 23.93 23.99 23.77
2020 23.96 23.76 23.84 24.02 23.81 23.96 23.67
2040 27.09 26.99 27.11 27.12 26.75 27.13 26.76
2060 33.42 33.42 33.53 33.44 33.05 33.46 33.15
2080 39.76 39.82 39.90 39.77 39.41 39.75 39.50
2100 42.52 42.55 42.62 42.54 42.14 42.42 42.10

Rusia 2013 37.82 45.59 37.48 40.21 37.94 37.84 48.68
2020 44.10 50.81 38.91 45.62 41.81 44.29 50.90
2040 49.59 53.82 57.21 51.06 34.99 48.58 41.71
2060 54.06 56.82 60.50 55.61 36.89 47.97 39.43
2080 62.87 65.00 69.28 63.91 36.06 47.71 33.51
2100 72.35 72.70 77.47 72.87 38.36 50.16 30.92
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Table 11: Average Wages in terms of 2013 U.S. Average Wage in Each Scenario

Year Price Price Shock & Corp. Tax Pension Fertility Combined
Shock Debt Finance Reform Reform Increase Scenario

U.S. 2013 1.000 1.000 1.000 1.000 1.000 1.000
2020 1.038 1.036 1.044 1.046 1.043 1.042
2040 1.006 1.003 1.018 1.027 1.015 1.017
2060 1.013 1.009 1.030 1.042 1.026 1.028
2080 1.050 1.046 1.069 1.083 1.066 1.068
2100 1.037 1.033 1.056 1.072 1.056 1.060

E.U. 2013 0.481 0.481 0.482 0.482 0.482 0.481
2020 0.557 0.556 0.560 0.561 0.560 0.559
2040 0.926 0.923 0.938 0.944 0.935 0.935
2060 1.086 1.083 1.104 1.115 1.100 1.100
2080 1.121 1.117 1.142 1.154 1.139 1.138
2100 1.109 1.106 1.130 1.144 1.130 1.131

Japan+ 2013 0.543 0.543 0.544 0.544 0.544 0.543
2020 0.611 0.610 0.615 0.616 0.614 0.614
2040 0.905 0.901 0.916 0.923 0.913 0.914
2060 1.037 1.033 1.054 1.065 1.050 1.051
2080 1.073 1.069 1.092 1.106 1.089 1.090
2100 1.060 1.056 1.080 1.095 1.080 1.082

China 2013 0.097 0.097 0.097 0.097 0.097 0.097
2020 0.163 0.163 0.164 0.165 0.164 0.164
2040 0.571 0.569 0.578 0.583 0.577 0.577
2060 0.993 0.990 1.010 1.020 1.006 1.006
2080 1.093 1.090 1.113 1.126 1.110 1.110
2100 1.083 1.080 1.103 1.117 1.103 1.104

India 2013 0.051 0.051 0.051 0.051 0.051 0.051
2020 0.082 0.082 0.083 0.083 0.083 0.083
2040 0.269 0.268 0.273 0.275 0.272 0.272
2060 0.462 0.461 0.470 0.475 0.468 0.469
2080 0.677 0.674 0.689 0.698 0.687 0.688
2100 0.865 0.863 0.881 0.894 0.881 0.884

Rusia 2013 0.230 0.230 0.244 0.231 0.231 0.243
2020 0.295 0.295 0.313 0.298 0.297 0.312
2040 0.661 0.659 0.708 0.674 0.668 0.705
2060 1.042 1.039 1.119 1.070 1.056 1.113
2080 1.134 1.130 1.215 1.168 1.152 1.210
2100 1.122 1.119 1.204 1.158 1.143 1.204
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Table 12: Share of World Assets Owned by Citizens of Each Region in the Baseline Scenario

Year U.S. EU Japan+ China India Russia

2013 0.39 0.28 0.14 0.11 0.04 0.04
2020 0.33 0.25 0.14 0.22 0.03 0.04
2040 0.17 0.16 0.12 0.46 0.05 0.03
2060 0.09 0.12 0.09 0.57 0.11 0.03
2080 0.06 0.10 0.07 0.61 0.13 0.03
2100 0.05 0.09 0.05 0.64 0.15 0.02

Table 13: Russian Welfare* in Different Scenarios Relative to Baseline

Price Shock Debt Finance Corporate Tax Pension Fertility Combined

Birth Year Low High Low High Low High Low High Low High Low High

1930 -4.0 -3.7 0.7 0.7 -1.4 -1.3 -0.5 -0.5 -0.1 -0.1 -6.8 -6.4
1935 -4.7 -4.4 0.4 0.4 -1.6 -1.5 -0.6 -0.5 -0.3 -0.3 -7.7 -7.2
1940 -5.1 -4.7 -1.0 -0.9 -1.7 -1.6 -0.5 -0.5 -0.4 -0.4 -8.2 -7.7
1945 -5.3 -4.9 -1.9 -1.7 -1.8 -1.7 -0.4 -0.3 -0.6 -0.6 -8.5 -8.0
1950 -5.4 -5.0 -2.5 -2.3 -1.9 -1.8 -0.2 -0.2 -0.6 -0.6 -8.5 -7.9
1955 -6.0 -5.6 -3.5 -3.3 -3.7 -3.7 -3.0 -3.2 -0.7 -0.7 -13.6 -13.4
1960 -5.2 -4.8 -2.9 -2.6 -1.9 -1.7 -7.1 -7.5 -0.6 -0.5 -14.7 -14.5
1965 -4.7 -4.3 -2.1 -1.9 -0.9 -0.7 -9.0 -9.4 -0.4 -0.4 -14.9 -14.7
1970 -4.5 -4.2 -1.7 -1.5 -0.2 -0.1 -9.6 -9.9 -0.4 -0.4 -14.7 -14.4
1975 -4.6 -4.3 -1.6 -1.5 0.2 0.3 -9.3 -9.5 -0.6 -0.6 -14.3 -14.0
1980 -4.6 -4.3 -1.8 -1.7 0.5 0.6 -6.2 -6.4 -1.5 -1.4 -11.8 -11.4
1990 -4.7 -4.5 -2.8 -2.7 1.3 1.4 -1.4 -1.6 -5.5 -5.0 -10.3 -9.7
1995 -4.5 -4.2 -3.9 -3.7 1.6 1.6 1.0 0.7 -6.0 -5.4 -8.1 -7.5
2000 -3.9 -3.6 -5.2 -4.8 1.6 1.6 3.2 2.7 -5.0 -4.4 -4.5 -4.1
2010 -3.0 -2.7 -5.8 -5.2 1.5 1.5 6.1 5.3 -3.9 -3.3 -0.1 0.1
2020 -2.4 -2.2 -5.5 -4.9 1.5 1.4 8.0 7.0 -0.9 -0.6 4.5 4.2
2030 -1.9 -1.7 -5.3 -4.8 1.4 1.3 9.8 8.5 0.4 0.6 6.8 6.2
2050 -1.1 -1.0 -5.1 -4.7 1.6 1.5 17.6 15.1 9.7 8.5 20.9 18.0
2100 -0.2 -0.2 -5.2 -4.8 2.2 2.1 26.2 23.6 17.5 16.4 35.2 31.7

*Welfare for a skill- and country-specific cohort born in year t is measured as a compensating
differential. The compensating differential measures the percentage change in annual consump-
tion under the baseline simulation needed to achieve the same utility gain or losses as arises in
the transition under consideration.
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