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Introduction

Highly detailed OLG

Examine the impact of different trade reduction scenarios

In base scenario with lump-sum redistribution, current and future
Russian utility declines 4.5 percent.

Something about role of oil...
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Motivation

@ OLG models are:

e more realistic
o allow for inter-generational analysis

@ Single good, so focuses on one benefit of trade
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Literature Review

@ Extends the model in 'Simulating the Russia’s Troubled Transition’
(Benzell, Goryunov, Kazakova, Lagarda, Nesterova, Kotlikoff, and
Zubarev, 2015)

@ Based on class of models dating to Auerbach and Kotlikoff (1979)
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Model Overview

Overlapping generations model with two skill groups of agents that
live 90 years

Six Regions (Russia, USA, EU, Japan+, China, India)

Over 1,000 decision making agents who make endogenous decisions
to work, consume, and save with perfect foresight over prices

@ A government for every country executes fiscal policy and balances its
budget by adjusting taxes

@ Model is solved via Gauss-Slidel Iteration
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Model Details - Demographics

Agents die with some probability between ages 68 and 90.

Ratio of members of each skill group within a country is constant
Until 20 agents are non-working children supported by their parents.
At age 21 agents enter the labor force and accumulate assets.

68 is minimum age of death so that no parents die before their
children.

@ Money not spent before death is left as bequests proportionately to
children of each age

Figure 1: The individual life-cycle
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Model Details - Demographics

o Fertility, mortality, and migration rates match UNDP projections
through 2050

@ For Russia the average of UNDP and Rosstat projections are used

@ Matching Russian demographics more challenging because of pre-age
68 deaths

o After 2050, fertility adjusts to keep number of births constant
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Country uU.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 4026 5104 500.2 176.8 1544 13645 1401.5 1256.0 1623.9 1419 134.1
Official  319.9 400.9 509.2 511.6 176.3 159.4 13849 1385.0 1251.7 1620.1 1427 131.1

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 1291 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 1233 1213 10.84 11.43 8.83 15.60 10.84 16.51 12.74 1411 9.76
Official 13.86 12.54 12.48 10.59 11.47 9.21 17.35 10.40 17.73 14.09 1593 11.54
30-39
Model 12.84 1298 1298 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 1431 1544 13.65
40-49
Model 1298 1251 1528 1158 14.68 11.28 17.27 11.66 11.86 1415 13.86 12.68
Official 13.29 11.99 1474 11.35 1472 10.19 16.73 11.46 11.75 14.00 13.45 12.22
50-59
Model 14.27 12.05 1419 1232 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 1291 15.07 11.47
60-69
Model 11.05 11.90 1225 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 1250 1276 12.77 8.25 15.47 5.17 10.22 9.70 14.80
70-90
Model 855 1430 1271 20.92 1522 28.63 4.05 15.01 2.56 9.64 5.60 13.88
Official 9.47 1634 13.13 22.64 1526 29.41 5.68 17.34 3.20 8.09 9.33 13.68
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Table 1: Simulated Demo., Fertility Rates, and Age Structures, 2050 and 2100

Country uU.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 44421 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
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Model Details - Household Optimization

@ Preferences are represented by a time-separable, nested, CES utility
function

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

(1)
where V/(a, t, k) is from own consumption and leisure and H(a, t, k) is
utility from childrens’ consumption

90
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@ 0 is a time discount factor, ~y is the intertemporal substitution
elasticity, P(a, i, t) is probability of being alive, € is the leisure
preference, and p is the elasticity between labor and leisure
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Model Details - Capital Market Clearing

o Individuals, though saving, accumulate assets according to the
following rule:

A(a+1,t+1,k) = [A(a, t, k) + I(a, t, k)]
(1+r(t)) +w(a, t,k)[h(a, t) — U(a, t, k)]
— T(a, t, k) — [c(a, t,k)+ K(a, t, k)cx(a, t, k)], (3)

o Total capital is equal to total household assets minus government
debt and private oil assets

where r(t) is the pre-tax return, /(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.

Seth G Benzell and Guillermo Lagarda (Bostd Going it Alone January 12, 2016 11 /36



Model Details - Production

@ Goods are produced with capital and labor
@ In non-autarky, capital is perfectly mobile

@ Production is Cobb-Douglas in the three inputs:
Y(t) = ¢K(8)"L(1, 1)7L(2, 1), (4)

@ ¢ is a fixed scale term, « is capital’s share of output, §; is low skilled
labor’s share of output, and S, is high skilled labor’s share of output
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Model Details - Energy Sector

Energy is modeled as a flow of rents

A share of these rents are owned by the government (via taxation or
direct ownership), and a share is owned by households

Energy rents are constant until exhaustion in 70 years

The rate of return to oil investment equals capital investment

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) (5)
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Model Details - Government Expenditure

Spending on pensions, health care, education, and ‘other’
Also pay interest on sovereign debt

Pensions are a fixed percentage of average prior earnings

Other, education and health expenditures per person of a certain age
and other expenditures grow with business output (YY)

Health expenditures increase at a faster rate
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Model Details - Government Revenue

@ Governments raise revenues through wage, energy, income, and
consumption taxation

@ Pensions paid for with a dedicated pension (wage) tax
o Debt-to-gdp fixed

@ Marginal budget is financed through a constant mix of income and
consumption taxes

o For Russia, 75 percent consumption, 25 percent through income
taxation
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Model Details - Trade

@ The foreign assets equal to assets owned minus domestic assets

~

FA(t) = A{t) - K() - V(t) - B(¢) (6)

@ Change in net assets owned abroad paid for through exports and
income on assets owned abroad

AFA(t +1) = NX(t) + TRF(t) + FA(t) * R(t) (7)

@ Where NX is net exports, TRF are net corporate tax rebates, and R
is the global rate of return
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Model Details - Solution Method

@ The model is solved through Gauss-Slidel iteration

o First, a guess is made of the paths of aggregate labor and capital in
the economy

@ From this guess, a path of prices is determined
@ Based on prices, agents optimize

@ From aggregating individual decisions, a new guess of the path of
aggregate variables

@ Model is in equilibrium when everyone is optimizing and markets clear

@ We give 300 periods for the model to reach a steady state
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Model Details - Model Calibration

@ Government decision and individual preference parameters are set to

match 2013 data
@ Production parameters are set based on outside studies:

Table 2: Production Parameters
Symbol | Value

Capital share in production a | 0.35
Low-skilled labor share (k =1) 3, | 0.40
High-skilled labor share (k =2) g, | 0.25

Technology coefficient ¢ | 1.68
0.075

Depreciation rate Ok
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Preference, Productivity and Policy Parameters in 2013

Symbol uU.s. EU Japan+ China India Russia
Time preference rate (approximate) 4 -.0243 -.0440 -.0333 -.0560 -.0043 -.0086
Intertemporal elasticity of substitution v 0.25 0.25 0.25 0.25 0.25 0.25
Intratemporal elasticity of substitution P 0.4 0.4 0.4 0.4 0.4 0.4
Leisure preference parameter € 15 15 15 15 15 15
Shift parameter for productivity £ 1.00 .559 .625 .207 .101 311
Technical progress A 0.01 0.01 0.01 0.01 0.01 0.01
Wage tax progressivity (in %) © 0.3 0.3 0.3 0 0 0
Age of retirement a 63 60 60 60 60 58
Corporate Tax Rate (in %) T 40.0 22.8 35.2 25.0 34.0 20.0

h G Benzell and Guillermo Lagarda (Bostd Going it Alone January 12, 2016 19 / 36




Model Details - Model Calibration

Model Actual
uUs. EU Japan+ China India Russia | U.SS. EU Japan+ China India Russia
Gross Domestic Product (PPP) as a share of U.S. 100.0 104.1 385 96.4 40.2 20.5 | 100.0 1042 379 963 404 20.8

Private consumption as a share of GDP 677 563 57.8 345 596 510 | 68.6 575 580 340 610 52.0

Government consumption as a share of GDP* 19.5 231 18.4 189 169 229

Fossil Fuel Rents as a Share of GDP 0.9 03 0.1 27 25 172 1.0 03 0.0 34 29 17.1

Government Revenues as a percentage of GDP”

Total tax revenues 278 281 286 218 206 174 | 210 227 262 209 175 182
Consumption tax 11.6 145 103 16.0 13.0 107 98 117 13.7 157 117 113
Corporate tax 4.7 42 56 34 4.7 35 24 27 55 4.1 37 3.1
Income Tax 115 9.5 127 24 29 32 8.8 83 7.0 LI 20 38

Non-tax revenues
Social insurance revenues 57 159 57 L7 2.0 73 57 158 0.5 L5 1.9 72
Natural resources 0.7 0.3 0.1 0.0 0.3 115 1.1 1.5 2.1 0.0 04 1.1

Total Government Expenditures

Health expenditures 8.2 82 8.3 20 1.3 33 78 79 8.2 14 0.9 39

Education expenditures 54 53 6.3 32 32 4.0 5.1 57 6.8 39 28 44

Government Purchases of G&S excl. Health And Education 59 9.7 38 137 124 156 6.3 9.6 4.0 138 128 16.0

Pension benefits 8.8 17.0 6.0 28 4.6 92 8.5 169 6.2 26 4.1 8.9

Other transfer benefits 54 59 83 1.8 1.4 34 5.1 6.5 8.5 24 1.7 39

Net Payments on Debt/Assets 1.0 -26 2.0 0.3 5.0 0.8 06 -23 1.8 0.2 45 0.7
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Non-autarky Results

e With 2013 oil price and free trade, Russia still faces challenges
@ Pension obligations grow

@ Average equivalent total wage tax rises from 37.8 percent in 2013 to
54.1 percent in 2060
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From Openness to Autarky

What we hear: Russia entered 2014 with declining potential growth owing
to:

@ stalled structural reforms,

@ weak investment,

@ declining total factor productivity and
@ adverse population dynamics.

Exacerbated by two external shocks: sharp decline in oil prices and
sanctions
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From Openness to Autarky

Can things get worse with further sanctions?

@ Autarky the extreme case

@ What does Autarky means in our model?
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From Openness to Autarky

@ No trade of goods is possible

o Capital markets are closed

@ Russia owns all capital and oil in the country

o Oil prices around 30 dpb (fell 75%)

@ Government runs fiscal deficits, basically to cover a safety net
program of transfers.

o Fiscal deficit is fully financed by taxes and debt
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From Openness to Autarky

@ No trade of goods is possible

o Capital markets are closed

@ Russia owns all capital and oil in the country

@ Oil prices around 30 dpb (%75 less than avg. 2013)

@ Government runs fiscal deficits, basically to cover a safety net
program of transfers.

o Fiscal deficit is fully financed by taxes and debt
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Autarky: Key results

Impossible to import K
Interest rates increase interest rates decreases wages
People increase time devoted to work

Taxes need to increase to compensate for less oil revenues

Larger tax burden affects current generations
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From Openness to Autarky

What we simulate:

Autarky

Autarky with Loss Equalization Transfer Scheme

Autarky with Within Class-Loss Equalization Transfer Scheme
Autarky with Equalizing Loses and Asset Repatriation

Autarky with Equalizing Loses and Productivity Slowdown of 20%
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Autarky with no Transfers

Potential GDP declines
o GDP falls 11.8% compared to baseline.
@ By 2030 GDP has shrunk circa 15%.
Capital Stocks Fall
@ When the oil shock occurs, capital stocks are not affected.
@ In 2020 stocks are 8.57% lower than baseline
@ By 2040 stocks are circa 25% lower than baseline.
Unfavorable Labor Markets
@ People feel less wealthy, thus they need to work more to increase their
income.
@ Labor supply increases immediately after the shock: 2.30% and
2.84% for low and high skilled, respectively.
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Autarky with no Transfers

Public Finances Under Pressure
@ Revenues are severely affected by lower oil prices.

@ With no public spending adjustments the government would have to
raise taxes in order to keep debt under control.

@ Thus, the average tax rate would hike from 37.8% to 54% in the
medium run.
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Autarky with Transfers

Potential GDP declines
e GDP falls 11.3% compared to baseline.

@ In the long run the transfer scheme induces a negative effect on the
economy, which further reduces its potential to about 17%

Capital Stocks Fall
o Initially, capital stocks are not affected.

@ By 2035, debt repayments crowd out capital investment leading to
reduction of stocks circa 30%:

Unfavorable Labor Markets
@ People need to work more to increase their income.

@ However, labor supply increases 20% less than without transfers
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Autarky with Transfers

Public Finances Under Pressure

@ Transfers are assigned so that households find some cushion to face
the new economic conditions. They are financed via taxes and debt.

@ The average tax rate would hike from 37.8% to about 53% in the
medium run.

@ Debt remains sustainable but relatively higher.
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Transfers: Class-Loss Equalization

o Key difference is that redistribution is within labor class
o No major qualitative changes...

@ In terms of welfare: High-skilled suffer less relative to low-skilled
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Autarky and Asset Repatriation

Potential GDP declines
@ Potential GDP falls 14.3% compared to baseline.

o As before, transfers scheme induce negative effect on the economy,
which reduces its potential to about 18.6% by 2030

Capital Stocks Fall
@ Asset repatriation affects K stocks immediately: fall 10.8%.

o By 2035, debt repayments crowd out capital investment leading to
reduction of stocks circa 32%:

Unfavorable Labor Markets

@ Regardless of transfers, people need to work more to increase their
income.

@ Labor supply increases 25% more than without repatriation
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Autarky with Transfers and Capital Reparation

Public Finances Under Pressure

@ The average tax rate would hike from 37.8% to about 53% in the
medium run.

@ Debt remains sustainable but relatively higher.

@ Interest payments reach 1.1 percent of GDP in 2030

@ Debt remains sustainable but relatively higher
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Welfare

Birth Year Baseline Perfect Loss-Sharing Class-Loss Sharing Asset Repatriation

Low High Low High Low High Low High
1940 -3.412 -3.889 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
1980 -6.979 -7.308 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2000 -8.335 -7.996 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2010 -6.624 -6.068 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2020 -4.695 -4.087 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2030 -2.864 -2.305 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2040 -1.238 -0.754 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2050 0.19 0.552 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
2100 1.921 2.943 -4.522 -4.522 -4.904 -3.951 -5.411 -5.411
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Final Remarks

Limited effects over the economy
Russia is a net lender and runs a positive current account
Foreign assets partially offset the unfavorable conditions

Next step is to understand contribution of price effect versus trade

Proper calibration of foreign assets + trade flows
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