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Effects of terms of trade shocks on the Russian economy

Natalia Turdyeva
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Abstract

The principal interest of the paper is the quantification of terms of trade shock response
of the Russian economy on a detailed computable general equilibrium (CGE) model calibrated
with Russian input-output data.

The results suggest a decrease of welfare of the representative consumer and real GDP
with the deterioration of the terms of trade. In the Central scenario (a 10% decrease in the world
price of crude oil, a 3% decrease in the world price of natural gas and an 8% decrease in the
world price of petroleum products) welfare of the representative consumer decreases by -1,17%
of benchmark consumption level or -0,58% of the base year GDP in the comparative static model.
Percentage change of the GDP in the Central scenario of the comparative static model is of the
same magnitude as representative agent’s decrease in welfare in terms of the benchmark GDP:
-1,55%.

Welfare changes associated with the Central scenario of the steady-state model, where
capital stock adjusts to its long-term level, indicate a significant decrease in the welfare of the
representative agent up to -2,64% of benchmark consumption level or -1,23% of the base year
GDP. Percentage change of the GDP in the Central scenario of the steady-state model exceeds
representative agent’s decrease in welfare in terms of the benchmark GDP: -2,51%.

The model was validated by historical simulation with observed levels of exogenous
parameters, mimicking change in economic environment from 2011 to 2015. The results of the
historical simulation stress the importance of fiscal parameters (i.e. export taxes) in analysis of
production behaviour of Russian extraction industries.

Key words: terms of trade, oil price shock, computable general equilibrium models, input-
output table, industry output; CGE model validation.
JEL classification: F17, C68, D58.
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1. Introduction

The focus of this paper is on the output response on detailed industry level. The
aim is to study propagation of oil price shock in the simplest general equilibrium settings
possible, in a small open nested-CES economy with a representative agent, perfectly
competitive cost-minimizing producers and inelastic factor supplies. This paper examines
the impact of changes in world prices on the Russian economy. In particular, 1 am
interested in the change in production as a result of changes in world prices for the main
Russian export and import commodities. The model presented in the paper belongs to
the class of computable general equilibrium (CGE) models, it has a detailed industry
structure, which allows tracing the effect of changes in world prices on all aspects of the
Russian economy.

This article examines the impact of changes in world prices on the Russian
economy. In particular, | am interested in the change in production as a result of changes
in world prices for the main Russian export and import commodities.

A number of recent macro studies ((Atalay 2017), (Acemoglu, Ozdaglar, and
Tahbaz-salehi 2017) (Burstein, Kurz, and Tesar 2008)) stressed importance of explicit
introduction of the intermediates in the models assessing effects of external shocks,
which is a well-established practice in the computable general equilibrium methodology.
Models of this class permit introduction of rich details and complex production structures
as well as optimizing behaviour of economic agents.

The model presented in the paper belongs to the class of computable general
equilibrium (CGE) models, it has a detailed industry structure, which allows tracing the
effect of changes in world prices on all aspects of the Russian economy.

The results suggest a decrease of welfare of the representative consumer and real
GDP with the deterioration of the terms of trade. In the Central scenario (a 10% decrease
in the world price of crude oil, a 3% decrease in the world price of natural gas and an 8%
decrease in the world price of petroleum products) welfare of the representative
consumer decreases by -1,17% of benchmark consumption level or -0,58% of the base
year GDP in the comparative static model. Percentage change of the GDP in the Central
scenario of the comparative static model is of the same magnitude as representative
agent’s decrease in welfare in terms of the benchmark GDP: -1,55%.

Welfare changes associated with the Central scenario of the steady-state model
indicate a significant decrease in the welfare of the representative agent up to -2,64% of

benchmark consumption level or -1,23% of the base year GDP. Percentage change of
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the GDP in the Central scenario of the steady-state model exceeds representative agent’s
decrease in welfare in terms of the benchmark GDP: -2,51%. The GDP response in the
steady-state model is in line with estimates obtained in compatible work (Mon6wuH 2017).

These results exceed welfare changes in the Central scenario of the static model,
and we can refer to these values as upper bound of possible changes in welfare in the

dynamic modelling exercise (Rutherford and Tarr 2003).

2. Literature review

The effect of the shock of the terms of trade on the output of industries

The dependence of the Russian economy on oil prices manifests itself in 2014-
2015 (see Figure 1), when, following the reduction in oil prices and the restriction of
access to capital markets, Russia's economy entered a recession (World Bank Group
2015).

Figure 1. Real GDP of the Russian Federation, in % to the previous year
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Source: Rosstat.

The main reasons for the decline in production in 2015 were a sharp drop in olil

prices, a subsequent depreciation of the rouble with a corresponding increase in inflation.
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The situation was complicated by the loss of investor confidence resulting from economic,
political and external economic circumstances.

The decline in prices for oil and oil products, which are the key Russian exports,
while maintaining world prices for goods imported into Russia, led to a reduction in the
ratio of prices of export goods to the prices of imported goods, or terms of trade (Reinsdorf
2010).

Numerous studies (International Monetary Fund 2017), (Cavalcanti, Mohaddes, and
Raissi 2015) find that GDP growth (see Figure 2) and other macroeconomic characteristics
of commodity-exporting countries, including Russia, depend to a greater extent on

changing terms of trade than comparable countries, which are not commodity exporters.

Figure 2. Contribution of terms of trade to GDP per capita change, commodity-

exporting countries and EMDE, in average for developing countries.
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Source: International Monetary Fund, (international Monetary Fund 2017), p. 74.

There are various estimates of the extent to which the shocks of the terms of trade
cause business cycles in developing countries. For a long time economists considered
that up to 30% of the change in output and other macroeconomic indicators was due to
changes in terms of trade (Mendoza 1995) and (Kose 2002). The latest estimates
(Schmitt-Grohé and Uribe 2018) significantly reduce this estimate, referring to less than
10% of the relationship between changes in terms of trade and the movement of gross
output. Despite the uncertainty about the impact of the terms of trade on the economy of
developing countries on average, the mechanisms of influence are well described. Idrisov

et al. (Mgpucos, NoHomapes, and CuHenbHUkoB-Mypbinés 2015) note two main channels
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of the impact of terms of trade on the Russian economy: a reduction in disposable income
and a devaluation of the rouble.

The impact of the real rouble exchange rate on the macroeconomic parameters of
the economy and aggregate output has always been in the focus of attention of
economists. Let us consider below a few works devoted to this topic in general and in
application to the Russian economy.

Total output and real exchange rate

There is no consensus in the theoretical literature on the impact of a change in the
exchange rate of the national currency on the real output. Gylfason and Schmid (Gylfason
and Schmid 1983) discuss a possible channel for the negative impact of the weakening
of the national currency on aggregate output: in the case of a large share of imports in
intermediate consumption, devaluation leads to an increase in the costs of domestic
production, which can cause a fall in supply, as a consequence, a reduction in the
equilibrium output. This channel of influence is the more important, the less the elasticity
of substitution of imported intermediates by domestic in the production processes of
domestic firms.

For the economy as a whole, the substitution of imported goods by domestic
largely depends on the structure of the preferences of households: if imports and
domestically produced goods are easily substituted in the consumption, then with the
increase in import prices there will be a switch to consumption of domestic goods, and,
as shown in the work of Kadochnikov et al. (KagoyHukoB, CuHenbHukoB-Mypbinés, and
YeTteepukos 2003), this will lead to an increase in the domestic output. If domestic and
imported goods are compliments and do not replace each other in consumption, the
increase in import prices will be accompanied by a decrease in demand for home
products, which is due to the predominance of the income effect over the substitution
effect, and as a result, the demand for home products will decrease.

An important channel of propagation of exchange rate swings on the aggregate
output may be the relationship of exchange rate and investment demand. As noted in a
number of growth models with technology adaptation (Easterly et al. 1994), the
weakening of the national currency leads to a rise in the cost of borrowing technology.
This leads to a drop in investment, and, ultimately, to a decrease in the aggregate output.
As Badasen and co-authors (bagaceH, Kaptaes, and XasaHoB 2015) note, this channel
of influence is especially important for developing economies in which technology import

plays an important role.
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In the works of Aghion and co-authors (Aghion, Bacchetta, and Banerjee 2000),
Greenwald and Stiglitz (Greenwald and Stiglitz 1993), Gatti et al. (Gatti et al. 2007), it is
shown that in the case of a large volume of borrowings of the private sector in foreign
currency, after a devaluation, debt servicing becomes more complicated due to its growth
in the national currency. This can lead to a reduction in the cumulative output.

The general direction of the change in the aggregate and industry output caused
by the exchange rate changes depends on the conditions prevailing at a particular
moment in the given economy, and economic theory does not give a single answer to the
guestion of the direction of change. In part, this thesis is confirmed by the heterogeneous
results obtained for the Russian economy in the studies of various authors over the past
few years.

Dynnikova (OeiHHMKoBa 2000), on the basis of the theoretical model, came to the
conclusion that in the period from 1993 to 1997, the strengthening of the real exchange
rate of the rouble was accompanied by an increase in output, presumably due to lower
prices for imported components and intermediate goods.

Kontorovich's empirical findings (KoHtoposu4 2001) show that strengthening the
real rouble/dollar exchange rate by 1% with a lag of several months is accompanied by a
reduction in the intensity index of industrial production by approximately 0.2%.

In the work of Kadochnikov et al. (KagoyHukoB, CuHenbHukoB-Mypbinés, and
YeTteepukos 2003), a link was made between the strengthening of the national currency
and the growth in demand for imports: the strengthening of the real exchange rate by 1%
leads to the replacement of domestic goods with imports by 0.77% on average in the
economy.

Kartayev (Kaptaes 2009) concluded that the weakening of the national currency
by 1% leads to an increase in real GDP of Russia by 0.66%. From the point of view of
sector dynamics, it was concluded that the weakening of the rouble does not lead to
changes in the production of the extractive industry, but at the same time, it leads to an
increase in the output of the manufacturing industry.

Vdovichenko et al. (BooBuueHnko, [ObiHHMKOBa, and Cy66otmH 2003) also
expressed the idea that the manufacturing industry reacts more strongly to fluctuations in
exogenous factors, including the real exchange rate. From the point of view of the
difference in the sectoral response to the change in the real exchange rate, the industries
were divided into three groups: losers of the strengthening the real exchange rate (fuel,

wood pulp and paper, chemical and petrochemical, non-ferrous metallurgy), insensitive
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to real exchange rate changes (food and mechanical engineering) and winners (light
industry, ferrous metallurgy, construction materials industry and electric power industry).

In the work of Badasen, Kartaev, and Khazanov (bagaceH, Kaptaes, and Xa3aHoB
2015), based on econometric research, it was concluded that when the exchange rate of
the rouble depreciates, the most favourable effect is on export-oriented industries, as well
as on industries with a low share of imports in costs.

The studies referred above generally agree with the positive influence of the
relative weakening of the domestic currency on domestic output. But it should be noted,
that in a case of a ToT shock, usually both channels of influence are present: income
effect and exchange rate. Thus, in order to simulate effect of a ToT deterioration of the
detailed industry structure of the Russian economy there is a need of a structural model.

One of possible solutions is use of the computable general equilibrium model.

Estimating effects of a ToT shock with a general equilibrium model

Computable (applied) general equilibrium model is a system of equations
describing behaviour of economic agents in an economy. The numerical parameters of
the model equations are based on statistical data of one year or averaged data over
several years. The procedure for calculating the parameters of a model is called
calibration. The model is calibrated so that the base year data is obtained as the initial
equilibrium.

Scenario forecasts are set by changing one or several controls, for example, by
changing exogenous world prices for export or import goods. After changing the controls,
a new equilibrium is obtained. The new equilibrium reflects the effect of the proposed
changes in the controls. Resulting changes in endogenous variables are obtained by
comparing the basic data set and the new equilibrium obtained as a result of the
experiment.

Models of computable general equilibrium (CGE models) have traditionally been
the most effective and most widely used tool for assessing possible changes in foreign
trade (Hertel 2013), taxation (Dixon and Rimmer 2016), public expenditure (Holmgy and
Strem 2013), social security (Fehr 2016), demography (Zodrow and Diamond 2013),
immigration (Fehr et al. 2013), labour markets (Dixon, Koopman, and Rimmer 2013),
environment (Bohringer et al. 2015), as well as assessing the effects of natural
(Shibusawa et al. 2011) and man-made disasters (Rose and Liao 2005). CGE models
are the only practical way to quantify these effects at the level of industries, regions

(Giesecke and Madden 2013) and socio-economic groups (Horridge et al. 2013).
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Even at the dawn of its existence, computable general equilibrium models were
used to assess the effects of the shock of terms of trade on the welfare, changes in output
and factor income (Devarajan and Robinson 2013). Subsequently, a variety of studies
were conducted both at the level of one country (Dixon, Koopman, and Rimmer 2013),
often in a regional breakdown (Dong et al. 2017), or in the framework of global models
(Timilsina 2015).

Models of computable general equilibrium for the Russian economy

Examples of the use of computable general equilibrium models for Russia include:
Makarov (Makapos 1999), Zemnitsky (3emHuukun 2003), Bakhtizin (Baxtnaunn 2003),
Alekseev, Turdyeva, Yudaeva (Alekseev, Turdyeva, and Yudaeva 2003), Alekseev,
Sokolov, Turdyeva, Yudaeva (Alekseev et al. 2004), Jensen, Rutherford and Tarr
(Rutherford and Tarr 2004), (D. G. Tarr and Rutherford 2004), (Helm and Rutherford
2004), Rutherford, Tarr, Shepotilo (D. G. Tarr, Shepotylo, and Kouduyarov 2005),
Alekseyev et al. (Anekcees et al. 2004),, Besstremyannaya, Bakhtizin (Besstremyannaya
and Bakhtizin 2006), Volchkova and others . (Bonuykosa et al. 2006), Rutherford and Tarr
(D. Tarr 2006), Kolik, Radziwill, Turdiyeva (Kolik, Radziwill, and Turdyeva 2015),
Bohringer et al. (Béhringer et al. 2015).

The effects of the shock of the terms of trade and the subsequent recession of
2014-2015 on welfare distribution in Russia are considered in the work of Bussolo and
Luongo (Bussolo and Luongo 2017). The authors concluded that a 50% reduction in oil
prices would lead to a significant decline in oil production and refining (-13%), a reduction
in construction industry production (-5%) and transport (-1.3%). The main gain will be for
the export industries of manufacturing (+ 12.7%), agriculture (+ 9.5%), other
manufacturing (+ 8.2%) and other extractive industries (+ 5.1%), and the food industry (+
2.3%). Among other consequences, the authors note a fall in the well-being of the

population by 6.88% in terms of consumption.
3. Model Description

| present two models: the core comparative static model with inelastic factor supply
and a steady-state model with a variable capital stock. The steady-state model is an
extension of the comparative static model, it solves for time-invariant capital stock, i.e.
cost of investment equals the discounted stream of rents on installed capital. The goal of
the steady-state model is to “evaluate the upper bound of welfare gains in a Solow type
model” (Rutherford and Tarr 2003).
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3.1. The comparative static model

The structure of the core model is close to the CRTS model used in Bohringer et
al. (Bohringer et al. 2015). The model is based on optimizing behaviour of all economic
agents, supply and demand balances in all markets for goods, services, and factors.
Budgets are balanced for all agents.

The algebraic formulation presented in the appendix corresponds to the core
model of a small open nested-CES economy with perfectly competitive cost-minimizing
producers and inelastic factor supplies. Economic agents resented in the model are
households, enterprises, investment sector, and government. Consumers of final and

intermediate goods differentiate between domestic and imported goods, i.e. the

Armington (Armington 1969) assumption is used (Figure 3).

Exporter’s decision on
volume of exports
\ Exports
Domestic ' . -
] ] Importer’s decision
production ;
on volume of imports
Home goods for
domestic use
' Composite goods
—> for domestic retail
market
Imports

Figure 3. Structure of products differentiation in the model.

Source: the author

Economic agents
Economic agents of the model are: a representative household, enterprises, the

government and a savings-investment bank (see Figure 4). The government collects

direct and indirect taxes with fixed ad-valorem tax rates, saves an amount equal to trade
surplus in the base year in foreign currency (\7), then saves a fixed portion of the tax

revenue in the domestic savings-investment bank, and purchases goods (g;) on the final

market.
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Private Investment Government Fixed savings in the
demand ¢; demand i; demand g; foreign currency V
Private Government
saﬁy Investment savings

Personal T

Household |. - > | Government

income tax l Enterprise
\ savings /

Households’ Enterprl 5es Profit tax,

profit share resounce

T extraction tax
Payment to Payment to Indirect Taxes"
labor capital revenue

Figure 4. Structure of income and spending of economic agents in the model

Source: the author

| assume that labour belong to households and capital belong to enterprises.
Enterprises receive all capital income, pay direct corporate taxes (the corporate profit tax
and the resource extraction tax), save a fixed portion of an after-tax capital earnings and
transfers the rest to shareholders. | assume that there is no foreign ownership of Russian
companies, thus all payments to shareholders are transferred to the domestic
households.

The representative domestic household receives labour remuneration and share
of profit from the enterprises (discussed above). Households pay personal income tax,
saves a portion of the after-tax income and uses the rest on private consumption (c;).

The savings-investment bank receives private, enterprise, and government
savings. Savings of all economic agents in the model are savings-driven (Lofgren,
Thomas, and El-said 2002), in other words, each economic agent saves a fixed share of
its budget. The savings-investment bank spends all available funds on purchase of goods
on the final market (i;).

There is no international ownership of factors, i.e. model does not account for non-
zero net factor payments. Default external closure of the core model states that foreign

savings of the government is fixed and exchange rate is fully flexible. Government’s
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foreign savings are fixed on the base year level V, which equals to the current account
surplus (or, in the case of NFP=0, to the trade surplus).
Industries

There are 52 industries (Table 6) producing goods and services, each described
by a representative firm. Cost-minimizing firms operate in free-entry markets, which leads
to zero profit, i.e. marginal returns for an individual firm equal marginal cost.

Production technologies are characterized by constant returns to scale. Output (Y)
is a Leontief (¥ = 0)*, combination of value added (VA) and intermediate goods (INT).
Value added is a Cobb-Douglas (¢* = 1) aggregate of primary factors (mobile labour
(L), mobile (K) and specific capital (SK)) and intermediate goods and services (INT) (see
Figure 5).

Intermediate goods are a bundle of imported (mj — imports of commodity i for
industry j) and domestically produced intermediates (dj). Bundling of domestic and
imported intermediates is done for each industry and each type of good separately. All
bundling techniques for the intermediate products are described by CES functions and
share the same low (Atalay 2017) elasticity of substitution between domestic and
imported goods (¢™ = 0.4), share parameters for each industry i and each good j are
calibrated on detailed information provided by Russian input-output tables?. Relatively
low value of elasticity of substitution between domestic and imported intermediates
reflects high level of complementarity of imports in firms’ intermediate consumption
(BepesunHckast and Beges 2015).

Domestically produced goods (Y) are split between domestic (D) and export
markets (X) on the basis of relative prices at home and export markets. This
transformation, i.e. a decision of an exporter, is described by the constant elasticity of
transformation (CET) function. Default value of elasticity of transformation , equals 0.15.

This relatively low level of the elasticity of transformation corresponds to values reported

1 g¥ —is the elasticity of substitution between value added (VA) and intermediate consumption
(INT) in the upper-level production function. Notational convention: ¢ (sigma) - denotes elasticity
of substitution in various production and bundling functions; 7 (eta)- elasticity of transformation
between domestic goods for domestic market and exports. Please note, that limit case of a CES
function with elasticity of substitution ¢ = 0 is the Leontief function, and ¢ = 1 is the Cobb-Douglas
function.

2 Base input-output tables for the Russian Federation were estimated for year 2011
(http://www.gks.ru/wps/wem/connect/rosstat_main/rosstat/ru/statistics/accounts/#), more on data
sources in the relevant chapter. Information on the composition of intermediate consumption is
provided by use tables for domestic and imported goods.
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in (Tokarick 2014) and (IMF 2017) and reflects problems in reallocation of resources from
domestic supply to export markets that Russian economy faces.

Domestically produced goods for the domestic market (D), are bundled with
imports (M). The composite good (A) is supplied to the domestic market where it serves
final demand by the representative agent. The bundling of domestic and imported goods
is described by constant elasticity of substitution (CES) function with elasticity (¢ = 4).
This value is close to the average of Armington substitution elasticities between domestic
and imported goods in GTAP 9 database (Aguiar, Narayanan, and McDougall 2016).

A oz
AN
X D M
rr=15 \7<_ >/
)QYX B
ey | VA INT | .,
Prd b @Y
L|]| sk ||k m, d,

Figure 5. Structure of industrial production and supply of composite goods for the final
market.

Source: Author

3.2. Steady-state model

The steady-state model is an extension of the core comparative static model. The
goal of the steady-state calculation is to evaluate the upper bound (Rutherford and Tarr
2003) on welfare changes associated with terms of trade change for the Russian
economy.

In the comparative static model the price of capital varies, while total supply of
capital is fixed. In the steady-state model the mobile capital stock and investment demand
are endogenously determined while the price of capital is constant. In other words, the

steady-state model solves for time-invariant capital stock. In the steady-state model
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optimal capital stock is such that cost of investment equals the discounted stream of rents
on installed capital®. “This can be viewed as a multi-sector version of the “golden rule”
equilibrium” (Rutherford and Tarr 2003).

4. Benchmark dataset

The dataset for the model consists of two sets: economic indicators, which
describe economy of the Russian Federation for the base year (2011) in the form of the
Social accounting matrix (SAM) (see part 4.1) and the second set of behavioural
parameters derived from the relevant literature, which consists of different elasticities of

substitution (see part 4.2).

4.1. Social accounting matrix

The social accounting matrix for the model describes a snapshot of the economic
activities of Russia at year 2011, which is the base year in our case. The SAM is a square
matrix, each account is represented by a row and a column (Pyatt 1991). Row entities
correspond to income of the respective account, while column depicts payments of the
account. Accounts of the SAM consist of production activities, goods, factors of
production, economic agents, and economic policy instruments. For more information on
the social accounting matrix format of representing the economic data see (Pyatt and
Round 1985).

Main sources of the data for the SAM are Russian Input-Output (IO) tables for
20114, as well as National accounts for 2011 (Pocctat 2017). The Input-Output tables
consist of a resource table, use tables in buyers' and basic prices, use tables of
domestically produced and imported products, tables with transport and trade margins,
and a table of taxes. Sectoral and commodity details of the original tables were
aggregated to 52 commodity and industries (Table 6). Development of a dataset for a
CGE model from an 10 table in well-documented process (Rutherford and Paltsev 1999).

The 10 tables do not contain information on direct taxes and other transfers
between economic agents. This information was obtained from national accounts (see
Table 1).

3n the present version of the model depreciation is set to zero.
4 Rosstat, 2017, Russian Input-Output Tables for year 2011, retrieved from
(http://www.gks.ru/free_doc/new_site/vvp/baz-tev-2011.xIsx) on September 05", 2019
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Table 1. Transfers between economic agent in the model

government |households |enterprises .savmgs— exports
investment
gov hh ent S-i row
government gov
households hh 22,2187
enterprises ent
savings-investment |s-j 1,0882 7,041 6,6067
imports row 5,4872

Source: the author
An aggregated version of the SAM used in the model is presented in the appendix
(Table 14).

4.2. Elasticities

In this section | stick to the following notational convention: ¢ (sigma) — denotes
elasticity of substitution in various production and bundling functions; 7 (eta) — elasticity
of transformation between domestic goods for domestic market and exports®.

Output in each industry is produced with a nested production function. The upper
nest is a Leontief combination of value added (VA) and intermediate goods (INT), ¥ = 0
—is the elasticity of substitution between value added (VA) and intermediate consumption
(INT) in the upper-level production function. This type of nested production function was
used in several models of the Russian economy, see (Bohringer et al. 2015).

Value added is a Cobb-Douglas aggregate of primary factors (mobile labour (L),
mobile (K) and specific capital (SK)) and intermediate goods and services (INT) (see
Figure 5). 6”4 = 1 is the elasticity of substitution between different factors in production
of value added.

Domestic and imported intermediates are bundled in each industry and for each
type of good separately. All bundling techniques for the intermediate products are
described by CES functions and share the same low (Atalay 2017) elasticity of
substitution between domestic and imported goods (¢™ = 0.4), share parameters for

each industry i and each good j are calibrated on detailed information provided by Russian

5 Please note, that limit case of a CES function with elasticity of substitution o = 0 is the Leontief
function, and ¢ = 1 is the Cobb-Douglas function (K. J. Arrow et al. 1961).
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input-output tables®. Relatively low value of elasticity of substitution between domestic
and imported intermediates reflects high level of complementarity of imports in firms’
intermediate consumption (bepeauHckasa and Beges 2015).

Transformation of domestically produced goods (Y) between domestic (D) and
export markets (X) is described by the constant elasticity of transformation (CET)
function. Default value of elasticity of transformation 7 equals 0.15. This relatively low
level of the elasticity of transformation corresponds to values reported in (Tokarick 2014)
and (IMF 2017) and reflects problems in reallocation of resources from domestic supply
to export markets that Russian economy faces.

The bundling of domestic and imported goods is described by constant elasticity
of substitution (CES) function with elasticity (¢ = 4). This value is close to the average
of Armington substitution elasticities between domestic and imported goods in GTAP 9

database (Aguiar, Narayanan, and McDougall 2016).

Table 2. Central values of elasticities in the model

Elasticity | Description Value Reference
n elasticity of transformation between 0.15 (Tokarick 2014)
supply to domestic and export (IMF 2017)
markets
o™ elasticity of substitution between 0.4 (Atalay 2017)
domestic and imported goods in
intermediate consumption
a¥ elasticity of substitution between 0 (Bohringer et al.
value added and intermediate goods 2015)
in the production function
o’4 elasticity of substitution between 1 (Bohringer et al.
different factors in production of value 2015)
added
a4 elasticity of substitution between 4 (Aguiar,
domestic and imported goods in the Narayanan, and
Armington aggregation function for McDougall 2016).
production of final goods
Source: respective papers
6 Rosstat, 2017, Russian Input-Output Tables for year 2011, retrieved from
(http://www.gks.ru/free_doc/new_site/vvp/baz-tev-2011.xlsx) on September 05", 2019.

Information on the composition of intermediate consumption is provided by use tables for
domestic and imported goods.
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5. Results: Terms of trade decrease

One of my principal interests is the quantification of terms of trade shock response
of the Russian economy on a detailed CGE model calibrated with Russian input-output
data. A number of studies ((Atalay 2017), (Acemoglu, Ozdaglar, and Tahbaz-salehi 2017)
(Burstein, Kurz, and Tesar 2008)) stressed importance of implicit introduction of the
intermediates in the models assessing effects of external shocks. The assessment of
effects of a terms of trade shock on the macro and industry level is completed with a help
of a detailed computable general equilibrium model. Models of this class permit
introduction of rich details and complexity of production structures as well as optimizing

behaviour of economic agents.

5.1. Scenario definition

The central scenario is a 10% decrease in world prices of crude oil, accompanied
by a 3% decrease in the world price of natural gas, and an 8% decrease in the world price
of petrochemical products.

Relationship between the world oil and gas prices

There is a growing literature on long-term relationship between global crude oll
and natural gas prices (Nick and Thoenes 2014). Recently, the long-run oil-gas price
relationship has been challenged quite often, as these two prices have shown evidence
of decoupling from each other (Ramberg et al. 2017). Based on (Zhang and Ji 2018), we
adopt factor of 0.3, describing relationship between change in the world price of oil and
change of the world price of natural gas. Thus, in our central scenario a 10% decrease in
the world price of oil is accompanied with a 3% change in the world price of natural gas.

Relationship between the world oil and oil products’ prices

Strong technological connections (Ramberg et al. 2017) between crude oil and oll
products dictates relatively high factor of 0,8, describing relationship between crude oil
and oil products world prices for Russian exports (Polanco Martinez, Abadie, and
Fernandez-Macho 2018). In our central scenario, a 10% decrease in the world price of
crude oil is accompanied by an 8% decrease in the world price of oil products.

We cap present Central scenario as a composition of three scenarios: “Oil”,
“Natural gas” and “Petroleum products”. Each of these scenarios model decrease in the
world prices of one separate good. Thus, the Central scenario is summarized as a

simultaneous decrease in three world prices for Russian exports:
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e Crude oil (scenario “Oil”: decrease of the world price for crude oil by 10%);

e Natural gas (scenario “Natural gas”: decrease of the world price for Natural
gas by 3%);

e Petroleum products (scenario “Petroleum products”: decrease of the world

price for Petroleum products by 8%).

5.2. Simulations results: comparative static model

Overall economic impacts: static model, Central scenario

Overall economic impact for the Central scenario in the settings of the static model
are shown in the table below (Table 9). The results are presented for the Central scenario
and it's components. Welfare changes associated with the Central scenario indicate a
significant decrease in the welfare of the representative agent up to -1,17% of benchmark
consumption level or -0,58% of the base year GDP.

Percentage change of the GDP in the Central scenario is of the same magnitude
as representative agent’s decrease in welfare in terms of the benchmark GDP (-1,54%).

Major driver of the decline in the GDP is government consumption (-4,28%), due
to fall in oil taxes (export tariffs). Decline in the household’s consumption (-1, 17%) reflects
households’ income decline, caused by decline in remuneration of mobile factors of
production (wage decreases by -1,33%, mobile capital rent — by -0,73%). The most
significant decline in income is the decline of -3,22% rent of the specific capital in the oil
industry. Investment decreases as well (by -0,87%). The only component of the final
demand that experiences growth is real aggregated exports (1,23%), partly due to
performance of the exchange rate (+4,24%).

The external closure of the model fixes trade balance in real terms and lets the
exchange rate to adjust to changes in relative prices of exported and imported goods.
The exchange rate is defined in units of local currency to units of foreign currency, thus
an increase in the value of the exchange rate means depreciation of the local (domestic)
currency. A decrease in the exchange rate means that domestic currency strengthens.

The Central scenario is associated with a 4,24% increase in the exchange rate.
This means that all imported goods are 4,24% more expensive than in the base year.

Numeraire of the static model is consumer price index, thus CPI change in all
scenarios equal to zero. Since only relative prices matters in the computable general
equilibrium models, all other prices are quoted in terms of the numeraire (CPI in our case).

Given that CPI is fixed, changes in the exchange rate reflect changes in the real exchange
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rate. In the central scenario wages change by -1,33% and return to mobile capital by -
0,73%.

Return to specific capital in extracting industries or natural rent, decreases for
crude oil production (-3,22%), indicating reduction of production activities.

All other extracting sectors feel much better with increase in return to specific
capital in the Central scenario. The resource rent in production of natural gas rises (4,2%),
as well as the resource rent in production of coal (4,26%), and other mining activities
(5,94%).

Aggregated production index rises by 0,57%. Agriculture production index rises by
0,08%. Extraction production stays constant on the level of the base year. Manufacturing
production index rises by 0,91%, which indicates shift of the resources to manufacturing
sector.

Services production index decreases by -0,42%. This is the consequence of
decline in government spending, since government’s demand drives total demand for
services.

Structural changes induced by deterioration of the terms of trade lead to
reallocation of mobile factors: workers change industries, as well as mobile capital.
Though, the magnitude of reallocation is not significant: 0,66% of mobile capital changes

sectors in the Central scenario, and 1,14% of workers.

5.3. Simulations results: steady-state model

The steady-state model is an extension of the comparative static model. The goal
of the steady-state calculation is to evaluate the upper bound (Rutherford and Tarr 2003)
on welfare changes associated with terms of trade deterioration for the Russian economy.

In the comparative static model the price of capital varies, while total supply of
capital is fixed. In the steady-state model the mobile capital stock and investment demand
are endogenously determined while the price of capital is constant. In other words, the
steady-state model solves for time-invariant capital stock. In the steady-state model
optimal capital stock is such that cost of investment equals the discounted stream of rents
on installed capital’. “This can be viewed as a multi-sector version of the “golden rule”
equilibrium” (Rutherford and Tarr 2003).

7 In the present version of the model depreciation is set to zero.
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Major difference between the results of comparative static and steady-state
models is captured in the changes of investment demand. As a result of deterioration of
the terms of trade optimal capital stock for the economy decreases, causing investment
demand to go down even further, then in the comparative static case. There is a -1,56%
decrease in the total investment demand in the Central scenario of the steady-state model
vs. decrease of -0,87% in the comparative static case.

The effects induced by the ToT deterioration on the capital stock echoes in total
production index decreases. Thus, a decrease in the terms of trade pushes economy to
an inferior steady state, characterized by decrease in the welfare of a representative
consumer, lower level of production and consumption.

Overall economic impacts: steady-state model, Central scenario

Overall economic impacts for the Central scenario in the settings of the steady-
state model are shown in the table below (Table 10). The results are presented for the
Central scenario and its components.

Welfare changes associated with the Central scenario indicate a significant
decrease in the welfare of the representative agent up to -2,46% of benchmark
consumption level or -1,29% of the base year GDP. These results exceed welfare
changes in the Central scenario of the static model, and we can refer to these values as
upper bound of possible changes in welfare in the dynamic modelling exercise
(Rutherford and Tarr 2003).

Percentage change of the GDP in the Central scenario of the steady-state model
is of the same magnitude as representative agent’s decrease in welfare in terms of the
benchmark GDP: -2,51%.

The decline in the GDP is driven by decrease in government consumption (-
5,21%). Private consumption decline (-2,46%) as well.

The external closure of the steady-state model is the same as in the static model,
i.e. trade balance is fixed in real terms and the exchange rate adjusts to changes in
relative prices of exported and imported goods. The exchange rate is defined in unites of
local currency to units of foreign currency, thus an increase in the value of the exchange
rate means depreciation of the local (domestic) currency. A decrease in the exchange
rate means that domestic currency strengthens.

The Central scenario of the steady-state model is associated with a 4,3% increase
in the exchange rate. This means that all imported goods are 4,02% more expensive than

in the base year.



EFFECTS OF TERMS OF TRADE SHOCKS ON THE RUSSIAN ECONOMY OCTOBER 2019 24

Numeraire of the steady-state model is consumer price index, thus CPI change in
all scenarios equals to zero. Since only relative prices matters in the computable general
equilibrium models, all other prices are quoted in terms of the numeraire (CPI in our case).
Giventhat CPl is fixed, changes in the exchange rate reflect changes in the real exchange
rate.

Representative agent’s income comes from primary factors. In the central scenario
of the steady-state model wages change by -2,6% and return to mobile capital by -0,08%.

Return to specific capital in extracting industries or natural rent, decreases for
crude oil production (-4,02%), indicating reduction of production activities. All other
extracting sectors feel much better with increase in return to specific capital in the Central
scenario: the resource rent in production of natural gas rises (3,24%), as well as the
resource rent in production of coal (3,36%), and other mining activities (5,14%).

Aggregated production index decreases by -0,347%. Agriculture production index
increases insignificantly (by 0,03%), extraction production index decreases by -0,05%,
manufacturing production index rises by 0,73%. This indicates shift of the resources to
manufacturing sector, along the same lines, wish we saw in the static case. Though,
increase in production of manufacturing doesn’t outweigh decrease in all other parts of
the economy, contrary to the result in the static model. Services production index
decreases by -1,05%.

Structural changes induced by deterioration of the terms of trade lead to
reallocation of mobile factors: workers change industries, as well as mobile capital. The
magnitude of reallocation in the steady-state model is more significant than in the static

one: 2% of mobile capital changes sectors in the Central scenario, and 1,2% of workers.

5.4. Changes on the industry level

Output changes

Changes on the industry level are presented in the Appendix (Table 9-Table 11).
On the industry level we can trace the same tendencies that were obvious on the macro
level: decrease in private consumption, decrease in imports, relative increase in exports
and associated with export dynamics changes in production. Exporting becomes a
profitable alternative to stagnating domestic market. Though, this doesn’t lead to an
export-led growth.

Industrial changes in the comparative static (Table 9) and steady-state (Table 11)

models describe similar pictures but have important differences. Industrial output change
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induced by the terms of trade deterioration depend on the cost structure of the industries,
and changes in domestic demand. Magnitude of changes industry output are much bigger
in the steady-state version of the model, and in the static one. Partially this reflects a
much deeper restructuring of the economy under assumption of the steady-state model:
reduction of installed capital, induced by the ToT change, and a much deeper decrease

in imports lead to a bigger reallocation of factors, which was discussed above.

Price changes

Changes in prices on the industry level are presented in the Appendix (Table 13).
Changes in prices of output, industry revenues, costs of manufactured intermediates and
intermediates services in production are presented for the Central scenario of the static
model. As it is evident in case of output changes on the industry level, we can trace the
same tendencies that manifest themselves on the macro level: resulting prices on the
industry level is a result of two main forces, decrease of domestic demand due to
decrease of disposable income of the representative agent and increase in prices due to
depreciation of the national currency.

The propagation of the exchange rate devaluation into production costs goes along
the lines of the structure of the use of imported intermediates, as presented in the figure

below (Figure 6).
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Figure 6. Imports in intermediate consumption: darker cells correspond to higher share
of imports in intermediate use by industry and by intermediate commodity group,
benchmark dataset, 2011.
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Source: author’s calculations based on 2011 Russian input-output tables

From the figure above it is evident, that according to the data in the system of national
accounts, the dependence of the Russian economy on imports is not industry-based, but
can be described as product-based. There is evident tendency of all industries to
consume more imported leather products (s019) and imported office electronics (s30)
then domestic ones. As a consequence, pass through of exchange rate depreciation
associated with terms of trade shock would be more in costs of those industries which
use those intermediate goods relatively more than others.

An evidence of this tendency can be traced in changes of cost indices of production
presented in Appendix (Table 13). Average change in costs of intermediates across all
industries is 0.21. Imported services are almost absent from the intermediate
consumption, there is no influence of exchange rate deterioration on the cost of
intermediate services. So, a 4,3% increase in the real® exchange rate corresponds to

average increase of 0,2% in cost index of intermediate goods consumption.

8 Please note, that CPI is fixed as a numeraire in the Central scenario of the static model,
thus real and nominal values of the exchange rate coincide.
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5.5. Validation of the model: historical simulations

Validation of computable general equilibrium model is important and time-
consuming process. There are different ways to assure validity of a computational
models, and a CGE in particular. A computational model (Dixon and Rimmer 2013):

0] should be computationally sound. Computational quality of the present
model is ensured by numerous checks, including replication of the
benchmark dataset.

(i) should use accurate up-to-date data. As discussed earlier, the most up-
to-date available data is used for the creation of the benchmark dataset.

(i)  should adequately captures behavioural and institutional characteristics of
the relevant part of the economy. A range of behavioural and institutional
characteristics is used in the presented model based on the latest
research on Russian economy.

(iv)  should be consistent with history. In order to validate model’s consistency
historical experiments were conducted. The setting of the experiments

and results are discussed below.

A historical scenario is defined as changes in exogenous parameters of the model
that were observed in the data. Validation of the model is done on the basis of goodness
of fit of the detailed results to the historical values of endogenous variables of the model.

One of many possible measures of the goodness of fit is the “average error”

measure proposed by (Dixon and Rimmer 2013):

= (1) il 1+ 1)

Where f. - model forecast of the percentage change in the output of goods c;

ac — statistics on change in output;
N - the number of product groups in the model.

As a benchmark value for the average error of a detailed industrial historical
scenario results (Dixon and Rimmer 2013) used average error calculated for the USAGE
model, a detailed computable general equilibrium model for the American economy®.

Benchmark value equals AE = 19% (Dixon and Rimmer 2013).

9 Detailed description of the USAGE model is available at
https://www.copsmodels.com/usage.htm
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The most important element of the historical simulation is correct assessment of
changes in exogenous parameters of the model. In our case the most important
exogenous parameters are world prices of exports and imports. The importance of these
parameters for validation of the present model is based on the primary use of the model
in estimation of the effect of the change in terms of trade for the Russian economy.

In order to calculate changes in export and import prices on the level of commodity
groups, presented in the model, several datasets were used:

1) CEPII TUV dataset (Gaulier et al. 2010);

2) UN COMTRADE;

3) EAEU detailed trade data on 10-digit HS code level,

4) IMF Commodity price database;

5) IMF Commodity Terms of Trade (Gruss and Kebhaj 2019);

6) CBR database of main export prices of Russian exports.

Price data for exports and imports is highly volatile, and the most time-consuming
effort is to exclude outliers from the data. The results of this process for the export price
data are presented in table below (Table 3). Changes in import prices are presented in
the Appendix (Table 7-Table 8).
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Table 3. Changes in export prices to 2011 by commodity group

Change in export prices to 2011

I 2012 2013[ 2014 2015] 2016
01 Agriculture 101% 143% -11% -22% -36%
02 Forestry -2% 1% -2% -19% -24%
05 Fishing 29% 49% 80% 84% 80%
10 Mining of coal -5% -19% -27% -41% -50%
11101 Crude petroleum 5% 2% -5% -50% -61%
11102 Natural gas 18% 10% 32% 9% -35%
12 Mining of metal ores 50% 35% 38% 35% 26%
15 Food 54% 48% 42% 19% 18%
15 -9 Beverages 19% 14% 10% -19% -21%
16 Tobacco products 40% 45% 55% 39% 16%
17 Textiles 66% 62% 53% 32% 23%
18 Wearing apparel 19% 72% -75% -90% -91%
19 Leather 49% 59% 65% 20% 23%
20 Wood products 3% 6% 35% -24% -19%
21 Paper products 55% 49% 52% 17% 8%
22 Publishing 93% 59% 100% 46% 39%
23 Refined petroleum 14% -714% -714% -78% -17%
24 Chemicals -10% -10% -13% -20% -95%
25 Plastic products 24% 7% -11% -29% -31%
26 Non-metallic products 40% 37% 66% 3% -6%
27 Basic metals 16% 7% 0% -19% -17%

Source: author’s estimates, UN COMTRADE, CEPII TUV databases

One of important characteristics of the historical response of the Russian economy

on the changes in terms of trade that occurred in 2014-2015 was stable real output of

the extraction sector. As we saw earlier this contradicts predictions of both static and

steady-state models.

The simulations results presented in the table below (Table 4) suggest that behaviour
of Russian oil and gas extraction sector is explained by changes in export taxes, which
were almost cut by half at the same time when world prices fall, thus leaving the perceived
dollar price of oil exports for firms in the industry almost unchanged. This situation is
depicted in scenario #4. In a medium term time span, mimicked by 30% of all capital in

the economy being specific, difference between model’s forecast of output of oil and gas
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sector and historical values, reported by Rosstat, equal to 0,4%. Further alternation of the
model, including changes in the import prices, distort the results.

Table 4. Design and results of historical simulations.

Model validation scenarios

#1 #2 #3 #4 #5 #6 #7 #8
Scenario design
Change in export prices * * * * * * * *
Change in import prices * * *
Change in export taxes * * * * * * .
Share of specific capital in all 0 0 0 30% 30% 50% S0% 0%

industries

Share of specific capital in
extraction

30% 30% 30% 30% 60% 50% 30% 70%

GTAP elasticities * *

Average error
AE 17,6 19,8 20,0 16,4 20,3 17,3 17,3 20,4

Oil and gas output indicator
Real output (% difference,
model to statistics)

Source: Author's calculations

-1,98 0,53 -7,09 0,40 -49 -1,90 -1,90 -2,60

The results of the historical scenarios suggest that the presented computable
general equilibrium model is valid for use of scenario estimation for the Russian economy.
It could picture adequately diverse industrial response on terms of trade shocks.

Historical scenarios stress importance of fiscal changes in estimating changes in
industry output at the time of terms of trade shocks, especially changes in export taxes in

extraction industries.
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6. Conclusion

This article examines the impact of changes in world prices on the Russian
economy. In particular, | am interested in the change in production as a result of changes
in world prices for the main Russian export and import commodities.

A number of recent macro studies ((Atalay 2017), (Acemoglu, Ozdaglar, and
Tahbaz-salehi 2017) (Burstein, Kurz, and Tesar 2008)) stressed importance of explicit
introduction of the intermediates in the models assessing effects of external shocks,
which is a well-established practice in the computable general equilibrium methodology.
Models of this class permit introduction of rich details and complex production structures
as well as optimizing behaviour of economic agents.

The model presented in the paper belongs to the class of computable general
equilibrium (CGE) models, it has a detailed industry structure, which allows tracing the
effect of changes in world prices on all aspects of the Russian economy.

The results suggest a decrease of welfare of the representative consumer and real
GDP with the deterioration of the terms of trade. In the Central scenario (a 10% decrease
in the world price of crude oil, a 3% decrease in the world price of natural gas and an 8%
decrease in the world price of petroleum products) welfare of the representative
consumer decreases by -1,17% of benchmark consumption level or 0,58% of the base
year GDP in the comparative static model. Percentage change of the GDP in the Central
scenario of the comparative static model is of the same magnitude as representative
agent’s decrease in welfare in terms of the benchmark GDP: -1,55%.

Welfare changes associated with the Central scenario of the steady-state model
indicate a significant decrease in the welfare of the representative agent up to -2,64% of
benchmark consumption level or -1,23% of the base year GDP. Percentage change of
the GDP in the Central scenario of the steady-state model exceeds representative agent’s
decrease in welfare in terms of the benchmark GDP: -2,51%. The GDP response in the
steady-state model is in line with estimates obtained in compatible work (Mon6ux 2017).

These results exceed welfare changes in the Central scenario of the static model,
and we can refer to these values as upper bound of possible changes in welfare in the

dynamic modelling exercise (Rutherford and Tarr 2003).
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Appendix I. Analytical structure of the model

| follow notation developed in (Jensen, Rutherford, and Tarr 2004) in the description of the

analytical structure of the model.

Equations

Household’s problem
The representative household is maximizing Cobb-Douglas utility (1) subject to budget

constraint (2).
U(e) = ) 6ilog(c) ®

Where ¢i - good i consumption by a representative agent, i=1,n;

C=(cy, ..., Cj .... Cn) — consumption basket i=1,n of the representative household;
0;i — Cobb-Douglas function exponent coefficient, calibrated to the cost share of the product
i in the total cost of consumption of basket C;

U(C) — utility function of a representative household.

Representative household’s budget accounts for sales taxes tf and fixed trade and

transport margins (ty;pr):

(A+Epic + ) by =N @)
k

Where, N - representative agent’s disposable budget;

T4 — Share of mark-ups of type k in costs of supplying Armington mix of good i to

a market, k € (transport,trade).

Representative agent’s income is defined as the sum of factor returns less direct taxes:

N =wlL+ TKK + ZrisKis _TLS (3)

where w - wage,;
L — labour supply;
rx- mobile capital rent;
K — mobile capital supply;
r; — specific capital rent in extraction industries coal, oil, natural gas, other extraction
industries;
K- stock of specific factor in industry i,

T,s. — direct taxes.
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Government and investment demands in the core model assumed to be fixed on the base

year level.
Government budget

The state collects a number of indirect and direct taxes. These taxes and related ad-
valorem rates include taxes on production (tiy ), taxes on intermediate consumption (¢;), taxes on
imports (tM), taxes on government procurement (t¢), taxes on investment demand (t!), taxes on

exports (tX) and taxes on household’s consumption (t£). The state budget:

Z_(l +t)pal =Ty +To+ Ty + T+ T +Tx+Tc+Tps+ Ty (4)
l

Where

Tk — revenue from a tax k;

Trs — revenue from taxes on factors of production;

Ts. — revenue from direct taxes.

It is assumed in the core model that government consumption is fixed in real terms in the
core government sector's demand is fixed on the base year level: af = G,. Adjustment of the
implicit savings of a representative agent compensates for changes in cost of government

consumption due to changes in prices and tax revenues.

Supply for domestic and export markets
Domestically produced goods and services supplied to domestic and international
markets. A constant elasticity of transformation (CET) function describes transformation

possibilities between domestic (d;) and export (e;) supplies of domestic output (Yi)' Sales shares

in the country and abroad are determined by relative prices, provided that firms produce final

goods in order to minimize cost subject to CET production function:

d 1+n 1+n 1:’-7’
_ AN e\ "

Y, =Y |6, (= +(1—9)<:l> (5)
I <Di> P E;

In this equation, the parameters are:

base year supply for domestic market (D;)

and export (E;) markets,

level of the base year production Y,

o, — the share parameter of the CET function, calibrated to domestic sales in total sales

of the base year,

and 7 — elasticity of transformation between supply to domestic and export markets.
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Associated cost function, i.e. the cost of supply of sector i in the domestic and export
market is denoted by CET (p?,p¥).

Production technology is described by the nested Leontief production function: output
depends on the volume of consumption of intermediate goods, a,,;, (wWhere m=1,n) and primary
factors of production, mobile labor L; and capital K; , and specific K;° capital.

Producers demand intermediate goods and factors in order to minimize production costs
for a given volume of products under the technological constraint (production function):
Y; = Y, min [an;, VA;(L;, K, K)] (6)

where a,,; = (aml,i:amz,i: ) — intermediate goods used in production of good i.

VA;(L; K;, K) — value added, a Cobb-Douglas mixture of primary factors.

Balance of payments
In the main version of the model, the current account balance is fixed in real terms on the

level of the base year. Current account is the difference between value of exports and imports

X .
p; — exogenous world export prices;

e; — volume of exports (in real terms);

15;" — exogenous world prices for imported goods;

m; — volume of imports (in real terms).

The increase (decrease) in imports should be compensated by a corresponding reduction
(increase) in exports, while maintaining a fixed surplus of the current account at the level of the

base year (V)

Y e=Xp,mi+V Lp (7)

Following work of Lars Mathiesen (Mathiesen 1985), which show that the Arrow — Debreu
equilibrium can be formulated and solved as a sequence of complementary problems, the
arbitrage and market clearing conditions are presented in the complementary slackness format.

The balance of payments constrains is the market equilibrium constraint that has

exchange rate as a complimentary variable (p).

Arbitrage conditions
Production of a good i would take place if equation (8) holds, or in terms of complementary
slackness formulation: (8) L Y;.

The cost of supply of sector i in the domestic and export market CET (p?,pi‘) is equal to

the cost of production COSTY(pZ-l,pi W, rK,r;?). Primary factors of production and intermediates
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are connected in a nested production function with a constant elasticity of substitution (CES)

coSTY (pf},p; ,w, 7, 7¢) which includes:

intermediate goods (price of intermediate goods j used in the production of good i (p;});
- price of bundled services for intermediate and final consumption p?

- labour (wage - w);

- mobile capital (mobile capital rent - )

- and specific capital (specific capital rent - 73):

Y;.L CET?(pP,pY¥) = COSTS (pI%,p; ,w, 7, 7%) (8)

Where p? — price of a domestically produced good i for domestic market ;
p¥ — domestic price of a good i for the export market.
1 a; Bundling of domestic and imported goods for different markets:
Price of goods (p;) reflects the cost CESA(p?,p!')of domestic (p?) and imported

resources (pM), as well as the associated trade and transport margins (py):

a; L p; = CES'(pP.p}") + ) tuabi ©)
k

Where 1i; - share of mark-ups of type k in costs of supplying Armington mix (a
bundle of domestic and imported goods) of good i to a market (differs for each separate
market: for final consumption of households, government, investment, and intermediate
goods’ markets).

Two bundling processes are described by (9): aggregation on the industry and product
level of intermediate goods, and bundling of intermediate services and goods for final
consumption by households, government and investment sector.

Intermediate consumption of goods (ag-l) priced (pz?), for intermediate consumption of
industry i of good j. Note that services are not aggregated this way — firms in the industry demand
services for intermediate consumption on the final market. The equation below is presented with

an associated complementarity condition:

aj L py = CESZ}(I’?'P;”) + Xk ThiPk; (9-a)

Where CES?}(p}’,p}"’) — cost of supplying a bundle of domestic and imported intermediate
goods.
Intermediate consumption of services (a’) priced (p;), with an associated

complementarity condition:

al L p; =CESA(p?,p¥) + Z‘rkipk, fori € {services} (9-b)
K

1 e; Domestic price of exports is equal to the exogenous (FOB) price of the world market

(expressed in the world currency) ( p¥), multiplied by the exchange rate (p):
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e; L pf=pFp (10)

1 m; Domestic price of imports is equal to the exogenous (CIF) price of the world market

(expressed in foreign currency) p¥, multiplied by the exchange rate (p):

m; L p}'=p p (11)

Free entry guarantees zero profit in all industries. This means that gross income is equal

to the sum of all production costs.

Market equilibrium conditions
1 p; Commodity markets: aggregate supply is equal to aggregate demand on each

market:

ai=ci+a{+ai6+2]-afjlpi,

acost’ . , (12)
L, ] € {services}
ap]-

S _
ai]' = Yl"

in the core model investment sector’s demand is fixed on the base year level: al = T;;
government sector's demand is fixed on the base year level: af = G,; This formulation
of demand utilizes Shephard's lemma, stating that conditional factor demand for each

input factor is the derivative of the cost function.

1 pu Supply of intermediate goods equals demand

aCcoST’
ajj = Yi-T,_;_ll Lpj (13)

L p? Domestic goods markets: the supply of domestic goods equals to the demand for

domestically produced goods and services from all markets:

ocEST (P wf") | 9cESA(pD pl)
ap]D 4 apD

L pM Import markets: total imports include sales of aggregate demand plus sales to firms

for intermediate consumption:

aCESTH(p? pM) aCESA(p )
— m YyANTjry

1w, The supply of labor is equal to the demand for labor:

aCcosT,
Zyl (16)
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Where L - total supply of labour, fixed on the level of the base year;

1 rg Capital supply equals demand for capital:

— acosT?
K=y o - (17)

Where K — total supply of mobile capital, fixed on the level of the base year (core model

formulation);

1 r? The supply of firm-specific capital equals the demand for specific capital by the firm i

dCES?
or;

K =a; (18)

Where K} — fixed supply of specific capital in industry i .

Symbol map

Table 5. Symbols used in the analytical description of the model

Symbol . Definition. .

(in the order of appearance in the Appendix I)

1 D; benchmark production for domestic market of good i,
where i=1,n

2 E; benchmark exports of good i, where i=1,n

3 G, the base year government demand

4 I; the base year investment demand

5 5;"’ exogenous world prices for imported goods

6 ﬁ exogenous world export prices

7 Y domestic output of good i in the benchmark
equilibrium of the base year, where i=1,n

8 af government consumption of good i

9 a’ Armington mix of services (domestic and import

bundle) for final and intermediate consumption

10 a; supply of an Armington mix (a bundle of domestic
and imported goods) for final markets (household,
government and investment)

11 ag-’ Armington mix of goods (domestic and import bundle)
for intermediate consumption

12 (of] good i consumption by a representative agent, i=1,n;

13 CES[} (pP,p}'” cost of supplying a bundle of domestic and imported

intermediate goods j to industry i

14 | cosTY (p}},pi, w,m¢,7¢) | cost of production of good Y; with a nested
production function

15 d; supplies of good i for the domestic market, where
i=1,n

16 e; exports of good i, where i=1,n

17 K} stock of specific factor in industry i

18 K mobile capital supply

19 L labour supply
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Symbol _ Definition_ _
(in the order of appearance in the Appendix 1)

20 m; volume of imports (in real terms)

21 p¢ price index on government procurement

22 p? price of a domestically produced good i for domestic
market

23 M domestic price of imports

24 p¥ domestic price of a good i for the export market

25 Di price of a good (Armington bundle of domestic and
imported goods) i on the final goods’ market (final
goods and services are consumed by households,
government and investment sector), where i=1,n

26 i} price of intermediate goods

27 Pi Price of service k, used for supplying goods to
markets (transport or trade services)

28 re specific capital rent in extraction industries coal (s10),
oil, natural gas, other extraction industries (s12x);

29 Tx rent

30 T, revenue from taxes on intermediate consumption tj;

31 Tc revenue from taxes on household’s consumption tf

32 Trs revenue from taxes on factors of production

33 Tg revenue from taxes on government procurement t¢

34 tf sales tax rates on good i, where i=1,n

35 T, revenue from taxes on investment demand t!

36 Ty direct taxes

37 Ty revenue from taxes on imports t}1

38 Ty revenue from taxes on exports tX

39 Ty revenue from taxes on production t}'

40 v fixed surplus of the current account at the level of the
base year a

41 Y; domestic output of good i, where i=1,n

42 6p the share parameter of the CET function, calibrated to
domestic sales in total sales of the base year

43 0; Cobb-Douglas function exponent coefficient, equal to
the cost share of the product i in the total cost of
consumption of basket C;

44 Tki share of mark-ups of type k in costs of supplying
Armington mix of good i to a market

45 C=(c1,.,Cn) consumption basket i=1,n of the representative
household;

46 CES*(p?,pM) cost of producing an Armington mix of domestic
and imported goods for final (household,
government and investment consumption) and
intermediate markets

47 CET (p?,pf) cost of production of good d; for domestic market and
good e; for the export market with a CET production
function

48 N representative agent’s income

49 U(0) utility function of a representative household

50 VA; VA;(L;, K;, K§) — value added, a Cobb-Douglas mixture
of primary factors

51 w wage
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Symbol

Definition
(in the order of appearance in the Appendix 1)

52

n

elasticity of transformation between supply to
domestic and export markets

53

p

exchange rate (in terms of units of local currency
to a unit of foreign currency used for pricing of the
country’s exports and imports)

54

elasticity of transformation between supply to
domestic and export markets

55

elasticity of substitution between domestic and
imported goods in intermediate consumption

56

elasticity of substitution between value added and
intermediate goods in the production function

57

elasticity of substitution between different factors
in production of value added

58

elasticity of substitution between domestic and
imported goods in the Armington aggregation
function for production of final goods
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Appendix Il Data and parametrization

Industry list

Table 6. Activities and commodity groups presented in the model

# | Code | Short name of activity / commodity group
1 s01 | Agriculture
2 s02 | Logging
3 s05 | Fishery
4 s10 | Coal and peat
S oil Crude oil
6 gas | Natural gas
7 s112 | Services related to oil and gas prod.
8 s12x | Other minerals
9 s15 | Food products
10 | s15x | Beverages
11 | s16 | Tobacco products
12 | s17 | Textile products
13 | s18 | Clothes and fur
14 | s19 | Leather products
15 1s20 | Wood
16 | s21 | Paper
17 | s22 | Publishing and printing
18 | s23 | Coke and petrochemical products
19 | s24 | Chemical products
20 | s25 | Rubber and plastic products
21 | s26 | Other non-metallic mineral products
22 | s27 | Metals
23 | s28 | Finished metal products
24 | 529 | Machinery and equipment
25 | s30 | Office equipment and computers
26 | s31 | Electrical machinery
27 s32 Radio, television and communication equipment
28 | s33 | Precision and optical instruments
29 | s34 | Motor vehicles
30 | s35 | Other transport equipment
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# | Code | Short name of activity / commodity group
31 | s36x | Furniture, recycling
32 | s40 | Power supply, steam and hot water
33  |s41 | Collection and distribution of water
34 | s45 | Construction
35 |trd |Trade
36 |s55 | Hotels and restaurants
37  |trn Transport
38 | s63 | Auxiliary modes of transport
39 |se4 | Postand telecommunications
40 s65x | Financial intermediation and insurance
41 | s70 | Real estate activities
42 | s71 | Rent of machinery and equipment
43 s72 | Computer and related activities
44 | s73 | Research and development
45 | s74 | Other business services
46 | s75 | Public administration and defense
47 | s80 | Education
48 | s85 | Health and social work
49 | s90 | Sanitation and waste management
50 | s91 | Activities of membership organizations
o1 s92 Recreational cultural and sporting events
52 | s93x | Other activities, domestic work

Source: author
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Appendix Ill Simulations design

Table 7. Changes in import prices to 2011 by commodity group, part 1

Change in import prices to 2011

2012 2013 2014 2015 2016
01 Agriculture -9% -25% -6% -21% -18%
02 Forestry 2% 13% -2% 3% -11%
05 Fishing -1% 12% 17% -68% -66%
10 Mining of coal 37% 33% -44% -53% -63%
15 Food 9% 12% 11% -20% -24%
15 -9 Beverages 0% 8% -3% -24% -25%
16 Tobacco products -6% 1% -7% -12% -20%
17 Textiles 17% 16% 19% 9% 12%
18 Wearing apparel 23% 32% 34% 22% 21%
19 Leather 4% 11% 21% 23% 36%
20 Wood products 56% 60% 76% 34% 24%
21 Paper products 11% 4% -1% -16% -17%

Source: author’s estimates, COMTRADE, CEPII TUV databases

Table 8. Changes in import prices to 2011 by commodity group, part 2

Change inimport prices to 2011

2012 2013 2014 2015 2016
22 Publishing 2% 8% -10% 2% 11%
23 Refined petroleum 55% 87% 37% 50% 48%
24 Chemicals -4% -1% -8% -33% -30%
25 Plastic products 8% 0% 2% -9% -6%
26 Non-metallic products 22% 33% 19% 16% 22%
28 Metal products 54% 51% 26% 12% 13%
29 Machinery 6% 8% 8% 0% 2%
30 Office machinery -6% 15% 21% 22% 27%
31 Electrical machinery 14% 14% 10% 3% 0%
32 Radio television 0% 0% 0% 0% 0%
33 Medical instruments 1% 6% 4% -15% -13%
34 Motor vehicles 0% 4% -3% -22% -17%

Source: Author’s estimates, COMTRADE, CEPII TUV databases
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Appendix IV Simulation results

Table 9. Impact of the terms of trade shock in the Central scenario and it’s
components, static model, results are percentage changes from the base year

. Petroleum
Central oil Natural gas
scenario  scenario scenario produc.ts
scenario
World price change
Crude oil -10% -10%
Natural gas -3% -3%
Petroleum products -8% -8%
Aggregate welfare
Welfare (EV as % of consumption) -1,169 -0,681 -0,099 -0,387
Welfare (EV as % of GDP) -0,577 -0,335 -0,048 -0,189
GDP decomposition
GDP (% change) -1,545 -0,989 -0,095 -0,440
Real private consumption (C % change) -1,169 -0,681 -0,099 -0,387
Real government consumption (G % change) -4,277 -2,942 -0,178 -1,052
Real investment demand (I % change) -0,874 -0,543 -0,060 -0,263
Real aggregated exports (E % change) 1,226 0,887 -0,005 0,288
Real aggregated imports (M % change) -5,384 -3,262 -0,498 -1,667
RER and CPI
Real exchage rate (% change) 4,236 2,538 0,376 1,208
Consumer price index (% change) 0,000 0,000 0,000 0,000
Return to primary factors
Labor (w % change) -1,333 -0,836 -0,113 -0,372
Mobile capital (r % change) -0,726 -0,371 -0,072 -0,282
Crude oil resources (% change) -3,222 -2,589 0,468 -1,075
Natural gas resources (% change) 4,196 5,978 -3,885 2,631
Coal resources (% change) 4,264 2,689 0,452 0,966
Other mining resources (% change) 5,937 3,561 0,568 1,619
Aggregated production
Aggregated production index (% change) 0,569 0,363 0,059 0,134
Argiculture production index (% change) 0,080 0,048 0,010 0,023
Extraction production index (% change) 0,004 -0,008 0,012 0,001
Manufacturing production index (% change) 0,907 0,568 0,109 0,207
Services production index (% change) -0,422 -0,245 -0,072 -0,096
Factor adjustment
Mobile capital (% changing sectors) 0,657 0,435 0,124 0,207
Labor (% changing sectors) 1,138 0,772 0,102 0,301

Source: author’s estimates
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Table 10. Impact of the terms of trade shock in the Central scenario and it's
components, stationary model, results are percentage changes from the base
year

. Petroleum
Central Oil  Natural gas
scenario scenario scenario produc.ts
scenario
World price change
Crude oil -10% -10%
Natural gas -3% -3%
Petroleum products -8% -8%
Aggregate welfare
Welfare (EV as % of consumption) -2,464 -1,412 -0,227 -0,868
Welfare (EV as % of GDP) -1,229 -0,697 -0,111 -0,425
GDP decomposition
GDP (% change) -2,510 -1,532 -0,190 -0,797
Real private consumption (C % change) -2,464 -1,412 -0,227 -0,868
Real government consumption (G % change) -5,213 -3,465 -0,269 -1,394
Real investment demand (I % change) -1,562 -0,931 -0,128 -0,517
Real aggregated exports (E % change) 0,427 0,438 -0,083 -0,005
Real aggregated imports (M % change) -6,506 -3,907 -0,614 -2,097
RER and CPI
Real exchage rate (% change) 4,301 2,574 0,382 1,230
Consumer price index (% change) 0,000 0,000 0,000 0,000
Return to primary factors
Labor (w % change) -2,609 -1,555 -0,239 -0,845
Mobile capital (r % change) -0,076 -0,007 -0,008 -0,044
Crude oil resources (% change) -4,024 -3,046 0,386 -1,379
Natural gas resources (% change) 3,241 5,441 -3,972 2,287
Coal resources (% change) 3,365 2,188 0,366 0,642
Other mining resources (% change) 5,142 3,124 0,494 1,337
Aggregated production
Aggregated production index (% change) -0,347 -0,150 -0,030 -0,201
Argiculture production index (% change) 0,029 0,020 0,005 0,004
Extraction production index (% change) -0,056 -0,042 0,006 -0,021
Manufacturing production index (% change) 0,730 0,469 0,092 0,143
Services production index (% change) -1,050 -0,597 -0,133 -0,327
Factor adjustment
Mobile capital (% changing sectors) 2,007 1,167 0,241 0,704
Labor (% changing sectors) 1,284 0,855 0,113 0,349

Source: author’s estimates



EFFECTS OF TERMS OF TRADE SHOCKS ON THE RUSSIAN ECONOMY

OCTOBER 2019

50

Table 11. Changes in real production, exports, imports and household’'s
consumption in the Central scenario, comparative static model

Source: author’s estimates

Short name of activity / Change in Change in Change in | Changein HH
commodity group production exports imports consumption

Agriculture 2,10 2,90 -9,54 -1,15
Logging 1,58 2,51 -0,55 -0,26
Fishery 1,28 1,70 -3,73 -2,10
Coal and peat 3,64 4,33 -1,09 0,39
Crude oil -1,74 -2,29 -10,39

Natural gas 3,55 2,88 -6,70

Services related to oil and gas prod. 0,37 0,94 -10,21 -5,19
Other minerals 4,82 5,13 2,62 -1,32
Food products 1,70 2,45 -9,48 -0,99
Beverages 1,68 2,46 -13,79 -0,84
Tobacco products -0,52 0,16 -9,80 -0,93
Textile products 6,91 7,51 -3,39 -2,07
Clothes and fur 7,97 8,64 -5,06 -1,84
Leather products 19,32 19,58 -4,65 -2,28
Wood 3,01 3,84 -5,19 -0,05
Paper 2,76 3,48 -2,03 -1,51
Publishing and printing -0,08 1,10 -9,55 -0,90
Coke and petrochemical products -0,63 -1,70 -6,06 -5,71
Chemical products 7,42 7,06 -3,28 -1,67
Rubber and plastic products 2,82 3,62 -1,53 -1,60
Other non-metallic mineral products 0,62 1,42 -2,74 -1,22
Metals 5,21 6,05 -3,11 0,87
Finished metal products 3,56 4,63 -3,03 -1,63
Machinery and equipment 8,55 9,05 -5,22 -2,06
Office equipment and computers 10,63 9,80 -1,99 -3,00
Electrical machinery 5,65 6,45 -3,06 -1,72
Radio, television and communication equipment 8,32 7,74 -2,97 -1,99
Precision and optical instruments 8,17 6,38 -7,95 -1,88
Motor vehicles 4,59 5,24 -5,13 -2,75
Other transport equipment 9,46 9,40 -14,06 -1,55
Furniture, recycling 6,87 7,48 -12,26 -1,33
Power supply, steam and hot water 0,58 1,45 -4,81 0,10
Collection and distribution of water 0,23 0,97 -5,92 0,01
Construction -0,59 0,19 -14,44 -0,55
Trade 0,02 0,91 -18,23 -0,39
Hotels and restaurants -1,05 -0,20 -0,72
Transport 0,57 1,09 -17,08 -0,85
Auxiliary modes of transport 0,42 1,15 -0,27
Post and telecommunications -0,62 0,08 -0,58
Financial intermediation and insurance 0,70 1,45 -18,60 -0,24
Real estate activities -0,37 0,44 -18,17 -0,41
Rent of machinery and equipment 1,14 1,80 -18,29 -0,37
Computer and related activities -0,22 0,46 -17,23 -0,32
Research and development -1,25 -0,15 -18,26

Other business services 0,82 1,29 -20,82 0,29
Public administration and defense -3,95 -3,24 -0,43
Education -3,63 -2,83 -18,79 -0,16
Health and social work -3,61 -2,87 -17,85 -0,54
Sanitation and waste management -2,55 -0,77 -0,78
Activities of membership organizations -3,94 -0,31
Recreational cultural and sporting events -1,84 -1,09 -15,75 -0,44
Other activities, domestic work -0,20 -0,05
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Table 12. Changes in production, exports, imports and household’s consumption
in the Central scenario, steady-state model

Source: author’s estimates

Short name of activity / Change in Change in Change in | Change in HH
commodity group production exports imports consumption

Agriculture 0,77 1,54 -10,49 -2,55
Logging 0,78 1,73 -1,52 -1,47
Fishery 0,09 0,52 -5,02 -3,36
Coal and peat 2,99 3,71 -2,03 -0,70
Crude oil -2,67 -3,22 -11,26

Natural gas 2,73 2,06 -7,73

Services related to oil and gas prod. -0,34 0,25 -11,52 -6,49
Other minerals 431 4,65 1,91 -2,52
Food products 0,46 1,22 -10,75 -2,28
Beverages 0,49 1,28 -15,26 -2,10
Tobacco products -1,88 -1,22 -10,81 -2,30
Textile products 6,28 6,91 -4,64 -3,33
Clothes and fur 7,26 7,96 -6,41 -3,12
Leather products 19,25 19,53 -6,02 -3,56
Wood 2,26 3,13 -6,28 -1,22
Paper 1,76 2,49 -3,17 -2,78
Publishing and printing -1,00 0,22 -11,14 -2,08
Coke and petrochemical products -1,59 -2,67 -6,84 -7,10
Chemical products 6,60 6,25 -4,28 -2,96
Rubber and plastic products 2,04 2,88 -2,48 -2,84
Other non-metallic mineral products -0,13 0,72 -3,73 -2,42
Metals 4,73 5,58 -3,81 -0,35
Finished metal products 3,01 4,14 -4,05 -2,83
Machinery and equipment 8,42 8,96 -6,36 -3,28
Office equipment and computers 10,53 9,63 -2,91 -4,28
Electrical machinery 5,29 6,13 -3,98 -2,95
Radio, television and communication equipment 8,10 7,50 -3,97 -3,21
Precision and optical instruments 8,27 6,87 -9,36 -3,05
Motor vehicles 4,01 4,70 -6,27 -3,98
Other transport equipment 9,68 9,63 -16,01 -2,67
Furniture, recycling 6,27 6,91 -13,75 -2,56
Power supply, steam and hot water -0,34 0,57 -5,81 -1,02
Collection and distribution of water -0,54 0,22 -7,06 -0,74
Construction -1,32 -0,52 -15,48 -1,75
Trade -1,03 -0,13 -19,52 -1,69
Hotels and restaurants -2,24 -1,36 -1,96
Transport -0,37 0,15 -18,79 -1,99
Auxiliary modes of transport -0,51 0,26 -1,31
Post and telecommunications -1,78 -1,06 -1,84
Financial intermediation and insurance -0,24 0,55 -20,48 -1,30
Real estate activities -1,84 -1,05 -18,37 -2,15
Rent of machinery and equipment 0,24 0,84 -18,61 -2,06
Computer and related activities -1,15 -0,41 -18,63 -1,44
Research and development -1,95 -0,75 -20,90

Other business services -0,04 0,47 -22,51 -0,72
Public administration and defense -4,88 -4,10 -1,24
Education -4,50 -3,57 -22,12 -0,61
Health and social work -4,48 -3,64 -20,86 -1,14
Sanitation and waste management -3,60 -1,70 -1,76
Activities of membership organizations -4,85 -0,92
Recreational cultural and sporting events -2,69 -1,89 -17,68 -1,35
Other activities, domestic work -0,56 -0,42
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Table 13. Changes in prices of output, industry revenues, costs of intermediates
in production of manufactured goods and services, in the Central scenario, static
model

Short name of activity / Change in output |[Change in industry | Change in the price index of
commodity group price, % revenue, % intermediate products, %

Agriculture -0,44 -0,42 0,07
Logging 0,21 0,09 1,39
Fishery 1,82 1,16 3,32
Coal and peat 0,25 0,22 -0,18
Crude oil -1,69 -1,26 -0,47
Natural gas 0,14 0,22 -0,57
Services related to oil and gas prod. -0,61 -0,61 -0,40
Other minerals 1,02 0,81 0,46
Food products -0,19 -0,20 0,05
Beverages -0,40 -041 -0,09
Tobacco products 0,63 0,61 2,05
Textile products 0,56 0,49 1,36
Clothes and fur 0,33 0,26 1,58
Leather products 0,10 0,05 0,81
Wood -0,84 -0,82 -0,73
Paper 0,16 0,03 0,68
Publishing and printing -0,57 -0,56 -0,20
Coke and petrochemical products 2,84 2,01 3,36
Chemical products 0,51 0,47 1,32
Rubber and plastic products -0,05 -0,09 0,22
Other non-metallic mineral products -0,50 -0,50 -0,22
Metals -0,91 -0,88 -0,91
Finished metal products -1,50 -1,40 -1,61
Machinery and equipment -0,68 -0,70 -0,43
Office equipment and computers 1,00 0,74 1,99
Electrical machinery -1,01 -0,97 -0,94
Radio, television and communication equipment 0,58 0,46 1,55
Precision and optical instruments -0,45 -0,47 0,15
Motor vehicles 0,91 0,83 1,49
Other transport equipment -1,06 -1,02 -0,98
Furniture, recycling -1,15 -1,12 -1,22
Power supply, steam and hot water -1,23 -1,21 -1,43
Collection and distribution of water -1,18 -0,89 -0,65
Construction -0,54 -0,54 -0,07
Trade -0,79 -0,71 -0,36
Hotels and restaurants -0,45 -0,46

Transport -0,23 -0,25 0,39
Auxiliary modes of transport -0,44 -0,45

Post and telecommunications -0,46 -0,46

Financial intermediation and insurance -0,85 -0,85 -0,50
Real estate activities -0,74 -0,74 -0,62
Rent of machinery and equipment -0,73 -0,73 -0,06
Computer and related activities -0,42 -0,43 0,44
Research and development -0,62 -0,64 -0,08
Other business services -0,75 -0,75 -0,20
Public administration and defense -0,74 -0,74

Education -1,06 -1,06 -0,47
Health and social work -0,64 -0,64 0,51
Sanitation and waste management -0,26 -0,37

Activities of membership organizations -0,86

Recreational cultural and sporting events -0,74 -0,74 -0,21
Other activities, domestic work -1,11

Source: author’s estimates



EFFECTS OF TERMS OF TRADE SHOCKS ON THE RUSSIAN ECONOMY OCTOBER 2019 53
Table 14. Social accounting matrix for 2011, trln (10**12) Rub, nominal prices
1 7 8 9 10 11 12 | 13 [ 14 15 | 16 17 18 19 20 | 21 22 23 24 25 | 26
cagr | cext | cmnf | ctrn | ctrd | csrv | aagr | aext | amnf | atrn | atrd | asrv | trsc lab | cap | T.Y | S_Y | TF | T_FY | T D gov hh ent s-i row tot

1] cagr 0,725 | 0,001 | 1,518 [ 0,004 [ 0,011 [ 0,119 0,036 | 1,315 0,176 | 0,214 [ 4,117
2| cext 0,004 | 0,352 | 2,728 [ 0,033 | 0,071 | 0,534 0 [o,009 0,589 | 3,512 | 7,832
3| cronf 0,644 | 0,517 | 8,164 [ 0,956 | 0,55 | 4,458 0,099 | 7,673 5,252 | 5,654 | 33,966
4] ctrn 0,072 | 0,473 | 0,968 [ 0,943 | 1,802 [ 0,557 [ 0,672 0,102 | 0,948 0,647 | 7,184
5[ cd 0,042 | 0,096 | 0,099 | 0,041 | 0,331 | 0,074 [12,791 0,171 0,001 [ 13,646
6| csrv 0,245 | 0,859 | 2,679 | 1,534 | 2,215 | 9,404 10,452] 9,519 7,728 | 0,774 | 45,409
7| aagr | 358 | 0o [0342] 0,011 00130027 3,974
8| aext | 0,001 [ 6,753 [ 0,407 | 0,027 | 0,027 [ 0,146 7,361
9| amnf | 0,034 | 0,766 [23,377] 0,065 | 0,517 [ 0,338 25,097
10[ atrn [ 0,002 [ 0,005 | 0,03 | 6,543 | 0,056 | 0,155 6,791
11| atrd [ 0,003 | 0,03 | 0,41 [ 0,206 [12,849] 0,703 14,2
12| asrv | 0,004 [ 0,017 [ 0,386 | 0,07 | 0,182 [42,877 43,537
13| trsc 0,178 | 0,099 | 1,798 | 0,188 | 0,118 | 1,76 0,06 | 6,427 | [ 0,809 | 2,026 [13,463
14] 1ab 0,373 | 0,574 | 2,188 [ 1,163 [ 2,259 [ 9,741 16,297
15| cap 1,64 | 4,158 | 4,06 | 1,454 | 6,182 [13,782 31,277
16| T.v 0,023 | 0,015 | 0,166 | 0,062 | 0,023 | 0,626 0,004 | 3,245 | [ 0,182 | 3,852 [ 8,108
17 sy -0,056 -0,056
18] TF 0,084 | 0,151 | 0,641 [ 0,355 | 0,58 | 2,151 3,962
19| T_FY 0,068 | 0,089 | 0,058 | 0,058 | 0,332 0,605
20 T D | 2,168 | 2,451 | 4,619
21| gov 8,198 | -0,056 | 3,962 | 0,605 | 4,619 17,328
22| hh 16,297 38,516
23 ent 31,277 31,277
24 s-i 1,088 | 7,041 [ 6,607 | 14,736
25| row [ 0,493 ] 0,26 [ 9,014 [ 0,261 ] 0,003 [ 1,163 5,487 16,68
26] tot | 4,117 | 7,832 |33,966] 7,184 |13,646|45,409] 3,974 | 7,361 |25,097| 6,791 | 14,2 |43,537|13,463]16,297|31,277| 8,198 | -0,056 | 3,962 | 0,605 | 4,619 | 17,328]38,516(31,277]14,736] 16,68

Source: author’s estimates
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Table 15. Key for SAM rows

# | Code | Description # Code | Description

1 |cagr | goods of agricuture industires 14 lab factrors of production: labour

2 | cext | goods of extraction industires 15 cap factrors of production: capital

3 | cmnf | goods of manufacturing industires 16 | T Y |taxes: excises

4 | ctrn goods of transportation industires 17 S_Y | subsidies on production

5 |ctrd goods of trade industires 18 | T_F | taxes on factors of production

6 | csrv | activities of services industires 19 T FY | taxes on production

7 | aagr | activities of agricuture industires 20 | T _D | directtaxes

8 | aext | activities of extraction industires 21 gov government

9 | amnf | activities of manufacturing industires 22 hh households

10 | atrn activities of transportation industires 23 ent enterprises

11 | atrd activities of trade industires 24 S-i savings-investment account
L . . : rest of the world account (row of imports and column of

12 | asrv | activities of services industires 25 row exports)

13 | trsc transaction markups 26 tot totals

Source: author




