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ABSTRACT: The paper develops a computable general equilibrium (CGE) model for Belarus to assess the conse-
quences of alternative integration strategies and external shocks. The modeling exercise suggests that Belarus
will face difficult choices and substantial risks in the event of geopolitical and economic realignments. Primary
raw material processing industries, as well as industrial sectors heavily dependent on the Russian market and
low-cost energy, could suffer significant output losses if oil and gas prices rise sharply and Belarus reorients
trade away from Russia toward the EU. Export-oriented, higher value-added sectors (mechanical engineering,
communications, pharmaceuticals, and light industry) have the potential to increase production and export
through labor and capital flows. With carefully designed EU support — focusing on targeted energy subsidies,
helping Belarusian firms integrate into European production chains, and providing productivity-oriented finan-
cial assistance — the negative short-term effects of energy shocks and the shift in trade from Russia to Europe
can be mitigated. While short-term adjustment costs are unavoidable, closer ties with the EU can help Belarus

overcome its structural dependence on Russia and secure long-term gains in growth and welfare.
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1. Introduction

For Belarus, one of the most important strategic choices is about its future orientation between continued
reliance on Russia and deeper integration with the European Union (EU). At present, the Belarusian economy
is strongly integrated with Russia: around 60% of foreign trade turnover is connected to the Russian market,
and Belarus benefits from heavily subsidized energy imports. While this arrangement has ensured short-term
stability, it creates long-term vulnerabilities. Structural dependence makes Belarus highly sensitive to political
or institutional changes in its relations with its eastern neighbor, limits opportunities for productivity gains, and

undermines household welfare through lower real income growth relative to neighboring EU countries.

Closer integration with the EU offers a different path. It features both opportunities and risks: opportunities in
access to larger markets, advanced technologies, and investment, and risks in the costs of adjusting the sec-
tors currently reliant on protected access to Russian markets, as well as social challenges that may arise as the

economy is rebalanced.

Understanding the trade-offs of these strategic choices requires a tool that captures both the immediate dis-
ruptions and the broader structural consequences of external shocks. For this purpose, this paper develops
and applies a computable general equilibrium (CGE) model for Belarus. CGE models are particularly well-suited
to analyze such complex scenarios because they simulate how an entire economy adjusts to shocks in trade,
prices, or structural policy measures. CGE models provide a consistent framework that links sectoral inter-
actions, resource allocation, and household welfare within a general equilibrium setting. These models are
particularly well-suited for simulating scenarios that involve significant, economy-wide adjustments, such as
trade liberalization, integration into new production chains, or energy price shocks. By considering both direct
and indirect effects across industries and households, they assess the full range of potential impacts instead

of focusing on isolated sectors.

The Belarusian case is a clear example where such modeling is crucial. The economy’s dual dependence, on
cheap energy imports and on access to the Russian market, creates vulnerabilities that cannot be understood
through partial-equilibrium or sectoral analysis alone. Structural shocks, such as a sharp rise in energy prices
or a reorientation of trade toward the EU, affect not only the directly exposed sectors but also the broader
economy through changes in costs, relative prices, and resource allocation. A CGE framework is therefore
indispensable for identifying these connections and providing a comprehensive view of possible outcomes.
Existing studies on Belarus that apply CGE models are of limited relevance today, as they rely on outdated data

and do not address the potential integration of Belarus into the EU.

This study aims to address this gap by examining the sectoral and macroeconomic consequences of Belarus’s
policy reorientation from Russia to the EU. For this purpose, simulations were run using the developed CGE

model. The simulations focus on three major scenarios that reflect the critical challenges Belarus may face. The
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firstis an energy shock - a sharp rise in energy prices with potential disruptions to the supply of Russian oil and
gas. The second is liberalization of trade with the EU without an energy shock - lowering of tariff barriers with
the EU accompanied by the complication of trade relations with Russia. The third is liberalization of trade with
the EU under an energy shock - a combined scenario where energy prices rise sharply and trade shifts toward
the EU. In addition to simulating the aforementioned shocks, the study also examines the potential effects of

macro-financial support from the EU.

A key prerequisite for these scenarios is a change in the political situation in Belarus. The current political re-
gime must either collapse or transform into inclusive political institutions that allow for democratic elections.
This political transition is beyond the scope of this study. However, it is important to have economically sound

estimates of the potential effects of a change in economic policy prepared in advance.

The simulation results emphasize the importance of reducing Belarus’s structural dependence on Russia. En-
ergy diversification, participation in European value chains, and productivity-enhancing reforms are essential
for long-term resilience and growth. For the EU, the results suggest that targeted energy subsidies and pro-
ductivity-oriented financial assistance could significantly mitigate short-term losses and lay the groundwork

for sustainable growth.

The EU will also experience some economic and, possibly, socio-political effects from building closer ties with
Belarus. Assessing these effects has implications for EU policy decisions, but it is beyond the scope of this

study.

The structure of the working paper is as follows. Section 2 provides an overview of the CGE modeling frame-
work, and Section 3 describes the CGE model for Belarus. Section 4 outlines the simulation design and elab-
orates on the key results. Section 5 evaluates the macroeconomic impact of potential economic support from
the EU and offers policy recommendations. Section 6 concludes the study with reflections on limitations and

directions for future research.
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2. Overview of the CGE modelling

2] Characteristics of a CGE model

A CGE model is a system of equations that describes an economy as a whole and the interactions among its
parts. The standard CGE model accounts for all payments recorded in the social accounting matrix (SAM),
which serves as a form of data input for the model. SAM is a square matrix that describes the circular flow of
income and spending in a national economy over a specific time period, typically a year. It reports the values of

all commodities produced and the income generated from their sales (Burfisher, 2021).

A CGE model follows the SAM disaggregation of economic agents, and it is written as a set of simultaneous
equations defining their behavior. In part, this behavior follows simple rules captured by fixed coefficients (for
example, ad valorem tax rates). The equations also include a set of constraints that must be satisfied by the
system as a whole but are not necessarily considered by any individual actor. These constraints cover markets
(for factors and commodities) and macroeconomic aggregates (balances for savings-investment, government,

and the balance of payments with the external sector) (Lofgren et al., 2001).

A CGE model includes exogenous and endogenous variables and market-clearing constraints. All the equations
in the model are solved simultaneously to find an economy-wide equilibrium in which, at some set of prices,
the quantities of supply and demand are equal in every market (Burfisher, 2021). To conduct an experiment,
one or more exogenous variables are changed, and the model is then resolved to determine new values for the
endogenous variables. Such a simulation aims to draw conclusions about the effects of an exogenous change

(or an economic shock).
The key terms in CGE models are defined as follows:

o “Computable” refers to a model’s ability to quantify the effects of a shock on an economy.

o “General” means that a model encompasses all economic activities simultaneously, including production,

consumption, employment, taxes, savings, and trade, as well as connections among them.

o “Equilibrium” refers to a state in which all markets in an economy clear simultaneously, meaning that supply

equals demand for every good, service, and factor of production.

CGE models have been applied to study a wide and owing range of economic problems, including taxation,

economic development, trade policy, climate change, tourism, transportation, and disease.
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2.2 Strengths and limitations of CGE models

A major advantage of CGE models is their flexibility. They can be customized to simulate a wide range of eco-
nomic policies and shocks, including trade agreements, fiscal reforms, or public spending initiatives. Their ca-
pacity to reflect both price and quantity adjustments in response to policy interventions makes them a favored
tool in government institutions, research organizations, and international bodies. By replicating how an econo-
my functions, CGE models enable more comprehensive assessment of macroeconomic effects of policies and

programs, offering richer insights compared to such tools as Input-Output models.
Other important strengths of CGE models include:

« internal consistency of an equilibrium. It ensures that systemic relationships across an economy are re-

flected, which may be overlooked by simpler frameworks.

« ability to account for price and quantity adjustments. CGE models allow both prices and quantities to dy-

namically respond to policy shifts.

o representation of behavioral responses. Microeconomic foundations enable these models to reflect the op-
timizing behavior of households, firms, and governments, yielding more realistic responses to policy chang-

es or external shocks.

« comprehensive economy-wide perspective. CGE models provide an integrated picture of an economy as a

whole. They capture both direct and indirect effects of policy changes, offering a robust analysis.

« recognition of connections across sectors and countries. CGE models are effective at mapping inter-indus-
try and international links, which is particularly useful when analyzing trade policies, global value chains, or

climate negotiations.

However, CGE models are inherently complex, involving thousands of equations and outputs, and require con-

siderable expertise for effective operation and interpretation.
Generally, CGE modelling has several limitations:

« extensive data requirements and quality concerns. CGE models require vast amounts of accurate data (a
social accounting matrix (SAM), input-output tables, trade flows, elasticities, etc.), making them particularly
challenging for developing countries or sectors with limited statistical robustness (Devarajan & Robinson,
2013).

« static nature and limited dynamics. Many CGE models are static or comparative-static, focusing on steady

states. They often fail to capture evolving dynamics such as technological change or capital accumulation.

« unsuitability for small-scale policy changes. Models’ broad scope makes them less effective for evaluating

policies or programs with only minor economic consequences.

« sensitivity to parameter values. Results are highly sensitive to parameter choices (e.g., substitution elastic-

ities). Minor adjustments can significantly alter outcomes, raising robustness concerns.
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« difficulty in incorporating non-market impacts. Environmental, health, and broader social impacts, along

with their distribution consequences, are often reflected inadequately.

Despite these limitations, CGE models remain a highly valuable tool for policy evaluation, particularly when
exploring complex, cross-sectoral, or international issues. Their strengths provide deep and realistic insights
into economy-wide effects, but their findings should always be interpreted carefully, keeping transparency,

sensitivity testing, and context in mind.

2.5 Application of CGE models for assessing integration
effects and energy shocks

CGE models have become a key tool for policymakers and researchers seeking to understand the econo-
my-wide impacts of trade, energy, and environmental policies. From evaluating Ukraine’s strategic choices
between competing integration blocs or free trade agreements (Movchan & Giucci, 2011; Movchan et al., 2023)
to assessing Moldova’s subsidy responses to energy price shocks (UNDP, 2023) and analyzing the EU’s ambi-
tious climate and energy security strategies (Perdana et al., 2022), CGE models offer a consistent framework
for quantifying benefits and trade-offs. Recent applications extend further to innovations in energy substitu-
tion modelling in Latvia (Benkovskis et al., 2023), highlighting the versatility of CGE approaches for addressing

pressing policy challenges in times of uncertainty.

Movchan and Giucci (2011) analyze Ukraine’s strategic choice between two major integration paths: signing a
deep and comprehensive free trade agreement (DCFTA) with the EU or joining the Customs Union of Russia,
Belarus, and Kazakhstan (CU). The authors use a CGE model based on Ukraine’s input-output data, distinguish-
ing between competitive and imperfectly competitive industries. Additionally, the model differentiates between
skilled and unskilled labor, allowing for a more detailed analysis of labor market impacts. The study concludes
that signing a DCFTA with the EU would generate substantial welfare gains for Ukraine by boosting trade,
wages, and access to advanced capital goods, while joining the Customs Union would slow modernization and

conflict with the country’s WTO commitments.

Movchan et al. (2023) evaluate potential economic consequences of a modern free trade agreement (FTA) be-
tween Ukraine and Turkey. The authors developed a 45-sector CGE model for Ukraine, incorporating 7 partner
regions, including Turkey, the EU, Russia, the US, China, countries that have already signed FTAs with Ukraine,
and the rest of the world. The results demonstrate substantial economic benefits for Ukraine if the FTA includes
elements of deep integration. Beyond tariff elimination, reforms targeting trade facilitation and FDI liberalization
would significantly boost Ukraine’s economic performance, improve its competitiveness, and foster long-term

growth.

The United Nations Development Programme’s research examines how Moldova’s economy responds to surg-

ing global natural gas prices and evaluates the effectiveness of various government subsidy mechanisms in
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protecting vulnerable households from energy poverty (UNDP, 2023). The analysis employs a recursive dy-
namic CGE model specifically calibrated for Moldova. The study finds that Moldova’s heavy reliance on im-
ported natural gas and limited diversification of energy sources make its economy extremely vulnerable to
external price shocks. A sharp rise in global gas prices leads to lower GDP, reduced private consumption, lower
investment, and higher unemployment. The CGE analysis provides clear evidence that while energy subsidies
are vital for protecting vulnerable households, their design matters greatly. Cash transfers are a more effective
option for sustaining household welfare and supporting economic resilience. However, structural reforms to
diversify energy sources and improve energy efficiency are essential for Moldova to reduce its long-term vul-

nerability to global energy shocks.

Sun et al. (2024) investigate the global economic consequences of the Russia-Ukraine conflict through the lens
of international energy price escalation. The authors employ a CGE model specifically built on the GTAPv10 da-
tabase, which covers 141 countries and regions. The CGE framework is used to simulate exogenous shocks in
global energy prices and trace their ripple effects across macroeconomic variables and sectoral outputs. The
study concludes that while some energy producers gained short-term advantages, the broader global econo-
my faced inflationary pressures, welfare losses, and increased vulnerabilities. The authors argue that the CGE
model is particularly effective in capturing these complex, multi-sectoral interactions, making it a valuable tool

for policymakers tasked with enhancing economic resilience amid geopolitical shocks.

Perdana, Vielle, and Schenckery (2022) examine the economic implications of the EU’s reduction in energy
imports from Russia. The study is set in the context of the EU’s simultaneous pursuit of energy security and
climate policy goals. The authors employ a multi-country, multi-sector CGE model. The model simulates inter-
national trade, energy markets, and greenhouse gas emissions, calibrated with the GTAP-Power database and
policy targets. The authors conclude that while sanctions reduce Russia’s revenue and support EU’s energy
diversification, they come with substantial welfare and economic costs for EU citizens, especially under a full
gas embargo. The study highlights the CGE model’s strength in capturing sectoral interdependencies but also
acknowledges its limitations, including an underestimation of infrastructure bottlenecks and household-level

distributional impacts.

Benkovskis, Jaunzems, and Matvejevs (2023) introduce a novel purpose-based energy substitution structure
for CGE models. The research is set in the context of the European Green Deal and Latvia’s pledge to reduce
greenhouse gas emissions by 17% by 2030. The innovation of this study lies in modelling energy substitution
within the CGE framework according to the purposes of energy use, such as high- and low-temperature heat,
transport, electricity, heating, and hot water. This approach allows energy sources (e.g. coal, gas, biomass,
waste, and renewables) to replace one another within specific processes, reflecting technological and eco-
nomic constraints more realistically. The authors conclude that the purpose-based CGE approach improves
both realism and policy relevance, particularly when evaluating green transition strategies and carbon tax

design in small open economies like Latvia’s.

Taken together, these studies demonstrate the breadth of CGE models in informing critical policy debates
across trade liberalization, geopolitical energy disruptions, and climate transition strategies. While the results

vary by country and policy design, what unites them is the ability of CGE models to simulate complex policy
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shocks and their distributional effects at both national and global levels. As economic systems face mounting
pressures from geopolitical conflicts, energy crises, and climate commitments, CGE analysis provides not only
quantitative insights but also a structured framework for evaluating policy options, anticipating unintended

consequences, and guiding decisions toward more resilient and sustainable outcomes.

24 Application of CGE models to Belarus

In the context of Belarus, CGE models were used to examine such scenarios as increases in gas prices, the

country’s accession to the WTO, and the effects of its integration into the Eurasian Economic Union (EAEU).

Tochitskaya and Shymanovich (2007) employ a CGE model to estimate the consequences of a gas price hike
for the Belarusian economy. The results show that the growth of gas prices would most negatively affect the
chemical, petrochemical, heating, and power industries. At the same time, a decline in these sectors would be
accompanied by a redistribution of resources, mostly in favor of such sectors as machine building, light indus-

try, and services.

Astrov et al. (2012) analyze alternative trade integration scenarios for the CIS. Using gravity and CGE model-
ling, the researchers evaluate the economic impact of the Belarus-Russia-Kazakhstan Customs Union and a
potential Ukraine-EU free trade agreement, showing that Belarus benefits from deeper integration with Russia
and Kazakhstan, while highlighting the country’s vulnerability due to its high reliance on CIS trade and Russian

energy imports.

Balistreri et al. (2017) use a CGE model to assess the economic impact of Belarus’s joining the WTO and im-
plementing large-scale privatization. The research highlights the crucial role of FDI and services liberalization
in driving gains from WTO accession and finds that privatization would generate welfare benefits nearly four

times those from WTO accession.

Vinokurov et al. (2015) use CGE models to estimate the economy-wide and sector-specific effects of reduc-
ing non-tariff barriers (NTBs) for Belarus, Russia, and Kazakhstan. According to the simulation results, among
the studied countries, Belarus would benefit most significantly from lower NTBs: in the medium term, real GDP
would increase by 2.8%, and welfare - by a total of 7.3%. The distribution of the impact of reducing NTBs across
activities supports this conclusion: most of the positive impact would be received by Belarusian mechanical
engineering (specifically production of machinery and equipment), production of chemicals, rubber and plastic

products, as well as metallurgy.

The aforementioned studies that used CGE models for Belarus are currently of limited relevance, as they are
based on outdated data and do not account for economic changes that have occurred since Belarus acceded
to the EAEU in 2015. Furthermore, the presented studies do not examine the potential integration of Belarus
with the EU.
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3. CGE model for the Belarusian economy

31 Model structure

The model for the Belarusian economy is built on the basic postulates of the CGE modeling. The Belarusian CGE
framework is illustrated in Figure 1. The equations describing the relations between the economic agents are

described in detail in Appendix A.

Figure 1: CGE model for Belarus: agents and flows
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The factors market supplies factors of production, such as labor and capital, to activities. The source of labor
is households; capital comes from households and government. For factors utilization, the factors market pays

wages for labor to households and rents to households and government. As part of its profit-maximizing deci-
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sion, each activity utilizes the production factors up to the point where the marginal revenue product of each
factor equals its wage or rent. Factor wages and rents may differ across activities, not only when the market
is segmented but also for mobile factors. The factors market interacts with the external sector via bilateral in-

ternational transfers of production factors.

Activities produce commodities (products and services) and are introduced by producers - sectors. Each ac-
tivity produces one or more commodities according to fixed yield coefficients. It uses labor and capital from the
factors market and intermediate inputs from the commodities market as factors of production. For factors utili-
zation the sector pays factors costs. Each sector is assumed to maximize profits, which are the target subject
to a production technology: the technology is specified by a constant elasticity of substitution (CES) function
and a Leontief function for the quantities of value-added and aggregate intermediate consumption. The com-
modities are released on the commodities market as aggregate domestic output, generating sales income for

activities. Activities pay production taxes to the government at a fixed rate.

The commodities market distributes products and services - commodities - produced by activities. Domestic
output enters the commodities market; part of it is exported, while imports, together with domestically con-
sumed domestic output, generate domestic demand. Commodities are purchased for intermediate consump-
tion by activities, for final consumption by households and government, and for capital formation. The prices
paid by demanders include the cost of transaction services - transport and trade margins. The prices received
by domestic suppliers are net of these transaction costs. From the external sector, the commodities market
receives export income and incurs import costs. The government receives product and import taxes from the

commodities market at fixed rates.

The external sector is connected to other Belarusian economic agents in many different ways. As mentioned
above, the external sector buys Belarusian exports and provides imported commodities through the commod-

ities market.

The decision on export volume is based on the assumption that suppliers maximize sales revenue for any given
aggregate output level, subject to imperfect transformability between exports and domestic sales, expressed
by a constant elasticity of transformation (CET) function. In the international markets, export demands are
infinitely elastic at given world prices. The price received by domestic suppliers for exports is expressed in

domestic currency.

The import demands are derived from the assumption that domestic demanders minimize cost subject to im-
perfect substitutability, which is reflected in the Armington CES function. The demands derived for imported
commodities are met by international supplies that are infinitely elastic at given world prices. The import prices
paid by domestic demanders also include import tariffs (at fixed ad valorem rates) and the cost of a fixed quan-

tity of transaction services - margins - per import unit.

Moreover, the external sector interacts with the factors market by providing and receiving income on capital,
paying wages to domestic labor employed abroad, and receiving wages from foreign labor employed in the

Belarusian economy. The external sector is connected to households and government through bilateral trans-
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fers. Also, the external sector makes savings in the country, which are the difference between foreign currency

spending and receipts. The model assumes a flexible exchange rate, while foreign savings are fixed.

Households provide factors of production - labor and capital - and receive wages and rents as income in re-
turn. Households also receive transfers from the government and net transfers from the external sector fixed in
foreign currency. They pay income taxes to the government, purchase commodities for final consumption, and
make savings. Direct taxes and transfers to other economic agents are defined as fixed shares of household
income, whereas the savings share is flexible and depends on households’ marginal propensity to save. The

households’ utility function is evaluated based on the set of commodities they purchase.

Government receives rents for providing capital to the factors market; it also receives tax revenues from house-
holds, activities, and the commodities market, as well as net transfers from the external sector. It then spends
its income on the final consumption of commodities, provides transfers to households, and saves the residual

between revenues and expenditures.

Savings and investments consist of the accumulated savings of households, government, and the external
sector, which are subsequently invested in capital formation. Capital formation includes gross fixed capital
formation and changes in inventories, with commodities for capital formation purchased from the commodities

market.

The Belarusian CGE model is implemented in two specifications. The baseline specification covers 17 production
sectors, with the external sector represented by four counterparties - Russia, the EU, China, and the rest of the
world. In the alternative specification, activities are disaggregated into 22 production sectors, and the external
sector is modeled as a single counterparty without regional differentiation. The description of the sectors is

provided in Appendix B.

3.2 Data and parametrization

The core of a SAM is data from the Input-Output table; it is built using the same principle: the intersection of
row and column displays the flow from one economic agent to another. The introduced model uses 2019 data
published by the Belarusian National Statistical Committee (Belstat) as input. The year was chosen because it

is the most recent one with a complete set of available data, and it does not reflect significant external shocks.

Building a SAM also required some additional data. To reflect the division of the external sector into trade
counterparties, their shares were calculated using trade data from Belstat. Data on international transfers and
factors incomes were taken from the Balance of payments published by the National Bank of the Republic of

Belarus (NBRB). For the breakdown of transfers and incomes by country, data on Russia were drawn from the
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Balance of payments with the Russian Federation, while the shares of other counterparties were approximat-
ed. Data on transaction flows between the government and households were obtained from the IMF Govern-
ment Finance Statistics database. Tariffs on imported goods were sourced from the World Integrated Trade
Solution (WITS) database.

One of the key challenges in preparing data for the CGE model is forming technical substitution elasticities
values for production factors and domestic versus imported commodities, which is a separate research task
of interest. In this paper, the values of these elasticities are sourced from the Global Trade Analysis Project
(GTAP) database, which can be considered universal but is also a limitation of the analysis. The GTAP elasticities
for commodity items were averaged using export or import volumes to align with the commodity groups and

sectors in the Belarusian model.
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4. CGE model-based simulations for
Belarus

41 Simulations design

The developed CGE model has been used to simulate three scenarios relevant to Belarus.

Scenario 1 “Energy Shock” assumes a sharp increase in the prices of energy resources imported by Belarus,
i.e. natural gas and oil. Since 2018, Belarus has been importing natural gas from Russia at a contractual price
close to 130 USD per thousand cubic meters. In 2023-2025, the actual import price of gas was lower due to
the weakening of the Russian ruble against the US dollar. For comparison, according to the World Bank, the
average monthly price of natural gas in Europe was about 388 USD per thousand cubic meters in 2024 and
450 USD in January-August 2025. If Belarus moves closer to the EU and exits the EAEU, the country’s import
gas price would very likely rise to the European level, regardless of the source of supply. This would mean a

powerful shock, roughly equivalent to a threefold increase in the import price of natural gas.

Belarus also imports oil exclusively from Russia, at a price corresponding to Urals crude. Due to the widened
discount of Russian Urals relative to the global Brent benchmark since 2022, Belarus received an additional
benefit equal to this discount during 2022-2025. In the simulation of the energy shock scenario, it is assumed
that Belarus’s oil import price rises by the size of the discount, which is roughly equivalent to a 10% increase.
Considering the value volumes of oil and natural gas imports, the overall external price increase for the product

group “oil & gas, petroleum products” will amount to 60%.

In addition to rising import prices, Scenario 1 also assumes the elimination of interbudgetary transfers between
Belarus and Russia. These transfers are primarily connected to obligations within the EAEU, as well as the in-
flow of reverse excise taxes on crude oil from the Russian budget into the Belarusian budget. Eliminating such

transfers seems reasonable in the event of Belarus moving closer to the EU.

Scenario 2 “Integration with the EU” assumes active alignment between Belarus and the EU in the trade of
goods. Currently, Belarus and Russia are members of the EAEU and apply zero import tariffs, while tariffs for
other countries are set in accordance with EAEU regulations. To simulate the EU integration scenario, it is as-
sumed that import tariffs on goods from the EU to Belarus are reduced to zero, while tariffs for other countries
are set equal to the EU’s 2021 weighted average tariffs. The year 2021 is used for analysis because, starting
from 2022, EU sanctions on Russia and Belarus were significantly tightened, affecting mostly export-import
operations. Table 1 presents the resulting changes in Belarus’s import tariffs, which were subsequently used in

the simulation.

4. CGE MODEL-BASED SIMULATIONS FOR BELARUS 15



Scenario 2 also assumes a reduction in external prices for Belarusian goods on the Russian market by an
amount equal to Belarus’s current tariffs on imports from the EU (the same as the tariff reduction with the
EU in Table 1). This change reflects the likely imposition of import tariffs on Belarus by Russia should Belarus
reorient itself toward the EU. No similar changes were assumed for export prices in the EU market, as there
is a significant risk of overestimating the positive effects of trade liberalization with the EU, given the lack of
competitiveness of Belarusian producers. Scenario 2 also stipulates the elimination of interbudgetary transfers

between Belarus and Russia, similar to the energy shock scenario.

Scenario 2 assumes no increase in external prices for natural gas and oil. This would be possible if political

agreements are reached with Russia or if global and European energy prices decline accordingly.

Table 1: Change in import tariffs for Belarus (p.p.)

Russia EU China Rest
Agriculture 7.9 -5.9 -0.6 2.2
Minerals 0.0 -6.6 -4.8 -0.5
Oil & gas, petroleum 0.0 -4.7 -4.5 -4.6
Food 53 -9.9 12.6 4.0
Textile & wood 1.5 -7.0 2.6 -3.8
Chemicals, rubber, pharma 3.9 -4.8 0.4 -1.6
Metals 1.1 -6.3 -4.2 -0.3
Electronics 1.9 -2.1 -0.8 -2.2
Machinery nec 1.9 -2.1 -0.8 -2.2
Motor vehicles 2.8 -8.3 -2.5 -54
Manufactures nec 1.0 -4.7 -5.8 -2.2
Utilities 1.9 -2.1 -0.8 -2.2

Source: compiled by the authors based on World Bank WITS data

Scenario 3 “Integration with the EU under the energy shock” is a combination of Scenarios 1and 2. Thus, Sce-
nario 3 incorporates all the shocks from the first and second scenarios. This scenario appears to be the most

likely one if Belarus moves closer to the EU and exits the EAEU.
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4.2 Scenario 1“Energy shock”

A 60% increase in the import prices of energy resources leads to a 35% decrease in their import volumes. Do-
mestic production of petroleum products and their export practically cease to exist - the country’s demand for
fuel and energy resources is met exclusively through imports (Figure 2). The near elimination of domestic pe-
troleum product production under such a severe price shock indicates that the viability of this sector in Belarus

was primarily sustained by the redistribution of oil rent from Russia to Belarus through subsidized oil prices.

A significant increase in energy prices will have a strongly negative impact on industries related to the primary
processing of raw materials. The chemical industry (where fertilizer production dominates in Belarus), the pro-
duction of plastics and rubber products, metallurgy, extraction of non-oil-and-gas natural resources, and the
manufacture of other non-metallic products (primarily construction materials), as well as power generation and
water supply (utilities), will suffer significant losses in output and exports. Due to the substantial intersectoral
effects generated by the oil refining industry, the output volume of wholesale trade, transportation, and other
services will also decline. A decrease in construction materials output is also connected to a downturn in con-

struction (Figure 2).

Figure 2: Exports, imports, and domestic production: results of scenario 1 simulation

Other services -
Communication
Transport
Trade
Construction

Manufactures nec

Motor vehicles

Machinery nec

Electronics

Metals

Chemicals, rubber, pharma
Textile & wood

Food

il & trol M Exports
Il &gas, peMro eum Output (less imports & exports)
.|nerals B Imports
Agriculture -
-100 -80 -60 -40 -20 0 20 40 60 80 100 120

change in % compared to initial state

Source: compiled by the authors

Labor and capital resources from the “losing” industries will be reallocated to sectors with higher export po-
tential (Figure 3). Output and exports will increase significantly in mechanical engineering (including electronic,
electrical, and optical devices, machinery and equipment), transportation vehicles, light industry (textile, cloth-

ing, and footwear production), woodworking, communication and computer services (Figure 2).
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Figure 3: Factors of production: results of scenario 1 simulation
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As a result, under a severe energy shock, two groups of industries can be distinguished. The oil, gas, and pe-
troleum products sector, extraction of other minerals, production of other non-metallic products, metallurgy,
chemical industry, manufacture of rubber and plastic products, power generation and water supply, construc-

tion, trade, transportation, and other services will suffer substantial losses (Figure 4). These industries gener-

change in % compared to initial state

ally produce low- or medium-technology products.

Figure 4: Sectoral value added: results of scenario 1 simulation
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At the same time, due to their export potential, lower dependence on oil and gas, and the inflow of labor and
capital resources, sectors such as mechanical engineering, light industry, woodworking, other kinds of man-
ufacturing (mostly furniture production), and information and communications, have the potential for a signif-
icant increase in value added (Figure 4). The benefiting sectors are, for the most part, more technologically

advanced than the “losing” industries.

The macroeconomic effects of an implemented energy shock scenario will be reflected in declines in govern-
ment and household income due to unfavorable price effects, loss of interbudgetary transfers from Russia, and
reduced volumes of foreign trade operations. As a result, both public and private consumption and investment
will decrease. The resulting GDP losses are estimated at 3.5% relative to the baseline period’s real GDP (Figure
5). Thus, a sharp increase in the import price of oil and gas by an average of 60% will lead to large-scale but not

critical welfare losses for Belarus.

Figure 5: GDP, government and household income: results of scenario 1 simulation
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The macroeconomic consequences of simulating the energy shock scenario using an alternative model (22
sectors, without separate trading partners) are generally close to those of the baseline model (Figure 6). A
sharp rise in energy prices, combined with the loss of interbudgetary transfers from Russia, leads to a signifi-
cant reduction in government and household income and consumption. Investment resources shrink, resulting
in a substantial decline in investments. Imports fall by 12%, while exports remain almost unchanged as produc-
tion factors shift into the export-oriented sectors of the economy. The resulting effect on GDP is a 4.1% reduc-

tion relative to the baseline year’s real volume (Figure 6).

Figure 6: GDP and components: comparison of models for scenario 1 simulation
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The “losing” industries are still those less technologically advanced and related to the primary processing of
raw materials: the oil and gas sector, power generation and water supply, chemical industry, production of
rubber and plastic products, extraction of non-oil-and-gas minerals, manufacture of other non-metallic prod-
ucts, and metallurgy. Due to the significant intersectoral effects caused by these industries, value added also

decreases in construction, trade, transport, and other services (Figure 7).

The “winning” industries are those technologically advanced and export-oriented: mechanical engineering,
light industry, woodworking, other kinds of manufacturing, and, to a lesser extent, food industry. The informa-
tion and communications sector also shows significant potential for value added growth. Moreover, the greater
sectoral disaggregation of the alternative model makes it possible to identify two additional industries with po-
tential for output growth: production of fabricated metal products and pharmaceuticals. This result once again
proves the fact that with a significant increase in energy costs and losses from raw material exports, labor and
capital resources shift into more sophisticated sectors with higher value added. That is why metallurgy and the
chemical industry (connected to fertilizer production) suffer economic losses, while the production of fabricat-

ed metal products and pharmaceuticals can increase output (Figure 7).
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Figure 7: Sectoral value added: comparison of models for scenario 1 simulation
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4.3 Scenario 2 “Integration with the EU"

The results of the scenario involving trade liberalization between Belarus and the EU, combined with higher
import tariffs on supplies from Russia, show that, same as in the energy shock scenario, the mechanical en-
gineering and ICT sectors have the potential to increase output and exports (Figure 8), reflecting their higher
capacity to integrate into European markets and adapt to new competitive conditions. The chemical industry

and transportation services also have the potential to increase output and exports (Figure 8).

The outsiders in the simulation of this scenario are the food industry, agriculture, metallurgy, and vehicle pro-
duction (Figure 8), which are currently heavily oriented toward the Russian market and would likely face diffi-

culties adjusting to EU competition and new trade barriers with Russia.

Figure 8: Exports, imports, and domestic production: results of scenario 2 simulation
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As a result, labor and capital resources flow from the “losing” industries (agriculture, food industry, metallurgy,
vehicle production) into the benefiting industries - mechanical engineering, chemical industry, transportation,

and ICT (Figure 9). The value added of the economic sectors changes accordingly (Figure 10).
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Figure 9: Factors of production: results of scenario 2 simulation
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Figure 10: Sectoral value added: results of scenario 2 simulation
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The effects on GDP caused by Belarus’s trade reorientation from Russia toward the EU (assuming no energy
shock) are expected to be neutral in the long run (Figure 11). Government revenues will decline mainly due to the
loss of interbudgetary transfers from Russia, which will reduce public sector consumption. Household income

and consumption, as well as investment, will also slightly decrease due to sectoral losses from the increasing
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complexity of trade with Russia. However, with net exports improved due to the development of export-ori-

ented industries with higher value added, the resulting change in GDP is estimated to be near zero (Figure 11).

Figure 11: GDP, government and household income: results of scenario 2 simulation
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L4 Scenario 3 “Integration with the EU under an energy
shock”

The liberalization of trade in goods with the EU, combined with a significant increase in oil and gas import prices
for Belarus, generally has sectoral consequences similar to the first scenario. Domestic production and exports
of petroleum products practically cease to exist, while the country’s demand for energy resources is met en-

tirely through imports (Figure 12).

Figure 12: Exports, imports, and domestic production: results of scenario 3 simulation
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The outsiders are industries engaged in the primary processing of raw materials, for which fuel resources are
highly significant: the chemical industry, production of plastic and rubber products, metallurgy, extraction of
non-oil-and-gas minerals, and production of other non-metallic products (Figure 12). Output also declines in
the power and water supply sectors, construction and trade. Agriculture and food industry also suffer losses in

output, value added and exports due to their dependence on the Russian market (Figures 12 and 14).
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Figure 13: Factors of production: results of scenario 3 simulation
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Labor and capital resources from the predominantly low- or medium-technology industries mentioned above

flow into sectors with higher value added and export potential (Figure 13).

Figure 14: Sectoral value added: results of scenario 3 simulation
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As a result, the pool of beneficiaries remains roughly the same as in the simulations of Scenarios 1and 2. Out-
put, exports, and value added increase in the sectors of mechanical engineering, other kinds of manufacturing,

light industry, woodworking, and information and communications (Figures 12 and 14). Notably, these industries

26 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS



expand production and exports while reducing imports, which indicates a decline in their import intensity.

The macroeconomic effects of Belarus’s trade liberalization with the EU and complication of its trade relations
with Russia under an energy shock will be reflected in declining government and household income, which will
result in reduced public and private consumption and investment (Figure 15). As a result, GDP will reduce by

3.9% in the long run.

Figure 15: GDP, government and household income: results of scenario 3 simulation

a) GDP and components

Qo 0
@©
n -4
n
:f_—'f 8 -3,9
'g -12 = GDP -84
* Private consumption
X -16 . .
- B Public consumption
o> 20 m Investment
% -24 Exports
S _og B Imports -24,3
b) Household income and government revenue
o O
©
o -10
o
€ 20
2 30
BN
£ -40
S B Government revenue
s -50
5 50 -49,4 B Household income

Source: compiled by the authors

A comparison of the simulation results across different scenarios allows to draw the following conclusions.

Firstly, Belarus’s energy and trade dependence on Russia creates significant risks for the country’s macro-
economic stability. A deterioration in the terms of trade in energy resources would lead to a sharp decline in

household welfare and a reduction in GDP (Table 2).
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Table 2: Comparison of scenarios (change in % compared to the initial situation)

Scenario 1 Scenario 2 Scenario 3

GDP -3.5 0.1 -3.9
Private consumption -7.0 -1.4 -84

Public consumption  -22.6 -74 -24.3

Investment  -10.1 -0.6 -10.8
Exports -0.3 2.0 -0.6

Imports  -12.2 -1.8 -14.0

Government revenue -49.4 -16.0 -54.2
Household income -8.3 -1.4 -9.8

Source: compiled by the authors

Secondly, the near-total orientation of several large sectors of the Belarusian economy toward the Russian
market will result in economic losses if Belarus reorients toward the EU. If liberalization of trade with the EU
and complication of trade with Russia are not accompanied by an increase in factor productivity, the economic

effectiveness of such a strategy for Belarus will remain debatable.

Thirdly, the Belarusian economy does have certain resilience even to severe energy and trade shocks. With the
reallocation of labor and capital resources from the industries producing raw materials into sectors with higher
levels of technology and value added, losses in household welfare and GDP would be significant but not cat-
astrophic (Table 2). However, the large-scale intersectoral flows of labor highlight the need to develop social

support and retraining measures for the population in advance.
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h. Economic support from the EU:
potential effects and policy implications

The EU may activate a large aid package for Belarus once the country embarks on a path of democratic transi-
tion. The EU Commission has stated that it will provide both immediate and long-term support to help stabilize
the economy and reform institutions, making them more democratic and capable of benefiting citizens and

society as a whole (EU Commission, 2021).
The EU intends to support five key areas:

1. An innovative and competitive economy (macro-financial assistance of up to €350 million).

2. Improved transport connectivity and facilitation trade at the EU-Belarus borders (up to €200 million).
3. Boosting innovation and digital transformation (up to €20 million).

4. Supporting a green economy (up to €200 million).

5. Investing in a democratic, transparent, and accountable Belarus (up to €100 million).

Economic support from the EU could partially offset the negative consequences of an energy shock for Be-
larus. To assess this compensatory effect, additional simulations were carried out. Support in the first area is
accounted for in the scenario as an increase in the EU transfers to the Belarusian government. Half of this aid
is assumed to be directed to investment, leading to an increase in the capital stock, while the other half will be
redistributed to households. Support in the second and fourth areas is modeled as an increase in the EU sav-
ings (directly leading to higher investment in Belarus), combined with a corresponding increase in the capital
stock of the Belarusian economy. Support in the third and fifth areas is modeled as an increase in transfers
from the EU to the Belarusian government. Overall, the simulation scenario accounts for the EU’s €870 million

in assistance.

The results of simulating the energy shock scenario with the EU’s financial support indicate that €870 million in
European aid can offset approximately 1.2 p.p. of Belarus’s GDP decline (Figure 16). This is achieved mainly due
to a smaller reduction in household consumption and investment compared to the baseline scenario - by 1.2 p.
p. and 5.1 p. p., respectively. At the same time, net exports decline compared to the baseline scenario due to

a relative increase in imports, given the high initial import intensity of investment and consumption in Belarus.
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Figure 16: Effects of EU’s economic support: results of scenario 1 simulation
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When modeling the effects of the EU’s economic support under scenarios 2 and 3, an additional assumption
was considered: a 2% increase in factor productivity. The integration of Belarusian producers into European
value chains and the likely transfer of advanced technologies could contribute to improving the efficiency
of the Belarusian economy. The productivity increase of 2% assumed in the simulation is modest and largely
conditional. The purpose of simulating such a scenario is to demonstrate the direction of the economic con-
sequences of effectively implementing the EU’s integration strategy rather than to obtain precise quantitative

estimates of GDP and changes in other macroeconomic indicators.

The results of simulating scenarios 2 and 3 with the EU’s assistance generally correspond to those from sce-
nario 1. Without assuming factor productivity gains, EU’s €870 million in financial support makes it possible to

reduce GDP losses by mitigating the decline in private consumption and investment (Figures 17 and 18).

Figure 17: Effects of EU’s economic support: results of scenario 2 simulation
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If the liberalization of trade with the EU is accompanied by even a small increase in factor productivity, then,
in the absence of an energy shock, Belarus will gain substantial benefits, despite complications in access to
the Russian market. GDP and investments will grow significantly, and household consumption will also increase
(Figure 17). If such liberalization occurs during an energy shock, the productivity gains will substantially mitigate

the negative effects on GDP and citizens’ welfare (Figure 18).

Figure 18: Effects of EU’s economic support: results of scenario 3 simulation

o GDP Private Public Investment Exports Imports
© consumption consumption
[ 4
e 0,9
=
o)
)
32
.g -12 -10,8 _12’1—10,3
5 -16 -14,0
g -20 i .
5 g _21‘519‘4 Baseline
8 -24,3 B EU support

B EU support & productivity growth

Source: compiled by the authors

These findings carry the following policy implications:

1. Integration into European value chains should be accelerated. Removing barriers to the participation of Be-
larusian firms in EU production networks would offset the costs of disintegration from Russia and create long-
term growth potential. Access to EU markets, standards, and technologies would provide Belarus with a sus-

tainable alternative growth model.

2. Financial support should focus on productivity. Direct EU’s financial assistance can play a decisive role in off-
setting GDP and welfare losses. However, to achieve lasting results, such support should be targeted toward
raising factor productivity through investments in human capital, digitalization, and modern infrastructure. In
scenarios without energy shocks, this could lead not only to recovery but to growth in GDP and household

welfare.

3. Energy support is essential. Targeted subsidies or preferential financing for energy imports during the initial
adjustment period would mitigate the large-scale negative effects of rising prices, preventing sudden collapses

in key industries and ensuring social stability.

4. Social cushioning is required. The transition will inevitably involve sectoral losses and displacement of work-
ers. EU’s assistance should therefore also support retraining, labor mobility, and social protection mechanisms

to ensure that adjustment costs do not translate into long-term social instability.
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b. Conclusion

This study has proposed and tested the CGE model for Belarus. The model captures the structural features of
the Belarusian economy, which remains highly dependent on Russian energy supplies, strongly connected to

Russian markets, and only partially integrated into European production chains.

The application of the CGE model to the Belarusian economy has made it possible to conduct a systematic
study of the potential consequences of different external shocks and integration scenarios. The model-based
simulations highlight both vulnerabilities and opportunities for economic adjustment under scenarios of an en-

ergy shock and liberalization of trade with the European Union.

The first major finding concerns the impact of a severe energy shock, which is highly likely to follow if political
relations between Belarus and Russia worsen. The simulations demonstrate that while such a shock would
have a large-scale negative impact on output and consumption, it would not result in an existential collapse
of the Belarusian economy. The most significant losses would be concentrated in the industries connected to
the primary processing of raw materials - oil refining, metallurgy, mineral extraction and production of building
materials, chemical industry, electric power, and water supply. These sectors are highly dependent on cheap
imported natural gas and oil, and their competitive position would deteriorate sharply under significantly higher
energy prices. The construction, transportation, and trade sectors will also suffer losses in value added due to
significant intersectoral effects generated by the affected industries. Nevertheless, other industries, such as
mechanical engineering, light industry, pharmaceuticals, and ICT, may benefit from the reallocation of produc-
tion resources. This suggests that the economy exhibits structural resilience, where certain sectors are able
to absorb resources and expand, even as traditional industries contract. In the medium term, this reallocation
can mitigate the overall economic losses, although the transition process would be socially and politically chal-

lenging.

The second key finding concerns the liberalization of trade with the European Union under the assumption
of stable energy supplies. Here, the model indicates relatively small overall welfare losses due to the negative
effects of the complication of relations with Russia, but the distribution of effects across industries is uneven.
The most vulnerable sectors would be the food industry, agriculture, metallurgy, and vehicle production, which
are currently heavily oriented toward the Russian market and would probably face difficulties adjusting to EU
competition and new trade barriers with Russia. By contrast, mechanical engineering and ICT emerge as poten-
tial winners, reflecting their higher capacity to integrate into European markets and adapt to new competitive
conditions. Importantly, these outcomes highlight that the Belarusian economy would not uniformly benefit
from or suffer under EU integration; rather, the gains and losses would depend critically on sectoral structures,

trade patterns, and the ability of companies to adapt.

The scenario in which trade liberalization with the EU is combined with a severe energy shock will result in
significant losses in both output and household welfare. A sharp rise in energy prices would exacerbate the

vulnerability of energy-intensive industries, while the simultaneous deterioration of relations with Russia would
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undermine existing trade flows. The most severely affected sectors would include oil refining, energy supply,
metallurgy, chemical industry, food industry, and services closely tied to industrial demand, such as construc-
tion and trade. However, some sectors could gain: mechanical engineering, light industry, woodworking, and
ICT show the capacity to expand as production factors shift toward export-oriented activities with higher val-
ue added. This again highlights the structural heterogeneity of the Belarusian economy and the importance of

identifying sectors with genuine long-term growth potential.

One source of uncertainty in Belarus’s deeper integration with the EU and the complication of its relations with
Russia is the movement of Russian capital, which is currently present in the Belarusian market (including the
banking system, industry, and information and communication services). A certain degree of Russian capital
outflow cannot be ruled out, which could have negative economic consequences in the short term. In the long

term, Russian capital may be replaced by European capital.

From a policy perspective, these findings suggest several recommendations. Firstly, targeted energy subsidies
from the European Union could play a crucial role in cushioning the immediate impact of higher energy prices.
Such subsidies would prevent an abrupt collapse of energy-intensive industries and allow time for structural
adjustment. Secondly, efforts to remove barriers to the participation of Belarusian firms in European value
chains could significantly mitigate the adverse short-term effects of deteriorating trade relations with Russia.
By facilitating access to new markets, technologies, and standards, integration into European supply chains
could not only soften the transition but also enhance long-term competitiveness. Thirdly, direct financial sup-
port from the EU has the potential to offset a substantial part of GDP and welfare losses. If such support is
strategically targeted to raise factor productivity, through investment in technology, human capital, and infra-
structure, the result could be positive growth of both output and welfare, at least in scenarios without severe
energy shocks. Fourthly, social safeguards are essential. A shift toward the EU will unavoidably bring sectoral
declines and job displacements. EU’s support should therefore extend to retraining programs, measures that
promote labor mobility, and social protection systems, ensuring that the short-term adjustment costs do not

lead to lasting social instability.

At the same time, it is essential to acknowledge the limitations of the CGE modeling applied in this study. Firstly,
the data used to construct the benchmark equilibrium is incomplete and, in some cases, not fully up to date.
Issues such as the aggregation of tariffs, absence of non-tariff barriers, and incomplete information on foreign
transfers and trade flows reduce the precision of the results. Secondly, the key parameters, such as elastici-
ties of substitution, are borrowed from GTAP rather than estimated directly for Belarus. This ad hoc calibration
introduces uncertainty and reduces the extent to which the results reflect the unique structural characteristics
of the Belarusian economy. Thirdly, the aggregation of sectors itself introduces potential biases: results may

be sensitive to the level of disaggregation, and important in-sector heterogeneity may not be accounted for.

The structural assumptions of the CGE framework also impose constraints. The model assumes perfect com-
petition, full utilization of resources, and frictionless adjustment. Similarly, the static nature of the model means
that it cannot capture dynamic processes such as technological progress or expectations of households and
companies. The absence of a financial sector is another important drawback, particularly in an economy where

monetary and exchange rate policies play a central role. As a result, while the model provides useful insights
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into the direction and relative magnitude of impacts, it should not be interpreted as a precise forecasting tool.

Despite these limitations, the CGE model remains a valuable instrument for policy analysis. It offers a consis-
tent and transparent framework for evaluating complex interactions among sectors, households, and external
shocks. For a small, open, and structurally dependent economy like Belarus’s, such tools are essential for
assessing the trade-offs of alternative policy choices. The results highlight both the risks caused by external
shocks - particularly energy shocks and complications of trade with Russia - and the potential opportunities
of gradual integration into the European economic space. They also emphasize the importance of carefully
designed compensatory policies, including targeted subsidies, integration support, and financial assistance to

enhance productivity.

The developed CGE model makes one step toward a deeper understanding of these processes and policies,
and future work should aim to refine the database, estimate country-specific parameters, incorporate dynamic
features, and explore the role of institutions and market frictions. Such efforts would enhance the robustness
of the analysis and provide even more relevant guidance for policymakers facing the challenges of integration,
adjustment, and development. Exploring the potential effects of Belarus’s rapprochement with the EU is also

an important area for further research.

34 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS



Literature

Astrov, V., Havlik, P., Pindyuk, O. 2012. Trade integration in the CIS: Alternate options, economic effects and
policy implications for Belarus, Kazakhstan, Russia and Ukraine. The Vienna Institute for International Economic
Studies Research Reports. No. 381.

Balistreri, E. J., Olekseyuk, Z., Tarr, D.G. 2017. Privatisation and the unusual case of Belarusian accession to the
WTO. World Econ. Vol. 40, No. 12. PP. 2564-2591.

Benkovskis, K., Jaunzems, D., Matvejevs, O. 2023. A purpose-based energy substitution structure for CGE. Lat-
vijas Banka Working Paper. No. 7/2023. URL: https://datnes.latvijasbanka.lv/papers/WP_7-2023.pdf.

Burfisher, M. E. 2021. Introduction to computable general equilibrium models (3rd ed.). Cambridge University
Press.

Devarajan, S., Robinson, S. 2013. Contribution of computable general equilibrium modeling to policy formulation
in developing countries. Handbook of CGE Modeling. Vol. 1. PP. 277-301.

EU Commission. 2021. Economic support to democratic Belarus. Factsheet. URL: https://enlargement.ec.eu-
ropa.eu/document/download/597f10ec-6669-4919-8980-faaflb4170af_en?filename=factsheet_economic_
support_belarus_en.pdf.

Lofgren, H., Harris, R. L., Robinson, S. 2001. A standard computable general equilibrium (CGE) model in GAMS.
TMD Discussion Paper. No. 75. URL: https://hdl.handle.net/10568/158026.

Movchan, V., Giucci, R. 2011. Quantitative assessment of Ukraine’s regional integration options: DCFTA with EU
vs. Customs Union with Russia, Belarus and Kazakhstan. German Advisory Group and IER Policy Paper Series.
No. PP/05/2011.

Movchan, V., Rutherford, T.F., Tarr, D.G. 2023. The importance of deep integration in preferential trade agree-
ments: the case of a successfully implemented Ukraine-Turkey free trade agreement. Rev World Econ. Vol. 159.
PP.1-50.

Perdana, S., Vielle, M., & Schenckery, M. 2022. European economic impacts of cutting energy imports from Rus-
sia: A computable general equilibrium analysis. Energy Strategy Reviews. Vol. 44. PP. 1-15.

Sun, M., Cao, X,, Liu, X., Cao, T., Zhu, Q. 2024. The Russia-Ukraine conflict, soaring international energy prices,
and implications for global economic policies. Heliyon. Vol. 10. No. 16. PP. 1-22.

Tochitskaya, I., Shymanovich, G. 2007. Economic consequences of gas price increase: a quantitative estimate.
ECOWEST Journal. Vol. 6, No. 1. PP. 124-137.

Vinokurov, E., Demidenko, M., Pelipas, I., Tochitskaya, |., Shymanovich, G, Lipin, A., Movchan, V. 2015. Estimating
the economic effects of reducing non-tariff barriers in the EEU. EDB Centre for Integration Studies Report. No.
29.

6. CONCLUSION 35



Appendix A

Description of equations in the CGE model for Belarus

Appendix A introduces the equations of the CGE model and calibrations of exogenous parameters. In calibra-

tion, the index O indicates the initial value of a variable from SAM.

Activities

The intermediate consumption of product i by sectorj is described by the Leontief production function:

_pnlO IO
IOi,j —Hm'qj' ’

v

10 . .
where Oi,j is the share of product ¢ used in intermediate consumption by sector 7, an exogenous parameter

with the following calibration:

0
HIO = IOi’j
1,7 qJ[OO )

10
q]- is the volume of intermediate consumption by sectorj.

The breakeven condition for intermediate consumption by sector j:

N
p;%q;¢ = ZpiIOi,jy
i=1

10 .
where pj is the price of intermediate consumption by sector j (equal to 1in the initial state),
Pi is a consumer price of product i (equal to 1in the initial state).

Intermediate consumption in the production of sectorj - Leontief function:

36 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS

(2

(3)



g™ = 0itqd, @

int .
where 0]- is the share of intermediate consumption in the production of sector j, an exogenous parameter

with the following calibration:

100
q;

int
0’ ol ®

q]A is the volume of production of sector j.

Value added in the production of sector j - Leontief function:

q VA _ GVA qA ©
J J )’

gvA : : . :
where j is the share of value added in the production of sector j, an exogenous parameter with the fol-

lowing calibration:

va _ 4"
0, wral ?
9;
Breakeven condition for sectorj's production:
A\ A A _ VA VA 10,10
(I_tj )pj 4; =DP; 4, +pj q; 8)

A
where tj is a production tax rate for sector j, an exogenous parameter with the following calibration:

tA . SAM(taa:A,j)

i = SAM(Totaly)’ ©)

pj is a basic price in sector j (equal to 1in the initial state).
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Factors market

The distribution of production factors’ utilization in sectorj is based on the CES production function:

Ej—] Ej—] c.—1

/" =A;|6;L;7 +(1-6;)K;” , (10)

where 53' is the share of labor’s factor, an exogenous parameter with the following calibration:

1
€j
6 o ’ngL 0j
J 1 1\ 7 )
L, +wgoK,?
wrok g; K08 p;
Aj is an exogenous parameter of production factors’ allocation efficiency with the following calibration:
A = q0j
J £ 7
OEJ;] 083,;1 Sj—l (12)
6;L7 "7 +(1-6;)K; I
Lj is a volume of labor used by sector j,
WL is a price of labor (equal to 1in the initial state),
Kj is a volume of capital used by sectorj,
W K is a price of capital (equal to 1in the initial state),
£ is elasticity of factors’ substitution, set exogenously.
According to the abovementioned CES production function:
Condition for efficiency maximization of labor utilization in sector j:
€; )
95 (95 )| 5E,, I E 8§ \Eig | T 13
LJ_Aj(wL 6wy 7+ (1—85) wy , (13)

Condition for efficiency maximization of capital utilization in sector J:

38 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS



€j . —€ )
Ky = () o 7 (1)

wr,
Breakeven condition for production factors:

p}/Aq]VA = 'wLLj + wKKj.

Commodities market

Condition for distribution of commodity i produced by sector :

N

A

e’ => 0 af,
=1

Condition for setting a price of commodity i produced by sector j:

N

A

pP => 6 p,
=1

where Oj,l- is the mapping coefficient, an exogenous parameter with the following calibration:

External sector

Commodity i’s export price for country 7 is set as follows:

pfﬁ = pwffEXRr

ER . . . N
pwi}r is commodity i’s world export price for country 7 (equal to 1in the initial state),

1
K

£J

—5]} I—Ej

(14)

(15)

(16)

(17)

(18)

(19)

E X R, is an exchange rate with country 7 (amount of foreign currency per unit of domestic currency, equal

to 1in the initial state).
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Commodity i’s distribution to country 7 is described by the CET function:

EERfl

E, AER Z5ERER ZE.ER ’ (20)

where Ez is commodity i’s export volume,
Ei,r is commodity ¢’s volume of export to country 7,

ER .
51’,7‘ is the share of commodity i’s export to country 7, an exogenous parameter with the following calibration:

ERO RO - ER
ER p” IR
Lro ’ 1)
ER
Z pEROEROE

is the efficiency of commodity i’s export to country 7, an exogenous parameter with the following cal-

ER
Az’

ibration:

APE = Lo

€ER71 E-ER*I (22)

Z 5RE'ER0 ;ER

€Z»ER is the elasticity of technical substitution of commodity i’s export to country 7, set exogenously.

According to the abovementioned function, maximization of distribution efficiency for commodity i’s export to

country 7 is set as follows:

ER et
foi PR —
' 5ER i —cER
R _ E; Z 5ER5 ERI-&" (23)
LT ER 1,7C z rc ’
Ai pi,r rc=1

40 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS



Commodities’ export breakeven condition:

R
p/E; =) plFEE, @4
r=1

where sz is commodity i’s export price (equal to 1in the initial state).

At the same time, the distribution of commodities produced domestically for export and domestic consumption

is also described by the CET function:

eE

_r
EE—I ElE_l 5‘E71

P = 4F|6EB T (1= 88)aP> T | &

where 5ZE is the share of export of domestically produced commodity i, an exogenous parameter with the

following calibration:

’ (26)

AZE is the commodity 7’s export efficiency, an exogenous parameter with the following calibration:

Do
AP = g
T o
1
E E
Er0 ¢ E\,DDo0 ¢;
o; By i +(1_5i )qi :
EzE is the elasticity of technical substitution of commodity i’s export, set exogenously.
Condition for efficiency maximization of domestically produced commodity i’s export allocation:
E E
D E\ %
a; [ 9 gel pl-ef E\&, DD1-€]] 1-F
E; = — 0; ' p; +(1-67) " p; Y (28)
AE E
i \ Pi
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Condition for efficiency maximization of domestically produced commodity i’s domestic consumption alloca-

tion:
D165\ s -
- — 0; B¢l 1-eE1T.F
¢’P = ZZE o | |08 pF T4 (1 6F)7 ppO ] L, e
i p;

Breakeven condition for domestically produced commodity i:

D _ DD DD
pia; =i B + 90 0
DD
where pi is the price of domestic consumption of domestically produced commodity ¢ (equal to 1in the
initial state).

Import prices for commodity 7 from country 7 are set as follows:

pMR — (1 +t£§.) pw"E EXR,, @)

wMR .
where P 1,r is commodity ¢’s world price for import from country » (equal to 1in the initial state),

M
5% is the commodity ¢’s tax rate for import from country 7, an exogenous parameter with the following cali-

bration:

SAM (ta:cM , z)
tM = A (32)
* SAM(RoW,,1)
Trade and transport margins are included in the consumer price of commodity i:
margm E : hmm‘gm ; (33)
margin .
where § h is the share of trade and transport margins generated by demand on commodity ¢, an ex-
ogenous parameter with the following calibration:
margin _ SAM (i, margin) 54
' SAM total, margin)
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The distribution of commodity i’s import among trade partner countries is described by the Armington CES

function:

R eMR_17 MR
. _ AMR Z MR R MR (35)
MZ — AZ 57,’1' M’f‘,'l: “i )

r=1

where Mz is commodity ¢’s import volume,

R

T,% is commodity i’s volume of import from country 7,

MR
70 s the share of commodity ¢’s import from country r, an exogenous parameter with the following cali-

bration:

MRO RO MR
ME p” M
(ST 1 ’ (36)
MRO RO :MR
Z prz Mr,i !

rc=1

where is the efficiency of commodity i’s import from country 7, an exogenous parameter with the

MR
Az’

following calibration:

AMR _ My,
T MR
MR ?
i W (37)
Z 5MRMRO sMR
81’ is the elasticity of technical substitution of commodity i’s import from country r, set exogenously.

According to the abovementioned function, the function of efficiency maximization for commodity i’s import

from country 7 is as follows:

eMR
MR 5' J_ MR
MR . Mz 7‘,1: 5MR€ MRI-EfVIR v (38)
rg AMR MR rc,i rc,i .

1 pr,i rc=1
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Commodity i’s import breakeven condition:

R
M MRarR
p; M; = me’ Mr,q;y (39)
r=1

where p£\4 is commodity i’s import price.

The distribution of domestically consumed commodities to domestically produced and imported commodities is

also described by the Armington CES function:

eM_g €£\4,1

= AN 5 T (1 sy | w

]

where 55\/’[ is the share of commodity i’s import in its domestic consumption, an exogenous parameter with

the following calibration:

1
Mo M
5M_ pi M(h’
=

L L\’ (41)
pMOM " + (1 +t9)pPPogPDO=Y

]

where tlo is commodity i’s product tax rate, an exogenous parameter with the following calibration:

c SAM (tax®,1)
i N .. R N (42)
D=1 SAM(G,i) — 35— SAM(r, 1)
Ai\l is commodity i’s import efficiency, an exogenous parameter with the following calibration:
0
M _ qd;
A’L - M0
i 1 M (43)

MM <"+ (1—6M)gPP0 <"

7

Eﬁw is the elasticity of technical substitution of commodity i’s import, set exogenously.

Condition for efficiency maximization of commodity i’s import allocation:
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M M
= jjw i ST (1= )T (1 +9)pPP) ] e
1 1

M;

Condition for efficiency maximization of domestically produced commodity i’s domestic consumption alloca-

tion:

eM M

; 1—6M ' MM M —eM1 T
gPP = jM T +tc);DD [@Mg’ pMUE (18T (1 +t5)pPP) } s (as)

.

)

Commodity ¢’s domestic consumption breakeven condition:

pigi =PI g+ pM M + (1 +18)pPPgPP, (46)

margin
7
calibration:

where { is commodity i’s trade and transport margins’ rate, an exogenous parameter with the following

margin __ SAM(margin, i)
¢ N q? : (47)

t

Trade balance equation:

N
> pwME EXR,ME +trfFVFEXR, +trfFVCPEXR, +tr fFVHHEXR, + trf PV OUEXR, =
1=1

N

> " pwPR, EXR,EE +trfl P EXR, + trfCPREXR, + trfFVIHEXR, + trfCRUEXR, + S%W EXR,, (48)
i=1

where tp fROWLab =y fRoWCap -y, fROWHH ', fRRoWGov gre transfers of production factors (labor and capital)

from households and government to the country 7 respectively,

tr fLabROW - gy, pCapRoW 4, (HHROW . pGovRoW are transfers of production factors (labor and capital) to

households and government from country 7 respectively,

SRoW _ is savings of country 7, fixed amount.
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Households

In the CGE model, households own labor and capital. Brutto income of households consists of wages, rents, net

transfers with the external sector, and government transfers:

R R
YA —w, L+ trfr P VEXR, - ) trffVIEXR, +

R R
+shCPHH [ K + 3 trfCPPWEXR, — Y " trfFWCOPEXR, | +

r=1 r=1 (49)

R R
+Y trfFERWEXR, - trfFVHHEXR, +
r=1 r=1

+tr fHHGYCPI,

where L is labor supply in an economy, fixed amount,
CapHH . - e as . . .
sh is the share of households in rents’ distribution, an exogenous parameter with the following calibra-

tion:

SAM(HH, Cap)
wrgK + 2 trfCorRWExRo S B g fRoWCwpy po’

r

ShCapHH _

(50)

K is capital supply in an economy, fixed amount,

t fHHGov .
L is government transfers to households.

The income of households is broken into final consumption, savings, and income tax. The function of house-

holds’ final consumption of commodity i is set as follows:

pih; = OéfIH(I - tYHH> (1 — mps)YHH, (51)

where hz is commodity i’s households’ final consumption volume,

HH

Q@; is the share of households’ income spent on commodity i’s final consumption, an exogenous parameter

with the following calibration:
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ol — pihi (52)
‘ (1—mps)(1— Y™ )y HHO’

PS is households’ marginal propensity to save, an exogenous parameter with the following calibration:

SAM(IS, HH)

mps = YHHO(1 ~ tYHH) ) (53)

HH
t is an income tax rate, an exogenous parameter with the following calibration:

tyHH . SAM(GO’U, HH)

54
Y HHO (54)
Households’ savings function:
HH
SHH :mps<1—tY )YHH. (55)
The change in consumer prices level is described by the following equation:
N
_ CPI
CPI =) +{"'p;, (56)
1=1
CPI
where Vi is commodity i’s share of input into the overall change of consumer prices level, with the follow-
ing calibration:
01,0
cer P h;
Yi - TN :
(57)
Z 0 hO
) 1pic ic
1c=

The variable of households’ utility was implemented as a parameter and is described by the Cobb-Douglas

function:

N
U =[] (58)
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Government

In the CGE model government’s income consists of tax income from activities, commodities market, households,

rents, and net transfers with the external sector:
. N R N N
G Y HH M R A A A C_DD DD
i=1 r=1 j=1 i=1

R R
+shCr | wiK + Y trf "R VEXR, =y trf[PEXR, | +
r—1 r=1 (59)

R R
+Y trff P VEXR, - Y trffFVC EXR,

r=1 r=1
—trfHHG O P
CapGov . b el .
where Sh is the share of government’s distribution of rents, an exogenous parameter with the follow-

ing calibration:

SAM(Gov, Cap)

ShCapGov — .
wrK + 30 trf SRV EXR] - Y tr fFVOPEXR]

(60)

Government’s income is broken into government’s final consumption and savings. The function of govern-

ment’s final consumption of commodity i is set as follows:

Dig; — O{Z-GOU (YGOU — SGOUCPI) ) (61)

where Ji is the volume of government’s final consumption of commodity ¢,

Gov
Q; is the share of government’s income spent on commodity i’s final consumption, an exogenous parame-

ter with the following calibration:

0,0
aGov _ ngz

! YGov _ SGov ’

(62)

SGOU is government savings, fixed amount.
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Savings and investments

In the CGE model, savings consist of households’, government’s, and external sector’s savings; they are invest-

ed into capital formation. The function of commodity i’s purchase for capital formation is set as follows:

R
piinv; = o™ | SHH 4 §Gov 4 Z S®W . EXR, |, (63)

i
r=1

where invi is the volume of commodity ¢ purchased for capital formation,

inv
Q" is the share of investments which are allocated for the purchase of commodity 7 aimed at capital forma-

tion, an exogenous parameter with the following calibration:

0:..,,0
inv _ p;inv,
' R ' (64)
SHHO +SGov + Z SRoWr

r=1

(07

The variable of real GDP is implemented as a parameter and calculated based on the expenditure approach:

N N N N N
GDP:ZhZ+Zgz+zznvz+ZEz_ZMl (65)
i—1 i=1 i—1 i—1 i—1

Markets equilibrium

Commodity i’s market equilibrium equation:

N
ZIOi’j +hi + g; + 1nv; =q;, (66)
j=1

Labor market equilibrium equation:

(67)

m.b'
|
=

<
I
~N

Capital market equilibrium equation:

(68)

M.N
I
=

<
I
~
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Appendix B

Description of sectors and commaodities

Table A.1: Baseline model

Designation Transcription

Agriculture Plant growing and livestock breeding, provision of services in these areas;
Hunting and provision of hunting services;
Forestry and logging;

Fisheries and fish farming.

Minerals Coal mining;
Mining of metal ores;
Mining of other minerals;
Providing services in the mining industry;

Production of other non-metallic mineral products.

Oil & gas, petroleum Crude oil and natural gas production;

Production of coke and petroleum products.
Food Production of food, beverages and tobacco products.

Textile & wood Production of textiles, clothing and fur products;

Production of leather, fur, leather products, except clothing, and produc-

tion of footwear;

Manufacture of wood processing products, wood and cork products, ex-

cept furniture, straw products, and wicker materials;
Production of pulp, paper, and paper products;

Printing activities and replication of recorded media.

50 COMPUTABLE GENERAL EQUILIBRIUM MODEL FOR BELARUS



Chemicals, rubber, pharma

Metals

Electronics

Machinery nec

Motor vehicles

Manufactures nec

Utilities

Construction

Trade

Production of chemical products;

Production of basic pharmaceutical products and pharmaceutical prepa-

rations;

Production of rubber and plastic products.

Metallurgical production;

Production of finished metal products.

Production of computing, electronic, and optical equipment;

Production of electrical equipment.

Production of machinery and equipment not included in other categories,

except machinery for agriculture and forestry.

Production of machines for agriculture and forestry;
Production of cars, trailers, and semi-trailers;

Production of other vehicles and equipment.

Production of other finished products;

Repair and installation of machines and equipment.

Production, transmission, and distribution of electrical energy;

Production and distribution of gaseous fuels;

Production, transmission, distribution, and sale of steam and hot water, air
conditioning;

Collection, treatment, and distribution of water;

Wastewater collection and treatment;

Collection, treatment, and disposal of waste; recycling of materials;

Cleanup activities and other waste disposal services.

Construction activities.

Wholesale and retail trade in cars, motorcycles, and their repairs;
Wholesale trade, except trade in cars and motorcycles;

Retail trade, excluding trade in cars and motorcycles.
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Source: compiled by the authors

Table A.2: Alternative model

Transport

Communication

Other services

Activities of land and pipeline transport;
Water transport activities;

Air transport activities;

Warehousing and auxiliary transport activities;

Postal and courier activities.

Publishing activity;

Production of films, videos, and television programs, activities in the field
of sound recording and publishing of musical works;

Program creation activities. Radio and television broadcasting;

Activities in the field of telecommunications;

Computer programming, consulting, and other related services;

Activities in the field of information services.

Other services.

Designation Transcription

Agriculture Plant growing and livestock breeding, provision of services in these areas;
Hunting and provision of hunting services;
Forestry and logging;
Fisheries and fish farming.

Minerals Coal mining;

Mining of metal ores;
Mining of other minerals;

Providing services in the mining industry.

Oil & gas, petroleum

Crude oil and natural gas production;

Production of coke and petroleum products.
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Food Production of food, beverages and tobacco products.

Textile Production of textiles, clothing, and fur products;
Production of leather, fur, leather products, except clothing, and produc-
tion of footwear.

Wood Manufacture of wood processing products, wood and cork products, ex-

cept furniture, straw products, and wicker materials;
Production of pulp, paper and paper products;

Printing activities and replication of recorded media.

Chemicals, rubber

PProduction of chemical products;

Production of rubber and plastic products.

Pharma Production of basic pharmaceutical products and pharmaceutical prepa-
rations.

Metals Production of other non-metallic mineral products.

Electronics Production of computing, electronic, and optical equipment;

Production of electrical equipment.

Machinery nec

Production of machinery and equipment not included in other categories,

except machinery for agriculture and forestry.

Motor vehicles

Production of machines for agriculture and forestry;
Production of cars, trailers, and semi-trailers;

Production of other vehicles and equipment.

Manufactures nec

Production of other finished products;

Repair and installation of machines and equipment.

Utilities

Production, transmission, and distribution of electrical energy;
Production and distribution of gaseous fuels;

Production, transmission, distribution, and sale of steam and hot water, air

conditioning.
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Water

Collection, treatment, and distribution of water;
Wastewater collection and treatment;
Collection, treatment, and disposal of waste; recycling of materials;

Cleanup activities and other waste disposal services.

Construction

Construction activities.

Trade Wholesale and retail trade in cars, motorcycles, and their repairs;
Wholesale trade, except trade in cars and motorcycles;
Retail trade, excluding trade in cars and motorcycles.

Transport Activities of land and pipeline transport;

Water transport activities;
Air transport activities;
Warehousing and auxiliary transport activities;

Postal and courier activities.

Communication

Publishing activity;

Production of films, videos, and television programs, activities in the field
of sound recording and publishing of musical works;

Program creation activities. Radio and television broadcasting;

Activities in the field of telecommunications;

Computer programming, consulting, and other related services;

Activities in the field of information services.

Other services

Other services.

Source: compiled by the authors
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