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METOJOJOI'TYHI HIJIXO0/I1 0 BKIIOUYEHHA YUHHHUKIB "3EJEHOI EKOHOMIKH" B
CEPEJHBOCTPOKOBI MOJIEJII ITPOI'HO3YBAHHSA PEI'TOHAJIBHOI'O PO3BUTKY

AKMyansHiCMbNUmManHs U3HAYAEMbC BANCTUBICMIO KOOPOUHAYIT HAYIOHATLHOT MaA peLiOHANbHOI COYiaNbHO-
EeKOHOMIYHOI NONIMUKY, NIOBUWEHHAM HeoOXiOHocmi i exonozizayii ma niogueHHAM 002DYHMOBAHOCMI BUOOPHUX
IHCmpyMeHmie nyOaiyHOI NOAIMUKY HA BUKOPUCTAHHA MemMOOUKU 6azamopeioHanbHux mooenel 01 aHAi3y 6nugy
0epocasroi noaimuKy ma npocHO3Y8aAHH CIMAN020 COYIANbHO-EKOHOMIYHO20 PO38UMK) KpPAiHU 8 cepeOHbOCMPOKO8ill
nepcnexmuei.

Mema ma 3ae0anna. Memoro 0ocniodicennss €niOGUWEHHS HAYKOBOI OOIPYHMOBAHOCMI MemoOOoN02ti
CepeoHbOCMPOKOBUX NPOSHO3I8 2006HUX NAPAMEMPIBCOYIANbHO-EKOHOMIYHO20 PO36UMKY KPAiHU 8 pO3pi3i oKpemux
pecionie Ha OCHO8I KoopOouHayii yineu ma npiopumemis 0epicasHoi NOATMUKU.3a80aHHAMU €, HA OCHOGI 0210y
€8IMo60I Aimepamypu, po3pooKa Memoooi02iuHux nioxo0ie 00cepeOHbOCMPOKOBUXNPOSHO3I8 OYIHOK MepUmopiaibHbIX
3HAYEHb 20JI08HBIX 2PYN EKOHOMIUHUX, COYIANbHUX | eKONO02IYHUX NOKA3HUKIE PO36UMKY, SAKIOA3YEMbCA HA CYYACHUX
MemMOOUKax Ol GUMIDIOBAHHSA GNIUGY NOMIMUKUHA NOJINUEHHS JCUMINEBO2O DIBHS, 3€1eH020 3POCMAHHS, 3A2aNbHOT
KOHKYPEHMOCHPOMOICHOCME eKOHOMIKU 8 ii NPOCmOpO8OMY KOHMEKCMI.

Pe3ynomamu 0ocnioxncennsn 6a3yromucs Ha 02140i MemoooI02ii 3aCMOCY8AHHSL CYUACHUX MYTbMU-PeSiOHATbHUX
MoOenell 3 Memo po3poOKU Ma aHALi3y 6NIUSY 63AEMO3ANEHCHOI eKOHOMIYHOT, COYIANbHOI Ma eKOI02IYHOI NOAIMUKY,
ananizi 83aemo0ii HAYIOHANbHUX | PEeCIOHANbHUX YUHHUKIG CTNAN020 eKOHOMIYHO20 3POCMAHHS, GNAUGY NOJIMUKU HA
BMEHULeHHS Pe2iOHaNbHOT Ouepenyiayii ma ni0sUUeH A HAYIOHANIbHOL KOHKYDEHMOCHPOMONCHOCHI.

Bucnoeku. Cyuacni 6azamo-pecionanvhi mMooeni, sKi 3acmocogyiomucss 0/l CepeonbOCMPOK08020 YLb0B02O
NPOCHO3Y6AHHS, NPOUWLIU eManU PO3GUMKY, SIK [ Meopii pecioHanbHoi eKOHOMIKU Ma IHCMPYMEHMU MamemMamuiHo20
MOOENOBAHHS COYIANbHO-eKOHOMIYHUX cucmem. Taxi moodeni HadiIbW WUPOKO 3ACTNOCOBYIOMbCS CbO200HI 8 NPAKMUYL
pezionanvHoi nonimuku €sponeticokozo Cor3zy. Memooonoeis po3pobxu bacamopecioHalbHux Mooeeli NOSUHHA Oymu
SHYUKOI0, 4 MOOeNi — PO3BUBAIOYUMOCS KOMHIIEKCAMU MOOYIIG, W0 00360JISE 6PAXy8AmMU G3AEMOOONOBHEHHS PIZHUX
Memooig I npoeooumu noIManHy Oemanizayito 010K Olisk ONUCY 83A€MOOL] HAYIOHATLHUX | PE2lOHANbHUX YUHHUKIG
CMAN020EeKOHOMIUHO20 3DOCMAHHS, 8 MOMY YUCHI 3 YPAXYBAHHAM 3€N1eHUX [H8eCMUYIHUX NOKA3HUKIG. [[ns oyinKu
EKONOCIYHUX NApaAMempié GUKOPUCTOBYIOMbCA PO CHEYUDTUHUX MOOETbHUX THCMPYMEHmie (cneyianvHi iHocenepHi
Mmooeni modemosanus, mooeni, wo oasyromocs na I'IC-modensx). Hawe 00cniodxicenHs npononye GKIOYUMU OCHOBHL
NOKA3HUKU 3€]IeH020 3POCMAHHA 8 HAYIOHANbHI Ma Pe2iOHANbHI OIOKU MYTbMU-Pe2iOHAIbHUX MoOeell, NOYUHAIYYU 8i0
Haunpocmimux ix eapianmis, makux K Maii eKOHOMEempUyYHi MOOeli YACMKOB80I pigHo8azsl, Ki, HA OCHOBI CHeYiaIbHO
npoBedeno2o aManizy, GKIUAIOMb HAUOLIbW 3HAYUYWT EeKOHOMIYHI YUHHUKU CMIlKO20 3DOCMAHHA mMa Habopu
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9K302€HHUX NAPAMEmpis, W0 BCMAHOBIIOIOMBCA 3d  Y32002CEHOI0  2poMaocbkoto noaimukor. Ocobnuse micye
NPUOINAEMbCSL AHANIZY ePEKMUBHOCTT IHCIMPYMEHMIB, KT CNPUSIONMb 3DOCMAHHIO 3€]1eH0T eKOHOMIKU.

Kniouosi cnoea:. Cmanuii coyianbHO-eKOHOMIYHUL PO3GUMOK, MYIbIMU-PESIOHANbHE MO0, Ppe2iOHATbHA
NOAIMUKA, eKOHOMiYHe 3pOCANHS, OCHO8U Pe2iOHANbHO20 OIA20N0YYYA.
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METHODOLOGICAL APPROACHES FOR INCLUSION OF FACTORS OF A "GREEN
ECONOMY" INTO MEDIUM TERM FORECASTING MODELS FOR REGIONAL
DEVELOPMENT

Topicality. This is based on the importance of coordinating national and regional socio-economic policy with a
recognition of the need for “green” growth and an assessment of government policy measures based on the application
of multi-regional modeling methodology to analyze the effects of public policy in a regional context, and on medium-term
forecasting of a country's sustainable socio-economic development.

Aim and tasks. The aim of the study is to improve the scientific validity of methodology for medium-term
forecasting of the main parameters of a country's socio-economic development in terms of individual regions by aligning
the objectives and priorities of public policy. The objective is to develop, based on a review of international literature,
methodological approaches for obtaining coherent medium-term forecast estimates of major groups of territorial
economic, social and environmental indicators, based on modern methodologies for measuring the targeted effects of
improving living standards, “green” growth, and overall competitiveness of the national economy in its spatial
dimension.

Research results. The results of the research are based on a review of international literature and the justification
for methodology to apply modern multi-regional models for the assessment of the effects of interconnected economic,
social and environmental policies in the analysis of interactions between national and regional factors of sustainable
economic growth, regional disparities, and strengthening of national competitiveness.

Conclusion. Modern multi-regional models for medium-term forecasting have passed several stages of
development, and have incorporated into them theories of the regional economy and the mathematical tools for socio-
economic systems modeling. The most effective current policy application is in the practice of recent EU regional policy.
Methodology for application of complex multi-regional models has to be flexible, with the application of complementary
modeling tools, and providing for further development of model modules to describe the mutual interaction of national
and regional factors of sustainable economic growth, including indicators for “green” investment. A number of specific
modeling tools (special engineering simulation models, GIS-based models) are usedto assess environmental parameters
of spatial development. Our research proposes to incorporate the main indicators of “green” growth into national and
regional blocks of multi-regional models, starting with the simplest options such as small econometric models of partial
equilibrium, into which - based on a specially conducted analysis - the most significant factors of sustainable economic
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growth and exogenous parameters of public policy are included. A special place is given to testing the effectiveness of
“green” economy measures.

Keywords: Sustainable socio-economic development, multi-regional models, regional policy, economic growth,
green investment, framework for regional well-being.

Problem statement and its connection with important scientific and practical tasks. The
development of an annual medium-term forecast of socio-economic development, on the basis of which an
annual and medium-term national Budget is prepared, is usual public policy practice. The related
issueofpreparing a regional structure for the main national forecast, on the basis ofdifferentpolicy scenarios
is, however, not a minor task. A practical requirementis to justify a formalized methodology to harmonize
the main parameters of the national forecast of socio-economic development with forecasts of the country's
regional development. Different countries have different regional models of governance, but the task of
building a regional dimension for national forecast indicators is faced by all countries. In recent years the
“greening” of the economy and the introduction of “green” growth indicators into a country's strategic
management system has also become an important public policy objective.Environmental parameters,
however, differ significantly at the level of individual regions,but are important for regional well-being and
regional policy-making.

To assess sustainable development policies in spatial terms, in international practice multi-regional
modelsare used as a tool to assess the effects of public policy before implementation as well asfor medium-
and long-term forecasting.

Historically, the firstmost famous practical models of the national economy and their regional
disaggregation for economic policy analysis and medium-term forecasting were developed in the United
States. They have, however, in the last twenty years received the most practical application in policy-making
for socio-economic development of multi-regional systems in the European Union. International experience
in using multi-regional models to address the challenges of managing different areas of socio-economic
development and new practical methodologies for assessing regional development indicators for countries in
the post-Soviet space isalso important to reap greater benefits from wider participation in international
cooperation.

Analysis of recent publications on the problem. The analysis of international experience
inpredicting the socio-economic development of regions is undertaken and methods of disaggregation of
projected macroeconomic indicators to the regional level are considered. This is the area, first of all, of the
application of multi-regional economic and mathematical models. Such models usually consist of two levels
of national and regional sub-models. The links between these sub-models or modules are taken into account
on the basis of the relationship of disaggregationin both the “top-down” directionand the “bottom-up”
direction, or by simultaneously taking into account both the top-down or distributive approach and the
bottom-up or aggregative approach in the process of developing and implementing modeling complexes.

Multi-regional models of countries with advanced market economies have passed through the
evolutionary stages of their development since the 1960s, in accordance with the stages of development of
the science of regional economy, as well as the development of methodology for building the respective
types of economic and mathematical models (Leontief's input-output tables, macro-economic models,
models of general economic equilibrium, and development of practical procedures of stochastic methods
forecasting).

In the last two decades, new theoretical ideas of the developing interdisciplinary science of the
regional economy have been implemented in economic and mathematical models for prediction of regional
economic growth. First of all, this is reflected in regional models with micro-foundations, based on
approaches of new economic geography, increasing returns (fields of firms), and the economy of the city.

A special role is played inrespect of endogenous development, in which the concepts of industrial
areas, innovation environment, and production clusters are developed, and which is aimed at a better
understanding of a more detailed model of sustainable regional growth by better interpreting the factors that
determine it, including the need for “green” socio-economic development. In such a theoretical framework,
sustainable regional economic growth is presented as an interconnected process based on specific
environmental, local synergy and governance factors. These elements in the last decade haveused an
interpretation of the concepts of social capital,natural capital, relational capital or,in a slightly different
context,knowledge assets.

Modern models are based on new approaches in the regional policies of developed countries, which
take into account spatial parameters and their potential effects on socio-economic development indicators,
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and first of all on economic growth. Traditional market and institutional approaches that did not take spatial
parameters into account were replaced by new approaches based on local specificity. Thus, the new
generation of models reflects current approaches to regional policy that are being implemented in OECD
countries.

Modern regional policy is intended to ensure that local specificities and assets of specific territories are
taken into account. It is developed in a transparent and inclusive manner by local territorial actors, supported
by external institutional and economic actors.Such regional policy is based on the “bottom-up”
approach.Refs [1] and [2]. It is expected that the process of entrepreneurial innovation will force local
economic agents to take part in determining the future development trajectories, and the synergy of
interactions between innovations in the “bottom-up” direction and top-down” management support should
improvethe chances of regions to transit to a "smart" specialization mode and increase the productivity of
factors ofproduction [3], [4]. In order to be able to assess the impact of the new regional policy, it is
important to include measures of such policies in regional models. An increasing interdependence of regions
makes this requirement even more important.

New factors and theoretical assumptions lead to the need to develop new models for the purpose of
regional economic forecasting, allowing innovations to be reflected in their structure. In the last decade, a
new generation of such models has been developed for regional economic growth forecasting. Examples
include The Geographic and Regional Model (GMR )[5] and Macroeconomic, Industry, Social and
Territorial Model (MASST) [6], developed in the EU.

Also, the new theoretical and regulatory provisions were included in the previous generationof models,
which were further developed, such as the successful adaptation of the famous US Regional Economic
Model, Inc.(REMD[7]and Regional Integrated Model(RHOMOLO)[8]. Both models are used to predict
regional economic growth as a result of EU regional policy measures implementation.

Some key examples of the latest generation of multi-regional models are shown in

Table 1.
Examples of latest generation models
Model Authors and Publications Main Methods Comments
REMI-IRPET Paniccia, R., and Gori G. 2015. «A Structural Input- With elements of

Structural Multisectoral Model with
New Economic Geography Linkages
for Tuscany» Papers in Regional
Science

Output General
Equilibrium Model

new economic
geography

Geographical and
Regional Model
(GMR)

Varga, A. 2015. «Place-based,
Spatially Blind or Both? Challenges in
Estimating the Impacts of Modern
Development Policies: The Case of the
GMR Policy Impact Modeling
Approachy International Regional
Science Review.
doi:10.1177/0160017615571587.

Comprehensive
General
Equilibrium Model

For Medium-Term
Forecasting and
Policy measures
assessment that
encourage innova-
tion and smart
special-ization in
the regions.

Lopez-Cobo M., Brandsma A. and
others. RHOMOLO-v2 Model
Description: A spatial computable
general equilibrium model for EU
regions and sectors, EU Commission
Technical Report, Luxembourg:

General
Equilibrium Model
with new elements

RHOMOLO Brandsma, A., Kancs, d'A., Monfort, Dynamic Spatial For forecasting
P., and Rillaers, A. (2015). General andEU cohesion
"RHOMOLO: A dynamic spatial Equilibrium Model | policy assessment.
general equilibrium model for
assessing the impact of cohesion
policy," Papers in Regional Science,
94, 197-221.

RHOMOLO-v2 Mercenier J., Alvarez-Martinez M.T., | Dynamic Spatial Large scale model:

there are more than
1 million. equations
due to the detailed
disaggregation.
Implemented in
GAMS.
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Model Authors and Publications Main Methods Comments
Publications Office of the European
Union, 2016.
Multi-regional spatial | Ramajo J., Marquez M.A., Hewings G. | Stochastic dynamic | To access scenarios
vector autoregression | J. D., Regional growth and spatial econometric vector | of growth points.
model for Spain spillovers: Evidence from anSpVAR autoregression
MultiREG-SpVAR for the Spanish regions. 2013. model
Macroeconomic, Capello, R., A. Caragliu, and U. Complex of macro- | For regional
Sectoral, Social and | Fratesi. 2015. «Modeling Regional economic models | economic growth
Territorial Model Growth between Competitiveness and | of partial forecasting. Since
MASST Austerity Measures: The MASST3 equilibrium the early 2000s,
Model»// International Regional several versions of
Science Review. this model have
been developed.

Source:Compiled by the authors based on References [1] — [12] and other sources.

The presentreview has shown that in developed countries there is a tendency today to use increasingly
complex integrated models that, on the one hand, are based on continuation of an initial tradition of inter-
industry, inter-regional analysis, complemented by other elements of economic and mathematic methods,
including theoretical concepts of new economic geography, such as an adaptation of the complex long-
livedUSREMI project to its EU version- REMI-IRPETproject [7].The second approach, traditionally
developed on the basis ofan adaptation of macroeconomic modelingapproaches to regional analysis,has
today grown into the actively used tools of Dynamic Stochastic General Equilibrium models, such as
RHOMOLO,QUEST3[13].Both approaches require a very time-consuming process of model implementation
based on fairly ambitious requirements for statistics.

In thepost-Soviet Union countries, which in the 1980s were famous for applied works on multi-
regional modeling, there is currently some loss of the former competencies in building interregional inter-
industry models. There is also a clear lag behind OECD countriesin the extent to which other types of multi-
regional models are being used in regional development (based on Stochastic General Equilibrium and large
scale structural econometric models). Multi-regional models developed in the 70s and 80s of the 20th
century in the main scientific centers of the USSR were initially different from similar models developed in
market economy countries. The Soviet school was developing input-output models under different basic
assumptions. These included exogenously set prices for input-output models and a massive use of linear
programming methods, including for optimization of resource allocation. The Soviet school of economic and
mathematical modeling followed the adaptation of Leontief’sinput-output methodologyunder conditions of a
centralized system for national economic planning.This tradition stilllives in today's approaches to multi-
regional modeling in the main schools on the comprehensive modeling of socio-economic systems[14]-[16].

In the newly independent post-Soviet states, in the early 1990s there has been a reduced demand for
models for national forecasts, yet comprehensive scientific studies on multi-regional models under new
economic conditions and new geographical realities continued to be conducted in the key centres specializing
in building integrated models for assessing national economic policies.

Research on regional modeling has also been undertaken by scientists from the specialized
departments of universities and academic institutions in all post-Soviet countries, but mostly for theoretical
purposes rather than for government medium-term forecasting. At the same time, the analysis of regional
systems for medium-term forecasting is focused more on the production side.

In the early 1990s, the foundations were laid for adapting previously developed economic and
mathematical models to new economic conditions, and new models based on market economy principles
were developed. Computable General Equilibrium models for additional countrieswere alsodeveloped.
During this period, new research schools have been actively developing, including private consulting
companies specializing in the development of integrated software systems for purposes of national economic
and regional forecasting[17].

The present analysis of international literature has highlighted the lack of environmental indicators in
multi-regional countrymodels in accordance with the latest OECD methodologieson the impacts of “green”
growth for the economy. Although some models incorporate environmental parameters, in most cases multi-
regional models traditionally continue to describe the basic relationships of economic theory with a
minimum introduction of social, demographic, ecological and spatial parameters. The latter are found in

2019 EKOHOMIYHI IHHOBAIIII 203
Tom 21, Bum. 4 (73)




econometric types of models with partial economic equilibrium, which are most suitable for assessing the
effects of public policy and forecasting for a medium-term period.

Allocation of previously unsolved parts of the general problem. Despite accumulation of some
experiencein the application of the new generation of empirical models by the post-Soviet countries,such
tools are not yet in place for coordinated multi-regional policy application by government.This applies
totaking into account important theoretical achievements (in the theory of the regional economy and new
approaches to the interactions of economic, social and environmental processes), as well as to developing
new elements of economic and mathematical modeling of market processes. The availability of the necessary
consistent statistical information for model-building, especially at the regional level, is also an issue. The
post-Soviet countries lag behind in the application ofDynamic Stochastic General Equilibrium models,
widely used in OECD countries, in which macro-economic models are complemented by descriptions of the
behavior of economic agents at the micro level[18].

For modeling purposes in non-EU post-Soviet countries, social accounting matrices are usually not
available, and these are an integral part of Computable General Equilibrium Model (CGEM) methodology,
especially for the regional level. There is also no single approach for all countries to determine the
performance of the “green” economy. Therefore, multi-regional national models will have their own
characteristics, including those incorporatedinto the models as “green” economy parameters and their
relationship with policy instruments to stimulate “green” investment.

In connection with regional policy assessment for the non-EU post-Soviet countries, the usual
methodological issues include:

e the lack of justification of the main factors of regional development for different types of regions,
reflecting essential components of the socio-economic situation of the regions;

¢ a lack of methodologies for assessing standards of living in the regions and the relationship with the
main economic and environmental parameters that allow the choice of differentiated measures of
public policy;

o alack of methodologiesforscientifically-based quantitative assessment of the effectiveness of
economic policies at national and regional levels;

e a lack of methods for coherence of national parameters of social development in the territorial
context; and

o the lack of reliable statistics for balanced regional social and environmental indicators,including on
indicators of the“green”economy.

Thus, it is extremely relevant to develop methodologies for taking into account the inter-action of the
principalsocial, environmental and economic indicators for further development of model complexes for
medium-term forecasting of a country's socio-economic development in the territorial context, which will
contribute to the quality of decision-making on government regulation of regional development, taking into
account the implementation of national goals and strategic objectivesat the regional level.

Formulation of research objectives (problem statement). The aim of the present study is to
improve the validity of methodology for medium-term forecasting of the main parameters of a country's
socio-economic development in terms of individual regions by aligning the objectives and priorities of public
policy.

The objective is to develop the methodological approaches for obtaining coherent medium-term
forecast estimates of major groups of indicators of territorial economic, social and environmental
development, based on modern methodologies for measuring the targeted effects of improving living
standards, “green” growth, and overall competitiveness of the national economy in its spatial dimension.

This will require a detailed review of the main types of multiregional models, to understand
international experience and its application in public policy development. Special attention needs to be given
to theanalysis of the strengths and limitations of different mathematical methods used to develop the
complexes of multi-regional modelsand determine the main blocks of models and their links.Based on
international experience, this would identify and introduce into model architecture thenewest indicators and
public policy measures, taking into account social and environmental parameters that are increasingly being
used to supportregional development.

An outline of the main results and their justification. The present research summarizes
international experience in the development and practical application of multi-regional models, and identifies
the main features of different types of models, including differences for the stages of their development in
line with advances in regional economy theory and the applications of relevant mathematical modeling
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methodologies. The practicality and complexity of model development is assessed for different types of
models. As a result, an approach for development of a multiregional model complex is introduced for the
medium-term forecasting of national socio-economic development in a regional context.

In terms of the use of different economic and mathematical methods that have evolved in the tradition
of leading schools of economic theory, the main types of relevant models are: Input-Outputmodels,
Computable General Equilibrium Models (CGEM), Partial Equilibrium Macroeconomic Models, and
Structural Econometric Models. Since each type of model is based on specific economic and mathematical
methodology and has its own strengths and limitations, model complexes have been developed to overcome
some methodological limitations, incorporating combinations of different methods - for example, the
combination of Leontief’s production functions with macroeconomic blocks of models.

Some US models used in the early 1980s have been modified in following decades and have served as
prototypes for replication by other countries in the application to medium-term forecasting and public policy
analysis.In analyzing the direction forfurther conceptual development, it is important to classify themodels in
conjunction with the periods of development in regional economic science and the theoretical framework
which has laid the basis for model formalization.

Theoretical framework for the developmen to regional models for analysis of economic policy and
medium-term forecasting.The study analyzes types of multi-regional models, the conceptual basis of regional
economic theory for incorporation into the model structure, and the use of such models for medium-term
forecasting and assessment of government policy measures. New methodological approaches are suggested,
among which is incorporation into the model of new social and environmental parameters, including “green”
economy indicators.

In the last two decades there has beena revival of interest in the economic community in regional
forecasting models.It should be noted that in the early stages regional models were built to analyze the
structure of the economy, and the effects of economic policy. As the role of regional policy in OECD
countries has increased, models have reflected new approaches by incorporating variables that take into
account factors that explain regional development, as well as measures to facilitate the economic growth of
particular regions. More recent modelsalso take into account new approaches to assessing social well-being
and environmental policies [19].

The most modern models pay attention to factors that determine differences in economic growth rates
of individual regions from the average rate of economic growth in the country. It is important to consider
models that are based on the theories of economic dynamics, economic growth and considerations of “green”
economy factors for a country's socio-economic development in the regional context.

The present study substantiates the conceptual framework for a methodological approach to medium-
term forecasting of the territorial dimension of acountry's socio-economic development indicators. The main
elements of such a framework are the followinge:

¢ As a methodological tool for forecasting, the dynamic econometric type of a partial equilibrium
modelis proposed as a major means for describing links in a multiregional model complex, where regional
growth is driven by the interaction of major factors of national, external and regional influence;

o Multiple examples show that socio-economic development of the regions in post-Soviet countries is
largely dependent on the general situation in the national economy and economic policy at the national level.
Economic trends analysis for the Russian Federation shows that regional dynamics in the last 20 years have
largely followed national trends, although they do not repeat them in exactly the same way;

¢ When the spatial structure of the economy is characterized by a conservative pattern over the last 20
years (which is the case for the Russian Federation), in such a situation the main changes can be achieved by
aproactive investment policy;

¢ Thus, one of the main assumptions for model development is that regional growth is driven mostly
by investment policy, according to which the regional dynamics of the main indicators of socio-economic
development are determined by the dynamics of regional investment activities. Inter-regional structural shifts
are also mainly the result of investment activities. Investment in fixed capital is the most important
exogenous factor shaping regional dynamics, but investment is a limited resource at the national level, the
bulk of which (extra-budgetary investments) is distributed between regions on a more or less competitive
basis;

¢ The structure of the model complex should be flexible and open for continuous adjustment, allowing
for improvements and incorporation of new variables and functions;
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¢ At the first stage, the main focus should be on analysis of regional investment potential and more
detailed description of regional disaggregationof such macro-indicators as Investment in Fixed Capital;

¢ At the initial stage the relationship between national and regional model levels will be modeled in
the “top-down” direction, i.e. macroeconomic forecast parameters will be introduced into the model as
exogenous variables;

o |t is assumed that the main dynamics are set by macroeconomic factors of national action, among
them: institutional characteristics (e.g. legislation and efficiency of public administration); organizational
factors (e.g. the quality of services such as educational and health systems, transport system development,
communications system, and security); the country's overall level of economic development; the basic
structure of the economy; the country's position in the global division of labour (the potential of the economy
to attract FDI to the country); the overall state of the financial system; and the efficiency of public spending
(public financial management);

o Other keyfactors explaining regional economic growth are: changes in the economic structure of the
region (e.g. sectoral employment, which depends on the availability of industries with high or low value
added); inter-sectoral productivity (explaining why a particular type of economic activity achieves greater
productivity in some regions than in others); demographic dynamics (the role of the accumulation of local
human capital); technological relationships with other regions (the dissemination of knowledge between
regions and the mechanisms for theiraccumulation);and natural capital;

e The country's macro-region’s development indicators, together with the macroeconomic conditions
of the country's development, can act as baseline conditions and restrictions at the regional level, which
should betaken into account when producing forecasts for the development of individual regions;

o In order to balance and harmonize the parameters of the model complex (for balancing forecast
values for national and regional levels) it is proposed to use an iterative two-way approach: on one hand a
method for disaggregation of predicted macro indicators usinga top-to-bottom method, and on the other
hand, the aggregation of regional forecasts (the “bottom-up” method). In the developmentof a territorial
dimension for national forecasts, it is important to have an interactive alignment of national and regional
interests andthe exchange of information between different levels and participants in interconnected
economic activities;

o Formalization of the parameters for production blocks for regions it is proposed to determine on the
basis oftheir typology in accordance with the potential foreconomicspecialization, and if possible taking into
account the development ofthe knowledge economy. It is important to include ecological parameters of
production into the model,as well as productivity ofproduction factors, innovation development and
stimulationincentives, and indicators for"green™ investments.

Among the main resulting regional indicators are the following:

»  Gross Regional Product (GRP);

* investment in fixed capital;

» regional productivity of labour;

» productivity in the manufacturing and market services sectors;

» inter-regional differentiation of average per capita GRP (in PPP); and

» the separate as well as combined share of the types of economic activity in
the"manufacturing" and “market services” sectors (transport and communications, trade,
financial services, real estate transactions, etc.) in the structure of GRP.

Exogenous parameters at the regional levelinclude:

* aregion's population;
 territorial settlement structure;
* public investment in major national projects and programs, etc.

Overall economic forecasts are complemented by a number of indicators developed in the autonomous
model blocks, including the investment bloc, which reflect in more detail information about national and
regional development plans on infrastructure and major spatial development projects.

The relationships and factors of "green" development are manifested directly at the territorial level. On
the one hand, it is necessary to protect state parks, nature and fauna, and on the other hand, the
ecologicalization of all areas of human life should be promoted without excessive losses for economic
growth. It is proposed to take into account “green” growth in four areas (in line with OECD methodology):
the transition to a low-carbon, resource-efficient economy; conservation and management of natural
resources; improving the environmental quality of life; implementation of the government's “green” growth
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policy and the effects of new economic opportunities in this regard. Following OECD recommendations, it is
proposed to use the following key indicators:
e carbon and resource efficiency;
e multi-factor productivity that takes into account the role of environment and natural resources
for production;
o Natural Resources Index changes for land use and soil cover; and
e impact of air pollution on the population.

The model should also introduce parameters to assess the limits of “green” development for different
types of regions.

Conclusions and perspectives of further research. Based on an analysis of existing approaches,
taking into account the latest achievements in the regional economy (e.g. spatial parameters, government
incentives for stimulation of endogenous growth, new economic specialization of regions), as well as an
analysis of the relationship between environmental, social and economic indicators of the regional model
modules, the major requirements for the main blocks and indicators of multi-regional models were identified.

In multi-regional models, usually the neo-Keynesian analogues of aggregated demand models are used
to describe national blocks, and regional blocks are characterized by descriptions of production processes
and specific factors of sustainable endogenous economic growth. Also, the models contain in one or another
degree of detail social blocks and spatial factors that take into account parameters of the “green” economy:
living standards, increasing the efficiency of the use of natural resources, and general environmentalization
of socio-economic development. The literature proposes taking into account the factors of “green”
development incorporated into the blocks of multi-regional CGE models. But since these require data on
social accounts for the purpose of calibrating the model, and a social accounts matrix for the regional level is
often absent, the present study proposes to use the approach of building econometric partial equilibrium
multi-regional models to focus on taking into account the most significant factors in regional development
and on the interaction of regional and national factors of economic growth.

Based on the analysis undertaken, the requirements for statistics for the construction of models, and
the need to produce forecasts quickly, the main conceptual approaches for methodology of the medium-term
forecasting model for the territorial dimension of the macroeconomic forecast were formulated. Use of
adynamic macroeconometric model of partial equilibrium with individual micro-elements at the regional
level is proposed. This type of model allows the inclusion of factors affecting sustainable regional economic
growth based on new advances in the science of regional economy.

The present study, using the example of Russian Federation data, tested a general methodological
approach to building a regional dimension of the national forecast based on the development of a multi-
regional model. Blocks and inter-dependencies were implemented to assess investment policy and measures
to stimulate regional development, depending on the development potential of specialties based on
prioritizing the implementation of Russia’s Spatial Development Strategy, taking into account the
achievement of national development goals and their regionalization.

The procedures for disaggregation of macroeconomic indicators from “top-to-bottom”, as well as
aggregation and balancing of the results from “bottom-up”, should be developed for the regional dimension
of a sustainable forecast ofacountry’s socio-economic development, depending on the availability of
statistical information. To simplify the balancing process, it is possible to use the intermediate level of
macro-regional indicators (for the purposes of aggregation and disaggregation of the relevant socio-economic
indicators).

In developing the model, the principle of flexibility and openness should be established to improve its
structure and include new details, new variables and equations as well as develop and verify basic functional
dependencies.

Priority should be given to analyzing the investment potentia lof regional development, to a better
description of the process of disaggregation of the investment in the fixed capital, as well as to justification of
the possible share of investments directed to “green” growth.

Methodologically new are the proposals to include in the models the interrelations of economic, social
and environmental parameters of regional development, and to take into account the specific features of
certain types of regions. The model wouldtake into account the interactions of national and regional
economies and different areas of public policy - economic, social, environmental, coordinated for different
sectors of the economy at national, regional and microlevels.
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Further study of the EU's experience in developing new types of multi-regional economic models is
suggested, especially where efficiency of public policy measures within the framework of unified national
strategic concepts is concerned.

The proposed methodological approach implies the possibility of continuous improvement of the
model complex, refinement and introduction of new blocks of indicators and dependencies, and new
exogenous parameters. Thus, as conceptual approaches are refined and the statistical base developed at the
regional level, more detailed research will be needed in the future to take into account the multi-level
interaction of indicators and public policy measures for achieving the OECD's “green” growth targets [20].

Determining the parameters of “green” growth for the country’s system of coherent public policy
measures requires the coordination of various ministries and government departments: ministries of
Economy, Finance, Industry, Agriculture and Environment, as well as other agencies, depending on the
specifics of the public administration system in individual countries. As the system of “green” growth
indicators originally formulated by the OECD in 2011 is constantly advancing, further work is needed to
develop the methodological approaches to adjust or include new regional level model blocks (for more
interconnections between economic, social and environmental parameters). For further advancement, there
will be a need to take into accountnew areas,such as linking the efficiency of production with resources
consumed, and pollution generated in the environment.

To implement the substantive environmental blocks of the model in practice, useof the System of
Ecological-Economic Accounting, recently approved by the UN, is needed. In accordance with the OECD
Guidance for the countries ofthe Eastern Partnership, (which includes a number of post-Soviet countries,
including Ukraine) (OECD, 2016), there is no defined system of indicators within the designated four
previously mentioned areas. Thus, it is proposed to define for each country such “green” growth indicators,
in line with the characteristics and priorities for socio-economic development of individual countries.

Implementation of the methodology presented above for building multi-regional models for regional
medium-term forecasting, taking into account social and environmental parameters, will help to ensure that
new indicators of regional well-being, including “green” growth indicators.and appropriate government
policy measures, have been used to achieve strategic goals of socio-economic development and
beneficialinternational cooperation.
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