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Abstract 

The paper presents the nine-country nonlinear dynamic stochastic general equilibrium model describing the optimal functioning of the 
agents: patient and impatient households; oil, traded non-oil and non-traded goods producers; second-tier banks; as well as the behavior of 
central banks and governments, which mainly act according to the rules, taking into account the conditions of the possibility of debt crises. 
The parameters of the proposed model (including shocks characteristics) were estimated by Bayesian method based on its log-linearized 
version using quarterly statistics for 2000-2016 of the Eurasian Economic Union five countries (Kazakhstan, Russia, Belarus, Armenia, 
Kyrgyzstan) as well as the Unites States, China, the European Union and the rest of the world. The proposed model was tested with methods 
of parametric control theory (in particular, by assessing the stability indicators of mappings defined by the model) for the possibility of its 
practical application i.e. on the conditions of transferring the results of computational experiments to the studied subject area. Using the 
parametric control theory methods scenario analysis and evaluation of the optimal measures of economic policy were performed at the 
individual country levels, and the Eurasian Economic Union and the global economy 
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1 Introduction 

The topical problems are the shocks impact analysis and 
measures effectiveness evaluation in the field of economic 
policy of interacting emerging and advanced economies, taking 
into account the financial market frictions impact, with possible 
situations of debt crisis [1], the dollarization of economy [2], as 
well as the impact of the integration conditions for a number of 
countries in the regional economic union. 

In recent years, multi-country dynamic stochastic 
general equilibrium models (DSGE model) occupy an 
important place in the modern macroeconomic analysis and 
evaluation of economic policy measures. Since, in the multi-
country DSGE model [3] with financial frictions were 
studied the macroeconomic impacts of banking regulation 
changes on Canada economy. In the multi-country DSGE 
model [4] was carried out a qualitative policy analysis of the 
macroeconomic interdependence among regions belonging 
to the euro area, as well as between regions of the euro area 
and the global economy. In the multi-country DSGE model 
[5] is studied the harmonization impact of labor tax rates. In 
the multi-country DSGE model [6] is studied the shocks 
transferring within international relations and incomplete 
Exchange-rate pass-through. 

In this paper we consider the above described problems 
of shocks impact analysis, scenario analysis and effective 
measures evaluation in the field of economic policy for both 
emerging and advanced economies on the basis of the 
developed multi-country model. 

2 Intensional description of the global economy within 
the model 

The developed model describes the global economy in 

accordance with the following main proposals: 
1) The economy of each region (country) represented 

by the following agents. Continuums of patient and 
impatient households; oil, traded non-oil and non-
traded goods producers; second-tier banks, state 
represented by the central bank, government and 
continuum of government agents who are carrying 
investment and consumption functions. 

2) The composition of functions of the respective 
agents is the same in all regions. 

3) Households, non-oil traded and non-traded goods 
producers in the labor markets and in their products 
markets are correspondingly agents of monopolistic 
competition. 

4) Wages and some products prices are inflexible. 
5) All agents are absolute rationality agents. 
6) All markets are in equilibrium. 
Each patient and impatient household in each time interval 

performs optimal actions, consistently solving a number of 
nonlinear programming problems with their mathematical 
formulation in the form of appropriate objective functions and 
constraints. Preliminary each household in each time interval 
determines the optimum values of: its consumption 
expenditures and investments in non-financial assets; their 
wages for industries of its region (taking into account rigidity 
by Calvo). Patient and impatient households also determine the 
optimal values of deposit funds and necessary borrowed funds. 
Then each household based on values of consumption 
expenditures and investments in non-financial assets, 
sequentially determines the optimal values of consumed 
products of regions, industries, and individual producers by 
solving the respective nonlinear programming problems. Each 
patient household based on the optimal value deposits funds by 
solving nonlinear programming problem, determines the 
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optimal values of the deposit in each second-tier banks. Each 
impatient household on the basis of their credit demand, by 
solving the optimization problem, determines the credit 
demand splitting for second-tier banks of its region. 

Each oil, traded non-oil or non-tradable goods producer 
in each time interval performs optimal actions consistently 
solving a number of nonlinear programming problems with 
their mathematical formulation in the form of appropriate 
objective functions and constraints. Preliminary each 
producer in each time interval determines the optimal values 
of required borrowed funds, investment spending, labour 
services, rented land and purchased intermediate products. 
Non-oil traded and non-traded goods producer also 
determine (based on the rigidity by Calvo) its price values 
for output. Then producer based on purchasing costs of 
investment and intermediate goods consistently defines, by 
solving corresponding optimization problems, the optimal 
values of consumed production quantities separated by 
industries, regions, and individual producers. Producer on 
the basis of obtained optimal labor expenditures, by solving 
optimization problems, optimally splits it for patient and 
impatient households and determines labor of each 
individual household. Producer also optimally details the 
values of rented land from households and government, as 
well as makes optimal decisions on borrowing from second-
tier banks of its region. 

Each second-tier bank in each time interval performs 
optimal actions consistently solving a number of optimization 
problems with their mathematical formulation in the form of 
appropriate objective functions and constraints. Preliminary, 
each second-tier bank in each time interval determines the 
optimal values of deposit interest rate for patient households, 
loan interest rates for lending to producers and impatient 
households, borrowing value from the Central bank of its 
region and other second – tier banks of all regions, taking into 
account the constraints of conditions of debt crisis rising in 
the country. The second-tier bank based on its optimal 
demand for second-tier banks borrowings, by solving 
optimization problems, determines the credit demand from 
each separate second-tier bank of each region. Second-tier 
bank of emerging economies countries (regions) can take into 
account in its optimal solution the conditions of the 
occurrence of economy dollarization. In addition, each 
second-tier bank holds government bonds of all regions. 

In this model, the government, the central bank and the 
continuum of government agents carrying investment and 
consumption functions represent the state of each region. 
The regional government in each period carries out the state 
budget execution (acquisition of income and expenditure 
under approved budget items) and management of public 
debt. The region central bank within the framework of the 
monetary policy determines the refinancing interest rate for 
inflation targeting and economic growth by Taylor rules, as 
well as implementing a trust management of the sovereign 
fund of the region (if there is a sovereign fund in the region). 
Every government agent carries out its consumption and 
investment functions through solving a number of 
optimization problems within the allocated budget. 

The appropriate first-order conditions of optimization 
problems to be solved in each time interval (quarter) 𝑡𝑡 by 
agents in all regions are provided in the agent’s intensional 
descriptions. An intensional description of the global 

economy in terms of the model is closed by auxiliary 
equations and balance equations on various markets. 

3 Mathematical model, parameter estimation and testing 

Nonlinear model consists of equations consistent with the 
aggregated first-order conditions of the optimization 
problems of households, producers, second-tier banks, 
government agents, as well as of auxiliary and balance 
equations. The model also includes equations which 
describe the rules of economic and financial activities of 
government, the central bank and shocks assignment rules. 
Nonlinear model in vector form is as follows: 

E𝑤𝑤𝐹𝐹𝜃𝜃�𝑋𝑋𝑤𝑤−1,𝑋𝑋𝑤𝑤,𝑋𝑋𝑤𝑤+1,𝛨𝛨𝑤𝑤
𝛴𝛴𝛨𝛨� = 0. (1) 

Here Et  is the sign of conditional mathematical 
expectation on information available at time interval 𝑡𝑡, 𝐹𝐹𝜃𝜃 
is a known vector function; 𝜃𝜃  is a set of parameters 
consisting of the model structural parameters and 
autoregressive parameters of shocks; 𝑋𝑋𝑤𝑤  is a vector of 
endogenous variables and shocks given by the first-order 
autoregressions ( 𝑋𝑋0  is given); 𝛨𝛨𝑤𝑤

𝛴𝛴𝛨𝛨  is a vector which 
consists of Gaussian white noises, 𝛴𝛴𝛨𝛨  is a set of noises 
standard deviations. 

An approximate linear model was obtained by using the 
log-linearization around the steady-state value of the model 
equations (1) and applying Sims algorithm [7] it was used 
for nonlinear model’s parameters estimation. The reduced 
linear model is written as: 

𝑋𝑋�𝑤𝑤 = 𝑄𝑄𝜃𝜃𝑋𝑋�𝑤𝑤−1 + 𝐹𝐹𝜃𝜃𝛨𝛨𝑤𝑤
𝛴𝛴𝛨𝛨 , 𝑡𝑡 = 1,2,3, … (2) 

Here 𝑄𝑄𝜃𝜃,𝐹𝐹𝜃𝜃 are matrixes of appropriate dimensions; 𝑋𝑋�𝑤𝑤 
is a vector of variables of linear model corresponding to the 
vector 𝑋𝑋𝑤𝑤. 

The linear model (2) is supplemented with initial 
conditions 𝑋𝑋�0  and measurement equation (for model’s 
parameters estimation) written as �̂�𝑆𝑤𝑤 = 𝑀𝑀𝑋𝑋�𝑤𝑤 , where 𝑀𝑀 is a 
matrix, where each row contains one 1, and the rest elements 
equals 0, in addition in each column of the matrix M there 
is not more than one 1. 

Parameters estimation of linear model has been carried 
out using the Bayesian approach using Dynare software [8]; 
then the determined parameters values were moved to a non-
linear model. 

The estimated non-linear model was successfully tested 
using three approaches: 1) comparison of the respective 
calculated values of linear and nonlinear models variables 
with the given shocks; 2) retrospective forecasting and 3) 
stability indicators assessment [9]. 

The comparison results of the respective values of the 
endogenous variables of linear and nonlinear models 
demonstrate acceptable error values of linearization (not 
more than 2% for all considered time intervals). Within the 
framework of model retrospective forecasting for Q1-Q4 of 
2016, the mean square deviation of the obtained predicted 
values of economic indicators from the relevant observable 
values are about 3 percentage points. All estimates of 
stability indicators based on the model, obtained with 
parametric control theory methods don’t exceed 4.0%. 
These facts confirm the possibility of practical application 
of nonlinear model under study. 
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4 Analysis and parametric control based on the Model 

4.1. IMPACT ASSESSMENT OF SHOCKS ON 
ECONOMIC PERFORMANCE 

Macroeconomic analysis of the impact of internal and 
external shocks on macroeconomic indicators - GDP and 
inflation for the period from the Q1 of 2016 to the Q4 of 2022 
was conducted. The following can be summarized as the 
examples of the obtained results of the analysis: the internal 
shocks in productivity, oil production, risk premium and oil 
price shocks most seriously affected the actual deviation of 
the GDP of the Republic of Kazakhstan in  the Q1 of 2008 
(4.36% of its trend); margins on products, oil production, 
margins on wages and oil price shocks most seriously affected 
the actual deviation of inflation in the Republic of Kazakhstan 
in  the Q1 of 2008 (-0.62% of its trend). 

4.2. STATEMENT AND SOLVING THE PARAMETRIC 
CONTROL PROBLEM OF ECONOMIC GROWTH 
AND SUPPRESSION VOLATILITY OF 
MACROECONOMIC INDICATORS  

The formalized statement of the parametric control problem 
based of the developed model is formulated as follows. 

For a given quarter of the beginning of regulation 𝑡𝑡, for 
a given subset of Regions 𝑆𝑆 ∈ {𝑆𝑆1,𝑘𝑘𝑘𝑘, 𝑆𝑆1,𝑟𝑟𝑟𝑟, 𝑆𝑆1,𝑏𝑏𝑏𝑏, 𝑆𝑆1,𝑤𝑤𝑟𝑟,
𝑆𝑆1,𝑘𝑘𝑟𝑟 , 𝑆𝑆1,𝑐𝑐ℎ, 𝑆𝑆1,𝑟𝑟𝑢𝑢, 𝑆𝑆1,𝑒𝑒𝑟𝑟, 𝑆𝑆1,𝑟𝑟𝑤𝑤, 𝑆𝑆2, 𝑆𝑆3}  (where 𝑆𝑆1,𝑗𝑗  - 
separate 𝑗𝑗 -th Region of the model, corresponding to the 
Republic of Kazakhstan at 𝑗𝑗 = 𝑘𝑘𝑘𝑘 , to the Russian 
Federation at 𝑗𝑗 = 𝑟𝑟𝑟𝑟, to the Republic of Belarus at 𝑗𝑗 = 𝑏𝑏𝑏𝑏, 
to the Republic of Armenia at 𝑗𝑗 = 𝑎𝑎𝑟𝑟, to the Republic of 
Kyrgyzstan at 𝑗𝑗 = 𝑘𝑘𝑟𝑟, to the People’s Republic of China at 
𝑗𝑗 = 𝑐𝑐ℎ, to the European Union at 𝑗𝑗 = 𝑒𝑒𝑟𝑟, to the USA at 𝑗𝑗 =
𝑟𝑟𝑠𝑠, to the Rest of the world at 𝑗𝑗 = 𝑟𝑟𝑟𝑟; 𝑆𝑆2 – is the set of 5 
EAEU countries; 𝑆𝑆3 – all countries), for all 𝑟𝑟 ∈ 𝑆𝑆  to find 
the values of the government policy instruments 
𝜂𝜂𝑅𝑅,𝑤𝑤+1
𝑟𝑟 , … , 𝜂𝜂𝑅𝑅,𝑤𝑤+𝑛𝑛

𝑟𝑟 , 𝜂𝜂𝑔𝑔𝑒𝑒,𝑤𝑤+1
𝑟𝑟 , … , 𝜂𝜂𝑔𝑔𝑒𝑒,𝑤𝑤+𝑛𝑛

𝑟𝑟 , accordingly at the 
interest rate on government bonds and government 
consumption, providing the maximum criterion  

𝐾𝐾𝑟𝑟,𝑤𝑤 = E𝑤𝑤 ∑ ∑ 𝛽𝛽𝑖𝑖 �𝑌𝑌𝑤𝑤+𝑖𝑖𝑟𝑟 − 𝛼𝛼1 �
𝑌𝑌𝑡𝑡+𝑖𝑖
𝑟𝑟 −𝑌𝑌�𝑡𝑡+𝑖𝑖

𝑟𝑟

𝑌𝑌�𝑡𝑡+𝑖𝑖
𝑟𝑟 �

2
−𝑛𝑛

𝑖𝑖=1𝑟𝑟∈𝑆𝑆

𝛼𝛼2 �
𝜋𝜋𝑡𝑡+𝑖𝑖
𝑟𝑟 −𝜋𝜋�𝑡𝑡+𝑖𝑖

𝑟𝑟

𝜋𝜋�𝑡𝑡+𝑖𝑖
𝑟𝑟 �

2
� (3) 

based on the model, presented in the form (1) and under 
constraints (𝑖𝑖 = 1, … , 40): 

E𝑤𝑤𝜋𝜋𝑤𝑤+𝑖𝑖𝑟𝑟 ≤ 𝜋𝜋�𝑤𝑤+𝑖𝑖𝑟𝑟 + 0,025, (5) 

𝑅𝑅�𝑤𝑤+𝑖𝑖𝑟𝑟 − 0,025 ≤ E𝑤𝑤𝑅𝑅𝑤𝑤+𝑖𝑖𝑟𝑟 ≤ 𝑅𝑅�𝑤𝑤+𝑖𝑖𝑟𝑟 + 0,025, (6) 

E𝑤𝑤𝐺𝐺𝐺𝐺𝑤𝑤+𝑖𝑖𝑟𝑟 ≤ 1,05 𝐺𝐺𝐺𝐺����𝑤𝑤+𝑖𝑖𝑟𝑟 , (7) 

and also with the following restrictions on the indicators of 
the EAEU countries 𝑟𝑟′ ∈ 𝑆𝑆 , given by the conditions of 
integration in the EAEU: 

E𝑤𝑤𝜋𝜋𝑤𝑤+𝑖𝑖𝑟𝑟′ ≤ 𝐺𝐺𝑤𝑤𝜋𝜋𝑤𝑤+𝑖𝑖𝑟𝑟" + 0,05, (8) 

E𝑤𝑤
𝐷𝐷𝑒𝑒𝐷𝐷𝑡𝑡+𝑖𝑖

𝑟𝑟′

𝑌𝑌𝑡𝑡+𝑖𝑖
𝑟𝑟′ ≤ 0,03, (9) 

E𝑤𝑤
𝐵𝐵𝑔𝑔,𝑡𝑡+𝑖𝑖
𝑟𝑟′

𝑌𝑌𝑡𝑡+𝑖𝑖
𝑟𝑟′ ≤ 0,5. (10) 

Here 𝑌𝑌𝑤𝑤𝑟𝑟 , 𝜋𝜋𝑤𝑤𝑟𝑟 , 𝐷𝐷𝑒𝑒𝐷𝐷𝑤𝑤𝑟𝑟 , 𝐵𝐵𝑔𝑔,𝑤𝑤
𝑟𝑟  are respectively the GDP, 

consumer price inflation, budget deficit, public debt of 
country 𝑟𝑟; the sign «� » corresponds to the trend values of 
these variables (or for the inflation - its target level); 𝛼𝛼1 =
𝑌𝑌�𝑤𝑤𝑟𝑟 , 𝛼𝛼2 = 5𝑌𝑌�𝑤𝑤𝑟𝑟  are the weight numbers of the state's 
objective function; 𝛽𝛽 – is a discount factor, 𝑛𝑛 = 40 is the 
vision of the state policy, given parameter, 𝑟𝑟′ and 𝑟𝑟" (𝑟𝑟′ ≠
𝑟𝑟") – are countries of the EAEU. 

The parametric control problem of economic growth and 
suppression the volatility of the economic indicators of the 
Republic of Kazakhstan based on the model was solved at 3 
levels –level of the Republic of Kazakhstan (1), level of the 
EAEU (2) and level of the world economy (3). The Table 1 
presents the results of solving these variants of the parametric 
control problem for the expected values of the indicators of 
the Republic of Kazakhstan in the forecast period (Q1 2016 - 
Q4, 2022): real GDP growth, a decrease in the volatility of 
real GDP and volatility in consumer price inflation. 

TABLE 1 Changes in the indicators of the Republic of Kazakhstan in % 
deviation from the baseline scenario 

Indicator Problem level 
1 2 3 

Real GDP 0,35 0,53 0,68 
Volatility of real GDP -14,13 -15,74 -17,62 
Volatility of consumer 

price inflation -8,30 -12,59 -13,45 

7 Conclusions 

In the paper during the process of macroeconomic analysis, 
estimates of the shocks contribution in the values of 
macroeconomic indicators were obtained for historic period, 
as well as each shock contribution in the variance of the 
medium-term forecasts of model macroeconomic indicators 
estimates were obtained. 

Within the evaluation of optimal measures in the field of 
economic policy on the basis of model a number of 
parametric control problems [9] of economic growth and 
minimizing the volatility of macroeconomic indicators 
(GDP and inflation) were formulated and solved at the level 
of a particular region; all the countries of the Eurasian 
Economic Union and all model regions level. 

The results of studies on the parametric regulation shows 
a better efficiency (for each country) of the optimal 
coordinated measures in the field of economic policy at the 
global level in comparison with the relevant measures at the 
level of the regional union, which, in its turn, demonstrate a 
better efficiency in comparison with the parametric control 
results at the level of particular country. 
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