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 The article presents a dynamic stochastic general equilibrium model (DSGE-model) for the Russian 

economy. The model describes the behavior of the following macroeconomic agents: households, real sector, 

banking sector, Central Bank, as well as the interactions between them and the world. Household modeling uses 

the external habit formation approach to account for the inertia of preferences. To model the real sector, we 

abandoned the most common approach which assumes that the decision on investments is made by the 

households as the owners of production factors. Instead, we took the firm-specific capital approach which 

assumes that the decision on investment is made by the firms themselves. The study also considers that in Russia, 

fixed assets are mostly invested from the firms' own funds. To account for the investment inertia in the fixed asset 

in a real sector model, the expenditures are transferred to the commissioning of new facilities, the Calvo model is 

applied to describe the price setting under the monopolistic competition. A banking sector which defines the loan 

and debt interest rates to the key Central Bank interest rate is chosen to be a link between the households and 

firms in the model. The Taylor equation is used to describe the monetary policy of the Bank of Russia under the 

inflation targeting, while an inertia factor is included into the equation with the uncovered interest parity for the 

budget rule which regulates the purchases (or sales) of the currency by the National Welfare Fund. The final 

linearized model is a system of 23 difference equations with rational expectations. Based on the proposed model, 

calculations were made and key macroeconomic indicators were forecasted for 2020–2021 on a quarterly basis 

for the Russian economy. The calculations account for the relevant recessionary factors: oil price fall, oil 

production cut in OPEC+ deals, quarantine measures aimed to prevent the spread of the corona virus infection, 

anti-recessionary measures of the RF Government. The findings show that the economic downturn in 2020 can be 

from 5 to 7% under COVID-19 pandemic. Growth in 2021 is estimated to be within 3–5%. The developed model 

can be used for scenario projecting for the Russian economy, upgrading the monetary policy of the Bank of 

Russia, and for developing applied quarterly projection models (QPM). The model could be further modified by 

including more elements: decomposing the household sector into the Ricardian and non-Ricardian ones, 

identifying the resources industries and industries in the real sector which manufacture the invested goods, 

including the key taxes and budget expenses into the model. One more promising area is to analyze the 

equilibrium of the interest rates when large firms could accumulate their own financial resources. This 

prerequisite decreases the demand for the bank loans from the real sector and, thus, leads to lower, including the 

negative, interest rates. The proposed approach enhances the quality of a DSGE model as a predictive tool for 

making the political and managerial decisions. 

Keywords: mathematical modeling of economy, structural macroeconometrics, dynamic stochastic 

general equilibrium models, DSGE models, rational expectations, inflation targeting, monetary policy, budget 

rule, Taylor equation, scenarios projection, COVID-caused crisis, COVID-19 pandemic. 
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 В статье представлена динамическая стохастическая модель общего равновесия (DSGE-модель) 

российской экономики. Модель описывает поведение следующих макроэкономических агентов: домашние 

хозяйства, реальный сектор, банковский сектор, центральный банк, а также их взаимосвязи между собой и 

внешним миром. При моделировании домашних хозяйств учтена инерционность предпочтений посредством 

использования подхода “external habit formation”. Для моделирования реального сектора обоснован отказ от 

наиболее распространённого подхода, при котором предполагается, что решение об инвестициях 

принимают домашние хозяйства как владельцы факторов производства. Вместо этого был применён подход 

“firm-specific capital”, в рамках которого предполагается, что решение об инвестициях принимают сами 

фирмы. В исследовании также было учтено, что в России инвестиции в основной капитал финансируются по 

большей части за счет собственных средств предприятий. Для учёта инерционности инвестиций в основной 

капитал в модели реального сектора принимаются издержки на ввод новых мощностей, ценообразование 

фирм в условиях монополистической конкуренции описывается моделью Кальво. В качестве связующего 

звена между домашними хозяйствами и фирмами в модели присутствует блок банковского сектора, который 

устанавливает процентные ставки по депозитам и кредитам на основе ключевой ставки Центрального банка. 

Для описания монетарной политики Банка России в условиях инфляционного таргетирования применяется 

уравнение Тейлора, а для бюджетного правила, в рамках которого покупается (или продаётся) валюта в 

Фонд национального благосостояния, в уравнение непокрытого процентного паритета включен фактор 

инерционности. Итоговая линеаризованная модель представляет систему 23 разностных уравнений с 

рациональными ожиданиями. На основе предложенной модели проведены расчеты и построены 

квартальные прогнозы ключевых макроэкономических показателей на 2020–2021 гг. для российской 

экономики. В расчетах учтены актуальные кризисные факторы: снижение цен на нефть, сокращение добычи 

нефти в рамках сделки ОПЕК+, карантинные мероприятия, направленные на предотвращение 

распространения коронавирусной инфекции, антикризисные мероприятия Правительства России. Согласно 

полученным результатам в условиях пандемии COVID-19 экономический спад в 2020 г. может составить от 

5 до 7%. Рост в 2021 г. оценён в диапазоне 3–5%. Построенная модель применима для сценарного 

прогнозирования развития экономики России, оптимизации денежно-кредитной политики Банка России, для 

разработки прикладных квартальных прогнозных моделей (QPM). В дальнейшем модель может быть 

модифицирована путём включения дополнительных элементов: декомпозиция сектора домашних хозяйств 

на рикардианские и нерикардианские, выделение в реальном секторе добывающих отраслей и отраслей, 

производящих инвестиционные товары, включение в модель ключевых налогов и бюджетных расходов. 

Перспективным также видится исследование равновесия процентных ставок в условиях, когда крупные 

компании могут накапливать собственные финансовые ресурсы. Это обстоятельство снижает спрос со 

стороны реального сектора на банковские кредиты и, соответственно, приводит к более низким, вплоть до 

отрицательных, ставкам процента. Предложенный ракурс совершенствования DSGE-модели позволит 

повысить ее качество как прогностического инструмента принятия политико-управленческих решений. 

Ключевые слова: экономико-математическое моделирование, структурная макроэконометрика, 

динамические стохастические модели общего равновесия, DSGE-модели, рациональные ожидания, 

инфляционное таргетирование, монетарная политика, бюджетное правило, уравнение Тейлора, 

сценарное прогнозирование, ковидный кризис, пандемия COVID-19. 

 

   

Introduction 

ajority of dynamic stochastic 

general equilibrium models 

(DSGE) assume that the 

investments come from the households, 

because they hold the production factors. This 

assumption could, to some extent, be applied 

to the US economy where the households 

possess the company securities. However, the 

majority of the manufacturing and investment 

decisions are made by the managers of the 

American companies. We see this assumption 
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to be inapplicable to the Russian reality. Taken 

this fact into account, we based our research on 

an understudied class of DSGE models (firm-

specific capital) [1–3] which state that the 

firms make decisions concerning investment. 

In the traditional DSGE models, the 

households practice direct investments, 

therefore, we need financial intermediaries who 

transform the household savings into the loans 

given to the real sector of economy. This is 

important to take into account as volatile 

periods could force the banks into rationalizing 

the loans in the real sector due to high risks 

rather than due to liquidity deficit. Along with 

that, the model accounts for the fact that the 

Russian companies invest their own resources 

into their fixed capital. Bank loans typically 

take no more than 25% of the investments. 

The article describes the results of 

developing a DSGE model for Russia. Unlike 

the previous version of the model [4], behavior 

inertia is derived from the household behavior 

model rather than just declared ad hoc. The 

model also includes the investments into the 

fixed capital with inertia and a banking sector. 

Along with that, as it has been stated above, a 

firm-specific capital approach is applied to 

describe the investments. 

The need to introduce the consumption 

and investment inertia into the model is 

determined by the following implications. 

Basic (inertia free) DSGE models demonstrate 

an immediate response to the exogenous 

shocks, while the empirical observations 

typically based on the econometric VAR 

models show hump-shaped response. 

Therefore, an inertia factor should be taken 

into account to improve DSGE models 

adequacy. 

For simplification purposes, we 

consider the model free of budget and taxation 

policy of the state. Also for the sake of 

simplifying the reality, we take all investment 

goods to be imported. 

In the view of the above, the purpose 

of the study is to construct a dynamic 

stochastic general equilibrium model for the 

Russian economy with a banking sector and 

the firms-specific capital under the COVID-

caused crisis. 

Methodology and description of a 

DSGE model 

he DSGE model describes the 

behavior of the following 

representative agents: 

households, real sector, financial intermediaries, 

outside world, Central Bank. The Taylor 

equation describes the interest rate policy of the 

Bank of Russia under inflation targeting.   

Household modeling 

A representative household maximizes 

the expected discounted CRRA (constant 

relative risk aversion) utility function: 

𝑈 = 𝐸 [∑ 𝛽𝑡 (

(𝑐𝑡−ℎ𝑡)1−𝜎

1−𝜎
− Φ𝐿

𝐿𝑡
1+𝜑

1+𝜑
+

+Φ𝑚
𝑚𝑡

1−𝜓

1−𝜓

)∞
𝑡=0 ] → max,     (1) 

where 𝐸[∙] is the operator of rational 

expectations [5]; 𝑐𝑡 is the consumption of 

goods and services; ℎ𝑡 is the variable showing 

the inertia of the consumer preferences (it will 

be further defined); 𝐿𝑡 is the labour supply; 

𝑚𝑡 =
𝑀𝑡

𝑃𝑡
 is the real, while 𝑀𝑡 is the nominal 

cash balances; 𝛽 ∈ (0; 1) is the discounting 

rate for future utility.  

A household budget constrains at 𝑡 ≥ 1:  
𝑃𝑡𝑐𝑡 + 𝑀𝑡 + 𝐷𝑡 + 𝐷𝑊,𝑡 = 𝑊𝑡𝐿𝑡 + 𝑀𝑡−1 + 

+(1 + 𝑅𝐷𝑡−1)𝐷𝑡−1 + 𝐷𝑊,𝑡−1  
(1+𝑅𝐷𝑊,𝑡−1)𝑆𝑡

𝑆𝑡−1
,      (2) 

where 𝑃𝑡 is the cost of living; 𝐷𝑡 and 𝐷𝑊,𝑡 are 

net assets of the households in the national and 

foreign currencies with 𝑅𝐷𝑡 and 𝑅𝐷𝑊,𝑡 interest 

rates, respectively; 𝑊𝑡 is the nominal wage; 𝑆𝑡 

is the nominal currency exchange rate. 

The household budget constraint in 

real terms looks as follows: 
(𝑐𝑡 + 𝑚𝑡 + 𝑑𝑡 + 𝑑𝑊,𝑡 − 𝑤𝑡𝐿𝑡)(1 + 𝜋𝑡) = 

= 𝑚𝑡−1 + (1 + 𝑅𝐷𝑡−1)𝑑𝑡−1 + 𝑑𝑊,𝑡−1
(1+𝑅𝐷𝑊,𝑡−1)𝑆𝑡

𝑆𝑡−1
 , (3) 

where 𝑑𝑡 =
𝐷𝑡

𝑃𝑡
 and 𝑑𝑊,𝑡 =

𝐷𝑊,𝑡

𝑃𝑡
 are the real 

assets in the national and foreign currencies; 

𝑤𝑡 =
𝑊𝑡

𝑃𝑡
 is the real wage; 𝜋𝑡 =

𝑃𝑡

𝑃𝑡−1
− 1 is the 

consumer inflation. 

Utility function (1) with the 

constraints (3) is maximized by the variables 

𝑐𝑡, 𝐿𝑡, 𝑚𝑡, 𝑑𝑡, 𝑑𝑊,𝑡. The Lagrange function for 

the problem looks as follows: 

T 
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ℒ = 𝐸 [∑ 𝛽𝑡 (
(𝑐𝑡 − ℎ𝑡)1−𝜎

1 − 𝜎
− Φ𝐿

𝐿𝑡
1+𝜑

1 + 𝜑
+ Φ𝑚

𝑚𝑡
1−𝜓

1 − 𝜓
)

∞

𝑡=0

] −
 

−𝜆𝑡𝛽𝑡 (
(𝑐𝑡 + 𝑚𝑡 + 𝑑𝑡 + 𝑑𝑊,𝑡 − 𝑤𝑡𝐿𝑡)(1 + 𝜋𝑡) − 𝑚𝑡−1 −

−(1 + 𝑅𝐷𝑡−1)𝑑𝑡−1 − 𝑑𝑊,𝑡−1
(1+𝑅𝐷𝑊,𝑡−1)𝐸𝑡−1[𝑆𝑡]

𝑆𝑡−1

). 

The first order condition for consumption 

is 
𝜕ℒ

𝜕𝑐𝑡
= 𝛽𝑡(𝑐𝑡 − ℎ𝑡)−𝜎−𝜆𝑡𝛽𝑡(1 + 𝜋𝑡) = 0.

To define the adequate behavior of the 

households, it is necessary to specify the 

variable ℎ𝑡. We will use the external habit 

formation model [6; 7]. This model 

presupposes that ℎ𝑡 = ℎ𝐶𝑡−1, where 𝐶𝑡 is 

some statistically average consumption driven 

by fashion or the accepted life standards. At 

the same time, there is an important 

assumption that the consumption of a 

particular household 𝑐𝑡 cannot impact the 

macroeconomic variable 𝐶𝑡. 

The received equation for the 

consumption 𝑐𝑡 of a representative household 

gives the condition for the consumption 𝐶𝑡 at 

a macroeconomic level: 
(𝐶𝑡 − ℎ𝐶𝑡−1)−𝜎 = 𝜆𝑡(1 + 𝜋𝑡).                       (4)

The first order condition for the labour 

supply is 
𝜕ℒ

𝜕𝐿𝑡
= −𝛽𝑡Φ𝐿𝐿𝑡

𝜑
+ 𝜆𝑡𝛽𝑡𝑤𝑡(1 + 𝜋𝑡) =

= 0 ⇒ Φ𝐿𝐿𝑡
𝜑

= 𝜆𝑡(1 + 𝜋𝑡)𝑤𝑡.                    (5) 

For money demand 
𝜕ℒ

𝜕𝑚𝑡
=

= 𝛽𝑡Φ𝑚𝑚𝑡
−𝜓 − 𝜆𝑡𝛽𝑡(1 + 𝜋𝑡) +

+ 𝐸[𝜆𝑡+1]𝛽𝑡+1 = 0, (6) 

⟹ Φ𝑚𝑚𝑡
−𝜓 = 𝜆𝑡(1 + 𝜋𝑡) − 𝐸[𝜆𝑡+1]𝛽.

For the deposits in national currency 
𝜕ℒ

𝜕𝑑𝑡
= −𝜆𝑡𝛽𝑡(1 + 𝜋𝑡) +

+𝐸[𝜆𝑡+1]𝛽𝑡+1(1 + 𝑅𝐷𝑡) = 0,          (7) 

⟹
𝐸[𝜆𝑡+1]𝛽

𝜆𝑡
=

(1 + 𝜋𝑡)

(1 + 𝑅𝐷𝑡)
. 

For the savings into foreign assets 
𝜕ℒ

𝜕𝑑𝑊,𝑡
= −𝜆𝑡𝛽𝑡(1 + 𝜋𝑡) +

+𝐸[𝜆𝑡+1]𝛽𝑡+1 (1+𝑅𝐷𝑊,𝑡)𝐸[𝑆𝑡+1]

𝑆𝑡
= 0,            (8) 

⟹
𝐸[𝜆𝑡+1]𝛽

𝜆𝑡
=

(1+𝜋𝑡)𝑆𝑡

(1+𝑅𝐷𝑊,𝑡)𝐸[𝑆𝑡+1]
 . 

Thus, under the equilibrium, the 

revenues of different assets should be equal 
(1+𝑅𝐷𝑊,𝑡)𝐸[𝑆𝑡+1]

𝑆𝑡
= 1 + 𝑅𝐷𝑡. The obtained ratio is 

the equation for uncovered interest parity (UIP): 
𝐸[𝑆𝑡+1]

𝑆𝑡
=

(1+𝑅𝐷𝑡)

(1+𝑅𝐷𝑊,𝑡)
.  (9) 

Real sector modeling 

As it has been mentioned above, we 

have described the situation when the firms 

make the decisions to invest into the fixed 

asset.  

The firms are supposed to aim for 

maximizing the total discounted dividends to 

their owners once the investments are made: 
∑ 𝛽𝑡(1 − 𝜔)П𝑡

∞
𝑡=0 → max,                            (10)

where 𝜔 ∈ (0; 1) is the share of the profit 

invested into the fixed asset. П𝑡 is the profit of 

the real sector firms, which equals: 

П𝑡 = 𝑃𝐻,𝑡𝑌𝑡 − 𝑅𝐾𝑡𝑐𝑟𝑡 − 𝑊𝑡𝐿𝑡,                         (11) 

where 𝑃𝐻,𝑡 is the prices of the national 

manufacturers; 𝑌𝑡 is the amount of the 

manufactured goods (actual GDP from 

manufacturing); 𝑐𝑟𝑡 is the amount of the bank 

loans at 𝑅𝐾𝑡 rate. 

Manufacturing is described by the 

Cobb-Douglas function: 

𝑌𝑡 = 𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

1−𝛼,                                          (12)

where 𝐴𝑡 is the total factor productivity; 𝐾𝑡 is 

the fixed capital stock. The dynamics of the 

latter is described by a standard equation with 

the investment adjustment costs: 

𝐾𝑡 − 𝐾𝑡−1 = 𝐼𝑡−1 − 𝜇𝐾𝑡−1 −
𝜒

2
(

𝐼𝑡−1

𝐼𝑡−2
− 1)

2
𝐼𝑡−1, (13) 

where 𝐼𝑡−1 is the investments into the fixed 

asset which are sourced from their own 

resources (from the profit share in the 

previous year) and bank loans: 

𝑃𝐼,𝑡𝐼𝑡 = 𝜔П𝑡−1 + ∆𝑐𝑟𝑡.                                 (14) 

Then, the Lagrange function for the 

manufacturer problem looks as follows: 

ℒ = 𝐸𝑡 [∑ 𝛽𝑡 {(1 − 𝜔)П𝑡 −∞
𝑡=0

−𝜆1𝑡(П𝑡−𝑃𝐻,𝑡𝐴𝑡𝐾𝑡
𝛼𝐿𝑡

1−𝛼 + 𝑅𝐾𝑡𝑐𝑟𝑡 + 𝑊𝑡𝐿𝑡) −

−𝜆2𝑡(𝑃𝐼,𝑡𝐼𝑡 − 𝜔П𝑡−1 − 𝑐𝑟𝑡 + 𝑐𝑟𝑡−1) − 𝑞𝑡 (𝐾𝑡 −

−𝐾𝑡−1(1 − 𝜇)−𝐼𝑡−1 +
𝜒

2
(

𝐼𝑡−1

𝐼𝑡−2
− 1)

2
𝐼𝑡−1)}] .    (15) 

The first order condition for the profit is: 
𝜕ℒ

𝜕П𝑡
= 0 ⇒ 𝜆1𝑡 = (1 − 𝜔) +  𝜔𝛽𝐸[𝜆2𝑡+1].   (16) 

The first order condition for the capital 

gives us the dynamics equation for the shadow 

price of the capital (the Tobin’s q): 
𝜕ℒ

𝜕𝐾𝑡

= 0 ⇒ 𝑞𝑡 = 𝜆1𝑡𝛼
𝑃𝐻,𝑡𝑌𝑡

𝐾𝑡

+ (1 − 𝜇)𝛽𝐸[𝑞𝑡+1],
 

or in the real terms 𝑄𝑡 =
𝑞𝑡

𝑃𝐻,𝑡
: 

𝑄𝑡 = 𝜆1𝑡𝛼
𝑌𝑡

𝐾𝑡
+ (1 − 𝜇)𝛽𝐸[𝑄𝑡+1](1 + 𝐸[𝜋𝐻,𝑡+1]) .    (17)   
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The first order condition for the 

investments is: 
𝜕ℒ

𝜕𝐼𝑡
= 0 ⇒ 𝜆2𝑡𝑃𝐼,𝑡 + 𝐸[𝑞𝑡+1]𝛽 · 

· (
𝜒

2
(

𝐼𝑡

𝐼𝑡−1
− 1) (3

𝐼𝑡

𝐼𝑡−1
− 1) − 1) = 

= 𝐸[𝑞𝑡+2]𝛽2𝜒 (
𝐸[𝐼𝑡+1]

𝐼𝑡
− 1)

𝐸[𝐼𝑡+1
2 ]

𝐼𝑡
2 , 

or in the real terms: 

𝜆2𝑡

𝑃𝐼,𝑡

𝑃𝐻,𝑡
+ 𝐸[𝑄𝑡+1](1 + 𝐸[𝜋𝐻,𝑡+1])𝛽 · 

· (
𝜒

2
(

𝐼𝑡

𝐼𝑡−1
− 1) (3

𝐼𝑡

𝐼𝑡−1
− 1) − 1) = 

= 𝐸[𝑄𝑡+2](1 + 𝐸[𝜋𝐻,𝑡+1]) ·                               

· (1 + 𝐸[𝜋𝐻,𝑡+2])𝛽2𝜒 (
𝐸[𝐼𝑡+1]

𝐼𝑡
− 1)

𝐸[𝐼𝑡+1
2 ]

𝐼𝑡
2 .     (18) 

We derive the labour demand from the 

first order condition for labour: 
𝜕ℒ

𝜕𝐿𝑡
= 0 ⇒

𝑊𝑡

𝑃𝐻,𝑡
= (1 − 𝛼)

𝑌𝑡

𝐿𝑡
.                      (19) 

We derive the equation connecting the 

Lagrange multipliers in the same way: 
𝜕ℒ

𝜕𝑐𝑟𝑡
= 0 ⇒ 𝜆2𝑡 = 𝜆1𝑡𝑅𝐾𝑡 + 𝛽𝐸[𝜆2𝑡+1].       (20) 

We assume that the real sector firms run 

in the context of the monopolistic competition. 

To derive the equation for the New Keynesian 

Phillips curve, we applied the Calvo price 

setting model [8]. 

We will refer to Gali and Gertler 

interpretation [9], who empirically proved that 

inflation data are better described with inflation 

inertia: 

𝜋𝐻,𝑡 = 𝜅 𝑚𝑐𝑟̃ 𝐻,𝑡 + 𝛽𝐸[𝜋𝐻,𝑡+1] + (1 − 𝛽)𝜋𝐻,𝑡−1.   (21) 

The real marginal costs will be derived 

from the following considerations. Let us 

assume that a representative firm has 

strategically developed its investment and 

manufacturing programs, as it has been 

described above. Operationally, they solved 

the task to minimize the costs subject to 

determined production volume. General costs 

are the solution to this problem
1
 for the Cobb-

Douglas manufacturing function: 

𝑇𝐶𝑡 =
𝑌𝑡

𝐴𝑡
(

𝑅𝐾𝑡

𝛼
)

𝛼
(

𝑊𝑡

1−𝛼
)

1−𝛼
.                              (22) 

                                                 
1
 Cheremnykh Yu.N. Mikroekonomika. Prodvinutyi 

uroven': uchebnik [Microeconomics. Advanced level: 

Textbook]. Moscow, Infra-M Publ., 2008. 180 p. 

(In Russian). 

We calculate the real marginal costs 

𝑀𝐶𝑅 =
𝜕𝑇𝐶

𝜕𝑌

𝑃𝐻
, account for the manufacturer’s 

equilibrium conditions 
𝑊

𝑃𝐻
= (1 − 𝛼)

𝑌

𝐿
 and 

𝑅𝐾

𝑊
=

𝛼

1−𝛼

𝐿

𝐾
, and derive the expression for the 

real marginal costs as: 

𝑚𝑐𝑟̃ 𝑡 = 𝑌̃𝑡 − 𝐴̃𝑡 − (1 − 𝛼)𝐿̃𝑡 − 𝛼𝐾̃𝑡.              (23) 

Foreign trade modeling 

We have already assumed above that 

the investment demand is completely satisfied 

by the import. A consumer demand is shared 

between the domestic and imported goods. A 

consumer basket 𝐶𝑡 contains domestic 𝐶𝐻,𝑡 

and imported 𝐶𝐹,𝑡 commodities: 

𝐶𝑡 = ((1 − 𝛿𝐹)
1

𝜃𝐶𝐻,𝑡

𝜃−1

𝜃 + 𝛿𝐹

1

𝜃𝐶𝐹,𝑡

𝜃−1

𝜃 )

𝜃

𝜃−1

.               (24) 

Consumption maximization under the 

budget constraint 𝑃𝐻,𝑡𝐶𝐻,𝑡 + 𝑃𝐹,𝑡𝐶𝐹,𝑡 = 𝑃𝑡𝐶𝑡 

gives the demand for the domestic goods:  

𝐶𝐻,𝑡 = (1 − 𝛿𝐹) (
𝑃𝐻,𝑡

𝑃𝑡
)

−𝜃
𝐶𝑡 .                            (25) 

and imported goods: 

𝐶𝐹,𝑡 = 𝛿𝐹 (
𝑃𝐹,𝑡

𝑃𝑡
)

−𝜃
𝐶𝑡.                                       (26) 

The equations above share 

𝑃 = ((1−𝛿𝐹)𝑃𝐻
1−𝜃 + 𝛿𝐹𝑃𝐹

1−𝜃)

1

1−𝜃
.                   (27) 

the overall level of the consumer prices. 

Similar to the equation of the demand 

for the domestic and imported goods, the 

external demand for the domestic goods is 

described as follows: 

𝐸𝑡 = 𝛾𝐶 (
𝑃𝐻,𝑡

𝑆𝑡𝑃𝑊,𝑡
)

−𝜗

𝑌𝑊,𝑡 .                                  (28) 

The global market defines the prices 

for the imported goods in a foreign currency. 

The law of one price works for the domestic 

market: 

𝑃𝐹,𝑡 = 𝑆𝑡𝑃𝑊,𝑡 ,                                              (29) 

𝑃𝐼,𝑡 = 𝑆𝑡𝑃𝑊𝐼,𝑡 .                                              (30) 

Modeling of financial intermediaries 

We will follow the papers [10; 11] in 

modeling the financial intermediaries. 

Loans to the firms in the real sector, 

holding the liquid assets in the Central Bank 

give the interest yield to the banks. The main 

expenditures include the deposit interest 

payments to the households. 
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To simplify, we do not account for the 

investments into securities and foreign 

currencies and do not explicitly allocate any 

reserves for the securities depreciation and 

possible non-performing loans. Therefore, 

banks maximize profit: 
Π𝐵,𝑡 = 𝑅𝑡𝑀𝐵,𝑡 + 𝑅𝐾𝑡𝑐𝑟𝑡 − 𝑅𝐷𝑡𝐷𝑡 − 

−𝑇𝐶(𝐷𝑡, 𝑐𝑟𝑡) → max,                                   (31) 

where Π𝐵,𝑡 is the banks’ profit; 𝑀𝐵,𝑡 is the 

liquid assets of the banks on the Central Bank 

accounts at the rate 𝑅𝑡; 𝑇𝐶(𝐷𝑡, 𝑐𝑟𝑡) is the 

operating expenditures from the assets 

management and deposit sourcing. 

Balance of assets and liabilities is 

simplified as follows: 

𝐷𝑡 + 𝐶𝑎𝑝𝑡 = 𝑐𝑟𝑡 + 𝑀𝐵,𝑡 + 𝑅𝑒𝑠𝑡,                    (32) 

where 𝐶𝑎𝑝𝑡 is the banks capital; 𝑅𝑒𝑠𝑡 is the 

banks obligatory reserves. 

We assume that the banks capital is 

maintained on the minimally required level 

𝐶𝑎𝑝𝑡 = 𝐻 ∙ 𝑐𝑟𝑡, where H is the capital 

adequacy ratio. The obligatory reserves in the 

Central Bank are 𝑅𝑒𝑠𝑡 = 𝑟𝑟 ∙ 𝐷𝑡, where rr is 

the obligatory reserve ratio. 

Then, the Lagrange function could be 

written as follows:  
ℒ = 𝑅𝑡𝑀𝐵,𝑡 + 𝑅𝐾𝑡𝑐𝑟𝑡 − 𝑅𝐷𝑡𝐷𝑡 − 𝑇𝐶(𝐷𝑡, 𝑐𝑟𝑡) − 

−𝜆𝐵𝑡(𝐷𝑡(1 − 𝑟𝑟) − 𝑐𝑟𝑡(1 − 𝐻) − 𝑀𝐵,𝑡). 

The first order conditions for the 

liquid assets in the Central Bank are: 
𝜕ℒ

𝜕𝑀𝐵,𝑡
= 0 ⇒ 𝑅𝑡 = −𝜆𝐵𝑡 ,                           (33) 

for the loans to the firms in the real sector: 
𝜕ℒ

𝜕𝑐𝑟𝑡
= 0 ⇒ 𝑅𝐾𝑡 = 𝑅𝑡(1 − 𝐻) +

𝜕𝑇𝐶

𝜕𝑐𝑟𝑡
,             (34) 

for the household deposits: 
𝜕ℒ

𝜕𝐷𝑡
= 0 ⇒ 𝑅𝐷𝑡 = 𝑅𝑡(1 − 𝑟𝑟) −

𝜕𝑇𝐶

𝜕𝐷𝑡
.             (35) 

For simplification purposes, we will 

further assume that marginal costs are 

constant. 

Thus, the commercial banks set their 

deposit and loan rates on base of the Central 

Bank key interest rate. A business loan rate for 

the real sector goes up by the amount of the 

loan marginal costs which could include the 

loan risks, reserve sourcing costs, operating 

expenditures on loan administration. However, 

a deposit rate for individuals goes down if the 

monetary regulator increases the reserve ratio, 

and the marginal costs on the deposit sourcing 

grow. These rates determine the households’ 

decisions about their savings and the real 

sector firms’ decisions about their 

investments. 

Now let us describe the results of the 

model linearization and its parameters 

calibration. 

Linearization of a DSGE model and 

calibration of its parameters  

o analyze the dynamic 

properties of the models in 

terms of deviations, we turn to 

the logarithms of the variables near their 

steady-state values (approximation of the 

percentage deviation of the variables from 

their equilibrium values) 

𝑥̃𝑡 = ln
𝑥𝑡

𝑥∗ = ln𝑥𝑡 − ln𝑥∗. 

Log-linear approximation for the 

consumption gives 

𝐶̃𝑡 =
1

1 + ℎ
𝐸[𝐶̃𝑡+1] +

ℎ

1 + ℎ
𝐶̃𝑡−1 − 

−
1−ℎ

𝜎(1+ℎ)
(𝑅𝐷̃𝑡 − 𝐸[𝜋𝑡+1] + 𝜋𝑇).                       (36) 

The consumption of the domestic and 

imported goods is 

𝐶𝐻,𝑡
̃ = 𝐶̃𝑡 + 𝜃𝛿𝐹𝑡𝑜𝑡𝑡 ,                                   (37) 

𝐶𝐹,𝑡̃ = 𝐶̃𝑡 − 𝜃𝑟𝑒𝑟𝑡 ,                                          (38) 

where 𝑅𝐸𝑅 =
𝑃𝐹

𝑃
 is the actual currency 

exchange rate; 𝑡𝑜𝑡 =
𝑃𝐹

𝑃𝐻
 is the trade 

conditions. Two variables are related by  
𝑟𝑒𝑟𝑡 = (1 − 𝛿𝐹)𝑡𝑜𝑡𝑡 .                                       (39) 

Labour supply: 

𝜑𝐿̃𝑡 = 𝜆̃𝑡 + (𝜋𝑡 − 𝜋𝑇) + 𝑤̃𝑡.                          (40) 

Log-linear approximation for the 

marginal utility is 

𝜆̃𝑡 = 𝐸[𝜆̃𝑡+1] + (𝑅𝐷̃𝑡 − 𝜋𝑡 + 𝜋𝑇).                (41) 

Capital dynamics is 

𝐾̃𝑡 = (1 − 𝜇)𝐾̃𝑡−1 + 𝜇𝐼𝑡−1.                            (42) 

Demand for labour is 

𝑤̃𝑡 + 𝛿𝐹𝑡𝑜𝑡𝑡 = 𝑌̃𝑡 − 𝐿̃𝑡 .                                   (43) 

Investments are 

𝐼𝑡 =
1

1+𝛽(1+𝜋𝑇)
𝐼𝑡−1 +

𝛽(1+𝜋𝑇)

1+𝛽(1+𝜋𝑇)
𝐸[𝐼𝑡+1] +

+
1

𝜒(1+𝛽(1+𝜋𝑇))
(𝐸[𝑄̃𝑡+1] + 𝐸[𝜋𝐻,𝑡+1] − 𝜋𝑇 −

−
𝑃𝐼𝜆2

𝑃𝐻
(𝜆2𝑡̃ + 𝑝̃𝐼,𝑡)),                                        (44) 

where 𝑝𝐼,𝑡 =
𝑃𝐼,𝑡

𝑃𝐻,𝑡
 is the relative prices for the 

investment goods. 

T 
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A shadow price of the capital is 

𝑄̃𝑡 = 𝜆1
𝛼

𝑄

𝑌

𝐾
(𝜆1𝑡̃ + 𝑌̃𝑡 − 𝐾̃𝑡) + 

+(1 − 𝜇)𝛽(𝐸[𝑄̃𝑡+1] + 𝐸[𝜋𝐻,𝑡+1] − 𝜋𝑇).       (45) 

Stationary conditions for the real 

sector variables are defined under the 

equations: 𝜆1 =
(1−𝜔)

(1−𝜔𝛽2(1+𝜋𝐻)𝑍
𝑃𝐻
𝑃𝐼

)
, 𝑄 = 𝑍𝜆1, 

𝜆2 =
𝑄

(1+𝜋𝐻)𝛽

𝑃𝐻

𝑃𝐼
, 𝑅𝐾 = (1 − 𝛽)

𝜆2

𝜆1
, where 

𝑍 =
𝛼

1−(1+𝜋𝐻)(1−𝜇)𝛽

𝑌

𝐾
. 

Changes in the relative prices for the 

investment goods are defined by the equation
1
: 

∆𝑝̃𝐼,𝑡 = ∆𝑟𝑒𝑟𝑡 + 𝜋𝑡 − 𝜋𝐻,𝑡 .                              (46) 

Equations connecting the Lagrange 

multipliers dynamics in the firm’s problem are: 

𝜆1𝑡̃ = 𝜔𝛽
𝑅𝐾

1−𝛽
𝜆2𝑡̃ ,                                           (47) 

𝜆2𝑡̃ = (1 − 𝛽)(𝜆1𝑡̃ + 𝑅𝐾̃𝑡) + 𝛽𝐸[𝜆2̃𝑡+1].      (48) 

UIP equations with inertia at the 

foreign exchange market (for example, as a 

result of the enforcement of the budget rule): 
𝑟𝑒𝑟𝑡 = (1 − 𝜌𝑅𝐸𝑅)𝐸[𝑟𝑒𝑟𝑡+1] + 

+𝜌𝑅𝐸𝑅𝑟𝑒𝑟𝑡−1 + 𝑅̃𝑡
𝑊 − (𝑅𝐷̃𝑡 − 𝐸[𝜋𝑡+1] + 𝜋𝑇).  (49) 

Dynamics of the prices on the 

imported goods is 

𝜋𝐹,𝑡 = ∆𝑟𝑒𝑟𝑡 + 𝜋𝑡.                                           (50) 

Consumer inflation may be written as 

follows 

𝜋𝑡 = (1 − 𝛿𝐹)𝜋𝐻,𝑡 + 𝛿𝐹 ∙ 𝜋𝐹,𝑡 .                        (51) 

Equation for export is 

𝐸̃𝑡 = 𝜗𝑡𝑜𝑡𝑡 + 𝑌̃𝑊,𝑡 .                                           (52) 

The Taylor equation for the key 

interest rate of the Central Bank is 

𝑅̃𝑡 = (1 − 𝜌𝑅)(𝑞𝜋(𝜋𝑡 − 𝜋𝑇) + 𝑞𝑦𝑌̃𝑡) + 𝜌𝑅𝑅̃𝑡−1.   (53) 

Equation for the bank business loan and 

deposit rates is 

𝑅𝐾̃𝑡 = 𝑅̃𝑡 + 𝜈𝑡 ,                                                     (54) 

𝑅𝐷̃𝑡 = 𝑅̃𝑡 − 𝜈𝑡 ,                                                     (55) 

where 𝜈𝑡 is the shock of the marginal 

expenditures from the bank performance. 

Equation for the output gap (a linearized 

macroeconomic identity): 

𝑌̃𝑡 = 𝑤𝐶𝐻𝐶̃𝐻,𝑡 + 𝑤𝐸𝐸̃𝑡 + 𝐴𝐶̃𝑡,                            (56) 

                                                 
1
 The following chain was used for inferences: 𝑝𝐼 =

𝑃𝐼

𝑃𝐻
. 

𝑝𝐼,𝑡 = 𝑃̃𝐼,𝑡 − 𝑃̃𝐻,𝑡. ∆𝑝𝐼,𝑡 = 𝜋𝐼,𝑡 − 𝜋𝐻,𝑡. If we assume that 

the global inflation of the prices on the invested goods is 

similar to the global inflation of the consumer goods, then 

we get ∆𝑝𝐼,𝑡 = ∆𝑟𝑒𝑟𝑡 + 𝜋𝑡 − 𝜋𝐻,𝑡. 

where 𝐴𝐶̃𝑡 is the shock of the autonomous 

demand. 

This obtained model is very similar to 

the classical Smets-Wouters model [12; 13], at 

least in the equations (36), (44), (45) describing 

the consumption and investment inertia. 

As a result, the system (21), (23), (36) – 

(56) consists of 23 difference equations with the 

rational expectations and describes the 

dynamics of 23 endogenic variables.  

For scenario simulations, the following 

shocks are defined in the model:  

 total factor productivity; 

 external demand, including global 

prices and oil production limits in OPEC+ deals; 

 global interest rate; 

 investments (for example, budget 

investments not explicitly defined in the model); 

 total demand (for example, public 

procurements); 

 inflation factor, besides the one 

described in the model (for example, changes in 

the tax rates); 

 currency exchange rates (for 

example, country-specific risks triggered by the 

geopolitical instability); 

 loan risks in the banking system. 

Table gives the model parameters and 

their values calibrated under the data from 

Rosstat
2
 and the RF Central Bank

3
, as well as the 

estimates taken from other researchers [14–20]. 

The parameter 𝛽 reveals a drawback of 

the calibration method
4
. Its value is calibrated 

closer to 1. As a result, NKPC equation shows 

a very weak inflation inertia that will be 

illustrated further in scenario simulations. This 

drawback is also manifested in a low impact of 

the interest rate on the investments. This is 

evidenced by the equation (48) connecting the 

capital return RK and the Lagrange multiplier 

𝜆2𝑡, which is further included into the 

investment equation (44). 

                                                 
2
 Natsional'nye scheta. Federal'naya sluzhba 

gosudarstvennoi statistiki [National accounts. Federal 

Service of Public Statistics]. (In Russian) Available at: 

https://www.gks.ru/accounts (accessed 17.04.2020).  
3
 Bank Rossii. Ob inflyatsii. [Bank of Russia. On inflation]. 

(In Russian) Available at: http://www.cbr.ru/dkp/about_ 

inflation/ (accessed 17.04.2020).  
4
 DeJong D., Dave C. Structural macroeconometrics. 2nd 

edition. Princeton, Princeton University Press, 2011. 418 p. 

https://www.gks.ru/accounts
http://www.cbr.ru/dkp/about_%20inflation/
http://www.cbr.ru/dkp/about_%20inflation/
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Parameters of a DSGE model 

for the economy of Russia 
 

Параметры DSGE-модели 

экономики России 

Parameters Value 

Discount rate 𝛽 = 0.996 

Consumption inertia score ℎ = 0.7 

Investment inertia score 𝜒 = 1 

Calvo parameter (inertia rate for 

domestic goods prices) 
𝜅 = 0.56 

Sensitivity of the key interest rate to 

inflation 
𝑞𝜋 = 4.40 

Sensitivity of the key interest rate to 

output gap 
𝑞𝑦 = 0.13 

Elasticity of intertemporal consumption 

substitution   
𝜎 = 0.12 

Asset depreciation rate 𝜇 = 0.3 

Capital elasticity of output 𝛼 = 0.7 

Coefficient reversed to labor supply 

elasticity 
𝜑 = 7 

Household consumption share in 

output gap 
𝑤𝐸 = 0.22 

Export share in output gap 𝑤𝐸 = 0.22 

Import share in a consumer basket 𝛿𝐹  =  0.44 

Price elasticity of the domestic 

demand 
𝜃 =  0.0786 

Price elasticity of the external demand 𝜗  =  0.0356 

Share of re-invested profit 𝜔 = 0.5 

Asset productivity in equilibrium 𝑌

𝐾
= 0.5 

Ratio of investment and consumer 

prices in equilibrium 

𝑃𝐼

𝑃𝐻

= 100 

 

Thus, a DSGE model evaluated with 

the RF statistical data can be applied to 

analyze the economic strategy, as well as to 

evaluate the impact of different recessionary 

events on the Russian economy. 

A DSGE model as an evaluation tool 

for the impact of the recessionary events on 

the economy of Russia  

e apply the developed model 

to evaluate the impact of the 

latest recessionary events 

caused by the coronavirus pandemic on the 

Russian economy. 

As a rule, calculations and impulse 

response function plotting consider an impact 

of every shock in isolation. In our case, 

different shocks affect the economy at the 

same time. Therefore, we defined single shock 

as an exogenous variable which was used in 

the equation with different coefficients. The 

following prerequisites were used as the 

multipliers: 

 a 6% decrease of the external 

demand due to the global recession and 

OPEC+ deal; 

 ruble depreciation by 15%; 

 quarantine measures in 

manufacturing, services, as well as in 

international trade due to the coronavirus 

pandemic (–2% GDP); 

 2.8 % GDP anti-recessionary 

measures (updated on 17.04.2020) with a 1 

period delay. 

Figure shows impulse response 

functions illustrating a percentage deviation of 

the model’s key variables from their 

equilibrium values. Calculations were 

performed with Dynare 4.5.7 [21]. 

Russian labour market is known to be 

characterized by significant inertia. Our 

calculations show that a shock could be 

followed by a 2% decrease in employment. 

Population income and consumption could fall 

by 15%. 

By the 2
nd

 period, the investments fall 

by 15% and return to their equilibrium in 2 

years. However, economy experiences long-

term hangover of the under-investment: it takes 

4 years for the fixed asset and 3.5 years for the 

labour productivity to gain their potential 

levels. 

Inflation could accelerate by 2 

percentage points, mainly due to the pass-

through effect from ruble depreciation. In 

contrast, the prices for the domestic goods 

could experience pressure due to consumption 

reduction.  

The maximum impact of the crisis on 

the output is seen in 3 quarters – a 7.2% fall in 

comparison with the before-crisis level. The 

impact of crisis is completely eliminated in 4 

years only. 

 

W 
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Impulse response functions for key variables (percentage deviation of the variables 

from their equilibrium values) 
 

Функции отклика для ключевых переменных (процентное отклонение  

переменных от своих равновесных значений) 

 

Let us apply the obtained evaluation of 

the crisis impacts to forecast GDP and 

inflation in Russia. 

To do this, we should keep in mind, 

that in 2020, GDP could decrease less due to 

positive GDP dynamics in the 1
st
 quarter 

(Rosstat estimates are not available), the 

trajectory of the potential economic growth 

(about 1.5%), as well as the additional 

measures of budget support and easing 

monetary policy. Our estimates for the 

economic recession in 2020 lie within the 

range from 5% to 7%. For 2021, the 

economic recovery is estimated to be within 

the range from 3% to 5%. 

Inflation forecast should take into 

account the fact that the inflation is 

significantly below its target value (4%) in the 

previous year. The model forecasted that a 

short-term inflation surge could get the 

inflation figure close to its target value. With 

these prerequisites, the Central Bank could 

continue decreasing the key interest rate 

below a neutral level to boost the consumer 

prices. 

The obtained results reveal, first of all, 

a dramatic scale of the possible recession in the 

Russian economy, which exceeds the 2015 

crisis hangover and is comparable with the 

2009 crisis. Secondly, the modeling findings 

evidence for a particular macroeconomic 

stability, in particular, the stability of the 

inflation processes in the economy of Russia. 

This differs the current situation from the 

previous recessionary episodes and makes a 

monetary stimulation from the bank of Russia 

with no outstanding inflation risks accessible. 

Conclusion 

he synthesis of the firm-

specific capital approach and 

the prerequisites for possible 

investments sourced from the firm’s own 
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resources in a DSGE model are the main 

theoretical outcome and the novelty of the 

research. This version of a DSGE model 

looks at low and negative interest rates at a 

different angle. As own assets are 

accumulated, a firm could experience a lower 

need in bank loans from large companies. 

What is more, these financial resources could 

compete with the bank loans, which decreases 

the interest rates. Equilibrium interest rates in 

DSGE models similar to the one described in 

this article are planned to be analyzed in 

further research. 

A DSGE model is adjusted to the 

Russian realia and applied to project the 

trends in the national economy under the 

crisis caused by the coronavirus pandemic, 

which is seen to be the practical value of the 

research. 

This model could be developed further 

into the specification of sector blocks and 

adding new elements. For example, the 

households could be divided into the Ricardian 

and non-Ricardian ones, the real sector could 

be divided by mining, manufacturing and 

investment goods producers. The model could 

also include the budget block which accounts 

for the impact of the taxes and public 

expenditures. Upon price setting modeling, an 

effect of the budget rule could be specified at 

the currency market. Finally, instead of 

calibration, the model parameters could be 

estimated by the Bayesian methods. All in all, 

this enhances the quality of a DSGE model as 

a predictive tool for making the political and 

managerial decisions. 
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