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Abstract

The paper presents a DSGE model (type: KANK) that allows using information on the
heterogeneity of households, sectors and regions. We demonstrate how this model can be used
for the purposes of regional macroeconomic analysis aimed at supporting the decision on
monetary policy. The model is estimated using the Bayesian method on aggregated series of
Russia, the Volga-Vyatka macroregion and foreign economy for the period 2014-2025. We
demonstrate that in the presented version of the model, the role of shocks responsible for
explaining heterogeneity is small. The contribution of such shocks to the dynamics of aggregated
macroeconomic variables does not exceed 5%.

Keywords: DSGE, KANK, monetary policy, regional heterogeneity, sector heterogeneity,
non-Ricardian households
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Introduction

Dynamic stochastic general equilibrium (DSGE) models have firmly established their
niche in the structural analysis of monetary policy. Monetary policy operates with an aggregate
instrument to achieve aggregate goals, so the simplest DSGE model assumes homogeneity
among households and firms and does not take geography into account. Is it necessary to
complicate the model structure? Undoubtedly, if we want to better understand the country’s
business cycle. Heterogeneous elements allow for a more accurate description of shock
transmission mechanisms in the model and more precise identification of the shocks themselves,
thereby improving the quality of structural macroeconomic analysis.

We develop, evaluate, and analyse a DSGE model for monetary policy analysis, with a
primary focus on the use of information about three types of heterogeneity. The first type is
related to households’ access to the financial market. Following the tradition of new Keynesian
models with two types of agents (TANK models: see, for example, Gali et al., 2007), we assume
that some of the agents are limited in their use of financial market instruments to optimise their
consumption trajectory over time. Second, we assume that households and firms are
geographically separated into non-identical regions. Regions vary in size, sector structure,
demographic parameters, and firm pricing characteristics. Third, we assume that there is sectoral
heterogeneity related both to the ability of firms in the sector to export goods and, consequently,
to their response to external shocks and exchange rates, and to the characteristics of competition
and pricing in the sectors.

The developed model has a practical aspect: it is designed for use in medium-term
forecasting of inflation, GDP and other macro variables for one of the regional divisions of the
Bank of Russia: the Volga-Vyatka Main Branch (VVMB) of the Bank of Russial for
participation in preliminary meetings of the Board of Directors (BoD) of the Bank of Russia.
Further, we analyse the model’s parameterisation specifically using its application for regional
macroeconomic analysis purposes (in a two-region mode).

The practical orientation of the model under development means that it should accurately
reproduce the main features of the business cycle of a small open export-oriented economy under
conditions of restrictions on international capital flows. The model must also have the necessary
properties for conducting structural analysis of business cycle sources and constructing
conditional forecasts of macro variables. The emphasis on heterogeneity is placed, on the one
hand, in order to be able to use additional sources of agent, regional and sectoral information to
improve the quality of macroeconomic analysis. On the other hand, to use the model to analyse
monetary policy, taking into account the state of the regional business cycle.

We take a conservative approach to interpreting the issue of heterogeneity, and first of all,
proceed from the assumption that heterogeneity in itself is not a problem that monetary
authorities must solve. Second, we do not experiment with various measures of heterogeneity
that could be considered useful indicators for monetary policy purposes. In our work,
heterogeneity is an opportunity for monetary authorities to take new information into account for
more accurate identification of the business cycle and better conditional forecasting. At the same
time, we do not rule out that taking into account heterogeneity in the style of Benigno (2004) and

1 The regional structure of the Bank of Russia includes seven Main Branches (MB): North-Western MB, MB for the
Central Federal District, Southern MB, Volga-Vyatka MB, Ural MB, Siberian MB, and Far Eastern MB.
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Gelfer (2024)? could improve the quality of stabilisation monetary policy, but we leave further
development of this topic for the future.

The inclusion of heterogeneous elements in DSGE models (households, firms, regions,
markets, investors, banks, etc.) is a fairly standard practice, both for various research settings and
for the purposes of applied macroeconomic analysis. We see the contribution of this work to the
subject, first of all, in bringing together three types of heterogeneity into a single theoretical
fragment at the same time. To achieve this, the model provides for interaction between
heterogeneous elements, implemented using several channels through which spill-over effects
are realised. The first channel is the goods market, where goods produced in different sectors and
regions compete with each other for buyers. The second channel is the labour market, where
firms from different sectors and regions compete for different types of labour resources from
different regions. Both channels lead to positive connectivity of prices in regional and sectoral
terms. Variables that are determined at the national level, such as the key rate and foreign
exchange rates, also lead to the interconnection of various heterogeneous elements, creating a
third channel for spills-over effects. Second, in our work, we propose a strategy for evaluating
such a model based on available information about three types of heterogeneity. In particular, in
the Bayesian estimation of model parameters, we justify constraints on shock variances that
allow for the assessment of common shocks along with shocks responsible for the emergence of
heterogeneity. Finally, in our work, we calculate the contribution of shocks responsible for
explaining heterogeneity in the decomposition of historical Russian macroeconomic series
(quarterly frequency) into structural shocks, and demonstrate their contribution to the variance of
the forecast of key macroeconomic variables.

The model belongs to the class of regional macroeconomic general equilibrium models.
Several semi-structural models with similar applications were developed by researchers for
several macroregions (MR) of Russia: Nelyubina (2021) for the Central Federal District,
Kryzhanovsky, Zykov (2022) for the Ural MR, Zhurakovsky et al. (2024) for the Far Eastern
MR. Unlike the above-mentioned studies, we use the DSGE methodology to assess the business
cycle of the Volga-Vyatka MR (VVMR), which allows us to introduce more diverse micro-based
interregional spill-over effects into the model.

In terms of methodology, we use a KANK-type DSGE model (k-agent New Keynesian
model: see, for example, Eskelinen, 2021) with the only modification being that heterogeneity
applies not only to k groups of households, but also to regions and sectors. A more fundamental
approach is considered to be the study of heterogeneity using models with heterogeneous agents
(such as HANK: see, for example, Kaplan et al, 2018), in which it is possible to assign unique
characteristics to each agent. On the one hand, we do not use this analysis technology because
the basic model and its parameterised version with three types of heterogeneity are intended to
solve applied tasks.® On the other hand, we proceed from the fact that the main results of HANK
models can be reproduced using KANK technology (see, for example, Debortoli, Gali, 2017;
Bilbiie, 2020).

We conducted a Bayesian assessment of model parameters for the Russian Federation over
the historical period from 2014 to 2025. We limited the set of information on heterogeneous
elements to series typical for regional macroeconomic analysis: five series characterising the

2 These include information about heterogeneous elements in the monetary policy rule.
3 This imposes certain operational constraints on the model, which at this stage do not allow for the use of HANK
model analysis technology.
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Volga-Vyatka MR;* a series on consumption by low-income households; three series
characterising two sectors of the Russian Federation: services (prices and volumes) and
extraction (volumes). An important feature of the assessment is the use of permanent shocks
designed to reflect the impact of structural changes in the Russian economy on the business
cycle. Following Aguiar and Gopinath (2007), we note the significant contribution of permanent
shocks not only to the low-frequency but also to the high-frequency dynamics of variables (the
‘trend generates cycle’ principle). We have incorporated a structural view of the long-term
dynamics of the Russian economy into our assessment: the assessment of long-term GDP growth
rates, wages, consumption, labour force, and the assessment of the neutral rate are carried out in
conjunction with a Bayesian assessment of the model’s deep parameters.

We found that only a small share of the forecast variance of inflation (3—3.5%) and output
(3.5-4%) in the Russian Federation is associated with shocks that we were able to associate with
heterogeneity shocks. This estimate turned out to be lower than that of Deryugina et al. (2019).
In addition to the fact that a different methodology was used for the assessment, the main
explanation is that the selected historical interval of 2016-2025 was dominated by general and
external shocks: during the Covid-19 pandemic, these were general plus external shocks to
supply and demand; and the period 2022-2025 was dominated by general shocks to demand,
supply, the public sector, the labour market and the trade balance. External financial market
shocks of the supply of oil and materials (resources) also had a significant impact throughout the
historical range. Against the backdrop of such strong disturbances, the share of heterogeneous
shocks turns out to be small. The second explanation for the insignificant contribution of
heterogeneity shocks to the forecast of aggregate series is that the assessment used limited
information about the heterogeneity of the Russian economy.® To obtain a more realistic estimate
of the contribution of heterogeneity shocks, it is necessary to use a complete set of regional and
sectoral information.

The work consists of four parts. In the first part, we describe the DSGE model with three
types of heterogeneity. In the second part, the parameterisation of the model is carried out. The
third part is devoted to testing the adequacy of the estimated model. In the fourth part, we
conduct several useful exercises with the model and also identify the contribution of
heterogeneity to the variance of macro variables.

Model

Let us consider a small open economy (see Fig. 1), consisting of N,. regions (index ). In
each region, there is sectoral differentiation of firms (N,, sectors with index m). In general,
sectors differ in terms of the cost of transporting goods to another region or country (tradable and
non-tradable), as well as in terms of pricing principles and types of competition. In the version of
the model used for parameterisation, domestic firms produce tradable (7)) and non-tradable (N)
goods, utility services (S) and oil (0). All non-tradable goods and utility services produced in
each region are consumed within that region. Tradable goods (H) produced in region r are partly
consumed within that region (C,..y), partly consumed in other regions of the country q (Cyqn),
and partly exported abroad (X,.;). All produced oil is exported (X,).

4 The Volga-Vyatka macroregion consists of 11 constituent territories of the Russian Federation representing
approximately 13% of the Russian population, producing about 10% of Russia’s GDP, and having an economic
structure quite similar to that of Russia as a whole, with an emphasis on the machine-building industry.
5 In this, our calculation differs significantly from the approach of Deryugina et al. (2019), which used a full set of
regional and sectoral data on prices.
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The imports of each region of the domestic economy consist of two parts. The first part
includes imports of homogeneous goods, which domestic importing firms (F) transform into
differentiated final goods and sell on the monopolistically competitive market (Y,.z). The second
part consists of imports of homogeneous materials (resources), which domestic packaging firms
(R) transform into differentiated intermediate goods and sell to domestic manufacturing firms in
all sectors. The Cobb-Douglas type production function of all sectors includes: aggregate labour
(L,), capital (K,.), and materials (resources R,.). The diagram (Fig. 1) does not show the flows of
materials from households to firms in each region and back in the form of profits: these are
standard, and the diagram focuses on the geographical aspect of interaction between agents.

Non-tradable (N,), tradable (H, and F,.), goods, including exportable goods X,., as well as
intermediate goods (R,), are sold on monopolistically competitive markets according to the
Calvo pricing model (1983) with indexation to previous CPI inflation. All markets use the
principle of local currency pricing (LCP). Prices in the oil industry depend on international oil
prices, taking into account the degree of government regulation (stabilisation at a steady level).
Prices in the utility services sector are also regulated by the state, for which we determine the
dynamics of relative prices in sector S of region r (in relation to the CPI of its region) as a first-
order autoregression process.

Households of each region are divided into N; groups (index j). We divide all households
into two types: Ricardian (n) and non-Ricardian (h) households.® In the parameterised version of
the model, each type of households corresponds to one group. Households offer their
differentiated services in the labour markets of all regions. The labour of each group of
households j from each region r is an imperfect substitute for the labour of households of the
same group j from another region q # r. Wages for each group of households in each region are
set according to the Calvo model with indexation to the previous inflation of their region. Firms
in region r of sector m solve the cost minimisation problem by determining their demand for
labour for each group of households j. As a result, monopolistic competition occurs in the labour
market between different groups in the labour markets of each region, provided that there is an
optimal distribution of labour demand among different groups, which is generated by firms in all
industries in all regions.

The model introduces two channels of regional spill-over effects: through the goods market
and the labour market. The flow of tradable goods between regions creates a spill-over effect
through the goods market. This effect creates a positive correlation between regional prices. At
the same time, the correlation of regional outputs will depend on which regional shock caused
the price increase in one region. For example, a positive shock in demand for goods in one
region results in increased demand in another region and creates a positive correlation between
regional output. Conversely, a positive supply shock of goods in one region will lead to a
decrease in demand in another region and will shift the correlation of GRP of regions into the
negative area.

The flow of labour resources between regions creates a positive correlation between
regional wages. If wage growth is linked to increased economic activity (aggregate demand and
supply shocks), then the effect of this channel will be similar to the effect through the goods
market. However, if wage growth is the result of labour market shocks, then labour market
shocks in one region (formally aggregate supply shocks) lead to a transfer of labour resources

® From the English term ‘hand-to-mouth’ (k), denoting such a type of existence of an individual or household, when
money is only enough for food.
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between regions, and as a result, a negative correlation between the GRP of regions. The strength
of each of the spill-over effects is specified in the model using a parameter that determines the
‘regional bias’ of demand in favour of goods (labour) from its own region. In the extreme case,
when firms prefer goods (labour) exclusively from their own region, spill-over effects disappear.
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Similar to regional spill-over effects, sectoral spill-over effects spread through the goods
market and labour market channels due to competition effects: shocks occurring in one sector
affect supply and demand in other sectors, creating inter-sectoral correlation between prices and
volumes. Finally, competition in the labour market creates spill-over effects at the household
level.

Another channel for spill-over effects arises from the fact that shocks occurring in one
region or sector lead to changes in aggregate variables that determine the functioning of other
regions or sectors. For example, increased demand in one region (sector) leads to higher prices
across the country and prompts monetary authorities to raise interest rates, which reduces
demand in other regions (sectors).

Traditionally, investment adjustment costs (a quadratic function that does not affect the
stationary state) are introduced for production functions with capital.

The foreign economy is modelled using the New Keynesian closed economy model. The
Cobb-Douglas type production function includes labour, as well as materials (R*) and oil (0*).
Symmetrically included in the production function for the foreign economy, R* and O* have
different effects on the domestic economy. An increase in international prices for domestic
exports (0*) leads to a strengthening of the national currency, growth in consumption and
income, and a reduction in inflation and interest rates. An increase in international prices for
domestic imports (R*) leads to the exact opposite consequences. At the same time, external
shocks unrelated to supply of R* and O*, which symmetrically affect their prices, will have a
negligible impact on the domestic economy through the balance of payments channel (the effects
arising from changes in oil and resource prices will largely offset each other). Foreign economy
variables are invariant to the dynamics of the domestic economy.

We incorporate adjustment costs for the volume of foreign assets/debts into the model, as
well as costs arising from deviations of foreign assets/debts from their long-term levels. As a
result of the non-instantaneous adjustment of the financial account, deviations from the
uncovered interest parity will arise, depending on fluctuations in the trade balance.
Consequently, fluctuations in exports and imports, in addition to their direct effect on aggregate
demand from domestic firms, create an opposite effect on demand through the exchange rate
channel. For example, if demand shocks cause exports to grow while imports remain constant,
the domestic currency will strengthen, which will have the effect on aggregate demand opposite
to that of the initial shock. Similarly, a demand shock for imports will weaken the national
currency and support demand for domestic goods. Thus, the exchange rate in a floating regime
performs the traditional role of an automatic stabiliser.

All financial markets are incomplete. We introduce ad hoc risk premium functions, whose
role is to explain the discrepancies between observed interest rates and to ensure the uniqueness
and stability of the model solution.

The government manages public spending G, by purchasing public goods on the open
market. The government collects payroll taxes at flat rate T and also issues lump-sum transfers to
households of type h, taking funds in the form of lump-sum taxes from wealthier households of
type n. The budget deficit is financed by issuing securities, which are evenly distributed among
all households of type n. Fiscal stability is achieved through positive feedback of government
spending with the accumulated volume of public debt.

The central bank manages the key rate, which follows the Taylor rule with inertia and a
focus on expected annual inflation three quarters ahead. The key rate sets the level of all other

11



rates in the economy, accurate to the risk premium functions. Spill-over effects through regional
financial markets are ignored.

Households
Let us assume that in each region r there are N; groups of households (group index j).

Within each group, households are homogeneous. Household utility function:

Urjt = Z(s)';o ﬁsexp(uﬁ’rt+s + uﬁjt+s + uﬁt+s)Arjt+s (l)

where f is a subjective discount; ug,., ug;; and ug.are AR(1) processes defining
intertemporal preferences at the level of the region, household group, and the country as a whole,
respectively:

Upre = PprUpre-1 + Epres Ppr € [0,1] (29)
Upje = Ppjupje-1 T Epjt pp; € [0,1] (2b)
Ugr = pglUpe-1 + Ept, pp €[0,1] (2c)

where e, €35 and &g, are intertemporal preference shocks;’ Pgr. Pg; and pg are the
corresponding autoregressive coefficients of intertemporal preference shocks; A, is the

instantaneous utility function, which for households h/h8 takes the form:
Crittymy _pCrit=1v1-6 1y

Arjeln/h) = B Ml HIEC ©)

where C..j.(h/h) is consumption of households h/h of group j of region r; N is number of
workers belonging to one household; L, ;; is hours worked by one worker of this household; o is
the parameter inverse to the elasticity of intertemporal substitution of consumption; x is the
value inverse to the elasticity of labour supply according to Frisch; h is the parameter of external
consumption habits.

All household groups are divided into two types: n — Ricardian households; h — non-
Ricardian households. The parameters of the utility function are assumed to be the same for both
types of households and for all regions of the domestic economy.

Households of type n in each region make decisions regarding consumption and savings,
demand/supply of borrowed funds in domestic and foreign currency, labour supply in each
region, pricing of firms they own, investments in firms’ capital.

The budget constraint of the household of type n in region r:

% L% . 1
PcrtCrnt + TOrnt + St rnt—l(l + lrnt—l) + Brnt—l(l + Lrnt—l) + —Brt +

(1-2rn)
¥4 1 N
StPt Ad]B*t = (1 - T)WrntNtLrnt + m{2m=1 (Prmtyrmt - Wrthtert - Pcrtlrmt -
-1 * * * )% * .
o SePaePi Reme ) + (Pre = SIMCE P Yrge + (ScPive = Pend) Xymst + Breoa (14 i)} +
St :nt + Brnt (4)

where P_,.. is CPI of the region; Ty, IS lump-sum taxes on households; S; is the foreign
currency exchange rate; By, is household debts in foreign currency; i;,; is household borrowing
rate abroad; B,; is household debts in domestic currency; i, is household borrowing rate in

7 Hereinafter, a shock is defined as a random process with zero expected mean and non-zero variance, which is used
to introduce exogenous factors that determine the dynamics of the system. All shocks in the model relate either to
the region (index r), or households (index j), or sector (index m), or type of goods (index k), or the country as a
whole (without an additional index), or the foreign economy (with an asterisk x*).
8 In all formulas, where appropriate, we omit the household and firm index if all elements of this type are
homogeneous
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domestic currency; B, is the volume of government-issued bonds; A, is the share of households
of type h in region r; Adjg-; is the real adjustment costs of foreign debts; W,.,; is nominal wages
of households of type n; L, is hours worked by households of type n; P, is the price of
goods in sector m; Y,.,,; is the production volume of sector m; W,,,; is nominal wages in sector
m; Ly 1S the volume of labour employed in sector m; I,,,; IS investments in sector m; Py, IS
the real price of materials on the external market; P/ is foreign CPI; R, is the volume of
materials used in sector m; P, is the price of imported goods; MC; is the real marginal costs of
producing imported goods; Y,z is the volume of consumption of imported goods; Py, is the
price of domestic tradable goods for the foreign market (in units of foreign currency); X,yg: IS
the volume of exports of tradable goods; i, is the yield of government bonds.

Households of type h in each region consume all their [labour] income after paying taxes
and receiving transfers, and also choose the labour supply in each region. Budget constraint for
households of type h:

PereCrne + Torne = (1 = D)Wyt NeLype (5).

Financial market

The paper uses an incomplete financial market approach: all functions determining the
difference in financial asset returns are set ad hoc. Households of type n have three types of
financial assets on their balance sheet. Two financial assets in domestic currency: government
bonds and direct borrowing/investment with the Central Bank are absolute substitutes, so we
assume that to optimise consumption over time, households can use two financial instruments: in
domestic currency with a return of i,.,,, and in foreign currency with a return of iy,;.

We model the liquid domestic financial instrument in a simplified manner, assuming that
the Central Bank sets the key rate i,,, and the borrowing/investment rate for households in
different regions may differ from i,, by the amount of the risk premium rp,,,;:

lrnte = Ut + TDrne (6)

The risk premium for households of group j € n in region r is set by an ad hoc function
based on their accumulated assets A,,,; compared to the similar indicator of this group for the
country as a whole A4,,;:

— Arnt_l‘frn Ant_f‘in
TDrnt = —wi{ . } F U + Wije + Ui, (7)

where y; > 0 is semi-elasticity of the risk premium by asset volume; A,.,,; is the volume of
real assets (+)/debts (-) of households of region r; A, is the volume of real assets (+) / debts (-)
of the country’s households as a whole; A4,,, is variables with an overline denote stationary
values of the variables; u;,¢, u;;r and u;, are AR(1) processes:

Uirt = PirUirt—1 T Eirts Pir € [O' 1] (83.)
Uije = PijUije—1 T Eijes pij € [0,1] (8b)
Ui = Pillir—1 + Eig, pi € [0,1] (8c)

where &, & and g, are credit rate shocks of households; p;., p;; and p; are the
corresponding autoregression coefficients of credit rate shocks.
Real assets of households:

1 Br¢ _ Brnt _ Pet B;nt 9
~Ayn) P P tpere P} ©)
(1=2rR) Pere crt crt It

Arne =
where Q; = iﬁi is the real foreign currency exchange rate; P.; is the country’s CPI level.
ct
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The risk premium response to household assets in region r ensures the stability of the
solution for the multi-regional model, preventing excessive accumulation/borrowing of assets in
region r (for other solutions to a similar problem, see Schmitt-Grohe and Uribe, 2003).°

In operations with foreign debts/assets B,,,; households incur adjustment costs Adjg+;. We
assume that the costs are related both to the deviation from the stationary level B, — B}y,
(justification in the style of Gabaix, Maggiory, 2015), and to the magnitude of the increase

rnt — Brnt—1 (Justification — transaction costs associated with the volume of purchase/sale of
foreign securities):

w B;nt_l;;n 1[} B;nt_B;nt—l
. * P: * p* P*_ —
Adjpe = {72 ()7 + A (Fp ) b, (10)

where g+ and Y, - are parameters of the cost function related to the deviation of the

B . . T . Brnt—
current level of real debts ;—’” from its stationary level by, and from the previous level ;"—“
t t—1

respectively.
The delayed adjustment of foreign financial assets/debts leads to a differential in interest

rates between the domestic and foreign economies, i.e. to a deviation from the condition of
uncovered interest rate parity. The magnitude of the interest rate differential turns out to be a
- EtB;”Ejl_B;" deviations of

™m ™m ™

: B ne—B; Bint_1-Bi
function of the current % past % and expected future

the level of foreign debts from its stationary level (see the condition for optimising consumption
of households using foreign assets).

The interest rate at which households can borrow abroad depends on the foreign policy rate
i, introduced above the risk premium rp,,, and the external borrowing shock .

lrne = it + TDppe + Urpt (11)
where u,,, is the AR(1) process:
urpt = prpurpt—l + Erpt’ prp € [Or 1] (12)

where &,.,. is the shock of foreign borrowing/investment rates for households; p,,, is the
autoregression coefficient of shocks ;..

We assume that government securities B,, are absolute substitutes for direct
borrowing/investment at the rate i,.,,;, therefore the yield on government securities:

et = lrnt (13)

The adjustment of the volume of assets of households to their consumer behaviour within
the business cycle occurs due to the volume of foreign debt B;,;. The ability to purchase
domestic assets is limited by the supply of securities from the government and the supply of
liquidity from the domestic financial market, which we set through the condition on the
aggregated volume of domestic loans/borrowings of households from the Central Bank:

Bne = ppBnt-1 + €pe (14)

where &g, is the shock of the volume of domestic borrowings/investments of households;
pg IS the autoregression coefficient of shocks &g;.

° Assets are normalised by the amount of stationary consumption C,,,, rather than the assets themselves A,,,, solely
for the convenience of perceiving the coefficient 1; > 0, since 4,,, < 0.
14



Optimisation of household consumption
The first-order condition for the dynamics of consumption of type j € n households, using
domestic financial assets:

(I+irje) exp(Upre+1tUpje+1tUpe+1) Ni ACTjt+1} .
E { =1, En 15
ﬁad} El@+meress) exp(ugret+uge) Nev1 Acrje J (15)
0N, Cri Crit— . . .- .
where Agyip = —2 = (=L — h=2=)79 is the marginal utility from additional
J 0Crjt Nt Ne—1q
. . . Pert—Pert—1 - . . .
consumption of type n households in region r; m.; = % is the consumer price inflation
crt—1

rate; Bqq; is the adjusted discount factor:
Baaj = Bexp(—n — a(gy —n)), (16)
where gy and n are the long-term growth rates of output and labour resources,
respectively.
The adjusted discount factor determines the level of the equilibrium (neutral) real rate:
= ledi (17)

Baaj

The discount factor (17) reflects three reasons why people value the present more than the
future: a) subjective discount in utility 8 < 1; b) decrease in the marginal utility of consumption
A with a positive growth rate of output per capita (consumption per capita) gy — gy > 0; C)
decrease in the volume of assets/debts per person with a long-term increase in labour resources
gn > 0.

Condition (15) determines the optimal consumption trajectory of households. A decrease in
the real interest rate, an increase in expected future consumption, and a positive preference shock
stimulate an increase in household consumption in the current period.

The first-order condition for the dynamics of consumption of type j € n households, using
foreign financial assets, determines the interest rate differential between two countries. We
derive this condition, taking into account adjustment costs (10) and condition (15):

Brjes Brje
14 WA*B* P;_'_l* P;
E (1+irjt) St - (1+lrjt) brj 18
Ela+is;,) Seen) O E B B, (18)
rjt/ 2t+1 rjt rjt—1

P* P*
t . t-1
k1+7~l}B*_(7~l)B*+¢AB*) 7 tVap 7 }
Tj Tj

Condition (18) can be rewritten in the style of Gabaix, Maggiori (2015): expressing the
dynamics of real foreign debts as a function of the interest rate differential:

Brjt - Byjer1 Brje Byjt—1 Brjt
Py 7 W¥apt_ 1 Pryn Py V¥apt Pra Pp _ 1 {i o EtSt+1_St} (19)
by; Ypr (1+1)) by; Yp+ by Ype LTI T St
where o isa parameter similar to ‘risk-taking ability’ a la Gabaix, Maggiori.
B*

Condition (19) demonstrates the role of two types of adjustment costs in (10). The
parameter - is responsible for how strongly the debts of households B; react to the emerging

interest rate differential. The parameter Y 5+ determines how quickly foreign debts will adjust to
1 (. . EtSt+1-St
w_B*{lrjt —lrjt ;—;}
Since the dynamics of foreign debts are related to the country’s trade balance, conditions
(18-19) can be interpreted as the exchange rate’s response to the trade balance. The higher the

Yp+, the more strongly the exchange rate will react to the trade balance surplus, and
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consequently, the more strongly export and import shocks will affect the exchange rate and
inflation through the exchange rate channel.

Households of type h do not optimise their consumption trajectory, as they do not have the
tools to do so. They consume their current labour income, taking into account taxes and
transfers.

Household choice between types of goods
Households of group j in region r consume domestic tradable C,;;, non-tradable C,yq,

utility services C,sj., and foreign tradable goods C,r;;, aggregating them using CES technology:
1—5C

1-8¢ 1

(ert)T = Ykeun,s Ak (1 + e + Zkt)]%(crkjt)T, (20)

where A, is the stationary share of each type of goods in the basket; Y xeun 5,5} Ark = 1
&c is the elasticity of substitution between different types of goods; uy; is the temporary shock of
the share of demand (preferences) for good k in the basket; z;, is the permanent shock of the
demand share for good k in the basket. The constraint on preference shocks is the condition of
equality of the sum of the shares of all goods, taking into account shocks, that is:

ke N5 AricUie = 0 (21a)

Yke(HN,s,Fy A Zie = 0 (21b)

Shocks of two types, u; and z,, are intended to explain part of the fluctuations in relative
output volumes of sectors (sectoral heterogeneity) due to relative demand shocks: those that do
not directly affect aggregate demand.

To explain the observed dynamics of imports and production of non-tradable goods, we
introduce: temporary and permanent shocks to import preferences u;; and z;,:, as well as a
temporary shock to consumption preferences for non-tradable good ug,y:. To satisfy the
requirement (21a, b) these preference shocks must meet the condition:

[
1-2ArN
UFrt

/1rF
Unt | 1-Arp Urmt
= 2 3 (22a)
Ust __MF __MN Ugne
th 1-Arr 1-2ArN
_ ArF _ /1rN
1-App 1-ArN
et
ZNt —/ArF
7 =|__MF_|Zimt (22b)
ZHt ArF
L 1-2,p

where u;,, and ugy, are AR(1) processes; zpy, is a component of permanent shocks® to
the demand for imported goods that is close to 1(1) (hereafter quasi-1(1)):

Uimt = PiMUime—1 T Erme pm € [0,1] (22c)

10 For all shocks that we refer to as permanent in this work, we assume that their dynamics are close to a random
walk 1(1), but formally are a converging AR1 process with an autoregression coefficient of 0.9999. This practically
does not change the form of the response to such shocks compared to a random walk process, but simplifies the
standard procedure of eliminating unit roots, which in a model with such a number of variables and permanent
shocks is practically inapplicable for the necessary manipulations with the model. The price for such simplification
is a reduction in the accuracy of the model with significant deviations from the initial stationary state under the
influence of permanent shocks (linearisation error around the initial stationary point).
16



Ugnt = PanUane—1 T Eant pim € [0,1] (22d)

Zive = 0.99992;010-1 + Vimes (22e)

where &, and g4y, are the corresponding temporary preference shocks; vy, is the
permanent import shock.

The first-order conditions for the problem of optimal distribution of household

consumption among types of goods require:

Prit _8C
Crie = Ak (1 + i + 210 (522) " G, k € {H,N, S, F} (23)
where the consumer price index of the region is:
(Pere) % = Ykernsmy Ak (1 + Upe + Zie) (Pryee)0¢ (24)

Households of group j in region r consume domestic tradable goods H produced in all

regions of the domestic economy:
1—5R 1—(5R

1
(CrHjt)W = Zq Arqg(crqut) °r (25)
where A, is the share of tradable domestic goods produced in region r in the total
consumption of these goods in region q; ¥, 4,4 = 1 Cqpyj¢ is the consumption by households of
group j in region g of tradable domestic goods H produced in region r; 8y is the elasticity of
substitution between tradable domestic goods from different regions.
The first-order condition for the problem of optimal distribution by the household of group
j of consumption of tradable domestic goods between regions:
-8g
erHjt = Arq (PrHSt) Cquta (26)

Pth

where P,y is the producer price of tradable goods in region r; Pyy, is the aggregated
price of tradable domestic goods in region q:

(Pth)l_SR =2r Arg (PrHst)l_sR (27)

To prevent the number of parameters from growing quadratically with the number of
regions, we will link the shares A,., with the shares of regional GRP in the total GRP A, in the
spirit of the gravity model of trade:

Arg = Ay Q r#q (28a)

Agg = 1= (1= A, (28Db)

where Q € [0, 1] is the parameter of regional bias in consumption. If Q — 1, the regional
bias disappears, and the structure of consumption of tradable domestic goods in all regions
becomes the same, corresponding to the shares Ay, of the regions in the total GRP. If Q — 0,
then interregional trade disappears, and households consume goods of type H produced in their
own region. In all intermediate cases Q goods H from other regions are present in the
consumption basket, but the weight in the basket of goods from their own region will be greater
than the share of the GRP of that region in the total sum.

Labour market

In the labour market, we assume the mobility of labour resources both between sectors of
one region and between different regions. Each household allocates its labour resources between
sectors m and regions r. Firms hire households from different groups j and different regions r.
Thus, the labour market creates spill-over effects associated with competition for all types of
heterogeneity.
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Households of one group j and one region r interact in the monopolistically competitive
market, setting wages according to the Calvo model with indexing to the previous inflation of
their region. The task of distributing labour demand between different regions and different types
is solved by firms based on their contribution to aggregates.

Labour supply
We assume that each household possesses unique skills that make it a monopolistic
competitor in the labour market. Firms aggregate the supply of households (index i € [0, 1]) of

group j for each sector m of each region r using CES technology:
L

pL-1 or—1

Lemge = |y Wrmie @] 72| 29)

where ¢, is the elasticity of substitution between the labour of households of one group in
one region.

By solving the cost minimisation problem to hire L,.,;; units of labour, we can obtain the
condition for labour demand by household i of group j in sector m:

L) = (B2 0) ™, (30)

jt Wrmjt rmjts
where the aggregated wage Wy, j; is:

Wrmge = | fy Wempe @]~ " ai]=* (31)

The wages of households of group j from region r are set according to the Calvo (1983)
model with indexing to the previous inflation of their region, the same for all sectors and regions.
The household i has the opportunity to adjust the wage to the optimal W7, in the current period
with a probability of 1 — 6y,,.;, and with a probability of 8,,,; indexes its previous wage to the
inflation in region r in the previous period: Wy.j;_ (1 + m¢r—1)*"™, Where xy, is the degree of
indexing.

Then the dynamics of the aggregate real wage index set by households of group j is:

1
. ) 1-¢ o \1=0w\1-¢y,
Prie — <9er ((1+nm_1)XW Wm_l) " + (1= Oyr)) (Wm> ) (32)

Pert (1+7ere) Pert—1 Pert

The task of households is to maximise the infinite sum of the form:

0 N
rvrl}gx Et Zs:O(.BBer) exp(uﬁrHs + UBjt+s + uﬁt+s)Arjt+s|
rjt

under constraint (30).

The solution to this problem can be represented as a system of forward-looking difference
equations:

o
Weie @1 Jwrjt

(33)

o
ert

Pt 911 Nwrse exp(Uwre + Uwje + Uwe + Zwe), (34)

where uy¢, Uy ;e and uy, are AR(1) processes; zy,, is the quasi-1(1) component of the
permanent shock of monopolistic markup in wages:

Uwre = Pwrlwre-1 T Ewrt Pur € [0,1] (352)
Uwjt = Pwjlwijt-1 T Ewjt pw; € [0,1] (35b)
Uyt = Pwlwe-1 t Ewe, pw € [0,1] (35¢)
Zye = 0.9999z,:_1 + vy, (36)
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where ey, ewje and gy, stand for the shock of monopolistic markup in wages of
households of region r, group j and overall; vy, is the permanent shock of monopolistic markup
in wages; auxiliary forward-looking variables Jy,,;; and Ny
Wy PL A rj
Jwrjt = eXp(uﬁrt + ugje + uﬁ’t)Lrjt (?T]tt) —=
1+7cy L
BaajOwriE: [(m) ]ert+1] (37)
Wit PL
Nyrje = exp(uﬁrt + ugje + uﬁt)Lrjt (?T]:) Acrje +
1+ o1
BaaiOurriBe | (st )™ Mugygens|  (39)
where A, = —Ly;, is the negative marginal utility from an additional unit of labour
effort.
Equations (34), (37)—(38) describe the process of adjusting the labour market to the

optimal frictionless labour supply, which corresponds to the optimisation condition of the utility
function (1) under the constraint (4)-(5):

Wrj o i _ope o — )&
P~ ey (@ —R)50)° (39)

1-1

Selection of households of group j from region r is unified for all sectors and regions
where these households offer their labour services.

The labour supply of households of group j from region r is distributed across regions g
and sectors m:

Lrjt = Zq Zm qumjt’ (40)

where L,.q . is the labour of households of group j from region r in sector m of region q.

Demand for labour

The total demand for labour for a firm in sector m of region r L, is formed based on the
marginal product of labour in competition with other production factors: capital K,,,; and
materials R,,,; (see ‘Firms’ section). In order to form the aggregate L,,,; Of the firm, the first
step is to solve the problem of optimal demand for labour from different regions Lg;., ;. and the
aggregation of labour L,,;, from interregional flows Lg,,;. for Vs. In the second step, the
optimal demand for labour of households of group j is determined, and the task of aggregating
labour L, from L, . is solved. Both steps are associated with aggregation based on the CES
function.

In the first step, we will obtain aggregated (from interregional flows) labour for each

household group j in sector m in region r:
SLR

L 6LR_1 SLR—l
erjt = {Zq(Yqumj)sLR(Aq/lquqrmjt) SLR } ) (41)

where yy4rmj IS @ parameter characterising the share of households of group j from region
q in sector m of region r; ¥.q Ywqermj = 1, 8.z is the elasticity of substitution between labour of
one group of households from different regions; A, is the share of the population of region r in
the population of the whole country; 4, is the share of households of group j in the total number

of households in region r.
As with the interregional goods market, we will reduce the number of interregional labour
market parameters by introducing a regional shift parameter in the labour market Q; € [0, 1],
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which, like the similar indicator Q, will characterise the share of households in their region in the
labour supply. At Q; — 1, the share of households of group j in region r in the labour markets of
all regions will be the same. Q; — 0 in the market of each region, only households from that
region will work. In all intermediate cases, the share of households in the labour market of their
region will be higher than their share in the country as a whole.*

The optimal demand for labour of household group j in region g, firms in sector m from
region r:

-4
WTjt ) LR

Wamje

Lqmjtr (42)

where the aggregated wage Wy, j. is:

ArAerrqmjt = Ywrqmj (

1
Wrmjt = {Zq Vquijqjtl_aLR}l_aLR (43)
In the second step, we will collect the aggregate for sector m of region r:
L (5L—1 %
ert = {Zj()/Wrmj)aL(erjt) oL } ) (44)

where yyqn; is @ parameter characterising the share of households of group j in sector m;

YiYwrmj = 1, &, is the elasticity of substitution between labour of different household
groups in the region.

The optimal demand for labour of household group j in region r, firms of industry m is:

Wirmj i
erjt = Ywrmj (Wrm]tt) Lyme, (45)
where the aggregated wage W,.,,; is:
1
Wrmt = {Z] VWijWrmjtl_aL}l_sL (46)

Since households choose their wage level independently of the sector, the share of
households in group j will be the same for all sectors: yy,-; = ywrmj, as will the wage in region:
Wyt = Wene.

Such a labour market structure forms a spill-over effect channel, creating a positive
correlation (due to competition effects) of wages across regions, sectors, and household groups.
This also positively links prices in regions and industries (through the cost effect). This channel
weakens the negative feedback of outputs of heterogeneous elements, which arises during
idiosyncratic supply shocks, as it promotes faster dissemination of such shocks across the entire
set of elements. In several models, the output of other heterogeneous elements is introduced into
the production function of one heterogeneous element (region, sector) (see, for example, Votinov
et al., 2023). The additional spill-over channel arising in such models will be similar in its effect
to the spill-over channel through the labour market.

Government

We model the behaviour of the government at the regional level, assuming that the budget
of each region must be balanced in the long term, independently of other regions. The actions of
the federal authorities are modelled by the existence of shocks common to all regional
governments.

Taxes on labour income:

Tye =71 Zm WirmitNeLyme, (47)

11 The peculiarity of parameter calibration is that €, is the average regional shift for the country. For each sector m
of each region r the magnitude of the regional shift in the labour market will differ slightly from Q.
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where T is the income tax rate uniform for all regions and households and does not depend
on their income.

The government collects lump-sum taxes from wealthy households (type n) in its region:
Torn > 0 and pays lump-sum transfers to poor households (type k) in its region: Ty, < 0. Total
lump-sum taxes:

Tore = Zj AroOrjt (43)

For long-term fiscal balance, we introduce a dependence of lump-sum taxes on household
group j on the accumulated government debts B,;:

Brt &
Torj Pcr —br
Torjt = PeteTorj €Xp <m luTrt + urje + ure + 2 + g g—rD (49)

where b, = If—’" is the long-term level of real government debts; ¥, > 0 is the elasticity of

lump-sum taxes to the level of real government debt;*? ur,.., urjc and ur, are AR(1) processes;
zr¢ 1S the quasi-1(1) component of the permanent shock of lump-sum taxes:

Urre = PrrUrre—1 T ETres prr € [0,1] (50a)
Urje = PrjUrjt-1 T ETjts prj €[0,1] (50b)
Urt = PrUri-1 + Eres pr € [0,1] (50c)
Zpe = 0.9999Z7,_, + Upe, (50d)

where &r,., € and er, are regional, agent and general lump-sum tax shocks; vy, is a
permanent lump-sum tax shock; pr., pr; and pr are the corresponding autoregression

coefficients.

General taxes:

Tre = Tire + Tore (51)

The government purchases goods on the open market to meet society’s demand for public
goods. We assume that the demand for public goods from the government is invariant to
household decisions regarding the consumption of private goods:*3

Gre = Grexp(Ugre + Uge + Zgr) (52)
where u,; and ug;; are AR(1) processes:

Ugrt = PerUcrt-1 T Egris Per € [0,1] (53a)
UGt = PeUGt—1 T EGt pc €[0,1] (53b)

where ¢, and &g, are regional and general government spendign shocks; pg, and p, are
the corresponding autoregression coefficients of government spendign shocks.

Zg¢ 1S the quasi-1(1) component of permanent government spending shocks:

Zge = 0.99992z;,_4 + v, (54)

where vg; is a permanent government spending shock.

The resulting budget deficit of the regional government is financed by issuing securities
B,.+, which are purchased by households of type n in their region:

Brt = Brt—l(l + irt—l) + PcrtGrt - Trt (55)
Primary budget deficit:
BDyrt = PertGre — Tt (56)
Overall budget deficit:
BDyt = Pyt Gry + Bre—1ire—1 — Tt (57)

Tor j

12 The multiplier is used to ensure that tax shock and excessive public debt have a positive effect on T, jq,

|Tor]'|
regardless of the sign ;.

13 For example, assuming that the utility function for households is additively separable with respect to the volume
of private goods and public goods.
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The distribution of consumption of public goods across k € {H, N, S, F} types is similar to

how households distribute private consumption among goods of these types:
1—5C 1 1—5C

(Gre) %¢ = Tp[Ak (1 + wge + 2156 (Grie) °¢ (58)
Prkt _66
Grie = M (1 + Upee + Zgee) (P ) Gre, (59)
crt
1-6g L 1-%r
(GrHt) °r = Zq ArqaR(Grth) °r (60)

where G4y IS government consumption in region g of domestic tradable goods H
produced in region r.

Prhst ~%&
Grque = Arq ( ) Gqnt- (61)

Pth

Firms
All firms belong to households of type n, refer to one of sectors m € {H, N, S, 0}, and have
a Cobb-Douglas production function with an identical set of production factors: labour L,
capital K,.,,;, and materials R,,,;. Sectors may differ in terms of competition and pricing.
Production function:

[a 9K ., ] [a %R ]
Yeme = Apme (Ne L) P4 (K ) e (R ) 7o (62)

where «a;, ayx and ay are the elasticity parameters of the production function for labour,
capital, and materials, respectively; a; + ax + ag = 1; u;; is an AR(1) process that defines the
change in the elasticity of the production function for labour:

Upe = Prupe—1 + &, p. € [0,1] (63)

where ¢, is the shock to the labour share in total factor income.

A,m¢ 1S the total factor productivity (TFP) of sector m:

Arme = ArmeXp(gt + Ugre + Ugme + Uar + Zar), (64)
where g is the total factor productivity (TFP) growth rate; us,¢, Uam: and u,; are AR(1)

processes of TFP dynamics (regional, sectoral and overall, respectively); z,; is a quasi-1(1)

process of TFP:
Zye = 0.99992,,_; + vy (65)
Uart = Parlart—1 t+ Eart par €10,1] (66a)
Uamt = PamUamt—1 T Eame Pam € [0,1] (66b)
Ut = Pallat—1 T Ear, pa €[0,1] (66¢)

where vy, is the permanent TFP shock; €4,+, €4m: @nd &4, are regional, sectoral and general
productivity shocks, respectively.

Labour force dynamics:

N; = Nexp(nt + zy; + uyt), (67)

where N is the normalisation constant; n is the deterministic growth rate of the labour
force; zy; is the quasi-I(1) process in the labour force; uy, is the AR(1) process:

Zye = 0.9999zpy,_1 + Une (68)

Uyt = PNUNEe-1 T Ents pn € [0,1] (69)

where vy, is the permanent labour shock; ey, is the temporary labour shock.

Optimal demand of firms for resources:

PrrmtKemt = Qg YrmiMCrmy (70)
WrmeNeLyme = apYrmeMCrmye (7 l)
PrrmtRrme = ArYrmiM Crpt, (72)
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rmt

where pg,m: 1S the real price of renting a unit of capital; w,,,;; = ":

rmt

is the real wage;

Prrmt = I’:R" is the real price of a unit of materials; MC,.,,; is the real marginal cost. All of the

rmt

above real values are expressed in units of goods of sector m.

Optimal investments
When forming investments, the firm takes into account that the lag in capital input into
production is one quarter, as well as the costs of adjusting investments Adj,-m::
. @1 (Lrme—Irme— 2
Adjiyme = _I(#) Lrmes (73)

2 Irme-1

where ¢, is the parameter of the cost function.

Then the dynamics of capital is:

Krme = (1 = 60 Krme—1 + Irme-1 — Adjirme—1 (74)

Solving the problem of maximising the expected utility of type n household managing the
capital accumulation of its own firm, we obtain the condition for optimal investment:

Irm _I_rm
Acrnt exp(u[;rt + Uppe + uﬁt) = Baaj (1 — ¢ I—trm )ermt+1 exp(Ure +u) =0 (75)

where u;,., and u;, are AR(1) processes of investment efficiency shocks:

Ut = Prrlire—1 t+ Epre prr €[0,1] (76a)

Ure = PrUye-1 + & pr € [0,1] (76b)

where &;,+ and g;; are regional and general investment efficiency shocks, respectively.

Zirme+1 1S an auxiliary forward-looking process characterising the expected effect of
introducing a unit of capital:

Yrm PTm
Zirme = DNerne eXP(uﬁrt + Upne + uﬁt) A M Crme + Baaj(1 = 8k)EeZppmess  (77)

Krmt Pert

The total volume of the firm’s investments is distributed among k € {H, N, S, F} types of
goods in the same proportion as household consumption and government spending:

1-8¢ 1 1-8¢
(Irmt) bc = Zk[)\rk(l + Ut + Zkt)]ac (Irmkt) 8¢ (78)
where I, 1S the investment demand in sector m of region r for good k:
Prie\ %€
Lkt = A (1 + U + Zgt) (P kt) Lrmes (79)
crt
1-8g S 1-8g
(IrmHt) °r = Zq ArqSR(Irqut) °R ' (80)

where I.gmp: is the investment demand in sector m of region g for domestic tradable
goods H, produced in region r:

—5r
PT S
Lyqmut = Arq ( = t) Lymat- (81)

PgHt

Inflation
Let us consider the channels through which structural shocks are transmitted to inflation,
for which purpose we will define the principles of pricing in all markets.

Pricing according to the Calvo model in domestic goods markets

Domestic and foreign tradable and non-tradable goods are sold in a monopolistically
competitive market with pricing based on the Calvo model (1983) and indexation to previous
inflation. Let us denote the segments of the domestic market where pricing occurs according to
the Calvo model (1983) as my € {H, F, N}. Pricing and indexation according to the Calvo model
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are carried out in the currency of the country where the good is sold (LCP — Local Currency
Pricing).

With probability 6,.,,, the firm indexes the price to previous inflation (indexation degree
x). With probability 1 —6,,,,., the producer gets the opportunity to adjust the price to the

optimal B ..

Then the aggregated price level is:
- 1— 1-¢
Prlm;ft = HrmK((l + T[crt—l)XPrmKt—l) v + (1 - HrmK)(Pr(;g;t (82)
The firm i solves the problem of maximising the flow of expected utility from the
consumption of profit for its owner (household type n), which can be expressed as:

opt
Pcrt+s)X PTme

ma
P‘)pt Et Zs O(GrmKﬁ) ACrnt+s exp(uﬁ’rt+s + uﬁ’nt+s + u/?t+s) I

Ntys \ Pere Pert+s
MCrmKt+s)l YrmKt+s|P0pt (l) (83)
where YrmKt+s| ope (1) 1S the demand for the products of firm i in period t + s, assuming
mKt

that the price t set by the firm in period P"ptt was not reset but was indexed to previous inflation

(Yun, 1996) s times. This demand is found similarly to the solution of the aggregate
maximisation problem (84) with a given budget I (85):

::f()i) rkt = [f Yore (D] q)T 1. (84)
St.1 = [ Ve (D P (D (85)

where ¢ is the elasticity of substitution between goods of type k for all agents consuming
these goods (households, government, firms).

The solution to problem (84) with constraint (85) is the demand for a good of type k by
firm i with elasticity —¢:

Ve (D) = (P242) " ¥y, (86)
where the aggregated price level of goods of type k is:
1
Prie = |Jy [Prce 1| (87)
Then the conditional demand for period t + s will be:
. Pertys X PT?"?L;’: -
Frmeosslpgpe (= l( or) ml Frmyos (8)

The solution to problem (83) with constraint (88) can be represented as the ratio of two
auxiliary forward-looking variables /., .+ and Ny, ¢

opt
PrmKt_ (p ]rmKt

ex p(uurt + uumKt + uut) (89)

Prmgt @1 Nrmgt

where w,,¢, Uym, ¢ and u,, are AR(1) processes:

Uyre = PurUpre—1 T Eure Pur € [0,1] (909)
uumkt pumKuumKt 1 + gumKt pymK € [0' 1] (90b)
u - pu ut—1 + ¢ u ' pu € [O' 1] (900)
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where €,¢, €um,c and g, are regional, sectoral and general monopolistic markup shocks,

respectively.
Equations for determining forward-looking processes /., .+ and Ny, ¢

Prm (p 1+ CT (p
]rmKt = ACrnt exp(uﬂrt + uﬁnt + uﬁt) YrmKt [ Pcrlt{t] MCrmKt + GrmKﬁadjEt{ (1_:;6:5;] ]rmKt+1}
(91)

Pringt]?® 147 $-1
NrmKt = ACrnt exp(uﬂrt + uﬁnt + uﬁt) YrmKt [m_K] + BrmKﬁadjEt{ (1_'_7:;:;(] NrmKt+1}

Pere
(92)

At the stationary point, the real producer price converges to the value of real marginal costs
increased by the amount of the long-term monopolistic markup ﬁ:

prmKt _ Y T~
=t (%3)

All structural shocks are transmitted to inflation through the channel of real marginal costs
MC,,:» Wwhich were determined in the section on optimal demand for resources by conditions
(70)-(72). Part of the dynamics of observed inflation is determined by the action of monopolistic
markup shocks €,¢, &,m: and ¢, (regional, sectoral, and general, respectively). These shocks
allow us to take into account fluctuations in the competitive conditions of firms, as well as the
part of price dynamics that cannot be explained by other factors.

Real marginal costs for imported goods are:
M,y = HEEER, (94)

Prrt
where MC; are actual marginal costs of producing goods abroad.

mgt

Pricing of domestic tradable goods in the foreign segment

This segment also uses the Calvo model (1983) with indexation according to Yun (1996),
with the only difference being that the price is set in foreign currency and indexed to foreign
inflation. We assume that the elasticity of substitution is also ¢, and the degree of indexation is
also y.

Then the solution to a similar problem for the foreign segment will be the following
equations:

P )™ = O (L + D)X P )78 + (1= O ) (P )P (95)
(RN
o o0

where u, -+ is the AR(1) process:

Upr*t = Pun*UuH*t-1 + Eun*t Pun+ € [O' 1] (97)

where ¢,+ is the shock of monopolistic markup for the foreign segment of domestic
tradable goods; p, - is the autoregression coefficient of shock &, 5.

Pre1® 145, |7
Jruee = Nerne exp(ugrt + Ugne + uﬁt) Yenee [ P; ] MCypy+ + HrH*ﬁadjEt (1m0 Jru t+1
t
(98)
P;‘ " 4 1+t -1
Nygee = Merne exp(uﬂrt + Upnt + uﬂt) Yinet [ ;; t] + erH*ﬁadjEt { (1_:[%3(] NrH*t+1} (99)
t
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Real marginal costs in the domestic tradable goods sector:

P
MCyyry = MCryy 57, (100)
PTH*tSt
MCyrytP . f . . . .
where —2-THE are nominal marginal costs in sector H expressed in units of foreign

t
currency.

Pricing in the housing and utility services sector
Let us assume that prices in the housing and utility services sector S are set by the state in
such a way that the stationary monopolistic markup in this sector is the same as in other sectors:

ﬁrSt = ﬁmr.?t (101)

Let us also assume that as a result of government regulation, there are deviations of the real
price level in the housing and utility services sector from the stationary level, but in the long
term, the government aims to return the real price level in the housing and utility services sector
to its stationary level:

Drst = (Drse—1)P*Sexp(gust), (102)

where p,.¢; = Prst s the real price level in the housing and utility services sector; p, is the

Pere
autoregressive coefficient in the dynamics of real prices in the housing and utility services

sector; &, is the real price shock in the housing and utility services sector.

Pricing in the oil sector

In the oil sector, which produces goods for export, we also assume state pricing. In this
case, the long-term price level in the oil sector is linked to the steady real price of oil on the
external market P;. The role of the government is to smooth out short-term fluctuations in the
nominal price of oil on the international market P,,P; through various stabilisation mechanisms.
In our work, we will define the operation of the stabilisation mechanism in a simplified manner
by determining the dynamics of domestic oil prices:

Prot = (kspPy + (1 = ksp) P )PESy, (103)

where kgr € [0, 1] is a parameter characterising the degree of stabilisation of foreign oil
price trends for the domestic market. When kg — 1 the real price in foreign currency is fixed at
a stationary level Pj. Fluctuations in the domestic oil price P, are only related to fluctuations
in the foreign currency exchange rate S; and foreign prices P;.

We ignore the impact of funds accumulated as a result of the stabilisation scheme (88) on
the country’s business cycle.

Pricing of imported materials

Suppose that materials are imported into the country in the form of homogeneous goods
with a total volume of R,;, and the importing firm i, belonging to household type n, transforms
the homogeneous goods into differentiated ones without costs. These differentiated goods are
aggregated by means of the CES technology for use in the production function of all sectors:

1 R o=E oot
Ryt = Xm Reme = [fo [th(l)] ¢ dl] (104)
Demand for materials from importer i:
. Prre()\ ¥
Ry (1) = (ﬁR—t(f) Ryt (105)
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where the aggregated price level of materials is:

1

Pare = |y [Pare (D]~ di| "™ (106)

Prices of differentiated materials are set according to the Calvo model (1983) with
indexation to previous inflation, similar to prices for goods in sector group my € {H,F, N}.

We could write down the pricing conditions using auxiliary variables J and N, but for
demonstration purposes, let us write down the Phillips curve equation for the rate of growth of
material prices as a single reduced equation, structurally identical to the pricing scheme for
goods described above:

(1-0rr)(1—BadjORr) MCRryt—MCRry
Trrt — XRTcrt-1 = .Badj (EtTRre+1 — XRTcre) + Onr MCry (107)

where 6y, is the probability of indexing the price of materials in one period; yz is the

degree of indexing to previous inflation; MCg,; is the real marginal cost of producing one unit of

differentiated materials:
@—1Pp¢P¢ St

MCpy, = E=LEREPESE (108)

¢  Prrt
where Py, and Py, P/ are the actual and nominal prices of materials abroad, respectively.

We assume that importing firms purchase materials at a price lower (by the amount of the
monopolistic markup) than Pg.P;, which ensures that domestic and foreign material prices are
equalised in a steady state:

ﬁ;tﬁt"‘s_t = M_Cthpth (109)

The nominal rigidity in the pricing of imports (goods F and materials R) makes the
adjustment of the domestic economy to external shocks more protracted than the adjustment of
foreign economies to the same shocks.

Central bank

Monetary authorities operating under an inflation targeting regime use the principle of
inflation forecast targeting, in which their own inflation forecast is an intermediate target of
monetary policy:

The Taylor rule for the key rate is based on expected inflation:

ikt = Pirlre-1+ (1 — pix) (k"/4 M) + Eike, (110)

Pep—q

where i,; is the Central Bank’s key rate; p;, is the inertia indicator of the key rate
dynamics; €;;; is the monetary policy shock characterising its discretionary component; k, > 1
is the coefficient of response [adjusted to year]'* of the key rate to expected annual inflation.

The key rate responds to expected annual inflation (four quarters: current and three future).
Due to the inertia of the inflationary process and the key rate, its response to most shocks takes
the form of a hill. To make the interest rate response to economic shocks smoother, most studies
include an autoregressive component in the Taylor rule.’® Inertia prevents sharp fluctuations in
the key rate in response to various shocks, i.e. the need to reverse current decisions in the future.

tPct+3—Pct-1

E
4 This indicator k,; is divided by 4 to align the annual CPI growth rate with the key rate i, adjusted

ct—1
to the quarter.

15 Woodford (2001) believes that such a response may characterise optimal monetary policy, which is based not only
on the needs arising from the optimisation of the current situation, but also on the historical dynamics of interest
rates, which may characterise the fulfilment of the monetary authorities’ commitments to society.
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We assume that the monetary authorities do not make systematic interventions in the
foreign exchange market, and the national currency is in a free-floating regime. At the same
time, the non-instantaneous adjustment of the international capital market makes foreign
exchange interventions potentially effective. In the model, the instrument of unsystematic
foreign exchange interventions is implemented through the Central Bank’s ability to issue
securities B,,; (see equation (14)), which leads to the need for households of type n to adjust the
volume of operations with foreign securities B,,,; (see budget constraint (4)). As a result, the
issuance of B, affects the country’s trade balance and, consequently, demand, exchange rates,
output, inflation and other macroeconomic variables.

Foreign economy

We assume that the foreign economy is a [large] closed economy, the dynamics of which
do not depend on processes in the [small open] domestic economy.

We use a new Keynesian closed economy model with constant returns to scale, in which
labour L}, materials R/, and oil O; are used to produce final goods Y;. The Cobb-Douglas
production function is:

Y = Ai(exp(n™)Ly)“r (R;)“r (07) %07, ap +ag-+agr =1 (111)

where a;+ € (0,1) is the share of labour income in total income; ag- € (0, 1) is the share
of material owners in total income; a,- € (0, 1) is the share of oil owners in total income; A; is
the total factor productivity of foreign goods, following an AR(1) process:

A7 = (A_DPa (A7) Parexp(g” + eae), pa- € (0,1) (112)

where g* is the growth rate of productivity abroad; &4+, is the shock to foreign total factor
productivity.

The supply of materials and oil is assumed to be exogenous AR(1) processes:

R = (Ri_1)Pr" (R*)'"Prexp(gr + €r-t), pr- € (0,1) (113)

where gg- Is the growth rate of material production abroad; e+, is material supply shocks.
* * w A\ 1Py

07 = (0i_1)P0"(0) "ouexp(go- +eye)s  Por €(0,1) (114)

where g, is the growth rate of oil production abroad; €,+; is oil supply shocks.
Household utility function:

Ut = XsZo(B") exp(ugrtrs) Atss (115)
where £ is the subjective discount; ug-; ¢ is the AR(1) process:
Ugre = Pprllpre—1 T Epre pp- € [0,1] (116)
A, 1s an instantaneous utility function, which has the following form:
k_pkpek N1—0" N\ 1+K*
Ap = (Ce=h Ct_*l) _ U ~ (117)
1-0 1+K

where C{ is household consumption; L; is hours worked by the household; o* is a
parameter inverse to the elasticity of intertemporal substitution of consumption; x* is the value
inverse to the elasticity of labour supply according to Frisch; h* is a parameter of external
consumption habits.

where g3+, is the shock of intertemporal preferences;

First-order condition for the dynamics of foreign household consumption:

IB*Et{ (1+i7) exp(ugrryq) A2t+1} =1, (118)

(1+miyq) exp(ugr) Agt
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04 _ (C; —h*C;_)~° is the marginal utility of additional consumption;

* —
where Ag; = ac =

« _ Pi—Pi_q - . . : ;
;= % is the rate of inflation of foreign consumer prices.
t—-1

Household labour supply:
w¢ i NG TN
e = (A= hDE)7 (LY* (119)
Foreign monopolistic competitor firms set the optimal price according to the Calvo model
with indexation to foreign inflation of the previous quarter. The Phillips curve for foreign
inflation is as follows:
X x B* * (1-6")(1-p"8") MC,—MC”
B Teq T T+p g Eimeyq + o uc: (120)
where y* is the indexation rate; 6 is the Calvo model parameter (probability of price non-
optimisation in each period); MC; is the real marginal costs of firms:

Optimal demand for resources under monopolistic competition:

=

xy\ —1
* * W *
L= a,Y; (P:) MC; (121)
* _1
* * P *
R: = ap-Y; (Pitt) MC; (122)
* -1
* * P *
0; = ayY; (P‘Ef) MC; (123)

All produced goods are consumed by foreign households:

Y =C; (124)

For clarity, from the solutions of the pairs of equations (113) and (122); (114) and (123),
we derive the equations of dynamics for the prices of materials and oil:

* MC;
PRt = QR (RZ—l)pR* (%*)1_pR* exp(_gR*t) (125)
. Mc;
Pyt = ap- 0% (té*)l—po* exp(—&p*t) (126)
-1

Prices of materials and oil react negatively to supply shocks ez« and &,+¢, respectively,
and react positively to growth in real marginal costs in foreign economies. Such a decomposition
of oil and material price dynamics allows for more accurate identification of the sources of the
foreign business cycle.

The foreign central bank sets the rate according to the Taylor rule:

s e - " Yi-Y*

it = pprifog + (L= pp) (" + kpemty + ky* tT + &i*t), (127)

where i; is the foreign central bank rate; p;- is the inertia indicator of the foreign rate
dynamics; &;+, is the foreign rate shock; k.- > 1 is the coefficient of response of the foreign rate

to foreign inflation; k.- is the coefficient of the foreign rate response to the output gap abroad.

Foreign demand for domestic firms’ products
The foreign economy demands our export products: tradable goods and oil.
Let us assume that the export demand for domestic oil X,.,, is an ad hoc function of foreign

output Y;* with constant elasticity:
Xrot—Xr Yy -7
% = kxo t7— + Upxt T Ugxot T ZExt (128)
where ky, is the elasticity of demand for domestic oil in terms of output volume abroad;
Ugye aNd ug.or are AR(1) processes that define changes in foreign demand for all domestic
exports and domestic oil exports, respectively:
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Ugpxt = PExUExt-1 T EExt Pex € [0,1] (1293)

Ugxot = PExoUExot-1 T EExot Pexo € [0,1] (129b)

where g, IS a temporary shock to demand for all domestic exports; eg,o¢ IS @ temporary
shock to demand for domestic oil exports.

Zgy¢ 1S the quasi-1(1) component of the permanent export shock:

Zgyt = 0.999925,1 1 + Upyt, (130)

where vg,; is the permanent export shock.

In the market for tradable goods, domestic goods compete with foreign goods, and demand

for domestic exports follows from the task of optimally distributing foreign demand among

monopolistic competitors:
-o*

« (P
Xrut = WgexXp(Upyr + Upxnr + Zgxe) Yy ( ;,; t) ) (131)

where wy is the share of global demand accounted for by domestic tradable goods in the
long term; §* is the price elasticity of demand for domestic exports; ug,y; is the AR(1) process
that determines changes in foreign demand for exports of domestic tradable goods. In order to
ensure that sectoral components ug,o; and ug,y; do not affect overall export demand, we will
impose a restriction on them:

YroUexot + (1 — ¥ro)Upxne = 0, (132)

where y,.o is the share of oil in total exports.

In this case, shock &g, redistributes the foreign economy’s demand between the domestic
oil sector and the domestic tradable goods sector. Shocks eg,; and vg,; symmetrically affect
both sectors of domestic exports simultaneously.

For the purposes of model identification, we will define the nominal exports and imports of
region r (in units of foreign currency):

p *
NExrt = SL:XrOt + PrHtXrHt (133)

* )% -1 * *
NImy, = Ve MCPE + %PRtPt Ry¢. (134)

General equilibrium

General equilibrium requires that, at any given time, supply and demand in each market
segment be equal to each other. The equilibrium condition is written for all markets in each
region r.

In the goods market k of region r, the volume of demand from households, firms, the
government, and the foreign economy equals the volume of supply. For non-tradable industries,
demand is generated within the region:

Yine = Crne + Lrne + Grne (135)

Yist = Crst + Irse + Grst (136)

The volume of foreign tradable goods produced is also determined by the demand of
domestic agents in region r:

Yrre = Crpe + Lrpe + Grpe (137)
Demand for domestic tradable goods of region r is created in all regions q and abroad:
-8
A PrHs
YrHt = Zq /1rq /1_2 (Cth + Ith + Gth) (PqHH:) l + XrHt (138)
Demand for oil is only foreign:
Yrot = Xror (139)
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The above describes the condition of equilibrium in the labour market: the labour supply
from households of group j in region r is equal to the demand for labour from households of this
group j from firms in all regions q and all sectors m:

Lrjt = Zq Xm qumjt (40)

Equilibrium in the financial market means that, given the interest rates set by domestic and
foreign monetary authorities, as well as the current volume of securities issued by fiscal and
monetary authorities, Ricardian households ensure an optimal level of expenditure through
transactions with foreign securities.

Let us define real gross regional product (GRP) as the sum of the added values of all
sectorsm € {H, N, S, 0}, as well as in the sectors of imports of goods F and materials R:

Yie = Xm Yeme — Rpe + LrpetRre

The real gross domestic product is the sum of the GRP of all regions:

Y, = Zr Yie (141)

The balance of payments equation for the region follows from the budget constraint of
households of type n in region r:

XT'OtPOt * * )k (p_l * *
—— + XonePryre — YrreMCEPE — — Ry Pre P —

(140)

P;Aij*t"'B;nt—l(1+i;nt—1)_3;nt _

St () 1—/1n
iBrnt—l(l*‘irnt—l)_Brnt =0 (142)
S 1-1p

We have defined B,.,,; as the debt of households to the Central Bank, which the monetary

authorities can manipulate at their discretion. From (142) it can be seen that % has the
t

economic meaning of the Central Bank’s currency reserves. Due to imperfect international
capital mobility, the second monetary policy instrument will be effective (see Shulgin, 2014). At
the same time, we do not set rules for this instrument (the systematic component of currency
reserves), leaving monetary authorities the possibility to pursue discretionary exchange rate

policy.

Aggregation
Having defined the general equilibrium at the level of region r, we obtain the dynamics of
variables for the country as a whole by aggregating regional variables:
Xt = ZT Arxrt’ (143)
where X; €
{Ye, Co, et tre, We, Lty B, Ty, G, Ties Tots B Pets MCrey Bty Bues Ants TPnes Re Ity K, Une, BDe, BDoe }
For the purpose of identifying information about the behaviour of heterogeneous
households, firms, and the state of goods markets, we will conduct regional aggregation of

variables of the type:
Arhyj

Xjt = Zrzjrjta (144)
where x;; € {Cjt, Wjr, Aj¢}

Xkt = Zr Ar Xkt (145)
where xy: € {Cit, Gie T Tiee }

Xmt = Zr Arxrmti (146)

where Xt € Yot Xme» MCint }
Certain regional variables are also obtained by aggregation:

Xrt = Zj Arjxrjta (147)
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where x,¢ € {Br¢, Crt) Bre, Aj, TPre }

Xrt = Lom Xrme» (148)
where X, € {Ry¢, Ire) Lye, Kie }

Consumption of goods of type k in region r is aggregated by household types j:

Crke = Zj Arjxrkjt (149)
Investments in goods of type k in region r are the sum across sectors m:
Lrge = Zm Lrmiee- (150)

Balanced growth path

Due to the presence of exogenous growth rates of labour resources n and TFP g, we will
determine the properties of the balanced growth path (bgp). Let us determine the long-term (on
bgp) rate of output growth and, accordingly, all variables in the long term proportional to output:
capital, materials, consumption, government spending, investment.

To do this, we will perform a logarithm and take the derivative of the production function
(62) with respect to time:

gy =g +a(n+gy)+akggk + argr, (151)

where we denote g, as the growth rate of variable x;. When determining the growth rates
of variables, we omit the indices of the region, industry, and household, as in the bgp the
regional, industrial, and agent structure of the economy does not change, so the growth rates do
not depend on these indices.

Since output, capital, and materials in the bgp grow at the same growth rate, we have:

gr =gk =gr=n+g.t+ (152)

The demand for labour (58) determines the rate of growth in real wages:

Gw=gr—n—g =% (153)

From the condition of labour supply in the long term (39), it follows that:

gw =0(gy —n) + kg, (154)

By solving (153) and (154) together, we obtain the long-term growth rate of hours worked
per worker:

=T (155)

The long-term growth rate of output on bgp:

gy =2(1+2)+n (156)

The same applies to the foreign economy:

g =% (14 )+ (157)

We assume that the price level also has an exogenous long-term growth rate m for domestic
prices and m* for foreign prices.’® Thus, the long-term growth rate of the model’s nominal
variables consists of the growth rate of the real and price components. For example, the growth
rate of nominal taxes is gr = gy + m; the growth rate of nominal imports and exports in foreign
currency units: gypm = 9gx = gy + "

The properties of the balanced growth path generally correspond to Kaldor’s stylised facts.
An unconventional property of bgp is the non-zero growth rate of hours worked per worker g;
on bgp. This conclusion arises from the properties of the household’s instantaneous utility

1-c*
o*+K*

16 We ignore the impact of the long-term price growth rate on the business cycle.
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function and the resulting properties of the long-term labour supply function. The traditional
solution for households (g, = 0) corresponds to the case of unit elasticity of intertemporal
substitution o = 1, which is standard in the literature on economic growth theory. In our case,
the medium-term adjustment to long-term equilibrium is more important than the properties of
the long-term equilibrium itself, so we do not fix this parameter and allow it to adjust to
quarterly data.

Parameterisation

Parameterisation consists of two steps. In the first step, we calibrate those parameters that
are difficult to identify in quarterly statistics but can be calibrated based on relevant regional,
sectoral, agent international, and aggregated data. For these purposes, we use various sources of
information, ranging from statistical compilations to the works of other authors, including
foreign ones. In the second step, we gather prior information about the parameters, which are
then estimated using the Bayesian method on quarterly statistics. The parameterisation of the
model is based on the multidimensional model of the posterior distribution found.

Data

For the Bayesian estimation of the model parameters, we use regional, sectoral, agent, all-
Russian, and international series of observed variables. Table 1 shows the observed variables,
formulas linking observed and model variables, deterministic trend coefficients for each, and the
source of information. Most aggregated country-wide observed series are traditionally used to
identify shocks in practice-oriented DSGE models, so we will focus on the information about
three types of heterogeneity used in the model. All regional variables are calculated by
aggregating the series of Russian regions included in the so-called Volga-Vyatka macroregion
(VVMR): Republic of Mari El, Republic of Mordovia, Republic of Tatarstan, Udmurt Republic,
Chuvash Republic, Kirov Region, Nizhny Novgorod Region, Penza Region, Samara Region,
Saratov Region, Ulyanovsk Region. Gross regional product (GRP) is not calculated by Rosstat
on a quarterly basis, so we use the methodology and results obtained through the temporal
disaggregation methodology of Boyko et al. (2020).

To evaluate the model, we use a series of logarithms of the relative price levels in the
VVMR relative to Russia as a whole RPyy,,s, Which is calculated with an accuracy of a constant
based on two series: CPI inflation in the Russian Federation m,;, and CPI inflation in the VVMR
Tyvobs-

Let us present several empirical facts about the ranks of the VVMR in comparison with
their aggregated counterparts for the country. The correlation of seasonally adjusted inflation
series of Russia and the VVMR in the range of 2014-2023 is Cor(m ., Toyye) = 0.99. This
extremely high correlation indicates the decisive role of common shocks in explaining inflation,
the limited impact of the regional business cycle on regional inflation, and strong regional spill-
over effects.

The GRP of the VVMR grew at an average rate of 1.78% per annum between 2014 and
2025, while the average GDP growth rate of the Russian Federation for the same period was
1.35% per annum. This difference is most likely not related to the difference in the long-term
growth rates of the two series. For example, between 2014 and 2021, Russia’s GDP growth rate
was 1.27%, while the GRP of the VVMR grew at a rate of 0.89%. This difference in GRP
growth rates in the VVMR at different time intervals is most likely related to the regional
component of the business cycle: either regional shocks or the peculiarities of the sectoral and
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household structure of the microregion. In the model, we postulate the equality of long-term
growth rates (both deterministic and stochastic components) of the Russian Federation’s GDP
and GRP of the VVMR, and explain the emerging discrepancies primarily by heterogeneity
shocks. This does not contradict the presented empirical facts.

The difference in the dynamics of real wages of the VVMR and the Russian Federation
behaves similarly to output. For the period 20142025, the growth rates are close, although not
identical: for real wages of the VVMR grew by 2.75%, while in Russia they grew by 2.38%.
During the period of accelerated growth from 2022 to 2025, real wages grew by 22.4% in the
VVMR and by 17.1% in the Russian Federation. This variation indicates a significant
contribution to the dynamics of real wages by regional shocks and/or regional characteristics of
the VVMR, and is consistent with the model’s assumption of equal long-term growth rates for
real wages in the VVMR and the Russian Federation.

When calculating the logarithm of the consumption volume of hand-to-mouth households
per capita, we used a methodology similar to that used in Shulgin et al. (2025).

To assess the parameters of foreign economies, we used data from the US (prices, interest
rates), the G20 (output) and information from commaodity exchanges. In our opinion, using data
on production in the G20 rather than the US is justified, as it provides much more information
about Russia’s foreign trade. The inconsistency with the monetary policy rule that links the
interest rate (US) to the output gap (G20) is attributed to shocks in foreign monetary policy.’

Table 1. Quarterly series of observed variables of the model

Designation |  Observed variable | Constraint equation | Trend | Source

All-Russian (aggregated) variables

Tobs Inflation by CPI, QoQ, SA Tops = 0.01 + .t 0 Rosstat
Yobs ;ﬁg:;'tgz of GDP, 2016 Yops = Qoy + gyt + InY; Jy Rosstat
Gops | LOSEIIM Of GOVt | = o +yt +nG, | gy | Rossta
Ips F';ﬁgg;”gx of GFCF, 2016 Iops = ag; + gyt + Inl, gy Rosstat
Wops Is_g\garithm of real wages, Wops = o + Gt + Inw, G Rosstat

17 This inconsistency does not appear to be critical if there is no intention to use the developed DSGE model for
scenario analysis related to the global economy.
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Rosstat,

Ratio of non-oil and gas _ BD, ,
BD /Yops budget deficit to GDP, SA BD/Yobs = dosp + P..Y, 0 caall::lltj}llgtris(;ns
Balance of
NE Logarithm of nominal NEx,ps = aonex + (gy + Tt | gy payments,
Xobs | exports, billion USD + InNEx, + Bank of
Russia
Balance of
Nim Logarithm of nominal Nimops = don E’j__(ga‘”f’l_’";*)t gy p;ir:f I’(])th ’
obs illi Y *
exports, billion USD + InNIm, 4+ RUSSIa
Logarithm of hours Lops = agr + gt +1InL;
Lobs worked per employee, SA + mey, g1 Rosstat
Employed = Labour force _
Nops  unemployed, SA Nyps = agy + nt + InN; n Rosstat
. Key rate, adjusted to the . . Bank of
lkobs qu;ter ) igobs = 0.01 + ij 0 Russia
. Credit (loan) rate, adjusted a4 0 Bank of
Lobs to the quarter tobs = oi T Le Russia
Bank of
Real US dollar exchange Russia,
Qobs rate ’ Qobs = @oq +InQ; 0 authors’
calculations
Regional variables (VV = Volga-Vyatka macroregion (VVMR))
CPI inflation in the oo+ 0 Riff’tat;
Tyvobs VVMR, QoQ, SA Tyyobs = Y- Teyve Caa|::lu|§;f)ns
Loga_lrlthm_ of the level of RPyyops = Qorpyy Rosstat,
RP relative prices of the p 0 thors’
Vvobs | \/WMR compared to +In (ﬂ) Tu IO_S
Russia as a whole Pt calculations
Calculation
Y Logarithm of GRP in the Y —q ¥ aut +Iny m%t:soe%otl;r)]gy
vvobs | \VWMR, 2016 prices, SA vvobs = Govyy T Gy e | Gy Boyko et al
(2020)
Logarithm of government Rosstat,
GVVObS Spending in the VVMR, GVVObS = aOGVV + gyt + lnGVVt gY authOl’S’
2016 prices, SA calculations
Logarithm of real wages in Wyvobs = Qowyy T Gwt R?f’tat;
Fhvebs | the VWMR, SA *Inwyye o caell::lulgtrif)ns
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. . Bank of
Credit (loan) rate in the Russia
lyvobs VVMR, adjusted to the lyvobs = Qoiyy T lyve 0 authors”
quarter -
calculations
Sectoral variables
Logarithm of production
Yvobs volume in the services Ynobs = Qoyy + gyt + InYy, Jy Rosstat
sector, SA
Logarithm of production
Yoobs volume in the extraction Yoobs = Goy, + gyt + InYy, gy Rosstat
sector, SA
T Nobs SXV'CeS inflation, QoQ, Tnops = 0.01 + 7Ty, 0 Rosstat
Agent variables
Logarithm of hand-to- RLMS, HBS,
c mouth hom_JsehoId Chobs = Qoc, + (gy — M)t 9y Rosstat,
hobs consumption volume per + InCpy -n authors’
person, SA calculations
Foreign variables
e ;gga”thm of G20 GDP, Yoy = agy- + git + In¥;' g; | World Bank
. Inflation in the United « _ x
Tobs States based on CPI, SA Tops = Qor* + T 0 Fed
Upper bound of the federal
lobs funds rate range in the lops = Qo + it 0 Fed
United States
p Logarithm of oil price Ponobs = Qopo* + Tt . IME
Onobs (Urals), USD/barrel + In(P}.P}) T
p: Logarithm of the non- Prrops = Qopr* + +1°t . IME
Rmnobs energy commodities index + In(P§.P;) n

Source: authors’ calculations.

Figure P1 in the Appendix shows the dynamics of the main variables in the model (data +
forecast)

Parameter calibration

A number of parameters are poorly [or not at all] identified in quarterly data. In this case,
we look for alternative sources of information for their identification. Table 2 contains
information on the calibration of such model parameters.

Table 2. Calibrated parameters

Designation | Parameter name | Vvalue | Source/formula/comment

All-Russian parameters
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Time discount of 2% on an

B Discount factor 0.995 . .
annualised basis
i 1ati 0,
Ok Capital retirement rate 0.025 gr?rﬂ:tril depreciation of 10% per
s Elasticity of substitution between 06 Substitution of labour of large
L labour of different household groups ' household groups is quite low
Elasticity of substitution between - on L
@ differentiated goods 6 Monopolistic markup of 20%: pr
Elasticity of substitution between P .
PL different)i/ated household labour 6 Monopolistic markup of 20%: &
. Corresponds to government
T Labour income tax 0.3 spending of 30% of GDP
' Autoregression coefficient of the key 06 Poorly identifiable together with
Pik rate in the Taylor rule ' other parameters of the Taylor rule
Cost function parameter related to the
UINS deviation of the current level of 0.1 Low adjustment costs
foreign debt from the previous level
Taking into account the
. monopolistic markup, it corresponds
aL Share of wages in costs 0.66 to the share of labour income in
GDP of about 55%.
Share of pavment for imported Share of imported materials in the
ag material spi nyc osts P 0.05 domestic economy is somewhat
higher than abroad (az = 0.025)
ag Share of capital payment in costs 0.29 _ag = 1- a, — ag
Semi-elasticity of risk premium by Minimum value ensuring the
Y; region’s asset volume 0.0001 | stability of the region’s financial
& market
Foreign parameters
. Foreign elasticity of substitution - on L
P between differentiated goods 6 Monopolistic markup of 20%: -1
. . . Corresponds to a population growth
n Foreign population growth rate 0.002 rate of 0.8% per annum
. Value inverse to the elasticity of 1
K labour supply according to Frisch
Ratio of foreign debt of domestic Corresponds to the value of foreign
VB households to exports in a steady state 4 debts of domestic households equal
to annual exports
Parameter of inertia of foreign rate Poorly |dent|f|able_|n the data.
pi* dynamics 0.8 Corresponds to estimates by other
authors
Regional parameters (VV = Volga-Vyatka macroregion (VVMR))
Avy Share of the population in the VVMR 0.138 Rosstat, authors’ calculations
Share of the population in other
20| ragions Pop 0.862 Aru =1—Ayy
GRPyy ,E;EE Sgﬁé izzllzaslgégelvp\él"vcﬁérter 160 Rosstat, authors’ calculations
GRPgy tC;IEE Sgﬁ; ﬁgllteiIgggqerp;(arg(lqzr;{er 213 Rosstat, authors’ calculations
Ratio of average per capita
consumption of households of group
kcvvn n to average per capita consumption 2.6 RLMS, HBS, authors’ calculations

of households of group h in the
VVMR
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Ratio of average per capita
consumption of households of group

kcrun n to average per capita consumption 2.8 RLMS, HBS, authors’ calculations
of households of group h in other
regions of Russia
Yovv \S/Q?Ir\;;f oil in total exports of the 0.66 Yor = Yo, Federal Customs Service
Yoru fegigengfo?lgzhnsé?;al exports of other 0.66 Yor = Yo, Federal Customs Service
Ratio of government spending to GRP
Yevv in the V\Q/JMR P J 0.3 Yer = Vg, Rosstat
Ratio of government spending to GRP _
Yeru in other regions of Russia 0.3 Yor = Y, Rosstat
Ratio of issued government securities 1 v = Yg. Corresponds to the ratio
YBvv to GRP in the VVMR in a steady state of annual public debt to GDP = 1/4
Ratio of issued government securities Ver = vg. Corresponds to the ratio
. - - Br = VB
VBRU ;?egdipszgtgther regions of Russia in a 1 of annual public debt to GDP = 1/4
Ratio of the volume of transfers to
households of group h from the state - .
YTRYVV | budget to GRPgin tr?e VVMR in a 0.033 | yrryr = Yrry, Ministry of Finance
steady state
Ratio of the volume of transfers to
households of group h from the state - .
YTRYRU | pydget to GRPgin o?her regions of 0.033 | yrryr = YrrY, Ministry of Finance
Russia in a steady state
Share of domestic tradable goods in Balance of pavments. authors’
kyyH /7 the total volume of tradable goods in 0.6 calculationsp Y ’
the VVMR
Share of domestic tradable goods in Balance of pavments. authors’
kput) the total volume of tradable goods in 0.6 Ol pay ’
T . : calculations
other regions of Russia
Coefficient for determining Calvo
parameters for other regions of lisati
Oru Russia: Ogym = 00zy 0, and 1 Normalisation
HWRUj = BWBRUBj
Regional + sectoral parameters
Share of non-tradable goods (services)
Avvn in the aggregate demand of the 0.230 Rosstat, authors’ calculations
VVMR
Share of housing and public utility
Ayvs services in the aggregate demand of 0.050 | Rosstat, authors’ calculations
the VVMR
1 Share of domestic tradable goods in 0.432 Avve = kyyry (1= Ayyn
VVH the aggregate demand of the VVMR ' — Ayvs)
{ATAY
1 Share of foreign tradable goods inthe | ;o0 Avvr = (1 = kyyry (1 = Ayyy
VVF aggregate demand of the VVMR ' — Ayvs)
Share of non-tradable goods (services)
ARUN in the aggregate demand of other 0.230 | Rosstat, authors’ calculations
regions of Russia
Share of housing and public utility
Arus services in the aggregate demand of 0.050 | Rosstat, authors’ calculations

other regions of Russia
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Share of domestic tradable goods in

A =k 1-2
Arun the aggregate demand of other regions | 0.432 run = Kyt ( RUN

of Russia — Arus)

Share of foreign tradable goods in the Aore = (1 —k 1=2
ArurF aggregate demand of other regions of 0.288 rur = ( Rt/ RUN

Russia — Arus)

Regional + agent parameters

Avvn \S/l:jl'r\ié)f households of group h in the 0.45 RLMS, HBS, authors’ calculations

Share of households of group n in the

Ayvn VVMR 0.55 Ayyn =1 = Ayyp

Share of households of group h in

Arun other regions of Russia 0.4 RLMS, HBS, authors’ calculations
Share of households of group n in _
Arun other regions of Russia 0.6 Arun =1 = Agun

Sectoral parameters

Autoregression coefficient of relative The gap between utility price index

Pus utility prices to CPI 0.95 and CPI closes by 19% in one year
Coefficient for determining the Calvo
0y parameter in the domestic tradable 1 Normalisation

goods sector: 8,y = 06,.0y

Coefficient for determining the Calvo
Or parameter in the foreign tradable 1 Normalisation
goods sector: 8, = 06,0

Coefficient for determining the Calvo
0+ parameter in the domestic tradable 1 Normalisation
goods sector abroad: 0, = 06,0+

Agent parameters

A gzzg?aof households of group h in 0.4069 Ay = Z -
-
A, gzzg?aof households of group n in 0.5931 A, = Z Ay = 1= 2y,
-
Coefficient for determining the Calvo
0, parameter for wages: Oy ,-n, = 1 Normalisation
9W9r9n

Source: authors’ calculations.

Bayesian parameter estimation

We use Bayesian methodology: (a) taking into account additional information about
parameters and shocks; (b) taking into account a priori information about the properties of the
object, such as the transfer of the exchange rate to prices, the elasticity of the exchange rate to
the price of oil, the response of inflation to the key rate, etc.; (c) improving the convergence
properties (to a multidimensional model) of the posterior density function when using
maximisation algorithms.

We will conduct the Bayesian estimation in two stages. At the first stage, at time interval
2010q1-2025q2, we separately evaluate the parameters of the external sector model, since
these parameters are not related to the posterior density calculated on the basis of Russian series.
In the second stage, we fix the deep parameters estimated in the first stage and estimate the full
model based on both Russian and external series. At the same time, we re-evaluate the dynamic
parameters of exogenous shocks of the external sector, as the estimation is carried out over a
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different time interval (2014q1-2025g4). Another reason for re-evaluating the dynamic
parameters of foreign economy shocks is the correction of identification errors in the part of the
foreign economy that interacts with Russia.

A priori parameter distributions

We estimate most standard deviations of shocks using a non-informative (uniform) a priori
distribution. The exception is shocks, which are difficult to identify due to a lack of information.
For example, TFP shocks &, have an effect on the economy similar to that of monopolistic
markup shocks ¢,; short-term labour shocks ey compete with permanent labour shocks wvy;
household shocks er; and e; compete to explain the dynamics of the only observable agent

series: the consumption of household group h. In all cases, we use an inverse gamma
distribution: I'"1(0.005, ) so that the estimates of the standard deviations of these shocks are
different from zero. For all autoregressive shock coefficients, we use beta distribution
B(0.5,0.1) to improve the joint identification of temporary and permanent shocks (see below).

To estimate the Calvo parameters for goods 8, materials (resources) 6; and wages 6y, we
use the beta distribution 6, 8, 8,,,~B(0.8,0.03). The fairly high values of the expected mean of
these parameters reflect our confidence in the low transfer of costs to prices, which follows from
a number of empirical studies devoted to assessing transmission mechanisms based on Russian
data (Andreev, 2019, Napalkov et al., 2021). The distribution of all regional, sectoral, and agent
factors affecting the Calvo parameters is assessed using the normal distribution:
0y, Om,» 8j~N(1,0.05). Exception: prior distribution for sector N: 6y~N(1.05,0.05). E(6y) >
1 reflects a lower probability of price adjustment in the service sector, as demonstrated in
Nyoma et al. (2026). The parameters of the indexation degree are estimated based on the beta
distribution y, xz, xw~B(0.5,0.1), which is in line with common practice.

The prior distribution for the parameters of regional bias: Q,Q;~B(0.7,0.05). This
corresponds to the fact that local regional goods make up at least 30% of the domestic tradable
goods in the consumption basket for smaller regions.

Prior distributions for the elasticities of substitution between different types of goods
within the country and for our goods abroad: 6., 6*~N(0.8,0.1). This reflects the assumption of
a low degree of substitution between different types of goods in aggregates. The same
distribution is used for the elasticity of substitution between labour of households from different
regions: 6;,x~N(0.8,0.1). The elasticity of substitution between tradable goods from different
regions is assumed to be higher: 6z ~N(1.5,0.1).

For both parameters of the utility function, we use a normal prior distribution with
traditional means found in literature: ~N(2.0,0.35) k~N(1.0,0.2). The habit parameter in
consumption is estimated with a prior distribution B~B(0.4,0.1). The parameter of the
investment adjustment cost function ¢;~N(1,0.1). E(¢,) is set experimentally (in the range of
0.5-2.0) to achieve moderate procyclicality of investments. The response coefficient to expected
annual inflation in the Taylor rule is estimated using the prior distribution k,~N(2,0.1). While
most studies suggest E (k,) = 1.5, for the inflation targeting regime, the expected value of this
parameter is typically higher. The prior distribution of the elasticity of lump-sum taxes by the
level of real public debt y¥;~N(0.1,0.02). We assume that when ., = 0.1, the public debt
stabilisation rule leads to a lengthy adjustment period for public debt, which has a limited effect
on the business cycle in the medium term.
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The distribution of the cost function parameter associated with the deviation of the current
level of foreign debt from the stationary level: ¥ z-~N(0.08,0.01). The choice E (y5+) is related
to the need to achieve the correct sign of the impulse response functions of inflation in response
to balance of payments shocks (see below). We estimate the semi-elasticity of the external
premium to the real oil price with a prior distribution: £,~N(0.003,0.001). E(¢,) was chosen
in such a way as to obtain the elasticity of the foreign currency exchange rate to the price of oil
close to the author’s calculations of this elasticity based on data after 2022 (—0.2; —0.15). We
assume that the elasticity of demand for domestic oil in terms of output volume abroad is slightly
less than the elasticity of demand for domestic tradable goods abroad with a prior distribution
kxo~N(0.5,0.05). We estimate the parameter characterising the degree of stabilisation of
foreign oil price trends for the domestic market using the following prior distribution:
ksg~N(0.5,0.05). The historical range includes periods for which the degree of oil price
stabilisation due to various principles of replenishment/use of stabilisation funds varied
significantly, so in this paper we propose to focus on the mean value of 50%.

For all parameters of the observed series x,ps: oy, We Use a non-informative prior
distribution. To estimate productivity growth rates, we use a prior distribution
g~N(0.0025,0.0005) and labour force growth rates n~N(0,0.001), which roughly
corresponds to the observed population and GDP growth rates. The assumption of a non-zero
discrepancy between real wages growth rates and the growth rates of other observed variables
Iwerr~N(0.002,0.0005) is related to a number of reasons: failure to take human capital into
account, inaccuracy in wages measurement, etc.

To estimate the standard deviations of external shocks, we use a uniform prior distribution;
pa+, pp-~B(0.6,0.1) for autoregression coefficients; py+, pr<~B(0.7,0.04) for autoregression
coefficients of oil and materials supply shocks. The expected values of the prior distributions of
the autoregression coefficients for foreign shocks are higher than for domestic temporary shocks
because, when explaining domestic observed series, we assume the existence of permanent
shocks, while all foreign shocks are temporary. We chose the expected values for the shares of
factors in total factor income so that they roughly correspond to the contribution of oil and
material price dynamics to inflation and output: agz-~B(0.03,0.01), a,-~B(0.04,0.01). Based
on the values accepted in the literature, we determine the prior distributions for: inverse elasticity
of intertemporal substitution: o*~N(2.0,1.0); parameter of external consumption habits:
h*~N(0.5,0.2); the Calvo model parameter: 8*~B(0.75,0.1); the interest rate response to
inflation: k,+~N(1.5,0.1); the interest rate response to the output gap: k,-~N(0.125,0.02). We
estimate the constants in the observed variables using a uniform distribution, with the exception
of the constants for nominal material prices a,p; and oil prices ayp; . Their values were set for

technical reasons.® The productivity growth rate g* was estimated based on a uniform
distribution.
All prior distributions are summarised in Tables 3 and 4.

Features of assessing permanent shocks
Permanent shocks v,; in the model are designed to take into account structural shifts that
have occurred in the economy. These shocks have a permanent effect on I(1) processes z,; and

18 To minimise the contribution of initial conditions to the dynamics of nominal oil and material prices.
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on real endogenous variables. In the model, we ignore the impact of permanent shocks on the
linearised solution of the model found for the balanced growth trajectory.*®

For all permanent shocks, we have a counterpart in the form of an AR(1) process
(temporary shocks) competing with the permanent shock for the explanation of the same data. To
avoid identification problems, we assume that the coefficients of AR(1) processes differ
significantly from one, for which we use prior B(0.5; 0.1) distribution for all autoregressive
coefficients of temporary shocks p,.

For clarity and convenience, we normalise all 1(1) processes z,; to zero for the last quarter
before Covid19: 2020g1 To improve identification, we use informative prior distributions when
estimating the standard deviations of permanent shocks. For permanent shocks to TFP, labour
and real wages, we use a weak inverse gamma distribution with infinite variance:
0 (vy)~I71(0.01, ), a(vy)~I"1(0.002, ), and o (vy)~I"1(0.02, ). For permanent fiscal
and  foreign  trade  shocks, informative normal  distributions are  used:
0(vg),a0(vr)~N(0.02,0.002), 0(vg,)~N(0.02,0.003), and o (v )~N(0.005,0.002).

The expected values for the prior distributions of fiscal shocks were selected so that most
of the growth in government spending and taxes (above the deterministic trend) that occurred in
20202025 was attributed by the model to permanent shocks v, and vy. For the same purposes,
we imposed constraints (soft tunes) on the variance of permanent fiscal shocks in the period
20222 - 20254 (double standard deviation).

The expected value for prior distributions of foreign trade shocks were selected so that the
contribution of permanent shocks vg, and vy, to the dynamics of export and import in 2022—
2025 (explaining the decline in foreign trade activity) was about 50%.%°

We also assumed that monopolistic mark-up shocks vy, like fiscal shocks, had a doubled
standard deviation in the period 2022q2 - 2025q4. Finally, we imposed soft tunes on the
variance of TFP shocks v, (double standard deviation) during the Covid crisis in
20202 - 2020q3, as well as in the period 20222 - 20254

Features of assessing common and heterogeneous shocks

A distinctive feature of the model is its ability to work with information about
heterogeneous variables. One of the objectives of the study is to understand the value of this
information for analysing the business cycle in the country. This objective dictates the need to
distinguish between shocks that are common to the country as a whole and shocks that create
heterogeneity in regional, sectoral and agent variables. For example, let there be N, regional
series of variables x,.;, each of which is determined by regional shocks ¢,.,; (there are regional
spillover effects) and a common &,,. To identify N, + 1 shocks, we will have N, independent
observable series x,; (the aggregated series is a linear combination of regional series: x; =

Zﬁ'gllrxrt). In this case, to identify N, + 1 shocks, we impose restrictions on the variances(y) of
these shocks.

19 Similarly, we ignore the increasing error of linearised equations at a significant distance from the stationary point.
According to our estimates, these errors are comparable, and if we traditionally accept linearisation errors, then the
existence of permanent shocks only increases this type of error, inherent in practically oriented DSGE models
estimated using the Bayesian method, to a certain extent.
20 Experiments with these averages showed that they significantly affect the dynamics of the foreign currency real
exchange rate (decomposition into shocks, forecast), but much less affect the dynamics of inflation and GDP (due to
the joint assessment of permanent shocks and other elements of DSGE models flexibility).
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We use the following identification scheme. Let us assume that each region r consists of a
large number (N,,,-) of micro-regions of equal size, in which shocks occur, creating a regional

shock:

N. 1
Exrt = ZmT:;l N_W Exmrt (1)

The number of microregions in region r is directly proportional to the size of the

population in the region, so that for any pair of regions 1 and r2, the following holds:
Nmrl _ }'Ll (2)
Nmrz A2

In each microregion of the country, the following occurs: (a) an idiosyncratic shock &t
with the same variance o2, which is unknown to us; (b) a region-specific shock €,,, with
dispersion o2:

Exmrt = Eximrt T Exrt 3

If 62 = 0, then &, = €, — the entire shock is determined by the regional component. If
a2, = 0, then the equality of variances in all microregions of the country requires that for any
pair of regions r1 and r2, the following condition on variances must be satisfied:

0% (xr1) — l/Nmr1G’%i — Nmrz (4)

02 (&xr2) l/Nmrz O';i Nmr1

Condition (4) requires that the smaller the region (i.e. the fewer microregions N,,, it
contains), the greater the variance of the regional shock. This is because large regions experience
many small idiosyncratic shocks, which ensures low variance of their sum. In terms of
contribution to the aggregate sum, the larger the region, the proportionally higher the
contribution of idiosyncratic shocks &,;,,,+ Of @ given region r to the variance of the aggregate
variable x;.

Let us consider the general case: g2 > 0 and g2 > 0. By making another assumption that
the variances of region-specific shocks o2, are the same for all regions, we can obtain the ratio of
regional shock variances:

1 2 2
0% (&xr1) — /Nmrlgx‘+dxe (5)
02 (&xr2) l/NerU;i"'Ufe

If N1 = Ay-Nppr, Where N, is the total number of microregions in the country, then:

2
1 OXxe
/2. t=3Nmr

0% (&xr1) T1 Oy (6)
= 2
02(exr2) 1/ +mNmr
Ar2” o2,

Let us denote the ratio of the variances specific to the region and idiosyncratic shocks as

2
&;Nmr = ({r and express the ratio of the standard deviations of shocks:

Oxi

1

O'(Exrl) — Arl
= |

0 (Exr2) E+€r

(7)

Condition (7) is a constraint on the variances of regional shocks. The variance of a regional
shock is higher, the lower the share of the region in the country (due to the high variance of
idiosyncratic shocks). This relationship weakens if the contribution of region-specific shocks o2
to the total variance of regional shocks increases. At the limit:

0(Exr1) =1 (8)

{r—o0 0(Exrz) B
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For simplicity of identification, we assume that the ratio of region-specific and
idiosyncratic shocks {r is the same for all types of regional shocks.
A similar scheme can be applied for the joint identification of common and agent shocks.

If x; = Z?Zl/ljxjt (where A; is the share of group j), each group consists of N,,; microgroups,
and the shock for each microgroup &,,,;. consists of an idiosyncratic &, and a component
specific to group j €y ;-
_yhmj _1
Exjt = ij=1N_mj€xmjt’ 9)
Exmjt = Eximjt T Exjits (10)
2

then, similarly, denoting the ratio of variances %ij = {j, we obtain the desired

constraint on variances:

o(Exj1) _

o(exj2)

(11)

The proposed scheme is also suitable for the joint identification of common and sectoral
shocks, but it is not used in the current version of the estimation, since we use a limited set of
sectoral information as observed sectoral variables and simplistically assume that sectoral
dynamics are determined by the corresponding shocks of the sector under consideration. In this
case, the problem of joint identification of general and sectoral shocks does not arise, and the
estimation is performed using a uniform prior distribution of standard deviations of sectoral
shocks.

Technically, for example, for intertemporal preference shock, we assume that for region

r1, the standard deviation of intertemporal preference shock is o(&gr1) = o (&) Ai+(r,
1

where o(eg5) is a value that is the same for all regions, estimated from the data and
characterising the variance of regional preference shocks (the common part in Table 4). The
parameters {r and {j are also estimated based on data with a priori distribution
{r,{j~I'"1(1.0, ). The estimation formula is similar for other regional shocks, as well as for
agent shocks.

Results

First, we estimate the parameters of the external sector model independently of the
estimation of the other model parameters.?! The result of the assessment of the external sector
model over the interval of 2010g1- 2025q2 are presented in Table 3.

The estimates of the shares of oil and materials in foreign factor income were: a,- =
0.0224 and ag- = 0.0248, which is lower than the average share of oil and other commodities

in global foreign trade turnover (15-20%). The elasticity of intertemporal substitution is assessed

higher than its prior estimates: ai = ﬁ = 1.028 > % The parameter of external consumption

habits is lower than its prior expectation: h* = 0.292 < 0.5. The Calvo parameter turned out to
be quite large 8* = 0.808, which is usually the case if the model is simple enough and does not
contain various mechanisms that increase real price rigidity. The parameters in Taylor rule for

2L An alternative option is to estimate the parameters of the external sector model together with the other parameters,
using the same historical range. The rationale for this estimate is that a model assessed in this way could better
correspond to that part of the global economy that interacts with the Russian economy.
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the foreign rate: k- = 1.4 and k,- = 0.128 correlate well with the estimates of other authors,
despite the fact that a series of outputs from G20 countries is used for identification. The
estimated TFP growth rate abroad was g* = 0.0055. Taking into account the estimated
parameters, as well as n* = 0.002 and k* = 1 recorded during the estimation, the long-term

- ) + n* = 0.00789, which corresponds to 3.15%

o
o*+K*

output growth rate will be: gy = z—:(l +
L
per annum.
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Table 3. Result of Bayesian parameter estimation for the external sector of the model

Prior distribution Posterior
distribution

Desig Std. Std.
nation Parameter Type | Mean dev. Mode dev.

Standard deviation of foreign productivity U B B 00171 | 0.0028
o(&,+) | shocks
a(&p+) | Standard deviation of oil supply shocks U — — 0.1523 | 0.0149
o(eg+) | Standard deviation of material supply shocks U — — 0.0552 | 0.0056
o(g;+) | Standard deviation of foreign rate shocks U - - 0.0016 | 0.0002

Standard deviation of foreign intertemporal U B B 00220 | 0.0055

o(ep+) | preference shocks

Autoregressive coefficient of foreign

O productivity shocks 0.6 01 0.7679 | 0.0614

os]

po+ | Autoregressive coefficient of oil supply shocks B 0.7 0.04 0.7732 | 0.0290

Autoregressive coefficient of material supply

) shocks 0.7 0.04 0.7795 | 0.0295
R*

Autoregressive coefficient of foreign

pp* | intertemporal preference shocks B 06 0.1 0-5523 | 0.0933
Share of materials in total factor income B 0.03 0.01 0.0248 | 0.0082
ag- | abroad
ay- | Share of oil in total factor income abroad B 0.04 0.01 0.0224 | 0.0059
The inverse elasticity of intertemporal
g substitution abroad N 2 ! 0.9728 | 03011
0" Calvo model parameter abroad B 0.75 0.1 0.8082 | 0.0207
h* Habit parameter in consumption abroad B 0.5 0.2 0.2919 | 0.1363
_Coeff_|0|ent of the foreign rate response to N 15 01 13995 | 01012
k.- | inflation abroad
. Coefficient of the foreign rate response to the N 0.125 0.02 01283 | 0.0197
y* | output gap abroad
agy+ | Constant in the observed variable Yo U — — -5.7231 | 0.0115
aoi~ | Constant in the observed variable i, U — — -0.0015 | 0.0016
agz+ | Constant in the observed variable mg,,¢ U — — 0.0048 | 0.0015
Qopy, | Constant in the observed variable Pg,ps N 016 | 002 | 01531 | 0.0196
@op;, | Constant in the observed variable Py, ,ps N 4.05 0.02 | 4.0569 | 0.0196
g Growth rate of productivity abroad U 0.0055 | 0.0009

Source: authors’ calculations.

The results of the full model assessment over the interval 2014q1-2025qg4 are presented
in Table 4.
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Table 4. Result of the Bayesian model parameter estimation

Prior distribution Posterior
distribution

E;t?i)% Parameter Type | Mean gg\j/ Mode 3;3

7Cexo] domesicalempors v | - | - oo | ooos
(6o | shock fo non-tradable goods | U | - | - | oo | 00w
7Cn) | hocicinthe ety N v | - | - | ooss | oosi2
o (e5) ?ﬁzr;?(ard deviation of intertemporal preference U B B 02006 | 0.0450
o(e) f;gr;dkard deviation of monopolistic mark-up U B B 00592 | 0.0107
o (&) | Standard deviation of monetary policy shock U - — 0.0062 | 0.0008
o (&) gggr(l:dkalrr(]j vc\i/z\éieztion of monopolistic mark-up U B B 0.0886 | 0.0159
ooy | St deton ot e oo | = | o | ooos
o(e;) f;gr;dkard deviation of investment efficiency U B B 0.0408 | 00050
o(ee) fr:zr;dkard deviation of government spending U B B 0,025 | 0.0039
o(er) | Standard deviation of lump-sum tax shock U - - 0.0092 | 0.0037
o (egy) géamngstri(i (g)e(\F/)i:rttion of demand shock for all U B B 00552 | 0.0072
o(&y) | Standard deviation of import preference shock U - - 0.0712 | 0.0082
(&) f;fe”gﬁgifig:a&%”s :r]: ot;ggrowmg/ investment N | 0002 | 0.004 | 00041 | 0.0004
o(e,) i:ﬁgﬂi;?oﬂ%isgt?gnm labour share shock in the -1 0.002 - 0.0006 | 0.0001
o(e,) | Standard deviation of TFP shock r-t 0.005 0 0.0020 | 0.0007
o(ey) | Standard deviation of labour force shock r-t 0.005 o 0.0019 | 0.0002
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o(v,) | Standard deviation of permanent TFP shock r-t 0.01 o 0.0077 | 0.0011
o(vg) f;zrr:g?rrlg (Sjﬁ\éLaI;[ion of permanent government N 0.02 0002 | 00140 | 00024
o (vr) ggzrgdkard deviation of permanent lump-sum tax N 0.02 0002 | 00152 | 00021
(o) | St cotation ofpermnentcemnd |y | o0z | oona | oo | oo
o(v;y) | Standard deviation of permanent import shock N 0.005 | 0.002 | 0.0065 | 0.0023
o(vy) ?(;[?Qg;r]cégﬁviation of the permanent labour -1 0.002 - 0.0024 | 0.0005
& (vy) ﬁqﬁ:rnkd_ir;jSie;jzt;mg;ggrmanent monopolistic -1 0.02 - 0.0106 | 00055
o(ex) ?;z:)rgcli(grd deviation of foreign productivity U B B 00177 | 0.0019
a(&p+) | Standard deviation of oil supply shocks U - - 0.1437 | 0.0151
o(en) i’j?)r;clj;rsdhgg\liisation of material (resource) U B B 0.0513 | 0.0054
o(g;+) | Standard deviation of foreign rate shocks U - - 0.0019 | 0.0002
o(es”) S::?;iraegdcgi\é?éﬁn of foreign intertemporal U B B 00259 | 00027
o(mey, Smtgggj?rfeer:’tiztrir%? of labour supply r-t | 0005 | o | 00022 00008
o) | e | v | - | - | oo | oo
(o) | St o oftegrasonete |y | |- oo | ooms
oo St deton of el ek g | U | | | oo | ooou
ole) | Santat eeion offgiorotste |y | -~ | ooom | oooo
Standar_d dgviation of regional shocks 0.0002
o(&r) | borrowing/investment rate of households N 45 0.0001 | 0.0002 | 6.6e-08

(common part)
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Autoregression coefficient of intertemporal

PBVV | preference shocks in VVMR B 05 0.1 | 0.6057 ) 00848
Autoregression coefficient of monopolistic
Puvv mark-up shocks in VVMR B 0.5 0.1 0.4101 0.0845
Autoregression coefficient of monopolistic
Pwvv | mark-up shocks in wages in VVMR B 05 0.1 0-3950 | 0.0895
Autoregression coefficient of
pivy | borrowing/investment rate shocks of B 0.5 0.1 0.5101 | 0.0155
households in VVMR
Autoregression coefficient of government
Pevv | spending shocks in VVMR B 05 0.1 06928 | 0.0638
Autoregression coefficient of intertemporal
PerU preference shocks in other regions of Russia B 05 0.1 04750 ) 0.1007
Autoregression coefficient of monopolistic
PuRU | mark-up shocks in other regions of Russia B 05 0.1 | 04472 ) 0.0766
Autoregression coefficient of monopolistic
PWRU mark_—up shocks in wages in other regions of B 0.5 0.1 0.4526 | 0.0841
Russia
Autoregression coefficient of
piru | borrowing/investment rate shocks of B 0.5 0.1 0.5120 | 0.0165
households in other regions of Russia
Autoregression coefficient of government
PGrU | spending shocks in other regions of Russia B 05 0.1 06310 | 0.1027
Q Regional consumption bias parameter B 0.7 0.05 | 0.7078 | 0.0497
Q; Regional bias parameter in the labour market B 0.7 0.05 | 0.7318 | 0.0465
Substitution elasticity between domestic
Or tradable goods from different regions N 15 0.1 14949 | 0.09%0
Substitution elasticity between labour of one
Orr household group from different regions N 08 0.1 08178 | 0.0991
Coefficient for determining Calvo parameters
GVV in VVMR 9VVmK = HHVVHTYLK’ HRTj = HRQT N 1 0.05 1.0042 0.0061
and GWVVj = GWQVVHJ
Aoy, | Constant in the observed variable Y,y ,ps U - - 2.4167 | 0.0415
Qow,, | Constant in the observed variable wyy,ps U - - -4.8979 | 0.0750
Ao,y | Constantin the observed variable Gyy,ps U - - -3.9563 | 0.0556
aoi,, | Constantin the observed variable iyyps U - - 0.0209 | 0.0014
aogc, | Constant in the observed variable C,psp U - - 4.4621 | 0.0736
aoy, | Constant in the observed variable Yy,ps U - - 5.8241 | 0.0797
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Aoy, | Constantin the observed variable Yy, U - - 4.4880 | 0.0686
Standard deviation of intertemporal preference 1
O'(EJB) shock of household groups r 0.005 o0 0.0023 0.0009
o) Standard deviation of lump-sum tax shocks of -1 0.005 o 0.0401 | 00040
household groups
Coefficient for determining Calvo parameters
On for household group h 6y, = 6,,0,-6;, N ! 0.05 1.0608 | 0.0321
Pexo | Autoregressive coefficient of oil export shocks B 0.5 0.1 0.7406 | 0.0524
Autoregression coefficient of preference
Pan | shocks for non-tradable goods consumption B 05 01 06809 | 00551
Autoregression coefficient of monopolistic
Pun mark-up shocks in non-tradable goods B 05 0.1 04947 ) 01244
Coefficient for determining the Calvo
6y | parameter in the non-tradable goods sector: N 1.05 0.05 1.2052 | 0.0369
Oy =060,0y
og Autoregression coefficient of intertemporal B 05 01 04674 | 0.0907
preference shocks
Py Autoregression coefficient of monopolistic B 0.85 002 | 08095 | 00234
mark-up shocks
pw Autoregression c_oeff|C|ent of monopolistic B 05 01 04818 | 0.0855
mark-up shocks in wages
Autoregression coefficient of foreign
Pro borrowing/investment rate shocks B 05 0.1 05441 ") 0.0941
o Au_to_regressmn coefficient of investment B 05 01 0.8377 | 00439
efficiency shocks
pe Autoregression coefficient of government B 0.8 003 | 08234 | 0.0329
spending shocks
pr | Autoregression coefficient of tax shocks 0.8 0.03 | 0.7793 | 0.0323
Autoregression coefficient of demand shocks
. . 1 74 .0561
PEx | for all domestic exports B 05 0 0.7406 ) 0.056
Autoregression coefficient of import
Pim preference shocks B 0.5 0.1 0.6883 0.0532
Autoregression coefficient of
P; borrowing/investment rate shocks of B 0.5 0.1 0.5016 | 0.0080
households
ow Autoregression coefficient of labour force B 05 01 05808 | 00976
shocks
Autoregression coefficient of labour share
PL shocks in the production function 05 01 04970 | 0.0110
pa | Autoregression coefficient of TFP shocks B 0.5 0.1 0.4986 | 0.0171
fficient for rminin Ivo parameter
0 goe Eegg g de;?]d g Calvo parameters B 0.8 0.02 0.7627 0.0261
rmg - r¥mg
Coefficient for determining Calvo parameters
0 B 0.8 0.03 0.7859 0.0192
Coefficient for determining Calvo parameters
0r | inthe differentiated materials production B 0.8 0.03 | 0.7907 | 0.0310
sector Og,; = 00,
X Degrees of price indexation of goods to B 0.5 0.1 0.1093 | 0.0323
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previous inflation

Degrees of wages indexation to previous

Xw inflation B 0.5 0.1 0.2685 0.0767
e Degr_ees qf maFerlaI price indexation to B 0.5 01 05021 | 0.1063
previous inflation
h Parameter of external consumption habits B 0.4 0.1 0.5081 | 0.0774
Cost function parameter related to the
Yp+ | deviation of the current level of foreign debt N 0.08 0.01 | 0.0757 | 0.0100
from the stationary level
The parameter inverse to the elasticity of
9 intertemporal substitution of consumption N 2 0-35 12758 | 00213
The parameter inverse to the elasticity of
K labour supply according to Frisch N . 0.2 10833 | 01915
5* The price elasticity of demand for domestic N 0.8 01 0.8335 | 0.0971
exports
5 Elasticity of substitution between different N 0.8 01 0.8846 | 0.0962
types of goods
&, Parameter of the investment adjustment cost N 1 01 10615 | 00941
function

Parameter characterising the degree of
ksr | stabilisation of the foreign oil price trends for N 0.5 0.05 | 0.5287 | 0.0345
the domestic market

Elasticity of demand for domestic oil in terms

kxo | of output volume abroad N 05 0.05 | 0.5004 1} 0.0499
Response coefficient [annualised] of the key
k rate to expected annual inflation in the Taylor N 2 0.1 1.7384 | 0.0947

rule

Elasticity of lump-sum taxes by the level of

Vg real public debt N 0.1 0.02 0.0972 | 0.0203
& rSeeaTgﬁI;?ité?ty of the external premium to the N 0003 | 0001 | 00030 | 0.0010
aogy | Constant in the observed variable Y, U — - 49351 | 0.0413
ay; | Constant in the observed variable I, U — — 5.2568 | 0.0384
aog; | Constant in the observed variable G, U — - -4.1817 | 0.0556
aoy | Constant in the observed variable N, U - - 11.233 | 0.0074
ao;, | Constant in the observed variable L, U — - 4.0920 | 0.0670
ag, | Constant in the observed variable w s U - - -5.1104 | 0.0710
agnex | Constant in the observed variable NEx ¢ U — — 7.5468 | 0.0690
aonmm | CoOnstant in the observed variable Nim, ¢ U - - 0.1210 | 0.0391
ay; | Constant in the observed variable i, U - - 0.0206 | 0.0013
aogs | Constant in the observed variable S, ¢ U - - 3.6766 | 0.1478
g Long-term TFP growth rate N 0.003 | 0.0005 | 0.0026 | 0.0004

n Long-term labour force growth rate N 0 0.001 | -0.0001 | 0.0002
Gwerr \I/{/]acggss 'gsﬁg\r;\% 'rr;ttehe formulafor long-termreal | | 005 | 00005 | 0.0021 | 0.0008

Ratio of the variances specific to the region
¢r and idiosyncratic shockg ) r= ! « 0.5294 1 0.1022
. Ratio of the variances specific to the household _1
< group and idiosyncratic shocks r ! @ 0.5190 | 0.2488

Source: authors’ calculations.

For all 110 parameters assessed in the second stage, the maximum of the posterior function
was found. For many parameters, the prior and posterior distributions turned out to be very

similar. This indicates problems with identifying these parameters, despite which we estimate
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them using the Bayesian method, trying to find a balance between the speed of convergence to
modes and reliance on available data. Let’s discuss the most fundamental results of the
assessment.

Estimation of the inverse elasticity of intertemporal substitution: ¢ = 1.28. In addition to
its traditional influence on real rigidity in the model and the persistence of variable responses to
shocks, this parameter affects the long-term level of interest rates and the long-term growth rate
of virtually all real variables. Since the trend of the observed real variables is assessed together
with other structural parameters, this means that o is estimated on a broader range of data than in
the traditional case of filtered series. When o > 1, the impact of the TFP growth rate on the

long-term real rate is: Z—; = ¢ > 1. The growth rate of employment per worker is negative: g; =
O%:TZ < 0 and is negatively dependent on the TFP growth rate of TFP g: Z—“‘Z = i% < 0. This
makes a negative contribution to the estimate of the long-term [deterministic] GDP growth rate:
in annual terms g, = g:TZ-zL +100% = —0.12%.

The estimates of Calvo pricing parameters turned out to be lower than their prior
expectations (0.8): 8 = 0.763, 6, = 0.786, 8z = 0.791. At the same time, all Calvo parameter
factors were not lower than one: 6,, = 1.00, 6, = 1.061, 8y = 1.205. The mode for the
posterior distribution of 8, was even higher than the prior expectation of this parameter (1.05).
This means that the Calvo parameter for the non-tradable goods sector is higher than for the
tradable goods sector: 86, = 0.763 - 1.205 = 0.919 > 06, = 06 = 0.763 - 1. The degrees of
indexation to the previous quarter inflation y = 0.109, yy, = 0.268, yz = 0.502 were also
estimated lower than their prior expectation (0.5). Low Calvo and indexation parameters mean
faster than previously assumed price adjustment to changes in marginal costs, which, all else
being equal, leads to a higher transfer of the exchange rate to prices and greater monetary policy
strength (see below). It also means that the prior distributions used for these parameters are
restrictive [from below] in terms of estimating the speed of marginal cost pass-through to prices.

We estimated the TFP growth rate: g = 0.0026, and the labour force growth rate n =

—0.0001. This allowed us to calculate the long-term growth rate of output: gy = ai (1 + ﬁ) +
L
n = 0.003366, which corresponds to 1.35% in annual terms. The estimate of the wage growth

rate discrepancy was gy = 0.00215, which corresponds to the real wage growth rate in the
observed data g,, =ai+gwerr = 0.00612 or 2.49% in annual terms. At the same time,
L

according to the theoretical model, the real wages growth rate should have been g, = ai =
L

0.00397 or 1.59% in annual terms.??
Model adequacy checks

We will perform four types of model adequacy checks:
1. Main elasticities of the model
2. Impulse response functions
3. Decomposition of variables into shocks
4. Forecast quality assessment

22 In this work, we attribute this discrepancy to factors not accounted for in the model, methodology and
measurement error.
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Main elasticities of the model

We will calculate the main elasticities, semi-elasticities and sensitivities of the model
variables when various structural business cycle shocks occur. We will summarise them in
Table 5.

We measure the strength of monetary policy in terms of the inflation response to an
interest rate change. For each percentage point change in the key rate caused by a monetary
policy shock ., expected inflation in the coming year falls by 0.15 pp with the maximum effect
at the moment of the shock (a 0.225 pp decline in sequential inflation). The immediate output
response to a rate shock can be calculated by multiplying the strength of the monetary policy
shock by the corresponding real rigidity indicator: a 1 pp change in the key rate will lead to a
decrease in output at the moment of the shock —0.225 - 0.76 = —0.17%. It should be noted that
the strength of monetary policy in foreign economies is estimated to be higher: a 1 pp increase in
foreign interest rates due to a monetary policy shock abroad &;-, leads to a 0.6 pp decrease in
expected inflation in the coming year.

One of the most important characteristics of the model is the exchange rate pass-through to
prices. We measure this pass-through by the price response to an immediate jump in the
exchange rate caused by an external premium shock &,.,;. A 1% jump in the foreign currency
exchange rate leads to an increase in expected inflation in the coming year by 0.15%. Note that
we measure the response of prices to an immediate exchange rate jump, assuming that in the
long run the entire exchange rate increase is passed through to prices: a 100% pass-through. At
the same time, when analysing long-term equilibrium, it is more appropriate to discuss the ‘pass-
through of prices to the exchange rate’: in the long term, the foreign exchange rate changes by
the same percentage as the long-term price level has risen in response to certain shocks (provided
that these shocks have not changed the level of foreign prices).

Low values of monetary policy strength and exchange rate pass-through to prices (e.g.
compared to foreign economies) were obtained by setting appropriate restrictive prior
distributions on the parameters of nominal price rigidity. Historically, measuring the strength of
monetary policy has yielded a slightly higher inflation response to monetary policy instrument
(e.g. in Napalkov et al., 2021, this indicator was about -0.7). When parameterising the model, we
took into account the latest trends towards a decrease in the strength of monetary policy due to a
whole range of factors, from the increased anchoring of expectations after the introduction of IT
to a decreased efficiency of the monetary policy transmission mechanism in the context of fiscal
stimulus to the economy. The model estimates that pass-through about 15% of exchange rate
movements are passed on to prices, which is a bit higher than the 10% pass-through confirmed
empirically (see Andreev, 2019, Eliseev et al., 2023).

An important indicator of the interaction between the domestic economy and the outside
world is the elasticity of the foreign exchange rate to the global oil price. A 1% increase in the
oil price leads to a 0.18% strengthening of the ruble. This indicator is less than in most studies,
where it is estimated based on data covering the period before the transition to inflation targeting
(for example, in Polbin et al. (2019), it is estimated at 0.26, and in Polbin (2017) at 0.33).
However, the elasticity of the ruble exchange rate to oil prices is higher than for the period
2015-2022 (around 0.1), reflecting the introduction of significant restrictions on cross-border
capital flows in 2022, as well as a modification of the fiscal rule. This has increased the
dependence of the Russian economy on oil price fluctuations.
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The model pays considerable attention to the response of inflation to labour market shocks.
The model predicts a significant transfer of real wages growth to prices. For example, a 1%
increase in real wages due to labour market shocks leads to an increase in expected inflation in
the coming year by 0.51 pp if there is a shock to the monopolistic wages mark-up ¢, by 0.68
pp if there is a labour force shock ey, , and by 3.75 pp if there is a labour demand shock ¢;,. Such
significant values of the transfer of real wages to prices indicate the need for qualitative
identification of the trend and sources of the business cycle in the labour market.

Table 5. Main properties of the model

Group [Seml]e'la_ls'gluty/ Respons Towhat | Shock Value
sensitivity e
Monetary Sensitivity of current inflation to the key p . _ 0.295
policy rate during a monetary policy shock t Tkt Eiket '
strength Sensitivity of annual inflation to the key )2 .
rate during a monetary policy shock 3/ Lkt Eikt -0.149

Exchange Elasticity of current prices to the
rate pass- exchange rate during an external premium 4P, St Erpt 0.222
through shock

into prices | Semi-elasticity of annual inflation to the

exchange rate during an external premium Pyys St Erpt 0.154
shock

Real price Output elasticity to changes in current

rigidity prices with an intertemporal preference Y: 4P, gt 1.166

(based on shock

current Output elasticity to changes in current

prices) prices with an investment efficiency Y; 4P, &t 1.436
shock

Output elasticity to changes in current

prices with a government spending shock Ye 4P £qt 1.665
Output elasticity to changes in current

prices with a tax shock Ye 4P Ert 1.334
Output elasticity to changes in current v, 4P, - 0.759

prices with a monetary policy shock

Output elasticity to changes in current
prices with a borrowing/investment rate Y; 4P, Eit -6.404
shock to households

Real price Output elasticity to annual inflation with

rigidity an intertemporal preference shock Y Pris ept 1479
(based on Output elasticity to annual inflation with Y p c 1.710
annual an investment efficiency shock t t+3 It '
inflation) Output elasticity to annual inflation with a
government spending shock Y Peis £t 1.953
Output elasticity to annual inflation with a
A Y, Prvs | ere 1,553
Output elasticity to annual inflation with a
monetary policy shock Ye Pres Eiket 1.147
Output elasticity to annual inflation with a
borrowing/investment rate shock to Y; Pri3 Eit -5.126
households
Balance of | Elasticity of the current price level to
payments changes in the nominal trade balance with 4P, NTB; Epxt -0.095
shocks an export shock
Elasticity of the current price level to 4P, NTB; Emt -0.043
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changes in the nominal trade balance with
an import shock

Semi-elasticity of annual inflation to
changes in the nominal trade balance with
an export shock

Pis

NTB,

EExt

-0.088

Semi-elasticity of annual inflation to
changes in the nominal trade balance with
an import shock

Pis

NTB,

Ermt

-0.053

Elasticity of the long-term domestic price
level to the long-term foreign price level
with a foreign intertemporal preference
shock

Piyo

*
L

1.319

Elasticity of the long-term domestic price
level to the long-term foreign price level
with a TFP shock abroad

Piio

*
Piroo

0.759

Sensitivity of the domestic rate to the
foreign rate with a foreign monetary
policy shock

Ikt

0.388

Elasticity of domestic output to foreign
output with a materials supply shock

0.375

Elasticity of domestic output to foreign
output with a TFP shock abroad

0.167

Elasticity of domestic output to foreign
output a foreign intertemporal preference
shock

0.241

Changes in
global oil
prices

Elasticity of foreign currency exchange
rate to oil price with a global oil supply
shock

*
POt

-0.178

Elasticity of domestic output to oil price
with a global oil supply shock

*
POt

0.011

Semi-elasticity of annual inflation to oil
price with a global oil supply shock

*
POt

-0.044

Characteris
tics of
foreign
economy

Elasticity of foreign prices to foreign rate
with a monetary policy shock (strength of
monetary policy abroad)

-0.878

Semi-elasticity of foreign annual inflation
to foreign rate with a monetary policy
shock (strength of monetary policy
abroad)

-0.583

Foreign output elasticity to changes in
current prices abroad with an
intertemporal preference shock (real

rigidity)

4p;

1.233

Foreign output elasticity to changes in
current prices with a foreign monetary
policy shock (real rigidity)

4p;

0.763

Foreign output elasticity to changes in
annual inflation with an intertemporal
preference shock (real rigidity)

*
Pt+3

2.831

Foreign output elasticity to annual
inflation abroad with a foreign monetary
policy shock (real rigidity)

*
Pt+3

1.149

Real price
rigidity
(supply
shocks,

Output elasticity to changes in current
prices with a TFP shock

4P,

Eat

-0.020

Output elasticity to changes in current
prices with a monopolistic mark-up shock

4P,

ut

-0.093
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based on
current
prices)

Output elasticity to changes in current
prices with a monopolistic mark-up shock
in wages

4P,

-0.115

Real price
rigidity
(supply
shocks,
based on
annual
inflation)

Output elasticity to annual inflation with a
TFP shock

Piys

-0.038

Output elasticity to annual inflation with a
monopolistic mark-up shock

Piys

-0.143

Output elasticity to annual inflation with a
monopolistic mark-up shock in wages

Piys

Ewe

-0.142

Current
inflation
response

Elasticity of the current price level to real
wages with a monopolistic mark-up shock
in wages

4P,

Ewe

0.628

Elasticity of the current price level to
government spending with a government
spending shock

4P,

0.124

Elasticity of the current price level to
nominal lump-sum taxes with a lump-sum
tax shock

4P,

ETt

-0.024

Elasticity of the current price level to
investments with an investment efficiency
shock

4P,

Tt

0.092

Elasticity of the current price level to the
real price of materials with a material
supply shock

4P,

*
PRt

0.032

Elasticity of the current price level to the
real oil price with a global oil supply
shock

4P,

*
POt

-0.048

Annual
inflation
response

Semi-elasticity of annual inflation to real
wages with a monopolistic mark-up shock
in wages

Piys

0.507

Semi-elasticity of annual inflation to
government spending with a government
spending shock

Piys

0.106

Semi-elasticity of annual inflation to
nominal lump-sum taxes with a lump-sum
tax shock

Pt+3

-0.021

Semi-elasticity of annual inflation to
investments with an investment efficiency
shock

Pt+3

0.077

Semi-elasticity of annual inflation to the
real price of materials with a material
supply shock

Pt+3

*
PRt

ER*t

0.026

Semi-elasticity of annual inflation to the
real oil price with a global oil supply
shock

Piys

*
POt

-0.044

Response to
labour
market
shocks

Elasticity of the current price level to
demand for labour with a labour share
shock in the production function

4P,

0.237

Elasticity of the current price level to the
labour force with a labour force shock

4P,

-0.110

Semi-elasticity of annual inflation to
demand for labour with a labour share
shock in the production function

Piys

Ere

0.487

Semi-elasticity of annual inflation to the
labour force with a labour force shock

Pt+3

ENnt

-0.391
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Elasticity of output to the current price
level with a labour share shock in the Y; 4P, ELt 0.047
production function (real rigidity)

Elasticity of output to the current price
level with a labour force shock (real Y; 4P, Ent -0.824

rigidity)

Elasticity of output to annual inflation
with a labour share shock in the Y: Piis &1t 0.092
production function (real rigidity)

Output elasticity to annual inflation with a

labour force shock (real rigidity) Y Pris Ene -0.928

Elasticity of the current price level to real
wages with a monopolistic mark-up shock 4P, wy Ewe 0.628
in wages

Elasticity of the current price level to real
wages with a labour share shock in the 4P, wy Lt 7.300
production function

Elasticity of the current price level to real

wages with a labour force shock AP We Ent 0.763

Semi-elasticity of annual inflation to real
wages with a monopolistic mark-up shock Py w Ewe 0.507
in wages

Semi-elasticity of annual inflation to real
wages with a labour share shock in the Py wy Lt 3.747
production function

Semi-elasticity of annual inflation to real

wages with a labour force shock Peis We Ent 0.678

Elasticity of real wages to labour supply
with a monopolistic mark-up shock in Wi L¢ Ewe -7.368
wages

Elasticity of real wages to labour supply
with a labour share shock in the Wi L¢ Lt 0.032
production function

Elasticity of real wages to labour supply

with a labour force shock We Le Ent 0.166

Elasticity of real wages to labour force

with a labour force shock We Ne Ent -0.144

Elasticity of demand for labour to labour

force with a labour force shock Le Ne Ent -0.868

Elasticity of output to labour force with a

labour force shock Y N; Ent 0.091

Source: authors’ calculations.

Impulse response functions

In addition to the calculated elasticities, we present the IRF of the main variables to the
main shocks. Figure 2 shows the response of the interest rate (annualised = AR), inflation, GDP
and its demand components, and real wages to the key rate shock ;. An increase in the key
rate reduces inflation, output, real wages and virtually all components of output. The exception is
the trade balance, which grows due to a decline in imports.
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Figure 2. IRF on key rate shock &, (1 std. dev.)

Figure 3 shows the response of variables to a government spending shock &;;, which
stimulates output, causes inflation and raises the key rate. The growth in government spending
crowds out other types of spending: private consumption, investment and external demand. The
effect of government spending on output occurs mainly due to an increase in the labour supply of
households. A decline in private consumption increases the marginal utility of an additional unit
of private consumption, making leisure a more expensive good. Households increase the labour

supply in the market, which reduces the equilibrium wage and allows firms to produce more
dy;
goods. The instantaneous elasticity of output with respect to government spending is th/Yf =
Gt

0.206.
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Figure 3. IRF on government spending shock &, (1 std. dev.)

Figure 4 shows the response of variables to a shock in global oil supply. An increase in oil
supply reduces its price, weakens the domestic currency and has a negative impact on all
components of aggregate demand: trade balance, private consumption and investment. This
causes moderate and fairly persistent inflation growth through the exchange rate channel. The
pro-inflationary nature of falling oil prices is a phenomenon that emerged after the Russian
Federation introduced significant restrictions on cross-border capital flows in 2022. Most models
estimated on data prior to 2022 suggest that the impact of oil price fluctuations on inflation is
minimal. Figures 5 and 6 show the comparative responses of the domestic and foreign economies
to global oil and material supply shocks.
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Figure 4. IRF on global oil supply shock ¢4+, (1 std. dev.)
The oil supply shock has a positive effect on foreign economy: it expands the possibilities

for the production of goods, reduces marginal costs and inflation. The domestic economy, on the
contrary, suffers from the decline in oil prices, as it derives income from oil exports.
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Figure 5. IRF on global oil supply shock &4+, (1 std. dev.). Comparison of domestic and foreign
economy response

The shock to global material supply has a more symmetrical impact on the domestic and global
economies. For foreign economies, the expansion of material supply leads to an increase in
production capacity. For the domestic economy, lower import prices strengthen the national
currency and reduce marginal costs (import purchase prices). For both economies, this is a
positive supply shock that reduces inflation and increases production. The inflationary response
in the domestic economy is stronger and more prolonged due to higher nominal price rigidity.
The real price rigidity in response to resource and oil shocks (the same applies to other supply
and demand shocks) is higher in the foreign economy than in the domestic economy. At the same
time, the integral price rigidity (nominal and real) of the domestic economy is slightly higher.
This is explained by the fact that the domestic economic model introduces additional
mechanisms of nominal rigidity (wages and resource prices) compared to the foreign economic
model. Increased real price rigidity abroad partially compensates for reduced nominal price
rigidity.

61



0.05

0.04

0.03

0.02

0.01

-0.01

-0.02

0.7

0.6

0.5

04

03

0.2

0.1

-0.1

-0.2

Global material supply shock (1 std. dev.)

-0.02

-0.04

1,213 4&67891011121314151617181920

-0.06

-0.08

-0.1

-0.12

-0.14

-0.16

1 4 |5 }f 9 110/11/12 13/14/15|16|17 |18 19_‘0
d =
/ -l
/ -
/
/

===Foreign output, % ===Domestic output, %

-0.18

===Foreign inflation, % AR ===Domestic inflation, % AR

===Trade balance in USD, % of steady state export

1 45|67, 8|9]|1 141516 |17 18| 1920
05
\ —
-1
Vi
15 g
-2 /
25
,3 /
35
\ “
\ 45 l
5
S 7
12345 g 8| 9|10 |11/12]13 |14 15 15 e 0 55
6

===Nominal foreign exchange rate, %

===Nominal resource price USD/RI, %

Figure 6. IRF on global material supply shock &g+, (1 std. dev.). Comparison of domestic and
foreign economy response

As further calculations will show, balance of payments shocks have a significant impact on
domestic output dynamics. Figure 7 shows the economy’s response to an export shock. Export
growth stimulates output, and through the trade balance channel, strengthens the national
currency. In the regime of restricted cross-border capital flows, the effect of the export shock on
inflation through the exchange rate channel will dominate over the aggregate demand channel,
and inflation will slow down.
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Figure 7. IRF on export shock &g, (1 std. dev.)

Import shock has the opposite effect on the economy: demand is discouraged (we assume
that demand for imports grows due to the effect of switching demand from domestic goods to
foreign goods), the national currency weakens and inflation accelerates. Comparing Figures 7
and 8, we see that imports quickly adjust to changes in exports, while exports react weakly to
changes in imports. This is because exports depend mainly on the state of the global economy,
while imports react to the domestic economy reacting to these shocks.

Another specific of the response to shocks that provoke fluctuations in the balance of
payments (Figures 5-8) is the effect of the return of accumulated net international assets, which
changes the sign of the balance of payments response to any shock approximately five quarters
after the shock. During this period, the costs of adjusting net international assets B; to their
stationary level reverse the dynamics of the trade balance through the real foreign exchange rate
channel.
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Using the example of intertemporal preference shock, let us consider the difference in
response to general and regional shocks. Figure 9 shows a general intertemporal preference
shock eg¢. An increase in private consumption leads to an increase in output, real wages,
inflation and interest rates. Private consumption partially displaces other types of consumption:

investment and net exports.
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Figure 9. IRF on intertemporal preference shock &g, (1 std. dev.)

Figure 10 shows the regional shock of intertemporal preferences ez, for a small region
(VV = Volga-Vyatka MR). In general, the regional shock generates responses of aggregate
variables very similar to the responses to a similar general shock (the only difference is in the
autoregression coefficient of shocks). Fig. 10 shows the main properties of regional responses:
inflation in the region itself reacts more strongly than in other regions, but regional differences
are much less pronounced than differences in regional output and real wages.

Another important property of regional shocks is the reversal of relative price trends. For

example, a shock accelerates inflation in the Volga-Vyatka MR more than in the rest of Russia,

so relative prices Pc—"‘“ rise. However, competitive forces cause prices to reverse and move in the
cRUt

opposite direction. In addition to competitive forces, the regional model incorporates the
dynamics of regional interest rates in response to the volume of accumulated assets (debts) of
households. Increased consumption of households in the Volga-Vyatka MR contributes to debt
accumulation and a long-term increase in interest rates in the region. Therefore, at some point in
time, relative prices move into the negative zone: from this point on, the effect of accumulated
wealth dominates over other business cycle effects. In the long term (beyond the five-year
interval shown), the relative prices of the two regions will even out.
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RU = Other regions of Russia

Using the example of total factor productivity (TFP) shock, let us compare the economy

response to temporary and permanent shocks. Figure 11 shows a temporary TFP shock, while
Figure 12 shows a permanent TFP shock. A temporary TFP shock (with an autoregression
coefficient of around 0.5) traditionally has a positive effect on output and investment and
contributes to a reduction in marginal costs and inflation. At the same time, the declined labour
demand pulled down real wages, and consequently, consumption. However, consumption, and
subsequently real wages a few quarters later, move into the positive area, which is associated
with a positive effect on output and a decline in inflation and interest rates.
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Figure 11. IRF on productivity shock (TFP) g4, (1 std. dev.)

The permanent TFP shock (Fig. 12) shows the impact of permanent productivity shocks
vy on long-term equilibrium and medium-term adjustment. With long-term TFP growth, wages
and consumption do not fall into the negative area that is consistent with the properties of
deterministic growth rates: an increase in productivity growth rates also increases the long-term
growth rate of real wages. With a long-term TFP level increase of 0.77%, long-term output
growth is 0.52%. This means that the demand for labour slightly declines, which for firms is
associated with long-term growth in real wages, and for households with increased consumption
and a reduction in the marginal effect of a unit of labour. The inflationary process caused by a
permanent TFP shock is more persistent than with a temporary TFP shock.
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Figure 12. IRF on permanent productivity shock (TFP) u,, (1 std. dev.)

Finally, we need to discuss the property of permanent demand shocks to influence long-

term output. Figure 13 shows the response to a permanent government spending shock v,. It can
av

be seen that output grows alongside government spending in the long term with elasticity # =
G
0.175. This is due to the fact that the growth of government spending in the long term leads to a

crowding out of private consumption, which affects the incentives for households to offer their
labour services to firms. These incentives increase due to the marginal effect of a unit of labour
effort for households. For firms, an increase in the share of labour in production is associated
with a decrease in real wages. Thus, the effect of permanent demand shocks (in our case, shocks
to government spending and exports) is related to the redistribution of output between
consumption and other types of expenditures. This redistribution affects the incentives for
households to offer their labour services to firms and has an effect on long-term output.
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Figure 13. IRF on permanent government spending shock v, (1 std. dev.)

The appendix provides responses to the other shocks used in the assessment.

Decomposition of variable dynamics into structural shocks
Let us consider the decomposition into shocks of the main variables of the model. For ease

of interpretation, we have divided all shocks into groups corresponding to groups of
macroeconomic factors. We identify the following groups:

e Demand (&g¢, €11, Egruts Epnts Epnts Eant)

o Supply (€at, €uts Euruts Eunt)

e Labour market (ey:, Enve Ewrue)

e Fiscal policy (et e7t) €Gruts ETnts EThe)

e Trade balance (egyt, €1mt)

e Risk premium [external] (&,,.)

o Foreign shocks (&z+¢, €4+¢) €i*t)

o Global prices (eg+¢)

* Qil (g0)

e Monetary conditions (MC) (&;t, €irut)

e Monetary policy (&)

e Permanent shocks (va¢, Vg, Utes VExt Vimer Ywer Unt)

e Regional shocks of the Volga-Vyatka MR (ggyvt, Euvve, Ewvve Egvves Eivve)-

Figures 14-17 and 20-25, along with the historical decomposition (2014-2025), present

the decompositions of forecasts of endogenous variables up to 2031. In addition to historical
dynamics, this forecast is based on available information about the dynamics of variables at the
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beginning of 2026 (in the short-term forecast). We do not calculate any scenario, do not assume
any exogenously determined behaviour of variables in the future, but only show how the
economy of Russia and the Volga-Vyatka MR should develop based on the laws of shock
transmission embedded in it (in the absence of new shocks).

Figure 14 shows the decomposition of inflation (% AR) in deviations from the target (4%).
The model was parameterised for use in medium-term forecasting, so the main focus was on
providing the most adequate explanation of events starting from 2022. For earlier events, the
decomposition of variables into shocks may be inaccurate because the transmission mechanism
differed from the current one.?®
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Figure 14. Decomposition of the inflation in Russia, pp Q0QSAAR in deviations from the target
(4%).
Note: actual (2014-2025), forecast (2026-2031).

During the Covid-19 pandemic, inflation remained at a moderate level, mainly because
negative supply shocks were counterbalanced by shocks explaining a decrease in economic
activity, particularly from abroad. In 2021, inflationary trends intensified abroad due to supply
chain disruptions, and similar processes occurring in Russia, which resulted in surge in inflation
in 2021 that the model adequately attributed to these supply shocks.

23 For example, the model explains the acceleration of inflation in 2015 largely by latent supply shocks. The
contribution of external premium shocks appears to be small, which somewhat contradicts the perceptions of the
causes of inflation during the 2015 geopolitical crisis. The main explanation lies in the much more significant pass-
through of exchange rate movements to prices that was observed before the Central Bank switched to inflation
targeting.
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The sharp rise in inflation at the start of 2022 was almost entirely due to supply shocks
(like monopolistic mark-ups and productivity) as well as an external premium shock that largely
explained the sudden rise of foreign exchange rate. The slowdown in inflation seen in 2023 can
be attributed to negative demand shocks and the rapid disappearance of pro-inflationary factors
(faster than the model had anticipated), which had a stronger impact on inflation than the pro-
inflationary supply and labour market shocks. By late 2023, the acceleration of inflation at the
end of 2023 was mainly attributed to external premium shocks, which were intensified by labour
market and fiscal policy shocks. A tight monetary policy, monopolistic mark-up shocks and a
weak trade balance weakened the inflationary impulse. In 20242025, labour market shocks
emerged as the primary driver of inflation in Russia, while the easing of inflationary process by
the end of 2025 was largely due to the strengthening of the ruble under the influence of a mix of
shocks, including monetary policy, trade balance and external premium shocks (geopolitics).

The role of permanent, regional, sectoral and agent shocks in explaining inflation turned
out to be minor (see Table 9 for more details).

Figure 15 illustrates the decomposition of Russia’s output. The decline in output during the
Covid-19 pandemic in 2020 was largely due to both domestic and external demand factors.
While fiscal policy offered some moderate support to the economy, it was really the soft
monetary policy that drove the main heating up of the economy towards the end of 2021. The
2022-2024 episode is characterised by significant counter-directional shocks associated with the
structural restructuring of the economy. The output decline in 2022 is mainly interpreted as a
demand shock (private and investment).
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Figure 15. Decomposition of Russia’s output (GDP), in % deviation from the deterministic trend
(1.35% per year).
Note: actual (2014-2025), forecast (2026-2031).
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Supply shock also contributed to the GDP decline. In 2022, part of the GDP decline was
attributed to permanent shocks. The Russian economy found some support in the form of
reduced imports and a shift in consumer demand preference towards domestic goods. The
decomposition demonstrates the divergent impact of fiscal and monetary policies. At the same
time, an assessment of the contribution of monetary conditions reflecting the state of the
financial market suggests that the negative impulse for the economy from monetary policy was
largely offset by the softness of MC. According to the forecast for 2024-2025, the most
significant negative contribution to output will come from the labour market, which, together
with tight monetary policy and weak external demand, will be the main factor in the economy’s
transition to recession. Fiscal policy could support the economy, which in the current forecast
assumes rapid budget consolidation.

Figure 16 shows the decomposition of real wages. In wages dynamics, permanent shocks
reduce the long-term level of wages relative to the deterministic trend (2.6% per year). With
significant wages growth in 2023-2024, this could create a notable wages gap, which will have a
considerable effect on both the acceleration of inflation and the negative GDP gap.
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Figure 16. Decomposition of real wages in Russia, in % deviation from the deterministic trend
(2.6% per year).
Note: actual (2014-2025), forecast (2026-2031).

Most shocks that impact output tend to have a similar effect on real wages. However, there
is the most notable exception: factors (shocks) that originate within the labour market itself.
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Since labour is a cost for producers, these specific shocks create divergent dynamics for output
and wages.

The floating exchange rate regime causes notable fluctuations in both the nominal and real
exchange rates of the ruble against the dollar (and other global currencies). Figure 17 shows the
decomposition of the dynamics of the real dollar exchange rate into shocks. A significant portion

of the fluctuations in the real exchange rate can be attributed to oil supply shocks, external
shocks and latent external premium shocks.
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Figure 17. Decomposition of the real dollar exchange rate, as a percentage of the stationary level.
Note: actual (2014-2025), forecast (2026-2031).

Following the introduction of restrictions on cross-border capital flows and the imposition
of sanctions on Russian exports and imports in 2022, balance of payments shocks became the
most significant factor affecting the exchange rate. The ruble’s significant strengthening in 2022
can be attributed to these actions, which also led to a significant slowdown in inflation (bringing
it below the target). According to our model, this inflation drop was primarily due to the impact
of latent external premium shocks that took place in the first half of 2022. In 2024, most
structural shocks should have contributed to the strengthening of the ruble (high key rate, import
shocks and expensive oil). Why this did not happen, the model explains by the action of latent
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external premium shocks (geopolitics).?* In contrast, in 2025, the model, on the contrary,
indicates an excessively strong ruble (up to 11% to the equilibrium level).

Forecast quality assessment

As part of our quality assurance for the model, let us engage in some forecasting exercises.
We will start with ‘in-sample’ forecast calculations, a forecast option where we utilise a model
that has been estimated on the full dataset to predict variables within the estimation period. We
will then compare these model forecasts (also In-sample), which we will take as a reference
point. Next, we will perform the same procedure for out-of-sample forecasts, which involve
making forecasts for periods that are not included in the model estimation period. To work with
Out-of-sample forecasts, we will reassess the model over several periods and compare the
forecasts we generate with those from our reference models, also obtained by the Out-of-sample
method.

As reference models, we will consider two simple statistical models: an autoregressive
(AR1) model with a deterministic trend and a Random walk (RW) model that also features a
deterministic trend. In both models, we link the dynamics of each of the considered variables
exclusively to the previous dynamics of this variable. The deterministic trends for all models will
be estimated along with the dynamic parameters of the models.

We will measure the accuracy of our forecasts using the RMSE metric.

In-sample forecasts

We will make In-sample forecast calculations for three models (MARS = estimated DGSE
model; AR1 model; RW model) for the period 2019Q1-2025Q4 (28 quarters), included in the
model estimation period. The assessment results are presented in Table 6:

Table 6. RMSE for In-sample forecasts of the three models: MARS — estimated DSGE
model; AR1 model, RW model

RMSE, 2 RMSE, 4 RMSE, 8

RMSE, 1 quarter quarters quarters quarters
Variable MARS AR1 RW MARS AR1 RW MARS AR1 RW MARS AR1 RW
Inflation 0.016 | 0.016 | 0.018 | 0.017 | 0.016 | 0.021 | 0.016 | 0.016 | 0.022 | 0.017 | 0.016 | 0.024
GDP 0.019 | 0.022 | 0.021 | 0.023 | 0.024 | 0.027 | 0.028 | 0.025 | 0.032 | 0.029 | 0.025 | 0.031

Real wages 0.021 | 0.020 | 0.019 | 0.029 | 0.025 | 0.024 | 0.040 | 0.029 | 0.035 | 0.061 | 0.031 | 0.066

Investment 0.034 | 0.033 | 0.032 | 0.051 | 0.042 | 0.044 | 0.068 | 0.054 | 0.066 | 0.081 | 0.055 | 0.096

Nominal
exg??grg;gr:te 0.081 | 0.080 | 0.080 | 0.117 | 0.102 | 0.119 | 0.151 | 0.107 | 0.155 | 0.218 | 0.106 | 0.224
currency
Key rate 0.006 | 0.005 | 0.004 | 0.010 | 0.008 | 0.007 | 0.013 | 0.010 | 0.010 | 0.015 | 0.010 | 0.013

Inflation, Volga-
Vyatka MR

0.016 | 0.017 | 0.019 | 0.017 | 0.017 | 0.022 | 0.017 | 0.017 | 0.023 | 0.018 | 0.017 | 0.025

GRP, Volga-
Vyatka MR

0.018 | 0.019 | 0.017 | 0.026 | 0.022 | 0.021 | 0.036 | 0.027 | 0.028 | 0.045 | 0.029 | 0.038

Real wages,

Volga-Vyatka 0.020 | 0.019 | 0.017 | 0.032 | 0.027 | 0.026 | 0.051 | 0.037 | 0.041 | 0.071 | 0.043 | 0.077

MR

Inflation abroad | 0.004 | 0.004 | 0.004 | 0.004 | 0.005 | 0.005 | 0.004 | 0.005 | 0.006 | 0.005 | 0.005 | 0.008

24 Since 2022, the most realistic interpretation of external premium shocks is related to the intensity of sanctions
pressure on Russia and problems with cross-border payments.
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Foreign output | 0.015 | 0.018 | 0.017 | 0.019 | 0.021 | 0.023 | 0.020 | 0.022 | 0.026 | 0.020 | 0.021 | 0.028 |
Source: authors’ calculations.
Note: For each model, calculations are based on 28 quarters 2019Q1-2025Q4. Exception: investments and foreign
output, 26 quarters 2019Q1-2025Q2.

The estimated model in In-sample forecasting generally lags behind the AR1 model
(especially over 4 and 8 quarter intervals), although it generally outperforms the RW model. The
main reason for this discrepancy is that we are trying to forecast variables where the
identification of the long-term trend is difficult. In this case, the AR1 model, which identifies a
single trend that best describes the historical data, may gain an additional advantage over models
with a changing trend estimate (MARS, RW).

Let us consider the forecasting results in more detail.

Figure 18 shows forecasts based on three models. From the perspective of forecasting
inflation, the advantage of the AR1 model over the developed structural model is based on the
fact that the average inflation for the selected historical range exceeded the target (4%). For
example, in the period 20222025, the model explains the sustained inflation above the target by
a series of pro-inflationary shocks of a short-term nature. This generates a series of errors in the
structural model, while the AR1 model, where the average inflation level is above the target,
tends to be more accurate in its forecasts.

The key rate being higher than what the MARS Taylor rule estimated, which was
necessary to curb pro-inflationary risks during 20222025, also contributed to the historical rate
being above the real neutral rate (of 4% per annum) embedded in the structural model. This also
gave an advantage to the AR1 model, which allows the long-term trend to be freely adjusted to
the data.

Inflation, Q0QSA

GDP, In
Real wage, In

201901 202001 202101 202201 202301 202401 202501 2026-01

Key rate
Foreign inflation, Q0QSA

Nominal foreign exchange rate, In

Figure 18. In-sample forecasts based on three models: MARS (red); AR1 (blue); RW

(green).
Note: Actual (black)
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Errors in forecasting output and real wages are associated with estimates of the trend in the
data series. The trend in the AR1 model is estimated without restrictions based on GDP
dynamics. The trend in the MARS model is limited by structural relations and is determined
based on several observed series: GDP, GRP, investments, consumption, government spending,
real wages, nominal exports and imports plus regional series. The deterministic trends of all
observed variables in the structural model are interrelated, which prevents the free fitting of
deterministic trends to the data.

Similar considerations apply to virtually all series (see Fig. P21 in Appendix 3).

In-sample forecasting allows us to see the limits of the developed model: the difficulties in
linking observed trends with theoretically justified trends of real variables. Permanent shocks
were introduced, among other things, to partially mitigate this problem,? however the accuracy
of identifying these shocks in real time limits their ability to improve the quality of structural
model forecasts.

Out-of-sample forecasts

Let us consider the properties of Out-of-sample forecasts of the structural MARS model
compared to the reference models discussed above. Table 7 presents the results of calculating
Out-of-sample forecasts for three models for the period 2020Q1-2025Q4 (24 quarters) for the
same MARS, AR1 and RW models.? In each case, we re-estimate all models based on the then
available information, starting from 2014Q1.

25 Additionally, permanent shocks in the model are mainly used to describe the structural transformation of the
economy after 2022.
26 Exception: investments and foreign output, 22 quarters (2020g1-2025q2).
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Table 7. RMSE for Out-of-sample forecasts of the three models: MARS — estimated DSGE
model; AR1 model, RW model.

RMSE, 2 RMSE, 4 RMSE, 8
RMSE, 1 quarter quarters quarters quarters
Variable MARS AR1 RW MARS AR1 RW MARS AR1 RW MARS AR1 RW
nflation 0.020 | 0.021 | 0.023 [ 0.022 | 0.023 | 0.027 | 0.020 | 0.023 | 0.028 | 0.021 | 0.028 | 0.034
GoP 0.024 | 0.026 | 0.028 [ 0.029 | 0.031 | 0.036 | 0.031 | 0.034 | 0.043 | 0.038 | 0.031 | 0.041
0.028 | 0.025 | 0.023 [ 0.039 | 0.033 | 0.031 | 0.053 | 0.043 | 0.046 | 0.058 | 0.055 | 0.071
Real wages
0.058 | 0.043 | 0.041 | 0.090 | 0.061 | 0.057 | 0.127 | 0.090 | 0.092 | 0.166 | 0.129 | 0.137
Investment
Nominal
exchangerate | 0.087 | 0.099 | 0.094 | 0.125 | 0.133 | 0.142 | 0.155 | 0.154 | 0.183 | 0.174 | 0.187 | 0.201
of foreign
currency
Key rate 0.007 | 0.007 | 0.006 | 0.013 | 0.011 | 0.009 | 0.017 | 0.015 | 0.013 | 0.020 | 0.022 | 0.017

Inflation, Volga- | 0.021 | 0.022 | 0.024 | 0.022 | 0.024 | 0.029 | 0.021 | 0.023 | 0.029 | 0.022 | 0.029 | 0.034

Vyatka MR

GRP, Volga- 0.026 | 0.023 | 0.023 | 0.037 | 0.029 | 0.028 | 0.048 | 0.041 | 0.040 | 0.059 | 0.057 | 0.056

Vyatka MR

Real wages,
Volga-Vyatka
MR

Inflation abroad

Foreign output

Source: authors’ calculations.
Note: RMSE calculated based on 24 quarters 2020Q1-2025Q4. Exception: investments and foreign output, 22
quarters 2020Q1-2025Q2.

The results of the calculations show that statistical models no longer have an advantage
over the DSGE (MARS) model. When forecasting inflation in the Russian Federation, VVMR,
abroad, GDP, foreign output, nominal exchange rate of foreign currencies, MARS has an
advantage over statistical models at virtually all horizons. Key variables, real wages, investment,
GRP and wages in VVMR are forecasted worse by the structural model than by statistical
models.

Let us consider the nature of DSGE model errors in more detail. Figure 19 (and Figure P22
in Appendix 3) shows Out-of-sample forecasts based on three models. In this case, the DSGE
model’s focus on a 4% target gives it an advantage over statistical models. Inflation trend
estimates made in different quarters show very different results, resulting in the inflation forecast
error (overall, regional, foreign) for the AR1 and RW models higher than for the DSGE for all
forecast horizons.

The Taylor rule in 2020 and 2022—-2025 does not predict interest rate dynamics well, which
gives more flexible statistical models an advantage in forecasting the key rate. This provides an
opportunity to consider improving the monetary policy rule.

Real wages in Russia, wages and VVMR GRP, as well as investments, are highly
dependent on the dynamic properties of shocks. The period 2022-2025, with shocks that are
more persistent than in the historical range, has significantly reduced the predictive power of
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structural models for these variables. For the dynamics of wages, this property of shocks has
been enhanced by the forecast of a shift in the long-term wage trend (downwards) due to
permanent fiscal shocks.

Inflation, Q0QSA

GDP, In
Real wage, In

006

0.08 10.25 — 005
2019-01 202001 202101 202201 202301 2024-01 202501 202601 201901 202001 202101 202201 202301 2024-01 2025-01 2026-01 201901 202001 202101 202201 2023-01 2024-01 202501 2026-01

Key rate
Foreign inflation, Q0QSA

Nominal foreign exchange rate, In
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Figure 19. Out-of-sample forecasts based on three models: MARS (red); AR1 (blue); RW

(green).
Note: Actual (black)

Permanent shocks are designed to address the problem of underestimating the persistence
of shocks, but their real-time assessment is challenging (information about them is gradually
incorporated into the data), and their composition is limited. For example, the data show that
permanent shocks to investment and regional output could improve the MARS forecasting
properties for the period 2022—-2025.

The calculations demonstrate well-known problems in macroeconomic forecasting during
periods of structural shifts. However, the structural model reinforced by permanent shocks
generally allows for a more adequate macroeconomic picture to be formed, and there is no doubt
about the usefulness of structural modelling in a turbulent environment: the DSGE model allows
for gradual and controlled correction of identification and forecasting errors by adjusting the
structure of the economy.
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Advanced analytics based on the estimated DSGE model

In this section, we will perform several advanced analytics exercises that assist in making
monetary policy decisions. First, we will discuss the permanent components of variables: output,
real wages and interest rates. Then we will discuss the decomposition of regional variables.
Finally, we will ask about the contribution of shocks that explain heterogeneity and their role for
monetary policy.

Permanent components of variables

We assume that, in addition to deterministic trends in endogenous variables, the model
contains stochastic trends that are determined by permanent shocks v,. Permanent shocks
determine the I(1) components of endogenous variables. For the purposes of macroeconomic
analysis, it makes sense to calculate separately the dynamics of all endogenous variables, which
takes into account both deterministic and stochastic trends, but does not take into account the
effect of all temporary shocks ¢, responsible for the business cycle. For this type of calculation,
we further use the term ‘permanent’ (Canova, 2024), and the permanent variables are asymptotes
for the corresponding endogenous variables. The deviation of the actual values of the variables
from their permanent component is decomposed into business cycle shocks &, and is the
temporary (transitory) component of the variables.

Permanent GDP and real wages

To characterise the dynamics of permanent output, we first return to the calculation of the
deterministic trend. The long-term GDP growth rate according to (156) (as percentage per
annum) is:

g 1-o0 0.00262 1-1.276
gr = a'_L<1 +0+K) "= 1066 ( T 1276+ 1.083

This value was obtained as a result of a Bayesian estimation of long-term TFP growth
rates, utility function parameters of households and labour force trends. The main structural
constraint of the estimation is the assumption of a general trend in GDP, investment, aggregate
consumption and government spending.

Permanent shocks also play a significant role in GDP dynamics (see Fig. 15). In Fig. 20,
we will examine in more detail the contribution of each of the seven permanent shocks to
Russia’s GDP dynamics. Until 2022, the main contribution comes from permanent export shocks
and TFP. After the Covid-19 pandemic, the main driver will be permanent government spending
and TFP shocks (each contributing up to +1% to long-term GDP). Since 2022, there has been a
change in the structure of the economy, which in terms of long-term GDP the model has broken
down into positive shocks to government spending and taxes (up to +2.5% of GDP), long-term
growth in wages mark-up (up to -2% of GDP), a decrease in TFP (up to -1.5% of GDP) and a
decrease in imports (up to +0.5% of GDP).

By the end of 2025, the estimated total impact on GDP of the permanent shocks that
occurred after 2022 was close to zero. Restrictions on the estimation of permanent shock
variances imposed during model estimation contributed to this result (see the section on the
specifics of permanent shock estimation).

> - 0.00014] *4-100% = 1.346%
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Figure 20. The contribution of permanent shocks to the dynamics of Russia’s GDP, in %

deviation from the deterministic trend (1.35% per year).
Note: actual (2014-2025), forecast (2026-2031).

The trend deterministic growth rate of real wages is calculated using formula (153), but in
our assessment we allowed for the possibility of long-term real wages growth rates deviating
from the structurally justified level by an amount g,,.,, Which we also estimated using the
Bayesian method. As a result, the general calculation formula (in per cent per annum) is as
follows:

g 0.00262
9w = —+ Gwerr = |———+ 0.00215( - 4-100% = 2.448%
a, 0.66

The discrepancy g, allows us to leave unexplained the reason why, according to
statistics, real wages grow at a long-term rate higher than that required by the standard
neoclassical model of economic growth (about 1.6% per year).

Permanent shocks also have a significant impact on real wages. Figure 21 shows the
contribution of the dynamics of these shocks to the permanent component of real wages.

The most fundamental result is the significant negative contribution of permanent
government spending shocks to long-term wages (up to -2.5% after 2022). This leads to a
significant deviation of actual real wages (Fig. 16) from their trend level. The negative long-term
response of real wages to the growth of government spending is the basis for the positive effect
of the permanent demand shock (government spending) on long-term output. This effect
manifests through the crowding-out effect of private consumption and the growth of the marginal
utility of one unit of labour for households. This stimulates households to increase the labour
supply (reduce the required wage), and firms to increase production volume in the long term.
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Figure 21. The contribution of permanent shocks to the dynamics of Russia’s real wages,

in % deviation from the deterministic trend (2.45% per year).
Note: actual (2014-2025), forecast (2026-2031).

Permanent and natural rates
To calculate the permanent component of the rate, we use the same approach as for
permanent output: the deterministic part (natural rate) plus the contribution of permanent shocks.
In the model, the real rate in the deterministic stationary state (natural rate) is at a level that
satisfies the Euler equation (15) for consumption, taking into account the growing output and
labour force. In equation (16), we defined the growth rate-adjusted labour force n and output gy
subjective intertemporal discount:
Baaj = B exp(—n —o(gy — n)) = 0.995 - exp[0.00014 — 1.276(0.003366 + 0.00014)]
= 0.9907
According to (17), the natural real interest rate corresponding to the balanced growth path
and optimal behaviour of households (long-term natural rate) will be:
1- ﬁadj
r=__"r,
ﬁadj
As we noted above, the adjusted intertemporal discount takes into account that, in addition
to the subjective discount of the future, there are two other effects. The effect of household size,
which reduces the debt burden (if any) on each household member, as well as the effect of the

4-100% = 3.756%
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trend decline in the marginal utility of consumption A., which requires compensation for
households in the form of a higher real rate.?’

We find the nominal long-term natural rate by adding the expected long-term inflation
(target 4%) to the real rate:

i=1+4%=7.756%

In the developed model, the Taylor rule for the key rate is based on the long-term natural
rate, and the contribution of permanent factors to the key rate is calculated through their impact
on expected inflation. Figure 22 shows the dynamics of the contribution of permanent shocks to
the key rate.
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Figure 22. The contribution of permanent shocks to the dynamics of the key rate in %

deviation from the stationary level (7.76% per annum).
Note: actual (2014-2025), forecast (2026-2031).

In 2022, the permanent component of the rate goes up, as the permanent decline in exports
through the exchange rate channel, as well as TFP through the cost channel, somewnhat
accelerated inflation, which according to the Taylor rule required an increase in the key rate. The
impact of permanent shocks on inflation is not very large, and their response is not as persistent
as the response of real variables. The model predicts that balanced expansion of the state budget
under the influence of permanent fiscal shocks will create a slight pro-inflationary background
(+0.1 pp AR) for the next few years. If it is necessary to keep inflation on target, this will require

%7 We ignore the impact of the habit effect in consumption on S,,4; and assume that households realise that the level

of ‘neighbour’s consumption’ in the long term also grows along with their level.
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monetary authorities to keep the key rate slightly above the long-term natural level, which can be
interpreted as an increase in the medium-term level of the neutral [to inflation] rate.

In the spirit of the Aguiar and Gopinath (2007) formula ‘trend generates cycle’, note that
permanent shocks influence the high-frequency component of inflation and rates, although their
contribution to the dynamics of these variables is relatively small (see Table 9).

Regional macroeconomic analysis

For preliminary meetings of the Board of Directors (BoD) of the Bank of Russia each
regional branch prepares a medium-term forecast of the dynamics of regional and aggregate
macroeconomic variables. The spillover effects between sectors and regions make processes in
any macro-region connected with the rest of the Russian Federation, thus integrating the macro-
region into the overall economic structure. The developed DSGE model was initially tailored to
solve this task, so below we will only focus on some features of forecasting regional macro-
series.

Figure 23 shows the decomposition of inflation in the Volga-Vyatka MR into structural
shocks along with a forecast up to 2031. If we compare this decomposition with a similar
decomposition for Russia (Figure 14), we can see that the qualitative conclusions about the
contribution of various factors to inflation dynamics do not change. The role of regional shocks
in explaining regional inflation also turns out to be small (although slightly higher than for
headline nationwide inflation). Firstly, the actual inflation of the region and the country as a
whole differs insignificantly, which does not give significant reason to assume the action of any
regional or sectoral shocks. Secondly, other types of heterogeneity characteristic of the Volga-
Vyatka MR partially help explain the observed deviations of regional inflation from nationwide:
a lower percentage of extractive industries and a higher percentage of the nhtm group. The
proximity of headline regional and nationwide inflation increases the significance of analysing
regional inflationary trends, which can be partially extrapolated to the country as a whole. In the
question of which inflation is more important for decision-making: regional or aggregated, there
is no ambiguity: regional monetary authorities should always focus on Russian inflation, using
the features of the regional business cycle only as additional information for developing
monetary policy decisions for the country as a whole.
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Figure 23. Decomposition of inflation in the Volga-Vyatka MR, pp Q0QSAAR in

deviations from the target (4%).
Note: actual (2014-2025), forecast (2026-2031).

Next, consider the dynamics of the gross regional product of the VVolga-Vyatka MR. Figure
24 presents the decomposition of GRP into structural shocks and a forecast up to 2031. The
contribution of regional shocks to the dynamics of GRP turned out to be much more significant
than for regional inflation. A similar conclusion can be made for real wages (Figure 25). After
2022, regional output and regional wages grow stronger than in Russia as a whole, which the
model attributes to the action of regional shocks (mainly on the demand side s,m,t).28 Just as for
Russia’s GDP (Figure 15), in regional output, the negative contribution of tight monetary policy
to output is largely offset by the positive contribution of relatively low (for the observed key
rate) credit (loan) rates. This indirectly?® indicates a decrease in the efficiency of monetary policy
after 2022 under conditions of fiscal dominance.

28 The chosen method of calculating the regional series of government spending does not allow for explicit
processing of the a priori representation of the public sector’s contribution to the dynamics of GRP and real wages
in the VVMR, so the model attributes it to latent shocks of private regional demand.

29 This mechanism of linking the efficiency of monetary policy with fiscal policy is not explicitly present in the
model.
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Figure 24. Decomposition of the output of the Volga-Vyatka MR, in % deviation from the
deterministic trend (1.35% per year).
Note: actual (2014-2025), forecast (2026-2031).

The labour market of the Volga-Vyatka MR turned out to be more strained (in terms of the
gap between supply and demand) compared to Russia as a whole (fig. 16). The model is able to
account for this to the extent that this tension is transformed into higher real wages. The main
explanation for the dynamics of regional and nationwide wages is related to shocks that create an
inverse correlation between output and real wages: shocks of monopolistic mark-up on wages
and labour force shocks. Shocks of monopolistic mark-up on wages account for the growth in
real wages that does not follow from the behaviour laws of households based on utility
maximisation. These shocks in the forecast make a significant contribution to the recession that
may follow after the factors that created overheating cease to operate.

Stronger growth in real wages and output does not have a noticeable effect on regional
inflation because, firstly, tradable goods distributed in the region are produced not only in this
region but also in other regions; secondly, the high wages of the region’s households are spent
not only in this region but also in other regions. That is, two spill-over effects (through the goods
market and the labour market) help explain the weak transmission of the high output and wage
gap into regional inflation, in other words, the small slope of the regional Phillips curve.
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Figure 25. Decomposition of real wages of the VVolga-Vyatka MR, in % deviation from the
deterministic trend (2.45% per year).
Note: actual (2014-2025), forecast (2026-2031).

Contribution of heterogeneity shocks to the dynamics of variables
We will calculate the decomposition of the variances of key variables into groups of
shocks for the estimated parameters of the model, as well as the variances of structural shocks.
This time, we will focus on shocks creating heterogeneity: regional, sectoral and agent. We will
extend the remaining groups of shocks to internal general, permanent, foreign exchange market,
external and monetary policy shocks.
Table 9. Contribution of shock groups to the variance of Russia’s inflation, %

Quarters 1 4 8 12 16 20
Internal general 78.4 77.9 75.8 74.5 74.0 73.7
Permanent 0.4 0.3 0.3 0.3 0.3 0.3
Foreign exchange market 12.4 13.0 14.5 15.3 15.8 15.9
External 4.5 4.9 5.6 6.0 6.2 6.3
Monetary policy 0.7 0.6 0.6 0.6 0.6 0.6
Regional 1.7 1.9 1.9 1.9 1.9 1.9
Sectoral 1.9 1.3 1.2 1.2 1.2 1.2
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 3.7 3.2 3.2 3.1 3.1 3.1
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Source: authors’ calculations.

The main contribution to inflation dynamics is made by domestic common shocks from
78% for the 1st quarter to 73% in the 20th quarter. Heterogeneity shocks, like other groups of
shocks, have an insignificant impact on headline nationwide inflation. In our opinion, the
contribution of domestic factors in this calculation is exaggerated. First, the model was evaluated
to better describe the dynamics at the end of the range, which led to the underestimation of the
exchange rate pass-through effect into prices at the beginning of the range; second, additional
domestic shocks were needed to explain the dynamics of real variables around the agreed trends.
The contribution of monetary policy shocks to inflation is, first, somewhat underestimated due to
the fact that the strength of monetary policy at the beginning of the range is somewhat
underestimated (price rigidity is overestimated to better match the business cycle dynamics after
2020); second, it does not fully reflect the contribution of stabilising monetary policy to the
business cycle, as it does not take into account the predictable dynamics of the key rate; third, it
is underestimated for the period 2022-2025 (see, for example, Fig. 14 for illustration).

Table 10 shows the calculation of the contributions of structural shock groups to the
variance of regional inflation.

Table 10. Contribution of shock groups to the variance of inflation in the Volga-Vyatka

MR, %
Quarters 1 4 8 12 16 20
Internal general 76.8 76.8 74.7 73.4 72.9 72.6
Permanent 0.4 0.4 0.3 0.3 0.4 0.4
Foreign exchange market 12.3 13.0 14.5 15.4 15.8 16.0
External 4.5 49 5.6 6.0 6.2 6.3
Monetary policy 0.7 0.6 0.6 0.6 0.6 0.6
Regional 3.6 3.0 3.0 3.0 3.0 3.0
Sectoral 1.8 1.3 1.2 1.1 1.1 1.1
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 5.5 4.3 4.2 4.2 4.2 4.2

Source: authors’ calculations.

The contribution of regional shocks has increased slightly but still remains at a fairly low
level compared to overall shocks that once again confirms our previous reasoning that regional
inflation is mostly determined by common factors.

Tables 11 and 12 present the contributions of shock groups to the variance of Russia’s
GDP and the GRP of the Volga-Vyatka MR, respectively. From the output perspective, foreign
exchange market shocks start to play a significant role: the situation with exports, imports and
the exchange rate. The role of heterogeneity shocks is relatively small and is around 4%.

Table 11. Contribution of shock groups to the variance of Russia’s GDP, %

Quarters 1 4 8 12 16 20
Internal general 42.7 47.4 46.1 44.0 42.0 40.1
Permanent 4.9 8.5 13.3 17.4 21.0 24.2
Foreign exchange market 46.1 37.7 34.6 32.8 31.5 30.2
External 1.1 1.1 1.0 1.0 1.1 1.1
Monetary policy 1.1 1.0 1.0 0.9 0.9 0.9
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Regional 3.5 3.6 3.3 3.1 2.9 2.8
Sectoral 0.5 0.6 0.6 0.6 0.6 0.6
Agent (household) 0.2 0.1 0.1 0.1 0.1 0.1
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 4.2 4.3 4.0 3.8 3.6 3.5

Source: authors’ calculations.

In the regional output, the contribution of heterogeneity shocks (primarily regional) is
higher: 9-10%. At the same time, in 2023-2025, the role of regional shocks in explaining the
overheating of the Volga-Vyatka MR economy is very significant. All this may indicate that in
2022, prerequisites arose for increasing the role of heterogeneity in explaining regional and
aggregated variable dynamics. However, the presented model does not fully capture this
contribution. The main slice of heterogeneity significant for the study does not run along the
lines of competition, pricing and the presence of foreign competition, but rather by the degree of
connection with the fiscal block, which is not disclosed in the model. Developing the model in
this direction is a promising area for its further improvement.

Table 12. Contribution of shock groups to the variance of GRP of the Volga-Vyatka MR,

%
Quarters 1 4 8 12 16 20
Internal general 39.4 43.0 41.8 40.0 38.2 36.7
Permanent 4.7 7.9 12.5 16.4 19.9 23.0
Foreign exchange market 44.7 35.8 33.1 31.5 30.2 29.1
External 1.0 1.0 1.0 1.0 1.0 1.0
Monetary policy 1.0 1.0 0.9 0.9 0.8 0.8
Regional 8.5 10.7 10.0 9.6 9.2 8.8
Sectoral 0.4 0.5 0.6 0.6 0.5 0.5
Agent (household) 0.2 0.1 0.1 0.1 0.1 0.1
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 9.1 11.3 10.7 10.2 9.8 9.4

Source: authors’ calculations.

Finally, let us consider the role of shock groups in explaining the variance of the key rate
during the period under review.

The contribution of heterogeneity shocks to explaining the variance of the key rate is also
small (about 2.5%). Permanent shocks do not usually make a significant contribution to the
dynamics of the rate, although their contribution became significantly higher in the period after
2022.

Appendix 4 provides decompositions of real wages in Russia and the Volga-Vyatka MR,
as well as the real foreign currency exchange rate.

Table 13. Contribution of shock groups to the variance of the key rate, %

Quarters 1 4 8 12 16 20
Internal general 49.0 65.8 62.6 59.7 58.3 57.8
Permanent 0.2 0.3 0.3 0.3 0.3 0.3
Foreign exchange market 8.4 14.0 18.3 20.8 21.9 22.4
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External 3.1 5.5 7.4 8.5 9.0 9.2
Monetary policy 37.5 12.1 8.9 8.2 7.9 7.8
Regional 1.2 1.8 2.0 2.0 2.0 2.0
Sectoral 0.7 0.6 0.5 0.5 0.5 0.5
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 1.8 2.4 2.5 2.5 2.5 2.4

Source: authors’ calculations.

Conclusion

This work is devoted to the development of a KANK-type DSGE model with three types
of heterogeneity: agent (households), regional and sectoral. The main contribution of this work is
seen in practical terms: the developed model can be applied in several modes, depending on the
type of heterogeneity that is the focus of the researcher. We have shown the results of the model
evaluation for a regional focus: when regional macroeconomic analysis is required to support
monetary policy. We have made this practical case the main one since the model operates in a
two-region mode — the focus region (in the study, the Volga-Vyatka MR) and the rest of Russia.
We evaluated the model using the Bayesian method and conducted a series of model adequacy
checks: we calculated the key elasticities and sensitivities of the model when certain shocks
occur; we analysed the main impulse response functions; demonstrated the decomposition of
variables into shocks for historical and forecast horizons; performed in-sample and out-of-
sample forecasting exercises; and decomposed the variance of variables into shocks. All these
tests confirm the adequacy of the model and its applicability for medium-term forecasting when
developing monetary policy decisions.

The main drawbacks of the model lie in the excessive rigidity of the structure of
deterministic long-term growth. The assumption of a single deterministic trend, although it gives
the analysis theoretical consistency, reduces the predictive properties of the model and also
reduces the model’s ability to explain macroeconomic dynamics at the beginning of the historical
range (2014-2019).

We performed several useful exercises in advanced analytics: we calculated the dynamics
of the trend (permanent) output and real wages, and also showed how the natural (long-term)
interest rate is formed. We demonstrated the model’s capabilities in conducting regional
macroeconomic analysis. Finally, we calculated the contribution of heterogeneity shocks to the
variance of inflation, output and interest rates for the period 2014-2023. On the one hand, the
results suggest that the role of these shocks is not very significant, but starting from 2022, their
role is growing, and the use of the developed model to account for various aspects of
heterogeneity in the development of monetary policy may be useful. To reflect better the
contribution of heterogeneity to macroeconomic dynamics after 2022, it makes sense to
differentiate industries according to the intensity of their interaction with public demand,
including through its investment component.
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Appendices

Appendix 1. Data and forecast
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Appendix 2. Impulse response functions
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IRF on other regional shocks
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IRF on other common shocks
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IRF on other permanent shocks
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Appendix 3. In- and Out-of-sample forecasting
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Appendix 4. Variance decomposition
Table P1. Contribution of shock groups to the variance of real wages in Russia, %

Quarters

1 4 8 12 16 20
Internal general 75.9 65.7 54.6 47.5 42.9 39.5
Permanent 3.9 9.3 17.6 25.1 31.4 36.6
Foreign exchange market 11.5 16.6 19.4 19.0 17.8 16.6
External 2.0 3.3 4.4 4.7 4.5 4.2
Monetary policy 0.1 0.1 0.1 0.1 0.1 0.1
Regional 5.6 3.9 2.7 2.2 2.0 1.8
Sectoral 0.9 1.1 1.2 1.3 1.3 1.2
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 6.6 4.9 3.9 3.5 3.3 3.1

Source: authors’ calculations.

Table P2. Contribution of shock groups to the variance of real wages in the Volga-Vyatka MR,

%
Quarters 1 4 8 12 16 20
Internal general 69.7 62.4 53.0 46.5 42.1 38.8
Permanent 3.7 8.9 17.0 24.5 30.8 35.9
Foreign exchange market 10.8 15.6 18.3 18.0 16.9 15.7
External 1.8 3.0 4.1 4.3 4.1 3.9
Monetary policy 0.1 0.1 0.1 0.1 0.1 0.1
Regional 13.1 9.0 6.3 5.3 4.8 4.4
Sectoral 0.9 1.0 1.2 1.2 1.2 1.2
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 13.9 10.0 7.5 6.5 6.0 5.6

Source: authors’ calculations.

Table P3. Contribution of shock groups to the variance of the real foreign exchange rate, %

Quarters 1 4 8 12 16 20
Internal general 11.0 19.0 21.4 21.6 21.2 20.7
Permanent 54 8.7 12.5 15.8 18.7 21.3
Foreign exchange market 75.1 62.7 55.9 52.4 50.1 48.3
External 6.0 7.8 8.6 8.8 8.6 8.4
Monetary policy 2.2 1.4 1.1 1.0 0.9 0.9
Regional 0.2 0.2 0.3 0.3 0.3 0.3
Sectoral 0.1 0.1 0.1 0.1 0.1 0.1
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 0.3 0.4 0.4 0.5 0.5 0.5

Source: authors’ calculations.
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Table P4. Contribution of shock groups to the variance of the nominal foreign exchange rate, %

Quarters 1 4 8 12 16 20
Internal general 6.7 9.5 15.5 21.2 25.2 28.1
Permanent 5.4 8.3 10.2 10.8 11.0 11.0
Foreign exchange market 78.5 69.8 59.9 52.9 48.4 45.4
External 6.6 9.8 11.7 12.2 12.4 12.5
Monetary policy 2.4 1.7 1.3 1.1 1.0 0.9
Regional 0.3 0.7 1.2 1.5 1.6 1.7
Sectoral 0.1 0.1 0.2 0.3 0.3 0.4
Agent (household) 0.0 0.0 0.0 0.0 0.0 0.0
Sum total 100.0 100.0 100.0 100.0 100.0 100.0
Total heterogeneity shocks 0.4 0.8 1.4 1.8 2.0 2.1

Source: authors’ calculations.
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