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The article presents a dynamic stochastic general equilibrium model (DSGE-model) for the Russian
economy. The model describes the behavior of the following macroeconomic agents: households, real sector,
banking sector, Central Bank, as well as the interactions between them and the world. Household modeling uses
the external habit formation approach to account for the inertia of preferences. To model the real sector, we
abandoned the most common approach which assumes that the decision on investments is made by the
households as the owners of production factors. Instead, we took the firm-specific capital approach which
assumes that the decision on investment is made by the firms themselves. The study also considers that in Russia,
fixed assets are mostly invested from the firms' own funds. To account for the investment inertia in the fixed asset
in a real sector model, the expenditures are transferred to the commissioning of new facilities, the Calvo model is
applied to describe the price setting under the monopolistic competition. A banking sector which defines the loan
and debt interest rates to the key Central Bank interest rate is chosen to be a link between the households and
firms in the model. The Taylor equation is used to describe the monetary policy of the Bank of Russia under the
inflation targeting, while an inertia factor is included into the equation with the uncovered interest parity for the
budget rule which regulates the purchases (or sales) of the currency by the National Welfare Fund. The final
linearized model is a system of 23 difference equations with rational expectations. Based on the proposed model,
calculations were made and key macroeconomic indicators were forecasted for 20202021 on a quarterly basis
for the Russian economy. The calculations account for the relevant recessionary factors: oil price fall, oil
production cut in OPEC+ deals, quarantine measures aimed to prevent the spread of the corona virus infection,
anti-recessionary measures of the RF Government. The findings show that the economic downturn in 2020 can be
from 5 to 7% under COVID-19 pandemic. Growth in 2021 is estimated to be within 3-5%. The developed model
can be used for scenario projecting for the Russian economy, upgrading the monetary policy of the Bank of
Russia, and for developing applied quarterly projection models (QPM). The model could be further modified by
including more elements: decomposing the household sector into the Ricardian and non-Ricardian ones,
identifying the resources industries and industries in the real sector which manufacture the invested goods,
including the key taxes and budget expenses into the model. One more promising area is to analyze the
equilibrium of the interest rates when large firms could accumulate their own financial resources. This
prerequisite decreases the demand for the bank loans from the real sector and, thus, leads to lower, including the
negative, interest rates. The proposed approach enhances the quality of a DSGE model as a predictive tool for
making the political and managerial decisions.
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DSGE-MOJIEJIb POCCHHCKOH 9KOHOMHUKH C BAHKOBCKHUM
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IMAHJEMHUH KOPOHABHPYCA
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LenTp sxoHOMuKH nHbpacTpykTypsl (Poccust, 129110, r. Mocksa, yi. ['umstposckoro, 57, oduc 601)
Bceepoccuiickas akagemust BHermHer Toproii (COIIC) MunncTepcTBa 3K0HOMIYECKOT0 pa3sutusi Poccutickoit enepanmm
(Poccus, 117997, T'CII-7, Mocksa, yi1. Basuiosa, 7)

B craTtbe mpexacTaBneHa IMHAMHYECKas CTOXacTHueckas Monens obrmiero paBHoBecusi (DSGE-monens)
POCCHICKOIM SKOHOMHKH. MOJETb ONHCHIBACT MOBEACHHUE CICAYIONINX MAKPOIKOHOMHYECKUX areHTOB: JIOMAIIHUE
XO35HCTBA, PeabHBII CEKTOp, OAaHKOBCKUI CEKTOp, EHTPANBHBIN 0aHK, a TaKXKe X B3aNMOCBSI3H MEXKAY CO00il U
BHEMIHUM MupoM. [Ipu MoaennpoBaHuy JOMAIIHUX XO3SHCTB yITeHAa HHEPIUOHHOCTD IPEAIIOYTEHHI TOCPEICTBOM
UCTIONB30BaHMA rmoxoa “‘external habit formation”. [{ns mogenmpoBaHus peasbHOTO CEKTOpa 0OOCHOBAH OTKA3 OT
HanOoJiee pPacmpoCTPaHEHHOTO IOAXO/Aa, TPH KOTOPOM IIpeamoyiaraercs, 4YTo pelieHne 00 WHBECTUIHAX
NPUHUMAIOT JOMAIllHUE X035CTBa KaK BJIaeibLbl (PaKTOPOB MPOM3BOACTBA. BMecTO 3TOr0 ObUT IPUMEHEH MOAXON
“firm-specific capital”’, B paMkax KOTOpPOro Mmpemroaractcsi, YTo pelieHne 00 HHBECTHUIHUSX NPUHUMAIOT CaMU
¢upmeL. B nccrnenoBaHny Takxke ObUIO yYTEHO, YTO B Pocciy MHBECTHIIMM B OCHOBHOM KamuTail (GPUHAHCUPYIOTCS 110
OosbIIeld YacTH 3a cueT COOCTBEHHBIX CPENCTB NpeanpusaTuil. Jlist yuéra MHEpLMOHHOCTH UHBECTHLIMH B OCHOBHOU
KaliTaJl B MOJICNIM PEAJIbHOTO CEKTOpa MPUHUMAIOTCS M3JIEPKKHM Ha BBOJ HOBBIX MOIIHOCTEH, IIeHOOOpa3oBaHUE
($upM B yCJIOBHAX MOHOIOJMCTHYECKON KOHKYPEHIIMH ONHChIBaeTcs Mozensto KanmbBo. B kauecTBe cBsizyroriero
3BEHA MEX[Y JOMAIIHUMH XO3SHCTBaMH M (PPMaMH B MOZENH IIPUCYTCTBYET OJIOK OAaHKOBCKOTO CEKTOPA, KOTOPBIH
YCTaHaBIIMBAET IPOIIEHTHBIEC CTABKH M0 JIETIO3UTaM M KpeIUTaM Ha OCHOBE KIIIOUEBOH cTaBKM LeHTpansHOro OaHka.
Jnst onrcanust MoHeTapHOH nonuTuky banka Poccnu B ycnoBrsax HH(ISIMOHHOTO TapreTHPOBAHUS IIPUMEHSETCS
ypaBHeHue Teiinopa, a [l GIO[UKETHOTO NpaBmia, B PaMKaX KOTOPOTO IMOKyIMaeTcs (WIM Mpoaacrcs) BalOTa B
@oH HAIMOHAILHOTO OJIATOCOCTOSHMS, B YPABHEHHE HEIOKPBITOTO NPOIEHTHOTO TapUTeTa BKIIOYCH (AKTOp
MHEPLUHUOHHOCTH. MTOoroBas iMHeapu30BaHHAs MOJENb IpPEICTaBIsSeT CHCTeMy 23 pa3sHOCTHBIX YpaBHEHHH C
palMOHANBHBIMU  OXKUIaHUAMH. Ha oOCHOBe mpeqIoKeHHONW MOAETH IIPOBEACHBI pacyeTbl U IMOCTPOSHBI
KBapTaJbHbIE IPOTHO3bI KIIOYEBBIX MAaKpO’KOHOMHUecKuX Imokazarened Ha 2020-2021rr. mis poccuiicKoii
OKOHOMUKH. B pacuerax yuTeHbl aKTyaibHbIe KpU3UCHBIE (JaKTOPBI: CHIKEHHE LIeH Ha He()Th, COKpaIlIeHHe TOObIYH
Heptn B pamkax caeiakun OIIEK+, kapaHTHHHbIE MepONpHATHS, HaIpaBjieHHbIE Ha MpPEIOTBpAICHHE
pacrnpocTpaHeHHs KOpOHABUPYCHOM MH(EKLNH, aHTUKpU3UCHBIe Meponpustus [IpaButensctBa Poccuu. CornacHo
MOJYYeHHBIM pe3yiibTaTtaM B ycroBmsax mannemun COVID-19 sxoHommueckuit crian B 2020 r. MOKET COCTaBHTH OT
5 no 7%. Poct B 2021 r. ouenén B nuamnazoHe 3—5%. IlocTpoeHHass Mojenb NPUMEHMMA [UIsl CLIEHAPHOTO
MPOTHO3UPOBAHMS Pa3BUTHS SKOHOMHKH Poccrn, onTHMH3aIuy JeHEeKHO-KpeAnTHOH noinTukn banka Pocenw, s
pa3paboTKN MPUKIAAHBIX KBapTATBHBIX MPOrHO3HBIX Momenedl (QPM). B manpHeimeM Monenms MOXKeT OBITh
MOAN(UIIPOBAaHA MyTEM BKIIFOUECHUSI JOTIOIHUTEIBHBIX JIEMEHTOB: JIEKOMITO3UIIMS CEKTOpa JOMAIIHUX XO3SHCTB
Ha pUKapIMaHCKWE W HEpHKapJHaHCKHE, BIJEICHHE B PeajbHOM CEKTOpe MOOBIBAIOIIMX OTpAciieid M oTpaciei,
MPOU3BO/ISIIMX MHBECTUIIMOHHBIC TOBAPbI, BKIIOUEHHUE B MOJIEIb KIIIOYEBBIX HAJOTOB M ONOJKETHBIX PACXOIOB.
[TepcrieKTHBHBIM TaKKe BHIMTCS HCCIIEIOBAHUE PABHOBECHS MPOLIEHTHBIX CTABOK B YCJIOBHSX, KOTJa KpPYITHbIE
KOMITAHMHA MOTYT HAaKaIUTUBAaTh COOCTBEHHbBIC (DMHAHCOBBIC PECYPCHI. DTO OOCTOSATEIBCTBO CHHIKACT CIIPOC CO
CTOPOHBI PEAFHOTO CEKTOpa Ha GAaHKOBCKHME KPEIWTHI U, COOTBETCTBEHHO, IPUBOAUT K OoJiee HU3KHM, BIUIOTH JI0
OTpULIATENbHBIX, CTaBKaM mpoueHTa. [IpeasokeHHbI pakypc coBepuieHcTBoBanus DSGE-mozenn mno3sosur
MIOBBICHUTD €€ Ka4eCTBO KaK MPOrHOCTUYECKOTO MHCTPYMEHTA MPUHATHS MOJIUTHKO-YIIPABICHUECKHUX PEIICHHH.

Kniouegvie crnosa: skonomuko-mamemamuyeckoe MOOeIUposanue, CmpyKmypHas MaKpoIKOHOMeMPUKA,
OuHamuveckue cmoxacmuyeckue mooenu obwezo paguosecus, DSGE-mooenu, payuonanvnvie oowcudanus,
UHpIAYUOHHOE Mapeemuposanue, MOHemapHas HNOIUMUKA, Olodxcemnoe npasuno, ypasnenue Teiliopa,
CYeHapHoe NPocHo3Uuposanue, Kosuowwlil kpusuc, nanoemuss COVID-19.

Introduction assumption could, to some extent, be applied
ajority of dynamic stochastic to the US economy where the households
general equilibrium models possess the company securities. However, the
(DSGE) assume that the majority of the manufacturing and investment

investments come from the households, decisions are made by the managers of the

because they hold the production factors. This American companies. We see this assumption
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to be inapplicable to the Russian reality. Taken
this fact into account, we based our research on
an understudied class of DSGE models (firm-
specific capital) [1-3] which state that the
firms make decisions concerning investment.

In the traditional DSGE models, the
households  practice  direct investments,
therefore, we need financial intermediaries who
transform the household savings into the loans
given to the real sector of economy. This is
important to take into account as volatile
periods could force the banks into rationalizing
the loans in the real sector due to high risks
rather than due to liquidity deficit. Along with
that, the model accounts for the fact that the
Russian companies invest their own resources
into their fixed capital. Bank loans typically
take no more than 25% of the investments.

The article describes the results of
developing a DSGE model for Russia. Unlike
the previous version of the model [4], behavior
inertia is derived from the household behavior
model rather than just declared ad hoc. The
model also includes the investments into the
fixed capital with inertia and a banking sector.
Along with that, as it has been stated above, a
firm-specific capital approach is applied to
describe the investments.

The need to introduce the consumption
and investment inertia into the model is
determined by the following implications.
Basic (inertia free) DSGE models demonstrate
an immediate response to the exogenous
shocks, while the empirical observations
typically based on the econometric VAR
models  show  hump-shaped  response.
Therefore, an inertia factor should be taken
into account to improve DSGE models
adequacy.

For simplification  purposes, we
consider the model free of budget and taxation
policy of the state. Also for the sake of
simplifying the reality, we take all investment
goods to be imported.

In the view of the above, the purpose
of the study is to construct a dynamic
stochastic general equilibrium model for the
Russian economy with a banking sector and
the firms-specific capital under the COVID-
caused crisis.

Methodology and description of a
DSGE model
he DSGE model describes the
behavior of the following
representative agents:
households, real sector, financial intermediaries,
outside world, Central Bank. The Taylor
equation describes the interest rate policy of the
Bank of Russia under inflation targeting.
Household modeling
A representative household maximizes
the expected discounted CRRA (constant
relative risk aversion) utility function:

— 1+
(Ct_ht)1 i _ Lt ¢

Tept| T b
mmlt_w
where E[-] is the operator of rational
expectations [5]; ¢, is the consumption of
goods and services; h; is the variable showing
the inertia of the consumer preferences (it will

be further defined); L, is the labour supply;
m; = % is the real, while M, is the nominal

+

U=E - max, (1)

t
cash balances; g € (0;1) is the discounting
rate for future utility.

A household budget constrains at t > 1:
+(1 4+ RD¢_1)D¢_1 + Dy e—1 M: (2)

St—1

where P, is the cost of living; D, and Dy, , are
net assets of the households in the national and
foreign currencies with RD, and RDy; , interest
rates, respectively; W; is the nominal wage; S;
is the nominal currency exchange rate.

The household budget constraint in
real terms looks as follows:
(ct +my+di +dyy — tht)(l +m) =

1+RDyy t—1)S,
=my_1+ (1 +RD_y)diq + dw t-1 % ) (3)

D D

where d, = -t and dy,, = % are the real
t t

assets in the national and foreign currencies;

W . P, .
w, = — is the real wage; m, = —— — 1 is the
t P t P

t-1
consumer inflation.

Utility  function (1) with the
constraints (3) is maximized by the variables
ce, Ly, me, dy, dy . The Lagrange function for
the problem looks as follows:
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c 1-o e m, 1
( t t) —CDL t +Cbm t _
1-0 1+¢ 1-vy
i ((ct +mg +dy + dyp — weL) (L + 1) —my_y —)

At

—(1 4 RD;_;)dy_1 — dy e (1+RDW;—1)Et—1[St]
t-1

The first order condition for consumption
is:—i =Bt —h) AL A+ 1) =0.

To define the adequate behavior of the
households, it is necessary to specify the
variable h,. We will use the external habit
formation model [6; 7]. This model
presupposes that h; = hCi_;, where C; is
some statistically average consumption driven
by fashion or the accepted life standards. At
the same time, there is an important
assumption that the consumption of a
particular household ¢, cannot impact the
macroeconomic variable C;.

The received equation for the
consumption ¢, of a representative household
gives the condition for the consumption C; at
a macroeconomic level:

(Ce —hC1)77 = A (1 + 7). 4

The first order condition for the labour
supply is ;’TL = —B'o, LY + A, ptw, (1 + ) =
=0=&,LY = 1,(1 + n)w,. (5)

For money demand — =

am

=B d,m Y — 4B (1 + ) +
+ E[A41]B4 = 0, (6)
= ®,m ¥ = 2,(1 + 1) — E[A041]B.
For the deposits in national currency
oL
2= Bt
ad. AP+ ) +
+E[Ae44]18" (1 + RD,) = 0, (7
E[A41]B ~ (1+m)
A (1+RDY
For the savings into foreign assets

=-1B' A +m)+

oL
adW’t
+E[ ]'Bt+1 (1+RDWSt)E[St+1] O, (8)
t
E[A¢+11B — (1+m)Se
At (1+RDw t)E[St41]

Thus, under the equilibrium, the
revenues of different assets should be equal
% = 1+ RD,. The obtained ratio is

t
the equation for uncovered interest parity (UIP):
E[St+1] — (1+RDI:) (9)

St (1+RDy )’

=

Real sector modeling

As it has been mentioned above, we
have described the situation when the firms
make the decisions to invest into the fixed
asset.

The firms are supposed to aim for

maximizing the total discounted dividends to
their owners once the investments are made:
YZo Bt (1 — w)TI, - max, (10)
where w € (0;1) is the share of the profit
invested into the fixed asset. I1; is the profit of
the real sector firms, which equals:
M; = Py .Y, — RK.cry — WL, (11)
where Py, is the prices of the national
manufacturers; Y, is the amount of the
manufactured goods (actual GDP from
manufacturing); cr; is the amount of the bank
loans at RK; rate.

Manufacturing is described by the
Cobb-Douglas function:

Y, = A KFL9, (12)

where A, is the total factor productivity; K; is
the fixed capital stock. The dynamics of the
latter is described by a standard equation with

the investment adjustment costs:

Ieq
Ki —Kiq =11 —uKi 4 _;(# - 1) li—q, (13)

where I;_; is the investments into the fixed

asset which are sourced from their own

resources (from the profit share in the

previous year) and bank loans:

Py Iy = wlly_q + Acry. (14)
Then, the Lagrange function for the

manufacturer problem looks as follows:

L= B |gzopt{a-wm, -
—21,(M,—Py A KFLY % + RK c1y + Wi L, ) —
—lzt(PLtlt - wHt—l - CTt + CTt_l) - qt (Kt -

a1 - -l +£(E2 - 1) 1, )] 25)

It—z

The first order condition for the profit IS:

The first order condition for the capltal
gives us the dynamics equation for the shadow
pnce of the capital (the Tobin’s q):

Py .Y,
__0=>qt—/11a P;; t+(1—#)ﬁE[Qt+1]

oK,
or in the real terms Q; =

Q = AL+ (1= jPE[Qera] 1(1+ Elren]) - (A7)

61'[
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The first order condition for the
investments is:

oL
T 0= A2.P + E[qe411B -
t

‘(g(ltl—tl— 1)<3It1—f1— 1) - 1) =
= E[qe+21B%x <E[It+1] - 1) U=

I; 1z
orin the real terms:

Azt_ + E[Qr44] (1 + E[T[H t+1])ﬁ

‘(z(ﬁ‘l)@ﬁ‘l) 1) =

= E[Q¢+2] (1 + E[T[H t+1D

(1 + Emy 2] )B%x (E[“t“] 1)- [11?1]' (18)
We derive the labour demand from the

first order condition for labour:

L P (1—a)z—i. (19)

oLt PHt
We derive the equation connecting the
Lagrange multlpllers in the same way:

Cre

We assume that the real sector firms run
in the context of the monopolistic competition.
To derive the equation for the New Keynesian
Phillips curve, we applied the Calvo price
setting model [8].

We will refer to Gali and Gertler
interpretation [9], who empirically proved that
inflation data are better described with inflation
inertia:

Mye = KMCTy e + PE [Ty ei] + (1 — Py e—q. (21)

The real marginal costs will be derived
from the following considerations. Let us
assume that a representative firm has
strategically developed its investment and
manufacturing programs, as it has been
described above. Operationally, they solved
the task to minimize the costs subject to
determined production volume. General costs
are the solution to this problem? for the Cobb-
Douglas manufacturing function:

1-a
re, =2 (2 (1) @

1-a

! Cheremnykh  Yu.N. Mikroekonomika.  Prodvinutyi
uroven”. uchebnik [Microeconomics. Advanced level:
Textbook]. Moscow, Infra-M  Publ, 2008. 180 p.
(In Russian).

We calculate the real marginal costs
oTC

MCR = ;’z, account for the manufacturer’s
H

equilibrium conditions Pﬁ =(1-a); and
RK a

= T_ and derive the expression for the

real marginal costs as:
mery =Y, — 4, — (1 — a)L; — ak,. (23)
Foreign trade modeling
We have already assumed above that
the investment demand is completely satisfied
by the import. A consumer demand is shared
between the domestic and imported goods. A
consumer basket C, contains domestic Cy ,

and imported Cr , commodities:
4

. 6-1 1 9-1\p
<(1—6F)9C + 8p0C,S > . (24)

Consumption maximization under the
budget constraint Py Cy; + Pr(Cry = P.C;
gives the demand for the domestic goods:

-0
Cue = (1—82) () " c.. (25)
t
and imported goods:
Pre\ "0
Cre = O (P_:) Ct. (26)
The equations above share
P =((1-8:)P4 0 + 8:PF ). 27)

the overall level of the consumer prices.

Similar to the equation of the demand
for the domestic and imported goods, the
external demand for the domestic goods is
described as follows:

Pt -9
Et =vc (StP ) Yw,e- (28)

The global market defines the prices
for the imported goods in a foreign currency.
The law of one price works for the domestic
market:

Pre = SePy e, (29)
Py = StPwit- (30)

Modeling of financial intermediaries

We will follow the papers [10; 11] in
modeling the financial intermediaries.

Loans to the firms in the real sector,
holding the liquid assets in the Central Bank
give the interest yield to the banks. The main
expenditures include the deposit interest
payments to the households.
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To simplify, we do not account for the
investments into securities and foreign
currencies and do not explicitly allocate any
reserves for the securities depreciation and
possible non-performing loans. Therefore,
banks maximize profit:

Mg, = R;Mg, + RK,cry — RD.D; —

—TC(Dy,cry) — max, (31)
where Il is the banks’ profit; Mg, is the
liquid assets of the banks on the Central Bank
accounts at the rate R;; TC(D;, cry) is the
operating expenditures from the assets
management and deposit sourcing.

Balance of assets and liabilities is
simplified as follows:

D; + Cap; = cry + Mg, + Res,, (32)
where Cap, is the banks capital; Res, is the
banks obligatory reserves.

We assume that the banks capital is
maintained on the minimally required level
Cap, = H-cr,, where H is the capital
adequacy ratio. The obligatory reserves in the
Central Bank are Res; = rr-D;, where rr is
the obligatory reserve ratio.

Then, the Lagrange function could be
written as follows:

L = R;Mpg, + RK;cry — RD;D; — TC(Dy, cry) —
—AB¢(D(1 —17) — cry(1 — H) — Mp,).
The first order conditions for the

liquid assets in the Central Bank are:
oL

vy 0 > R, = —AB,, (33)
for the loans to the firms in the real sector:
o= 0= RK, = R,(1 - H) + 55, (34)
for the household deposits:

:_;:OﬁRDt Rt(l—””)—aii (35)

For simplification purposes, we will
further assume that marginal costs are
constant.

Thus, the commercial banks set their
deposit and loan rates on base of the Central
Bank key interest rate. A business loan rate for
the real sector goes up by the amount of the
loan marginal costs which could include the
loan risks, reserve sourcing costs, operating
expenditures on loan administration. However,
a deposit rate for individuals goes down if the
monetary regulator increases the reserve ratio,
and the marginal costs on the deposit sourcing
grow. These rates determine the households’

decisions about their savings and the real
sector  firms’  decisions about their
investments.

Now let us describe the results of the
model linearization and its parameters
calibration.

Linearization of a DSGE model and
calibration of its parameters

o analyze the dynamic
properties of the models in
terms of deviations, we turn to
the logarithms of the variables near their
steady-state values (approximation of the
percentage deviation of the variables from
their equilibrium values)
X =1n%=lnxt—lnx*.

Log-linear approximation for the

consumption gives

Ce= 14 hE[Cf“] T

- a(1+h) ——(RD; — E[myq ]+ ) (36)
The consumption of the domestic and

imported goods is

Cht = Cp + 085tot, (37)

Cry = Cy — Orery, (38)

where RER=P7F is the actual currency

exchange rate; tot—P—F is the trade

conditions. Two variables are related by

rery = (1 — 6p)tot,. (39)
Labour supply:
oL = A + (my — ) + W,. (40)

Log-linear approximation for the
marginal utility is

A¢ = E[Aera] + (RD; = + 77), (41)
Capital dynamics is

Ke = - K +ply. (42)
Demand for labour is

Wt + 6Ft0tt Yt - Lt (43)
Investments are

A T ﬁ(1+rr )

Ie = 1+£(1+xnT) fe-1 + 1+8(1+nT) E[1t+1]

! <E[Qt+1] +E[my e —n"

x(1+p@+nT))
P A2
. (Azt + P t)) (44)
where p;, = —= is the relative prices for the

investment goods
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A shadow price of the capital is
~ aY — . _
Q. = /115E(,11t +Y, —K)+

+(1 - M)ﬁ(E[QtH] + E[T[H,t+1] - ”T)- (45)
Stationary conditions for the real
sector variables are defined under the

. . (1-w)
equations: A1 = ) =ZA1,
q (1—wB2(1+nH)ZI;—I;I) ¢

RK=(1- ﬁ)%, where

12=—2 I

T +my)B Py’
a

T 1 (-pBK
Changes in the relative prices for the
investment goods are defined by the equation®:
APy = Arery + my — Ty . (46)
Equations connecting the Lagrange
multipliers dynamics in the firm’s problem are:
— RK

M, = wfp—A2,, 47)

A2 = (1= B)(AT, + RK,) + BE[22¢41).  (48)
UIP equations with inertia at the

foreign exchange market (for example, as a

result of the enforcement of the budget rule):

rery = (1 — prer)Elrery 1] +

+prprrer—y + RY — (RDy — E[meyq] + 7). (49)
Dynamics of the prices on the

imported goods is

Mgy = Arery + my. (50)
Consumer inflation may be written as

follows

Z

e = (1= 6p)my, + OF gz (51)
Equation for export is
E, = vtot, + Yy ;. (52)

The Taylor equation for the key
interest rate of the Central Bank is
R, = (1 - pr)(qn(m, —7") + q,¥,) + prR.—1. (53)
Equation for the bank business loan and
deposit rates is
RK, = R, + v, (54)
RD, =R, —v,, (55)
where v, is the shock of the marginal
expenditures from the bank performance.
Equation for the output gap (a linearized
macroeconomic identity):
Y, = weyCue + wgEy + AC,, (56)

. . - P
! The following chain was used for inferences: p, = P—’.
H

Dre =Py — Pyt APy = 1y — 1y . If We assume that
the global inflation of the prices on the invested goods is
similar to the global inflation of the consumer goods, then
we getAp; . = Arer, + mp — my ;.

where AC, is the shock of the autonomous
demand.

This obtained model is very similar to
the classical Smets-Wouters model [12; 13], at
least in the equations (36), (44), (45) describing
the consumption and investment inertia.

As a result, the system (21), (23), (36) —
(56) consists of 23 difference equations with the
rational expectations and describes the
dynamics of 23 endogenic variables.

For scenario simulations, the following
shocks are defined in the model:

— total factor productivity;

— external demand, including global
prices and oil production limits in OPEC+ deals;

— global interest rate;

— investments (for example, budget
investments not explicitly defined in the model);

— total demand (for example, public
procurements);

— inflation factor, besides the one
described in the model (for example, changes in
the tax rates);

— currency  exchange rates  (for
example, country-specific risks triggered by the
geopolitical instability);

— loan risks in the banking system.

Table gives the model parameters and
their values calibrated under the data from
Rosstat? and the RF Central Bank®, as well as the
estimates taken from other researchers [14-20].

The parameter S reveals a drawback of
the calibration method®. Its value is calibrated
closer to 1. As a result, NKPC equation shows
a very weak inflation inertia that will be
illustrated further in scenario simulations. This
drawback is also manifested in a low impact of
the interest rate on the investments. This is
evidenced by the equation (48) connecting the
capital return RK and the Lagrange multiplier
A2¢, which is further included into the
investment equation (44).

% Natsional'nye scheta. Federal'naya sluzhba
gosudarstvennoi  statistiki [National accounts. Federal
Service of Public Statistics]. (In Russian) Available at:
https:/Aww.gks.ru/accounts (accessed 17.04.2020).

® Bank Rossii. Ob inflyatsii. [Bank of Russia. On inflation].
(In Russian) Awvailable at: http://mwww.cbr.ru/dkp/about
inflation/ (accessed 17.04.2020).

* DeJong D., Dave C. Structural macroeconometrics. 2nd
edition. Princeton, Princeton University Press, 2011. 418 p.
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Parameters of a DSGE model
for the economy of Russia

IHapamerpsl DSGE-monenn
IkoHOMUKH Poccun

Parameters Value
Discount rate B = 0.996
Consumption inertia score h=0.7
Investment inertia score =1
Calvo parameter (inertia rate for
. . Kk = 0.56
domestic goods prices)
Sensitivity of the key interest rate to _
inflation G = 440
Sensitivity of the key interest rate to _
q, = 0.13
output gap
Elasticity of intertemporal consumption — 012
substitution g="
Asset depreciation rate u=203
Capital elasticity of output a=0.7
Coefficient reversed to labor supply 5
elasticity ¢ =
Household consumption share in _
output gap Wiy = U222
Export share in output gap wg = 0.22
Import share in a consumer basket 6p = 0.44
Price elasticity of the domestic _
demand 6 = 0.0786
Price elasticity of the external demand | 9 = 0.0356
Share of re-invested profit w=05
Asset productivity in equilibrium Yy o
=0
Ratio of investment and consumer | P; _ 100
prices in equilibrium Py

Thus, a DSGE model evaluated with
the RF statistical data can be applied to
analyze the economic strategy, as well as to
evaluate the impact of different recessionary
events on the Russian economy.

A DSGE model as an evaluation tool
for the impact of the recessionary events on
the economy of Russia

e apply the developed model
to evaluate the impact of the
latest recessionary events

caused by the coronavirus pandemic on the
Russian economy.

As a rule, calculations and impulse
response function plotting consider an impact

of every shock in isolation. In our case,
different shocks affect the economy at the
same time. Therefore, we defined single shock
as an exogenous variable which was used in
the equation with different coefficients. The
following prerequisites were used as the
multipliers:

— a 6% decrease of the external
demand due to the global recession and
OPECH+ deal;

— ruble depreciation by 15%;

— (quarantine measures in
manufacturing, services, as well as in
international trade due to the coronavirus
pandemic (-2% GDP);

— 28%  GDP  anti-recessionary
measures (updated on 17.04.2020) with a 1
period delay.

Figure shows impulse response
functions illustrating a percentage deviation of
the model’s key variables from their
equilibrium  values.  Calculations  were
performed with Dynare 4.5.7 [21].

Russian labour market is known to be
characterized by significant inertia. Our
calculations show that a shock could be
followed by a 2% decrease in employment.
Population income and consumption could fall
by 15%.

By the 2" period, the investments fall
by 15% and return to their equilibrium in 2
years. However, economy experiences long-
term hangover of the under-investment: it takes
4 years for the fixed asset and 3.5 years for the
labour productivity to gain their potential
levels.

Inflation could accelerate by 2
percentage points, mainly due to the pass-
through effect from ruble depreciation. In
contrast, the prices for the domestic goods
could experience pressure due to consumption
reduction.

The maximum impact of the crisis on
the output is seen in 3 quarters —a 7.2% fall in
comparison with the before-crisis level. The
impact of crisis is completely eliminated in 4
years only.
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DYHKIUN OTKJIUKA [JIA KJII0YEBbIX NepeMeHHbIX (IPOLeHTHOEe OTKJIOHEeHH e
NepeMeHHBbIX 0T CBOMX PABHOBECHBIX 3HAYCHUI)

Let us apply the obtained evaluation of
the crisis impacts to forecast GDP and
inflation in Russia.

To do this, we should keep in mind,
that in 2020, GDP could decrease less due to
positive GDP dynamics in the 1% quarter
(Rosstat estimates are not available), the
trajectory of the potential economic growth
(about 1.5%), as well as the additional
measures of budget support and easing
monetary policy. Our estimates for the
economic recession in 2020 lie within the
range from 5% to 7%. For 2021, the
economic recovery is estimated to be within
the range from 3% to 5%.

Inflation forecast should take into
account the fact that the inflation is
significantly below its target value (4%) in the
previous year. The model forecasted that a
short-term inflation surge could get the
inflation figure close to its target value. With

these prerequisites, the Central Bank could
continue decreasing the key interest rate
below a neutral level to boost the consumer
prices.
The obtained results reveal, first of all,
a dramatic scale of the possible recession in the
Russian economy, which exceeds the 2015
crisis hangover and is comparable with the
2009 crisis. Secondly, the modeling findings
evidence for a particular macroeconomic
stability, in particular, the stability of the
inflation processes in the economy of Russia.
This differs the current situation from the
previous recessionary episodes and makes a
monetary stimulation from the bank of Russia
with no outstanding inflation risks accessible.
Conclusion
he synthesis of the firm-
specific capital approach and
the prerequisites for possible
investments sourced from the firm’s own
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resources in a DSGE model are the main
theoretical outcome and the novelty of the
research. This version of a DSGE model
looks at low and negative interest rates at a
different angle. As own assets are
accumulated, a firm could experience a lower
need in bank loans from large companies.
What is more, these financial resources could
compete with the bank loans, which decreases
the interest rates. Equilibrium interest rates in
DSGE models similar to the one described in
this article are planned to be analyzed in
further research.

A DSGE model is adjusted to the
Russian realia and applied to project the
trends in the national economy under the
crisis caused by the coronavirus pandemic,
which is seen to be the practical value of the
research.

This model could be developed further
into the specification of sector blocks and
adding new elements. For example, the
households could be divided into the Ricardian
and non-Ricardian ones, the real sector could
be divided by mining, manufacturing and
investment goods producers. The model could
also include the budget block which accounts
for the impact of the taxes and public
expenditures. Upon price setting modeling, an
effect of the budget rule could be specified at
the currency market. Finally, instead of
calibration, the model parameters could be
estimated by the Bayesian methods. All in all,
this enhances the quality of a DSGE model as
a predictive tool for making the political and
managerial decisions.
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BaaroxapHocTH
ABTOp BbIpakaeT 0JIarOJapHOCTh 3aB. J1a0OpaTOpHel MAaKpOIKOHOMHMYECKOI'O MOJEINPOBAHUS
WuctutyTta sxoHomudeckoil monutuku uM. E.T. aiinapa Anapetro Brnagumuposuuy Ilonbuny 3a meHHBIE
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