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Abstract

This paper uses a stochastic general equilibrium model for a small open export-oriented
economy to address two key issues. First, it analyses the impact of deep habits in such an
economy. Habits refer to consumers’ tendency to maintain a consumption level similar to previous
periods, while deep habits indicate a tendency related to each consumed good rather than just the
overall consumption level. We present a model in which the formulation of deep habits differs from
the conventional one, taking into account imports in consumption. Second, we compare different
financing options for growth in government spending.

The role of deep habits in response to economic shocks is reflected in the dampening of
shifts in the household demand curve. The paper is the first to show that deep habits lead to lower
volatility in output and consumption and to higher volatility in inflation. It also demonstrates that
a long-lasting government spending shock results in a crowding-out effect on consumption and
output, while a temporary shock leads to an accumulation effect.

The medium-term increase in government spending (and government consumption !)
examined in this study, due to the subsequent need to balance public debt levels, results in
decreasing government consumption in the long term. Based on two criteria (maximising welfare
and government consumption in the long term), the most preferred financing options for growth in
expenditure are the use of a national fund invested in foreign assets or the external debt market.

A key innovation of the study is the application of the concept of deep habits to an exporting
economy where imports play a significant role in consumer demand; the differentiation between
temporary and long-lasting government spending shocks; and the analysis of various financing
options for public spending growth, which, as shown, influences the manifestation of either the

accumulation or crowding-out effect.

Keywords: dynamic models, rational expectations, fiscal policy, habits, fiscal expansion,
crowding-out effect.
JEL codes: D58, E47, E62, E63.

! This paper presents a model in which the only direction of public spending is government consumption.
Therefore, when referring to an increase or decrease in public spending, we automatically imply
a corresponding increase or decrease in government consumption.
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1.Introduction

Deep habits, a concept introduced by Ravn et al. (2006), serve as a method for describing
consumer preferences, aimed at capturing, within the framework of general equilibrium models,
the consumer tendency to maintain a level of consumption for specific goods consistent with past
levels. Mathematically, deep habits are represented by a consumer demand function (derived from

assumptions) for a specific good cti produced by firm i, which depends on past consumption ct[l

of this good, its current prices p;, and the overall price level p, : c| = F(cti_l,pti,pt )

The literature on this subject (Ravn et al., 2006; Cantore et al., 2012; Aloui, 2013) suggests
that a one-time deviation in consumption from the long-term level, due to habit formation, should
create elevated demand for products over a certain period. Accordingly, one would expect that the
economy’s response to stimulus shocks would be stronger in the presence of habits than in their
absence. International studies offer conflicting results on this point, while findings specific to
export-oriented economies are yet to emerge.

In this paper, we primarily aim to analyse the effect of deep habits in an export-oriented
economy, such as Russia. To achieve this, we use a dynamic stochastic general equilibrium
(DSGE) model to investigate the transmission of two shocks to the dynamics of macroeconomic
variables. The first is a terms-of-trade shock, which is considered the most significant for the
Russian economy in recent decades, as documented in several Russian general equilibrium
studies (Ilvashchenko, 2020; Kreptsev and Seleznev, 2018; Polbin, 2014; Andreyev and Polbin,
2022; Martyanova and Polbin, 2023). This shock is used to analyse the impact of deep habits as
well as to validate the model's adequacy. The second is a positive government spending shock,
which has also repeatedly occurred in the Russian economy over the past decade. Another focal
point of this study is the options for financing increased government spending and the related
macroeconomic processes.

The relevance of analysing government spending shocks is underscored by the fact that, in
2022 and 2023, federal budget deficits exceeded 3 trillion (2.1% and 1.9% of GDP, respectively).
In the coming years, Russia’s Ministry of Finance also anticipates budget deficits,? which may
persist. To finance the increased expenditures, the Ministry used a wide range of measures in
2022-2023. Additional measures are expected to be implemented in the future. In particular, the
volume of federal government bonds (OFZs) rose by P4.5 trillion from January 2022 over two
years,® leading to only a slight increase in the debt-to-GDP ratio from 11.4% to 11.6% by
early 2024, due to a rapidly growing GDP deflator. Between 2024 and 2026, an increase in the
OFZ volume of P2.6-3.5 trillion per year is forecast, reaching P29 trillion by the end of 2026.*

2 Ministry of Finance expects Russia’s budget deficit to be within £1.5 trillion in 2024. Interfax, 11 April 2024.
3 OFZ statistics. Bank of Russia.
4 Financial Stability Review. Bank of Russia, 2023.
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Taxes are also being selectively increased: a one-time tax on excess profits was introduced in
2023, import duties on goods from unfriendly countries are rising, and adjustments to the tax scale
may follow soon.® Additionally, the mineral extraction tax for Gazprom was raised, signifying
a higher tax burden in the oil and gas sector. The largest budget inflows came from the National
Wealth Fund (NWF) and the 2022-2023 fiscal rule amendment, which mandated oil and gas
revenues of P8 trillion per year in 2022-2023, with future taxes calculated based on a $60 per
barrel oil price starting in 2024, a higher level than before 2022. The revision of the fiscal rule is
aimed at establishing a sustainable level of budget spending from oil and gas revenues. The
breadth and variety of the Ministry of Finance's measures may suggest an intention to finance
increased spending from multiple sources without overburdening individual areas.

These measures motivate us to consider several options for financing the increase in
government spending in this study: through domestic borrowing, through tax hikes on production
or oil and gas revenues, and through external financing via the NWF or external debt markets. The
effects of various financing options for growth in expenditure are assessed based on public
welfare and accumulated long-term changes in government consumption.

In studies on the long-term effects of fiscal policy, researchers emphasise the
interdependence of tax, monetary, and fiscal policies (Sargent and Wallace, 1984; Leeper, 1991;
Davig and Leeper, 2011), particularly the relationship between inflation and public debt. For
example, the fiscal theory of the price level (Sargent and Wallace, 1984; Cochrane, 2022)
suggests that a price level is determined by the future aggregate budget deficit (Cochrane, 2022),
while Angeletos et al. (2023) assert that fiscal authorities, under certain economic assumptions,
can safely increase the level of debt, which is partially reduced by inflation and partially offset by
higher tax revenues. However, we set aside the issue of inflation’s impact on accumulated debt,
assuming a single-period borrowing instrument and a zero initial level of public debt. Additionally,
unlike studies suggesting that government spending directly affects consumer utility or boosts
economic productivity (e.g. Sims and Wolff, 2018), our paper assumes that the increase in
government spending is important in its own right, without secondary benefits in the model. This
approach is justified by the observation that the current rise in government spending is part of
state policy, though it is still necessary to compare the effectiveness of various financing options
for increased spending.

The academic literature on deep habits explores government spending shocks, though the
results obtained are only loosely applicable to the questions addressed in this study. In Ravn et al.
(2006), which focuses on the countercyclicality of producer markups due to deep habits, habits
actually lead to procyclical household output and consumption responses to a government
spending shock. Ravn et al. (2012) use a general equilibrium model with deep habits and

lump-sum taxes to reproduce the result of a VAR model showing that higher spending increases

5 Government drafts changes to personal income tax scale and profit tax rate. Vedomosti, 5 March 2024.
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output and consumption and weakens the domestic currency. However, they note that a news
shock related to future government spending does not lead to an increase in consumption or
wages. Aloui (2013) adds overlapping generations to the model used by Ravn et al. (2006), further
weakening Ricardian equivalence, and observes that a positive government spending shock
results in higher interest rates, a decline in consumption and employment, and only a short-term
increase in output if prices are rigid in the economy. Cantore et al. (2012) examine the influence of
fiscal rule form on how a government spending shock impacts consumption: with optimal fiscal
policy or an optimised Taylor rule, the fiscal multiplier of public spending is greater than one, and
the economy expands in response to a government spending shock. Conversely, the economy
contracts if monetary authorities respond aggressively to the output gap. Aloui (2024) notes that,
with deep habits, the government spending multiplier decreases at lower interest rates, although it
remains above one.

The paper is structured as follows. Section 2 provides a brief description of the model
(Subsection 2.1) along with its detailed mathematical formulation. Terms-of-trade shocks and
government spending shocks are discussed in Section 0, where the deep habits mechanism is
also examined within the model for an export-oriented economy. Section 4 presents variable
responses and efficiency indicators given various financing options for increased government
spending, while Section 5 offers concluding remarks.

The academic novelty of this study lies in employing a new description of deep habits for an
export-oriented economy where imports represent a significant component of consumer demand.
Unlike previous studies (Aloui, 2013; Aloui, 2024; Cantore et al., 2012; Ravn et al., 2006; Ravn et
al., 2012), this paper distinguishes between temporary and long-lasting government spending
shocks, as well as various financing options for increased public spending, which, as shown,

determine whether an accumulation or crowding-out effect occurs.

2.Model description
2.1. General model description

The model used reflects the fact that various agents — households, the government, and
investors in production capital — possess deep consumption habits. Deep habits link the volume of
current consumption of an individual good not only to the price of that good but also to its
consumption in the previous period. The demand functions for goods are known to the producers,
who operate in a monopolistically competitive market. Producers charge a markup, generating
profits that are transferred to the owners — households.

The model includes a micro-level heterogeneity of goods and their producers, which

disappears in the macro description of the model due to the assumption of symmetric equilibrium.
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Households, in addition to choosing a basket of goods, rent out their labour to producers,
accumulate and rent out production capital, lend funds to each other, and decide how much to
invest in foreign assets. They also receive a share of revenue from commodity sales.®

The remaining portion of revenue from commodity sales is received by the government as
a tax. This tax, together with production tax, finances government consumption. The government
may also borrow on the domestic market or draw funds from the NWF held in foreign currencies,
should this be one of the options considered for financing increased government spending.
Monetary policy is inflation targeting.

The model includes a number of technical agents, such as capital goods producers and an
employment agency, whose involvement leads to imperfections in the labour and investment
markets. Other imperfections in the model include the costs of investing in foreign assets, price
rigidity, and deep habits.

The dynamics of the variables in the model result from two types of shocks: terms-of-trade

and government spending shocks.

2.2. Deep habits: demand for individual product
categories by various agents

_1e€|01 . . . .

In the model economy, firms [ ] produce differentiated domestic goods. Agents in the

model — households, the government, and new capital producers — choose the volume of
i i

purchase " of good y produced by firm i , Where j is the buyer’s index. Domestic goods ' are

impi‘,t

combined by consumers with the volume of imported goods in accordance with the

following technology:

. 1 NS - \1l-w
CiJ,t =T 7 o di{t 'mpij,t
e (el (o) .

¢! o . . ]
where ' denotes the volume of final differentiated goods. All agents consuming goods '

measure their consumption in terms of a habit-adjusted aggregate consumption level X!

8 In this model economy, households act not only as ‘consumers’ but also as ‘owners’, earning profits from
various types of production, including a portion of export revenues. In equilibrium models, the role of owners
is often assigned to Ricardian households, while non-Ricardian households own no assets, adding
a realistic element to the model. Initially, our study included a division between Ricardian and non-Ricardian
households, but this did not bring any significant results to the model. Consequently, households are treated
uniformly and each receives a share of export revenues.
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&

X = (Z(Cij,t - Cij,t—l) ¢ j
' 2)
For households, the value given by expression (2) is an argument of the utility function, while

for other agents, it serves as an aggregate measure to be minimised, reflecting the objective
function. At the product group segmentation level, each agent solves a cost-minimisation problem:

Z P4d/, +S,R™imp/, = min
i (3)

d
it

given (1) and (2). In expression (3), is the price of firm I’s domestic good, SR™ is the price of

R

the imported product, and St is the nominal exchange rate. The price " depends neither on the

good | with which imports are used nor on time: B"™ = P"™ .

This cost-minimisation approach mirrors the logic of demand determination for individual
product groups as outlined in Ravn et al. (2006). Typically, in the literature on deep habits and
two-economy interactions (Ravn et al., 2012; Punnoose and Lenno, 2019), habits formation is

modelled separately for imported and domestic goods, with habit-adjusted aggregate

consumption X! defined as a CES function of both. This implies that, depending on the CES
parameter, imported and domestic goods can serve as partial substitutes. In contrast, this study
assumes the rigid aggregation of imported and domestic goods, as given by (1), meaning that the
goods are complements and that habits are formed with respect to their aggregate.

The solution to the cost-minimisation problem determines the demand functions for domestic

and imported goods:

—&

it pd P +¢’ CiJ,t—l

it t

d) :wLStPtimp JH) X! (RY)"(sP™)”
(4)

&

® 4\@ o \L@
impi:t:(l—a))( PI(: J th (Plt) (Stpt p) +(ﬂjCij,t71

SR ;

t

()

where
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1

P =(Z(pi,t)“]“

(6)

Pir = ( Pi,(: )w (St R )H) )

The demand for domestic and imported goods (4) and (5) is a function of domestic
d ]

. i . C, o
prices " , exchange rate St , consumption lags " , and habit-adjusted aggregate

consumption X! _ It follows from equations (1), (4) and (5) that

(Re) (sR)" |
P

t

iyl ipd
Ci,t - Xt +@ Ci,t_l

C.j
The demand for the combination ! of imported and domestic goods is determined by the ratio of
_ d\? imp \1—®
the combined price Pit _(P“) (S‘Pt ) to the overall price level 7 | as in Ravn et al. (2006),
Ravn et al. (2012), and Punnoose and Lenno (2019).

Additionally, cost minimisation implies that:

z Pi,cidift +Stptimpimpi;t =R th +§0jzpi’tciit‘1
i i (8)

As indicated by equation (8), the variety in aggregate-level product group selection

maximises habit-adjusted aggregate consumption th, evaluated at price R (6). Due to the
assumption of a uniform import-domestic aggregation function (1), all agents face the same price

P

> at X . Price P

t is used as the normalisation price in the model, and its growth rate

¢’j Z piJ;tCiJ;t—l

7 =R /R represents inflation. Regarding the lag term i in (8), it is assumed that

non-producing agents do not perform optimisation on the variables within this term.

. . = [0;1] .
In a symmetric equilibrium among producers , the prices of all producers are equal:

P¢ =P°
MUt follows that in a symmetric equilibrium
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R :(R ) (Stptlmp) (9)

the nominal price of the final product is determined by the domestic product price and the imported

product price (via the exchange rate). In terms of relative prices i* = R*/R. RER =SR"™ /R

(relative domestic price and real exchange rate), the following holds:

1=(R*)"(RER )™

2.3. Households

Similar to Greenwood et al. (1988) and Aloui (2013), households are assumed to

maximise utility

( % )1+]/0'

E wﬁ“" Inf X! —yx
t";;‘ ' 1+Vo

(10)

X

where 5 is the expectation operator, ¢ s habit-adjusted aggregate consumption as defined

in (2), L is labour supplied by households to the employment agency at a nominal price Wt , and

( Ll[, )l+1/0

I‘=XI‘_
A ‘ Zl-l—]/a

is adjusted consumption.

r,f
Dt

Households can invest funds in foreign bonds at a fixed interest rate Rf, incurring real

1

) 2 Pimp
Yo =Eds(Dt’f St/Pth) Yt St

t
costs t  paid abroad for adjusting investment levels.

D domestically at an interest rate R‘ which is set by the

They can also borrow funds
regulator (e.g. Smets and Wouters, 2003). Generally, borrowing takes place between households,
resulting in zero net savings. However, if the government borrows domestically, savings are equal

to the government’s debt.

ie[O;l] '

K.
Households also accumulate production capital ' for each firm The

K, . _ _ y _ _
amount "1 of capital is rented out to firms at a nominal rate ' . The production capital
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depreciates at rate S and increases through the purchase of new capital DKit from capital
producers at price Qe
The nominal household budget constraint is as follows:
_thr _(Drzpi,tcir,t—l +WtL: - Dtr’d + RtDtr—’;j - St Dtr’f + St Rf Dtr—’lf - Pt LIth +
+> (REK; Ly~ QDK )+ ITY + 17 + 11 +(1-7"") S, R 0 = 0.
! (12)

Here, the first two terms represent the costs of purchasing goods (as per Subsection 2.2);
I, T, T1 ; .
et gre the profits of goods producers, the employment agency and capital producers,

. oil . . . il
respectively; R™ is the price of exported commodities; O is a constant export volume; and z°
is the government tax on revenue from commaodity sales.

Households aim to maximise utility (10) subject to constraints (11) and (12). Denoting the

g
Lagrange multipliers under constraint (12) by R and excluding DKt via (11), we obtain that
the first-order conditions with respect to habit-adjusted consumption X , labour '-:, savings Dtr'd,
. . . Drvf . Klt
investment in foreign bonds ~t , and capital stock " are as follows:
Ay :]/A\r ,
2(L)7 =wy/PR
t t (13)
R
A= B EtAt+1_
Tin (14)
S =,BRfE At+1 St+l -d St2 Dtr'f StPimp
‘ YA T * P, P

t t+1

‘ (15)
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At Qi,t/Pt = IB Et At+1(Riift+1/Pt+1 +(1_5)Qi,t+l/P[+l) (16)

7

where 7 =R /R

. Note that condition (13) follows from the choice of the utility function in
form (10). Condition (13) means that all households supply the same amount of labour regardless
of their current wealth or other factors. The standard Euler relation (14) suggests that the real rate
in the economy on average equals the reciprocal of the time preference coefficient, linking the

marginal propensity to consume with the real interest rate. Equations (14) and (15) together yield

f
the parity condition between domestic interest and foreign rates, R and R , adjusted for
exchange rate growth and foreign bond transaction costs. Equation (16) links the real return on

 REL/PL - . . .
capital 'v”l/ 1 with the depreciation rate 5, the time preference coefficient, and the dynamics
Qi

Producers factor in household demand functions for domestic goods.

of real prices /R of new capital.

2.4. Capital producers and employment agency
In the model, two types of agents, the employment agency and capital producers, introduce

certain market imperfections in line with New Keynesian theory.

The employment agency purchases labour L from households at a nominal wage rate Wt,
o L, (k) | | . L
differentiates it into components , and sells it to an intermediary at differentiated

;
prices Wi ( ) In turn, the intermediary aggregates the labour according to the Dixit-Stiglitz

technology. The agency is aware of the Ilabour demand from the intermediary:
-
W' (k
L0 r
! , Where L is the aggregated labour and Wy is the aggregate wage. When

W (k)

2
r —1J WL
t—

kw{
2 T (k
setting a price W, (k) the agency incurs quadratic costs 1( ) in line with

Rotemberg’s approach (Rotemberg, 1982). The nominal profit of the agency is given by:

=W, (k)L (k)-W, Lt(k)_ﬂ{wt“(k)

> Wtrl(k)_lJ W/ L,

(17)
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+00 HL

Eto Zﬂt_to At —
The agency aims to maximise the present value of profit = t, which is
transferred to the owners — households. Maximising the present value of profit while taking into

account (17) and the labour demand function, along with the assumption of symmetric equilibrium

W (k) =W/’ ), results in:

(

r r r r r 2
Léﬁﬂ_w@g4pgwwaﬁ%%%@@g)g:o
VVt Wt—l Wt—l At Wt \Nt L[ (1 8)

It follows from equation (18) that when k" =0, meaning the cost of adjusting the price is

zero, the intermediary’s role is simply to create a markup 1/§ on the cost of labour Wi due to

r

monopoly power. If k" >0 then the higher this parameter, the less actively the labour price W,

adjusts to economic changes, thus becoming rigid.

In relation to each producer IE[O;l], the capital producer buys domestic and imported

. Inv., . . .
goods to assemble investments """in accordance with technology (1). The capital producer

minimises cost function (3) without forming habits (¥ = 0 in (2)). Investments Inv are purchased

Pit = (Pudt )w<StPtimp )1*“’ DK

at price it to household owners at

Q

by a relationship that accounts for costs incurred in adjusting the level of investment:

(see (7)) and sold in volume

, . . Inv. . .
price *'"t. The amount of purchased investment "' and new capital sold DK, are connected

kinv Invit 2
DK;, =Inv; — —-11| Iny,
2 {Inv,,

where Inv, represents the overall level of investment. The producer seeks to maximise the
+00 HK
t—t,
Wl

t=t,

expected present value of profit t  where

HtK = Qi,tDKi,t _pi,tlnvi,t .

The result of maximising the present value of profit is as follows:
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P Inv; Inv, ., Pa Ay L Inv, Inv;

2
&_%_kinv %L InVi,t _lj Invi,t +kinvﬂ Et Qi,t+l At+1£ InVi,t+l _1]( Invi,t+1} :O
t t t t+1 (19)

When there are no adjustment costs (klnv :0), in a symmetric equilibrium consistent

Qi,t/R =1_

with (9), equation (19) implies that the relative price of capital remains constant:

The higher the adjustment costs K™ the less responsive investment is to economic changes.

2.5. Goods producers

r

Each goods producer IE[O’l] rents labour L at nominal wage W, and capital Kia at

R _
rate "' to produce output Vi :

Yi,t =a (Ki,t—l )0‘ (Li,t )1*0’ (20)

o . P :
Product Vit is sold at price ', and the revenue is taxed by the government at

YPUY.

rate it it Producers know the demand function for their goods, allowing them to set individual

(R Y,
d —|=—-1| RY,

prices P“. When changing the price of a good, the producer incurs costs L ,

d
where R Y are the aggregate price and the output of domestic goods, respectively. Producer

profit is given by:

it it d

2
p( pd
H:( = (1_Ty) RS Yi,t - Ry Ki,t—l _WtrLi,t _k?[ - _1] Ptd Yt

it-1 (2 1)
+00 Y
W T
t=t, P

The producer seeks to maximise the expected present value of profit ,
acting in the interests of the owners. In doing so, the producer considers not only the production

constraint (20), but also aggregate demand and the demand functions (4) related to

r inv g

households ', capital producers 't , and the government ~"t:
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AT inv g
_di,t+di,t +di,t

i, +¢) CI
t PI(: Pt t-1
(22)
imo \&™ d\? imp \1~® o
d_inv —w StPt i inv (P't) (Stpt )
P R
(23)
w0 ((RY) (sR™) )
9= (Stpt J it te +@°cl
I, d 1t
=¥ R
(24)
tAY t r t inv
Denoting Lagrange multipliers for constraints (20)—(24) by BA , M, , M, , and

M9 . : " . . P
AM, , we derive optimum conditions for capital, labour, price ', and the components of

r inv g
demand d"‘, di; , and di't:

R AY
?'t K=« A_tYI,t
t t (25)
r Y
Wt Lit :(1_a)A_tYI’[
P - A
t t (26)

Y. F)_d d P—d P—d d
(1_Ty) Fl;t Ay — KPA, [P;Yt _1) Ptj X +Kk°B EtAt+1( I;tgl _1] L:lz Pt;YHl +
t it-1 i1t it (P )

it t+1

d
it it

. 1-w
lep . .
—w(l—w)[st L J 1 (M{ c +M™ Y + MY cgt)—

imp o
—8(()2(Stpt ] L(Mtrxtr_‘_M;antmv_‘_Mtg th):O
(27)
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1-
P PP c
e B o[

t F)i,dtJrl dir,t+1 (28)
pd .
(1-77) A, - Ay =M =0
" (29)
P 5. P™ ) c?
(1_Ty)iAt _AI _Mtg +IBEtMtg+1w tJrld = (/’ga)_lg+l =0
Pt it+1 di,t+1 (30)

Y
It follows from expressions (27)—(30) that the multiplier A, is proportional to the value

(1-77)-2LA,

of t . Given this, expressions (25) and (26) indicate that a certain portion of

1-7Y)PYY.
revenue ( ) "M reduced by profits, is spent on production factors (labour and capital),

while the cost of these factors maintains a standard ratio a/ (1—0:). Relations (28)—(30) determine

Mr Minv Mg . .
the shadow values "t, 't and "t of demand functions (22)-(24). When habits are not

formed by agents, as in the case of capital producers, shadow values are static and do not
depend explicitly on future consumption. However, for households and the government, where
deep habits are formed, an additional unit of demand for a particular good today also drives future
demand. Expression (27) determines the price dynamics of the good and, through (21) and other
relations, the firm’s profit margin. A positive profit margin is driven by the firm’s monopoly power,
which can be broken down into two components. The first component, as described in the deep

habits literature (Ravn et al., 2006; Aloui, 2013), arises from the firm’s awareness of the demand

i
dependence on price, stemming from the aggregation of product groups into aggregate %

(equation (2)), as reflected in the final group of terms in expression (27). The second component
arises from the firm's awareness that demand for its output is linked to the aggregation of

domestic and imported goods (equation (1)) as shown in the second-to-last group of terms in (27).

2.6. Symmetry of equilibrium

In line with studies on deep habits, we assume symmetry of equilibrium in the model across

all producers IE[O’l]. Symmetry implies identical tasks for producers and identical initial

conditions. Under this assumption, all indices lin the expressions can be omitted. Specifically, it
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Ri=PR" S PuTPT R Z(Ptd )w(stptimp)m , R , and demand

follows that
functions (22)—(24) can be simplified to facilitate model computation.

In what follows, analytical expressions for equilibrium conditions and the description of fiscal
policy are provided under the assumption of a symmetric equilibrium. Nonetheless, as previously

discussed, the fiscal authorities aim to minimise costs (1)—(3) in relation to groups of goods.

2.7. Monetary and fiscal policies
We assume that monetary policy is aimed at targeting inflation. When setting the nominal
interest rate, the central bank follows the Taylor rule:

Rt IRSS-I-IO(ﬂ't—/Z'SS) (31)

SS SS
R™, 7 are the long-term values of the interest rate and inflation, and the value of &

where
represents inflation.
Fiscal policy is described by several relationships. First, there is the fiscal authority’s budget

constraint;

PtGGt = Tty Ptd Yt + TtOiISt PtO“O+ Btd - Rt—l Btdfl + St Btf - St rf Btf—l (32)

y oil d
Tt Tt B

where is the tax on domestic production, is the tax on oil and gas revenues, ~t are

domestic market loans, and Btf is the flow of borrowed funds from the foreign market. This flow
can be interpreted as external debt obligations or transactions involving foreign assets of the
NWF, the dynamics of which are not described in this paper.

According to expression (32), nominal government consumption is funded by taxes,
domestic debt market transactions, and foreign transactions.

There are several options for financing increased government spending: through higher

taxes o and Tton, increased domestic borrowing Btd , or external financing Btf . These options,
along with the accompanying macroeconomic processes, are central to this study.

Under each financing option, budget expenditure growth may persist. However, it is
assumed that the fiscal authorities aim to stabilise public debt, returning it to the level preceding
the shock.

All the options for financing expenditure growth are based on a persistent government

spending shock, described by the following process:
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St = psst71 + gtS (33)

S
where ¢t is a zero mean random variable equally distributed across periods.
1. An increase in government spending is financed by an increase in domestic government

d
borrowing B .

B! = p°P B¢ +(1—,od ) ':S: B, +s,

(34)

d
With a positive government spending shock S , borrowing B, increases, leading, according

d
to equation (32), to an increase in government consumption. The presence of parameter P in

d
equation (34) is due to the need for the real debt level B / R to be asymptotically returned to its

. B¢
original value ~ss.

TOII B f

y
Taxrates °t and “t are assumed to be constant, and external financing —t is zero.

2. An increase in government spending is financed by raising the production (sales) tax, so

the interest rate changes as follows:

) =1! +—St
t SS d
Y. RY/R

y

(35)

3. An increase in government spending is financed by raising the tax on oil and

gas revenues:

Lol _ ol o S,
t 7 Uss oi
St Pt IO/Pt (36)

y oil
In expressions (35) and (36), Ts and s represent the long-term values of tax rates.

f
4. An increase in government spending is achieved through external financing B, :

B =p'BL+(1-p")B/,+5/5, a)
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Equation (37) is similar to (34), with the only difference being that prices and the interest rate

for the external economy are considered constant.

2.8. Equilibrium conditions
The equilibrium conditions for the currency, labour, and domestic debt markets are

as follows:

pim (Imptr + Imptmv + Imptg)_ PtOiI O+ Dtr’f —R! Dtrﬁf +lPtD Pt/St -
_Btf +Rthi1 =0

(38)

L=L (39)
Z Dtr,f — Bd

r (40)

The first term in relation (38) includes the demand for imports from households, capital

WCR/S

producers, and the government, while t reflects nominal expenditures in foreign currency

r,f
related to changes in the level of investments in foreign bonds D, . The equilibrium condition in

the debt market (40) is based on the equality between household savings and domestic
government debt.

oil
It is also assumed that the terms of trade follow an AR(1) process with the mean P :

oil __ poil oil oil oil oil
R =R+ p™ (R — RS )+ @)

2.9. Model calibration

The following parameters and model relationships were chosen during calibration (
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Table 1). In line with the practice in dynamic stochastic equilibrium models (Bernanke et al.,
1999; Kiyotaki and Moore, 1997; Smets and Wouters, 2003) the consumer’s time preference rate

was set to '3:0’99, corresponding to a real rate of return on assets of 4% per annum. The

0=0,025

depreciation parameter was taken to be , corresponding to an annual depreciation rate

of 10% (Bernanke et al.,, 1999; Smets and Wouters, 2003). The parameter of the elasticity of

demand for intermediary products in the domestic intermediate goods market was set to € = 7,
This value aligns with that in Drobyshevsky and Polbin (2015), but is slightly higher than in some
international studies (e.g. 5 in Christiano et al. (2005)) and deep habits studies (e.g. 5 in Ravn et
al. (2012) and 6 in Punnoose and Lenno (2019)). The parameter of the elasticity of demand for

n=10 0=0,3

labour was taken as , with the Frisch elasticity of (Andreyev and Polbin, 2019). The

elasticity parameter for the production function was set in accordance with Bernanke et al. (1999)

and Polbin (2014): ¢ = 0’35. The rigidity parameters were chosen to align with those in studies of

the Russian economy: K" =k" =10 & =01 @ 4 005 in Andreyev and Polbin (2019)), k™ =4

(4 in Polbin (2014)). The Taylor rule parameter was taken as the standard value for non-inertial

policy p:1,5_ The parameters defining habits were chosen similarly to Ravn et al. (2012):
9" =¢" =05
The structural parameters of the economy were calibrated as follows. The ratio of imports to
GDP was set equal to 0.25 in line with Russian statistical data. Aggregate exports were set equal
to imports in the long-term equilibrium, with investments in foreignh bonds assumed to be zero. The
oil

tax ¢

on revenue from commaodity sales was set at 50%, close to the tax burden on the oil and
gas sector in Russia, while the production tax was set at 10%, yielding a government consumption

level equal to 20% of GDP.

S
The autocorrelation parameter P for the government spending shock process (33) was

taken as 0.95 to model the duration of increased government spending. For exported goods, the

oil

parameter P was set to 0.8, close to the terms-of-trade figure for Russia. Finally, the

d
parameter P in equation (34) was set to 0.05, which supports the return of credit levels in real

terms to their initial level and aligns with a slow pace of debt repayment by the government.
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Table 1. Model parameters

Parameter | Value Description Studies with similar parameters
(parameter values are given in brackets)
y) 0.99 Time preference Bernanke et al., 1999; Kiyotaki and Moore,
1997; Smets and Wouters, 2003
o 0.025 Depreciation rate Bernanke et al., 1999; Smets and
Wouters, 2003
g 7 Elasticity of demand for Drobyshevsky and Polbin, 2015 (7);
intermediary products Christiano et al., 2005 (5); Ravn et al.,
2012 (5); Punnoose and Lenno, 2019 (6)
n 10 Elasticity of demand for labour
0.3 Frisch elasticity of labour Andreyev and Polbin, 2019
supply
a 0.35 Capital elasticity Bernanke et al., 1999; Polbin, 2014
k" kP 10 Rigidity of wages and domestic
prices
d, 0.1 Cost parameter for changing Andreyev and Polbin, 2019 (0.05)
investments in foreign bonds
kv 4 Cost parameter for changing Polbin, 2014
investments
@ 0" 0.5 Level of deep habits Ravn et al., 2012
oil 0.5 Tax burden in the oil and gas
sector
X 0.95 Autocorrelation of government
spending shocks
oil 0.8 Autocorrelation of terms of
trade
pd 0.05 Stationarity parameter for the

fiscal rule
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3.Shocks to terms of trade and government
consumption: impact of deep habits

Below (Figure 1), we examine the effects of two shocks: a terms-of-trade shock (41) and a

government consumption shock (33), financed through domestic debt (34). The impact of these

shocks is analysed to verify the accuracy of the mechanisms in place and to identify specific
characteristics associated with deep habits in the economy.

Figure 1. Impulse response of model variables to positive 10% terms-of-trade shock with
and without deep habits (¢° =¢"' =0). ‘%’ indicates that the variables are shown as a percentage

deviation from the steady state, ‘% of GDP’ indicates that they are shown as a percentage
deviation from the model’'s quarterly long-term GDP, and ‘% p.qg.’ indicates that they are shown as

a quarterly percentage rate
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A positive terms-of-trade shock typically produces an income effect and an exchange rate
effect, as observed in a number of studies on the Russian economy (Kreptsev and Seleznev,
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2018; Polbin, 2014; Andreyev and Polbin, 2022). The income effect leads to an increase in
additional revenues for the government budget and households, which in turn drives up demand,
resulting in higher output, consumption, production factors and their prices, and domestic prices.
The exchange rate effect causes a drop in external prices, the changes in which are represented
solely by the exchange rate in our model, to outweigh the rise in domestic prices. As a result,
inflation slows down (declines relative to the trend) and the interest rate is reduced.

The case of deep habits, compared to the opposite case, leads to a smaller increase in
domestic output and consumption, and a stronger decline in inflation, which is explained by slower
growth in nominal prices. This means that the domestic demand curve shifts less to the right and

upward (Figure 2), which is due to habits dampening the initial impact of the terms-of-trade shock.

Figure 2. Movement of household demand curve with and without habits under positive
terms-of-trade shock.” 1 denotes the initial equilibrium position, 2 denotes the equilibrium position

after the shock with habits, and 3 denotes the equilibrium position after the shock without habits

' consumption

nominal price

The ‘constraining’ influence of deep habits is similarly noted in (Punnoose and Lenno, 2019),
where accounting for habits in the consumption of imported goods in a two-country model
economy leads to the exchange rate having less impact on import prices and, as a result,
requiring lower values of the price rigidity parameter.

Next, let us consider (Figure 3) the government spending shock financed by domestic loans,

analysing not only the presence or absence of habits but also the duration of the shock: the shock

" For simplicity, the diagram does not take into account the appreciation of the domestic currency under
a positive terms-of-trade shock. Therefore, without accounting for currency strengthening, prices rise
relative to the initial equilibrium. The summing of the price movement effect with the currency appreciation
effect leads to a reduction in prices, as shown in Figure 2.



25 Deep habits and financing of government expenditure growth

can be persistent, indicating a prolonged increase in borrowing, or temporary ( p°=0,95

or p° =0 in equation (33)).

Figure 3. Response of model variables to positive government expenditure shock & equal

to 1% of GDP, distinguishing between cases of a long-lasting (0° =0,95) and temporary (0° =0)
spending shock on the economy, and also distinguishing between cases with and without deep
habits (¢° =¢" =0). ‘%’ indicates that the variables are shown as a percentage deviation from

the steady state, ‘% of GDP’ indicates that they are shown as a percentage deviation from the
model’s quarterly long-term GDP, and ‘% p. g.” indicates that they are shown as a quarterly

percentage rate
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A prolonged increase in government spending leads to a temporary (over 18 quarters) rise in
government consumption, after which it remains below its long-term level for an extended period.

The reasons for the long-term reduction in government consumption are, first, the need to repay
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the borrowed funds along with interest, and second, the negative impact of increased government
spending on the economy in both the medium and long term: domestic output and household
consumption decrease. The increase in domestic demand due to government consumption leads
to a rise in nominal prices for domestic goods, resulting in higher inflation and interest rates. The
rise in interest rates, coupled with the increase in government borrowing (and the decrease in
household disposable income), explains why households respond to the government spending
shock by reducing consumption (crowding-out effect).

The presence of habits, compared to the case of their absence, results in a larger increase
in output, a smaller decrease in household consumption, and a higher rise in inflation, which is
explained by a larger increase in the price of domestic goods.

At the level of supply and demand functions, a government spending shock to households
causes the supply curve to shift towards higher prices. Simultaneously, the demand curve shifts
leftwards and downwards, reflecting an increase in household savings. As a result, prices rise,
and consumption falls. However, the presence of consumer habits slows the shift of the demand
curve in the short term, leading to a higher price increase and a smaller drop in consumption
(Figure 4).

Figure 4. Movement of household demand curve with and without habits under positive
terms-of-trade shock. 1 denotes the initial equilibrium position, 2 denotes the equilibrium position

after the shock with habits, and 3 denotes the equilibrium position after the shock without habits

b consumption

nominal price .

>

The crowding-out effect, where household consumption is displaced by government
consumption, observed here, is also noted in Aloui (2013), where a spending shock led only to

a temporary increase in output. However, the accumulation effect is more frequently discussed in
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Western literature (Ravn et al.,, 2006; Ravn et al., 2012), although it remains unclear whether
government consumption shocks are considered long-lasting or temporary.

As can be seen from 4, in our model, a temporary spending shock leads to the accumulation
effect — both in terms of output and consumption. The difference in the impact of long-lasting and
temporary spending shocks is explained by the dynamics of household disposable income. If the
government spending shock is temporary, the production sector responds with a sharp, short-term
increase in labour demand, leading to higher household income and consumption, which
temporarily stimulates output growth. In the case of a long-lasting government spending shock,
the production sector responds by adjusting capital expenditures (the explanation of this effect is
provided in the next section), while labour income grows only slightly. If, at the same time,
household disposable income decreases (due to higher taxes or the purchase of government
bonds), consumer demand and thus output drop, neutralising the stimulating effect of
government demand.

The domestic literature based on DSGE and VAR models (Vlasov and Deryugina, 2018;
Votinov and Stankevich, 2017; Votinov and Yelkina, 2018) states that production reacts positively
to a government consumption shock. However, the duration of the positive output response and
the types of shocks considered (or, more specifically, identified) as temporary or long-lasting are

not explained in these papers.

4.Scenarios of government spending growth

Next, we compare the results of a positive government spending shock under different
financing options (Figure 5). The effect of the shock is similar in all cases, except for the use of
external financing: in the medium term, an increase in government consumption is observed,
which, after 14 or more quarters, is followed by a decline in government consumption below its
long-term level. Domestic production shows a temporary rise (temporary accumulation effect),
after which it falls below its long-term level (crowding-out effect), while household consumption
always remains below its long-term level (crowding-out effect). Domestic prices, inflation, and the
interest rate increase after the shock but quickly return to their long-term levels.

Among the options for financing the growth in government spending, the use of external
financing stands out in the form of attracting foreign assets from the national fund or borrowing on
the external debt market. In this case, the inflow of external funds in the medium term leads to
a stronger appreciation of the domestic currency. This makes imports cheaper as a factor of
production, giving the economy an additional production boost. The response of domestic output,
consumption, and investment remains positive, while inflation shows less volatility owing to the

stronger appreciation of the domestic currency.
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Figure 5. Response of model variables to positive government spending shock & equal

to 1% of GDP for various government expenditure financing options. ‘%’ indicates that the
variables are shown as a percentage deviation from the steady state, ‘% of GDP’ indicates that
they are shown as a percentage deviation from the model’s quarterly long-term GDP, and ‘% p. q.’

indicates that they are shown as a quarterly percentage rate
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The specific features of the scenario with external financing of budgetary expenditures helps
explain why the crowding-out effect on household consumption is observed in other options. The
external financing scenario does not directly affect household incomes. In contrast, the options
involving higher taxes and financing through the domestic debt market lead to a decline in
disposable household income net of investments in debt instruments: due to taxes (in the case of
an increase in the oil and gas income tax), due to a reduction in the payment for production factors

(in the case of production taxes), or due to the direct borrowing of funds. The deep habit
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mechanism is sensitive to a decline in household income. Its effect smooths out the impact of
income decline over the entire period, so consumption does not increase even in the short term.

Changes in household disposable income also form the basis for several other effects, such
as the reduction in production capital in scenarios not associated with external financing. When
disposable incomes decrease, households seek to smooth consumption dynamics and resort to
three methods: (1) the long-term reduction of investments in foreign financial instruments,
(2) a short-term increase in labour supply, and (3) a reduction in investments (since the model
assumes the household is the owner of production capital). The reduction in investments to
smooth consumption is the reason for the fall in production capital. Meanwhile, the government
does not make decisions regarding investments in the model. In this regard, a relevant question is
who will drive demand in the economy: households or the government, financed by household
savings.

It should be noted that these results have a scope of applicability for the option of financing
public debt through internal borrowing. The results are applicable if the growth in government
spending is accompanied by an increase in household savings. In reality, there is an alternative
mechanism by which the rise in public debt is financed without household participation. This
mechanism involves the issuance of government bonds, which are bought by banks using funds
borrowed from the central bank and secured by previous issues of government bonds. In this
case, due to the greater stability of household disposable income, domestic demand and
investment levels may not decrease. This means that with this type of financing, internal borrowing
could become as attractive as external financing. However, the structural model reproducing the
financing mechanism through internal borrowing without household involvement requires
a description of the demand for money and the money creation process in the economy. Modelling
these mechanisms will be the subject of future research.

Next, let us compare the following intertemporal indicators under various financing options
for government spending growth: (1) changes in public welfare, (2) present value of government
consumption, and (3) the amount of government consumption over a two-year period.

The present value of government consumption is calculated using the following formula:

t+7

NPVG, =G+ — G
- H Rt+k /ﬂt+k+l
k=0

i.e. real government consumption is discounted based on the real interest rate. Government
consumption over a two-year period is calculated using a similar formula, taking into account

consumption over eight quarters:
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L G
NPVG, =G, +) ——=
i Rt+k /ﬂt+k+l

k=0

The values of indicators are given in Table 2.

Table 2. Public welfare and present value of government consumption following a positive

government spending shock & equal to 1% of GDP for the deep-habit case

Unit Domestic Production | Oil and gas | External
borrowing | tax extraction | financing
tax
Changes in public | In terms of -0.005 -0.239 -0.260 -0.004
welfare consumption
equivalence (% of
consumption)
Changes in the In % of long-term -30.1 -13.0 -15.1 15
present value of quarterly GDP
government
consumption
Changes in In % of long-term 4.0 5.2 5.6 4.2
government quarterly GDP
consumption over
8 quarters

All financing options for government spending growth provide an increase in government
consumption, accounting for 4% to 5.6% of quarterly GDP during the first eight quarters. This
means that all the considered options are effective, and fiscal authorities, pursuing their short-term
goals, can achieve them by choosing any financing option.

However, in terms of aggregated indicators over a long-term horizon, the options differ
significantly. All options, except for the scenario involving external financing, lead to the present
value of government consumption being 13—-30% lower than quarterly GDP, compared to the
same value without the government spending shock in long-term equilibrium. This means that,
although the increase in government spending during the first few quarters leads to a rise in
government consumption, after 20 to 30 quarters, government consumption falls below the long-
term level. In most options, the present value of the reduction in government consumption over the
long term is higher than the rise in government consumption in the short term. Only the external

financing option shows an approximate equality of gain in the short term and loss in the long term.
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Regarding the change in welfare, strategies involving loans are less detrimental, with the
reduction in welfare being close to zero. On the contrary, options with increased taxes lead to
a more substantial decrease in welfare (by 0.25% in our calculations).

An economy free of deep habits does not change the ranking of financing options for
increased government spending (Table 33). A meaningful difference is that in the absence of deep
habits, tax-based financing options for spending become less negative in relation to the present

value of government consumption.

Table 3. Public welfare and the present value of government expenditures following

a positive government spending shock & equal to 1% of GDP in the absence of deep habits

Unit Domestic Production | Oil and gas | External
borrowing | tax extraction | financing
tax
Changes in public | In terms of -0.004 -0.243 -0.229 -0.001
welfare consumption
equivalence (% of
consumption)
Changes in the In % of long-term -22.2 -5.0 -4.8 -0.1
present value of quarterly GDP
government
spending
Changes in In % of long-term 4.5 5.7 6.1 4.5
government quarterly GDP
spending over
8 quarters

5.Conclusion

According to the theoretical description of deep habits, when such habits are in place, each
unit of additional demand generates future additional demand for the consumed product. One
might expect this mechanism to exhibit a multiplier effect on demand in the calculations. However,
our model shows no such effect. Instead, we find that in response to terms-of-trade or government
expenditure shocks, deep habits dampen households’ reactions, resulting in less pronounced
shifts in the demand curve. In an exporting economy, deep habits lead to lower volatility in output
and consumption, but higher volatility in inflation.

Additionally, we find that a long-lasting positive shock in government expenditure, when

financed by sources that reduce household funds (all the options considered except for external
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financing), shows a crowding-out effect on household output and consumption. The crowding-out
effect on household consumption may be explained by a combination of two factors: a decrease in
household disposable income as a result of increased savings or taxes, and the existence of deep
habits coupled with rational expectations, which smooths household consumption and makes
consumption negative over the entire time horizon.

The same long-lasting government expenditure shock, when financed through external
sources, leads to an accumulation effect instead of a crowding-out effect, attributed not only to the
preservation of household income but also to the appreciation of the domestic currency.

With a temporary government spending shock, the accumulation effect on consumption and
output occurs. This is explained by the fact that, in response to a temporary shock, the production
sector reacts with a short-term surge in labour demand, leading to an increase in household
demand and income, thereby stimulating output growth in the short term (in contrast to a long-
lasting government spending shock, where the production sector responds with increases in
capital expenditure, but household labour incomes grow only slightly).

In other words, a temporary government spending shock is procyclical, whereas a long-
lasting shock can be either procyclical or countercyclical depending on its influence on household
incomes.

A comparison of the options for financing growth in government consumption indicates that
its short- and medium-term increases can be achieved through any of the scenarios considered.
However, in almost all the scenarios, a medium-term increase in government consumption occurs
at the cost of reduced long-term consumption, as the government is assumed to eventually return
debt levels to their original state. Tax-based financing options for growth in government spending
reduce public welfare in the long term, whereas debt-based options have minimal impact. The
most attractive financing option for minimising long-term losses is external financing through
foreign assets of the national welfare fund or external borrowing. The preference for external
financing can be explained, first, by a stronger domestic currency during the period of increased
government spending, which reduces the cost of imports as a production factor, and second, by
the stability of household disposable incomes. Both factors help prevent household consumption
and output from declining during periods of increased government consumption. Finally, the
presence or absence of deep consumption habits affects the quantitative indicators of the options

for financing government consumption growth but does not alter their ranking.
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