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Abstract

Last couple of decades of research has significantly advanced New Keynesian DSGE modeling. While
each of such models faces its own important limitations, it can still contribute to robust policy analysis
as long as we consolidate relevant macroeconomic features in it and remain conscious of the limitations.
With this paper we are introducing a DSGE model for Georgia with features relevant for Emerging
Market Economies (EMESs), characterized with large number of real and nominal imperfections. While
some model features are already standard to existing DSGE frameworks, we also emphasize aspects
particularly relevant to EMEs. These include dominant currency invoicing, forward premium puzzle,
breakdown of Ricardian equivalence, impaired expenditure switching mechanism, decoupled domestic
and imported price levels impacting real exchange rate trend, and other non-stationarities. Additionally,
we distinguish between global financial centers and other trade partner economies. This LEGO model
with these building blocks is planned to be expanded further with other properties in the future to make
the model suitable for analyzing FX interventions and macroprudential policies, in addition to monetary
and fiscal policies. The model is intended to become the workhorse model for macro-financial analysis
in Georgia, representing a key addition to the NBG’s existing FPAS, though its adaptability can extend
to other country contexts as well.
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1 Introduction

Since switching to inflation targeting back in 2009, the National Bank of Georgia
(NBG) has been basing its monetary policy decisions on forward-looking macroeco-
nomic modeling extensively. The main virtue of the NBG’s Forecasting and Policy
Analysis System (FPAS) is that it provides a structuring device for discussions on
what the monetary authority should do to achieve its inflation target (which is 3%
for Georgia). In more technical terms, this means that the modeling approach should
take the endogeneity of monetary policy into account (see Svensson, 1997 or Freedman
and Laxton, 2009) - meaning that the main model would not be expected to forecast
inflation for the long term in a traditional sense; rather it should forecast the monetary
policy rate such that will guarantee inflation being at the target in the long term.
This has been a feature of the core of the FPAS - Georgian Economy Model (GEMO)
- providing policy prescriptions for achieving the inflation target. The documentation
of the NBG’s FPAS, including GEMO, is provided in Tvalodze et al. (2016). GEMO
is a semi-structural, relatively small, macroeconomic model (consisting of four key
building blocks). It has been used by the Macroeconomic Research Division at the
NBG to produce consistent macroeconomic forecasts and provide the corresponding
stories to the Monetary Policy Committee (MPC). In addition, it is frequently used
for risk scenario analysis and sometimes for counterfactual simulations. The MPC has
shown its appreciation of the important input that the general equilibrium modeling
has provided. Inflation has averaged at around 4.5% since QOOﬁﬂﬂ and its volatility has
declined (even though it could still be considered high). The 10-year yields are now
almost as low as the overnight interest rates - quite a rare phenomenon for small open
emerging economies, like Georgia, subject to a myriad of external disturbances.
Notwithstanding the important advances, there’s still a lot of room for improve-
ment, including on the capacity development side. On the modeling front (that this
paper concentrates), FPAS may enjoy an addition of a new, " fully” structural, macroe-
conomic model. An existing one, GEMO, is a semi-structural gap model that is useful

for business cycle (real economy) analysis, however, it doesn’t incorporate consistent

!Before the COVID-19 shock
2The inflation target started to be 6%, however, the NBG has made it clear from the beginning
that it was intending to lower the target to 3% - something it did in 2018.



stock-flow relationships. Yet this is an important element for analyzing issues like
the balance of payments and external debt, portfolio lows and exchange rates, FX
interventions and central bank balance sheets, financial frictions, and commercial bank
balance sheets. In addition, while semi-structural models have the virtue of being flex-
ible enough to fit certain empirical facts, fully structural models, on the other hand,
have the advantage of making sure the analysis is internally consistent which minimizes
the risk of unsound policy advice.

Taking these into account we have started a DSGE project that aims at building
a new dynamic stochastic general equilibrium model that is expected to fit the key
empirical facts of the macro-financial environment in Georgia. Namely, the model that
we develop below incorporates an elaborate external sector (balance of payments) and
the FX market. We introduce relatively novel friction: dollar-invoicing and moreover,
the model benefits having the feature to account for the forward premium puzzle on
FX market, based on inverse relationship between the risk premium and expected de-
preciation (see Adolfson et al, 2005). Also, we are suggesting that by introducing
foreign bond portfolio adjustment costs we are capable for replicating the features of
above-mentioned modified (lagged) UIP condition. These are in addition to standard
real and nominal frictions found in the literature, including habit formation, invest-
ment adjustment costs, wage and price stickiness, etc. After calibrating the model we
demonstrate, using impulse response functions, how significantly the incorporation of
the new frictions improves the empirical relevance and realism of the model. In the com-
ing papers, this model is planned to be extended with the central bank balance sheet
and FX interventions as well as commercial bank balance sheets and several financial
frictions, like information asymmetries and financial dollarization. The resulting model
is expected to become the major tool for macro-financial analysis in Georgia, including
the monetary-macroprudential nexus. Given that the resulting model would feature
many instruments (including monetary policy rate, FX interventions, fiscal spending,
and taxes as well as different macroprudential tools) it fits quite well in the emerging
literature on the Integrated Policy Framework (see Basu et al, 2020 or Adrian et al,
2020).

The paper is organized as follows: Section 2 describes the model economy, with



an emphasis on intuition. Section 3 calibrates the model and does impulse response
exercises. Section 4 concludes and discusses the road ahead, while the appendices
provide the full description of the technical details as well as key issues in the derivations

that is usually absent in the literature are provided there.

2 Model Economy

2.1 The model design

The small open economy model is developed to apply for macroeconomic analysis in
Georgia. The model belongs to the class of "fully” micro-founded models, where the
dynamics of economic variables are the outcome of decisions made by households and
firms. The structure of the real side of the economy is quite elaborate and includes var-
ious layers of the production process, however, the financial sector is still insufficiently
modeled. Adding the sector is envisaged as the next step of the model development.
The model shares features of medium-scale DSGE models from the existing literature,
such as price and wage stickiness (a la Calvo (1983)), investment adjustment cost in the
capital production process, presence of Non-Ricardian consumers and etc., but also,
we have incorporated some interesting features which could be relevant for applying
the DSGE model for policy analysis in emerging markets. The rest part of the sec-
tion includes a bird’s eye view of the entire model, the sectoral interlinkages and some

interesting features of the model are highlighted below (see, Figure

Households. Some (unconstrained) part of the households (HHs) are rational agents
who make intertemporal allocations of their consumption, they own all types of firms
and receive dividends from them. They are suppliers of heterogeneous labor input
and have a market power to set wages. HHs have to pay consumption, wage and
profit tax to the government, and some part of revenues received by the government is
transferred back to HHs. Another part of households are constrained by their current
period income and they consume everything available in the given period (hand to
mouth behavior). Due to these properties, we could say that the model belongs to

class of Two Agent New Keynesian models (TANK). [I).



Figure 1: Model design
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Labor Agency picks up heterogeneous labor input provided by households and sup-

plies labor services to the domestic intermediate input producers.

Firms. Four groups of firms are involved in the production process to produce goods

consumed by households, government, entrepreneurs and foreigners (exported goods).

e Group of final goods producers (which operates in a competitive market) com-
bines homogeneous input produced domestically and imported ones and provides
the final goods to different institutional sectors, therefore, there are three differ-
ent producers designated to produce final goods for households, government and

entrepreneurs.
e Domestic homogeneous input is produced in two stages:

- Differentiated intermediate input producers use labor and capital service
as well as imported homogeneous input to create differentiated input (us-
ing the Cobb-Douglas production technology), those firms operate on the

monopolistic competitive market and set prices in domestic currency.
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- The homogeneous intermediate input producer bundles the differentiated

inputs and supplies to the final goods producers as it was mentioned above.

e Homogeneous imported goods are produced by two sets of vertically integrated
producers: firms operating outside of our economy produce differentiated goods
and set prices in USD, on the next stage, those goods are imported and aggre-
gated by homogeneous imported goods producers domestically, after that the
homogeneous input is supplied to final goods and domestic intermediate input

producers.

e Three types of firms are involved in the production of exported goods: differenti-
ated exported goods producers use homogeneous domestic and imported inputs
to produce the brand name goods on the monopolistic competitive market, which
is bundled by homogeneous exported goods producers and then provided to the
foreign firms (Exported goods bundler) operating outside of our economy. They
bundle the goods together with exported goods from the rest of the world (their
decision determines the demand on goods exported from our economy). Prices
in the export and import sectors are set in USD. Which is equivalent to producer
currency pricing (PCP) in import sector unless there are not shocks which imply
global appreciation/depreciation of USD (the same is true about local currency
pricing (LCP) vs. DCP in the export sector). In general, the implication of price
stickiness in DCP which applies to LCP too in the export sector is that the ex-
penditure switching mechanism is impaired when the economy experiences local
currency swings, for example, if the domestic currency depreciates, the adjust-
ment path of the export is muted. However, the global appreciation (deprecia-
tion) cycles of USD results in lower (higher) foreign demand even if local currency
exchange rate vs trade partners’ currencies does not changes at all. That said,
LCP is not well suited to be applied for analysing transmission of shocks (for
instance, US policy rate changes) which implies asymmetric reaction of exchange
rates in emerging markets which are still dollairzed in trade relations, therefore,

exposed to appreciation/depreciation cycles of USD.



Entrepreneurs accumulate capital stock subject to capital adjustment and utiliza-
tion costs, the latter friction implies that capital service supplied to domestic interme-

diate input producers does not always equal to the capital stock.

Government sector is represented by the monetary and fiscal authorities.

e The central bank sets the policy rate in line with the Taylor-type reaction function
to respond to the deviation of expected inflation from targeted inflation. The
change of short-term interest rate is transmitted to the demand through different
channels: on the one hand, unconstrained HHs lower consumption (if the interest
rate increases) as the expected inflation drops and the real interest rate increases,
as long as nominal variables are rigid, which depress demand in the current period.
At the same time, entrepreneurs tend to apply the higher real rate to discount
future profit stream, given the net present value of the profit declines, they reduce
investment, amid demand on inputs necessary for the production of investment
goods declines. An increase in nominal interest rate stimulates the substitution
of foreign financial assets with domestic ones. In turn, a resulting reduction of
capital outflow implies an appreciation of the domestic currency and, other things
equal, it implies higher demand for imported goods and a gradual reduction of
foreign demand. However, given import and export prices are sticky in USD, the

expenditure switching mechanism is impaired somewhat.

e The fiscal authority collects consumption, wage income and profit taxes, issues
local currency bonds to finance deficit if necessary and provides transfers to HHs.
Debt-issuing is restricted by debt limits and fiscal policy rules such that fiscal

authority is forced to stabilize the debt at a sustainable level in the medium run.

Forex dealers trade with foreign currency bonds. Their choice of next period port-
folio is subject to risk premium which is inversely related with expected depreciation
of exchange rate. The premium discourages them to reallocate the portfolio when
the differential of returns of domestic relative to foreign bonds opens up; which im-
plies deviation from simple UIP condition. Hence, the exchange rate path keeps some

persistence instead of instantaneous adjustment under pure UIP.
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2.2 Households

Our model economy is populated by 2 types of households: Constrained and Uncon-
strained ones (referred to as CHHs and UCHHs, respectively, in the rest of the paper).
The fraction of CHHs relative to the whole population is A, while the rest (1 — \) are
UCHHs. These households, as the names suggest, mainly differ in their degrees of
accessibility to various financial resources. First of all, they differ in their presence
in financial markets. UCHHs can afford to use financial instruments for smoothing
out their consumption pattern intertemporally. While CHHs are unable to access fi-
nancial markets, hence, are limited by their current disposable income generated from
supplying their labor services to the production sector and government transfers. Sec-
ond, constrained households do not own shares in firms, while unconstrained ones do.
Therefore, the former receive no dividend payments from the firms while the latter
does. Third, they have different utilities over the sequence of consumption across time.
UCHHS’ preferences are characterized by the presence of habit persistence, while CHHs
are not.

The introduction of two types of households was motivated by the empirical fact
(e.g. Campbell and Mankiw, 1989) that a significant part of households does not have
enough wealth (collateral) to allocate it intertemporally, or enough income to obtain
credit for consumption smoothing. Hence, this part of households consumes its current
income. In addition, empirical research also indicates that the Ricardian equivalence
fails to hold in practice, meaning that the effects of fiscal policy are relatively more
pronounced. Introducing constrained (so-called hand-to-mouth) households do exactly
that - strengthening the fiscal policy effects (Gali et al, 2007). Another, more realistic
but also technically more difficult, approach is to introduce overlapping generations
setting in the model.

Deviation from the representative agent economy, where all households optimize
their consumption over time has its implication for determinacy analysis (Gali et al,
2003). As the existing literature shows monetary policy has to be more aggressive when
the share of CHHs is low and vice versa when this share is big enough. For example,
consider an inflationary shock that hits the economy. If monetary policy is aggres-

sive enough (i.e. Taylor principle holds) consumption and real wage of unconstrained

11



households drop initially, however, firms’ profits increase (due to lower real marginal
cost) which, due to higher dividends inflows, implies a leftward shift in labor supply
(among UCHHSs) on the latter stage. If labor supply is relatively less elastic, we end up
with higher real wages that have a positive effect on CHHs’ consumption levels (since
CHHs consume all of their resources in every period). Therefore, the aggregate demand
could increase, implying some pressure on inflation. According to Bilbiie (2005), this
latter effect dominates when the share of CHHs is large enough. As a result, we get
that aggressive monetary policy implies self-fulfilling inflation expectations (i.e. inde-
terminacy). However, the indeterminacy brought by aggressive monetary policy that is
described in the example above breaks if wages are sticky, as the wage increase which
has a positive effect on CHHs’ consumption is muted in this case. As a result, the
Taylor principle is still necessary (see Colciago, 2011) when the “CHHs meet sticky

wages” as it is in our specification .

Optimization Problem of Unconstrained Households. Let’s consider uncon-
strained households first. We assume a continuum of monopolistic competitive house-
holds of this type, each of which supplies differentiated labor (L}“(7)) to the production
sector. Every unconstrained HH has preferences over consumption (C}*“(i)) and labor
supply and is subject to preference (1/;) as well as labor supply (6;) shocks. Further-
more, its utility from consumption in the current period is affected by the average
consumption level in the previous period (hence, external habit formation is present
in our model). In order to finance its own consumption UCHH generates income from
various sources. First of all, it supplies differentiated labor input to the Labor Agency,
earning W;(i) wage rate for a unit of household i’s labor variety. Second, it receives
transfers from the government (77%°(¢)). Third, it owns shares in the firms of the econ-
omy generating dividend inflows (D}“(i)), and finally, UCHH has financial income,
which comes from two types of financial assets: risk-free government bonds (By(7))
paying off R;_; nominal gross return and Arrow-Debreau securities (a;(i)) paying off
1 unit of nominal currency in the respective state of nature purchased in the previous
period. Furthermore, UCHH’s income sources are subject to various taxes described
below.

As one might have already noticed UCHHs are heterogeneous in their labor services

12



which gives them some pricing power when setting their wage rates. However, they
are not freely able to choose their wages optimally in each period. Following the
staggered price setting mechanism in Calvo (1983), in each period the probability that
a household is able to optimize its wage is 1 — ,,. With the probability of 8,, it is
stuck with the same wage for one period, 62 for two periods, and so on. The reason
we assume so, like in most DSGE models, is to get nominal wage rigidity in the model
economy, even if the literal interpretation of the assumption may not be the most
realistic.

Note that, in equilibrium, the unconstrained household ¢ cannot choose labor supply
and wage rate independently. Since it is a monopolist in the labor market of its variety,
it faces downward sloping labor demand curve (L;(i) = d(W,(i))) and once it chooses
either labor supply or wage rate, the equilibrium value for the other one is automatically
determined. For this reason, WLOG, we can assume that a household sets a wage rate
and then chooses a labor supply that clears the market at that wage rate. Thus, for

each variety i, Li(1) = L}°(i) and in equilibrium UCHH faces additional constraint:

Li(i) = d(Wi()) (1)

There is one more thing in [If that we need to determine before we head to solving
UCHH’s problem. The functional form for d(W;(i)) is unknown. To find out that, we
need an agent whose optimal behavior defines the demand function for the labor of
type i. Labor Agency is such an agent, the role of which will be discussed below.

Labor Agency is a competitive firm that aggregates different types of labor into
a “composite” homogeneous labor good (L;) that it then leases to intermediate goods
firms at the wage rate W;. There are some alternative ways of thinking about the
role of the Labor Agency. One of them is viewing it as a firm’s HR department
that recruits differentiated labor varieties, then trains them and provides homogeneous
labor input to domestic intermediate goods producers. We adopt this interpretation
and use CES technology for aggregating differentiated labor inputs into homogeneous
one. Furthermore, Labor Agency takes both wages, one for variety i of labor (W,(7))
and another for homogeneous labor good (W) as given and chooses L;(i) and L; to

maximize its profit in each period t subject to its aggregation technology. Hence, its

13



problem has the following form:

1
maximize W,L —/ W (i) L. (7)di 2a
Josini o= | £(4) L (i) (2a)

I n

1 ng—1 T_
subject to L, :(/ Ly(i) ™ di) " (2b)
0

where 7! is the elasticity of labor substitution, we assume that it is time-varying and
in steady state ' > 1.
The optimization problem of the Labor Agency implies the following demand func-

tion for household i's labor input:

L= (MY, ®)

If we substitute equation [3] into [2] and use the fact that the Labor Agency earns

zero profit (because it is a competitive firm), we end up with equation {4 for aggregate

wage index:

W, = ( /0 1 Wt(i)l—"idz) = (4)

Taking into account the functional form of demand for household ¢’s labor variety
(equation [3)) and wage setting mechanism, the unconstrained household’s problem can

be formulated as:

> Lue(; 1+¢
maximize  Ej Z B hdn(Cre(i) — hCpe)) — XQtL (ba)
{cret),Byg, (), P 1+¢
Wi (3),ae+1(1)}2
subject to (14 79)PrCye(i) + By (i) + E{Quiv1ai41(2)}
= (1 = 7")We (1) Ly“(2) + Ri—1 BY“(i) + au(i)
+T3(i) + (1 = 77") Dye(d) (5b)

Le(i) = (WV“)L (5¢)
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Wx(i if W,(7) is chosen optimall
- 0 0 primally

IR Wisi(i) Yk €{0,..., 1 — 1}, otherwise

where, in addition to what is described above, [ is the household’s discount factor, ¢
stands for the inverse of Frisch labor supply elasticity and h determines the degree of

habit persistence. As for taxes, 7¢, 7% and 77 are VAT, income and profit (or dividend

Wi_1
Wi k-1

income) tax rates, respectively. Also, H;“_llt_k_l = . Hence, we assume that at
the moment when the household is not able to set the optimal wage, it uses the wage
indexation rule i.e., the household updates its wage based on average wage inflation in
the previous period.

The first order conditions (FOCs) of the problem [5| with respect to C{*“(i) and

By, (i) are the following:

1

[Cy] : (o Cy(i)ue — hCre,

=M@+ )P =0 (6)

(B - — B'N(i) + BB N1 ()R = 0 (7)

where, A\ () is the Lagrange multiplier. By combining equations @ and @ we arrive
at the Euler equation . Note that we dropped index i. Following Erceg et al (2000)
when the market for Arrow-Debreau securities is complete and period utility is sepa-
rable in labor, households fully insure idiosyncratic wage-adjustment risk and we get
symmetric equilibrium for optimal consumption level, where everybody consumes the

same irrespective of its own wage history.

PGy — RO,
Biora (G — hCiey)

The Euler equation reflects the equilibrium condition on the domestic bonds market

R, =FE; (8)

when the nominal interest rate equals the inverse of stochastic discount factoi} Which

in turn describes the marginal rate of substitution between consumption today and

3We can show that the price of the portfolio of Arrow Debreu securities Q;1 equals to the
stochastic discount factor too. That said, we will apply Q41 to discount the firms’ future profit
streams in the next sections as those problems implicitly are part of the HHs’ optimization problem.
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tomorrow.

The Linear version of the Euler equation has the following form:

e h v 1497 —~ 1+h+~?
uc uc ECUC
t t+1+1+h+’}/z

Ny e I I
v 1 — 5 1+ —h (1~ 1
B~ -~ — —— L, — E.n¢ . — ¢
+1+72+h(1+72 s %) 1+ h+ 9 (R“ e B =)

9)

(&t — Eﬂz:l)"‘

which highlights that consumption depends on its own lag and lead as well as demand
shocks and real interest rate. The first order condition with respect to wages (W;(4)) is

more involved and it requires solving the following optimization problem (see detailed

derivations in the Appendix |A.1)):

Wage-setting Problem

maximize FE; Z(ﬂ@w)k{ — X9t+kﬂ — A (8)(—(1 = Tw)Wt+k(2')Lt+k(i))}
W (i) o 1+¢
(10a)
W, ; 7T]i+k:
subject to Ly k(i) = (L@)> Ly, (10b)
Witk
Wi () = g0, Wi (4) (10c)
The resulting optimal wage equation is given by:
s TI%, o\ ek 1+¢
B Y (80, = B (a0 (St ) )
k=0 t+k
= k 1 —nl H;U+k—1|t—l 1—77i+k
— ki Z(ﬁ@w) {)\Hk(i)(nmk — LW (W—> Wt+kLt+k} =0 (11)
o t+k

If wages were flexible (i.e. if #,, = 0) then the optimal wage could be interpreted as a
markup over the marginal rate of substitution between consumption and leisure.
After linearization around the steady state, or balanced growth path more precisely

(see the detailed derivations in the Appendix [A.1]), the wage Phillips curve is given by:
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where, mt and W?" are the gaps of the marginal rate of substitution and the real
wage, while the gap of the marginal rate of substitution is given by:

]v\:/\ Z/': uc __ uc 1
RS, 9t+Ct+1+g_hOt 1+g_hct—1 (13)

This linearized wage inflation equation is also close to standard one with wages following
some inertia, reaction to expectations, and depending on demand conditions in the

labor market.

Optimization Problem of Constrained Households. Constrained (sometimes
also called hand-to-mouth) households, as described above, do not have access to fi-
nancial markets, hence they can not make intertemporal decisions. Neither owns their
shares in firms. They only earn labor income and get transfers from the government
(T¥). We assume that their utility is strictly increasing in consumption (they don’t
give themselves the luxury of forming consumption habits) and they receive no disu-
tility from labor (they always accept employment if its available). Hence their optimal
decision is to consume whatever they earn net of taxes plus net transfers from the
government. Constrained HHs set their wages at the same level as the average wage of
unconstrained HHs (or, put differently, competition makes the wages of the two types
of HHs equal). Given the wage, they supply working hours as much as to meet firms’
labor demand. Hence, the consumption of credit-constrained HH depends on after-tax

wage income and government transfers and is given by:

(1+79Cy =1 —7)—=L, + Tf (14)

Since constrained and unconstrained HHs face the same labor demand function, the
working hours of CHHs equal to the average working hours of the unconstrained ones
and as a result, consumption is the same across CHHs as well.

After linearization around the steady state (BGP) we get:
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Where the tilde over the variable (without time subscript) refers to the stationary

component of a variable in a steady state.

2.3 Entrepreneurs

In our model, entrepreneurs are firms that are ultimately owned by households. En-
trepreneurs own capital stock, can vary the utilization rate of physical capital, and
decide how much to invest in the next period’s physical capital. We can think of cap-
ital utilization as increasing number of capital hours. Even if the amount of physical
capital is the same, just by increasing the utilization rate an entrepreneur can increase
the number of capital services supplied to the capital market. However, this comes at
a cost. A higher utilization rate implies higher maintenance expenditures in terms of
investment goods. At the beginning of each period ¢ entrepreneurs rent capital services
(which is the product of physical capital and the utilization rate) to Domestic Inter-
mediate Input Producers to generate revenue and buy investment goods from Final
investment goods producers to add to the physical stock of capital for the next pe-
riod. These decisions are made with the objective of maximizing its lifetime expected
discounted profit. Changing the level of investment between two consecutive periods
is however costly. Only a fraction of the unit of investment goods is translated into
the amount of installed physical capital. The rest is wasted in the process of install-
ment. The adjustment cost per unit of investment is described by S (z) who’s exact
functional form and properties are given in detail in appendix and [B.2] The way,
investment is converted into physical capital in the presence of investment adjustment

cost, is specified by the law of motion of capital:

K= 1-0)K, + (1 - S (%)) I, (16)

Entrepreneur’s profit (7r§) in period t is equal to:
Ty = Rfftut - ’Y(Ut)FtPti - [tpti (17)

18



where RF is the rental rate for a unit of capital service. K, is the amount of physical
capital that the entrepreneur own, while K, = u, K, is the total amount of utilized
capital (i.e. capital service) supplied to the Domestic Intermediate Input Producer. I,
is the amount of investment that the entrepreneur undertakes each unit of which costs
P!. wuy is the capital utilization rate and v(ut)ﬁ is the corresponding utilization cost,
which shows the number of units of domestic investment goods required for operating
one unit of physical capital at rate u,. Hence, v(u;)K ;P represents the total cost (ex-
pressed in monetary terms) that the entrepreneur incurs from renting out K¢ capital
service in period t.

Taking prices { RF and Pf}::o as given, a representative entrepreneu solves the fol-

lowing maximization problem:

maximizgo EO Z At [Rfftut — ’Y(Ut)ft.Ptz - ItPti] (18&)
{Ut71t7Kt+1}t:0 -0
— — ~ (I
subject to K1 = (1—0)K,; + (1 - S ([ )) I (18b)
t—1

where, ); is the marginal utility of 1 unit of profit received in consumption units (i.e.
it comes from HHs utility maximization problem).

First order conditions for the problem are:

] - =" (us) P (19)

1] ( (It 1) - Sl(%) %)

A+ ye Iy [21
[ s () B (20
. >\t+1 7
[Ktﬂ]. /\t t+1ut+1 V(Ut+1)pt+1)
A
-8 [A} (21)

EHE K =(1-86)K, + (1 - S <Ift1>) I, (22)

4Exact functional form of the capital utilization cost function is given in appendix
5 A representative entrepreneur exists, since all entrepreneurs are identical - face the same problem
under the same conditions.



After linearizing around the steady state, FOCs of the model in terms of percentage

deviations from the steady state values of respective variables will be:ﬂ

w]: o =rto,a + " P (23)
L):  PBl=X+(1+7)5T,

—8"(1+ ) (1 + BT + 8"B(1 + )i (24)
= S_ o =08 (g o g 4 (L=0)8 =
Kon]: -0 (1 -5 ) (B + B ) + e B (25)

_ 1—§0 = 240~ SN
E K = K+ Iy 1 Vv (26)

1_|_/Yz t 1+,yz _1+,yzt

2.4 Goods Producers

The structure of goods production in the model economy, as shown in figure (1], is quite
elaborate. Domestic intermediate input produced by a continuum of monopolistically
competitive firms under the same generic name using labor services (supplied by house-
holds), capital services (provided by entrepreneurs) and imported inputs are aggregated
into the domestic homogeneous input by a representative domestic homogeneous input
producer. The latter is then combined with imported goods to produce final private
and government consumption, final investment and final export goods which are sup-
plied to households, government, entrepreneurs, and the rest of the world accordingly.
Below we describe each agent producing the respective type of goods, its technology,

and its optimization problem.

2.4.1 Domestic Input Producers

We describe the production of domestic goods in two steps: domestic differentiated
input producers (we call them intermediate firms) produce differentiated goods using
capital, labor and imported inputs, while the producer of the domestic homogeneous
input uses CES production technology to aggregate domestic differentiated inputs pro-

duced by the intermediate firms.

SFor details about linearization procedure consult appendix
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Production of the Domestic Homogenous Inputs. Aggregate domestic homoge-

nous input Y4 is produced using the following production technology:

1 77;1*1 ng—l
Y= ( Y, (i) " dz’) (2.4.1.27)
0

where, Y;(i) is the amount of domestic differentiated inputs produced by the i** inter-
mediate input producer and 7 is the time-varying elasticity of substitution of differ-

entiated inputs. Which is assumed to follow the process:
d— (1= "t 4 p el 2.4.1.28
= (L=p" )0+ p" iy + & (2.4.1.28)

Y2 in our case is a sum of the domestic consumption (C¢), investment (IZ), public

spending goods (YY) and export (X{) goods.

Production of the Domestic Differentiated Inputs. The i intermediate (dif-

ferentiated) input producer has the following production function:

K@:%%Mme@MGZQ>‘“2_W (2.4.1.29)

a
where, K;(i) is capital rented by the i*" intermediate input producer, 7; is a stationary
technology process (TFP), z; represents a (labor-augmented) productivity process and
Ly(4) denotes labor hired by the i intermediate firm. There is a fixed cost to enter the
business in the sector, and the fixed cost F¢ changes with labor-augmented technology
process z; over time, hence, F! = 2, F¢. Alternatively, we could interpret the cost as
an amortization payment (opportunity costs included) netting off which profit is zero
in SS. Y;(4)™ is a share of the imported goods (M;(i)) used as a domestic intermediate
input by the " firm. af is a non-stationary technology process, which makes an
imported input relatively less efficient in the production over time, we assume that its

net growth rate (") follows AR(1) process:

T

= (L= P 7™ 4 praenfy + €l (2.4.1.30

After solving the firm 4’s cost minimization problem (see |C.1| and |[C.1b| in the
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Appendix) we will obtain the following marginal cost function:

rxl—aj—asg
1 ay

MC, = W R pmizai—a (2.4.1.31)

oS page ) _ _ l—a1—a aq
aftan? (1 —ap —ag)tmame2 g2

RF W, and P™ are the input prices of capital, labor and import, respectively.

Firm 7 operates on a monopolistic competitive market meaning has some power to
set prices. Price-setting decision is subject to Calvo frictions. Note, that P,(i) is a
price of intermediate input Y;(i) produced by firm i. And the aggregate amount and
price of the domestic homogenous goods are Y;¥ and PZ, respectively.

Also, note that MC; does not depend on ¢ because all firms have a symmetric
problem in equilibrium. We assume that in each period, only some fraction of firms
are able to update its prices optimally. While, the remaining part of the firms can only
index its price to lagged inflation.

We can define indexation here as:

k—
T p1 i1 = —;d : (2.4.1.32)
t—1
The price that firm ¢ can charge in period ¢ is:
Pri(i) if P2(i) is chosen optimally
Piiy=4{" ' (2.4.1.33)

¢ 1,1 Py (i)  if otherwise

Now, let’s consider the profit maximization of the firm that adjusts its price in
period t. The problem will be dynamic because the price chosen in period ¢ will have
an effect in future periods. Hence, we apply the nominal discount factor (Q:ix:) to
derive the PV of the future profit stream. The profit maximization problem of the firm

1 is given by:

maximize By > 05Quiks (B, o) Yier () — MCipy (Vi (6) + FY))
k=0

Pr(i)
(2.4.1.34a)
. (P
subject to Y}+k(z):< P ’ ) Y (2.4.1.34b)
t+k
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where, Q; 111 = " U/ C“r’“ L is the marginal value of one unit of profits in utility terms
in t+k relative to t. Detaﬂed derivations and equilibrium conditions of the firms’ price-
setting problem are reported in the Appendix [C] The resulting linearized price-setting
equation (augmented Phillips curve), is:
dy _—
my = ﬁﬂtd1 T 1 fﬁEt Ter1 + = edﬁgtf(ll_—i-@g;(l — >MCtTd_

(1= 60.8)(1— )1 + 777
b1+ B —1) "

(2.4.1.35)
where MC7? is a real marginal cost gap, of the domestic intermediate firm, which
is defined in (C.2.12)). Also, note that positive markup shock (actually, it is mark
down shock by definition) pushes inflation up, the shock would be useful to analyze

supply-side drivers of inflation.

2.4.2 Final Consumption Goods Sector

Consumption Goods Retailer. Final consumption goods are purchased by house-
holds, and are produced by the competitive firm using the following production func-

tion:

X
ay

1 Ne—1 Cm Me~1
Cr= [(1—w)mCd e —|—wcvc< ) ] (2.4.2.1)

Note, that final consumption goods production is related to nonstationary technology
process a; too, which makes imported inputs relatively less efficient in consumption over
time. It follows that the technology process aj creates a wedge between the aggregate
consumer price index (CPI) and import price index that implies trend appreciation of
CPI-based real exchange rate, which is a relevant property in case of emerging and
developing countries with relatively faster-growing prices in the nontradeable sector
than in advanced economies.

The rest of the variables are defined as: C; is the final consumption good which is
the composite of C¢ - homogenous domestic consumption input and C - homogenous
imported consumption input.

Taking the price of final consumption goods Pf, input prices P¢ and P™¢ (the price

of imported goods in domestic currency) as given, the Georgian consumption retailer
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solves the profit maximization problem:

maximize PfC, — (PIC{ + P"°C) (2.4.2.2a)
eraeh

e

] . (2.4.2.2b)

Ne—
1 ne—=1 1 Om Ne
subject to C; = |(1 — wc)nlc cdne 4 wcnlc (_tx>

ay

Detailed derivations of the profit maximization problem are given in Appendix B.1.

The resulting demand equations for domestic and imported consumption goods are the

following;:
Pd —Nec
Cl=(1-w,) (P—t> Cy (2.4.2.3)
t
& PGaf\ ™"
= We C 2.4.2.4
a ( P t —

The price index of the final consumption good is given by

1

Ptc _ [(1 o wc) (Ptd)l—nc W, (PtmG’atx)lfnc} T—nc (2425)

2.4.3 Final Investment Goods Sector

Production of Final Investment Goods. Final investment goods are produced by

final investment goods producers using the CES technology and sold to entrepreneurs.

X
ay

ni— n;—1
ni—1 A HE 4
I =|(1- wi)"%‘]td T 4w (L) ] (2.4.3.1)

Where, I; is the final investment good which is the composite of the homogenous
domestic I and imported inputs I;™.
Taking the price of final investment good P, input prices P? and P"¢ as given, the

investment goods producer solves the following profit maximization problem:

magl(imize PiI — (P + PrOL™) (2.4.3.2a)
I I
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. 1 micl 1 I e
subject to I = [(1 —wy)m I} " +w;ni | — (2.4.3.2b)

Detailed derivations of the profit maximization problem are given in Appendix [D.2]

The resulting demand equations are:

Pd -
It = (1 —w) <—t> I (2.4.3.3)
Pt
I PrCa\ "
Lo =) I 2.4.3.4
ay “ ( Py ' ( )

The aggregate price index of the investment good is:

_1
Pl= |1 =w) (P 7" 4wy (Prap) ] (2.4.3.5)

2.4.4 Final Public Goods Sector

Production of the Public Spending Goods. Final public good is produced using

CES technology, in a similar fashion to the final consumption and investment goods.

7]9

N ng—1 N Gm 7’9; ng—1
Ytg = (1_wg)nlg G;l ng "‘Wg"l-" (—t> ! ] (2441)

X
ay

Where G¢ and GI™ are homogenous domestic and imported inputs used in public goods

production, respectively. The maximization problem can be written as:

maximize P/Y? — (PG{ + P"°G}") (2.4.4.2a)
GGy
. 1 mat 1 Gm T
subject to V! = | (1 —wy) Gy ™ +wyms | — (2.4.4.2b)
ay

After doing similar steps as in Appendix [D.1] the resulting demand functions for the

domestic and imported public goods are given by:

Pd —MNg
G = (1—w,) (P—’;) Yy (2.4.4.3)
t



GQm PmG z\ g
{ :wg( : “t) Yy (2.4.4.4)

T g
ay P,

While the price index of public spending goods is given by:

1

P? = [(1 = w) P! 4wy (PmCazyl=ne| 77 (2.4.4.5)

2.4.5 Import Sector

Production of homogeneous imported input. The production process of im-
ported goods, used in final goods and domestic intermediate input production, can be
broken down into two stages: foreign traders which operate outside of our economy
produce differentiated imported inputs (M, (7)) using homogeneous input available on
the world market. The homogeneous input is purchased with the aggregate price in-
dex of our trade partners in the trade partners’ aggregate currency unit. The foreign
traders could be interpreted as the representative exporter firms of our trade part-
ners whose cost of production is the cost of inputs produced within our trade partners’
economies and sold in their own currency units. Foreign traders use their market power
to set their prices in USD (the dominant currency). In the second stage of production
of homogeneous imported input, the homogeneous imported input producer (import
bundler) operating in our domestic economy, purchases differentiated imported inputs
produced by foreign traders, then aggregates them and supplies the homogeneous im-
ported input within our economy (M;) in the domestic currency units; hence, it buys
imported inputs in USD and sells in domestic currency (GEL). The homogeneous im-
ported input (M) is used in domestic intermediate input production (Y;™), as well as in
the production of final consumption (C}"), investment (/;"), public (G}*) and exported
goods (X["). The homogeneous imported input producer takes the price set by foreign
traders in USD Ptmf as given, and it (import bundler) maximizes its profit s.t. CES
aggregate of differentiated imported inputs:

maximize M, (i) P™ (i) di (2.4.5.1a)
Mt (Z), Mt €tGel/D / t
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1 6%”71
subject to M, :</ Mt(z’)s?dz’) (2.4.5.1Db)
0

Where P¢ is the domestic currency price of homogenous imported goods, and ef el/D

is the GEL/USD exchange rate. Also, ] is the time-varying elasticity of substitution

of differentiated imported inputs, which is assumed to follow the AR(1) process.
M= (1—p )™+ p el e (2.4.5.2)

From the maximization problem we can derive a demand function for differentiated

My (i) = (Pgisci))_STMt (2.4.5.3)

imported input ¢:

Where the price index of homogeneous imported input is given by:

1 m )T
P = [/ ) dz‘] (2.4.5.4)
0

Profit maximization problem of differentiated imported input producers.
As mentioned, differentiated imported input producers, i.e. foreign traders, purchase
aggregated bundles of homogeneous input produced in our trading partner economies at
the aggregate price in trade partners’ aggregate currency unit (effective exchange rate).
Therefore, foreign traders’ cost of production is the purchase of homogeneous input on
the world market price in trade partners’ aggregate currency unit. The differentiated
imported input produced by foreign traders (outside of our economy) is used in the
production process of homogeneous imported input (within our economy).

The differentiated imported input producers (i.e. foreign traders) are monopolistic
competitive firms and use their market power to set prices optimally in USD, subject
to Calvo friction. Hence, here our modeling approach is based on dollar invoicing in
trade relations, as the price is sticky in USD. Meaning only a part of the firms (1 —6,,)
get a chance to set a price of differentiated imported inputs optimally in each period
in USD. There is no additional layers of price setting in local currency, and imported
goods purchased in USD is resoled in local currency on perfectly competitive market,

that implies a perfect pass-trough of GEL/USD while there is incomplete path trough
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from GEL against our trade partners currencies. The price of imported goods in GEL
could be defined as:
pre = P pmi (2.4.5.5)

The differentiated imported input producer i (foreign trader) maximizes its profit
subject to demand by homogeneous imported input producer operating in our domestic
economy, and sets a price in ¢ period optimally. The firm takes into account that it
may not be able to change its price optimally in the next periods, but updates its
price following an indexation scheme. Therefore, the profit maximization problem of

differentiated imported input producers is the following:

maxn}?z)e EtZ{ekQ{t+k [Pt’ﬁi(i)MHk(i)—efzr/,fPﬁkMHk(z’)}} (2.4.5.6a)

subject to  B/1 (i) =P ()], (2.4.5.6b)

(P e
M1, (i) :(;—ig)) My

t+k

(2.4.5.6¢)

where, Pt*mf (1) is the price set by the differentiated imported input producer who had
a chance of updating its price back in the t period. efi/ ,f” is the aggregated nominal
exchange rate of trade partners’ currencies w.r.t. USD (i.e. nominal effective exchange
rate of the dollar). Also, Pﬁk is the price of homogeneous inputs (produced in our

trading partner economies). While Q{ ++ 18 the foreign discount rate applied by foreign

traders to discount future profits; and :

f Ptnli—l
k11 = pl (2.4.5.7)
t—1

is the price index used by the differentiated imported input producers to update its
price (in k period) whenever optimization isn’t possible.
Given the foreign trader assesses its profit in USD, while the purchase of the homo-
geneous input on the world market is made in our trade partners’ aggregate currency
units, we can express the marginal cost of production of differentiated imported input
in USD as:

MCr = PP PR (2.4.5.8)
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While the real marginal cost faced by foreign traders is:

D/RPR
MC" =t 2.4.5.9
i T ( )
Alternatively, the real marginal cost could be rewritten as:
m” Ptc
t

where, REER; is the real effective exchange rate of GEL, and P"¢ = etGel/ Ppmis
the price of imported goods expressed in domestic currency.
From the maximization problem we can derive the following optimality condition for

differentiated imported input producers (see, Appendix [E.2)):

o Hmfi - 1—em
Ey Z {9’“ Qf Pl [(1 en )P <Tf') Myt
Pk
Hmf “Eitk
m *Mm t -1 k
+ el MO P (i) ( = m1f|t 1> Mt+k:|} =0
Py

If we apply a log-linear transformation to the optimality condition (note, that the
optimization problem is symmetric and firms that are able to reset price in the t
period set the same prices in USD), the following linear version of the Phillips curve is

derived from the profit maximization problem:

1 B L= A0 — O) (L + 7M7) I =

"= Em MCP™ — "
T 1+B*t1+1+5* tt+1 O (1 + B) (MC; 5m—16t)
(2.4.5.11)

where, ;" 7 measures inflation in the import sector in USD, and 7™/ is its value in SS,

while ]\W is real marginal cost gap in the sector (in foreign currency). The marginal
cost, the driver of the imported inflation, in turn, is determined by the REER (See,
Appendix . As the import price is sticky in USD in the short run, GEL/USD
bilateral exchange rate plays role too in the inflation dynamics through the imported

input channel.

29



2.4.6 Export Sector

The export sector within our economy is structured into two layers of firms. The
homogeneous exported goods producer uses inputs (X;(i)) produced by differentiated
exported goods producers to transform it into homogeneous exported goods (X;). Lat-
ter, exported to the rest of the world. Besides the firms operating in our domestic
economy (differentiated exported goods and homogeneous exported goods producers),
we, also, analyze the decisions made by foreign firms (operating outside of our econ-
omy). Which try to optimally combine homogeneous goods exported from all countries
around the world, together with homogeneous exported goods from our economy. In
turn, the demand on homogeneous exported goods from our economy is the outcome
of the cost minimization problem of the foreign firm. Hence, first, we formally derive
the demand function for our homogeneous exported goods (which cross the border)
by looking at the cost minimization problem of foreign firms). Second, we analyze

decisions made by firms involved in the export sector in the domestic economy.

Demand for homogeneous exported goods. Homogeneous exported goods on
world market X" is the aggregate of homogeneous goods exported from each country
using the following aggregation technology (i.e, the exported goods from our economy

is one of the inputs among exported goods from other countries):

Ew

Xy = (fjatu)slxtwﬁ) (2.4.6.1)

J=0

where X;(j) is the export of homogeneous exported goods from country j and oy (j)
approximates foreigners’ preference for exported goods from country j, in steady state
it approximates the share of country j's export in world aggregate export. For a small
open economy like Georgia, a;(j) — 0, however, the term serves us to analyze export
demand shocks not related to the economic conditions in our trade partners, but it
could reflect the changes in preferences toward goods produced in our economy, for
example, trade-related measures. On the aggregate level, we assume that all countries
set the price of their homogeneous goods in USD. The profit maximization problem

of the aggregator of exported goods on the world market, determines demand on the
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homogeneous exported goods from country j:

xf [\ —Ew
Xt(j)zat(j)(Pt m) Xy (2.4.6.2)

thf,w

where P/ is the aggregate export price index in the world (in USD):

1

J _ 1
T T, w . x . 1_5111 1=ew
prv (Zam 'G) ) (246.3)
7=0

With the demand function for exported goods from country j in hand, we can apply
this function as the demand on our homogeneous exported goods too. However, note,
that at the moment the demand on homogeneous exported goods from our economy is
expressed as the function of world aggregate export. Then few more steps are needed to
derive demand as the function of world aggregate output. We assume that homogeneous
exported goods from different countries which are transformed into X", are used as
homogeneous imported input together with domestic inputs in final goods production
in the rest of the world. Hence, on an aggregate level, world output is produced with
imported and homogeneous domestic (their own) inputs using CES technology. After
solving the profit maximization problem in the world output production, we come up

with the following demand function on aggregate import:

meaw —Nw
M :ww< : ) A (2.4.6.4)
Py
where, w,, is the share of imported input in the world output production, Ptmf " and

Py are the world aggregate import price (in USD) and the aggregate price index of
world output, respectively, while Y,* is world aggregate output. It is straightforward
to note that on an aggregate level world export equals world import. Also, assuming
elasticity of substitution of exported goods in different countries and the elasticity of
substitution among imported and domestic inputs in the world output production (on
an aggregate level) are same, the resulting demand function for our exported goods

looks:

B\
B
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Production of homogeneous exported goods. As said, in our domestic export
sector there are two layers of firms: the homogeneous exported goods producer pur-
chases differentiated exported goods and pays the price in USD (i.e. differentiated
exported goods producers are price setters), aggregate them and resell on the world
market in the same currency; in turn, differentiated exported good producers use do-
mestic and imported inputs to produce differentiated goods for export production.
Therefore, the profit maximization problem of the homogeneous exported goods pro-

ducer is given by:

1
maximize P X, — / P () X, (1) di (2.4.6.6a)
Xt('i),Xt ! ! 0 ! !
subject to X, :(/ X(i) =t di) (2.4.6.6b)
0

where, Pt‘rf and Pt(i)zf are the aggregate price index of homogeneous exported goods
and the price of differentiated exported goods i, respectively. Also, €7 is time-varying
elasticity of substitution of differentiated exported goods, which follows the AR(1)

process:

et = (1= pT)e" +p7 el e (2.4.6.7)

From the maximization problem, we can derive the following demand function for

differentiated exported goods produced by firm 4:
Pxf N\ —EY
X, (i) = <t—(z)) X, (2.4.6.8)

While the aggregate price of homogeneous exported goods in USD is given by the

equation:

T

P = [ /0 1(Pff(¢))1€fd¢] (2.4.6.9)

Cost minimization problem of differentiated exported goods producers.
The " differentiated exported goods producer is a monopolistic competitive firm and
produces X;(i) by aggregating domestically produced intermediate (X) and imported
(X;") inputs with CES technology. Entering the sector is related to fixed cost FY,

the growth of which follows a stochastic trend of real export I'Y over time, hence,
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F?® =T2F®. The i differentiated exported goods producer minimizes its cost s.t. the
CES production technology to determine the optimal combination of inputs, given the

prices of domestic intermediate P? and imported inputs P"¢:

minimize  P?XI 4+ PMCX™ (2.4.6.10a)
XX
. . _2 L d nz—1 1 ne—1 n;il
subject to X (i) =aj -1 |wg” (Xt af) 1 (1 —wy)me X[ e .
(2.4.6.10Db)

The production process of differentiated exported goods is characterized with the two
distinct nonstationary technology processes: the aggregate export-specific (a}) and im-
port inefficiency (af) technologies. We assume a potentially faster quality improvement
in the export sector relative to other sectors in our domestic economy, which, in turn,
makes quality-adjusted exported goods relatively cheaper (than implied with domestic
input prices), while the real effective exchange rate is appreciating. It follows that
exporters can expand output faster than implied by the demand from trade partners’
economies. We define the growth rate of the general technology process in export
production as vy{ = %_ _ 1, where & follows the AR(1) process:

=
a1

T

fyf’r = (]_ —_ py“)’yaT + P7a7‘72111 + gza (24611)

From the cost minimization problem, we can derive the marginal cost function of the
it" firm. Since the minimization problem is symmetric across all differentiated exported
goods producers, we write the marginal cost function without the 7 subscript (Detailed
derivations are reported in Appendix :
’ P B
Mer=a @ o (2] T+ -y (24612

T
t

Profit maximization problem of differentiated exported goods producers.
As said, the differentiated exported goods producer firm i operates on the monopolistic
competitive market, in each period of time the firm has (1 — 6,.) probability of setting

a new price in USD while with probability of 6, the exporter firm (that last reset its
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price in the period t) follows price indexation rule given by:

Rﬁ?k( ) = Pt*zf(i)nf.{k_”t_l (2.4.6.13)

where 1%/ , 1s price index in USD from ¢ — 1 to ¢ + k — 1 period:

t4+k—1]t—
ow
zf T t+k—1
Ht+k 1 = sz (2.4.6.14)
t—1

With marginal cost function, that is the outcome of the cost minimization problem of
differentiated exported goods producer and demand function (from homogeneous ex-
ported goods producer’s profit maximization problem) in hand, the profit maximization

problem of differentiated exported goods producer is the following:

mximize 3~ Eid 0o [l PP Xeia0) ~ MC (Xeali) + FD) |}
k=0

P ()
(2.4.6.15a)
subject to Rfﬁk() =P ()Hff;k 1|t1 (2.4.6.15b)
Pl ()
Xy (3) ( Zf ) Xtk (2.4.6.15¢)
Pk

where Q; ¢4 = BkUU/((c;—f)k)ka is households’ nominal kernel used to discount future prof-

its. From the maximization problem, we can derive the optimal price of differentiated

exported good producer firms (detailed derivations are reported in Appendix and
F5):

. Gen(CF = hCE) o A N A
b {eiﬂk uc uc c Bl | (1= i) z T Xeyrt
kZ:O (e (Ct—f—k hOt+lc—1)Ht+k|t a a I / HtJ{k
z —eT -1
fo —€iik P*zf t+k
+ef oM t+k(7tf> Xk ( 'fxf) H =0 (2.4.6.16)
Ht—',-k P,
The linear version of inflation (in USD) in the export sector looks:
1 (1 —0.8)(1—0,)(1+ 7)) ——=
af _ of L _F por MCF —
U 1 + ﬁﬂ-t—l + 1"’6 tT t+1 Gw(l +ﬁ) t
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(1 - 99&6)(1 - 93&)(1 + ﬂwf) =
B T (2.4.6.17)

Given the price of exported goods is sticky in USD, movements in exchange rate markets

do not have an instantaneous effect on competitiveness.

2.5 Foreign exchange market

The investment decision in foreign currency bonds is determined by the infinitely-lived
perfectly competitive forex dealers, operating on behalf of households. The forex deal-
ers participate in the foreign currency bond market and maximize their lifetime profit
subject to risk premium which is inversely related to expected depreciation. The fea-
ture is introduced to account for the empirical evidence on ”forward premium puzzle”.
(see Adolfon et al, 2007). The intuition is that if the exchange rate movement is
predictable (consecutive depreciations) then lower return is required by investors for

holding foreign currency bonds.

The problem of the forex dealers id|

9) eGel/D 6Gel/D
Gel/D dl t+1 t
max By > B hrel VU R] Rieap |~ (o —07) =l (st~ ) ) -
By =0 € €1
_)\tetGel/D

"We also tied an alternative version of forex dealers’ profit maximization problem when the decision

is subject to portfolio adjustment cost, for example, B{{)\Hlefﬁ/DRtthpexp( —¢d (b{ - bf> ) -

2
adi f _Gel/D
)\tetGd/D — )\tetGd/D 5; <BB;te;cez/D — I‘Bf> }, The T'B’ is the gross rate of growth of foreign bonds
t—1"t—1

in a steady state, while the parameter £*¥ reflects the impact of portfolio adjustment cost. The
latter implies deviation from standard UIP condition. Although the term isn’t fully structural, we
can show that the extension works quite well to replicate empirical facts. It is related to the recent
theoretical advances on modeling deviations from standard UIP condition, for instance, Gourinchas,
et al. (2022), where the deviation from pure UIP is driven by the behavior of risk-averse arbitrageurs,
trying to avoid risk of excess accumulation of certain assets. While the aforementioned model feature
(the preferred agent models belong to the class of partial equilibrium models) isn’t easy to integrate
into the general equilibrium setup, the extension of our model in this regard is quite simple, but still
useful to reconcile empirical facts on exchange rate dynamics.
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where Bf is the amount of the foreign currency bonds chosen by the forex dealer, while
b{ is the foreign asset to output ratio, hence, this part of the premium is endogenous
and elastic to the country’s foreign asset position.ﬂ The dealer takes it as exogenously
given when it makes a portfolio choice. Also, risk premium is inversely related to
expected depreciation and &P measures the sensitivity of risk premium to it, we can
note that the parameter approximately reflects the share of backward looking agents
on the FX market. R is the exogenous currency risk premium and follows the AR(1)

process. The sovereign risk premium is given by
RY = (1 = pprem) B + pprem By + 1 (2.5.1)

where R’ is the steady-state gross FX risk premium, and 7, is iid shock.

FOC of (2.5.1)) yields:

Gel/D
€. SSs e
R, = BRI RV(1 + 455" Yeap (—gdl (b{ _ ) _¢lv (g—}/D - 1>) (2.5.2)

€1

In a linear form it can be written as:
. . e el/ e el/ ss
iv = if + (B = R) + (1= €M) By = eri™” — ¢ (of =0")  (253)

The equation (2.5.3) is a modified uncovered interest rate parity condition (UIP), where

Eofyff;lw—represents expected rate of depreciation of the local currency against USD.

2.6 Fiscal Sector

Fiscal authority changes its primary balance (defined as GB; = T; — G; — T R;, where

G; = P/Y?) to maintain debt at a sustainable level in the medium term by the following

8See Schmitt-Grohe and Uribe (2003).
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rulef?}
gbe = (1 — p?)gb+ pPgby—1 + ¢ (dy — d) + uf (2.6.1)

GBy
Py,

where, gb, = is the government’s primary balance to output ratio, 7; denotes

taxes (total), Gy is the government spending, ¢ > 0 is the fiscal reaction parameter,

dy = P?% is government debt to output ratio at time ¢, while d is its value in SS.
The latter could be 40%, like it was in a pre-pandemic period when the debt-to-
GDP ratio fluctuated around this level, and it has stabilized to the level in the recent
period after the sharp rise during the pandemic while the government keeps comfortable
buffer until 60% ceiling. Note that, Dy — (1 + i,_1)Dy—1 = GBy, could be given as

A= (L4 i) ip

d;_1 — gby in stationary form, where i;_; is the interest rate on
government bonds at ¢ — 1 while 7¢ and ~¢ are domestic goods inflation and growth
rate of intermediate goods (Y;) (output), respectively. The government receives the

following tax revenues:
T, =T+ T + T = 1£PCy + 7°W, Ly + 7777, (2.6.2)

where, T} is a sum of consumption (VAT) tax (7f), labor income (wage) tax (7}*) and
profit tax (777). While, 7¢, 7%, 77" are the tax rates, respectively. ﬂrtT is the total profit
earned by the firms operating in different sectors of the economy.

Government transfers part of its revenue (T'R; = TR;" + TR}“") to constrained and

unconstrained HHs. We assume that transfers to output ratios follow AR(1) processes:

(7 = (L piE + puts?y + €l (2.6.3)

tucr

1 = (1= )™ + ety + € (2.6.4)

Note that, TR = t5" PLY, and TR = ti" PlY,.

9We note, that the rule augmented with the reaction to cycles of output works better to fit the
model to the data, therefore, we augment the equation to make it counter-cycle on the data filtration
stage
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2.7 Monetary Policy

The central bank sets the nominal interest rate, #;, according to the Taylor-type reaction
function, and reacts to deviation of expected inflation from the target. Specifically, the

monetary policy rule has the following functional form:

it = 51it_1 + (]_ - 51) [Ziv + 52Et (7T4.t+4 - Wiicl)} + Ei (271)

where, i}’ is the neutral nominal interest rate, m¢", and E(ms;14) are the inflation

target and headline inflation expectations over the next year, respectively. While the
¢! is monetary policy shock which follows the AR(1) process. The targeted inflation
has the following dynamics:

T =T + e (2.7.2)
While the nominal neutral rate is given by:

iy =t (2.7.3)

Where the dynamics of the real neutral interest rate (rf') is defined using the real

UIP condition when relevant variables are on their neutral level and by adding its lag

to allow some persistence to the Variablﬂ:

1 (] ) g (1 ) (#Rf"“u T r{’wt)) Lt (27.4)
L+

where, th "t is the neutral real foreign interest rate, b{ is the foreign assets to output

ratio, RY " is the neutral level of sovereign risk premium (which is defined as a AR(1)

process), the 7% is the growth rate of import inefficiency technology (hence, represent-

ing trend real appreciation), m;"" is the expected inflation in central bank’s mind, i.e.

what do they think how the expectations are determined in the economy, though, the

definition of the expected inflation is non structural.

R =g (1= g+ (1= W) (o

10The weighted sum of real neutral interest rate defined based on real UIP and the Euler equation
fits the data better, therefore, we accept the form of real neutral interest rate to confront the model
with the data.
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(L — pF?)mlon)) 4 g7 (2.7.5)

From the perspective expected inflation is formed based on lag, lead and targeted

inflation.

2.8 Balance of Payments

By combining HH’s and fiscal authorities’ budget constraints, we can write the balance

of payment equation:

Gel/D
e
Bl = CA, + R/ Rlexp (_é-dl (b{ — bf> 2 ((;c:j/D — 1)) B!, (2.8.1)
t—1
where Btf is the foreign bond portfolio at the end of the period ¢ and C'A; is the current
account at time ¢. All variables are in USD.
We do not model cross-border flows other than the export and import of goods in

our model, therefore, the current account balance is defined as:

CA, = PP X, — P/ M, (2.8.2)

2.9 Foreign Sector

Given the economy under our considerations is small relative to the rest of the world,
foreign variables are exogenously given for agents within the domestic economy. Also,
to keep it as simple as possible, we do not model possible interactions between foreign
variables, therefore, instead, they are modeled as separate AR(1) processes. For ex-
ample, the growth rate of foreign output (which determines the demand for exported
goods) is defined as:

*

* Y
(1+9)) = (2.9.1)
! Y

We assume that it follows the AR(1) process:

*

* * * Y
W= (L= pe e (2.9.2)

39



Foreign price (1) shocks could be transmitted to our local economy through the
import sector by changing the marginal cost of imported goods, or through the export
sector, as the price shocks in trade partners’ economies alter the demand on goods
produced in our economy. Inflation of the price index (IIZ) of homogenous goods
produced in our trade partners’ economies in aggregate currency units is assumed to

follow AR(1) process as well:

I = (1 — pye) 7 + pppallf + e (2.9.3)

In the model, three pairs of exchange rates play a role. Firstly, lari against USD
(efEL/ D), as long as exported and imported goods are priced in USD, also, forex
dealers keep foreign assets position in USD. Secondly, despite the price stickiness in
USD, the exchange rate w.r.t. our trade partners economies (etG e/ R) is important as
well in the medium run. Thirdly, even if the lari does not change against our trade
partners’ economies but USD appreciates/depreciates globally (ef / D), it still could
have a material effect on our economy by changing the cost of imported goods and the
relative price of exported goods due to dollar invoicing.

The effective exchange rate of USD against the basket of our trade partners’ cur-

rencies is given by the following UIP condition:

(L+ ) +9"7) ruip (1 4 »FID /D
~ =exp(p"""((1+7" 7)1+ Evfy’) — 1) (2.9.4)
1+
Given the 6? B and ef P i hand, the etGel/ " is defined as cross exchange rate.

The lari’s exchange rate against the USD is influenced by the interest rate in the USA,

which is assumed to follow the process:
il = (1L —pu)i’ + puril_y + e (2.9.5)
The foreign real rate could be decomposed as:

rf =l o (2.9.6)

fnut

where, r{™and r/9

are foreign real neutral interest rate and the gap of foreign real
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rate, respectively. Also, we could write that:
il =r] — Bl (2.9.7)

where, 7rtf is USA inflation rate, and it matters for real foreign rate determination. To
clarify, we can note that the model setup here is the three economy version to some
extent. Our economy has real interlinkages with trade partner economies (where we
export in and import goods from), in this regard, the foreign inflation I matters
for analysing trade competitiveness, for instance. However, we have the financial in-
eterlinkages with ”financial center”, we are trading with the center with foreign bonds
denominated in USD.

While the interest rate in the rest of the world is given by Foreign interest rate

(ROW)
i = (1= pirw)i"™ + pirwity + E?Hw (2.9.8)

2.10 Market Clearing and Aggregation

Domestic input market clearing. Firstly, we start by aggregating the input pro-

duced by differentiated input producers :

/0 Yii)di = /0 1 (’yt(tht(i))ath(z’)QZ <th_@)1_““” - Ftd> i (1)

X
ay

The equation can be written in terms of capital to labor and imported intermediate

input to labor ratios:

/0 1Yg(z')dz' =Y /0 1 (2:L4(4)) (258))& (%>l_al_a2di —F (2.10.2)

Constant return to scale production function implies that factor shares should be same

across firms. Then, the the aggregated production function can be rewritten as:

1 Kt az Y;m l—a1—az 1 .
Y (2)di = L.(2)di — F; 2.10.
[ra=a(Z) () A [ noa-r 2wy
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Let’s define firms’ total labor demand as:
1
0

Finally,
1
Y, = / Y (i)di = (2, Ly)* y K2y mimome2 . pd (2.10.5)
0

The aggregated demand for differentiated intermediate inputs is given by:

1 1 diN\ L/ pd(; —ni
/ Yt(z')dz'—/ Pt—(d” Ytddz’—Ytd/ t(j) di (2.10.6)
0 0 Pt 0 ]Dt

s . . . . .. . d _ rl Ptd(i) —Nd
Let’s define price dispersion in domestic input production sector as dj = fo e di.
t

Then the domestic intermediate inputs market clears when:
Y, = déy? (2.10.7)

We can show that (see, Appendix the price dispersion can be written recursively

as:
*d

d P o d N dnd d
df = (1= 6a) (3 + 0T T gl (2.10.8)

d
t

Labour market clearing On the labor market HHs set wages and supply labor
input as much as to satisfy labor demand determined by labor bundlers optimization

problem. In turn the labor agency aggregates labor input to meet firms’ demand on

labor, i.e.:
1 1 NN
W t
L = / L(i)di = / W) Lidi = dL, (2.10.9)
0 0 Wi
—n}
where the term d}’ = fol (WV’;/—(:)) di is the measure of wage dispersion, which can be
write recursively as:
W\ 1 !
dif = (1 —0y) (th) + O, 1T Iy (2.10.10)
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Capital market clearing. On physical capital market, aggregate demand on capital

input K; is met by total utilized capital rented out by entrepreneurs:

K, = u K, (2.10.11)

Aggregate consumption. Before deriving aggregate resource constraint of our econ-
omy, it is more convenient to aggregate its parts separately in advance. Let’s start from
aggregate consumption, in our framework (1 — A) part of HHs are unconstrained HHs,
while the rest part is constrained non ricardian type consumers, Then the aggregate

consumption could be derived as:

1 A 1
Ot:/ Ct(z')diz/ Cf(i)dz’+/ Cr(i)di = ACC + (1 — \)C (2.10.12)
0 0

A

Aggregate profit functions. Profit earned by monopolistic competitive firms in
any sector is transferred to HHs.
Aggregate profit function in domestic input production:

= [ (i) — et (v + F) di= [ (PP”) Vi P di-

1 d(; N 1

P _

e / ( }fj)) v = MC{F! = Y/P™ / Pi(i) " di = MO}y — MC{F
t

=Y P - M Py~ M PIR! = P (1 MO d) - MO RUF —

=P~ REK, — W,L, — P"CY;™ (2.10.13)

Aggregate profit of differentiated exported goods producers:

» Y GelD et of : " Y Geyp par, o [ P - ,
wi=| (e#P P ) X,0) = MCH (X)) + ) = [ PP G) S| Xidi-
t

0

1 Pt:cf (i) —€f Gel/p o 1 e
—MCY / ——= |  Xudi— MCyF} = "/ P X, / PGy di—
0 Ptx 0

1 mf . _8?

P e T

—MCEX, / < ;xgj)) di — MCOF? = CYPpri X, — MCPd* X, — MCPF® =
0 t

=PX, (1— MC]dy) — MC]" P Fy (2.10.14)
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where, df is the measure of price dispersion in exported goods sector, and it could be

written recursively as:
P*xf —ef . .
di =(1—10,) (ﬁ) ERYN 1 el § v (2.10.15)
t

The last term in profit function is aggregated total cost in production of differenciated
exported goods which is produced using domestic and imported inputs, therefore, the

function could be written as:
it = SVl prl X, MO dE X, — MCPFF = 5P prl x, — pixd— preX™ (2.10.16)

Aggregate profit functions of entrepreneurs, forex dealers, final consumption, in-

vestment and government goods producers are given by, accordingly:

¢ = RFKuy — y(u) K P} — I, P} (2.10.17)

Gel/D
x Gel ss € Gel
o e ey o (") - € 5 1) ) -

€t—1
(2.10.18)
¢ = PC, — PAC? — preom (2.10.19)
mri = P, — PI? — pmerm (2.10.20)
) = Gy — PG} — PmOG™ (2.10.21)
Finally, total profit generated in the economy is given by:
T d x e x c 7 g
wry =7y +arf + wry + ]t + g + wry + 7o (2.10.22)
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Aggregate resource constraint. The aggregate resource constraint could be de-

rived by summing up budget constraints of HHs and the government:

A
/ (L+79)PCy — (1 = 7)WLy — TY) di+
0
1
+ [ (U PIPECEG) + BE) + BiQusrarn () di-
A

- / (1= 7Y W) Lali) + Rea BI,(0) + i) + T2 + (1 — 777) DE(a)) dit

+ Gt + ﬂT — TCPtCCt — TthLt — 7'7T7T7"? + Rt—lDt—l — Dt =0 (21023)

Trade with Arrow Debreu security implies that individual consumption equals to aver-
age consumption. Also, we use the equivalences that aggregate profit 7r! = (1—\) D,
where D} is aggregate dividend received by unconstrained HHs (actually, that is profit
received by firms owned by individual unconstrained HHs and aggregated over the sub-
set (1 —N)). Also, Dy = (1 — \)B{, and T} is the total transfer from the government
to constrained and unconstrained HHs. Then the resource constraint can be written

as:

AU+ 79 PECE = (1= 7)WLy = T¢) + (1= A)((1+ 7 PECY + By~
—(1 =YW, Ly — Ry B, — T — (1 — ")mrl)+

+Gy+TF — 7°PfCy — WLy — 77mr] + Ry1Dy y — Dy =0 (2.10.24)

After collecting same terms and putting profit functions in the aggregate constraint,

we get:

PfCﬁGt — W, L;—
—(PY# — REK, — WiL, — PCY™) — (e P PP X, — PAXT — PO X~
_(Rfﬁtut — 7<ut)RtPti - ItPti)_

Gel/D
e ss (&
—e; "Bl R Rfexp <—5dl (vf o) —5“”( D — 1))
(&

t—1

—(PCy = PICY = P°C") = (P/I = PIY = PO 1)~

—(Gy — PG — PG =0 (2.10.25)
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Taking into account that wage per unit of effective worker w, = %% also, aggre-

Zt7

gate demand on imported inputs M; = C}" + I[" + G + X" + Y,”"; and taking into

account balance of payment identity : e /PP X, — FVP PN, = (EUP RS
e Gel/D .
etGel/DBg:lR{Rfexp (—fdl <b{ — b ) —¢r (egﬁ/[, — 1)) after collecting same terms

€t—1

in the above equations, we end up with:
PV =PIC + PUI! + PYGY + PIXY + Pir(u)K, (2.10.26)

This equation defines aggregate demand function on domestic produced goods. Now,

let’s introduce definition of nominal GDP:
GDP, =(1+ 1) PSCy + PIGy + Pl + (ef VP P X, — 7P P ML) (2.10.27)

GDP deflater. The GDP deflator is not determined within our model. In order to
derive the real GDP, we define the GDP deflator as the weighted average of price

indexes of the corresponding components of nominal GDP.

—Sm

pY = pese pss pitt (efel/ DPf) ’ <efe” D pm ) (2.10.28)

where, s. , s; , S4, 5 , S, are the shares of the aggregate consumption expenditure,
investment, government spending, export and import in the nominal GDP at steady
state accordingly; note, that in our model nominal shares are stationary. Then the real

GDP is given by:

GDP,
GDF == L (2.10.29)
t

Also, the aggregate absorption is definition as:
ABS; = PfCy + PG, + P/, (2.10.30)

Alternatively, the aggregate resource constraint implies that:

Gel/D
. Ss e
eGP RS _ (CELPR RI Rfexp <—5dl (b{ - v ) - ( Gy~ 1)) (2.10.31)
(& . .

t—1

== GDPt - ABSt
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Taking into account the definition of the current account balance CA; = (etG e/ Pprix,—

eS/P PmI ALY it could be written as:

3 Properties of the Model

3.1 Initial Calibration

Before we estimate the model more formally, various strategies are used to calibrate
model parameters. This could be used as our initial guess on the model parameters (or
priors) and would be applied to analyse impulse response functions (IRFs). In turn,
IRFs could be useful to re-calibrate those parameters to match the model implied
properties. The parameters which determines the growth rates in steady state are
calibrated based on averages of historical time series. Also, parameters which directly
impacts the shares of model variables in steady state is calibrated based on data (the
"great ratios”, for instance). Additionally, some parameters are calibrated based on
steady state restrictions. The rest of the parameters are calibrated using literature,
also, data is used to calibrate a few more parameters, for instance, the Elasticity of
Substitution (EoS) parameter in domestic intermediate input production is calibrated
based on firms’ micro-data. More details on the methodology used in the calibration

process is given below, as well as calibrated parameters are summarized in the table

Steady State parameters

e The labor force is stationary process by assumption, then it follows that the
growth rate of potential GDP and labor augmented technology coincides to each
other. Therefore, we set value of v* to match potential GDP growth in Georgia,
as few available studies on potential growth about Georgia show (for example,

Liqokeli(2017)) it was around 4.5% annually befor the pandemic.

e We assume that the growth rate of foreign GDP, ¥ coincides its potential
growth v*° in SS. The parameter is calibrated as sample average (over the last

10 years) of trade partners economies’ weighted GDP growth rates.
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e NBG’s current inflation target (3% annual) is chosen as SS value of consumer
price inflation in Georgia, while we assume that steady-state foreign inflation is

2% annually.

e We assume that foreign nominal interest rates (in USD as well as in RoW cur-

rency) in SS are 5% annually.
e The country risk premium is calibrated as 300 bp. annually.

e Taking into account above facts, the real UIP condition in SS implies that the
rate of trend appreciation of the real exchange rate is v** = 0.01 annually (which
is quite close to the historical average of the growth rate of REER. Then the
trend relationship between export-specific and import inefficiency technologies

implies that v = 0.0012.

Steady State shares

e The initial guess of steady state shares of GDP components is derived from the
data, however, calibration using only historical data could be misleading in our
case, given the shares are not stationary in the data. Therefore, those parameters
are calibrated using judgment, as well as, taking into account the adequate size of
the trade deficit to maintain external debt sustainability (to calibrate the share

of export and import in GDP).

e We use BEC classification (Classification by Broad Economic Categories) of im-
ported goods to estimate the import components of private and government final
consumption, investment, export and imported intermediate input in domestic
production. We treat food and beverages, and other consumer goods not else-
where classified as pure consumption goods. In addition, we add part of imported
fuels and lubricates to consumption goods (proportional to the share of fuel con-
sumption in the CPI basket). The rest part of the fuels and lubricates are treated
as an intermediate input. Also, part of the motor cars not re-exported is added
to consumption goods. While the rest part of the imported (but not re-exported)

transport equipment is treated as investment goods and added to imported capital
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goods classified with BEC. Finally, we treat re-export as an imported component

of exported goods.

As for the allocation of service import, we made the following assumptions: debit
of travel in BOP is treated as an import component of consumption, while the
import of transportation service is attributed to the relevant imported categories
based on categories’ shares in imported goods. The rest of the services in BOP

are treated as import of intermediate input.

Neither BEC classification of imported goods, nor BOP categories, are useful to
disaggregate consumption into private and government parts. Therefore, we use
the following assumptions to estimate the share of imported input in government
consumption (instead of simply assuming that the share is zero). In the first stage,
we subtract the government wage bill from the government’s total consumption.
Afterward, we make an assumption that the share of imported input into the rest
part of the government consumption (goods and services) equals the same share

in private consumption.

By applying above mentioned assumptions and modifications to the data, we
calibrate the share of imported goods in private consumption at 0.3, and the share
of imported input in investment goods production is higher (0.44) as expected,
and the share is about 0.14 in government’s consumption. Finally, the share of

imported input in exported goods production is calibrated at 0.21.

To calibrate the input shares in domestic intermediate input production, we use
output disaggregation by income components, for example, Gomme and Lkhag-
vasuren (2012); however, in our model, the output generated in the intermediate
production stage is not directly linked to the data, given that imported input is
used in domestic intermediate input production. Therefore, we use the steady
state relationship between domestic intermediate input and GDP to recover the
latter one in the data:

GDP = ply — pnGym (3.1.1)

Hence, we add imported intermediate input back to GDP to get output. As long

as the operating surplus in the dis-aggregation of GDP by income categories does
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not include profit related to public capital consumption, we have two options to
calibrate input shares. Either to add the profit earned with public capital (which
is not available) to operating surplus, or to exclude government wage bill from
the compensation of employees; we use the latter strategy. Also, the treatment
of mixed incomes is challenging for calibrating input shares. Instead of adding
the mixed incomes to employees’ compensation and operating surplus propor-
tionally, we have discarded this component completely to generate appropriate
series of compensation for employees and return on capital input (see Gomme and
Lkhagvasuren (2012)). Those shares calibrated with the data could be insightful,
however, given those shares are not stationary (within the entire dataset), we
have revised long-run averages based on judgment. Finally, the labor share is
calibrated as a; = 0.42 while the share of the capital ay = 0.35, the rest part of

the production of domestic intermediate input is accounted with imported input.

e We assume that the government aims to keep the public debt to GDP ratio below
40% and the external debt to GDP ratio is assumed to be 100% in SS (annually).

e We assume that the transfers to unconstrained HHs is zero, then the tre s

calibrated based on the historical average of government transfers to GDP ratio.

Preference and technology parameters

e Our initial guess about capital depreciation rate quarterly is 6 = 0.025 which

implies 10% depreciation of the physical capital annually.

e The habit persistence parameter plays an important role to confront model-
implied moments to the data. For example, Havranek, et. al (2017) shows
that different values assigned to the habit formation parameter imply different
response of output to the monetary policy shock, higher persistence implies more
hump-shape reaction of output to the shock, which is related to lower variabil-
ity of consumption using habit formation. The parameter is not estimated for
Georgia, therefore, we assume its value to be 0.7 as starting point to match im-
pulse responses, which is close to the mean value of the persistence parameter

estimated within DSGE models (for example, Havranek, et. al (2017)).
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e The presence of constrained HHs together with habit persistence, makes the de-
viation from the permanent income hypothesis (PIH) in the model. However,
the distinction is clear, the former one implies that consumption immediately
reacts to current income, while the reaction is delayed in the case of habit persis-
tence. As Fuhrer, J.(2000), shows both of them improve the empirical fit of the
model. The share of the rule of thumb consumers was first estimated by Camp-
bell and Mankiw (1989), the estimated share of this type of consumer represents
half of all Households in the case of the US. The method used by Campbell and
Mankiw (1989) holds on the assumption of PIH, implying that the consumption
of unconstrained HHs is a random walk and therefore, the remaining sensitivity
of consumption growth to current income growth estimates the share of con-
strained HHs. Unfortunately, this type of estimate is not available in our case.
Alternatively, the share of constrained HHs is calibrated using the share of bank
account holders to the total population in the literature. Given that a person can
hold multiple accounts in different banks nowadays, the number of accounts is
larger than the population size, therefore, it is hard to estimate the share of non-
optimizers based on this kind of data. Hence, we are left to pick A = 0.3 which
is a widely used value in the literature to calibrate the share of rule-of-thumb

consumers.

e The EoS of differentiated input in domestic homogeneous intermediate input
production, is calibrated based on the estimation of mark-ups collected from
financial reports of companies. As the data shows, the average EBITDA margin
is approximately 0.18 in Georgia, which suggests a close estimate of EoS used in
literature. Therefore, we assume that n; = 6. Unfortunately, disaggregation of
profit margins is not possible for companies operating in domestic intermediate
input production and export-oriented sectors. Therefore, we assume that the
profit margin is same for all sectors, hence, we assign the same values to €* = 6

and €™ = 6.

e Estimates of the elasticity of substitution of domestic and imported inputs in final
goods production varies in the literature. For example, Bajzik, et al. 2019, based

on a meta-analysis of estimated Armington parameters summarize that it varies
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from 0 to 8; we assume this value to be at 1.5 in our case, which sets within 95%
confidence interval estimates of Armington parameter of elasticity (weighted) of
substitution for developing countries. Developing countries are characterized by
high elasticity of substitution given limited production capabilities domestically,
i.e. it is not as difficult to find substitute products abroad. It is worth mentioning
that the parameter plays an important role to make the model implied properties

of trade balance consistent with data (for example, Backus et. al, 1994).

Among the parameters o, and g, determining the shape of capital utilization cost:
the latter is calibrated using steady-state restrictions, while our initial guess is
0, = 0.5 based on the literature (for example, Copaciu et al.2015); in most cases
this parameter is estimated with the data, given its effect on dynamic properties
of the model. Furthermore, the steady state parameter S” is estimated with
data too. We use relatively low value of the parameter S” = 2.5 (For example,
Christiano et al. 2005 set its value as 5) to allow higher volatility of investment,

this could be intuitive for emerging markets like Georgia.

In the model, there are three parameters related to sticky prices. We use the
estimation results of the Phillips curve in the case of Georgia (Arevadze, et al.
2020) and set the value of §; = 0.6. The price stickiness of exported and imported
goods in USD isn’t estimated there, therefore, we assume that firms operating in
those sectors keep prices unchanged with same duration as in case of domestic
differentiated input producers; i.e. 6, = 6, = 0.6. Also, we assume that wage
contracts are stickier than the price set by producers, therefore we assume that

0, = 0.75, which implies that wages are updated once a year.

The sensitivity of risk premium to expected depreciation is calibrated as 0.5 as
a baseline to analyze model properties, it could be related with the share of
backward looking agents on the FX market. In the alternative version of forex
dealer’s profit optimization problem where we have portfolio adjustment cost to
account possible liquidity shortages if market is shallow, we calibrate the foreign
portfolio adjustment coefficient as §,4; = 1. As it is given in the next section,

under the calibration, we achieve almost the same reaction of the exchange rate to
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various shocks as suggested by more standard (lagged) modified UIP. Moreover,
the parameter could be re-calibrated to match IRFs of the nominal exchange
rate to the interest rate shock. The larger the parameter, the dynamics of the

exchange rate would be smoother.

We calibrate elasticity of risk premium w.r.t. foreign debt to GDP ratio at
0.0025, implying the rise of risk premium by 1 pp annually if the debt to GDP
ratio annually increases by 100 bp. The value is consistent with DSGE literature,
but some empirical estimates suggests different values of the parameter (see, for

example, Brzoza-Brzezina and Kotlowski, 2016).

Policy parameters and tax rates

e The primary surplus reaction coefficient is assumed to be ¢ = 0.0625 and fiscal

policy persistence parameter is calibrated as p, = 0.7. These values are calibrated
based on a hypothetical case to close 5% deviation from the sustainable level of
public debt (50% of GDP) in 3 years of budget planning horizon without excessive

fiscal measures.

e The effective tax rates are calibrated to match sample ratios of relevant tax

revenue to output.

Table 1: Calibrated values of the model parameters

Parameter Parameter Value Name

Preference and technology

0.996 subjective discount factor

0.7 habit persistence

0.3 share of constrained HHs

6 EoS of differentiated labor

0.75 wage stickiness

1.5 inverse of labor supply elasticity
9.79 scaling factor of labor disutilit

1 The parameter is calibrated using steady-state restrictions of the model, same is true about oy

93



Oa 0.5 capital utilization cost parameter
o 0.09061 capital utilization cost parameter
S” 2.5 investment adjustment cost parameter
) 0.025 rate of depreciation of capital
N4 6 EoS of differentiated domestic inputs
04 0.6 price stickiness , domestic
aq 0.43 labor share in production
Qo 0.35 capital share in production
Ne 1.5 EoS, final consumption goods
n; 1.5 EoS, final investment goods
Mg 1.5 EoS, final public goods
gm 6 EoS, differentiated imported input
O, 0.6 price stickiness, import
e® 6 EoS, differentiated exported goods
0, 0.6 price stickiness, export
Na 1.5 EoS, final exported goods
Erp 0.5 Sensitivity to expected depreciation
Ear 0.0025 elasticity to external debt
Shares

We 0.30 share of imported input in consumption
Wi 0.44 share of imported input in investment
Wy 0.21 share of imported input in Export
Wy 0.14 share of imported input in public goods production
S¢ 0.650 share of private consumption in GDP
S 0.245 share of investment in GDP
S9 0.130 share of government consumption in GDP
S 0.600 share of export in GDP
Sm -0.624 share of import in GDP

policy parameters and tax rates
01 0.5 monetary policy persistence
02 1.5 reaction to inflation deviation
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perP 0.5 persistence of expected inflation
peep? 0.5 contribution of inflation lead
peP2 0.5 share of agents who forms expectations
based on lagged inflation
Pb 0.7 persistence of primary balance
P 0.0625 primary surplus reaction coefficient
T 0.18 labor income tax rate
T 0.14 value-added tax rate
T 0.07 profit tax rate
Steady State parameters
v -4.0 external assets to GDP (quarterly) ratio
d 1.6 public debt to GDP (quarterly) ratio
tre’ 0.089 government transfers to output ratio
Ry 0.0074 risk premium
v* 0.011 growth rate, labor augmented technology
o 0.0024 growth rate, inefficiency of imported input
o 0.0003 growth rate, export-specific technology
0.0 rate of appreciation of USD
~DIR
w.r.t. rest of the world currencies
ol 0.0062 growth rate of foreign GDP
oGl 0.0062 growth rate, potential foreign GDP
tar 0.0074 domestic inflation target
7R 0.005 foreign inflation target
if 0.015 foreign nominal interest rate
Persistence of autoregressive process'?
Do 0.8 persistence of preference shock
Py 0.8 persistence of labor supply shock
p”l 0.7 persistence of EOS of labor inputs

12We set persistence of exogenous process as 0.7 in most cases, except the parameters related to
Households’ preferences and labor supply, also, we set a low value (0.5) of the persistence of monetary
policy shock, because high values of the parameter imply negative response of nominal interest rate
to the positive monetary policy shock, (for example, Gali, et al, 2007)
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Pra®
Pryar
Pi
Pr
Pu
PrR
Pif
Pz

Py =

PeD/R

Pprem

prwuip

Pirw

0.7
0.7
0.7
0.7
0.7
0.7
0.7
0.5
0.5
0.7
0.7
0.7
0.7
0.7

0.7
0.7

0.6
0.7

persistence of EOS of domestic intermediate inputs
persistence of EOS of differentiated exported goods
persistence of EOS of differentiated imported goods
persistence of TFP shock

persistence of labor augmented technology rate
persistence of import inefficiency technology
persistence of export specific technology
persistence of monetary policy shock

persistence of domestic real int. rate

persistence of government spending shock
persistence of foreign inflation

persistence of foreign interest rate

persistence of growth rate of foreign potential GDP
persistence of foreign growth rate

persistence of appreciation rate

of USD w.r.t. rest of the world

persistence of risk premium shock

share of backward-looking agents

on (USD/RW) fx market

persistence of foreign interest rate (in RW)

3.2 Impulse Response Functions

In order to validate the model properties and analyse shock propagation mechanism,

we have conducted an impulse response analysis. The main objective is to demonstrate

that the model is capable to replicate predictions in line with the New Keynesian theory,

both in qualitative as well as in quantitative terms. Moreover, new features introduced

here show their usefulness in making the model-implied results more consistent with

empirical facts. This encourages us to claim that the setup of the model is appropriately

designed to be employed for policy analysis and as a storytelling device in our context.
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3.2.1 Policy Shocks

Monetary policy shock. The nominal short term rate increases by 20 bps in re-
sponse to the +25 bps. of monetary policy shockEr] and the real interest rate increases
gradually too. The endogenous reaction of monetary policy dampens the reaction of
nominal rate to the shock. Also, the relatively muted response of the nominal interest
rate to the shock could be explained by decrease of nominal neutral rate to rsponse to
the shock. We could analyze the transmission of the shock through different channels:
Demand channel - consumption drops as long as the real interest rate increases.
The negative effect is more evident in the case of credit-constrained HHs whose con-
sumption is tightly related to their current income. Which could be explained with
the deterioration of employment prospects (indirect effect of monetary policy). On the
other hand, the government has to have a pro-cyclical reaction (due to the debt rule,
when the interest rate payment increases and the ratio raises also as a result of output
dropping) and cut expenditures and transfers to HHs after the shock. Facing lower de-
mand, the domestic input producers reduce the employment of labor as well as capital
service in the production, but the lower demand is also driven by higher input prices
initially. As long as consumption drops, the cost of working decreases, therefore, HHs
are getting to set lower wages. However, due to the wage stickiness the reduction in
nominal wage is insufficient and real wage increases initially. Also, the nominal rental
rate increases due to the arbitrage condition, i.e. the marginal product of capital needs
to increase, which could happen if capital usage decreases. However, due to capital
utilization cost, which drops after the shock, the fewer capital in service could be met
without a significant rise in the rental rate. Therefore, the rental rate increases, but
with lesser pace than implied by models without the frictions. The real wage increases
too, therefore, we could think that marginal costs would increase. However, due to
the REER appreciation, imported inputs become cheaper in the production having
downward pressure on marginal costs. On top of that, domestic intermediate input
producers are setting prices on their products by taking into account future marginal

costs, which decreases definitely regardless of the initial hike in real wages, because of

13The size of all other shocks are 25 bps., too; also, all variables (policy rate included) are quarterly,
therefore, the size of monetary policy transmission in annualized terms would be same as expressed
on IRFs figures.
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wage stickiness, a drop in nominal wages takes time. As a result, domestic inflation
decreases gradually, and reaches its peak at the end of the third quarter (-13 bps.).
Exchange rate channel - after the shock, the REER appreciates, which makes im-
ported goods cheaper. Because of high share of imported final goods in the CPI basket,
CPI inflation decreases sharply (by 15 bps). Hence, no hump shape pattern of the CPI
inflation could be explained with the exchange rate dynamics. Related to the monetary
policy shock, we also check model properties under different specifications of monetary
policy reaction function. The policy reactions to deviations of 1 quarter vs. 4 quarters
ahead of expected inflation from the target are compared. The results are intuitive,
real costs are lower if monetary authority reacts to one quarter ahead expected infla-
tion since inflationary expectations are better anchored in this case relative to reaction
to the 4 quarters ahead expected inflation. In the latter case this policy reaction is

weaker and the real side of the economy is less affected (see the Figure [2).

Inflation target shock. If the monetary authority decides to rise the inflation target
it needs to ease the monetary policy initially, to anchor inflationary expectations at
a higher level. All nominal variables rise after the shock in the steady state too. In
contrast, the effect on real variables is only transitory. The key variable, which largely
determines the transmission of the shock to the real variables, is the nominal exchange
rate. If the UIP is partly backward-looking, then the nominal exchange rate needs
substantial time to depreciate until the new high level, while inflation rises much faster.
As a result, the real exchange rate appreciates in the meantime. Moreover, delayed
adjustment of the nominal exchange rate also makes the adjustment of the nominal
interest rate more persistent, meaning monetary authority needs to keep the policy
rate below new neutral for a longer time to anchor inflation expectations at a higher
level. Therefore, the real variables: consumption, investment and GDP remain above
the steady state for a longer period of time. The transmission of the shock is much
different in the case of a fully forward-looking UIP. Since, the nominal exchange rate
depreciates immediately after the shock, helping the central bank to raise the policy

rate much quicker, as long as inflationary expectations increase faster. Therefore, the

4Note, that subplots on GEL/ROW and GEL/USD shows the rate of change of respective exchange
rates
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real effects of the shock are significantly muted relative to the previous case (see, figure

3.

Government spending shock (consolidation). Fiscal consolidation has a con-
tractionary effect on output, while inflation decreases as demand shrinks. The nominal
exchange rate depreciates after monetary policy easing, consequently, export expands
and import shrinks. The weaker demand also contributes to a decrease in import and
improves the current account balance. That said, exchange rate is likely to appre-
ciate, as long as foreign debt declines, however, it is outweighed by the depreciation
pressure resulted from the endogenous resection of interest rate to the shock. As for
the other components of GDP, investment expands given lower expected real interest
rates. However, aggregate consumption declines, mainly because of the sharp reduc-
tion of consumption expenditures by hand-to-mouth consumers, while the Ricardian
consumers benefit with lower interest rate and expand their consumption. Therefore,
the introduction of constrained consumers in the model implies a negative response
of consumption to fiscal consolidation (i.e. positive relationship) (see Figure {4]) that
is in line with empirical evidence on the response of consumption to the fiscal shock,
contrary to the models with only Ricardian consumers (see Gali, Lopez-Salido, Vales,
2003). Reaction to the fiscal shock largely depends on the parametrization of the debt
rule. Fiscal consolidation initially reduces the debt-to-GDP ratio below the target,
which implies the expansionary fiscal policy in later periods to ensure that debt-to-
GDP stabilizes on a sustainable level. If the reaction is faster (or stronger), it implies
higher volatility of model variables.

As mentioned, real and nominal exchange rates depreciate after the contractionary
fiscal shock, which is the ambiguous property of standard DSGE models. While the
opposite dynamic is evident in empirical research (for example, lawata, 2012; Ravn,
Schmitt-Grohe, Uribe, 2012). It means that the model features are not appropriate to
account for the stylized facts in this regard. Therefore, further extensions are required,
for example, productive government spending, adequate frictions on financial markets

and etc.
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Transfers to HHs.  Contrary to the exogenous expansion of fiscal deficit (which has
an expansionary effect on output), the positive shock on transfers to HHs has a con-
tractionary effect on output. This dynamic is implied by the debt rule, after expanding
transfers to HHs debt rule is activated and the endogenous part of government spending
on public goods decreases automatically. This implies lower demand for domestically
produced goods and consequently real GDP falls. Therefore, the positive impact on
consumption is outweighted by the negative endogenous reaction of expenditure on
public goods. As aggregate demand falls, the real marginal costs decrease too, which
has downward pressure on inflation and interest rates. Nominal and real exchange
rates depreciate initially which helps improvement in CA balance. The last findings
come with a caveat. In general, we expect a deterioration of CA balance after the
shock. As mentioned the result could be explained by the automatic opposite reaction
of government spending in order to keep debt-to-GDP back to target. As an alterna-
tive specification we set an exogenous path of government spending on public goods
deterministically (we assumed that government keeps the component unchanged). The
response of the model variable to the shock is significantly different now. In line to
our expectations, the positive demand pressure increases marginal costs and inflation
rises slightly. In response to monetary policy tightening, the nominal exchange rate
appreciates too while the CA balance deteriorates as import increases. Therefore, if
transfers are exogenously determined (i.e. the deviation from the debt rule is tolerated
in the meantime and there is no corresponding adjustment in the budget to keep debt
unchanged), it would have a sizeable positive impact on consumption, import increases

and CA balance deteriorates as expected (see Figure 5.

3.2.2 Demand Side Shocks

Preference shock. Positive preference shock increases marginal utility from current
consumption irrespective of its cost, consequently, consumption increases. Domestic
firms experience higher demand and tend to increase production as prices are sticky,
i.e. prices and wages remain below optimal in the meantime. Higher demand creates
upward pressure on prices, therefore, the monetary policy rate needs to be tightened

(see Figure @ Higher nominal rate drives exchange rate appreciation on impact.
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Together with higher domestic demand, import increases substantially and CA balance
deteriorates. Also, it is interesting to discuss how the shock is propagated in labor
and capital markets. There are two opposite drivers on the supply side of the labor
market: on the one hand, higher preference for consumption reduces MRS of labor
with consumption. Meaning that marginal disutility of working in terms of marginal
utility of consumption decreases, subsequently, HHs get to set lower wages and opt to
work longer to finance the consumption which is more preferable now, therefore, labor
supply increases. However, on the other hand, the preference shock increases utility
for a given amount of consumption level, which pushes MRS up and makes upward
pressure on wages. On top of that, higher demand drives wages and employment up
too. In our case, the latter effects outweighs the former one, and nominal, as well as,
real wages increases. The rental rate increases after the shock (arbitrage condition),
which makes supply of capital service temporarily more profitable. Additionally, higher
demand also pushes capital service up. In contrast, investment decreases, given the
higher consumption, fewer resource could be allocated to produce investment goods.

The last point is evident in the literature too, for example, Adolfson, et al. (2005).

Real neutral interest rate shock. Real neutral interest rate shock reduces both
domestic absorptions, as well as, foreign demand for domestic goods. An important
point to mention related to the dynamics of CA balance is that it deteriorates on
impact, but starts improving quickly. It could be explained by the muted response
of export to REER appreciation, which is driven by the small price elasticity of ex-
ported goods’ demand (under baseline parametrization); something that needs to be

confronted with data (see Figure [7)).

3.2.3 Supply Side Shocks

Labor supply shock is another type of preference shock, which makes working less
desirable (it is a time when agents decide to work less and enjoy leisure more inten-
sively). One may think that the same type of shock could be one of the explanations for
tight labor market conditions after the pandemic, i.e. workers tend to work less as they
enjoy leisure more nowadays. If this is the case, then the shock is the right candidate to

explain supply side drivers of the tight labor market and subsequent pressure on wages
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and inflation, which is evident after the shock. However, it needs to be mentioned that
during the pandemic tight labor market from the supply side had not been driven by
changing preferences toward less working, more leisure was “forced” by restrictions,
and it was not the outcome of the optimization problem of HHs, difficult to say that
the effects would have been same. Moreover, after the pandemic, low participation
could be explained by the sectoral mismatches (see Shibata and Pizzineli, 2022).
Going back to the IRF, as workers decide to reduce working hours to save more
time for leisure, they get to set higher wages (i.e. it is an upward shift of labor
supply curve), hence, domestic inflation increases through anticipating an increase in
marginal costs. Nominal interest rate rise to response to the inflationary pressure,
which implies appreciation of nominal exchange rate on impact. Due to appreciation,
the CPI inflation drops initially slightly and then starts rising. The shock plays a
central role to calibrate the elasticity of labor supply. In the case of low elasticity,
a more muted reaction of labor supply is enough to compensate for the increased
disutility of working due to changes in preferences (see Figure . Here, we see that in
the case of high elasticity (1) vs. low elasticity (1/4), implied volatility in the economy

is much greater.

Temporary productivity shock. We find that output increases (rather weakly)
and employment falls after the positive temporary productivity shock (see Figure E[)
Though the empirical facts support the negative reaction of employment tothe shock,
for instance, Gali, 1999, those findings are more likely about permanent technology
shocks, and on the other hand, there are findings opposite to this too — productiv-
ity shock implies an increase in employment. The stylized fact (positive co-movement)
holds in case of permanent technology shock in our model, when the wealth effect dom-
inates (it would be discussed latter). Two things worth to mention about temporary
productivity shock. The relatively muted reaction of output and fall of consumption
after the shock is related with presence of non-ricardian consumers in the model econ-
omy. They are reducing their consumption after experiencing fall in employment and
labor income. After putting aside the friction, consumption reacts positively and out-
put increases strongly too. As for the negative reaction of employment to the shock, it

turns to positive when the nominal frictions are absent. The explanation could be the
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following: if prices are rigid demand can not keep up to productivity improvement in
the meantime; while, productivity improvement gives firms possibility for going with
less labor, therefore, employment falls. The last argument is provided by Gali, (1999),
for instance, to reconcile the negative correlation of employment and productivity shock
in data with frictions embodied in New-Keynesian models. Moreover, wage flexibility
contributes to positive employment effect to the temporary productivity shock. There-
fore, we are coming closer to RBC model findings about positive co-movement after
drawing the number of nominal rigidities down, together with returning back to full

Ricardian set-up of the model.

Labor augmented technology shock. The effects of the permanent technology
shock on macroeconomic variables are hard to make a firm consensus about it in
the literature. The positive co-movement between employment and the productivity
shock suggested by the RBC literature was challenged with empirical findings that
the direction of relationship is opposite, for example, Gali, (1999), concludes that
there must be other shocks to explain business cycles. However, the findings were
tested intensively and some explanations are suggested to elucidate the puzzle. Mainly
arguments are twofold, one the one hand, the negative co-movement in the data is
the result of treating the growth rate of employment as stationary, when it is level
stationary, for example, Christiano et al. (2003). They showed that the assumption
on stationarity of hours worked is important to identify the effect of the permanent
technology shock on employment falling if hours are growth stationary after the positive
shock, and it rising if hours are stationary in levels. Beyond the issues related to
empirical identification, some authors also find that the sign also depends on model
parameters, for instance, Linde (2004), finds that high persistence of technology shock
implies fall in employment and investment too, while the sign is opposite in case of
low persistence. The explanation is the following: if the technology improvement is
prolonged then agents prefer to postpone employment and investment to exploit better
prospects in the future. The employment rises in our model after the shock and the
sign is sensitive to calibration of some model parameters, while the high persistence
of technology process implies positive response of output gap, which turns to negative

if the value of the parameter is low enough. Same reaction is especially noticeable in
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the case of consumption gap, which turns to positive if the persistence of technology
shock is high enough, i.e. consumers are trying to frontload part of their consumption
from the future if the shock appears to deliver its benefits over the longer period of
time. The wage stickiness is the most important to determine the sign of change in
employment to the shock. If wages were flexible the model predicts negative reaction
of employment. The mechanism could be following, if wages are sticky the wage is
lagged to keep up with productivity gain and the real wage falls, which increases the
demand on labor. The fall in real wages and marginal costs as a consequence moves the
production above capacity, and output gap'”| becomes positive too. As said the results
are opposite if wages were flexible (see Figure [L0)). Also, some other parameters, for
example, the share of imported goods in production, have implications to analyse the

transmission of the shock within the model.

Inefficiency technology shock in imported goods. Imported goods lose quality
after the shock, therefore, the relative price of imported goods without quality adjust-
ment drops which implies trend appreciation of REER. As long as domestic and foreign
inflation do not change in equilibrium, the nominal exchange rate should appreciate.
Its later implication could be a decrease of inflation through imported inflation channel,
however, the price of imported goods after quality adjustment drops, therefore, those
two effects act against each other and if the exchange rate persistence is low enough
the nominal exchange rate appreciates quicker and inflation decreases. The real GDP
expands as imported goods are substituted with domestic inputs in the production, as

for the positive gap of consumption it is driven by drop of real interest rate (see Figure

m).

Export-specific technology shock. The shock creates a wedge between the price
of exported goods and domestic one. It would be useful to match the relatively higher
growth rate of export than growth rate of trade partners’ economies observed in the
data. Therefore, the shock would help us to filter the data to explain differences
between trends of real export and trade partners’ real GDP. After the shock, the trend

of export shifts up while the trend of its price moves in the opposite direction. In

5By saying —gap — we mean percentage deviation of the respective variable from the trend
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the meantime, due to price stickiness in the export sector, export price does not drop
sufficiently, in consequence demand on exported goods remains below the trend on

impact. Hence, the gaps of exported goods and output become negative.

Markup shocks. The negative markup shocks, i.e. price reductions in the case of
domestic intermediate, export and import sectors have an expansionary effect. For
example, domestic inflation drops down after the markup shock of domestic intermedi-
ate input production. The monetary policy reacts to the shock by reducing the policy
rate, which implies exchange rate depreciation. In the meantime, consumption and
investment are boosted due to lower rates. Import markup shocks imply responses of
model variables in the same direction in most cases (as in the previous situation), but
the magnitudes are different. After the shock, terms-of-trade improves which has a
positive demand effect on the economy (as noted, by Jaaskela and Smith, 2011). The
improvement in CA balance is relatively persistent, as well as, exchange rate swings.
As for the export markup shock, terms-of-trade move in the opposite direction, CA
deteriorates, but real export expands and real GDP increases. One should also note
that reaction of most of the domestic variables (especially nominal ones) is relatively
muted. Hence, the shock does not propagate changes in the domestic economy, except
for its direct effect on real GDP. As long as prices do not change noticeably, the interest
rate remains relatively unresponsive, therefore, there is no pressure on the FX market,
and the exchange rate remains practically unchanged too (see Figure .

The real wage set by households decreases after the negative wage markup (i.e.
mark-down) shock, in the meantime, due to price stickiness, prices remain relatively
higher than implied by marginal costs, which creates a favorable condition for firms
to expand production and rise employment. Therefore, the shock has an expansionary
effect. REER depreciates along with nominal exchange rates depreciation due to lower

interest rates (see Figure .

3.2.4 Foreign Sector Shocks.

Foreign inflation shock. Foreign inflation shock is transmitted to the local economy
through the following channels: it could have upward pressure on domestic prices

through imported inflation channel. Although local currency needs to appreciate as
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foreign price level shifts up. In contrast to the first channel, the second one implies lower
inflation. Which of them dominates depends on the values of parameters. For example,
if a change in nominal exchange rate is more gradual then price effect dominates and
CPI inflation increases after the positive foreign price shock, while the effect is opposite
in case of less persistent UIP. Although, the dollar pricing plays the role for transmitting
the shock. Sticky import prices in USD dampens the imported inflation channel in
the meantime and the inflation does not increase, and it could be outweighed with

appreciation pressure on prices if stickiness is high enough (see Figure .

Foreign interest rate shock (Fed) (z{ , interest rate on USD-denominated assets)
implies a depreciation of GEL vs USD. On the other hand, if exchange rate depreci-
ation in our trade partners economies is lower to the global cycle of USD, the GEL
depreciates vs RW too. Note that we keep three economy model set-up at some extent
here, as long as we are trading in USD with our trade partners, determination of the
bilateral exchange rate of GEL vs USD is important too, beyond the standard three
equation foreign sector. Therefore, shocks to trade partners’ economies are transmitted
through imported inflation and export demand channels, while the shocks to foreign
interest rate is analysed through the effect of US policy rate change. It is the case in
our model that the depreciation of GEL w.r.t. USD is larger in magnitude then the
depreciation of RW’s currencies after the shock to Fed Funds rate, consequently, the
drop in the local economy is less severe than it would have been if the responses of
GEL and RW currencies had been similar to foreign interest rate shock. Though, one
should note that the asymmetric reaction of local and RW currencies to foreign inter-
est rate shock is conditional to calibration, and there is no structural behavior in the
model which is responsible for the stronger depreciation of local currency relative to
RW’s currencies to the shock. It worth to further discuss how the shock is transmitted
through the demand channel- an increase in foreign interest rate impose a tighter
financial condition domestically (domestic interest rate increases too), which causes a
drop in consumption and investment (as the rental rate on capital increases indeed).
The reaction of government spending to the shock depends on calibration. If the share
of backward-looking agents is higher enough on the FX market (i.e. more persistent

UIP), then the shock has a more moderate impact on inflation. Consequently, the
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government debt burden is not relaxed sufficiently to stimulate government’s expendi-
ture motivated with the fiscal rule (the debt deflation channel). However, government
reaction is opposite if inflation hikes after the shock when the forward-looking agents
are dominant at FX market (see Figure [L5)).

Exchange rate channel - the exchange rate reaction to the shock largely depends
on the persistence of UIP, therefore, the transmission to other variables differs too.
Our baseline calibration is that half of agents are backward-looking on the FX market.
Under the parametrization, exchange rate depreciates substantially (see Figure ,
the real exchange rate depreciates too, consequently, the CA balance and real GDP
improve. However, if UIP were less persistent, the improvement in CA balance would
have been quicker enough to balance the drop in domestic demand caused by the high
interest rates, consequently, improvement in real GDP is more significant in this case.
Propagation of the shock depends on other parameters as well. For instance, as price of
exported goods are set in USD, export drops or at least is not sensitive to exchange rate
depreciation in the short run. If the rigidity is relaxed in the model and price flexibility
is assumed in the export sector, then the export performance would be positive and
stronger. The output improves after the shock, hence, exchange rate behaves as a
shock absorber in this situation (see Figure [16)).

Finally, we would like to emphasise the dynamics of imported goods. Although the
prices are sticky in USD, it is sold in local currency, hence, there is a perfect pass-
through of the exchange rate in place. Therefore, the depreciation of local currency
implies a substantial drop in import as foreign goods become expensive automatically.
Hence, exchange rate depreciation after the shock still implies expenditure switching

through imported goods, but the export sector does not take the benefit immediately.

Risk premium shock tightens external financial condition to the local economy.
The nominal and real exchange rates depreciate while the neutral interest rate increases.
Monetary policy tightens after the shock, consequently, domestic absorption sharply
contracts. The drop in real GDP is much severe than in the case of the foreign interest
rate shock (see Figure . In general, both of the shocks tighten financial condition
and imply exchange rate depreciation and higher interest rates which induce sharp

contraction domestically. However, the key difference is the asymmetric behavior of
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local currency against trade partners’ currencies and USD in case of foreign interest
rate shock, while there are the same responses of domestic currency in case of risk
premium shock. It is quite apparent, since the risk premium shock is an idiosyncratic
for our economy, while the Fed funds rate shock is global and could imply an asymmetric
reaction of exchange rates. If it is a case then the negative pressure from the tightening
of global financial condition is softened with expenditure switching due to depreciation
against our trade partners’ currencies. Thus the drop in domestic absorption is not as

sharp as in the case of risk premium shock.

Foreign GDP growth shock. Foreign GDP and preference shocks have a positive
effect on the domestic economy. Both are foreign demand shocks and have qualitatively
the same effects on the domestic economy. However, maintaining those two shocks sep-
arate within the model is important in the estimation stage. The recent rise in foreign
demand while foreign output is falling in our region (trade partners) could be matched
with positive foreign preference shock. Higher foreign demand improves CA balance
and implies an appreciation of the local exchange rate, as a consequence imported in-
flation decrease. Opposite to the decline in imported inflation, increase in demand on
output creates upward pressure on marginal costs, hence, domestic inflation increases.
In the short-run, the former effect (appreciation) dominates and CPI inflation drops
and starts increasing as domestic cost pressure gains the power in later quarters. Once
more, the response of CPI inflation largely depends on the persistence of UIP equation.
If the share of backward-looking agents is large enough the exchange rate path is more
muted and domestic cost drivers dominate in the determination of CPI inflation and

it increases after the shock (see Figure [18)).

Modified UIP condition. We have incorporated new (or at least uncommon) fea-
tures into the model by adding Forex dealers who are taking portfolio adjustment costs
into account when making portfolio choices as a alternative way to account for devi-
ations from the standard UIP condition evident in the data. Although the feature as
part of a DSGE model is quite new, we can show that by adding portfolio adjustment
cost into Forex dealer’s optimization problem (instead of standard partially backward-

looking UIP), it is sufficiently useful to replicate the properties of standard lagged
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UIP built in our baseline specification of the model. We assume that change in the
portfolio growth rate beyond its growth on BGP is costly (see the discussion in the
section . The key shocks to calibrate the parameter of portfolio adjustment cost
are monetary policy, foreign interest rate, and risk premium shocks. As the figure
shows the fit between IRF's of standard lagged UIP and UIP with the adjustment cost
becomes better as the adjustment cost parameter increases in case of monetary policy
and foreign interest rate shocks. If the parameter is larger than 1.5, the responses to
the shocks are similar to standard specification. However, it seems that the IRFs from
the modified UIP never become as smooth as in the case of standard UIP. Moreover,
the bigger value of adjustment cost is not always better. For instance, in the case of
risk premium shock, the parameter value larger than 1.5 implies an appreciation of
the nominal exchange rate after the shock, which is at odds with both the empirical
and theoretical findings. Therefore, we suggest that if we keep the parameter close to
1, it is possible to apply UIP with adjustment cost to replicate the model properties
of standard lagged UIP with sufficient accuracy. This encourages us to employ the
modification in our DSGE setup in the future (though it still requires further testing

and analysis), as the feature seems intuitive about the behavior of the agents.

3.3 Filtering the Data

3.3.1 Excess Trend Treatment and Modifications of Some Non-structural

Model Equations

Although the model includes three unit root technology processes, we still need ad-
ditional treatment of the trend process to match model variables to the respective
observables. Here, instead of pre-filtering the data we prefer to add excess trend vari-
ables into observable equations. The model consistent filtering is useful to avoid the
need for pre-treating the data by applying the univariate filters. Adding the excess
trends on filtration stage is well adopted in the literature (see Andrle et al, 2009 and
Argove et al, 2012). The trend of the labor productivity is not enough to account for
the trend dynamic of real GDP. The productivity growth calibrated by us is lower in
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SS than the average growth rate observed in the data over the history E Also, we add
the wedge between the nominal policy rate and discount rate applied by households.
The excess interest rate, could be interpreted as a demand side risk premium which
express risk perception of HHs. We can look at the modification through discussing
the definition of real neutral interest rate (see, equation [3.3.1]), which was augmented
at the filtration stage by combining the real long term interest rate derived from real

UIP condition with the real rate derived from the Euler equation [I'}

nut

1 nu
Lt = ) (1 ) (o R
t

where, the i{* creates wedge between the rate applied by households for discounting
and risk free rate. We, also, have modified the fiscal policy rule based on the results
from filtering the data, we find the counter-cyclical fiscal policy rule seems more useful

to improve the fit of the model to the data.
gbe = (1= p?)gb + p”gbr_1 + Ulm + ¢ (dyps — d) + &f (3.3.2)

Where ¢! > 0. and (@:4 is the GDP gap (deviation from the trend four quarters
ahead).

To filter the data, we also add oil and food prices to the model, the respective shocks
seem important to account for the dynamics of headline inflation which is used by
the NBG as a referance to target inflation to it. The averages of food and oil price
inflations are larger than the targeted inflation, therefore, we also add excess inflation
trends of those two variables to match the model to the data. Although trends are
already incorporated in the model, we also pre-filter some observables, such as, the

government primary deficit and CA deﬁci@. The need for pre-filtering the data comes

16The Euler equation links productivity growth and long run real rate to each other. The produc-
tivity growth consistent with the respective first moment of data implies unrealistically high value of
real rate in SS

1TThe excess interest rate is also, applied to other equations as well where the HHs’ stochastic
discount rate participates in

8Note that the CA deficit has recently declined to more sustainable levels, but the issue of modeling
large deficits in the past still needs to be dealt with.
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from systematic deviation of SS values of primary and CA deficits in the model and
the first moments of the respective variables in the data. This is especially obvious in
the case of CA deficit, the large deficit over the history has been driver of rising foreign
debt level in the data while the relatively smaller value of CA deficit is required to keep
the debt at chosen sustainable level given the parametrization of the model. In the case
of primary fiscal balance, the problem could be related to interest payments, as long
as the main part of the government debt is with concessional termg'”] and government
is able to run larger deficit in practice than implied by the steady state restrictions
in the model. Therefore, we use the de-meaned value of primary deficit, as for the
current account, it shows a trend over history, thus we pre-filterd respective observable

E before providing to the model (see Figure .

3.3.2 Historical Decomposition

Beyond the IRF's analysis, to validate the model-implied results we confronted it with
the data. Here, we briefly discuss the main cycles and episodes from the perspective
of historical decomposition of key macroeconomic variables. As long as, the BGP is
built into the model, there is no need to pre-filter the data, such as headline inflation,
key monetary policy rate as a proxy of short term nominal rate, GDP growth, annual
changes in REER, and NEER, as well as depreciation rate of GEL vs USD. Also,
the fiscal balance to GDP ratio and current account deficit seem to keep important
information for identifying cycles of the economy in question. The data covers the
period from 2003q1 to 2023q1.

The inflation targeting framework is in place in Georgia since 2009. Therefore, to
check the model’s usefulness for policy analysis, it is essential to understand how well
the model identifies structural shocks and economic cycles. We could split the recent
history into three episodes. Before 2014 the real and neutral interest rates were largely
declining (see Figure , mainly driven by trend appreciation of REER (see Figure
. Inflation was largely below the target, explained with positive shocks to UIP (we
could interpret it as exchange rate pass-through to inflation) (see Figure while the
global food price shock in 2011 has been a disturbing factor to inflation in the episode

19This, naturally, won’t go on forever as Georgian economy develops.
20Using HP filter
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of history, but it appeared short-lived.

The period from the end of 2014 to the Covid-19 shock could be characterized as
a sequence of negative external shocks, reflected in the loss of relative competitiveness
of our economy (see Figure . The negative shock to import inefficiency technology
is suggested to be one of the main (and persistent) contributor to the rising real neu-
tral rate and REER had plateaued (see Figure . Relatedly, the UIP shocks and
subsequent depreciation of NEER was the main driver of rising headline inflation at
the end of 2015 and 2017. Moreover, the shock seems to be the main contributor to
the inflation deviation from the target since mid-2019, when the ban on direct flights
from Russia and political uncertainty had a negative effect on expectations and im-
plied exchange rate depreciation. On the supply side, the declining productivity could
explain the relative slowdown of economic activity during the period (see Figure .
Nevertheless, improved export-specific technology and fiscal stimuli explain the short
term improvement in economic outlook at the end of 2019.

It remains a hot topic of discussion in the literature whether the COVID shock
and the inflation in the subsequent period was driven by supply or demand factors.
Our case provides important insights to the discussion too. At the beginning, the
slowdown of labor productivity contributed to inflation from the supply side, on the
other hand, declining markup shocks had an opposite contribution to inflation until
2021. The mark-up shocks could be related to the firms’ negative expectations on
demand condition. According to the model, the UIP shock, i.e. the exchange rate
depreciation, has been the main contributor to high inflation during the Covid-19
period. The supply and demand factors were broadly equally important to explain the
dramatic fall of the GDP growth rate. The contraction of local as well as external
demand have added to the negative productivity shock during Covid-19. The economy
has started recovering since mid-2021. On the demand side, the positive contribution
of external demand has been noticeable since then. It needs to be mentioned that
the fast (V shape) recovery has been characterized not only for the cyclical economic
activity, but also, trend GDP has raised rapidly. However, the improvement is not
solely accounted with labor productivity, but some other exogenous factors possibly

explain high trend growth. Therefore, we need further research to uncover the factors
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driving the higher growth after the Covid-19 shock?]

As for the inflationary performance, the sudden rise of food and oil prices has con-
tributed to the largest-ever deviation of headline inflation from the target, together with
negative UIP shocks since mid-2021. The recent decline in inflation could be explained
by moderation of oil and food prices. Meanwhile, the favorable external conditions
contributed to quick exchange rate appreciation, while due to mark-up shocks, infla-
tion keeps resistance. Last but not least, the inefficiency technology shock to imported
goods (or relative improvement in productivity) also explains remaining resistance of
inflation. This could be a reflection of relatively high persistence of domestic and
non-tradable inflation recently. The quick rebound in REER has been remarkable as
well. According to the model, the important part of it could be assigned to recovery
of relative productivity and subsequent trend appreciation of REER.

To conclude the section, the narrative of the model seems quite consistent from the
historical perspective. The model well identifies that external factors (for example, UIP
shocks) were dominant in explaining inflation before the Covid-19, along with declining
relative productivity and REER depreciation. The Covid-19 recession was supply and
demand driven largely to the same extent. While the recovery is mainly driven by
external demand (together with local demand) and trend improvement, part of which
still requires further research. It should be mentioned that CA and primary deficit help
trend-cycle decomposition. For example, as long as the fiscal rule is counter-cyclical,
the recent fiscal consolidation plays a role to explain the high economic activity as a
cyclical process, while the large CA deficit during Covid-19 times implies moderation

of negative output gap and larger fall in trend GDP.

4 Conclusions and Future Work

This work is the first in-house project on developing a "fully” structural DSGE model
at the NBG. Although the model to a large extent shares the properties of a stan-
dard medium-scale DSGE, there are still additional features introduced relevant for

analyzing monetary policy transmission in emerging markets, such as, dollar invoicing.

2!Migrant inflows from Russia after outbreak of war between Russia and Ukraine could possible
explains it together with fast expansion of IT sector recently
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In addition, we incorporate the forward premium puzzle into our model. We have
also tried an alternative way of modeling deviations from standard UIP with simi-
lar results: namely, by using portfolio adjustment costs in Forex dealers optimization
problem. Additionally, some degree of heterogeneity is introduced based on two agent
setup. Moreover, we have built various trend processes into the model, which would be
practical to filter data and conduct historical analysis using the model in the future.

On the one hand, the narrative of the model, as described, is consistent with the
predictions made in the literature. Indeed, it is capable to explain some empirical facts
that are overlooked by standard DSGE models. For example, the model predicts low
sensitivity of export to exchange rate movements, i.e. lower benefit from exchange rate
flexibility than predicted with more standard models. The model generates a delayed
reaction of exchange rate to shocks, i.e. the deviation from UIP condition, which is an
empirically justified fact, and needs to be captured within small open economy models
intended for policy analysis. Also, the three pairs of exchange rate embodied in our
model would be an useful extension for emerging markets, as long as, ceteris paribus,
all the changes in exchange rate w.r.t. to USD do not have implication on the trade
balance if domestic currency does not change w.r.t. to trade partners’ economies. The
standard models with the single pair of currencies are not capable to conduct same
analysis. Those extensions of the model and subsequent results seem promising for us
to put further efforts in making the model applicable for macroeconomic and policy
analysis, as well as, for forecasting. Although we are employing a semi-structural model
for forecasting and policy analysis at the moment, alternative models (like this one)
always serve more informed and better decisions.

Finally, developing the model on our own was a valuable experience for the team,
and those skills would also be helpful for us in the next stages of model development,
as this remains a work in progress. Moreover, we find it sensible to publish the entire
documentation of the model to get feedback and facilitate discussion around the model
setup and its properties. Last but not least, we hope that detailed derivations pro-

vided in the paper would help new entrants/students in the field of DSGE modelin@

2Zfootnote: We hope this transparency will help us as well, since interested readers may spot some
typos in any place of the whole derivations, making sure the analysis is based on a correctly built
model.
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since some mathematical derivations, as well as, conceptual details sometimes are not

appropriately provided or freely accessible in the literature.
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Appendix A Household Sector

A.1 Linearization of Euler Equation

To derive the linear version of the Euler equation given by [§], firstly, we take the first

order derivatives of the equation w.r.t. ¥, Vi1, 7, , CfSy, CF, Cey, 7%, and 774

and then we find their values in SS.
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In SS:

A+ +97)
B+~ =h)

Taking into account SS values of FOCs of Euler equation, we can write its linear

approximation in the following way:
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Finally, the Euler equation for the subset of unconstrained HHs is:
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The linear version of budget constraint of constrained HHs could be written as:

— 1
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While the aggregate consumption function in gaps is given as:

G =(1-n%

Finally, Euler equation for aggregate consumption reads:
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A.2 Aggregate Wage

As mentioned above, in our framework, unconstrained HHs set wages to maximize their
utility s.t. demand function on labor input, in each period (1 — 6,,) part of HHs get
to set their wages optimally, while the rest part (6,,) follows the wage indexation rule
given by:

Wi(i) = I, W1 (4) (A.2.1)

Wi_1

where, IT{ ; = 5=

While credit-constrained HHs equalize their wages to the average
wage of unconstrained HHs. Hence, firstly we discuss the aggregate wage supply func-
tion for the continuum of unconstrained HHs it is still possible to represent the subset
of unconstrained HHs as a continuum from 0 to 1 within the subset of all HHs from A
to 1. We assume that the wage-setting problem is symmetric across HHs, hence, the
optimal wages are the same. Then we can rewrite the aggregate wage equation (for

the subset of unconstrained HHs) as:

1
*775

ew ) 17775 1— 1
Wt = |:/ <H§)_1Wt_1(l)> + (]. — ew)VVt* Nw <A22)
0

Using the assumption by Calvo, that the HHs who get to set optimal wage in each
period is a random selection, then the aggregate wage for any subset of HHs is the

same as the average wage, then we can write:

_1
—"é

W, = |0(I1Y W, ) 4 (1 — 0,)Wp ] (A.2.3)

82



Let’s divide both sides by W;:

1

1= {ew(ng_l(W“)lng F(1— gw)<VMV£>1ﬂ (A.2.4)

Then the equation for gross wage inflation can be written as:

1

l z LW 1—-n;
I = 0,117 '+ (1 — 6,11 (Wt) (A.25)
t

The first order linear approximation implies:

I 4 (1 — )T (1Y — TI%) = 0,11 + (1 — n})0, 1T (I, — 1)+

wlil— ! W* w— ; W* 1_7]% w w
(1 — 0,,)I1*! "<W> + (1 = 0,)(1 —pHII nt(w) (I — 1%+
. W* 1—775 W*
_ _oahTwle-ng [ 70 t
(1= 0,)(1 — )T < = > (Wt 1) (A.2.6)

That can be written as:

T (ITY — TI%) =0, [T (1, — II) + (1 — 0,) 1% " (I1¥ — T1%)+

(1 — 0, (% - 1) (A2.7)

t

If we devide the both parts by Hw_ni, we get:

W*
Y — I1% = 0, (1Y, — I1%) + (1 — 6,) (1Y — II*) + (1 — 6,)I1" (th - 1) (A.2.8)
After collecting the same terms:
W*
0, (IIY —TI%) = 0, (TT¥ , — II¥) + (1 — 6,)[1*( —+ — 1 A29
(I —11%) = 0, (I, —T1*) + (1= 0,)11" (G — 1) (A.2.9)
Finally:
w W - Qw w VVt*
N <Wt - 1) (A.2.10)
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A.3 Wage Setting Problem

If we substitute all constraints into the utility maximization problem in [5 the wage

setting problem can be rewritten as:

_l
LTy O 1+¢
i i(w )k{ 0 W bk
) w — Utk X _
Wt*(z) k=0 1 + C (A31>

, w * I g W (2) e
—Aun () (= (1 = 7)Y 1)t— Wi )( = V[;tJrk ) Lt+k)}

The FOC of the household wage-setting problem is the following;:

00 1w o _77£+k 14<¢
[OW;(i)] : EtZ(ﬁGw)’“{ — Opprx(— 77t+k)W* k(14O ((M) Lt+k) -

1%
k=0 t+k

00 T i 17771l5+k
-k Z(ﬁew)k{/\wk(i)(%M - 1)Wt*_ni+k (M> VVt+kLt+k} =0

W,
k=0 t+k

(A.3.2)

In order to derive the equation for an optimal wage (before writing the equation re-
cursively in the next section), we treat the elasticity of substitution as a parameter
initially and after deriving the equation, we reconsider it as a variable again. Then we
rewrite the equation w.r.t W and divide both sides of equation by W, , and substitute
A4k (1). from the equation [6 we end up with:

Wt* —(1+1%¢) B
W, N
l

1-n
00 k Vitk I e 11
(1 — nl)(l — Tw) Es Zk:o(ﬁew) { Pe o (Cre—hCg 1) ( Wik /Wi ) Wt+kLt+k}

nl(l + TC) [e.e] k H;U-Q—k—l‘t—l 7?7[ 1+<
By Y io(B00)S Orirx Wi/ Wi Ly,

(A.3.3)

Let’s define real wage W/, ,= W“r’“ ; also, note that ITY, ;=7 W‘*’“ , and II}’=="t are gross

wage inflations in the period t —|— k and ¢ accordingly. Then the above equatlon can be

rewritten as:
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!

1-n
oo k Ytk o r
(Wt*) —(1+nL¢) (1 o nl)(l _ Tw) Et ZkZO(/Bew) { (Cye,—hCe, 1) (H}fik) WtJrkLH'k}

l

7+ 7 n T e
E; Zk:o(ﬂew)k{et%)(((%) Lt+k) }
A.

3.4)
A.3.1 Recursive form of optimal wage
Let’s introduce the following definitions:
Cy,, = E i(ﬁe )k{ thrk ( H;vu >1nlW7~ L k} (A3 1)
1t — Lt w we uc w t+ ..
b (Citfy — RO 1) \ 11, o

and,

Cy = E i(ﬁew)k{ewx«lﬁw )nZLHk) 1+<} (A.3.2)

k=0 t+k

Time-varying elasticity of substitution introduces difficulties to derive wage PC recur-
sively. Hence, at the stage of derivation, we treat it as a parameter, then after deriving
the equation in the recursive form we would re-introduce it as a variable. Regretfully,
it does not sound mathematically correct. However, it is a popular approach in the
literature for making it easier to rewrite the equation in recursive form when the elas-
ticity of substitution is time-varying (i.e. variable). That said, we can rewrite Cy; in

the following way:

o0 _l
Clt :LWTLt"i_EtZ(BQ )k{ wt-‘rk ( Hzﬂ )1 WWT kLtJrk}
(Cre = hGyey) k=1 (Cee — hCEp 1)\, "
!
Py ( Y )<1_”)
=— ——W/'L,+ 0,FE - X
(Cie — hCpey) 1 I,
1
- (L me, '
X (ﬁew)k{ uc uc w Wy L k =
g (Cifren — ROEE) \ Iy AR
U Iy 1=n')
- (Cuc — h(O'uc )WtrLt + ﬁewEt (Hw ) Et01t+1 (A.3.3)
t t—1 t+1
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Also, the Cy; is rewritten as:

l

. o0 e \ " 1+¢
Cor =x0:L; ™ + E; Z(ﬁ@w)k{@%x < (H“f ) Lt+k> }
k=1

t+k
, TTw —nt oo v —n' 14+¢
= X0 L™ + B0, E, (H“f > Z(ﬂ@w)k{9t+k+1x((nwt+l ) Lt+k+1) }
t+1 k=0 t+k+1
TIv -n
= X@Lﬁd +69w( uf ) Et02t+1 (A34)
Ht+l

Finally, the recursive form of wage PC is given by (note that we are reintroducing 7'

as a variable here):

Wi (1+ Tc)ﬁi Co

A.3.2 Linearization of Wage PC

Let’s derive the linear version of wage PC. Using the stationary variables. It could be

rewritten as:

e W —ﬁ,lg+k(1+€)—1 1w _n,lg+k 14+¢
E, Z(ﬂew)k{9t+kx77i+k (th) ((H“f ) Lt+k) _

k=0 t+k

e W= *7]£+k TIw 1*771[5+k o
_E, Z(ﬂew)k{ Y (e — 1) (Wt ) (Huf ) ek Wi Loon
k=0 (ZtJrkCka — th+k710#|(_:]€_1) ¢ t+k
(A.3.1)
—
oo N . Wt* _777l5+k(1+c)_1 H;lbu _77}&+k 1+¢
E; (80.) {9t+kX77 <_) <( w ) Lt+k) -
kzzo t+k Wt Ht+k
- k Vit k ! Wi s 1Ty ek
— L Z(ﬁew) — b A— (M — 1) W, > Witk Ltk
k=0 ( k mc’t‘i’k*l t t+k
(A.3.2)
Let’s make the following definitions, first:
HU} _T]i+k 1+C W* _ni+k(1+<)_1
LHS,, = xni+k9t+k(( : ) Lt+k) ( - ) (A.3.3)
ik Wi
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Its value in SS would be:
LHS" = xn'oL'* (A.3.4)

Also, let’s define:

! l
1 — 7w ¢ nl -1 IIw 1-1 4 g W UV
RHS!,, ( ) e t+l~c ) ( t > ¢ W Ltk

(1479 (e — m2=Crey) Ml W
(A.3.5)
note, that the equation in the steady state can be written as:
L 1)(] — 7w N T
Ris, = - D= w47 WL (A.3.6)
(T+79) (149 =h) Cu
Firstly, make linear transformation of the >, (86,,)*RHS;
E) (B0.)FRHS,, ~
k=0
- 1
~(1 —60,6)RHS' + E, Z(ﬁ@w)kRHsla(szk —1p)—
k=0
= L+~ 1
-E 0.,)"RHS' e, — Cue
t’;(ﬁ W) RHS' g == (O = O*)
+Et§:(ﬁew)’f§ﬁ§l h L G Gy
P 1+ z hC’U«C t+k—1
—n’)Eti(ﬂe RHS' <Hw 1) (1—1n" Eti *RHS! (H;ﬂ*’“ — 1) +
[Iw
k=0 k=0
+0'Ey Y (B0.,)" RHS' - (W — W) +Et2(59w)kRHSlz(Lt+k — L)
k=0 wr k=0
+E i(ﬁe )’“RHSZn—l(n’ ) - E 3 (59 VRIS — L (=)
o0 W*
—E 0.0)"n' RH S’ 1 A3.7
tkzzo(ﬁ w) (Wt ) (A.3.7)

This expression can be written in gaps as:
E,> (86,)'RHS},, ~
k=0
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o0 o oo 1+7Z o
~ l k l k l uc
~(1—60,8)RHS' + E, ;(ﬁew) RHS%, ), — Fy kz;(ﬂew) RHS M—Z—hct+’“+

= k l h uc l = l IIw
+E; > (86,)"RHS 1+—h0 e+ (L=n)E > (80.,) RHS o) -
k=0 7 k=0
(o) Hw o0
—1")E ) (B0u) RHS' (Ht—jf — 1) + B ) (80) FRHS'W/  +
k=0 k=0
B> (B9.) RHS Lyyi + B (50.) RHSZ —
k=0 k=0
Etk;(@ew) RH S e T ik
= k1 l DV*
~E;» (80u)'n'RHS (Wt 1) (A.3.8)
k=0

Now, we can make the linear transformation of the left-hand side:

> (86.) LHS., ~
k=0

~(1 — 0,8)x0(L)'*¢ + E, i(ﬁ@w)kLHS%(QHk —0)—

k=0
=0 (1+ QB )_(80.)"LHS <% - 1) +0'(L+ QB Y (80.)° LHS' (%
k=0 =0
[e’s) 1 o VV*
+(L+ QB Y (80u) LHS' = (L = L) = (L+1/Q) B Y (86.,)°LHS' (Wt

B
Il

0

b
Il

0
o)

+Er Y (80.) LHSZ 7 (e — ')

k=0

we can rewrite the equation in gaps as:

E> (86,)'LHS],, ~
k=0

~(1 — B0,)xO(L) + By S (80,) LHS' 0y~

00 00 w

I I
—n'(L+ OBy (80 LHSl<H 1)+n 1+gEtZ LHSl<Ht—J;k—

k=0 =0

*

NE

+(1+Q)E;

t

=
Il

0 k=0
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(80u)FLHS' Ly, — (' (14 ¢) + 1)E; Y _(80,,)" LHS' <Wt _

)
)

(A.3.9)

1)+
1)+



+ B, ) (80u) LHSlnHk (A.3.10)
k=0

After collecting the same terms in the linear version of the left and right-hand sides of

the wage setting problem, it can be written as:

111_;;( _1> tZ(ﬁQ )* 9t+k— 1+77CEtZ ( 7 1>+

k=0 k=0

oo Hw /\
QB (0 (T = 1) 4 B S (300 Lk — B3 (500 T

k=0 k=0 k=0
ZOO 1 = Z 1+g ZOO
- Et (/Be’w)kl + hC k—1 + E't (BQUJ)k 1 + . thJrk (60 ) +k+
=0 T k=0 v k=0

h v

+ E; Z(ﬁe ) nl L+ B Z(m)’“

k=0 k=0

Let’s multiply both sides by 111/57 ?? and then take terms in k=0 period out separately

from the sum expressions, we get:

1— B0y, ~ -~ Iy Iy ¢(1— B0,)
T (0r — 1) <m 1) (1 — B0y )<Hw 1) +—1+77[C Ly
1—-80, 1 = 1-p80, 14+ —— 1—p0,—%
L+n'¢14+y—h " 1491+ —h ' 147K
1-p6, 1 ~ 1-86, h  ~

1+77l€1—77’nt T+ 7¢ T+ — h”

1+ 77l€ EtZO 36,) 9t+k+1 1+ni¢ (59 )E: ;(59w)k¢t+k+1+
(1 50,)(50,)B (50 ( s 1) 4 SO (50, 3 (30 L~
k=0 + nc k=0
1 — 6, 1 hAs 1= 0, > A
e T =7 Ptu) B 2 (59w) Cifi+ T e (B0w) B 2(591”) cre
1— ﬁew - ﬁew 1 > -
“Trc (BY.)Ey k_o(ﬁe ) s — 1 e (ﬁ@w)l — E, ;(59w)kn£+k+l+
1-f6, h Y - I
+(60uw) (% - 1) (A.3.11)
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The equation can be written as:

0. I 1+ /36,
BB - o0 (- 1) + L
_1—59w< 1 s 14y 6@)_1_5“’
L+ni¢\1+~»—h "1 1442—h " 1 +ni¢
1-80, 1 ~ 1-80, h -

R L S U T
I y
+60,,F, (H—ju — 1) + BQwEt( R 1) (A.3.12)

Wit

If we substitute <13/V—i — ) with the equation for aggregate wage dynamics, we can

write:
ew 1 w w
¢ n—(“t —“t1> -

59 ~ BQw I 1 -0

_ wﬁ/\7“_|_
1—59w 1 14—
L - (luc - e
+1+77§( << ' 1+73—h0t1+1+vz—h0t)
1- 86, 1 — 86, h -
L+C1—1f 0 1+n<‘1+7 0
B0, B0.° w
e Dl + mEt(Ht—H — 1Y) (A.3.13)

After multiplying the equation by IT*

Hw w w
1 \Tt 7M1 ] =

— M“Wwr+
1+ tC 11" (6 — ) - T+ni¢c 1
— B0 1 o L+~% — h ~
TV —Ouc (Cluc >\
Jr1+t§ Ct 1+~*—h t_1+1+72—ht+—1+fyz—h%
1 _56“7 I~ w w ﬁegu w w
L+n¢1—nf e+ BOw BT, = i) + mﬂf(”tﬂ — )

(A.3.14)

Finally, after collecting the same terms and recalling the equation for the gap of the
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marginal rate of substitution the linear form of the wage Phillips curve is given by:

1 3 (1 — 6)(1 — B0,)

w w w 1_910)(1_5011)) I
L 7Tt—1+1+6Et7Tt+1+ Hw(1+77lo l

0,(1+7C) n—1"
(A.3.15)

_ TR
-1 (MRS,—W7})

Note, the last term represents wage markup shock in the wage PC equation.

Appendix B Entrepreneurs

B.1 Functional Forms

Capital utilization cost function «y(u) is convex, increasing and has the following form:

(1) = 0.50,032 + 0y (1 — 04) u + 0 (% -1) (B.1.1)
where o, and o, are parameters governing the shape and curvature of the function. In

steady state u = 1,7(1) = 0,7'(1) = 0,7"(1) = op0, > 0.

Investment adjustment cost function S(x) as well as its derivatives have the following

form}

$@ = 3o [VE -] ow [VE (-] -2}

=0 e=g (B.1.2)
) = W (oo [V o) e[ VF ]}

=0 2=g (B.1.3)
SR T RSB

= & e=g (B.1.4)

B.2 First Order Conditions and Linearization

The Lagrangian of the representative entrepreneur’s problem (18 will be:

Iy
t—1

23Tn our model z = T

91



L (Ut,[t, Ky, >\ EOZMt {R K, — ’Y(Ut)FtPti - Itpti
=0 (B.2.1)

TV ((1 — 6K, + (1 - S (Itjtl)) I — Km”

FOCs:
oL ~ > / T Dt
] g, = 0= M[R/K: o/ () K] =0
= RF =~/ (u,) P! (B.2.2)
| oc iy I A
1] : a[t_0:>Mt{ Pt+At(1 S(It 1)+It( ([t 1)1 ))}
- o T It+1
+ By | My Ny L | =57 —— —1)
t
. ~ -[t ]t > >
= Pz — )\e 1 _ S R, —
t t( <]t_1> <]t 1) I
My (T I
e B.2.
+E, 0 /\tHS( ) (B.2.3)
oL
Kt-i—l] — =0= Mt(_)\f)
0Ky
+ E [MtH(RfHUtH - V(Ut+1)pi+1 + (1 5))‘§+1)} =0
M .
=\ =E; ]\tjl (Rt+1ut+1 - ’Y(Ut+1)pf:+1)]
t
Mt 1 e
_ o
PHE oL =0=>K=(1-0)K,+(1-5 — ) ) I (B.2.5)
o\ Iy

First, rewrite the first-order conditions in real terms by dividing both sides of equations

A, Pf X, P¢ N

c : k _ Iy i 1y e _ t t+l_t+l t+1 . M4l Tl e c [24

by Pf. Letting rf = % P = PC,)\ Fand G = et — a3 e P
Mt+1 _ ﬁwt-‘rl( hct 1

and noting that = o, (C?ﬁl e FOCS Wlll become:

Pe . .
24706, . = “LEL — 1 4 7€, . as was the case in the Household’s section [2.2
t+1 P t+1
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[ug] r* =~/ (u) P} (B.2.6)

o« (1 o L\ L
Ak pPi=Je(1-58(- —S/(_)_>
] ! t( (JH) L) I

Poia (G = hCE) e & (ft+1> [t2+1]
+ K Ao S —— | == B.2.7
{ UGy = hCe) L) T (27
< P (CF — G :
K . — E _ 7
t+1] AL t[ D(Cre, — hCpe) (rt+1ut+1 ’Y(ut+1)pt+1)
Cye — hCey) ~
+(1-06)E, {ﬁﬁ?guj — hcutc)l) gﬂ] (B.2.8)
t+1 t

(A - K= (1—-0)K, + (1 - S (Ii)) I, (B.2.9)

t—1

In the next stage we log-linearize the stationary forms of FOCs around the steady state
of the model Pl
First, consider equation for capital utilization and take logs on both sides:

In(rf) = In(y (u,) P)) = In(rf) = In(7/(u)) + In(P;) (B.2.10)

Now let’s find partial derivatives of both sides of w.r.t each variable and find

their values in steady state:

_ = B.2.11
dry e rk ( )
17 . 7
OLRHS _ y'(w) mss ¥'(1) _ 0uow _ - (B.2.12)
ouy v (uy) 7(1) Tb
OLRHS I ngs 1
aPtrL Ptl pI ( 3)

Using [B.2.11] - [B.2.13] the first order Taylor series expansion of around steady

state will be:

25In the remaining of this section I will use LHS for the left-hand side and RHS for the right-hand
side of the corresponding equation under consideration. LLHS and LRHS serve the same purpose but
for the natural logarithm of the same equation.

93



ln(rk) + —(Tf — rk) =In(+'(1)) + ln(pl) +o,(u— 1)+ ]%(PZ — p]) (B.2.14)

Using in steady state some terms cancel out in and we get:

T‘k _ ?"k Pi o1
L = (/1) + (') + oulur — 1) + p—p (B.2.15)
Using hats we get:
= rko, g, + ¥ P (B.2.16)

where the hat above each variable denotes percentage deviation from its own steady
state value except for the variables that are already expressed in percentage terms (for

example ff = rf —rk)

Rest part of the equations in the entrepreneurs’ problem includes non-stationary vari-
ables, hence, before linearization, we need to make them stationary first which are
given in the appendix . Now consider the FOC in real terms w.r.t. E (equation
and take natural logs on both sides:

(P = In (x; ( . S(Z) _ s(:) 1 ﬂf)g)
It—l It—l [t—l

Bibyr (CFe — heCpe)) (1 /e
t T o Re &[S ) (14472 L (B.2.17)
%((1‘1‘%‘11) ;ﬁf1_h0§tc)

t

t

Then, find partial derivatives of both sides of w.r.t each variable and find their
values in steady statef”’]

26This convention will be used through the remaining of the section.
27 On the right-hand side of the equation in steady state it equals to A\°.

C/Tuic7 h ~ Cluc
Note also that B 1ty ) 5

$((14y7)C¥e—pCue) 1777
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ALLHS 1 s 1
_ 1 nss (B.2.18)

dPti _Fti—pl
OLRHS 1 ORHS 1 (1, (1 I\ inss
~ — ]_ _S e _S, p— ]. + z p—
ox  RHS 0% RHS( (Itl) (IH)( %)IH)
1 T T I
footnote 1 (B2 19)

)\e
OLRHS 1 8RHS
oL,  RHS o1,

]- Y -~/ -/il/f ‘Z o/ ‘E It
:_/\e S ——— z—i-s ——— (1—|—’yz)z+
RHS t( (It—1> It2—l (It—1> t It2—1

~ ~2
~ ] I in
+ S(%) (1+ ﬁ)%) =
t—l
1~ 7 7 ~ I 72 footnote 27
:~— = |(1+~+*)=+ S 1+ -
_ (14995
I

S//
(B.2.20)

OLRHS 1 ORHS
ol, " RHS ol,

]- 3 o -Zf ]' / ]t 1
:_)\e —S e ——S 1+’)/Z —_—
(T, T
AT AN
Iy [752 1

1 E ﬁwt"‘l(czw - 1—:17 C’UC ) Ye ol j;: z 2 t3+1
+RHS ! 2 uc uc Al =9 = | +7) —=-
Q,Uzt((l + 7t+1)0t+1 — hCi )

— 928 14+77,)2 4L
( [ >( 7t+1) It3

t

1 [ Bu(Cre— TCme) T B (T
- )\ 1/ / — 2\2
+>\ (;b -S = (1+7)I4 25 = (1+97)

((1+77)C — hCe)
ootnote 1 i 1 S”
footnote B0 +7){f+ﬁ) (B.2.21
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Similarly, we will log linearize the stationary FOC w.r.t 77, 77,4, ft;, 5\§+1, Cyey,
Otuca O;L—fb wta wt-i-l'
Note also that in SS derivatives of LRHS w.r.t S\fﬂ, é’?_gl, @27 ét?‘fl, Uiy Vo175 Viwa
equals 0. Using[B.2.18|- B.2.21] the first order Taylor series expansion of around

steady state will be:

() + 7 (3) + (3 3) + %(@ - 1)

pI
S+ B) (E B T) L B0+ 7)S5"
T

- E, <It+1 - f) (B.2.22)

Using in steady state some terms cancel out in and we get:

Pl =X; + (14998 Ty

—S"(L+ 7)1+ B) L + S"B(1 +7°) BT (B.2.23)

Now consider equation and take natural logs on both sides:

] B (G — =Ci) A
In{Af) =In (Et - (réertuern = y(we)pisg) | +
( > (1 + ’Yf+1)cff1 - hctuc)

5¢t+1(a§z— Tz it 1) Se )
Ye((1 +’Yf+1)cff1 - hctuc)

+(1-6)E,

- (B.2.24)

Next, calculate partial derivatives of both sides of w.r.t. each variable and find

their values in steady state We are showing derivatives of RHS wrt. ):t,rfﬂ and C}¢
to demonstrate the idea and the rest part of derivations are not given here to save the

space.

OLLHS 1 ings 1

N A e
OLRHS 1 ORHS 1 Bt (G — = Ci)

——_ U1

arfﬂ RHS 87’t+1 RHS t (14 7§+1)Cgﬂf1 hCe)

(B.2.25)

28We will use the following information: u** = 1,(1) = 0,7/(1) = 0, and RHS** = X%,
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inss 1 [

del 42
OLRHS 1 ORHS
oCk  RHS oCp

o, {ﬁwtﬂwt (1 +920)CE = ) + Bhvair (CF = 5 CFF)
RHS i ((1 +951)C — h@?y

X (et — (e BY) + (1= 0) A x

Bt (U+970)GF ~ WGF) + Blben (CFF — lCF) ]

92 (L4 97)CF — hCF°)”

(B.2.26)

X

in SS 1+’Yz+h 1
1+9% — h Cue

(B.2.27)

Using [B.2.25] - [B.2.27] the first order Taylor series expansion of around steady

state will be:

Cy AL AC s k e Yy — P Vr1 —
In(\e)+ v —1n<1+7Z(r +(1—6)>\))— 7 +EtT_
_ h a\%t_lﬁ/—ﬁz l—i—yz—l—ha\ﬁ;@%_ 1+’}/Z Etaztﬂ—a;_i_
1+~v*—h Cluc 1+~v*—h (Cluc 1+~v*—h (Cluc
hy? %= g Vi = r rig ="
I+ —h)(1+7) ¥  1+y—h P (L= g)x ok
1

1-46 A — e
+—(rF =N (WPHE (g — 1) + _ L
rk+(1—5))\6( Y (w)p") Ey(uisa ) 1 (1= 0)he e
(B.2.28)

z

+

_|_

In terms of gaps it could be rewritten as:

S T = e st i =R e e A YT
Al = =+ b — m—z_th_l + T+ — th T 1r o hEtCt+1+
h,yz N ’YZ o ’T‘k —
+ (]_ + ’YZ _ h)(l + /yz)rYt 1+ ,yz —h tVt4+1 + rk n (1 _ 5>/\e trt+1+
1 T . 1-0 _
(" = A (w)p ) Bty + — F)\¢ B.2.29
rk+(1—5)A€( Y (w)p’) Bt (Lo tAF 1 ( )

Lastly, we are left with the stationary form of Again, take natural logs and we

get:
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t—1

In ((1 + %11)%:1) —In ((1 0K, + (1 -3 (#)) Z) (B.2.30)

Then, calculate partial derivatives of both sides of w.r.t. each variable and find
their values in steady state[”]

1 z in

aLif/S _ 1Hn  mss 1 (B.2.31)
0Kt (1+7971) K K
8§LZHS _ Kt+1:/ in SS 1 1 : (B.2.32)

Tt (1+7971) K (1+9%)

LRH 1 H 1 in 1
OLRHS L ORIS L _gyimss g L

ork, THS g,  RHS (147K
OLRHS 1 ORHS 1 ~(~( L\ 2\ wss

ol,, RHS p1,, RHS t( ( [H> L%) ( )
OLRHS _ 1 oRHS 1 (  of L \ & L\ I

o, RHS 91,  RHS I, L) L,

in 1
s _ (B.2.34)

(1+y)K

Using [B.2.31] - B.2.34] the first order Taylor series expansion of around steady

state will be:

= 41— K
ln<(1+7 )K>+ +% + )
(o s (D)):
1 ~ _ — ~ 1 ~ ~
+(1—5)m(Kt—K)—|—O(It_1—])—|—m(lt—l>

Using in steady state some terms cancel out in and we get FOC for )\,

29We will use the following information: RHS = (1 + 72)%.
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in terms of linear approximation around steady state of the modelm

Ft+1 - F fY /yf—l—l - ’Y _ (1 . (S) 1 <Kt - K) + T ([t - [>
K 1+9% 97 I+7) K (1++)K 1
(B.2.36)

Using hats we have:

_ S (1 — (5) = f ~
R T (1+~)K

using footnote [30] = 1—-6 = ’)/Z + 6~ ,yz ~
t+1 117 t 112 t 1+7Z% ( )

Appendix C Production of the Domestic Differen-
tiated Inputs

Cost minimization problem of i*" intermediate good producer reads:

minimize RFK, (1) + W, L, (i) + P™Y™ (i C.1a
O A R A o

Yy (i)

X
ay

l—a1—a2
subject to Y < (tht(i))alfyth(i)”( > — F (C.1b)

Lagrangian:

x

£ = REE (1) + WLy i)+ PY; (1)~ Ao(i) [(thtu'))wKt(i)w (th“)) Y gy

| (C.2)
FOCs:
8[8(?(1) = 0= Ry = M(i)aa(zLa (i) 7 Ko (i)™ (Yt:;l)> o (C.3)

30 We can show that in ss I = (77 4 0)K
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oL o S th(l) l-a1—az
I 0 <= W, = \(D) a2 (Ly(3)) ™ 7 Ky (1) 2 ( o (CA4)
9L s B = M= —an) L) ety (L)
aY," (i) = t = Al ) — Q2 )( 2ty Vet e
(C.5)
Lets divide (C.3) by (C.4))
. l—a1—ag
o ML)y ()
10) | B _ t
(1) " w S\ e ()
N (8)0n 20 (Ly(i))21 -1 6o (i) (Yz;”)
From ((C.6) we can obtain:
. as W,
Ki(i) = o BF Li(2) (C.7)
Now, lets divide ((C.5)) by (C.4)
l—a1—ao
A(i)(1 = an = oz) (2 L (8)) 1y B (8) 2 Y™ ()~ (a%)
a2 B i
= T (C.8)
(11) W ; v\
M) anz (Ly(2)) 1~y K (i)22 | =5
From ((C.8)) we can obtain:
mon (I —ar—ax)Wy
vt = S ) (©9)

Plug (C.7)) and ((C.9) into production function (2.4.1.29)), and we will get:

N — N\ ap QZWt . . (1—Oél—a2)Wt ) l-—a1—az 1 1—041—042_ .
Vil = kD) 7t<a1Rth(z)) < Py Lt(z)) at (C 10?

From ((C.10)) we can obtain the demand function for labor input L,(i) as a function of

. axl a1 —a9 o l1—a1 RkO‘?PmlfalffJéQ '
Lt(l) _ ( 1 — > ( t t_ ) (K(Z)"’F;gd)

Vtztal a2a2<1 — Q1 — 062)1 a1 —a2 th [e%1
(1)

We need to apply same transformation for the capital and imported inputs. From the
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eq (C.7):

. 061R,]f .
L(2) = K A2
(i) = S KD (€12
Now, lets divide ((C.3)) by (C.5)
109 B _ M@)o (2L (1)) 1y K (3) 2 V" (i)~
(DT )
M) (1 = an = ao) (2 Lo (1)) 17 S (6)*2 Y™ (4) (E>
(C.13)
From eq (C.13)) we get
k
1—ay —
(i) = T 0 (14

Py

Plug eq (C.12) and eq ((C.14) in the production function (2.4.1.29). We'll get:

el l—ai—az l—a)—as
. OélRffC . ! . Rf(l — ] — Oéz) . 1 d
Yi(i) = 2™ K K (i) K — —F
i) = (S )] et (MU= g :
(C.15)

From eq (C.15]) we can get the demand for capital K,(i) as a function of Y;(4):

. azl—al—az a 1—ao Wer Pml—al—az )
DI ey (— ) (M (vi0) + B

Ve Oé1a1(1 — o1 — 042)1*011*042 Rfl*QQ
(0.16)

Now, let’s do the same thing for import. From eq (C.9)) and eq (C.14) we can get:

Plra

La(i) = Wi(l —a; — ag)

v (i) (c17)
__ Pra

N Rf(l—al —CYQ)
After plugging eq (C.17) and eq (C.18)) in the production function (2.4.1.29) we’ll get:

) alptm ' a1 CYQPtm . a2 }/;m(l) l—ap—as p
Y;(7) = 2™ ym Yy = —F
(i) = 2 ((1—al—a2)Wt t (Z)) %((l—al—ag)R,’f @) af t

(C.19)
From ((C.19)) we can get the demand for imported input Y, (¢) as a function of Y;(7):

Ky(7) Y (i) (C.18)

zl—a1—a2 al1ta a1 pka2
mys ay (1 — a1 — 042) e W R, . d
Yo = Yoz ( 1%t ™2 > ( pyrertoz (Y;(Z) e ) (G-20)

The next step is to plug (C.11)), ([.1.32)) and ([.1.33)) in the total cost function:
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TCy(i) = WeLi(i) + RYK (i) + P/Y,™(i) =
rl—o1—ao l1—a1 k&2 Pmlfalf(m
_ Wt |:at ( (03] ) <Rt t ) (Y;(Z) +Ftd):|

0420‘2(1 —aq — a2)1—a1—a2 th—al

axl—al—ag QQI—QQ Wer Pml—oq—ocz
Rk t t t Y. (i Fd
—'I_ t ’)/tztal (@1a1(1 _ Odl _ a2)1a1a2> Rfl_a2 ( t(Z) + t )
aa:l—al—ag (1 —ay — a2)a1+a2 qu RkOQ .
pm |-t A Y, F¢ C.21
T [ Ve 2™t ( v %1 (rgy 2 Ptm%-i-az ( t(z) + t) ( )

It follows that the marginal cost function is given by:

OTCy (i 1 ploonmos a
e, = TG & W Ry ™ primame2 (C.22)

0Y:(1) aftag? (1 —ap — ag)l—a1—02 Az

C.1 Price Indexation in Domestic Differentiated Input Sector

Let’s consider the price-setting problem of the firm. The nominal profit of firm ¢ can

be written as:
I4G) = PA)Yi(0) — WiLu(i) — REEL() — PP (6) (C.1.1)

Note here, that from the cost minimization problem above, A;(i) and (C.2)) reflects the

marginal cost (nominal) and we can replace it by M C;. Then we can write:

. . . Y (i) e
C.3) = RfKt(Z) = MOtOZQ(ZtLt(Z))al')/th('l)az (;—x()) (C12>
t
C.4) = Wi Li(i) = MCyoq(2:Ly(7)) l%ét(i) e (C.1.3)
t

CB) = PPY() = MOy — ay — ) (4L (8)) ™00 K (1) (th(i)) T

xT
ay

So if we sum up LHS and RHS of the equations (C.1.2)), (C.1.3)) and (C.1.4]) we’ll get:

Ry Ki(i) + WiLy(i) + PY,™ (i) = MC; (Y (i) + FY') (C.1.5)
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And (C.1.1)) could be rewritten as:
L) = B()Yi(i) — MC, (Vi(5) + FY) (C.1.6)

Firms are operating on monopolistic competitive market and a random sample of firms
have power to set prices (la Calvo), the rest are updating their prices linked to the

previous period inflation:

Pri(i) if P,(i) is chosen optimally
Py=4{ " t (C.1.7)

thJrkatfleg_l (7) if otherwise

The gross inflation from ¢t — 1 to t + k& — 1 could be defined as:

1 = “pd — (C.1.8)
t—1

The firm ¢ solves the profit maximization problem wrt. optimal price in period t by

taking into account that the firm might be unable to reset price in the next k periods.

maximize [ Z ethJrk,t (Pt*d(i)nf-i—k—l,t—anrk(i) — MCyy, (Yt+k(i) + Esik))
k=0

Pr(i)
(C.1.9a)
| (P )
subject to )/Hk(z):( P ’ ) Y (C.1.9b)
t+k

Let’s substitute the demand constraint into the objective function and, move P,(i)

inside the right brackets so that we can re-write maximization problem as:

> 1—nd e, | b

k N xdl =N t+k—1]t—1 d
maXEtE 04Qurky Pi(i) B R PleYire—
Pt*d(z) =0 PtJrk

(C.1.10)

d
Pt+k

_nd
rd ik H?Jrk*llt*l . d
— MCy i Pi(i) —_— Yir + MCynFy
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The first-order condition can be written as:

o) p Hd 1_7721+k
A xd =T k—1[t—1
Ey E QSQHk,t{(l — ) Py (%) P Ykt
k=0

t+k
_nd
d rd =1 Hf+k—1|t—1 T
+ N M oy (1) —pd Yiiw =0 (C.1.11)
t+k

In order to write the equation in a recursive way, we have to simplify it before, by
treating 7721+k as a parameter. After that, the optimal price inflation could be written

as:
0 ¢ L=
Pt*d(z) nd Et Zk:o Qldet—&-k,t (m) }/t:l_k;MCt—‘rk (C 1 12)
T R g\ +
! By o 05Qrins <H‘ti4t—k> PALY

Now it could be rewritten (C.1.12)) in recursive form. Since nothing on the right-hand

side depends on i, firms who are allowed to update are setting same prices P, Lets

divide both sides of eq (C.1.12) by P

[e'e) k P£1+k71ptd —nfl d
Ptd B 77d -1 9] k Pt{ﬂrkflptd 1—17? d d -
e () .
We note that:
Ve (O — hCYY)
Qrre = B e - (C.1.14)
7,/),5(Ct+k B th+k71)ngk\t
Then the optimality condition will be given by:
d
vl ¢ B, 0kgk Vitk <Hf+k>m vd MO
P _n b Lak=0"dl" (Cye —hCEe, _)Pf,, \ T t+k t+k (C 1 15)
Ptd B 77d —1 o pk Ak Yrik H‘ti+lc nii =1 d d -
B 058 omretey () Pl
Let’s define:
d
_ - /lpt-i-k Hd k " rd
Dl,t = Etzel,;ﬁk( uc _ p(uc )PC lf[t’ M t+kptik}/;ik =
=0 t+k t+k—1) 1tk t

L _MCy P+

= 6000 uc uc
d<Ct —h t—1)Pt
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d
t 0 Hd M
0 t+1 ¢t+k+1 t+k+1 M Pd Yd
+ 5 d( ; (Cue — hCe, ) P¢ i Hfﬂ t+k+1 tikt1d ka1

IT¢ tk+1 t+k
(C.1.16)
d
Dyyor — Etzek Yrik41 <H§l+k+1>n u k Pl Y,
uc uc ) pc t 14t 14t 1
0 (Ot+k+1 hCEe) Pl \ T A
(C.1.17)
Therefore, we can write:
D, = L2 _MC PAY? + 80,4 (Hgﬂ)m D11 (C.1.18)
¢ = t\ a t L
LG = hCye ) By I o
Similarly let’s define Dy, (the denominator of eq (C.1.12)).
— ok ok Viik I, it d vd
Dyy=E; Y 0 L PLLY, C.1.19
; " O~ Wi P ( Hf) e )

Then after applying the same steps of transformation as in the case of Dy; we get:

vt

Do, =
20T (Cpe — hO)) Py

e Hd ny—1
CP Y," + BO.E; Hd Dy yiq (C.1.20)

Finally, we can write the relative optimal price of domestic differentiated inputs as :

Pt*d B 77d Dl,t
PE nd—1Dy,

(C.1.21)

After deriving the optimal price equation in the recursive form, we could return n¢ as

a variable in the above equation.

C.2 Inflation Dynamics in Domestic Differentiated Input Sec-

tor

The aggregate price index in the domestic intermediate goods sector is given by:

_1
d

Pl = [ /0 1 (P(i)) dz’} (C.2.1)
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(1 — 6,) share of the firms updates its price, while the rest part (6;) uses the price
indexation rule defined in eq ([2.4.1.32). Hence, we can re-write the previous equation

[C21) as
1

P [ [ e ano@) s [y o)

04

Where, P74 is the optimal price of firms who get to update their price in period t¢.

By assuming that optimizer firms are random selection out of a continuum of firms in

period t, we can re-write eq (C.2.2)) as:
1-n¢d wd 1-nd %ng
P = 00 [, 0P T 4 (1= 00) (Br) ] (C.2.3)

Divide both sides by P? and we’ll get:

pd 1—nj «d 1-nf ﬁ
1= |6, {Llnd } + (1 —6y) (Pt ) (C.2.4)

7 142 d
I B

d
Pt

Since, -7+ = % we can simply eliminate 1jnd power on the right hand side:
_pd 1—pd
1 1—ng Pt*d Nt
. . . d 1—77? s
Multiplying both sides by [Ht} we’ll get:
d
1 1—nd 1t (P L
[Hﬂ "=y [H?—l,tﬂ} "+ (1 —6a) [Hﬂ ! (Pttd> (C.2.6)

Now, we can do the first order approximation of eq ((C.2.6)) around the balanced growth

path equilibrium where %j =1.

(M) 4 (1= ) () (I = T19) = 0,(T1) " 4 0, (1 — ) (19 (T, — TT9)

(1= 0 T (1= ) (1= ) (1) (1 — 1)
(1= 8) (1= o) () (% -

(C.2.7)
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From eq (C.2.6) we know that (Hd)lfmd =04 (Hd)lfng +(1—04) (Hd)kng. Also, divide
both sides of eq (C.2.7) by (1 —n?). As a result we'll get:

(1)~ (I = T14) = (11 ™ (I, ,_, — T1%) + (1 — 0) (1) (114 — T17)

(1 — 0" <Jj__§;d - 1> 29

Lets combine LHS of eq (C.2.8)) and middle part of the RHS in eq (C.2.8):

B
(C.2.9)
Divide both sides of eq (C.2.9)) by Qd(Hd)_"g and we’ll get:
1= 04, (P
(¢ — ) = (L, ,_, — %) + ) Y (A | (C.2.10)
) ed Ptd
And finally, note that IT{_, , , =TI{ ,
mf o 2 e (B C.2.11
Tt (- (©211)

The steps to linearize the optimal price equation in the domestic intermediate goods

sector are similar to an import sector which is shown in Appendix However, note
that the real marginal cost in the case of domestic intermediate input producers (mc;?)

MCy
Ptd )

is given by and the gap of the real marginal cost in the domestic intermediate

goods sector could be given as:

—

mcyd = In(mc)?) — In(mc™) = In(MC;) — In(PY) — In(mc™) (C.2.12)

Appendix D Final Goods Sector Derivations

D.1 Consumption Retailers

The consumption retailer solves the profit maximization problem:
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maximize PfC; — (P/C{ + P/"°C}") (D.1.1a)
e

Nec

] . (D.1.1b)

Ne—
ne—1 ™M™\ e
subject to Cy = |(1 — wc)n%Cf e +wcn% (_tm>

ay

Substitute [D.1.1b|in [D.1.1a] and the optimization problem looks:

ura

ne—1 —1
ne—1 m\ “ne | €
maximize Pf|(1 — wc)n%Cf"T + wene ¢ I — (PiCi + PtmGCtm)
ci.cr
(D.1.2)
Taking the first-order conditions yields:
[80;1} ;
1 ne—1 1 Cm '707]:1 ncil_l — 1 1 ne—1_4q
e [(1 —ayr e i () ] T () ()
C t C
(D.1.3)
[0C] -
1 O Ne—1 n:il_l 1 O Nc —1 1
Ne m Ne —_ m e
Py e (1_Wc)ncctd e +wcnlc( ;) e wcnlc ( l;) z
ne—1 i Tle i ay
(D.1.4)
From ([D.1.3)) we can obtain:
v R R
e (1 —we)me (CF) 7 = B (D.1.5)
t
And from (D.1.5) we will get the demand function of C¢, which reads:
PN
Cd=(1-w,) (Ft> C; (D.1.6)
t
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Similarly from (D.1.4)) we can obtain demand function for imported consumption good

i
m PmG x\ e
Ci :wc< ! “’f) c, (D.1.7)

The next step is to derive the aggregate price index of the consumption good Cy. Plug

the optimal demand functions in the (2.4.2.1) and we’ll have:

uld
Ne—1 Ne—17 7o-1

1 PpaN e e 1 PmG gz e ne
= (I —w)m (1 —w) % e | w, [ Tt
Ci ( W ) (( . ) (Ptc> Ot) tw (w ( Pt ) Ct)

(D.1.8)

Ne—1 Ne—1

1 Pd —TNe Ne 1 PmGa;U —TNe e
1=(1—-w)m|(1-w.)|=t e [ w, [ =t D.1.9
( W) <( W)(Ptc) ) i (w ( Ptc ) ( )

After simplifying (D.1.9), the aggregate price of consumption goods is given as:

1

Ptc _ [(1 _ wc) (]Dtd)l—nc W, (]DtmG’atx)lfﬁc} T—nc (Dll())

D.2 Final Investments Goods Production

The investment goods producer solves the following profit maximization problem:

maximize P/l — (P/I7 + P"C1") (D.2.1a)
e
subject to [, = [(1 —w) W IE T 4w (%) ' ] (D.2.1b)
t

Substitute [D.2.10] in [D.2.7a] and the optimization problem becomes:

ni—1

i—1 m n;
(1 _wi)%]g% +wi”%’ (]L) ’

maximize Py

I

X
ay

n;—1
] — (ptd]j + ptmG]tm) (D.2.2)

After doing similar steps as in the previous section we can obtain the following demand
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functions of the domestic and imported investment goods:

Pd -1
It = (1 —w) (%) I, (D.2.3)
t
Iy AN
ay “ ( F ' ( )

The aggregate price index of the investment good is:

1

Pi=[(1=w) (P ™"+ wy (Prag) ™| (D.2.5)

Appendix E Import Sector

E.1 Aggregate Price Index in Import Sector

As said, 0,, part of firms update their price based on the price index in the ¢ period,
while the (1—8,,) set the optimal price in that period. We assume that the information
set available for price optimizers are same in the ¢ period, which implies that optimal
prices set by them in the ¢ period are the same as well. Therefore, we can write the

aggregate price index in the following way:

1 1
|| 1<Pt<z’>mf>1—€%”dz} ey " [ercmes] i [ ey
" ’ " (E-1.1)
Here, we use the assumption by Calvo, that if the subset of firms who set prices
optimally are a random selection from the entire continuum of firms, then the aggregate

price of some subset of firms will be the same as the aggregate price of the entire set

of firms. Then, we can write:

1

1—8?7’ m 175?‘
P = [em PR+ (1= ) (B } (E.1.2)
If we divide both sides of the equation QD by Ptmf , then we get:
pry e Py =
1= 6, [Lln"if] +(1— 0, [ ! } ] E.1.3
o] -0 [T (£.13)

110



P™ . . . . .
As =l=—L_ where Hf”c is the gross inflation of imported goods, we can write:
LA

o +(1—6,) [—

E.14

1= {em [Lnjﬁﬁ]

Pt*mf] 1_5?:| ﬁ
el

By multiplying both sides of the previous equation by H;nf and then take in power

(1 —¢€") we get:

" 1—ep o[
(et =g, [H;’ifl] + (1 — Oy, (I )1t {—]_f)mf] (E.1.5)
t
From the first order approximation of the equation (E.1.5)) around the balanced growth
*m f
path equilibrium where Il);mf =1, we get:

Hmflfsm + (1 - 8771)(1—Imf)75”“” (H;nf . Hmf) — Qm(Hmf>175m_|_

O (1= eI~ (T = 1) 4+ (1= 6, ()"

Pt*mf
B

(1= 0,)(1 — ™))" (H;”f - Hmf> (E.1.6)

F(1—0,)(1 - gm)nmfl‘a’”(

As I =, 11/ 1—sm+(1 — 0,11 l_gm, let’s divide both sides of the equation by

(1 —¢€™), then we get:

()< (1 - ) =

= gm(Hmf)fem (H:rifl _ Hmf) +(1— gm)(Hmf)lfem <]Z:; - 1)+ (E.1.7)
t

+ (1 — 0, (I (H;”f - Hmf)

After rearranging the same terms in the equation, we get:

O (T " (T =17 ) = 0, (1170) =7 (T2 =107 ) (1= 0,,) (117" (];t:; -1)
' (E.1.8)
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After dividing both sides of the equation (E.1.8)) by 0, (IT™/)~="

106, P
(H;ﬂf Hmf) <Hmf Hmf)—|- 7 Hmf<];mf _1) (E.1.9)
m t
Finally,
P S B
Y =+ — =" (me—l) (E.1.10)

E.2 Profit Maximization Problem of Imported Input Retailer

After putting the constraints into the profit function[2.4.5.6] the maximization problem

of differentiated imported goods producer can be written as:

maximize [ Z {9,’;@;% {Pt(z)*m H:ﬁc ¥
Pt(’l)*mf k=0
P ™I\ PG, P
L R Y (L = STRY VN
Pk Pk
(E.2.1)
We take P;™ (i) out of brackets, then:
maximize F; Z {Hk Q PSS [Pt( )*mf1 ALY
RO™ ke (E2.2)
Hﬁ]; 1ft—1 e MCyE, amf € Hﬁi 1t—1 S B
X\ ——mf — Mk — — 7 P (d) i Miik
Dy Py Py

. mcm
Previously, we define the o £k as real marginal cost in import sector MC?, Vi We can
t+k

apply a few more steps to express the real marginal cost as the function of the real

effective exchange rate.

D/R R D/R R Gel/D pR Gel/R R c c
P PE 7P PF P,
Mo = < SR A E = —REERt = (BE.23)
t Ptm f 1;; l /GD PtmG Ptc P mG t

Where REER, is the real effective exchange rate of lari at the period t.

The FOC of the maximization problem can be written as:
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[amz')*mf ] :

> m Hmf 78t+k
m m N xm f—E t+k—1|t—1
By Z {0§Q£t+kpt+{’ {(1 - 5t+k)Pt(Z) oo (Tfl) M+
k=0 Pt+k
r _em Hmf 14— Eﬁk
+€?}|-kMCﬁth(2)*mf t+k 1(%) Mt+k:| } =0 (E'2'4)
P

E.3 Recursive Form of Optimal Price

The equation (E.2.4]) can be rewritten in recursive form. However, to make it possible
we need to simplify the problem beforehand. Here, we assume that the elasticity of
substitution is constant and after deriving the equation in the recursive way, we rein-
troduce the elasticity of substitution coefficient as the variable again. Also, the profit
optimization problem is symmetric for all ¢ individuals, and the prices set by optimizer
firms are the same across optimizers. Taking all of the conditions into account, the

optimality condition could be written as (after dividing both sides by Ptmf E

f f "
m Y
Pt+k—1Pt

3
00 k) f r
Pt*mf em L Zk:a {emQt,t-i-thT-k( PP ) Mt%Mcﬁk}

= o E.3.1
Ptmf e =1 0 k Of mf [ Pl P e ( )
L Zk:o Ly emQt,tJrthJrk pmf pmf My
t+kT t—1
. . . mf — Pﬁé mf _ Ptm.f . .
We define gross inflations as: II,}} = o7 and 1LY = &7, Then the optimality
t+k—1 t—1
condition is given by:
gy docof, et (S aaop
Pt*mf cm i Zk:o mQt,t-i-k t+k H;"f t+k t+k
me - em — 1 - em_1 (E32>
t 00 m
BT (@l (55 ) M
Let’s denote:
S ok e AN
— m + mr
An=E ) {QmQt’t WP +k(W) M M Hk} (E.3.3)
k=0 t
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And

oo Hmf em—1
Ay=E) {9};@{ wn P ( Hj:}’:) MHk} (E.3.4)
k=0 t

Then by taking definitions (E.3.3)) and (E.3.4) into account, the equation (E.3.2)) can

be written as:

= — E.3.5
Ptmf em —1 Ay ( )
We can write the Ay; and Ay recursively, such as:
0 nf pmf m” S k mf H::LI-J; - m”
Ay = 00,00 PPIMMC + By S 05,QF, P, Tor | MeeMCY =
k=1 t
=P M,MC™ +
f ﬁl = k f Hﬁ];wrl = m
+ 0B Q1 Hmf Z {Q Qt+1 tk+1 t+k+1( T > Mt—i—k-&-lMCtr—&-k—o—l} =
k=0 t+1
: AN
=P MMC]™ + 0, E,Qf H—;f At (E.3.6)
t

Applying the same modification for the equation (E.3.4), we can rewrite equation
(E.3.2) in the recursive form:

Pt*mf B cm Alt
Ptmf - em — 1 A2t

where

m r Hmf
Alt = Pt fMtMCtm + emEtQ£t+1 (ng}) A1t+1
t

and

—1

m, Hmf

A2t = Pt fMt + emEth{itJrl <Ht—7:;> A2t+1 (E?)?)
t

E.4 Linear Transformation of Optimal Price Setting Problem

in Import Sector

Getting the linear version of optimal price equation helps us to illustrate the drivers

and dynamics of inflation process.
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Note, that the optimality condition is given by the equation:

mf 1—e™
I 1ft—1 ik Y
— t+k

E Z {gk Qt e i {(1 et P(i) ™ EHk( pmif

t+k
—em Hmf Em"k
n 5;1ko +th( )*mf kT (%lfﬁl) Mt-i-k} } =0 (E.4.1)
Pt+k

After dividing both sides by Ptmf , it takes the form:

< m NS O AN o
Ey Z {anQl{;t'Fk'Pt-’-{; {(1 —&/1s) (W H;f Mk
k=0 t+k

Py(i)mf\ T e\ e
+ Et+kM t+k (W Hm]; Mt—i—k =0 (E42)
t+

t

To save space we are introducing the following definitions:

1-e
m wo (I Py(iymd\
LHS . = Qt t+kpt+£( 5t+k) (%f) My, (%) (E-4-3)
Ht+k B,

And,

Pt m Hmf €k P )*mf —&h =1
RHSt-i—k Qt A4k t+£ Ettk <;mf) Mt+kM t+k (t(—mf) (E-4-4>
Ht+k Pt

We can show that Qt P +kMt+k is stationary process around the deterministic trend

(BRP)*. Let’s introduce the following definition:

Mt*-i-k; Qt t+k t+kMt+k (E.4.5)

Then using the stationary variables the last two equations could be re-written as:

1—em
Hmf t+ P.(i *mf _5t+k/_\_/
LHst+k=<ﬁRp>k<1—eﬁk>< mf) (PO T mas)
Ht+k P,
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And,

Hmf fsﬁ_k P Z *xm f —sfjrk 1
RHS, i = (BR)*el, <;mf> <%) MCr Mt*—i-k (E.4.7)
I % B,

Let’s define the risk-adjusted discount rate as f* = FRP. Before writing the linear
version of the equation (E.4.1)), as an example, we note that the first order derivative
w.r.t. M+k of the left-hand side is:

1—e m
E)E > QTI%LHS b N Hmf t+ P smf\ ~Cttk
DU p = =L § (B8%0m)" (1 — Etk) (H:”f> ( o ) -

3Mt*+k k=0 tk Pt
LLHS
:EtZ(,B o) ——==* (E.4.8)
k=0 Mt-l—lc
And in SS:

oW LHS = e wLHS

S (s 9,’;)’67*”’“ =Y (o)== (E.4.9)
k=0 t+k k=0 M

Taking into account the last two equations (again, the same logic could be applied for
deriving SS values of derivatives of LHS}}, w.r.t the rest of the variables), the linear

version of the left-hand side of the equation (E is:

E: (B0n) LHS ~ > (570, LHS™ + "

k=0 k=0

> H Hmf © Hmf _ Hmf
m * k m t+k m * k m Tt

+ (g™ — 1)Et;(6 Om)F LH S~ — (" — 1)Et];(@ Om) LS~
- i(ﬁ*é )FLHS™I™ (" — ™) — e™E i(ﬂ*& )" LHS™ Y 1

1 - gm t m t ¢ m Pl‘f

k=0 k=0 t
(E.4.10)

And the linear version of the right-hand side of the equation (E.4.1|) can be written as:

> EOLRHS™ x> E(B°0,,) RHS™ + +
k=0 b=
m - * m Hmf m s N mHmf _ Hmf
+e EtZ_:Et(ﬁ 0,,)F RH S H_I}[—f —c EtZEt(B ) RS~

116



[e%e) oo M m T __ MCm?"
+ EE™ Y (B 0m) RHS™ (] — ™) + B, Y _(8°0m) RHS™ t+]’\} o —
=0 k=0

(e 1)Et§:(6*6’ R S™ (P*mf) (E.4.11)

mf
k=0 I

Aslong as LHS}}, and RHS}}, in SS do not depend on k and are equal to each other,
we can further simplify and combine the above equations. Resulting from this, the

terms with the same colors in (E.4.10) and (E.4.11]) will cancel each other, and by

combining the rest of the parts of those equations we get:

ZEtBG ( ) ZEtBG t*’“Hmemf

- Z Ey(8°6,) Z Ey(8°6,,)* RHS™ eml_ : 5?1’“8; =

+ Z E(5*6,,)" MO%\%%CT (E.4.12)
Let’s denote % =M C’ﬁk, as the gap of real marginal cost; also we can write

that II™/ = 1 + 7™/, Taking into account those facts, the equation (E.4.12) can be

rewritten as:

1 prme 1y, — 1/ Hmf
L — B0, (PmG_ ) ZEtﬂe Hmf ZEtﬁe -
- ZE} (6*6,m) &M + ZEt (8" 00) M CT (E.4.13)
Or
pmd H:}g; "/ 1 -
(PmG_l) (1= 5 <ZE'*59 o 1- 36, I
1 T
_ Z Ei(60) 5% + Z Ei(8*0m M(Jgk) (E.4.14)
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Pt*mf H;nf B . H;?jrj; e
<PtmG_1):_W (S B
_ Z Ei(50,) €t+k, + ZEt B*6r, Cg;) (E.4.15)

The right-hand side of the equation (E.4.15)) can be written as:

R*mf B H;nf _Hmf N * OH Hmf 1 “m
(P{”G —1) = —— gy — T (L= B"0n)( (8°0m) T (B70m)" om 1t T

Hmf m

+ (80,) ' MC} + Y E(8°6,) e Z E(50,,) £t+k + Z E,(8*0,,)FMC™,
k=1

(E.4.16)

—

prme a1 — 5 O,y —~
-1 — __ % _ m 1— r
(P{”G ) ™ s P (L= B0 MO+

00 Hmf Hmf 00 §
— 3%0,) ( > E(B0,) ”k Z Ey(B*0,, aHk + Z E(B*0,, Cﬂk)
k=1

xf mf
Let’s add and subtract (5*6,, )0% in the last equation and start summation

from the period k=0, we get:

prmf e — a1 — 8%, ~
(t —1):_5*emtnmf — 5_1 &7+ (1 — B0, MCr+

B — 1 E I, — Hmf

S H:—li-];c—l—l Hmf
B O + (1= 8 9m><ﬁ Om D Bu(B" ) =

— B*0,, ZEt 3*0,) ngH + 80, ZEt B0, ) MCT ) (E.4.17)

t+k+1
k=0

*mf
We can note that the terms in blue color in the equation (E.4.17)) is 5%0,, E; ( Ij,}f — 1)
t+1

Hence,

pm Y - 1 - 5*9m ——
—1)=-p3%0,, — ey — 570, )MCT
(e 1) =0 PO 4 (1~ 56,0 MO+
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EITY, — 1/ p
+ B0, — t“mf + B*QmEt< tjjf —1) (E.4.18)
II P

Now, recall that the aggregate gross inflation in the import sector is given by the

*m f
equation (E.1.10): TI" =TI}, + S 1 (Pt— — 1), that can be written as:

ej
P

N G (I

If we shift the equation (E.4.19) one period forward and put in the equation (E.4.18|)

we get:

0, (I T e =1 1= 50, — MO
( t t—l) — 5, t . g el + (1 — B*Qm)MCZer

1—0,, \IIm/ TImf m/ em 1
+0 ng’*T +5 9’”1 —emEt [mf  IImf

(E.4.20)

After multiplying both sides of the equation (E.4.20)) by II"/ and taking into account

the definition that the capital letter I expresses gross inflation, we can write:

em m m * m m
— (1+7rt f—1—7rt§) = emEt<1+7rt+ﬁ —1—7 f)
1= 56,)(1 + 7)) - mI\ IO 4 g Om m m
= gm)_<1 >5?+(1_6GM)<1+7 NMC™ + eml—GmEt(1+m+]i_1_7rt f)
(E.4.21)
By collecting the same terms we get:
On + 8"0m = 805 + 805 _my _ O _my (1= B0)(L+7™)
1—6 Uy :1_0 M1 — om 1 ey
" 5 " g2 4 g (E.4.22)
+ (1= 01+ A HIICT + 22— L P

—

1(—9m I -
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6)m m (1 - B*em)(l + 7Tmf) m rm ﬁ m

:1_0m7rt7];_ om _ 1 +(1=30,,)(1 + ™) MC; 1_9 — B
(E.4.23)

Finally,
1 B* (1= B09p)(1 —0,)1 + 7)) —— 1 —~
mf _ mf E mf MC™ — m
e 1+6*7Tt‘1+1+ﬁ* e T O (1 + %) (M gm—lgt)
(E.4.24)

Note, that 5? express the mark down shock to prices.

Appendix F Exported Goods Sector Derivations

F.1 Aggregate Price Index and Inflation Dynamic in Export

Sector

Homogeneous exported goods producers maximize its profit subject to the CES pro-
duction technology (used to aggregate differentiated exported goods), the firm makes
a decision on the optimal combination of differentiated exported goods used in its

production process:

T

st—l 96 1 1
maximize P f(/ X (i) dz) —/ P () Xy (i) di (F.1.1)
Xt 0
F.O0.C.
! o1 NFT o] =1
0X:()] - i Ql( Xm>*d0 X7 =R (F.12)
o t

1
T _7 1

ef—1 e _1 =
We note that (fol Xt(i)ii”di) = X, ; then from the equation (F.1.2)) we get:

-1 22200 =
X7 = (T2 )47 (F.1.3)
t
Finally: ; }
' PJ} Z —&}
X (i) = < ¢ ISC)) X; (F.1.4)
B



The equation determines the demand for goods produced by differentiated
exported goods producer.

Putting into the CES aggregation function yields the following aggregate price
index in the export sector (in USD):

= ([ o)) o (F.15)

(1 — 6,) share of firms set optimal price at Pt*‘rf in period t, while 0, part of firms

update their price in line to the price index prevailed in the previous period:

per= [ [tz = [ [ oo )] e [ ireryesal]
(F.1.6)

By applying the same assumptions used in the derivation of the aggregate price index

in the import sector, the right-hand side of the equation ([F.1.6)) can be written as:
1—cf =+
P = {em P ()] - exth”f)l—ﬂ (F.1.7)

If we divide both sides of equation 1} by Pff , then we get:

p* 1—¢¢ prefqi—er flsgv
| = {em o G AIE ] (F.1.8)
P; f P; !
P .
As ~==-L- then we can write:
Pt Ht
| = {9 [—1 1! }Hf Y18 )[Ptmf]l_ﬂ == (F.1.9)
= T - -1 — Uy —l’ S BN
I’ py

After multiplying both sides of the previous equation by Hff , and taking the both side

of the equation in (1 — }) power, we get:

. 1—e¥ . P*gjf 1—¢ef
()it = g, [Hffl] + (1= 0,) (I )t {ﬁ} (F.1.10)
t
From the first order approximation of the equation (F.1.10) around balanced growth

*x f
path equilibrium where iﬁtTf =1, we get:
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1 (1= ) ) (T 1) = 6,0 40,1 - ) (1) (1, - )

*z f
_ rf\1—e” o _ T zfl-e® Pt .
+(1—6,)(I1* )™ + (1 —6,)(1 —e")II <Pff 1)

(1= 0,)(1 — ™) ()~ (Hff —fo) (F.1.11)

As (TI#)172" =0, (T1%/)1 =" +(1 — 0,) (1*)1==" | and after dividing the both sides of the
equation (F.1.11)) by (1 — &%), we get:

(/)= (17 — 1) =g, (1)~ (1, — 17 )+
Pt*m f
Pl

(1= 0) ) (S = 1)+ (1= ) ()= (1 - 1Y)

(F.1.12)

By combining the left side of the equation (F.1.12|) and the last part of the equation,

we get:

0 (5 - 19) =00y 1, 17 -y ()

P
(F.1.13)
After dividing both sides of the equation (F.1.13) by 6, (I15/)==" :
(Ht 1 ) _ (Ht_l 1 ) + g (Pff - 1) (F.1.14)
Finally,
t t—1 em Ptxf L.
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F.2 Marginal Cost Function of Differentiated Exported Goods

Producer

Differentiated exported goods producer i use the domestic and imported inputs to pro-
duce differentiated exported goods using the CES production technology. We assume
that production of exported goods is characterized with excess positive productivity
compared to the rest of the economy. The positive excess trend productivity makes ex-
ported goods relatively cheaper, amid the real export of homogeneous goods increases
faster than implied only by trade partner’s demand. Also, the technology process af
makes domestic input relatively more efficient in export production. The cost mini-
mization problem of differentiated exported goods producer ¢ can be written using the

related Lagrange function:

1 ne—1 1 nz— ’7;71_1
£ = PIX{+ PO X A(i) ( {“’ (Xdad) ™ +(1—w)w X | 7 - m))
(F.2.1)
Note, that fixed cost (F}) is required to enter into the sector.
F.0.Cs.
[0X]] :
d Nz  (yd, o) 5 L maa=l| e
Py - t(z)< B {wxﬂz <Xta ) o (1= wg) e XY e X
x d e (X{ay) W a”) =0 (F.2.2)
T tt t - WL
Nz
0x7]
mG - nl' 'ri = d x 22—l 1 mL_l '”zlfl
B = )‘t(l)< A wit (Xfaf) ™ 4 (L —wy)mw X" o X
N —
z — 1 T -1
T~ wy) e X ) ~0 (F.2.3)
Nz

A(7) can be interpreted as the shadow price of inputs, or as marginal cost. Hence,

A(d)=MCE ().
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1

Note that o} 5= |wd" (Xda?) " + (1 —wp)m= X% | ™ =(X,(i) + F)%. Then
- xr L T] T*Mc N T L
(Xo()%af) ™ = wi® ajm Pd;< i (Xe(1) + ) me (F.2.4)
t t
. 1 1 2 MC 3 x 1
X ()" = (1 — wy)meaj ne P:”(G) (X (2) + FF)me (F.2.5)
t
Finally:
X3(0)%a® = wyal? {Pﬁ—;at} (X,(i) + FF) (F.2.6)
m MC;(i . -
X" = (1 — w,)a! [P—;(G)} (X, (i) + F?) (F.2.7)
t

By putting equations ([F.2.6) and (F.2.7) into the production function, we get:

ne—1
N et | a2 [MGE) N )
Xt(Z) =ay, Nz (nz—1) |: (wxatz[ Pd;at :| (Xt(Z) + F’t )) +
ne—1 Nz
MC 1)L 1 N Nz ne—1
# 0= (- e[ PR e+ ) ) T -
¢
(F.2.8)
From (FZ3):
2ng [ P e 1 e
X = a5 000+ 77) andiC ™ () s yer ey
¢
(F.2.9)
The equation (F.2.9)), also be written as:
21z Nz Ptd 1= aNl— ’fl;hil
1= a Nz — 1MC',5( )x Wy E -+ (1 — wx)(Ptm ) e (F.Q.l())
t
Then from equation (F.2.10))
5 Pd 1-ng n_zylrl’r]%
MGCy(i)* = af w1 {wx (—i) +(1— wx)(PtmG)l_”w] (F.2.11)
ay

124




Here, we use the fact that cost minimization problem is symmetric across firms, and

subsequently, we can write:

1
1—

) B + (1= w,)(PmGytne | (F.2.12)

E

X
ay

MC?F = a) " [wm (

F.3 Profit Maximization Problem of Differentiated Exported

Goods Producer

After taking the constraints into profit maximization problem [2.4.6.15| of differentiated

exported goods producer, we get:

maximize FE io: {Qkﬁk—U%Cgfk)Ptc [eGEl/DP(i)*xfﬂxf X
t x uc C t —1[t—
Pt(i)*xf k=0 U'(C )Pt+k e rrkie
Py ™I, L\ e Py I\ e
x( II;-HC 1)t 1) Xpp — MCE, ( ;rk 1]t 1> Xoop+ FF }}
Pk Pk

(F.3.1)

etGel/D thf

We define export goods price in GEL as P*¢ = . Then by multiplying and

dividing the profit function by P74 and, in addition, by substituting U’(C{¢,) with its

functional form : U'(C¥,) = # we get:
( H'k) (Ct+k_hct+k—l) ’ &

o0 Cue — pOrue pzG
e 53" (o )P oo
Pt(i)*xf k=0 (O —h t+k—1)Ht+klt P (F32)

P,y —EF i Pyt —€7 i
x( (1) t+k1|t1> X — M tIJrk( +(1) t+k1t1) Xt+k:| }

zf zf
P Piin

Because of the constant returns to scale feature in the production function, marginal
costs are the same across firms. Therefore, when firms optimize their prices they have

the same information and the optimal price is the same across firms as well. Hence,
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P,(i)*' =P/ and as RfG:eth,i/DPff, we end up with:

. G Ve (CF° — hCEE)) G
maximize F; {9’;5]‘3 e e Pl
Pt*xf kz:% wt< t+k th+k—1>Hg-k|t "

Gel/D pxxfyyrf *xfrref . *xfrraf T
A Vi | PRI X | R TP Wt MCE, (B I g o
X t+k Xt+k

Gel/D paf zf " " Gel/D paf zf
ern Dty By R ) Py (F53)
3.3
We can define real marginal cost as
- MCY
€k Lotk

Then by collecting the same terms in (F.3.3|) the resulted profit maximization problem

is given by:

. Vi (CH¢ — hCEe)
maximize E{ 0% 3" ¢ L PG %
! ,; t{ % P (Cre, — hOre, G, -

P t+k t+klt
. Hfj:k—utfl e r HtxJ{kfutfl ik .
X {(Pt*xf>1€t+k (PT) Xopw — MOy, <PT> Xt+k(Pt*xf)€t+’“} }
t+k i+k

(F.3.5)

The FOCs. w.r.t optimal price of the maximization problem reads:

[8Pt*mf] :

S zf 1—€7

Yk (G — hCES)) G *zf\—e® Ht—&-k—l\t—l bk

Et {Qiﬂk — — Pz (1 e )(P T ) itk — Xt+k

kz:% @Dt(CH-k B hct—i-k—l)HtCJth o o t Pt+fk

I\ o .
+ el MOE, (%}'”) XH,C(P:”)EHH} } =0 (F.3.6)
t+k

Now let’s divide both side of the equation (F.3.6) by Pff :

x Gek(CFe = hCye) o A T A
b {eiﬂk uc uc P | (T —€fiy) prf z Xirk
kZ:O (G, — O )Ty, v " P! Ht-{k
z —e? -1
. Hu’ﬂf “Citk P*If tk
+ et MOZ t ) X t :| } — F.3.7
t+k t+k (_Hf-{k t+k ( Ptxf ( )
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F.4 Recursive Form of Optimal Price

As it was in the case of differentiated imported goods producers, here, we have to
simplify the equation a little bit, to make it possible to rewrite the equation in recursive
form. In particular, we treat the time-varying elasticity of substitution as a parameter
first and after deriving the equation we reintroduce it as a variable. Therefore, the

optimal price equation given by can be rewritten as:

E(E
;! v
E, R Ly L wﬁj’“ — PG| ik X MC?
pt*xf o Zk_o 2P (Crep=hCpey_ DL, t+k\ Tt + t+k

(F.A.1)

Ptzf er ]

z_1
z f €
o k Rk Yitk G [ Meie
Et Zk:o {91‘5 (Cue, —hCue 1)HC Pt—i—k ( Hff ) Xt+k}

t+k t k-1 k|t

Where IT1%/

iy, and II7 ! are gross inflations in £ + k£ and t periods respectively.

If we take Pf out of the expectation operator, then the optimal relative price of exported

goods can be written as:

oo Wy = Hff o
Pt*mf e”® Zk:o {Qzﬁk (Cgﬁk*hcgifl)})tik PH'C;; ( I'It;LflC ) XH"“MOH-IC}
Prf = er — 1 t et 1 (F.4.2)
t e e} Vitk T t
2 k=0 {%ﬁ * (C?ik—hcﬁz_l)&ik Ptﬁc( ngfk) Xt+k}
Let’s denote:
e k=0 O, — WO ) P, ek Hff bk bk o
And
By, = F, i {gkﬁk Ytk prG (Hf—{k> _IX } (F.4.4)
S k=0 (O — WO ) Py, i I/ i o

Then by taking definitions (F.4.3) and ([F.4.4]) into account, the equation (F.4.2) can
be written as:
o Blt

P*xf _ =t
¢ e —1 Bgt

(F.4.5)
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By and By, can be written recursively, for example:

By = 0°43° Ve P*C X, MC*
U (o Yoy

00 fo e®
E ek k thrk PacG t+k X Mcracr _
+ Ly Z { :cﬁ (Cuc o thqukfl)Pc t+k Htxf t+k t+k

k=1 t+k t+k

Py Ie. r
= P* X, MC?¥ +
(Og“‘c — thfl)PtC t ! ¢

fo et o0 ¢ Hl-f T i
em E t+1 ek k t+k+1 P:L"G t+k+1 X MO® —
+0.8E; <Hff E Wb (Ce hCue )ngﬂ hk1 el t+k+1 t+k+1

k=0 thk+1 Ttk t+1
= L PrX,MCY 4 6,BE i) E Bii (F.4.6)
T ((uc uc c t z t x t+ T
(Ce — hCpe ) P! ' IT, f

Applying the same modification for the equation (F.4.4]), we can write the equation

(F.4.5) in the recursive form as well. Finally, by returning back €* as the variable, the

equation could be rewritten as:

P ef — 1By

where
, H:cf ef
P :(C“C —TthC“C )PCPtzGXtMCf +0uBE; ( 1{:;) Biita
3 t—1/)1t :
and
ef—1
wt . fo

Be = —hew el “Xi+ 0. 0E, H? Bori1 (F.4.7)

F.5 Linear Transformation of Optimal Price Setting Problem

We can show that in the optimal price equation:

[ pan V(G —hCE) A AN A
Et Z {0:)3/6 wt( uc thufkil)HC Pt+k (1 — €t+k) Xt+k

k=0 t+k t+k|t Ptxf Hth{k
z —e?, . —1
A Hmf —€iik P*a:f t+k
+ e MGy (—;f ) Xtk txf } } =0 (F.5.1)
Ht—i—k B



xG
t+kXt+k

P, is jointly stationary, then, let’s

the combination of the following variables

denote it as:
xG
Xl;k = "r - (F.5.2)

After substituting with a stationary form of the equation, to write it more com-

pactly, we make the following definitions:

zf *x f 75?—5—1«
d) k 11 t+k P .
(Ctufk 1+7 kOZJfk 1) IT; B,
And,
zf 54 *xzf —&i 1
w k 11 t+k P .
RHSt'HC — Et+k: — s t;_fk tx,f X kM t-‘rk‘(F 5 4)
(Ci, — o Cre )\ I P,
The steady-state values of the equation are given by:
1 z
LHS = (7 —1)—PLEY)  xe (F.5.5)

(1+~%—h)Cue
And

PAEY) e (F.5.6)

(1+7° =)0

RHS? =¢&°

As an example we note that the first order derivative w.r.t. C{%, of the left hand side

1s:

OF, S 0B LH ST,

oC;E,
00 wf e, — *xf itk
. Vrvk L\ [P .
= —EtZ{Hiﬁk(sHk —1) as 5 fo Ptxf Xitk
k=0 (O — 1+’y n T Cife1) t ¢
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And the equation (F.5.7) in SS can be written as:

OY 5, EbSB"LHS" Z grgh VULF R Xt (F.5.8)
80”0 1 + ,Y h)QC’uc Cuc
Finally,
O3, EOPALIS i 6 5 L H 5" YA+y) 1 (F.5.9)
oCe il (1477 = h) Ce

Taking into account (F.5.10f), the linear version of the left-hand side of the equation
(F.5.3)) is:

: . h > cve  — (e
ZEtekﬁkLH e R ZEtelszﬁkLst + m—z_hz EteﬁlﬂkLHSm t+k5uc .
k=0

TR S S
—>Y FE LHS® ——
T1g 2 B LS

_|_

f o Ha:f _ wa
+(e* — 1) Z Ete’;ﬁ’fLstWT (" —1) Z EtGkﬂkLHS—f
k=0 k=0

> er ¥, —¢® > prt
+) EtH’;BkLHngz Lk —"Y Eﬂ’;ﬁ%HS’”( ]__';x - - 1)

1 e®
k=0 k=0 t

(F.5.10)

And the linear version of the right hand side of the equation (F.5.3|) can be written as:

C C’uc
Z E0FB*RHS?, , ~ Z E,0"3*RHS® + hz E0" 5’“LHSQ”%—
1477 kE nk Ot+l<: Cue
— L N"FE# HS*—tHk _—
T hz 0" BFRH S —— +
el —1ef et
x k ok zt+k k ok
+e ZEtexﬁ RHS* e — ZEtG B rEsY o
k=0 k=0
k ok " t+k — " k ok xMCgik_MCzr
+ ZEte B*RHS + ZEte B*RHS e
k=0 k=0
—(1+¢€%) ZEte’;ﬁkRHSz( ];:cf — 1) (F.5.11)
k=0 t
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Resulting from this, the terms with the same colors in (F.5.10) and (F.5.11]) will cancel

each other and by combining the rest of the parts of these equations we get:

ZEtekﬁ’“< - ) ZE&’“B’“ ”k e ZEtekﬁ’f fo

1 _em MO — MO
_ § E ek’ kLst t+k 2 E ek k t+k
6 t /8 + t ﬁ MOIT
(F.5.12)
We denote MM _ yron oo f real inal cost: al te that i
note W = ik as e gap oI rea marglna COS ) also we note atl 11n

equilibrium Ht e = Hff = I[I*/ = 1+ 7®f. Taking into account those facts the equation

(F.5.12) can be rewritten as:

T1=f

1 Pt k gk t—Hc k gk 1L
R

oF Bt + Z B0 B MO, (F.5.13)

P*a:f f fo 1 fo _ Hmf
-1 1 — . E ek k H—k - t _
( ) (1—0.5) < Z 20 [1=f 1-6,8 II=f

OFBrer L+ Etegﬁ’fMogk) (F.5.14)
k=0

P _ - S L
(Ptxf—l)——T (1= 0.5) ZEMT

0 prer + Z Ete’;ﬁ’“MCtﬁk) (F.5.15)
k=0

The right-hand side of the equation (F.5.15)) can be written as:

P ;7 — 1ef I/ — 1ef 1
—1) =~ =B (0 — 0
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oo fok . fo 1 00 . oo _
+> B0k - > Ebs e+ Ete’;ﬁ’“MCf%)
k=0 k=1

1=/
k=1
(F.5.16)
—
P I — Hzf C(1-06.8) 4 YT
(sz—1)——em5 et (L= 0:B)MCF +
k ka—{k‘_fo 1 - k ok Zz = k ok A7 var
+(1 —6,8) ZEthﬁ T > BB, — Y EGLBTMCE,
k=1 € k=1 k=1
(F.5.17)

af
Let’s add and subtract 65 M, 11 in the equation (F.5.17)) and start summation from

o7
period k=0, we get:
pt*xf Hﬂﬁf Hzf (1 _ 5) tfcf1 — I12f fo — I12f
_ = _Qm Y 1— . Momr 03; + _Qx t+1
(G 1) =00 P (1 0,8)MCF +0,8m T g gt

f Ha:f
+1-0,)(0 xﬂZEe%’f% 0,0

045 s + 0.0y EOSSMC )
k=0

(F.5.18)

*zf
We can note that the terms in blue color in the equation (F.5.18]) is QxﬁEt< L — 1)

Ptxﬁl—fl
Hence,
P*xf Ny fo (1—-0,0) ~ 1-9¢ W p Hf_{l_nxf
P g, — o (L= B)MOT + 0,
P*acf
+9x5Et< t:]} —1) (F.5.19)
P

Now, recall that the aggregate gross inﬂation in the export sector is given by the

equation (F.1.15) T/ = 1%/, 4+ 1= ewnxf<

el 1) that can be written as:

A 4 VL il
<1fo - 1) - 1—91<Hrf - (F.5.20)

If we shift the equation (F.5.20)) one period forward and put in the equation (F.5.19))
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we get:

0, (Hff Hff1>:_ BH” wa_( - zﬁ) Hfj_‘l—nfor

_ 1-6, Mcw’" 0,8E
1—0, \ 1=/ TI=f £r — +( 8) +0:5E, 1=/

0, (I, !
+0$ﬂEt1_0 ( t+1_ t )

T T (F.5.21)

After multiplying both sides of the equation (F.5.21)) by II*/ and taking into account

that the capital letter Il expresses gross inflation, we can write:

139 (1+ —1— 7 )_QﬁEt(1+7rt+1 1— ﬂff)

1— T -~ PP 036 T
— %€f+(1—915)(1+ﬂxf)MCf +6xﬁl "y <1+7rt+1 —1—m f>
(F.5.22)
By collecting the same terms we get:
1-6, Lo, e
—— 0,0 — 6> 62
+ (1= 0,8)(1L+ 7" HMCF" + b 1_159+ ﬁEt Tl (F.5.23)
—
1-0, * 1-6, """ e —1 i
(1= 0,8)(1 + 7 )MCT + : jﬁe B, (F.5.24)
Finally,
of _ B (1= 0uP)(1 = 0:)(1 + 7)==
ur _1+ﬁﬂ-t 1+1+5Et t+1 0,01+ f) MCy

0, (1 +6><ex 1)

The real marginal cost in the export sector is given by the equation (F.3.4]). After

the log-linear transformation of the equation, the real marginal cost gap in the export
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sector is given by:

MCP = In(MC®) — In(MC®') = In(MC?) — In(e5YP) — n(PH) — In(MC™")
(F.5.26)
Where, MCY is nominal marginal cost, and etG U i exchange rate of local currency
against USD. While Ptxf is the price of export goods in USD (something that is sticky

in this sector).

Appendix G Law of Motions of Price Dispersion

As an example, we derive the law of motion of price dispersion in the export sector,
since derivations are similar to other sectors and the same transformation could be
applied to wage dispersion. As mentioned above (see, 2.10.15|) the price dispersion in

the export sector is given by:

e /1 TGN /91 P\ /1 PN
t 0 _Ptmf 0 Ptxf 0, thf

- . R—l(i)zfpt{flnfg o Pt(i)*zf - _
0 PP Pr

P*wf _Ef e o
=(1-6,) (t—) + 0,11 I a (G.0.1)

prf

At the first stage of the derivations, we apply assumption that the optimaizers are

random sample from the continuum of firms.

Appendix H Derivation of Modified UIP

As shown in (2.5.1)), the problem of the forex dealers is:

> Gel/D
manEO Z B{{)‘Hletcifi/DR{Rfexp <—§dl <b{ - bfss> —¢lr (622/]3 - 1)) - )\tetGel/D}
B t=0 €11
(H.1)
FOC of which yields:
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Gel/D
Eohsrery "Rl Ry exp <_§dl (b{ - bfss) - ( tGE/D - 1)) = NP (H.2)

€1

Gel/D

By dividing both sides of the equation on etG and \; additionally noting that < Gel oG =

(147" and ’\f\—Jtrl = R%, we write:
_Gei/D 6Gel/D
R, = Ey(1 475, )R] Rjexp (—f‘”(bf —b) ¢ (—g*;}/p - 1)) (H.3)
€1

Now let’s log linearize the equilibrium condition of the forex dealer’s maximization

problem:

Gel/D Gel/D Gel/D
<1+ e >R{Rfemp<—£dl(btf—bf)—§fp<(1+Wf+1e/ )(H—Wf <t/ >—1))
In
exp

Ry

~
~

Gel/D

el/ el/
~1+ Zt — 1+ Zt + EO%JA - fdl(b{ - bf) - £fp <E0 tfll 7 + ’VtG l D) <H4)

where, i} is the net risk premium. The previous expression equals to 1 in SS, then the

up to first order the UIP condition could be written as:
¢Gel/D £Gel/D ¢Gel/D
iy =i +14f + Eoyf Y —EP (EO Y1 % ) &M bf —vY) (H.5)

The linear version of modified UIP condition involves one more term relative to
standard UIP condition (with debt elastic risk premium). The deviation implies that

the excess return could be earned going long a higher yielding currency.

Appendix I Full model economy

I.1 Non-linear Equilibrium Conditions

Household sector. FEuler equation

Eq(C — hC“C) t+1

Ry =
L Eifipea (G — hCEE))

(L1.1)
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Final consumption goods inflation

Pc
Hc: t
! Ptc 1

Budget constraint of constrained HHs.

(1 +7)PCf = (1 = 7)Wily + TF

Aggregate consumption

Cy = (1= \)CH + \C¢

Optimal wage

_ 1
(W:) =)= ) Gy
Wt 77%(]_ +TC> Cgt

_ e
Cye — hCsy

Che T
t+1

. v =} (14¢)
Cor = X0 Ly ™ + BOLE; (H“f ) Cart1
t+1

Aggregate wage dynamic

Wage inflation

=
Wi
The real wage
Wi
W =—
t Ptc
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T 1*77}5
W/ L, + B0, E; ( : ) Clit1

(1.1.2)

(1.1.3)

(1.1.4)

(L.1.5)

(1.1.6)

(LL.7)

(1.1.8)

(1.1.9)

(1.1.10)



Preference, labor supply and elasticity of substitution shocks

Yy = (1 — py)¥ + pypthi—1 + 5%

0, = (14 pg)0 + pebi—1 + Ef
1 1 !
mo=(1—p")n' +p"nl +e]

Entrepreneurs. FEquilibrium conditions

Rf = ’YI(Ut)Pti

() -5 (5)75)
=x(1-8 Sy
t< (Itl Ly ) Iy

B (CF — hCEe) /(It+1) [t+1:|
+ F [ A .S
' I, (CYey — hCye) i L, ) I?

B1 (CFe — hCEe)) .
N = E Z
t t |:¢th+1( t+1 hCuc) (Rt+1ut+1 ’}/(ut+1)pt+1)
B (CFe — hCEe)) }
( ) t thtJrl( t+1 hcvz/,c) t+1

Kiy1=1-8K,+ (1 - S <%)) I,

Functional forms of capital utilization and investment adjustment costs

v (uy) = 0.50,00u2 + oy, (1 — 0,) ug + 0y (% a 1>

i.e. its first-order derivative is given by:

7/ (ut) = 040pUy + Op (1 - Ua)

S(z) = %{exp [\/@ (x — gl)] + exp [—\/E(a: — gl)} — 2}
= 0, z=g4"
S'(z) = % S {exp [\/5 (z — gl)] + exp [—@(x — gj)]}
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(I.1.11)

(1.1.12)

(L.1.13)

(1.1.14)

(I.1.15)

(1.1.16)

(L1.17)

(1.1.18)

(1.1.19)

(1.1.20)



= e Ve ren [V -]}
= & oesd (1122)
where,
I,
-7 [.1.23
YT (1.1.23)

and ¢! is ss value of z, i.e. gross growth rate of investment goods.

Domestic intermediate goods producers. Optimal price of domestic intermedi-

ate goods

Ptd*_ 77? D1y

PY i — 1D (I.1.24)
Dy, = 2 PYIMC + 0,8E HEN T (1.1.25)
_nd
D2t = wt ]Dtd}/;d + ed/BEt gl 1 " D2t+]_ (1126)
(Cie = hCey) Py I,
Aggregate price index
d d 1 —0q d Pt*d
I = I+ = =0 (e — 1 (1.1.27)
t
Domestic inflation
d Ptd ( )
¢ = 1.1.28
S i
Marginal cost function
1 1

Mc’d — Wal RkOCQ meG l—a1—a2 1129
t Oé(flocg‘Q(l -y — aZ)lfarag Y20 t T (@t t ) ( )

. MC¢
MCE = Pdt (1.1.30)
t
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Demand on labor input

() ()
Lt:

@2 (1 — ap — )t Wi

Yz

Demand on capital input

Kt _ 1 ( an—ag ) (Wtal (afPtmG) l—ar—as

—a1— 1—
Yzt \ a1 (1 — g — )l 7012 RET2

Demand on imported intermediate input

(SR (( W R ) v+ )

ez 11 @2 afPtmG)a1+ﬂ

Ezrogenous TEP process

n= 0=+ e e
Labor augmented productivity process

z %
S

V= (1= pye )V + pyevioy +&f

Relative Inefficiency Technology of Imported Inputs

L+ =

T
a® __

v o= (1-— pvar)v“w + pvaxvfjl +e/

Elasticity of substitution

d d d
nd = (1= p" )+ "ty + €]

139
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(1.1.31)

(Y: + FY)

(1.1.32)

(1.1.33)

(1.1.34)

(1.1.35)

(1.1.36)

(1.1.37)

(1.1.38)

(1.1.39)



Final consumption goods production Demand on domestic and imported inputs

i the final consumption goods production

Pd —Nec
Cl=(1-w,) <?t> C (1.1.40)
t
% Prai\ "
—w, I.1.41
ai ”( ) -

Price index of final consumption goods
1
Pe=[(1=w) P 4w (PCap) T (1.1.42)

Final investment goods production Demand on domestic and imported invest-

ment goods

Pd -
It = (1—w) <—t) I (1.1.43)
Pt
I PGaf\ "
N (= I 1.1.44
ag ¢ ( I t ( )

Price index of final investment goods

Pl = [(1 =) B 4wy (PCay) T (1.1.45)
Import sector Optimal price index of imported goods
P et Au (1.1.46)
Ptmf €?L -1 A2t
where
mf m” H?‘Lf o f
Ay =P MMCT + 0, E, i Qi1 41641 (1.1.47)
L
and
Hmf 1—¢f
AQt = Ptmet + QmEt ( fnf ) szfc,tJrlAQH‘l (1148>
1§ ¥
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Foreign discount factor

1
Qlis1 = —
R,
Aggregate price index
1—6 P
Y =1, s (=
t t—1 + em Ptmf
Dollar price inflation of imported goods
mf Ptmf
;Y = — 7
P
Real marginal cost of imported goods
e Pf
MCt = Pt”iG REERt
Real effective exchange rate
eGel/RPR
REER, = -t "t
t Ptc

Nominal effective exchange rate

Gel/R __ _Gel/D _D/R
ete/ :ete/ et/

Aggregate price index of imported goods in currency units

Elasticity of substitution in import sector

et =1—p")Em+p" el el

Exported goods sector Optimal price index of exported goods

Pl el —1By
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_1>

(1.1.49)

(1.1.50)

(L1.51)

(1.1.52)

(1.1.53)

(L.1.54)

(1.1.55)

(I.1.56)

(1.1.57)



where

Q/}t G T Hff B
Bl - ue wc ch X MCx + QlﬂE = Bl 1
LG —nCpe )Pt T g "
and
1—ef
v ¢ i’
Bl = uc uc ch Xi+ Q‘TBE T B2 1
' (Cpe — hCpey ) Pe " ' ' Htfl "

Marginal cost in exported goods sector

1
1—ng

d
L
ay

1-7z
MCY = a] m1 {wx ( ) +(1— wx)(EmG)l_"”’}

Real marginal cost
MCY

MC = g

Price index of exported goods in domestic currency

Pth — Ptxfefd/D

Ezport-specific technology

,
ay

L9 =
t—1

T

Y= (1= prar)y + paryy + )

Aggregate price index in exported goods sector

1—60 prel
/=1, e (S 1)

Exported goods inflation
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(1.1.58)

(1.1.59)

(1.1.60)

(L1.61)

(L1.62)

(1.1.63)

(1.1.64)

(1.1.65)

(1.1.66)



Foreign demand on exported goods

Ptazf —€z
t

Demand on domestic and imported inputs in exported goods production

Pd T\ —ny
Xla? = (1 - %)a;?(]\}—gﬁ) "X, (L.1.68)
t
PmG’ — N
Xm = %a;?( - m) X, (I.1.69)
t

Foreigners’ preference on exported goods
ar = (1 — pa)a+ paci—1 + &f (I.1.70)
Elasticity of substitution
=1+ p )"+ p7er |+ (1.1.71)

UIP condition: USD vs GEL

Gel/D
e ss (&
Ry = BRI R{(1+ ¢, exp (—f‘”(bf — o) — ¢ ( s — 1)) (1.1.72)

€1
USD vs ROW
= 1)(+1 g W) _ (14114 BRI ) (107)
t
Exogenous risk premium
RY = (1= pprem) R’ + pprem Ry + 1 (1.1.74)

Fiscal sector Primary balance rule

gbt = ppgbi_1 + ¢ (dy — d) + uf (I1.1.75)
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1

:W(Tt_Gt_TRt)

gb
Law of motion of public debt (budget constraint of the government)

1

di—1 — gby

Tax revenue

Ty = 7°PfCy + 7“WiLy + 7™ 7r}

Public goods production
Ptgytg =Gy

Demand on inputs in public goods production

d Ptd o G
Gi=-w) ()
t

x g
ay P

Gm PmG z\ Mg
t :wg( t at) Y;G

Aggregate price index of public goods

1

Py = (1= ) P o (PP a) )

Government spending shock

uj = pyui_; + ‘#g
Monetary policy Monetary policy rule

th = 512'1571 + (1 - (51) [’liv + (52Et (7T4.t+4 - Wficl)} + Gi

1
1+

Rt:

The intermediate target of monetary policy

Tat = 4(1_[? — 1)
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(L.1.76)

(1.1.77)

(L.1.78)

(1.1.79)

(1.1.80)

(L.1.81)

(L.1.82)

(1.1.83)

(1.1.84)

(1.1.85)

(1.1.86)



Real neutral interest rate

L+ =p" (1+r) +(1—

Nominal neutral interest rate

1 + Znut

The expected inflation

p)1+%

Ey(1 + 7Y (1 + r)

(1 + Tfnut)Rp + 5:nut

R =g (1= p )W + (L= W) (P

_'_(1 _pesz) tar)) +€t

erp

Trend component of sovereign risk premium

nut

Rtp ppnut Rp

Total sovereign risk premium

L+

nut 5

ut

Rl = R™'RY
Inflation target
ﬂ_iaﬂ" — ﬂ_;ﬁarl + iar

Monetary policy shock

i i
€ = Pi€_1 T &

Balance of payment Balance of payment identity

Bl = CA, + R Rexp <—§dl(b{ —b

Definition of current account balance

CAy =

")

PX, —
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Gel/D
R Ctt1
eGel/D

t—1

P™ M,

pnut
t

)

(1.1.87)

(1.1.88)

(1.1.89)

(1.1.90)

(L.1.91)

(1.1.92)

(1.1.93)

(1.1.94)

(1.1.95)



Foreign block Definition of foreign inflation in trade partners currency units

P,

!
Foreign inflation dynamic
I = (1 — pye) 7 + ppallf + e

Definition of foreign inflation in USD

Foreign inflation (in USD)

eD/R f
I = prs I + (1= prs) (145 T + &'

Foreign interest rate (USD)
1

Rl = ——_
Co14df

il = (1= pu)i’ + pusil_, +ef
Foreign interest rate (ROW)
i7" = pirwtyy + (1= pira)i™ + &
Foreign real neutral rate

Tg”nut _ pfnutrgiliuf + (1 . pfnut)rfnut + é‘){nm&

foreign real rate
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(1.1.96)

(1.1.97)

(1.1.98)

(1.1.99)

(1.1.100)

(1.1.101)

(1.1.102)

(1.1.103)

(1.1.104)



The foreign real interest rate gap
rl =™ 0] (1.1.105)

Definition of foreign economic growth

* Y*
(1+7"7) =+ (1.1.106)
Vi
Foreign economy growth rate
* * * Y*
W= =y Y ppey ] (1.1.107)

Rate of change of Dollar effective exchange rate

on 1+%GeZ/R

¢Gel/D

— (I.1.108)
1+
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Market clearing and aggregated equilibrium conditions Domestic intermedi-

ate goods market clears

Y, = déy? (1.1.109)

Law of motion of domestic price dispersion

d BN d 8 dn? d

t
Labor market clears

L =dL, (I.1.111)
Law of motion of wage dispersion

W* —m
dy =(1—-10,) (I/Vt ) + 0,11, 7" Y (I1.1.112)
t

Wage of effective labor

Wiz = Wt (11113)
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Capital market clears

Kt = Uth
Profit in domestic intermediate goods production
mr = PY! — RYK, — wy(z L) — P/CY]"
Profit in export goods sector

mrt = e prl x, — pixd _ pméxm

(1.1.114)

(1.1.115)

(1.1.116)

Aggregate profit functions of entrepreneurs, forex dealers, final consumption, invest-

ment and government goods producers:

ry = Rfftut - V(Ut)FtPti - Ptijt

Gel/D
€11

(1.1.117)

Gel/D
€ € €l
wr]" = e7'" Bl |R] R exp <—§dl(b{ —bf) —¢fr (—t“ - 1>> — e P B

mr§ = PECy— PiCH = Procy

mry = BT, — P} — PCL"

) = PG, — PG? — PmOGT

Total profit
T

Ty =g+ wrd + g 4 arl® + e+ wrl 4 wrd
Aggregate nominal demand on domestic intermediate goods

P! = PACY 4 PUT + PAGY 4 PYX{ 4 () K P
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(1.1.118)

(1.1.119)

(1.1.120)

(L.1.121)

(1.1.122)

(1.1.123)



Aggregate demand on imported goods
M, =Y +C" + I + G + X"
Definition of nominal gross domestic product
GDP, = P{Cy+ P!G, + P/I, + (P/° X, — P/"° M,)
GDP deflater.

PtY _ PtcsCPtgsg PZ‘SI (Q?el/DPtz) x (etGel/DPtmf>

Real GDP:
B GDP,

GDF] = ~5y

Definition of nominal absorption

ABS; = PfC; + PG, + P!,

I.2 Stationary Equilibrium Conditions

(1.1.124)

(1.1.125)

(1.1.126)

(1.1.127)

(1.1.128)

To make the equilibrium conditions stationary, we apply the results of solving trends

of model variables. The objective is to substitute model variables with their stationary

components. As given in the trend cycle decomposition of the model variable, we

denote the cyclical (stationary) component of any V; variable as \7,5 while the trend

of the variable is defined as V,, i.e. V, = ‘th The trend components of each model

variable are derived in the appendix on solving trends of model Variables;ﬂ After

extracting those trend components we get equilibrium conditions into the stationary

form.

31The online appendix on trend process is available upon your request
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Households. Let’s recall that the trend component of Cp¢ coincides z; then the
stationary form of the Euler equation is derived by applying the following steps:
Bt (2n Gl = haCi) gy B (L4 970)CE — hCF ) I,

Byt (Zt — hz 1 Gy 1> Byt <Ctuc - 17[17 Cie >

Aggregate consumption

Ztét = (1 — )\)Ztatzz + )\Ztc/\ytz

implies

Cy = (1= A\ O + \C? (1.2.2)

All variables in the optimal wage equation are already stationary:

(W*) 1+77t<) _ (ni _ 1)(1 _ Tw) % (I 5 3)
W, m(l+7e)  Cy o

The recursive form of C; and Cy; can be transformed as:

H’LU
Olt - Q/}t HwntZtWt Lt + 6‘9 Et Olt—l—l
th“C - hzt 1Ct Cl Ht+1
then
ITY
Clt — ¢th HwntWrLt + B@ Et Clt—i—l (124)
G = 5205 1%
Also,
w ! 1+C
Cor = x0: (Ht ”tLt) + B0 ECor i (I.2.5)

All variables included in the equation have already been stationary and it does not
need any transformation.

Budget constraint of constrained HHs.
(1+79C =1 —7"YW/] L +T¢"

(1+79)2Cs = (1 — )2 Wi Ly + T
(1+79)Cf = (1= 7")Wy Ly + T¢" (1.2.6)
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The stationary component of the real wage could be written recursively as:

Wt Wt Pf,lzt,l Wt—l H;U Y

— T

- = Wi
PtCZt PtCZt Wi Ptc_lzt—l Hg(l_’_%@z) o

W_tir:

Aggregate wage dynamic

w w 1 =0y 0 (WS
e =t =l (Wi”)

Preference and labor supply shocks

U = (1 — py)tb + pybe1 +&f

0r = (1+ pp)0 + pols_1 + €

Elasticity of substitution of labor inputs

l l l
m=(1—p" )+ pTul+ef

(1.2.7)

(1.2.8)

(1.2.9)

(1.2.10)

(1.2.11)

Entrepreneurs The equation of real rental rate have already been stationary where

P} is the relative price of investment goods:
ri = (ue)p;

where,

v (uy) = caopuy + oy (1 — 04)

=u(1-s() -5 (7)ot
=N 1-5(— )-S5 (—)14+7%)=— |+
Dy t ( (It—l I, ( %>It71

B (20 — ha G < g (e
= = e (o
Ui(z1 Oy — hzCFF)

+ E,
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2]t+1

2
i )(1 +7§+1) ~9 ]
: I

t

(1.2.12)

(1.2.13)



. ~ ~ ]t ) < [t ) Zf
=15 —)-9 1+ +
pt t <It_1 It 1 ( ’Yt)[til

| 5wt+1(@2 — = Cpe ) I o 1 It
vE e RALIC TP I EST
| (1 +77) Gy — hCP) : I,

~ me(@z - 1+ t— 1) ;
A =By o (Tt+1ut+1 - W(Ut+1)lﬁ+1) +
(1 + 75+1)Ot1f1 - hO,}w)

Bt (CF° — L= Cp))
T i . (1.2.15)
Ye((1+ 77,01, — hCEe)

+(1—0)E,

Where,

7 (ur) = 0.50,00u; + 0y (1 — 04) us + 00 (% — 1) (1.2.16)

The capital accumulation equation could be written in the following stationary form:

—_—~—

o g ~ I ~
zir1 K = (1= 6)z K + <1 -8 <I—t>> 21y

t—1

- g ~ I ~
t_

Domestic intermediate input producers. Optimal price of domestic intermediate

mput
Pd* d D
Lo T (1.2.18)
The recursive form of Dy; and Do, can be written as:
wt Pd Hd 7721
Dy = thdMC' + 048 E, <idl> Dy
(Ztctuc th 10{361) P Ht
We can write the relative price of domestic intermediate inputs recursively:
Pd Pd Pc Pd Hd
pl=-L =1 il ol Nkt e (I.2.19)

PtC a ‘Ptd—l Ptc Ptc—l Hc
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then

—~ d Mt
Dy, = ‘D’f PIYAMCT + 643 ( ﬁ;l) EyDyyy (1.2.20)
(€ - w0 t
Also,
¢t Sd ! e
Dy, = p?Y;d + 048E; ( lf[—gl) Doy (I.2.21)
(G - 5:Cim) /
Aggregate price index
1-6 Py
d _ 11d A
Iy =11y | + o (Pd — 1) (1.2.22)
Real marginal cost in domestic intermediate input production
MC 1 (P N\ (P I A
o ) () (me)
Pt ’YtZtal P, f)t P P
1
X Oéalaa2(1 _ aal _ O{Oéz)l—a(fl—agQ
1 @ 1 2
The relative price of import can be written as:
pmG — PtmGa _ PmG ay Ptc—l Pml at 1 _ H;nG<1 +’71{,1I> mG (I ) 23)
' Py Pf PrSay, Py 1T} -
then
—~— 1 1 1 \ @ 1 a2 mG\ l—a1—as2
- e CRINCON
aftag? (1 — aft — ag?)lma =™ ) @ \ py P Dt
finally,
- 1 1 — \ 1 « l—ap—as 1
MCdT - ( a a ) - (WT) Tk ? mG ! ? -
=\ ara ey — ey ) 5 )
(1.2.24)
Demand on labor input
RfaQ angnG l—a1—az
1 1-a pc ( pc >
L = - R (Vi + F)
’Ytztal O(2a2(1 —aq — a2)1—a1—a2 Wi
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1 - ’l“kaQ maG l—a1—as B .
L= ( il ) ) a0 (Vi F)
t
0420‘2(

Yezp 1—ag —ag)l-—a

()

Finally, after substituting marginal cost into the previous equation we get:

VT e~
Lt = Oéthpt (1/; + Ftd>
Wy

Also, the Demand on capital input

k.l—ocz
t

1\ 41 mG\ 1—a1—a
— 1 ( Qg T2 > (ZtWtT> (pt G) s
—a1—o

. MC'rd d , _ —
Ky = o= (Y, + )

Ty

And, Demand on imported intermediate input

—~ ai 02
o T 1 _ _ a1+tasg (ZtLLt > T’t - —
a2 Y™ = : <( e ) 2 (YQ + Ftd>

a1ta
Yoz o1 Q2 (pe)™ T

Finally,

= MCypf
Y;m:(l—al—Oég)#pt<

ﬁ+f~‘v’ﬂ)
t

Ezogenous TFP process

Y=0=p)v+p" 1+ ¢/

Labor augmented productivity process (growth rate)
== p)V oy e
Elasticity of substitution

d d d
nd = (1= p" )+ p"nity + €]

154

(1.2.25)

Zt(ﬁ"i‘;t:i)

(1.2.26)

(1.2.27)

(1.2.28)

(1.2.29)

(1.2.30)



Final goods producers. The demand on domestic intermediate input in final con-

sumption goods production

208 = (1 — wc)pf_nczt@

Ci = (1 —w)p! " (1.2.31)

Demand on tmported input

aiy z C" PmGar\"" o
s = Wc pe 2 Cy
ai t

—~

Cr = w, (p¢) ™ C, (1.2.32)

Price index of final consumption goods

1

1—7ec m T m x 1-nc] T=ne
o (1—w)<Ptd Ptd_l) ’7 + w < Pa; Pt—1Gat_1> o
Pgy Ptd—l Py Ptnj?affl Pgy

1
c 1-nc m a® m 1— c | 1—mec
Ht = |:<1 - wC) (H?plti—l) ! + We (Ht G(l + 7t )pt—(‘l;) ! :| ! (1233)
Inefficiency technology in imported input usage

T

7= (L= pyee V™ 4 Py e (1.2.34)

Demand on domestic input in final investment goods production

~ Pd Pc -
Zt[éi = (1 — (,LJZ) (F}?;) ZtIt

~ p\ T
It = (1 —w) (—t> I (1.2.35)

t

Demand on imported input

(2

x, Tm mG x pc\ ~
afz (Pt a i) ~

- ZtIt
xT C 7
ay Py B
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N pmG N
Im = w; ( = ) I, (1.2.36)
23

Price index of final investment goods

1

] c 1=ni mG T mG ,x c I-ni] 1=m
P; = (1 —w) < B! P, Ptl—l) ! 1w ( P%af Pay Pt—l) e
Ptz—l Ptd—l Ptc—l Ptz—l

mG T c 7
PrYay , Py Pl
1

pd 1= pmG L=ni ] T-n;
(1—w) <H§p§—1) + w; (H;"Ga + ﬁ)pg—l) ] (1.2.37)
t—1

t—1

I =

The relative price of final investment goods

S B S (1.2.38)
Pt Ptflptflptfl Ht -t

;PP PP P I
Dy

Import sector Optimal price

P el =1 Ay /P

Let’s define:

_ Ay
p

aig

v 1\ ™ Awn 2
ziayayy = zay My MO + GmEtQ{iHl Jf i T:f
Ht ‘Pt+1 'Pt

o ; s\ ;
T T m T + m
ziay ayy = zeay MyMCY + 0, By Q4 1 2107 a1

e

We assume that the foreign discount factor equals to the inverse of the foreign risk-free
rate:

1

Q{tﬂ - 7
) f
Rt+1

Then

—_ - T ]. T m Hmf Ezn —_—
ay = MtMCZn + QmEtT(l + ’)/tz+1)(1 + ﬁYta—Q—l)Ht—i-fl (t_r:; A1¢4+1 (1239)
Rt+1 Ht

156



Also,

elr—1
—~ — 1 x m Hmf '
as = My + QmEtT(l + ) (145 d ( j:;) A2¢41 (1.2.40)
Ry IT;
The optimal price with stationary form:
P*mf m —
- (1.2.41)
e~ lay
Real marginal cost
r PC —_—~—
MCO™ = - —_REER
P t
mr 1 —_ —
MC" = —=REER, (1.2.42)
e
Inflation (in USD) of imported goods
= ot 4 L Oy (L o 1 1.2.43
P e (T - 1) (1.2.43)

Taking into account the trend component of the real exchange rate then its stationary

component could be written as:

Gel/R pR c Gel/R bR z
€t P Py e P ai 4 a

a; REER, =
' ' P eff i/ RP,E A a;_y
REER, — L0 1)1(6 W R EER, (1.2.44)
t

Nominal effective exchange rate

Gel/R Gel/D D/R
ete/ etE/ et/

Gel/R ~ _Gel/D DJ/R
66/ ee/e/

t—1 t—1 t—1
eGel/R eGel/D eD/R
T4+ =00+ )1+ ") (1.2.45)

Import price inflation in Lari

ppe GUD pmd

mG ~ Gel/D pm
Ptfl €t_61/ Pt,{
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S = (14~ (1.2.46)
Elasticity of substitution in tmport sector

M =(1—p )™+ p el e (1.2.47)

Export sector optimal price

— [.2.48
Pff ef — 1 By ( )
Recursive forms of By; and Boy;
4 PS af (@) e !\
Blt: G P e pe 5 = a;lfﬁz titMC'f +013/3Et zf Blt+1
(Cpe — Z=hCe)z It (af) T @ 1T}
Let’s denote
2
e~ G
. Pre af o Pr¢ af PPy (aj,)Tw PYS O af .
t T 2 — o2 G —— =
P (ap)ym=m B (ap)mw BS ai Pla(ar )T
Y 144 G
= = G (1.2.49)
0 (1)
Then
2(1—¢f) of ey
Py qlap) T~ r I
By = — ——p; 2 XeMCY + 0.8E; B
(CF - 22hCi)z - a I
We define stationary relative technology as
Tz(l—eg‘) . r2(1—a§) . . , 2(1—<¥) .
i = R A A N e W W o W
ai 2 af 2 agilz(f__:f ) 2 171
(1 n ar)z(ksf)(l n z*)
1—nz o
S Sl g (1.2.50)

(T 4+ + )

Taking into account restrictions on trends (implied by stationarity of current account
, o 2(1=¢") N
() 7= A4y )

(1442%)

balance), i.e. (1 4+ ~#). The a, is stationary auxiliary variable,
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then

Y
(CF — 3G

1++7

By =

el \
PG X, MCY + 0,8E, ( Hﬁ}) Bl (1.2.51)
By applying same steps to By, we get:

By =

(Che — 52 C1y)

147

ef—1
wt G~ v Hf-{l
—— D¢ (ItXt +9x/6Et Hmf B2t+1 (1252)
t

Marginal cost in exported goods sector

]-_z
MCY 2 PY P 2 -2 ! PmGqr  P¢ 2 =
=q; "1 (1—wx> 1=ne qy 1=ne +w, ar —nzat
a

Pth Pc xPxG t Ptc tthxG t
pd 1_771; pmG 17,,71 1—1"739
MO {( wx)( Ja) —|—wx( ;G) } (1.2.53)
by Py
Exported goods inflation in USD
s —md, 4 L e i 1 1.2.54
P =1 e (T ) (1.2.54)
Exported goods inflation in Gel
79 = (1 + 4% yms! (1.2.55)

Demand on exported goods

7"726? * v txf r—2 2 o * 1%
— — 1—n, 1—n.,. *
ay; 7=z 2 Xy = w0 Fatl ne qy 1w 2, Y,
t

We define the relative price of exported goods (in USD) recursively:

xf B zf L, P pr _ zf
tx‘f = F)t_*aglsz = Pt* a: 1*31 %fla;—l 2 t* la/:; 1 iz = H ” ptxfl (1256)
Pt Pt Pt—l Pt 1 H

By taking into account the relative price of exported goods, the demand function could

be written as:

Xy = waan (1) V7 (1.2.57)




Demand on domestic inputs in exported goods sector

1— pd  pc  pzG\ Tk ,2€t
d __ r2 t t t
ziay e Xt (1 —w,)a; (

—_— 1—-ng X F )
PeapeMcE) (Y

2(1—e¥) ~ P¥ _ 1 e @
ziay &t X = (1 —w,)a; (pt xPxG rlf s ay AET MCW) atIQW 2 (Xt—FFZ)
t
20-¢f) = e B T
zal T X =(1—w,) | = a’”lfza’"lfzz*<X —{—F“)
rayg e X = ( ><prMCf ) ¢y Ty t t
— e e
Xd=(1—w,) (2 <X + Fx> 1.2.58
P=-w) (o) (Rt F 1258)

Demand on imported input in exported goods production

—Nx
2(1—e¥) —~— PmG gz pc 5 _, p2G _oe?
T r2 t t ri r t
ziay e XM = wea P ) T al T o (Xt+F“’>
i t Ptc PxG t Mcvtx t t

Nz z
2(1—ey Ty — pmG 1 212 —2e — —
r2 t T
ziay e X' = wyay ( a;=ne ay e s 2 (Xt + F,g”“")

pr¢ MCF
= Y 1 N
X = w, _ (X Fm) 1.2.59
v (prMCf> et (1.2.59)

General technology in export production

T

W= (U= pr Y + Pty + el (1.2.60)
Elasticity of substitution of differentiated exported inputs
=(1+p")e" +p el |+ (1.2.61)
Foreign preference shock
ap = ptoy_g + (1 — p%)a + &f (1.2.62)
Monetary policy The monetary policy rule

i =01i1 + (1= &) [if) + 2By (mea — )] + € (1.2.63)
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Gross interest rate

1
R, =
N
Real neutral interest rate
1+Tnut 1—|—Tnut +(1=p" 1+ fnut Rp
P )+ (L= ) (1 ™)

Nominal neutral interest rate

1+ zt = Ey(1 + 7)1 + )

The expected inflation

=p“ Py 4 (1= p™Ph) (W) + (1 — W) (p

_'_(1 _pesz) tar)) _’_gewp

Trend component of sovereign risk premium

nut

Rtp ppnutRp ) + (1 o ppnut)RPnut 4 gémut

Total sovereign risk premium

nut

R =R} RY
Monetary policy shock
€ = pi€y_ + €,

Inflation target

tar tar tar
Ty =T €&

Fiscal Sector

gbe = ppgbi—1 + ¢ (dy — d) + uf
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(1.2.64)

(1.2.65)

(1.2.66)

(1.2.67)

(1.2.68)

(1.2.69)

(1.2.70)

(1.2.71)

(L.2.72)



All variables included in the budget balance rule are already stationary.
Government spending shock

ul = pyul | +e*’ (1.2.73)
Law of motion of public debt (budget constraint of the government)

1

dy = (1+ it—l)m

dt—l — gbt (1274)

Growth rate of output

Y,
1+4Y = (149)—== (1.2.75)

t—1

Definition of budget balance

P (T, G TR
9= piva\pr " P By
t -+t t t t
1 _ _ __
gbt = d~ <Zt7—;f Zth — ZtTRt)
ZtPe X't
1/~
gby = —— (Tt G- TRt) (1.2.76)
Py,
Tax revenue
T, W, 7T7“tT
Lt — 1 w 'ty mr
-Ptc T —"_ T Ptc —"_ -Ptc

j—g -~ gy T
2T7 = 7°2,Cy + T2 W] Ly + 77" 2mrf

ff =7C, + TwI/IA/;TLt + 7’ (1.2.77)

where 77 and 77" are real total tax and real profit tax revenue.

Market clears on public goods market

Pth;sg = Gt
PYY? G
Pc P

Let’s denote:
PfPf P
Ptc Ptgfl Ptcfl

g
t

p
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—Lpd (1.2.78)

Finally,
V! = —Gy (1.2.79)

Demand on domestic input in public goods production

~ PEPENTY =
G = (1 — w,) ( t 1t ) 2 Y,

—~ pd Mg __
G = (1—w,) (p—;) Y/ (1.2.80)
t

Demand on tmported input in public goods production

afzté\f” PmGar P\
ZttTE Tt Tt Tt Y9
a7 ( Fop)
__ pmG Mg __
G = w, <t—g) Yy (1.2.81)
t

Price index of public goods
1
C 1- m C 1- -
Ptg _ (1—w)<Ptd Ptd_1Pt—1) ng+w(PtmGaf Pt_?Pt_1ax ) LA
Py \PL Py PL \Prfai, PLy Py .

1

e L=ng PG 1=ng\ T=ng
Y = <(1—wg) (Hf;—l) +wg(H?G(1+%‘ )Z—1> > (1.2.82)

t—1 Py

Transfers to output ratio

= (L= gD 4t + €l (1.2.83)
T = (1 — Pl )t + puti) + e (1.2.84)

Transfers to HHs.
TRy = tply, (1.2.85)
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—_——

TRy = ¢ ply, (1.2.86)

Total transfers

—_——

TR, = TRy + TRy (1.2.87)

Balance of payment Firstly, we define foreign bonds to GDP and current account

to GDP ratios that are stationary variables.

etGel/DBg‘

bt
t Ptd }/;

The foreign bonds to GDP is stationary variable taking into account trends of the

variables: )
Gel/D D/R —L 7 iy

b{ _ & / € / Ptjat 1 1~ 2 Bg _ @R/E\E/Rt f{

Py (PY/PY)Y, PeYs

Note that we have used the definitions of real exchange rate and the stationary relative
technology auxiliary variable (defined in the export sector). Similar, to the foreign

bonds to output ratio, the current account to output ratio is also stationary.

2(1—e%) o o

CA,  efUPPIRpRy T O, —~— CA,

ca; = 7y = P —— =a;REER, =
Y, 2P (Pf [ FY)Y piY:

Therefore, the law of motion of foreign debt could be written in terms of stationary

variables:
Gel/D Gel/D Gel/D Gel/D Gel/D

4 / B{ _ & / CAy et—l/ B{—1 Et / PLyYi RIR? _édl(bf _ bf) gl 6t+1/ 1
PY; PY; PiY ef_ei/DPtdY; e ' ef_ei/D

Or,

¢Gel/D

b/ = cart R R exp (—gd’(b{ oy — gl ((1 + ﬁj“’) (1 + nyE”D) - 1)) %b{_l

(1.2.88)
The growth rate of nominal GDP
GDP,  GDP, Ptz 1 Pt GDP,
L4 yfPP = o = ST S (L= (12.89)
GD.Pt_l GDPt_l Pt Zt Pt_lzt_l G’DPt_1
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At the same time, the stationary version of the definition of the current account balance

is given by:
efYPCA,  PrOX, PMOMM,

P, P, P2y,

Taking into account the trends of export and import and the corresponding price levels,

we can write:

_afPre | s 2 1 -2 X, PtmGztaf]\Z
cay = oy e Ay e —— Ve 2y = — =
i @ (P P)zYy  PE(PPE)zY,
Finally, s s
~ X M,
ca, = pra; di — pTGTi (1.2.90)
piY: Yy

UIP To save space, we substitute foreign bonds gross growth rate with Fff in the

UIP condition.

eGel/D eGel/D eGel/D
Ry = Eo(1+ 7y, )R Rfexp (—ﬁdl(bf —bf) —¢” ((1 + 7 ) (1 +y - 1)))
(1.2.91)
The country risk premium
RY = (1 = pprem) B’ + ppremB_1 + 1y (1.2.92)
Foreign block Foreign inflation (in trade partners’ currency)
7 = (1 — ppr) I% + ppall?, + e (1.2.93)
Foreign inflation (in USD)
oD/R f
1 = prs T + (1= prs) (L4457 T + &' (1.2.94)
Foreign interest rate (USD)
1
f— 1.2.95
e (1.2.95)
il = (1= pu)i' + puril_, +el (1.2.96)
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Foreign real neutral rate
plmut — pfnutpnut o pfnutyfout et (1.2.97)
foreign real rate
rl =il — Exl, (1.2.98)
The foreign real interest rate gap
rf =r{™ 4] (1.2.99)
Foreign interest rate (ROW)
i = Pirwih ) A (1 = pig )i + €T (1.2.100)

UIP condition assets in USD vs ROW

eR/D

1+4") 1+ Engy )

et/ D eR/D
i = exp (Pruwuip(L+ ¢ )1+ Enfy ) — 1))  (1.2.101)
t

Definition of foreign economic growth

LYy Fy LY
(L47)) = = ot — (1447 == (1.2.102)
Y Zr Y Y,

We assume that the dynamic of growth rate of productivity abroad follows the AR(1)

process:

*

Vo= (L= pye )V A pye i e (1.2.103)
Also, the Growth rate of foreign GDP is given with the following AR(1) process:

*

* * * Y
Wo=A=pp ) oy el (1.2.104)
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Market clearing Market clears on domestic intermediate input market
Zt}N/t = dethd

Y, = diy¢ (1.2.105)

Law of motion of domestic intermediate input price dispersion

d_ Py d it d
Law of motion of wage dispersion
Wiy ™
d¥ = (1 —0,) ( : ) + 0,11 T (1.2.107)
Wi
Labor market clears
L =d'L, (1.2.108)
Real effective wage
Wy W,
—_— = —
Pet B
wl =Wy (1.2.109)

Market clears on capital market
th{; = UtztE

Kt = Uth (12110)

Real profit in domestic intermediate input production

d d k maG
i Bfoa B P m
Ptc Ptc t Pc t Pc (Zt t) Ptc t
o d_vd k.75 7 mGar
zrrd” = plz Y —rizn Ky — wi(zLy) — YR 2Y"
t
mrd = Yl — i K, — Wi Ly — p oY (1.2.111)
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Profit in differentiated exported goods production

my PSP, PrS
— = Xy — —X, X
PtC Pt t PC Ptc t
Pthaf 2 2 =2 1~ Pd —~ PtmGag3 —
Ztﬂ'?”xr — . arT=nz q" T=nz q T=nz 2* Xt Ctid _ - tXm
t pe t t taE P Iz H
2(1—€¥) Z* 1
mryt = piCap e X — X pr X
t CLt
Tt = piCa X, — pix{ — proxXp (1.2.112)
Entrepreneurs’ profit
mry Rf PtZ_ P
Ptc Pc tUt — V(Ut) Ptc PC t
ztﬁ:ﬁ =Pz Koy — y(u) Pz K, — Pt’ztft
7;;”;6 =y Kyuy — y(u) K, — PZZ& (1.2.113)

Profit of forex dealer To make the forex dealer‘s profit stationary, we normalize the
profit by dividing with a nominal output

fx Gel/DBf Gel/DPd Y; .

T t—1 €1 -1 »f pp
R; R %
P, P, PLYi e

b bf fp 1 eGel/D 1 eGel/D 1 efel/DBif
X €xXp (—5 (b3 ) 3 (( + Vi1 ) ( + % ) - )) T T pdy,
t Lt

By taking into account the definition of the foreign bonds to output and trends of

nominal output and profit, we can rewrite the forex dealer’s profit function as:

Gel/D

"}’x 1+~
rt ==
- IIY(1 +7 N

X exp (—5“7(@ by — elv ((1 + tff“’) (1 +7§G“/D) - 1)) bl b (12.114)

RI R x

Profit in final consumption goods production

PtmG
PtC

Ty P

=C th—
Py o Py !

G
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mG

mr’ = %C, — pfztad — tP thm
t
er _ (O dcd_ Gcm [.2.115
mry t — Dt by (1.2.115)

Also, profit generated in the final investment and public goods production can be

written as:
wri’ = PiL — pId — gy oI (1.2.116)
o) = Gy - piGE - pOay
)" =Gy — p{G¢ — p; ! (1.2.117)
Total profit
nrl B ard wr®  ort WT{x aré  mrt o owrd

Ptc - Ptc + Ptc + Ptc + F)tc + Ptc + Ptc + F)tc

NN —_ —

;T T
amrl” = zard” 4+ 2 7rr "+ z 7T7‘ "+ Zmrf + 2" + et + zemr?
t t t t t t t t t t

NN —_— —

" = ard 4 e e ™ s 4wt o (1.2.118)

Aggregate demand on imported goods

iz My = a2 Y™ + a2 O + apz ]t + a2 G+ a2 X7

M, =Y " +Cp 4+ I" + G+ X (1.2.119)

Stationary component of the nominal GDP.

PeoGDP, = PexCy + PY2Y? + Pizgd + (VP pro X, — GV pmi gy

Pc 2 T

— ~ ~ Pi. PzG af ajiome zf =260~ PmGa z
GDPt:Ot+Gt+ tIt+ c ! : n t ntht C LM,
P ay =na ay Zt Pz

—~——

T—na —2ef ~— —
GD.Pt Ct + Gt + PZ]t + ( azGat—xzt T—na Xt ;nGMt>
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Now, recall the definition of a;, then

P

GDP, = G+ Gy + P, + (pi¢aX, - pp°M,) (1.2.120)

The relative price index of GDP deflator. We define the relative price index of the

GDP deflator as: .
PY ay ’ R
pz/ = Ptc ti (at) "
t \ajl-n

and it could be written recursively:

Sz 2 Sz Sz
Y x c Y T 1= —Sm T
pY Y ay (a%)~*m Py Py [ap_ e < 1 > ay_1 (a"” )—sm
t = e | T2 t " % z z — t—1
P ay e Pf, PZ, a1 a1 ay_, =

Finally;

Sz

2

HY 1+ a™\ T—ng 1 —Sm

pf ==L ( szz ( az) P, (1.2.121)
11 L+ 1+

Inflation of GDP deflator
= () ()" (1) (1) (1) (12.122)
Demand on aggregate domestic intermediate input
Py = piC? + P14 PAGY + PIXT + Piy(u) Ky

Implies that, .
d d_ d d i, B P N7
Vi =Cl+ 17+ Gy + X+ o5 (u) Ky
Y By

i —~

—~ —~ ~ —~ —~ P —
Zt}/;d = Zth -+ Zt[td —+ ZtGil + ZtXéi + p—;zt’y(ut)Kt
t

Finally, '
Y = Cf + I8+ G + X7 + p—fﬂ(ut)K (1.2.123)

by
Real GDP. By taking into account the trend process around which real GDP is sta-
tionary, we could extract the stationary part of it by applying some steps of transfor-

mations; firstly, we recall the stationary component of the nominal GDP, then the real
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GDP could be written as:

- GDPt ZtPCGDPt
GDF = =g = "4

ay ay

T%x Sz —Sm
Let’s multiply both sides of the equation by Z—lt (ail—;) (%) ; note, this is the

T ]72 = o —Sm
inverse of the stochastic trend of real GDP, i.e. symmetrically (%) (%) is
t

the trend of the relative price index of GDP deflator %, then,
1 rﬁ Sz 1\ %" — pc rﬁ Sa 1\ 5m
— = (—) GDF, = GDPpy | (—)
2t ai ai B ai ai
Finally,
GDP; = —- (1.2.124)
by
Domestic absorption
ABS; G, P
=Ci+ — + =1,
Pt t+ Pt + Pt t

—_—

% ABS] = Ztét + Z@" + Ptlztft

P

ABST = Cy + G, + P!, (1.2.125)

The stationary equations are ready enough to implement in dynare. Here, we have

introduced 129 variables, and 125 equations, however, we note that the functional

forms of two more variables S <If—j1> and S’ (It]—j1> are given in the Appendix [B.1| As

for the stationary component of the remaining two variables (fixed costs in domestic
intermediate input and differentiated exported goods production) F’td and ﬁv’f, based on
the definitions of those variables, they are constants and we treat them as parameters
in the model. Finally, we have 130 variables and the same number of equations. The

steady-state values of those variables are solved in the remaining part of the text.

I.3 Steady State of the Stationary Model

As the model equilibrium conditions have already been written in a stationary form,

the next step is to derive the steady state conditions. It works twofold. On the one
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hand, we can solve the steady state of the model analytically around which the model
is simulated, and on the other hand, the equilibrium conditions in the steady-state set
restrictions for calibrating some of the model parameters, which is crucial on calibration
stage.

We express variables in a steady state without a time index and assume that exogenous
shocks are muted and are not in place. Also, we calibrate steady-state values of the
following exogenous stationary processes ¥, 0y, ay, v, as one. Additional assumptions
on steady-state values of some part of variables will be discussed in the next section.
In the first stage, we rewrite stationary equations in steady-state to prepare the ground

for solving the steady-state values of model variables.

Household Fuler equation

P <(1 + yz)é\u? — h@) I¢ (1+ 79I
- By <(1+7Z)Ejz—hc%> - B

(1.3.1)

i.e. the long-run value of the nominal interest rate is shaped with the steady-state
value of inflation (determined with targeted inflation), the exogenous growth rate of
productivity, and subjective discount rate.

Aggregate consumption

C = (1= \)Cu + \C© (1.3.2)
The Aggregate wage dynamic in steady state implies that

w=
T

1 (1.3.3)

The steady state values of auxiliary variables C; and Cy; are derived as:

C) = L4 WL + 6,C, (1.3.4)

N C’uc _ h Cuc

By using the assumption that ¢ = 1, then

B 1 1+~ WrL
1= B0,14+v —h Cue

C (1.3.5)

172



While
1

1— 36,

Then by taking into account the nonlinear wage Philips curve:

Cy = Ox L' (1.3.6)

| _ =) —) T o 137
m(l+7¢)  PxLHe -
It implies: -
Cluc — (77l - 1)(1 - Tw) 1+ 72 WrL—¢ (I 3 8)
m(l+7¢)  1+9*—h 0Ox -
While the consumption of constrained HHs is:
~ (1-7") ~ 1 =
Ce=—Wr"L Te" [.3.9
(DR 139

Also, the recursive definition of real wages implies that in the steady-state change in

nominal wage is determined by the inflation target and growth rate of productivity.
I =T11°(1 4+ ~v*) (1.3.10)
Entrepreneurs The real rental rate of capital
=5/ (u)p' (I.3.11)
Using the assumption on the steady state level of capital utilization i.e. u=1, then
Y (u) = oy (1.3.12)
The equation in steady state implies that:

pl=\e (1.3.13)
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Also,

_ B(Cue — —h_Cue | B(Cue — h_Cuey
A\ = ( 1+ ) (rfu — y(u)p") | + (1 = 0) ( Ty ) A€
(1+7)C% — ) ((1+7)C% — )
(I.3.14)
Note, here we use the fact that y(u) = 0 in SS, then:
~ ﬁ 5 ﬂ ~
A= +(1-9 A€ [.3.15
1+ 'yzr ( ) 1+77 ( )
It follows that:
A b rk (1.3.16)

T 1ty - (1-0)8
The law of motion of capital implies the following relationship between capital and

investment in SS:

T=(+0K (1.3.17)

Domestic intermediate input producers. The equation of aggregate price index
implies that:
— =1 (1.3.18)

Now let’s solve for auxiliary variables, D¢, and Ds.

_ ¥ dydprore
14++#
It follows that N )
1 1 2) pdydMCT
D, = YL+ %) pTV M (1.3.20)
1—9d51—|—’)/z—h (uc
Also, -
1 1 %) plyd
Dy = YL+ PV (1.3.21)
1—0481+~*—h (Cuc
From the non-linear Philips curve:
1= per (1.3.22)

ng — 1
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The recursive definition of the price index of domestic intermediate input implies that:

¢ =11° (1.3.23)
The real marginal cost
o 1 11T /=~ \> o l—a1—a
MC = —— (7)) ) T (1324
112 (1 — ay — ag)l=e1=02 4 pd () () ( )

Here, we used the assumption that the stationary productivity shock v =1 in SS. The

demand on production factors is given by:

M pd

_ MY Py
L= (Y L F ) (1.3.25)
_ Mcrdpd _ ~
K = ay=—" (V+ F?) (1.3.26)
_ rdpd -
m — — — - d
Y= (- - )= <Y v F ) (1.3.27)

From the recursive definition of relative import price:

HC

HmG —
1+~

(1.3.28)

Final goods producers. The demand for domestic and imported inputs used in

final consumption goods production is given by:

Cd = (1—w)p' "C (1.3.29)

—~

Om = wpmC " C (1.3.30)

The CPI inflation is the CES aggregate of domestic intermediate input price inflation

and imported inflation.

1
11 = [(1— ) ()™ 4w (76 (144 )pm€) ] 7 (1.3.31)
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Note, that the CPI inflation is anchored by the central bank and its steady state value
equals targeted inflation; by taking into account that in SS IT¢ = I1¢ = II™% (1 + 4"),
from the CPI inflation equation, we can derive the relative price index of domestic

intermediate input price in terms of the relative imported price index:

_1
= (=) p" " g™ T (13.32)

p’ = ( ! (1 - wcpmGl‘”")> o (1.3.33)

1 —w,

Demand on domestic and imported inputs in final investment goods production

I4=(1—uw,) (p—d) Y (1.3.34)

p

— PG\ T
szwi( ) I (1.3.35)
p’L
1
d\ 1= mG\ 1= | T=m
= |(1-w) (Hd%) + w (HmG(Hfﬁz)ppi) ] (1.3.36)

We further note, that I1¢ = II¢ in SS, then the relative price index of final investment
goods is given by:
1
P = [(1 —w)pt T 4 wipmGlfm] o (1.3.37)

Import Sector The optimal price in the import sector:

P*mf gm d‘/l
- — [.3.38
me em—1 a9 ( )
While the inflation equation of imported goods implies that:
P*mf
BF = 1 (1.3.39)
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The auxiliary variables aj; and ay; in steady state:

~ Tr m 1 :t ~
a=MMC" + Gmﬁ(l +4)(1 + 4™

1 - r
i = — Vo
L= (1 +97)(1 4421

While as is:

~ 7 1 T o~
ay = M + Qmﬁﬂmf(l + )L+ )az

» 1 —~
ay = - M
— % (1 + ) (1 4 ) IImS

(1.3.40)

(1.3.41)

(1.3.42)

(1.3.43)

The real marginal cost in the import sector is related to the real exchange rate in the

following way:

e~ —
r

1
MC™ = ——REER
pm

The recursive form of real exchange rate implies that:

HC
1+ Gel/R — -
! (1 +~«")IIR
Inflation in the import sector in GEL:
HmG _ (1 + 'yeGeZ/D)Hmf

Export sector The optimal price in the export sector:

pl et B
P ez — 1B,

Also, the inflation equation in the export sector implies that:

P*zf
pai

=1

The auxiliary variables in the export sector:

4 — p"GXMC" + 0,8B,

B =——
(C’uc _ LZC'uc)
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(1.3.45)

(1.3.46)

(1.3.47)

(1.3.48)

(1.3.49)



1 (1 +77)

G~ 3 z”
= —p"“aXMC [.3.50
1= 802 (1+~2 — h)Cue (1.3.50)

By

Also,
1 Y(1+7%)

G~y
= p*aX [.3.51
2T 1- 56, (14 4% — h)Cue ( )

The real marginal cost in the export sector:

. P\ pe\ T T
e = o () (25) ] .
P P

The recursive definition of the relative price of exported goods in USD implies that:

Iz = (1 + ,yeD/R)(l + ,ya“)ﬁHR (1.3.53)

While

eGel/D

"¢ = (14~ ks (1.3.54)

The demand equations on aggregate exported goods and on inputs used in exported

goods production are given by:

X = w, (p) Y (1.3.55)

— pd Nz .
Xd—(1—w,)—L (X Fr) 1.3.56
() (o) (R (13.56)

. PG N\
X =, (-2 (X Fw) 1.3.57
o (o) (% (1350
Monetary policy

I, = It (1.3.58)
I = T1te (1.3.59)
i = (14 7P) (14 ™) — 1 (1.3.60)
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R § L | (1.3.61)

i=qN (1.3.62)
1

= [.3.63

141 ( )

Finally, the real neutral interest rate is given by:

nut

1 fnut RP
gt — +1T+ v‘)““’ (1.3.64)

Fiscal sector We assume that the Government keeps debt to output level at the

target level d in SS, therefore, d; = d. Then from the law of motion of government

debt:
o
gb = (L _ 1> d (1.3.65)

Total real tax revenue in steady state:
Tr=7C+ WL + 77 mrT" (1.3.66)

From the definition of primary balance we can derive the steady state level of govern-

ment spending:

L T _&-TR) (1.3.67)

b= ——

The recursive definition of the relative price index of public goods implies, that
19 = I1I¢ (1.3.68)
The supply and demand of public goods:
Y9=_@G (1.3.69)

The demand for domestic and imported inputs in the production of the public good

o pd —TNg __
d — _ -
Gd = (1 —w,) (pg) Y9 (1.3.70)
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mG\ g
m P Vo
Gm = w, ( > ) Yo (1.3.71)

The relative price index of public goods in SS can be derived from the public goods

inflation equation.

_1
= ((1 —w "+ wgpmGl‘"g) e (1.3.72)

Balance of payment The law of motion of the external debt to output

Gel/D

1""76 f

= RIpp—_ "~
ca + (1 +7)

(1.3.73)

The SS value of debt-to-output ratio is calibrated, therefore, we can derive the SS

current account-to-output ratio consistent with the debt-to-output ratio as:

1+ ,YEGEZ/D
—(1-R'RP—L— |/ 1.3.74
o ( o ﬂy)> 1874)

The definition of the current account in steady state:

X M
ca = p"Ca— — p"C— (1.3.75)
Y ptY

Growth rate of nominal GDP
14+~9PF = (145 10° (1.3.76)

UIP At the steady state the UIP condition implies:

R=RR(1+~") (1.3.77)
Foreign sector

I = (147" (1.3.78)
R— (1.3.79)

1+df

RS

R
Ll = = (1.3.80)
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Market clearing condition Law of motion of domestic intermediate input price

dispersion in steady-state:

P*d Nd _
d* = (1-0y) ( i ) + G4 "™ g (1.3.81)
Then,
P*d —MNd
d4 = (ﬁ) (1.3.82)

As it was mentioned above in SS %*; = 1, therefore:
d* =1 (1.3.83)

Then the market clearing condition on the domestic intermediate input market is writ-

ten as:

Y =yd (1.3.84)

The law of motion of wage dispersion together with optimal wage equation in steady

state implies that,

dv =1 (1.3.85)

Then Labor market clears

If =1L (1.3.86)

The real effective wage equals to a stationary component of real wage:
w=Wr (1.3.87)

Market clearing condition on capital

K=K (1.3.88)
The profits in steady state in different sectors is given by

mrd = plyd — kK WL — pmCym (1.3.89)
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e = prE)? — pd)?;l — pmGj(\”;

mre = rkf—prf

o 1 +76Gel/D
fo= | RIRF ———— — 1| bply
r ( Hd(1+’yy) ) Py

W":é—pd@—pmaéﬁ

i = pil — pid — pmCm

9 = PIG — pda& — pmG(/?T”

mrT" = grd” + grer 4 pret 4+ qprfe’ 4oprer 4+ prt” 4 rper

Aggregate demand on itmported goods
M=Ym+Cm 4 Im 4 Gm 4 Xm

Stationary component of the nominal GDP.

—_—

GDP =C+ G+ pif+ <p“’"GZi)z — pmGM>

The Real GDP

C?Z\)ﬁ“ _ GDP
py

GDP deflator inflation

I = (1) (1) (109)™ (7€) ™ (1me) =

182

(1.3.90)

(1.3.91)

(1.3.92)

(1.3.93)

(1.3.94)

(1.3.95)

(1.3.96)

(1.3.97)

(1.3.98)

(1.3.99)

(1.3.100)



To derive the steady state relative price index of the GDP deflator, we divide the GDP
deflator by the CPI index:

PY P9 Sg Pz‘ Si Pa:G Sz PmG —Sm
=== (= : . (1.3.101)
Ptc PtC PtC Ptc Ptc

pY = POty paGe mG=sm (1.3.102)

In steady state:

Demand on aggregate domestic intermediate input
Yd=Cd 4[4+ G+ Xd (1.3.103)

The domestic absorption in steady state

e~

ABS™ = C + G +p'T (1.3.104)

I.4 Solving the Steady State Conditions

The equilibrium conditions in steady state are solved recursively, and values of the
variables in SS are derived in terms of parameters and with already known variables.
But also, steady-state values of some variables are determined outside of the model, for
example, the SS value of the following exogenous shock process is set to one: 1,0, v, a,
while the values of monetary policy and government spending shocks €%, u9 are set to
zero. And following growth rates will be calibrated exogenously: 77, v, yP/B AY" ~2"
The monetary authority determines the targeted inflation 7'%", as well as, the foreign
inflation rate II7 is calibrated consistent to the long-run inflation trend in trade part-
ners’ economies. Also, the foreign nominal interest rate i/ is calibrated based on the
data on foreign interest rates. We further assume that values of the following variables:
R/EE/R, a,u, p®/ equal to one while the variables: S, S” are assumed as zero in SS (S” is
calibrated based on literature and IRFs analysis). Moreover, we assume that workers
spend 1/3 of their time on working places i.e. L = 1/3. Finally, government debt to

output and external debt to output ratios d,b’ are calibrated consistent to the debt

sustainability conditions in the country. The transfers to output ratios are calibrated,
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then the SS value of transfers is given as T = sz‘?pdf/. Also, SS values of elasticity
of substitution 7%, n', €™, &% are calibrated using firms’ data. The foreign interest rate
gap (net) is assumed to be rf = 0, while the risk premium gap Re=1.

Given that there are 129 variables in the stationary version of the model, and as said
we exogenously determine SS values of 31 variables, then we are left with 98 variables of
which SS values must be determined endogenously by solving the equilibrium conditions
of the model in SS. The analytical solution of the model in SS is outlined in the rest
of the text.

Firstly, we start with defining variables that are directly linked to the exogenously
determined variables or are derived without interaction with other variables.
Consumer price inflation

I = 1" (14.1)

Ezxpected inflation
TP = I — 1 (1.4.2)

Inflation of domestic intermediate inputs price is determined from trend relations.

¢ =11 (1.4.3)
Inflation of final public goods prices

I =11° (1.4.4)
Imported inflation

HC
me = . (1.4.5)
14 ~@

Growth rate of output

VW=7 (I.4.6)

Rate of appreciation of nominal exchange rate is derived from

HC

1 4 ~Gel/R _
7 (1 4+ ~o")IIk

(14.7)

From the definition of nominal effective rate and exogenous trend rate of appreciation
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of effective exchange rate of USD w.r.t. trade partners currencies, we can derive the

rate of appreciation of GEL/USD:

oGel/D 1+ ’yeGel/R
S e

Inflation of exported goods in USD

fo _ (1 _i_fyeD/R)(l_'_fyar)ﬁHR

Inflation of exported goods in GEL

H‘ZG _ (1 + /yeGEl/D)fo
Foreign inflation in USD
Hf — (1 _’_'YGD/R)HR
Imported inflation in USD
HmG
Hmf = eGel/D
T+~

Export specific productivity growth

z 1—ng
c ()L )\ T
|4 ::(( 7 7))

(1+7%)

(1.4.8)

(1.4.9)

(1.4.10)

(1.4.11)

(1.4.12)

(1.4.13)

The relative optimal prices of domestic intermediate input, differentiated imported and

exported goods, as well as relative optimal wage in SS are given by equations

[.3.18], [[.3.39] and [[.3.48}

W
1%
P*d
Pd
prmf
pmf
praf
pzf

=1

=1
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(1.4.15)

(1.4.16)

(1.4.17)



Foreign gross interest rate, USD

R =144/ (1.4.18)
Foreign gross interest rate, ROW
14+ =144/ (1.4.19)
Foreign real interest rate
14
Foreign real neutral rate
pfnut — pf _pf (I.4.21)

From market clearing condition the price and wage dispersion in SS is given by
and [[.3.87]

d* =1 (1.4.22)
dv =1 (1.4.23)
Labor supply
L=1L (I.4.24)
From trend relations:
14 ~9PP = (1 +45)11° (1.4.25)

The equations [[.3.38, [[.3.41] and [[.3.43] together with implies that

em—1

gm

MC™ =

(1.4.26)

Taking into account our assumption that REER =1 and by using the equation [[.3.44
we get that:

m

1 —_ N —
pme REER =

S 1.4.27
MCm" em —1 ( )

The equation determines relative price of imported goods, given that the equation
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pins down the relative price of domestic intermediate inputs

1 1— 1,1
d mGL e ne
p- = 1-— Wep ) 1.4.28
(1 — We < ) ( )

From the equations [[.3.37] and [[.3.72], the relative prices of final investment and public

goods are given by:
1

p = ((1 —w)p” " WipmGI_m) o (I.4.29)
p? = <(1 — wg)pdl_ng + wgpmGling> e (1.4.30)

The equations [[.3.47], [[.3.50] and [[.3.51] implies:

pxf g% .
= MC*
pzf er — 1
Then using the equation
rooet =1
MC* = (1.4.31)
gﬂ?

From equation the relative price of exported goods is given by:

1
z B b=
P = = [ —w T (1.4.32)

As long as the relative price indexes of all GDP components have already been defined
in SS, then the relative price index of GDP deflator is determined with the equation
L3.102

pY = pep" e (1.4.33)

Inflation of final investment goods

I’ =

e 1-n; PG -] T
(1—w;) (Hd}?) + ws (HmG(1 + )p—1> (1.4.34)

Inflation of GDP deflator [[.3.100]
I = (%)% (IT") ™ (119)% (1°¢)™ (1) ™" (1.4.35)
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By taking into account the equation|[l.3.13, then the equation could be written

as:
1 2—(1-9
rk = ( = >”8)pf (1.4.36)
g
Also,
xe =pl (1.4.37)
From [.3.12]
Y (u) = oy (1.4.38)
While the equation
rt = oup’

Taking into account our assumption that © = 1, then

v (u) =0 (1.4.39)

The above two conditions of real rental rate implies following restriction to calibrate

following the parameters:

o — (1 +° _6(1 —5)6>

From the equation the real marginal cost of domestic intermediate input producer
is:

, —1
Mod =T (1.4.40)
Td

Then from the equation the steady state level of real wage is determined with:

1

177 1 m 11 k\ @2 G\ l—a1—az 1
wr = i ™ 1.4.41
(a1a1&2a2(1 J— Oél i Oé2)170ll*a2 771 _ 1 f}/pd (/r ) (p ) ( )

Using
w=Wr (1.4.42)

188



The equation could be rearranged as:

0411_0‘1 MA/:TOquag (pmG) l—ai—a2 _
L= — Y
042a2(1 — ] — Oég)l_al_a2 wr

l—a1—as

After substituting the term ko2 (pmG) in the above equation with [[.3.24}

we get

We assume that workers in the economy spend 1/3 of their time at their working
places, i.e. L =1/3, then the above equation determines steady-state level of domestic

intermediate inputs, also, from the market clearing condition:

Yi=Y (1.4.43)
- 1 W
Y=——"—1L 1.4.44
(03] MC’drpd ( )

Applying the same transformation to the demand on capital and imported inputs in

domestic intermediate input production, then

~ MO
K = oy Y (1.4.45)

rk

And

Ym=(1-a —a)—=p'¥ (1.4.46)
pm

The fixed cost in SS is calibrated so as to equalize the profit of domestic intermediate

input producers to zero

1—MC™ -
Fl_-- "= [.4.47
Mcrd ( )
From the entrepreneurs’ problem, also, using the market clearing condition:
K=K (1.4.48)
Then from the equation |[.3.17}
= +0)K (1.4.49)
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Now the ground is ready to derive the steady state values of variables related to House-
holds decision, taking into account that consumer price inflation is anchored with the

inflation target, then

1 #)1Ie
o LI (1.4.50)
g
Ezogenous risk premium
Rf = i (I.4.51)

Rf(]_ + /yeGel/D)

The domestic real neutral interest rate is given by:

RIRP
14 ™t = [.4.52
1 + ,}/az ( )
Sovereign risk premium (neutral)
nut RP
R == (1.4.53)
R
With the gross nominal rate in hand:
N =R—1 (1.4.54)
Then
i =iV (1.4.55)
The wage inflation is given by the equation
1" = 1I°(1 4+ ~?) (1.4.56)

Now, let’s derive profits in final goods production in the steady-state. After plugging

the equations [[.3.29] and [[.3.30] into [[.3.93}

aret =C — (1 — wc)pdl_ncé — wpmG e

By using the equation

mrer =C - C

Il
o

(1.4.57)
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Moreover, it implies that:

C= pdévd + pGCm

Also, by using equations [[.3.34], [[.3.35] and [[.3.94] the real profit in final investment

goods sector:

!t =p I —p" (1 —wi) (= I—p"w | — I
p p

Then

arl” — pfj“_ (1 . wi)pm" (pd) 1-mn IN— wipm (pmc)l—m- f
mrl” = p'T - ((1 —w) (p") T T+ wi (pmG)l_’“) P

By using the equation

" =p'T —p'T =0 (1.4.58)

It implies:

pfj“: pdfd + pmGﬁ

Taking into account the equations[[.4.81and[[.4.82] the Profit in public goods production

1S rewritten as:

=G — (1 — wg)])‘11_779]99"9{;é — wgpmGl_ngpgn"?/g

" =G — ((1 — wg)pdl_ng + wgpmcl_ng) pgngﬁ

Using the equations [[.3.69] and [[.3.72] , we conclude that the profit in public goods

production is zero.
AP = pIG — p? Ty G = Gr — Y9 = () (1.4.59)
Also, it implies that

G= pdévd + pmGC/T%
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After substituting the inputs used in export production with their demand functions

[.3.56] and [[.3.57],

7 = pCaR - (1w (MO )™ (X 4 F) o (rOMeT )™ (X 4 FF)
After rearranging terms and using we get
w17 = pOaX = (1= wa)p” ™ = wap ) (OMCT )™ (X 4+ FY)

Finally,
mrr = pCax — (pOMC) (X + F7)

We assumed that the relative technology factor equals to one in SS, i.e. @ = 1, then
mrer = (1= MC*) p*® X — p** MC* F= (1.4.60)

The fixed cost is calibrated by making the assumption that the firm’s profit is zero

after paying the cost, then:

~  1-MC*
Fe=—— — X 1.4.61

Also, it follows that
Mcmcrp:pG (5(: + FNm) _ pd)/(\:d _i_pmGﬁ
The real marginal cost in the export sector is given by:

™ I_l
Mo =€

51‘

Subsequently, positive profit is generated in the export sector in the steady-state.
Let’s substitute the steady state values of inputs used in domestic intermediate input

producer’s profit function, we get:

- pd}%—o@MC’drpd <§7 + ﬁ) —ay MC? p? <}7 + ﬁ) —(1—ay—a)MCY p? <§7 + ﬁ)
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It follows that

ard = (1— MC?) p?Y — MC¥ piFd (1.4.62)
Given that the real marginal cost is less than one in SS, positive profit is generated in
domestic intermediate input production in SS before paying the fixed cost. Here, we
assume that firm’s profit after paying the amortization cost is zero in SS.
Now to derive the steady state value of profit of the entrepreneur, we substitute the

capital with investment in its profit function in SS, and we get:

— rk ~ ~ rk ~
Tre = I—p'I= —p' I
R <7Z+5 p)

Using the steady state relationship between rental rate and the relative price of invest-

~ (l+y-(1-§)8 1 7
7rr—< 5 e 1) p'1

ment:

After rearranging some terms, we get:

—~ (A +)A=P)\ ;7
e = ( B0y +0) )p I (1.4.63)

Given that the discount factor is less than one, the entrepreneur earns positive profit
in SS.

The sustainable ratio of foreign assets to output, meaning the ratio in the steady-state
consistent with the debt sustainability conditions, is calibrated outside of the model,

given that the profit of forex dealer is rewritten as:

o 1+7€GEZ/D
Jo = |RIRP—1—— — 1| b/ply
r ( Hd(1+'yy) ) p

Taking into account trend relations we can substitute 1 + ¥ = I1°(1 + 4*) from euler

equation, then
oGel/D

T+~

7;»;]7:0: (Rpr B3

— 1) bfpd?

Furthermore, if we substitute the steady state value of R using the UIP condition in
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SS.

mrle = (%) b plY (1.4.64)

Aslong as § < 1 the forex dealer earns positive profit in the steady-state. As mentioned
profits in final consumption, investment, and public goods production are zero in SS,
as well as profits of domestic intermediate input producers and differentiated export
goods producers are zero after paying fixed costs. By taking into account those facts
the total profit generated in the economy could be written as:

e (S5 ()

After substituting the investment in the above equation:

d?"

T = <<1 ;(1?53(5 ﬁ)) p' (v + 5)5M5 pY + (—1 ; 5) bpY

Let’s collect the same terms:

o7 = (D) s () )iy )

The government balance (to output) is given by:

gb = (1 - ﬁ) d (1.4.66)

CA balance (to output):

1 + /yeGel/D
— (1= R'R" R~ [.4.
ca ( RRHd(1+7y)> (1.4.67)

In domestic intermediate inputs production market clearing requires that:
pdﬁ = pd)f(\';l -+ pd(fﬁ + pdavd + deNd

Now our objective is to derive the SS value of C' as a function of Y which helps us to

solve values of other variables which are dependent on C. Let’s add and then subtract
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pmGﬁ in the market clearing condition of domestic intermediate inputs
Y = plCd 4 plId 4 plGd 4 piXd 4 pmGXm _ pmGxm

Now recall that prf( = MC* p*C <)~( + ﬁ) = pd)A(ji—FpmG% from the profit function

of exported goods producer, then
pd}'} _ pdc’@ +pdfd + pdévd +pxa)? _ pmaﬁ
Now, let’s substitute prf( from the CA balance:
Pty = pda;l + pd[Nd + pdévd + cap® + pmGM — pmG%
Using the market clearing condition on imported input we can write:
pd? :pdCA‘ZI —|—pd[Nd +pdazl + cabpdi7 +pmG <?”; + Cm + Im + Gm + ﬁ) — pmgﬁ
After rearranging the same terms:
pd? :pdg’d + pmG(fﬁl + pd[Nd + pmGﬁ”‘ + pdévd + pmG@% + pmGW + capdl7

Now, let’s recall the results from the derivations of profits in final consumption, invest-

ment, and public goods production in SS, we can write:
P =C +p'T+G+p Y™ + cap?y
Also, it could be written that:

GDP = ply — pmCym (1.4.68)
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We have already solved all variables except C in real tax revenue %

Tr =1°C + r"WrL + 7™ 71" (1.4.69)
The government spending could be written as:
G=Tr —T" — ghp’¥ (1.4.70)
Then by substituting G from the government’s budget balance, we get:
pdf/ =C —|—pI]N—|— Tr — T — gbpd? +pmG?7; + capdf/
Also, let’s substitute Y™ and real transfers to HHs.
pY =C+p'T+ (Tcé + TYWTL + TM;EF—;) — Y — gbptY + (1—a; — 042)de + cap?yY

We note that I = (7% 4 6) K in SS, in addition, as long as the SS value of K has

already been derived, we can write:

d

Y =C + ay (v + 6) plp—k? + (t°C + WL + 77”"7/?:77) — trpty —
r
—gbp?Y + (1—a;— ag)pdf/ + cap®y
After rearranging same terms we get:
P = - —
(1 —a(VH0) -+t +gb—ca—(1—a; - ag)) pY = (1+79C + m°WrL + 7™ 7T
r

Let’s denote:

I
Ty = (1—a2(72+5)%+ttr—l—gb—ca—(1—a1—a2))

32Note, that ss values of all variables within the expression are not known yet, but we keep it here
to save the space and avoid rewriting it at the end, same is true about the G as well.
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Then C as a function of ¥ could be given as:

~ Ay _witrr 7 _ mr_TT
C=1rm (Fop Y — rYWrL — 7™ ) (14.71)
The SS value of C¢ is:
— (1T ~ _
e = "L+ Te" 1.4.72
(1+7°) (1+7°) ( )

With C and C¢ in hand the C is given by:

Cue = ﬁ (6* - )\56) (1.4.73)

The SS values set restrictions on the values of some parameters:

(10 Q) (L =T,
(' =D =7) (1 +~)Wr

The auziliary variables Cy and Cy are given by [.3.5 and [[.3.6

1 14~% MWL

C, = — 1.4.74

! 1—060,1+~v*—h (Cluc ( )

C, = L 1.4.75

=158, X (1.4.75)

SS values of domestic and imported inputs in final consumption goods
production:

Cd = (1—w)p’ "C (1.4.76)

Cm = wep™@ " C (1.4.77)

Also, [[.3.34 and [.3.35| determine values of inputs in final investment goods production

- pd i
Pt
—~ pmG e
I =uw, ( . ) I (L.4.79)
P
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The market clearing condition on public goods
PY9 =G (1.4.80)

The demand for domestic and imported inputs in public goods production:

. pd Mg __
Gé = (1—w,) (ﬁ) Yo (L4.81)
. pmG —Ng __

Let’s solve SS values for other fiscal-related variables:

Tuer = tuerpdy (1.4.83)
Ter =t ply (1.4.84)

Total transfers
Ttr = Tuer 4 Ter (L4.85)

While the auxiliary variables in domestic intermediate input production D; and D,

are determined with [[3.20] and [.3.21]

1 (1 + %) pd)N/MC”"d

D, = —— 1.4.86
! 1—=6046814+~v*—h  (Cue ( )
And, B
1 1 %) plY
D, = YL+ P Y (1.4.87)
1—0,81+~v*—h Cuce
To derive the SS value of export, we need to rewrite the ca balance
Gy v G Am L TmAmavm pme X
o X — Y T m m m Ym -
P cap®Y +p cm 4 Im 4+ Gm 4 +w (pmGMC”) AU

198



Then

pr MOr® MOT®

pmG —n* 1 . . . _ o o
pﬂ;—u@< ) X::am%f+pmG(Cm4<V%+Gm4AYm>

Let’s introduce the following definition:

o pmG —n* 1
L=1p" —ws
L ( prMCT”) MO

Finally,

~ 1 ~ — -~
X = T (cade e (Cm+lm+Gm+Ym>>
1

After that, we can derive the SS value of foreign demand from

— 1 ~
Yi=—X
Wy

The demand for inputs in exported goods production in SS:

The real GDP from [[.3.99

Gopr = &2F
py

The domestic absorption in steady state |[.3.104
ABS = C +Gr+p'T
The market clearing on imported inputs |1.3.97

M=YmfCmymyGmg xXm
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The auxiliary variables related to Phillips curve in import sector [[.3.41] and [[.3.43]

~ 1

i = M MC™ (1.4.95)
L— 3 (1492 (L +yer)imd

_ 1 —
a9 = - M
1= G (1 +7) (1 4 o)

(1.4.96)

While the auxiliary variables in export sector is given by |[.3.49 and |[.3.50)

B, = 4 " SaXMC* +0,8E,B;

(é\u/c _ _h C’uc)

1+~7

]_ 1 & iy T
CAEY)  eoqg e (1.4.97)

B pr—

also,
1 (1 +7%)

B =
2 1-— ﬁem (1 + 4% — h)Cuc

pCax (1.4.98)

I.5 Model properties

1.5.1 IRFs

Figure 2: Monetary policy shock
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% deviation form S8

% deviation form S8

Figure 3: Shock to inflation target
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Figure 4: Fiscal consolidation shock
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Figure 5: Trnasfers to HHs.
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Figure 6: Preference shock
Consumption Real GDP 0 Investment 25 210°% Capital
0.08 002
004 0005 10
0.0
002 001
[1]
o o 0015
o 5 10 15 20 o 5 10 15 0 L] 5 10 15 20 L] 5 10 15 20
Labor N Real wa, = Export Import
10210 ge 210 p o00s p
002
0
® 0.02
0 001 -z
@ 0
E 4 0
g ° 5
c o 5 10 15 20 1] 5 10 15 20 o 5 10 15 20 o 5 10 15 20
=]
= L1 CA .10%  CPlinflation .10 Domestic inflation .10 MNominal int. rate
& o 4 f 6
h=l
B 2 4
-10 0
0 2
2
20 -1 0
o 5 10 15 20 o 5 10 15 0 L] 5 10 15 20 [ 5 10 15 20
107 MNeutral int. rate =107 REER 1073 GEL/ROW %1073 GEL/USD
20 5 2 2
o
10 o L]
5
) 10 2 ¥4
o 5 10 15 20 1] 5 10 10 15 20 o 5 10 15 20

202



% deviation form S8

% deviation form S8

Figure 7: Real neutral interest rate shock
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Figure 8: Labor supply shock
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Figure 11: Inefficiency technology shock of imported goods
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Figure 12: Comparison of mark up shocks
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Figure 13: Wage mark up shocks
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Figure 14: Foreign inflation rate shock
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Figure 15: Foreign interest rate shock—UIP persistence
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Figure 16: Foreign interest rate shock—Dollar pricing
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Figure 17: Foreign int.
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Figure 18: Foreign GDP growth shocks
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Figure 19: Exchange rate reaction: lagged UIP vs modified UIP
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1.5.2 Filtration™

Figure 20: Trend cycle decomposition of real GDP
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Figure 21: Real Exchange Rate (trend and actual values)

1.6 — ; : :

Actual
Trend

2022

0.9
2004 2006 2008 2010 2012 2014 2016 2018 2020

33The observable equations in the model include measurement errors, implying the actual time
series plotted on Figures 20 and 21 are smoother than their corresponding values in data
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Figure 22: Real neutral, nominal neutral and policy rates

0.12 — . . . . . . . . .

0o1F

0.08

0.06

0.04

0.02r E
ot Mominal neutral rate i
Policy rate
Real neutral rate
_D. Dz 1 1 1 1 1 1 1 1 1 1

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022

211



Figure 23: Headline inflation
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Figure 24: Real GDP growth
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Figure 25: Monetary policy rate
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Figure 26: Real Exchange Rate
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Figure 27: Real neutral interest rate

0.01

0.005

-0.005

-0.01

-0.015

|l_|._-—_-ﬂ-|
Iy
g

2005 2010 2015 2020

[ Real neut. rate shock I L=tbor aug. roductivity shocks
I Eicess int. rate shock I | mported goods ineffeciency shock
B Fick premium (neut.) shock [ ] Init. condition

I Foreign neut. rate shock Observable

216



Distributed by the National Bank of Georgia. Available at www.nbg.gov.ge

National Bank of Georgia

Macroeconomic Research Division

N1, Zviad Gamsakhurdia Embankment, 0114, Tbilisi, Georgia
Phone: +995 32 2406531

www.nbg.gov.ge

Email: Research@nbg.gov.ge


http://www.nbg.gov.ge/
http://www.nbg.gov.ge/
mailto:Research@nbg.gov.ge

	DSGELEGO_documentation.pdf (p.1-3)
	DSGELEGO_FV1.pdf (p.4-219)
	Introduction
	Model Economy
	The model design
	Households
	Entrepreneurs
	Goods Producers
	Domestic Input Producers
	 Final Consumption Goods Sector
	Final Investment Goods Sector
	Final Public Goods Sector
	Import Sector
	Export Sector

	Foreign exchange market
	Fiscal Sector
	Monetary Policy
	Balance of Payments
	Foreign Sector
	Market Clearing and Aggregation

	Properties of the Model
	Initial Calibration
	Impulse Response Functions
	Policy Shocks
	Demand Side Shocks
	Supply Side Shocks
	Foreign Sector Shocks.

	Filtering the Data
	Excess Trend Treatment and Modifications of Some Non-structural Model Equations
	Historical Decomposition


	Conclusions and Future Work
	Household Sector
	Linearization of Euler Equation
	Aggregate Wage
	Wage Setting Problem
	Recursive form of optimal wage
	Linearization of Wage PC


	Entrepreneurs
	Functional Forms
	First Order Conditions and Linearization

	Production of the Domestic Differentiated Inputs
	Price Indexation in Domestic Differentiated Input Sector
	Inflation Dynamics in Domestic Differentiated Input Sector

	Final Goods Sector Derivations
	Consumption Retailers
	Final Investments Goods Production

	Import Sector
	Aggregate Price Index in Import Sector
	Profit Maximization Problem of Imported Input Retailer
	Recursive Form of Optimal Price
	Linear Transformation of Optimal Price Setting Problem in Import Sector

	Exported Goods Sector Derivations
	Aggregate Price Index and Inflation Dynamic in Export Sector
	Marginal Cost Function of Differentiated Exported Goods Producer
	Profit Maximization Problem of Differentiated Exported Goods Producer
	Recursive Form of Optimal Price
	Linear Transformation of Optimal Price Setting Problem

	Law of Motions of Price Dispersion
	Derivation of Modified UIP
	Full model economy
	Non-linear Equilibrium Conditions
	Stationary Equilibrium Conditions
	Steady State of the Stationary Model
	Solving the Steady State Conditions
	Model properties 
	IRFs
	Filtration




