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Abstract

This paper describes the theoretical structure and estimation results for a DSGE model for the
Macedonian economy. Having as benchmark the model of Copaciu et al. (2015), modified to allow for
a fixed exchange rate, we are able to match relatively well the volatility observed in the data. Given the
monetary policy regime in place, the debt deflation channel is more important relative to the financial
accelerator one when compared to the flexible exchange rate case. The lack of balance sheet effects
results in no significant differences in terms of net worth evolution across the two types of
entrepreneurs when impulse response functions are evaluated. However, the shocks related to the
financial sector appear to be especially important for investment, for the domestic interest rate and
interest rate spreads, illustrating the relevance of including financial frictions in the model. With the
exchange rate not acting as a shock absorber, the external shocks are more relevant for the CPI
inflation and the domestic interest rate. The drop in GDP associated with the pandemic mainly reflects
the negative innovations to the consumption preference shock and to the permanent technology
shock.
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Introduction

One of the main insights resulting from the financial crisis of 2008 is that explicit modeling of the
financial sector is crucial for understanding the business cycle properly. The state of the financial
system draws boundaries for the dynamics of economic activity, enabling it to act as a propeller or an
impediment to economic growth. In times of heightened economic uncertainty, such as the recent
global pandemic, the interaction between business and financial cycles comes to the fore and a better
understanding of their interdependence is ever more relevant.

Moreover, many small open economies face a high degree of dollarization3, that allows for a partial
use of another, foreign currency in the economy alongside the domestic currency that is recognized as
the main legal tender, see Castillo et al. (2006). In fact, financial dollarization is present in many small
open economies, such as the Macedonian economy, that is characterized with a relatively high share
of foreign-currency denominated deposits and loans (predominantly in euro) in the banking system.
Figure 1 displays the share of foreign currency loans in total loans provided to the private sector in the
Macedonian economy. The average share of foreign currency loans in total loans over the period
shown on the graph is 48.8%, thereby highlighting the need to account for foreign currency
denominated financial contracts in the economy. Thus, the high dollarization (euroization) rate is a
characteristic of the domestic economy that should be recognized and addressed within the model
structure. Backing the euroization, there is also a positive differential between the domestic currency
lending rate and the foreign currency lending rate in the economy, which has certain implications for
the financial frictions block of the model, as it will be elaborated in the following sections of the paper.
All this highlights the relevance of properly modeling the specifics of the Macedonian financial sector
and its role in the evolution of the real economy.

Figure 1: Share of foreign currency denominated loans in total loans
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The main goal of this paper is to adapt the standard New Keynesian small open economy model with
financial frictions in the spirit of Bernanke et al. (1999) to the specifics of the Macedonian economy.
For that purpose, a simplified version of the model presented in Copaciu et al. (2015), which accounts
for partial credit euroization, is used and modified to accommodate for the fixed exchange rate regime
in place.

The Model presented in this paper is a small, open economy New Keynesian Model, based on the
National Accounts System, that includes the standard features developed and used in the literature,
such as price rigidities, monopolistic competition, consumption habits, investment adjustment costs,
etc.. These features are standard in such models and, as mentioned above, their inclusion and the

3 In most of the cases we will use the generic term of dollarization as it is extensively used in the literature, although for the
Macedonian economy and other CEE and SEE economies the foreign currency denomination for part of the credits and/or
deposits is euro and euroization will be used when necessary.
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estimated parameters, have the role to generate model dynamics similar with the one encountered in
the data (e.g. match the trade openness). Thus, given a model structure, through parameter
estimation and calibration given the data sample available, the model can generate business cycle
fluctuations and data moments close to the ones registered in the analyzed economy (i.e. the
Macedonian one in this case). For example, our model can through a proper calibration of certain
parameters account for country specific degrees of loan euroization or for the monetary regime in
place (i.e. inflation targeting for the Romanian economy versus fixed exchange rate regime for the
Macedonian economy). As for the latter, it has important implications for the dynamics of the economy,
in particular regarding its impact on domestic economic variables, as further elaborated later in the
paper when the results are presented.

As compared with the semi-structural models (i.e. so called gap-models) used for policy analysis and
forecasting by some central banks (in fact, the National Bank currently uses such model, MAKPAM),
the DSGE models have certain advantages coming from their strong microeconomic foundations,
making them immune to the “Lucas critique” and suitable for identifying sources of business cycle
fluctuations, answering questions about structural changes, forecasting and predicting the effect of
policy changes, and performing counterfactual experiments. DSGE models are at the moment also
being extensively used for conveying complex research, relevant for policy makers, in particular for
central banks. However, most central banks strive not only to adhere to one type of model for their
decision-making, but also to apply complementary modeling frameworks, to augment, compare and
contrast effects of policy changes with the use of different model assumptions.

The model is estimated using Bayesian techniques over the 2006Q2 to 2020Q2 period, a sample that
includes the impact on the economy from both the global financial crisis and from the beginning of the
global Covid-19 pandemic. The estimation of the model also calls upon the endogenous prior
procedure as in Christiano et al. (2011) in order to better match the relatively high variability in the
data. Additionally, throughout the process of calibration and estimation of the model, we also used as
references a set of unobserved variables that come out from the main quarterly projection model used
by the National Bank to produce the macroeconomic forecasts.

The main contributions of this paper are threefold. First, the paper presents the structure and the
results for the first estimated DSGE model for the Macedonian economy, thereby filling an important
gap in the area of macroeconomic modeling done in the country. It provides important insights for
policy makers and is an important reference for further research and analysis of the impact of macro-
financial developments on the economy. Second, the paper further augments the modeling toolkit of
the NBRNM by providing an additional macroeconomic model that can be used for more advanced
policy analysis and forecasting exercises and can serve as the basis for further extensions. Unlike the
existing macroeconomic models used at the National Bank, the DSGE Model is based on
microeconomic foundations, in which the relations between banks, firms, households, the central bank
and the government are granularly modeled. Third, the paper is policy-relevant and adds to the
empirical literature by enhancing the understanding of the complex interactions between business and
financial cycles, thereby laying the foundations for potentially evaluating conceptual aspects of
macroprudential policy making.

In terms of parameter estimates, the degree of price stickiness is lower than the empirical values
obtained for advanced economies in the literature, but in line with parameter estimates for developing
economies. Wage stickiness is lower than price stickiness, with the overall wage and price setting
being characterized by a significant partial backward indexation component. Consumption patterns of
households are altered by a significant degree of habit persistence, the sensitivity of their labor supply
to real wages is similar with the estimates obtained in the micro studies and the investment adjustment
costs are small. As for the estimated parameters related to the financial sector, even though the
model-implied spreads for foreign and domestic currency are lower than their data counterparts, the
estimated monitoring costs parameters are able to generate the same trend observed in the data
where the domestic currency spreads are higher than the foreign currency spreads.

As for the impulse response functions, given the monetary policy regime in place, the debt deflation

channel is more important relative to the financial accelerator one when compared to the flexible
exchange rate case. Furthermore, as the cost of funds for both types of entrepreneurs are similar and
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co-move given the lack of balance sheet effects, there are, in general, no significant differences in
terms of net worth evolution across the two types of entrepreneurs. This is the case for example when
a shock is applied to the exogenous component of the risk premium, while in an alternative monetary
policy regime (e.g. inflation targeting), given the balance sheet effects resulting from implied nominal
depreciation of the currency, the effect on the entrepreneurs borrowing in foreign currency will be
larger. The evolution of the net foreign assets position, with impact on the risk premium and
consequently on the domestic interest rate, reflects both valuation effects and the evolution of the
(nominal) net exports in response to different shocks.

By looking at the volatility observed in the data and from the model, it can be seen that the model
performs relatively well in terms of its fit, given the constraints imposed by the number of observed
variables, length of the sample and the MAKPAM counterparts serving as an exogenous reference.
Moreover, the performance is significantly better relative to that resulting from estimating the model
without using the endogenous priors’ procedure.

The variance decomposition shows that most of the variation in the observed series on GDP and its
components is explained by supply shocks, with the exception of consumption where demand shocks
account for more than three quarters of its’ variation. Regarding labor market variables, technology
shocks are very important drivers of the variation in wages and hours worked. When it comes to
prices, markup shocks and foreign shocks seem to account for most of the fluctuations in CPI inflation,
the latter being expected given the fixed exchange rate regime. As for the domestic interest rate, the
sovereign risk premium has a relevant role, accounting for around a quarter of its variation while
foreign shocks explain close to half of its variability. The shocks related to the financial sector appear
to be especially important for investment, for the domestic interest rate and interest rate spreads,
illustrating the relevance of including financial frictions in the model.

Last but not least, the historical shock decomposition reveals that structural shocks on the demand
side (consumption preference shocks, foreign demand shocks and financial shocks) are the key
driving forces for the dynamics of the output gap over the sample. The dive of the output gap in
negative territory once the pandemic hit is mostly explained by the negative contribution of the
consumption preference and external demand shocks, while the risk and external interest rate shocks
attenuated the fall. As for the aggregate output growth, a combination of supply and demand shocks
explains its growth over the sample. The drop in GDP associated with the pandemic reflects the
negative innovations to the consumption preference shock, the permanent technology shock and to a
lesser extent for the marginal efficiency of investment and the markup for the imports used in the
production of exports shocks. As it is expected for a country with a fixed exchange rate regime, foreign
shocks along with domestic supply shocks determine the movement of CPI inflation throughout the
entire sample, with the former being the key driver of the observed price slowdown at the onset of the
global pandemic. Financial sector related shocks appear to be relevant for investment, the net foreign
asset position of the country, domestic interest rate, as well as for the interest rate spreads, together
with the foreign related ones, given the monetary policy regime in place.

There are several policy implications that come out of this paper. First, given the relevance of
openness degree of the Macedonian economy, as evidentiated by the relatively high role of import and
export shocks on macroeconomic variables (such as GDP), efforts should be made to stimulate and
improve the exports potential of domestic companies that can further strengthen the current account
position of the country. Second, given the high dollarization (euroization) rate in the domestic
economy, measures aimed at discouraging it, alongside denarization efforts, should intensify to
enhance the resilience of the domestic economy to different shocks, especially foreign originating
ones. Differentiated minimum reserve requirements based on the currency denomination of the loans
can also be maintained, while taking into account the potential increase of costs on consumers’ side.
Last but not least, keeping an eye on bankruptcy rates, along with early warning signals, especially
during the global pandemic, can enable a more smooth conduct of prudent macro financial policy
making for the domestic economy in the future.

The paper is organized as follows. Section 2 provides a brief overview of the related literature, while
Section 3 describes the model and its theoretical structure. Section 4 contains a description of the
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data and measurement equations, while the estimation of the model and the corresponding results are
presented in section 5. Section 6 concludes.

Literature review

Prior to the global financial crisis, most of the research in the macroeconomic literature was centered
around frictions on the demand side of financial markets. More specifically, the departure from the
Modigliani and Miller “irrelevance propositions” from the 1960s stemmed from the constrained access
to credit markets imposed on firms and/or households in the economy. One of the early approaches,
the financial accelerator mechanism (introduced in a New-Keynesian DSGE model by Bernanke et al.
(1999)) (hereafter, BGG), involves an informational asymmetry between borrowers and lenders which
augments the interest rate with a risk premium. In this setup, households provide their savings to a
financial intermediary that lends funds to heterogeneous firms that are not independent of external
finance. The link between the net worth of firms (defined as the firms’ assets less outstanding
obligations) that is procyclical and the external finance premium (defined as the difference between
the cost of external funds and the opportunity cost of internal funds) that is countercyclical amplifies
and further propagates shocks to the economy. An alternative approach to limit the amount of credit
available to borrowers is to impose a collateral constraint, as in Kiyotaki and Moore (1997). In this
framework, firms’ assets are used both for the production of goods and as a collateral for loans so that
the shock transmission and propagation mechanism arises from the interaction of asset prices and
credit limits.

The seminal papers by Bernanke et al. (1999) and Kiyotaki and Moore (1997) have motivated a
plethora of extensions in the literature. Christensen and Dib (2008) embed additional features in the
financial accelerator mechanism such as debt contracts with a predetermined nominal interest rate
and a modified Taylor- rule. Their setup also allows for another propagation channel, known as the
debt- deflation route. lacoviello (2005) builds upon the BGG framework by incorporating a collateral
constraint for firms (and a subset of households) that is linked to the value of their real estate (as in
Kiyotaki and Moore, 1997) and by specifying debt contracts in nominal terms. This allows the financial
accelerator mechanism to depend on the source of the shocks hitting the economy - in the case of a
negative demand shock, the subsequent decrease in consumer and asset prices diminishes the
borrowing capacity of lenders, thereby further amplifying the initial effect on the economy; whereas in
the case of a negative supply shock, the following increase in consumer prices lowers the borrowers’
obligations, thereby dampening the initial effect on the economy.

Another stream of research aimed to study frictions on the supply side of credit, mostly by modeling
the behavior of banks. Goodfriend and McCallum (2007) enrich the financial accelerator mechanism
by adding a banking sector within an otherwise standard DSGE model. In their work, banks are
treated as separate, perfectly competitive agents that produce loans with collateral and labor as inputs
and obtain deposits from households in order to facilitate transactions in the economy (cash-in
advance assumption). This setup allows for an additional, off-setting effect of loose monetary policy in
terms of the external finance premium - by stimulating employment and output, the external finance
premium is reduced, for a given demand of deposits (financial accelerator) or raised (banking
attenuator) due to an increase in demand for deposits, for a given supply of collateral in the economy.
On the other hand, Curdia and Woodford (2009) use the assumption of heterogeneous agents in their
model such that agents (households and/or firms) that borrow or save can differ at each point in time
and their modeling of the banking sector does not rely on the cash-in advance assumption that is
related to bank deposits.

Finally, other subsets of the literature combine financial frictions on both the demand and the supply
side of credit (lacoviello, 2015), analyze imperfectly competitive banks (Gerali and Signoretti, 2010;
Andres and Arce, 2012), put capital regulation in the spotlight (Nikolov et al., 2017) or study
unconventional monetary policy interventions (Gertler and Karadi, 2009; Gertler and Kiyotaki, 2010).

Our study is also related to the literature on partial dollarization in terms of financial contracts. An

important part of this literature focuses on the amplified effect that currency depreciations have on
output via their impact on access to credit markets for borrowing agents in the economy (Krugman,
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1999; Aghion et al., 2000; Aghion and Banerjee, 2001; Schneider and Tornell, 2004; Berganza et al.,
2004; Christiano et al., 2004). Based on some form of the financial accelerator mechanism, these
models aim to explain financial disruptions and their role in economic fluctuations as the result of an
interaction between the banking system, capital flows/exchange rates and corporate balance sheets.
Additionally, Cespedes and Velasco (2004) and Gertler and Natalucci (2007) compare the impact of
the financial accelerator with foreign-indexed debt and fixed versus flexible exchange rates and find
that the resulting drop in output (following a country risk premium shock) is much smaller under a
flexible exchange rate regime. Using a two-country DSGE model with financial frictions a la Bernanke
et al. (1999), Faia (2010) also finds support for the stabilization properties of a flexible exchange rate
regime in the presence of external shocks that are not symmetric and correlated4. On the other hand,
in their welfare-based comparison of fixed and flexible exchange rate regimes, Elekdag and
Tchakarov (2004) show that there is a threshold value of debt-to-GDP at which a peg starts to
dominate a floating exchange rate when a financial accelerator is present. Finally, Kolasa and
Lombardo (2011) discuss the change in optimal monetary policy when financial frictions interact with
other frictions such as debt denominated in foreign currency as well as non-tradeable goods within the
confines of a two country DSGE model.

To date, only a few papers have applied some of the above-mentioned approaches to model the
economies from the region of Central and South Eastern Europe (CESEE). Urosevic and Grga (2014)
and Djukic and Vicek (2017) develop and evaluate numerically/calibrate DSGE models with financial
euroization for the Serbian economy by incorporating commercial banks, differing mainly by their
treatment of the central bank which in the former is modeled as a partial liquidity provider, while in the
latter it includes an inflation-targeting framework. In contrast, Copaciu et al. (2015) develops and
estimates a DSGE model for the Romanian economy with both labor market frictions and financial
frictions - the latter being modeled with partial credit euroization of entrepreneurs within the financial
accelerator mechanism as in Bernanke et al. (1999).

Furthermore, the presence of euroization for the Macedonian economy as part of the broader CESEE
region has also been in the focus of a few empirical papers. Thus, several studies have used the
OeNB Survey to investigate the impact of declining interest rate differentials between the domestic
and foreign currency on euroization (Scheiber et al., 2018), to study the impact of financial literacy for
the choice of credit currency (Beckmann and Stix, 2015) or to analyze the drivers of deposit
euroization (Brown and Stix, 2015), for the overall CESEE region. Using alternative data sources but
with (part of) the same countries on the radar, Luca and Petrova (2008) put an accent on the
determinants of credit euroization, Brown and De Haas (2012) disentangle the relationship between
bank ownership, bank funding and foreign currency lending and Basso et al. (2007) discuss the joint
impact of openness, access to foreign funds, margins and macroeconomic conditions. The latter is
also in the focus of Jovanovski (2015) where it is shown that prices, exchange rates and trade
openness are important determinants of euroization in the CESEE region. Thus, these studies
highlight the importance of interest rate differentials, macroeconomic conditions, presence and funding
patterns of foreign banks as well as the (potential) hedging of exchange rate risks for the level of
euroization in the region. For a detailed survey on the empirical literature concerned with credit/deposit
euroization, please see Haiss and Rainer (2012). Finally, regarding the case of the Macedonian
economy, by estimating separate supply functions for loans in domestic and in foreign currency,
Bogoev (2016) focuses on the determinants of bank loans according to their currency denomination.
He finds that the supply of foreign currency denominated loans responds only to changes in the
foreign interest rate, thereby further constraining the effectiveness of the domestic monetary policy,
through the bank lending channel, both on the short and on the long term.

Model description

Overview of the model

4 The currency denomination of debt does not have an impact on the author’s results.
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The New-Keynesian DSGE model for a small open economy used in this paper is a simplified version
of the model presented in Copaciu et al. (2015), further modified and adapted to a fixed exchange rate
regime. It incorporates partial credit euroization within an otherwise standard DSGE model with
financial frictions in the spirit of Bernanke et al. (1999) where some entrepreneurs in the economy are
allowed to access loans in either domestic or foreign currency.

A graphical overview of the theoretical structure of the model is presented in Figure 2. The economy is
populated by firms, households, banks, entrepreneurs, fiscal and monetary authorities and an external
sector.

The price formation mechanism for the intermediate goods, imported goods and export goods
producers give rise to New-Keynesian Phillips curves. Thus, for each mentioned sector, there are
firms operating in monopolistic competition environment, thus having some pricing power. The
presence of nominal price rigidities a la Calvo implies that only part of the firms can re-optimize their
price at a given time period by maximizing the expected present value of their discounted profits. The
rest of the firms partially index their price to a combination of previous period prices and the inflation
target (partial backward indexation). The imperfectly substitutable goods supplied by these firms are
aggregated in a homogenous good by representative firms that operate in an environment of perfect
competition with the goods further supplied according to their demand.

Thus, the domestic intermediate goods producers provide the value added (VA) in the economy using
capital services and labor which is monopolistically supplied to intermediate goods retailers that
aggregate what they receive into a homogeneous good. In the production of heterogeneous domestic
intermediate goods, the output is affected by permanent and temporary productivity shocks and the
price is affected by markup shocks. Next, producers of imported goods buy a homogeneous good
from foreign markets and differentiate it into imports for consumption goods, imports for investment
goods and imports for export goods before they supply them to import retailers. Imports and domestic
intermediate goods are then combined by final goods retailers to make consumption, investment,
government and export goods. Both import and export prices are subject to markup shocks and are
set following the local currency pricing approach. The main idea behind this approach is that prices
are set in the currency of the country where the goods are being consumed to account for the
incomplete exchange rate pass-through to prices on the short run.

Capital retailers combine investment goods and the previous stock of undepreciated capital to produce
new installed capital that is supplied to entrepreneurs. Note that the transformation of investment to
capital is accompanied by investment adjustment costs and is affected by marginal efficiency of
investment shocks. The entrepreneurs use the purchased capital to rent capital services to domestic
intermediate goods producers. There are two types of entrepreneurs in the economy: i) entrepreneurs
that borrow in foreign currency and ii) entrepreneurs that borrow in domestic currency (no transition is
possible among these categories). Each entrepreneur has a different net worth that is combined with a
bank loan in order to purchase capital. Entrepreneurs are exposed to net worth and idiosyncratic
productivity shocks that allow for bankruptcy and exit from the economy. Due to the presence of
asymmetric information and costly state verification between banks and entrepreneurs, the model
gives rise to financial frictions. Moreover, as lending occurs both in domestic and in foreign currency,
the model also allows for balance sheet effects.

Banks operate in perfect competition and act as financial intermediaries between households and
entrepreneurs. They obtain domestic deposits from domestic households and foreign deposits from
both domestic and foreign households, for which a non-state contingent nominal interest rate is paid,
thus debt-deflation effects arise. There are two types of banks in the model: i) banks that work with
domestic currency and ii) banks that work with foreign currency. The amount of loans that banks
extend to entrepreneurs is proportional to their net worth and is equal to the amount of deposits that
they receive.

Households monopolistically supply labor to domestic intermediate producers and use their budget to
buy consumption goods from retailers and to save (in domestic or in foreign currency). Apart from their
labor market income and the interest rate earned on deposits, their budget additionally includes profits
(as households own the firms in the economy) and lump sum transfers (from entrepreneurs and the
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government). In maximizing their utility, households face internal habit in consumption and are
exposed to consumption preference and labor disutility shocks.

The role of the fiscal authority is neutral. It collects taxes, provides lump sum transfers and demands
government consumption goods, running a balanced budget. A similar role is imposed for the
monetary authority, as the central bank of the country pursues a fixed exchange rate regime, the
model being adapted to reflect this fact.

Finally, the foreign sector is modeled as a simple 3 equations semi-structural New-Keynesian Model,
consisting of an IS Curve, a Philips Curve and a Taylor Rule.

Figure 2: Theoretical structure (diagram)
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Source: Authors’ own work.

Theoretical structure
The exposition on the theoretical structure of the model follows closely Copaciu et al. (2015).
Domestic intermediate goods

A continuum of domestic intermediate goods producers, indexed by i E [0,1], operate in monopolistic
competition and use capital and labor using the following technology:

Yi: = Et(Ki,t)a(ZtHi,t)l_a — 7 (3.2.1)

with

Nk
k=1 -1

mi-1
Kie = [(@ ™M (KEE) e+ (1= ap) V(K ) (3.2.2)

where:
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- a€(0,1) is the share of aggregate capital services in the total value added (VA) in the
economy;

- Y, is the output of heterogeneous domestic intermediate goods by each firm / at time t;

— H,;, are labor services obtained from households by each firm i at time £;

- K;, are aggregate capital services rented from entrepreneurs by each firm / at time t;

— KPS KSE are capital services rented from entrepreneurs borrowing in domestic or
foreign currency, with w,, (1—w;) €(0,1) being the mass of entrepreneurs
borrowing in domestic or foreign currency, respectively;

— 1, is the elasticity of substitution between capital services®;

— ¢, is a stationary technology shock;

— z,is a unit root technology shock;

— ¢ is a fixed cost that grows with the aggregate technology rate and allows for zero profits in
the steady state.

Each intermediate goods producer i acts competitively on the factor markets and solves the cost
minimization problem given below:
min

_ k,DC DC k,FC FC
g gre g = Wellie + (rPC P KRS + (7P K
[ AR N AR N2

(3.2.3)
subject to (3.2.1) and (3.2.2), where:

— W,H;, are the labor costs of firm i at time ;
- RY Ki{t are rented capital services costs of firm i at time t, with 7,/ being the real rental rate at
time t (gross nominal rental rate scaled by P; ), with j € {DC, FC};

The optimization problem results in the following F.O.Cs for the choice variables H;,, K°° and K/

Kie \*
W, =(1- P, Lt
t = (1 — a)yme, Py z,€, (ZtHi,t> (3.24)
a-—1 i
PlDC _ m e ¢ ( K. ) (kai,t>’”<
t T\ zeH KP¢ (3.2.5)
a-—1 i
PRFC — e e Ki. (1 = w) K\
t “\zH; KFE (3.2.6)

along with the production function (3.2.1), associated with the F.O.C with respect to the Lagrange
multiplier.

In the F.O.Cs, mc, is the real marginal cost (with mc,P; , being the nominal marginal cost and also the
Lagrange multiplier). By rearranging the first order conditions of the minimization problem, one can
obtain an expression for mc;:

1
— d Wi e [(Dk (rtk'DC)l_nk +(1- a)k)(rtk'FC)l_"k]l—ﬂk
e T A-a)Pz

a

a €

(3.2.7)

where tdis a tax-like shock (a markup shock in the linearized model) that is not present in the
production function.

5 Because all entrepreneurs in the economy are identical K2 = w, K5 ""P and Kf€ = (1 — w )KL
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Price setting for the monopolistically competitive producer is modeled a la Calvo. There is a probability
&, that the producers will not be able to reoptimize and therefore they follow a (partial) backward
indexation rule:

Py = (mp_q) (@) P,y (3.2.8)

where k; measures the degree of indexation to previous period prices (m,_,) and (¢) is the inflation
target.

However, with probability 1 — &,, producers can set their price to maximize the present discounted
future stream of profits:

E, Z ﬁjvt+j[Pi,t+jYi,t+j =My jPry Vel (3.2.9)

j=o

subject to the demand for any domestic intermediate good i from the aggregating domestic
intermediate goods retailers given by (3.2.14), where v.,;is the Lagrange multiplier from the
households’ optimization problem (as households own the firms in the economy).

Using the aggregate price index of the economy (where the optimal reset price P, and the indexed
price P, are weighted according to the probability to optimize/index, respectively)®:

1 1 104 1 1 10-2)
| P&‘“dil -

~T-7 _1- 1
P, = fdPt ‘+(1- fd)(”fiﬂc det—l)l Aa

(3.2.10)

and the optimal solution to the profit maximization problem from (3.2.9), the Philips curve (in a log-
linearized form) can be derived as:

B Kq 1 1-p5)(1—-¢)

Ry = E Ry + oy + At
e 1+ Kk thles1 1+Kd[)’ﬂt ] &, mee (3.2.11)

The domestic intermediate goods retailer operates in perfectly competitive environment, taking prices
of inputs and output as given, and aggregates heterogeneous domestic intermediate goods into a
homogeneous domestic intermediate good using the following technology:

1 1A

1
ve=|[ v
Y

(3.2.12)

where 4, is the markup in the domestic intermediate goods market and Y; is the value added (VA) in
the economy.

Domestic intermediate goods retailers solve the following profit maximization problem:

max _, 1 ]
Y. Iy =PY, — | P.Y,di (3.2.13)
Lt 0

The solution of the optimization problem results in the following F.O.C that determines the demand for
any domestic intermediate good i

Ad
-1

P, \Ta-T
Yi,f:(p_.t) “y (3.2.14)

8 All firms arrive to the same solution after solving the optimization problem.

66



Under the zero-profits assumption, the maximization problem of the domestic intermediate goods
retailer can be rearranged to obtain the aggregate price index, P;:

1 (1-2q)
e

1
1-1 .
f P i
it
0

(3.2.15)
Imports

As in the case of domestic intermediate goods, the importing sector consists of producers and
retailers. Import producers buy a homogeneous good from foreign markets and differentiate it into
imports for consumption goods, C;’;, imports for investment goods, Ii';, and imports for export goods,
Xit. They monopolistically supply the differentiated imports to perfectly competitive import retailers. In
this section, the generic notation @ is used where 0 € {C,1,X}.

Local currency pricing & /la Calvo is assumed for monopolistically competitive 0{7. At each point in
time, producers that are unable to reoptimize their price, index it to a combination of previous period
prices and the inflation target as shown below:

PiT,G) — (n_zn__?)'fm@ (ﬁc)l_Km'GPiT‘—Ql (3216)
where k,, ¢ is the degree of indexation to previous period prices (nl"_'?) and (7€) is the inflation target.

However, with probability 1 — ¢, ¢ producers can reoptimize their price in order to maximize the
present discounted future stream of profits, such that:

Etz ﬁjUHj[PiTis' Oftej — T:n#? St+jPlyjO0t )] (3.2.17)
j=o

subject to the demand given by (3.2.20), where v, ; is the Lagrange multiplier from the households’
optimization problem (as households own the firms in the economy).

Again, the solution of the optimization problem combined with the definition of the aggregate import
price index, leads to the log-linearized Phillips curve for importers:

Kme Am,0 1 (1 - ﬁfm@)(l - fm@) n/l\cm,O

Am,0 __ '8 7t +
1+ Km@ﬁ et 1+ Km@ﬁ 'fmG) ¢ (3218)

A = _Eam® 4
t T+ Kpef LeHt

The import retailer uses the technology shown in (3.2.19). The resulting demand curve for any
individual imported good i from the profit maximization problem is given by (3.2.20).

1o 1 7hme
ez"=[ f (@Zfé)lm'@’di]
0

(3.2.19)
Am,@
m o (RO \me (3.2.20)
O = O¢ —me
B
The nominal marginal cost for 07} is:
NMC™® = 1™°S,P; (3.2.21)

67



where rl”'@ is a tax-like shock (markup shock in the linearized model); S, is the nominal exchange rate
and P; is the foreign price level.

The total value of imports ©, at the border, the measure we will use when computing GDP, is given by:
S.P;OT (3.2.22)
Consumption goods

Consumption goods retailers operate in perfect competition and combine domestic intermediate goods

and imported consumption goods using the following technology:
_Me

N1 Ne-1

¢ = {(1 — w)me(C) e + (wc)lfnc(cz”)"%—?l}
(3.2.23)

where w, is the share of imported consumption goods (C{*) and n.is the elasticity of substitution
between inputs (imports and domestic intermediate goods).

The F.O.Cs with respect to the choice of inputs from the profit maximization problem of the
consumption goods retailer result in the following demand functions for domestic intermediate and
imported goods:

c\ e
Cd=(1—w)(P—t> C 3.2.24
t I\, t (3.2.24)
m Ptc 775
" = (we) ) G (3.2.25)
t

The price of the consumption good C, is related to the prices of the imported consumption goods and
of the domestic intermediate goods with:

1
PE = {(1 = w )R + (@) (R™) e} Tme
(3.2.26)
P{

—.
L

and the corresponding inflation rate is defined as: nf =

Exports

The exports production setup resembles the two-stage production process outlined for imports and
domestic intermediate goods. Namely, export producers use imported goods for exports and domestic
intermediate goods to produce differentiated export goods that are monopolistically supplied to export
retailers. The latter assemble the heterogeneous goods into a homogenous export good, by taking into
account the demand for exports from abroad.

The production function of the i export producer is given by:
Mx

Nx—1 Nx=1)Nx—1
Xi,t = {(1 — wx)l/nx(Xi(,it) Nx + (wx)l/nx(XiT,Ttl) Nx }

(3.2.27)
The cost minimization problem of the i export producer, subject to (3.2.27)
is:
min Pm,XXm P Xd
xd xmie” Aut Fetie (3.2.28)

68



that results in the following F.O.Cs:

a NMCF\™

Xip= A= 0| Z=p it (3.2.29)
mx NMCF\™

Ko™ = @)\ apmx ) Kie (3.2.30)

with ¥ as a tax-like shock (markup shock in the linearized model) and w, as the share of imported
goods used in the production of exports (X; ;).

NMCY is the nominal marginal cost in the cost minimization problem, with the real marginal cost being
NMCE.
StPtx :

defined as mcf =
7

1
el (L= @R + () (B T
tit

mcf =

(3.2.31)
Local currency price setting is modeled a /a Calvo. With probability &, export producers cannot
reoptimize and use the following indexation rule:

Py = (mi ) (m*) 7> Py (3.2.32)

where n{_, is the domestic inflation rate at t - 7 and * is the steady state of foreign inflation (for export
goods).

With probability 1 — &, export producers reoptimize their price to maximize the present discounted
future stream of profits, that is:

E Z .ijt+j [Plesj Xiprj —meiy; P jXier (3.2.33)

j=o0
subject to the demand given by (3.2.37).

The solution to the maximization problem and the aggregate export price index lead to the following
log-linearized Phillips curve for exporters:

X = ﬁ E.R% .+ Ky AX 4 1 (1 - ﬁ'fx)(l - fx) e
P14 U T 1B T T 14 kB 3 t (3.2.34)

The export retailer operates in perfect competition and uses the following technology:

X, = [ fo I(Xi,t)%dirx

and maximizes profits subject to the demand for export goods from abroad:

PN
Xt: P_t* Yt

with P as the foreign price index for homogeneous goods; Y;* as the foreign GDP; P{ as the price
index (in foreign currency) of exports and 7, as the elasticity of foreign demand for domestic exports.

(3.2.35)

(3.2.36)

Using the profit maximization problem and the zero-profits assumption, the optimal choice of inputs
and the aggregate export price can be obtained as:
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PX\ -1
Xy, = (P_xf> X, (3.2.37)
t

1 L (1_2-)()
P = [ f P;_ctl_axdi] (3.2.38)
0

Investment goods

Investment goods retailers operate in perfect competition and aggregate total investment from
imported investment goods and domestic intermediate goods with the use of the following technology:

I + a” P wi KPC + a™ WA — wIKLC

{ " d ni—1 " ni—1 Tli—Ll
= 11— @M T+ (@) m}
‘ ‘ (3.2.39)

Thus, the demand functions for domestic intermediate goods and imported investment goods are
given by:

i\ i
1= =) () 1+ @S 0RE + a1~ R (3.2.40)
t
Pi ni
I = w; (#) [I; + a”¢ (WP w K¢ + "¢ (uf)(1 — w)KF€] (3.2.41)
t

with w; as the share of imported investment goods in the production of investment and 7; as the
elasticity of substitution between input goods (imported investment goods and domestic intermediate
goods).

The investment goods retailers’ output (I, + a?¢ (WP)w, KP¢ + a™ (uf¢)(1 — w,)KFC) is composed of
investment goods made to increase the stock of physical capital (I,) and investment goods used for
physical capital (K?¢ and KF¢) maintenance.

. . j o
The capital utilization rate, u/, is defined as u; = % with a’ (u}) being the corresponding utilization cost
t

function, further elaborated in 3.2.8, with j € {DC,FC}.

By replacing the expressions for I* and IZ from the F.O.Cs in (3.2.39), the price of the investment
good can also be obtained:

1
i -ni m,i\1~ M T-n;
Pi= {1 - w)R " + () (B T
. (3.2.42)
and the corresponding quarterly inflation rate is defined as: nr} = Pf—fl.
t—-1

Capital goods

Perfectly competitive capital goods retailers combine investment goods and old capital in order to
obtain new installed capital, with the use of the following technology:
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t—-1

1
X' =x+F(U,L_,Y,)=x+Y, (1 -$ (1—f)> I, (3.2.43)

where Y, is a marginal efficiency of investment (MEI) shock as in Justiniano et al. (2011) and Sis an
investment costs adjustment function following Christiano et al. (2011).

Each capital goods retailer solves the following maximization problem:

max
Eq { ﬂ"anHé&n} (3.2.44)
t+n =0

It+n' X

s (152 Ju
(3.2.45)

and where v, is the multiplier in the households’ budget constraint. By making use of: x,,, =
(1 = &)K,,, in the profit maximization problem given above, consistent with profit maximization and
market clearing, the following F.O.C is obtained:

[1-5(2) 5 ()2

ar (Tea1) (e 2
= BEVe41Pria Pt 41 YeaS (1—) (1—) =0
t t

with:

If = PPy, — PP, x — P{1,

Iy Utpti — VP Pyr Yy

(3.2.46)
where the aggregate stock of physical capital evolves in the economy following the accumulation
equation given below:

_ _ _ = = !
Kiv1 = 0 KPS + (1 — 0 )KL = (1= §)[w K2 + (1 — 0 )K T+ Y, (1 -5 (I_t)> Iy (3.2.47)

t—1

with w,K2¢ as the aggregate physical capital that entrepreneurs borrowing in domestic currency
demand and (1 — w,)K[E, as the aggregate physical capital that entrepreneurs borrowing in foreign
currency demand.

Households

Households maximize their lifetime expected utility given by:

(hj't)1+0'L

Etj Zﬁl {thﬂ log(Cj,tH - ij,t+l—1) — (AL 1+to

=0 L (3.2.48)
where {f and {/* are consumption preferences and labor disutility shocks, respectively; b is the degree
of habit formation and g, is the inverse Frisch elasticity.

For each time period t, the budget constraint of the household, expressed in nominal terms (and in
domestic currency) is:

PE(1+19)C;, + DPG + S, DfEM™
b 1—-1Y

= TR, + profits, + RZ5" DPC + S, R Prem,_,DI“™ + W ;h;, T

(3.2.49)
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with P (1 +€)C;, as the amount spent on consumption goods; t¢as a consumption tax; DPE as
period t domestlc currency deposits for which a non state contingent interest rate RfDC is to be

received at t + 1; S,D]. flhh as period t foreign currency deposits converted into domestic currency for

which a non state contingent interest rate Rf'FCPremt is to be received at time t + 1, W}, thj t as the

net labor market income; TR, as the lump sum transfers from the government and from entrepreneurs
and the profits, received from firms owned by households.

Thus, the F.O.Cs of the optimization problem are:

(t (t+ 1

- BE,————=v,Pf(1 +1°
th 1 ﬁ tCt+1 th t f( )

(3.2.50)
U, = BEvy . RIPC (3.2.51)
S, = BEVps1Se RETC Prem, (3.2.52)

Households supply their labor monopolistically to domestic intermediate goods producers and are
subject to Calvo wage setting frictions as in Erceg et al. (2000). Heterogeneous labor services
supplied by each household j are combined into homogeneous labor services via labor contractors
with the use of the following technology:

1 1 Aw
Ht = |:f h]‘,tlwdi:l
0 (3.2.53)

At time ¢, with probability 1 — ¢, a household is able to reoptimize its wage and with probability ¢, the
household uses the following indexation factor for its wage:

(@)W (@)
iy = -
Ty

(3.2.54)

The household that reoptimizes its wage at time t takes into account the present discounted utility of
the future stream of wages, subject to the demand for each household’s labor services’:

o 1+oy,
; (h-'t) 1—-17Y
E/ Z BEL { - A —— Vel e W, —}
=0

Je+l
1+o0; 1+tv (3.2.55)
— Aw
Wity p 1 oo T pr1 \ 2
hi = ’ - H
jt+1 ( Wt+l t+l (3256)

The solution to the optimization problem leads to the following expressions for the optimal wage:

1 1-Ay(1+0y)

Kye _ [1—=&@DTw 1
For  HT 1-¢, A, (3.2.57)
I.[’sz,th 1-77 t+1 /1

Fy; = 2, 1+1% + 5§wEt( W, )(~t+1) WFw,t+1

(3.2.58)

7 Only the relevant terms for this optimization problem are shown here.
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A
~ —9—(+0y)
Ky = CPH, 0 4 BELE (RS )T VK, 4 (3.2.59)

Finally, note that the expression for the nominal wage inflation rate is:

wo_ z Wi
e = Melle 35 (3.2.60)

t—-1

Banks and individual entrepreneurs

There are two types of entrepreneurs in the model depending on whether they borrow in domestic or
in foreign currency, indexed by j € {DC,FC}. There is a fraction w, of entrepreneurs from the total
population that borrow in domestic currency. There are many entrepreneurs in the economy and each
entrepreneur has a different level of net worth N/,,. In order to purchase new installed capital
K}/, from capital goods retailers, each entrepreneur uses their net worth and a bank loan, LY., with
the respective price PP, . The loans taken by entrepreneurs are given by:

DC —DC

LItVH = Pthr_th’\_’F1 - Nthl (3.2.61)
FC — NFC

StLIEI+1 = Pth’,thI!d - NtF+Cl (3.2.62)

With L’Q’ff as the domestic currency loans; StL’tfo as the foreign currency loans, expressed in domestic
currency where P.P,:, is the price per unit of new installed capital at t+7, expressed in domestic
currency.?

Following the purchase of capital, each entrepreneur experiences an idiosyncratic productivity shock,
which converts I?t"fl, into efficiency units a)gﬂl?t"flwhere w’ are idiosyncratic productivity shocks that
are log-normally distributed with a unit mean and var (log(a)f)) = (¢/)?, with j € {DC,FC}. The
cumulative distribution function of ¢’ is F (w/; ¢/).

After the idiosyncratic productivity shock, each entrepreneur sets the utilization rate of capital u{ 1
independently of the level of net worth and rents capital services at the nominal rental rate, P,,,r%’ to
domestic intermediate goods producers. The use of one unit of capital with u/, , requires the utilization

al(ul,,) of investment goods for capital maintenance. The cost of capital utilization function a’(u/) is
increasing and convex, defined by®:

a/ (W) = 0.50;;0,;(u)? + O'b’j(l - Ja,]-)uf + 0y ((aa'j/Z) - 1)

The remaining part of the capital that is undepreciated (1 — §)P,., P4, iS sold back to capital goods
retailers.

For each unit of capital that is pur_chased, an entrepreneur that draws the idiosyncratic productivity w’
obtains an after-tax return of R\’ w/. The average after-tax return across all of the entrepreneurs in
the economy is given by:

ki o .
RKJ — (Pt+1rt+11ui+1 —a (u£+1)PtL+1) + (A= 8)Pt1Prrias
t+1 P.P
thK't

(3.2.63)

8 Note that following Christiano et al. (2011), the assumption that entrepreneurs do not take loans from banks that work with the
households that they are part of is used.

® 03,70, are parameters and the function has the following properties: a/(1) = 0; (a/)' (1) = a;,;; (@) = g}, j0,; > 0; with j €
{DC,FC}.
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When all of the purchased capital is sold, the entrepreneurs use their resources a){HRfflPth,,tl?t"fl to
pay back their loans to the banks. Out of all the possible values that w’ can take, there exists a cutoff
value @, , at which the entrepreneur has exactly enough resources to pay back the loan with interest:

_ — nDC DC
D R PP Ky = Z2G LY (3.2.64)
_ — NFC FC
thf1RfiriCPth’,thI\-l+1 = Z{6Seea Lt (3.2.65)

with ZP6 and ZEE, as the interest rates to loans in domestic and in foreign currency respectively.

Entrepreneurs with w’/ < G{H file for bankruptcy and give all of their remaining resources
w{HRi‘flPth/'tl?t"fl (with a value lower than the loan) to the respective bank. The monitoring costs of
the bank in this scenario are equal to p;w/,, Rt P Prr K,

Banks operate in perfect competition and are risk-free. There is free entry on the bank market which
enables ex-ante bank profits to be zero. Along with the assumption of a non-negative cash flow, the
zero profit conditions (ZPC) of banks are:

=]
. . . ; Div1 . . o A
[1-F@,; U])]Zt}+1LItvi1 +(1- 'uj)f w/dF (w; o-l)RfflPth,’thI‘fl = Cost]LY}, (3.2.66)
0

where the left-hand side represents the return of the banks from share 1-— F(EZH; o’) of
entrepreneurs that pay back their loans and share F(@, ,; 0/) of entrepreneurs that go bankrupt. The

. . ) ol o
average w’ value of bankrupt entrepreneurs is G(@;,,;07) = fo“"“ w/dF (w’,d’).

Banks operate either in foreign or in domestic currency. Domestic currency banks obtain domestic
currency deposits from domestic households. Foreign currency banks obtain foreign currency deposits
from both domestic and foreign households. Note that in the steady state it is assumed that all foreign
currency funds are obtained from abroad and they equal the net foreign liabilities of the economy in
the model.

Banks use the deposits to offer FC/DC loans to FC/DC entrepreneurs, respectively, using nominal
debt contracts that specify the amount and the interest rate to be paid. The amount of loan that

entrepreneurs can get depends on their level of net worth. The interest rate on domestic currency

. . . " S, .
loans is R, and on foreign currency loans is RtPremt%, representing for the banks the cost of
t

attracted funds, Cost/. Note that the interest rate for the loans in both FC and DC does not depend on
the net worth of the entrepreneur.

Using the information given above, the ZPC can be written as:

[F(@41;07) = 1;G (&5 O'j)]RfJ’rﬁPth’,tl?ﬁﬁ = Cost{ L}, (3.2.67)

where:
N(&),,;07) = @, ,[1 - F(&],,;07) + G(@],,; 07)] is the share of gross return given to the bank.
Furthermore, defining the leverage as:

i PPy Kiva

j
(o N/
t+1

(3.2.68)
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The ZPC of the banks can be simplified to:

_j . . Rk Qj 1
M@, 1 07) = ;G (@15 07)] Cot;;f - tgj
t t

Finally, the expected utility of the entrepreneur is given by:

f(;(j [Rfir]1wjptpk’ tl?l.{\-]}-l ZZ+1L12111] dF (w’;a7) R, 11 i
= =k {[1 - wt+1' 0])] . }
t! (3.2.69)

NJ

J
t+1COStt
The equilibrium contract between a bank and an entrepreneur is a contract with Et;l and Qt. chosen

such that the utility of the entrepreneur is maximized (relative to N/, , Cost!) subject to the ZPC of the
bank.

The F.O.Cs of the optimization problem are:

... R 1—F(&,,;07
[1-r@., ;o] t+1j n (@li107)
Cost, 1-— F(le, 01) uja)HlF ((u

Et t+1’ ) =0

S . . RM
{[F(GZH: ) = 60| b 1}
t

that can be reorganized to obtain:

Ry
1-F(a! ;0 o F(@, .0
E 1 - F(wt+1; g ) COStJ [ ( t+1 ) 'u'] t+1 ( t+1 )]
t — I o
I"(a)Hl, Rt+1 _ y .
- 7 — u: .
Cos [F( D413 07) MJG(th' o )] (3.2.70)

1- F(“’i+1 )
1-r ‘T’i+1

From the F.O.Cs,
:;:tl[l F(wéﬂ;01)_”j‘7’£+1F’(5t+1;01)]
9] is the elasticity of the leverage ratio with respect to @, ,

1- Rt [F((u ;0h)— G(w 0'])]
o t} t+1’ HjG D45

The leverage value can be recovered using the ZPC of the banks when the value of @/, , is obtained.

Along with the cutoff value, the interest rates associated with loans in DC/FC, respectively are
recovered as:

is the expected return elasticity with respect to E{H, and

ZDC — Rk DC —=DC Qt
t+1

t+1 wt+1QtDC—1 (3.2.71)
k,FC Q
t+1 — t

Zih = 5 0t i (3.2.72)
Ztrl t
St

Thus, the interest rate spreads are defined as:
spreadP¢ = ZPt, — R, (3.2.73)

spreadf® = ZF¢, — R; Prem, (3.2.74)
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Net worth aggregates

The net worth of an entrepreneur who in period t - 7 had net worth N/, with j € {DC, FC}, after settling
the loans with banks in period t is given by:

VtN] [1 — F(wt' U])]Rt+1pfpk fK”l (3.2.75)

Each entrepreneur is faced with an identical and independent probability 1 — ytj of receiving a signal

to exit the economy. The net worth of entrepreneurs that survive is ytht”j, with ytj being interpreted as
a shock to net worth.

The law of motion for the average net worth for each type of entrepreneurs, j, with j € {DC, FC} is given
by10:

k,j j
Ry ]Pt—IPk’,t—lK R;_ 1(Pt 1Py’ = 1K, })
IV ;

t+1 Vt + W

(T)t . .
j o ~J k.j 74}
—lhfo T A L L (3.2.76)

Thus, the average net worth for each type of entrepreneurs is represented by the earnings net of
interest rate payments on previous perlod bank loans and monitoring costs, adjusted with the
probability of remaining in the economy, y/, plus the transfers received from households, We’ The
latter are provided to both remaining entrepreneurs and new entrants. This is necessary, given that
exit from the economy is exogenous, since both the bankrupt entrepreneurs and the ones entering the
economy have zero net worth.

Central bank and government

The government is modeled with the use of an AR(1) process:

log(ge) = (1= pg)(9) + pglog(ge—1) + &4 (3.2.77)

There are three types of taxes in the model - consumption tax (z.), labour tax (z,,),) and income tax
(ty),). The budget of the government is assumed to be balanced and any difference between revenues
and expenditures is offset by lump-sum transfers to/from households.

The central bank does not play an active role in the model given the fixed exchange rate regime
adopted by the NBRNM since 1995". Implicitly, the domestic monetary policy rate is set as being the
sum of the foreign relevant interest rate and of the sovereign risk premium, thus not reacting to
domestic real sector variables like inflation or output gap.

Foreign sector

The foreign sector is represented by the following 3 equations, standard New- Keynesian semi-
structural model:

IS curve:

YO = sy 4+ (1= i) By — i, [(R; = Eymiay) = (R = )] + &y (3.2.78)

Phillips curve:

0 A bar over a letter indicates the aggregate average value.
! Up to end-2001 with respect to the Deutsche Mark, starting 2002 with respect to the Euro.
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m; =" = pey (i — ) + (1= pep) (Eemtiyy — 1) = Dy Y + ey (3.2.79)
Taylor rule:

R; = R* = try(Ri_y — R") + (1 — tryp ) [tr, v Y + trp(mf — )] + £ (3.2.80)
3.2.11 Resource constraints, market clearing and equilibrium equations

The aggregate resource constraint that must hold in a symmetric equilibrium (i.e. without price
dispersion in the steady state) is:

Y, — wy [MDCG(E?C; UDC)Rf'DCPt—lpk’,thtDC ]
-(1- wk)[ﬂFcG(thCi UFC)Rf'FCPt—lpk’,thth ]
=G +C+ I8+ X7 (3.2.81)

The value of domestically produced goods is Y;. As this value also includes the monitoring costs of the
banks and the capital utilization costs, it is not equivalent to the series of GDP at market prices
published by the State Statistical Office (SSO). In order to obtain a SSO-consistent nominal GDP, the
following definition, in terms of market prices, based on the expenditure approach is used:

PSPPGDP, = (14 1°)PEC, + PG, + Pl1, + S,PXX,
—[SPL(CT + 1T + X)) (3.2.82)

An identical value of the nominal GDP can also be obtained from the model via the income approach
with the summation of value added and profits in the economy:

PEPPGDP, = W H, + wi (P P)KPC + (1 — wy) (1 *P)KFC + 1°PEC,
+profits, — monitoring, — maintenance;
= W,H, + wy (rtDC'th)KDC + (1 — w) (i P)K[C + 1°PEC,

% NMC}
+| P.Y; — (Yt +2z,¢) |+ | SePE — x X
f Tt

NMCmC . NMc™ NMC™
+| P = —e— | € + (P = —— | I+ | B — e | X
Tt T; T

_wk[#DCG(aDC' DC)Rf'DCPt—lpk’,thtDc]
_(1__ wk)[ﬂFcG(thC‘ FC)Rf'FCPt—lpk’,thth ]
—Pi(@" (uP®)w, KPE + @™ uf€)(1 - 0, )R

(3.2.83)

As real GDP and the GDP deflator are not defined within the model, an additional equation is needed
to pin down the evolution of the GDP deflator. Following Minella et al. (2011) as in Copaciu et al.
(2015), the GDP deflator is defined by weighting the components’ prices, using constant (i.e. steady-
state) nominal weights:

PG (1+7%)PC PlI SP¥X ((P*S)(Cm+lm+Xm)> (3.2.84)
(PGDP) ~pGDPGpp — ((1 + TC)PC)pGDPGDP (P )PGDPGDP(S PX)PGDPGDP(StPt) pGDPGpp
The corresponding inflation rate is defined as:
PGDP
qoP — ¢
t PGDP (3.2.85)
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The share of the trade balance in nominal GDP is obtained by taking the difference between nominal
values of exports and imports'2, expressed in domestic currency, dividing it by nominal GDP:

SePEX =[S PE(CM + 1 + XM

(NX/GDP)t = PtGDPGDPt (3286)

Next, the NFA position as a function of current net exports and previous, risk-adjusted interest rate
payments on previous period stock is shown below:

S
NFA, = NX, + RZ_IPremt_ls—t NFA,_,

t—-1

(3.2.87)
where the stock of net foreign assets is defined as:

NFA, = —(1 — wy)S,deposits, [t (3.2.88)
and deposits;;[\ are FC deposits attracted from abroad. In terms of annual GDP, the stock of net
foreign assets is defined as:

NFA,

(NFA/GDP), = ——pp o0 PG, (3.2.89)
Finally, following Schmitt-Grohe and Uribe (2003) as in Copaciu et al. (2015), closing up the model
requires that the risk premium varies negatively with the deviation of the (stationarized) NFA of the
economy from their steady state:

Prem.(nfay, d;t) = exp [_¢nfa (nfa, —nfa) + (i;t]
(3.2.90)

with Prem’, < 0, Prem,(0,0) = 1, ¢z, > 0 and ¢, is an AR(1) shock to the sovereign risk premium.

Data and measurement equations
Data

Data used for estimating the model is at a quarterly frequency with a sample period ranging from
2006Q2 to 2020Q2, as available in September 2020. While this might seem as a short sample, it is a
rather common aspect when one analyzes emerging economies. The sample length is chosen to
reflect the availability and methodological differences of/for certain data series (such as interest rates
on new credit, wages etc.). As for the end of the sample, we choose to include also the immediate
impact on the domestic economy of the Covid-19 crisis.

To estimate the model, 18 observable variables are used: GDP components’ volumes and deflators,
CPI, total hours worked, private sector wages, interest rate, interest rate spreads for new credit in
domestic (DC) and foreign (FC) currency, foreign demand, foreign inflation and the foreign interest
rate. Whenever necessary, seasonal adjustment is performed using the U.S. Census Bureau’s X12
procedure. The series used, the adjustments made in terms of seasonal adjustment and measurement
units and the primary data sources are displayed in Table 1.

The primary data sources are the State Statistical Office (SSO), Eurostat and NBRNM. The
annualized (log) quarterly inflation rates that account for the change in the prices of investment, import
and export goods, as well as the GDP deflator, are obtained from their corresponding data
counterparts with the exception of the price of consumption goods for which the CPI inflation series is
used. To deal outside the model with an eventual population growth trend, real quantities are first

2 The border value of imports is used.
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transformed in per capita terms (i.e. divided by the working age population) and then the logged first
difference is taken.

The nominal wage of the private sector is not available from the State Statistical Office and therefore it
is approximated by using wages weighted by the number of employees in the private sector for each
sector of the economy, following the NKD Rev.2 classification, by taking into account the
methodological changes in the sample from NKD to NKD Rev.2 in 2011. In addition, a correction for
the number of employees in the agricultural sector is made to account for the number of self-employed
and unpaid workers. The average number of hours worked is normalized so that the share of hours
worked and leisure hours is equal to 1.

Table 1 Data description

Series Adjustment Source
GDP components SA, Alog SSO (National accounts)
GDP deflators SA, annualized, A log SSO (National accounts)
Consumer price index (CPI) SA, annualized, A log SSO (COICOP)
Nominal wage (private sector) SA, Alog SSO, own calculations
Total hours worked SA, Alog Eurostat, own calculations
Relevant policy rate NSA, annualized, % NBRNM
New credit spreads (FC, DC) NSA, A log NBRNM
1m Euribor NSA, annualized, % Eurostat
Foreign effective demand gap, % NBRNM (MAKPAM)
Foreign effective inflation SA, annualized, A log NBRNM (MAKPAM)

Measurement equations
The observed variables display significant heterogeneity in the mean growth rates, rendering the
balanced growth path framework questionable. We partially overcome this issue by demeaning the
raw data and imposing the model-related steady state. Moreover, we also allow for white noise
measurement errors, given excessive volatility of some series, a high propensity to data revision and
possible stochastic singularity problems.
The general formula used to link the observed variables with their data counterparts is:

Demeaned data - Measurement error + Model steady state = Model variable 4.2.1)

All measurement equations are shown below. The measurement equations for prices are:

rlaate sfi'ME + 400logw = 400logm} (4.2.2)
fori € {GDP,C,1,M, X}. There is one exception, namely for exported goods the measurement equation
is slightly different given the local currency pricing concept used in the model (the export prices in the

model are expressed in foreign currency, while the deflator is measured in the data in domestic
currency):

grdate st'ME + 400log7 = 400logm} + 400logs, (4.2.3)
The measurement equations for GDP and components are:
Alogid®t® — efMF + 100logu, = 100(logp,, + Alogi,) (4.2.4)

fori € {GDP,C,I,M,X}. Every endogenous variable (stationarized with z, and log-differenced, as seen

on the RHS) is modeled as the corresponding demeaned observed variable net of measurement
errors (Alogidet® — ¢MF) augmented with the balanced growth path steady state value (100logu,).

Measurement equations for labor and financial market variables are given by:
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AlogWate — " ME = 100(log (/1) + log (m,/T) + Alogw,) (4.2.5)

AHZate — ME = 100AlogH, (4.2.6)
AHZ%® = 100AlogH, + &"™M* (4.2.7)
AlogSpread?©?*t® — efpreadDC'ME = 100AlogSpreadP® (4.2.8)
AlogSpreadf©4® — sfpreadFC’ME = 100AlogSpreadf® (4.2.9)

The measurement equation for the main policy rate, with no measurement error allowed for:
Réiata — 400(Rt — R) (4210)

As a measure of external demand we use a gap measure of the foreign effective demand as used in
the MAKPAM model. The measurement equation links it to the model’'s equivalent:

Yt*,data,gap _ gty*,ME — 100()1; _ y*) (421 1)
For the demeaned effective foreign inflation rate (as used in the MAKPAM model) and 1M Euribor
interest rate we assign the model-implied steady states (which are equal to those of the corresponding
domestic variables):

mpdate _ e ME 1 400logT = 400m; (4.2.12)

R;,data _ 85*,1\45 — 400(Rz< _ R) (4213)

Estimation
Calibration

Part of the parameters of the model is calibrated and thus is held fixed throughout the estimation of
the model. Moreover, a subset of six parameters is recalibrated throughout estimation to exactly match
six observed ratios.

Calibrated parameters

To begin with, the parameter that determines the steady state growth rate of the aggregate technology
(u,4+) is set to equal the average growth rate of per capita GDP the real domestic economy for the
period 2006Q2-2019Q4 that is around 0.5% (approx. 2% in annual terms). The steady state inflation
rate is set to match the average growth rate of the CPI COICOP index for the entire sample which is
around 2% in annual terms. The external inflation rate steady state value is set at a similar value,
matching also the primary objective of the ECB that aims to keep inflation below, but close to 2% over
the medium term.

Furthermore, following the approach in Christiano et al. (2011) and Copaciu et al. (2015), given the
aggregate growth rate of economy and the inflation rate steady state values, the discount factor, g, is
calibrated to 0.999 in order to match the sample average of the nominal interest rate of around 1.1%
per quarter (around 4.4% in annualized terms).

The parameter a that determines the share of capital services in the production function of the

intermediate goods producers is determined using the shares of factor income derived from the
National Accounts definition of GDP with data on a yearly frequency. Using data for the period 2005-
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20173, the value for a is determined to be around 0.66. As Copaciu et al. (2015) and Iradian (2007)
argues and provides evidence, although the share of capital services might seem relatively high (and
the implicit share of labor services, that is (1 — «a), relatively low), this is a rather common feature for
(models for) developing economies where the marginal product of capital is higher. Moreover, the
above mentioned value is very close to the 0.6 average value used by Jovanovic and Kabashi (2011)
in their study on the output gap for the Macedonian economy. Also, Iradian (2007) investigating an
earlier period (i.e. 1996-2006) estimates a share of capital above 0.7 for a group of south eastern
European economies (Albanian, Bosnian-Herzegovinian, Bulgarian, Croatian, Macedonian, and
Romanian). Last but not least, in the presence of a (relatively high) external finance premium, a
comparatively higher value for a is needed to generate at the prior steady state a capital to annual
GDP ratio, in nominal terms, close to the empirical counterpart. In our case, this ratio is 1.6, whereas
Petkovska (2008), analyzing the 1997-2006 finds values over the 1.35-1.6 range.

To calibrate the share of import content in final goods (consumption, investment, and export), data
from input-output tables from the State Statistical Office with an average for 2005, 2010 and 2015 is
used, considering both the direct and indirect impact of imports in the production of final demand
goods, but excluding the share of imported oil/energy products™. Thus, following the approach of
Bussiere et al. (2011), the calibrated values for the import shares in the production of final
consumption, investment and export goods are: 38.4% for w,, 56.2% for w; and 50.9% for w,. These
relatively high shares emphasize once again the relatively high openness degree of the domestic
economy.

In terms of the parameters related to taxes in the model, the average tax rate on consumption is
obtained as a ratio of VAT and excises to private and government non-wage consumption net of these
taxes (16.2%); the average tax rate on income is set to equal the flat personal income tax (PIT) of
10% that is set from 2007 on-wards and the average labor tax rate (26.9%) is retrieved with a formula

(% - 1) that uses the average net wage as a proportion of the average gross wage to obtain the

wage tax.

The markups parameters are calibrated to either match the average value obtained by the NBRNM'®
using two distinct approaches to calculate the economy- wide markup or the standard values used in
the literature (see Christiano et al., 2011). Thus, the price markups 4; are set to 1.5 for the domestic
intermediate and imported goods (i.e.j € {d, mx, mc, mi}), with the exception of 1,, the export mark-
up, which is set to 1.05, in order to avoid the impact of multiple markups and the wage markup, set to
1.6.

In terms of the financial frictions parameters, as separate data on bankruptcy rates with a currency
decomposition of the loans obtained by domestic entrepreneurs / firms is not available, we obtain
these rates, F(@pc) and F(wg:), by matching the prior steady-state means of different spreads of the
interest rates on loans in foreign currency and loans in domestic currency observed in the data. The
transfers given to entrepreneurs that borrow in foreign currency (wf¢) and those that borrow in
domestic currency (wP¢) are assumed equal and set to 0.05% of the nominal gross value added,
following Copaciu et al. (2015).

The share of government consumption in GDP in real terms, 1,4 ..., is set to match the historical share
in the data which is around 15.2%. As we chose not to observe government expenditures, the
persistence coefficient, p,, in the AR(1) equation describing their evolution is set to 0.75, and the
corresponding standard deviation of the shock, g,, to 1. Last but not least, the elasticity of the risk
premium with respect to NFA is set to 0.001, a value similar with those usually assumed in the
literature.

The calibrated parameters are shown in table 2 below.

'3 The latest final data on GDP calculated by the income approach is 2017.
4 More precisely, the share of imported Mining and quarrying and Coke and refined petroleum products is excluded.
'S As detailed in the Quarterly Report for the Macedonian economy: Q2 2020, Box 4.
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Table 2 Calibrated parameters

Parameter Description Value
a Share of capital in production 0.66
B Discount factor 0.99
Uy SS aggregate technology 1.005
T SS domestic inflation 1.005
* SS foreign inflation 1.005
W, Import share in consumption goods 0.384
w; Import share in investment goods 0.562
W, Import share in export goods 0.509
T, Consumption tax rate 0.162
Ty Income tax rate 0.10
w Labour tax rate 0.269
Ngreal Share of real government expenditures in GDP 0.152
O St. deviation real gov. expenditures shock 0.3
WEFC/DC Transfers to j € (DC, FC) entrepreneurs 0.05
F(@p¢) SS DC entrepreneurs bankruptcy rate 0.0113
F(@ge) SS FC entrepreneurs bankruptcy rate 0.022
bnra Elasticity of country risk to NFA 0.001
A4 Domestic intermediate goods markup 1.5
A Imports for export goods markup 1.5
me Imports for consumption goods markup 1.5
Ami Imports for investment goods markup 1.5
Ay Export goods markup 1.05
Ay Wage markup 1.6
Pg Persistence government expenditure 0.75
Py Persistence mark-up shocks (x, mc, mi, mx, d) 0

Source: Authors’ calculations.

Matching of posterior steady state ratios with observed average ratios

Following the approach outlined in Christiano et al. (2011) and in Copaciu et al. (2015), the average
sample values for 6 observed ratios are matched exactly in the process of estimation with an equal
number of parameters being recalibrated after each parameter draw. The values for the matched
ratios and the posterior values for the corresponding parameters are illustrated in table 3. Thus:

o the parameter scaling the disutility of labor, AL, is used to match the average fraction of time
spent working by an individual;

o the depreciation rate of capital, §, is set to match the average nominal investment to GDP
ratio;

o the steady state level of the real effective exchange rate, ¢, set to match the mean nominal
exports to GDP ratio;

o the entrepreneurial survival rates, y°¢, and y*¢, are set to match the average equity to assets
ratios for entrepreneurs'®;

¢ the parameter controlling the share of entrepreneurs borrowing in domestic currency, w,, to
match the average ratio of foreign to domestic currency denominated new loans.

Table 3 Matched posterior steady states with observed average ratios

Observed ratio Data mean Parameter description Posterior SS
Hours worked 0.228 Disutility of labour (A) 1366.366
Investment/GDP 0.226 Depreciation rate (§) 0.042
Exports/GDP 0.473 RER steady state (¢) 0.291
Net worth/capital, FC 0.5 Survival rate (y™¢) 0.935
Net worth/capital, DC 0.5 Survival rate (y”°¢) 0.972
FC loans/DC loans 0.74 DC entrepreneurs share (w) 0.389

Source: Authors’ calculations.

8 The Financial Stability Report available database does not differentiate according to the data type of currency. Thus, similar
values are assumed for the equity to assets ratio for both companies with most of the loans in domestic or foreign currency.
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Prior distributions

The priors for the estimated parameters were set following either the general values used in the
literature or the previous empirical evidence available for the Macedonian economy. In general, they
are pretty tight, reflecting the relatively short period of time our sample covers. Tables 4 and 5 present
the prior distributions for both the structural parameters as well as for the structural shocks’ auto-
regressive coefficients and standard deviations.

To start with, the mean prior values for the stickiness parameters (i.e. ¢), representing the a la Calvo

probability to keep the prices fixed, are obtained, using the formula for duration: ﬁ , from the value

for duration estimated for the Macedonian economy in the survey presented in Ramadani and
Naumovski (2015). Using this approach, the mean and the standard deviation of the prior beta
distribution for the stickiness parameters are set to 0.5 (implying an average duration of two quarters)
and 0.075, respectively, with the exception of the wage stickiness (mean of 0.8 - implying a duration of
about five quarters and standard deviation of 0.075) and the domestic intermediate goods (0.6 and
0.025) parameters. In terms of the indexation parameters, we assume prices to be homogeneously
indexed to a combination between lagged and steady-state inflation rates, while for real wages a
partial indexation to the real growth trend is assumed. The prior beta distribution mean for the past
inflation indexation coefficients is set to 0.5, with an associated standard deviation of 0.1, with the
exception of the prior mean and standard deviation for the wage indexation that are set to 0.25 and
0.075, respectively.

Furthermore, the prior mean for the inverse Frisch elasticity parameter is set to 3, with a standard
deviation of 1. The resulting prior value for the Frisch labor supply elasticity, centered around 0.33, is
in the range of estimates usually obtained in the micro studies'’. In terms of the parameter that
determines the degree of habit formation, following Christiano et al. (2011), the prior mean and
standard deviation are set to 0.65 and 0.15.

The prior for the investment adjustment costs parameter (i.e. the second derivative of the investment
cost adjustment function), following Smets and Wouters (2007) and Copaciu et al. (2015), is centered
at 4, with a 1.5 corresponding standard deviation. For the capital utilization parameters in FC and DC,
we use relatively tight priors, with mean values relatively higher than those previously used in the
literature. Thus, the parameters are centered at 0.75, with a standard deviation of 0.025.

The prior means and standard deviations of the elasticities of substitution are set to 1.5 and 0.075,
with the mean values being extensively used in the literature. The exception is represented by the
elasticity of substitution of capital services, rgk, where the prior mean and standard deviation are set to
2.5 and 0.25 respectively.

The monitoring costs for the DC and FC entrepreneurs have a prior mean of 0.3, with standard
deviations of 0.05 each, close to the value used in Christiano et al. (2011) (i.e. 0.33) or Copaciu et al.
(2015).

Last but not least, the priors for the auto-regressive coefficients (where the case) and the standard
deviations of the structural shocks are presented in table 5. To deal with very volatile data, while the
mark-up shocks are specified as white noise, for the remaining shocks we set prior means for the
persistence parameters either at relatively low values (i.e. 0.3 for the temporary technology, marginal
efficiency of investment, consumption preference and labor disutility shocks) or to relatively high ones
(i.e. 0.75 for the risk premium, net worth shocks and 0.85 for the growth rate of the permanent
technology shock).

7 Pencavel (1987) surveys estimates for the U.S. ranging between 0 and 0.45.
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Shocks and measurement errors

We allow for 13 structural shocks in the estimation of the domestic sector core model. Eight of them
are modeled as AR(1) processes, while the 5 markup shocks are estimated as white noise:

e Permanent neutral technology p,, e Markup, domestic intermediate producers ¢
Stationary neutral technology e, Markup, exports tf

Marginal efficiency of investment Y, Markup, imports for consumption ¢
Consumption preference {f Markup, imports for investment 7™

Labor disutility ¢/* Markup, imports for exports t/**

Sovereign risk premium ¢,

DC entrepreneurial net worth y2¢

FC entrepreneurial net worth yf¢

In addition, the external sector model accounts for 3 structural shocks, assumed as i.i.d. processes:

e  Foreign aggregate demand e,- ,
e  Foreign Philips curve inflation €,
e  Euro area monetary policy eg:,

It should be noted that some of the potential shocks in the theoretical model are shut down in the
model estimation. In this regard, the idiosyncratic entrepreneur risk shocks (6”¢ and ¢f¢) and the
government spending shock (g,.) are excluded from the estimation since we do not observe the
corresponding variables in the dataset (net worth of entrepreneurs and government consumption). In
line with Copaciu et al. (2015), consumption, labor and income tax rates are assumed to be constant
over time and hence the corresponding tax shocks are excluded as well. All shocks are scaled by 10
(Uper €0 CE Q1 Yy, T8, T8, T, T, o™,y PC and yf©), except for ¢, which is scaled by 100. This is
done in order to ensure that the estimated standard deviations are comparable.

Corresponding to each of the 18 observed data series, there is a measurement equation that links the
actual data with the endogenous domestic and foreign model variables, as shown in section 4.2. With
the exception of the domestic monetary policy interest rate equation, we include white noise
measurement errors. This is rather common practice when Bayesian estimation of the DSGE models
is performed (see for example Adolfson et al. (2007); Christiano et al. (2011); Copaciu et al. (2015)).
Besides this rather common procedure, there are additional arguments for adding measurement errors
when estimating the model. The main reason is related to the significant noise in the measurement of
macroeconomic series, especially for emerging economies. In the Macedonian economy this is
especially the case, for example, with the data for GDP components’ volumes and the corresponding
prices, which are subject to sizable revisions before the publication of the final data, the latter itself
subject to measurement errors. In addition, some of the macroeconomic series also exhibit extremely
high volatility, which may not be entirely captured by the structural shocks present in the model.
Another reason is of a technical nature and refers to the problem known as ’stochastic singularity’
most DSGE models suffer from. Namely, this problem arises when there are more observable time
series than theoretical shocks, which is also the case with our model, and adding measurement errors
in each of the observation equations helps to overcome this issue and allows the model to have rather
well-defined identification results. With regards to the calibration of the prior variance of the
measurement errors, we specify it so that it corresponds to 10% of the sample variance of the
observed data series, except for investment (volume and deflator), import deflator and interest rate
spreads on new loans in domestic and foreign currency, for which we set the measurement error at
25% of their variance. In line with the literature, the prior for the standard deviation of the
measurement errors follows an inverse gamma distribution with an infinite standard deviation.

Estimation results

The model is estimated using the endogenous priors modified Bayesian procedure as proposed by
Christiano et al. (2011). Thus, besides the usual Bayesian procedure that combines the specified
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priors and the information from the data as summarized by the likelihood function, the standard
deviation of the observed data is taken also into account when obtaining the posterior distribution of
the estimated structural parameters.

Posterior parameter values

The posterior mode for the estimated parameters is obtained by using the Monte-Carlo based
optimization routine, on the log posterior density. In the next step, the posterior distributions are
approximated by running a single Metropolis chain simulation with 1 000 000 draws, from which we
discard half'®. In what follows, we focus our discussion on the results for the posterior mean,
emphasizing from the beginning the relatively high uncertainty around it as measured by the re-ported
10th and 90th percentiles. This reflects the relatively ample parameter space covered by the
estimation with a relatively short data sample. The posterior estimates, together with the respective
priors for the domestic sector part of the model are provided in tables 4 and 5. The external sector
parameters and the standard deviations of the shocks are available in table 8 from the Appendix A.1.

The estimates of Calvo related parameters reflect, given their posterior mean values and the
associated standard deviations, the existence of information in the data. Moreover, they are pretty
heterogeneous across sectors, reflecting the heterogeneity in the variability of the associated
observed inflation rates. Thus, the highest degree of stickiness is found for prices of domestic goods
and prices of imported goods used for consumption, having a posterior mean of the Calvo probability
of 0.57 and 0.54, respectively. This is consistent with the CPI inflation rate having by far the lowest
standard deviation among the observed prices, as illustrated in table 6. The implied average durations
for firms operating in these sectors are around 2.3 and 2.2 quarters. These values are in line with the
average period of price duration found by Ramadani and Naumovski (2015) from a representative
survey on the wage and price setting behavior of Macedonian firms. The remaining Calvo parameters
are in the (0.26-0.39) range with the export prices being the most flexible, followed by the imports
related ones. The relatively low implied durations for the external sector related parameters reflect the
extremely much higher variability in the associated observed deflators. Moreover, the relatively lower
stickiness of export prices might be also explained by the fact that a significant portion of Macedonian
exporters (over 60%) produce intermediate goods, prices of which adjust relatively quickly. In general,
these results suggest that Macedonian firms operate in an environment characterized by pretty flexible
prices.

When we compare our results with the DSGE related findings for other countries we conclude that
prices are more flexible than in developed countries, but they are comparable with some other values
reported usually for other emerging countries. For example, de Walque et al. (2017) report values of
0.85 for the euro area and 0.83 for the USA. On the other hand, Copaciu et al. (2015) estimates
values of the Calvo parameters between 0.34 and 0.73 for Romania, Elekdag and Alp (2011) report
values between 0.3-0.56 for Turkey and Ajevskis and Vitola (2011) report a value of 0.53 for Latvia.
Grabek et al. (2011) find slightly higher values for Poland, between 0.53-0.8, as well as Kustrin (2019)
for Slovenia, with values ranging between 0.52 and 0.9.

The posterior mean of the Calvo parameter for domestic wages is significantly lower than the ones for
domestic prices and imported consumption prices, implying that wages are re-optimized on average
around 1.4 quarters. The posterior value departs significantly from the equivalent 5 quarters prior
value that is borrowed from the microeconomic evidence for the Macedonian economy as in
Ramadani and Naumovski (2015). Yet, evidence that wages are more flexible than consumer prices is
provided also by Jakab and Vilagi (2008) for Hungary. The Calvo parameter is also lower than the
reported one of 0.57 for Slovenia in Kustrin (2019) and of about 0.7 for Czech Republic in Hlousek
(2016) and for Hungary in Jakab and Vilagi (2008).

Turning to the parameters related to the degree of indexation of prices to lagged inflation, we find that
data is rather uninformative, given that almost all estimated parameters are close to the mean value of
0.5 assumed in their prior distribution. These values are broadly similar to the values reported for
Romania by Copaciu et al. (2015) and for Slovenia by Kustrin (2019). Compared to price indexation,

8 The estimations are carried out in Matlab R2014 with Dynare version 4.4.3.
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we find wage indexation to be lower (i.e. 0.2), although this posterior estimate is also very close to its
prior value, that is 0.25. The latter result confirms the survey based evidence regarding the practice of
Macedonian firms for adjusting wages to inflation at a low level as provided by Ramadani and
Naumovski (2015). The parameter is similar to the estimate made by Jakab and Vilagi (2008) for
Hungary (0.17-0.19) and the one of de Walque et al. (2017) for the euro area (0.24), but lower than
the ones estimated for: Romania (0.41) by Copaciu et al. (2015), Slovenia (0.6) by Kustrin (2019) or
Slovakia (0.69) as reported in Papai (2017). The estimates of most of the elasticities of substitution are
also close to their prior values, implying that data is not very informative about the posterior values of
these parameters.

The estimated parameter for the (internal) consumption habit persistence parameter, b, has a
posterior mean value of 0.68, close to the prior one and reflecting the relatively low volatility of private
consumption among GDP components. The value is relatively similar with the ones estimated by
Jakab and Vilagi (2008) for Hungary (0.65), Papai (2017) for Slovakia (0.73) and Argov et al. (2012)
for Israel (0.71). On the other hand, a higher estimate (0.94) is obtained for Slovenia in the study of
Kustrin (2019), while Copaciu et al. (2015) find a relatively low estimate for Romania (0.38), the latter
also featuring a much more volatile consumption series.

The implied Frisch labour supply elasticity, derived as 1/g;, is around 0.2, a noticeably lower value
than its prior one (0.33) and similar with the estimates obtained in the micro studies, as surveyed by
Pencavel (1987). Relatively similar values were obtained by Christiano et al. (2011) and Copaciu et al.
(2015) (i.e. a value around 0.13 for Sweden and Romania, respectively), Pedersen (2016) reports a
value of 0.15 for Denmark, while Gertler et al. (2008) and Gali et al. (2011) estimate values of around
0.25 for US.

The mean estimated value of the investment adjustment cost parameter (S”) is very low (i.e. 0.22),
starting from a prior value of 4. While lower when compared with the values found by Christiano et al.
(2011) for Sweden (2.6) and Kustrin (2019) for Slovenia (8.6), the estimated value for the Macedonian
economy is similar with the estimate of 0.25 obtained by Copaciu et al. (2015) for Romania. The
posterior mean values for the capacity utilization parameters, o, and o, are 0.73 and 0.74
respectively, close to the prior values, implying low variation in capacity utilization. Analogous to the
explanation in Copaciu et al. (2015), these results might be related to the model trying to match
simultaneously an extremely volatile investment data and a relatively less volatile GDP data one.

The mean estimated value for the monitoring costs parameters, u,. and g, are 0.26 and 0.39, higher
and respectively lower than the prior values. Thus, the model implied steady-state values for the
spreads for new loans to non-financial corporations in domestic and foreign currency at the posterior
mean are 1.5 and 4.1 percentage points respectively. On the other hand, the average empirical value
of the spread for new loans in domestic currency is 2.9 percentage points, whereas the value of the
spread for the ones in foreign currency is 5.6 percentage points over the analyzed period. Thus, both
estimated steady-state values of the spreads are lower than their empirical counterpart, with the
ranking (i.e. higher spreads for foreign currency loans) maintained. However, the results are in line
with the volatility of the change in spreads (i.e. higher volatility for the change in spreads for domestic
currency loans relative to the foreign currency ones - see table 6 for details). Compared to the
empirical literature, our estimates of the monitoring costs are lower than the ones reported for example
by Copaciu et al. (2015) for Romania. On the other hand, if one abstracts from the model relations and
uses the (1 minus) recovery rates published in the Doing Business Report of the World Bank as a
proxy for the overall monitoring costs in the Macedonian economy, this results in a corresponding
value for u of 0.57'°, which is higher than our estimates. Compared to other countries, the recovery
rate in Germany is much higher, and implicitly the proxy for monitoring costs much lower (0.18 cents
on the dollar), whereas it is much lower in Romania, Serbia and Croatia, where the implicit proxy for
the monitoring costs are around 0.7 cents on the dollar.

Table 5 summarizes the estimation results for the auto-regressive parameters and the standard
deviations of shocks. The results for both categories reflect the estimation procedure that tries to

9 World Bank Ease of Doing Business Database, Resolving insolvency: Recovery rate (cents on the dollar), for 2006-2020.
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match the volatility in the observed data. As for the estimated parameters and standard deviations for
the external sector, these are presented in the Appendix A.1.

As previously mentioned, six observed ratios are matched exactly in the process of estimation, with
the corresponding parameters being recalibrated after each draw and their posterior mean presented
in Table 3. In this process, we find that the depreciation rate that matches the nominal investment to
GDP ratio in the steady state takes a mean value of 4.2% on a quarterly basis, which is higher than
the usual value of 2.5% used in the literature. This discrepancy is related to the relatively high ratio of
nominal investment over GDP that we are trying to match and a relatively low capital to GDP ratio in
the presence of high spreads?°. Thus, there is a need for capital to depreciate relatively fast.

The posterior values for the entrepreneurial survival rates used to match the net worth to capital ratios
for foreign and domestic currency borrowing firms are relatively low, being related to the high
bankruptcy rates and spreads present in the model in order to match empirical counterparts. Matching
the foreign to domestic currency loans ratio of 74% implies a share of entrepreneurs borrowing in
domestic currency, wy, of 0.39 (i.e. 39%). Given that we are matching an implicit ratio of domestic to
foreign currency credit of around 2.6, one would expect a share of domestic entrepreneurs higher than
0.5. However, given the estimated spreads (higher for foreign currency), the per entrepreneur capital
is higher for DC type relative to the FC type one and thus, in order to accommodate at the aggregate
level the 74% share, the share of domestic entrepreneurs should be smaller than 0.5.

Table 4 Estimated structural parameters

Based on single Metropolis chain with 500,000 draws, after a burn-in period of 500,000 draws.

Parameter Description Prior Posterior
Distr. Mean s.d Mean  s.d. 10%  90%

&q Calvo, domestic B 0.6 0.025 0.568 0.024 0.526 0.608
&y Calvo, exports B 0.5 0.075 0.257 0.029 0.202 0.312
Eme Calvo, imported consumption B 0.5 0.075 0.538 0.065 0.427 0.647
Emi Calvo, imported investment B 0.5 0.075 0.283 0.04 0.208 0.353
Emx Calvo, imported exports B 0.5 0.075 0.392 0.057 0.303 0.482
Ew Calvo, wages B 0.8 0.075 0.268 0.033 0.207 0.326
Kgq Indexation, domestic B 0.5 0.1 0.407 0.081 0.257 0.557
Ky Indexation, exports B 0.5 0.1 0.419 0.088 0.266 0.57
Kme Indexation, imported consumption B 0.5 0.1 0.531 0.101 0.372 0.691
Komi Indexation, imported investment B 0.5 0.1 042 0.066 0.264 0.58
Kmx Indexation, imported exports B 0.5 0.1 0.484 0.078 0.325 0.642
Ky Indexation, wages B 0.25 0.075 0.203 0.058 0.101 0.306
oy Inverse Frisch elasticity r 3 1 5.1 1 3.47 6.59
b Habit in consumption B 0.65 0.15 0.677 0.11 0.537 0.842
S Investment adjustment costs N 4 1.5 0.22 0.04 0.15 0.28
Oupc Variable capital utilization DC r 075 0.025 0.732 0.022 0.692 0.773
Oarc Variable capital utilization FC r 0.75 0.025 0.737 0.022 0.696 0.778
n; Elasticity of subst., investment r 1.5 0.075 1.743 0.082 1.614 1.872
uls Elasticity of subst., foreign r 1.5 0.075 1464 0.056 1.358 1.566
Ne Elasticity of subst., consumption r 1.5 0.075 1359 0.076 1.217 1.502
Ny Elasticity of subst., exports r 1.5 0.075 1.404 0.077 1.279 1.528
Mk Elasticity of subst., capital r 2.5 025 2421 0.288 2.014 2.821
services
Upc Monitoring cost DC B 0.3 0.05 0.259 0.029 0.208 0.309
Upc Monitoring cost FC B 0.3 0.05 0.394 0.033 0.336 0.451

Source: Authors’ calculations.

20 The nominal investment to GDP ratio in the steady state is 28.6%, whereas the nominal and real capital to GDP ratio in
annual terms is 1.5 and 2.9, respectively.
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Table 5 Estimated auto-regressive parameters and standard deviations of shocks

Based on single Metropolis chain with 500,000 draws, after a burn-in period of 500,000 draws.

Parameter Description Prior Posterior
Distr. Mean s.d/df Mean s.d. 10%  90%

Pu, Persistence, unit-root tech. B 0.85 0.05 0.708 0.044 0.614 0.805
De Persistence, stationary tech. B 0.3 0.075 0386 0.07 0.265 0.506
Py Persistence, MEI B 0.3 0.075 0.202 0.049 0.113 0.29
pee Persistence, consumption prefs. B 0.3 0.075 0.341 0.084 0.218 0.459
Peh Persistence, labor prefs. B 0.3 0.075 0.296 0.055 0.186 0.406
J273 Persistence, country risk premium B 0.75 0.075 0.837 0.042 0.768 0.905
pypc Persistence, entrepren. wealth DC B 075 0075 0.74 0.063 0.653 0.829
pyFe Persistence, entrepren. wealth FC B 0.75 0.075 0.709 0.073 0.587 0.833
100, Unit-root technology B 0.3 2 0.07 0.01 0.053 0.087
100, Stationary technology Inv-I 0.3 2 0.076 0.006 0.065 0.086
100y MEI Inv-I" 0.5 2 0.208 0.035 0.157 0.259
100;c Consumption prefs. Inv-I 0.4 2 0.651 0.165 0.289 1.004
1001 Labor prefs. Inv-I" 3 2 1172 0.219 0.754 1.571
1000 Country risk premium Inv-I" 0.2 2 0.144 0.018 0.114 0.173
1004 Markup, domestic Inv-I" 0.6 2 0.364 0.056 0.258 0.468
100« Markup, exports Inv-I 1 2 0.404 0.05 0.302 0.503
100 me Markup, imports for consumption Inv-I" 0.3 2 0.247 0.241 0.088 0.409
100 mi Markup, imports for investment Inv-I" 1.5 2 0.515 0.07 0400 0.632
100 ;mx Markup, imports for exports Inv-I 3 2 2231 0.534 1473 2.966
100,,0c Entrepreneurial wealth DC Inv-I 0.3 2 0.174 0.025 0.137 0.212
100, rc Entrepreneurial wealth FC Inv-I 0.3 2 0.167 0.038 0.099 0.232

Source: Authors’ calculations.
Impulse response functions

This section discusses the dynamic characteristics of the Macedonian economy as captured by
impulse response functions (IRFs) simulated using the estimated model (i.e. estimates of the
parameters at their posterior mean). We analyze here the responses of the key macroeconomic and
financial variables to a selection of exogenous shocks, namely stationary neutral technology shock,
consumption preference shock, sovereign risk premium shock and entrepreneurial net worth shock.
The rest of impulse response functions are presented in the Appendix A.2. The graphs presented
below show the effect of one standard deviation shock on the dynamics of the selected endogenous
variable over a period of twenty quarters. All variables are expressed as deviations from the steady
state of the model: real variables are presented as percentage deviations (% dev.); inflation measures,
interest rates, spreads and the risk premium as annualized percentage deviations (APD); and the
ratios of net foreign asset and net nominal exports to nominal GDP as level deviations.

Figure 3 depicts the impulse response functions of model variables to a positive stationary neutral
technology shock (¢,). This transitory supply shock yields the standard expansionary reaction of
output as predicted in economic theory. The rise in total factor productivity has positive broad-based
effects over the economy, inducing a persistent rise in private consumption and a less persistent
increase in investment and net exports. As a result, GDP increases by around 0.25% on impact and,
given also the extremely low persistence of this shock, returns to steady state after a two year period.
Real wages initially marginally decline but then rise sharply due to the improved productivity effects,
whereas total hours work decline due to the income effect dominating the substitution one. The
increased productivity resulting from the shock generates a decrease in the real marginal cost of the
domestic goods producers, generating disinflationary pressures in the economy, transmitted also on
prices of final goods. Thus, the CPI inflation declines. Given the fixed nominal exchange rate, the fall
in domestic/CPI inflation relative to foreign one results in a depreciation of the real exchange rate, with
positive effects on domestic competitiveness and exports. On the other hand, imports drop on impact,
due to the substitution effect of foreign with domestic goods.

Despite the temporary improvement in (nominal) net exports, negative valuation effects dominate in
the first periods leading to an initial deterioration in the net foreign assets position and a consequent
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positive deviation from the steady for the sovereign risk premium (for the first three quarters).
However, as a share of (annual terms) nominal GDP, the net foreign assets position improves. In
order the fixed exchange rate to be maintained, the interest rate marginally increases on impact, and
then declines in line with the ensuing improvement of the net foreign asset position and the risk
premium.

Since the cost of debt is fixed in nominal terms, the decline in prices activates the Fisher's debt-
deflation channel, leading to an increased real value of debt. Given the extremely small increase in the
domestic nominal interest rate and in the cost of foreign currency debt expressed in domestic currency
(driven by the evolution of the risk premium), the above mentioned channel leads to a small increase
in spreads that mutes the evolution of net worth in the first period. Following the demand for
investment goods and the decline in spreads the net worth increases in the subsequent periods, as
the financial accelerator kicks in.

Figure 3: IRFs to the stationary neutral technology shock
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Source: Authors’ calculations.

Figure 4 plots the impulse responses to a country risk premium shock (¢,), extremely relevant for
countries with fixed exchange rate regime. Since this shock entails a rise in the exogenous component
of the sovereign risk premium, domestic interest rate increases immediately and by the same
magnitude, mimicking over the entire horizon the behavior of the risk premium.

The higher risk premium for FC entrepreneurs together with the hike in the domestic interest rate for
DC entrepreneurs lead to higher bankruptcy rates, higher spreads and a decline in net worth. In this
case, the debt deflation mechanism enhances the financial accelerator one, which is the case for
demand like shocks. As for the latter mechanism, it is perpetuated by the ensuing lower demand for
capital from capital producers, resulting in a significantly lower demand for investment, which drops
more than 2% below steady state on impact. Total hours worked and real wages in the economy are
also negatively affected due to the lower demand levels. These induce a decline in marginal costs of
production, hence domestic prices and CPI inflation go down. In an environment of higher interest
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rates and lower inflation, the real interest rate goes up, which induces private consumption to decline,
amid higher saving preferences of consumers.

Since the nominal exchange rate is fixed, when domestic inflation goes down, the real exchange rate
slightly depreciates, with a positive impact on the external competitiveness and on exports. This has a
positive impact on net exports, which also improve because the diminishing domestic demand at the
same time curbs imports. As a consequence of improved (nominal) net exports, the net foreign asset
position of the country improves.

The fall in investment and consumption outweighs the improvement of net exports, with real GDP
dropping by around 0.3% on impact. This finding is characteristic for many emerging economies with
partial dollarization, where negative balance sheet and wealth effects neutralize the positive effect of
(real terms) depreciation on the economy. However, with a nominal fixed exchange rate, the nominal
domestic interest rate does not react to the change in the domestic variables (e.g. inflation) and
reflects only the (small) changes in the sovereign risk premium or the ones in the foreign interest rate.
Thus, for both DC and FC entrepreneurs the cost of funds does not vary much, and even more they
co-move leading in general to no significant differences in terms of FC and DC net worth. We make
the conjunction that in this case, the debt deflation channel is more important relative to the financial
accelerator one (compared to the flexible exchange rate case).

Figure 4: IRFs to the country risk premium shock
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Source: Authors’ calculations.

Figure 5 illustrates the effects of a positive shock to consumption preferences (7). This is a typical
demand-side shock with positive responses of both output and prices. Consumption surges by 2% on
impact and remains persistently above steady state in the next 10 quarters. As households spend
more in the consumer market and favor dissaving, investment drops, despite the positive effects this
expansionary economic shock has on interest rate spreads and net worth of entrepreneurs. However,
although investment declines, imports still grow due to the high share of imported components that
consumption goods contain. At the same time, as the shock is propagated in the economy, exports
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drop as well because of their increased relative prices, following increased input prices. However, the
increase in consumption more than compensates for the unfavorable movements in the other
components, so the combined effect of this shock is a rise in GDP by around 0.7% on impact. The
higher domestic demand that firms need to meet as well as the lower importance that consumers put
on leisure lead to a rise in total hours worked, accompanied by rise in real wages. Consequently, real
marginal costs of domestic goods firms increases, which drives up CPI inflation. Since foreign prices
are unchanged, this in turn results in a slight appreciation of the real exchange rate. The combination
of lower export demand (higher relative prices) and the higher imports (higher demand for
consumption goods), also in nominal terms entail a gradual deterioration of the net foreign assets
position of the country (although as a share of annual GDP it improves marginally in the first period),
with a resulting increase in the risk premium. In turn, the higher risk premium induces a slight upward
movement of the interest rate, given the fixed exchange rate regime.

Figure 5: IRFs to the consumption preference shock
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Finally, we discuss the impulse responses to a positive shock to the net worth of entrepreneurs
borrowing in domestic currency (y°¢), as depicted in Figure 6. In response to this shock, net worth
of entrepreneurs borrowing in domestic currency improves on impact and peaks at about 5% above
steady state during the second year of the shock and then, given also the stock nature of the affected
variable, gradually dies out. On the other hand, the net worth of entrepreneurs borrowing in foreign
currency responds positively only during the first year, and then moves into the negative territory as
the substitution effect between foreign and domestic currency funds prevails. Still, the combined effect
is a long-lasting hump-shaped increase in aggregate net worth. The positive changes in the balance
sheets of entrepreneurs drive bankruptcy rates down, resulting in lower spreads, more in the case of
entrepreneurs borrowing in domestic currency. This in turn leads to an increased demand for capital
which translates into higher investment that jumps by around 4% on impact relative to the steady
state. On the other hand, consumption declines given also the developments for the real interest rate,
as well as net exports, as imports rise faster than exports despite a weaker real exchange rate
(induced by falling CPI), due to the higher demand for investment goods from abroad. Overall, real
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GDP increases by 0.4% on impact, and peaks at about 0.75% one year after the shock occurs. The
rise in output causes higher demand for labor, with both total hours worked and real wages rising.
However, as a consequence of the diminishing net exports, the net foreign asset position of the
country deteriorates, leading to a rise in the risk premium and therefore in the domestic interest rate.

Figure 6: IRFs to the DC entrepreneurial net worth shock
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Model and data moments and variance decomposition

To analyze the model’s fit of the data we present in Table 6 the fit of the model standard deviations for
the observed series relative to their data counterparts. This is done for the model estimated both with
and without endogenous priors. The use of the endogenous priors approach as suggested by
Christiano et al. (2011) fosters better moment matching as the variance of the observed variables is
included through a sequential-learning approach to the Bayesian estimation of the model.

By looking at the volatility observed in the data and that implied from the model estimated with
endogenous priors, it can be seen that the model performs relatively well in terms of its fit, given the
constraints imposed by the number of variables, length of the sample and high data variability. In
terms of volumes, the model matches closely the volatility of GDP, consumption and exports and
slightly underestimates the variability investment and imports. In terms of prices, it closely matches
CPI inflation and the GDP deflator, slightly underestimates the volatile exports and imports deflators
and underestimates with a higher degree the extremely volatile investments deflator. The domestic
interest rate and the labor market variables are slightly overestimated. As for the change in spreads’
variability, extremely volatile in the observed series, the one for foreign currency loans is matched
closely, while the one for domestic currency loans is overestimated. The volatility in the foreign sector
variables is matched very closely.
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Compared to the model with endogenous priors, the model estimated without endogenous priors
performs worse in terms of matching the variability in the data. For most of the variables (with the
exception of exports, investment and export deflators) it overestimates the variability of the observed
variables. This is most noticeable in the case of the financial frictions related variables (spreads DC
and FC) where the variability is severely overestimated. Therefore, overall, we assess the model’s fit
to the data with the use of the endogenous prior approach to be relatively solid.

Variance decomposition of the posterior means of the observed variables over the 8 quarter horizon is
shown in Table 7. The discussion that follows decomposes the variance in terms of the contribution
coming from different groups of shocks (supply, demand and foreign shocks) and the contribution
coming from the observed series’ measurement errors (ME). In addition, the most relevant shock
within each group of shocks is commented in the text.

Table 6 Data and model moments

Series Data Model (EP) Model (no EP)
Gross domestic product (GDP) 2.73 2.43 4.31
Consumption (C) 2.85 2.49 3.59
Investment (/) 18.75 14.52 20.55
Imports (M) 9.23 6.45 9.48
Exports (X) 7.10 6.69 6.54
Domestic interest rate (R) 1.75 2.05 3.03
GDP deflator (r;pp) 9.39 10.13 11.63
CPI (m¢) 3.28 3.10 3.97
Investment deflator (m;) 36.99 20.50 29.26
Import deflator (1)) 23.87 18.23 32.15
Export deflator () 20.49 17.80 15.01
Wages (w) 1.59 1.99 2.97
Hours worked (H) 1.46 2.25 7.22
Spread FC (spreadg¢) 14.95 12.83 38.27
Spread DC spreadp. 17.78 25.09 50.99
Foreign output gap (y5a;) 214 2.28 2.58
Foreign inflation (t*) 2.39 2.69 2.72
Foreign interest rate (R*) 1.59 1.68 1.60

Source: Authors’ calculations.

To begin with, aside from ME, most of the variance in the observed series for GDP growth and its
components is explained predominantly by supply shocks, with the exception of consumption (where
demand shocks account for more than three quarters of this series’ variability). More specifically, the
consumption preference shock explains around 73.8% of the variation in consumption, similar to
Copaciu et al. (2015). In terms of GDP growth, the most important supply shocks are the permanent
neutral technology and the markup shocks of exporters. Turning to investment, around 30% of the
variation explained comes from the marginal efficiency of investment and markup shocks for importers
of investment goods. Moreover, out of the 18.5% of the variance explained by the demand shocks,
most of it comes from shocks to the net worth of domestic (10.8%) and foreign entrepreneurs (4.5%).
Furthermore, the most relevant supply shocks for imports growth are markup shocks, more
specifically, those of importers of goods used in the production of investment and export goods.
Markup shocks are even more relevant for the series of exports, with shocks to exports and imports of
goods used in the production of exports accounting for over 80% of the observed variation.

Next, the observed variation in prices is mostly explained by supply shocks and foreign shocks - by
order of relevance. Over 80% of the variation in the GDP deflator is explained by supply shocks - or
more concretely, markup shocks. When it comes to consumption prices, a large part of the variability
in the CPI index comes from markup shocks (around 36%) and foreign shocks (around 33%). Supply
shocks also account for more than half of the variation in the import and export deflators.

Regarding the labor market variables, technology shocks account for around one third of the variation
in wages and one quarter of the variation in hours worked. Thus, wages are predominantly explained
by permanent technology shocks, while hours worked, by transitory technology shocks. Another
important contribution to the variation in wages comes from labor disutility shocks (around 25%), while
exports related markups shocks account for 27.5% of the variation in hours worked.
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In the context of financial sector variables, demand shocks are more significant drivers of the
observed variation in the data. Hence, shocks to the net worth of FC/DC entrepreneurs account for
more than 30% of the variation in the respective spreads and for more than 20% in the domestic
interest rate. Part of the variability in the spreads also originates from supply side shocks (i.e. marginal
efficiency of investment shocks and markup shocks to importers of goods used in the production of
investment). As for the domestic interest rate, the sovereign risk premium has a relevant role,
accounting for around 25.4% of the variation. Given the monetary policy regime in place, foreign
shocks play a substantial role, explaining close to half of domestic interest rate variability.

As explained above, for a number of reasons, measurement errors were introduced and consequently
they have a role in explaining part of the data variability. Table 7 shows that measurement errors
account for a high degree of variability of investment and of imports (volume and price series). This
result is rather expected, given the large and frequent data revisions made for Macedonian data that
are particularly common for investment volumes and for investment and import deflators.
Measurement errors are also relevant for the variation in the foreign currency spread, given its
relatively high volatility.

Table 7 Variance decomposition over 8 quarters horizon of observed variables at their posterior mean

GDP C I X M Tgpp  T¢ ; Ty Ty H w R Spc Src
€7 129 82 4.9 1.6 8.4 0.7 5.4 0.0 0.1 0.0 1.6 358 0.8 3.2 2.0
€c 1.3 0.1 0.0 0.1 0.5 0.6 4.8 0.0 0.1 0.0 233 41 0.0 0.5 0.3
€y 8.8 0.0 16.8 0.0 9.9 0.1 0.8 0.0 0.0 0.0 10.1 3.0 1.0 9.8 8.5
€zc 109 738 041 0.0 2.7 0.2 1.6 0.0 0.0 0.0 8.5 4.5 1.5 0.4 0.2
€ 2.2 0.3 3.2 0.0 21 0.1 0.8 0.0 0.0 0.0 0.5 21 254 20 1.7
€ 0.2 0.0 0.0 0.0 0.1 0.1 1.0 0.0 0.0 0.0 6.2 249 0.0 0.1 0.1
€g 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.1 0.0 0.0 0.0
€.d 1.0 0.1 0.2 0.1 0.1 23 211 041 0.2 0.0 3.3 24 0.3 0.1 0.1
€% 193 0.0 0.0 304 7.2 26.2 0.6 0.0 320 0.0 14.0 3.2 0.1 0.2 0.1
€me 0.0 0.0 0.0 0.0 0.0 0.5 1.3 0.0 0.0 0.2 0.2 0.2 0.0 0.0 0.0
€ mi 4.9 0.0 127 0.0 1.7 941 2.8 17.3 0.0 3.4 7.2 0.9 2.0 19.0 144
€pmx 10.1 0.3 0.3 504 238 478 0.4 0.0 532 521 134 3.0 1.5 0.4 0.3
€,pc 3.9 3.1 10.8 041 4.5 0.5 3.2 0.0 0.1 0.0 1.8 1.3 148 314 163
€, Fc 27 0.3 4.5 0.0 21 0.3 21 0.0 0.0 0.0 1.0 0.7 6.3 121 15.6
€y 7.4 0.1 2.2 5.6 4.8 1.5 172 04 0.5 0.6 3.7 4.8 234 39 2.9
€+ 0.9 0.2 0.7 0.4 0.7 1.3 152 0.6 0.5 0.8 0.6 1.3 195 3.2 23
€g* 1.0 0.1 1.4 0.0 0.9 0.1 0.7 0.0 0.0 0.0 0.2 1.0 3.4 1.0 0.8
For. 93 0.4 4.3 6.0 6.4 2.8 33.0 1.0 1.1 1.4 4.4 7.1 46.3 8.1 5.9
Sup. 584 87 351 826 616 875 48.1 176 855 557 793 776 57 332 259
Dem. 197 775 185 041 14 11 7.7 0.1 0.1 0.0 122 8.8 48.0 46.0 33.8
ME 126 134 422 113 206 86 1.2 814 133 429 41 6.6 0.0 128 344

For. are foreign shocks, Sup. are supply shocks, Dem. are demand shocks and ME are measurement errors.
Source: Authors’ calculations.

Smoothed shock processes and historical decomposition

In figure 7 we illustrate the smoothed exogenous processes as retrieved by the two-sided Kalman
filter, with the red line depicting the corresponding steady state value of the shocks. First of all, most of
the shocks associated with the domestic economy lack persistence given the relatively low values of
the estimated AR (1) coefficients and the white noise specification in case of the markup shocks. This
is a rather expected result given the highly volatile data set the shocks need to match. The shocks
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associated with investment, both for volumes and prices, like the marginal efficiency of investment and
the imports for investment markup shock, are such an example. The exception is represented by the
risk premium and to a lesser extent by the permanent technology and net worth shocks for which the
estimated AR (1) coefficients have relatively higher values, as shown in table 5. Some shocks,
especially related to the real sector capture relatively well the evolution across the business cycle.
Negative innovations are associated with the onset of the end 2008 global financial crisis or the mid-
2010- mid-2012 period for the permanent technology shock. For the latter period the evolution of the
consumption preference and net worth shocks is also relevant. As for the first half of 2020, the end of
our sample, the impact of the pandemics is usually reflected by extremely negative innovations for the
shocks related to the real sector, most of these shocks being driven below their steady state values.
The risk premium shock was hit by favorable innovations before the financial crisis hit. It went rapidly
well above the steady state and remained there until the first part of 2011. Starting in 2017 it went
below the steady state being hit by favorable innovations, with the pandemic crisis leading only to a
marginal increase at the end of the sample.
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When estimating the model, a particular attention was given to the fit of some unobserved variables
from the model, as retrieved by the two sided Kalman filter (smoother), against some counterparts
retrieved from Macedonian Policy Analysis Model (MAKPAM) as evaluated in the October 2020
forecasting round. More precisely, as illustrated in figure 8, we looked at the relative fit of gaps for
GDP and its components, potential output growth rate, risk premium and the gap between import and
GDP deflators, as the latter measure is considered to be the relevant real exchange rate measure in
MAKPAM. As it can be visually inspected the two models offer a relatively similar evaluation over the
common sample for the gaps of GDP and its components. However, over some periods differences in
the magnitude of the smoothed variables recovered with the two models appear. This is the case for
the output gap for the 2010-2014, where the lower magnitude for the DSGE evaluation comes from the
lower consumption gap. As for the potential output growth, with the growth rate of permanent
technology trend representing the corresponding DSGE measure, it is evaluated at slightly lower
values for most of the analyzed periods. The risk premium retrieved with the DSGE model is much
smoother relative to the one retrieved from the MAKPAM.

Next, we describe the historical shock decomposition of some actual and model smoothed
unobserved endogenous variables during the analyzed sample. Starting from the vector moving-
average representation of the model, any (observed or unobserved) variable can be decomposed in
contributions of present and past shocks, with weights assigned to previous innovations decaying in
accordance to their moment of occurrence. We restrain our attention to the 7 most important shocks
as measured by the absolute average contribution to a variable’s dynamics over the investigated
sample, storing the remained innovations in a common ”Other” group. The exception is represented by
the risk premium shock, which given its relative importance in an economy with a fixed exchange rate
regime, is presented, regardless of its importance, for each variable. Moreover, we do not focus on
explaining the shock decomposition, at least for the unobserved variables, in the first quarters of the
sample, given the impact of the initialization of the filter that fades out afterward. Overall, while the
historical decomposition delivers conclusions similar to the variance decomposition, it also offers
additional insights regarding the importance of particular shocks during specific periods. The g-o-q
growth rates are expressed in deviation from the mean, while the cyclical components are deviations
from the steady-state.

Figure 8: Smoothed unobserved variables and data counterparts
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In Figure 9 we present the (steady state deviation) dynamics of GDP and private consumption
expressed, both in terms of quarterly growth rates and levels.

For real GDP growth, given its extremely volatile nature and the fact that we allow for a measurement
error, the latter ranks first in terms of absolute contributions over the sample, although its contribution
is not dominant for most of the time periods. This is also supported by looking at the variance
decomposition of GDP growth, with the measurement error explaining only around 12.5% of it. Going
further, the growth rate of GDP is explained by a mix of shocks belonging to its components: markup
shocks for exports and imports used in the production of exports, consumption preference shock,
marginal efficiency of investment shock. Last but not least, there is some contribution from the
permanent technology shock. By investigating the first half of 2020, it can be seen that the drop in
GDP associated with the pandemic is associated with negative innovations to the consumption
preference shock, and in 2020Q2 also for the permanent technology shock (i.e. a negative shock to
the trend) and to a lesser extent for the marginal efficiency of investment and the markup for the
imports used in the production of exports shocks.

Figure 9: Historical decomposition (1)
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Smoothed deviation of GDP from the corresponding steady state was positive for the mid-2007-end of
2008 period reaching a maximum of about 3.5%, then entered negative territory following the financial
crisis onset and remained there for a relatively long period of time, albeit at relatively low values. When
the pandemic hit in 2020, the output gap adjusted significantly from values above 2% at end 2019 to
below -8% in 2020Q2. In terms of shocks, mostly demand related shocks explain the evolution of the
output gap: the consumption preference shock, net worth shocks and external shocks (demand and
interest rate ones). As for the latter, as expected, their relevance in an economy with a fixed exchange
rate, relative to an economy with a flexible one, is relatively larger. As for the risk premium shock, it
had positive contributions until the financial crisis hit and it turned negative afterward for a relatively
long period of time, but being compensated more or less by the contribution of the external interest
rate shock. The dive of the output gap in negative territory once the pandemic hit is mostly explained
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by the negative contribution of the consumption preference and external demand shocks, while the risk
and external interest rate shocks attenuated the fall.

The growth rate of private consumption and its smoothed deviation from the corresponding steady
state were driven mostly by the evolution of the consumption preference shock as also confirmed by
the variance decomposition analysis. Large negative innovations on the before mentioned shock are
also responsible for the evolution of the growth rate of private consumption at the end of our sample,
during the beginning of the pandemic period. The contribution of the entrepreneurs net worth shocks
reflects for most of the periods in the sample the substitution effect between investments and private
consumption.

Moving to investment, as illustrated in figure 10, the higher relative importance of the measurement
error in explaining the growth rate of this variable should be noted. This was expected, given its
extremely high volatility in the analyzed sample (i.e. almost 7 times more volatile than the GDP
growth). As for the structural shocks, both demand (especially net worth shock for entrepreneurs
borrowing in domestic currency) and supply ones (marginal efficiency of investment and markup for
imported investment goods) were relevant in explaining the dynamics of both the growth rate and the
cyclical component. External demand and interest rate shocks were also relatively important, with the
former being significant in the pandemic related adjustments.

When it comes to exports, the markup shocks related to both exports and imports used in the
production of exports, as well as the foreign demand shock are the ones explaining most of the
variation in the growth rate and the cyclical component. The importance of the imports for exports
markup shock that affects the corresponding producers’ real marginal costs is related to the rather
high share of imported inputs in final exported goods (i.e. 50.9%). The mentioned shocks are also the
ones explaining the adjustments at the beginning of the pandemic period.

Figure 10: Historical decomposition (2)
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As for real imports, as shown in figure 11, the shocks driving their dynamics are related to their share
in the production of final domestic goods. Thus, the importance of investment and exports related
shocks, both demand and supply, is relatively higher compared with the consumption related ones.
Also the external demand is relatively important in explaining the cyclical component of exports, even
more in the case of the downward adjustment at the beginning of the pandemic. Almost the same
group of shocks, with a relatively lower contribution of the export sector, is explaining a good part of
the net exports to GDP ratio. The positive value from the end of the sample reflects mostly the
contribution of the investment and consumption related negative shocks with a negative impact on the
demand for imports. The latter mentioned shocks, together with a higher contribution from all the
external shocks (demand, inflation and interest rate) explain the deviation from the steady state of the
net foreign asset position of the economy that registered mostly positive values until the second part of
2015, remaining negative afterwards.

Figure 11: Historical decomposition (3)
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Labor market variables historical decompositions are presented in figure 12. As for the real wage gap,
it is evaluated as close to zero, but slightly below for most of the analyzed period. The domestic
intermediate good producers’ markup shock appears as the most important one, while labor disutility
and consumption preferences shocks appear in the households' utility function and show up as
determinants as well. There is also a role for the permanent technology shock related to the trend
productivity in the economy. The latter, together with its stationary counterpart and the labor disutility
shock are the main drivers for the growth rate of nominal wages. The adjustment at the end of the
sample for the latter variable is driven by the labor disutility, permanent technology and external
demand shocks. With the exception of the consumption preference shock, the observed hours worked
and their cyclical component are explained mostly by supply-side shocks: temporary technology,
markup and, for the cyclical component, labor disutility. The latter is responsible for the adjustment of
the gap in hours into negative territory, following the start of the pandemic.
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Figure 12: Historical decomposition (4)
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Historical decompositions for interest rate spreads (growth rates and gaps) exchange rate are
presented in figure 13. For both domestic and foreign currencies spreads the wealth shocks are
relevant. As the entrepreneurs are responsible for investment allocations, the marginal efficiency of
investment and markup for imports used in the production of investment goods shocks produce also
significant effects. Moreover, given the monetary policy regime in place, the external shocks, mostly
inflation and demand related ones, are also important in explaining the evolution of spreads. Last but
not least, for the observed spreads growth rates, the measurement error is more important relative to
other observed variables, given their relatively much higher volatility. Starting 2010, after the financial
crisis, the gaps for spreads were usually positive albeit having a low magnitude.
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Figure 13: Historical decomposition (5)
Domestic currency spread gap
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Finally, figure 14 plots the shock decomposition for the GDP deflator, imports deflator and CPI
inflation. For all three variables supply-side shocks dominate their evolution, mostly markups related
ones. For the GDP deflator the imports and exports markup shock dominate the impact of the markup
shock for the domestic intermediate goods. This is a rather expected result, given the monetary regime
in place and the relatively high openness degree of the economy. Related to the latter, influence is
coming also from the external demand shock. As for the deflator of imports, the markup shocks for
imports used in the production of exports and investment goods are the relevant ones, followed by all
three external shocks: inflation, demand and interest rate related. A significant influence of the external
demand foreign inflation shocks was exerted also on the CPI inflation rate. However, in this case,
there is also relevance of the domestic supply shocks: the markup shock for the domestic intermediate
goods and the temporary technology shock. Last but not least, the markup shock for imports used in
the production of consumption goods had influence over some periods of time.
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Figure 14: Historical decomposition (6)
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Conclusions and recommendations

This paper presented the newly developed New-Keynesian small open economy DSGE model for the
Macedonian economy. The model is a simplified version of the one described in Copaciu et al. (2015),
which was additionally modified to accommodate for the fixed exchange rate regime of the country.
The model structure incorporates financial frictions in the spirit of Bernanke et al. (1999) to better
understand the role of financial shocks in explaining the macroeconomic fluctuations in the
Macedonian economy, an issue that became particularly relevant after the outburst of the global
financial crisis. As an additional feature, the model accounts for the existence of partial credit
euroization in the economy, as measured by the relatively high share of foreign currency denominated
loans, and thus differentiates between two types of entrepreneurs - those borrowing in domestic
currency (i.e. Macedonian Denars) and those borrowing in foreign currency (i.e. Euro).

The main structural parameters of the model are estimated using standard Bayesian techniques over
the period 2006Q2 to 2020Q2, thus taking into account the immediate impact of the Covid-19 crisis on
the economy. The time span of the data was essentially determined by availability and methodological
differences regarding certain data series. In the process of estimation, 18 observable variables were
used and the endogenous priors’ procedure suggested in Christiano et al. (2011) was implemented,
for the purpose of better matching the variability in the macroeconomic series. During the estimation of
the model we also used as references a set of unobserved variables (i.e. gaps for GDP and GDP
components, real exchange rate, potential GDP growth rate and risk premium) that come out from the
main quarterly projection model used by the National bank (MAKPAM).

The parameter estimates reflect, given also the endogenous priors procedure applied, the relatively
high variability of the observed series. The results indicate that the degree of price stickiness appears
to be lower than the one for developed countries, but it is comparable with the one for other emerging
countries. However, the estimated stickiness in wages is found to be significantly lower than in
domestic prices. We also find that both price and wage inflation are partially indexed to past inflation,
but the backward-looking component is more pronounced in the price setting mechanism. In addition,
our estimates show that there is a relatively high degree of habit persistence in consumption of
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households, that the labor supply sensitivity to real wages is similar with the estimates obtained in the
micro studies and that the investment adjustment costs are small. Regarding the estimated
parameters related to the financial sector, we find that the model- implied monitoring costs in the
economy are lower when compared with the ones which are proxied by the recovery rates published in
the Doing Business Report of the World Bank.

The analysis of impulse response functions indicates responses in line with the economic theory.
However, given the monetary policy regime in place, the debt deflation channel is more important
relative to the financial accelerator one when compared to the flexible exchange rate case. Moreover,
as the cost of funds for both types of entrepreneurs are similar and co-move given the lack of balance
sheet effects, there are, in general, no significant differences in terms of net worth evolution across the
two types of entrepreneurs. This is the case for example when a shock is applied to the exogenous
component of the risk premium, while in an alternative monetary policy regime (e.g. inflation targeting),
given the balance sheet effects resulting from implied nominal depreciation of the currency, the effect
on the entrepreneurs borrowing in foreign currency will be larger. The evolution of the net foreign
assets position, with impact on the risk premium and consequently on the domestic interest rate,
reflects both valuation effects and the evolution of the (nominal) net exports under the impact of
different shocks.

The estimated model, using the endogenous priors approach, performs relatively well in terms of
matching the variability in the data, taking into account all the constraints that were imposed by the
number of observed variables, length of the sample, data volatility and the MAKPAM counterparts
serving as an exogenous reference. As for the latter, it was found that the DSGE model and MAKPAM
offer relative similar evaluations over the common sample for the gaps of GDP and its components.
Moreover, the performance is significantly better relative to that resulting from estimating the model
without using the endogenous priors procedure.

The variance decomposition results show that the variation in the observed series for GDP and most
of its components is explained mainly by supply shocks, with the exception of consumption (where
demand shocks account for more than three quarters of this series’ variability). With regard to GDP
growth, the most important supply shocks are the permanent neutral technology shock (i.e. trend
component) and the markup shock of exporters, whereas for investment the marginal efficiency of
investment shock. In addition, we find that markup shocks are relatively more relevant for exports and
imports. When it comes to prices, markup shocks and foreign shocks seem to account for most of the
fluctuations in CPI inflation, the latter being expected given the fixed exchange rate regime. As for the
domestic interest rate, the sovereign risk premium has a relevant role, accounting for around a quarter
of its variation. Given the monetary policy regime in place, foreign shocks play a substantial role,
explaining close to half of domestic interest rate variability. The shocks related to the financial sector
appear to be especially important for investment on the real side of the economy, and for the domestic
interest rate and interest rate spreads on the financial side, thus highlighting the importance of the
financial frictions segment of the model.

Last but not least, a complementary tool employed to evaluate the model refers to the historical shock
decomposition analysis that highlights the importance of each structural shock for the observed
dynamics of the key macroeconomic variables. The growth rate of GDP is explained by a mix of
shocks belonging to its components: markup shocks for exports and imports used in the production of
exports, consumption preference shock, and marginal efficiency of investment shock. The drop in GDP
associated with the pandemic is associated with negative innovations to the consumption preference
shock, and in 2020Q2 also for the permanent technology shock (i.e. a negative shock to the trend) and
to a lesser extent for the marginal efficiency of investment and the markup for the imports used in the
production of exports shocks. The results suggest that demand side shocks are the main driving force
of the output gap dynamics during the analyzed period. Specifically, besides the consumption
preference shock and external related ones, shocks originating in the financial sector also proved to be
very important factor in explaining business cycle fluctuations in the Macedonian economy. As for the
risk premium shock, it had positive contributions until the financial crisis hit and it turned negative
afterward for a relatively long period of time, but being compensated more or less by the contribution
of the external interest rate shock. The dive of the output gap in negative territory once the pandemic
hit is mostly explained by the negative contribution of the consumption preference and external
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demand shocks, while the risk and external interest rate shocks attenuated the fall. The analysis
shows that demand side (preference) shocks are the key driver of private consumption dynamics,
whereas both demand (especially financial sector related ones) and supply shocks contributed
importantly to the developments of investment. The path of export and import demand is determined
mostly by exports and investment related shocks, with the external demand shock also being relatively
important, as expected given the high degree of openness of the Macedonian economy. Financial
sector related shocks appear to be also relevant for the net foreign asset position of the country as
well as for the interest rate spreads, together with the foreign related ones, given the monetary policy
regime in place. The evolution of CPI inflation over the studied period is mostly explained by external
shocks (i.e. foreign demand and foreign inflation) and domestic supply shocks, the former being the
main reason behind the observed deceleration of prices at the onset of the pandemic crisis.

Given the monetary policy regime in place, with monetary policy interest rate not answering to
domestic variables other than the sovereign risk premium, the direct impact of monetary policy on the
domestic variables is limited. This is the case also for the euroization degree that is relatively
unchanged, as both firms that borrow in domestic and foreign currency are affected in a rather similar
manner.

The developed DSGE model can be used for regular analysis and forecasting, trying to identify the
nature of shocks that affect the domestic variables. The model also represents a complementary
evaluation tool to the MAKPAM, so it can be used to assess the cyclical stance of the economy as a
support for eventual measures. At a next stage, the model can be enriched to assess the impact of
macro-prudential measures on the economy.

The net foreign assets position of the economy is especially relevant. Although not necessarily related
to monetary policy, measures to improve the current account position are desirable, especially those
that aim at improving the net exports capacity of the country. This is even more the case as shocks
originating in the exports and imports sector are extremely relevant for the macroeconomic variables,
GDP included.

The bankruptcy rates in the economy/sectors should be closely monitored, as their effect on the
economy, banking sector included is important. Banks should properly analyze the companies before
issuing loans to them and ensure that provisions are in place when negative signals arise.

Given that lower euroization is desirable, additional macro prudential measures aimed at discouraging
it can be implemented. Usually, measures targeting the demand side proved to be more efficient in the
case of other developing economies. Moreover, encouraging foreign currency loans only towards
hedged borrowers is advisable. In the case of Romania, a substantial decrease in the credit
euroization was obtained when government subsidized programs (e.g. to buy the first house) allowed
only loans in domestic currency. Last but not least, differentiated minimum reserve requirements
based on the currency denomination of the loans can be maintained, while taking into account the
potential increase of costs on consumers’ side.
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Appendix A
A.1 Estimated external sector parameters

The estimated parameters and standard deviations of the shocks are presented in table 8 below. One
can observe that the posterior values of the estimated parameters and standard deviations are close
to the prior ones. This is the result of first estimating the exogenous external sector model outside the
main model. In this step, similar with the main model, we use the endogenous priors procedure as
proposed by Christiano et al. (2011). Then, when estimating the entire model, we set up priors for the
external sectors close to the values obtained when estimated separately.

Table 8 External sector: estimated parameters and standard deviations

Parameter Description Prior Posterior
Distr. Mean s.d/df Mean s.d. 10% 90%

Foreign effective aggregate demand curve

is,;  Backward looking parameter B 0.45 0.01 0.444 0.008 0.429 0.458
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is,  Real interest rate r 0.04 0.005 0.038 0.004 0.031 0.046
Foreign Phillips curve

pcy,r  Backward looking parameter B 0.35 0.010 0.351 0.007 0.334 0.367
pcme Marginal cost r 0.026 0.005 0.025 0.004 0.019 0.032
Foreign Taylor rule

tr,,  Backward looking parameter B 0.9 0.02 0.892 0.008 0.879 0.906
tr,  Output gap r 0.04 0.01 0.039 0.008 0.024 0.055
trp,  Inflation r 165 0.02 1651 0.016 1.617 1.684
Standard deviations

o, Output, foreign Inv-I" 1 2 0.837 0.065 0.741 0.934
o, Inflation, foreign Inv-I" 0.3 2 0.338 0.025 0.293 0.383
og+  Monetary policy, foreign Inv-I' 0.5 2 0.641 0.129 0.432 0.845

Source: Authors’ calculations

A.2 Impulse response functions

Figure 15: IRFs to the unit root neutral technology shock
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Figure 16: IRFs to the marginal efficiency of investment shock
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Figure 17: IRFs to the labor disutility shock
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Figure 18: IRFs to the FC entrepreneurial net worth shock
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Figure 19: IRFs to the domestic products markup shock
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Figure 21: IRFs to the imported consumption markup shock
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Figure 22: IRFs to the imported investment markup shock
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Figure 23: IRFs to the imported exports markup shock

Source: Authors’ calculations.

Figure 24: IRFs to the foreign inflation shock
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Figure 25: IRFs to the foreign interest rate shock
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Figure 26: IRFs to the foreign demand shock
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A.3 Prior and posterior distributions
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Source: Authors’ calculations.
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