





Slovene Quarterly Macroeconomic Model: Overview and
Properties!

Milan Damjanovic!

Abstract

This paper presents an overview and properties of the new quarterly macroeconomic
model for Slovenia (SiQM). By design and structure, the model follows a country version
of the ECB-BASE, the workhorse institutional model of the ECB. The model is intended
to be used for forecasting purposes within the Eurosystem Broad Macroeconomic Pro-
jection Exercises (BMPESs) and to be applied regularly to other policy questions relevant
for Banka Slovenije. Given the intended use, Basic Model Elasticities (BMEs), a tool
used for updating projections during the BMPE process, appear as a natural benchmark
to evaluate the properties of the new model and to validate its future use. The SIQM
exhibits properties that are underpinned by theoretical and empirical regularities and
are in a quantitative sense comparable to a selected set of benchmarks.

Keywords: Semi-structural model, SIQM, ECB-BASE, Basic Model Elasticities,
Broad Macroeconomic Projection Exercise

1Opinions and results are the author’s own and do not necessarily re ect those of Banka Slovenije or
the Eurosystem. Additionally, the model presented in this paper represents an auxiliary toolkit of the
forecasting process in the Bank of Slovenia. As such, the results in the paper do not re ect the actual
forecasts or o cial forecasting elasticities of the Bank of Slovenia or Eurosystem as they result from the
wider range of models and additional expert judgment.
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Povzetek?

Delovni zvezek predstavlja strukturo in dinamicne lastnosti makro-ekonometricnega
modela Banke Slovenije. Model spada v kategorijo sodobnih semi-strukturnih modelov in
predstavlja razlicico glavnega makroekonomskega modela ECB, ECB-BASE, prilagojeno
na slovensko gospodarstvo. Z vidika rednih delovnih procesov Banke Slovenije je glavni
namen modela nuditi vsebinsko ter kvantitativno podporo pri pripravi makroekonomskih
napovedi in pri naslavljanju vprasanj, vezanih na analizo ucinkov ekonomskih politik.
Glede na predvideno uporabo je v delovnem zvezku primernost dinamicnih lastnosti
modela ovrednotena z vidika modelsko simuliranih baznih napovednih elasticnosti (t. i.
Basic Model Elasticities), ki predstavljajo orodje za mehanicno posodobitev napovedi v
procesu projekcij Evrosistema. Simulirane elasticnosti izkazujejo teoreticno in empiricno
smiselne odzive modelskih spremenljivk na izbrane eksogene soke ter so v kvantitativnem
smislu primerljive z elasticnostmi modelov primerljivih centralnih bank v evroobmocju.

2Rezultati, predstavljeni v delovnem zvezku odrazajo izkljucno simulacije izbranega modela in tako
ne predstavljajo uradnih napovedi ali napovednih elasticnosti Banke Slovenije ali Evrosistema, saj so te
oblikovane na podlagi sirsega nabora modelov in dodatne ekspertne presoje.



1. Introduction

This paper presents an overview and properties of the new semi-structural quarterly
macroeconomic model of the Banka Slovenije, (SiQM). The model represents a country
version of the ECB-BASE, |Angelini et al.| (2019), the workhorse projection model of
the ECB, tted for the Slovene economy. By design and structure, the ECB-BASE and
consequently SiQM follow a class of increasingly popular semi-structural institutional
models used by other central banks, such as the FRB-US, Brayton and Tinsley| (1996),
or Bank of Canada’s LENS, |Gervais and Gosselin|(2014). There are several features that
make this kind of model particularly appealing in the institutional policy framework: (i)
they seek balance between the economic structure and empirical t, which renders them
useful both for shaping the narrative behind policy questions as well as for producing
reasonable stand-alone forecasts; (ii) the scope of behavioral and reporting variables
commonly matches the representation of the economy consistent with the o cial statis-
tics, for example the National Accounts System; and (iii) the modular structure allows
the inclusion of additional transmission channels in a timely and exible manner.

The theoretical consistency of this particular class of models is sought via agents’
equilibrium planning, commonly in the setting of the New Neoclassical Synthesis as
summarized in |Goldstein and Khan| (1985b). Due to frictions, decision variables are
assumed to adjust to their equilibrium only gradually, whereby costs of adjustment are
associated with both past and expected changes. Additionally, given the prominent
role of the monetary policy and its transmission in the central bank’s policy process,
this class of models nests a detail account of nancial block, which incorporates both
risk-free yield curve and lending rates relevant for agents’ decision making.

A recent survey of macroeconomic modeling practices, performed within the ECB’s
Monetary Policy Review in 2021, see [Darracq Paries et al.| (2021), showed that semi-
structural models commonly take a central role in modeling portfolios of most Eurosys-
tem national central banks, for example Del by De Nederlandsche Bank, Dnb (2011),
BiQM by Banca di Italia, [Bulligan et al.| (2017), Mascotte by Bank de France, Brunhes-
Lesage| (2005), and Deutsche Bundesbank’s BbkM, Haertel et al. (2022). The scope and
structure of these models is commonly adjusted to align with the reporting framework of
the Eurosystem Broad Macroeconomic Projection Exercise (BMPE), which represents
the key analytical input into the ECB’s policy decision-making. Moreover, modularity of
semi-structural models enables national central banks and the ECB to perform forecasts
conditional on the harmonized set of euro-area or country-speci ¢ assumptions, which
relate to external environment, competitiveness, scal projections and nancial markets.
Likewise, the ability to exibly and quickly adjust model blocks and equations has proven



to be a strength rather than a weakness in analyzing various crises scenarios that chal-
lenged baseline projections in the past. An example of this kind of agility was o ered by
the ECB-BASIR model, |Angelini et al.| (2023), which represents an augmentation of the
ECB-BASE model with the epidemiological SIR model that produced projections based
on endogenous interaction between epidemiological and macroeconomic developments
during the Covid-19 pandemic.

The primary aim of the SiQM model is to provide operational support within the
BMPE process and o er analytical input into Banka Slovenije’s policy decision making.
Given the intended use, the aim of this paper is to scrutinize properties of the SiIQM
model through the lens of Basic Model Elasticities, which emulate expected responses to
revisions in conditioning assumptions used in the BMPE process. subject to the exhib-
ited properties of the model, the paper provides an insight into the main standardized
model-based outputs produced for projection purposes and its applied use in addressing
speci ¢ macroeconomic policy questions.

Beyond this introduction, Section [2] provides a topographical overview of the model,
Section [3 discusses key modelling principles, Section [4] provides exemplary illustration
of a model block construction, Section [5] analyzes properties of the model, Section [g]
demonstrates the model use, while the last section concludes and o ers a road-map for
future development.

2. Model overview

This section provides a topographic view of the structure of the model and it un-
derlying building blocks. In its structure and design, the model pursues several objec-
tives, including representation consistent with the national accounts perspective of the
economy, alignment with reporting requirements associated with the ESCB projection
process, and embedding transmission mechanisms of various types of macroeconomic
shocks relevant for the policy process. In relation to the latter, a special focus is given
to the monetary policy transmission via enhanced real- nancial linkages nested in the
model.

A general schematic representation of the model is provided in Figure[2l The expen-
diture side of the economy is captured by the demand block, with speci ¢ sub-blocks
related to household consumption, business and residential investments, scal spend-
ing, and international trade. The international trade block essentially hinges on for-
eign demand and competitiveness measures determined within the external block. The
supply-side of the economy adopts the Cobb-Douglass representation via the labor mar-
ket block and a block determining long-term trends associated with the potential output.



The nominal side of the economy is grounded in the wage-price nexus encapsulated by
respective price and wage Phillips curves. The core price category attached to the price
Phillips curve model is the GDP de ator, which is combined with import prices in order
to completes a setting for the HICP block and price de ators of demand aggregates.
Real- nancial linkages are provided through the nancial block, which incorporates the
policy rule, the risk-free euro area yield curve, the sovereign yield curve, and nancing
conditions relevant for spending of households and non- nancial corporations. Finally,
the gross disposable income side of the economy and net nancial worth are completed
by property income, wealth and net-foreign asset blocks.

Several blocks in the model are designed around forward-looking agents, whose ex-
pectations are formed within the limited information set encapsulated in a representative
vector-autoregressive model, the Base VAR. The Base VAR model consists of the euro
area part, incorporating euro area real GDP, in ation and short-term interest rate, and
the Slovene-speci c part, incorporating Slovenian real GDP, in ation and an additional
speci c variable for which expectations are being formed. The Base VAR model takes
a block-exogenous structure, where it is assumed that the euro area variables do not
respond to developments in Slovene-speci ¢ variables.

Figure 1: Representation of model blocks
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The model is estimated in an equation-by-equation manner. The modular structure
allows representation of the model to vary depending on the policy needs. At Banka
Slovenije, the model is primarily used to support operational work associated with the
projection process. Since forecasts within the ESCB Broad Macroeconomic Projection
(BMPE) process are conditional on the common set of assumptions for foreign demand,
commodity prices, exchange rates, interest rates and scal projections provided outside
the model. In line with that, the typical representation of the model takes on exogenous
foreign, scal and monetary-policy rule blocks. This entails that the typical representa-
tion of the model used in the projections setting consists of about 90 stochastic equations,
154 identities and 58 exogenous variables.

3. Modelling principles and types of behavior

While a full set of model equations is resorted to the aim of this
section is to provide a general characterization of modelling principles adopted in the

model. The majority of non- nancial variables evolve subject to their theoretical or
empirically-based long-term equilibrium targets. However, due to assumed frictions in
the economy, the adjustments towards the equilibrium targets occur only gradually. The
dynamic behavior of nancial variables is grounded in the expectation theory, whereby
interest rates of particular maturity are a combination of the short-term risk free rate, its
average expected path and a term-premium. Both nancial and selected non- nancial
variables include expectations formation, which is set forth in a limited information
setting encapsulated within a VAR model whose dynamic is anchored by targets for
in ation and output gaps.

3.1. Equilibrium planning

The macroeconomic structure is in the model provided by theoretical or empirical
long-term targets for particular variablesE] Long-term targets for private consumption
and investment stem from the micro-founded optimal behaviors of households and rms,
following solutions to the optimization problems set out in Brayton and Tinsley| (1996),
Brayton et al.| (2014)), and |Laubach and Reifschneider| (2003). Households choose their
optimal consumption subject to their assessment of the lifetime income. The optimal
consumption is based on respective propensities to consume out of permanent labor,

3The expressions "long-term target", "equilibrium value™ and "desired level" are used interchangeably
throughout the paper.



transfer, property and wealth incomes. The future income ows are in derivation of per-
manent incomes discounted with a relatively high rate (25% annual rate) to account for
risk-aversion in consumer behavior. Both properties - the di erent propensities to con-
sume out of respective permanent incomes and the risk preferences - re ect di erent age
cohorts assumed in the original optimization problem and derivation of the total aggre-
gate consumption (see the technical appendix in Angelini et al.| (2019)). Firms choose
optimal investment based on the solution to the standard pro t maximization problem,
with foundation laid out in \Jorgenson| (1967). The solution to pro t maximization yields
the optimal investment level, which is inversely related to user costs of capital. The user
cost of capital is in turn expressed as a function of real nancing conditions for rms,
the depreciation rate of capital and the relative price of the investment good. Given the
Cobb{Douglas functional form of the production, the pro t maximization is analogously
related to total costs minimization, which yields the optimal employment as a function
of marginal costs. In this spirit, the actual target employment equation is characterized
in terms of the wage gap, trend labor force participation rate and population growth.

Following the theoretical and empirical surveys of |Goldstein and Khan| (1985a) and
Sawyer and Sprinkle| (1997), equilibrium trade ows are modelled as functions of ac-
tivity and relative price competitiveness. In particular, long-term real exports are as-
sumed to vary in proportion to foreign demand and the di erence between export prices
of domestic exporters and competitors’ export prices. Conversely, real imports in the
long run are expected to align with the import content of GDP and the di erence be-
tween domestic and import prices. The respective trade de ators in the long run evolve
as a weighted sum of domestic prices and competitors’ prices. Following Dieppe and
Warmedinger| (2007), the trade block follows an intra-/extra-euro area breakdown.

Price setting follows the theoretical framework provided in [Charsonville et al.
(2017), according to which rms under monopolistic competition in optimum set prices as
a combination of domestic producing costs and import prices. Speci cally, the long-term
targets for domestic demand de ators and HICP components are set as a weighted sum
of GDP and import de ators, where the GDP de ator is modelled via a New-Keynesian
Phillips curve.

The majority of other equilibrium categories are derived on an empirical basis. For
example, scal spending and revenue targets evolve around their respective average
shares of GDP observed in the period between 2014 and 2018, resembling the period of
relative stability in terms of spending and absent any considerable scal consolidations.
Similarly, the real dividends income in the long run is assumed to undertake a constant
share of households’ gross operating surplus.



3.2. Short-term adjustment towards equilibrium targets

The model assumes a variety of frictions present in the economy that prevent im-
mediate adjustment towards the equilibrium values. The short-term adjustments are
therefore gradual and can take two forms: i) traditional error-correction equations, with-
out explicit expectation term, in line with [Engle and Granger (1987), or ii) generalized
polynomial adjustment costs (hereafter PAC), in line with [Tinsley (1993).

Compared to the traditional error-correction equations, the key generalization em-
bedded in the PAC approach is allowing for explicit consideration of expectations in
the short-run dynamics. Speci cally, under the PAC approach, the short-term dynamics
depends on the proportion of distance closed relative to the desired target value, degree
of persistence associated with the growth rates of previous periods, and adjustment re-
lated to the expected change of the target. For convenience, the general PAC framework
provided in|Tinsley| (1993) is summarized in a compressed form by the equations below.

The representation is initiated by a function characterizing disutility associated with
deviations from the target path and costs that agents face when adjusting their activity
towards the desired equilibrium level:

x * 7
C¢ = Ve Xewi)? b (U0 L)X [€)
i=0 k=1

where X represents a desired level for decision variable x in time t, L is the lag
operator, m denotes the lag-polynomial order, and b is a cost elasticity associated with
past changes in X. Minimization of the cost function yields the following rst order
condition (a full algebraic derivation of the condition is provided in the appendix in
Tinsley (1993)):

X K
(X x)+ b LA F)I'x=0 (2
k=1
where F = L 1 denotes the lead operator. This expression can be re-written in a
compact form in terms of lag and lead polynomials:

A( F)AL)X; = cx{ 3

where c is a constant and A is a polynomial of order m in lag and lead operators so
that AL) =1+ L+ + LMandA(F)=1+ ; F+ + 1 MFEM After
rearrangement of terms and algebraic steps provided in |Tinsley (1993), generic PAC
expression describing short-run adjustment dynamics can be given by:
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where parameters a are transformations of parameters in polynomial A and conse-
quently of parameters b and  in cost functionsff| The transformations imply reciprocity
according to which lead parameters are functions of lagged parameters, which allows
inclusion of an expectation term and estimation of its e ect on the contemporaneous
dynamic. In this setting, parameter ag relates to the degree of the previous period’s dis-
tance to the desired level of the decision variable closed in time t, parameter ayx relates to
the persistence of past changes in the decision variable, and parameter d; characterizes
adjustment in the decision variable due to expected changes in equilibrium level.

3.3. Financial intermediation

The nancial block is built on a premise of the standard expectation hypothesis and
no arbitrage condition (Longsta |(2000)), under which a yield of a particular maturity
can be perceived as an average of the current and mean expected short rate over the
maturity horizon. With this in mind, the nancial block is constructed sequentially,
whereby in the rst step the short-rate is de ned via a monetary-policy rule, in the
second step a risk-free yield curve is characterized, while in the third step country and
credit-risks spreads are added on top of the risk-free curve in order to derive country-
speci ¢ nancing conditions associated with both government and private sectors.

The short-term risk-free rate is determined by the following Taylor rule speci cation:

=1, +@ '+ 9+ ) M)+ i+ g P+t (5)

where r° represents the short-term risk-free rate, r? represents a real natural rate,

is in ation, ” is in ation gap, denotes long-term in ation expectations, and ¥ is
output gap.

Following the expectation hypothesis, a risk-free rate of maturity m is expressed as

== r, +TP" (6)
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1 AQA() I3 °G' for j = 1;2;:::1, where matrix G is a function of the discount factor
and is a selection vector.
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where % Pg;ol rd,, is an average return from a risk-free asset with underlying short-
term yield, r® compounded over maturity horizon m, while TP™ represents a term-
premium associated with investment in the EA risk-free asset with maturity m. In this
vein, the above equation characterizes the euro area risk-free term structure in line with
the conventional expectation hypothesis. A country-speci ¢ sovereign yield curve is then
governed by the respective country-premium added on top of the risk-free term-structure,
so that a speci ¢ government bond yield, rj, is expressed as:

riy =r¢ +CP{" @)

where CP™ is the country-premium related to the Slovene government yield with
maturity m. The country-premium re ects a market assessment of government’s ability
to service its debt and other liabilities. In the model, this assessment is provided on the
basis of macroeconomic and scal outlooks (see equation . The government bond
yield can be perceived as a lower limit for lending rates in a particular country, as it
is assumed that no other entity in the country can obtain nancing at more favorable
conditions than the government. In this respect, lending rates are obtained by adding a
speci c credit-risk related to a particular lending segment. Speci cally, lending rates are
de ned as a weighted average of the short-term risk-free rate, the long-term government
bond rate, and the credit-spread associated with speci ¢ lending segment j:

— 0 10Y

where s represents a share of short-term bank lending in a speci ¢ segment of
the economy, I, represents a corresponding share of long-term lending, rilOY is a 10-
year government bond yield, and j is a credit-spread associated with speci ¢ nancing
segments, including consumer loans, mortgages, lending to non- nancial corporations,
corporate bonds and equities.
The country-premium related to government bond rates and credit risks associated
with particular lending segments evolve conditionally on expected macroeconomic and
scal outlooks, enabling an endogenous interaction between the real-side of the economy
and nancial system. Figure [3.3 provides a schematic representation of the nancial in-
termediation embedded in the model. A more detailed empirical account of the nancial
block and its estimation are provided in [Appendix C.10
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Figure 2: Schematic overview of the nancial block
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3.4. Expectation formation

As it was outlined in the previous two subsections, expectations are inherently in-
cluded in modelling of key non- nancial and nancial variables. The expectations are
formed via a specially designed vector-autoregressive model, hereafter denoted as the
Base VAR. The Base VAR relates to a system of euro area and Slovene-speci ¢ macroe-
conomic variables, in ation and output gap, and the euro area short-term interest rate.
The dynamic of the system is in the long-term anchored by a set of attractors related
to target values of euro area and Slovenian in ation and output gap variables and the
euro area interest rate. Following this, the Base VAR representation can be written in
the following form:

X .
Yt 1 Vi1 + Yt k )
k=1

ye= °

where y; = yEA y$! ' is a block exogenous vector containing 3 1 block of euro
area in ation, output gap and interest rate, yc* = FA 9FA (A " ’and 2 1 block
containing in ation and output gap for Slovenia, y$' = $' ¢!’ %isa5 5 matrix
indicating the degree of distance closed in a particular period relative to attractors con-
tained in vector y , while Xisa5 5 lagged coe cient matrix. The lagged coe cient
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matrix is block-exogenous, re ecting a small-country perspective, where country-speci ¢
macro developments in Slovenia are assumed not to a ect the euro area economy or
policy-rule setting. The dynamic of the Base VAR is anchored by long-term in ation
expectations and expected future short-term interest rate, while the output gaps for the
euro area and Slovenia are expected to close in the long run. For estimation purposes,
long-term in ation expectations are observed in terms of 10-year-ahead Consensus fore-
casts, while interest rate expectations are derived from the interest rate swap data. In
simulations, long-term in ation expectations evolve as a combination of current in ation
and the target in ation at 2% (see |Appendix C.7), interest rate expectations follow a
random walk process, while long-term output gaps are set at zero.

When modelling expectations for a particular variable not explicitly contained in the
vector y, the following augmented Base VAR representation is employed:

~0 X ~k
X¢ = Yt1 Ye1 t Yt k (10)

k=1

where X is the decision variable for which expectations are formed, y = [y x]° is
a 6 1 matrix of the Base VAR variables and the decision variable x, 0 is 6 6
augmented matrix of coe cients indicating the distance closed between variables in y
and their attractors, X isa 6 6 matrix of lagged coe cients,and =[0 0 0 0 0 1]is
a selection vector. The selection vector is applied in estimation and simulation settings,
rendering the Base VAR una ected by the decision variable outside the initial vector of
variables y.

3.5. Country-speci c features

Relative to the seminal model for the euro area, the ECB-BASE, the above subsec-
tions revealed several modi cations to the general structure of the model, its estimation
and simulation strategies that account for country-speci ¢ features. In terms of the
structure and equations, the country-speci city is predominantly limited to the nan-
cial block and expectation formation. As highlighted in subsection [3.3] the derivation
of the nancial block importantly hinges on a country-speci ¢ premium that is added
on top of the risk-free euro area rates to arrive at government bond yields. Given that
government bond yields re ect nancing conditions for the government and pricing of
its debt issuance, the country-premium evolves as a function of both macroeconomic
as well as scal developments in the country. In contrast, the macro- nancial linkages
in the ECB-BASE do not explicitly include scal developments, as the euro area yield
curve is considered as a benchmark from which the country-premium is derived.
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Additional modi cation of the model structure is re ected in the expectation for-
mation setting. Compared to the ECB-BASE, the so-called Base VAR in the country
case is augmented with its key macroeconomic variables. As noted in subsection [3.4} an
important feature of the country version of the Base VAR is block exogeneity, which in
line with the small country assumptions assumes that Slovenian macroeconomic devel-
opments do not a ect the euro area block. The exogeneity of the euro area is preserved
also in the general model setting, where the policy rule, euro area term-premium and
euro area macroeconomic variables remain unresponsive to developments in Slovenian
macroeconomic and nancial variables. In the simulation settings, the euro area variables
therefore either evolve on the basis of their own autonomous dynamics or are provided
as an external conditioning set.

The estimation strategy in particular blocks follows closely the seminal ECB-BASE.
A slight exception in this regard is the foreign trade block, where explicit intra-EA and
extra-EA trade split data is available for individual countries but not for the euro area
as a whole. This implies that in the SiQM extra and total trade quantities are explicitly
modelled, whereas intra-EA trade quantities are derived as an exact identity rather than
an approximation as is the case for the euro area.

4. lllustration of modelling principles: example of the investment block

This section applies the main modelling principles of the SiQM presented in the
previous section to the speci ¢ example of the investment block. The modelling of the
private investment demand is initiated by solving the rm’s optimization problem, which
provides the economic structure to the block. The solution to the rm’s problem rep-
resents a desired level of investment to which agents adjust only gradually, whereby
frictions are modelled via Polynomial Adjustment Costs (PACs). Additionally, a pro-
portion of agents are assumed not to adhere to the optimization and only respond to
changes in current output growth. Estimation of equations is performed individually
and in isolation from other blocks. While this approach carries advantages in terms of

exibility and empirical t, it ignores the cross-equation restrictions, which reduces the
structure of the model and means that the estimated parameters can only be interpreted
in a reduced form.

4.1. Long-run target investment

The investment behavior is derived from a standard optimization problem, where
rms maximize their pro ts subject to the capital accumulation equation. With re-
spect to the latter, we adopt a time-to-build assumption according to which current

14



investments enter into the capital stock in the next period only. The pro t optimization
problem can be written as:
X 1 i

max P — fYt+' Wt+' Nt+' RPt+' |t+'
fKt;ltgj_O 1+ Re+j ! ! ! ilt+id

subject to
Ki+1 = (1 )Kt + I (11)

and
Yy = F (Ng; Ky) = N; K¢ (12)

where Y¢ is the output of a rm given by the Cobb-Douglas production function with
constant returns to scale and two production inputs, capital K¢ and labor N¢, whose
costs are given by the relative price of investment good, RPy, and wages, W{?l The
depreciation rate of capital is given by

The solution to the rst-order condition of the optimization problem yields an ex-
pression for the user costs of capital, UC, which can be expressed in terms of investment
costs, determined by the depreciation rate and nancing cost for business investments,
R{El, and net capital gains given by the relative price growth:
RPw1 RPy

=RP; RE,+ (1 ) —RPr UCt+1 (13)

Yt+1

R

From the optimal condition in [I3] we can derive an expression for the target capital

stock as:
_ sk,

K, =
t UG

(14)

where S{¢ denotes the capital to output share. While constant in the optimization
problem, this ratio is allowed to be time-varying in the empirical implementation, in line
with the trend that it exhibits in the dataf]|

Using and the law of motion for capital, we can then derive the target for

5To ease the description and without loss of generality, the technology progress term has been dropped
from the production function.

81n particular, the capital to output share, s¢, is an HP Itered series of the ratio: (I Btht(% +
)UC:, where Y; is a measure of potential output
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business investment:
IB, = G+ K, (15)

where IB denotes the target for business investment and G{fl is the growth rate of the
(target) capital stock, which is approximated by the real GDP growth.

Combining equations and , we can rewrite the target for business investment
in terms of output and the user costs of capital:

SKY;

1By = Gfiy+ UG,

(16)

4.2. Short-run investment dynamics

Frictions associated with the target investment are modelled using the PAC ap-
proach. In the short run, not all agents adjust their investment behavior according to
a polynomial cost, as some agents base their decisions solely on the basis of the current
state of the economy. The behavior of the latter enters the short-run speci cation in
an additive way and can be interpreted as the accelerator e ect of output growth on
investment growth. It can be shown that the short-run investment dynamics (in logs) is
given by the following equation:

o 1
o ib @gqib j ; ib 2t ib
iby= 1 ag by 1 b 1 + a by k+Ex 1 d

R - -

J

17)
where iby is the log of business investment, aé)b is the mean reversion parameter associated
with previous period deviations from the target investment, af(b is an autoregressive co-
e cient associated with k quarters lagged business investment, and d; re ects the e ect
of today’s adjustment of investment decisions due to expected changes in the invest-
ment target given by E¢ 1 ibe+j. Finally b represents the share of output accelerated
investment growth, which refers to investment demand associated with non-optimizing
agents.

4.3. Estimation and empirical speci cation

The estimation of the system described above hinges on appropriate construction of
unobserved series for user costs of capital and subsequently target investment. In line
with the solution to the optimization problem, the series related to user costs of capital
is in the estimation sample derived from respective input series for relative investment
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prices, nancing costs for business investment and the depreciation rate. Relative invest-
ment prices are expressed as a ratio between investment de ator and GDP de ator, both
observed within the national accounts data. The nancing cost, R, is a constructed
series and is de ned as a composite average of the real lending rate for non- nancial
corporations (NFC), real corporate bond yields and real cost of equity, with weights for
each particular rate resembling the structure of liabilities of the NFC sector in the sector
accounts statistics. Finally, the depreciation rate, , is in the sample implicitly derived
from the constructed series of stock of capital and observed time series of investment
and is for the calculation of the user costs averaged over the available time span[] For
estimation purposes, the share of non-optimizing agents has been set at 0.5, following
the ECB-BASE speci cation

In simulation, the long-term target for investments evolves in line with model dy-
namics and behavioral equations for de ators and lending rates, while the depreciation
rate is kept constant and consistent with the average value in the sample. The esti-
mated parameters of the equation associated with short-run investment dynamics point
towards rather sluggish adjustment of business investment to its optimal target. Namely,
roughly two-thirds of past dynamics is carried over into the current period, while on av-
erage approximately 8% of past deviation from the target investment is corrected within
a quarter.

5. Model properties under the lens of projection elasticities

Since the model is intended to be regularly used within the policy process, which
among other things entails Banka Slovenije’s participation in the Eurosystem’s broad
macroeconomic projection exercises (BMPE), the so-called Basic Model Elasticities (BMESs)
can be perceived as a natural benchmark for evaluating the model’s properties and suit-
ability. The BMEs are a quantitative tool used by the ECB and ESCB National Central
Banks to provide timely updates of projections (see ECB| (2016))) and re ect impacts on
reporting variables implied by revisions in a harmonized set of external, nancial and

scal assumptions.

The evaluation of BMES is conducted in a speci ¢ setting that emulates the particular
environment of the BMPE process and may di er from a standard approach commonly

K. 1B - .
%), where K represents derived series for stock

"The depreciation rate is implied as mean(l e
of capital and 1B relates to observed series of business investment.
8 Alternative calibrations of the share of cash- ow constrained agents have been tested but led to

non-signi cant changes in the dynamic behavior.
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adopted for producing impulse response functions. In particular, given that the technical
assumptions are provided outside of modelling apparatus of national central banks within
the ESCB, all model simulations are performed with exogenous scal, foreign and risk-
free rate variables. This implicitly entails an additive nature of technical assumptions,
whereby the total impact of assumptions can be obtained by summing individual BMEs.
Moreover, since BMEs are used for updating projections by taking into account revisions
in technical assumptions over the entire projection horizon, responses refer to shocks
that re ect persistent deviations from their respective baselines. Finally, to take into
account potential non-linearities in forecasts associated with speci c initial conditions,
simulations in the BME settings are conducted from the latest available data point rather
then the model’s steady state. Key di erences between BMEs, used in the Eurosystem
projections setting, and the conventional impulse responses are summarized in the table
below.

Table 1: Comparison between Basic Model Elasticities and
structural impulse response functions

Basic Model Elasticities Structural impulse response function
Persistent shock One-o shock

Shocks observed as deviations from the Identi ed structural shock

baseline conditional path

Simulations out of a sample point Simulations out of the steady-state
Exogenous policy response Endogenous policy response

Additive perspective System/General-equilibrium perspective

Note: Properties of Basic Model Elasticities are drawn from |[ECB| (2016)). Structural impulse response
functions are characterized based on |Ramey| (2016)) and |Ajevskis (2019).

The following subsections present SiQM responses to selected BME shocks over the
12 quarters horizon, re ecting a forecast horizon considered in the Eurosystem projec-
tions. Besides qualitative explanation of transmission channels, the responses produced
by the SiQM are in quantitative terms bench-marked against publicly available BMEs
of other selected national central banks in the Eurosystem for which the BMEs are pub-
licly available. In particular, the quantitative comparisons are made against the BMEs
derived from workhorse models of the Deutsche Bundesbank (Haertel et al.| (2022)), here-
with BbkM, Bank de France (Aldama and Ouvrard (2020)), herewith (FRB-BdF), and
Banco d’ltalia (Bulligan et al.| (2017)), herewith BiQM, and are summarized in Table
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[A.2, [Appendix Al

5.1. Short-term Nominal Rate

Figure shows impulse responses to a sustained 100 b.p. increase in the EA
short-term nominal rate (STN). The transmission of the STN shock operates via two
channels, nancial inter-mediation and expectations. In the case of the nancial channel,
the STN directly a ects individual block-speci c lending rates. The size of transmission
for particular lending rates corresponds to empirical weights associated with short-term
liabilities of households and rms. Increased lending rates negatively impact the aggre-
gate demand through the interest-sensitive part of household consumption and elevated
user costs of capital and subsequently lower investment target for rms. The drop in
aggregate demand leads to a negative output gap, which is passed to lower prices via
the Phillips curve relation.

Nevertheless, the nominal side of the economy is predominantly a ected through
the expectations channel. Namely, the increase in STN leads to an expected decrease
in one-period-ahead in ation, which is directly re ected in the forward-looking parts
of price and wage Phillips curves. On the real side, the expectation channel operates
in a more ambiguous way, which can be attributed to varying responses of di erent
components of the expected permanent households income. While expected permanent
labor income responds negatively to the increase in STN shock, expected transfer and
property incomes display a positive correlation to STN in the medium term. The increase
in expected transfer income could be interpreted in light of a counter-cyclical scal policy
response to a standard demand shock, while the reaction of expected property income
depends on the net nancial asset position of the household sector. Nevertheless, the
overall expected target consumption response remains negative throughout, and target
investment decreases in line with the conventional wisdom, producing an overall net
negative impact of the expectation channel on the real side.

In quantitative terms, the responses are comparable to the BMEs of the selected
benchmark institutions (see [Appendix_A)). The alignment is closest with the FRB-BdF
model, which falls into the same class of semi-structural models inspired by the FRB-
US model. In both cases, SIQM and FRB-BdF, the cumulative loss in real GDP from a
sustained increase in short-term nominal rate amounts to roughly 0.15%. On the nominal
side, SiQM suggests a slightly stronger response, with cumulative 0.2% drop in HICP
level instead of 0.1% in the case of FRB-BdF. The e ects of a sustained 100 b.p. increase
in the short-term interest rate are lowest for the BbkM, with the accumulated drop in
real GDP amounting to roughly 0.1% and a broadly muted response of the nominal
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side. Conversely, BMEs derived from the BiQM model re ect the largest responses,
with responses compared to the SiQM roughly three times higher on the real side and
roughly two times stronger for prices.

Figure 3: Short-term interest rate shock (100 b.p.)

Real Output Real Consumption Real Investment
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Note: Horizontal axis represents quarters after the initial shock. All variables are expressed as
percentage deviations from the baseline levels.

5.2. Long-term Nominal Rate

Figure [5.2 shows impulse responses to a sustained 100 b.p. increase in the EA long-
term nominal rate (LTN). In contrast to the STN shock, the transmission of LTN shock
remains limited to the nancial channel only. Nevertheless, since in the composition of
lending rates for Slovenia empirical weights associated with duration of liabilities skew
signi cantly towards the long-term risk-free rate, the overall e ect on the real side is
stronger than in the case of the STN shock. Among the aggregate demand components,
real investments display the strongest interest rate sensitivity. In the absence of an
expectation channel and with stronger reaction of the economic slack, the response of
the nominal side remains broadly comparable to the STN shock in quantitative terms.
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Figure 4: Long-term interest rate shock (100 b.p.)
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Note: Horizontal axis represents quarters after the initial shock. All variables are expressed as
percentage deviations from the baseline levels.

5.3. World Demand

Figure presents responses to a permanent 1% increase in foreign demand. The
overall transmission can be broadly summarized by net trade and output acceleration
e ects. The impact of persistently increased world demand on real exports is immediate
and near complete. Moreover, as the impact on domestic and export prices remains lim-
ited, exports stay permanently elevated relative to the baseline throughout the horizon.
The permanently increased export activity a ects positively the aggregate demand and
opens up the output gap. The net trade e ect and its impact on output in the second
round of the transmission produce positive responses of other demand components. The
investment demand is mainly a ected through an output accelerator e ect, while the
increase in household consumption is induced via reaction of non-optimizing consumers
and expected increases in transfer and labor incomes on the back of the current positive
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output gap. Finally, real imports increase in parallel to other demand components via
corresponding import content shares.

In quantitative terms, the responses fall within the range set forth by BMEs derived
from the benchmark models provided in [Appendix Al The sustained 1% increase in
foreign demand leads to roughly 0.16% higher real GDP after three years, compared to
0.28% for BbkM at the higher end and 0.14% for BiQM at the lower end of the range.
The cumulative e ect on prices amounts to 0.16% and is slightly lower than for the
FRB-BdF and higher than the price e ect recorded in the BiQM and BbkM.

Figure 5: World demand shock (1%)
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Note: Horizontal axis represents quarters after the initial shock. All variables are expressed as
percentage deviations from the baseline levels.

5.4. Oil Price

Figure presents responses to a permanent 10% increase in oil prices. The in-
crease in oil prices translates into import prices via oil content of imports, which for
Slovenia is calibrated at roughly 11% given the historical average. The increase in im-
port prices is in parallel proportionally translated to consumption and export prices via
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corresponding import content shares. Given the absence of domestic oil production, the
e ect on the GDP de ator appears indirectly in terms of the second round e ects via
indexation to lagged energy price growth. Higher production prices in turn translate into
higher nominal wages, which with unchanged productivity leads to a gradual decrease
in employment.

Higher consumption prices and decreased employment reduce real disposable income
of households and consequently their consumption. The impact of net trade remains
roughly neutral throughout the horizon. The reason for the relatively similar dynamics
of imports and exports, despite stronger pass-through of oil prices to the import de ator,
lies in relative price principles. In other words, relative import prices are re ecting the
di erence between the import de ator and domestic prices, while relative export prices
re ect the di erence between the export de ator and competitors’ export prices. Since
foreign competitors’ prices are unchanged in the BME setting, while domestic prices
increase proportionally to import prices, the relative price increase is broadly similar for
both exports and imports. Likewise, the SIQM responses suggest a roughly unchanged
investment demand. The rationale for this can be sought in nominal rigidities. Namely,
in the BME setting, the risk-free yield curve remains unchanged, which is consistent
with the conventional wisdom of non-responsiveness of monetary policy to supply shocks.
Therefore, constant nominal rates in combination with increasing domestic prices implies
lower real rates, which produces an o setting e ect to the negative impact of aggregate
demand on investment.

In quantitative terms, the pass-through of higher oil prices to consumer prices stands
at the higher end of the range set out by BMEs of benchmark models in
[Al while the e ect on the real side in the case of the SiQM is the smallest among
the compared models. This relatively weak nominal-real linkage in part follows the
explanation for muted real investment response provided above.
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5.5. Exchange Rate

Al

variables are expressed as

Figure presents responses to a 10% appreciation of the euro nominal e ective
exchange rate excluding USD. The primary channel of the transmission refers to price
competitiveness, where export products of domestic producers are becoming more ex-
pensive relative to competitors as a consequence of denomination of competitors export
prices. Exports gradually adjust to the long-run level implied by the new relative prices
ratio. The relative price e ect operates in the opposite way in the case of imports,
though, imports still decrease proportionally with exports in line with the import con-
tent of exports. Nevertheless, the e ect on exports remains relatively stronger, implying
a negative net trade e ect, which translates into roughly 0.6% lower GDP at the end of
the horizon.
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Figure 7: Exchange rate shock (10%)
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variables are expressed as

5.6. Government Spending

Figure [5.6] presents responses to a permanent increase in government spending of
1% of GDP. The scal expansion implies an increase in aggregate demand, leading to
an increase in employment. As output increases, target investment increases, which is
further ampli ed by the accelerator e ect of output on short-term investment dynamics.
Disposable income increases due to higher wages and employment, producing a positive
e ect on private consumption. As the potential output remains unchanged, the increase
in aggregate demand implies that the output gap is widening, which leads to upward
pressures on prices and wages.

Quantitatively, the presented responses point towards relatively strong scal multi-
pliers ingrained in the SIQM as e ects on real GDP and prices are the strongest among
the compared benchmark models (see [Appendix A).
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Figure 8: Government spending shock (1% GDP)
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variables are expressed as

5.7. Direct Taxes

Figure presents responses to a permanent increase in direct taxes of 1% of GDP.
Direct taxes reduce the disposable income balances of households, which in turn trans-
lates to lower consumption and subsequently output. Increased direct taxes likewise
imply a higher user cost of capital, which translates into lower investment. The re-
duced aggregate demand and total output in turn initiate additional indirect e ects via
hand-to-mouth consumers on the household side and via the output accelerator e ect
on the investment side. In the medium term, reduced aggregate demand produces neg-
ative e ects on prices, with the pass-through amounting to roughly 50% after four-year
period.
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Figure 9: Direct taxes shock (1% GDP)
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Note: Horizontal axis represents quarters after the initial shock. All variables are expressed as
percentage deviations from the baseline levels.

5.8. Social transfers

Figure presents responses to a sustained increase in government transfers of 1%
of GDP. Permanently increased social transfers a ect directly consumption of hand-to-
mouth consumers, who respond instantaneously to changes in labor and transfer incomes.
The overall e ect on aggregate consumption is in the second period additionally ampli ed
through adjustment of optimizing to a new target consumption, increased on the back
of higher permanent incomes. Higher aggregate consumption is translated into higher
aggregate output, which in turn supports higher investments and employment demand.
Higher employment in the second round produces pro-cyclical e ects on consumption
through increased labor income. As the potential output remains unresponsive to the
demand shock, the output gap widens, which is re ected in increasing price levels through
real-nominal linkages.
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Figure 10: Government transfer shock (1% GDP)
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6. Model use and application in the policy process

variables are expressed as

The properties of the model presented in the previous section provide a solid basis for
various model applications to support the policy process of the Bank of Slovenia. This
section demonstrates current practices and use of the model in the projection process
and in addressing speci ¢ policy questions via counterfactual analyses. The exercises
performed in this section are exemplary and do not re ect actual Bank of Slovenia’s
projection or published policy exercises.

6.1. Use of the model in the projection process

The SiQM provides several outputs integral in supporting preparation of the macroe-
conomic projections of the Banka Slovenije. Its primary use relates to evaluation of revi-
sions in conditioning assumptions associated with the Eurosystem Broad Macroeconomic
Projection Exercise. The evaluated impact of assumptions directly re ects the Basic
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Model Elasticities presented in the previous section. Additionally, the model is used to
evaluate the impact of data, where the evaluation of data impact relates either to the
new statistical releases (e.g. national accounts) or revisions to past data. Evaluating the
impact of data through the model allows simultaneous consideration of the statistical
carry-over e ect, i.e. the e ect that a change in the level of a particular variable has
on its projected annual growth in the next year and the e ect of data realization on the
within-year growth by accounting for impact on the projected quarterly growth pro Ie{ﬂ

Combining the impact of data with the impact of assumptions can then serve as a
mechanical projection update of an initial projection pro le. The projection update
serves multiple purposes in building the nal projections, in particular: i) it contributes
to shaping the nal economic narrative from the perspective of quanti cation and inter-
pretation of conditioning inputs to projections (i.e. data and technical assumptions); ii)
it provides initial point and updated projection pro les for experts preparing forecasts
for particular areas of the economy; iii) it derives the quanti cation of implicit judgment
as a di erence between the actual and model-based mechanical updates; and iv) it disci-
plines the bottom-up projections by verifying their consistency from the perspective of
the theoretical and statistical structure ingrained in the model.

The mechanical outputs highlighted above are performed in the following steps:

1. Perform the model inversion (solve for model residuals) based on the last available
projections.

2. Evaluate the impact of new assumptions by comparing projections in step 1 with
the simulation over the projection horizon conditional on new assumptions, resid-
uals from step 1 and old historical data up to the start of the projection horizon.

3. Evaluate the impact of data by comparing projections in step 1 with the simulation
over the projection horizon using old assumptions, residuals from step 1 and new
data up to the start of the projection horizon.

4. Simulate a mechanical projection update using residuals from step 1, new assump-
tions and new data up to the start of the projection horizon.

5. Derive implicit forecast judgment as a di erence between new projections and the
mechanical update provided in step 4.

9For de nitions of the carry-over e ect and within-year growth e ects, see [Todter| (2010).
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Figure 11: Model-based projection outputs
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Figure [6.1] shows exemplary model-based outputs in the projection exercise obtained
from the simulations described above. The upper panel shows a mechanical update of the
initial projection (in our example March 2022 MPE), based on the revision in 2021Q4
data in the size of 1.2 p.p., and revisions in assumptions implying a permanent drop
in foreign demand, increase in import prices and deterioration in nancing conditions.
The bottom panel decomposes the revision between new projections (in our example
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June 2022 BMPE) and initial projections (i.e. March 2022 MPE) on the impact of
assumptions, data and implicit judgment. The latter is evaluated as the di erence
between the mechanical update and the new projection. Conditional on ingrained model
properties, the expert judgment applied in the new projections amounts to roughly
0.9 p.p. in order to cover the distance between the model-based update and the nal
projection.

6.2. Solving for a pre-speci ed counterfactual

Aside from the standardized and mechanical outputs associated with the projection
process, the SiQM is regularly used to address speci ¢ policy questions and various coun-
terfactual analysis. The model o ers a convenient way of solving for speci c residuals
consistent with a preset counterfactual scenarios. To illustrate the concept, the model
is applied to the following policy question:

Q: Given a particular in ation projection, what would be a required adjustment in wage
growth that would align in ation with the policy target of 2%?

For the purpose of this exercise, the baseline projection in ation is expected to fall
short of its target by roughly 0.3 p.p. in the second half of the projection horizon,
as shown in Figure 6.2l The annual wage growth consistent with the given baseline
in ation projection would correspond to roughly 2.6% on average over the second half
of the horizon. To nd a counterfactual wage growth needed to bring in ation at par
with its target the following steps are performed:

1. Exogenize the HICP variable and set its growth path consistent with 2% in ation.

2. Restrict the model to a single solution by endogenizing the residual in wage growth
equation.

3. Bootstrap past residuals of the wage growth equations around the baseline projec-
tion to assess the plausibility of the scenario.

The exogenization of the HICP variable in step 1 implies a model with more equa-
tions than endogenous variables. In this kind of setting, the model does not have a single
solution, as there would exist a multitude of combinations of shocks consistent with the
pre-determined in ation path. Step 2 therefore plays a crucial role, as it restricts the so-
lution through endogenous response of the wage growth residual. Step 3 is performed for
benchmarking the counterfactual response from the perspective of historical realizations.

In our particular example, the model suggests that, on average, roughly 0.9 p.p.
acceleration in projected wage growth would be required for an increase in in ation by
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0.3 p.p., which would entail at least 2% in ation over the entire projection horizon. This
kind of acceleration would imply on average a 3.5% wage growth in the given horizon,
which would fall within the historical bands derived by step 3 in the above procedure.

Figure 12: Wage-price pass-through simulation
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