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Abstract

In this paper, I follow the model structure and the steps taken by
the paper by Fenz et al. (2012). Model for small open economy is
constructed. 14 shocks and many rigidities are included in it. Then,
the main aim of the paper is to understand how model variables react
to different shocks and which shocks in fact affect model variables
more in the short-run and in the long-run.
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1 Introduction

Today many of the central banks try to develop their own DSGE
models. Many academicians are now working on DSGE models to
understand the variations in the specific variables and try to predict
the impact of changes in the policy. For example, Breuss and Rabitsch
(2009) developed DSGE model for Austria and in the model EU seen
as rest of the world. They investigated 2 cases. In the first one, they
estimated the impact of foreign shocks on Austrian economy when
Austria is not in the monetary union and in the second case they try
to understand the impact of shocks when Austria is in the monetary
union. At the end, they try to understand how being in the monetary
union changed the impact of the shocks. Fenz et al. (2012) constructed
DSGE model for Austrian economy to interpret the impact of different
shocks during the 2008 crisis and again in the model they have Euro
area as the foreign economy. Also, Curdia and Finocchiaro (2005)
try to understand the impact of exchange rate regime change on the
economy by building up Swedish DSGE model. They analyze how
economy is affected from this change.

For my thesis, I focus on Fenz et al. (2012)’s paper. In the following
sections, first I will explain the model that they constructed, then I
will explain how the model is estimated and finally I will analyse the
empirical performance of the model.

2 Households and Labor Market

In this economy, there are infinitely living identical households and
they try to maximize their expected life time utility. They get pos-
itive utility from consumption and get negative utility from supplied
working hours.

Households accumulate capital and in return they get capital in-
come, they hold domestic and foreign bonds and they receive interest
payments, they own the firms and they get dividend, finally to fi-
nance the unemployment benefits and government expenditures, they
pay lump-sum taxes.
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Et

∞∑

0

βsebt+s(ln(Ch,t+s − κCt+s−1) − (elt+s/1 + σl)H
(1+σl)
h,t+s ) (1)

From Acemoglu (2008) book, we can interpret as Ch,t is the con-
sumption of household , Hh,t are working hours supplied by house-
hold and Ct−1 denotes the average consumption of the economy in
the previous period. β is discount factor and κ denotes external habit
formation.Preferences of the individuals are characterized by constant
relative risk aversion and external habit formation. The parameter κ
denotes the intensity of the habit formation and this results in non-
separability of preferences over time. (As Fenz et al. (2012) explains
in the model) Intuitively, this can be explained as more the individual
eats today, the more hungrier she/he will wake up tomorrow.

Also, as it can be seen, there are 2 shocks; namely consumption
shock and labor supply shock. ebt+s works as a demand shock and
causes agents to consume more or less in the current period. elt+s is
a shock to labor supply and captures the movements in the observed
wedge in the first order condition relating consumption and labor.
Both shocks follow an autoregressive process of order 1: elt = (1−ρl)+
ρle

l
t−1 + εl,t is a labor supply shock and ebt = (1− ρb) + ρbe

l
t−1 + εb,t is

a consumption shock.

Now, what about the budget constraints of the households? House-
hold budget constraint can be written in the following way:

Ch,t + Ih,t + Tt +Bf
h,t/(R

f
t φ(nfat, e

rp
t )Pt) = Bf

h,t−1/Pt +Wh,tHh,t+

+ (RktZh,t − ψ(Zh,t))Kh,t−1 +Dt + τt +

∫ 1

0
ψ(Zh,t)Kh,t−1di

where It is investment, Tt is lump-sum tax which is paid by the
households to finance unemployment benefits and government expen-
diture, Bf

h,t are foreign bonds held in period t, Pt is the price level, Rft
is the gross foreign interest rate paid on bonds, φ(nfat, e

rp
t ) denotes

a risk premium on foreign bond holdings which can be seen as foreign
bond holding’s compensation for investors who tolerate risk rather
than holding a risk free asset, Rkt is the rate of return on physical
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capital that households hold, Wh,t is the real wage rate in which fixed
by each household according to their own work because households
are monopolistic suppliers(subject to rigidities), Zt is the utilization
of capital, ψ(Zt) is the cost of utilization of capital, Kt is the stock of
capital in which households receive capital income from it, Dt denote
dividend payments from the firms that are owned by the households
and τt is the net inflow from the state contingent securities(authors
assume aka Arrow-Debreu market structure).

As “The Econometrics of DSGE Models” (2010) explains, this bud-
get constraint is different than conventional budget constraints. Now,
each household is a monopolistic supplier of his/her own type of work.
So, households are fixing their wages by taking into account the wage
rigidities and they work by how much is demanded by firms given this
wage level.

Households own the capital stock. Evaluation of capital can be
given by:

Kh,t = (1 − τ)Kh,t−1 + (1 − S(eit)Ih,t/(µ
aIh,t−1))Ih,t (2)

where τ is the rate of depreciation. S(.) is the investment adjust-
ment cost, µa denotes the trend growth rate of the economy. This
construction of the investment adjustment cost captures the cost of
moving away from the path of investment growth that that we have
in the balanced growth path. ei is a negative investment shock which
actually shifts the relative price of capital and it follows an autore-
gressive process eit = (1 − ρi) + ρie

l
t−1 + εi,t.

Households in the economy will want to maximize their objective
function with respect to their budget constraint and law of motion of
capital accumulation. Also, I want o emphasize the fact that Dh,t and
τh,t are taken as given by the authors in the model.

Each household hε[0, 1] provides a differentiated type of labor ser-
vices. Perfectly competitive labor service firms aggregates differenti-
ated labor services and turns them into homogeneous labor services.
Then, in the paper it is assumed that intermediate good firms buy
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homogeneous labor services. This is a trick to get rid of heteroge-
neous agents in the model. Perfectly competitive labor service firms
aggregates differentiated labor services according to CES aggregator.

Ht = (

∫ 1

0
(Hh,t)

(1/1+λw)di)
1+λw (3)

So, as Fenz et al. (2012) explains, this production function shows
that (1 + λw)/λw is the elasticity of substitution and Ht shows the
aggregate labor demand. After solving the maximization problem,
the demand for labor labor from household j can be written as:

Hh,t = (Wh,t/Wt)
−(1+λw)/λwHt (4)

Now, wage setting mechanism can be introduced. One way to intro-
duce wage rigidity is time dependent rule called ”Calvo pricing”. In
each period a fraction of 1− ξw of the households receive a signal that
permits them to re-optimize their nominal wage, all other households
can only partially index their wages by past CPI inflation and fully
to growth rate of the permanent technology process At. So, according
to this rule, expected value of the real wage of household h in period
t+s can be expressed in the following way:

Et(Wh,t+s) = Et(ξw(At+s/At)Π
γw
t+s−1Wh,t+s−1 + (1 − ξw)W ′h,t+s) (5)

where W ′h,t stands for the solution to the optimization problem.
Using the assumptions on nominal wage rigidity, the law of motion for
wages can be formulated as CES aggregate over the prices of adjusters
and non-adjusters:

Wt = [ξw(µatWt−1Πt−1Π
−1
t )−1/λw + (1 − ξw)(W ′t)

−1/λw ]−λw (6)

3 Production and Foreign Trade

There are 3 kinds of domestic firms in this economy. First, do-
mestic intermediate firms rent capital from the households and buy
homogeneous labor from labor service firms to produce differentiated
domestic intermediate good. Then, domestic good assembling firms
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take differentiated intermediate goods and turns them into homoge-
neous good. Finally, final good producer firms combines domestically
produced homogeneous good and imported good and turn it into one
homogeneous final good. This final good is used for consumption,
investment, government consumption and exports.

3.1 Domestic Intermediate Good Producers

As again mentioned above, there are continuum of domestic inter-
mediate good producers in this economy and these firms rent capital
from the households and buy homogeneous labor from labor service
firms to produce differentiated domestic intermediate good. The pro-
duction function of these firms can be expressed as follows:

Their production function is:

Yj,t = A1−α
t eatK

′
j,t
αH1−α

j,t −AtΦ (7)

where At is a non-stationary global technology process, eat is a
stationary domestic technology process, Hj,t and K ′j,t denote labor
and effective capital. AtΦ is a fixed cost of production.

Non-stationary and stationary technology process evolves in the fol-
lowing way:

At/At−1 =: µat = (1 − ρµa)µa + ρµaµ
a
t−1 + µaεµ

a

t (8)

eat = (1 − ρa) + ρae
a
t−1 + εat (9)

Capital is rented by households to firms but the effective capital
stock K ′j,t is linked to the households’ capital stock in this way:

∫ 1

0
K ′j,tdj =

∫ 1

0
Zh,tKh,t−1dh (10)

The problem of the intermediate good producer can be divided into
2 parts. First, given input prices(wage and rent), how much they
should hire labor from labor servicing firms and how much capital
they should rent from the households. They will minimize their cost
subject to their production function. One can also get marginal cost
equation. You can see the solution of the problem below:

K ′j,t/Hj,t = αWt/(1 − α)Rkt (11)
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The second problem of intermediate good producers is to set a price
for the intermediate good. Again, like households, the intermediate
good producer is subject to Calvo pricing. Now, probability of re-
optimizing prices is 1−ξp and these firms set the price P jt

′. As Fenz et
al. (2012) explains, the remaining ξp firms follow a simple rule: P dj,t =

(πdt−1)
γpP dj,t−1. Firms maximize P dj,t

′ asmax
∑∞

0 ξspβ
s(Λt+s/Λt)(Profitj,t+s/Profitt+s)

subject to production function and the price of the domestic good can
be written in the following way:

P dt = [ξp(P
d
t−1(π

d
t−1)

γp)−1/λp,t + (1 − ξp)(P
d
t
′)−1/λp,t]−λp,t (12)

3.2 Competitive Domestic Good Assembling
Firms

Competitive domestic good assembling firms buy differentiated goods
from the domestic intermediate good producers and turns them into
homogeneous domestic good which will be again used by the final good
producing firms. These firms aggregate the intermediate good with
the following production function:

Yt = [

∫ 1

0
Y

1/(1+λp,t)
j,t dj ]

1+λp,t (13)

where (1 + λp,t)/λp,t shows the elasticity of substitution, Yt de-
notes the domestic good, Yj,t the differentiated intermediate goods
and λp,t is a time varying mark-up subject to an i.i.d. cost push shock
(λp,t = λp + εpt ). Competitive domestic good assembling firms maxi-
mize profits with respect to their production function taking as given
all intermediate good prices. So, the input demand for differentiated
intermediate good can be written as :

Yj,t = (P dj,t/P
d
t )−(1+λp,t)/λp,tYt (14)

The aggregate price of domestic good is;

P dt = [

∫ 1

0
(P dj,t)

−1/λp,tdj ]−λp,t (15)
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3.3 Final Good Producers

In the model, it is assumed that there is only one good in the
economy(Ft) as a final and this one final good is used for consumption,
investment, exports and for government consumption. For production
function, the final good producing firm uses domestically produced
goods and imported goods as inputs. The production function of the
final good assembling firm has the following form:

F (Di,t,Mi,t) = [µσm/1+σmD
1/1+σm
i,t +(1−µ)σm/1+σm(φi,tMi,t)

1/1+σm ]1+σm

(16)
where Di,t refers to domestic good, Mi,t refers to imported good, µ

shows the weight to domestic good and 1+σm/σm shows the elasticity
of substitution between imported and domestic good. Also, in the
production function φ refers to adjustment of imported good. This
adjustment cost has the following functional form:

phii,t = [1 − φm(emt − (Mi,t/Di,t)/(Mi,t−1/Di,t−1))2] (17)

This adjustment cost exists when previous period’s imported good
over domestic good level changes this period. In this expression one
can also see the shock to import adjustment cost. emt evolves according
to auto-regressive process with degree 1: emt = (1−ρm)+ρme

m
t−1+εm,t

As in the previous cases, final good producing firm maximizes its
profit by setting the price of the final good as Pt and finding the cost
minimizing combination of domestic and foreign goods.

4 Rest of the World

In this model, rest of the world is constructed as rest of the European
area. Since Austria is relatively small compare to European area, in
the model it is assumed that rest of the world is not affected by the
shocks coming from Austria and the rest of the world is exogenous
to Austrian economy. Rest of the European area is modeled as a 3
equation system and these three equations refer to output, inflation
and interest rates. Rest of the world variables will be described with
subscript ”f”.
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First, start with the households in the foreign economy.Again, like
in the domestic economy, there are continuum of the households in
the economy which is indexed by hε[0, 1]. Like domestic households,
they want to maximize their life time utility function:

E0

∞∑

0

βte
yf
t (ln(Ch,t+s − κfCft−1) − (Hf

h,t)
(1+σfl )/(1 + σl) (18)

where e
yf
t ebt+s works as a demand shock and causes agents to

consume more or less in the current period in the foreign economy
and follows an autoregressive process of order 1: e

yf
t = (1 − ρyf ) +

ρ
yf e

yf+εyf ,t

t−1

. As I want to point out in here, there is no labor supply

shock like in the domestic economy.

Now, what about the budget constraints of the households in the
foreign economy? Household budget constraint can be written in the
following way:

Cfh,t +Bf
h,t/R

f
t P

f
t = Bf

h,t−1/P
f
t +W f

t H
f
h,t +Df

t (19)

Also, now different than the domestic economy, wages are assumed
to be flexible and therefore taken as given by the foreign households.
Thanks to flexible wages, hours will be set optimally and wage will be
equal to marginal rate of substitution between leisure and consump-
tion.

In the production side, production function consists of aggregate
working hours supplied by the households and technology (no capital).

The functional form is the following: Y f
t = AtH

f
t and Y f

t = Cft .

Like intermediate good producing firms in the domestic economy,
foreign economy producers produce differentiated good and again sub-
ject to Calvo pricing. With probability (1 − ξfp ) firms are allowed to
change their prices and those firms re-optimize their wages but the
rest of them adjust their price according to last period’s inflation level.
With this logic, the law of motion of foreign price level can be written
in the following way:

P ft = [ξfp (P ft−1(π
f
t−1)

γfp )−1/λ
f
p,t + (1 − ξfp )(P ft

′)−1/λ
f
p,t ]−λ

f
p,t (20)
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Also, in the foreign economy, monetary authority follows this rule
to determine foreign interest rate:

Rft
′ = ρrR

f
t−1 + (1 − ρr)(ψ

f
ππ

f
t
′ + ψfπy

f
t
′) + εrt (21)

Foreign economy produces its own differentiated good and sells it
domestic economy(Austria). In the foreign economy, the price of the

good is P ft but foreign goods are sold to the domestic economy with
price Pmt and this is called mark-up process. this mark-up process is
subject to a mark-up shock.

Pmt = eπmt P ft (22)

where mark-up process evolves according to eπmt = ρπme
πm
t−1 + (1−

ρπm) + eπm + eπmεπmt .

In the production of final foreign goods, domestically produced
goods and imported goods from Austria are used.

F fi,t =

∫ 1

0
[µ
σmf /(1+σmf )

f (Df
i,t)

1/(1+σmf )+(1−µf )σmf /(1+σmf )(φfi,tM
f
i,t)

1/(1+σmf )]1+σmf di

(23)
In this final foreign good production function, µf shows the weight

of the foreign good in the production, (1 + σmf )/σmf ) shows the

elasticity of substitution,shock process for adjustment cost: e
πmf
t =

(1 − ρπmf ) + ρπmf e
mf
t−1 + εmf ,t

The budget constraint of the government will be stated below in
the market clearing section.

5 Clearing

Above, I mentioned that in the domestic economy, there is just one
good in the economy as a final. So, when we aggregate, following
equation can be written:

Ft = Ct + It +Xt +Ate
g
t (24)
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For this equation, we can government expenditure consists of ,as
authors also call, ”productivity adjusted government consumption
process” and it evolves according to egt = (1 − ρg)g + ρge

g
t−1 + εg,tg.

Also, since Austria is a small interest rate coming from the rest of
the world is taken as given. In the model, risk premium on foreign
bond holdings are stated as φ′ and risk adjusted interest rate is Rft φ

′.
Next question is what is the functional form of this risk premium:

φ′(nfat, e
rp
t ) = exp(−φanfat + erpt ) (25)

The budget constraint of the government:

Ate
g
t +Bf

g,t/R
f
t φ
′(nfat, e

rp
t )Pt = Tt +Bf

g,t−1/Pt (26)

and after getting this, we can show the law of motion of foreign
bond holdings by combining government and household budget con-
straints:

Bf
t /R

f
t φ
′(nfat, e

rp
t ) = Bf

t−1 + PtXt − PMt Mt (27)

6 Rigidities and Shocks

Now, after documenting the construction of the model, I want to
summarize the shocks and the rigidities used in the model to make it
more clear. In this model many nominal and real rigidities have been
used. As I also described above, Calvo price mechanism is used for
monopolistically competitive domestic intermediate good producing
firms and foreign good producers. In this mechanism only with some
probability, some firms are allowed to re-optimize their wages and
rest of them are not allowed to re-optimize their prices but just they
adjust their prices according to previous period’s inflation level. Also,
for the households, the same Calvo pricing mechanism used. Each
household is a monopolistic supplier of his/her own type of work.
So, household are fixing their wages by taking into account the wage
rigidities. Each period, with some probability they are allowed to
optimize their wages; otherwise rest of them just adjust their wages
according to past period’s inflation level.

10



Another rigidity in the economy is real adjustment costs which pop
up in the investment and imported goods section. Investment adjust-
ment cost captures the idea of costs which is the result of moving away
from the investment growth that is observed in the balanced growth
path. Also, in terms of real adjustment costs for the imported goods,
changing the structure of the trade is costly because of adjustment
cost and it happens only gradually.

In this economy, we also have external habit formation. Intuitively,
this can be explained as more the individual eats today, when this
individual wakes up tomorrow, he/she will want to eat even more.

Additionally, capital utilization rate is a variable in this economy. In
their budget constraints, households want to increase their utilization
rate from their capital but it is costly, so they have to decide on
optimal capital utilization rate.

In this economy, there are 14 shocks. 3 of them belongs to shock
which occur in the foreign economy and 11 of them belong to domestic
economy. Since domestic economy is small compare to the rest of the
world, foreign economy is not affected by the shocks coming from
domestic economy but domestic economy is affected by the shocks
coming from rest of the world and in the ”result” section, I will try
to understand which shocks especially affects the domestic economy
in the short-run, medium-run and in the long-run. the list of shocks
and rigidities can be seen below:
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Table 1: Summary of shocks and rigidities
Fenz&Reiss&Schneider (2012)

Technology Shocks Permanent Tech.
Stationary Tech.

Demand Shocks Government Spending
Investment Adjustment Cost

Consumption Preference
Price Shocks Price Mark-Up

Labor Supply
Foreign Inflation

Relative Prices
Risk Premium Shock Risk Premium

Foreign Monetary Shock Foreign Monetary
Foreign Trade Shocks Foreign IS Curve

Domestic Import Preference
Foreign Import Preference

Frictions Consumption Habits
Investment Adjustment Cost

Import Adjustment Cost
Price Rigidity
Wage Rigidity
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7 Solution and Estimation

Authors estimated the model by using Bayesian techniques.

First I will talk about the data that authors used and how I collect
the data to replicate the paper. I collect the data for GDP, private
consumption, investment, export, import, employment, real wages,
domestic price level and import deflator data for Austria. Also, GDP,
price level and short term interest rate data have been collected for rest
of the European Area. The source of the data consists of Eurostat and
Federal Reserve Bank of St. Louis data bank. The time interval for
the data is between 1995Q1 to 2011Q1. Afterwards, the data has been
seasonally adjusted, stationarized by taking the growth rates to the
previous quarter and finally the growth rates have been de-trended.

Now, I will talk about how to link the data to the model. In order
to construct the likelihood function, the model variables have to be
linked to set observables (the data that I mentioned in the above
paragraph).The measurement equations that have been used in Fenz
et al. (2012) paper are the following ones:

yobst = y′t − y′t−1 + µat (28)

cobst = c′t − c′t−1 + µat (29)

iobst = i′t − i′t−1 + µat (30)

mobs
t = m′t −m′t−1 + µat (31)

wobst = w′t − w′t−1 + µat (32)

yf,obst = yft
′ − yft−1

′ + µat (33)

N ′t = (1 − βξe)(H
′
t −N ′t)/(1 − ξe) + βEtN

′
t+1 (34)

13



These measurement equations and the vector auto-regressive repre-
sentation of the states(state transition equations for unique and stable
solution) provide a state-space representation for the linearized(see
appendix) DSGE model. Combining two of them will help us to con-
struct the likelihood function of the model. For the estimation of the
model, Bayesian method will be used but the problem is likelihood
function for the Bayesian estimation should be constructed only from
observables. Therefore, hidden states have to be integrated out to get
the desired likelihood function and we need a filter for this purpose.

There are 3 ways to get the likelihood function. In the first one,
algorithm uses Chapman-Kolmogorov and Bayes’ theorem and by fore-
casting and updating, likelihood function can be obtained but in this
approach practical implementation is hard and includes computational
costs. Second, as also “The Econometrics of DSGE Models” (2010)
mentiones, if we have linearity and normality, Kalman filter can be
used. Third, if the transition and measurement equations are not lin-
ear and the shocks are not normally distributed ”the particle filter” is
a way to get likelihood function of the state space representation(for
more information you can see “The Econometrics of DSGE Models”
(2010) paper).

The next step is to determine which priors to use to get posterior
distribution. Prior distributions are used to describe the initial knowl-
edge about the our parameter at hand, before screening anything from
the outside. For shock auto-correlations, authors assigned beta distri-
bution, for variance of shock innovations, they assigned inverse gamma
distribution and for structural parameters, it depends on parameter
at hand.(in the appendix you can see the list of whole assigned prior
distributions)

After obtaining prior and likelihood function, we can evaluate pos-
terior for a given parameter but characterizing the whole posterior is
nearly impossible. For this purpose, Metropolis Hastings algorithm
will be used. The Metropolis-Hastings algorithm belongs to the class
of Markov chain Monte Carlo(McMc) algorithms.The algorithm con-
structs a Markov chain such that the distribution associated with
this chain equals the posterior distribution of interest. As Fernandez-
Villaverde,Jesus (2010) explains, the initial draws obtained from an
MH algorithm do not reflect the posterior distribution. There may

14



be a large number of draws before the sampler has converged, that
is, when a draw from the Markov chain approximately the same dis-
tribution as a direct draw from the posterior. In the paper, authors
estimate the model by taking 1.000.000 draws from the Metropolis
Hastings algorithm and they get rid of first 10% of the draws because
they declare them as burn-in draws.

8 Results (Application)

8.1 Impulse Responses for Different Shocks

In this section, I will talk about how my variables in my model
reacts to temporary technology shock, permanent technology shock,
interest rate shock, world demand shock and price mark-up shock. In
the appendix section,you can see the graphs for impulse responses in
the following way.

I want to start with temporary technology shock. As it is expected,
temporary technology shock increases production capacity of the do-
mestic economy and therefore marginal cost of production decreases.
What about the demand side? We have many nominal and real rigidi-
ties in this model like wage and price rigidities, investment and import
adjustment costs and consumption habits. Therefore, demand does
not increase as much as supply side. Therefore, firms need less input
and capital utilization rate and hours worked decreases. Also, since
marginal cost decreases thanks to temporary technology shock, infla-
tion decreases. Additionally, since now domestic economy gains price
competitiveness in the international environment, domestic economy
exports increase.

The next one is permanent technology shock. The term ”perma-
nent” is used because variables do not return to their initial levels
but they converge to their new levels after the shock. After the
shock; consumption, export and investment increase because firms
and households predict the increase the activity. I want to continue
by comparing this permanent shock with temporary technology shock.
In the temporary technology case, capital utilization rate and hours
worked decrease because firms can produce more than what is needed.
Yet, now with the permanent shock, capital utilization rate and hours
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worked increases because of the high activity and again by contrast to
temporary shock, high input demand results in increase in real wages
and rental rates of capital. Even though input prices are increased for
the firms, inflation does not go up much because of the decrease in
marginal cost.

The third one is monetary policy shock. This is a shock to the rest
of the world interest rate and it is a contraction in the foreign economy
since the interest rate is increased. What would happen? Since it is
a contractionary movement in the economy, output and inflation will
decrease in the foreign economy and since Austria is linked to foreign
economy through financial flows and trade, output also decreases in
the domestic economy. Yet, in the domestic economy, we have many
nominal and real rigidities like I mentioned many times above, the
movements in the domestic economy is much slower than the foreign
economy since the foreign economy is just constructed according to 3
equation system. Increase in foreign interest rate results in decrease
in inflation and thanks to this, foreign economy gains competitiveness
in the international environment.

The fourth one is world demand shock. This shock refers to shock
to IS curve in the foreign economy which results in increase in output
and price level in the foreign economy. As the activity in the foreign
economy increased, there will be more demand from the foreign econ-
omy to Austrian goods and therefore export of the domestic economy
will increase. To cover the need for more domestic goods, consump-
tion and investment decreases and the net foreign asset sign of the
domestic economy turns into positive and after a while this positive
sign is used to increase consumption and investment in the following
periods.

The fifth one is price mark-up shock. This shock results in increase
in Austrian mark-up and it manifests itself in increase in inflation rate.
since now prices of the domestic goods become relatively expensive,
domestic economy loses its competitiveness in the international envi-
ronment. Also, since less is demanded from the outside and also since
now prices of the goods in the domestic economy is more expensive,
demand decreases and fall in output follows it. Since we have high
inflation rate, real wages of the households decreases and also real
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rate of return of capital decreases as well which in return decreases
demand again.

8.2 Variance Decompositions

After estimating the model, we want to see which shocks in fact
has an huge impact on our model variables in the short-run, medium-
run and in the long-run. For this purpose, forecast error variance
decomposition has been used.

Let’s start with domestic output. In the short run, domestic output
is mostly affected by the shocks coming from foreign import prefer-
ences and domestic import preferences. This situation is something
expected because Austria is a small open economy and shocks com-
ing form the rest of the world would have more impact on domestic
economy variables.

Let’s take a look at domestic inflation. In the short run, domestic
inflation is highly affected by the shocks coming from import prices,
world inflation and domestic price mark-up. When we go from short-
run to long-run, still import price shock remains strong and explains
half of the fluctuations in the inflation.

In terms of employment, in the short run, most of the fluctuations
are explained by transitory technology shock, domestic import shock
and foreign import preferences. However, when we move from short-
run to long-run, domestic price mark-up gains importance and domes-
tic import and foreign import preferences still stay strong in explaining
the fluctuations.

In terms of exports, in the short run, all most all the fluctuations in
the domestic exports are explained by shocks to foreign import pref-
erences. Yet, when we move to long-run, shocks to import preferences
still explains half of the fluctuations but now permanent technology
shock also has contribution.

In terms of investment, in the short run, shocks to investment ex-
plains all most everything and when we move from short-run to long-
run, permanent technology shock also takes in explaining the fluctua-
tions in investment.
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Table 2: Variance Decomposition
Output

Short-run Foreign Import Preferences: 51%
Domestic Import Preferences: 24%

Long-run Permanent Tech. Shock: 45%
Domestic Import Preferences: 15%

Short-run Inflation
Import Prices: 68%
World Inflation:16%

Long-run Import Prices: 50%
Domestic Price Markup:16%

Employment
Short-Run Foreign Import Preferences: 37%

Domestic Import Preferences:28%
Long-Run Foreign Import Preferences:25%

Domestic Price Markup:12%
Export

Short-run Foreign Import Preferences: 83%
Foreign Output:12%

Long-run Foreign Import Preferences: 53%
Permanent Tech. Shock: 30%

Investment
Short-run Investment : 90%

Long-run Investment:45%
Permanent Tech. Shock: 23%
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9 Conclusion

In this paper, I tried to replicate the paper of Fenz,Reiss,Schneider
(2012); namely DSGE model for small open economy case for Austria.
I first tried to understand how Fenz et al. (2012) set up the model and
give detailed information about the setting. Then, I replicate the
results by collecting the data, constructing the code and estimating
the model.
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A Appendix

In this section, I report the graphs of my model.

A.1 Impulse Response Graphs

In this section, first 3 pages show temporary technology shock, next
4 pages show permanent technology shock, next 4 pages show mon-
etary policy shock, next 4 pages show world demand shock, next 4
pages show price mark up shock.

A.2 Forecasting Graphs

In this section, tables with blue lines show the prediction of my
model.

A.3 Log-Linearization

In the last 2 pages, you can find log-linearized version of my model.
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