Supervisor:
Professor Moisa Altăr

MSc student:
Ioniță Georgiana Alina











Motivation
Objectives
Literature Review
Central and Eastern European economic
framework
The linearized model
Data set
The Bayesian approach of the model
Results
Conclusions









vulnerabilities of the Central and Eastern Europe region at the
beginning and during the recent global economic and financial
crisis led to an increased interest to identify the models that can
explain the main features of the Central and Eastern Europe
macro data: real GDP, consumption, investment, wages, prices,
hours worked and the short-term nominal interest rate;
the interest of analysis of the main drivers of the economic
growth;
the interest to put an eye on the shocks that affect the four
economies of Romania, Poland, Czech Republic and Hungary
(seven shocks- reduced to the number of the seven observed
variables);
to identify which of the shock are really significant in explaining
the evolution of the main macroeconomic indicators;
the continuous interest of central banks to put an eye on the
importance of uncertainty in shaping monetary policy, as
monetary policy should be conducted in the face of multiple
sources of uncertainty, including model and parameter
uncertainty as well as uncertainty about future shocks.









to analyze the degree in which the model proposed by of Frank Smets
and Raf Wouters in case of US economy: “Shocks and Frictions in US
Business Cycles: a Bayesian DSGE Approach” (2007) responses to the
requests of Central and Eastern Europe economies, based on a study
completed for the following countries: Romania, Poland, Hungary and
Czech Republic.
to investigate the contribution of the economic shocks in the business
cycle, in order to determine which of them are significant in explaining
the evolution of the main macroeconomic indicators;
the analysis of the response of the seven macroeconomic variables to
the existing shocks in the economy (as the stochastic dynamic of the
model is driven by seven orthogonal structural shocks: total factor
productivity shocks, risk premium shocks, investment-specific
technology shocks, wage mark-up shocks, price mark-up shocks,
exogenous spending shocks and monetary policy shocks), by analyzing
the impulse response functions.
the analysis of the forecast performance by comparing the forecasted
values for the macroeconomic variables with the actual macroeconomic
context.




Baseline New Keynesian model of Calvo (1983) has become the benchmark for analyzing monetary policies.
Extensions to the Baseline New Keynesian model of Calvo (1983) have improved the fit of the models with
the data.
• Pau Rabanal and Juan F. Rubio-Ramírez, in the article “Comparing New Keynesian Models of the Business Cycle: A
Bayesian Approach” (2005):




•

Frank Smets and Rafael Wouters:





proposed the estimation of a dynamic general equilibrium model with nominal and real rigidities;
shows that a Taylor rule approximates the behavior of the Central bank, for the Euro Area and also US economy:
 “An Estimated Stochastic Dynamic General Equilibrium Model for the Euro Area” (2003);
 “An Estimated Two-Country DSGE Model for the Euro Area and the US Economy” (2005) ;
 “Shocks and Frictions in US Business Cycles: A Bayesian Approach” (2007).

Accent in the literature is put on the following:
•

•



adds price indexation to the baseline model (also called the BSP model);
includes staggered wage contracts to the baseline model as in Erceg, Henderson, and Levin (2000) – the EHL model;
adds wage indexation to the sticky price-wage setup (model with Sticky Prices, Wages, and Wage Indexation -INDW
model).

the comparison between classical and Bayesian approach of the DSGE models:
 Fernández-Villaverde, Jesús, and Juan F. Rubio-Ramírez, “Comparing Dynamic Equilibrium Economies to Data: A
Bayesian Approach”; (2004);
 Lawrence J. Christiano, Mathias Trabandt and Karl Walentin, ”DSGE Models for monetary policy analysis”, (2010);
on the forecasting performance of the models:
 Fabio Canova “DSGE Models: Evaluation and forecasting “(2012);
 Frank Schorfheide and Marco Del Negro, “DSGE Model-Based Forecasting” (2012).

Further extensions of DSGE models:
• “An estimated DSGE model of the Hungarian economy”, (2009) by the authors Zoltan M. Jakab and Balazs Vilagi,




•

proposal a simple open-economy extension of the DSGE model presented in Smets & Wouters (2003);
in terms of the openness of the economy, beyond labor and capital, additional imported input is needed for domestic
production;
part of domestic production is exported.

“Monetary and Macro-prudential Policy in an Estimated DSGE Model of the Euro Area”, proposed by Dominic Quint

and Pau Rabanal (2013):




the analysis of the optimal mix of monetary and macro-prudential policies in an estimated two-country model of the
euro area;
includes real, nominal and financial frictions, and hence both monetary and macro-prudential policy can play a role;
proves that the introduction of a macro-prudential rule would help in reducing macroeconomic volatility, improve
welfare, and partially substitute for the lack of national monetary policies.

According with the opinion of the International Monetary and Financial Committee from the
twenty-ninth meeting (hold on12nd April 2014)
•
•
•

the global recovery after the recent financial crisis is confirmed by healthier growth
numbers, although the recovery is still fragile and risks remain;
remnants of the 2008 financial crisis and its severe global impact are finally fading, even
though significant challenges remain;
emerging market economies still face various challenges:




•

the reliance on credit-driven investment, including through the non-banking financial sector
is a worrying vulnerability;

macro-economic policies must be recalibrated. Several economies have not yet sufficiently
withdrawn their expansive monetary and fiscal policy stance after the financial crisis;
real interest rates have been persistently negative in many countries, while budget deficits
have increased. Over the last year markets have become increasingly concerned about such
imbalances.

structural reforms remain important for emerging market economies, according with IMF
opinion that domestic factors have played a large role in the slowdown in emerging
economies over the last two years. Structural reforms are essential to increase growth
potential and ward off negative market sentiment over a longer period.



The aggregate resource constraint (demand)

(1)
The dynamics of consumption following the form of
the consumption Euler equation:
ct = c1ct −1 + (1 − c1 ) Et ct +1 + c2 (lt − Et lt +1 ) − c3 (rt − Etπ t +1 + ε tb )
(2)
yt = c y ct + i y it + z y zt + ε tg
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The corresponding arbitrage equation for the value of
capital is given by:
q = q E q + (1 − q ) E r − (r − π + ε ),
(4)
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The dynamics of investment
investment Euler equation:
it = i1it −1 + (1 − i1 ) Et it +1 + i2 qt + ε ti
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On the supply side, the aggregate production function is given by:

(5)
Newly installed capital becomes only effective with a one-quarter lag, so
current capital services used in production kts are a function of capital
installed
s
k
=
k
(
)
k
z
in the previous period, t −1 and the degree of capital utilization( t ): t t −1 + zt (6)
Cost minimization by the households that provide capital services implies
that the degree
of capital utilization is a positive function of the rental rate of
k
z
=
z
r
capital: t 1 t
(7)
yt = φ p (αkts + (1 − α )lt + ε ta )







1 −ψ
ψ

where
and ψ is a positive function of the elasticity of the capital
utilization adjustment cost function, normalized to be between zero and one.
The accumulation of installed capital kt is not only a function of the flow of
investment but also of the relative efficiency of these investment
expenditures as captured by the investment-specific technology disturbance:
kt = k1kt −1 + (1 − k1 )it + k2ε ti
(8)
(1−σ ) 2
where k1 = (1 − δ ) / γ and k2 = (1 − (1 − δ ) / γ )(1 + βγ )γ ϕ
On the monopolistic competitive goods market, cost minimization by firms
implies that the price mark-up is equal with the difference between the
marginal product of labour, mplt , and the real wage, wt , :
µtp = mplt − wt = α (kts − lt ) + ε ta − wt
(9)
Taking into account price stickiness as in Calvo (1983) and partial indexation
to lagged inflation of those prices that can not be re-optimised as in Smets
and Wouters (2003), prices adjust only sluggishly to their desired mark-up.
z1 =

c







Profit maximization by price-setting firms leads to the
following New-Keynesian Philips curve:
π = π π +π E π −π µ +ε
(10)
(1 − βγ ζ )(1 − ζ )
l
1
βγ
where: π = 1 + βγ l , π = 1 + βγ l and π = 1 + βγ l ζ ((φ − 1)ε + 1)
Cost minimization by firms implies that the rental rate of
capital is negatively related to the capital-labor ratio and
positively to the real wage (both with unitary elasticity):
r = −( k − l ) + w
(11)
In analogy with the goods market, in the monopolistically
competitive labour market the wage mark-up is equal to
the difference between the real wage and the marginal rate
of substitution between working and consumption, (mrst ) :
1
(c − λc ))
µ = w − mrs = w − (σ l +
(12)
1− λ
Similarly, due to nominal wage stickiness and partial
indexation of wages to inflation, real wages only adjust
gradually to the desired wage mark-up: µ
w = w w + (1 − w )( E w + E π ) − w π + w π − w µ + ε
(13)
1
1
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where w = 1 + βγ , w = 1 + βγ
, w = 1 + βγ and w = 1 + βγ ζ ((φ − 1)ε + 1)
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Finally, the model is closed by adding the following
empirical monetary policy reaction function
r = ρr + (1 − ρ ){r π + r ( y − y )} + r [( y − y ) − ( y − y )]) + ε
(14)
The monetary authorities follow a generalized Taylor
rule by gradually adjusting the policy-controlled
interest rate, r , in response to inflation and the
output gap, defined as the difference between actual
and potential output (Taylor, 1993).
Equations (1) to (14) determine fourteen endogenous
variables:
yt ,ct , it ,qt , kts , kt , zt ,µ ,π t ,µtw , wt ,rt ,lt ,rtk .
The stochastic behavior of the system of linear
rational expectations equations is driven by seven
exogenous disturbances: total factor productivity (ε ) ,
investment-specific technology (ε ) , risk premium (ε ) ,
exogenous spending (ε ), price mark-up (ε ), wage markup (ε ) and interest rate, as a monetary policy shock (ε ).
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TFP shocks (AR(1) process):ε t = ρaε t −1 + ηt .
investment-specific technology shocks (AR(1) process): ε ti = ρiε ti−1 + ηti
g
g
g
a
exogenous expenditure shocks (AR(1) process): ε t = ρ g ε t −1 + ηt + ρ gaηt
risk premium shocks affecting consumption and investment (AR(1)
process): ε tb = ρbε tb−1 + ηtb
mark-up shocks in wages (ARMA(1,1) process): ε tw = ρwε tw−1 + ηtw − µwηtw−1
mark-up shocks in domestic prices (ARMA(1,1) process): ε = ρ ε +η − µ η
r
r
r
monetary policy shocks (AR(1) process)-interest rate shock: ε t = ρ Rε t −1 + ηt .
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The summary of the model based on the linearized equation
introduced:
 Number of variables: 40
 Number of stochastic shocks: 7
 Number of state variables: 20
 Number of jumpers (forward looking variables):12
 Number of static variables: 14




Period of the analysis between 2000q1 – 2013q.
The four countries included in the research:
•
•
•
•



The dataset used in this paper for the observed variables is collected from:
•
•
•
•
•
•
•



Czech Republic
Hungary
Poland
Romania

Eurostat Database;
Federal Reserve Economic Data -FRED –St. Louis Fed
European Central Bank-ECB,
National Bank of Romania
National Bank of Czech Republic
National Bank of Hungary
National Bank of Poland.

The seven quarterly macroeconomic observed variables are the following:
•
•
•
•
•
•
•

real GDP
real consumption
real investment
real wages
number of hours worked, as en employment indicator
prices (GDP deflator)
short-term nominal interest rate (ROBOR 3M, PRIBOR 3M, WIBOR 3M and BUBOR 3M)


















The real variables were seasonally adjusted and tested for stationary (using the Augmented Dickey-Fuller and
Philips-Perron test).
The GDP (gross domestic product at market prices-[namq_gdp_c]), investment (gross fixed capital formation)
and consumption series (final consumption expenditure in current prices, namq_fcs_c) were collected from
Eurostat site, being expressed in Eur millions, in current prices and seasonally adjusted.
Regarding the real wages, I have collected the series from Eurostat the quarterly wages (Quarterly National
Accounts by 10 branches - aggregates at current prices [namq_nace10_c]), representing the gross wages and
salaries in Eur millions, for all NACE activities and I have adjusted the series seasonally. The hourly
compensation was calculated by dividing the quarterly wages to the number of hours worked in a quarter of year
(which is equal with the weekly hours, multiplied by 12).
All these four real variables (real GDP, real consumption, real investment, real wages) are expressed per capita,
being divided by the number of employees (16 years to 64 years, part-time and full-time employment-Eurostat
series: [lfsq_epgais]) and are deflated by the GDP deflator (namq_gdp_p) in order to get the real variable.
All the real variables are expressed in 100 times log, in order to get an evidence of the real growth rates.
For the hours worked, I have collected the average number of actual weekly hours of work of employed persons,
for all jobs, full time and part time and I have adjusted the series seasonally.
The hours worked are represented as an index of the average quarterly hours worked divided by the total
number of hours from one quarter, being adjusted, by multiplying with the number of employees -lfsq_epgais.
The series for hours worked are expressed as a natural logarithm of the adjusted index).
In terms of monetary policy, given the high volatility of ON interest rate, I have collected the daily amounts of
ROBOR at 3M, PRIBOR 3M, BUBOR 3M and, WIBOR 3M, from 2000q1, until 2013 q4. I have computed an average
interest rate for each of the 56 quarters in the period from 2000q1 to 2013 q4.
In case of GDP deflator, I have calculated the index based on the percentage change on previous period (the
gross domestic product at market prices) and I have used it in the model as first difference of the natural
logarithm.
The series used in Dynare tool for the observable variables were, in case of each of the four countries are:
• the first difference of the natural logarithm of real GDP per capita;
• the first difference of the natural logarithm of real consumption per capita;
• the first difference of the natural logarithm of real investment per capita;
• the first difference of the natural logarithm of real hourly compensation per capita;
• the log of hours worked index;
• the log difference of GDP deflator;
• the quarterly interest rate (ROBOR 3M, PRIBOR 3M, WIBOR 3M and BUBOR 3M).





•

Once all the observed variables are seasonally adjusted and tested for stationarity in
Eviews 7, they are introduced in the Excel database to be imported in Matlab for a
further processing with Dynare 4.4.0 tool.
For each set of observed variables, the analysis consisted of:
• variance decomposition;
• results from the posterior optimization (also for maximum likelihood);
• posterior mean and the highest posterior density(HPD) interval (shortest credible
set) from posterior simulation;
• Metropolis-Hastings convergence graphs;
• graphs of prior, posterior distribution and mode;
• graphs of the smoothed shocks, smoothed observation errors, smoothed and
historical variables;
• Stability (Blanchard-Kahn conditions being met only if the number of nonpredetermined variables equals the number of eigenvalues grater than one forward looking variables).
• Impulse response functions to the shocks.
• Forecast of the macroeconomic variables;

One important step of estimation of a DSGE model consists of model’s parameter’s
calibration, values described by the tables on the next slide.

Symbol

α

σc

φp
ρ ga
ϕ

λ
ξw
σl
ξp
lw
lp
zt

rπ

rY
r ∆y

Description
share of capital in production
is the discount factor applied by households.
elasticity of inter-temporal substitution between
consumption and leisure
reflects the presence of fixed costs in production
(one plus the share of fixed costs in production)
the degree in which the productivity shock
impacts the exogenous spending
the steady-state elasticity of the capital
adjustment cost function
the habit parameter in consumption (external
consumption habit )
the degree of wages stickiness
the elasticity of labor supply with respect to the
real wage
the degree of price stickiness
wages indexation to past inflation indicator
the degree of price indexation to past inflation
the degree of capital utilization
the coefficient of inflation in the interest rate
Taylor rule
the degree of interest rate smoothing
the coefficient of the output-gap in the interest
rate Taylor rule
the coefficient of the output gap variation (t, t-1)

Calibration Symbol
Description
0.4
ρ a the t-1 term coefficient, in the AR
a
0.9994
process ε t
1.5
1.5
0.51
6.0144
0.6361
0.7937
1.9423
0.75
0.3243
0.3291
0.2696

Calibration
0.9676

ρ b the t-1 term coefficient of the AR
ρa
b
process ε t
ρ g ρ the t-1 term coefficient of the AR
b
g
process ε t

ρi

ρR
ρp

ρw

0.2703
0.9928

the t-1 term coefficient of the AR
i
process ε t

0.7165

the t-1 term coefficient of the AR
r
process ε t

0

the t-1 term coefficient of the process ε t

p

w
the t-1 term coefficient of the process ε t

0
0

µ tp

the coefficient of the IID-Normal price
mark-up shock (error term)

0

µw

the coefficient of the IID-Normal wage
mark-up shock (error term)

0

δ

1.488

λw

0.8258

gy

0.0593

εt

0.2239

ε

p

w
t

depreciation rate of capital
demand elasticity for labor
steady-state exogenous spendingoutput ratio
price mark-up disturbance
wage-markup disturbance

0.0246
1.5
0.18
10
10











I have chosen to analyze the MCMC multivariate convergence, reflecting an aggregate measure based on the
eigenvalues of the variance-covariance matrix of each parameter.
According with the graphs, I we obtain convergence in all measures of the parameter moments. On the horizontal
axis, the number of Metropolis-Hastings iterations that have been undertaken is 350,000, and on the vertical
axis are the measure (within and the between chains) of the parameter moments, with the first, corresponding to
the measure at the initial value of the Metropolis-Hastings iterations.
MCMC acceptance ratio for chain
The current acceptance ratio per chain was the following, at the level of each country:



Romania:



Poland:



Hungary:



Czech Republic

Chain 1: 37.8745%
Chain 2: 37.747%
Chain 1: 33.2045%
Chain 2: 30.3242%

Chain 1: 36.2359%
Chain 2: 37.0039%

Chain 1: 9.452%
Chain 2: 8.3891%

Given the lack of convergence of series to the target distribution in case of Czech Republic (as the MCMC
acceptance ratio per chain is below the accepted limit) I will not include this country in the further analysis. The
acceptance ratio increases, in case of not using per capita variables for the observed variables of this country, but
only real variables.

The system is stable according with the analysis of the eigenvalues of the system. In order to meet the
Blanchard-Kahn condition, there must be as many roots larger than one in modulus as there are forward-looking
variables in the model.According with the output of Dynare tool, from Matlab, in the model there are 12
eigenvalue(s) larger than 1 in modulus for 12 forward-looking variable(s), the rank condition being verified,
which means that the Blanchard-Kahn condition is met. The rank condition is also verified.





Analysis and interpretation

Each graph illustrates:
•
the a-priori assumptions (the grey line) that were made regarding each parameter’s
mean ;
•
the a-posteriori results (the black line)obtained after the maximization algorithm
•
the value at the posterior mode obtained from MH algorithm for the 350,000 draws
on the 2 chain that I have chosen (the dotted green line), which in case of all
parameters is approximately the center of the posterior distribution).
In the working paper I have also included a description in figures of the prior and
posterior distribution, for each country, structured in two sets of results regarding the
parameter estimates:
•
the first set contains the estimated posterior mode of the parameters, which is
obtained by directly maximizing the log of the posterior distribution with respect to
the parameters, and an approximate standard error based on the corresponding
Hessian;
•
the second set reports the 90 percentile of the posterior distribution of the
parameters obtained through the Metropolis- Hastings sampling algorithm, for
350,000 draws).

Conclusions

• the prior and posterior distributions are different from each other, so the parameters
are identified.
• the posterior distribution is also distributed around the mode. Moreover, in almost all
cases the posterior distribution has the form of a normal distribution and is close,
but still different from the a-priori distributions.
• even though both distributions seem to give similar messages, they are still
different, so the observable variables bring new information to the assumptions made
regarding the a-priori distribution.
Overall, according with t-statistic test, all parameters of the proposed monetary
policy and all the standard errors of all the shocks are estimated to be significantly
different from zero.

The posterior distribution of smoothed endogenous variables and shocks, i.e. infers about the
unobserved state variables using all available information up to T: xt / T = E[ xt / I T ]
Using the smoothed shocks as check for the estimation, the shock realizations are around zero.

The graphs illustrate the deviation of the smoothed value of the endogenous variable (Y-GDP) from its
steady state at the specified set of parameters, without taking into consideration the steady-state, based on
the contribution of the respective smoothed shocks to the deviation of the smoothed endogenous variable
from its steady state.
As resulted from the variance decomposition graphs, in case of all countries, the most significant shock
that influences the GDP is total factor productivity, followed by risk premium, monetary policy shocks (price
shock and interest rate shock) and investment shock.
According with The Global Competitiveness Report for 2012-2013 (as resulted from graphs 21-24), the
twelfth pillar of competitiveness, innovation, makes the distinction between innovation –driven economies,
the factor-driven and efficiency-driven economies.
From the four countries analyzed, Romania (78th place) is an efficiency-driven economy, Hungary (60th
place) and Poland (41st place) are in the stages of transition from efficiency-driven economies to
innovation-driven economies and Czech Republic (39th) is an innovation-driven economy.
Poland has a fairly performance across all 12 pillars of competitiveness. The strengths include its large
market size (19th), the well-developed financial sector (37th), sector with an increasing confidence, being
ranked with 14 this year. In terms of innovation, according with the competitiveness report from Geneva,
the degree of innovation in Poland is similar with that registered by the countries in transition from
efficiency to innovation driven economy, the technological readiness pillar being higher than the level
registered by the category of development it belongs to.
Moreover, in terms of labor market efficiency Poland registers a score higher than the category of economy
it belongs to, while in terms of macroeconomic environment pillar this country registers a score lower than
the economies in transition from efficiency-driven development to innovation-driven economies.
Czech Republic remains together with Estonia between the best performers within Eastern Europe, ranking
39th and 34th, respectively. Czech’s competitive strengths are based on the excellent education and highly
efficient and well-developed goods and financial markets, as well as their strong commitment to advancing
technological readiness.
In term of innovation and technological readiness, the score obtained by Czech Republic is lower than the
score registered at the level of innovation-driven economies category. Regarding the macroeconomic
environment, the rank of the country is higher than that of the category it belongs to. Moreover, in terms of
labor market efficiency, goods market efficiency and financial market development the company is ranked
below the category it belongs to.

Regarding Romania, in terms of innovation, this country is at a level of development similar with
that of efficiency-driven economies, while in terms of technological readiness the country is overranked.
In terms of labor market efficiency the country is ranked below the category it belongs to, while
the financial market development the rank is similar with that of the category it belongs to and
the overall macroeconomic environment is over-ranked.
Hungary is ranked in terms of innovation above the category of development in transition from
efficiency-driven economies to innovation driven, while the technological readiness is close to this
category. Labor market efficiency and macroeconomic environment also register ranks close to the
category the country belongs to, while in terms of financial market development the country is
under-ranked.
This analysis is in accordance with the results obtained regarding the highest influence of the total
productivity factor in the analysis of GDP variance decomposition.
The technological progress requires an environment conductive to innovative activity, supported
by both the public and private sectors.

I have analyzed the impulse responses of the various structural shocks and their contribution to
the developments in the Central and Eastern Europe economy.
The Bayesian IRF’s are the mean of the distribution responses of the variables in the model to the
mean standard deviation estimated for the 7 structural shocks. The evolution of the variables is
drawn over 40 periods in the HPD (highest probabilities intervals of 90%).
The variables of the model start from 0 steady state, as the model is linearized.

ε ti

ε ti

Dynamic of the model Bayesian impulse response functions: price shock-ε tp

ε tp

Dynamic of the model Bayesian impulse response functions:
m
Monetary policy shock- ε t

ε tm

Dynamic of the model Bayesian impulse response functions: exogenous
g
spending shock- ε t

Dynamic of the model Bayesian impulse response functions: total factor
a
productivity shock- ε t

Dynamic of the model Bayesian impulse response functions:
risk premium shock- ε tb

ε tb

Dynamic of the model Bayesian impulse response functions:
Real wages shock- ε tw

ε tw












Graphs (33), (34) and (35) shows that, following a positive productivity shock, output, consumption and
investment rise, while employment (quantified as the number of hours worked) falls. As pointed out by Gali
(1999),the fall in employment is consistent with estimated impulse responses of identified productivity shocks in
the US and is in contrast to the predictions of the standard RBC model without nominal rigidities.
Due to the rise in total factor productivity, the marginal cost falls on impact. As monetary policy does not
respond strongly enough to offset this fall in marginal cost, inflation falls (see graphs (43), (44) and (45) but
not very strongly. The estimated reaction of monetary policy on a productivity shock is in line with similar
results for the US as presented in Ireland (1999) and Gali, Lopez-Salido and Valles (2000) (at least for the preVolcker period). Finally, note that the real wage rises following the positive productivity shock.

In case of a positive wage mark-up shock, real wages grow significantly. This significant increase of the real
wages leads to an increase in the marginal cost and inflation.
The real interest rate rises reflecting the fact that the wage mark-up shock creates a trade-off between inflation
and output gap stabilization.

The risk premium shock helps explaining the co-movement (correlated movement) of consumption and
investment.
As results from the graphs, a positive risk premium shock leads to an increase of the GDP, and increase of
consumption and investment, too.
Moreover, as results from the graphs, there is also an increase of employment indicator (the hours worked
index) and an increase of real wages.












Strong effects are clear in response to an exogenous spending shock. In this case, consumption falls
significantly. GDP and investment increase.
Real wages are not much affected because of the greater willingness of households to work.
However, according with Perotti R. (2002) shows that the response of consumption and investment is often
insignificant or even negative in other countries and also fell in the United States in the post 1980 period.
The model accounts for a positive effect of government expenditures on GDP, as documented for the United
States in Fatas A. and Mihov I.(2001) and Blanchard O. and Perotti R.(2002).

The temporary shock of interest rate leads to a rise in the nominal short-term interest rate. This leads
to a fall in output, consumption and investment.
As the interest rate is a monetary policy instrument, the increase of it is measure proposed by the
central bank, whose effects can be seen in the decrease of inflation, as resulted from the graphs.
Real interest rates play an important role in the economy because real interest rates affect the demand
for goods and services through borrowing costs. As is described in “U.S. Monetary Policy: An
Introduction (2004)”, published by the Federal Reserve Bank of San Francisco, “Changes in real interest
rates affect the public’s demand for goods and services mainly by altering borrowing costs, the
availability of bank loans, the wealth of households, and foreign exchange rates.”
In line with the stylized facts following a monetary policy shock, real wages fall, as illustrated also by
the graphs (37), (38), and (39). Overall, these effects are consistent with the evidence on the euro area,
although the output and price effects in the model are somewhat larger than those estimated in some
identified VARs (e.g. Peersman and Smets, 2001).










The impact of a positive price mark-up shock on inflation and interest rates is
very similar with the effect of a positive wage mark-up shock (both increasing)
and will affect the real marginal cost, real wages and the rental rate of capital in
the opposite sense, decreasing.
The effects of a persistent change in the inflation objective are strikingly different
in two respects.
First, there is no liquidity effect, as nominal interest rates start decreasing
immediately, as a result of the decreased inflation expectations (as the evolution
of nominal interest rate is influenced by the evolution of the estimated real
interest rate, plus the inflationary expectations). This is in line with the arguments
made in Gali (2000) that the presence (or lack thereof) of a liquidity effect
following a monetary policy shock will depend on the persistence of the monetary
policy shock. Second, because the change in policy is implemented gradually
through the dynamics in the monetary reaction function, expectations have time
to adjust and the output effects of the change in inflation are small (as can be
seen also from the graph).

A positive investment shock (quantified as an increase in investment, according
with the graph) leads to a rise in output and decrease of consumption (to the
detriment of investment), while the employment (quantified as the number of
hours worked), real wages increases too. The inflation decreases, as a result of the
monetary policy that consists of the increase of the short-term interest rate (as a
monetary policy instrument).
A similar pattern is observed in response to a positive exogenous spending shock.



























Romania
In terms of real GDP per capita, in case of Romania it is forecasted an increase for each of the four quarters of the year 2014. The
forecasted economic growth in the first quarter of the year 2014, in comparison with the last quarter of the year 2013 was approx.
4.45%. According with IMF (World Economic Outlook database), the total increase of the real GDP per capital for the entire year 2014, in
comparison with year 2013 is 8.21%
Regarding the real consumption per capita, in case of Romania the growth is expected only in the first quarter of the year 2014, with
2.73%.
In terms of real investment per capita (gross fixed capital formation), it is expected an increase in the all the four quarters of the year
2014.
In terms of real wages per capita, in Romania it was registered an increase in all the four quarters of the year 2014, while in the last
quarter the increase was of approximately 2%.
In terms of prices, in Romania, these are expected to grow in each of the four quarters of the year 2013. In the first quarter of the year
2014, compared with the last quarter of the year 2013, the forecasted inflation is 3.04%. The percentage of inflation registered in the
first quarter of the year 2014, but compared with the first quarter of the year 2013 was 1%.
According with the estimations of IMF, inflation in Romania in the last quarter of the year 2014 will be 2.99%, while according with the
Central Bank of Romania, the foreseen inflation ending 2014 is 3%.
The average short-term nominal interest rates of Romania (ROBOR 3M) is expected to grow during the interval 2014 q1-2014 q4,
according with the forecast performed.
In the first quarter of the year 2014, on 31st March 2014, the ROBOR 3M has registered the value of 2.72%, while the average of daily
percentages published by NBR for the first quarter of the year 2014 was 2.41%.
The forecasted average value of the nominal interest rate for the first quarter of the year 2014 is 2.84%, which is in line with the
forecasted percentages.

Hungary
In terms of real GDP per capita, compared with the last quarter of the year 2013, in Hungary it is expected an increase of the real GDP
per capita only in the last three quarters of the year 2014. In figures, in case of Hungary, the growth for the last quarter of the year 2014
is approx. 1.86%. The total growth estimated by IMF for the year 2014, compared with the last quarter of the year 2013 is of 4.6%.
In terms of real consumption per capita, in case of Hungary it is expected a growth of the private real consumption per capital only in the
first quarter of the year 2014, with approx. 0.4%
In terms of real investment per capita (gross fixed capital formation), in Hungary it is expected an increase in the last two quarters of the
year 2014. The increase estimated for the last quarter of the year 2014 in comparison with the last quarter of the year 2013 is of
approx. 4.29%.
























Regarding the evolution of real wages, the increase was registered only in the first quarter of the year 2014, with
approx. 7.5%.
In terms of prices, in case of Hungary, there will be an increase only in the first quarter of the year 2014, with
approx. 0.45%.
The average short-term nominal interest rate of Hungary, BUBOR 3M is expected to decrease, according with the
forecast performed. In case of Hungary, the nominal interest rate BUBOR 3M in the first quarter of the year 2014
was 2.67%, which is lower than the estimated value of 3.96%.
Poland
In terms of real GDP per capita, it is expected an increase of the real GDP per capita only in the last three quarters
of the year 2014, compared with the last quarter of the year 2013.
Compared with the last quarter of the year 2013, in the second quarter of the year 2014 the total estimated
increase was of approximately 2.02%. According with IMF, the total increase of real GDP per capita for the year
2014 is 6.8%.
In terms of consumption, in case of Poland it is expected a growth of the private real consumption per capital only
in the first quarter of the year 2014, in amount of approx. 2.53%.
In terms of real investment per capita (gross fixed capital formation), in Poland it is expected an increase in the
last three quarters of the year 2014. In the second quarter of the year 2014 the increase is expected to reach
approx. 3.04%, following further an increasing evolution.
Regarding the real wages per capita, in Poland it was registered an increase in all the four quarters. In the first
quarter of the year 2014, in comparison with the last quarter of the year 2013 it was registered an increase is of
approx. 7.14%, while in the other 3 quarters it was registered a slightly increase.
In terms of inflation, the prices are expected to grow in all quarters of the year 2014, as resulted from the price
indexes for the year 2014. In the second quarter, it was registered an increase of approx. 2.02%, while the
maximum is forecasted to be reached in the last quarter of the year 2014, in amount of 5.02%.
The average short-term nominal interest rate of Poland (WIBOR 3M) is expected to decrease in the last quarters of
the year 2014, according with the forecasts. On 31st March 2014 WIBOR 3M interest rate registered the value of
5.32%, which is higher than the amount forecasted for the first quarter-2.96%.
The analysis of the forecasting performance of the model reflects that in case of some macroeconomic variables
there are differences between the forecasted value and the actually registered once, situation also influenced by
the previous values of the variables.
The reason for the differences between the forecasted and actually values of the nominal interest rates is the
influence of the observed variables, as it is known that at the beginning of the period of analysis (the first quarter
of the year 2000) the nominal interest has registered very high values, following since then until the present a
decreasing evolution.
In terms of employment, the forecasted value of number of hours worked, based on the employment index, has
registered the maximum in Poland, followed by Romania and afterwards by Hungary.
















The proposal of this working paper is to analyze whether the model proposed by Frank Smets and Raf Wouters
for the economy of United States (“Shocks and Frictions in US Business Cycles- A Bayesian DSGE Approach”February 2007) and for the Euro Area (“An Estimated Two-Country DSGE Model for the Euro Area”-2005) is
suitable for the economies from Central and Eastern Europe.
Taking into consideration the tests performed: convergence test (Brooks and Gelman's, MCMC acceptance
ratio), stability (Blanchard-Kahn condition), analysis of the impulse response functions, smoothed shocks,
forecasted values, a-priori and a-posteriori distributions, I conclude through the current working paper that
the results of the model are effective for the economy of Romania, Poland and Hungary. Moreover, this is
confirmed also in accordance with the economic sense of the impulse response functions, as results from the
analysis performed,
From the four economies analyzed, I concluded that in case of Czech Republic the convergence condition of
the series is not respected, taking into consideration a number of 350,000 draws. The acceptance ratios of the
MCMC are lower than the acceptance limit of 25% ( chain 1: 9.452% and chain 2:8.3891%). As a result, analysis
of the steady-state does not lead to accurate results, so the country was excluded from the further analysis.
The analyzed model, which is an improvement and a simplified version of the one proposed by the authors
Frank Smets and Raf Wouters in 2003 (An Estimated Stochastic Dynamic General Equilibrium Model for the
Euro Area) has achieved the purpose of analyzing of the main drivers of the economic growth, putting an eye
on the frictions (seven shocks- reduced to the number of the seven observed variables).
Regarding the monetary policy, I can conclude that the proposed Taylor rule approximates the behavior of the
Central banks of the three Central and Eastern Europe countries: Romania, Poland and Hungary.
Regarding this model, it it would be interesting to see which of the various frictions are crucial for capturing
the persistence and co-variances in the data, similar to the analysis of Christiano, L.J., Eichenbaum, M. and C.
Evans (2001), trying to decrease to number of seven shocks.
As a further direction for the future, I proposed to analyze how the model proposed by the authors Zoltan M.
Jakab and Balazs Vilagi (2009) in the article An estimated DSGE model of the Hungarian economy responses to
the need of Romania’s economy, as this is an open-economy extension of the DSGE model presented in Smets
& Wouters (2003). In addition to the model proposed by Smets & Wouters (2003), this model assumes in terms
of openness of the economy that beyond labor and capital an additional imported input is needed for
domestic production. On the other hand, another assumption is that part of domestic production is exported.
Another interesting subject seems to me the study of macro-prudential policy, as proposed by Dominic Quint
and Pau Rabanal (2013), in the article Monetary and Macroprudential Policy in an Estimated DSGE Model of the
Euro Area, taking into account role of macro-prudential policies included in several studies of the Bank for
International Settlements. The authors proposed the analysis of the optimal mix of monetary and macroprudential policies in an estimated two-country model of the euro area. They have also have also suggested
that the use of macroprudential tools could improve welfare by providing instruments that target large
fluctuations in credit markets.
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