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Abstract: The paper proposes the analysis of a Basic New Keynesian model with imperfect
competition in goods market and price adjustment mechanism for the macroeconomic context of
Romania, as an emerging country. Given the vulnerabilities of the economy of Romania at the
beginning and during the recent global economic and financial crisis, there is an increased interest to
identify models that can explain the main features of Romania macroeconomic data and to put an eye
on shocks that are really necessary to describe the stochastic dynamic of macroeconomic variables.
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1. Introduction

The model proposed by the current working paper has the purpose to analyze the
impact of exogenous shocks to the macroeconomic variables, in the context of
conducting a monetary policy rule through a Taylor rule based on targeting
inflation and output gap.

The paper is focused on the analysis of impulse response functions in the context of
uncertainty affecting the stochastic behavior of macroeconomic variables, through
the following shocks: monetary policy shock, technology shock and preference
shock, meanwhile conducting monetary policy.

In addition, another objective of the article is to analyze the suitability of the model
for the macroeconomic context of Romania, through the following statistics:
autocorrelation coefficients, Blanchard-Kahn stability test, variance decomposition
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and the economic interpretation of impulse response functions and orthogonalized
shocks in relation with the empirical macroeconomic evidence.

2. The Model

The model assumes imperfect competition of good, as firms produce different
goods for which a part of firms they set price, while other keep the price
unchanged, as in the article proposed by Gali, J. (2015).

The agents assumed by the model are: household, firms and Central Bank, as the
authority responsible with the monetary policy.

2.1. Household

Households maximize the following utility function: E,» B‘'U(C,N,), C

t=0

1 . 1_1 . e-1
representing consumption index described as follows: C, E[L C.(i) «di| in

relation with the consumption of good i, N, represents the number of hours worked
and g represent the discount factor.

Households are also subject to the following budget constraint:
.[:R(i)Ct (i)di+Q,B, <B,; +W,N, +T,, where: P,(i)is the price of good i at
moment “t”, N, = index of hours worked at moment “t”, W, is nominal wage at
moment “t”, B, represents acquired one period bond at moment “t”, Q, is the price
of bond acquired at moment “t” and T, = lump-sum income component at moment

IO
“t”. The demand equation is described by the equation Ct(l)z( tP()J C,,
t
1
1 —& - - - - -y .
where P, = UO F’t(i)“di}1 is the aggregate price index. The optimal condition

1
for consumers behavior is _L P, (i)C, (i)di = RC, . The resulting budget constraint

for consumers is described as follows: BC, +Q,B, < B, ; +W,N, +T,.
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The optimal consumption /savings and labour supply decisions are described by the

u W Ucw P
following utility ratio: -— = —1:Q, = et
g utility 0., P Q ﬂEt{Um P

t+1

The utility function for one period is described as follows:

Cl—a Nl+(/7
U(C“Nt)zlia_l-lt-—q).

2.2. Firms

N \1-a
The production function described by the firms is as follows: Yo = AN, () :

where A represents the total factor productivity, which is identical for all firms.

In logs, the relation between output, employment and technology is described by
the following log-linearized Cobb-Douglas production function, as follows:

Yi=a + (l_a)nt _

Evidence on the effects of technology shocks and its implications are similar to
those proposed by Gali, J. (1999) and Basu, Fernald and Kimball (2004), among
others. Recent evidence, as well as alternative interpretations are surveyed in Gali
and Rabanal (2004).

At one moment t, 1 =& of firms reset their price, while the remaining & keep the
price unchanged.

* \1-¢&
P
The aggregate price dynamic is as follows: 7z, * :0+(1—0)(P—‘j , While

t-1

P - - - * - -
7, =——defines inflation rate and P represents the set price by firms
t-1
reoptimizing. At steady-state, the equation becomes through log linearization

7ty :(1—49)(p: - pt—l)'

For optimal price setting, the maximization function for firms that set optimal price
Pin order to maximize the profit is:

maxpt‘zek Et{Qt,t+k (Pt*YtJrk/t _l//Hk (Yt+k/t))} SUbjeCt to the Sequence Of
k=0
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. P
demand constraints: LA :[P;j Covs where

t+k

Qe = p*(C,., IC, )_G(Pt/ P..) represents the stochastic discount factor of

payoff, w, is the cost function and Y,,,,, represents the output in period t+k for
firms resetting the price in period t. The resulting log-linearized form of

maximization function is p; = u+ (1 86)> (86)* E{mc,,, ;. + P}, Where
k=0

mc,,,,, represents the log of marginal cost and 4 is the desired gross mark-up.

At equilibrium market clearing condition requires that supply is equal with
demand, Y,(i)=C,(i) (and respectively, Y, =C, in aggregate), where the

aggregate output Y, is composed of a continuum of intermediate goods, Y, (i) as in
1 . 1_1 . e-1
the working paper of Kimball (1995), described as Y, = IoYt () “di
From market clearing condition and consumer’s Euler equation, the resulting
equilibrium conditionis: y, = E{y,,}—— (@, —E{7...}—p)-
o

Market clearing in case of labor market is:

gm0 o] 1)

Inflation equation is described as follows: 7z, = SE {7, }+AmC,, where
L= 1-6)a-p0)
0

® and mC, is the deviation from steady state of real marginal

cost.
The derived equation relating inflation to output gap and inflation from t+1 is

described by the following New Keynesian Philips curve: 7t = ﬂEt{ﬂ'Hl}_'_Kyt’
o+ a)

k=A(o+
where —&
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An inflation equation identical to the New Keynesian Phillips curve can be derived
under the assumption of quadratic costs of price adjustment, as shown in
Rotemberg, J. (1982).

The equation of equilibrium related to the output gap for the New Keynesian model

. . ~ 1. ~ )

is described as follows: y, = ——(i, — E. {7, ,}—1") + E{Y,..}, where " is the
(o2

natural interest rate, defined as follows:
rtn =p+ O-EI{Aythrl} =ptoy ;a E{Aa,,}.

3. Equilibrium Dynamics under Monetary Policy Rule

The current article proposes the analysis of equilibrium under a simple monetary
policy rule of the form:i, = p+ ¢ 7, +@,y, +v,, Where v is an exogenous
component with zero mean, ¢_and 9, are non-negative coefficients, chosen by
monetary authority and # is a constant factor.

The equilibrium conditions result from the following system of difference
equations:

y E{y
‘= A{Et{ym}}+ B, (f" -v,), where i,"=r" - pand

7T, A7t
(o 1-p¢,

A =Q :
ok k+f(o+¢,)
o .

B;=Q |and Q=—"——.
| K o+¢, +Kg,

3.1. Model Summary
The analyzed model consists of a total number of 25 variables, out of which

number of state variables is 6 (variables for which t moment is defined by the
model) and the number of control variables is 19 (of which 2 forward looking
variables- which appear in equations of the model at “t+1” moment and 17 static
variables- which appear in equations of the model at “t” moment). The number of
stochastic shocks is 3.
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The variables of the model are: inflation, output gap, natural output, output, output
deviation from steady state, natural interest rate, real interest rate, nominal interest
rate, number of hours worked, real money stock, money growth, money growth
annualized, nominal money stock, annualized real interest rate, annualized nominal
interest rate, annualized natural interest rate, annualized inflation rate, price level,
nominal wage, real wage, consumption, price markup and mark-up gap, monetary
policy shock factor and technology shock factor.

All model variables are expressed in deviations from steady state and at steady-
state all variables are 0 due to model linearization.

The three shocks of the model are: monetary policy shock, technology shock and
preference shock.

3.2. Calibration and Prior Distribution of the Parameters

One important step of estimation of a DSGE model consists of calibration of the
model’s parameters. As part of the strong econometric approach of estimation, as I
used for the current model, the Bayesian approach by using the likelihood function
with prior distributions for the parameters of the model, in order to form the
posterior distribution. This posterior is afterwards optimized with respect to the
model parameters either directly or through Monte-Carlo Markov- Chain (MCMC)
sampling methods, as in F.Canova, (2007).

For the calculation of the likelihood function of the observed data series, | have
used the Kalman filter, as in Sargent T.J. (1989).

In terms of parameterization most of these parameters are directly related to the
steady-state values of the state variables and could therefore be estimated from the
means of the observable variables. The standard errors of the innovations are
assumed to follow an inverse-gamma distribution with two degrees of freedom.

The quarterly discount factor, £, is set at 0.99, based on the average rate of 3M -

5M bonds issued by state, implying a real return on financial assets of about 4%.
The log utility parameter is assumed o =1 and ¢ =1 (labour supply elasticity), «

=1/3 and ¢ =6, according with the common literature.

The money demand semi-elasticity to the interest, n , is established at 4, 6

indicator of price stickiness is set at 2/3, resulting an average contract price
duration (1/26) of three quarters. In term of monetary policy rule coefficients, the

coefficient of target inflation and of output gap are set as: ¢, =1.5, ¢,=0.125, while

p, =0.5 represents a moderate persistent interest rate shock.

10
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4. Results
4.1. Equilibrium under an Interest Rate Rule

The analysis of matrix covariance indicates a zero covariance of the three shocks:
monetary policy shock, technology shock and preference shock and the standard
deviation of preference or discount rate shock.

Variables

eps_a eps_ nu | eps z
€ps_a 0 0 0
€ps_nu 0 0.0625 0
€ps_z 0 0 0

We have also analyzed the historical variance decomposition of the endogenous
variables. Table 2 below illustrates the deviation of the smoothed value of the
endogenous variables from their steady state for the specified set of parameters,
without taking into consideration the steady-state, based on the contribution of the
smoothed shocks to the deviation of smoothed endogenous variables from steady
state.

As resulted from the variance decomposition (table 2 below), the most significant
shock that influences the each variable is considered the monetary policy shock, in

case of equilibrium under an interest rate rule.

Table 2. Variance decomposition (%)

Table 3. Coefficients of autocorrelation

eps_a | eps_nu | eps z Order 1 2 3 4 5
y_gap 0 100 0 y_gap 0.5 | 0.25 | 0.125 | 0.0625 | 0.0313
pi_ann 0 100 0 pi_ann 0.5 ] 0.25 | 0.125 | 0.0625 | 0.0312
Y 0 100 0 Y 0.5 ] 0.25 | 0.125 | 0.0625 | 0.0313
N 0 100 0 N 0.5 | 0.25 | 0.125 | 0.0625 | 0.0313
w_real 0 100 0 w_real 0.5 | 0.25 | 0.125 | 0.0625 | 0.0313
i_ann 0 100 0 i_ann 0.5 ] 0.25 | 0.125 | 0.0625 | 0.0313
r_real_ann | 0 100 0 r_real_ann | 0.5 | 0.25 | 0.125 | 0.0625 | 0.0312
Nu 0 100 0 Nu 0.5 ] 0.25 | 0.125 | 0.0625 | 0.0312
The coefficients of autocorrelation (table 3 above) indicate the lack of

autocorrelation for the analyzed variables from first order to the 5™ order.

In terms of stability of the system of equations, the rank condition this is verified,
as there are 2 eigenvalues larger than 1 in modulus for 2 forward-looking variables,
which means that the Blanchard-Kahn condition is met.

11
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4.2. The Effects of a Monetary Policy Shock

The exogenous interest rate component, v, has the form of a process AR(1):

v, =p,L,, +& , Where g indicates the tightening or expansionary monetary
policy shock, leading to a rise or decrease of nominal interest rate, given inflation
and output gap.

An exogenous increase of the interest rate as results from graph 1 below leads to a
persistent decrease of the output gap and inflation. As the natural level of output is
not influenced by the policy shock, the response of output matches that of the
output gap. The response of the nominal interest rate includes the direct effect of

v, and the variation induced by lower output gap and inflation.

If the persistence of the monetary policy shock p, is sufficiently high, the nominal

rate will decrease in response to a rise in v,, as a result of the downward
adjustment in the nominal rate induced by the decline in inflation and the output
gap more than offsetting the direct effect of a higher v, . As a result, despite the

lower nominal rate, the policy shock still has a tightening effect on output, because
it is inversely related to the real rate. The figure below represents the dynamic
response of an expansionary monetary policy shock of an increase of one standard

deviation (25 basis points) in g, . This shock, without further change induced by

the response of inflation or the output gap, would imply an increase of 100 basis
points to the annualized nominal rate.

Moreover, the policy shock generates an increase in the real rate and a decrease of
inflation and output and, as a result, central bank has to reduce the money supply.

nu

¥_gap pi_ann y 0.35
0

0 0
03rF
02 f 02 f 02 f

5 10 15 5 10 15 5 10 15
n w_real p 02f

0 0 0
015F
.0_2( -1[ 0
01F

5 10 15 5 10 15 5 10 15
i_ann r_real_ann m_nominal 0.05

Graph 1. IFR of a monetary policy shock Graph 2. Ortogonalized monetary
policy shock

12



(ECONOMICA

As results from the above graph, a negative monetary policy shock of one standard
deviation in case of g (meaning decrease of the interest rate) as part of an

expansionary monetary policy leads a decrease of inflation, wages and of GDP (as
a result of the output gap decrease) and finally leads to an increase of the nominal
interest rate.

Moreover, the impact of an expansionary monetary policy is the increase of real
interest rate, having an impact higher than in case of nominal interest, due to
further decrease in expected inflation.

As a result, the authority responsible with the monetary policy should intervene in
order to decrease the nominal interest rate, through another monetary policy
instrument, by decreasing money supply.

The decomposition of orthogonalized shock as described in graph 2 above is
indicated in case of inter-correlated shocks, but the graph analysis is even relevant
in case shocks are not correlated. The graphical analysis indicates the responses of
GDP variable as a result of a monetary policy shock, without including the effects
it has on the rest of the variables in the system, in order to analyze the impact of
one single shock at one moment of time, to one single variable. In case of an
uncorrelated (orthogonal) monetary policy shock, as described in graph 2 above,
the interpretation is that a change in interest rate shock with the size of one
standard deviation has an isolated effect of increase with 0.25% of interest rate in
log deviation percentages (on OY axis).

4.3. The Effects of a Technology Shock

The technology parameter a, follows the following AR (1) process:
a, = p,a,, +&° According with the graph 3, a positive technologic shock,
L. =0.9 leads to a persistent employment decrease. Moreover, as a result of a

positive technologic shock Central Bank diminishes the interest rate and increases
the money supply, as part of an expansionary monetary policy. Output increases
while employment and real wages decrease. Moreover as can be seen from the
graph below, the output gap and inflation fall below zero steady-state.

13
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y_gap pi_ann
0

Graph 3. IFR for a technology shock Graph 4. Orthogonalized technology
shock

In case of an uncorrelated (orthogonal) technology shock, as described in graph 4
above, the interpretation is that a change in technology shock with the size of one
standard deviation has an isolated effect of increase with 1% of GDP in log
deviation percentages (on OY axis).

4.4, The Effects of a Preference Shock

In case of a positive preference shock as results from the graph 6 below there is a
decrease of output (influenced by the decrease of output gap), decrease of inflation,
of real wages, of real interest rate, of employment and a final decrease below
steady-state of the nominal interest rate.

y_gap pi_ann ¥ 0

0 0 0
02 / 02 r 02 / 01

04 0.4 0.4
5 10 15 5 10 15 5 10 15

n w_real p 03

0 0 0
02 f 1 f D4R 04
04 2 02 05

5 10 15 5 10 15 5 10 15

i_ann r_real_ann m_nominal
0 0 05 7
05 / 02 0 o7l . \ . . . .
2 4 6 8 10 12 14
04

Graph 5. IFR for a preference/discount rate Graph 6. Orthogonalized preference
shock shock

In case of an uncorrelated (orthogonal) preference shock, as described in graph 6
above, the interpretation is that a change in preference shock with the size of one
standard deviation has an isolated effect of decrease with 0.5% of GDP in log
deviation percentages (on OY axis).
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5. Conclusions

The New Keynesian model proposed for analysis indicates the significance of the
exogenous shocks such as: monetary policy shock, technology shock and
preference shock on the behavior of macroeconomic variables such as GDP, as
economic welfare indicator, of employment index, inflation, real wages and also on
interest rate and money supply, as monetary policy instruments.

The analysis if focused on the impact of conducting macroeconomic policy through
the Taylor rule proposed in relation with the welfare analysis, in the context of
uncertainty affecting the stochastic behavior of the macroeconomic variables
through exogenous shocks.

The model is validated by the results obtained and also by the tests performed, such
as: Blachnard-Kahn stability test performed for the equation of the system, analysis
of the coefficients of autocorrelation, orthogonalized shocks and variance
decomposition. In addition, the results for the impulse response functions for the
three shocks are in line with macroeconomic evidence: an expansionary monetary
policy leads to a decrease of GDP, wages and inflation and finally lead to an
increase of the nominal and real interest rate. As a result, the authority responsible
with the monetary policy should intervene in order to decrease the nominal interest
rate by decreasing money supply.

In case of a positive technologic shock central bank diminishes the interest rate and
increases the money supply, as part of an expansionary monetary policy. Output
increases while employment, real wages decrease, output gap and inflation fall
below steady-state. In case of a positive preference shock there is a decrease of
output (influenced by the decrease of output gap), decrease of inflation, of real
wages, of real interest rate, of employment and a final decrease below steady-state
of the nominal interest rate. To conclude, the model proposed by the current
working paper has achieved the purpose to analyze the impact of exogenous shocks
to the macroeconomic variables, in the context of a monetary policy rule based on
targeting inflation and output gap.
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