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2007, by Maria Cyd N. Tuaño-Amador, Sector-in-Chief, Monetary Stability Sector, on behalf of 
Diwa C. Guinigundo, Deputy Governor for Monetary Policy of the BSP.  It illustrates the 
methodology of the dynamic stochastic general equilibrium (DSGE) framework with Bayesian 
estimation within a well-known closed-economy framework. The aim is to show how such 
models are derived from the first principles of optimizing behavior by households and firms and 
to illustrate how Bayesian estimation of the deep parameters is carried out, with recent data from 
the economy of the Philippines. 
 
The views expressed and opinions contained in this publication are those of the authors and are 
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Abstract

This paper illustrates the methodology of the dynamic stochastic gen-
eral equilibrium framework with Bayesian estimation, with a well-known
closed-economy framework. The aim is to show hows such models are
derived from the �rst principles of optimizing behavior by households and
�rms and to illustrate how Bayesian estimation of the deep parameters is
carried out, with recent data from the economy of the Philippines.

1 Introduction

This project describes one prototype stochastic dynamic general equilibrium
model for Bayesiean estimation and policy analysis by the Center for Monetary
and Financial Policy (CMFP) at the Central bank of the Philippines (BSP).
This is the Smets-Wouters Euro Area Regional (SWEAR) model.
The aim is to show how the basic structure of the model is derived from

the �rst principles of optimizing behavior of households and �rms in this closed
economy context. We start with the closed economy simply because it avoids
the closure issue all open-economy models have to face. In an open economy,
the is no reason why consumers would not borrow up to in�nity, and of course
there is no steady-state consumption or foreign debt. In the open-economy
framework, models of a single country have to be "closed" either through a
debt-elastic risk premium, an endogenous discount rate or the construction of a
counter-part economy representing the rest of the world.
The other reason for starting with this model is that many (though not all)

of the elements of the closed-economy setting carry over to the open-economy
framework. So understanding these elements �rst, in the less-complex but still
demanding analytical framework, allows a structured progression in the process
of model development.
The SWEAR model is one example of the New Neoclassical Synthesis (NNS)

approach to macrodynamic models used by central banks in their in�ation tar-
geting program. This approach combines many of the elements of the new
classical macroeconomics, based on microfoundations of household and �rm op-
timization, with Keynesian rigidities, particularly in the form of sticky price and
wage adjustment, and the assumption of monopolistic competition.
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The NNS models follow a simple symmetric strategy for households and
�rm. Households provided a di¤erentiated labor product, charging a speci�c
individual wage for the di¤erentiated labor. With the device of a competitive
bundler, the di¤erentiated labor is transformed, through a CES aggregator,
into an aggregate labor supply, priced with the aggregate wage. The household
determines its wage under the assumption that it will last over a �xed number
of periods. At any given period, only a fraction of the households are setting
their wage. The rest are supplying their di¤erentiated labor to the bundler
based on a past wage (with partial adjustment for past in�ation).
The �rms behave in the same way. They bring their intermediate goods,

with a di¤erentiated price, to a competitive bundler, who uses the same CES
technology to produce an aggregate product with an economy-wide price. The
�rm sets its own price in the same way as the households set their wages. Only
a fraction, at any given time, set a price over a �nite period. The price they
set will equates the expected marginal revenue to the expected marginal cost
multiplied by a markup factor.
The optimization of the household and �rms leads to a series of nonlinear

stochastic di¤erence equations, which are the behavioral equations of the model.
For implementing these equations for simulation, a standard practice is to log-
linearize these equations. In this format, each variable represents a percentage
deviation from its steady-state value. This practice drastically simpli�es the
computational burdens. The log-linear system can be quickly solved. The
initial condition of each variable is now zero. Levels can be backed out by
multiplying the percentage deviation value with the corresponding steady-state
value.
Di¤erent general equilibrium models can generate di¤erent e¤ects, so it is es-

sential to have a good strategy for developing a good dynamic stochastic general
equilibrium (DSGE) model. As McCallum (2001) points out, it is desirable for
a model to be consistent with both economic theory and empirical evidence, but
this �dual requirement�is only a starting point for consideration of numerous is-
sues. McCallum also points out that �depicting individuals as solving dynamic
optimization problems,� as is done in general equilibrium settings, is �useful
in tending to reduce inconsistencies and forcing the modeler to think about
the economy in a disciplined way� [McCallum (2001) p.15]. But adhering to
dynamic general equilibrium models still leaves room for enormous di¤erences/
Once the model is set up for computational experiments, the challenge is

to calibrate it in such a way to give realism to the results. After all, we
would like parameters of the utility and production function, as well as the
assumed degrees of price and wage stickiness, to re�ect underlying conditions
in the country we are investigating. Calibration can go just so far, however,
since we have to rely on extraneous information. A more rigorous approach
is to specify the values of the parameters as Bayesian priors, with means and
standard deviations, as expressions of our certainty (or lack thereof) about the
values of these parameters.
In the Bayesian framework, these prior distributions are combined with the

likelihood function of the model for matching a given subset of variables with real
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world data. The posterior distribution of the parameters gives us information
about the fundamental parameters of the model.
This Bayesian approach has a number of major advantages over traditional

econometrics. First, it can be used when there are small number of obser-
vations. Traditionally, econometrcians are "frequentists" interested in laws of
convergence in probability. But most commonly we do not have su¢ ciently
large numbers of observations on quarterly macro variables for statisical infer-
ence. This is true not just of developing countries but also of the industrialized
countries. In the Euro Area, with the uni�cation of Germany and the intro-
duction of the Euro, data prior to the year 1998 are suspect. Similarly, in the
United States, data prior to the regime switch at the Federal Reserve are also
suspect. These data represent di¤erent regimes which should not be combined
with more recent data

Secondly, while the model may contain variables like utility or habits, we do
not have to match all of the variables in the model with real world observations.
We are interested in how sub-sets of key endogenous variables in the model
(gdp growth, in�ation, investment) match real world observations. Finally,
the Bayesian method will help us to identify which parameters (including those
stochastic processes for productivity or taste or government spending), really
matter and those which do not. This helps us to identify, in a more rigorous
way, what are the important sources of volatility in business cycles from those
which are not. It also helps us to identify sources of instability coming from
monetary or �scal policy.
Preliminary results from Bayesian estimation of this model, using quarterly

data for the Republic of Philippines from 1988-2006,shows the following: (1)
the volatility of government spending is much less important than the volatility
of productivity and private demand; (2) both productivity and private demand
show a high degree of persistence; (3) risk aversion is relatively high while the
disutility of labor, a¤ecting the supply of labor, is not much di¤erent from es-
timates reported in other countries; (4) monetary policy puts more weight on
in�ation than on the output gap; (5) the smoothing parameter on interest ad-
justment, for the overall period, is much lower than commonly assumed; (6) the
captial share in production is about .7, validating studies from direct estimation.
It should be noted that these models should be used in conjunction with

econometric models, either structural models, a-theoretic vector autoregressive
models (VAR), or structural vector autoregressive (SVAR) models. After all,
there is no one true underlying model of any economy, nor are there a set of
invariant true underlying parameter estimates of any one model. As Sargent
(1999) suggested in his analysis of the conquest of American in�ation, we have
to acknowledge "model uncertainty" when we undertake economic policy. It is
much better to base decisions on a "thick model", with results coming from a
variety of models.
They advantage for policy analysis of using the Bayesian estimation of a

DSGE model, as opposed to the econometric estimation of a time-series model,
is that we can work with limited data sources, while making use of prior infor-
mation based on economic theory. In particular, we can use economic theory
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to impose restrictions on the evolution unobservable variables, such as habits or
capital stocks, for which we do not have or need to use observable time series.
The prior information on the unobservable variables, of course, has important
e¤ects on the rest of the system�s variables, which have observable counterparts
we can measure. In the DSGE models, we match subsets of the endogenous
variables in the model with key characteristics of their observable real world
equivalents. The DSGE framework allows us to incorporate fuller a priori in-
formation into our policy framework. At the same time, the DSGE framework
is up-front and explicit about what constitutes prior information and what does
not.
The Bayesian/DSGE approach requires di¤erent skill sets from the time-

honored time series estimation. As pointed out above, such a general equilib-
rium framewords tends to reduce inconsistencies and forces the modellers and
policy makers to approach the economic in a disciplined way, involving the use
of dynamic programming methods.
To make the model data consistent, with parameters representing coe¢ cients

not readily apparent in data, such as the coe¢ cient of risk aversion, we have
to make use of Bayesian approaches. In this method, we impose priors on
the distributions of the unknown parameters, evaluate the likelihood function
of the model given these prior assumptions, and using Bayes�theorem, �nd the
posterior densities of the key parameters of the model.
The advantage of this approach is that we can isolate which parameters are

more important and which are less important for explaining the key movements
and instabilities observed in the data. From a policy perspective, nothing could
be more important. If the key parameters are policy related (such as the volatil-
ity of goverment spending or the con�dence interval for Taylor rule coe¢ cients),
then the results give clear signals about monetary and �scal stabilization policy.
The parameter distributions from Bayesian estimation require computational

skills which are di¤erent from econometric estimation. In particular, the use of
Monte Carlo simulation is needed to calculate the posterior densities of the key
parameters, since there are no analytical solutions for these densities.
In the next section, we discuss the structure of the SWEAR model. Then

we discuss preliminary results of Bayesian estimation for the Philippines.

2 The SWEAR Model

As mentioned above, the model consists of a household and �rm sector. Each
engages in optimization under the assumption of stickiness in wage or price
setting.
Households maximize a utility function with three arguments (goods, leisure

and money) over an in�nite life horizon. Consumption appears in the utility
function relative to a time-varying external habit variable. Labor is di¤erenti-
ated over households, so that there is some monopoly power over wages. This
results in an explicit wage equation with stickiness. Households also rent capital
services to �rms and decide how much capital to accumulate given certain cap-
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ital adjustment costs. As the rental price of capital goes up, the capital stock
can be used more intensively.
Firms high labor and produce a di¤erentiated product. They set their prices

in the same way that households set wages.
The equations of the model are the Euler equations coming from household

and �rm optimization. We present both the initial nonlinear version in levels,
as well as a log-linearized version of this model, in which variables are expressed
in percentages rates of change or percentage deviation from their respective
steady-state variables. We follow the convention of letting the variable Ct,
for example, represent the level of consumption at time t, while bCt is the
percentage deviation from the steady-state C: Variables dated t + 1 correspond
to the expectation of that variable for time t+ 1 given information available at
time t .

2.1 Household Behavior

Each household � maximizes an intertemporal utility function:

E0

1X
t=0

�tU�t

The parameter � is the discount rate and the utility function is separable in
consumption, labor, and real balances:

U�t = "bt

 
1

1� �c
[C�t �Ht]

1��c � "lt
1 + �l

[l�t ]
1+�l +

"mt
1� �m

�
M�
t

Pt

�1��m!
(1)

Utility depends positively on the level of consumption C�t (relative to exter-
nal habit Ht), and on the level of real balances,

M�
t

Pt
, and negatively on the labor

supply l�t . This function also contains three preference shocks. One is a shock
to the discount rate, "bt ;a¤ecting the intertemporal substitution of household,
"Lt is a shock to labor supply, while "

M
t is a liquidity preference shock. All three

follow an autoregressive process in logarithms:

ln("bt) = �b ln("
b
t�1) + �b;t

ln("mt ) = �m ln("
m
t�1) + �m;t

ln("lt) = �l ln("
l
t�1) + �l;t

�b;t~N(0; �
2
b)

�m;t~N(0; �
2
m)

�l;t~N(0; �
2
l )

The habit stock Ht evolves according to the external habit formation law of
motion:
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Ht = hCt�1

The budget constraint for the household is given by the following equation:

bt
B�t
Pt
+
M�
t

Pt
=
B�t�1
Pt

+
M�
t�1
Pt

+ Y �t � C�t � I�t (2)

where B�
t

Pt
represents a government bond with payo¤ bt, Y �t is the income of

the household and I�t is investment in capital goods (to be rented to �rms).
Household income is de�ned by the following identity:

Y �t = w�t l
�
t +A

�
t + r

�
t z
�
tK

�
t�1 �	(z�t )K�

t�1 +Div
�
t (3)

The variable zt is the capacity utilization rate, which in the steady state
is unity. The function 	(z�t ) is an adjustment cost function for changes in
this utilization rate. Labor income at time t is given by w�t l

�
t ; income from

state-contingent assets A�t , and dividends from monopolistic �rms is given by
Div�t
The relationship between capital and investment provided by the capital is

given by the following law of motion:

K�
t = (1� �)K�

t�1 +

�
1� S

�
"It I

�
t

I�t�1

��
I�t (4)

The function S
�
"It I

�
t

I�t�1

�
is the adjustment cost function, and the term "It is the

shock to these adjustment costs. At the steady-state, S = S0 = 0: As discussed
in Christiano, Eichenbaum and Evans (2005), specifying adjustment costs as a
function of the change in investment rather than its level introduces additional
dynamics in the investment equation, which is useful in capturing the observed
humped-shaped response of investment to various shocks, including monetary
policy shocks.
The household optimizes the following intertemporal Lagrangean function

subject to the budget constraint 2, income identity 3 and law of motion for
capital 4:

V �t = U�t (�) + �t
�
B�t�1
Pt

+
M�
t�1
Pt

+ Y �t � C�t � I�t � bt
B�t
Pt
� M�

t

Pt

�
:::

+�tQt

�
(1� �)K�

t�1 +

�
1� S

�
"It I

�
t

I�t�1

��
I�t �K�

t

�
+ �V �t+1

The multiplier �t represents the marginal utility of income while Qt is the
shadow price of capital. Embedding the income de�nition in V �t yields the
following equation:
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V �t = U�t (�) +

�t

"
B�
t�1
Pt

+
M�

t�1
Pt

+
�
W �
t l
�
t +A

�
t + r

�
t z
�
tK

�
t�1 +	(z

�
t )K

�
t�1 +Div

�
t

�
:::

�C�t � I�t � bt
B�
t

Pt
� M�

t

Pt

#
:::(5)

+�tQt

�
(1� �)K�

t�1 +

�
1� S

�
"It I

�
t

I�t�1

��
I�t �K�

t

�
+ �V �t+1 (6)

The household optimizes equation (??) with respect to the choice of C�t ; B
�
t ;M

�
t ;

as well as K�
t ; I

�
t ; z

�
t , and its wage, W

�
t . We take up wage-setting behavior �rst,

then optimization with respect to C�t ; B
�
t ;M

�
t ; and �nally K

�
t ; I

�
t ; z

�
t .

2.1.1 Wage-Setting Behavior

Optimal Bundling and Labor Demand For some households, wages are
pre-set at time t. The wage for the household that cannot re-optimize at time
t is given by:

W �
t =

�
Pt�1
Pt�2

�w
W �
t�1

The solution for the demand for l�t comes from the optimal labor-bundling
problem. Aggregate labor is bundled from individual labor supply in the fol-
lowing way:

Lt =

24 1Z
0

�
ltt
�1=(1+�w;t)

d�

35(1+�w;t)

The bundling technology is a CES aggregator function. The optimal com-
petitive bundler minimizes costs when purchasing labor from household � ; at
wage W �

t , given the bundling technology by the CES aggregator:

Min

Z
W � l�d�

st: Lt =

24 1Z
0

�
ltt
�1=(1+�w;t)

d�

35(1+�w;t)

Under assumption of perfect competition, the Lagrangean for this problem
is the optimal aggregate wage set by the bundler. The demand for labor is
given by the following equation:

1.

l�t =

�
W �
t

Wt

��(1+�w;t)=�w;t
Lt
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The aggregate wage W � is given by:

Wt =

24 1Z
0

�
W t
t

��1=�w;t
d�

35��w;t

Household Wage Setting Substituting the labor demand function into the
intertemporal household optimization problem, we obtain the following expres-
sion:

V �t = U�t (
1

1� �c
[C�t �Ht]

1��c

� "Lt
1 + �l

[

�
W �
t

Wt

��(1+�w;t)=�w;t
Lt]

1+�l (7)

+
"Mt

1� �m

�
M�
t

Pt

�1��m
)::: (8)

+�t

2664 B�
t�1
Pt

+
M�

t�1
Pt

+

 
W �
t

�
W �

t

Wt

��(1+�w;t)=�w;t
Lt

+A�t + r
�
t z
�
tK

�
t�1 �	(z�t )K�

t�1 +Div
�
t

!
:::

�C�t � I�t � bt
B�
t

Pt
� M�

t

Pt

3775 :::
+�tQt

�
(1� �)K�

t�1 +

�
1� S

�
"It I

�
t

I�t�1

��
I�t �K�

t

�
+ �V �t+1 (9)

The household optimizes its expected utility,with respect to the choice of
W �
t , with probability �W that it this wage will continue to be in e¤ect in future

period i: We obtain the following Euler equation.

 fW �
t

Pt

!
Et

1X
i=0

�i�iW

�
(Pt=Pt�1)

w

Pt+i=Pt+i�1

�
l�t+i�t+i

1 + �w;t+i
= Et

1X
i=0

�i�iW l�t+iU
�
l� ;t+i

1. The sum of the left hand side if of course equal to the sum of the right

had side expressions, giving us the pricing formula for the wage
�fWt

Pt

�
.

This equation tells us that the expected present value of product of total
labor income and the marginal utility of income, should be equal to the
present value of the product of the marginal disutility of labor and the
total amount of labor e¤ort. Rewriting the above expression, we obtain:

fWt

Pt
=

Et
1X
i=0

�i�iW ltt+iU
l
t+i

Et
1X
i=0

�i�iW

h
(Pt=Pt�1)

w

Pt+i=Pt+i�1

i
ltt+iU

C
t+i

1+�w;t+i

(10)
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Upon substitution and forward recursion, we have the following expression
for the log-linearized system:

bewt = (1� ��w) ��L(1 + �w)�w
bwt��LbLt � b"Lt � �c

1� hc
( bCt � hc bCt�1)�+ �bewt+1

Alternatively:

bwt = �
1+� bwt+1 + 1

1+� bwt�1 + �
1+�

b�t+1 � 1+�w
1+�

b�t + w
1+�

b�t�1
� 1
1+�

(1���w)(1��w)
(1+

(1+�w)�L
�w

)�w

h bwt � �LbLt � �c
1�hc (

bCt � hc bCt�1)� b"Lt � b�wt i (11)

2.1.2 Consumption, Bonds and Money

The �rst order conditions for V �t with respect to C
�
t ; B

�
t ; and M

�
t are given by

the following equations:

"bt [C
�
t � hC�t�1]��c = �t (12)

1 = �
�t+1
�t

(1 +Rt)Pt
Pt+1

(13)

= �
�t+1
�t

(1 +Rt)

(1 + �t+1)

1 +Rt = 1=bt

1 + �t+1 =
Pt+1
Pt

"Mt

�
M�
t

Pt

���m
=

�
1

1 +Rt
� �t
�

(14)

We can log-linearize the consumption Euler equation 13 by taking logarithms
and then reordering the equation. The log-linearized consumption equation with
external habit formation is given by the following expression:

bC�t = hc
1 + hc

bC�t�1+ 1

1 + hc
bC�t+1� 1� hc

(1 + hc)�c
( bRt� b�t+1)+ 1� hc

(1 + hc)�c
(b"bt�b"bt+1)

(15)
where bCt is consumption, bRt is the nominal short-term interest rate, b�t is
in�ation and b"bt is a temporary, but persistent shock to the consumer�s discount
rate. All of these variables represent percentage deviations from their steady
state values, The parameter �c is the inverse of the intertemporal degree of
substitution. This expression relies on the fact that:

b�t = "bt +
1

1� h

� bC�t � h bC�t�1�
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The money demand is a negative function of the interest rate and a positive
function of current consumption:�

M�
t

Pt

�
=

�
1

1 +Rt
� �t
�� 1

�m
�
1

"Mt

�� 1
�m

The log-linearized money demand equation (or interest-rate equation when
money is exogenous) is given by the following relation:

cM�
t � bPt = �c

(1� h)�m

� bC�t � h bC�t�1�� 1

�m
bRt + 1

�m

�b"mt � b"bt�
2.1.3 Capital, Investment, and Capacity Utilization

The household also maximizes equation (9) with respect to the choice of Kt; It
and zt. We obtain the following �rst order conditions:

Qt = �
�t+1
�t

�
r�t+1z

�
t+1 �	(z�t+1) +Qt+1(1� �)

�
Qt

�
1� S

�
�itIt
It�1

��
= QtS

0
�
�itIt
It�1

�
�itIt
It�1

��Qt+1
�t+1
�t

S0
�
�it+1It+1

It

�
�it+1It+1

It

It+1
It

+ 1

r�t = 	0(z�t )

Log-linearizing the above equations, we obtain the following approximations
for Q, investment, and capacity utilization:

bQt = �
� bRt � b�t�+ 1� �

1� � + r
bQt+1 + r

1� � + rbrt+1 + �Qt (16)

bIt =
1 + �

bIt�1 + �

1 + �
bIt+1 + '

1 + �
bQt + �b"It+1 � b"It

1 + �
(17)

The parameter ' is the inverse elasticity of the cost function of changing invest-
ment. A negative shock to the adjustment cost function, "It , (also denoted as
a positive investment shock) temporarily increases investment. In the steady
state, � = 1=(1 � � + �rk):The current value of the capital stock depends neg-
atively on the ex-ante real interest rate, and positively on its expected future
value and the expected rental rate. The introduction of a shock to the required
rate of return on equity investment, �Qt , is meant as a shortcut to capture
changes in the cost of capital that may be due to stochastic variations in the
external �nance premium.
The log-linearized capital accumulation equation is standard:

bKt = (1� �) bKt�1 + �bIt�1 (18)
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2.2 Firm Behavior

Like the household, each �rm brings a di¤erentiated product yjt to a competitive
bundler, selling at price pjt :

Yt =

24 1Z
0

�
yjt

�1=(1+�p;t)
dj

35(1+�p;t)

Cost minimization gives the following demand for good yjt :

yjt =

 
P jt
Pt

!�(1+�p;t)=�p;t
Yt

The overall price index is obtained in the same way the overall wage is
determined:

Pt =

24 1Z
0

�
P jt

��1=�p;t
dj

35��p;t

Each intermediate good-producing �rm has the following production func-
tion:

yjt = ��t eK�
j;tL

1��
j;teKj;t = ztKj;t�1

ln(��t ) = �a ln(�
�
t�1) + �a;t

�a;t~N(0; �
2
a)

The variable eK�
j;t is the e¤ective utilization of the capital stock at time t:

Cost minimization implies the following expression for the Marginal Cost at
time t :

MCt =

1
��t
W 1��
t

�
rkt
��

��(1� �)1��

This expression comes from the equalization of marginal cost and marginal
product of the factors of production:

WtLj;t

rkt eKj;t

=
1� �
�

Log-linearizing this expression gives the following expression for desired labor
input, bLt :
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bLt = �cWt + (1 + e	)brkt + bKt�1e	 =
	0(1)

	00(1)

where 	 is the inverse elasticity of the capacity utilization cost function,
evaluated at zt = z = 1. In order to match the model to data, since there is no
measure for labor input in the form of hours worked, Smets and Wouters use
an employment measure. They assume that at time given time, only a fraction
�e of �rms is able to adjust their employment to deired labor input. They use
the following auxiliary equation for employment:

bEt = �Et+1 +
(1� ��e)(1� �e)

�e
(bLt � bEt)

where bEt represents the number of people employed.
Using the demand for �rm j�s product as a function of aggregate output and

relative prices, the pro�t function for �rm j becomes:

�jt =
�
pjt �MCt

� P jt
Pt

!�(1+�p;t)=�p;t
Yt

Firms which do not re-optimize their price at time t have partial indexing
to overall past in�ation

pjt =

�
Pt�1
Pt�2

�p
pjt�1

The �rms which re-set the price at time t follow the same procedure as
household do for wage-setting:

epjt
Pt
=

Et
1X
i=0

�i�ip y
j
t+i(1 + �p;t+i)MCt+i

Et
1X
i=0

�i�ip

h
(Pt=Pt�1)

p

Pt+i=Pt+i�1

i
yjt+i

(19)

The overall price, like the overall wage, is a combination of the optimal and
backward-looking price. Using the CES aggregator for the overall wage, we
obtain the following expression:

(Pt)
�1=�p;t = �P

��
Pt�1
Pt�2

�p
Pt�1

��1=�p;t
+ (1� �P )ep�1=�p;tt (20)

or simply,

Pt =

"
�P

��
Pt�1
Pt�2

�p
Pt�1

��1=�p;t
+ (1� �P ) eP�1=�p;tt

#��p;t
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Simplifying this expression, we obtain the hybrid New Keynesian Phillips
curve equation in the following log-linear form:

b�t =
�

1 + �p
b�t+1 + p

1 + �p
b�t�1 (21)

1

1 + �p

(1� ��p)(1� �p)
�p

dMCt (22)

dMCt =
�
�brkt + (1� �) bwt � "at + �pt � (23)

In�ation depends on past and expected future in�ation and the current marginal
cost, which itself is a function of the rental rate on capital ( rkt ), the real wage
( wt ) and the productivity parameter ( "at ).
When the degree of in�ation persistence is zero ( p = 0 ), this equation

reverts to the standard purely forward-looking Phillips curve. In other words,
the parameter p determines how backward looking the in�ation process is.
The elasticity of in�ation with respect to changes in the marginal cost depends
mainly on the degree of price stickiness. When all prices are �exible ( �p = 0 )
and the price-mark-up shock, �pt , is zero, this equation reduces to the normal
condition that in a �exible price economy the real marginal cost should equal
one.

2.3 Monetary/Fiscal Policy and Market Clearing

The model is closed by adding a monetary policy reaction function.
In the Taylor rule framework,the Central Bank sets the interest rate as a

function of the past interest rate Rt�1; expected in�ation relative to a target
rate of in�ation, �t+1 � ��t); and an output gap measure, (Yt � Y pt ) :

Rt = �Rt�1 + (1� �)f��t + r�(�t+1 � ��t+1) + rY (Yt+1 � Y pt+1)g (24)

In this case, the money supply adjusts to the interest rate. This equation
in log-linear form becomes

bRt = � bRt�1 + (1� �)f�t + r�(b�t+1��t) + rY (bY t+1�bY pt+1)g (25)

The central bank will supply the needed quantity of nominal money to support
this interest rate according to the money demand function and the current price
level:

Mt =

�
1

1 +Rt
� �t
�� 1

�m
�
1

"Mt

�� 1
�m

� Pt

or in log-linear form:

cMt =
�c

(1� h)�m

� bC�t � h bC�t�1�� 1

�m
bRt + 1

�m

�b"mt � b"bt�+ bPt
13



The monetary policy-makers gradually respond to deviations of lagged in�a-
tion from a time-varying in�ation target ( ��t+1 ) and to the output gap, de�ned
as the di¤erence between actual and potential output ( Y pt ). Consistent with
the model, potential output is de�ned as the level of output that would pre-
vail under �exible prices and wages in the absence of the three "cost-push"
shocks: �Qt , �

p
t and �

w
t . The parameter � captures the degree of interest rate

smoothing.
This equation in log-linear form becomes

bRt = � bRt�1 + (1� �)f�t + r�(b�t+1��t) + rY (bY t+1�bY pt+1)g (26)

Government spending following an autoregressive process:

Gt = �GGt�1 + "
G
t

"Gt ~N(0; �
2
G)

In log-linear �rst di¤erences, this becomes:

bGt = �G bGt�1 + b"Gt
The �nal goods market in in equilibrium if production equals demand by

households for production and investment and the government:

Yt = Ct +Gt + It +  (zt)Kt�1

Log-linearizing around the steady-state, we have the following expression for
the goods-market clearing:

bYt = (1� �ky � gy) bCt + �ky bIt + gy bGt
ky =

K

Y
; gy =

G

YbYt = b��t + � bK�
t�1 + � brkt + (1� �)bLt

3 Bayesian Estimation

We followed Smets and Wouters (2003) for the initial calibration of the model.
However, we made a number of important changes. The coe¢ cient of capital
in the production function was set a value much higher than would be the case
for the Euro Area or the USA. The coe¢ cient � was initiall set at .61. We
also set the indexation parameters at much lower values, for the sticky wage
and price setting behavior. We allowed habit persistence to be higher than in
the SWEAR model, with H = :75. The coe¢ cient of relative risk aversion in
consumption, �c was set at 8.00, a value higher than 1.61 used by Smets and
Wouters.
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Table 1: Bayesian Posterior Estimation

Parameters
posterior

prior mean mean con�dence interval prior distribution

� 0.610 0.756 0.756 0.756 beta
H 0.750 0.948 0.946 0.949 beta
�a 0.822 0.969 0.965 0.972 beta
�b 0.882 0.989 0.989 0.990 beta
�g 0.900 0.710 0.738 0.770 beta
�c 8.000 7.907 7.915 7.928 norm
�l 1.000 1.021 1.014 1.016 norm

St.Dev shocks
posterior

prior mean mean con�dence interval prior distribution
�a 0.010 0.351 0.372 0.399 inverse gamma
�b 0.324 0.668 0.628 0.711 inverse gamma
�g 0.331 0.045 0.039 0.053 inverse gamma

Table 1 shows a number of important results. The persistence parameters
for productivity and private spending, given by �a and �b, are higher than the
persistence parameter for government spending, given by �g: The relative risk
aversion coe¢ cient and the disutility of labor, given by �c and �l, do not depart
far from the prior means. Finally we see that the standard deviations of the
shocks to productivity and private sending, given by �a and �b, are quite large
relative to the size of the standard deviation to goverment spending shocks,
given by �g: This results indicate that �scal policy fundamentals, given by
spending volatility, is not a major source of overall volatility in the economy, in
comparison with overall demand or productivity volatility.
We note in Table 1 that for a few parameters, the mean posterior falls outside

of the 90% con�dence region. This shows the relevance of plotting the con�dence
regions rather than the simple means of the parameters. When the means fall
outside of the con�dence regions, this means that there are some extreme values
in the distributions which are pulling the means outside of the 90% con�dence
region of the distribution.
Figure 1 pictures a multivariate diagnostic test of convergence for the monte-

carlo simulations. Speci�cally, the two lines represent speci�c measures of the
parameter values both within and between Markov chain simulations. For the
results to be sensible, they should be relatively close, and should converge, for
all three moments. The multivariate diagnostic is based not on one speci�c
parameter but on an aggregate principal component measure of all of the para-
meters.
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Figure 1: Multivariate Diagnostic Test of Convergence
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