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Abstract

In this paper we follow closely with "An Estimated Dynamic Stochas-

tic General Equilibrium Model of the Euro Area" by Frank Smets and Raf

Wouters and supplement their model with consumption tax rate, capital

tax rate and labor tax rate and lump sum tax. We solve the extended model,

loglinearize it and implement it into Toolkit and Dynare. Then it is es-

timated with Bayesian techniques using observed marcoeconomic time

series. Estimated parameters and standard deviations of shocks from our

extended model using the same dataset used by Smets and Wouters (2003)

agree with those values published in Smets and Wouters (2003). But af-

ter adding two more time series into observed data and detrending them

by HP filter, the estimation results vary from those of Smets and Wouters

(2003). The differences may come from more observation or different de-

trending tools.
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1 Introduction

Frank Smets and Raf Wouters developed in 2003 an empirical stochastic dy-

namic general equilibrium (DSGE) model with sticky prices and wages for Euro

area. The Smets and Wouters (2003) model incorporates various a multitude of

features, such as habit formation, costs of capital adjustment, capacity utiliza-

tion cost, sticky prices and wages following the Calvo mechanism. Ten struc-

tural shocks are also introduced to analyse the volatility of the business cycle

developments in the euro area economy. The model is estimated based on

quarterly data of the seven euro area macroeconomic variables, i.e., real GDP,

consumption, investment, employment, real wages, inflation and the nominal

short-term interest rate. Using Bayesian estimation and validation techniques,

the estimated model shows its advantage over more standard, unrestricted time

series models, such as vector auto regressions.

This paper seeks to investigate the effects of fiscal policy shocks in a New-

Keynesian DSGE model. We supplement the euro area model by Smets and

Wouters (2003) with consumption tax, labor tax, capital tax, and lump sum

tax. The model features nominal price rigidities and wage rigidities as well

real frictions such as adjustment costs in investment and habit information

in consumption. We also estimate the model using Bayesian estimation tech-

niques to match the observed macroeconomic series including real GDP, con-

sumption, investment, inflation, short-term interest rate, wages, employment,

government transfer and government expenditure.

The paper is organized as follows: section two gives a brief overview of lit-

erature. Section three describes our extended DSGE model following closely

with the model designed by Smets and Wouters (2003) but adding fiscal pol-
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icy features. Section four gives details on how to solve the model and how to

loglinearize the equations, particularly the wage equation and inflation equa-

tion. Then we explain the implementation of the loglinearized the model into

Toolkit. Afterwards the impulse response pictures to thirteen structural shocks

are presented and analysed. Furthermore, in Section six we implement and

estimate in Dynare three versions of model and data. Estimation parameters

and standard deviations of shocks from our extended model using the same

dataset used by Smets and Wouters (2003) agree with those values published in

Smets and Wouters (2003). But after adding two more time series into observed

data and detrending them by HP filter, the estimation results vary from those of

Smets and Wouters (2003). Concluding remarks are stated in Section seven.
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2 Literature

Recent years has witnessed the development of dynamic stochastic general

equilibrium (DSGE) models with microeconomic foundations. These micro-

founded DSGE models make evaluating consequences of macroeconomic poli-

cies easier as the utility of the households can be taken as a measure of welfare.

The DSGE model in Smets and Wouters (2003) provides a good example of such

a micro-founded DSGE model for monetary policy analysis.

Smets and Wouters (2003) incorporate a multitude of rich elements from

previous literature. The model shares a lot of common features with Christiano,

Eichenbaum, and Evans (2001). For example, the cost of changing the utilisa-

tion rate is expressed in terms of consumption goods as in CEE (2001). Besides,

the cost of adjusting the capital stock is modelled as a function of the change in

investment, instead of the level of investment as is commonly done.

Some features of the Smets and Wouters (2003) model are based on other

resources. The sticky nominal prices and wages in the model are set as in Erceg,

Henderson and Levin (2000) using a Calvo mechanism. Following Fuhrer (2000)

and McCallum and Nelson (1999), an external habit formation variable is used

to introduce the persistence in the consumption process observed in empirical

data.

Besides, in order to introduce taxes and government transfer into the model,

we follow Trabandt and Uhlig (2006) to set taxes to follow a first order autore-

gressive process.
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3 The Model

In this section we present the model that we derive and estimate later. Our

model is an extended version of the New-Keynesian DSGE model of the euro

area developed by Smets and Wouters(2003).There are 4 types of agents in

this model, households, firms and a fiscal authority and a monetary author-

ity. Households maximize their sum of discounted utility over an infinite time

horizon. The utility of households depends positively on the consumption of

goods, relative to a time varying external habit variable. The households pro-

vide a differentiated type of labor and so has a monopoly power. They are the

price setters in the labor market. Firms produce differentiated goods using la-

bor inputs and capital inputs. The prices of goods are decided following the

Calvo settings.

3.1 The Households

There is a continuum of households indexed by τ ∈ [0,1]. Each household max-

imises its total discounted utility over an infinite time horizon:

E0
∑
βtUτ

t (3.1)

The discount facotr is β and the utility function is specified as:

Uτ
t = εb

t

{
1

1−σc

(
Cτ

t −Ht
)1−σc − εL

t

1+σl

(
lτt

)1+σl

}
(3.2)

Utility of each household is positively related to consumption Ct and neg-

atively related to labor supply lt .Ht is an exteral habit variable, which is a pro-

portional to aggregate past consumption: Ht = hCt−1. σc is the inverse of the
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intertemporal substitution elasticity. σl is the inverse of the elasticity of work

effort to the real wage. εb
t is a preference shock and εL

t is a labour supply shock.

Both of them follow a first order autoregressive process with an indepently iden-

tically distributed normal error, i.e. εb
t = ρbε

b
t−1 +ηb

t and εL
t = ρLε

L
t−1 +ηL

t .

Each household is also subject to an intertemporal buget constrait given as:

0 = (1+τc
t )Cτ

t + I τt − (1−τn
t )Wt lτt − Aτ

t −Di vτt +T Rt

−(1−τk
t )(r k

t zτt kτt−1 −ψ(Z τ
t )kτt−1)− Bt−1

Pt
+bt

Bt

Pt
(3.3)

Where τn
t represents the labor tax rate levied on labor income. τc

t indicates

the consumption tax rate. And τk
t is the capital tax rate on income from renting

out capital. T Rt represents the lump sum tax. D IVt are dividends from the

intermediate firms.

Z τ
t here is the utilization rate of capital. ψ(Z τ

t ) represents the cost of capital

utilization. Following Christiano, Eichenbaum, and Evans (2001), the steady

state of capital utilization rate is set as 1, and at steady state the cost of capital

utilization is set as 0 (z̄ = 1 and ψ(1) = 0).

Each household offers a differentiated type of labor. Thus households have

a monopoly power on labor supply and they are the price setters in the labor

market. Following Calvo (1983), households can only reoptimize their wage

with probability 1−ξw when they receive a random signal to change their wage.

The rest ξw households can not reoptimize their wage and can only adjust their

wage according to the following scheme:

W τ
t = (

Pt−1

Pt−2
)γw W τ

t−1 (3.4)

Where γw is the degree of indexation to past inflation.
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3.2 Technologies and Firms

In the economy two types of firms exist. Final-good firms produce final good

for consumption and investment by the households. The final-good sector is

perfectly competitive. Intermediate-good firms have monopoly power and pro-

vide differentiated intermediate good j ( j ∈ [0,1]) for the final-good firms.

3.2.1 Final-good Firms

Final goods are produced using the intermediate goods by the following tech-

nology:

Yt = [
∫

(y j
t )1/(1+λp,t )d j ]1+λp,t (3.5)

Where y j
t represents the amount of intermediate good j used in the produc-

tion of final goods. λp,t determines the markup in the goods market. λp,t fol-

lows the process: λp,t =λp +ηp
t . ηp

t is a cost push shock and is i.i.d. normal.

Final-good firms minimize their cost and thus:

y j
t = Yt (

P j
t

Pt
)−(1+λp,t )/λp,t (3.6)

Where P j
t is the price of intermediate goods while Pt is the price of final

goods. As the final good sector is perfectly competitive, the intermediate-good

price and the final-good price have the following relation:

Pt = [
∫

(p j
t )−1/λp,t d j ]−λp,t (3.7)

3.2.2 Intermediate-good firms

Each intermediate good j is produced by a single firm using the following tech-

nology:
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y j
t = εa

t K̃ α
j ,t L1−α

j ,t −Φ (3.8)

Here εa
t denotes the technology shock. εa

t follows a first order autoregressive

process, i.e., εa
t = ρa

t ε
a
t−1 +ηa

t . K̃ j ,t is the effectively utilized capital stock given

by K̃ j ,t = zt K j ,t−1. L j ,t denotes the input of labor andΦ is the fixed cost.

The marginal cost of the intermediate firms is given by:

mct = 1

εa
t

r kα
t W 1−α

t (α−α(1−α)−(1−α) (3.9)

So at time period t, the nominal profit of firm j is given by:

π
j
t = (P j

t −mct )Yt (
P j

t

Pt
)−(1+λp,t )/λp,t −mctΦ (3.10)
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4 Model Analysis

4.1 Consumption, Investment and Capital Accumulation

Each household maximizes its sum of discounted utilities over an infinite hori-

zon subject to the budget constraint:

L = Et

∞∑
t=0

βtεb
t [

1

1−σc

(
Cτ

t −Ht
)1−σc − εL

t

1+σl

(
lτt

)1+σl ]

−λtβ
t [(1+τc

t )Cτ
t − (1−τn

t )Wt lτt − Aτ
t −Di vτt +T Rt + I τt

−(1−τk
t )(r k

t zτt kτt−1 −ψ(Z τ
t )kτt−1)− Bt−1

Pt
+bt

Bt

Pt
]

−µtβ
t [kt − (1−δ)kt−1 − It (1−S(εI

t It /It−1))]

(4.1)

The first order condition with respect to consumption gives:

λt = 1

1+τc
t

(Cτ
t −Ht )−σcεb

t (4.2)

Where λt is the marginal utility of consumption.

The first order condition with respect to real capital is:

Qt = Et [β
λt+1

λt
[(1−δ)Qt+1 + (1−τk

t )(r k
t+1Z τ

t+1 −ψ(Z τ
t+1))]] (4.3)

Where

Qt ≡µt /λt (4.4)

The first order condition with respect to investment results in:

1 = Et [Qt −Qt [S(
εI

t It

It−1
)+S′(

εI
t It

It−1
)
εI

t It

It−1
]+βQt+1

λt+1

λt
S′(

εI
t+1It+1

It
)
εI

t+1It+1

It
] (4.5)
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Where S(.) is the adjustment function of changes in investment. The steady

states of S(.) and S’(.) are set as 0 following CEE (2001). εI
t denotes a shock to

investment cost function. It follows a first order autoregressive process with a

i.i.d. normal error term: εI
t = ρI εI

t−1 +ηI
t .

The first order condition with respect to the utilization rate of capital gives:

r k
t =ψ′(Z τ

t ) (4.6)

4.2 Wage Setting

The households who can reoptimize their wage choose the level of nominal

wage to maximise their objective function subject to the intertemporal budget

constraint and the labor demand equation:

L = Et

∞∑
i=0

βiξi
wUt+i −λt+i [...− (1−τn

t+i )wτ
t+i lτt+i /Pt+i − Aτ

t+i + I τt+i + ...] (4.7)

Meanwhile, the first derivative of labor with respect to nominal wage is:

∂lτt+i

∂wτ
t

=
∂(

wτ
t+i

Wt+i
)
− 1+λw,t+i

λw,t+i Lt+i

∂wτ
t

= −1+λw,t+i

λw,t+i

lτt+i

wτ
t

(4.8)

(4.9)

So the resulting first order condition with respect to nominal wage is as fol-

lows:

Et

∞∑
i=0

βiξi
w (1−τn

t+i )
wτ

t

Pt+i

lτt+iU
C t + i

1+λw,t+i
(Pt+i−1/Pt−1)γw = Et

∞∑
i=0

βiξi
w lτt+iU

l
t+i

(4.10)
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The law of motion of the aggregate wage index is:

(Wt )−1/λw,t = ξw (Wt−1(
Pt−1

Pt−2
)γw )−1/λw,t + (1−ξw )(w h

t )−1/λw,t (4.11)

4.3 Price setting

Each intermediate firm j has market power in the market of its own good. Each

firm chooses its price level to maximize the sum of expected profits. The dis-

count rate is the βρt , which is consistent with the pricing kernel for the house-

holds: ρt = λt+k
λt

1
Pt+k

.

Following Calvo (1983), firms can only change their their prices when they

receive a random price-change signal. Each firm has a probabiity 1− ξp to re-

optimize its price at a certain period. Firms that can not reoptimize their price

only adjust according to indexed inflation of previous period. Firms who re-

ceive a price-change signal reoptimize their price at time to maximize thier sum

of expected profits. The resulting first order condition is as follows:

Et
∞∑

i=0
βiξi

pλt+i y j
t+i

P̃ j
t

Pt
(

(Pt+i−1/Pt−1)γp

Pt+i /Pt
) = Et

∞∑
i=0

βiξi
p (1+λp,t+i )mct+i (4.12)

The law of motion of the aggregate price index is:

(Pt )−1/λp,t = ξp (Pt−1(
Pt−1

Pt−2
)γp )−1/λp,t + (1−ξp )(p̃ j

t )−1/λp,t (4.13)

Cost minimization of firms also results in the following equalization of

marginal cost:

Wt L j ,t

r k
t K̃ j ,t

= 1−α
α

(4.14)
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The above equation shows that the capital labor ratio are identical for every

intermediate firm j.

4.4 Equilibrium conditions

The goods market is in equilibrium when the total output equals the consump-

tion, investment, capital utilization costs and government expenditure:

Yt =Ct + It +Gt +ψ(Zt )Kt−1 (4.15)

The equilibrium in the government sector is fulfilled when the government

expenditure and transfer equal tax revenues:

Gt = τc
t Ct +τk

t (r k
t Zt Kt−1 −ψ(Zt )Kt−1)+τn

t Wt Lt −Ft (4.16)

The equlibrium in the capital market is fulfilled when the capital demand

of intermediate firms equals capital supply offered by households. The equlib-

rium in the labor market is fulfilled when the labor demand by firms equals

labor supply provided by households at the wage level they have chosen.

4.5 Log-linearizing the model

In this subsection we loglinearize the equations around their steady state. The

hat sign above a variable represents its log deviation from its steady state.

4.5.1 How to log-linearize the inflation equation

In order to log-linearize the aggregate price index equation, we first consider a

simple case:

At = BCt
t (4.17)
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Taylor approximation gives:

Ât = ∂A

∂B

B̄

Ā
B̂t + ∂A

∂C

C̄

Ā
Ĉt (4.18)

Ât = C̄ B̄ C̄−1 B̄

Ā
B̂t + (ln B̄)B̄ C̄ Ĉt (4.19)

Ât = C̄ B̂t + (ln B̄)C̄Ĉt (4.20)

Applying the above results to the aggregate price index equation we reach:

P̂t = ξp (P̂t−1 +γp π̂t−1)+ (1−ξp )
ˆ̃ j
Pt (4.21)

Next, we log linearize Calvo pricing equation as follows:

Et
∞∑

i=0
βiξi

p (λ̂′
p,t+i +m̂c t+i + P̂t+i −γp P̂t+i−1) = Et

∞∑
i=0

βiξi
p

ˆ̃
P j

t −γp P̂t−1 (4.22)

Et
∞∑

i=0
βiξi

p (λ̂′
p,t+i +m̂c t+i + P̂t+i −γp P̂t+i−1) = 1

1−βξp

ˆ̃
P j

t −γp P̂t−1 (4.23)

For time period t+1, we have a likewise equation:

Et
∞∑

i=0
βiξi

p (λ̂′
p,t+i+1 +m̂c t+i+1 + P̂t+i+1 −γp P̂t+i ) = 1

1−βξp

ˆ̃
P j

t+1 −γp P̂t (4.24)

Combining equations for time period t and t+1, we reach:

λ̂′
p,t +m̂c t + P̂t −γp P̂t−1 = 1

1−βξp
[

ˆ̃
P j

t −γp P̂t−1 −βξi
p (

ˆ̃
P j

t+1 −γp P̂t )] (4.25)

Plugging the loglinearized aggregate price index equation into the above

equation we get:

λ̂′
p,t +m̂c t = 1

(1−βξp )

1

(1−ξp )
[−βξpπt+1 −γpξpπt−1 +ξp (1+βγp )πt ] (4.26)
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Plugging in the marginal cost equation and then rearranging terms we reach

the inflation equation:

π̂t = β

1+βγp
Et π̂t+1+

γp

1+βγp
π̂t−1+ 1

1+βγp

(1−βξp )1−ξp )

ξp
[αr̂ k

t +(1−α)ŵt−ε̂a
t +ηp

t ]

(4.27)

4.5.2 How to log-linearize the wage equation

From the calvo wage equation we have:

Et
∞∑

i=0
βiξi

w (τ̂n
t+i +Ûτ,l

t+i −Û c
t+i + P̂t+i −γw P̂t+i−1) = 1

(1−βξw )
(ŵτ

t −γw P̂t−1)

(4.28)

From utility function we derive the marginal utility of consumption and

marginal disutility of labor for each household h:

Û c
t = ε̂b

t −
σc

1−h
(Ĉt −hĈt−1) (4.29)

Ûτ,l
t = ε̂b

t + ε̂l
t +σl L̂h

t (4.30)

From the labor demand equation we know:

L̂τt =−1+λw

λw
(ŵτ

t −Ŵt )+ L̂t (4.31)

Thus

Ûτ,l
t = ε̂b

t + ε̂l
t +σl

1+λw

λw
(Ŵt − ŵτ

t )+σl L̂t (4.32)

We know that ŵτ
t+i = ( Pt+i−1

Pt−1
)γw ŵτ

t . Besides, we define kw = 1+σl
1+λw
λw

to

simplify the coefficients:

kw

(1−βξw )
(ŵτ

t −γw P̂t−1) = Et
∞∑

i=0
βiξi

w (τ̂n
t+i +εl

t+i +σl Lt+i + σc

1−h
(Ĉt+i −hĈt+i−1)

+(kw −1)Wt+i + P̂t+i −kwγw P̂t+i−1) (4.33)
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Similarly we have:

kw

(1−βξw )
(ŵτ

t+1 −γw P̂t ) = Et
∞∑

i=0
βiξi

w (τ̂n
t+i+1 +εl

t+i+1 +σl Lt+i+1 + σc

1−h
(Ĉt+i+1 −hĈt+i )

+(kw −1)Wt+i+1 + P̂t+i+1 −kwγw P̂t+i ) (4.34)

Combining the above two equations we reach:

ŵ h
t −βξw ŵτ

t+1 = 1−βξw

kw
(τ̂n

t +εl
t +σl Lt + σc

1−h
(Ĉt+1 −hĈt )

kw −1

kw
(1−βξw )Ŵt + (1−βξw )

kw
P̂t −βξwγw π̂t (4.35)

The loglinearized wage index equation are derived in the same way as the

price index equation:

Ŵt = ξw (Ŵt−1 +γw π̂t−1)+ (1−ξw )ŵτ
t (4.36)

We use ς to denote real wage, where ς̂t = Ŵt −P̂t . So the above equation can

be expressed in terms of real wage:

ς̂t + P̂t = ξw (ς̂t−1 + P̂t−1 +γw π̂t−1)+ (1−ξw )ŵτ
t (4.37)

Rearranging the terms gives:

ŵτ
t = 1

(1−ξw )
[ς̂t −ξw ς̂t−1 + P̂t −ξw P̂t−1 −ξwγw π̂t−1] (4.38)

For ŵτ
t+1 we have:

ŵτ
t+1 = 1

(1−ξw )
[ς̂t+1 −ξw ς̂t + P̂t+1 −ξw P̂t −ξwγw π̂t ] (4.39)

Plugging the above equation into the loglinearized aggregate wage index

equation and then rearranging terms, we reach the wage equation:
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ς̂t = β

1+βEt ς̂t+1 + 1

1+βς̂t−1 + β

1+βEt π̂t+1 − 1+βγw

1+β π̂t + γw

1+βπ̂t−1

+ 1

1+β
(1−βξw )(1−ξw )

(1+ (1+λw )σL
λw

)ξw

[−ς̂t +σLL̂t + σc

1−h
(Ĉt −hĈt−1)+ ε̂L

t + τ̂n
t ]

(4.40)
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4.5.3 The log-linearized model

λ̂t = ε̂b
t −

1

1−h
σc [Ĉt −hĈt−1]+ τ̂c

t (4.41)

Ẑt =ψr̂ k
t (4.42)

Consumption equation is given as:

Ĉt = h

1+h
Ĉt−1+ 1

1+h
EtĈt+1− 1−h

(1+h)σc
(R̂t−Et π̂t+1+ε̂b

t −ε̂b
t+1+τ̂c

t −τ̂c
t+1) (4.43)

Q equation is given as:

Q̂t =−(R̂t −Et π̂t+1)+ 1−δ
1−δ+ r k

EtQ̂t+1 + r k

1−δ+ r k
Et r̂ k

t+1 +ηQ
t − (1−β+βδ)τ̂k

t

(4.44)

The investment equation is given by:

Ît = 1

1+β Ît−1 + β

1+βEt Ît+1 + ϕ

1+βQ̂t + ε̂I
t (4.45)

The capital accumulation equation is given by:

K̂t = (1−δ)K̂t−1 +δÎt−1 (4.46)

The labor demand equation comes from the equalisation of marginal costs

of labor and capital:

L̂t =−ς̂t + (1+ψ)r̂ k
t + K̂t−1 (4.47)

Market equilibrium is given as:

Ŷt = φε̂a
t +φαψr̂ k

t +φαKt−1 +φ(1−α)Lt (4.48)

Ŷt = C̄

Ȳ
Ĉt + Ī

Ȳ
Ît +Ĝt (4.49)

Government fulfills:

Ĝt = Ȳ C̄ τ̂c
t + Ȳ W̄ L̄τ̂n

t + Ȳ K̄ r̄ k τ̂k
t − Ȳ ¯T R ˆT R t (4.50)

18



The inflation equation is given by:

π̂t = β

1+βγp
Et π̂t+1+

γp

1+βγp
π̂t−1+ 1

1+βγp

(1−βξp )1−ξp )

ξp
[αr̂ k

t +(1−α)ŵt−ε̂a
t +ηp

t ]

(4.51)

The wage equation is given as:

ς̂t = β

1+βEt ς̂t+1 + 1

1+βς̂t−1 + β

1+βEt π̂t+1 − 1+βγw

1+β π̂t + γw

1+βπ̂t−1

+ 1

1+β
(1−βξw )(1−ξw )

(1+ (1+λw )σL
λw

)ξw

[−ς̂t +σLL̂t + σc

1−h
(Ĉt −hĈt−1)+ ε̂L

t + τ̂n
t +ηw

t ]

(4.52)

The monetary policy reaction function is given by:

R̂t = ρR̂t−1 + (1−ρ)
{
π̄t + rπ(π̂t−1 − π̄t )+ rY (Ŷt − Ŷ P

t )
}

+r∆π(π̂t − π̂t−1)+ r∆Y
[
Ŷt − Ŷ P

t − (Ŷt−1 − Ŷ P
t−1)

]+ηR
t (4.53)
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5 Implementation in Toolkit

In order to calibrate the model, we have to create two systems based on the

loglinearized equations from 4.43 to 4.53. The first system is a flexible system

where there is no price stickiness, wage stickiness or three cost-push shocks.

The other one is the sticky system where prices and wages are set following a

Calvo mechanism. We use the potential output produced in the flexible sys-

tem to calculate the output gap in the Taylor rule. In each system, there are

9 endogenous variables and 2 state variables. The 9 endogenous variables are

capital, consumption, investment, inflation, wages, output, interest rate, gov-

ernment transfer and real capital stock. The 2 state variables are labour and

return on capital.

We take most of the parameter values in the Mode column of Table 1 of

Smets and Wouters(2003) for our calibration. We set the first order autoregres-

sive coefficients of consumption tax rate, capital tax rate and labor tax rate as

0.9. As for the standard errors of the tax rates, we set them all equal 0.16. Be-

sides, we set the percentage of government transfer to GDP as 0.2. The follow-

ing table gives a detailed description of the parameters.
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Parameters Value Description

β 0.99 discount factor

τ 0.025 depreciation rate of capital

α 0.3 capital output ratio

ψ 1/0.169 inverse of the elasticity of the capital utilization cost function

γp 0.469 degree of partial indexation of price

γw 0.763 degree of partial indexation of wage

λw 0.5 mark up in wage setting

t y 0.01 percentage of government transfer to GDP

ξ
p
f 0.00000001 Calvo price stickiness in the flexible system

ξw
f 0.00000001 Calvo wage stickiness in the flexible system

ξ
p
s 0.908 Calvo price stickiness in the sticky system

ξw
s 0.737 Calvo wage stickiness in the sticky system

σL 2.4 inverse of elasticity of work effort

σc 1.353 coefficient of the relative risk aversion of the household

h 0.573 habit portion of past consumption

φ 1.408 share of fixed cost in production plus 1

ϕ 1/6.771 inverse of investment adjustment cost

r k 1/β−1+τ steady state return on capital

ky 8.8 capital output ratio

i nvy 0.22 share of investment to GDP

cy 0.6 share of consumption to GDP

g y 1− cy − i nvy historical average share of government expenditure in GDP

r∆π 0.14 inflation growth coefficient

ry 0.099 output gap coefficient
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Parameter Value Description

r∆y 0.159 output gap growth coefficient

ρ 0.961 autoregressive parameter on lagged interest rate

rπ 1.684 inflation coefficient

ρεL 0.889 autoregressive parameter of labour supply shock

ρεa 0.823 autoregressive parameter of productivity shock

ρεb 0.855 autoregressive parameter of preference shock

ρG 0.949 autoregressive parameter of government expenditure shock

ρπ 0.924 autoregressive parameter of inflation objective shock

ρεi 0.927 autoregressive parameter of investment shock

ρεr 0 autoregressive parameter of interest rate shock,IID

ρλw 0 autoregressive parameter of wage markup,IID

ρtc 0.9 autoregressive parameter of consumption tax,IID

ρtk 0.9 autoregressive parameter of capital tax,IID

ρt l 0.9 autoregressive parameter of labor tax,IID

ρq 0 autoregressive parameter of return on equity,IID

ρλp 0 autoregressive parameter of price mark-up shock,IID

σεL 3.52 stand error of labour supply shock

σεa 0.598 stand error of productivity shock

σεb 0.336 stand error of preference shock

σG 0.325 stand error of government expenditure shock

σπ 0.017 stand error inflation objective shock

σεr 0.081 stand error of interest rate shock

σεi 0.085 stand error of investment shock

σλp 0.16 stand error of mark-up shock

σλw 0.289 stand error of wage mark-up shock

σεq 0.604 stand error of equity premium shock

σtc 0.16 stand error of consumption tax shock

σtk 0.16 stand error of capital tax shock

σt l 0.16 stand error of labor tax shock

22



Besides, we create another 4 indices for parameters in order to reduce the

size of matrices. They are as follows:

Parameter Value Description

i ndex1 f (1−βξ f
w )(1−ξ f

w )

(1+β)(1+ (1+λw )σL
λw

)ξ
f
w

an index in the wage equation in the flexible system

i ndex1s
(1−βξs

w )(1−ξs
w )

(1+β)(1+ (1+λw )σL
λw

)ξs
w

an index in the wage equation in the sticky system

i ndex2 f
(1−βξ f

p )(1−ξ f
p )

(1+β)(1+ (1+λp )σL
λp

)ξ
f
p

an index in the inflation equation in the flexible system

i ndex2s
(1−βξs

p )(1−ξs
p )

(1+β)(1+ (1+λp )σL
λp

)ξs
p

an index in the inflation equation in the sticky system

5.1 Rescaling the shock size

In the Toolkit, shocks are standardised to be 1 per cent. But the size of shocks in

Smets and Woutes (2003) is set to equal one standard deviation. Therefore, we

have to rescale the shock size in matrices DD and MM. We create a matrix which

is a diagonal matrix with the standard deviation of each shock on the diagonal.

Multiplying DD and MM with this matrix gives us the same shock size as those

of Smets and Wouters (2003).

5.2 Smets and Wouters JEEA (2003) V.S. Dynare Codes

People may have observed that the equations in our implementation are not

the same as those in Smets and Wouters (2003). This is because we have discov-

ered one mistake and several differences in the process of our implementation.

First, we think the sign of the labour supply shock in the wage equation should

be positive instead of negative, because common sense would suggest that in-

crease in labour supply will lead to decrease in real wage. We have also guessed
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that the size of shocks is somewhat different, because the impulse responses

produced by the Toolkit show the same shapes but different magnitude.

We have communicated with the authors of the original paper about the

above findings. Raf Wouters confirmed that they did have the wrong sign before

the labour supply shock, and that they rescaled the shocks to make them more

robust to changes in other parameters. Therefore, we have also modified our

equations in Toolkit so as to benchmark with those equations in Dynare written

by Smets and Wouters. The following table gives a list of shocks that have been

rescaled.

Equation Number as in Smets and Wouters (2003) Our modifications

28 take out εb
t+1

29 take out εI
t+1

29 εb
t rescaled to equal 1

35a εG
t rescaled to equal 1

32 η
p
t rescaled to equal 1

33 ηw
t rescaled to equal 1
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6 Impulse Response Analysis

In this section we present graphs of the impulse reponses of marcoeconomic

variables to various shocks using our estimated model. Compared with results

from Smets and Wouters (2003) Dynare codes, our impulse reponses of shocks

excluding tax rate shocks are exactly the same. The scenarios of three more tax

rate shocks look reasonable. We explain below the impulse responses to each

shock in detail.

Figure 1 shows the responses of output, consumption, inflation, interest

rate, real wage, return on capital, labor, equity premium and investment fol-

lowing a technology shock. We see that output, consumption and investment

rise after the improvement of technology. But the return on capital, interest

rate and labor input falls. The fall in the labor input is due to the decrease in

marginal cost after a rise in technology. This is in consistent with the estimated

results in the United States as presented in Gali (1999).
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Figure 1: Technology Shock
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Figure 2 shows the effects of a preference shock. After a positive change in

preference, consumption and output grow significant. Meanwhile, investment

declines sharply, with a lowest point around -1.2. The fall in investment is due

to the crowding out effect on investment. The increased demand results in a

rise in more labor input. The effect on inflation and return on capital are rela-

tively slight.
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Figure 2: Preference Shock

Impulse responses to a government expenditure shock is depicted in Figure

3. We can see strong crowding out effects on private consumption and invest-

ment following an increase in government expenditure. Both of them decrease

significant after the shock while rental rate on capital and real wage increase

slightly.
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Figure 3: Government Expenditure Shock

Figure 4 presents the effects of an positive investment shock on the econ-

omy. Output and labor input increase significantly after a rise in investment.

While consumption first falls and then recovers.
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Figure 4: Investment Shock
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Figure 5 depicts the scenario of a labor supply shock. Output, consumption,

investment increase significantly after a rise in labor supply. This is similar to

the case of a positive technology shock. But here the real wage level drops in

contrast to a slight increase in real wage in the case of a technology shock. In-

flation rate also falls here.
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Figure 5: Labor Supply Shock

Figure 6 and 7 plot the effects of the two monetary policy shocks. Figure 6

presents the scenario of a positive shock to the inflation objective while Figure

7 presents the case of an increase in nominal interest rate. After rising the infla-

tion objective, output, consumption and inflation all increase slightly. Nominal

interest rate also start increasing after the shock. The responses in Figure 7 look

quite different. In Figure 7, output, consumption and investment all drop with

a hump shape. Real wage also falls in line with the stylized facts.
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Figure 6: Inflation Objective Shock
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Figure 7: Interest rate Shock
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Figure 8, 9 and 10 shows how the economy responds to the three cost push

shocks. The effects of these three shocks are quantitatively smaller compared

with the previous shocks.
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Figure 8: Price Mark-up Shock
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Figure 9: Equity Premium Shock
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Figure 10: Wage Mark-up Shock

Figure 11, 12, and 13 plots of the effects of three fiscal policy shocks. Figure

11 shows the impulse responses to a rise in consumption tax rate. Consump-

tion drops as consumption gets more expensive, but in the long term output

increases because households are more willing to supply labor. In contrast, in

Figure12 we see that a rise in capital tax rate make output decrease. Households

are less motivated to save and invest when a higher tax rate on capital return

is levied. Figure 12 depicts the effects of a rise in labor tax rate. Gross wage

increases but households are less motivated to supply labor. Output, consump-

tion and investment first increase for a short while and then keep declining.
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Figure 11: Consumption Tax Shock
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Figure 12: Capital Tax Shock
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Figure 13: Labor Tax Shock
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7 Estimation in Dynare

Following Smets and Wouters (2003), we apply Bayesian approach to estimate

the parameters and standard deviations of shocks in our model. We first give

a short introduction about how Bayesian method works. We also motivate

Bayesian estimation by explaining its advantages. Next, we present estimation

results for three combinations of model and data. The first version we estimate

the original Smets and Wouters (2003) model with the dataset they provided.

The second version we estimate our extended model including taxes and trans-

fer using the same dataset Smets and Wouters (2003) use. At last, we add 2 more

observed time series, i.e., government spending and government transfer into

the data, detrended them with HP filter, and then use the detrended data to

estimate the extended model. We have found that estimation results from the

first and second version are almost the same as the results published in Table

1 in Smets and Wouters (2003). But the estimated parameters and standard

deviations look different in the third version. The differences may come from

different detrending methods or more observations included in the dataset of

the third version.

7.1 Basic Mechanics of Bayesian Estimation

In this section we introduce some basics of Bayesian estimation. Bayesian

estimation is an alternative approach to the classical sampling theory. In a

Bayesian framework, probability of an event is based on a degree of an individ-

ual’s believe in how likely or unlikely the event is to happen. This belief is sub-

jective because different persons have different expectation about probabilities

that the same event is to occur. Besides, parameters are considered as random
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variables that has a probability distribution, while in the classical sampling the-

ory parameters are set to have a fixed value so that no probability distributions

can be assigned to them.

The Bayesian probability distribution is derived from a prior distribution,

which is knowledge existing before observing any sample information, com-

bined with sample information. The derived distribution from priors and sam-

ples is called a posterior distribution. This procedure is known as Bayes’ theo-

rem.

The first step of the Bayesian approach is to specify a density function for

priors, for example: g (θ). Where θ is a vector of parameters in which we are

interested. g(.) is the probability density function for priors. It could be a nor-

mal, gamma, shifted gamma, inverse gamma, beta, generalized beta, or uni-

form function.

Second, given θ, a conditional density function f (y |θ) describes all the sam-

ple information about θ, where y is a vector of sample observations. Defining h

as the joint density function for y and θ, we can write:

h(θ, y) = f (y |θ)g (θ) = g (y |θ) f (y) (7.1)

Rearranging the terms in the above equation gives the expression known as

Bayes’ theorem:

g (y |θ) = f (y |θ)

f (y)
g (θ) (7.2)

g (y |θ) is the posterior density function that we are interested in. We see that

it summarizes all the available information about θ from both the prior distri-

bution g (θ)and information from the sample observation f (y |θ)
f (y) . To express the
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idea in words, we have:

Posterior information = sample information * prior information

Bayesian approach is becoming popular for estimating macroeconomic

models. The following advantages of using Bayesian method are reasons for

its increasing popularity: First, compared with GMM estimation that is based

on particular equilibrium conditions, Bayesian approach fit to estimate a com-

plete system of solved DSGE model. Second, Bayesian approach takes into

account prior information so that the posterior distributions will not peak at

strange points. Besides, information from prior distributions also help the iden-

tification of parameters. Finally, using Bayesian estimation researchers can

compare competing models based on fit. The posterior distributions can be

used to tell which model fits the data most.

7.2 Estimation Results

In this section we presents the estimation results in Dynare. We have 3 versions

of estimation. The first version we estimate the original Smets and Wouters

(2003) model with the dataset they provided. In Figure 14, we see that the esti-

mated parameters and standard deviations of shocks have almost the same val-

ues as those published in Table 1 in Smets and Wouters JEEA(2003). But there

are still slight differences scaled around 0.01 between our results and published

results. We think the differences are due to discrepancies between the model

from the published JEEA version and the model presented in the Dynare codes

of Smets and Wouters. As stated in Section 5.2, Smets and Wouters rescaled

some shocks in their Dynare codes.
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Figure 15 presents the estimation results of our extended model including

taxes and transfers using the same dataset as in Smets and Wouters Dynare

codes including 7 time series. Comparing Figure 14 and Figure 15, We observe

that adding tax rates and transfer into the model has a very small effect on the

estimated parameters and standard deviations of shocks. The differences be-

tween the first order autoregressive coefficients in Figure 14 and those in Figure

15 are around 0.002. The estimated Calvo price, Calvo wage and Calvo employ-

ment parameters are also almost the same in the two different estimations. The

estimated standard deviations of shocks are not very different either. As for the

three more tax rate shocks, their first order autoregressive coefficients are es-

timated to be around 0.92 while their standard deviations are estimated to be

around 0.046.

Figure 16 has a quite different story from Figure 14 and 15. Here we

have estimated our extended model using our own HP-filtered data includ-

ing 9 observed time series. We have collected all 9 time series from AWM

dataset from Fagan and Henry(2001), which is also the date source of Smets and

Wouter(2003). The 9 time series are output per capita, consumption per capita,

investment per capita, government consumption per capita, government trans-

fer per capita, gross nominal interest rate, inflation rate, employment rate, and

wage per capita. They were logged and then detrended by HP filter in Eviews 5.

In the program, the priors of standard deviations of shocks are modified in line

with our data.
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The differences between Figure 16 and Figure 14 should not come from the

extension of the DSGE model, but from two different datasets. Compared with

the one from Smets and Wouters, the dataset we use include 2 more time series,

i.e., government expenditure and government transfer. Second, the method we

used to detrend the data is HP filter while Smets and Wouters used Kalmann

filter. More observation and different detrending tool result in changes in es-

timated mode values. If there were more time, it would be interesting to try

detrending our data with Kalmann filter and then compare the results again.
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RESULTS FROM POSTERIOR MAXIMIZATION
parameters
           prior mean     mode    s.d. t-stat prior pstdev

       rho_a   0.850   0.7995  0.0614 13.0279 beta  0.1000
      rho_pb   0.850   0.9136  0.0837 10.9172 beta  0.1000
       rho_b   0.850   0.8494  0.0360 23.6025 beta  0.1000
       rho_g   0.850   0.9485  0.0291 32.6456 beta  0.1000
       rho_l   0.850   0.8748  0.0682 12.8184 beta  0.1000
       rho_i   0.850   0.9400  0.0264 35.5566 beta  0.1000
       phi_i   4.000   7.1620  1.0954  6.5384 norm  1.5000
       sig_c   1.000   1.3137  0.2667  4.9252 norm  0.3750
         hab   0.700   0.5764  0.0707  8.1568 beta  0.1000
        xi_w   0.750   0.7454  0.0498 14.9802 beta  0.0500
       sig_l   2.000   2.2154  0.5916  3.7448 norm  0.7500
        xi_p   0.750   0.9082  0.0111 81.5360 beta  0.0500
        xi_e   0.500   0.6058  0.0473 12.8172 beta  0.1500
     gamma_w   0.750   0.7647  0.1854  4.1239 beta  0.1500
     gamma_p   0.750   0.4358  0.1012  4.3062 beta  0.1500
       czcap   0.200   0.2351  0.0679  3.4625 norm  0.0750
       phi_y   1.450   1.4221  0.1094 12.9986 norm  0.1250
       r_pie   1.700   1.6938  0.1000 16.9425 norm  0.1000
       r_dpi   0.300   0.1138  0.0510  2.2308 norm  0.1000
         rho   0.800   0.9743  0.0129 75.3252 beta  0.1000
         r_y   0.125   0.1136  0.0441  2.5772 norm  0.0500
        r_dy   0.063   0.1497  0.0297  5.0324 norm  0.0500
standard deviation of shocks
           prior mean     mode    s.d. t-stat prior pstdev

         E_A   0.400   0.6108  0.1121  5.4482 invg  2.0000
   E_PIE_BAR   0.020   0.0092  0.0038  2.4501 invg  10.0000
         E_B   0.200   0.3338  0.0976  3.4214 invg  2.0000
         E_G   0.300   0.3224  0.0254 12.7184 invg  2.0000
         E_L   1.000   3.8411  1.3353  2.8766 invg  2.0000
         E_I   0.100   0.0534  0.0160  3.3353 invg  2.0000
       ETA_R   0.100   0.0625  0.0278  2.2450 invg  2.0000
       ETA_Q   0.400   0.6140  0.0605 10.1442 invg  2.0000
       ETA_P   0.150   0.1580  0.0151 10.4493 invg  2.0000
       ETA_W   0.250   0.2867  0.0264 10.8713 invg  2.0000
 
Log data density [Laplace approximation] is -276.953607.

Figure 14: Estimation Results of the SW Model with SW Data
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Figure 15: Estimation Results of the Tax SW Model with SW data
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RESULTS FROM POSTERIOR MAXIMIZATION
parameters
           prior mean     mode    s.d. t-stat prior pstdev

      rho_tc   0.850   0.9090  0.0864 10.5202 beta  0.1000
      rho_tk   0.850   0.9189  0.0847 10.8519 beta  0.1000
      rho_tl   0.850   0.8352  0.0573 14.5851 beta  0.1000
       rho_g   0.850   0.7735  0.0465 16.6530 beta  0.1000
       rho_a   0.850   0.4622  0.0819  5.6447 beta  0.1000
      rho_pb   0.850   0.9901  0.0087 113.2312 beta  0.1000
       rho_b   0.850   0.2851  0.0883  3.2272 beta  0.1000
       rho_l   0.850   0.9208  0.0843 10.9229 beta  0.1000
       rho_i   0.850   0.5061  0.0997  5.0777 beta  0.1000
       phi_i   4.000   7.6676  1.0534  7.2792 norm  1.5000
       sig_c   1.000   1.5760  0.3077  5.1212 norm  0.3750
         hab   0.700   0.8164  0.0490 16.6554 beta  0.1000
        xi_w   0.750   0.7404  0.0351 21.0887 beta  0.0500
       sig_l   2.000   1.8604  0.8207  2.2667 norm  0.7500
        xi_p   0.750   0.7962  0.0262 30.3479 beta  0.0500
        xi_e   0.500   0.7467  0.0225 33.2132 beta  0.1500
     gamma_w   0.750   0.8696  0.0654 13.3025 beta  0.1500
     gamma_p   0.750   0.9493  0.0441 21.5472 beta  0.1500
       czcap   0.200   0.2321  0.0705  3.2922 norm  0.0750
       phi_y   1.450   1.5036  0.1114 13.4956 norm  0.1250
       r_pie   1.700   1.5685  0.1040 15.0799 norm  0.1000
       r_dpi   0.300   0.3801  0.0864  4.3986 norm  0.1000
         rho   0.800   0.7702  0.0285 26.9864 beta  0.1000
         r_y   0.125   0.1880  0.0448  4.1917 norm  0.0500
        r_dy   0.063   0.1941  0.0476  4.0781 norm  0.0500
standard deviation of shocks
           prior mean     mode    s.d. t-stat prior pstdev

         E_A   0.002   0.0085  0.0016  5.1393 invg  2.0000
   E_PIE_BAR   0.007   0.0052  0.0009  6.0705 invg  10.0000
         E_B   0.005   0.0314  0.0086  3.6547 invg  2.0000
         E_L   0.001   0.0005  0.0001  3.5282 invg  2.0000
         E_I   0.006   0.0016  0.0003  4.8009 invg  2.0000
       ETA_R   0.005   0.0071  0.0005 14.5358 invg  2.0000
       ETA_Q   0.010   0.0062  0.0005 11.3593 invg  2.0000
       ETA_P   0.008   0.0020  0.0001 14.6382 invg  2.0000
       ETA_W   0.005   0.0027  0.0002 15.1517 invg  2.0000
        E_TC   0.001   0.0004  0.0001  3.7217 invg  2.0000
        E_TK   0.001   0.0005  0.0001  3.5733 invg  2.0000
        E_TL   0.001   0.0043  0.0003 16.9165 invg  2.0000
         E_G   0.003   0.0031  0.0002 17.2707 invg  2.0000
 
Log data density [Laplace approximation] is 3822.596877.

Figure 16: Estimation Results of the Tax SW Model with HP data
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8 Concluding Remarks

In this paper, we have extended the DSGE model by Smets and Wouter (2003) to

add in fiscal policy features. The extended model not only features sticky price,

sticky wage, capital utilization rate, but also introduces a full set of structural

shocks including shocks to tax rates. The extended model is calibrated using

parameter values from Smets and Wouters (2003). We also estimate the model

using Bayesian techniques.

The effects of structural shocks on macroeconomic variables are shown in

the impulse response analysis. Overall, the impulse response graphs to shocks

except tax rate shocks from our extended model look the same as those pro-

duced by Smets and Wouters (2003) codes. The labor supply shock and the

preference shock contribute to a large fraction of fluctuation in output, con-

sumption, and investment. The three cost push shocks have a comparably

small effect on the economy. The effects of three tax shocks are also quanti-

tatively minor.

Second, the empirical estimation using Bayesian approach yields interest-

ing results. We have tried three different combinations of model and data. The

first version estimates the original Smets and Wouters (2003) model using their

own data. The estimated parameters and standard deviations of shocks look al-

most the same as those published in their paper. The second version estimates

the extended model using the data from Smets and Wouters. The estimation re-

sults remain very similar to the first version. Then we add two more time series,

government transfer and government expenditure into the observed data and

detrend them with HP filter. The estimation results using the new data for the

extended model differ from what we have reached in the first two versions. The
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estimated price stickiness is less significant while the estimated employment

stickiness is more considerable.
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Figure 17: Appendix A: Dynare Codes-1
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P
I
E
 
=
 
(
1
/
(
1
+
b
e
t
a
*
g
a
m
m
a
_
p
)
)
*

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
(
b
e
t
a
)
*
(
P
I
E
(
1
)
)
 
+
(
g
a
m
m
a
_
p
)
*
(
P
I
E
(
-
1
)
)
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
(
(
1
-
x
i
_
p
)
*
(
1
-
b
e
t
a
*
x
i
_
p
)
/
(
x
i
_
p
)
)
*
(
M
C
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
)
 
 
+
 
E
T
A
_
P
 
;
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
M
C
 
=
 
a
l
p
h
a
*
R
_
K
+
(
1
-
a
l
p
h
a
)
*
W
 
-
E
E
_
A
;

 
 
 
 
 
 
 
 
 
 
W
 
=
 
 
(
1
/
(
1
+
b
e
t
a
)
)
*
(
b
e
t
a
*
W
(
+
1
)
+
W
(
-
1
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
(
b
e
t
a
/
(
1
+
b
e
t
a
)
)
*
(
P
I
E
(
+
1
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
(
(
1
+
b
e
t
a
*
g
a
m
m
a
_
w
)
/
(
1
+
b
e
t
a
)
)
*
(
P
I
E
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
(
g
a
m
m
a
_
w
/
(
1
+
b
e
t
a
)
)
*
(
P
I
E
(
-
1
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
-
(
1
/
(
1
+
b
e
t
a
)
)
*
(
(
(
1
-
b
e
t
a
*
x
i
_
w
)
*
(
1
-
x
i
_
w
)
)
/
(
(
(
1
+
(
(
(
1
+
l
a
m
b
d
a
_
w
)
*
s
i
g
_
l
)
/
(
l
a
m
b
d
a
_
w
)
)
)
)
*
x
i
_
w
)
)
*
(
W
-
s
i
g
_
l
*
L
-
(
s
i
g
_
c
/
(
1
-
h
a
b

)
)
*
(
C
-
h
a
b
*
C
(
-
1
)
)
 
+
E
E
_
L
 
-
E
E
_
T
L
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
E
T
A
_
W
;

 
 
 
 
 
 
 
 
 
 
L
 
=
 
R
_
K
*
(
(
1
+
c
z
c
a
p
)
/
c
z
c
a
p
)
-
W
+
K
 
;

 
 
 
 
 
 
 
 
 
 
R
 
=
 
r
_
d
p
i
*
(
P
I
E
-
P
I
E
(
-
1
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
(
1
-
r
h
o
)
*
(
r
_
p
i
e
*
(
P
I
E
(
-
1
)
-
P
I
E
_
B
A
R
)
+
r
_
y
*
(
Y
-
Y
F
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
r
_
d
y
*
(
Y
-
Y
F
-
(
Y
(
-
1
)
-
Y
F
(
-
1
)
)
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
r
h
o
*
(
R
(
-
1
)
-
P
I
E
_
B
A
R
)

 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
P
I
E
_
B
A
R

 
 
 
 
 
 
 
 
 
 
 
 
 
 
+
E
T
A
_
R
;

 
 
 
 
 
 
 
 
 
 
E
 
=
 
E
(
-
1
)
+
E
(
1
)
-
E
+
(
L
-
E
)
*
(
(
1
-
x
i
_
e
)
*
(
1
-
x
i
_
e
*
b
e
t
a
)
/
(
x
i
_
e
)
)
;

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
E
E
_
A
 
=
 
(
r
h
o
_
a
)
*
E
E
_
A
(
-
1
)
 
 
+
 
E
_
A
;

Figure 18: Appendix A: Dynare Codes-2
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P
I
E
_
B
A
R
 
=
 
r
h
o
_
p
b
*
P
I
E
_
B
A
R
(
-
1
)
+
 
E
_
P
I
E
_
B
A
R
 
;

 
 
 
 
 
 
 
 
 
 
E
E
_
B
 
=
 
r
h
o
_
b
*
E
E
_
B
(
-
1
)
 
+
 
E
_
B
 
;

 
 
 
 
 
 
 
 
 
 
E
E
_
G
 
=
 
r
h
o
_
g
*
E
E
_
G
(
-
1
)
 
+
 
E
_
G
 
;

 
 
 
 
 
 
 
 
 
 
E
E
_
L
 
=
 
r
h
o
_
l
*
E
E
_
L
(
-
1
)
 
+
 
E
_
L
 
;

 
 
 
 
 
 
 
 
 
 
E
E
_
I
 
=
 
r
h
o
_
i
*
E
E
_
I
(
-
1
)
 
+
 
E
_
I
 
;

 
 
 
 
 
 
 
 
 
 
E
E
_
T
C
 
=
 
r
h
o
_
t
c
*
 
E
E
_
T
C
(
-
1
)
 
+
 
E
_
T
C
;

 
 
 
 
 
 
 
 
 
 
E
E
_
T
K
 
=
 
r
h
o
_
t
k
*
 
E
E
_
T
K
(
-
1
)
 
+
 
E
_
T
K
;

 
 
 
 
 
 
 
 
 
 
E
E
_
T
L
 
=
 
r
h
o
_
t
l
*
 
E
E
_
T
L
(
-
1
)
 
+
 
E
_
T
L
;

 
 
 
 
 
 
 
 
 
 
o
n
e
 
=
 
0
*
o
n
e
(
-
1
)
 
;

e
n
d
;
 

 s
h
o
c
k
s
;

v
a
r
 
E
_
A
;
 
s
t
d
e
r
r
 
0
.
5
9
8
;

v
a
r
 
E
_
B
;
 
s
t
d
e
r
r
 
0
.
3
3
6
;

v
a
r
 
E
_
I
;
 
s
t
d
e
r
r
 
0
.
0
8
5
;

v
a
r
 
E
_
L
;
 
s
t
d
e
r
r
 
3
.
5
2
0
;

v
a
r
 
E
T
A
_
P
;
 
s
t
d
e
r
r
 
0
.
1
6
0
;

v
a
r
 
E
T
A
_
W
;
 
s
t
d
e
r
r
 
0
.
2
8
9
;

v
a
r
 
E
T
A
_
R
;
 
s
t
d
e
r
r
 
0
.
0
8
1
;

v
a
r
 
E
T
A
_
Q
;
 
s
t
d
e
r
r
 
0
.
6
0
4
;

v
a
r
 
E
_
P
I
E
_
B
A
R
;
 
s
t
d
e
r
r
 
0
.
0
1
7
;

v
a
r
 
E
_
T
C
;
 
s
t
d
e
r
r
 
0
.
1
6
;

v
a
r
 
E
_
T
L
;
 
s
t
d
e
r
r
 
0
.
1
6
;

v
a
r
 
E
_
T
K
;
 
s
t
d
e
r
r
 
0
.
1
6
;

v
a
r
 
E
_
G
;
 
s
t
d
e
r
r
 
0
.
3
2
5
;

e
n
d
;

/
/
s
t
o
c
h
_
s
i
m
u
l
(
i
r
f
=
2
0
)
 
Y
 
C
 
P
I
E
 
R
 
W
 
R
_
K
 
L
 
Q
 
I
 
K
 
;

/
/
 
s
t
o
c
h
_
s
i
m
u
l
 
g
e
n
e
r
a
t
e
s
 
w
h
a
t
 
k
i
n
d
 
o
f
 
s
t
a
n
d
a
r
d
 
e
r
r
o
r
s
 
f
o
r
 
t
h
e
 
s
h
o
c
k
s
 
?

s
t
e
a
d
y
(
s
o
l
v
e
_
a
l
g
o
=
0
)
;

/
/
c
h
e
c
k
;

/
/
s
t
o
c
h
_
s
i
m
u
l
(
p
e
r
i
o
d
s
=
2
0
0
,
i
r
f
=
2
0
,
s
i
m
u
l
_
s
e
e
d
=
3
)
 
Y
 
C
 
P
I
E
 
M
C
 
R
 
W
 
R
_
K
 
E
 
L
 
I
 
;

/
/
d
a
t
a
t
o
m
f
i
l
e
(
'
d
d
d
'
,
[
]
)
;

/
/
 
n
e
w
 
s
y
n
t
a
x
 

e
s
t
i
m
a
t
e
d
_
p
a
r
a
m
s
;

/
/
 
P
A
R
A
M
 
N
A
M
E
,
 
I
N
I
T
V
A
L
,
 
L
B
,
 
U
B
,
 
P
R
I
O
R
_
S
H
A
P
E
,
 
P
R
I
O
R
_
P
1
,
 
P
R
I
O
R
_
P
2
,
 
P
R
I
O
R
_
P
3
,
 
P
R
I
O
R
_
P
4
,
 
J
S
C
A
L
E

/
/
 
P
R
I
O
R
_
S
H
A
P
E
:
 
B
E
T
A
_
P
D
F
,
 
G
A
M
M
A
_
P
D
F
,
 
N
O
R
M
A
L
_
P
D
F
,
 
I
N
V
_
G
A
M
M
A
_
P
D
F

Figure 19: Appendix A: Dynare Codes-3
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s
t
d
e
r
r
 
E
_
A
,
0
.
0
0
2
5
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
2
,
2
;

s
t
d
e
r
r
 
E
_
P
I
E
_
B
A
R
,
0
.
0
0
9
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
7
,
1
0
;

s
t
d
e
r
r
 
E
_
B
,
0
.
0
0
5
7
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
5
,
2
;

s
t
d
e
r
r
 
E
_
L
,
0
.
0
0
1
8
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
1
,
2
;

s
t
d
e
r
r
 
E
_
I
,
0
.
0
0
8
5
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
6
,
2
;

s
t
d
e
r
r
 
E
T
A
_
R
,
0
.
0
0
5
5
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
5
,
2
;

s
t
d
e
r
r
 
E
T
A
_
Q
,
0
.
0
1
9
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
1
,
2
;

s
t
d
e
r
r
 
E
T
A
_
P
,
0
.
0
0
8
6
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
8
,
2
;

s
t
d
e
r
r
 
E
T
A
_
W
,
0
.
0
0
5
7
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
5
,
2
;

s
t
d
e
r
r
 
E
_
T
C
,
0
.
0
0
1
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
1
,
2
;

s
t
d
e
r
r
 
E
_
T
K
,
0
.
0
0
1
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
1
,
2
;

s
t
d
e
r
r
 
E
_
T
L
,
0
.
0
0
1
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
1
,
2
;

s
t
d
e
r
r
 
E
_
G
,
0
.
0
0
4
3
,
0
.
0
0
0
1
,
1
,
I
N
V
_
G
A
M
M
A
_
P
D
F
,
0
.
0
0
3
,
2
;

r
h
o
_
t
c
,
0
.
7
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
t
k
,
0
.
7
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
t
l
,
0
.
7
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
g
,
.
9
5
0
2
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
a
,
.
9
7
2
2
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
p
b
,
.
8
5
,
.
1
,
.
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
b
,
.
7
6
4
7
,
.
1
,
.
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
l
,
.
9
5
4
2
,
.
1
,
.
9
9
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

r
h
o
_
i
,
.
6
7
0
5
,
.
1
,
.
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
5
,
0
.
1
;

p
h
i
_
i
,
5
.
2
0
8
3
,
1
,
1
5
,
N
O
R
M
A
L
_
P
D
F
,
4
,
1
.
5
;

s
i
g
_
c
,
0
.
9
8
1
7
,
0
.
2
5
,
3
,
N
O
R
M
A
L
_
P
D
F
,
1
,
0
.
3
7
5
;

h
a
b
,
0
.
5
6
1
2
,
0
.
3
,
0
.
9
5
,
B
E
T
A
_
P
D
F
,
0
.
7
,
0
.
1
;

x
i
_
w
,
0
.
7
6
6
1
,
0
.
3
,
0
.
9
,
B
E
T
A
_
P
D
F
,
0
.
7
5
,
0
.
0
5
;

s
i
g
_
l
,
1
.
7
5
2
6
,
0
.
5
,
5
,
N
O
R
M
A
L
_
P
D
F
,
2
,
0
.
7
5
;

x
i
_
p
,
0
.
8
6
8
4
,
0
.
3
,
0
.
9
5
,
B
E
T
A
_
P
D
F
,
0
.
7
5
,
0
.
0
5
;

x
i
_
e
,
0
.
5
7
2
4
,
0
.
1
,
0
.
9
5
,
B
E
T
A
_
P
D
F
,
0
.
5
,
0
.
1
5
;

g
a
m
m
a
_
w
,
0
.
6
2
0
2
,
0
.
1
,
0
.
9
9
,
B
E
T
A
_
P
D
F
,
0
.
7
5
,
0
.
1
5
;

g
a
m
m
a
_
p
,
0
.
6
6
3
8
,
0
.
1
,
0
.
9
9
,
B
E
T
A
_
P
D
F
,
0
.
7
5
,
0
.
1
5
;

c
z
c
a
p
,
0
.
2
5
1
6
,
0
.
0
1
,
2
,
N
O
R
M
A
L
_
P
D
F
,
0
.
2
,
0
.
0
7
5
;

p
h
i
_
y
,
1
.
3
0
1
1
,
1
.
0
0
1
,
2
,
N
O
R
M
A
L
_
P
D
F
,
1
.
4
5
,
0
.
1
2
5
;

r
_
p
i
e
,
1
.
4
6
1
6
,
1
.
2
,
2
,
N
O
R
M
A
L
_
P
D
F
,
1
.
7
,
0
.
1
;

r
_
d
p
i
,
0
.
1
1
4
4
,
0
.
0
1
,
0
.
5
,
N
O
R
M
A
L
_
P
D
F
,
0
.
3
,
0
.
1
;

r
h
o
,
0
.
8
8
6
5
,
0
.
5
,
0
.
9
9
,
B
E
T
A
_
P
D
F
,
0
.
8
,
0
.
1
0
;

r
_
y
,
0
.
0
5
7
1
,
0
.
0
1
,
0
.
2
,
N
O
R
M
A
L
_
P
D
F
,
0
.
1
2
5
,
0
.
0
5
;

r
_
d
y
,
0
.
2
2
2
8
,
0
.
0
5
,
0
.
5
,
N
O
R
M
A
L
_
P
D
F
,
0
.
0
6
2
5
,
0
.
0
5
;

e
n
d
;

v
a
r
o
b
s
 
Y
 
C
 
I
 
E
 
P
I
E
 
W
 
R
 
T
R
 
E
E
_
G
;

e
s
t
i
m
a
t
i
o
n
(
d
a
t
a
f
i
l
e
=
t
a
x
s
w
d
a
t
a
,
n
o
g
r
a
p
h
,
f
i
r
s
t
_
o
b
s
=
1
,
 
m
h
_
r
e
p
l
i
c
=
2
0
0
0
0
)
;

Figure 20: Appendix A: Dynare Codes-4
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 C E EE_G I PIE R TR W Y 
1970Q1 -0.010952 -0.002426 -0.010692 -0.056777 0.023609 0.012722 0.001627 -0.021993 -0.012454 
1970Q2 -0.008366 -0.001287 -0.003247 -0.005887 0.023592 0.011946 0.005584 -0.013241 -0.002476 
1970Q3 -0.007779 -0.001269 -0.000515 0.000889 0.017864 0.008159 0.006487 -0.004258 -0.001114 
1970Q4 0.000398 -0.000526 0.004434 -0.011186 0.008468 0.004286 0.004692 0.008342 0.000592 
1971Q1 -0.004227 -0.000219 -0.004061 -0.024904 0.0143 -0.003064 -0.015948 -0.000846 -0.011933 
1971Q2 -0.001835 -0.000454 0.00112 -0.007903 0.004762 -0.009139 -0.014595 -0.006177 -0.010844 
1971Q3 0.000481 0.000148 0.005112 -0.006159 -0.001541 -0.007157 -0.002677 0.002434 -0.00106 
1971Q4 0.001314 -0.000672 0.001473 -0.000804 -0.00908 -0.010061 0.003778 0.002174 -0.003104 
1972Q1 0.006766 -0.00129 0.00651 0.003408 -0.008497 -0.020085 0.007236 0.00861 0.000829 
1972Q2 0.001504 -0.000924 0.001923 0.011837 -0.016402 -0.023939 0.004537 0.001843 -0.001458 
1972Q3 0.008161 -0.000756 0.000276 0.018672 -0.024579 -0.024128 0.007245 0.001204 0.001559 
1972Q4 0.006709 0.000432 -0.000897 0.035542 -0.02923 -0.010853 0.000421 -0.000719 0.005265 
1973Q1 0.016503 0.002068 0.006183 0.050754 -0.021091 -0.008455 -0.00698 0.005622 0.014128 
1973Q2 0.01109 0.000523 -0.005091 0.041936 -0.020861 0.005943 -0.014548 0.001521 0.011387 
1973Q3 0.006584 0.003739 -0.012084 0.043955 -0.017863 0.020427 -0.01781 0.000237 0.016219 
1973Q4 0.005958 0.004378 -0.007866 0.04315 -0.021093 0.027101 -0.02557 0.007819 0.017514 
1974Q1 -0.002004 0.004872 -0.002517 0.037781 -0.012649 0.027329 -0.039657 0.002364 0.019413 
1974Q2 0.000298 0.005587 -0.001529 0.01113 -0.003433 0.028537 -0.052741 0.010891 0.015269 
1974Q3 -0.001556 0.005006 -0.003134 0.011379 0.00603 0.02827 -0.040203 -0.001396 0.014999 
1974Q4 -0.021172 0.001101 -0.004503 -0.02065 0.013446 0.019823 -0.020541 -0.001931 -0.009662 
1975Q1 -0.021892 -0.001273 -0.001397 -0.034382 0.01315 0.00243 0.002165 -0.010032 -0.024895 
1975Q2 -0.012745 -0.00398 0.00501 -0.045348 0.011841 -0.014401 0.040218 -0.00732 -0.023152 
1975Q3 -0.006958 -0.003312 0.01333 -0.040276 0.005857 -0.021271 0.058425 -0.003032 -0.019142 
1975Q4 -0.003501 -0.005188 0.006803 -0.026891 0.000324 -0.019866 0.045092 0.000331 -0.017259 
1976Q1 0.001363 -0.004138 0.003392 -0.027879 -0.005403 -0.016817 0.03786 0.000668 -0.007822 
1976Q2 -0.0014 -0.003308 0.001949 -0.027922 0.009049 -0.003103 0.018296 -0.002 -0.00361 
1976Q3 -0.002683 -0.001829 0.003039 -0.033043 0.010418 0.00314 0.013237 0.005542 -0.003014 
1976Q4 0.000437 -0.002212 0.000868 -0.011218 0.009721 0.000814 0.021786 0.007662 0.006053 
1977Q1 -0.005226 -0.001473 -0.005002 -0.001617 0.007127 0.008867 0.017864 0.002287 0.003296 
1977Q2 -0.000493 -0.002019 -0.009774 -0.018582 0.011626 -4.90E-05 0.010245 0.004957 -0.002556 
1977Q3 0.00232 -0.002574 -0.003165 -0.013459 0.00722 -0.004842 0.007664 0.005438 -0.005988 
1977Q4 0.005671 -0.001477 0.004731 -0.003096 0.003633 -0.005156 0.012163 0.001606 9.95E-05 
1978Q1 0.001786 -0.000217 0.002072 -0.002431 0.001438 -0.016687 0.009149 0.002404 0.000277 
1978Q2 0.005409 -0.000209 0.001575 0.005246 -0.000246 -0.019869 0.010822 -0.003526 0.004947 
1978Q3 0.005595 5.27E-05 0.004787 0.003465 -0.003462 -0.010208 0.005514 -0.002786 0.00286 
1978Q4 0.010024 0.00082 0.005443 0.009603 -0.00883 -0.01262 0.007661 -0.003459 0.008324 
1979Q1 0.010724 0.002422 0.005692 -0.007466 -0.012151 -0.028076 0.00458 0.001392 0.007514 
1979Q2 0.021154 0.002401 0.003704 0.026611 -0.013705 -0.015118 0.009503 -0.003014 0.015175 
1979Q3 0.009018 0.002703 -0.000203 0.028489 -0.010215 -0.002244 -0.001349 0.004676 0.011956 
1979Q4 0.014486 0.005309 -0.002609 0.043424 -0.008825 0.010442 -0.010035 0.004747 0.016736 
1980Q1 0.019765 0.006638 -0.000361 0.054395 -0.004922 0.008667 -0.017599 0.010055 0.022273 
1980Q2 0.007859 0.006832 0.002254 0.036031 -0.00356 0.011117 -0.04094 0.002229 0.011639 
1980Q3 0.010069 0.006162 0.00049 0.031659 -0.004876 0.000489 -0.044761 0.001557 0.005834 
1980Q4 0.00636 0.006482 -0.002225 0.024326 -0.008205 0.002718 -0.03131 0.004203 0.002844 
1981Q1 0.002441 0.006271 0.015337 0.015982 -0.009719 0.008267 -0.017851 -0.001673 0.000231 
1981Q2 -0.002885 0.003347 -0.001012 0.015366 -0.003958 0.02545 -0.004686 0.003815 -0.001376 
1981Q3 -0.002996 0.001584 -0.000917 0.009806 0.000723 0.030283 0.001184 0.007832 -0.002565 
1981Q4 -0.002133 -0.000759 -0.005606 -0.012235 0.004814 0.023999 0.003647 0.007075 -0.004974 
1982Q1 -0.000849 -0.001107 0.004525 -0.009741 0.005583 0.014674 0.007847 0.001549 -0.004331 
1982Q2 -0.004883 -0.000267 -0.000328 -0.006891 0.010835 0.015838 0.008664 -0.000606 -0.004657 
1982Q3 -0.012474 -0.001746 -0.001918 -0.014224 0.010491 0.007528 0.002498 -0.000593 -0.012738 
1982Q4 -0.009194 -0.003449 -0.005611 -0.021047 0.010538 0.002171 -0.001189 -0.00035 -0.016534 
1983Q1 -0.006029 -0.004729 0.000732 -0.011483 0.010939 -0.002757 0.001085 -0.004301 -0.013074 
1983Q2 -0.008416 -0.004482 -0.002744 -0.009464 0.009506 -0.001394 0.002101 -0.001645 -0.009559 
1983Q3 -0.011644 -0.003251 -0.003199 -0.004724 0.012203 0.003815 0.003316 0.00283 -0.009036 
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1983Q4 -0.00717 -0.003625 -0.002791 -0.01413 0.013164 0.005426 0.008065 -0.001803 -0.002704 
1984Q1 -0.001531 -0.004404 -0.004952 -0.008328 0.012574 0.001002 0.014136 0.0018 0.002087 
1984Q2 -0.007437 -0.003832 -0.003077 -0.032881 0.009783 -0.00192 0.003266 -0.009554 -0.005671 
1984Q3 -0.010221 -0.003023 -0.004511 -0.022812 0.008924 -0.003673 0.006489 -0.007668 -0.000457 
1984Q4 -0.013251 -0.003608 -0.001302 -0.018345 0.002652 -0.004016 0.005909 -0.000174 -0.000305 
1985Q1 -0.009812 -0.004106 -0.001447 -0.034919 0.003622 -0.004236 0.001604 0.001747 -0.003435 
1985Q2 -0.007437 -0.002538 0.000192 -0.023546 0.001834 -0.001255 0.005967 -0.000435 0.001781 
1985Q3 -0.00401 -0.001837 0.001402 -0.009761 0.002908 -0.004898 0.010919 0.000867 0.004468 
1985Q4 -0.00434 -0.001905 0.00307 -0.00706 0.003303 -0.009695 0.012209 -0.002042 0.002947 
1986Q1 -0.008908 -0.002159 -0.001095 -0.026818 0.008016 -0.006991 0.005272 -0.006504 -0.008192 
1986Q2 0.002572 -0.001234 0.001931 -0.009626 0.008494 -0.012256 0.020915 -0.007182 0.003885 
1986Q3 0.00252 -0.000206 0.001761 -0.00576 0.006629 -0.013674 0.017922 -0.007318 0.001956 
1986Q4 0.000144 -0.001312 -3.13E-05 -0.010317 0.002815 -0.011677 0.004001 -0.0104 -0.005151 
1987Q1 -0.007097 -0.002905 0.001822 -0.039739 -0.001267 -0.008934 -0.017943 -0.009866 -0.018604 
1987Q2 0.002754 -0.002273 0.005122 -0.018462 -0.003724 -0.005626 -0.017878 -0.006092 -0.008861 
1987Q3 0.002162 -0.003423 0.003862 -0.009133 -0.008276 -0.004932 -0.019665 -0.002302 -0.007054 
1987Q4 0.007205 -0.003029 0.006769 -0.006237 -0.007813 -0.005664 -0.01184 -0.001106 -0.001617 
1988Q1 -0.001966 -0.003219 0.005323 -0.004636 -0.009532 -0.015027 -0.011146 -0.003554 -0.005624 
1988Q2 -0.004706 -0.002708 0.00227 0.001137 -0.009709 -0.017401 -0.00813 -0.003748 -0.004586 
1988Q3 0.0022 -0.002525 0.000722 0.005867 -0.011936 -0.011519 -0.004204 -0.002333 0.000436 
1988Q4 0.00413 -0.000426 0.00529 0.013984 -0.010043 -0.007785 -0.004079 -0.006754 0.004205 
1989Q1 0.005728 0.000953 -0.004072 0.027438 -0.009054 0.000766 -0.00295 -0.003157 0.007956 
1989Q2 0.004017 0.001975 -0.003262 0.025735 -0.011522 0.001334 -0.005252 -0.004961 0.009541 
1989Q3 0.00578 0.002404 -0.007544 0.019825 -0.012559 0.004043 -0.010965 -0.001228 0.005808 
1989Q4 0.006275 0.004094 -0.016534 0.030653 -0.010093 0.011834 -0.007019 -0.005106 0.006426 
1990Q1 0.006044 0.006735 -0.00893 0.049486 -0.00704 0.012348 0.00119 -0.001382 0.0116 
1990Q2 0.004646 0.008049 -0.008952 0.034614 -0.003916 0.006148 0.000726 0.000559 0.00846 
1990Q3 -0.000283 0.008455 -0.012159 0.029099 -0.005702 0.004855 0.00136 0.001939 0.009542 
1990Q4 0.000624 0.009786 -0.014445 0.028687 -0.00492 0.009099 -0.004093 0.007174 0.007445 
1991Q1 0.003014 0.009987 -0.018008 0.020747 -0.002301 0.009421 -0.013791 -0.001555 0.005937 
1991Q2 0.005858 0.008069 -0.009538 0.018433 0.001177 0.003809 -0.021652 0.007324 0.003342 
1991Q3 -0.001442 0.005034 -0.000737 0.014541 0.003322 0.004582 -0.025723 0.008398 -0.000802 
1991Q4 0.009434 0.005082 0.006309 0.026938 0.007772 0.007264 -0.015051 0.009771 0.005625 
1992Q1 0.011238 0.004387 0.006654 0.043095 0.005031 0.009234 0.001477 0.017442 0.016426 
1992Q2 0.008476 0.003373 0.002198 0.027293 0.004418 0.011597 -0.002917 0.015686 0.004869 
1992Q3 0.005368 0.001606 0.008081 0.00968 0.003197 0.021576 -3.75E-05 0.026225 0.000714 
1992Q4 0.01652 0.00394 0.015148 0.007331 0.002753 0.019049 0.005656 0.021578 0.001519 
1993Q1 -0.001893 0.001675 0.013481 -0.019703 0.006096 0.014326 0.005211 0.005215 -0.007148 
1993Q2 -0.005632 -0.002319 0.014049 -0.036023 0.006386 0.001836 0.017549 0.004464 -0.010269 
1993Q3 -0.006322 -0.00482 0.010241 -0.035698 0.004647 -0.004742 0.030699 -7.77E-05 -0.010416 
1993Q4 -0.005448 -0.006919 0.007222 -0.047599 0.004571 -0.00883 0.029833 -0.004216 -0.012982 
1994Q1 -0.008667 -0.007923 0.010086 -0.039211 0.002383 -0.011614 0.02964 -0.002212 -0.008232 
1994Q2 -0.008862 -0.007525 0.005841 -0.024391 0.001603 -0.013357 0.027697 -0.003112 -0.005635 
1994Q3 -0.005256 -0.005701 0.003038 -0.015967 0.001574 -0.010546 0.018926 -0.00416 -0.003129 
1994Q4 -0.004356 -0.004085 0.006368 0.005765 0.003012 -0.006741 0.003514 -0.004854 0.000542 
1995Q1 -0.001361 -0.002003 -0.007738 -0.008963 0.002786 0.000216 -0.00734 -0.006803 0.003952 
1995Q2 0.005568 -0.000511 -0.003208 0.002996 0.004931 0.004673 -0.016382 -0.00626 0.005904 
1995Q3 0.00067 -0.001039 -0.000106 -0.008077 0.006998 0.002961 -0.016065 -0.00962 0.003208 
1995Q4 -0.003371 -0.001529 0.005822 -0.002157 0.0061 0.003568 -0.009308 -0.008544 0.000107 
1996Q1 0.002053 -0.001981 -0.002895 -0.039906 0.005324 -0.002251 -0.009386 -0.00485 -0.004577 
1996Q2 -0.001804 -0.002689 0.000825 0.001443 0.003673 -0.00479 0.007046 -0.010314 -0.002343 
1996Q3 -0.004261 -0.003404 0.0038 -0.00974 0.003073 -0.003893 0.009446 -0.006107 -0.004124 
1996Q4 -0.008439 -0.003888 0.001375 -0.011181 0.001434 -0.005838 0.006283 -0.004977 -0.007566 
1997Q1 -0.009115 -0.00436 0.002852 -0.031504 0.001267 -0.005427 0.00146 -0.000929 -0.007628 
1997Q2 -0.005209 -0.004716 0.003067 -0.017713 -0.000515 -0.004772 0.00063 -0.002084 -0.002478 
1997Q3 -0.008025 -0.004513 -0.001103 -0.021055 -5.48E-05 -0.003194 -0.004135 -0.004 -0.00189 
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1997Q4 -0.005037 -0.00428 -0.00744 -0.009017 0.000172 -0.000726 -0.00278 -0.002521 0.002039 
1998Q1 -0.004085 -0.003641 -0.003618 -0.000464 0.00029 -0.001687 -0.001627 -0.007986 0.001921 
1998Q2 -0.006123 -0.003333 -0.005484 -0.008111 0.001053 -0.001879 -0.004867 -0.005395 -0.002597 
1998Q3 -0.004473 -0.003008 -0.007765 -0.001077 -0.000241 -0.001927 -0.006688 -0.007381 -0.005227 
1998Q4 -0.001809 -0.002427 -0.008404 -0.005045 -0.000608 -0.004161 -0.010172 -0.000459 -0.009723 
1999Q1 0.00257 -0.00112 -0.002588 0.011038 -0.003775 -0.008425 -0.00349 -0.003089 -0.006685 
1999Q2 0.001701 8.61E-05 -0.004997 0.013874 -0.004192 -0.012158 -0.001385 0.002571 -0.00489 
1999Q3 0.003749 0.001531 -0.003275 0.022266 -0.00657 -0.010933 -3.30E-05 0.00625 0.000376 
1999Q4 0.007763 0.003103 -0.003605 0.025905 -0.009074 -0.003338 0.002881 0.010771 0.006741 
2000Q1 0.010604 0.004413 0.003287 0.039053 -0.008484 -0.001728 -0.002578 0.011188 0.011253 
2000Q2 0.013481 0.006519 -0.000822 0.035056 -0.008331 0.005663 -0.001421 0.009047 0.013297 
2000Q3 0.008682 0.007027 -0.000951 0.036843 -0.007833 0.010565 -0.004437 0.007336 0.011245 
2000Q4 0.00468 0.007746 -0.004409 0.031722 -0.009456 0.013746 -0.000207 0.006729 0.011336 
2001Q1 0.011588 0.00855 9.57E-05 0.034849 -0.006165 0.011622 0.000299 0.006954 0.015662 
2001Q2 0.011479 0.00812 -0.00126 0.025038 -0.003441 0.010773 -0.001975 0.002847 0.011685 
2001Q3 0.007709 0.007154 -0.003217 0.010388 -0.002307 0.008373 -0.002969 0.001181 0.006767 
2001Q4 0.001437 0.00568 0.001819 0.000709 0.000595 0.001086 -0.00377 7.91E-05 0.002388 
2002Q1 -0.002771 0.004294 -0.00243 -0.005292 0.002381 0.001047 -0.004089 -0.002475 -0.000926 
2002Q2 -0.003492 0.002301 0.003884 -0.021233 0.001105 0.002684 0.000278 -0.000832 -0.00023 
2002Q3 -0.00079 0.000458 0.00346 -0.018574 0.003544 0.002724 0.000759 0.000261 -0.00028 
2002Q4 -0.000582 -0.00065 0.005342 -0.013852 0.004273 0.001232 0.007976 -0.001213 -0.002475 
2003Q1 -0.003501 -0.001915 0.001253 -0.014306 0.000737 -0.001948 0.009655 0.000186 -0.004297 
2003Q2 -0.004037 -0.002906 0.002683 -0.017784 0.0021 -0.004133 0.004847 -0.001979 -0.009379 
2003Q3 -0.004097 -0.003043 0.003731 -0.017639 0.005386 -0.005434 -0.00431 -0.005582 -0.008276 
2003Q4 -0.006527 -0.004051 0.003874 -0.015609 0.003351 -0.004411 0.004738 -0.004172 -0.008338 
2004Q1 -0.003383 -0.004302 -0.001002 -0.01146 0.001244 -0.004349 0.003878 0.001925 -0.002731 
2004Q2 -0.004708 -0.003969 -0.001478 -0.011519 0.002724 -0.003271 -0.00458 -0.00101 -0.002621 
2004Q3 -0.005858 -0.003741 -0.0006 -0.010209 0.001073 -0.002066 8.69E-05 -0.002689 -0.003771 
2004Q4 -0.000534 -0.002708 -0.0034 -0.008028 0.000813 -0.000747 -0.004416 -0.000229 -0.004444 
2005Q1 -0.002975 -0.002306 -0.005313 -0.00517 -0.000383 -0.00014 0.000839 -0.000313 -0.002725 
2005Q2 -0.001264 -0.001078 -0.001593 0.004786 -0.001625 0.000532 0.000919 -0.001227 -0.000648 
2005Q3 0.004619 0.001236 0.003759 0.015739 -0.001606 0.001413 0.005469 -0.001471 0.004472 
2005Q4 0.002663 0.002821 0.002357 0.016587 0.00027 0.004317 -0.008098 0.000841 0.005028 
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Figure 29: Appendix D: Toolkit Matrices-1
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Figure 30: Appendix D: Toolkit Matrices-2
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Figure 31: Appendix D: Toolkit Matrices-3
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