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Abstract

This paper is an attempt to develop and estima&eva Keynesian dynamic stochastic general
equilibrium model of Taiwan. In this paper, the mba following Christiano, Eichenbaum and
Evans(2005), Ireland (1997) and Peersman and 3i¢\2€12).The structural parameters of this
model are estimated by using a Bayesian approadhtl@m model is constructing by being
assumed to adjust wages infrequently. Oil is usealnainput to production and is also a part of the
household’s consumption in this paper.There i®xilfle elasticity of substitution between oil and
other types of consumption goods in the consumgiiomdle. We also simulate the DSGE model
including oil tax and compare the results undeioees.oil tax rules.

The main results of this paper are ithe producteaior shock, consumer preference shock,
wage adjustment cost shoek will“immediately“risetpot and the value-add production
consumption. The capital utilization shock@\_/iyillerieutput due to the raise of number of labor. The
price adjustment cost shock, oil price shoé?vx’vﬂbrinflation and fall consumption. The interest
rate adjustment cost shock will fall outbut aﬁd exldalue -goods.Then the oil tax will affect the
consumer preference and strengthen the negatigetibf price adjustment, and the oil tax will
reduce the effects of wage adjustment,;the consampind production. The estimated impulses
between the oil tax rule which the amount of o¥ s proportion to oil price and the oil tax rule
which is that the amount of oil tax is proportianthe amount of oil are not obviously different.

The main contribution of this paper is that we dmteihow the exogenous shocks would affect
macroeconomic by using the estimated DSGE modetl #he numerical results show that the
variables are not substantially affected by thesgnee of nominal rigidities. This paper also aims
to explore the complications of the effects betwHese exogenous shocks. The suggestions of
this paper are followings. First, the oil tax woulkbluce oil consumption and impact economic

growth. Second, the effects of different typesibfax are not obviously different.
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Chapter 1 Introduction

1.1 Oil and Macroeconomic

The macroeconomic effects of oil include oil praoed oil consumption. Oil can usually be used
for several applications. Petastonsumption goodscan be used as fuel andagiproduction goods
can be usedas raw materialspetrochemical industrie@il price fluctuations are usually treated as
a exogenous disturbances where are unrelated toeeogyomic fundamentals (Peersman and
Stevens, 2012). Sudden and protracted oil pricee@ses are generally accompanied by economics
contractions and high inflation (Hamilton, 1983)sRarchers and policymakers are often interesting
in the impacts of oil price shocksjon output and #ffects related to the endogenous policy
responses of monetary policy.and-tax poIicy.Chariigeﬁl prices have a direct impact on the price
level of the economy, they affect consumption deps, and ‘also influence the cost structure of
firms and through this channel have a seé?ﬂd-raﬂmﬂﬁect on, domestic prices. Wage and price
indexation can propagate the. effects ofoil-.pzr!becks on Inflation and output. Recent empirical
studies have revealed that the effécts. of oil sbdneicéme muted after the mid-1980s. These studies
obtained similar conclusions: the typical respotsan ‘oiI shock is a decrease in the real GDF
growth rate and real wage, leading to inflation aaen. (Hongzhi, 2010 ).
In general, oil tax would induce the rising of price and inflation. The contractionary effect df o
price shock can be due to the endogenous tightefittte monetary policy.However,oil tax would
induceoil consumption and carbon dioxide emissi@ts,it is important for energy saving and

carbon reduction.

1.2 DSGE model

The function of a model of analysis and simulafi@neconomy is twofold : to serve as a tool for
policy analysis and to serve as a tool for forangdtey macroeconomic variables (Medina an Soto,
2011). Not only the first-round effects of diffeteshocks can be understood but also second-round

1



effects can be considered.In the past, generaloaasicnforecasting models of business cycle are in
the form ofsimultaneous-equations structural madele linear structures of these models are as
the same as the Vector Autoregressive model. S¥ahtor Autoregressive model is used to be as
the main analytic tool for economic forecastingwéwoer, there are some of the following problems:
first the correct number of variables needs to x®ueled, and second the projected future values
are required for the exogenous variables in theegays

One of advantages of the model is that the strakinterpretation of the disadvantage of the
Luca’s critique on the traditional analysis of pgleffects (Medina and Soto,2006)( Liao and Teng,
2008). Lucas(1976) indicated that estimated fumetidorms obtained for macroeconomic models
in the Keynesian tradition and the Vector: Autoregree model do not correctly account for the
dependence of private agent’s behavior on antiegogbvernment policy rules. The famous “Lucas
critique”pointed out:

"Given that the structure of ah econometric .;fnﬁ'idel consistsof optimal decision rules
of economic agents, and thatoptimal decisiolﬁ rulesvary systematically with changes
in the structure of series relevant to tHe decision maker,.it follows that any change
in policy will systematically alter the structure of econemetric models.”

Relatively, DSGE models can handle both the pdgss#isi of structural changes and the problems
of nonlinearities, since DSGE models are able émiidly that the actions of rational agents are not
only dependent on government policy variables, dlgb on government policy rules (Liu and
Gupta, 2007). The purpose of DSGE models is torpné¢ how the microeconomic principles
derive aggregate economic phenomena including bssioycles, economic growth, and the effects
of monetary and fiscal policy. Figure 1.1 shows tiygical structure of a DSGE model. DSGE
models also study how the economy evolves over éintthow the economy is affected by random

shocks such as technological change, fluctuatiornisda price of oil, or macroeconomic polices. The



decision-makers in DSGE model, often called 'agemtsy include households, firms, and
governments or central banks and DSGE models argtreeted on the basis of assumptions about
agents' preferences. There are two issues congdidei2SGE models: one is that it is possible to
ask whether the policies considered are Paretonaptianother is or how well agents satisfy some
other social welfare criterion derived from prefezes. In recent years, the DSGE model has been

the baseline framework used for theoretical analgéimonetary policy and tax policy.

Intermediate Final fi
" inal firms
Differentiated
inputs
Labor supply Good supply
Household
+ <
: /! Intertemporal
-’
u,'/ consumption/savings
Driving shocks: Technology,
marginal costs,
interestrate, ...and so on... Central Bank

Fig 1.1 The structural chart of a DSGE model
The DSGE model is the best decision of househaldi$ity and firms’profit in different
constraints. But the original DSGE model is nordineo that it will be log-linearized to obtain a
linearized steady state model. Then the first ofiteror’s expansion of a DSGE model will be
transfer to simultaneous equations. The deviatarsndogenous variables, which be obtained by
solving the simultaneous equations present théufdions of endogenous variables. In fact, there

are many uncertainties in real economic environnaedtthese uncertainties could be presented by
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applying exogenous shocks.

The hypotheses of the RBC-DSGE model includesnmatéxpectation, perfect elasticity of wage
and price, and the market is clean. However, thmotheses of the new Keynesian DSGE model
includes rational expectation, nominal rigidityohge and price, and the market is not always clean.
There are three methods for estimating the stratfparameters of a DSGE model: calibration,
maximum likelihood estimation and Bayesian estioratiAnd the log-linearized model of the

DSGE model can be solved by Blanchard and Kahnadeth

1.3 Oil Tax and DSGE model

The DSGE model has been used to.analyze these iksugeveral countries’ economic model in
some literatures. The model is framed in“the Newrkesian assumption where firms are assumed
to adjust prices infrequently and wages are setis@ised:as an input in production and also a part
of the technology used by domestic firms._lﬁhe oitg shock éan generate an income effect that
affects consumption and labor decisions. Italsﬁec&f the.marginal costs faced by domestic firms
and through this channel, their pricing decisio;i{rswell as, monetary policy modeled as a Taylor’s
rule endogenously reacts to the movéments in‘taflaénd output caused by the oil-price shock.
There are several DSGE models related to-oil-pie@uding Smets and Wouters(2003), Liu and
Gupta (2007), De Fiore and Beidas-Storm and Pogm$3009), Unalmis and Unsa (2009), and
Hongzhi (2010)in recent decades. The DSGE modéidirog oil -price let us better understand the
mechanisms through which oil-price shocks affefiation, output and the endogenous responses
of monetary policy. We can make policy analysisrogeming the Lucas Critique by using this
methodology approach. In this paper, we presentlyin@amic stochastic general equilibrium model
(DSGE model) which is the model of Taiwanese econdrhe main building blocks of the model

will be described and the results of the estimatibkey parameters will be discussed.

1.4 Literature review



Many central banks set monetary policy which nsegterest rates by operating directing on
bank reserves to achieve lower prices and stalflation. In order to carry out this job, many
central banks have used a variety of macroeconamitels to understand what drive inflation and
how changes in monetary policy feed through theeryy into inflation.

In the 80’s, Hamilton (1983) provided sudden andtiacted oil price increases are generally
accompanied by economics contractions and hightiofi. An important factors to drive inflation
is oil prices. As the rise in oil prices from $7®arrel in 2007 Q3 to $121 a barrel in 2008 Q2 was
associated with a rise in CPI inflation from 1.8862007 Q3 to 4.8% in 2008 Q3. Millard (2011)
estimated a DSGE model of the United Kingdom, thedeh was estimated using Bayesian
techniques on data for the period:1996 Q2 to 2088 Q

De Fiore, Lombardo and Stebunovs(2006)built.a- DS@&del characterized by two oll
importing countries and one “oil- exportlng countrydaevaluated the performance of simple
Taylor-type interest rate rules when the econon’rytlby oil pricé shocks and calibrated the model.
Unalmis et al. (Unalmis, Unalmis ‘and Unsa, 200@\)ejbp a’strickly-price DSGE model through
which they analyze the effects Of various__shocksmely, the increase in aggregate
demand,unexpected oil supply disruption. and thegugonary oil demand on an oil importing
small open economy and on the rest of the worleé Jtady shows the impacts of the productivity
and fiscal policy shocks which leading to a risegha world aggregate demand and a subsequent
surge in the real price of oil are different orlatibn.

Because the oil-importing country is a standard K&ynesian economy model, the structure of
the economy is closely related to the closed ecgnamdels of Christiano, Eichenbaum and
Evans(2005) and Smet and Wouters(2003). Peersma&tamdns (2012)developed and estimated a
structural model of US and oil producing countriesluding a well-specified oil market in which

oil prices are endogenously determined.



By investigating the dynamics induced by the masi oil shocks, the results which show the real
oil prices fluctuations are mostly exogenous widspect to US macroeconomic developments.
Beidas-Storm andPoghosy@n09 presented and estimated a small open economicED8&lel for
the Jordanian economy. The model features nommdlreal rigidities, imperfect competition and
habit formation in the consumer’s utility functioand oil imports are explicitly modeled in the
consumption basket and domestic production. Thidysused Bayesian methods to estimate the
model, by combining priors and the likelihood fuoot to obtain the posterior distribution of
structural parameters. Golosov, Hassler, Krusell &syvinski(2011) analyze a DSGE model with
an externality through climate change from usingsfioenergy. The results of this study is an
analytical derivation of a simple formula for thearginal externality damage of emissions. The

formula allows the optimal tax to be'easily parameed.and computed.

1.5 Structure of the paper

wap—
—

This paper is an attempt to develop and"-és;timaﬂe\ﬂ Keynesian dynamic stochastic general
equilibrium model of Taiwan. In.tis paper, fé)-llovgjrChristiano, Eichenbaum and Evans(2005),
Ireland (1997) and Peersman and étevens(ZOlZ).il?hetwal parameters of this model are
estimated by using a Bayesian approach.and. thelrgdenstructing by being assumed to adjust
wages infrequently.Oil is used as an input to potidn and is also a part of the household’s
consumption.

The rest of the paper is organized as follows: @hap presents the basic structure of the DSGE
model. Chapter 3 describes the basic theoremarnogrical simulation and parameter estimations
of the DSGE model. Chapter 4 studies the effectliftdrent economic shocks to the DSGE model.
Chapter 5 discusses the influences of oil tax @DdBGE model and the main results are explained

in chapter 6.



Chapter 2 The DSGE model

The dynamic stochastic general equilibriuthDSGE) model with the Keynesian rigid prices
assumption was used in the real business cycle &t the heart of the workhorse New Keynesian
models of macroeconomics analysis. By log-lineagzthe first-order conditions of optimizing
households and firms they allow to handle small and-scale models with excellent predictive

properties. DSGE models are also used in macroetiesdorecasting.

2.1 Household

Households obtain utility from consuming the figalods C,and disutility from supplying hours
of labor N, and M, corresponds to the total nominal-balances hetdeabeginning of period t.
Households own the capital stock and make investarahcapital utilization decisions.

Household's lifetime utility functien

Vi
EY S b7 (C. ~hCe, )’ A L(ﬂ’j " 1174 o1 (2.1)

= yr1
E,denotes the rational expectation-operator usifigrnmation up to timet=0, SU[01]is the
discount factor. The utility function displays extal habit function, b[J[01] denotes the
importance of the habit stock, which is the lasriqobs aggregate consumptionz >0
capturesintertemporal substitution attitudes ofdetwwlds andg >0 is the elasticity of the labor
supply which respect to the real wage ap& 0 is the interest rate elasticity of the monetary
demand which respect to the real wage. Preferetisptay habit information, whose strength is

measured by the parameker

The consumption bundle is a composite of core (nel)-consumption goods and imported fuel:

Ct(j):{( 3 Zt(J)”+5"COt(J)”}n_ (2.2)
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where C, represents fuel consumption, @y is a bundle non-fuel consumption. The

parametersis the elasticity of substitution between oil amdecconsumption, and defines their
corresponding share. Households maximize thditysubject to the following budget constraint:
B, M/ _M, B, W T.! Diy,

b1 T 2R R I/ 4+
PR'R PR R R P RR (2.3)

Iy
C/+I+

wherel! denotes investment expenditui/' is the nominal wag®’' denotes holdings of a
riskless bond that costs the inverse of the grossimal interest rateR, > )land pays one unit of

currency next period.T,’ denotes nominal transfers from (or lump-sum taxe&l go ) the
government, K denotes holdings of the capital stoak,denotes capital utilization rate and
R“is the rental rate which householdsirent capitahtfirms that produce intermediate goods,

Div denotes dividends that intermediate. firms/pay toskolds. And[R‘u, — P f (u)IK/ is the

e
e

rent of the net capital. iV

N

Household’s capital accumulation equétion is

K= A= 80K, + (1- S,
L (2.4)

. . . I . .
where 9, is capital deprecation rate,S(i) Is investment adjustment cost and
t+1

S(Zt—lt) =S (Z‘—It) =0 in steady state.

It+1 t+1

The following is a Langrange function including repentative household’s utility and budget

constraint.

o M =
. bEZ(e hctl)a+i(—‘j -
V=Eoz,3t -1 y-1

_Btj_l _Vthth _[Rtkut _W(ut)]Ktj—l _th ~Div] - QK —(-6)K, - @~ S( ))I ]

t

N2 . B! . ,
POV RIGICE Is)+ﬁt+w -M/,




(2.5)

And we can obtain first order condition of by makiing the Langrange function.

-1
N =h(C,-hC,)7 AR =0
oC, (2.6)
oV M,
M :bt(Ft)g"'ﬂREt{/‘tﬂ}_/itPt:O
(") ‘
R 2.7)
v A
_:,BEt{/‘H}__t:O
0B, R (2.8)
o y _
oK = ,BEt{/]t+1(Rt+1ut+1 - f (ut+1)) +P4Q., 1-9)} —/]tPtQt =0 2.9)
oV | ARG A Al — A P ozl zol 1,
S =Q-SE) =1QS () T ERfQ ) S 5 (B B Sy
t t-1 t=1 ‘t-l 1_ t t t t t
(2.10)
RY=Rf (u) (2.11)

whereQ, is Langrange multiplier and it"means'the valuecapital investment. Calvo(1983)
claimed the assumptions of fully flexible pricesdamages are sometimes inconsistent with some
empirical evidences on prices and wage adjustnidmd.Calvo model assumes that there is a fixed
probability 1-¢&, that a household canre-optimize its nominal wageeach period.In the

constraint of aggregate demand for labor is

a1 "

1
N, =([NG) & )
0

(2.12)

, the labor demand of the household j is



W.(3)

-gv
—) "N
W )N,

N, (J) =(
(2.13)

,whereN, () is the demand of the jth labovy, j (i¥ the price ,W, is the wage and 8" is the
wage elasticity of the labor demand. The aggregaige is

1 1

1 N1-" gi11-6" —gv «1-6" S 1_gw
W, =[W ) AT = [, (W)™ + @- Ew T

(2.14)

whereW,” is the optimum wage,

A household choose the optimal wages to maximieedhl value of the sum of utility from

periodt to periodt+k :

= M t+y
maxE, Y (5¢,) U (CH% P—t NH%) =
- v e (2.15)

N

And the first order condition is

1

: W, v DNG
maXEtZ(ﬁfw)k Et Nt+kUt P_txtk +:ut+k bt ¥ ;1 = O
k=0 Lk Bk (Ct+k - th+k—1)”
. 6"
wherey,,, = "k | : 2.16
Hi Btvik -1 ( )
2.2 Firms

The firms of a country which is a gross oil imigo produce non-oil goods. Intermediate goods
producers combine oil with other input factors e foroduction process of non-oil goods. Each of
these different type of goods is produced by alsifigns, which faces monopolistic competition.
2.2.1 Final firms

The production function of the final goods produscier

10



HP

:ﬁmi)tﬂpdi} ;
° (2.17)

8" is the variable demand elasticity. The aggregateasel of theithintermediate input goods for

final goods producers from maximizing final goodsfjts is

P.()
Yi(i)= ( j .
R (2.18)

substituting (2.17) into (2.18) to obtain the redatbetween the prices of intermediate goods and

the prices of final goods:

U (1) di Jf ‘
) (2.19)

2.2.2 Intermediate firms

The technology of the intermediate firm is'-:Z;iTVenmyduction function
a-1 1 a1\ 71 ‘
(m (VA) @ +(1-1,)%(O; )"j'
(2.20)
with VA = £ (N])?(KS)
,.where VA is the value added outpu®, is oil, a >0defines the elasticity of substitution

between value-add and oil in productiofi, captures the share of labor in GDf, represents the

TFP ;

share of the added-value production factors ingyoegput, ande, " is the total factor productivity.

The following demand curves for labor and oil arplied by cost minimization:
A =—(W, —F) + @+ 7k, (2.21)

O, =-a(p~8) +VAwith §=(Q-O) +&h ~&"

11



The real marginal costs of intermediate firms edsial
1

MC, = 1,0 +A-n)(O ) k5 =l ) (ke |+ (1—r/t)(o;t)1'”}“”, (2.23)

The Calvo model assumes that each period theréxsaprobability £, that a household

canre-optimize its price. The inflation adjustmisR (i) = 77,_,P_, (i) . A firm choose the optimal

price to maximize the real value of the sum of fggdfom period to periodt+k :

max Et z Et.t+k (F)t’k th - I:)t+k |vlCt+k )Yt+k (I)
k=0

(2.24)
where ., = ,8"/];1—”‘, and {, .., = B“in steady state.
t
And the first order condition from maximizing prisfils
- k H I:¥+k—l . p H _.
zngt Zt,’(+kY(+k(|) P—R —_:ut F)t+k(|)MCt+k =0
k=0 t-1 'n:"-'j . (2.25)
and | *‘{‘ | ‘
ovidPae o S MO (AW I (8 . 6 . .
E{ﬁ‘) “Ov(n)[ g - P+-(I)MC+J}+E{ﬂ1 “lv(n)( LR - R, (I)MC+j}=0
A t R t G5 —1 tk‘ L A t Ra t g% -1 o -
BP
where P ="tk
/'It+k agk _1

The followings are the exogenous shocks of the D&®Hel:
investment adjustment cost shock inz, = 1-p,)Inz+ p, Inz,_, + 7/}

(2.26)

TFP TFP

production facto shock g™ =@1-p,)Ine™ +p, Ing"7 +n/
(2.27)
consumer preferences shocklnb, = @-p,)Inb+ o, Inb_, +n¢

(2.28)

12



price adjustment cost shock :Ing” = L-p, ) Inu® +p, Inul +nP

(2.29)
wage adjustment cost shock :In " = (L p,, ) Inu" + p,,, In ", +nf"

(2.30)
interest rate adjustment cost shocklnV, =@=p,)Inv +p,Inv_ +n/

(2.31)
capital utilization shock : Inu, = 1-p,)Inu + g, Inu,_, +7;

(2.32)
real oil price shock : In py, = (1= 0,0)INn Py + 0,61 Po,-y +7,°

(2.33)

where p [0(-11) and x are the values of the exogeabosks in steady state.

n; isdistributed (iid) series with mean 0 and stangbrdation is variance?z.

—
™y

All households are consistent in symmetrical equiiim, such asP.i) = P, N,(i)=N,,
Y (i) =Y, K (i) =K, and all'parameters ére constant in Steady. state
2.3 Log-Linearized Model

Log-linearization producer is in line with the opesented in Campbell (1994) and Uhig (1995).
Variables are denoted in the letters without supstidenote steady state vales. Big letters with
subscript t denote variables without any transfdioma Letters with subscript t and hat above
denote log deviations of particular variable froieasly state. Below | present how log-linearization

procedure is applied. Deviation of capital fromeste state is equal:
)Zt =InX, -InX
InX, =InX + )A(t

Taking exponents of both sides we get:
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nX, — ghn X+X, — g . ex

e
Thus:
X, = Xe* = et =2t

X
Next step is to take the first order Taylor appnaaiion of e around the steady state thl)ASt =0,
though we get:
et =’ +e°(X, -0) =1+ X,

Thus:

5 _ X _ SN X=X
1+Xt—7‘:>xt—X(1+Xt)orxt: IX
The variable Kt multiplied by 100 informs by what perecentage capat time t diverges from the

steady state. So for example H%t is equal 0.2 we interpret thét capital is 20% abitwe steady
o

state. 1l A

N

The followings are log-linear equations of the :I-DSKBEdeI. Combine (2.5) ,(2.6) and (2.7) to

obtain monetary demand equation:

LY —he) =P (23
ym (- h)( hC.,) = ﬁr( )

Combine ( 2.5) and ( 2.7) to obtain Euler’s equatio

& a(l h)
6 =1y BBt G T+ B - BB ) 039
Obtain investment equation from (2.10) and (2.11)
~_ B LY A
I = 1+ ,B t{ t+1} 1+ ,8 Iy t 1+,3 1+,B t{ﬁm Zt}) (2_36)

~k _ U, _f@
where _%u v, = (%"(1)

Obtain capital process equation from ( 2.4):

Kea = L= 3k, + 5,0, (2.37)
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Combine (2.14) and ( 2.17 ) to obtain real wagea¢ion:

- 1 - - N N N 1-6E,)2-&,) , -
Wt:1+ﬁ(nt—l+wt—1)_ﬂt+%Et{wt+l+ﬂt+l}_( g‘*ﬂ)’()fw )(Wt_lut -
1. 1
—n, -— (¢, - hc
PR (C, t-1))
(2.38)
Technology equation of the intermediate firm is
=1,(VA) +(L=1,)8, (2.39)
where VA =& + i + (1~ 6)k,
the demand curves for labor and oil by, minimiziogtc
A, =—(F — )+ Q+Fk (2.40)
Ogt = _a(ﬁo,t _§[)+VA , Where §1 = (1—0)':\:( +3’AVt —‘g’tTEP (2.41)
Combine(2.19), (2.13) and*( 2.25) to obtﬁlﬂtibn equation:
~_ 1 B (- P8, )(1 1. )
T = a'r + =)W, — 4
Gt T gV T R 8, et Ha)i - 20) o)
The balance condition of goods market is:
PA-L@-9))-afo . afo ~
Y o ) - S (2.43)
H*1-BA-0) H1*1-p01-9))
The Taylor’s rule of Central Bank’s monetary polisy.
I:j(:(:I-_yr)(ywﬁ’;-'-yyy’()-'-yrﬁ(—l-'-ljt (2)44
The followings are the log-linearized equationgrbdgenous shocks, including
investment adjustment cost shock 2 = p,2_, +7/
(2.45)

production factor shock & = p €5 +nf

(2.46)
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A b
consumer preferences shockl =g +7,

(2.47)
price adjustment cost shock, " = p,, 4", +7®

(2.48)
wage adjustment cost shock /" = ,O,JWfltvfl +n{"

(2.49)
oil price shock  Pf = Ppo Pia +17”°

(2.50)

(2.51)

(2.52)
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Chapter 3 Estimation methodology

3.1 Parameter estimation

The structural parameters of a DSGE model mustshimated before the model is numerically
solved. There is a maximum likelihood function toanslate the prior distribution of
observablesrepresented by a vector of fictitiousseolationsinto a distribution for the
modelparameters. In principleone could use thdilied function of the DSGE for this purpose.
First the log-linearized model of the DSGE modelatved by Blanchard and Kahn method and the
form of the solution is presented as the following:

% =Fx, + D¢

X, = Hx,
wherex, is the state variabless,/is random perturbationsX, ={9,,6,.f,,M, 7, W, A i} is

observable variables. Coefficient matrices FTB',’Iﬁami on the Structural parameters of the model.
The number of observable variables is equal tonthmber of exogenous shocks. There is a

maximum likelihood function derived-by.using Kalmiter. méthod.

us

L(Xi |0) = (27-[)_E Qt\t—l 2 @X{_%(Xt . Xt\t—l)'Qt\t—l—l(Xt > xtt—l)j|

where X, =H 'x[‘t_l,Qm_l = B(X; = X)X, — Xt‘t_l)'. In general, we can use Bayes theorem to

estimate the parameters of the DSGE model. The mesnlt of the estimation is posterior

probability distribution.The posterior probabilitg the probability of the parametétgiven the

evidence X : p(6'|X). It contrasts with the likelihood function, whidh the probability of the
evidence given the paramet@(§|X) .We have a prior belief that the probability fuoctiisp(6)

and observations X with the Iikelihooqb(6’|X) , then the posterior probability is defined as

17



_ pO)p(X9)

X
p(4 X)) o0X)

The posterior probability can be written in the noeable form as
Posterior probability [0 P rior x Likelihood

In the followings we use calibration and historidata to set priors distribution of the model’s

parameters, then estimate posteriors distributitm®imodel’s parameters.

3.2 Priors distribution

In estimation, each parameter will be .estimatedriar gistribution. There are usually four
common prior distributions used in estimation: Béistribution for parameters between 0 and 1,
Gamma distribution for parameters restricted tepbsitive, ‘inverse Gamma distribution for the
standard deviation of theshocks, and NormeLdshmlm There are three methods to estimate the
parameters of the DSGE model: calibratii)_n, maximbkelihood estimation and Bayesian
estimation. For calibration, someeconbrﬁic moqm’émeters in past literatures will be used .

The period of calibration corresponds:to a quarTée value for habithis given by 0.65 in
Teo(2009) and elasticity of wage of labor supplgiien by 0.42 in Smets and Wouters(2003). The
capital deprecation rat®, is given by 0.025 in CEE al(2003). We also analyze Taiwanese
historical data to obtain regression model. Theepkble variables include the output the
consumptionc  the interest rater ,the nominal wagew, the nominal inflation(CPI)7z the
nominal labor n, the nominal investmenthe monetarym We use the data use quarterly data for
Taiwan from 1997Q1 to 2011Q4 provided from DireaterGeneral of Budget, Accounting and
Statistics,ROC (DGBAS). The outpwy is measured as seasonally adjusted real grossstiome
product(GDP), the consumption is measured as per capita consumption expendithee,

interest rater is measured as overnight call loan rate, the nalwage wis measured as average
18



monthly earnings of employees on payrolls - indugtservices, the nominal inflation(CPIyz is
measured as consumer price indices by basic gtbapominal laborn is measured as numbers
of employees, the nominal investmeist measured as gross domestic fixed capital foonathe
nominal mis measured as monetary aggregates M2. We takealog of this data, then de-trend
these values by HP filtering and carry out seasawjustment. These data are shown in

Fig3.1~Fig3.8 and the priors distributions of paetens are presented in Table 3.1.

-.06

T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

——time trend
—o— Logarithmic consumption(distrend)
—— Logarithmic consumption

Fig 3.1Taiwan’s quarterly data from 1997Q1 to 2011@— Consumption
Sources: Directorate-General of Budget, Accountingnd Statistics (DGBAS), ROC
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T T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

investment time trend
—o— Logarithmic investment(distrend)
—— Logarithmic investment

Fig 3.2Taiwan’s qua,rterly data from 1997Q1 to- 2011@— Investment
Sources: Directorate-General of $L}dget AGcQUntlngnd Statistics (DGBAS),ROC
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T T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

—— Monetary time trend
—o— Logarithmic monetary (distrend)
—— Logarithmic monetary

Fig 3.3Taiwan’s quarterly data from 1997Q1 to 2011@— Monetary
Sources: Directorate-General of Budget, Accountingnd Statistics (DGBAS),ROC
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1998 2000 2002 2004 2006 2008 2010

Labor time trend
—o— Logarithmic labor (distrend)
—— Logarithmic labor

Fig 3.4Taiwan’ S quarterly data fro:p 1997Q1 to 2011@— Labor
Sources: Directorate- General of I@(ﬁgét Accountlngnd Statistics (DGBAS), ROC
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-4.60

- 4.56

Las2

-.03

T T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

—— CPlI time trend
—o— Logarithmic CPI (trend)
—a— Logarithmic CPI

Fig 3.5Taiwan’s quarterly data from 1997Q1 to 2011@— CPI
Sources: Directorate-General of Budget, Accountingnd Statistics (DGBAS), ROC
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1998 2000 2002 2004 2006 2008 2010

Interest rate time trend
—o— Logarithmic interest rate (distrend)
—— Logarithmic interest rate

Fig 3.6Taiwan’s quarterly data from 1997Q1 to 2011@— Interest rate
Sources: Directorate-General of I@(ﬁgét Accountlngnd Statistics (DGBAS), ROC
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T T T T T T T T T T T T T T
1998 2000 2002 2004 2006 2008 2010

—— Wage time trend
—o— Logarithmic wage (distrend)
—— Logarithmic wage

Fig 3.7Taiwan’s quarterly data from 1997Q1 to 2011@— Wages
Sources: Directorate-General of Budget, Accountingnd Statistics (DGBAS), ROC
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Fig 3.8Taiwan’s quarterly data from 1997Q1-t0, 2011@— Output
Sources: Directorate-General of Budget, Apgguntingnd Statistics (DGBAS), ROC

e
g

Table 3.1 The priors distrib‘fu;ion"éf parameters ofthe DSGE model

Para- prior Prior : definitfon Pata- prior Prior definition
meter mean distribution meter: mean distribution
y 0.599 B interest rate 2 0.782 B influence
elasticity of the coefficient of
monetary interest rate
demand last period
g 0.420 B cross-elasticity Vi 1.700 y influence
of substitution coefficient of
interest rate
to inflation
h 0.650 B habit formation Wy 0.289 B influence
coefficient of
interest rate
to output
B 0.990 B discount factor 0, 0.410 B exogenous
shock
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parameter

o, 0.025 4 capital Jox 0.41 B exogenous
deprecation rate shock
parameter

7, 0.900 B share of the 0.410 B exogenous
domestic He shock
production parameter

exogenous
shock
parameter

' 0.828 B Probability of ¢ 0.400 B
not setting best

wage

3.3 Posteriors distribution
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We can estimate variants of the model by using Bayemethods. The Bayesian approach
provides a framework for making model comparisond gields posterior adds for each models.
When a prior p(6 pnd a sample of data Y, the posterior density efmtiodel parameterg is the

proportional to the likelihood of the data multgdi by the prior p(6, )
p@Y)OLE[Y)p(@&)

the likelihood function can be estimated using Keman filter by combining the state-space
representation of the model solution with a measerdg equation, linking the state vector to the
observed data. The model solution will be written a

V, =D, (F )V, +P,.(5)e

A measurement equation then.relates the: modelblasia/, to a vector of observableg, . All

observables are measured in.percentage deviatimms $teady state levels. The vector of

observablesx, is composed of/log outpu_t:;%/.(fb), annualized log quarterly changes in the
consumption¢®), annualized-jeg guarterly :(':_hanges in the’ monefany® ) , annualized log
guarterly changes in the Wagea{’(‘), anr;ualized leg-quarterly changes in the G}, annualized
log quarterly changes in the interest rate$); annualized log quarterly changes in the labaf8)(

and annualized log quarterly changes in the investsn (k*). The linear trends of this

observables has been removed. The model varialdescaled to be measured in the same units as

the observables. The measurement equations retagngodel variables to the observables are
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y®) (1 0 00 0 0 0 0OYy,
¢®| |01 00000 O0|c
m®/ |0 010000 0|m
w®| |0001000 0|w,
n7°1 10000100 0fn
r® |0 0000 100|r
n®| |0 0000O010]|n
k*) (0 000000 1)k

Posterior draws are obtained using Markov Montdddaethods and made from the posterior
distribution using the random walk Metropolis Hag8 algorithm. After estimating the posterior
distribution of the N models, each model is comgddrew well they fit the observable variables by

using Bayes factors. The Bayes factor of‘-modelkranodel jis

o POl
P(Y])

whereP(Y|i) is the marginal likelihood of/medet i:

PY[) = LEAY)P()dS,

3.4 Solving the DSGE model

The log-linearized model of the DSGE-model-can tleexl by Blanchard and Kahn method.
This method is based on the idea of solving linear systiey searching for the stable manifold of theeyst
of nonlinear equations. In all cases the equilirizonditions describing the models need to be lined.

The solution of the rational expectations modelinigque if the number of unstable eigenvectors ef th
system is exactly equal to the number of forwankiog variables. The Blanchard and Kahn condit®n i
that the number of eigenvalues in L greater tharugt be equal to number of forward-looking variable
The log-linearized model of the DSGE model mustshésfied in Blanchard and Kahn condition. We
estimate and solve the DSGE model using Dynar®.43B/nare is a software platform for handling a

wide class of economic models, in particular dyrastochastic general equilibrium (DSGE) and
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overlapping generations (OLG) models. The modelgessmated and solved by using Dynare.
Dynare is not its own program but is rather bagicalcollection of Matlab code, so we first must

install Matlab and Dynare and create .mod filesithan the Dynare code to obtain the solutions.
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Chapter 4 Experiment result

4.1 Estimated results

We estimate the mode the posterior distributionmaximizing the log posterior function, which
combines the priors with the likelihood given by ttata and then use the Metropolis-Hastings
algorithm to obtain the posterior distribution. TaB.1 shows the posterior distribution and means
for the structural parameters. Table 4.2 showshberetical moments. Fig 4.1 and Fig 4.2 shows
the prior distribution. Fig 4.3 and Fig 4.4 shoWws prior distribution and the posterior distributio

Fig 4.5 shows the smoothed shock and Fig 4.6 slkestwsated output and historical data.

Table 4.1 The posterior distribution of structural parameters of the DSGE model
(by Bayesian estimation)

prior post. meansconf. interval Prior pstdev

mean distribution
y 0.599 0.6116 0.6114 0.6118 B 0.0020
o 0.420 0.4125 0:4125 0.4126 B 0.0020
h 0.650 0.6471 0.6471 0.6472 B 0.0020
B 0.990 0.9718 0.9718 0.9718 B 0.0020
Y 0.148 0.1473 0.1472 0.1473 B 0.0020
Oy 0.025 0.0143 0.0143 0.0143 B 0.0020
o) 0.100 0.1021 0.1021 0.1021 B 0.0020
7 0.200 0.2040 0.2040 0.2040 B 0.0020
1, 0.900 0.8996 0.8995 0.8996 B 0.0020
a 0.410 0.4137 0.4137 0.4138 B 0.0020
6 0.350 0.3425 0.3425 0.3426 B 0.0020
¢ 0.420 0.4153 0.4153 0.4154 B 0.0020
'H 0.828 0.8165 0.8164 0.8166 B 0.0020
ép 0.905 0.9048 0.9048 0.9049 B 0.0020
V. 0.782 0.7843 0.7843 0.7843 B 0.0020
Vw 1.700 1.7118 1.7117 1.7119 y 0.0020
Wy 0.289 0.2944 0.2943 0.2944 B 0.0020
P, 0.410 0.4137 0.4136 0.4138 B 0.0020
o 0.410 0.4066 0.4065 0.4065 B 0.0020
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0.410 0.4026 0.4025 0.4028 B 0.0020
0.410 0.4072 0.4071 0.4072 B 0.0020
0.410 0.4144 0.4144 0.4145 B 0.0020
0.410 0.4108 0.4106 0.4109 B 0.0020
0.410 0.3973 0.3973 0.3973 B 0.0020
0.410 0.4112 0.4112 0.4112 B 0.0020
0.400 0.4049 0.4049 0.4050 B 0.0020
1.200 1.2112 1.2111 1.2113 y 0.0020

Table 4.2 — Theoretical moments of the DSGE moddHP filter, lambda = 1600)

VARIABLE MEAN STD. DEV. VARIANCE
m 0.0000 5.0717 25.7221
c 0.0000 0.1232 0.0152
m 0.0000 0.0813 0.0066
7l 0.0000 010075 0.0001
b 0.0000 0.0502 0.0025
q 0:0000 25124 6.3122
i 0.0000 0.3198 0.1023
Z 0.0000 0.0502 0.0025
k 0.0000 0.0422 0.0018
po 0.0000 0.0502 0.0025
n 0.0000 0.1609 0.0259

VA 0.0000 0.0701 0.0049
y 0.0000 0.0727 0.0053
w 0.0000 0.0672 0.0045
Erep 0.0000 0.0502 0.0025
u, 0.0000 0.0502 0.0025
Hy 0.0000 0.0502 0.0025
U, 0.0000 0.0502 0.0025
v 0.0000 0.0502 0.0025
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4.2 Estimated Impulse réspohses ofsstructural shosk

4.2.1 The production factor shock

Figure 4.7 presents the estimated response of ptggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raise productotof by 1 percent. The maximum response of
real variables to the shock occord almost immeljiafehe effect of this preference shock is to
raise output by 0.8 percent, value-add productip®.B percent and interest rate 0.05percent. The
effect of this production factor shock is to falbrery supply by 0.15 percent, wage by 0.01percent ,
number of labor by 0.1 percent, investnent by Hypg&rcent and inflation 0.02 percent. But monery

supply, consumption,wage will reverse to rise afteor 2 years. The rising effect of output,
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value-add production and number of labor will bekbto base after about 2 years and the other
items will be back to base after about a few maa'y. From aforementioned results, we know the
inflation will fall due to technology process anchi’s marginal costs of production. The output and
the value-add production will rise immeand the wagjerise after half a year.
4.2.2 The consumer preference shock

Figure 4.8 presents the estimated response of ptggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raise consumtarenee by 1 percent. The maximum response
of real variables to the shock occord almost imraedly. The effect of this preference shock is to
raise output by 0.025 percent, value-add-produdif.01 percent, monery supply by 0.3 percent ,
wage by 0.04percent,investnent by+0.03 percentatioh by 0.001 percentand interest rate
0.0025percent. The effect of this preference shiedb fall number of labor. But monery supply
will reverse to rise after 1 year. The rlsmg e'ffeé output, value-add production and number of
labor will be back to base after about 2 yearstaecbther items will be back to base after about a
few more years. From aforementiohed results, wewkrbe consumer preference will rise

consumption and output. And money.supply will &ftier about 1 year.
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4.2.3 The price adjustment cost shock

Figure 4.9 presents the estimated response of ptggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raiseprice adamtroost by 1 percent. The effect of this
preference shock is to fall output by 0.015 petrcemlue-add production by 0.015 percent,

monery supply by 0.1 percent ,and number of lalyo®.04 percent. The effect of this preference
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shock is to rise wage by 0.04 percent , inflatigrOD2 percent and inflation by 0.015 percent. All
effects will be back to base after about severargeFrom aforementioned results, we know the
price adjustment cost shock will rise inflation afadl consumption. And money supply will fall

after about 1 year.
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Fig 4.9Impulse response to a 1% price adjustment sbshock
(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; va: added value production)

4.2.4 The wage adjustment cost shock

Figure 4.10 presents the estimated response ofip@ggregate consumption, money supply, the
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nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raise wage adpustoost by 1 percent. The effect of this
preference shock is to raise output by 0.025 meroealue-add production by 0.025 percent,
monery supply by 1 percent , wage by 0.04 percedity@estnent by 0.03 percent. The effect of this
preference shock is to fall number of labor, intéreateby 0.01percent and inflation by 0.015
percent. All effects will be back to base after atbgeveral years. From aforementioned results, we
know thewage adjustment cost shock will rise corgion, inflation and output. And money

supply will fall after about 1 year.
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Fig 4.10Impulse response to a 1% wage adjustmentstoshock
(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; va: added value production)
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4.2.5 The oil price shock

Figure 4.11 presents the estimated response ofipatiggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raiseoil price pgrcent. The effect of this preference shock s
to raise consumption by 0.015 percent, value-addymtion by 0.03 percent, monery supply by 0.8
percent , wage by 0.01 percent, inflation by 0.0@&bcent, number of labor by 0.025 percent,
andinvestment by 0.03 percent. The effect of thifguence shock is to fall output by 0.15 percent,
and interest rateby 0.015 percent. All effects Wwél back to base after about 1 or 2 years. From
aforementioned results, we know theoil price shwitkrise inflation andmoney supply. And output
will fall due oil price shock.
4.2.6 The capital utillzation sheck

Figure 4.12 presents the estirhated respanse ofipuEpgregate consumption, money supply, the
nomial wage, inflation, interest rate, numb;r;i‘ﬂfda investment, and value-add production to an
preference exogenous shock IS to rais:e‘j capit?aiaﬂ'd)nby 1 percent. The effect of this preference
shock is to fallconsumption by 0.1 p:ercent, mogsapgply by 5 percent, and investment by 0.2
percent. The effect of this preference shock iss® wage by 0.3 percent, inflation by 0.04 percent
interest rate by 0.1 percent, wage by 0.01 percamhber of labor by 3 percent, andoutput by 1
percent. Output and number of labor will be baclk#&seabout 1 or 2 years, other iterms will be
back to base about more years From aforementicemdts, we know thecapital utillzation shock

will rise output due to the raise of number of labo
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4.2.7 The interest rate adjustment cost shock

Figure 4.13 presents the estimated response ofip@ggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an
preference exogenous shock is to raise interestadjustment costby 0.5 percent. The effect of this
nterest rate adjustment cost is to fallconsumpbip0.5 percent, money supply by 25 percent, wage

by 0.3 percent ,investment by 0.25 percent, irdtatoy 0.2 percent. The effect of this interest rate
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adjustment cost is to rise interest rate by 0.kgmdr and number of labor by 0.15 percent. All
effects will be back to base after about 1 or 2rge&rom aforementioned results, we know

theinterest rate adjustment cost shock will fatipotl and added-value goods.
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Fig 4.13Impulse response to a 1% interest rate adgiment costshock
(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; va: added value production)
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Chapter 5 Discussion about Oil Tax

5.1 QOil tax and the DSGE model

In this chapter, we will discuss the influence dftax on the DSGE model. There are two cases
discussed in this chapter: one is that the amoloil tax is proportion to oil price, the othertisat
the amount of oil tax is proportion to the amouhoid consumption. The two model's posterior
distributions are estimated by maximizing the lagsterior function, which combines the priors
with the likelihood given by the data and then tis& Metropolis-Hastings algorithm to obtain the
posterior distribution. Table 5.1 shows the postedistribution and means for the structural
parameters. Then the estimated impulse responsg#suctural shocks will be shown in section 5.2
and section 5.3.

Table 5.1 posterior distribution-and means forthestructural parameters.

prior Mode Mode Prior pstdev
mean (the amount of oil tax (th.é amaunt of gil tax  distribution
is proportion to oll is_proportion to the
price) amount of oil)

y 0.599 0.5992 0.5992 B 0.0020
o 0.420 0.4171 0.4187 B 0.0020
h 0.650 0.6550 0.6523 B 0.0020
B 0.990 0.9830 0.9833 B 0.0020
Y 0.148 0.1480 0.1480 B 0.0020
O 0.025 0.0145 0.0345 B 0.0020
o) 0.100 0.1032 0.0897 B 0.0020
n 0.200 0.2000 0.2000 B 0.0020
/A 0.900 0.9000 0.9003 B 0.0020
a 0.410 0.4147 0.4124 B 0.0020
6 0.350 0.3499 0.3498 B 0.0020
¢ 0.420 0.4195 0.4198 B 0.0020
éw 0.828 0.8251 0.8277 B 0.0020
& 0.905 0.9019 0.9032 B 0.0020
2 0.782 0.7842 0.7811 B 0.0020
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Y 1.700 1.700 1.6999 y 0.0020
Yy 0.289 0.2887 0.2893 B 0.0020
o, 0.410 0.4100 0.4100 B 0.0020
o 0.410 0.4099 0.4073 B 0.0020
yor 0.410 0.3984 0.4072 B 0.0020

0.410 0.4101 0.4101 B 0.0020
Pu,

0.410 0.4111 0.4100 B 0.0020
P

0.410 0.4100 0.4237 B 0.0020
Pro
o, 0.410 0.4105 0.4121 B 0.0020
o, 0.410 0.4088 0.4089 B 0.0020
¢ 0.400 0.4000 0.4000 B 0.0020
Up 1.200 1.1985 1.2049 y 0.0020

5.2 Impulse responses of structural'shocks -the amot of oil tax is

proportion to oil price
5.2.1 The production factor shock

Figure 5.1 presents the estimated response of Hutggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dbdg investment, and oil consumption to an
preference exogenous shock is to raise producticiof by 1 percent in the DSGE model including
oil tax. With comparison to the DSGE model withait tax, it is obvious that the upraised
amptitudes of output is smaller. The aforesaid &uiws the oil tax will affect the production’s
increasing.
5.2.2 The consumer preference shock

Figure 5.2 presents the estimated response of ptggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dida investment, and value-add production to an

preference exogenous shock is to raise consumé&renees by 1 percent in the DSGE model
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including oil tax. With comparison to the DSGE mbudghout oil tax, it obvious that the upraised

amptitudes of output and consumption are smalled, the unemployment rate is rising. The

aforesaid fact shows the oil tax will affect theasomer preference.
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Fig 5.1Impulse response to a 1% production factorteck (oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)

5.2.3 The price adjustment cost shock
Figure 5.3 presents the estimated response of putggregate consumption, money supply, the

nomial wage, inflation, interest rate, number dbdg investment, and oil consumption to an
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preference exogenous shock is to raise price adg@rgt cost by 1 percent in the DSGE model
including oil tax. With comparison to the DSGE mbudghout oil tax, the upraised amptitudes of
output is smaller and the unemployment rate isigisThe aforesaid fact shows the oil tax let the

positive effects of price adjustment are obvious.
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Fig 5.2Impulse response to a 1% consumer prefereneshock(oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)

5.2.4 The wage adjustment cost shock

Figure 5.4 presents the estimated response of ptggregate consumption, money supply, the
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nomial wage, inflation, interest rate, number dbda investment, and oil consumption to an
preference exogenous shock is to raise wage adgastoost by 1 percent in the DSGE model
including oil tax. With comparison to the DSGE mbudghout oil tax, the upraised amptitudes of
consumption and wage are smaller and the inflagamsing. The aforesaid fact shows the oil tax

reduces the effects of wage adjustment .
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Fig 5.3Impulse response to a 1%price adjustment coshock (oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)
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5.2.5 The oil price shock

Figure 5.5 presents the estimated response of ptggregate consumption, money supply, the

nomial wage, inflation, interest rate, number dbda investment, and oil consumption to an

preference exogenous shock is to raise oil pricé pgrcent in the DSGE model including oil tax.

With comparison to the DSGE model without oil téxe upraised amptitudes of consumption and

output are smaller. The aforesaid fact shows thewiwill reduce the consumption and production.
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Fig 5.4Impulse response to a 1%wage adjustment casftock (oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;

n: Labor; K: Investment; og: oil consumption)
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5.2.6 The capital utillzation shock

Figure 5.6 presents the estimated response of ptggregate consumption, money supply, the
nomial wage, inflation, interest rate, number dbda investment, and oil consumption to an
exogenous shock is to raise oil price by 5 pereéenthe DSGE model including oil tax. With
comparison to the DSGE model without oil tax, theaised amptitude of wage is smaller . The

aforesaid fact shows the oil tax will affect thepicat of capital utilization.
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Fig 5.5Impulse response to a 5%oil price shock (dix is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)
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5.2.7 The interest rate adjustment cost shock

Figure 5.6 presents the estimated response of ptggregate consumption, money supply, the

nomial wage, inflation, interest rate, number dbda investment, and oil consumption to an

preference exogenous shock is to raise capitaativn by 1 percent in the DSGE model including

oil tax. With comparison to the DSGE model withoilttax, the upraised amptitude of output and

the decreasing amptitudes of consumption are smdllee aforesaid fact shows the oil tax will

affect the impcat of interest rate adjustment cost.
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Fig 5.6Ilmpulse response to a 1% capital utilizatiorshock (oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;

n: Labor; K: Investment; og: oil consumption)
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Fig 5.7Impulse response to a 1% interest rate adjimient costs hock (oil tax is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)

5.3 Impulse responses of structural shocks -the amot of oil tax is

proportion to the amount of oil consumption

In this section, the amount of oil tax of the DS@i6del is proportion to to the amount of oil
consumption, With comparison to the the cases atige 5.2, the estimatined impulses are not

obviously different. Figure 5.8 presents the estadaesponse of output, aggregate consumption,
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money supply, the nomial wage, inflation, intereate, number of labor, investment, and oll
consumption to an preference exogenous shockrade oil consumption by 5 percent. production
factor shock is to fall monery supply by 0.15 petcevage by 0.01percent , number of labor by 0.1
percent, investnent by by 0.1 percent and inflatioi®2 percent. But monery supply,

consumption,wage will reverse to rise after 1 or 2
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Fig 5.8Impulse response to a 5%oil price shock (dix is considered)

(y: Output; c: Consumption; m: Monetary; w:Wage; pi: Inflation; r: Interest rate;
n: Labor; K: Investment; og: oil consumption)
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Chapter 6 Conclusion

In this paper, we present an estimated a New Kegm&SGE model for the Taiwanese economy.
This paper has estimated a DSGE model of Taiwarldped originally by Christianet al ( 2005),
Ireland (1997) and Peersmeral (2012).The basic building blocks of the model stendard in the
literature. There are three consumption goods: er@rgy output, petrol and utilities; consumers
choose how much of each of these goods to consonoeder to maximize their utility in their
overall wealth. Oil is used as an input to produttand a part of households’ consumption in this
paper. There is a flexible elasticity of substatbetween oil and other types of consumption goods
in the consumption bundle. We also simulate théasilshock on macroeconomic. The results of the
present paper are based on a'Bayesian estimated mod support the view that inflation and
interest rate move in opposite directions aftepiuprice shock: The simulated results also support
the view that the oil tax will make the data wgrsen

The main results of this paper.are follév:xl/.i.ngs. i-itke production factor shock, consumer
preference shock, wage adjustment  cost éhock wilhediately raise output, the value-add
production consumption. The capital utilizationskaill'raise output due to the raise of number of
labor. The price adjustment cost shock, oil prizeck will raise inflation and fall consumption. The
interest rate adjustment cost shock will fall outpund added-value goods. A 1% increase in
production factor leads to raise in output of abbut and a 1% increase in consumer preference
leads to raise in output of about 0.025%. A 1%anse in consumer preference leads to raise in
consumption of about 1% and a 1% increase in wadgetnent leads to raise in consumption of
about 0.025%. A 1% increase in price adjustmerddda fall in output of about 0.02% . And a5%
increase in the real price of oil leads to fallomtput of about 0.2% and an increase in inflatibn o
about 0.001%.

Second, the contractionary effect of the oil shiscue mainly to the endogenous tightening of
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the production conductions. By the forecasting led DSGE model, the oil tax will affect the
consumer preference, and weaken the effects ofuptimesh factor, wage adjustment and capital
utilization. Production, consumption and the amooinbil consumptionwill also be reduced and
CPI inflation will be raised. There are two typdsod tax rules discussed in this paper:one is that
the amount of oil tax is proportion tooil price aadother is that the amount of oil tax is propartio
tothe amount of oil consumption. However, the dfeaxf two types are not obviously different.

Third, the numerical results show that interese r@td output raise at the same time. But a 1%
increase in interest rate adjustment cost leatIton output of about 0.25% .

The main contribution of this paper is that we dael how the exogenous shocks would affect
macroeconomic by using the estimated DSGE modedl #we numerical results show that the
variables are not substantially affected by thes@nee of.nominal rigidities. This paper also aims t
explore the complications of thé effects be;weerseahexogeno‘us shocks. The suggestions of this
paper are followings. First, the oil.tax Woula;f'édwil consumption and impact economic growth.
Second, the effects of differenttypes 01:c oil ta& ot obviously different.

In the future work, we must provide :a more accuB&E macroeconomic model to explain the
relations of this economic variables andthe meisimas of changes of this economic variables. The
model must include the domestic and foreign econdatts. We can also use the DSGE model to
find the optimal oil tax to reduce oil consumptiphat the impacts of oil taxi to economic growth is

minimal.
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Appendix A—Log-linear Model of DSGE model

Household
Momentary equation
1. A " L.
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m[ od-h) Ci4 1- 3

1 h 2 0(1 h) P =
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-
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the demand curves for labor and oil by minimiziogtc
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Wage equation
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Inflation equation
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g _ K A=BA=0))-aBo s , apo ¢
t HPA-BA-9)) 1 WA-Ba-o)’

Taylor’s rule of Central Bank’s monetary policy :

I:j( :(1_yr)(ywﬁ’; +yy9t)+yrﬁ—1+|)t

Shock

investment adjustment cost shock 2, = p,2_, +7/
production facto shock r £ = p, & +n/
consumer preferences shockﬁ = ,Obti_l +/7tb

price adjustment cost shock :4° = p,, i, +nf®
wage adjustment cost shock : " = o, " 0"

wageoil price shock : P = 2, Py + 7

interest rate adjustment cost shock ¥; 30, +/;

capital utillzation shock : (j, = A0y +17¢ | =

where o, 0(-11) and x are the valués§ of the:exagenous 'shocks adpteate.

n¢ isdistributed (iid) series with mean0 and stanatedation is variance?-.
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Appendix B—Dynare Code

varmcrpibqizkponvayw epsilontepmuptvativ;
varexoetazetaeetabetamupetamuwetapoetauetav;
parameters gamma sigma h beta psodeltak deltaratattheta alpha psol
xiwxipgammargammawgammayrhozrhoerhobrhomuwrhomygoteurhov phi psi mup;
gamma=0.5992;

sigma=0.42;

h=0.65;

beta=0.99;

ps0=0.148;

deltak=0.025;

delta=0.1;

phi=0.4;

psi=0.5;

nu=1,

eta=0.2; A
etat=0.9; "q-
theta=0.35; I
alpha=0.41;

ps01=0.42;

xiw=0.8284;

xip=0.9053;

mup=1.2;

gammar=0.7822;

gammaw=1.7;

gammay=0.289;

rhoz=0.41;

rhoe=0.41,

rhob=0.41,;

rhomuw=0.41;

rhomup=0.41;

rhopo=0.41;

rhou=0.41,;

rhov=0.41;

model(linear);
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(-1/gamma)*m+(1/(sigma*(1-h)))*(c-h*c(-1))=(betaideta))*r;
c=(1/(1+h))*c(+1)+(h/(1+h))*c(-1)+(sigma*(1-h)/(1 )t (-r+pi(+1)-(b(+1)-b)) ;
i=(beta/(1+beta))*i(+1)+(1/(1+beta))*pso*q+(1/(1+bag)*(beta*z(+1)-z) +(1/(1+beta))*i(-1);
k(+1)=(1-deltak)*k+deltak*i;
w=(1/(1+beta))*(pi(-1)+w(-1))-pi+(beta/(1+beta))*(wl)+pi(+1))-((1-beta*xiw)*(1-xiw)/((1+beta)
*Xiw))*(w-muw-((-(w-(ut/0.27))+(1+0.27)*k)/psol)-(Asigma*(1-h))*(c-h*c(-1))));
pi=(1/(1+beta))*pi(-1)+(beta/(1+beta))*pi(+1)+((leta*xip)*(1-xip)/((1+beta)*xip))*(-epsilontep+
alpha*(ut/0.27)+(1-alpha)*w-mupt);
n=-(w-(ut/0.27))+(1+0.27)*k;
va=epsilontep+theta*n+(1-theta)*k;
y=etat*va+(1-etat)*(-alpha*(po-((1-theta)*(ut/0.2theta*w-epsilontep))+va);
y=(mup*(1-beta*(1-delta))-alpha*beta*delta)/(mup*fieta*(1-delta)))*c+(alpha*beta*delta)/(mup
*(1-beta*(1-delta)))*i;
r=(1-gammar)*(gammaw*pi+gammay*y)+gammar<(=1)+v;
z=rhoz*z(-1)+etaz;
epsilontep=rhoe*epsilontep(-1)+etae;
b=rhob*b(-1)+etab; ;
mupt=rhomup*mupt(-1)+etamup;
muw=rhomuw*muw(-1)+etamuw; ‘I"_:#sr-‘-, :
po=rhopo*po(-1)+etapo; “ ‘
ut=rhou*ut(-1)+etau; | <
v=rhov*v(-1)+etav;
end;
initval;
m=0;
c=0;
r=0;
pi=0;
b=0;
q=0;
i=0;
z=0;
k=0;
po=0;
va=0;
n=0;

=0;
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w=0;

v=0;

epsilontep=0;

mupt=0;

muw=0;

end;

shocks;

varetaz; stderr 0.05;

varetae; stderr 0.05;

varetab; stderr 0.05;

varetamup; stderr 0.05;

varetamuw; stderr 0.05;

varetapo; stderr 0.05;

varetau; stderr 0.05;

varetav; stderr 0.05;

end;

steady;

check; 1
stoch_simul(hp_filter = 1600, erder = 1; irf 5:?4-9);

varobsy cmw pirnk;
estimated_params;

gamma, beta_pdf, 0.5992, 0.002;
sigma, beta_pdf, 0.42, 0.002;
h, beta pdf, 0.65, 0.002;

beta, beta_pdf, 0.99, 0.002;
pso, beta_pdf, 0.148 , 0.002;
deltak, beta_pdf, 0.025, 0.002;
delta, beta_pdf, 0.1, 0.002;
nu, gamma_pdf, 1, 0.002;

eta, beta_pdf, 0.2, 0.002;
etat, beta_pdf, 0.9, 0.002;
theta, beta_pdf, 0.35, 0.002;
alpha, beta_pdf, 0.41, 0.002;
psol, beta_pdf, 0.42, 0.002;
xiw, beta_pdf, 0.8284, 0.002;

Xip, beta_pdf, 0.9053, 0.002;
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gammar, beta_pdf, 0.7822, 0.002;
gammaw, gamma_pdf, 1.7, 0.002;
gammay, beta_pdf, 0.289, 0.002;
rhoz, beta_pdf, 0.41, 0.002;

rhoe, beta_pdf, 0.41, 0.002;

rhob, beta_pdf, 0.41, 0.002;
rhomuw, beta pdf, 0.41, 0.002;
rhomup, beta pdf, 0.41, 0.002;
rhopo, beta_pdf, 0.41, 0.002;
rhou, beta_pdf, 0.41, 0.002;

rhov, beta_pdf, 0.41, 0.002;

phi, beta_pdf, 0.4, 0.002;

psi, beta_pdf, 0.5, 0.002;

mup, gamma_pdf, 1.2, 0.002;
end;

estimation(datafile=test5,mode_compute=6)
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