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Abstract

This paper presents the Bank of Thailand’s new model based on the
dynamic stochastic general equilibrium (DSGE) paradigm. The paper
details the model structure of a small open economy, model parameteriza-
tion, and model properties. The purpose of this DSGE model is to provide
a coherent economic interpretation of the workings of the Thai economy
consistent with microeconomic foundation.

1. Introduction

This section provides a concise introduction to the new modeling ap-
proach associated with dynamic stochastic general equilibrium (DSGE). In
what follows, we present a review of traditional macroeconometric mod-
els, and later provide a description of DSGE models, emphasizing their
contributions to economic modeling and policy analysis.

1.1.  Traditional Macroeconometric Models

Macro models, including the Bank of Thailand macroeconomic model
(BOTMM), are intended to capture aggregate relationships between var-
ious economic variables based on historical data. In addition to being
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relatively easy to construct, important advantages of these models are that
they describe key linkages in the economy in a straightforward manner and
that they provide short-term forecasts that are accurate to a certain extent.

However, each equation in macro models is based loosely on economic
theory (for example, consumption is modeled as a function of disposable
income, some measure of interest rates, and inflation) and not derived
from the first principle—i.e., not explicitly derived from optimization by
economic agents. In addition, a heavy emphasis on statistical fit can lead
to models that lack critical features such as rational expectations. The
absence of such features makes these empirically based models possibly
misspecified and vulnerable to the Lucas critique.

1.2. DSGE Models

DSGE modeling, termed by Goodfriend and King (1997) as the “new
neoclassical synthesis,” results from two once-competing lines of economic
research. The new neoclassical synthesis combines the neoclassical real
business cycle framework of rational optimizing agents (¢ la Kydland and
Prescott, 1982) with the New Keynesian framework of market imperfections
(such as nominal rigidities and imperfect competition) to create a unified
theory of business cycle analysis. Thus, in this new framework monetary
policy does have real effects in the short run, while in the long run monetary
policy can influence only nominal variables and is therefore neutral with
respect to real variables. In short, DSGE models have Keynesian features
in the short run and new classical features in the long run.

What are the main features commonly characterizing DSGE models?
By dynamic and stochastic it means that random shocks affect how en-
dogenous variables evolve over time—instead of having deterministic paths
completely autonomous from uncertainty surrounding the economy. Gen-
eral equilibrium means that relationships between variables are derived
based on optimizing behavior of economic agents at the micro level. For
example, households maximize expected utility given budget constraints.
Firms set prices by maximizing expected profit subject to household de-
mand and production technology. The monetary authority usually op-
erates under a rule which is endogenous to the state of the economy (for
example, raising the nominal interest rate when inflation rises and raising it
enough so that inflationary pressures fall). Whereas such micro behavior is
implicitly assumed in macro models, it is explicitly modeled in the general
equilibrium setting.

An illustration of micro foundation on the part of households is given as
follows. Households must choose the optimal allocation of income between
consumption and savings, as well as the optimal allocation of time between
work and leisure, subject to the constraint that their spending today and



planned asset holdings for tomorrow does not exceed the income they re-
ceive today plus asset holdings carried forward from yesterday. Solutions to
this optimization are called first-order conditions, and these equations will
constitute the dynamics of DSGE models. A well-known first-order condi-
tion is the Euler equation for consumption, according to which consumption
evolves over time in such a manner that households will be indifferent be-
tween consuming today and postponing it to tomorrow. In the Euler equa-
tion there are parameters governing the underlying household behavior,
for example, one specifying how much households want to consume today
instead of tomorrow and another characterizing how much households are
risk averse to uncertain developments in the economy. Such parameters
underlying behavior of economic agents are called deep parameters, which
are absent in macro models. In sum, the consumption equation in DSGE
models is derived explicitly as a solution to the problem facing households
at the micro level. It is different from its counterpart in macro models,
where consumption is assumed to be a function of variables suggested by
theory. Those variables are possibly chosen based on different theoretical
contexts and thus not related in a coherent framework as in DSGE models.

1.8. Why DSGE Models?

Models differ depending on their intended purpose, and no single eco-
nomic model can answer all questions that are relevant to monetary policy.
As mentioned above, a purely statistical model usually do well as a short-
term forecasting device. However, parameters in empirically based models
would be chosen on the basis of statistical fit and would be difficult to
relate to the underlying economics of how agents and markets behave.

With the economic structure of the model more important than fitting
the data, one important benefit from DSGE models is the explicit role
of expectations. Within the DSGE framework the expectations formation
process is modeled explicitly. This is particularly important, given that
it is one of the key channels through which monetary policy affects eco-
nomic outcomes, and that the fundamental role of monetary policy is to
provide an anchor for inflation and inflation expectations. In contrast to
DSGE models where the role of expectations is emphasized, purely statis-
tical forecasting models are usually silent on this issue. In fact, if expec-
tations play any role in macro models, they are often modeled as purely
adaptive—agents form their expectations about what will happen in the
future based on what happened in the past—or are constructed on an ad
hoc basis. Parameters are consequently assumed to be stable across pol-
icy regimes in reduced-form equations of macro models. However, Lucas
(1976) argues that if expectations were formed rationally—agents do not
make systematic errors when predicting the future as implied by adaptive
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expectations—the parameters in reduced-form equations would in fact de-
pend on agents’ expectations of policy. In short, with rational expectations,
the aggregate relationships in macro models would not likely be stable if
there were important changes in policy regime. It is thus naive to try to
evaluate policies based on aggregated historical data. If we do want to
predict the effect of a policy experiment, we must model deep parameters
that govern individual behavior. It is only in that case can we predict what
individuals will do conditional on changes in policy. In short, only in the
general equilibrium context where aggregate behavior is motivated by deep
parameters that economic dynamics are correctly captured despite policy
changes.

1.4. DSGE Modeling at the Bank of Thailand

The Monetary Policy Group of the Bank of Thailand has been in the
process of constructing a general equilibrium model characterizing the Thai
economy (Tanboon, 2007b, 2008). Building such a model is not an easy
task, as it requires thorough understanding of the economy, a good com-
mand of micro and macro theory, familiarity with data, and programming
proficiency. Some central banks have been using DSGE models for some
time in conjunction with existing models. Others have actively engaged in
building ones only recently. We at the Bank of Thailand believe that, in ad-
dition to providing state-of-the-art tools, DSGE models will help stimulate
central bank research, provide an effective framework for monetary policy
analysis and forecasting, and promote further insights into the workings of
the economy.

2. The Model

This section provides a detailed description of the model. There are
four types of agents interacting in the model economy: households, firms,
banks, and the fiscal and monetary authorities. FEach of the first three ex-
plicitly maximizes an objective function subject to a set of well-defined con-
straints. Households maximize their utility subject to a budget constraint.
Firms maximizes profits subject to production functions. Banks take de-
posits from households and lend to firms that face financial frictions—i.e.,
those that have to borrow to finance their input costs before profits are
realized. Meanwhile, the government consumes and the central bank sets
the policy interest rate according to stylized fiscal and monetary rules. In
what follows, each type of economic agents is described in details.



2.1. Households

There is a continuum of households optimizing their utility by tak-
ing various decisions on consumption and investment, labor and capital
supplied to firms, and financial asset holdings. Algebraically, the repre-
sentative household maximizes

o ot X L
oY A" |(1=x)logC, — "1 (2.1)
t=0 n

subject to

PP(Ci+ L)+ Dy < (1+Ri1) Dy + Wik + REK, + 3, ®; (2.2)
Kiin <(1=0)Ky + F(Ii, I;1). (2.3)

In the utility function (2.1), C, is the habit-adjusted consumption which
depends on C; and C;_; and the parameter x (more below). L;is labor
service supplied to firms, with 7 the inverse of the Frisch elasticity of labor
supply and ¢” the scaling parameter for the disutility of supplying labor.
B is the discount factor. Eg is the expectation operator conditional on the
information at time 0.

In the budget constraint (2.2), Cy and I; denote respectively consump-
tion and investment at time ¢, K; denotes capital service supplied to firms,
and D; denotes deposits with banks. The price of consumption and in-
vestment goods are similar and given by PP. W;and RX are the prices
of labor and capital—mamely, the nominal wage and the nominal rental
price of capital—respectively. R; is the interest rate on deposits that is
also equal to the policy interest rate. ®; denotes firm’s j’s profits that are
remitted to the households who are the ultimate owners of firms.

In the capital accumulation constraint (2.3), F'(-) is an investment func-
tion (to be described below).

The timing convention in this quarterly model is as follows. In each
period ¢, D;_; is predetermined and D, is the stock of deposits to be
determined at the end of period, which will earn the gross rate of interest
1+ R; when held for one period. Also, at the conclusion of each period t,
households determine K;;—the amount of capital to accumulate into the
next period.

2.1.1.  Consumption and Investment Decisions In order to generate
persistent consumption and investment dynamics that roughly match styl-
ized facts of the Thai economy (see Appendix A), we introduce consump-
tion habit persistence and investment adjustment costs in the model setup
before deriving the first-order conditions that characterize short-term dy-
namics.
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Consumption habit persistence. It is assumed that utility obtained
from consumption in this period does not depend on how much goods are
consumed today, but instead depends on this period’s consumption with
respect to some “habit,” which is in turn related to the previous period’s
consumption. Algebraically,

=~ Ci—xht

Ct = ﬁ With ht = (1 + a)Ct—l' (2'4)

Cy is the habit-adjusted consumption that enters the household’s utility
function, C} is today’s consumption, and h; is the level of habit. In the
simple setting where the steady-state growth rate of the economy, «, is
zero, we have hy = Cy_;. Here the household obtains utility from con-
sumption only if today it consumes more than some fraction y of yester-
day’s consumption. When « > 0, the reference point needs to be adjusted
up instead of simply taking some fraction of yesterday’s consumption as
a benchmark. How strongly the household refers to past consumption
depends on the value of the parameter y that governs habit persistence.
When x = 0, the household completely disregards the previous period’s
consumption. Finally, note that in the steady state

éss: CtSS*X(l+a) tsil _ Ciss_xciss — s
t 1_X 1_X t

That is, habit persistence is irrelevant along the balanced growth path.

Investment adjustment costs. In asimple case where adjustment costs
are absent, F'(I;,I;—1) = I in the capital accumulation dynamics (2.3).
That is, investment that the household makes this period is fully trans-
formed into capital in the next period, and we have in equilibrium the
usual capital dynamics

Kt+1 = (1 - 6)Kt + It.

However, when it is costly to adjust investment, the amount of capital
accumulated throughout this period is not equal to investment made in the
period, but is instead a function of investment this period and the period
before. Such real rigidities can be algebraically expressed as

Kt+1 = (1 — 6)Kt + F(It,jtfl)

where F'(I;,I;_1) is less than I;. In the present model F(I;,I;_1) takes
the form:
o 2
F(It,Itfl) =]1—-=(—- (1 + Oé) It (25)
2 \I;1
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where ¢! is the investment adjustment cost parameter. Note that when
¢ =0, F(I;,1,_1) = I,. For &' > 0, there will be real costs incurred when
the (gross) rate growth of investment, I /I;_1, is different from the rate at
which the economy grows along the balanced growth path, 1 + «.

Given the household’s setting as specified in (2.1)—(2.3) and the real
rigidities in consumption and investment described in (2.4)—(2.5), the house-
hold’s intertemporal problem with respect to consumption and investment
decisions can be solved as follows. First, the Lagrangian is given by

i t{ ~ L L
L=FEg) p¢(1-x)logC;—¢
P 1479

Iy [(1 + Ri_1) Doy + WiLy + REE, + Y, ®;
—(1—x)PPC, — xPPh, — PPI, - Dt}
FNQF (1= 0Ky + F(Iy, 1) — K]}

where ); is the marginal utility of nominal income and Q¥ is the shadow
price of capital (in nominal terms). Note that we have used the fact that
PPC, = (1 —x) PPC, + xPPh; that follows from equation (2.4).
The first-order condition obtained from setting 9L/9C; = 0 is given by
L PP
Ct

In words, utility forsaken by consuming one unit less (1/C;) is equal to the
nominal income gained from not consuming that unit of consumption (i.e.,
PP—+the price of one unit of the consumption good) converted into utility
terms by multiplying by the marginal utility of one unit of nominal income
(the Lagrange multiplier, \;).

The first-order condition obtained from setting dL/0K;11 = 0 is given
by

QF = pB X5 [RE, + (1-0)QK,]

That is, the price of one unit of capital this period is equal to the expected
discounted gain in the next period from renting out the acquired unit of
capital plus its remaining value after depreciation.

The first-order condition obtained from setting 0L£/9I; = 0 is given by

Q—{D( — 1 1— BEt )\t+1 Q{(Bl
P; Fy (I, I;—q) A P
The left hand side is Tobin’s ¢, which is the ratio of the shadow value
of capital to the replacement cost of capital. In the simple case where

Fy(It41, Iy)
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F(It,ft_l) = It, Fl(It7It—1) = (‘9It/6It =1 and F2(1t+1, It) = 6It+1/61t =
0, we have the well-known equilibrium condition given by QKX/PP = 1.
On the contrary, there will be more (less) investment if the ratio of the
shadow value of capital to the cost of acquiring it is greater (less) than
unity. Given the functional form of F(I;, I;—1) above, we can write out
the first-order condition for investment as

QF _ 1
I 2
1- e [ - v )| - § [ - (4 0)]

PtD -
A1 Q1 (T * Tl
1-¢IBE -1
Xl gﬁ t >\t PtD It It ( +Ol)

2.1.2. Wage Setting and Labor Supply Decisions It is assumed that
the continuum of monopolistically competitive households supplies differ-
entiated labor to firms as a production input. As in Erceg, Henderson,
and Levin (2000) and Christiano, Eichenbaum, and Evans (2005), it is in-
structive to assume a labor aggregator (or an “employment agency”) that
combines households’ differentiated labor into a bundle and sets the price
of that bundle on behalf of the households.

In the first stage the representative household makes the labor supply
decision. The first-order condition obtained from setting 0L/0L; = 0 is
given by

MQp = ¢ LY.
In utility terms, the shadow value of labor service—which is the product of
the shadow price of labor, QF, times the Lagrange multiplier, \;—equals
the disutility of supplying labor, ¢*L}. Note that the above equation is
a generalization of the competitive wage setting where the price of labor
service is equal to the marginal cost, W; = QF, with the usual first-order
condition for labor supply given by AW, = ¢F L.

In the second stage the labor aggregator sets the nominal wage on behalf
of the household. In a hypothetical flexible-price setting, the optimal wage
(W) is set as a wage markup (") over marginal cost (QF):

Wi = NWQtL-

In the present model where wage rigidities are present, the labor aggregator
wishes to set wage, W;, as close as possible to W[, but also needs to take
account of wage indexation such that this period’s wage inflation, AW, is
not too different from the previous period’s wage inflation, AW;_;, which
is taken as given. That is, the labor aggregator solves

minEo > 6" [(Wt W)+ WV (AW, — AWH)Z}
¢ t=0
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where ¢V represents the degree of wage rigidity. The case for which no
rigidity is present is given by ¢V = 0; here the labor aggregator will indeed
set W, equal to W;* in each period. When ¢ W 0, the first-order condition
with respect to W; is given by

Wy =Wy + €7 [— (AW, — AWi_1) + B (E:AWips — AW,)] .

According to the first term in the square brackets, if this period’s wage
inflation is higher than the previous period’s, then W; is too high and
needs to be adjusted down. The second term in the square brackets states
that, if the expected wage inflation in the next period happens to be higher
than this period’s, AW; 1, — AW; > 0, then the present period’s wage is
too low relative to Wy and is suboptimal, and thus needs to be adjusted
up.

2.1.8. Saving and Borrowing Decisions The representative house-
hold has two decisions to make regarding holdings of financial instruments:
depositing with local banks and borrowing from international financial mar-
kets.

With regard to the household’s decision on deposits, as shown in the
budget constraint (2.2), the household at the beginning of each period ¢
receives the gross amount of (1 4+ R;—1) Dy—1, and it decides D; at the end
of the period. Consequently, the first-order condition with respect to D;
is given by

At = BE 41 (1+ Ry).

In words, the optimal deposit must be such that this period’s marginal
utility of nominal wealth is equal to the expected discounted marginal
utility of wealth in the next period.

With regard to the household’s decision on foreign financial instru-
ments, it is assumed that there is a foreign exchange agent which acts on
behalf of the household. Toward the end of each period, a foreign exchange
agent accumulates foreign debt denominated in the foreign currency, B;,
by solving the following intertemporal problem

E im S, {Br— |1+ & (SmBi, ¥
max — | —— —
B 0 — 9t t 2 4}/;]X1

(1+R{,) B;—l} :

S is the nominal exchange rate—the price of one unit of the foreign cur-
rency in terms of the local currency—and R; is the foreign interest rate.
The term in the square brackets is the premium on the rate at which the
household can borrow, and this premium is increasing in the ratio of debt
to nominal GDP with the factor of proportionality £ /2. (Because GDP
is a quarterly flow variable, Y, needs to be multiplied by 4 before com-
paring it with B;_; which is a stock variable.) The parameter 1) is the
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steady-state debt-to-GDP ratio. In essence, the term in the square brack-
ets is an interest rate premium which works to ensure that the household
will not run up infinite debt: it will be increasingly costly to borrow as the
household becomes more indebted.

The first-order condition with respect to B} gives a variant of the un-
covered interest parity (UIP) condition:

R, — R} =EdS;41 +&° (if]\tf 15)
where dS;1 is the rate of nominal exchange rate depreciation in the next
period. It will be helpful later on when taking the model to data to define
a variable B; = S; B}, which is the foreign debt that is denominated in the
local currency. Moreover, to create a differential between the domestic and
foreign interest rates in the steady state, we introduce a constant parameter

v so that the UIP condition becomes

B 4
Rt — R = EtdSt+1 +£B < — —> +v.
K 4YN 2

Finally, the law of motion of B; is given by
By=(1+4Ri_1)Bio1 — (P X: — PMM,) .

Note how earnings on net exports work to reduce the foreign debt position.

2.2. Firms

There are two types of firms in the economy: one selling to the local
market, the other selling to the foreign market. In terms of production
technology, both domestic and export firms share the Cobb—Douglas pro-
duction function, with the only difference residing in the relative input
share. In terms of pricing, motivated by pervasive government price ad-
ministration in Thailand, the domestic firms are modeled as monopolisti-
cally competitive firms that have pricing power but face price rigidities.
On the other hand, as Thailand is a small open economy, the exporters are
price takers and must instantaneously adjust their prices consistently with
those set in the world market.

2.2.1. Domestic Firms The representative domestic firms’ produc-
tion function is given by

YD — (AtLtD)vLD (Mtp)vﬁ (KtD)I*vLvaﬁ

where domestic output is denoted by Y,” and the three factor inputs are
labor (LP), imported intermediate goods (M), and capital services (K[°).
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Ay is the labor-augmented productivity. Given the production function,
the domestic firms’ Lagrangian can be written as

LP = 1+ R W, LY + P MP + RFEKP

+QP |vP — (AtLtD)vLD (MtD)%% (Ktp)lﬂfﬂﬁ

where Wy, PM, and RE are the input prices, namely the nominal wage,
the import price, and the rental price of capital respectively. It is assumed
that the domestic firms, which compared with export firms are likely to be
small firms facing financial constraints, need to borrow from banks to pay
for labor. Hence we have the term 1 + RF which is the gross loan rate
charged by banks (on the other hand, this term is absent in the case of
export firms which are assumed to be able to raise funds independently).
QP represents the marginal cost for producing one additional unit of the
domestic good. The first-order conditions with respect to factor inputs
are given by

(1+RY) WALy =70 QPY"
PtMMtD = VI\D/IQtDYtD
REKY = (1 -7 —7ir) Q7Y
In addition to choosing how much to produce, given that domestic firms
are monopolistically competitive by the virtue of their differentiated prod-
ucts, they also set prices. As in the case of wage setting by households, the

price setting problem of the representative domestic firm takes the following
form

IIIBDHEO Zﬁt [(PtD - PP*)? + fD(APtD - Aptlzl)z] .
¢ =0

The solution of the above problem is given by

PP = PP +¢P [ (APP — APP)) + B (E.APR, — APP)]

where PP* = uPQP.

2.2.2.  FExport Firms The representative export firms’ production func-
tion is given by

Y = (ALY () (i)

where notation is analogous to that for the domestic firm, except for re-
placing the superscript D with X. The first-order conditions with respect
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to factor inputs are given by

WL =7 QXY™
PMM = QX
REKY = (1—7F — ) QXY

In contrast to the domestic firm which is a monopolistically competitive
firm, the export firm is a perfectly competitive firm which takes the market
price as given. Thus in equilibrium we have

QtX:PtX

where the export price (in the local currency terms), P;X, depends on the
nominal exchange rate, S, and the exogenous export price, PtXf , that is
in foreign currency terms:

PX = 5,P/.

2.3. Banks

The purpose of banks in the model is to allow monetary policy to trans-
mit via the bank-lending channel. As in Bernanke and Blinder (1988), the
bank-lending channel works through the supply side of credit in that a
tight monetary policy reduces the supply of bank loans, which in turn
reduces spending by firms. In the present model the balance sheet chan-
nel @ la Bernanke and Gertler (1995)—which works through the demand
side of credit in that a tight policy weakens borrowers’ balance sheets,
lowers net worth, and increases external finance premiums, which in turn
reduce firms’ ability to borrow and discourage bank-dependent borrowers’
activity—is not considered.

Below banks are modeled as in Atta-Mensah and Dib (2008). Com-
petitive banks take deposits from households and lend to domestic firms,
which face a financial constraint in financing hiring of labor. Bank loans
are denoted by LN, and assumed to take the form

LNy = ADy

where A; denotes the fraction of deposits lent out to firms and D; denotes
deposits. The loan-to-deposit ratio depends on the growth rate of the
economy relative to its steady-state growth rate:

y.P i
o
! (1+a)Y,2,



13

where 7 is the elasticity of the willingness to lend with respect to the relative
growth rate of the economy. Note that in the steady state Aj* =1, i.e.,
loans equal deposits.

To see how the bank-lending channel works, suppose the policy interest
rate decreases temporarily so that Y;” grows faster than the steady state
growth. Consequently, A; > 1. Given the loan expansion, output in-
creases. This expansionary effect due to financial intermediation (that is
in addition to the effect of the fall in the intertemporal price due to the
policy rate decrease) characterizes the monetary policy transmission via
the bank-lending channel.

The equilibrium condition in the banking sector is as follows. Given
that bank profits are loan interests earned (RFLN;) less deposit interests
paid (R;D;), the zero profit condition gives

1
RtL = ERt

where the relation LN; = A;D; has been used.

2.4. Fiscal and Monetary Authorities
The government is assumed to follow a simple fiscal rule:

PPGy = p% (PP,Gi—1) + (1= p°) (o).

That is, while this period’s nominal government expenditure, PPGy, is
targeted as a constant fraction ¢ of nominal GDP, Y,"V, it also depends on
the previous period’s expenditure, PP ;G;_1, so as to model the persistence
in nominal government spending. The degree of persistence is captured
by p©.

The central bank is assumed to follow a simple monetary rule:

Ry =p"Ry_1+ (1= p%) [R* + K (dPR, — 7)].

Analogous to the fiscal rule, this period’s policy interest rate, Ry, is a
weighted average of the previous period’s rate and the target policy inter-
est rate for the present period, with the weights given by p and 1 — pf?
respectively. The targeted interest rate depends on the steady-state nom-
inal interest rate, R*®, and the extent to which the next period’s inflation,
dPtDH, is projected to exceed the inflation target, 7. The parameter x > 0
characterizes the degree of responsiveness of the central bank’s reaction to
the inflation deviation.
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2.5. FExogenous Processes

Exogenous processes are as follows:

At = At—l +Ol+€24
T, = p'Ti—1 +ef

pM”

dPM" = 7% + ¢!
R = o R+ (1= p% ) B 4 el

where Ay, Ty, dPM " and R} are respectively technology, the terms of trade,
foreign inflation, and the foreign interest rate at time ¢, with the associated
steady state values normalized to 1 for technology and the terms of trade
and given by 7* and R*** for foreign inflation and the foreign interest rate.
p’ and p® are parameters governing persistence of the processes. The
£,s are innovations.

2.6. Market Clearing Conditions

The market clearing conditions at any time ¢ for the factor inputs are
given by

Li=LP +L¥
M, = MP + M
Kt:KtDJthX

and the market clearing conditions for outputs are given by

VP =Cy+ 1 + Gy
Yy = X,

2.7. Steady-State Conditions

Steady-state conditions—essentially, the terminal conditions of tran-
sition equations described above—are determined according to balanced
growth. That is, the steady state is defined such that macro variables
grow at constant rates such that no variable explodes or implodes over
time. Three key parameters that determine steady-state growth of vari-
ables in the model are the economy’s productivity growth rate («) and the
domestic and foreign inflation targets (7 and 7*).

Real variables in the steady state grow at the rate of productivity
growth. Thus, output (Y?, YX), output components (C, I, G, X), pro-
duction inputs except labor (K, KX, MP M¥X) grow at a constant rate
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« along the balanced growth path. The steady-state growth rate of labor
(LP, LX), however, is set to zero to prevent labor from growing indefinitely.

Domestic prices grow at the target rate of inflation. Thus, prices (PP,
PX, PM RE) and shadow prices (QP, QX, Q¥) grow at m. Exceptions
are interest rates (R, R*, R*), which remain constant in the steady state,
and the nominal wage and the shadow price of labor (W, Q*), which grow
at a + 7. Nominal GDP and foreign bond holdings (Y, B) also grow
at a + 7. Furthermore, any ratio of nominal variables along the balanced
growth path (e.g., the loan-to-deposit ratio) must be unity.

The foreign export and import prices (PX/ and PM/) grow at 7*.
Hence, the terms of trade (T) is constant in the steady state. Finally, the
exchange rate depreciates at the rate of m — 7* along the balanced growth
path.

2.8.  Fquilibrium

The equilibrium is a collection of prices and quantities that satisfy the
first-order conditions, fiscal and monetary rules, laws of motion, the market
clearing conditions, and the steady-state conditions.

3. Model Parameterization

Our goal is to solve for the equilibrium given the structure of the model
described above and given model parameters to be described in this sec-
tion. There are two broad methods for parameterizing DSGE models:
calibration and estimation. We can formally estimate the parameters for
the model; however, estimation potentially involves a number of complica-
tions. For example, the likelihood corresponding to the model may contain
flat regions, discontinuities, or multiple local maxima. Although recent de-
velopments in Bayesian estimation have been shown to solve such problems,
we reserve it for the future as it potentially entails a number of technical-
ities. For the moment we choose to calibrate the model, i.e., we select
the values of parameters based on empirical findings that result in a model
that can characterize the Thai economy to the best of our understanding.

Information from various sources has been used as an input for calibra-
tion, including stylized facts of the Thai economy (see the Appendix and
Tanboon, 2007a), the input—output matrix (National Economic and Social
Development Board, 2000), OLS, GMM, and VAR estimation (Sutthasri,
2007), and the Bank of Thailand Macroeconometric Model. We also com-
pare our calibrated parameters with the counterparts in the literature.

In what follows we discuss our methodology for calibrating model pa-
rameters, which are classified into two groups. Details on the parameters
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are summarized in Tables 1 and 2.

8.1.  Parameters Governing the Steady State

Steady-state parameters consist of those of households (8, d, n, %, u",
¥), firms (VP v, 1P, v¥, v3), fiscal and monetary authorities (o, ),
and exogenous processes (o, 7).

Table 1: Steady-State Parameters
Parameter  Value Description

Households

I5) 0.9926  Discount factor (real interest rate 3% per year)
] 0.0105 Depreciation rate (4.2% per year)

n 3.0303 Inverse of Frisch elasticity

(pL 1 Scaling parameter for labor disutility

;LW 1.05 Wage markup

P 0.25 Ratio of foreign debt to nominal GDP

Firms

;LD 1.20 Price markup, domestic firms

’yg 0.70 Labor income share, domestic firms

’y]% 0.15 Imported input income share, domestic firms
’yf 0.64 Labor income share, export firms

’y‘l)\(/l 0.18 Imported input income share, export firms
Government

o 0.20 Ratio of govt. expenditure to nominal GDP
s 0.0074 Inflation target (3% per year)

Exogenous processes

« 0.0059  Productivity growth rate (2.4% per year)

¥ 0.0074  Foreign inflation target (3% per year)

Details on the representative household’s parameters are as follows. We
set B =1.03792% = (0.9926 which implies a steady-state annualized real in-
terest rate of 3 percent. We set 6 = 0.0105 corresponding to the average
annual depreciation rate between 1970 and 2006 of 4.2 percent; ¢ is cal-
culated as the annual depreciation divided by gross capital stock (at 1988
price). 77! is set to 0.33, which corresponds to the wage elasticity of labor
supply that is obtained from an OLS estimation of the first-order condi-
tion with respect to L;. Relative to other findings in the literature, this
value is within the ranges of 0.25-0.45 and 0-0.35, respectively obtained
by McCurdy (1981) and Altonji (1986) using the University of Michigan
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PSID data. We set ¢! to 1, i.e., no scaling for the disutility of labor sup-
ply. The parameter p" is set to 1.05 calculated using on data from the
National Statistical Office and the National Economic and Social Develop-
ment Board. 1 is set to 0.25. This ratio of foreign debt to nominal GDP
has been on a declining trend from an unusually high level after the 1997
financial crisis and appears to stabilize recently: from 0.82 in 1999Q1 to
0.28 when averaged over 2004Q1-2008Q2 and 0.24 over 2007Q1-2008Q2.

The parameters of firms are calibrated based on a calculation using the
input-output matrix. p” is set to 1.2. This value is within the range of
1.13-1.32 reported in Sutthasri (2007), where the markup is calculated as
the ratio of the total value of production to the total cost of production—
the latter computed as the difference between the total value of production
and the operating surplus. The estimated range is comparable with the
average markup for 14 OECD countries computed by Martins, Scarpetta,
and Pilat (1996) of 1.20 (1.23 for the U.S. and 1.35 for the Euro area).
We set 7P = 0.70 and 7§ = 0.64, implying domestic firms are more labor
intensive relative to export firms. (These sectoral labor income shares are
roughly in line with Ahuja, Puengchanchaikul, and Piyakarnchana, 2004,
who find the representative firm’s labor income share in a one-sector model
to be 0.6856.) For each type of firms, the remaining shares of imported
intermediate good and capital are set to equal magnitude. That is, we set
P = (1-0.70) /2 = 0.15 and 73, = (1 — 0.64) /2 = 0.18, implying that,
relative to domestic firms, export firms use more imported inputs (and also
more capital) in the production function.

The ratio of government expenditure to nominal GDP, o, is set to 0.20,
close to the mean and the median over 1993Q1-2008Q2. The central
bank’s inflation target, 7, is set to i x log(1.03), i.e., 3 percent per annum.

With regard to parameters of exogenous processes, we set «a to 2.4
percent per annum according to Sutthasri’s (2007) calculation based on
data from 1978 to 2006. This value is comparable with Chuenchokesan
and Nakornthab’s (2008) findings that Thailand’s total factor productivity
(TFP) growth is 1.8 percent over 1987-1996 and 2.0 percent over 2000-2007
(the average TFP growth during the unusual financial crisis years registers
—6.7 percent ). 7* is set to 3 percent per annum.

8.2.  Parameters Governing the Transition Dynamics

Dynamic parameters consist of those of households (y, eV, ¢B, v),
firms (¢7), banks (7), fiscal and monetary authorities (p, p%, &), and
exogenous processes (p™ , pT).

We set the consumption habit-persistence parameter, y, to 0.85. This
value is within the range of 0.84-0.88 obtained from GMM estimation of
the Euler equation using data during 1994Q1-2006Q4. The estimate is
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comparable with 0.86 and 0.90 calculated respectively by Ravn, Schmitt-
Grohe, and Uribe (2006) and Fuhrer (2000) using the U.S. data. We
set 51 =1, §W = 10, and §B = 0.4 such that the impulse responses of
investment, wage, the exchange rate, as well as other related variables are
consistent with our understanding of dynamics of the Thai economy. We
set v = % x log(1.02), implying the wedge between the domestic and the
foreign interest rates of 2 percent per annum in the steady state.

Table 2: Dynamics Parameters

Parameter  Value Description

Households

X 0.85 Consumption habit persistence

13 I 1 Investment adjustment cost

13 w 10 Wage adjustment cost

13 B 0.4 Interest rate premium on foreign debt holdings

v 0.005  Differential between domestic
and foreign interest rate

Firms

13 b 10 Degree of price rigidities

Banks

T 0.5 Elasticity of willingness to lend with respect
to domestic output growth

Government

pG 0.80 Persistence in government expenditure

pR 0.85 Persistence in policy interest rate

K 25 Responsiveness of policy rate to inflation

Exogenous processes

pR* 0.8 Persistence in foreign interest rate

pT 0.8 Persistence in terms of trade

The parameter governing the degree of nominal rigidity in the domestic
firm’s price setting, £, is set to 10 so that inflation dynamics are roughly
close to what we observe in the data.

We have followed Atta-Mensha and Dib’s (2008) in calculating 7. How-
ever, the Thai data on the interest rate spread between the effective lend-
ing rate and the effective deposit rate are difficult to explain. When the
economy is softening, the interest rate spread should become larger to com-
pensate for the lender’s risk. Nevertheless, the data show that the interest
rate spread is mostly invariant to the state of the economy, and it is sus-
pected that this observation is due to the quality of data rather than an
empirical regularity. So we choose the value of 7 that renders the workings
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of the bank-lending channel in the model most realistic. The elasticity of
the willingness to lend with respect to the growth rate of the economy, 7,
is set to 0.5.

The parameters for the fiscal and monetary authorities are set as follows:
p¢ = 0.8 to reflect a moderately high degree of persistence in government
spending over 1993-2007. We set p® = 0.85 and s = 25 to generate the
strength of the interest rate and the exchange rate channels that conform to
our understanding of the monetary transmission mechanism in Thailand.

Finally, the lag-one autocorrelation coefficients for the exogenous pro-
cesses, (p™, pT), are set to 0.8.

4. Model Properties

In this section we examine model properties. Given the parameterized
transition equations that characterize the model structure, and given the
steady-state conditions implied by the balanced growth path that charac-
terize the fixed terminal conditions, we can solve for transition dynamics
toward the steady state after we perturb our model by introducing various
kinds of shocks. In what follows, we first focus on the monetary policy
transmission. Subsequently, we study the impulse responses to nonmone-
tary shocks to see what happen to our model economy and how the policy
interest rate reacts in each case.

4.1. Monetary Policy Transmission

4.1.1.  Interest Rate Shock This shock demonstrates the role of the
monetary transmission mechanism in the economy. Consider a temporary
one percentage point increase in the policy interest rate for one period,
the impulse responses to which are depicted by the lines with markers in
Figure 1. Given nominal rigidities, a higher nominal interest rate leads
to a higher real interest rate, which lowers both consumption and invest-
ment. On the external side, following the increase in the interest rate, the
exchange rate appreciates, reducing export receipts when denominated in
the local currency and thus discouraging export production in the short
run. In effect, both domestic and export firms cut back production. Once
the temporary effects of changes in relative input prices dissipate, employ-
ment of inputs falls, thereby putting downward pressures on marginal costs.
Consequently, the domestic price level starts to decrease and inflation falls.

In response to a decrease in inflation owing to the initial exogenous
increase in the policy interest rate, the central bank lowers the interest
rate subsequently, restoring consumption and investment to their pre-shock
levels. Exports rise in line with an exchange depreciation (in fact exports
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overshoot briefly before reverting to its steady-state level). Given increased
activities in domestic and export sectors, inflation eventually returns to its
pre-shock level.

4.1.2.  The Bank-Lending Channel By comparing the impulse re-
sponses of macro variables in a model with and without banks, as shown in
Figure 1 respectively by the lines with and without markers, one can gauge
the strength of the bank-lending channel. A large difference between the
two impulse responses is usually associated with a strong bank-lending
channel.

After the policy rate increases, consumption and investment decrease.
With regard to investment, the presence of financial frictions that give rise
to the role of banks causes contraction to be greater relative to the case
where financial frictions are absent. This finding follows immediately from
the fact that, with higher total wage bills owing to intermediation costs,
domestic firms employ less labor as well as capital, the latter giving rise
to a more softening in investment demand by households. The fall in do-
mestic demand reduces the loan-to-deposit ratio, leading to further decline
in production as fewer loans are available. Such a contraction in demand
is in addition to the tightening effects from the higher intertemporal price
that is the central mechanism in the traditional interest rate channel.

With regard to costs and prices, the marginal cost in the case where
banks are present is higher relative to the case without banks. This is
precisely due to the presence of the interests on loans. As a result, we see
that, while inflation is temporarily below the steady state given a tightened
monetary policy, inflation is higher in the case where the bank-lending
channel operates relative to the case where such a channel is absent.

4.2.  Responses to Nonmonetary Shocks

In what follows we return to our baseline model in which all monetary
policy transmission channels operate. We examine below how our model
economy responds to exogenous nonmonetary shocks.

4.2.1.  Productivity Shock  Consider a one percent temporary increase
in productivity growth that results in a one percent permanent increase in
the level of productivity as shown in Figure 2. On the production side,
this positive productivity shock increases the level of production in both
the domestic and export sectors by one percent in the long run. Note how
the adjustment process toward the new steady state takes several quarters
compared with the interest rate shock scenario. On the demand side, the
higher labor productivity leads to a new steady-state real wage that is one
percent above the pre-shock level. Such a permanent increase in real labor
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compensation affords households to increase demand for consumption and
investment goods by one percent—thus matching an increase in production.

As the positive productivity shock enables firms to hire less labor for
a given amount of output, it effectively reduces marginal costs. Domestic
firms thus lower prices and consequently inflation falls. The central bank
responds by cutting the interest rate temporarily to allow inflation to return
to the target.

4.2.2.  Price Shock Consider a temporary positive shock to the price
set by firms, as shown in Figure 3, which causes a temporary rise in infla-
tion. Monetary policy responds by raising the policy interest rate. On
the external side, exports initially fall as the nominal exchange rate appre-
ciates. A higher interest rate and a lower real wage dampen consumption
and investment demand, causing a decline in domestic firms’ production
and factor employment, which lead to a fall in marginal cost, the domes-
tic price, and inflation. The central bank then responds by reversing its
stance—loosening monetary policy, resulting in a fall in the policy rate to
the pre-shock level.

4.2.8.  Exchange Rate Shock Consider a temporary increase in the
country-specific risk premium, which can be interpreted as a temporary loss
of investors’ confidence in domestic assets, that causes the exchange rate
to depreciate temporarily as shown in Figure 4. On the external front, as
the exchange rate depreciates it induces a rise in export production. With
regard to domestic production, the depreciation causes an increase in the
imported intermediate good price that raises the domestic firms’ marginal
cost and the price they charge, leading to higher inflation. Monetary policy
reacts by increasing the policy interest rate.

During the transition back to the steady state, the higher interest rate
brought about by the central bank leads to a subsequent exchange rate
appreciation, dampening exports to the pre-shock level. The higher real
interest rate also leads to a decline in both consumption and investment.
Domestic production, which is demand determined, softens, leading to a fall
in the employment of factor inputs and the attendant reduction in marginal
cost, the domestic price, and inflation. The central bank subsequently cuts
the policy rate so as to bring inflation back to the steady state.

5. Model Evaluation

5.1.  Methodology

This section provides an evaluation of the structural model outlined
above. In what follows, we compare statistical moments implied by the
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model with those obtained from data. We are interested in volatility,
persistence, and comovements in the data as represented by the standard
deviations, autocorrelations, and cross correlations. These second mo-
ments implied by the model can be computed in a straightforward manner,
as they usually are functions of the innovations’ variances and other model
parameters. On the other hand, second moments implied by the data can
be calculated in a number of ways. One of the earliest accounts is to com-
pute sample moments as in Kydland and Prescott (1982). Alternatively,
we can retrieve population moments from the data by using bootstrap pro-
cedures as in Benes, de Castello Branco, and Vavra (2007), which is the
methodology we adopt in the present paper. An advantage of this method-
ology is that, instead of just the point estimates of the second moments, we
now have the whole distributions, and in effect we have considered the sta-
tistical uncertainty associated with sample estimates. This methodology
thus enables us to gauge more meaningfully the closeness between model
and empirical moments.

Benes, de Castello Branco, and Vavra’s (2007) bootstrap procedure can
be summarized as follows. First, to calculate the point estimate of the em-
pirical population autocorrelation function, we fit a vector autoregression
(VAR):

Xt = Athk; + &¢.
The population autocorrelation function is then a function of var (e:) and
A. For example, for a first-order VAR, x; = ax;_1 + &, the variance of x;

is given by 02/(1 — a?). Second, we resample the vector x; using a wild
recursive bootstrap procedure a la Goncalve and Kilian (2002):

Xy = A% +'es

where %% denotes the ith sampling of x; that depends on an independently
and identically distributed scalar, n', drawn from a standard normal dis-
tribution. Third, given X}, we reestimate a VAR

oi _ figi A
X =A%, +E;.

For each ith resampling we now have At and éi as respective counterparts
to A and &, of the first step. Consequently, we can compute the autocor-
relation function for the ith resampling, which is a function of var (éi) and

A' | leading to a distribution of the autocorrelation.

5.2.  Results

In what follows we evaluate the model by showing how well it cap-
tures volatility, persistence, and comovements in the Thai data, which are
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obtained via the bootstrap procedure on an unrestricted VAR of order 2
based on data over 2000Q1-2008Q1. The macro variables we consider are
the growth rates of consumption and investment, inflation, and the interest
rate—all of which are stationary variables.

Figure 5 shows the relative standard deviations of macro variables.
Lines with the circle and square markers respectively depict the relative
standard deviations obtained from model prediction and from VAR estima-
tion. The bars make up the distribution of the relative standard deviations
obtained from the bootstrap procedure. The top panel shows the relative
standard deviation of investment growth relative to that of consumption
growth. We see that the model predicts quite well: it gives the relative
standard deviation of approximately 3, roughly close to that predicted by
VAR and within a reasonable region implied by the bootstrap distribution.
In the bottom panel, the model gives the ratio of the standard deviation
of inflation to that of consumption growth that fares reasonably well.

Figure 6 shows the autocorrelations. We see that the model pre-
dicts quite well for the consumption growth rate but less so for investment
growth, and gives an unexpected sign for inflation.

Figure 7 shows the cross correlations. The cross correlations implied
by the model between the consumption and investment growth rates and
between the consumption growth rate and inflation are satisfactory and
remarkably good in the case of investment growth and inflation.

6. Conclusions

When the staff at the Bank of Thailand decided to build a new model
based on the dynamic stochastic general equilibrium framework, we envi-
sioned several benefits that could be obtained during the modeling process.
First, the new model will work as a complement to, and not a substitute
for, the current macroeconometric model that has well supported the imple-
mentation of the inflation targeting framework. Second, the new model will
provide several insights on the workings of the economy and a conducive
framework for discussions by the staff and policymakers in a theoretically
coherent manner in line with recent developments in the literature. Third,
there will be more interaction among modelers, sector specialists, and other
staff throughout the model building and developing processes, and the ex-
perience over the past two years has proved that knowledge sharing among
the central bank staff has been a success.

The structural model detailed in the paper has several features that are
typical of New Keynesian small open economy models. Optimizing agents
make intertemporal decisions rationally subject to constraints in a coherent
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and well-defined framework, with nominal and real frictions incorporated
in the model to generate realistic model dynamics. Parameters of the
model are calibrated based on empirical findings that best characterize
the Thai economy. We assess model properties by introducing various
types of shocks to the model and examine the impulse responses which are
found to be mostly consistent with previous findings based on alternative
methodologies. We also assess statistical moments implied by the model
and compare them with those obtained from the data, and find that certain
moments are better matched with data than others.

A number of model development plans are currently under way. With
regard to the structure of the model, we have considered enriching the
financial sector by moving away from the competitive banking sector to
better mimic the nature of the Thai banking system that is dominated by
a small number of large commercial banks. Furthermore, in addition to
the bank-lending channel of the monetary policy transmission mechanism
as in Bernanke and Blinder (1988), works on the balance sheet channel a
la Bernanke and Gertler (1995) are in progress. We also plan to revisit the
fiscal rule in order to prepare for a larger role of fiscal policy in the model.
In terms of parameterization, we have contemplated estimating formally
the model using the Bayesian approach. In this way, we will have allowed
the data to determine model parameters in a more consistent manner, while
we can still incorporate our prior beliefs in the form of calibrated values.

While DSGE models are widely considered the workhorse model for
policy analysis that is at the research frontier, it needs to be kept in mind
that no single model can answer all types of questions correctly all the time.
What is more important is a good understanding of the inner workings of
the economy, which are essentially what every economic model tries to
capture and every economist tries to appreciate.
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8. Appendix: Stylized Facts of the Thai Economy

This appendix summarizes findings in Tanboon (2007a) that identify
salient features characterizing the long-run and business cycle properties
of the Thai economy. We are interested in these features because most
DSGE models are designed to mimic the economy in the long run and to
capture monetary policy transmission channels over the business cycle.

8.1. Long-run properties

8.1.1. Long-term trend A balanced growth path refers to an equilib-
rium in which major economic aggregates grow at rates such that certain
ratios of aggregate variables should be roughly constant over time. Most
simple growth models are constructed assuming these properties. This
is partly motivated by theoretical convenience but also by historical ob-
servations notably those by Kaldor (1957). Among his most important
observations is that per capita output grows at a rate that is roughly con-
stant. Figure 8, taken from Kongsamut, Rebelo, and Xie (2001), shows
that the growth rate of the U.S. per capita output is remarkably stable
over the past 100 years.

The finding in the case of Thailand is comparable with that of the U.S.
Figure 9 shows the Thai per capita output from 1971 to 2006 measured in
real terms at an annual frequency in the log scale. The solid and dotted
lines depict the actual and smoothed values respectively, with smoothing
done using the Hodrick—Prescott filter with the smoothing parameter equal
to 100. Although there is a noticeable deviation from the long-term trend
during the onset and the aftermath of the financial crisis in 1997, per capita
output still exhibits a roughly constant growth rate. This finding is not
unlike in the case of the U.S. in that despite large deviations during the
Great Depression and the economic boom accompanying World War II,
output per capita is found to grow at an approximately constant rate over
the long term. With regard to GDP components, it is shown in Tanboon
(2007a) that the growth rates of private consumption, exports, and imports
are remarkably constant, whereas private investment grows at a constant
rate only up to the onset of the financial crisis in 1997.

8.1.2. Shares in output One important implication of the economy
on a balanced growth path is that shares of aggregate variables in output
should be roughly constant over time. Figures 10-12 show that shares of
total, private, and public consumption (respectively CR, CPR, CGOVR)
in output are very much constant over the past 10 years. In contrast to
consumption, the shares of investment and net exports seem to be more or
less constant in the post-1997 period.
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In sum, this subsection shows that the Thai economy appears to have
been on a balanced growth path. Output per capita and most economic ag-
gregates are found to have grown at a roughly constant rate over the past
50 years. Investment growth, which is relatively more sensitive to dis-
turbances than other GDP components, has been constant up to slightly
before 1997. More data may be necessary to determine whether invest-
ment will resume its previous trend, but given that the growth paths of
other GDP components are unchanged, investment is likely to revert to its
balanced growth path. In terms of proportion of output, although over the
past 50 years or so shares of major economic aggregates in output tend to
move around, the consumption share has been remarkably constant, while
shares of investment and net exports are roughly so after the financial cri-
sis. These findings on long-term growth and shares in output suggest that
the Thai economy can be approximately characterized as balanced growth.

8.2. Business cycle properties

The purpose of this subsection is to examine fluctuations around the
economy’s long-run growth trend. We are interested in characterizing
economic fluctuations because we want to understand which shocks are
important for cyclical volatility, and more importantly how the propagation
mechanisms of these shocks work. Understanding of business cycles is the
first step toward designing a dynamic general equilibrium model.

8.2.1. Comovements in macroeconomic time series Consistent with
findings on comovements in macro time series in other economies, for the
Thai economy it is found that (1) consumption fluctuates less than other
aggregate macro variables and tend to move closely with output; (2) in-
vestment swings most; and (3) exports and imports fluctuate more than
consumption but less than investment. In particular, Table A.1 shows rel-
ative standard deviations and cross correlations between detrended series.
The second column shows the standard deviation of each detrended series;
the third column shows the standard deviation of each output component
relative to output. Here, private consumption fluctuates with a similar
degree as output, while private investment, exports, and imports fluctuate
4.4, 1.7, and 2.8 times than output. In the next columns p(X;_,Y:),
p(X:,Y:), and p(X¢tk, Y:) denote correlation between output today, Yi,
and the past, contemporaneous, and future output component X respec-
tively. If p(-) attains the maximum value in absolute value equal to p*
at t,t — k,t + k, then X is said to move contemporaneously with, lead
or lag output by k years respectively. If p* > (<) 0, then X is said to
be procyclical (countercyclical). The main findings can be summarized
as follows. First, consumption, investment, and imports are procyclical
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and move contemporaneously with output. Second, exports are procycli-
cal and lead output by two years. Third, headline and core inflation are
procyclical and lag output by one year.

8.2.2.  Persistence in macroeconomic time series Persistence is the
extent to which shocks today have an effect on the future path of variables—
in other words, how gradually shocks to macroeconomic variables dissipate
over time. An intuitive measure of persistence of a variable is the rate
at which its autocorrelation function decays to zero. Autocorrelation is a
measure of how well a series matches a time-shifted version of itself. For
example, a lag-one correlation of a series x; tells us how much x; correlates
with z;_q1, and if it is high then we know that after one period z; decays
only slowly. In some cases, however, the effect of autocorrelation at smaller
lags will influence the estimate of autocorrelation at longer lags.  For
instance, strong lag-one autocorrelation coefficients between x; and x;_1
and between x;_7 and x;_o implies a high degree of correlation between
x; and z;_o even though no direct correlation exists. In this case, partial
autocorrelation between x; and z;_j gives the extent of correlation with the
effect of lags 1 to k£ — 1 removed. Figures 13—-14 show autocorrelation and
partial autocorrelation of detrended output, from which we see a significant
degree of persistence. Details on persistence of output components can
be found in Tanboon (2007a); the key findings are that the first-order
autocorrelation coefficients of detrended output, consumption, investment,
and imports are found to be in the range of 0.6-0.7, while that of exports
is around 0.3.

In sum, this subsection examines the business cycle properties of ma-
jor aggregate variables characterizing the Thai economy over the past 50
years. The main findings are as follows. First, comovements in the Thai
macroeconomic time series are quite similar to those found in other coun-
tries documented in the literature. Most importantly, consumption tends
to move closely with output and investment fluctuates more than other
aggregate variables. Second, there is a significant degree of persistence in
macroeconomic time series.
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Table A.1: Cross Correlation between Real GDP and its Components
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Fig. 1. Interest Rate Shock
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Fig. 2. Productivity Shock
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Fig. 3. Price Shock
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Fig. 4. Exchange Rate Shock
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Fig. 5. Model-implied and Empirical Moments (1)
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Fig. 6. Model-implied and Empirical Moments (2)
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Fig. 7. Model-implied and Empirical Moments (3)
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Fig. 8. U.S. per capita GDP, 1902-1999 (in logarithm)
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Fig. 9. Thai output per capita, 1971-2006 (in logarithm)
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Fig. 10. Consumption Share in GDP
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Fig. 11. Investment Share in GDP
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Fig. 12. Net Export Share in GDP
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Fig. 13. Autocorrelation of detrended output
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Fig. 14. Partial autocorrelation of detrended output
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