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Need Singapore Fear Floating? A DSGE-VAR
Approach

Hwee Kwan Chow�and Paul D. McNelisy

December 10, 2010

Abstract

This paper uses a DSGE-VAR model to examine the managed exchange-
rate system at work in Singapore and asks if the country has any reason
to fear �oating the exchange rate with a Taylor rule in�ation-targeting
mechanism that uses the short term interest rate instead of the exchange
rate as the benchmark monetary policy instrument. Our simulation re-
sults show that the use of a more �exible exchange rate system will reduce
volatility in in�ation and investment but consumption volatility will in-
crease. Overall, there are neither signi�cant welfare gains or losses in
the regime shift. Given the highly open and trade dependent nature of
the Singapore economy where the policy preference is for exchange rate
stability, there is no impetus to abandon the present monetary regime.

JEL Classi�caltion: E52, E62,F41

1 Introduction

Should Singapore fear �oating its exchange rate with a Taylor rule in�ation-
targeting mechanism? Calvo and Reinhart (2002) noted that many emerging
markets retain a preference for a managed �oat with much less �exibility than
is commonly assumed by o¢ cial exchange-rate classi�cation schemes. Lack of
credibility of the monetary authority or liability dollarization, they note, are
major reasons emerging market countries would avoid �oating. However, there
are other reasons which may be more relevant for a small, highly open and fast
growing economy such as Singapore.
Re�ecting the small open nature of its economy, Singapore has adopted an

exchange rate centered monetary policy framework since 1981. Given the open-
economy trilemma, monetary policy can only achieve fully two of the following
three dimensions: monetary policy independence, �xed exchange rates, and

�School of Economics, Singapore Management University, Singapore. Email: hk-
chow@smu.edu.sg

yDepartment of Finance, Graduate School of Business Administration, Fordham University,
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open capital accounts. As a major �nancial centre, Singapore has chosen free
capital mobility. Hence, it can only choose to target either the exchange rate
or one monetary variable, but not both. The Monetary Authority of Singapore
(MAS) has chosen to use the exchange rate as opposed to the more conventional
benchmark policy interest rate as its policy operating tool since the early 1980s
(MAS, 2000).
This is not surprising as the highly open and trade-dependent nature of the

economy implies that the exchange rate is the most e¤ective tool for controlling
in�ation. Singapore is highly dependent on external demand which constitutes
three quarters of aggregate demand. Moreover, domestic consumption has a
high import content � out of every Singapore dollar spent in Singapore, about
�fty cents go to imports. Being a price-taker in international markets, it follows
that Singapore is highly susceptible to imported in�ation. As a result of the
exchange rate-centered monetary policy framework and free capital mobility in
Singapore, domestic short-term interest rates are signi�cantly determined by
foreign interest rates.
The Monetary Authority of Singapore (MAS) adopts an intermediate ex-

change rate regime by targeting the Singapore dollar under a basket-band-crawl
(BBC) system (Khor et al, 2004; Williamson, 1999). Under this managed �oat
system, the Singapore dollar is related to a trade-weighted basket (termed TWI)
of currencies of its major trading partners and competitors.1 The prescribed
policy band is centered at the target exchange rate for the TWI which is re-
�ective of the long-run equilibrium exchange rate and the band is allowed to
crawl over time to keep it in line with Singapore�s long-term economic funda-
mentals.2 The Singapore dollar is allowed to �oat within the band. The MAS
avoids intervening within the band except to prevent unwarranted volatility in
the TWI. However, when the TWI approaches or exceeds the boundaries of the
policy band, the MAS may carry out intervention operations in order to �lean
against the wind�and defend the band.
In its semiannual monetary policy cycle, the MAS would announce the ex-

change rate policy stance through a Monetary Policy Statement. Apart from
changes to the crawl in the central parity, there could be a re-centering of the
policy band. Another form of adjustment is through changing the width of the
band of �uctuations. Essentially, the exchange rate is used as an intermediate
monetary policy instrument to achieve the primary objective of non-in�ationary
growth. In a sense, monetary policy is operated in Singapore as sort of a hybrid
between the BBC and in�ation targeting. In practice, an adjustable band is
used to track the movement of its instrument, while setting its instrument in
a way to hit intermediate targets as a means to control in�ation and achieve

1Neither the component currencies, their assigned weights in the basket, the central rate,
nor the band limits are disclosed by the MAS.

2The TWI has historically exhibited an upward trend re�ecting the strong and improving
fundamentals of the Singapore economy over the past decades. However, Singapore�s compet-
itiveness does not seem to have been compromised by the strong dollar policy which has the
advantageous e¤ect of pushing the Singapore companies to move up the value chain to focus
on higher value-added industries.
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non-in�ationary growth (Khor et al. 2004). In this way, the BBC system can
be operated to achieve the same objectives as in�ation targeting.
The managed �oat system had served Singapore well. With the exception

of the Asian crisis period, the MAS has successfully deterred speculators from
attacking the domestic currency over the past three decades. Even during the
Asian crisis period, the �exibility accorded by the managed �oat system aided
Singapore in escaping from the crisis relatively unscathed. Nevertheless, it can
be argued that it is Singapore�s acceptance of market driven depreciations at the
wake of and amid the deepening of the crisis that could have deterred currency
speculators from engineering over-depreciation in the domestic currency (Yip,
2005). In other words, it is as if the Singapore dollar was on a free �oat dur-
ing this period. Of course, Singapore�s substantial amount of foreign reserves
played a critical role in deterring speculative attacks. Further, strong economic
fundamentals such as consistent �scal surplus, large current account surplus,
maintenance of stable and consistent macroeconomic policies, and a robust �-
nancial system are important explanations why Singapore was relatively less
a¤ected by the Asian crisis.
In comparison, the Asian crisis has prompted the central banks in East

Asia to shift their focus from exchange rate stability to price stability. In par-
ticular, the crisis-hit countries like Indonesia, (South) Korea, Philippines and
Thailand announced the explicit adoption of in�ation targeting and the move
towards using interest rates as the key monetary policy instrument. After all,
the near pegged exchange rates and its attendant insurance e¤ect exacerbated
the boom-bust cycles associated with capital �ows, thereby contributing to the
crisis (Cossetti et al., 1999). However, unless capital controls are imposed, the
open economy trilemma dictates that those countries that adopt in�ation tar-
geting would tend to have a freely �oating exchange rate regime as well. Should
Singapore follow suit? 3

A key consideration in use of the interest rate variable in its conduct of
monetary policy is whether the Singapore economy is interest rate-sensitive.
Singapore�s extensive network of international �nancial and trade linkages with
the attendant huge and rapid capital �ows and a very liberal policy towards
foreign direct investment could result in an economy that is not so responsive to
interest rate changes. However, the MAS is still able to exert a degree of control
over domestic interest rates by varying the amount of liquidity injections. Figure
1, which depicts the ex post three-month uncovered interest di¤erential between
the US and Singapore, reveals that the di¤erentials are quite di¤erent from zero
and as pointed out by Yip (2003) they are substantially larger in magnitude
compared with corresponding �gures from Hong Kong. Hence, the �uctuations
in the di¤erentials are indicative of some autonomy in the interest rate policy,
albeit to a rather limited extent as the exchange rate is managed within a
prescribed policy band.

3Some market participants have advocated a move to greater �exibility in the exchange
rate to guard against the risk of policymakers misjudging the level of Singapore�s equilibrium
exchange rate. However, others have pointed out that increasing �exibility in the TWI would
increase the risk of the Singapore dollar overshooting and is thus, destabilizing.
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Figure 1
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The MAS�stated objective for monetary policy is "to ensure low in�ation as
a sound basis for sustained economic growth". Although the plolicy instrument
used is the exchange rate, adjustments in the policy variable are consistent
with a policy designed to stabilize in�ation and output around their desired
target levels. Given this objective, can other instruments like the conventional
benchmark interest rate be used? In a monetary VAR analysis of Singapore�s
monetary transmission mechanism, Chow (2005) found that the exchange rate
is more in�uential than the interest rate as a source of macroeconomic �uctua-
tions. Nonetheless, the analyses in this study are performed on historical data
and therefore re�ect past monetary policy actions, in particular the use of the
e¤ective exchange rate as the monetary policy instrument. To determine if the
conduct of monetary policy would have been more welfare enhancing had the
interest rate been used as the policy operating instrument in place of the ex-
change rate would require counter-factual experiments and simulation analysis.
This is the purpose of this paper.
In the next section we lay out a two sector open economy for Singapore with

its current exchange-rate regime, with sticky prices and �nancial frictions. We
then discuss the results of Bayesian estimation in the DSGE and DSGE/VAR
framework and contrast the results with variance decomposition analysis. Fi-
nally we undertake counterfactual simulations with a �oating exchange rate
system with a Taylor rule for the interest rate to perform welfare comparisons
under the two monetary regimes.
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2 The Model

2.1 Household Preferences and Endowments

Households own capital, for rental to export-goods producing �rms, and supply
labor both to both these export and home-goods �rms. Capital for rental to the
�rms depreciates at the rate �1. When households accumulate or decumulate
capital beyond the steady state level, they pay adjustment costs. The following
law of motion is speci�ed for capital, wtih adjustment costs given by ACxt , and
�h; �x are the adjustment cost parameters.

Kx
t = (1� �1)Kx

t�1 + I
x
t (1)

ACxt =

0B@�x
�
Ixt � �1K

x
�2

2Kx
t

1CA (2)

We assume that all of investment goods are imported from abroad, and that
the price P f is the relevant price for these goods. The variable K

x
is the steady

state level of the capital stock for export-goods producing �rms.
The household consumption at time t, Ct; is a CES bundle of both domestic

consumption goods, Cdt and imported goods, C
f
t :

Ct =

"
(1� 1)

1
�1

�
Cdt
� �1�1

�1 + (1)
1
�1

�
Cft

� �1�1
�1

# �1
�1�1

(3)

The demand for each component of consumption is a function of the overall
consumption index and the price of the respective component relative to the
general price level, P :

Cdt = (1� 1)
�
P dt
Pt

���1
Ct (4)

Cft = 1

 
P ft
Pt

!��1
Ct (5)

The parameters 1 and (1�1) are the relative shares of foreign and domestic
goods in the overall consumption index, while �1 is the price elasticity of demand
for each consumption component.
Domestically-produced goods are both non-traded home goods and export

goods (some of which are consumed domestically). The following CES aggre-
gator is used for domestically-produced consumption goods:

Cdt =

�
(1� 2)

1
�2

�
Cht
� �2�1

�2 + (2)
1
�2 (Cxt )

�2�1
�2

� �2
�2�1

(6)
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The relative demands for the home non-traded goods and the export goods
are given by the following equations:

Cht = (1� 2)
�
Pht
P dt

���2
Cdt (7)

Cxt = 2

�
P xt
P dt

���2
Cdt (8)

where the parameters 2 and (1 � 2) are the shares of the export and non-
traded goods in domestic production of consumption goods, and �2 is the price
elasticity of demand.
The domestically-produced price index is given by the following CES aggre-

gator:

P dt =
h
(1� 2)

�
Pht
�1��2

+ 2 (P
x
t )
1��2

i 1
1��2 (9)

In the same manner, the overall price index, of course, is a CES function of
the price of foreign and domestic consumption goods:

Pt =

�
(1� 1)

�
P dt
�1��1

+ 1

�
P ft

�1��1� 1
1��1

(10)

In addition to buying consumption goods, households put deposits Mt in
the bank and receive dividends from the export and non-traded or home-goods
producing �rms. Total dividends is given by �t, with �t = �xt + �

h
t : The

household pays taxes on labor income �WtLt and on consumption � cCt: The
following equation gives the household budget constraint (P ft is the price of
imported goods):

WtLt + (1 +R
m
t�1)Mt�1 +�t + P

kx

t Kx
t

= PtCt(1 + � c) +Mt + �WtLt + P
f
t I

x
t

+P ft

0B@�x
�
Ixt � �2K

x
�2

2Kx
t

1CA (11)

We assume that government spending G is bundled with consumption for
utility in CES aggregator. We do this to indicate that there is a reason for
government spending to take place, that such spending creates externalities for
consumption, in the form of infrastructure, public utilities and other services
which enhance household utility:

eCt = ��C�{t + (1� �)G�{t�1
�� 1

{ (12)

However, household utility does not simply come from the current consump-
tion bundle. Rather, habit persistence applies to this consumption index when

6



it enters the speci�c utility function, so that the relevant consumption index is
de�ated by the Habit Stock, Ht. The Habit Stock is a function of the lagged
average consumption bundle, raised to the power �, the habit persistence para-
meter:

Ht = eC%t�1 (13)

Overall utility is a positive function of the consumption bundle and the habit
stock and a negative function of labor:

U( eCt=Ht+�; Lt) = ZCt
� eCt=Ht�1��

1� � �  L
1+$
t

1 +$
(14)

The parameter � is the relative risk aversion coe¢ cient, while  is the disu-
tility of labor, and $ the Frisch labor supply elasticity. The variable ZCt is
a shock to the utility of consumption and evolves according to the following
process:

ln(ZCt ) = �C ln(Z
C
t�1) + (1� �C) ln(Z

C
) + �ZC ;t (15)

�ZC ;t � N(0; �2�ZC ) (16)

The household chooses the paths of consumption, labor, deposits, investment
and capital, to maximize the present value of its utility function subject to the
budget constraint and the law of motion for capital. Thus, the objective function
of the household is given by the following expression:

Max
fCt;Lt;Mt;Iht ;K

h
t ;I

x
t ;K

x
t g

1X
�=0

��U( eCt+�=Ht+�; Lt+�) (17)

where the parameter � represents the constant, exogenous discount factor.
This optimization is subject to the three constraints:

WtLt + (1 +R
m
t�1)Mt�1 +�t + P

kx

t Kx
t

= PtCt(1 + � c) +Mt + �WtLt + P
f
t I

x
t

+P ft

0B@�x
�
Ixt � �2K

x
�2

2Kx
t

1CA (18)

Kx
t = (1� �2)Kx

t�1 + I
x
t (19)

The variable P k
x

t the return to the export-goods producing �rm,while Wt is
the nominal wage rate.
The household optimization is represented by the intertemporal Lagrangean:

7



(20)

Max
fCt;Lt;Mt;Iht ;K

h
t ;I

x
t ;K

x
t g
L =

1X
�=0

��

8>>>>>>>>>>>><>>>>>>>>>>>>:

U( eCt+�=Ht+�; Lt+�)

��t+�

266666664

Pt+�Ct+�(1 + �
C) +Mt+�

�(1 +Rmt�1+�)Mt�1+�
+P ft+iI

x
t+i+

P ft+i
�x(Ixt+i��1K

x)
2

2Kx
t+i

+(� � 1)Wt+�Lt+� ��t+i
�P kt+iKx

t+i

377777775
�Qxt+i

�
Kx
t+i � Ixt+i � (1� �2)Kx

t�1+i
�

9>>>>>>>>>>>>=>>>>>>>>>>>>;
Note that there are three Lagrange multipliers, one, �t+�, is the familiar

marginal utility of income or wealth, while Qst+i, known as Tobin�s Q, is the
shadow price of capital for the export-goods sector.
Optimizing the Bellman equation with respect to the decision variables

Ct; Lt;Mt; I
h
t ;K

h
t yields the following set of First-Order Conditions for the rep-

resentative household:

�tPt =
h eCt=Hti�� 1

Ht

� eCt�1�{ � (Ct)�{�1 ZCt (21)

L$t = �t(1� �w)Wt (22)

�t = ��t+1(1 +R
m
t ) (23)

Qxt = ��t+1P
kx

t+1 + ��t+1P
f
t+1

�
�x

h
Ixt+1 � �1K

x
i�2

2 (Kx
t )
2 + �Qxt+1(1� �2)(24)

Ixt = �1K
x
+
Kx
t

�x

�
Qxt
�t

� P ft
�

(25)

The �rst equation, 21, simply tells us that the marginal utility of wealth is
equal to the marginal utility of consumption divided by the price level. The
second equation, 22, states that the marginal disutility of labor is equal to the
after tax marginal utility of consumption provided by the after-tax wage. The
third equation is the Keynes-Ramsey rule for optimal saving: the marginal util-
ity of wealth today should be equal to the discounted marginal utility tomorrow,
multiplied by the gross rate of return on saving (in the form of deposits).
The equation for Tobin�s Q tells us that the value of capital today is the

discounted marginal utility of capital tomorrow, multiplied by the return to
capital, in addition to the reduced value of adjustment costs in the future (due
to the higher level of capital) and the discounted value of capital tomorrow, net
of depreciation.
Finally, the investment equation tells us that investment will be equal to the

steady state investment, �1K
x
, when Qx

t

�t
= P ft : Any increase in Tobin�s Q

x
t ,

relative to the marginal utility of income and the price of investment goods, will
trigger increases in investment.
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3 Production and Technology

3.1 Home-Goods Firms

The home-good producing �rms use the following CES technology:

Y ht = A
h

�
(1� �1)

�
Lht
���1

+ �1

�
K
h
���1�� 1

�1

(26)

The parameter �1 is the share of the �xed capital stock in the CES produc-
tion function, while the coe¢ cient �1 is the CES aggregator. :
The demand for the home good can be both for domestic consumption, as

well for government consumption spending:

Y ht = C
h
t +Gt (27)

We assume that the �rm faces a liquidity constraint, it must borrow an
amount Nx

t from banks each quarter to pay a fraction �h of its wage bill, at the
borrowing rate Rnt : We also assume that the amount of borrowing is subject
to a collateral constraint proportional by a factor �1 to the total returns on
capital:

Nh
t = �hWtL

h
t ; (28)

The total pro�ts (or dividends) of the export �rm is given by the following
identity:

�ht = P
h
t Y

h
t � (1 + �hRnt )WtL

h
t (29)

Maximizing pro�ts with respect to the use of capital and labor, we have the
following �rst-order conditions for the �rm:

@Y ht
@Lht

= (1 + �hR
n
t )
Wt

Pht
(30)

In the CES technology, we have the following expressions:

@Y ht
@Lxt

=
�
Ah
��1

(1� �1)
�
Y ht
Lht

�1+�1
(31)

You can see that with �1 = 0; the �rst order conditions reduce to the Cobb-
Douglas marginal productivity conditions.

3.2 Export Goods

The �rm producing export goods faces a similar production function:

Y xt = A
xZx

h
(1� �2) (Lxt )

��2 + �2 (K
x
t )
��1
i� 1

�2 (32)

There is an export demand shock Zx which follows the autoregressive process:

9



ln(Zxt ) = �Zx ln(Z
x
t�1) + (1� �Zx) ln(Z

x
) + �Zx;t (33)

�Zx;t � N(0; �2ZX ) (34)

Foreign export demand is also subject to a stochastic shock, �C�;t at time t.

C�t = �C�C�t�1 + (1� �C�)C� + �C�;t (35)

�C�;t � N(0; �2C� ) (36)

Under a small open economy setting we also assume that the price of the ex-
port good in domestic currency is simply equal to the exchange rate St multiplied
by the world export price, P x

�

t . We assume that the world export price follows
the following exogenous stochastic process:

ln(P x
�

t ) = �Px� ln(P x
�

t�1) + (1� �Px� ) ln(P
x�

t ) + �Px� ;t (37)

�Px� ;t � N(0; �2P� ) (38)

Total demand for the export good is composed of the local demand (for
consumption purposes) as well as the foreign demand:

Y xt = C
x
t + C

�
t

These �rms also facing a liquidity constraint for meeting their wage bill:

Nx
t = �xWtL

x
t (39)

The pro�ts of the export-goods �rms are given by the following relation:

�xt = P
x
t Y

x
t � (1 + �xRnt )WtL

x
t ��P k

x

t Kx
t (40)

Optimizing pro�ts implies the following �rst-order condition for cost mini-
mization:

@Y xt
@Lxt

= (1 + �xR
n
t )
Wt

P xt
(41)

@Y xt
@Kx

t

=
P k

x

t

P xt
(42)

3.3 Labor Mobility and Capital Immobility

We assume that labor can move between the home-goods and export sectors.
This implies the following equality for real labor productivity in each sector:

@Y xt
@Lxt

P xt
(1 + �xR

n
t )
=
@Y ht
@Lht

Pht
(1 + �hR

n
t )

10



3.4 Calvo Pricing for Home Goods

The pricing for home-goods �rms is di¤erent from that of export �rms. We
assume sticky monopolistically competitive �rms in the home-goods market.
Let the marginal cost at time t be given by the following expression:

At =
(1 + �1R

n
t )Wt

(Ah)
�1 (1� �1)

�
Y h
t

Lht

�1+�1 (43)

In the Calvo price setting world, there are forward-looking price setters
and backward looking setters. Assuming at time t a probability of persistence of
the price at � , with demand for the product from �rm j given by Y ht

�
Pht
��
, the

expected marginal cost, in recursive formulation, is presented by the expression
for Anumt : The expected demand, for the given price, is given by the variable
Adent : The forward-looking price setting sets the optimal price, P ot , so that
expected marginal revenue is equal to expected marginal costs.

Anumt = Y ht
�
Pht
��
At + ��A

num
t+1 (44)

Adent = Y ht
�
Pht
��
+ ��Adent+1 (45)

P ot =
Anumt

Adent

+ ZP
o

t (46)

Ph;bt = Pht�1

�
Pt�1
Pt�2

�
(47)

Pht =

�
�
�
Ph;bt

�1��
+ (1� �) (P ot )

1��
� 1
1��

(48)

The backward looking price setters do not keep the price �xed. They will
set their price equal to the price at the previous period, Pht�1 multiplied by the

previous period�s in�ation,
�
Pt�1
Pt�2

�
3.5 Importing Firms

Imported goodsY f are used for both consumption Cf and for investment in the
home-goods Ih and Ix respectively:

Y f = Cf + Ih (49)

The importing �rms do not produce these goods. However, they have to
borrow a fraction �3 of the cost of these imported goods in order to bring them
to the home market for domestic consumers and investors:

Nf
t = �F (StP

f�

t Y
f
t ) (50)
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where P
f�

t is the world rice of the import goods and St is the exchange rate.
The domestic cost of the imported goods is given by:

P f = [�F (1 +R
n
t ) + (1� �F )] (StP

�

t )

= [1 + �FR
n
t ]StP

�

t (51)

4 The Financial Sector

Banks lend to all three types of �rms:

Nt = N
x
t +N

h
t +N

f
t (52)

In addition to these �rms, the banks lend to the government Bgt and receive
a risk-free interest rate Rt.
They borrow from foreign �nancial centers the amount Bf and pay a risk

premium above the domestic interest rate when such foreign debt exceeds a
steady-state level Bf :

�t = max
n
0; '

h
e(jB

f
t�1�Bf j) � 1

i
Bft�1

o
(53)

The banks thus pay a gross interest rate R�t +�t on their outstanding dollar-
denominated debt Bft�1 to foreign �nancial centers,
In addition to paying deposits the interest rate Rmt we assume that banks are

also required to set aside a required ratio of reserves on outstanding deposits,
�MMt. The relevant opportunity cost of holding these reserves is of course the
amount the banks can earn by holding risk-free government bonds, �MRtMt:

In addition banks are required to set aside a fraction of capital against their
outstanding loans, �NNt:: As in the case of the require reserves against deposits,
the opportunity cost is given by �NRtNt:
The gross pro�t of the banking sector is given by the following balance-sheet

identity:

�Bt = (1 +Rt�1)B
g
t�1

+(1 +Rnt�1)Nt�1

�(1 +R�t�1 +�t�1)B
f
t�1St

�(1 +Rmt�1)Mt�1

�Bgt �Nt + StB
f
t +Mt

��MRt�1Mt�1 � �MRt�1Nt�1 (54)

The bank maximizes its the present discounted value of its pro�ts, given
by V Bt , with respect to its its portfolio of assets (loans to the government and
�rms, Bgt and Nt ) and liabilities (deposits from households and borrowing from
foreign �nancial centers Mt and B

f
t ).
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Max
fBg

t ;Nt;Mt;B;
f
t g
V Bt = �Bt + �V

B
t+1

This set of �rst-order conditions leads to the familiar set of spreads for
interest rates, as well as the interest-parity equation:

Rt = Rnt � �N (55)

Rt = Rmt + �M (56)

(1 +Rt)St = (1 +R�t +�t +�
0
tB

f
t )St+1 (57)

The foreign interest rate evolves according to the following law of motion:

R�t = �R�R�t�1 + (1� �R�)R
�
+ �R�;t

�R�~N(0; �2R8)

For Singapore, we allow some �exibility in the exchange rate. Following Mc-
Callum (2006), we assume that the Monetary Authority of Singapore following
an exchange rate rule:

[ln(St+1)� ln(St)] = �S [ln(St)� ln(St�1)] + (1� �s)[ln(Pt+1)� ln(Pt)](58)
�(1� �s)��[ln(Pt+1)� ln(Pt)� e�]] + �S;t (59)

�S~N(0; �
2
S) (60)

where e� is the target rate of in�ation, . �S is the depreciation persistence
parameter and �� is the in�ation coe¢ cient. This rule implies that in the
absence of deviations of in�ation from the target rate, the monetary authority
will follow a purchasing power parity approach to exchange rate depreciation or
appreciation. However if in�ation exceeds its target, there will real appreciation.
We also allow a stochastic term �S in the exchange rate depreciation rule, with
mean zero and variance .�2�S :

Given that the exchange rates and the interest rates are determined by the
monetary regime, the change in the reserve position of the �nancial sector evolve
according to the following balance-sheet constraint of the �nancial sector:

�RESt = �Nt �Bt (61)

+(1 +Rnt�1 � �NRt�1)Nt�1
�(1 +Rmt�1 + �MRt�1)Mt�1 +Mt

+(1 +Rt�1)Bt�1

�(1 +R�t�1 +�t�1)B
f
t�1St�1 +B

f
t St
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4.1 Fiscal Policy

The government takes in taxes from the households and engages. in spending on
traded goods. We assume that spending may be either pro-cyclical or counter-
cyclical, depending on the value of �GY , that there is smoothing in government
consumption, and there is a stochastic component to spending:

Gt = (1� �G)G+ �GGt�1 + (1� �G)�GY (Yt�1 � Y ) + �G;t (62)

�G;t~N(0; �
2
G) (63)

Given its source of labor and consumption tax revenue, the �scal borrowing
requirement is given by the following identities:

TAXt = �WtLt + � cPtCt (64)

Bgt = (1 +Rt�1)B
g
t�1 + P

h
t Gt � TAXt (65)

5 Foreign Assets and Interest Rates

The aggregate foreign borrowing or asset accumulation evolves through the fol-
lowing identity:

StB
f
t = [1 +R

�
t�1 +�t�1]StB

f
t�1 + P

f
t (C

f
t + I

h
t + I

x
t )� P xt (C�t ) (66)

It should be noted that the risk premium embedded in the accumulation
of foreign debt e¤ected closes this open economy model, so that the domestic
consumption and foreign debt levels do not become indeterminate. There are
other ways to close the open economy model, such as adjustment costs on foreign
debt accumulation, or an endogenous discount factor [see Schmitt-Grohé and
Uribe (2003)] We feel that the incorporation of a time-varying endogenous risk
premium is a more intuitive way to close this model.

6 Calibrated Parameters and Bayesian Priors

Before turning to Bayesian estimation, we �rst calibrate the parameters which
determine the steady state. Following Christiano, Motto and Rostagno (2007),
we calibrate parameters that control the steady state, and estimate with Bayesian
methods those parameters which a¤ect the dynamics and stochastic properties
of the model. The reason we simply calibrate and do not estimate the �rst set
of parameters is that computation of the steady-state is very time intensive.
The parameters are set for a quarterly model. The discount parameter

� is similar to most other models for quarterly data. The habit persistence
parameter % is within range of most models, such as Smets and Wouters (2003).
The depreciation rate for capital �1 is relatively high. We assume that the capital
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in our model is speci�c to the non-traded sector. Since investment goods in this
sector are imported goods, we assume that the depreciation is high, while the
adjustment cost parameter �K would be relatively low.
The ratios of consumption of foreign goods in total consumption basket, 1

the the share of export-goods consumption in the total domestic consumption
basket, 2; the tax parameters for labor income and consumption, � ,�C all
come from national income accounts. The relative risk aversion coe¢ cient, �,
the labor supply elasticity, $, and the disutility of labor L are commonly used.
We assume a higher intratemporal elasticity between consumption of home and
foreign goods in the total consumption index than the elasticity of intratemporal
substitution between consumption of export and home goods in the domestic
consumption index. Hence, �1 > �2:
The �nancial friction parameters ;representing the borrowing needs of the

export, home-goods and importing �rms, were all set equal at a value of 1.
We assume in such a �nancially developed economy as Singapore that �rms in
any of the sectors would have easy access to short term credit. The capital
coe¢ cient in the export production function, �2, is set to to replicate the shares
of capital and labor in the economy. Finally the banking reserve and lending cost
parameters �M ; �N , are set to replicate observed low spreads in the �nancial
sector.

Table 1:
Calibrated Parameters

Symbol De�nition Values
� discount factor 0.99
% habit parameter 0.8
�1 capital depreciation 0.02
�Kh adjustment cost 0.005
1 foreign cons. in total cons. index 0.5
2 con of export good in dom.cons. index 0.3
� relative risk aversion parameter 0.3
$ labor supply elasticity 0.5
L disutility of labor 1
�C consumption in CES utility 0.95
{ CES utility coe¢ cient -0.1
�1 intratemporal substitution elasticity, total cons 2.5
�2 intratemporal substitution elasticity, domestic cons 1.5
� ; �C tax rates on labor income and consumption 0.06,0.07
�1; �2; �3 �nancial friction parameters 1,1,1
� substitution elasticity for di¤erentiated goods 6
� CES substitution parameter in production -0.1
�1 capital coe¢ cient in non-traded goods 0.3
�2 capital coe¢ cient in traded goods 0.4
�M ; �N deposit and lending costs for banks 0.1, 0.15

Table 2 shows the prior distributions with the means and standard errors
as well as values for the in�ma and suprema of the distributions. We make
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use of relatively �at priors for the standard deviations for the volatilities of the
shocks in the model. The coe¢ cients we estimate relate to stochastic process
for government spending, and the persistence coe¢ cient for export demand,
productivity in exports, terms of trade, and the foreign interest rate, We allow
the government spending coe¢ cient with respect to output to be positive or
negative, thus allowing the data to determine if spending is pro or counter-
cyclical.

Table 2:
Bayesian Priors: Parameters and Distributions

Distribution Mean Std Dev Inf Sup
Volatility Name
�G Gov. Spending Inv. Gamma .001 2 .005 .5
�PX� Terms of Trade Inv. Gamma .001 2 .005 .5
�R� For. Interest Inv. Gamma .001 2 .005 .5
�C� Exports Inv. Gamma .001 2 .005 .5
�C Consumption Inv. Gamma .001 2 .005 .5
�S Ex. Rate Rule Inv. Gamma .001 2 .005 .5
�Zx Export Productivity Inv. Gamma .001 2 .005 .5
Coe¢ cient
�S Lag in Ex. Rate Rule Beta .5 .2 .1 .9
�� Inf Coe¤ in Ex. Rate Rule Normal 1 .2 .5 2
�G Gov. Spending Lag Beta .5 .2 .01 .95
�GY Gov. Spending to GDP Normal 0 .1 -.3 .3
�PX� Terms of Trade Beta .5 .2 .01 .95
�R� For.Interest Beta .5 .2 .01 .95
�C� Export Demand Beta .5 .2 .01 .95
�C Consumption Beta .5 .2 .01 .95
�Zx Export Productivity Beta .5 .2 .01 .95
� Calvo Pricing Beta .5 .2 .01 .95

7 Bayesian Estimation Results

We estimate the model for seven stochastic shocks: for government spending,
terms of trade, foreign interest rates, export demand, domestic consumption
demand, the exchange rate rule and export productivity. Bayesian estimation
is carried out for the period 1984-2008 for the following observables: government
spending, export demand, consumption, the price level, the exchange rate, the
terms of trade, and the foreign interest rate. Except for the foreign interest
rate which is in deviations from trend, the data are log �rst di¤erenced. Then
we take up the results of posterior simulations for impulse response analysis. To
obtain percentage deviations from the steady state, we use the Hodrik-Prescott
�lter for real variables and we use a linear detrending �lter for the nominal
variables.
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We estimate the model for Singapore in pure DSGE framework as well as in
a DSGE/VAR framework, following Del Negro, Marco and Frank Schorfheide
(2004), Adjemian, Stephane, Matthiew Darracq, and Stephane Moyen (2008),
and An, Sungbae and Heedon Kang (2009). We contrast the parameter esti-
mates and volatilities under both frameworks.

7.1 Relative Fit of DSGE and DSGE/VAR Framework

Table 3 pictures the relative �t of the DSGE models relative to the VAR frame-
work. The parameter � governs the relative weight of the pure DSGE model
relative to the hybrid or pure VAR model. The best �t gives � = 1:323 by
both the Laplace and Harmonic Mean measurements of the Marginal Likeli-
hood. This implies that the VAR (with four lags) accounts for less than 45%
of the variation in the data, relative to the pure DSGE model. Overall, the
DSGE/VAR is more accurate than the pure DSGE model, and we will make
use of the estimates of the DSGE/VAR model for comparative policy analysis.

Table 3:
Fit of DSGE Models

Marginal Likelihood
Speci�cation � Laplace Harmonic Mean

DSGE Inf 1210.9 1211.5
DSGE/VAR 1.323 1310.40 1307.05

7.2 Volatility and Parameter Estimates

Table 4 pictures the results for Singapore under the pure DSGE and the DSGE/VAR
framework for the mean � = 1:3238: The table contains the mean of the Bayesian
estimates for 200,000 simulations in four blocks. We also show the in�mum and
supremum of each estimate for a 95% con�dence interval.
Overall, Table 4 shows that there is relatively less perisistence in the DSGE/VAR

model. However, the Calvo parameter is almost twice as high in the DSGE/VAR
relative to the pure DSGE model. The Calvo parameter esimates are still much
lower than are commonly found in models of the US or UK.
Table 4 also shows that government spending with respect to GDP may be

pro or counter-cyclical.
The volatility estimates are lower in the DSGE/VAR model�indicating that

the high values for the DSGE model are due to speci�cation error.
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Table 4:
Parameter and Volatility Estimates

Coe¢ cient DSGE DSGE/VAR
Mean Inf Sup Mean Inf Sup

� 1 � � 1.323 0.987 1.643
�s 0.861 0.826 0.901 0.605 0.448 0.772
�� 1.381 1.142 1.619 1.310 0.554 1.775
�C 0.748 0.646 0.852 0.508 0.268 0.745
�G 0.141 0.038 0.244 0.178 0.032 0.312
�GY -0.005 -0.067 0.052 -0.036 -0.134 0.063
�PX� 0.707 0.587 0.834 0.698 0.541 0.863
�R� 0.918 0.913 0.921 0.773 0.686 0.867
�Zx 0.704 0.428 0.945 0.506 0.194 0.867
�C� 0.663 0.560 0.773 0.568 0.385 0.753
� 0.273 0.170 0.363 0.416 0.198 0.662

Volatility
�G 0.037 0.033 0.043 0.027 0.022 0.033
�S 0.013 0.011 0.015 0.007 0.005 0.008

�PX� 0.009 0.007 0.010 0.006 0.005 0.007
�
R� 0.298 0.259 0.339 0.085 0.066 0.103
�C� 0.018 0.015 0.020 0.011 0.009 0.013
�Z� 0.022 0.019 0.025 0.011 0.008 0.014
�C 0.047 0.041 0.053 0.030 0.024 0.036

Of course, these volatility estimates tell us nothing about the relative im-
portance of each of the exogenous shocks for key endogenous variables of the
model. Table 5 gives the mean variance decomposition of the Bayesian esti-
mation. We see a number of expected results, for example, that the shock to
consumption explains more than 40 percent of the variance in consumption in
the DSGE/VAR, and 80 percent in the DSGE.
The shocks to export productivity and foreign demand are quite important

for both in�ation and the exchange rate in both models, explaining almost 70%
of the total variation of both variables in the DSGE/VAR model This is not
surprising, in view of the central role exports have played in the growth and
development of the Singaporean economy.

The shock to the monetary exchange rate rule accounts for about 20 percent
of the variance of in�ation and the exchange rate. This re�ects the strong link-
ages, as explained earlier, between exchange rate, import prices and domestice
prices in Singapore.
Overall the main sources of volatility in the model are the shocks to export

productivity, export demand, and the exchange rate. Consumption shocks only
a¤ect consumption and government spending shocks have little in�uence on
the variability of consumption, in�ation or the exchange rate. As is typical of a
small open economy like Singapore, domestic demand components do not exert a
signi�cant leverage on output growth. This is explained by the very large import

18



leakage. Indeed, the propensity to import goods for domestic production and
consumption in Singapore is estimated to be around 0.8 (Peebles and Wilson
2002).

Table 5:
Variance Decomposition

DSGE Shock
Variable �G �S �PX� �

R� �C� �Z� �Cbc 0.007 0.033 0.003 0.006 0.031 0.116 0.804b� 0.010 0.298 0.053 0.001 0.148 0.484 0.006bs 0.003 0.666 0.016 0.001 0.056 0.257 0.001

DSGE/VAR:� = 1:323 bc 0.023 0.015 0.029 0.001 0.138 0.329 0.464b� 0.010 0.202 0.091 0.000 0.195 0.500 0.002bs 0.009 0.215 0.075 0.001 0.188 0.512 0.000

8 Counterfactual Simulations

We analyze one counterfactual monetary regimes for Singapore, a Taylor rule
in�ation targeting framework.
The Taylor rule takes the following functional form:

Rt = �rRt�1 + (1� �r)��b�t + (1� �r)R (67)

We simulate the counterfactual DSGE model with the policy rule parameters
for theTaylor rule given above, taking on the same values as those estimated
for the exchange-rate rule, since, of course, we cannot estimate a Taylor rule
for Singapore. Hence, �r = :861, while �� = 1:38: Our rationale is that the
monetary authority would behave with the same desire for smoothing of the
interest rate as it would for the exchange rate, and would adjust the interest
rate at least with the same response to in�ation as they did with the exchange
rate. Since we are engaging in counteractual simulations for comparative policy
evaluation we omite the stochastic terms in the base and counterfactual policy
rules.
We simulated each model 1000 times for a sample of 500, and obtained the

standard deviations of nominal and real macro variables. We examine the
distribution of these variables in order to assess any signi�cant di¤erences in
the distribution of these variables.

8.1 Stochastic Simulations: Taylor Rule In�ation Target-
ing

Figure 2 pictures the kernel estimates of the volatility measures of in�ation,
the exchange rate and the domestic interest rate under the base scenario of
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Figure 1: In�ation, Interest Rate and Exchange Rate Volatility under Base
Policy and Counterfactual Taylor Rule

exchange-rate instruments and the counterfactual Taylor rule in�ation targeting.
We see that abandoning the exchange rate rule in favor of the interest rate rule
leads to a decrease in in�ation volatility and increases in both exchange rate
volatility and interest rate volatility. In view of the trade dependent nature
of the Singapore economy, there is a clear preference for low exchange rate
volatility which then favors the exchange-rate rule.
Figure 3 pictures the kernel estimates of consumption,investment, and em-

ployment volatility. We see an increase in the volatility of consumption and a
reduction in the volatility of investment while volatility in employment remains
much the same when we use the intereste rate instead of the exchange rate as
monetary policy instrument.
Figure 4 pictures the distribution of welfare. We see a hugh overlap in the

two distributions. While the slight reduction in employment volatility would
favor the counterfactual regime, the increased consumption volatility reduces
welfare. So the two e¤ects partially ofset each other.
To better interpret the di¤erences in the welfare distributions, we calculate

the implied consumption compensation required to equalize the welfare of the
represenative household in the two regimes. This compensation compensation
factor, �C ;takes the following functional form for each simulation experiment:

20



0 0.002 0.004 0.006 0.008 0.01 0.012 0.014
0

0.01

0.02

0.03
Kernel Estimates of Consumption Volatility

0.02 0.03 0.04 0.05 0.06 0.07 0.08
0

0.01

0.02

0.03
Kernel Estimates of Investment Volatility

0.002 0.004 0.006 0.008 0.01 0.012 0.014 0.016 0.018 0.02
0

0.01

0.02

0.03
Kernel Estimates of Employment Volatility

Base
Counterfactual

Figure 2: Consumption, Investment and Employment Volatility Under Base
Policy and Counterfactual Taylor Rule
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Figure 3: Welfare Distribution Under Base Policy and Counterfactual Taylor
Rule
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The variables V Base and V Counter are the welfare measures for the base and
counterfactual cases, and V BaseC is the component of welfare explained by the
consumption stream alone. A positive values implies that the household in the
counterfactual scenario is worse o¤ and needs a positive consumption compen-
sation to have the same welfare as households in the base scenario. A negative
value means that the household is better o¤ in the counterfactual scenario, and
would have to have consumption reduced to be equal to the welfare realized in
the base scenario.
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Figure 4: Consumption Compensation for Equalizing Welfare in the Two
Regimes

Figure 5 pictures the distribution of the consumption compensation for each
experiment. We see that the consumption compensation for equalizing wel-
fare in the two scenarios can be either positive or negative, with almost equal
probability, and the greatest extent of the conmpensation needed, in the most
extreme circumstance, would amount of .8% of a unit of consumption. Thus
there are neither signi�cant welfare gains or losses from shifting to a Taylor
in�ation targeting regime over the current exchange-rate regime.

9 Conclusion

Our Bayesian analysis for Singapore suggests some reasons for the Singaporeans
to fear �oating. As a highly open economy, greater volatility in the exchange
rate and interest rate, through a Taylor rule policy, would lead to much greater
volatility in consumption, with a payo¤ of somewhat reduced volatility in in�a-
tion and investment. The overall welfare gain or loss would be trivial.
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Given the highly open and trade dependent nature of the Singapore economy,
where the policy preference is for exchange rate stability, there is no reason to
abandon the present monetary regime. Staying with the current regime better
insulates exchange rates and hence, exports from both domestic and foreign
sources of volatility.
One further extension of the model would incorporate government spending

e¤ects on infrastructure capital for the production of traded and non-traded
goods. In this model government spending had direct e¤ects on utility de-
rived from consumption. Given the massive importance of the government in
Singaporean development, a more complex speci�cation of government spend-
ing dynamics and interaction with domestic and foreign investment would be in
order.
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