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In this study, we establish a small-open-economy DSGE
model. We emphasize the central bank’ s balance sheet where
the central bank may conduct the regular monetary policy
with the foreign exchange intervention. We consider the
policy coordination involving monetary aggregate rule and
managed floating exchange rate which is consistent with the
current monetary policy regime of Taiwan. The dynamic
analyses show that the managed floating exchange rate which
dampens the nominal exchange rate depreciation also helps
stabilize the inflation rate.

: dynamic stochastic general equilibrium (DSGE), monetary

aggregate policy, managed floating exchange rate
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Abstract

In this study, we establish a small-open-economy DSGE model. We emphasize the
central bank’s balance sheet where the central bank may conduct the regular monetary
policy with the foreign exchange intervention. We consider the policy coordination
involving monetary aggregate rule and managed floating exchange rate which is consistent
with the current monetary policy regime of Taiwan. The dynamic analyses show that the
managed floating exchange rate which dampens the nominal exchange rate depreciation

also helps stabilize the inflation rate.
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1. Introduction

In small open economies where trades play an important role, central banks usually tend to
stabilize the exchange rate movements to prevent the impacts of exchange rate fluctuations
on trades. Therefore, the central banks of most countries implement managed floating
exchange rate regime (such as Singapore and most Asian countries) through its
participation on the foreign exchange market. Taiwan, as a typical small open economy
with export and import taking up around 70% and 60% of the GDP respectively, the
central bank also conducts the managed floating exchange rate regime.

However, after the financial crisis in 2008, many central banks in advanced
economies implemented quantitative easing. These expansionary policies have great
impacts on emerging economies, particularly through the foreign exchange markets. In
recent years, the large fund inflows to emerging economies have led to significant
exchange rate appreciation in these small open economies, as shown in Table 1. As a result,
the central banks which take actions to avoid significant exchange rate appreciation may
lead to significant increase in foreign reserves, which in turn results in the increase in the
money supply and the rise in inflation. Table 1 outlines the experiences that major Asian

economies have undergone. As we can see, during the past years

Table 1: Average annual growth rate in foreign reserves, M2, inflation and exchange rate
depreciation, 2010-2014

Singapore Korea Malaysia  Philippines  Thailand Taiwan
M2 growth rate 6.45 5.64 8.49 11.94 9.20 4.87
inflation 2.76 241 2.07 3.83 2.22 0.91
exchange rate

depreciation
-13.83 -19.17 -7.46 -7.14 -5.54 -8.46

rate*

std of annual
5.90 4.11 5.40 4.00 5.21 3.87

depreciation
Reserve assets 6.79 6.14 4.44 13.58 3.14 7.55

*: the negative number refers to the appreciation of the domestic currency against the US dollars.
Source: World Bank; International Financial Statistics, IMF.



(2010-2014), there are significant increases in M2, inflation and foreign reserves, while
the nominal exchange rate experienced significant appreciation with drastic fluctuation in
these countries.

The experiences of emerging economies in past years show the tradeoff between
controlling the monetary aggregate and stabilizing exchange rate fluctuations that
monetary policy making may encounter, particularly under the significant foreign fund
inflows. The primary policy instrument of the central bank of Taiwan is monetary
aggregate targeting by setting the target for the growth rate of M2 with a fluctuation range
of 2%. However, as a small open economy, the central bank of Taiwan also conducts the
managed floating exchange rate regime to avoid drastic exchange rate fluctuations. In past
years, to stabilize the exchange rate fluctuations due to large foreign fund inflows, the
foreign reserves and monetary aggregates rise. The M2 growth rate has continuously
reached the upper bound of the target.! The massive fund inflows have led to the
challenge to maintain the target of monetary aggregate.

The macroeconomic effects of quantitative easing (QE) have been widely discussed
in the literature. Most of these papers use closed-economy models, and the impacts of QE
on foreign countries are relatively rare.” The current studies on QE’s impact fall on its
impacts on emerging economies. For example, Chang, Liu and Spiegel (2015) discuss this
issue for China to emphasize the decline in the foreign interest rate increases the cost of
sterilization which leads to the increase in the monetary aggregate and inflation. Liu and
Spiegel (2014) follow the similar framework to examine the combination of conventional
monetary policy and capital account policies including taxing the fund inflows and
sterilization may help stabilize the economy.

Alternatively, Escudé (2013) uses a dynamic stochastic general equilibrium (DSGE)
model with the description of balances sheet of the central bank to examine the
simultaneous implementation of two policy rules, the conventional interest rate rule and
managed floating exchange rate. The balance sheet of the central bank includes the
government bonds and foreign reserves. The intention of the central bank on the foreign
reserve market will lead to the change in the foreign reserve (or bonds if it is sterilized)
and money supply. The welfare analyses show that the simultaneous implementation of

two monetary policy rules will help stabilize the economy and lead to greater welfare.

! For example, the target of M2 growth rate in 2015 was set at the range between 2.5% and 6.5%. However,
the growth rate of M2 is above 6% every month in 2015.
2 The details of the related literature is described in the footnote 3 in the literature review.
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With the similar framework, Escudé (2014) examines the trilemma in international finance
and shows that the “impossible trinity” can be possible.

However, all the studies consider the interest rate rule. While the interest rate rule has
been subject to severe criticism after the financial crisis, some studies have started to
reexamine the performance of monetary aggregate management. For example, Hwang and
McNelis (2015) show that the monetary aggregate rule can perform better in stabilizing
consumption and asset price fluctuations than an interest rate rule. Similar results are
found in Kelly, Binner, Chang and Tseng (2014) and Belongia, Binner, Tepper and Kelly
(2014).

In this paper, we plan to focus on the examination of monetary policy coordination in
response to the massive fund inflows to a small open economy. While the fund inflows
may cause the problem for the central bank to maintain the monetary stability and
exchange rate stability, we plan to examine the effects and welfare implications of
alternative policy coordination. We will use the framework of Escudé (2013) to assess the
fluctuations and welfare under the simultaneous implementation of the monetary
aggregate rule, in contrast to the interest rate rule, and managed floating exchange rate.
While the central bank of Taiwan conducts the monetary aggregate rule, this study may
provide the policy implications for monetary policy coordination of Taiwan, instead of
implementation of one single conventional policy, under massive foreign funds inflows.

This paper is structured as follows. We outline the model in Section 2. We state

calibration in Section 3, conduct policy analyses in Section 4, and conclude in Section 5.

2. Model

In this study, we will use a small-open-economy DSGE model to examine how well
the different monetary policy coordination may help stabilize the macroeconomic
fluctuations under massive foreign fund inflows. We will follow Escudé (2013) to include
the balance sheet of the central bank, and two monetary policy rules including the
monetary aggregate rule and managed floating exchange rate.

2.1 Final goods market

Final goods are made from intermediate goods, produced in the home and foreign

countries. Final goods are nontradable, and are used for household’s consumption,



investment and government spending. The composite goods, which are composed of

domestic goods Q, and imported goods Q,':

0-1 - 0-179-1
6 6

SCHNCHEN ()

[ 10
2| («")" (@)
where «,a' >0 represent the ratio of home and imported intermediate goods
respectively. @ is the intratemporal elasticity of substitution between these two types
intermediate goods. The demand function for the domestic and imported intermediate

goods can be written as:

(P (i) (P (i))

o ()= 2 gs g (= D g, )
K P[ ) \ Pt )
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where Q/ (i) and Q' (i) stand for the domestic goods and imported goods of variety i .

v is the elasticity of substitution among the individual goods. The corresponding prices
are shown as follows:

1

P=la®(P) " +(a')(P )|,
() @ )(RY) "
where pi_l'pi(s) v L

I_Hopt (s) dSJ . j=d,f,

P*(i) and P are the home-currency prices of individual and aggregate domestic

t

goods, respectively, P'(i) and P are the home-currency prices for the imported

goods. P, is the aggregate price index. We assume that the imports are priced according

to the international prevailing price such that P' =spP’~ where s, is the nominal

exchange rate, expressed in units of the home currency of foreign currency and P,” is the

international price.



2.2 Households

Household obtains utility from consumption and disutility from labor supply. The

utility function can be characterized as below:

w |—lea° 1+o' /P "
t+] N t+J 5
Z Ll c° ~¢ 1+o" 1-o" J ®)

where c, and N, represent the consumption and labor supply in the period t
respectively. g e (0,1) is the intertemporal elasticity of substitution. ¢, «"and &"
stand for the intertemporal elasticity of substitution of consumption, inverse of the
elasticity of labor supply, and elasticity of money. ¢&" characterizes the disutility from

labor supply.

Households provide capital Kk, and labor N, to firms for production. The capital

can be accumulated with investment. The law of motion for capital is
K, +® (K, . K)=00-8)K, +1, (6)

t

where s e (0,1) is the depreciation rate of capital and 1, is the investment in period t.

The accumulation of capital will incur the adjustment cost @ (K ,,K,) so we can model
the Tobin’s Q as the indicator of asset price. @ (K, ,,K,) is specified as a convex

function, @ (K, ,K,))=¢ /2K

Moreover, households hold the home bonds B, with the interest rate i, and

foreign bonds B," with interest rate i,' . We assume that the transaction of foreign bonds

incurs the risk premium:
1+if = @i, (°) )

where »® =sB'/PY =eb'/V,, e =SP /P, b/ =B'/P . ¢ denotes the liquidity



on the international capital market and e, is the real exchange rate. v, and b, are GDP
and real foreign bonds respectively. z_, (72') is the function of risk premium which is a

convex function of the ratio of foreign bonds to GDP, rBf(thf) where

r,=1+7 ,>1 ¢, >0, ", >0.
B B B B

Therefore, the budget constraint of household can be written as:

PC,+P I, +P® (K, ,K)+M, +B'-SB'+Tax

(8)

=WN, +R K +I,+M_, +(*¥i_ By - +{'1SB)

where w, and R/ are the nominal wage and rental rate on capital goods. mm, and Tax,

are the profit of firms and the lump-sum tax payment to the government.

Household will maximize the utility subject to the budget constraint Eqg. (8) and
capital accumulation process Eq. (6) with the Lagragian multiplier 2 and @,

respectively. The first-order conditions are listed as below:
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m,,=P,,/P.Letting q =Q, /2, Eq.(13)and (14) can be written as:
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K
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g, is Tobin’s g which represents the asset price in this model.

2.3 Intermediate goods

We assume that the intermediate goods markets are monopolistically competitive
where firms produce heterogeneous goods for the final goods. Firms hire capital and labor

for production:

Q)= Z (K (hH) & ¢) (17)

where z, is the total factor productivity and » is the elasticity of capital. The marginal

cost associated with the production function is

|~

MQ{ J R W7y (=) 7 (18)

N

t

The goods produced by the domestic firms will be sold domestically and to the

foreign country. The home firm produces goods sold in both the domestic and foreign

markets. The foreign demand for the home intermediate goods Q (i) of variety i is

assumed as:

{‘*} 1> 0, (19)



where P*"(i) is the firm’s export price and P is the aggregate price index of

exported goods, both of which are denominated in the foreign currency. P," is the foreign
(international) price. x is the price elasticity of the aggregate exports. We assume that

X, is subject to a random shock.

t

Firms will set the prices for goods sold in the home country following Calvo’s
staggered pricing which assumes that each firm may reset its price with a probability
(1-a ). As a result, on average, a proportion 1-« of firms may change the price while

« share of firms will maintain their prices. This implies the mean interval of price

change is 1/(1— a). In period t, a typical firm i will reset the profit-maximizing price

P (i) which maximizes the profit within the period t and t+s when the price

t

remains valid. The optimal price that a typical firm sets is (the subscript i is dropped due

to symmetry):

tht = v o1 - (20)
{z (a) EIAWQ:M}

d

where A, =(8°4../4 )(R/P.,). Q.. isthe demand of goods under this price in

the period t+s. and MC,, _, is the associated marginal cost. 2, is the Lagragian

t+s,t

multiplier in the period t+s.

The price index for the domestic price will evolve following the dynamics:

1-v v -V

(R") =a(Pl) +(@-a)(Pi™) (21)
For the foreign country, we assume that the law of one price holds. Therefore,

Ptx* = Ptd /St :

2.4 Central bank



We assume that the central bank issues money M, and bonds for households B,

and holds the foreign reserves (denominated in foreign currency) Rr, . The Balance sheet of

central bank can be written as
M +B"=SR, (22)

Therefore, the central bank can change the money supply through open market operations.
Also, the participation of central bank on the foreign exchange market will change the
foreign reserves and money supply. This may also generate the quasi-fiscal surplus as

stated below.

The flow income of the central bank can be written as:

M,+B'-SR =M, +(@+i)B", —(1+i )SR,, 23)
h
= (M 1T Bt—l - St—lRt—l) - QFt’

where

*

QF, =i SR_, +(S

. h L 1 . h
-1t N _St—l)Rl—l_I B :[|171+(1_AS )]SlRt—l_l B (24)

t t-1"t-1 t-1-t-1"

t

QF, is the quasi-fiscal surplus of the central bank. From Eq. (24), we can see that the

quasi-fiscal surplus includes the interest payment on the home bonds and interest revenues

from foreign bonds.
We assume that the central bank transfers the quasi-fiscal surplus to the government,

and thus the net wealth is constant which is assumed to be 0 for simplicity:

M,-B'-SR =M, -B' S 0. (25)

We assume that the government spending is composed of goods resembling the
consumption goods, with the lump-sum tax revenues from households and the quasi-fiscal

surplus from the central bank. The government’s balanced budget can be stated as:

G, =Tax, +QF, (26)



Combining the budget constraint of households, central bank and government can

generate the balance of payments of the nation (in foreign currency):

Rt - Btf = CAt + Rt—l - Btf—l’ (27)
where CA, stands for the current account:
CA =iR_, —i'B' +TB, (28)

where TB, is the trade balance.

2.5 Monetary policy rules

We will follow the specification of Escudé (2013) by implementing two rules. However,
since the central bank of Taiwan adopts the monetary aggregate rule by setting the target
for the M2 growth rate, we will specify the rules for managing the money growth rate and

nominal exchange rate depreciation as below:

1+ 1+ I1 Y e
o _ (W mayn (Zogn Lyn Egnayp(omam), (29)
1+g, 1+g, II Y e

k
AS AS I, Y, . r/Y )" s s
—t=(—“)k°<—;)1(—)2<—)k3[L) exp(c’s), (30)
AS AS I1 Y e r

where g, . =(M,-M_,)/M , and g are the growth rate of monetary aggregate and

t-1

the targeted growth rate of money. S, and S are the nominal exchange rate

T

depreciation and its target, z' is the inflation target, Y is the steady-state output, e is

the steady-state real exchange rate and r is the steady-state foreign reserve ratio to GDP.

m

¢! and &’ are the disturbances of monetary policy while " and o° measure the

magnitude of these shocks to the policy. h,, h, h,, h, <0 and k,, k,, k,, k,<0 are the
policy parameters of these two rules. The negative values of these policy parameters imply
that the central bank conducts the monetary policies to stabilize the macroeconomic

fluctuations.

2.5 Market clearing condition
10



The market clearing condition of the goods market can be written as:
Y=C + I, +G (31)
2.6 Exogenous shocks

There are exogenous shocks underlying this model which include shocks to
productivity, government spending, export demand, foreign inflation, foreign interest rate

and financial friction on international capital market.

Z,=(p" ¥ypZ ,+e (32)
InG, = 18 +p° 6, +&f (33)
InX = IX+p 1K +&", (34)
M, =(1p ) » " +4] (35)
i, =(1-p' ) +p'j, + Ig (36)
o =(1-F )+p @ +¢ (37)

3. Calibration

Most of the parameters are chosen following the conventional settings in the

literature. In the steady state, we assume that the current account is balanced. The share of
the home produced goods in the foreign consumption X~ is adjusted to assure the

balanced current account. The market price of capital goods is assumed to be q =1, and
the real exchange rate is specified as 1 in the steady state. g is assumed to be 0.99,
following most literature.

The share of import goods in the aggregate consumption « " is set to 0.3. We set the
capital share in production 4 = 0.3. The elasticity of intertemporal substitution, inverse of
elasticity of labor supply and elasticity of real money demand is setas «° =1, o" =0
and o" =1 for simplicity. Disutility of labor supply &" is assumed to be 1. The
depreciation rate of capital is specified as s =0.025 (reflecting the annual depreciation
rate to be 10%). The adjustment cost of investment is specified as 15. The financial

11



friction parameter ¢ is assumed to be 0.0019 in the steady sate. The elasticity of

substitution among goods v is assumed to be 1.1, such that the markup is about 11%.
The elasticity of substitution between the domestic and imported goods and , @, issetto5
The degree of price stickiness « is specified as 0.75, implying the average duration of
price adjustment around 4 quarters.

We assume that the steady-state foreign reserve ratio to GDP is 0.76 which is the

averaged foreign reserve ratio from 2003 to 2016 in Taiwan. As for the monetary
aggregate rule, we assume that the policy parameter h, =0.6, h =-0.35, h,=-0.1,

and h, = -0.02, following the estimation for Taiwan by Hwang(2012). The policy
parameters for the managed floating exchange rate rule are assumed to be k, =0.03,

k, =-0.07, k,=-0.08, h,=-0.43 and h, =-0.08.

2 3

4. Analyses

In the following analyses, we numerically examine the dynamics of alternative

monetary policies under productivity shock and foreign interest rate shock respectively.

First, we consider a 1% positive shock to productivity with the AR(1) coefficient as
0.9. Figure 2 shows the impulse response functions under managed floating exchange rate
and flexible exchange rate regime where the foreign reserve is held constant respectively
while the monetary aggregate rule is in place. We can see that, under flexible exchange
rate regime, there is greater depreciation rate in nominal and real exchange rates which
benefits the export more, and thus leads to greater increase in output, consumption and
employment than the managed floating exchange rate regime. Under managed floating
exchange rate regime, in order to contain the exchange rate depreciation, the central bank
has to intervene on the foreign exchange market. This has led to a temporary decrease in
the foreign reserves. However, the quasi-fiscal revenues may benefit from the nominal

depreciation of the home currency.

In face of the global trend of interest rate rise in the near future in the aftermath of the
global financial crisis, we consider a quarterly 0.25% increase in the foreign interest rate.
The impulse response functions under these two policies are outlined in Figure 3. The
nominal exchange rate may appreciate upon shock, but depreciate right after. The
depreciation helps the increase in export. However, under monetary aggregate rule, the

central bank may conduct contractionary monetary policy in response to the increase in

12



the foreign interest rate. The rise in the interest rate leads to the decline in consumption.
However, the central bank will intervene in the foreign exchange market to dampen the
exchange rate depreciation under managed floating exchange rate regime. As a result, the
increase in export fails to offset the decline in consumption under managed floating
exchange rate regime. The output expansion is smaller if central bank conducts managed
floating exchange rate regime. Again, to avoid the greater depreciation of home currency,
the foreign exchange intervention will lead to a decline in foreign exchange. The
quasi-fiscal revenue benefits from the higher foreign interest rate. It declines in the
beginning due to home currency depreciation, but rises after the home currency starts to
appreciate. In both cases of shocks, the managed floating exchange rate dampens the home
depreciation and helps stabilizes the inflation. The inflation stabilization can be the

potential benefits of managed floating exchange rate regime.

GNP Consumption Inflation
30 10 4
20}: 2|
: 5|
0 -2
0 10 20 0 10 20
Export employment nominal depreciation
10 4 4
5 21" 2

-5 -2 -2
] 10 20 ] 10 20 0 10 20
Real exchange rate quasi fiscal revenue foreign exchange
4 20
0.5} 10
] I 0f-
0.5 -10
0 10 20 ] 10 20 0 10 20
Palicy 1
.......... Paolicy 2

Note: Policy 1: monetary aggregate rule with managed floating exchange rate regime; Policy 2: monetary
aggregate rule with flexible exchange rate regime.

Figure 1: impluse responses under 1% productivity shock
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Note: Policy 1: monetary aggregate rule with managed floating exchange rate regime; Policy 2: monetary
aggregate rule with flexible exchange rate regime.

Figure 2: impluse responses under 1% foreign interest rate shock
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Conclusion

In this study, we use a small-open-economy DSGE model to evaluate the monetary
policy in Taiwan. We emphasize the balance sheet of the central bank and thus the foreign
exchange changes under foreign exchange intervention. Under this framework, the central
bank may conduct policy coordination which involves the monetary aggregate rule and
managed floating exchange rate regime. The simulation results show that the managed
floating exchange rate regime which dampens the exchange rate fluctuation also helps
stabilize the inflation.

In the future, we may further consider whether or not the monetary policy should
respond to the change in asset price. This has become an important issue after the financial
crisis. Moreover, while most emerging economies tend to accumulate great amount of
foreign reserves to avoid drastic exchange rate depreciation, which is the lesson learned
from the Southeast Asian financial crisis in 1997, it may worth a while for us to examine

the foreign reserves more carefully in the future.
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Welfare Implications of the Chinese Monetary Policy
Reform: A Dynamic Stochastic General Equilibrium

Approach

Yu-Ning Hwang*
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Abstract

In this study, we establish an open-economy DSGE model with the frictional
domestic credit market to conduct the welfare analyses of monetary policy reform
plans of China. Currently, both the domestic credit market and international capital
market are under various regulations. The progress of the gradual removal of these
market regulations, which may crucially alter the transmission mechanism of
domestic as well as foreign shocks, is important for the economic transformation of
the Chinese economy. The welfare analyses generate important policy implications
for the progress of policy reforms. The results suggest that, compared with domestic
deregulations, opening capital account can be most critical as it makes the
international transmission mechanism of shocks feasible.

Keyword : dynamic stochastic general equilibrium (DSGE), Chinese economy,
economic transformation
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