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1. Introduction

On 30 November 2015, the Executive Board of the International Monetary Fund (IMF)
completed a regular five-yearly review of the basket of currencies that comprise the
Special Drawing Right (SDR), marking a milestone in China’s push to internationalise
its currency. A key outcome of the Board’s review was that the Chinese renminbi (RMB)
would be effectively included in the SDR basket from 1 October 2016 along with the U.S.

dollar (USD), the euro, the Japanese yen, and the British pound.

IMF Press Release No. 15/540 (available on the IMF website) states, ‘ Authorities of
all currencies represented in the SDR basket, which now includes the Chinese authorities,
are expected to maintain a policy framework that facilitates operations for the IMF, its
membership and other SDR users in their currencies’. Although any direct impact may
not be immediately apparent, being the first developing country to join the SDR-basket
group will spur the currency towards further reform to more closely integrate with the
world economy. In particular, admission to the SDR currency club symbolises that the
IMF is lending its imprimatur to the RMB as a reserve currency. As a result, it will
encourage more central banks to hold RMB as part of their foreign exchange reserves as
well as build confidence in people’s demand for RMB and yuan-denominated assets. To
be specific, Wu (2015) quoted Huang Yiping, Peking University economist and central
bank monetary policy adviser: ‘The [reform] direction is very clear, [that is, towards] a
more flexible yuan and market-driven interest rates, further opening up of the capital
account and greater global use of the yuan.” This point of view is consistent with Frankel
(2012), who said, ‘To attain international currency status, capital and money markets in
the home country must be not only open and free of controls, but also deep and well

developed.’



The well-known Mundellian trilemma (also known as the impossible trinity;
Mundell (1963)) states that simultaneously having the following is impossible: a stable
exchange rate, capital mobility, and an independent monetary policy. Therefore, if
Chinese financial reform is leaning towards loosening capital control and making the
RMB more flexible, the Chinese government can retain monetary independence (Tyers et
al. 2008). However, if the People’s Bank of China (PBOC) stabilises the RMB through
foreign exchange rate intervention, the Chinese authority is likely to lose its ability to

control capital.

By contrast, currency substitution might occur in Taiwan’s portfolio allocation for
the following reasons: First, China and Taiwan share a similar cultural background and
language. Second, Taiwanese investors are deeply involved in supply chain management
in the Great China area. Third, the Central Bank of the Republic of China (Taiwan, CBC)
announced on 6 February 2013 that it would permit local banks” RMB business in Taiwan.
Last, the increased flexibility of the RMB changes expectations regarding future
exchange rates, which in turn affects individuals’ portfolio choices in their holding of
monies of different denominations. According to CBC press release No. 101 (June 18,
2024) on a monthly overview of RMB business conducted by banks, there were 65
authorized domestic banking units and 56 offshore banking units conducting RMB
business. The amount of RMB settlements handled by the Taipei branch of the Bank of
China in May 2024 was RMB 478 billion. In comparison, the amount of RMB settlements
handled by the Taipei branch of the Bank of China in November 2015 was RMB 319

billion.t

An increase in the importance of the RMB in Taiwan’s portfolio along with the

! In order to understand the importance of RMB in Taiwan’s portfolio, a time-series data on the ratio of
RMB deposits to total foreign exchange deposits is presented in Appendix 1.
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expectation of increased RMB volatility and loosened capital control in China complicate
the physical environment faced by the small open economy, Taiwan. Specifically, whether
the RMB and the USD exhibit complementarity or substitutability plays a critical role in
the effectiveness and independence of the CBC’s monetary policy. Therefore, the
relationship among currency substitution, independence of monetary policy, and real
exchange rate dynamics is a central issue worth studying. This paper thus constructs a
three-currency macroeconomic model to analyze the effects of domestic monetary policy
on the macroeconomic economy in a small open system. In addition, how the results
depend crucially on the relationship between gross substitutability and gross
complementarity among the three currencies are carefully explored.

The rest of the paper proceeds as follows. Section 2 reviews related literature on
currency substitution and monetary independence. Section 3 describes the construction
of a three-currency dynamic general equilibrium model. Section 4 presents an analysis of
long-run effects on the degree of monetary independence. Section 5 examines the

behaviour of real exchange rates through the dynamic system. Section 6 concludes.

2. Literature Review

Previous studies on currency substitution and exchange rate dynamics issues (e.g., Calvo
and Rodriguez 1977; Niehans 1977; Liviatan 1981; Chen and Tsaur 1983; Park 1987,
Chen et al. 1989; Engel 1989; Chan 2002; Airaudo 2014; and Kumamoto and Kumamoto
2014)2 almost without exception imply that including holdings of two monies (the

domestic currency and the foreign currency) in a portfolio is desirable.® The essential

2 Another main question explored in the currency substitution literature is how currency substitution,
through its impact on the demand for domestic and/or foreign currencies, may affect the determination of
seigniorage and/or inflation tax (e.g., Végh 1989; Ozbilgin 2012)
3 Rey (2001), which develops a three-country and three-currency model of the world economy, is one of
few notable exceptions.
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notion behind all currency-substitution models is that individuals’ demand for money
should consist of their demand for not only the domestic currency but also a group of
foreign currencies. As a result, individuals’ demand for the domestic currency may or may
not be a well-defined and stable function (Krueger 1983, p. 91). Intuitively, the wide
variability of exchange rates would be reasonably explained with a model of diversified

foreign-currency holdings.

The specification of a money demand function is crucial. For example, both Calvo
and Rodriguez (1977) and Liviatan (1981) apply a similar two-sector, small open
economy framework to study the effects of currency substitution on real exchange rate
dynamics. However, Calvo and Rodriguez (1977) predict that an increase in the rate of
money growth leads to a real depreciation, whereas Liviatan (1981) expects the opposite.
The key difference is the following: Calvo and Rodriguez (1977) assume that there is a
‘competitive’ relationship between home and foreign currencies, whereas Liviatan (1981)
assumes that domestic and foreign currencies are held similarly to ‘cooperant’ factors in
the production function of liquidity services under the long-run perfect-foresight model.
Calvo (1985) and Engel (1989) synthesise the differing results between Calvo and
Rodriguez (1977) and Liviatan (1981). Végh (2013) concludes that whether an increase
in the rate of monetary expansion induces a real appreciation or depreciation depends on
two factors. One is the relative size of the elasticity of substitution between the domestic
and the foreign currencies, and the other is the elasticity of substitution between
consumption and liquidity services. These studies clearly indicate that the degree of
substitutability and/or complementarity between currencies plays a considerable role in

real exchange rate fluctuations.

Despite the apparent connexion, the role of international interdependence is

surprisingly not generally recognised in the currency substitution literature. For example,
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Niehans (1977) and Park (1987) construct economies that are immune from external
shocks by assuming a fixed foreign price for traded goods or imports. By contrast, the
impact of inflation abroad is fully accounted for by Chen and Tsaur (1983) and Chen et
al. (1989). Both Chen and Tsaur (1983) and Chen et al. (1989) conclude that the terms of
trade are affected by a change in the foreign rate of inflation and that money exhibits non-
neutrality in the long run. Moreover, through real exchange rate dynamics, Chen et al.
(1989) demonstrates that adjustment paths rely on trade elasticity, substitution elasticity,

and cost elasticity of currency diversification.

In addition to the influences of currency substitution on exchange rate fluctuations,
the role of currency substitution in the impact of monetary policy is widely investigated.
For instance, Felices and Tuesta (2013) and Airaudo (2014) demonstrate a negative
relationship between the degree of currency substitution and the effectiveness of
monetary policy. By contrast, Kumamoto and Kumamoto (2014) build a dynamic
stochastic general equilibrium model with an incomplete financial market and determine
that the degree of currency substitution does not have a severe impact on the effects of
domestic monetary policy shock. Nevertheless, Kumamoto and Kumamoto (2014) report
that a higher degree of currency substitution is associated with a larger influence of
foreign monetary policy shock on the domestic economy. Recently, Chen (2023) shows
that diversified currency holdings operate as an automatic stabilizer that mitigates belief-
driven cyclical fluctuations in Farmer’s (1997) indeterminate monetary economy. This
contradicts the existing argument that currency substitution is detrimental for domestic
aggregate stability. Although the channel through which currency substitution affects
monetary policy is examined in the aforementioned studies, these results are based on a
two-country, two-currency, small open economy model. Consequently, these models

cannot be used to explore how the degree of currency substitution may influence the



monetary policy of a small open economy that has two large trading partners. In particular,
we consider the impact of substitutability and/or complementarity among currencies (the
domestic currency and two foreign currencies) on the effectiveness and independence of

the home country’s monetary policy.

Our paper is most closely related to Tsaur and Tang (2016), who construct a dynamic
general equilibrium model that features three currencies to explore the impact of currency
substitution and exchange rate ‘renminbisation’ on exchange rate volatility and currency
diversification. Specifically, Tsaur and Tang (2016) investigate how an expansionary
monetary policy by the PBOC (the foreign monetary policy) would eventually lead to
smaller RMB (the foreign currency) holdings for domestic residents. However, whether
China’s expansionary monetary policy increases or decreases Taiwan residents’ New
Taiwan dollar (NTD) and USD holdings depends on the degree of substitution between
currencies. For example, if both the RMB and the NTD, as well as the RMB and the USD,
exhibit complementarity, then the Chinese expansionary monetary policy would lead to
smaller NTD and smaller USD holdings. Alongside currency holdings, Tsaur and Tang
(2016) examine the influence of U.S. and Chinese monetary policies on the long-run real
exchange rate in Taiwan. The findings are consistent with Chen and Tsaur (1983) and
Chen et al. (1989), who conclude that under currency substitution, flexible exchange rates
may no longer provide a cushion against external shocks.

Although Tsaur and Tang (2016) conduct comparative static analysis of steady states
and investigated the behaviour of relevant macroeconomic variables, three important
aspects distinguish Tsaur and Tang (2016) from this paper: First, in contrast to Tsaur and
Tang (2016), who discuss the impact of foreign (the PBOC’s) monetary policy on home
(Taiwan) currency diversification, this paper investigates the effectiveness and

independence of domestic (the CBC’s) monetary policy. An increase in the importance of



the RMB in Taiwan’s portfolio along with the expectation of increased RMB volatility
and loosened capital control in China complicates the physical environment faced by
Taiwan. Specifically, whether the RMB and the USD exhibit complementarity or
substitutability determines the effectiveness and independence of the CBC’s monetary
policy. Second, in contrast with Tsaur and Tang (2016), this paper emphasizes that
monetary disturbances originate inside. After analyzzing the effects of domestic monetary
expansion on the terms of trade in a small open economy, an interesting result that money
is not neutral even in the long run is obtained. Third, Tsaur and Tang (2016) perform real
exchange rate dynamic analysis in response to foreign (the PBOC’s) monetary policy. By
contrast, the dynamic adjustment path of relevant macroeconomic variables, such as real

exchange rates, and domestic (the CBC’s) monetary policy are investigated in this study.

3. The Model

Suppose that there are two large foreign countries and a small home country in the world.
The small home country is a price-taker in the world markets for its imports (i.e.,
Commodity 2) but is sufficiently substantial to affect world prices for its exportables (i.e.,
Commodity 1). Let the two foreign countries be known as Country 1 and Country 2.
Suppose that Country 1 shares a similar cultural background and consumption habits with
the home country. Therefore, we assume that Country 1 and the home country trade only
in Commodity 1, and that purchasing power parity holds between the two countries.
However, citizens of the home country also consume Commodity 2, which is completely
imported from Country 2. To visualise the conceptual setting, consider China and the
United States as examples of Country 1 and Country 2, respectively. Taiwan and Korea
are examples of the small home country in our generalized macroeconomic model.

We use the following notation to facilitate our presentation: Let P be the domestic



price of Commodity 1, Pi*, i=12 be the price of Commodity i in terms of Country
i's currency, and E;, i=12 be the domestic price of Country i's currency. Because
purchasing power parity holds between the home country and Country 1, P = E; Pl* . Let

Q=E, Pz* / P be the real exchange rate in terms of the relative prices of imports with

respect to exportables. To capture the concept of currency diversification, we assume that
citizens in the home country hold domestic and foreign currencies at the same time.

However, citizens of foreign countries do not hold the small home country’s currency.
Let H be the nominal domestic balance and Fi , 1=12 be the nominal holdings of
Country i'S currency by citizens in the home country. It follows that the real domestic
balance M is defined as H / P and the real balance of Country 1S currency is defined
as M, = EiFi/P, i=12.

Arepresentative citizen in the home country maximises the following utility function

l-a 1-k
maxj C,+ S L et
0 l1-a 1-k

subject to the budget constraint

M +M,+M, =S —zM —z,M, - (7, —~Q)M, +(Y —C,~-QC,) (1)
where a,ke(0,1), p>0, C, (c,) is the domestic consumption of Commodity 1

(Commodity 2), and L is the currency mix function. The currency mix function, L, is
specified with the three imperfectly substitutive currencies in the formulation of the

constant elasticity of substitution function

(I-a)o

o-1 o-1 o-1

Lsz{ﬂMZUJr(l—,B)M } , a,pe(01), oe(0,) (2)

The currency mix function (2) illustrates that the partial elasticity of substitution between
Country 1’s currency and the domestic currency (Country 2's currency) is equal to one,

and the partial elasticity of substitution between the domestic currency and Country 2’s
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currency is o.
Let S be the lump-sum transfer to the citizen and Y be the level of exportables

produced domestically at full employment. Let the time derivative of a variable X be
denoted by X. Thus, 7= P/ P represents the rate of domestic inflation, Q EQ/ Q

denotes the rate of change of real exchange rates, and for each =12, 7, = F’i* / P:

indicates the rate of Country i's inflation. The budget constraint (1) states that there are

three sources of accumulation of assets: government lump-sum transfer (S), inflation

gains on M, M, and M, (namely —7M, —z,M, | and (Q—ﬂz)l\/lz), and the trade

surplus (Y —C, —QC,).

The first-order conditions for the optimisation problem yield

o-1 o172 1
(1—a1)(1—ﬂ)L1‘{ﬁM2"+(1—ﬂ)l\/|"} M =p+rn (3a)
oM = p+ 1, (3b)
ot N )
(1—a1),BL1‘{ﬂM2“ +(1- /M } M,° =p+7,-Q (3¢)

Through log linearization and the omission of constant terms, Equations (3a), (3b), and
(3¢) yield the following three log-linear equations revealing the properties of the demand

function of each currency

m= —[(1—0!1)(1—,32)8+ﬂ20+0!1(1—ﬂ2)](p+71') —ay(e-D(p+m)

. (4a)
+,32[(G—8)+0!1(8—1)](p+ﬂ2 o))
m, =—1-a)1-B)(e-D(p+7)—[an(e -1 +1](p+ ) (4b)
—A-a)B(e-D(p+7,—0q)
m, = (1_52)[(0_8) +a1(5_1)](,0+7z') —ay(e-1)(p+m) (40)
c

_[(1_0‘1)ﬂ25+ (1_ﬂz)o'+a1ﬂ2](p+”2 )

where m=InM |, foreach i=12, m=InM., C]Ede/d'[, 5:]/k (the opportunity
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cost elasticity of holding the currency mix, L ),
E > .

B, =pBM,¢ / [[;’Mégfl)/"+(1—ﬂ)Mé‘H)/"} (the share of Country 2's currency with

respect to the opportunity cost of holding the currency mix consisting of the domestic

currency and Country 2’s currency), and a subscript of a variable zero denotes its initial

equilibrium value.
The growth of the domestic money supply, H/ H, is assumed to be exogenously
given and constant at ¢ . Hence, M = UM —7M | Assume that seigniorage is a lump-

sum transfer to the citizen. Namely, S = M . The budget constraint (1) can then be

written as
M, +M, +mM, +(7,-QM, = (Y -C,-QC,) (1)
The net inflow of foreign currencies, M1 +M , +mM, + (7, - Q)M ,, clearly must be

‘financed’ by a trade balance T.

The trade balance T comprises exports (Y —C,) and imports (QC,). The former

consists of X, (exports to Country 1) and X, (exports to Country 2). The export
demand function of Country 2 is assumed to be the following form:
X,=Q", b>0 (5)
From the first-order conditions for the representative citizen’s optimisation, we have
C,=Q* (6)
Equations (5) and (6) imply that the trade balance can be written as

T=X,+Q"-Q"**=T(Q) (7

, T B Xo |11 > .
Whether T =E—Czo [[ rozojg-l_g_l} N 0 depends on whether the modified

10



Marshall-Lerner condition is satisfied. Substituting Equation (7) into Equation (1), and

dividing the resulting equation by M,, we obtain

TQ M, . M
———Im-—lz=m-g+x "
M2 M2 1 M2 1 2 q 2 (l )

The left-hand side of Equation ( 1”7 ) can be approximately log-linearised by
00 = oM, — yM, =y, M, =y, , where 6=Q,T'/M,, 2 0 accordingly when T >0,

and =M / M., > 0. The budget constraint (1) can then be rewritten as

ym, +my —Q =6 - ymM, — M, -y, - 7, (4d)

4. Long-Run Effects of Domestic Monetary Expansion

We now analyse the long-run effects of domestic monetary expansion on the real balance
of the domestic and foreign currencies and real exchange rates. Expansions of the
domestic money supply lead to a rise in the relative cost of holding the domestic currency,
which in turn results in a change in the holdings of foreign currencies. The home country
can alter the holdings of foreign currencies only through changing the trade balance,

which requires an accommodating real currency depreciation or appreciation.
4.1 Real Holdings of Currencies

Suppose that the system is initially in a steady-state equilibrium corresponding to a certain
value of z¢.Suddenlyat t=0", a higher rate of expansion in the domestic money supply,

', 1s instituted. What would happen to the new steady-state value of the three

endogenous variables M, m,,and m, inresponse to an increase in 4 ? The steady-

state equilibrium is characterised by M=M =M, =0=0. It follows directly from

11



Equation (4a) to Equation (4c¢) that

Am

Ap ~ Q- foray1- )] <0 (8a)
A_1

A~ @)= A D <0 (8b)

T G REA ) BN (8¢)

From Equations (8a) and (8b), the real holdings of the domestic currency and Country 1's
currency would be smaller in the new steady state. An increase in the rate of domestic
money growth leads to a rise in the relative cost of holding the domestic currency. There
are two effects: the substitution effect and the scale effect. The substitution effect refers
to the relatively higher cost of the domestic currency reducing the proportion of the
holding of domestic currency relative to foreign currencies in the portfolio; the scale
effect refers to the higher cost of the domestic currency raising the weighted average cost
of holding the entire portfolio, which reduces the size of the overall portfolio demanded.
Both effects reduce the quantity of domestic currency held. The holding of Country 1's
currency also decreases because the scale effect exceeds the substitution effect (&>1).
Equation (8c) clearly shows that in the new steady state, the holding of Country 2’s
currency is larger when the substitution effect relatively exceeds the scale effect.*

Calvo and Rodriguez (1977) and Liviatan (1981) analyse the effect of an increase in
domestic money growth on the long-run level of foreign currency holdings. Calvo and
Rodriguez conclude that the long-run level of foreign currency holdings increases,
whereas Liviatan obtains a contrary result. The key to the diametric results is the different
assumptions on the (substitutive or complementary) relationship between the domestic
and foreign currency. Liviatan assumes that ‘the two assets behave like “cooperant”

factors of production in the theory of the firm’, (p. 1224). By contrast, Calvo and

4 This problem, related to Gresham’s law and Hayek’s free currency system, is comprehensively discussed
in Chen et al. (1981).
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Rodriguez implicitly assume the two currencies to be substitutes. Assuming the long-run
constancy of total assets, an individual’s steady-state allocation of money demand
between the domestic currency and the foreign currency, in effect, can be viewed as the
firm’s choice of ‘perfect competitive’ inputs in a two-factor production function.®

The effects on net inflow of foreign currencies ( NF ) are investigated if the home
country raises its money growth rate in our three-currency model. This problem related
to the monetary independence proposition is discussed by Miles (1978). Miles argues that
when currency substitution exists, even perfectly flexible exchange rates may not
guarantee monetary independence. The monetary policy induces changes in the interest
rate that result in offsetting money flows, and the magnitude of these offsetting flows is

directly proportional to the degree of substitution between currencies.

In our three-currency model, whereas the net substitutability between M, and M

is small so that the two currencies are gross complements (1<¢), M, and M are gross

substitutes for each other (0 >¢). More rapid money growth increases inflation in
domestic currency prices, which leads to a decrease in real demand for both the domestic
currency and Country 1's currency and an increase in real demand for Country 2’s
currency. In the long-run equilibrium, net inflow of foreign currencies can be derived

using a weighed sum of Equations (8b) and (8c)

ANanl AMy +l-a)p, Am,
Ap Au Ap

= (1_a1)(1_ﬁ2)[:32(0__‘9)_al(l_ﬂz)(g_l)] % 0
accordingas ¢* = wo + (1 — w) - 1?8 9)

where 0 < w = B,/[B2 + a1 (1 — B1)] < 1. The critical condition of Equation (9) is

worth explanation. The o* can be interpreted as a combined elasticity of substitution

5 These arguments briefly appear in Chen and Tsaur (1992, pp. 320-321).
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between the domestic currency and these foreign currencies, defined as a weighted
average of partial elasticity of substitution between M and M, (which is o) and partial

elasticity of substitution between M and M; (which is 1). The weights of ¢ and 1 are

w and (1 — w), respectively. ® This condition can be further simplified as o > ¢

when the two partial elasticities are equal to the same value, o. An expansionary money
policy leads to a rise (fall) in the quantity of foreign currencies held when domestic
currency and foreign currencies are gross substitutes (complements). Domestic monetary
expansion may not necessarily induce an offsetting inflow of foreign currencies, unless a

certain relative value of O to ¢ is that the appropriate gross substitutability among

currencies yields AN F/ Au=0. Otherwise, the inherent monetary policy autonomy of

flexible exchange rates would not exist. The distinction between the substitutive
(competitive) and complementary (cooperant) relationship among currencies is crucial in
determining whether monetary independence exists. ’ In other words, the gross
substitutability, rather than the elasticity of substitution itself, is substantively important
in influencing the validity of monetary independence under flexible exchange rates. Miles’
(1978, p. 432—433) comment on the Cobb-Douglas demand for money function assumed
by Chen (1973) ‘unfortunately constrains the elasticity of substitution to equal one’, may

have missed the point.

4.2 Real Exchange Rates

Substituting M, =M, =( =0 and the results of Equations (8b) and (8c) into Equation

 In our 0 > & > 1 case, this condition reduces to o 2 €+[a1(1—ﬂ2)(5—1)/ﬂ2]. In other words, the

partial elasticity between M and M, must be greater than & to offset the decrease in cooperant
currencies M and M;.
" The relative value of o to & rather than the absolute value of ¢ is important. See Chen and Tsaur
(1983).
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(4d), we obtain the steady-state effect of domestic monetary expansion on  as follows:

A1 _1-4,
Au o

{”200_ — (750 +y0 ) A=) 6 — (7150 + yrr) 0t + 77[10} % 0
according as
o Z (2) a-a)era +(m/m)l-ca)e D =g >z, 1f >(<) 0 (10)

As mentioned previously, an increase in £ causes a currency portfolio to shift from the
domestic currency and Country 1's currency to Country 2’s currency. Net inflow of
foreign currencies may then increase or decrease. Given 0 >0, when o >¢, gross
substitutability between the domestic currency and Country 2’s currency appears, and the
net foreign inflation tax to pay is greater because of the increased tax base. By contrast,
when o <¢, gross substitutability between the domestic currency and Country 2’s
currency disappears, and the net foreign inflation tax to pay is smaller because of the
smaller tax base, because a higher (lower) value of trade balance is now required to pay
for the greater (smaller) net foreign inflation tax. The terms of trade in turn must
deteriorate (improve) to sustain the higher (lower) level of trade balance, which leads to
a real depreciation (appreciation) in exchange rates. The case of ¢ <0 can be similarly
illustrated under the same inference. (This is addressed in subsection 5.3.) Therefore, the
real exchange rate (terms of trade) is affected by a change in domestic money growth.

Money thus is not neutral in the context of inflation equilibrium.®

5. Real Exchange Rate Dynamics

5.1 Dynamic System

By applying log-linearisation to Equation (3b), we obtain

8 The strong results obtained by Calvo and Rodriguez (1977) and Liviatan (1981) evidencing that money
is neutral come from the limiting assumption that the inflation rates of foreign countries are not only
constant but also nil ( 7z,, = 77,, = 0). See also Chen and Tsaur (1983).
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(]/g){(l—ﬂz)(l—al)(g—l)m _[(1_a1)5+ al]ml +IBZ (1—0(1)(8—1)m2} =ptm (3b’)

Differentiating Equation (30") with respect to time and rearranging the resulting

equation, we then have

m, = (1-a)1-5,)(e-0) M+ (1-a)B(c-1) M.
l-a)e+a, l-a)e+a,

We substitute the preceding relationships and 7 = g—m into Equations (4a), (4b),

(4c), and (4d) to obtain the dynamic system, which is expressed by the following three

differential equations in ¢, M,and M,:

]
g 0 J, Jsll Qg J, 0 J; P
mi={ 0 3, 3. (ml+d, 1 I, 0 (1)
_ T
mZ J31 J32 J33 m2 ‘]34 J35 J36 '

|72 |

where the definitions of J;; (i=123;j=1,2,-,6) areshown in part (A) of Appendix
2.

Let /4 be the characteristic root of the dynamic system (11). The characteristic
equation for the dynamic system (11) is

~A*+TrJA* —BJA+Detd =0 (12)

where the definitions of 7rJ, BJ, and DetJ are shown in part (B) of Appendix 2.

Let f=In(F,/P;)=In(M,/Q)=m,—q. Note that m, is Country 2's currency
stock in terms of domestic exportables, and f is that in terms of domestic imports.

Because the foreign price of domestic imports is exogenously determined by Country 2,

f is essentially a predetermined variable in this dynamic system. Indeed, the dynamic

system (11) can be reformulated through a linear transformation to obtain a new dynamic

framework comprising ¢, m, and f . Both dynamic systems have identical

characteristic polynomials and hence the same characteristic equations expressed as

16



Equation (12).°
5.2 The Modified Marshall-Lerner Condition Holds

Suppose that the modified Marshall-Lerner condition is satisfied (6 >0, and hence
DetJ <0). The characteristic equation (12) then has either three negative roots, or one
negative real root and the other two with positive real parts. The rates of foreign inflation
are generally considered smaller than 10%, and the elasticities of substitution between
the domestic and foreign currencies are generally considered smaller than 10. Under these
conditions, TrJ is likely to be positive. Therefore, having three negative roots is
unlikely. A reasonable conclusion is that there is one negative real root and the other two
roots have positive real parts.

In this dynamic system, besides a predetermined variable f , there are two jump
variables ¢ and m. As long as ¢ >0, the number of (positive) unstable roots equals
the number of (independent) jump variables.'® The system exhibits saddle path stability

and equilibrium uniqueness, which is common in perfect-foresight models (e.g.,

Burneisten 1980; Buiter 1984; Tumovsky 1995). Let A, <0. The saddle path solutions

of the system are described by

fty-F=[f(0)—f]e* (13a)
a) - =v,[ f©)- ] (13b)
m(t)-m=v,[ f()- ] (13¢)
m,(t) - M, = v, f ()T | (13d)
m, (t) —m, = [ f(t)— f‘]+[q(t)—q] = (1+v1)[ f(t)— f‘] (13¢)

% See Ostaszewski (1993, p. 234) for a detailed discussion.
10 Because f=m,—q, m, isthesumof f and (, whereas m, isa linear combination of m, and

m.Hence, m and m, are notindependent variables in this dynamic system.
17



where X denotes the steady-state equilibrium value for variable x, and definitions of
v; (i =1,2,3) are shown in part (C) of Appendix 2.

When 6 >0, trade elasticities and currency-substitutability play the key role in
determining the impact effect and the dynamic adjustment path. Before examining the
dynamics of real exchange rates in this case, let us interpret the reason underlying the
determinacy of macroeconomic stability. Consider individuals’ optimistic expectations
about the rate of return on Country 2’s currency (i.e., §°>0) that lead to an increase in
the holding of Country 2’s currency. A higher level of balance of trade is required to
accumulate Country 2’s currency balance. Given that the modified Marshall-Lerner

condition holds, the real exchange rate must rise to improve the trade balance (i.e.,

f (t)>0). However, Equation (13b) clearly states that f(t)>0 accordingly follows

q(t)>q given that v; is negative. This in turn implies that to attain steady-state

equilibrium, the change rate of q must be negative (i.e., ¢(t) < 0). Individuals’ initial
optimistic expectations are clearly not fulfilled, leading to determinacy of equilibrium.
We know that f is the only predetermined variable in this dynamic system.
Immediately after the shock of an increase in domestic money growth from u to g at
t =0%, f remains at its original steady-state value (i.e., f(0%) = f(0) = f(u)).
However, the new steady-state equilibrium value changes to f(u’). The initial steady-

state value of Country 2’s currency stock in terms of Commodity 2 f(u) is smaller or

greater than the new steady-state equilibrium value f(x) , denoted

Af =f(u)-T(u) 20, and induces f(07) = 0. f(07) is a crucial factor in

11 Differentiating (13a) with respect to time and taking t=0", we then have f(0") = ﬂi[f_(y) - f_(,u')] .

Because 4, <0, f(0') 20 dependson Af >0 (namew, f) 2 f_(,u))
18



determining the variables q and m, jumping to a new level q(0°) and m,(0"), and
in permitting convergence to the new steady-state equilibrium values {J(x') and
M, (4") . These relationships can be illustrated by taking t=0" and rewriting Equations
(13b) and (13¢) as
q(0") - a(x) =(w/A) f(0) (130')
m,(0") —m, (&) = [(L+v,) /4] f (07) (13¢")
The sign of f (0") is governed by Af | which depends on the relative magnitude
between A, (E m, (') —m, (,u)) and AG(E q)-1q (y)) . On the basis of Equations
(8c) and (10), the sign of Af correspondingto & >0 can be classified according to the

following two cases.

5.2.1 The o>¢ case

Where a higher currency substitutability (0 > @) exists, we obtain

AF -
— 2 0 accordingas 62 7,(0 —9)
Au (c—¢&)+ay(e-1)

=0>0 (14)

If the trade elasticities are relatively sensitive (0 > 6 ), then Af > 0. Hence,
f(0")>0. Referring to Equations (8e), (10), (13b"), and (13¢") and
Af(07) = f(07)— f(u) =0, we have Am,(0")=Aq(0"), where
Am,(0")=m,(0")—m,(x) and Aq(0")=q(0")—q(x) . It follows that

q(0”) >aq(«) >q(w) (15a)
m, (') > M, (07) > M, (1) (15b)
In other words, @ overshoots, whereas m, undershoots.
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If the trade elasticities are relatively insensitive (5 <6 ), then Af <0. Hence,

f(0") <0. We obtain the opposite results

a(x)>0q(0") >7q(w) (162)
m, (07) > m, (1) > M, (£2) (16b)

Thatis, q undershoots , whereas m, overshoots.

These results are illustrated graphically in Figures 1A and 1B, respectively. In all
figures, Line M,M, represents m,(t)—m,=[(+Vv,)/4]f (), whereas Line QQ
represents q(t)—q =(v,/4,) f(t). q increases from right to left on the horizontal axis.

As pu increases to u', we have a new m, (n_"l2 (,u')) and G(C_](,u')) . Because
momentarily f(0")= f(u), we have the change rate of f(t) increasing (decreasing)

from zero to a positive (negative) f(0+) in Figure 1A (1B). This corresponds on Line

QQ toanincreasein q from g(u) to q(0"), which is higher (lower) than T(x') in

Figure 1A (1B). The real exchange rate overshoots (undershoots) its new steady-state
equilibrium value. The dynamic paths are represented by movements along BC and
B'C’. Thus along the dynamic adjustment path BC in Figure 1A (1B), we have real
currency appreciation (depreciation), whereas (¢ remains above (below) q(u')

throughout the figure.
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Following Chen and Tsaur (1989), the reason for these results can be explained
extensively. We first discuss the case of sensitive trade elasticities (J > 6 ). When the
trade elasticities are relatively high, the real exchange rate rises so moderately that the

new steady-state stock of Country 2’s currency in terms of imports also increases (i.e.,
Af >0, hence f (0*) >0). To accumulate a stock of Country 2’s currency, a higher
level of trade balance in transition is required. It can be attained through a transitory
higher value of the real exchange rate. From Equation (13b’), we already know that

q (O*) >q ( 7 ) . This implies that the real exchange rate jumps initially to a higher level,

and then it decreases gradually to approach its long-run level in the transition period. The

real exchange rate ¢ overshoots because, after the initial jump, q continues falling
until it reaches the new steady-state value. By contrast, the real stock of Country 2’s
currency in term of exports M, undershoots because, after the initial jump, m,
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continues rising until it reaches the steady-state value.

We now address the case of insensitive trade elasticities (6 < 6). Because the trade
elasticities are relatively low, the real exchange rate must rise drastically to pay for
increased foreign inflation tax in the new steady state. Because the increase in the real
exchange rate (Ag) outweighs the increase in the real stock of Country 2’s currency (A75),
the existing stock exceeds the new steady-state stock in terms of imports (Af <0).
However, in terms of exportables, we have already seen that the existing stock at the
moment falls short of the new steady-state stock (m,(u) < m;(u"), i.e., Am, > 0). The
result is inconsistent. Thus, m, must attain a new level m,(0%) to exceed the new
steady-state level ,(u'). Now in both terms, the new initial value of Country 2’s
currency stock exceeds the new steady-state value. To dispose of the redundant stock of
Country 2’s currency, a lower level of trade balance in transition is required. It can be
attained through a transitory lower value of q. Therefore, the new initial level of the real
exchange rate q(0*) must fall short of the new steady-state value g(u"). This explains

why m, overshoots and q undershoots.?

522 The o<¢ case

When currency-substitutability is relatively low (0 < @), from Equation (10), we have

AG/Au<0 and Af/Au>0.1t follows that f(0")>0. From Equations (8c), (10),

(13b"), and (13e"), we have
a(0") > () >Tq(x) (17a)
M, (1) > m, (07) > M, (1) (17b)
These results show that q countershoots (misjumps), whereas m, undershoots. We

explain the reason for the results in Figure 2.

12 The reason is explained in great depth in Chen and Tsaur (1989, pp. 961-962).
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Figure 2

The countershooting of the real exchange rate to its new steady-state equilibrium
value means that the direction of momentary real exchange rate movement is opposite to
its long-run movement. Although the frequently occurring countershooting phenomenon
may be empirically more relevant, the interpretation of Equation (17a) seems theoretically

more meaningful. When the net substitutability between Country 2’s currency and the
domestic currency is small so that AQ/Au <0, we obtain Af /Au>0.Asaresult, f(t)

monotonously converges from f (z) to the greater new steady-state value, f(u'). The
rapidly adjusting variable m, accommodates the new situation and also jumps to a new
level m,(0") . After the jump, m,(t) continues rising, similar to the adjustment path of
f (t), until it reaches the greater new steady-state value. We can therefore conclude that
m, undershoots its equilibrium value in response to an increase of domestic money
growth, thatis, Am,(0")/Au>0.Because f isassumed tobe apredetermined variable,
on the shock of an increase in x4, f(0") remains at its original steady-state value

immediately after the change, and therefore Af (07)/Az =0. Combining these results,
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we obtain Aq(0")/Ax <0 .12 It implies that the real exchange rate countershoots its new

steady-state equilibrium value in response to domestic monetary expansion.
5.3 The Modified Marshall-Lerner Condition Does Not Hold

We now address the case in which the modified Marshall-Lerner condition does not hold,

so that & <0. Equation (10) clearly shows that AE]/ Au<(>)0, if 0> (<)¢. That is,

when the substitutability between the domestic currency and Country 2’s currency is high
(low), an increase in u causes a relatively greater (smaller) portfolio shift from the
domestic currency and Country 1°s currency to Country 2’s currency. The net inflow of
foreign currencies then increases (decreases). The net foreign inflation tax to pay is
greater (smaller) because of the increased (decreased) tax base. Thus, in the new steady
state, the real exchange rate must decrease (rise) to generate the increased (decreased)
trade balance.

Given 6 <0, it follows from Equation (12c) that Det J >0. Consequently, the
characteristic equation (12) has either three positive roots or two roots with negative real
parts and one positive real root. For the three positive real roots scenario, the dynamic
system is too locally unstable to reach the new steady state.

By contrast, this dynamic system has only one predetermined variable, f(t). As
addressed in the literature on dynamic perfect-foresight models (e.g., Benhabib and
Farmer 1994; Guo and Lansing 1999; Weder 2001; Chang et al. 2011), where Equation
(12) has two roots with negative real parts so that the number of (negative) stable roots is
greater than the number of predetermined variables, then local indeterminacy emerges in
the economy.

The reason underlying the indeterminacy of equilibria is worth explaining: Consider

13 This result comes from Af (0") =Am,(0")—Aq(0").
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individuals’ optimistic expectations about the rate of return on Country 2’s currency (i.e.,
d° > 0) that leads to an increase in the holding of Country 2’s currency. A higher level of
balance of trade is required to accumulate Country 2’s currency. Given that the modified
Marshall-Lerner condition fails, the real exchange rate must fall to improve the trade
balance. However, there are two roots with negative real parts in the characteristic
equation (12), and thus the change rate of q may be either positive or negative in
transition. This implies that individuals’ initial optimistic expectations are self-fulfilling
under certain conditions. In other words, the economy exhibits indeterminacy of

equilibria.

6. Conclusion

Previous studies have shown that when currency substitution exists, even perfectly
flexible exchange rates may not guarantee monetary independence. The introduction of a
third currency in a small open economy with a dual-currency model deepens a theoretical
ambiguity regarding the existence of the inherent monetary policy autonomy of flexible
exchange rates. This three-currency framework verifies that the distinction between the
substitutive (competitive) and complementary (cooperative) relationships among
currencies 1s substantively important in determining the validity of monetary
independence under flexible exchange rates. The steady-state effect of domestic monetary
expansion on the real exchange rate (terms of trade) is also investigated in this paper. We
have shown that the gross substitutability among currencies is crucial in influencing the
direction of response of real exchange rates.

The dynamic behaviour of real exchange rates in response to domestic monetary
expansion is also studied by applying a dynamic general equilibrium model. When the
Marshall-Lerner condition holds, the adjustment of real exchange rates exhibits a unique

saddle path. Additionally, the relative magnitude between currency substitution
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elasticities and trade elasticities critically determines the dynamic properties of real
exchange rates. Where there is a higher currency substitutability, the real exchange rate
overshoots its new steady-state value. By contrast, where the currency substitutability is
relatively low, the real exchange rate countershoots (misjumps) its steady-state
equilibrium. Finally, when the Marshall-Lerner condition does not hold, the adjustment
of real exchange rates may be either unstable or indeterminate. Under the situation where
trade elasticities are so small that the modified Marshall-Lerner condition fails, a certain
relative value of currency substitution elasticities to the cost elasticity of holding currency
will help fulfil agents’ initial optimistic expectations, thus leading to indeterminacy of
equilibria and endogenous real exchange-rate fluctuations.

Based on the analysis of this paper, the effects of Taiwan’s monetary policy on the
macroeconomic economy in the context of RMB internationalization can be examined.
For example, He et al (2024) find that while RMB internationalization reduces Chinese
firms’ exchange rate exposure to non-US dollar currencies, it increases exchange rate
exposure to the US dollar. This can be viewed as exhibiting a complementary relationship
between RMB and NTD as well as a substitutive relationship between RMB and USD. In
this case, the greater the gross (rather than net) substitutability between different foreign
currencies, the larger the loss of degree of Taiwan’s monetary autonomy and exchange-
rate stability. Thus, small-country policymakers must pay particular attention to the
relative magnitude of relevant structural parameters such as these elasticities of
substitution among different foreign currencies and the cost (interest) elasticity of holding
the currency mix. A comprehensive empirical study on the demand functions for these

currencies will be necessary in subsequent research.
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Appendix 1

In order to understand the importance of RMB in Taiwan’s portfolio, a time-series data
on the ratio of RMB deposits to total foreign exchange deposits is presented in Figure Al.
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Figure A1: The ratio of RMB deposit to total foreign exchange deposit, February 2013 to
April 2024.

Source: Financial Statistics Monthly, Republic of China (Taiwan).

The data shows that the ratio of RMB deposit to total foreign exchange deposit rose from
6.2% in February 2013 to 38.1% in April 2014, peaked at 38.9% in September and
October 2014, and then remained high around 37% until August 2015. After that, it
continued to decline to 25.4% in August 2018 and maintained its downward trend
thereafter. In March 2024, the ratio was 6.1%, which is below the starting point.
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Appendix 2
(A) Definitions of J;; (i =1,2,3;j =1,2,---,6) (Equation 11, page 16) are as follows:
_(@-B)[(c-8)+a(e-1)] _ Boo+1-L,)[A-a)e + ]

Jiz = 0[(1—a1)8+a1] J[(l—al)ngal]

‘]13

_ A-8,)o+p, [(1_a1)3+a1] J ::82[(0-_5)"'0‘1(5_1)]

Yz J[(l—al)g+a1] 2 G[(l—al)g+al]

) S[(l-a)e+ay]
Tl-a)era+yl-a)B(e-D) |

I = (1—ﬂ2)[(0'—8)+061(8—1)]
2 U[(l_a1)5+a1 +y(l-a,)p, (e _1)]
 myd-a)A-B,)(e D)
Q-a)e+a,+y(1-a)p,(e-1)
B 7/(1_051)(1_ﬁ2)(5_1)[(1_a1)ﬂ2‘9+ (1_ﬂ2)o-+alﬂ2]
O'[(l—al)8+a1+7/(l—al),6’2(8—1)][(1—a1)5+a1] :

_ (1—,32)[(1—0{1)8+(X1]+ﬂ26
¥ oll-a)eta tyl-a)p (e -D)]
T [A—ay)e + o |+ ym (- ) B, (e —1)
 -a)era+y-a)p(e-))
B y(-a)1-5,) B, (e -D[(o - &)+ a, (6 - 1)]
o[l-a)e+a+y(-a) B, (e -D][(1-)e + o :

&
Ju=dy="7—"7"7"
R (AT :

o, (e-1)

R P A S
e (l-a)e+a .

J :J 1_ 7(1_051)(5_1)_7’7[10[(1—a1)8+a1]
34 14 Q-a)e+o,+yQl—a)p,(e-1) :

s
® L-a)e+ao +y(-a)B,(e-1) :
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J.=J.|1- ]/(1—611)(8 _1) n 7{”105_[(1_(11)5 +O‘1]}
36 = Y6 I-a)e+a,+yl-a)p,(e-1) | Q-a)e+o+yl-a)pf,(e-1)

(B) Definitions of 7rJ, BJ, and DetJ (Equation 12, page 16) are as follows:

[(1_0‘1)5+0‘1](1_07T20) tyd-a) B, (e -D)(1-omy,)+o

Trd =
O'[(l—al)é‘ +a, +y(1-a,) B, (e _l)]

{(1_ﬂ2)5+ﬂ2 [(1—051)8 +0!1]} I3 3 {1820 + (l_ﬂz)[(l_al)g +a1]} Jas

BJ =
o[d-a)e+a ] o[d-a)e+a ]
3 5 [(5_5) +a1(g_1)]‘J32
o[l-a)e+a ]
DetJ = -0

a[(l—al)g+al +y7(-a)p, (g—l)]

(C) Definitions of v; (i = 1,2,3) (Equation 13, page 17) are as follows:
v, =Q 4 {Bo+A-B)[A-a)e+a]}-1]<0
v, =QAB[(0-&)+a(e-D]<0 o
v, =QA8,0-a)(e-1)(4o-1) >0
1+v, = Q[ Ko[l-a)e + o]~ 4 {(1- B)o+ B,[(1-a)e + ]} | >0

Q= {2120'[(1—a1)8+a1]—21[0'+ (1—0(1)5+al]+1}71 >0
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