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RMB Internationalization and the Effectiveness of Exchange

Rate Intervention

Sheng Wang and Shangyao Zhou*

This paper constructs a DSGE model of asymmetric two-country open econ-
omy, and compares and analyzes the economic effects of both sterilized and
unsterilized interventions. Moreover, we explore the impact of RMB interna-
tionalization on the spillover effect of foreign monetary policy and the effec-
tiveness of exchange rate intervention. We identify that both sterilized and
unsterilized interventions can slow down exchange rate fluctuations. However,
unsterilized intervention will weaken the stability of China’s monetary pol-
icy on output and inflation, resulting in policy objectives conflict and higher
real economic stability costs. The promotion of RMB internationalization will
have a significant impact on the spillover effect of foreign monetary policy, thus
reducing the necessity for unsterilized intervention to stabilize the exchange
rate. Meanwhile, we should also moderately reduce the regulation of sterilized
intervention. According to the conclusion of the study, the Chinese mone-
tary authority should prioritize the reform of the RMB exchange rate regime.
While promoting the internationalization of RMB, we should gradually reduce
the frequency and intensity of exchange rate intervention, and speed up the
reform of exchange rate marketization.
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1. INTRODUCTION

In recent decades, the frequent occurrence of international financial crises
has led to sharp exchange rate fluctuations in many countries. To elimi-
nate its negative effects, exchange rate intervention has become one of the
most important macroeconomic policy tools in developing countries. After
2019, the global economy had a poor prospect for development, and the
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intensifying trade conflict between China and the United States further in-
creased the uncertainty of the world economy. The Federal Reserve began
to conduct interest rate reduction policy in the post-financial crisis period,
and the expectations of the foreign exchange market also changed. Since
August 2019, various currencies have depreciated against the dollar, the on-
shore and offshore exchange rate of RMB against the dollar both broke 7.
Complex international financial situation and RMB depreciation pressure
put forward severe challenges to China’s financial stability and macroe-
conomic control; therefore, it is important to strengthen the research of
exchange rate intervention tools and their effectiveness.

Since the “7.21” exchange rate reform in 2005, the RMB began real
managed floating exchange rate arrangements. Since then, there has been
a significant negative correlation between foreign exchange reserves and
the nominal exchange rate of RMB, as shown in Figure 1. This indicates
that the monetary authority has been regulating the exchange rate through
foreign exchange interventions to achieve the purpose of maintaining im-
port and export, and realizing the stability of macro-economy and financial
markets.

However, with the deepening of reform and opening up and promotion
of RMB internationalization, the reform of RMB exchange rate formation
mechanism urgently requires the Chinese Central Bank to adjust the goal
and way of intervention in its exchange rate. On August 6, 2019, China
was listed as a “currency manipulator” by the United States, which means
that China may face severe penalties from the US. Changes in the external
economic environment force the monetary authority to take the study of
exchange rate intervention adjustment as the highest priority of its current
work.

FIG. 1. China’s foreign exchange reserve and RMB exchange rate
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There are two main kinds of exchange rate interventions: sterilized inter-
vention and unsterilized intervention. Sterilized intervention refers to the
reverse operation in the domestic bond market while buying or selling for-
eign currency assets in the foreign exchange market. This is carried out to
ensure the stability of the domestic currency supply without directly affect-
ing the domestic interest rate. On the contrary, unsterilized intervention
does not conduct reverse operations in the domestic bond market, which
will have a direct impact on the domestic interest rate. Some scholars such
as Zhang (2015), Wang and Deng (2016) conduct normative theoretical
research on China’s exchange rate intervention policies; but in these mod-
els, the differences between sterilized and unsterilized interventions are not
discussed, meaning that the theoretical framework analysis does not depict
accurate features of the Chinese economy. Devereux and Yetman (2014)
reveal the features of unsterilized intervention policy by letting the interest
rate pegged on the exchange rate fluctuations. We adopt their method to
introduce unsterilized intervention, and choose foreign exchange interven-
tion, which is studied by some scholars such as Wang and Deng (2016), as
the sterilized intervention tool; so that we can compare the mechanism of
the two intervention tools and their influence on the economy.

With the rapid development of China’s economy and its deepening fi-
nancial market, the internationalization of RMB is stepping forward on the
international arena. The most direct and important impact of internation-
alization is to enhance the priority of RMB in international pricing and
settlement. The proportion of RMB settlement in China’s foreign trade
rose rapidly from less than 10% in 2012 to approximately 35% in 2015.
On October 1, 2016, RMB was officially included in the Special Drawing
Rights (SDR) currency basket by IMF; which became a milestone in the
process of RMB internationalization. However, compared to some main in-
ternational currencies, the RMB internationalization level is still relatively
low. Gopinath (2016) find that the share of RMB settlement in China’s ex-
ports trade is only 4.5%. Following Engel (2011), a low domestic currency
settlement ratio in exporting countries will directly reduce the degree of
exchange rate pass-through. Allowing free exchange rate fluctuations will
cause serious currency and resource mismatch, and then bring loss to social
welfare. Therefore, the internationalization of RMB will not only influence
the economic effect of exchange rate intervention, but also directly affect
its welfare effect.

This paper initially builds an open economy DSGE model to compare
and analyze the impact mechanism and economic effect of two different ex-
change rate intervention methods. Then, we discuss the influence of RMB
internationalization on the effectiveness of exchange rate intervention and
its welfare effects, and attempt to provide some meaningful suggestions for
China’s macroeconomic regulation. We find that the share of local cur-
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rency settlement has a significant impact on the spillover effects of foreign
monetary policy, and the enhancement of RMB internationalization can at-
tenuate the adverse impact of spillovers. Although both sterilized and un-
sterilized interventions can moderate exchange rate fluctuations, sterilized
intervention will cause a hysteresis quality of exchange rate adjustment,
so its effectiveness is quite limited. Under the shock of foreign monetary
policy, unsterilized intervention will impair the function of domestic mone-
tary policy aimed at stabilizing inflation fluctuations, thus incurring lower
domestic demand and severer deflation; which consequently means a higher
cost to stabilize economic oscillations. On the other side, sterilized inter-
vention alters the foreign asset holdings of domestic residents, but also has
a noteworthy impact on domestic credit markets with an increase in real
investment, offsetting some of the negative effects of falling exports. We
must also point out the weaker ability of sterilized intervention to stabilize
the exchange rate, but its relatively lower real economic costs. However,
the increased internationalization of currency will promote the costs of sta-
bilizing the fluctuations in the real economy since sterilized intervention
will lead to further declines in net exports and net short-term capital in-
flows, resulting in larger fluctuations in inflation. Finally, through optimal
policy analysis, it is concluded that the monetary authority should adopt
sterilized intervention to stabilize the exchange rate with a low level of cur-
rency internationalization, and the interest rate policy ought not respond to
exchange rate fluctuations excessively. With the improvement of currency
internationalization, the authority is supposed to tone down the intensity
of sterilized intervention, and fully abandon unsterilized intervention.

The innovative aspects of this paper are as follows: Firstly, we use the
share of domestic currency in exports pricing to reflect the typical char-
acteristics of RMB internationalization and analyze the different effects
of sterilized and unsterilized interventions in the process of RMB interna-
tionalization. Secondly, this paper utilizes an asymmetric economy DSGE
model to simulate the economy of China and the United States, and dis-
cusses the mechanism and macro-influence of exchange rate intervention by
introducing factors such as RMB internationalization and capital control.
Finally, we explore the optimal policy mix of the two exchange rate inter-
vention methods under the standard welfare loss function, and provide the
monetary authority with theoretical evidence and reform suggestion.

The rest of the paper includes the following: Section 2 critically reviews
the related empirical literature. Section 3 constructs the basic theoretical
model. Section 4 discusses the parameter calibration and the results of
simulations. Section 5 presents the research results and attempts to provide
a number of suggestions.
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2. LITERATURE REVIEW

In recent years, research work on exchange rate intervention has mainly
focused on the effectiveness of intervention policy. Most empirical stud-
ies have explored the depth and duration of the impact on the exchange
rate level, or its volatility caused by intervention policy. Adler and To-
var (2011) study intervention tools and their corresponding effectiveness
in 15 economies covering 2004-2010. They find that foreign exchange in-
tervention can slow the pace of currency appreciation, and can be more
effective when capital control exists or the exchange rate is overvalued.
Kuersteiner et.al (2018) also find that interventions have significant effects
on the exchange rate, and capital controls can amplify the effect of inter-
vention in Colombia through regression discontinuity methods. Blanchard
et al. (2015) investigate whether foreign exchange intervention can curb
capital inflows to influence the exchange rates, and by studying transna-
tional changes and exchange rate responses, successfully demonstrate that
foreign exchange intervention is an effective policy tool of macro-economic
management. Daude et al. (2016) analyze the effectiveness of intervention
in 18 emerging market economies from 2003 to 2011. Their study verifies
that foreign exchange intervention plays an effective role in exchange rate
change, fundamentals controlling, and imbalance of global financial vari-
ables. Deng and Dong (2017) use the panel instrumental variable to test the
effectiveness of foreign exchange intervention in 23 countries and regions.
They find that intervention by the central bank plays a significant role
in slowing down exchange rate fluctuations. Si et al. (2016) demonstrate
that the foreign exchange intervention of the central bank has significant
asymmetric effects on RMB exchange rate, both in the short-term and
long-term.

The development of empirical research tools such as the DSGE model
has promoted some theoretical discoveries that focus on the mechanism
and macro-effects of intervention policies. Benes et al. (2015) and Kumhof
(2010) discuss the impact of foreign exchange interventions via portfolio
balance channel. Devereux and Yetman (2014) study the economic effects
of various intervention methods in an open-economy New Keynesian model,
arguing that implementing sterilized intervention policies in Asian countries
can maximize welfare, but the improvement of financial market integration
will reduce the overall effectiveness. Cun and Li (2017) study the influence
of interventions on liquidity in the financial sector. Prasad (2018) combines
sterilized intervention policy with capital control in a small open-economy,
proving that the joint implementation of sterilized intervention and capital
control can mitigate inflation and real exchange fluctuations, and improve
domestic welfare.
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Several recent papers scrutinize the Chinese exchange rate intervention
policy. Chang et al. (2015) study the choice of optimal exchange rate and
foreign exchange sterilization tools in China under limited capital control
and risk-sharing. Zhang (2015) establishes a New Keynesian DSGE model
including capital control and central bank balance sheet to study the rela-
tionship among hot money inflow, exchange rate intervention, and foreign
exchange sterilization. They find that capital control is the premise of ex-
change rate intervention, which plays a key role in demand expansion, but
also leads to the excessive accumulation of foreign exchange reserves. Wang
and Deng (2016) incorporate foreign exchange intervention and monetary
policy transformation into the DSGE model and add capital control to
the uncovered interest rate parity to study the macro-economic responses
under multiple shocks, including foreign exchange intervention.

To sum up, most of the aforementioned studies discuss the impact of
exchange rate intervention policy from an empirical perspective; whereas
studies which focus on the pass-through mechanism and economic impact
of exchange rate intervention policy are scarce; let alone the exchange rate
intervention tools and their effectiveness. Under the background of RMB
internationalization, exchange rate intervention may have a profound in-
fluence on capital flow, asset prices, investment, and output; thus affecting
the overall effectiveness of such intervention policies. All the issues above
are worthy of attention.

3. THE MODEL

This paper constructs a theoretical framework, which refers to Davis
and Presno (2017) and Liu (2018), and introduces the influence of cur-
rency internationalization on the transmission mechanism. We compare
the differences between sterilized intervention and unsterilized intervention,
which is rather similar to the study conducted by Devereux and Yetman
(2014). However, their model is based on the analysis of the symmetric
two-country model without introducing the capital factor, and does not
take into account the significance of capital control for exchange rate in-
tervention policies.

This paper develops an asymmetric two-country New Keynesian DSGE
model. Domestic residents are divided into two groups: patient households
and impatient entrepreneurs. The entrepreneurs have a lower discount
rate than the patient households, so the two groups serve respectively as
the debtor and creditor of the domestic capital market. Only the patient
households can engage in international borrowing activities. Both groups
consume the final goods, but only the patient households provide labor,
while the entrepreneurs have capital and hire labor for production.
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Considering that the most direct impact of currency internationalization
is to increase the share of cross-border settlement, retail enterprises that
adopt a pricing-to-market strategy are introduced in the model. The dif-
ference in currency internationalization is reflected by adjusting the share
of the two categories of Exporters, Producer Currency Pricing (PCP), and
Local Currency Pricing (LCP).

3.1. Patient Households

Since there is no heterogeneity among the individuals in the patient
households, only the optimal decision problem of the representative is taken
into account. The representative patient households do not have capital.
They provide funds to entrepreneurs and central banks through buying
domestic bonds Bht and Bgt , respectively, and smooth their intertempo-
ral consumption through buying and selling foreign bonds in international
markets. The utility function of the representative patient households is:

E0

∞∑
t=0

βt
[
ln(Ct − νCt−1)− 1

1 + σ−1H
N

1+σ−1
H

t

]
, (1)

where β is the subjective discount factor, Ct and Nt represent the con-
sumption and labor supply of patient households, respectively, ν shows the
size of consumption inertia preference, and σH is the Frisch elasticity of
labor. The budget constraint is as follows:

PtCt+B
h
t +StB

f
t +Bgt = WtNt+Rt−1B

h
t−1+(1−τt−1)Rft−1StB

f
t−1+Rt−1B

g
t−1,

(2)
where Pt is the general price index, Wt is the nominal salary of domestic
patient residents, respectively, Rt and Rft represent the nominal return rate
of national bonds and international bonds, and St is the nominal exchange
rate.

To maintain the model stationary, this paper refers to Davis and Presno
(2017) to introduce the risk premium factor for foreign bond returns; Rft =

R∗t exp(−ξB̃ft ). In this formula, B̃ft =
∫ 1

0
Bft dh is the total nominal amount

of foreign bonds held by domestic households, which means that households
ignore the impact of their own portfolio decisions on asset returns. R∗t is
the exogenous foreign risk-free interest rate. The first-order conditions for
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the households are as follows:

Λt =
1

Ct − νCt−1
− βEt

ν

Ct+1 − νCt
, (3)

Λt = RtβEt(Λt+1Pt/Pt+1), (4)

Λt = (1− τt)Rft βEt
(

Λt+1PtSt+1

Pt+1St

)
, (5)

N
1/σH
t = ΛtWt/Pt, (6)

where, Λt is the multiplier of the budget constraint formula (2), formula (4)
is the Euler equation for consumption, and formula (6) is the determining
equation of labor supply.

Previous studies, such as Benes (2015) and Wang and Deng (2016), as-
sume that the size of foreign exchange reserves will directly affect the de-
viation of uncovered rate parity. So, domestic and foreign bonds are not
completely substituted; thus, unsterilized intervention is effective. How-
ever, these assumptions lack a rigorous micro-foundation, thus failing to
adequately describe the theoretical mechanism of foreign exchange steril-
ized intervention policy.

In this paper, capital control implemented by the monetary authority is
the core precondition for the effectiveness of sterilized intervention. Specif-
ically, when the central bank adjusts the scale of foreign exchange reserves
and domestic bond issuance, the allocation of households’ asset portfolio
will also be adjusted accordingly under the pressure of external balance and
budget constraints. Quantitative capital controls tax rate τ(B̃ft ) changes

when the total amount of foreign bonds B̃ft held by residents fluctuates,
which in turn affects the deviation degree of uncovered interest rate par-
ity, and bring about the incomplete substitution of domestic and foreign
risk-free bond and the effectiveness of sterilized intervention.

3.2. Entrepreneur Group

As in Liu et al. (2013), the preference of the representative entrepreneur
depends only on their consumption Cet , and the utility function is:

E0

∞∑
t=0

(βe)t[ln(Cet − νCet−1)]. (7)

Since the representative entrepreneur is more impatient than households,
they have a smaller discount factor, which ensures that the entrepreneur is
the borrower in the steady state. The entrepreneur has capital returns and
profits because they own capital. Meanwhile, they participate in investment
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activities in the capital market. Their budget constraint is as follows:

PtC
e
t + P It It +Rt−1bt−1 + PtP

k
t ∆t = RktKt−1 + bt + divt, (8)

where It denotes the actual investment of the representative entrepreneur,
Kt denotes the predetermined amount of capital goods, P kt denotes the
actual price of capital goods, bt denotes domestic financing scale, and divt
represents the profit dividends of the entrepreneur by holding shares. Fol-
lowing Christiano et al. (2010), we also assume that the representative
entrepreneur can accumulate capital goods in two ways: the first is to ob-
tain capital goods through investment It, which has quadratic adjustment
costs; the second is to directly purchase capital goods ∆t in the market.
To sum up, the capital accumulation equation of the entrepreneur is:

Kt = (1− δ)Kt−1 +

[
1 +

κ

2

(
It
It−1

− 1

)2
]
It + ∆t. (9)

As in Liu et al. (2013), the entrepreneur faces borrowing constraints due
to financial market imperfections. In particular, they have limited com-
mitment and contract enforcement, which means creditors can only retain
the proportion of θ assets in liquidation. Thus, the borrowing constraint
for the entrepreneurs is:

θEt(Pt+1P
k
t+1)Kt ≥ Rtbt, (10)

where the actual market price P kt of capital goods directly affects the value
of the entrepreneur’s collateral. Based on the above utility functions and
constraints, the optimal decision of the representative entrepreneur can be
expressed as the following first-order conditions:

Λet =
1

Cet − νCet−1
− βeEt

ν

Cet+1 − νCet
, (11)

Λet −Rtµt = Rtβ
eEt(Λ

e
t+1Pt/Pt+1), (12)

P It =

[(
1− κ

2

(
It
It−1

− 1

)2
)
− κ

(
It
It−1

− 1

)
It
It−1

]
P kt

+ βeκEt

[
P kt+1

(
Λet+1

Λet

)(
It+1

It
− 1

)(
It+1

It

)2
]
, (13)

P kt Λet − µtθEt(P kt+1Pt+1/Pt) = βeEt[Λ
e
t+1(Rkt+1 + (1− δ)P kt+1)], (14)

where, Λet and µt are the multiplier of the budget and borrowing con-
straints, respectively. We can prove that when βe < β, the borrowing
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constraint (10) satisfies the equation condition, which is a binding con-
straint.

3.3. Producer of Final Goods

Assuming that the producers of final goods are entirely competitive,
they will produce domestic and export goods: Y dt and Y xt . Both final
goods are aggregated by the intermediate goods produced by intermediate
manufacturers. To introduce a generalized pricing currency share setting,
we assume that there are two types of intermediate manufacturers, namely
{iP , iL}, in the market using the PCP and LCP methods. For domestic
goods Y dt , its relationship among the intermediate goods of the two types
of intermediate manufacturers satisfies:

Y dt =

[
κ
1/σ
h

∫ κh

0

κ
−1/σ
h ydt (iP )

σ−1
σ diP + (1− κh)1/σ

∫ 1

κh

(1− κh)−1/σydt (iL)
σ−1
σ diL

] σ
σ−1

,

(15)
where σ represents the substitution elasticity among different intermediate
goods, and κh is the share of the PCP intermediate goods. We can define
the final export goods as:

Y xt =

[
κ
1/σ
h

∫ κh

0

κ
−1/σ
h yxt (iP )

σ−1
σ diP + (1− κh)1/σ

∫ 1

κh

(1− κh)−1/σyxt (iL)
σ−1
σ diL

] σ
σ−1

.

(16)
Based on the assumptions above, the demand function of intermediate

manufacturers can be obtained via:

ydt (i) + yxt (i) =

(
Pt(i)

P dt

)−σ
Y dt +

(
P x

∗

t (i)

P x
∗

t

)−σ
Y xt , (17)

where the price index of domestic final goods is P dt =
[∫ 1

0
(Pt(i))

1−σdi
]1/1−σ

,

the price index of export goods Y xt is P x
∗

t =
[∫ 1

0
(P x

∗

t (i))1−σdi
]1/1−σ

, and

the target price with an asterisk means expressed in foreign currency. Be-
cause export manufacturers adopt LCP, the one-price law for LCP manu-
facturers is no longer valid.

3.4. Producer of Intermediate Goods

The market is a monopoly competitive market due to the heterogeneity
of intermediate goods produced by different manufacturers. Assuming that
each intermediate manufacturer i has the same constant returns to scale
production function:

yt(i) = ydt (i) + yxt (i) = At(Nt(i))
1−α(Kt−1(i))α, (18)
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where N(i) is the labor demand for patient households, α is the amount of
capital share, and At is the productivity level. Given a certain wage and
return on capital, and by solving the cost minimization problem, we can
obtain the demand for each production factor:

WtNt(i) = (1−α)(ydt (i) + yxt (i))MCt, RktKt−1(i) = α(ydt (i) + yxt (i))MCt,
(19)

Where MCt represents the marginal production cost of intermediate
manufacturers. It is expressed as follows:

MCt = A−1t

(
Wt

1− α

)1−α(
Rkt
α

)α
. (20)

We assume that all intermediate manufacturers set prices in a staggered
fashion, which means any individual manufacturer will reset the optimal
price periodically with an independent probability 1 − θP . As we need
to use the generalized pricing and settlement share of domestic currency
to describe the degree of currency internationalization, it is assumed that
there are intermediate manufacturers in the market adopting both the PCP
strategy and the LCP strategy. For the intermediate manufacturer iP
who adopts PCP, they only need to set the optimal price P̃ dP,t marked by
domestic currency, so the export price of such intermediate goods accords
with the law of one priceStP̃

x∗

P,t = P̃ dP,t , and the exchange rate is fully
passed through. Since the individual manufacturer can not adjust the
price for each period with an independent probability θP , the relevant
profit function is:

∞∑
j=0

(βΘP )jνt,t+j [y
d
t+j(iP )(P dt (iP )−(1−τd)MCt+j)+y

x
t+j(iP )(P dt (iP )−(1−τx)MCt+j)].

To eliminate the monopoly distortions in the steady-state, we assume
that government subsidizes τx = τd = 1/σ to manufacturers’ production
costs. Under the constraint of market demand function, the intermedi-
ate manufacturer iP chooses the optimal price P̃ dt (iP ) to pursue its profit
maximization. We can obtain the first-order condition of the price decision
via:

P̃ dP,t =

Et
∑∞
j=0(βθP )jνt,t+j

(
ydt+j +

(
PdP,t+j
StPx

∗
t+j

)−σ
yxt+j

)
(P dP,t+j)

σMCt+j

Et
∑∞
j=0(βθP )jνt,t+j

(
ydt+j +

(
PdP,t+j
StPx

∗
t+j

)−σ
yxt+j

)
(P dP,t+j)

σ

.

(21)
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Since all the intermediate manufacturers who can adjust the price, set
the same optimal price of P̃ dP,t, by the definition of price, we can obtain:

P dP,t
1−σ

= (1− θP )P̃ dP,t
1−σ + θPP

d
P,t−1

1−σ
.

Individual intermediate manufacturer iL adopting the LCP strategy has
the same production function as manufacturer iP , but their optimal prices
are different: one is the domestic price P̃ dL,t settled by the domestic cur-

rency, and the other is the export price P̃ x
∗

L,t settled by the foreign currency.
When the price is sticky, the law of one price is not satisfied regarding the
export and domestic intermediate goods of LCP manufacturers, so the
exchange rate cannot entirely pass through. Assuming that LCP manu-
facturers cannot adjust the price for each period with the same indepen-
dent probability θP , the pricing decision strategy of their domestic goods is
identical with PCP manufacturers, so P̃ dL,t = P̃ dP,t. For export intermediate
goods, the profit function of the LCP manufacturer is:

∞∑
j=0

(βθP )jνt,t+j [y
x
t+j(iL)(St+jP

x∗

t (iL)− (1− τx)MCt+j)].

Thus, the optimal export price of the manufacturer iL can be obtained
via:

P̃ x
∗

L,t =

Et
∑∞
j=0(βθP )jνt,t+j

(
Px

∗
L,t+j

Px
∗

t+j

)−σ
yxt+j(P

x∗

L,t+j)
σMCt+j

Et
∑∞
j=0(βθP )jνt,t+j

(
Px

∗
L,t+j

Px
∗

t+j

)−σ
yxt+j(P

x∗
L,t+j)

σSt+j

. (22)

Deriving out of the definition of aggregate price, we can obtain: P x
∗

L,t

1−σ
=

(1− θP )P̃ x
∗

L,t
1−σ + θPP

x∗

L,t−1
1−σ

.

3.5. Monetary Authority and Relevant Policies

We assume that the central bank’s interest rate regulations are pegged to
the exchange rate, and we use it to represent the unsterilized intervention
policy. Its expression is as follows:

log(Rt) = (1−θR)(θππt+θS log(St/St−1)+θgdp log(gdpi/gdp))+θR log(Rt−1)+εRt ,
(23)

where εRt is the white noise interest rate impact with zero mean, gdpt =
ydt + yxt represents the total domestic output, and gdp is its steady-state.
Following Chen et al. (2015), we also use θS to reflect the change of the
interest rate in response to the exchange rate, and it can also represent a
managed floating exchange rate regime.

Referring to Benes et al. (2015), the central bank formulates the foreign
exchange policy in the following manner, which represents the sterilized



RMB INTERNATIONALIZATION 397

intervention policy:

log

(
Ft
Pt

)
= ρf log

(
Ft−1
Pt−1

)
+(1−ρf )

(
log

(
F

P

)
− ρs log

(
St
St−1

))
, (24)

where ρs > 0 reflects the adjustment of foreign exchange reserve to the
exchange rate fluctuations. The central bank reduces the holding of for-
eign exchange reserves when the domestic currency depreciates, which also
conforms to the typical characteristics of China’s economy in Figure 1. The
size of the adjustment represents the strength of sterilized intervention.

Determined by the discussion above, there are two exchange rate inter-
vention methods: one is unsterilized intervention (to adjust the exchange
rate fluctuations by expansionary interest rate policy), and the other is ster-
ilized intervention (to control the exchange rate through foreign exchange
trading). When the monetary authority implements the foreign exchange
intervention policy, it should subject to the following budget constraint to
achieve its goal of sterilized intervention:

StFt +Rt−1B
g
t−1 = R∗tStFt−1 +Bgt . (25)

The left side is the expenditure of authority with income on the right.
Referring to Davis and Presno (2017), we assume that the degree of capital
control is represented by the tax rate levied on foreign bonds, so that the
central government can control the net flow of international capital through
the tax rate adjustment, given by:

τt = χ

(
B̃ft
gdpt

− B̃f

gdp

)
, (26)

where χ > 0 represents that when domestic residents invest in more foreign
bonds, the monetary authority will increase the income tax to reduce resi-
dents’ investment motivation. This matter reflects the intensity of capital
flow management.

3.6. Foreign Sector

When building a DSGE model in an open economy, we usually assume
that the home country is a small country, i.e., domestic economic fluctu-
ations do not have any impacts on foreign output and inflation. Yet, due
to the considerable scale of the Chinese economy, such an assumption may
not be utterly consistent with the current situation. To respond to the
above consideration, we have introduced an endogenous foreign sector to
represent the rest of world. On the other hand, in order to avoid any un-
necessary complexities, financial friction is not considered in the foreign
economy.
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Firstly, we discuss the decision-making problem of foreign households.
Foreign households can issue and buy bonds on the international capital
market, and can obtain income by investing in foreign capital K∗t and
providing labor N∗t . The objective function of foreign households is as
follows:

E0

∞∑
t=0

βt

[
ln(C∗t − ν∗C∗t−1)− N

∗1+1/σ∗
H

t

1 + 1/σ∗H

]
. (27)

Under budget constraints and capital movement rate, foreign households

choose the optimal option {C∗t , N∗t , B∗t , B
f∗

t , I∗t ,K
∗
t } to maximize their tar-

get function:

C∗t P
∗
t +B∗t +I∗t P

∗
t +Bf

∗

t /St = W ∗t N
∗
t +Rk

∗

t K
∗
t−1+R∗t−1B

∗
t−1+Rf

∗

t−1B
f∗

t−1/St+T
∗
t ,

(28)

K∗t = (1− δ∗)K∗t−1 +

[
1− κ

2

(
I∗t
I∗t−1

− 1

)2
]
I∗t . (29)

In the above constraints, Bf
∗

t and B∗t are the risk-free domestic and

foreign bonds purchased by foreign residents, while Rf
∗

t is the return of do-

mestic bonds held by foreign residents and satisfies Rf
∗

t = Rt exp(−ξB̃f
∗

t ).
We assume that the two countries have symmetrical risk premiums.

Secondly, we consider the foreign producer sector. The setting of foreign
final goods is similar to domestic goods, and is given by:

Y ∗t =

[
Ω∗1/ρ

∗
Y d

∗

t

ρ∗−1
ρ∗ + Y m

∗

t

ρ∗−1
ρ∗
] ρ∗
ρ∗−1

, (30)

where Ω∗ and ρ∗ respectively represent the domestic share of foreign final
goods and the substitution elasticity between domestic and imported goods.
From the discussion above, the demand for domestic and imported goods
of foreign final manufacturers satisfies:

Y d
∗

t = Ω∗[Ω∗+(1−Ω∗)T ∗1−ρ
∗

t ]
ρ∗

1−ρ∗ Y ∗t , Y
m∗

t = (1−Ω∗)[Ω∗T ∗ρ
∗−1

t +1−Ω∗]
ρ∗

1−ρ∗ Y ∗t .
(31)

The price inflation of foreign final goods is given by:

π∗t =

(
Ω∗ + (1− Ω∗)T ∗1−ρ

∗

t

Ω∗πd
∗ρ∗−1
t + (1− Ω∗)πd

∗ρ∗−1
t T ∗t−1

1−ρ∗

) 1
1−ρ∗

. (32)

Similar to domestic producers, the production function of the foreign in-
dividual intermediate manufacturers is y∗i (i∗) = A∗t [K

∗
t (i∗)]α

∗
[N∗t (i∗)]1−α

∗
.
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They produce both export and domestic goods yd
∗

t , y
x∗

t , so the production
constraint is: y∗t (i∗) = yd

∗

t (i∗) + yx
∗

t (i∗). Also, we assume that monopoly
competition and price stickiness exist, the relationship between intermedi-
ate goods and final goods satisfies:

Y
d/x∗

t =

(∫ 1

0

[y
d/x∗

t (i∗)]
σ∗−1
σ∗ di∗

) σ∗
σ∗−1

. (33)

Under the above condition, the demand function of foreign intermediate
goods is: yd

∗

t (i∗) = (P ∗t (i∗)/P ∗t )−σY d
∗

t . The marginal production cost
of foreign intermediate manufacturers satisfies: MC∗t = A∗t

−1(W ∗t /(1 −
α∗))1−α

∗
(Rk

∗

t /α
∗)α

∗
.

The optimal pricing problem of foreign intermediate manufacturers is to
choose the optimal price P̃ d

∗

t under the constraint of intermediate good
demand, and to maximize the following target function:

p̃d
∗

t = arg max
P∗
t (i

∗)
E0

∞∑
t=0

(β∗θ∗)tΛ∗t [(y
d∗

t (i∗) + yx
∗

t (i∗))(P ∗t (i∗)−MC∗t )].

The first-order conditions for the above optimal price decision do not
need to be discussed. According to the definition of price aggregation, the
relationship between the inflation of foreign goods πd

∗

t and optimal price
p̃d

∗

t can be given by:

(1− θ∗)p̃d
∗1−σ∗

t = 1− θ∗πd
∗σ∗−1
t . (34)

Finally, it is assumed that foreign monetary policy will conform to inter-
est rate rules that pegged on output and inflation:

log(R∗/R
∗
) = (1−θ∗R)[θ∗π log(πd

∗

t /π)+θ∗gdp log(gdp∗t /gdp)]+θ
∗
R log(R∗t−1/R

∗
)+εR

∗

t .
(35)

It should be noted that the above foreign interest rate rule assumes that
foreign monetary authorities will not stabilize exchange rate fluctuations.

3.7. Market Clearing

First of all, market-clearing in the domestic labor and capital markets
requires that manufacturers’ factor demand equals supply, which are:∫ 1

0

Nt(i)di = Nt,

∫ 1

0

Kt(i)di = Kt. (36)

Under the market clearing of factor and aggregate production constraints
of manufacturers, domestic output, domestic and export goods satisfy the
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relationship below:

Yt = At(Nt)
1−α(Kα

t−1) = Y dt + Y xt . (37)

Further, under the conditions of market clearing, domestic goods are
produced for domestic consumption and investment by domestic manufac-
turers. The total export goods, produced by two kinds of domestic inter-
mediate manufacturers, is equal to total imports, so the condition below
must be satisfied:

Y dt = Cdt + Idt , Y xt =
[
κ
1/σ
h Y xP,t

σ−1
σ + (1− κh)1/σY xL,t

σ−1
σ

] σ
σ−1

= Y m
∗

t ,

(38)
where Y xP,tY

x
L,t represent the aggregation of export intermediate goods of

PCP and LCP manufacturers. Under the market clearing condition, do-
mestic imports consumption, investment goods, and foreign export goods
are subject to:

Y mt = Y x
∗

t , Y mt = Cmt + Imt . (39)

The domestic sales and import goods in the above conditions can be re-
garded as supply, and the optimal decision conditions of domestic residents
and entrepreneurs for the aggregate consumer goods represent demand;
which can be expressed as:

Cdt = ΩdC

(
P dt
Pt

)−ρC
(Ct+C

e
t ), Cmt = (1−ΩdC)

(
Pmt
Pt

)−ρC
(Ct+C

e
t ). (40)

Similarly, the total investment demand of domestic entrepreneurs is It.
When there is an optimal portfolio decision, we can get domestic and im-
ported investment goods:

Idt = ΩdI

(
P dt
Pt

)−ρI
It, Imt = (1− ΩdI)

(
Pmt
Pt

)−ρI
It, (41)

where ΩdC and ΩdI respectively represent the share of domestic consumption
goods in total consumption, and domestic investment goods in the total
investment; ρC and ρI indicate the substitution elasticity between domestic
and foreign consumption goods, and investment goods.

On the other hand, the domestic lending market clearing must satisfy:
Bht = bt, which means the capital supply of patient households is equal
to the capital need of the entrepreneur. As entrepreneurs and households
are not discriminated against in the foreign sector, foreign bond market

clearing requires: B∗t = 0, Bf
∗

t + Bft = 0. Finally, the market clearing of
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foreign production and final goods implies that:

A∗t (K
∗
t−1)α

∗
(N∗t )1−α

∗
= Y d

∗

t + Y x
∗

t , Y ∗t = C∗t + I∗t . (42)

4. PARAMETER CALIBRATION AND DATA SIMULATION

4.1. Parameter Calibration

The model is calibrated at quarterly intervals. Some parameters of the
domestic country are set as follows: the households time discount rate is:
β = 0.993, which means the steady-state quarterly risk-free interest rate
is: 1.00705. Referring to Davis and Presno (2017), we set the entrepreneur
time discount rate as: βe = 0.98. Following Chang et al. (2015), we
also set the Frisch elastic reciprocal value of the labor to 2, which means
σh = 0.5. The depreciation rate of capital and the capital production share
parameter are set on a regular basis as: δ = 0.05, α = 0.54, respectively.
Based on Chen (2018), we set the domestic consumer goods, and the share
of investment goods as: ΩdC = 0.75,ΩdI = 0.84. According to the data
published by China National Balance Sheet and compiled by the CASS,
the collateral rate θ is 0.6. Referring to Christiano et al. (2010), we assume
that the substitution elastic parameter ρC of import and export goods is
1.5. Following statistical results on the share of currency used for China’s
exports in Gopinath (2016), the value of κh is set as 5%. Considering
the general value of price stickiness regarding domestic retailers, the price
stickiness coefficient θP , with PCP and LCP in the terms of export, is
0.75. An important parameter in the interest rate rule is the exchange
rate change pegged on the coefficient. We value θS as 0.5, referring to
Chen (2015), and Wang and Deng (2016). There is limited research on the
foreign exchange intervention coefficient. Referring to Benes et al. (2015),
we assume that ρS is 2.5, while contemplating the comparability of the two
exchange rate intervention methods.

The foreign parameters are mainly calibrated with reference to US data.
As in Christiano (2010), we set the foreign price inflation φ∗π, and output
peg coefficient φ∗y, to 1.43 and 0.07, respectively; the interest rate lag co-
efficient ρ∗R is set to 0.87; the intermediate goods substitution elasticity is
σ = 11; and the consumption inertia ν∗ is 0.77. The parameter σ∗h implies
the inverse of Frisch elasticity of foreign households. We adopt the value
of 4.5 based on the estimates made by Justiniano et al. (2010); the param-
eter of capital share α∗, investment adjustment cost κ∗, and depreciation
rate δ∗ are set as 0.287, 3.14, and 0.025, severally; and the price viscosity
parameter θ∗ to 0.8. Referring to Christiano (2010), the foreign consump-
tion substitution elasticity is ρ∗c = 1.5. In addition, based on the CEIC
database, we estimate the proportion of the total imports from China to
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America in the American GDP from 2000 to present, which fluctuates from
2.8% to 3.5%. Accordingly, the Ω∗C value is set to 0.97.

4.2. Currency Internationalization and Economic Fluctuation

Previous studies have often used the share of the domestic currency in
pricing, i.e., the proportion of firms adopting PCP, to represent the degree
of currency internationalization. For instance, Devereux et al. (2007) in-
vestigate the optimal policy in the context of dollarization based on the
above measure. Wang and Liao (2017) apply the same to study the impact
of RMB internationalization on the exchange rate volatility. Therefore, we
also consider the above shares as a proxy for currency internationalization.
Moreover, to reveal how currency internationalization affects the effective-
ness of exchange rate intervention policy, we further consider the following
three scenarios, the first of which is known as the low currency internation-
alization scenario, and the proportion of domestic exporters using PCP is
only 5% in this case, i.e., κh = 0.05. The above PCP shares mainly refer
to the work of Gopinath (2016), who counts the PCP shares of develop-
ing countries’ exports. The second scenario is the one with a high degree
of currency internationalization, in which the share of domestic exporters
using PCP is set to 75%. This ratio mainly represents the case of export
pricing in European countries. The latter is the case of a very high de-
gree of currency internationalization, in which we assume that κh = 0.97;
a scenario that corresponds to the share of U.S. exports denominated by
dollars.

It should be noted that Dotsey (2017) finds a very weak effect regarding
the choice of export pricing currency on the dynamics of domestic pro-
ductivity shocks and price markup shocks, but a relatively large effect on
that of the risk premium shocks. Our model has similar features. On the
other hand, by comparing different shocks, we observe the significant im-
pact of currency internationalization on the foreign monetary policy shock,
which will be explained in due course. Furthermore, a large number of the-
oretical and empirical research have studied the foreign monetary policy
shock in recent years; for instance, Davis & Presno (2017) deeply study the
theoretical mechanism of this shock; Dedola et al. (2017) and Iacoviello
& Navarro (2019) emphasize the significance of the US monetary policy
shock on developed and emerging economies. Some researches on foreign
exchange intervention policies, such as Benes et al. (2015), only consider
the external interest rate shock. In conclusion, our theoretical analysis
mainly focuses on the impact of foreign monetary policy shock, and the
optimal policy.

Figure 2 shows the results of the impulse responses to a contractionary
monetary policy shock abroad for three different degrees of currency inter-
nationalization. The results indicate that domestic currency international-
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FIG. 2. Currency internationalization and foreign monetary policy shock

ization exerts a noticeable influence on the volatility of various variables,
suggesting that with higher (greater) degrees of currency internationaliza-
tion, GDP, inflation, real investment, and asset prices are less vulnerable to
the shock. Simultaneously, and very importantly, the gross domestic export
rise from −0.1% to approximately 0.4% since the higher share of PCP im-
proves the degree of exchange rate pass-through. The shock to the foreign
interest rate leads to a positive spread among domestic and foreign interest
rates, and it further induces depreciation of the domestic currency. When
the exchange rate pass-through increases, a sufficient decline in domestic
export price could effectively improve the demand for domestic exports.
Therefore, the internationalization of currency leads to added exports in
the domestic country. When exports improve, domestic net exports also
rise, so the domestic net capital outflow displays larger fluctuations under
the external balance. On the other hand, the higher level of net exports
also implies the improved aggregate demand in the home country, thus
shrinking the fluctuation of domestic GDP, investment, and consumption.
In addition, the rise in aggregate demand will reduce the volatility of the
marginal cost of domestic production. Finally, fluctuations regarding infla-
tion also drop significantly. Moreover, it is noteworthy that the decreases
in the extent of investment fluctuation also bring to the stabilizer asset
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price, which leads to entrepreneurs having a stronger borrowing capacity.
Therefore, domestic credit increases significantly.

In short, an increased degree of currency internationalization would en-
tail an enhanced expenditure switching effects for the exchange rate, which
renders it possible for the contractionary foreign monetary policy shock to
generate an improvement in net exports, and ultimately reduce the extent
of contraction in domestic economic activity. Dedola et al. (2017), Ia-
coviello and Navarro (2019) also find that Fed’s interest rate raising policy
can cause more negative effects on developing countries; whereas Gopinath
(2016) points out that developing countries tend to have a lower producer
currency pricing share of exports. Our findings may provide an explana-
tion for the above connection between currency internationalization, and
the impact of foreign interest rate shock.

4.3. The Analysis of Sterilized Intervention and Unsterilized
Intervention

Following Engel (2011), when a country’s export goods are all priced by
LCP, the exchange rate fluctuation caused by exogenous shocks can lead to
an inefficient adjustment concerning term of trade, and the misallocation of
resources. For this reason, a free-floating exchange rate may induce addi-
tional welfare loss, whereas the main purpose of exchange rate intervention
is to reduce the aforementioned losses by lowering volatility. Nevertheless,
in face of some specific circumstances, the central bank’s intervention may
also incur unexpected costs to the economy. Moreover, there are multiple
selections regarding policy instruments for the central bank to realize a sta-
bility in the exchange rate, e.g., sterilized or unsterilized intervention, and
different approaches could possess diverged costs and benefits. For such
considerations, we then examine the consequences of the above two inter-
vention policies under the foreign contractionary monetary policy shock.
Specifically, we will consider using counterfactual simulation to investigate
the impact due to policy design. Regarding sterilized intervention, one
should realize that only when domestic and foreign assets are incompletely
substituted, the implementation of such a policy can exert a significant
effect on the exchange rate, and thus the real economy. We continue with
the analysis of the unsterilized intervention policy, and following the work
of Benes et al. (2015), we also adopt the policy parameter θS to represent
the strength of sterilized intervention.

Figure 3 depicts the impulse response results of foreign monetary policy
shocks under unsterilized intervention. It can be observed at first glance
that there is a significant decline in the volatility of the exchange rate πSt
when the domestic nominal interest rate Rt responds actively to its changes.
However, since the exchange rate moves in the opposite direction to that
of the domestic inflation as well as GDP, it leads to a stabilization conflict
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FIG. 3. Unsterilized intervention and foreign monetary policy shock

among the targeted variables of the central bank’s monetary policy; thus
weakening its capacity in stabilizing the real economy. As a result, both
real GDP and inflation in the home country fall by a larger magnitude
under unsterilized intervention.

Remarkably, one might argue that under the intervention scenario, the
exchange rate depreciation should lead to a contractionary monetary policy
passively implemented by the domestic central bank, which induces a rise
in the nominal interest rates. Instead, the impulse results indicate a lower
nominal interest rate, which is at odds with the above theoretical intuition.
Indeed, even though the nominal interest rate falls, the real interest rate in
the home country remains elevated. This is due to a larger drop in domestic
inflation. More specifically, after a dramatic fall in the inflation rate, the
spread between real yields on risk-free bonds both at home and abroad will
shrink and then, the volatility of the nominal exchange rate will drop by
improving the demand for the domestic currency; which in turn mitigates
the contraction of the monetary policy. On the other hand, the decline
in domestic inflation and GDP also prompts the central bank to cut the
nominal interest rates, which will eventually result in a reduction, rather
than an increase, in the nominal interest rates. In summary, unsterilized
intervention, while effective in stabilizing exchange rate volatility, can also
create a severe policy stabilization conflict and amplify economic recession.
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The empirical evidence put forth by Iacoviello and Navarro (2019) confirm
our findings. After examining the international spillover effects of hiking
U.S. interest rates, they identified that output is more severely affected in
developing countries with more controlled exchange rates.

FIG. 4. Sterilized intervention policy and foreign monetary policy shock

We next consider the sterilized interventions that are implemented by
adjusting foreign exchange reserves. Figure 4 compares impulse responses
with the foreign interest rate shock under different scenarios of intervention
policies. One could observe that the economic dynamics under sterilized
intervention policy show several distinctions compared with that of the un-
sterilized case; in which the most significant difference lies in the financial
variables, e.g., assets price and credits. In our model, the central bank
implements a certain degree of capital control. Therefore, the changes in
foreign exchange reserve will indirectly affect households’ holding of foreign
bond Bft , then form the gap of uncovered interest rate parity via capital

control tax rate τ(Bft ), and finally achieve exchange rate stability. In Fig-
ure 4, net capital outflow indicates that when the central bank sells foreign
exchange reserves due to the depreciation of the domestic currency, the net
capital outflows decline sharply in the initial stage as a result of the incom-
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plete substitution of domestic and foreign assets caused by capital control1.
In other words, adjusting foreign exchange reserves can effectively influence
the overall holding scale of foreign assets. This implies a shrinking demand
for foreign currency, and arising demand regarding domestic currency; so
the depreciation of domestic currency drops significantly in the initial stage.
In contrast, unsterilized intervention does not directly affect the amount
of foreign assets held by domestic households. It attains exchange rate
stability only via adjusting the nominal interest rate.

Sterilized intervention can not only affect the total foreign assets held
by domestic households, but also has a significant impact on the domes-
tic credit market. As shown in the Figure 4, domestic credit appears to
indicate a reversed adjustment during the first period. This is due to the
fact that the changes in foreign exchange reserves simultaneously affect
the amount of domestic central bank bond issuance. When implementing
sterilized intervention by selling foreign exchange reserves, although the
amount of foreign bond assets held by households has a slight increase, the
central bank bond assets decrease more significantly. Thus, households are
more inclined to invest in the bonds issued by entrepreneurs. Entrepreneurs
can enlarge their actual investment after borrowing more funds. Doing so
has a positive effect on asset prices. Moreover, the rise of asset prices im-
proves the value of entrepreneurs’ collateral, and brings about a stronger
borrowing ability in order to expand investment. This trend forms a pos-
itive financial amplification effect. Eventually, growth in real investment
compensates for the negative effects on the output caused by net exports
decline.

Although sterilized intervention can initially stabilize the exchange rate
fluctuations effectively, it leads to a more persistent exchange rate adjust-
ment. This means that in the long-term perspective, the ability to stabilize
the exchange rate of sterilized intervention is relatively weaker than that of
unsterilized intervention. On the other hand, since sterilized intervention
induces a long-lasting stimulus over investment, the supply of fixed assets
rises and marginal product of capital declines constantly. Eventually, this
trend causes a stronger lag of actual marginal costs fluctuation, and causes
domestic inflation to experience a slower adjustment and more severe fluc-
tuations. Overall, sterilized intervention has lower actual economic stability
costs compared to unsterilized intervention, but is relatively less effective
on exchange rate stabilization.

By comparing the two intervention methods mentioned above, it is not
difficult to conclude that the sterilization intervention can keep the domes-
tic interest rate relatively stable, so as to alleviate the impact of decline

1Capital Control is a necessary condition for effective foreign exchange intervention.
Due to limitations regarding the length of the paper, readers can contact us to acquire
additional specific graphic analysis.
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in investment. Thus, its negative impact on the real economy is relatively
limited. However, unsterilized intervention does not need to focus on the
stability of the domestic interest rate, and eventually leads to the domes-
tic interest rate being forced to follow the foreign interest rate increase.
Accordingly, its actual economic stability cost is higher. Under the ef-
fect of positive foreign interest rate shock, unsterilized intervention will
lead to the increase of domestic nominal interest rate, and negatively af-
fect domestic GDP, investment, and asset prices. More essentially, a rise
in domestic interest rates would trigger an amplifier of financial frictions,
further freezing up domestic credit markets, and ultimately leading to a
deeper recession. Note that unsterilized intervention can be more effective
in stabilizing exchange rates. By contrast, sterilized intervention avoids
the passive adjustment of domestic interest rates. Consequently, there is
no interest rate price effect and the amplifying effect of financial frictions
as mentioned above, which is the first advantage. Another advantage of
sterilized intervention is that such policies indirectly stimulate supply in
the corporate credit market, and can therefore be seen as a positive do-
mestic credit shock. Under the above mechanism, sterilization intervention
not only reduces the fluctuation of GDP, investment, and other real eco-
nomic variables, but also alleviates the negative adjustment of asset prices
and credit scale. However, sterilized intervention would be less effective in
stabilizing the exchange rate than unsterilized intervention, thus sacrificing
exchange rate stability.

To sum up, unsterilized intervention has a strong stability potential on
the exchange rate, but a poor ability to stabilize the real economy. In other
words, sterilized intervention in exchange rate stability ability is weak, but
its economic and financial stability potentials are strong. It is precisely
because of the differences in the advantages and disadvantages of the two
types of intervention policies that we will see different optimal intervention
coefficients in the subsequent optimal policy analysis. It is important to
emphasize that there is no situation where one intervention policy is utterly
superior to the other.

When the US entered its interest rate hike cycle in 2015, many develop-
ing countries were forced to raise the interest rates in order to avoid the
depreciation of their currencies, which caused an alarming negative impact
on their real economies. China, as the country with the most abundant for-
eign exchange reserves, adopted sterilized intervention to keep the interest
rate relatively stable and alleviate the adverse impact of the Fed’s interest
rate hike on China’s real economy. Our analysis here provides a possible
theoretical explanation for the actual economic situation described above.
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4.4. Currency Internationalization and Sterilized Intervention

Based on the analysis above, we deduce that the increasing degree of
currency internationalization can protect the domestic economy from the
negative impact of foreign monetary policies to some extent; so it has an
important impact on the economic stability cost of sterilized intervention.
To clarify, we present the impulse response results of sterilized intervention
under the situation of higher currency internationalization (κh = 0.75).

FIG. 5. Currency internationalization and the effectiveness of sterilized intervention

By comparing the impulse results in Figure 4 and 5, we can observe that
when currency internationalization is high, sterilized intervention leads to
greater fluctuations in domestic inflation; which means the cost of stabiliz-
ing the economy increases largely. There are two main reasons: firstly, the
higher share of domestic currency settlement reduces fluctuations in the ac-
tual economy, and when sterilized intervention is implemented, it produces
unnecessary stimulation on the domestic credit market. Secondly, when the
exchange rate pass-through is transmitted to a higher extent, the expendi-
ture switching effect brought about by the devaluation of the local currency
will help the country’s exports; thus slowing down the cost of stabilizing
the real economy. Therefore, the exchange rate stability brought about by
sterilized intervention will weaken the previous expenditure switching ef-
fect, leading to higher economic costs. In this way, the decline in the actual



410 SHENG WANG AND SHANGYAO ZHOU

production costs of domestic manufacturers is superimposed on the weak
export demand, resulting in the continuous decline of domestic price infla-
tion. In summary, when the degree of monetary internationalization rises,
the actual cost to maintain the economic stability of sterilized intervention
also increases accordingly.

At present, developed countries such as Japan have basically abandoned
exchange rate control and intervention. The conclusion of this paper can
provide a theoretical explanation, that is, the degree of currency interna-
tionalization in these developed countries is relatively high. At this time,
both sterilized and unsterilized interventions will bring higher economic
costs. This can also provide some theoretical guidance for the reform and
implementation of the exchange rate intervention policy in the process of
RMB internationalization.

4.5. Optimal Policy Analysis

As in Davis and Presno (2017), we assume that the monetary authority’s
loss function takes a quadratic form with respect to the targeted variables,
and use it to study the optimal foreign exchange intervention policy. We
can numerically solve the minimization problem regarding the loss function
in decentralized equilibrium to obtain the optimal coefficients of interven-
tion policies. Previous studies generally selected the domestic output gap
and price inflation as the targeted variables of the monetary authority.
This is because in the benchmark framework of the New Keynesian model,
the above assumed target function is precisely consistent with the social
welfare loss function derived from the household utility function; thus, it is
backed by a strict micro-foundation. If we consider a more general model,
the welfare loss function will have both linear and quadratic terms. Cor-
respondingly, it will be insufficient to accurately assess the welfare loss
if we only consider the solution under the first-order approximation. To
avoid this complexity, we assume that the loss function still takes a sim-
ple quadratic form. In addition, Wang and Zhou (2018) proved that when
there exist some exporters using the LCP pricing strategy, the social wel-
fare loss function will contain the currency misalignment cmt. Considering
all the above, the authority loss function is given by:

L = E0

∞∑
t=0

βt
(
(πt − π)2 + ψy(yt − y)2 + ψcm(cmagg

t − cmagg)2
)
,

Where cmagg
t represents the overall currency mismatch between aggre-

gated export goods and the PCP goods. According to price aggregate, it
obviously satisfies:

cmagg
t = StP

x∗

t /P xP,t =
(
κh + (1− κh)cm1−σ

t

)1/(1−σ)
.
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When there are only PCP intermediary manufacturers, the overall cur-
rency mismatch satisfies cmagg

t (κh = 1) = 0; which means there is no extra
welfare loss caused by pricing-to-market, so monetary authorities do not
need to peg to the currency mismatch. In addition, when considering the
first-order approximation solution, currency mismatch cmt is only deter-
mined by the intertemporal change of the exchange rate πSt ; so the essence
of stabilizing currency mismatch is to stabilize exchange rate fluctuations.
The parameter ϕi (i = y, cm) in the above function represents the relative
weight set by the central bank on different target variables during policy
decisions. This paper sets the output weight as ψy = 0.1 referring to Wood-
ford (2013) Davis & Presno (2017); and the currency mismatch weight is
ψcm = 0.05 following Wang and Zhou (2018). Furthermore, the optimal
policy rules in three cases κh = {0.05, 0.75, 0.97} are shown in Table 1.

TABLE 1.

Optimal policy rules and exchange rate intervention policies

Benchmark Optimal Policy

κh = 5% κh = 5% κh = 75% κh = 97%

Optimal Policy Coefficients

Pegged exchange rate θS 0 0.1037 0 0

Sterilized intervention ρS 0 4.3407 0.9910 0.2999

Fluctuation of Major Economic Variables

Domestic real GDP gdpt 2.941 1.772 1.001 0.698

Domestic price inflation πd
t 1.227 1.839 0.374 0.118

Exchange rate intertemporal

fluctuation πS
t 15.31 6.711 8.415 9.148

Currency mismatch cmagg
t 17.30 9.331 2.878 0.343

Asset price P k
t 21.61 11.69 7.241 11.50

The above optimal policy coefficients indicate that with the increase of
currency internationalization, the optimal coefficients of both types of in-
tervention policies decrease significantly; where the coefficient of exchange
rate targeting even reaches a value of zero when the share of PCP is above
75%. The above results imply that, on the one hand, as currency interna-
tionalization rises, the central bank should reduce the degree of exchange
rate intervention, and on the other hand, the central bank should rely more
on unsterilized intervention to maintain exchange rate stability. The opti-
mal policy results here are consistent with what we found in the impulse
response analysis. To be more specific, the main purpose of foreign ex-
change intervention is to maintain exchange rate stability, but this comes
at the sacrifice of economic stability. In particular, the volatility of currency
misalignment, cmagg

t , decreases significantly when the domestic currency
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is more internationalized; which directly reduces the welfare gains from
the stabilization of the exchange rate. Meanwhile, stabilizing the exchange
rate also restricts its expenditure switching effects, leading to more volatile
inflation and output. Therefore, as the PCP ratio κh rises, the optimal
magnitude of foreign exchange intervention should be reduced.

Further, the higher coefficients of sterilized intervention in Table 1 are
results of its relatively lower cost of economic stabilization, as well as the
fact that this policy instrument also contributes to the stability of domestic
financial markets to some extent. In spite of this, as the currency interna-
tionalizes, a stronger negative effect of unsterilized intervention on domestic
inflation stabilization causes the optimal coefficient of this policy, ρS , to
decrease to approximately 0.3 at a PCP share (κh) of 0.97.

On the right-hand side of Table 1, the variables under the optimal pol-
icy column indicate that output, currency mismatch, and exchange rate
fluctuations decrease after implementing the optimal combination of ex-
change rate intervention policy. This is due to the fact that sterilized
interventions can simultaneously reduce both the exchange rate and out-
put fluctuations. However, both intervention policies can amplify inflation
fluctuations, which increases domestic inflation volatility. A comparison of
various currency internationalization scenarios indicates that a higher de-
gree of internationalization reduces real GDP and inflation volatility, which
is consistent with Figure 2. This matter suggests that stronger export ex-
change rate transmissions reduce foreign contractionary monetary policy
shocks, resulting in lower fluctuations. The intertemporal fluctuation of
the exchange rate displays an inverse direction compared with real GDP
and inflation, because the rise in pricing share of domestic currency reduces
the need to moderate the exchange rate and currency misalignment, so a
weaker sterilized intervention enlarges the exchange rate fluctuations.

From the optimal policy analysis, we find that the currency misalign-
ment in the loss function is important for the optimal intervention policy.
This is owing to the fact that currency misalignment depends mainly on
the intertemporal changes in the exchange rate, and the main role of an
intervention policy is to stabilize the exchange rate. Thus, the relative
weight of the currency misalignment in the loss function should have a
strong impact on the optimal intervention policy. To specify this relation-
ship, Figure 6 presents the optimal intervention policy coefficients in the
cases of κh ∈ [0, 1], and ψcm ∈ [0, 0.05, 0.1]2.

When exchange rate stability is not considered, i.e., the welfare loss
weight of currency misalignment ψcm is set to zero, the optimal coefficient
of unsterilized intervention, θS , is always equal to zero for any scenario of

2The parameters ψcm, taken as 0 and 0.1, represent two cases respectively: (i) the
monetary authority ignores the stability of the exchange rate; (ii) the monetary authority
considers exchange rate stability as important as the stability of the output gap.
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FIG. 6. The optimal sterilized intervention coefficient

currency internationalization; owing to its stability cost to the real econ-
omy. This implies that the interest rate policy only needs to consider
the stability of real GDP and inflation, rather than that of the exchange
rate. Likewise, the optimal policy coefficient for sterilized intervention also
falls considerably when the welfare losses from currency misalignment are
ignored. This situation arises from the disappearance of exchange rate sta-
bilization gains, and the extra volatility in inflation associated with foreign
exchange interventions. In general, a greater relative weight of currency
misalignment, and a lower level of currency internationalization can both
lead to a stronger motive for stabilizing the exchange rate. Furthermore,
considering the current low degree of RMB internationalization, the nu-
merical results from the optimal policy analysis imply that it may be rea-
sonable for monetary authorities to use a combination of stronger sterilized
intervention, and weaker unsterilized intervention policies to stabilize the
exchange rate. In other words, the findings of this paper provide a theo-
retical interpretation for the Chinese foreign exchange intervention policy
in the past.

5. CONCLUSION

This paper builds a DSGE model of asymmetric two-country open econ-
omy, while focusing on the different effects of sterilized and unsterilized
interventions, and discusses the influence of RMB internationalization on
the spillover effect of foreign monetary policy, and the effectiveness of ex-
change rate intervention policy. The main conclusions derived from this
study are as follows:

First, as an important measurement of currency internationalization, the
share of pricing and settlement in the domestic currency has an obvious
impact on the spillover effect of foreign monetary policy. The improve-
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ment of currency internationalization can attenuate the influence of for-
eign monetary policy on the domestic economy. Secondly, although both
sterilized and unsterilized intervention approaches can moderate exchange
rate fluctuations, sterilized intervention will cause a lag of exchange rate
adjustment, so its effectiveness is relatively limited. However, it has lower
costs regarding the stabilization of the economy; even though currency
internationalization can increase the costs. Unsterilized intervention can
fade the ability of the domestic interest rate policy to stabilize output and
inflation under the shock of foreign monetary policy, resulting in policy
conflict with the high costs of actual economic stability. Finally, through
optimal policy analysis, we come to the conclusion that in a low currency
internationalization circumstance, monetary authorities should adopt ster-
ilized intervention to stabilize the exchange rate. The interest rate policy
should not respond to exchange rate fluctuations excessively; currency in-
ternationalization is the key factor to determine the optimal intervention
policy. With the advancement of currency internationalization, the inten-
sity of sterilized intervention policy should be moderately reduced, and
unsterilized intervention should not be practiced.

These conclusions reveal an important policy connotation: with the de-
velopment of economic globalization, economic dependence and mutual in-
fluence between countries are becoming more and more profound. RMB
internationalization will significantly influence the spillover effect of foreign
monetary policy on China; sterilized intervention has a more desirable effect
on stabilizing the economy than unsterilized intervention. Chinese mone-
tary authorities should give priority to reforming an RMB exchange rate
regime. Considering the effectiveness of sterilized intervention policy, the
Chinese government should carefully implement the capital account open-
ing policy and gradually reduce the frequency and intensity of exchange
rate intervention, while promoting the internationalization of RMB and
accelerating the marketization of the exchange rate; thus extricating from
the accusations of “exchange rate manipulator” judged by some developed
countries.

An important assumption in this paper to compare the merits of the two
intervention policies is capital controls. Imposing taxes on international
bond transactions is a simple way to introduce capital controls, which is a
requirement for sterilized intervention. Meanwhile, this also points out the
deficiency of this paper. There are many ways of capital control in the real
economy, so the conclusion of this paper may be altered due to varying
international capital control settings. In addition, this paper does not
consider the banking sector. As the real subject of international financing,
its financial frictions and operational controls will also have a significant
impact on the exchange rate intervention policy, which is also a feasible
outline for future research and discussion.



RMB INTERNATIONALIZATION 415

REFERENCES

Adler, G. and C. Tovar, 2011. Foreign Exchange Market Intervention: How Good a
Defense against Appreciation Winds. IMF Working Paper, 11/165.

Benes, J., A. Berg, R. Portillo, and D. Vavra, 2015. Modeling Sterilized Interventions
and Balance Sheet Effects of Monetary Policy in a New-Keynesian Framework. Open
Economics Review 26(1), 81-108.

Blanchard, O., G. Adler, and I. C. Filho, 2015. Can Foreign Exchange Intervention
Stem Exchange Rate Pressures from Global Capital Flow Shocks? NBER Working
Paper, No. 21427.

Chang, C., Z. Liu, and M. M. Spiegel, 2015. Capital Controls and Optimal Chinese
Monetary Policy. Journal of Monetary Economics 74, 1-15.

Chen, G., A. Yang, and X. Zhao, 2018. Effects of China’s Fiscal and Monetary Policies
under different Capital Account Openness. The Journal of Quantitative & Technical
Economics (3), 96-113. [in Chinese]

Chen, S., H. Zheng, and L. Guo, 2015. China’s Monetary Policy Rules, Optimal
Simple Rules and Macroeconomic Effect. Statistical Research (1), 41-51. [in Chinese]

Christiano, L. J., M. Trabandt, and K. Walentin, 2010. DSGE Models for Monetary
Policy Analysis. Handbook of Monetary Economics 3(7), 285-367.

Cun, W. and J. Li, 2017. Sterilized Intervention, Bank Credit and Monetary Policy.
Mimeo, University of Southern California.

Daude, C., E. L. Yeyati, and A. Nagengast, 2016. On the Effectiveness of Exchange
Rate Interventions in Emerging Markets. Journal of International Money and Fi-
nance 64, 239-261.

Davis, J. S. and I. Presno, 2017. Capital Controls and Monetary Policy Autonomy in
a Small Open Economy. Journal of Monetary Economics 85, 114-130.

Dedola, L., G. Rivolta, and L. Stracca, 2017. If the Fed Sneezes, Who Catches a Cold?
Journal of International Economics 108(S1), 23-41.

Deng, L. and L. Dong, 2017. International Experience of Central Bank’s Foreign
Exchange Intervention: Analysis Based on Panel Tool Variable Model. International
Financial Research (7), 24-33. [in Chinese]

Devereux, M. B., K. Shi, and J. Xu, 2007. Global Monetary Policy under a Dollar
Standard. Journal of International Economics 71(1), 113-132.

Devereux, M. B. and J. Yetman, 2014. Globalisation, Pass-Through and the Optimal
Policy Response to Exchange Rates. Journal of International Money and Finance
49, 104-128.

Dotsey, M. and M. Duarte, 2017. How Important is the Currency Denomination of
Exports in Open Economy Models? Review of Economic Dynamics 23(1), 1-18.

Engel, C., 2011. Currency Misalignments and Optimal Monetary Policy: A Reexam-
ination. American Economic Review 101(October), 2796-2822.

Gopinath, G, 2016. The International Price System. Jackson Hole Symposium Pro-
ceedings.

Iacoviello, M. and G. Navarro, 2019. Foreign Effects of Higher U.S. Interest Rates.
Journal of International Money and Finance 95(July), 232-250.

Justiniano, A., G. E. Primiceri, and A. Tambalotti, 2010. Investment Shocks and
Business Cycles. Journal of Monetary Economics 57(2), 132-145.



416 SHENG WANG AND SHANGYAO ZHOU

Kuersteiner, G. M., D. C. Phillips, and M. Villamizar-Villegas, 2018. Effective Steril-
ized Foreign Exchange Intervention? Evidence from a Rule-Based Policy. Journal of
International Economics 113(C), 118-138.

Kumhof, M., 2010. On the Theory of Sterilized Foreign Exchange Intervention. Jour-
nal of Economic Dynamics & Control 34(8), 1403-1420.

Liu, Z., P. Wang, and T. Zha, 2013. Land-Price Dynamics and Macroeconomic Fluc-
tuations. Econometrica 81(3), 1147-1184.

Prasad, N., 2018. Sterilized Interventions and Capital Controls. Journal of Interna-
tional Money and Finance 88, 101-121.

Si, D., C. Jiang, and X. Li, 2016. The Dynamic Determinations of Exchange Rate Ex-
pectation and Central Bank Intervention: Theory and Empirical Evidence. Statistical
Research (9), 13-21. [in Chinese]

Si, D., X. Li, and C. Jiang, 2018. Central Bank Intervention, Investor Sentiment and
Exchange Rate Fluctuation. Statistical Research (11), 58-70. [in Chinese]

Wang, A. and L. Deng, 2016. Central Bank Foreign Exchange Intervention: Operation
and Effectiveness Evaluation. Financial Research (3), 15-31. [in Chinese]

Wang, S. and X. Liao, 2017. RMB Internationalization and the Optimal Monetary
Policy: From the Perspective of Exchange Rate Pass£Through. Economic Review
(6), 122-134. [in Chinese]

Wang, S. and S. Zhou, 2018. Zero Lower Bound, Exchange Rate Pass-Through and
Monetary Policy. Statistical Research (12), 28-46. [in Chinese]

Woodford, M., 2013. Interest and Prices: Foundations of a Theory of Monetary Policy.
Princeton University Press.

Zhang, Y., 2015. Inflow of Hot Money, Sterilization and Intervention in Exchange
Rate: A DSGE Model Based on Capital Control and Balance Sheet of Central Bank.
Economic Review (7), 116-130. [in Chinese]


