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China's external policies, including capital controls, managed exchange rates, and
sterilized interventions, constrain its monetary policy options for maintaining macro-
economic stability following external shocks. We study optimal monetary policy in a
dynamic stochastic general equilibrium (DSGE) model that incorporates these “Chinese
characteristics”. The model highlights a monetary policy tradeoff between domestic price
stability and costly sterilization. The same DSGE framework allows us to evaluate the
welfare implications of alternative liberalization policies. Capital account and exchange
rate liberalization would have allowed the Chinese central bank to better stabilize the
external shocks experienced during the global financial crisis.

Published by Elsevier B.V.
1. Introduction

China maintains a number of restrictions on its external sector. Its capital account is effectively closed, with tight
restrictions on the access of domestic citizens to participation in international asset markets. China also maintains controls
over fluctuations in its exchange rates. These restrictions, combined with China's open trade stance and large and persistent
current account surpluses, pose challenges to the country's monetary policy. Under capital account restrictions, the People's
Bank of China (PBOC, China's central bank) intervenes by purchasing foreign-currency revenues from exporters at prevailing
exchange rates, with the purchases financed by either issuing domestic currency or domestic bonds. The portion of foreign
asset purchases financed by selling domestic bonds is said to be “sterilized”, in that it does not result in an expansion of
money supply. Given this policy stance, PBOC holdings of foreign reserves have grown rapidly and China's monetary policy
has become increasingly sensitive to global financial conditions (see Fig. 1).1

To study the implications of China's capital account restrictions for its monetary policy, we construct a dynamic stochastic
general equilibrium (DSGE) model. In addition to limited access of private agents to international asset markets, the model
features a number of other “Chinese characteristics” that mirror that nation's current unique policy stance, including a nominal
exchange rate peg and sterilized central bank interventions.

Unlike the standard DSGE model, portfolio allocations for both the private sector and the central bank are a key part of
our model's transmission mechanism and influence monetary policy decisions. To allow a role for portfolio decisions, the
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Fig. 1. China's foreign reserve accumulations.
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Fig. 2. China SHIBOR (Shanghai Interbank Offered Rate) vs. U.S. 3-month Treasury bills rate. The grey area indicates the Great Recession period in the
United States.

C. Chang et al. / Journal of Monetary Economics 74 (2015) 1–152
model introduces a wedge into the uncovered interest rate parity (UIP) condition. The model is otherwise similar to the
standard DSGE model with sticky prices and optimizing private agents.

The model is used to study optimal monetary policy, under which the central bank maximizes the representative
household's welfare. A main finding is that, under the prevailing capital account regime, optimal monetary policy in China
involves a tradeoff between sterilization costs and price stability.

Our analysis highlights the impact of this tradeoff for optimal Chinese monetary policy during the 2008–2009 global
financial crisis. During that crisis, China faced persistent declines in foreign interest rates as the Federal Reserve and central
banks in other advanced economies reduced short-term interest rates close to the zero lower bound and adopted
quantitative easing and other unconventional monetary policies. In addition, sharp spikes of uncertainty in financial
markets caused investors to shift their portfolio allocations toward low-risk and high-liquidity assets – such as U.S.
Treasuries – in a “flight to liquidity”, pushing down yields on China's foreign reserves.

In contrast, nominal interest rates on China's domestic assets remained relatively high throughout the crisis period. Fig. 2
shows that 3-month Treasury rates were typically higher than China's domestic interest rates (such as the Shanghai
Interbank Offered Rate or SHIBOR) before the global financial crisis. Since the crisis, however, the interest rate spread has
reversed sign, with the Treasury rate falling to close to zero while the SHIBOR remained elevated. Thus, prior to the crisis,
the PBOC enjoyed fiscal benefits from sterilization activity because it entailed exchanging low-yield domestic debt for
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high-yield foreign assets. Since the crisis, however, sterilization has become costly to the PBOC, as foreign interest rates
declined sharply relative to domestic rates.2

Increases in the costs of sterilization create a tradeoff for the PBOC in implementing monetary policy to achieve price
stability. The PBOC could mitigate the sterilization costs by reducing sterilization activity and increasing the share of foreign-
asset purchases financed by money creation. However, this policy could raise inflation. In practice, China's money supply did
increase substantially in the wake of the global financial crisis, with the M2 growth rate rising sharply from about 15% in
2007 to over 25% in 2009. China's inflation surged from moderate levels to over 6% by 2012 (see Fig. 3), despite rapid
increases in the PBOC's required reserve ratio from 14% in late 2007 to 21% in 2011. This surge in inflation during a period
when foreign interest rates dropped sharply relative to domestic rates demonstrates the tradeoff between sterilization costs
and price stability faced by the PBOC.

The same DSGE framework allows us to examine the implications of potential policy liberalizations. We consider three
liberalizations: relaxing capital account restrictions to levels similar to those in other emerging market economies, letting
the exchange rate float, and relaxing both restrictions. In the presence of shocks to foreign interest rates and export demand,
relaxing capital controls leads to gains in macroeconomic stability, even when the exchange rate remains pegged. On the
other hand, for a given capital account regime, a floating exchange rate helps restore external balances and enables the
central bank to gain more flexibility in addressing domestic price stability. Finally, relaxing both capital account controls and
exchange rate pegs provides the greatest macroeconomic stability gains.

The remainder of this paper is divided into five sections. Section 2 provides a brief review of the literature on optimal
monetary policy in a DSGE framework. Section 3 introduces the benchmark DSGE model with capital controls, exchange rate
pegs, and sterilized interventions by the central bank. Section 4 examines optimal monetary policy under the benchmark
model in the wake of negative shocks to foreign interest rates and export demand, similar to that which occurred during the
global financial crisis. Section 5 examines optimal policy under the three alternative liberalizations and compares the
effectiveness of optimal policy under each regime. Section 6 provides some concluding remarks.
2. Literature on optimal monetary policy

Our work adds to the literature on optimal monetary policy in a New Keynesian DSGE framework. In the standard DSGE
model of a closed economy, monetary policy faces no tradeoff between stabilizing inflation and stabilizing the output gap
(Blanchard and Galí, 2007). This “divine coincidence”, which is obtained from a closed economy model, can be carried over
to a small open economy with perfect international capital flows and flexible exchange rates (Clarida et al., 2002).
Subsequent literature shows that the divine coincidence breaks down in more general environments, such as one with
multiple sources of nominal rigidities. Examples include a model with sticky prices and sticky nominal wages (Erceg et al.,
2000), a model with sticky prices in multiple sectors (Mankiw and Reis, 2003; Huang and Liu, 2005), and a model with
multiple countries (Benigno, 2004; Liu and Pappa, 2008). Galí and Monacelli (2005) consider optimal monetary policy in a
small open economy with staggered Calvo pricing.3

In our benchmark model with a closed capital account and a pegged exchange rate, monetary policy faces additional
constraints in stabilizing inflation and output fluctuations. Since private agents in the economy are restricted from trading
foreign assets and the nominal exchange rate is fixed, the country is effectively in financial autarky and international risk-
sharing becomes infeasible.4 Because the nominal exchange rate is pegged, adjustments in the terms of trade (or the real
exchange rate) cannot be used to mitigate the impact of external shocks. Under this regime, increases in the cost of
sterilization following a sudden decline in foreign interest rates further constrain the central bank's ability to stabilize
domestic price inflation. To our knowledge, this source of tradeoff for monetary policy (arising from capital controls and
exchange-rate pegs) is new to the literature.5

The recent global financial crisis has generated a renewed interest in the implications of capital controls and exchange-rate
pegs. Policy makers have become more amenable to capital controls under certain conditions (e.g., Ostry et al., 2010), as it is
unclear that financial integration reduces macroeconomic volatility. Prasad et al. (2005) have argued that, with a weak financial
system, liberalizing the capital account would pose significant risks for China. Farhi and Werning (2012) argue that capital
controls can mitigate the effects of excess international capital movements caused by risk premium shocks. Jeanne and Korinek
(2012) demonstrate that a time-varying Pigouvian tax on external borrowing can undo the pecuniary externality associated with
borrowing constraints.
2 The Chinese situation is analogous to the experience of emerging market economies facing capital inflow surges. Sterilization was considered
potentially costly due to interest rate premia on domestic debt (e.g., Calvo, 1991). Existing studies suggest that the fiscal costs of sterilization can be
substantial, between 0.25% and 0.5% of GDP (e.g. Calvo et al., 1996; Kletzer and Spiegel, 1998). However, these costs were calculated ex post in the absence
of default. Ex ante, uncovered interest parity (UIP) should equalize expected returns on domestic and foreign assets net of risk premia. For that reason,
these costs were referred to as “quasi-fiscal costs”. In contrast, China's closed capital account allows deviations from UIP, so that observed deviations
represent true expected costs of sterilization since default risk is minimal.

3 See Corsetti et al. (2011) for a survey of the literature on optimal monetary policy in open economies.
4 If the exchange rate was instead flexible, international risk sharing could still be achieved under financial autarky, as in Cole and Obstfeld (1991).
5 There are very few studies that use a DSGE framework to evaluate alternative policies for the Chinese economy. Two exceptions include Peng (2012)

and Chen et al. (2012), who present closed-economy DSGE models with financial frictions to study China's credit policy.
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However, recent empirical studies have found limits to the effectiveness of capital controls. Forbes et al. (2013) argues
that while capital controls may mitigate financial fragility, they are less effective for meeting macroeconomic targets. De
Paoli and Lipinska (2013) note that while capital controls may be welfare-enhancing from the point of view of an individual
country, they may trigger adverse responses from other nations and end up reducing welfare. Their analysis therefore
demonstrates the merits of international policy coordination in the use of capital controls. Our paper focuses on the
constraints that capital account restrictions and exchange-rate pegs impose on the ability of optimal monetary policy to
achieve domestic price stability.

3. Benchmark model

This section introduces a benchmark DSGE model with capital controls. Section 3.1 highlights the key departures of the
model from the standard DSGE model. Section 3.2 provides some details of our model specification.

3.1. Key features of the model

Our model generalizes the standard DSGE framework to incorporate some key features of China's economy and policy
regimes to study the implications of capital account restrictions and sterilization policy. For this purpose, however, a simple
extension of the standard DSGE model such as that in Christiano et al. (2005) to an open economy is not sufficient. In those
models, the uncovered interest rate parity (UIP) condition holds and portfolio allocations are inconsequential. Thus,
sterilization has no direct fiscal consequences.

The UIP condition is clearly violated in China. Fig. 2 shows that China's domestic interest rates have been much higher
than foreign rates since the 2008-2009 crisis, a period during which China has maintained tight controls over the exchange
rate. Our model generates deviations from UIP because of imperfect substitutions between domestic and foreign assets. In
particular, private agents need to pay a quadratic adjustment cost when they change their portfolio shares of foreign and
domestic bond holdings. These can be interpreted as representing in part bureaucratic barriers erected by the government
to restrict private agents' access to foreign assets.6

We also restrict the policy instruments available to the government (in our case, the central bank). Under capital controls,
the central bank purchases foreign currency revenues from exporters at the prevailing exchange rate. If the purchases could
be financed by lump-sum taxes collected from the private households, then sterilization would be inconsequential. To avoid
that outcome, lump-sum taxes are assumed to be unavailable and reserve purchases need to be financed by either
increasing the money supply or by issuing domestic bonds. As a consequence, the distinction between money-financed and
bond-financed purchases of foreign reserves becomes an important equilibrium object that is central to sterilization policy.

Furthermore, to stay consistent with China's prevailing capital account regime, foreign investors are not allowed to hold
Chinese bonds. Under China's capital account policy, both inflows and outflows of foreign portfolio investment are highly
restricted. As a consequence, the shares of foreign portfolio assets and liabilities in China's GDP have been very small (about
3 or 4% in 2010) relative to other countries with high capital mobilities (with the shares averaging over 50%) (Song et al.,
2014).

Fig. 3. China's consumer price inflation.
6 The portfolio adjustment costs serve as a flexible approach to capturing the observed deviations of UIP under capital controls in China. In reality,
there are leakages in China's capital controls (e.g. Jeanne, 2013), leaving a complete ban on private holdings of foreign assets unrealistic. A similar UIP
wedge can be obtained from financial frictions in the foreign exchange market (Gabaix and Maggiori, 2014).
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3.2. Model details

Consider a global economy with two countries—the home country (China) and the rest of the world. The focus here is on
describing the home country's problems. Explicit assumptions about the foreign country are made where necessary.

The home country is populated by a continuum of infinitely lived households. The representative household consumes a
final good, holds real money balances, and supplies labor to firms. The final good is a composite of differentiated retail
products, each of which is produced using labor and intermediate goods as inputs. Intermediate goods are a composite of
domestic goods and imported materials. Final goods can be used for consumption, as an intermediate input for production,
or exported to the foreign country. All markets are perfectly competitive, except that the markets for differentiated retail
goods are monopolistically competitive. Each retailer takes all prices but its own as given and sets a price for its
differentiated product.

The representative household faces a segmented asset market, where she has limited access to the foreign bond market.
The household is allowed to choose a portfolio of holdings of domestic and foreign currency bonds subject to a quadratic
portfolio adjustment cost. As discussed in Section 3.1, this feature captures the restricted access of domestic households to
foreign asset markets under China's capital control policy, while allowing for small “leakages” of foreign assets to be held by
the private sector. Further, under the capital controls regime, foreign investors are not allowed to hold Chinese assets.

The central bank purchases foreign assets from the private sector at the prevailing (and fixed) exchange rate, and it
finances the purchases with money creation or domestic bond issuance. Lump-sum taxes are unavailable.

Monetary policy is a constrained optimum, in the sense that the central bank maximizes social welfare taking as given
the private optimizing conditions.

3.3. The representative household

The representative household chooses consumption Ct, money balances Mt, labor hours Lt, and the holdings of a nominal
domestic bond Bt and a foreign bond Bn

pt to maximize her lifetime expected utility function:

W ¼ E
X1
t ¼ 0

βt ln CtþΦmln
Mt

Pt
�Φl

L1þη
t

1þη

( )
; ð1Þ

subject to the sequence of budget constraints

Ctþ
Mt

Pt
þBtþetB

n

pt

Pt
1þΩb

2
Bt

BtþetB
n

pt
�ψ

 !2
2
4

3
5

rwtLtþMt�1

Pt
þRt�1Bt�1þetR

n

t�1B
n

p;t�1

Pt
þDt

Pt
: ð2Þ

In these expressions, Pt denotes the domestic price level, et denotes the nominal exchange rate; wt denotes the real wage
rate; Rt and Rn

t denote the nominal interest rates for domestic and foreign bonds, respectively; and Dt denotes the nominal
dividends received by the household from her ownership of retail firms. The term E is an expectations operator. The
parameter βA ð0;1Þ is a subjective discount factor, Φm40 is the utility weight for real money balances, Φl40 is the utility
weight for leisure, and η40 is the inverse Frisch elasticity of hours worked. The parameterΩb measures the size of portfolio
adjustment costs. The parameter ψ denotes the steady-state portfolio share of domestic bonds in the total value of private
bond holdings.

Denote by Λt the Lagrangian multiplier for the budget constraint (2) and by mt �Mt=Pt the quantity of real money
balances. The optimal money demand equation is given by

Φm

Λtmt
¼ 1�Et

βΛtþ1

Λt

1
πtþ1

: ð3Þ

The optimizing labor supply decision implies that

wt ¼
ΦlL

η
t

Λt
: ð4Þ

Denote by ψ t ¼ Bt=ðBtþetB
n

ptÞ the portfolio share of domestic bonds in total bond holdings. The optimal choices of Bt and
Bn

pt imply that

Ωb ψ t�ψ
� �¼ Et

βΛtþ1

Λt

1
πtþ1

Rt�Rn

t
etþ1

et

� �
; ð5Þ

where πtþ1 � Ptþ1=Pt denotes the inflation rate from period t to tþ1. This equation represents a generalized UIP condition.
Absent portfolio adjustment costs (i.e., Ωb ¼ 0), this equation reduces to

0¼ Et
βΛtþ1

Λt

1
πtþ1

Rt�Rn

t
etþ1

et

� �
; ð6Þ
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which corresponds to the standard UIP condition that links relative interest rates to the expected depreciation of the
domestic currency. With portfolio adjustment costs, however, domestic and foreign bonds are imperfect substitutes.
Accordingly, the UIP condition needs to be modified to include a new term that depends on the portfolio share of domestic
bonds, ψt. As revealed by Eq. (5), the portfolio share of domestic bonds depends positively on the spread between the
domestic interest rate and the exchange-rate adjusted foreign interest rate. Thus, this equation represents a downward-
sloping demand curve for domestic bonds: when the relative price of domestic bonds falls (i.e., when the relative nominal
interest rate increases), the household's optimal share of domestic bond holdings increases a finite amount.
3.4. The retail goods sector

There is a continuum of retailers, each producing a differentiated product Yt(j) using the constant returns technology

YtðjÞ ¼ΓtðjÞϕðZtLtðjÞÞ1�ϕ; ð7Þ

where Zt is a labor-augmenting technology, ΓtðjÞ denotes the input of intermediate goods, and Lt(j) denotes the input of
labor. The parameter ϕA ½0;1� is the cost share of the intermediate input. Technology is assumed to grow at a rate of
λzt � Zt=Zt�1.

Denote by vt the real marginal cost for firms. Cost-minimizing implies that

vt ¼ ~ϕqϕmt
wt

Zt

� �1�ϕ

; ð8Þ

where qmt denotes the relative price of intermediate goods and ~ϕ �ϕ�ϕð1�ϕÞϕ�1 is a constant. The conditional factor
demand derived from the cost-minimization problem implies

wt

qmt
¼ 1�ϕ

ϕ
ΓtðjÞ
LtðjÞ

: ð9Þ

Given that input factors are perfectly mobile across all retail firms, the wage rate and the relative price of intermediate
goods are identical for each firm, as is the real marginal cost.

Retailers face competitive input markets and a monopolistically competitive product market. Retailer j takes as given the
input prices qt and wt, the price level Pt, and the demand schedule for its product, and chooses a price Pt(j) for its own
differentiated product to maximize expected discounted dividend flows. Price adjustments are costly. Following Rotemberg
(1982), retailers face a quadratic price adjustment cost

Ωp

2
PtðjÞ

πPt�1ðjÞ
�1

� �2

Ct ;

where Ωp measures the size of price adjustment costs and π is the steady-state inflation rate.7 In particular, the retailer
solves the problem

MaxPt ðjÞ Et
X1
k ¼ 0

βkΛtþk

Λt

PtþkðjÞ
Ptþk

�vtþk

� �
Yd
tþk jð Þ�Ωp

2
PtþkðjÞ

πPtþk�1ðjÞ
�1

� �2

Ctþk

" #
; ð10Þ

where Yd
t ðjÞ is the demand schedule given by

Yd
t jð Þ ¼ PtðjÞ

Pt

� ��θp
Yt ; ð11Þ

and the price level is related to individual prices through Pt ¼
R 1
0 PtðjÞ1�θpdj

h i1=ð1�θpÞ
, with θp41 denoting the elasticity of

substitution between differentiated retail products.
In a symmetric equilibrium with PtðjÞ ¼ Pt for all j, the optimal pricing decision implies that

vt ¼
θp�1
θp

þΩp

θp

Ct

Yt

πt

π
�1

� 	πt

π
�βEt

πtþ1

π
�1

� 	πtþ1

π

h i
; ð12Þ

which is the Phillips curve relation. Absent price adjustment costs (i.e., when Ωp ¼ 0), the optimal pricing rule would imply
that the real marginal cost vt equals the inverse markup.
7 For convenience, adjustment costs are normalized in units of aggregate consumption. The main results go through if the adjustment costs are in units
of aggregate output.
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3.5. The intermediate goods sector

Intermediate goods are produced using both domestically produced final goods and imported goods, with the production
function given by

Γt ¼Γα
htΓ

1�α
ft ; ð13Þ

where Γht and Γft denote the quantities of domestically produced and imported goods, respectively, and αAð0;1Þ is the
expenditure share of domestic input.

Cost-minimizing implies that the relative price of intermediate goods is given by

qmt ¼ ~αq1�α
t ; ð14Þ

where qt � etP
n

t =Pt is the real exchange rate and Pn

t denotes the foreign price level. This relation suggests that the cost of
intermediate goods is a monotonic function of the real exchange rate or the terms of trade. Cost-minimizing also implies
that

qt ¼
1�α
α

Γht

Γft
: ð15Þ

3.6. The external sector and current account

The home country imports materials and exports final goods. The current account balance equals the sum of trade
surplus and net interest income received from holdings of foreign assets. Specifically, the current account is given by

cat ¼ Xt�qtΓftþ
etðRn

t�1�1ÞBn

t�1

Pt
; ð16Þ

where Xt represents the quantity of exports and Bn

t�1 denotes the country's aggregate holdings of foreign-currency bonds at
the beginning of period t.

In each period, a current-account surplus (deficit) implies increases (decreases) in the country's holdings of foreign
bonds. The aggregate stock of foreign bonds (denoted by Bn

t ) thus evolves according to the law of motion

cat ¼ et
Bn

t �Bn

t�1

Pt
: ð17Þ

The foreign interest rate Rn

t is exogenous and follows the stationary stochastic process

ln Rn

t ¼ ð1�ρrÞln Rnþρrln Rn

t�1þσrεrt ; ð18Þ
where ρrAð0;1Þ is a persistence parameter, σr is the standard deviation of the shock, and εrt is an i.i.d. standard normal
process.

Foreign demand for the home country's exported goods is inversely related to the relative price of home goods and
positively related to aggregate demand in the foreign country. The export demand schedule is given by

Xt ¼
Pt

etP
n

t

� ��θ
~X
n

t Zt ¼ qθt ~X
n

t Zt ; ð19Þ

where, to obtain balanced growth, export demand is augmented by the level of domestic productivity. The term ~X
n

t is an
export demand shock and follows the stochastic process

ln ~X
n

t ¼ ð1�ρxÞ ln ~X
nþρx ln ~X

n

t�1þσxεxt ; ð20Þ
where ρxAð0;1Þ is a persistence parameter, σx is the standard deviation, and εxt is an i.i.d. standard normal process.

3.7. Central bank flow-of-funds constraints and sterilization policy

The central bank issues domestic-currency bonds and domestic currency, and holds foreign-currency reserves. In the
benchmark model, the central bank allows the nominal exchange rate to appreciate at a constant rate (so that et=ðet�1Þ ¼ γe)
and maintains capital account restrictions.

Under capital account restrictions, the central bank purchases foreign assets from private exporters. The purchases can
be financed either by money creation or by domestic bond issuance. The central bank faces the flow-of-funds constraint

etðBn

gt�Rn

t�1B
n

g;t�1ÞrBs
t�Rt�1B

s
t�1þMs

t�Ms
t�1; ð21Þ
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where Bn

gt denotes the central bank's holdings of the foreign bond.8 The term Bst denotes the domestic bond issued by the
central bank, which is held entirely by domestic households. The central bank conducts sterilization policy by varying the
share of foreign-asset purchases financed by money creation.

3.8. Market clearing and equilibrium

Given the central bank policy, an equilibrium in this economy is a sequence of prices fPt ;wt ;Rt ; et ; qt ; qmtg and aggregate
quantities fCt ;Yt ;Γt ;Γht ;Γft ;Xt ; Lt ;Mt ;M

s
t ;Bt ;B

n

pt ;B
n

gt ;B
n

t g, as well as the prices Pt(j) and quantities fYtðjÞ; LtðjÞ;ΓtðjÞg for each
retail firm jA ½0;1�, such that (i) taking all prices as given, the allocations solve the household's utility maximizing problem;
(ii) taking all prices but its own as given, the price and allocations for each retail firm solve its profit maximizing problem,
and (iii) markets for the final goods, labor, intermediate goods, money balances, and bond holdings all clear.

The market-clearing conditions are summarized below:

Yt ¼ CtþΓhtþXtþ
Ωp

2
πt

π
�1

� 	2
Ctþ

BtþetB
n

pt

Pt

Ωb

2
ψ t�ψ
� �2

; ð22Þ

Lt ¼
Z 1

0
LtðjÞ dj; ð23Þ

Γt ¼
Z 1

0
ΓtðjÞ dj: ð24Þ

Mt ¼Ms
t ; ð25Þ

Bs
t ¼ Bt ; ð26Þ

Bn

t ¼ Bn

ptþBn

gt : ð27Þ

Eqs. (22)–(27) correspond, respectively, to the market clearing conditions for final goods, labor, intermediate-goods, money,
domestic bonds, and foreign bonds.

Define real GDP as the sum of consumption and net exports, which is given by

GDPt ¼ CtþXt�qtΓft : ð28Þ
Note that the definition of real GDP in (28) uses the expenditure approach. One may also use the income approach.

Adding up the household's budget constraint (2) and the government's flow-of-funds constraint (21) and imposing the
market clearing conditions yield

GDPt � CtþXt�qtΓft ¼wtLtþDt

Pt
�BtþetB

n

pt

Pt

Ωb

2
ψ t�ψ
� �2

; ð29Þ

which equates real GDP to total domestic factor income—including wage income and profit income—net of portfolio
adjustment costs, where profit income is net of price adjustment costs.

4. Optimal monetary policy

The central bank solves a Ramsey problem to maximize the representative household's welfare W defined in Eq. (1),
taking as given the private sector's optimizing conditions.9

4.1. Parameter calibration

There are four sets of parameters to be calibrated. These include the parameters in the utility function, those in the
production function, those that characterize real and nominal rigidities, and those that are related to international trade.
Table 1 summarizes the calibrated parameter values.

For the utility function parameters, the subjective discount factor is set to β¼ 0:995. The money demand regression by
Chari et al. (2000) implies that Φm ¼ 0:06. We set η¼ 2, implying a Frisch elasticity of labor supply of 0.5, consistent with
8 To concentrate on monetary policy issues, other fiscal policies are taken as given. This includes implicit taxes that may be levied by the central bank,
such as reserve requirements and the practice of handing over the central bank budget surplus to the general Treasury. Proper analysis of these fiscal
policies would require a fuller model of both fiscal policies and the banking sector, which is an important subject for future research.

9 We solve the Ramsey problem using Dynare, with the planner's objective given by the representative household's utility function. The current
version (4.4.2) of Dynare solves the Ramsey problem only up to first-order approximations. Given the complexity of our framework, it is infeasible to derive
analytical second-order approximations to the planner's welfare objective following the approach in Woodford (2003). Still, as the stability rankings across
regimes are unambiguous under our calibration, the relative stability performances under these regimes should be consistent with their relative welfare
performances.



Table 1
Calibrated parameters.

Parameter Description Value

Preferences

β Subjective discount factor 0.995
Φm Utility weight on money balances 0.06
η Inverse Frisch elasticity 2

Technologies

ϕ Cost share of intermediate goods 0.50
λz Mean productivity growth rate 1.02

Nominal rigidities

θp Elasticity of substitution between differentiated goods 10
Ωp Price adjustment cost 60

Portfolio adjustment

Ωb Portfolio adjustment cost parameter 0.6
ψ Average portfolio share of domestic bonds 0.9

International trade

α Share of domestic intermediate goods 0.7556
θ Export demand elasticity 1.5

Shock processes

ρr Persistence of foreign interest rate shock 0.98
ρx Persistence of export demand shock 0.95
σr Standard deviation of foreign interest rate shock 0.01
σx Standard deviation of export demand shock 0.01

C. Chang et al. / Journal of Monetary Economics 74 (2015) 1–15 9
microeconomic evidence (Pencavel, 1986).Φl is calibrated so that the steady-state fraction of labor hours is 40% of total time
endowment.

For the technology parameters, the cost share of intermediate goods is set to ϕ¼ 0:5, consistent with the estimates of
intermediate input share in U.S. data (Basu, 1995). Mean technology growth is set to λz ¼ 1:02, so that real per capita GDP
grows at an annual rate of 8% on average, similar to China's experience over the last two decades.

For the nominal rigidity parameters, the elasticity of substitution parameter θp is set to 10, implying a steady-state price
markup of about 11%, which is consistent with the estimate reported by Basu and Fernald (1997). The price adjustment cost
parameter Ωp is set to 60, so that the model implies an average duration of price contracts of about four quarters.10

For the parameters in the external sector, the share of domestic intermediate input α is set to 0.7556, so that the import-
to-GDP ratio is 20% in the steady state, which corresponds to the average import-to-GDP ratio in China between 1990 and
2009. The export demand elasticity θ is set to 1.5, which lies in the range of empirical estimates obtained by (Feenstra et al.,
2014).

To calibrate the parameters in the portfolio adjustment cost functions and the steady-state share of foreign bonds held by
the private sector, we log-linearize the modified UIP condition (5) and obtain

R̂t� R̂
n

t ¼ Et γ̂ e;tþ1þΩbψ ψ̂ t ; ð30Þ

where γ̂ e;tþ1 denotes deviations of nominal exchange rate growth (γe;tþ1 ¼ etþ1=et) from the steady state and ψ̂ t denotes
deviations of the portfolio share of domestic bonds from the steady-state. This equation reveals that an increase in the
interest rate differential R̂t� R̂

n

t , holding expected exchange rate movements constant, raises the private demand for
domestic bonds relative to that for foreign bonds.

China has not been observed with an open capital account. We therefore calibrate ψ and Ωb using evidence from other
emerging market economies. The steady-state share of domestic bonds is set to ψ ¼ 0:9, which lies in the range of estimates
in the literature. For example, Coeurdacier and Rey (2013) found that average bond home bias worldwide in 2008 was equal
to 0.75, while Aviat and Coeurdacier (2007) reported values for equity home bias around 0.80. The empirical literature
suggests that home bias figures for emerging Asia are even higher than those for the rest of the world, around 0.97. ψ ¼ 0:9
therefore appears to be a reasonable value for China.
10 Log-linearizing the optimal pricing decision equation (12) around steady state leads to a linear form of Phillips curve relation, with the slope of the
Phillips curve given by κp � ðθp�1=ΩpÞC=Y . Our calibration implies a steady-state ratio of consumption to gross output of about 53% (not to be confused
with official estimates of China's consumption-to-GDP ratio). The values of θp ¼ 10 and Ωp ¼ 60 imply that κp ¼ 0:08. In an economy with Calvo (1983)
price contracts, the slope of the Phillips curve is given by ð1�βαpÞð1�αpÞ=αp , where αp is the probability that a firm cannot reoptimize prices. To obtain a
slope of 0.08 for the Phillips curve in the Calvo model, αp must be set equal to 0.75 (taking β¼ 0:995 as given), which corresponds to an average duration of
price contracts of 1=ð1�αpÞ ¼ 4 quarters.
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The parameter Ωb is calibrated to capture average deviations from the UIP conditions. Specifically, a simple empirical
model is estimated based on the modified UIP condition (5) using panel data from emerging market economies. The
empirical model is given by

log
eit

ei;t�1
� Ri;t�1�Rn

t�1

� �¼ ai�b log ψ i;t�1

� 	
; ð31Þ

where eit is the nominal exchange rate for country i relative to the U.S. dollar (units of local currency per U.S. dollar) at the
end of year t, Ri;t�1�Rn

t�1 is the difference between country i's nominal interest rate and the U.S. 3-month T-bill rate at the
end of year t�1, and ψ i;t�1 is the share of domestic bonds held by country i residents relative to the country's total bond
holdings (including domestic and foreign bonds) at the end of year t�1.

Our sample is a balanced panel of 22 emerging market economies (not including China) with a sample period from 2001
to 2011. For the period up to 2008, portfolio share data comes from Coeurdacier and Rey (2013). We extend their sample
through 2011 by merging data from the International Financial Statistics (IFS) and from the Bank for International
Settlements (BIS). The point estimate of b in Eq. (31) is about 0.2.11 Given our calibration that ψ ¼ 0:9, the value of b¼0.2
implies that Ωb ¼ 0:22. This value of Ωb ¼ 0:22 is used to simulate optimal policy in the counterfactual case where China's
capital account is partially liberalized (in which case China's capital account policy resembles those in other emerging
market economies). Under the benchmark regime, China is assumed to have tighter capital controls than other emerging
market economies. Thus, Ωb is set at a greater value of 0.6 to capture the fact that it is more costly for China's private
households to adjust their bond portfolios.12

For the shock parameters, ρr is set to 0.98 to capture the persistent decline in foreign interest rates during and after the
global financial crisis. In response to the crisis, the Federal Reserve lowered its interest rate target to near-zero levels in early
2009 and later signaled its intention to maintain the extremely low levels of the target for a long period of time. ρx is set to
0.95 to capture the persistence in the global recession and the consequent declines in world demand. The standard
deviations of each of the shocks are set to 1%.
4.2. Dynamic responses to external shocks under optimal policy

We now examine the dynamic responses of macroeconomic variables under optimal monetary policy in our benchmark
model with capital controls, nominal exchange rate pegs, and sterilized interventions. Our focus is on the effects of negative
shocks to the foreign interest rate and export demand, similar to those observed following the 2008–2009 global financial crisis.

First, consider the effects of a persistent negative shock to the foreign interest rate. Fig. 4 displays the impulse responses of a
few macroeconomic variables. Capital account restrictions lead to short-run deviations from the UIP condition. Thus, despite the
fixed exchange rate regime, the domestic interest rate declines only gradually and it does not instantaneously converge to
the lower foreign interest rate. The increase in the interest-rate spread raises the costs of sterilization. Under optimal policy, the
central bank chooses to sterilize less and to rely more on expanding the money supply to finance its foreign asset purchases. This
expansionary monetary policy, along with the decline in the domestic nominal interest rate, boosts aggregate demand and,
holding all else equal, raises real GDP and domestic inflation.

An increase in domestic inflation implies a real exchange rate appreciation because the nominal exchange rate is fixed. The
appreciation then reduces export demand. Furthermore, the decline in the foreign interest rate directly reduces earnings from
holdings of foreign assets. Both the real exchange-rate appreciation and the reductions in earnings on foreign assets contribute to
a decline in current account balances relative to the steady state. This partially offsets the expansionary effects of monetary policy
on aggregate demand. However, under our parameter calibration, the expansionary effects of monetary policy dominate the
negative effects of declines in foreign earnings and real exchange rate appreciation, producing a short-run increase in both
inflation and real GDP.

Next, consider the effects of a negative shock to export demand. Fig. 5 shows the impulse responses of the macroeconomic
variables to that shock. A reduction in export demand reduces current account balances and the central bank's accumulation of
foreign reserves. The central bank responds by reducing the intensity of sterilization and the supply of money. Lower export
demand also implies lower aggregate demand which reduces real GDP and inflation. With a fixed nominal exchange rate regime,
a decline in inflation implies a real depreciation, which helps alleviates the declines in export demand. Under optimal policy, the
central bank keeps its nominal interest rate essentially unchanged. Thus, as aggregate demand falls, the demand for real money
balances also fall; but since inflation declines, the fall in real money balances implies a fall in the money supply as well.

Figs. 4 and 5 show that a negative export demand shock and a negative foreign interest rate shock move the macroeconomic
variables in different directions, except that both shocks lower current account balances. In the aftermath of the global financial
crisis, China experienced declines in global demand and increases in its domestic interest rate spread, consistent with these two
shocks. The observed increases in inflation in China during that period suggest that concerns about sterilization costs influenced
11 In keeping with poor empirical performances of UIP-related conditions in the literature, this coefficient was marginally significant at the 15% level.
However, Carneiro and Wu (2010) provide evidence that UIP-based exchange rate conditions hold at statistically significant levels for samples of emerging
market economies.

12 Experimentation with a reasonable range of values of Ωb (with a lower bound of 0.22) suggests that the qualitative results are robust.
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Fig. 4. Impulse responses to a decline in the foreign interest rate in the benchmark model.
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the actual conduct of Chinese monetary policy in a manner consistent with the tradeoff between sterilization costs and domestic
price stability highlighted by our DSGE model.

5. Policy reforms

In our benchmark model, the prevailing trade policy regime in China is taken as given, including capital account
restrictions and exchange rate pegs. This regime imposes constraints on optimal monetary policy for China. In particular, a
decline in foreign interest rates relative to China's domestic interest rates leads to an increase in the cost of sterilization and
therefore an easing of domestic monetary policy, resulting in a short-run increase in inflation.

Recent Chinese policy discussions have considered liberalizing capital account restrictions and relaxing exchange rate
pegs. We therefore examine – within the same DSGE framework– the macroeconomic implications of several counterfactual
liberalizations. Three alternative policy reforms are considered (i) relaxing capital account restrictions to levels similar to
those in other emerging market economies, (ii) allowing the exchange rate to float, and (iii) relaxing restrictions on both the
capital account and the exchange rate. Under each policy regime, the central bank solves the optimal monetary policy
problem by maximizing the representative household's welfare, taking as given the private sector's optimizing decisions. As
in the benchmark case, our focus continues to be on shocks to the foreign interest rate and export demand.

Welfare gains under each liberalization policy are measured by consumption equivalence relative to the benchmark
policy regime. To be specific, we first compute the welfare under the benchmark policy regime (denoted by Vb) and under an
alternative regime (denoted by Va) upon obtaining the Ramsey allocations. Welfare gains are then calculated as the
percentage decrease in consumption in perpetuity under the alternative regime such that the representative agent is
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indifferent between living under that regime and under the benchmark regime. In terms of the model variables, the welfare
gains are measured by Δ such that

E
X1
t ¼ 0

βt log Ca
t 1�Δ
� �� �þΦm log ma

t

� ��Φl
ðLat Þ1þη

1þη

" #
¼ Vb; ð32Þ

where the variables with a superscript a denote allocations under the alternative regime. With log-utility in consumption,
the explicit expression for welfare gains satisfies

log 1�Δ
� �¼ 1

1�β
Vb�Va
� 	

; ð33Þ

The macroeconomic stability properties of each policy regime can be compared by computing the unconditional
volatilities of real GDP (denoted by σy), inflation (σπ), employment (σL), the real exchange rate (σq), and the current account
σca in the simulated model driven by both types of external shocks. Table 2 displays the standard deviations of several
macroeconomic variables and welfare under the benchmark policy regime and under each alternative liberalization policy.

Consider first a partial liberalization of capital controls, whereby China reduces it capital account restrictions to levels
similar to other emerging market economies. In particular, the portfolio adjustment cost parameter (Ωb) is lowered from 0.6
in the benchmark economy to 0.22, the value estimated using data from other emerging market economies. Foreign
investors continue to not be allowed to hold Chinese assets and the nominal exchange rate continues to be pegged.



Table 2
Macroeconomic stability and welfare under alternative policy regimes.

Volatility/Welfare Benchmark Open capital account Flexible exchange rate Full reform

σy 0.0327 0.0289 0.0111 0.0101
σπ 0.0155 0.0136 0.0041 0.0036
σL 0.0217 0.0193 0.0143 0.0141
σq 0.1416 0.1269 0.1031 0.0979
σca 3.5080 3.3712 3.4261 3.3701
Welfare gains – 0.0029 0.0077 0.0079

Note: The terms σy, σπ , σL , σq, and σca denote the standard deviations of real GDP, inflation, employment, the real exchange rate, and the current account.
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Table 2 (the column under “Open capital account”) shows that easing capital account controls leads to modest gains in
macroeconomic stability relative to the benchmark regime. In particular, when capital account controls are eased, the
volatilities in real GDP, inflation, and employment are slightly reduced, and the real exchange rate and current account are
also better stabilized when the country is buffeted by shocks to the foreign interest rate and export demand. By liberalizing
capital account restrictions, the central bank faces less pressure to absorb foreign capital inflows and thus has less need for
sterilization. This reform reduces the tension between sterilization costs and domestic price stability, leading to superior
outcomes for macroeconomic stability and welfare than those obtained under the benchmark regime.13

Consider next the outcome of optimal monetary policy when pegs on the nominal exchange rate are removed. In this
counterfactual experiment, capital account restrictions are assumed to remain in place. When the nominal exchange rate is
allowed to float, the central bank gains additional flexibility in conducting domestic monetary policy. To close the model
requires specifying an instrument for domestic monetary policy (i.e., a nominal anchor). Following the original work by
Taylor (1993), the central bank follows the interest rate rule

R̂t ¼ 1:5π̂ tþ0:5 ^GDPt ; ð34Þ

where the variables R̂t , π̂ t , and ^GDPt denote the log-deviations of, respectively, the nominal interest rate, the inflation rate,
and real GDP from steady state.

Table 2 (the column under “Flexible exchange rate”) shows that allowing the exchange rate to float can achieve better
macroeconomic stability and higher welfare than the benchmark regime, even though capital controls remain in place. With
a floating exchange rate, the central bank gains more flexibility in maintaining external balances through exchange-rate
adjustments in face of external shocks.

Finally, consider the implications of relaxing restrictions on both the capital account and the nominal exchange rate (i.e.,
a combination of the first two liberalization polices). This policy reform leads to further gains in macroeconomic stability
relative to each of the two alternative liberalization policies alone. However, relative to the floating exchange rate regime,
the additional gains from also relaxing capital account restrictions appear to be small.14
6. Conclusion

China's prevailing policy regime features capital controls, exchange rate targets, and sterilized interventions. Under these
restrictions, optimal Chinese monetary policy involves a tradeoff between sterilization costs and domestic price stability.
This tradeoff is illustrated in a DSGE model calibrated to Chinese and global data. The model reveals that, following a
negative shock to foreign interest rates similar to that which occurred during the global financial crisis, optimal policy calls
for a reduction in sterilization activity, resulting in monetary policy easing and an increase in inflation.

The same DSGE framework allows us to examine the implications of several alternative liberalization policies for
macroeconomic stability and social welfare. These liberalization policies include (i) partially easing capital controls, (ii)
letting the exchange rate float, and (iii) doing both simultaneously. Under calibrated parameters, the regime that combines a
partially liberalized capital account and a floating exchange rate performs best, although liberalizing either capital controls
or exchange rate targets leads to gains in macroeconomic stability and welfare.

Easing capital account restrictions mitigates central bank concerns about sterilization costs and allows it to choose
policies that achieve better stability. On the other hand, by allowing the exchange rate to float, the central bank can respond
to external shocks by adjusting the exchange rate; which helps reduce external imbalances and shields the country from the
13 Since other distortions remain (e.g., sticky prices and fixed exchange rates) when capital account restrictions are alleviated in our counterfactual
experiment, the analysis here is necessarily about second-best policies. Under calibrated parameters, modest gains in macroeconomic stability are
obtained. In general, however, in the presence of other shocks or other frictions not studied in our model, the second-best policy outcome may be different.

14 These results, again, reflect second-best policy outcomes and depend on the parameter calibration and sources of shocks. Moreover, they also
depend on assumptions about the utility function. For example, Bianchi (2011) shows in a small open economy model that an exchange rate peg leads to
higher welfare if intra- and inter-temporal elasticities of substitution in preferences are sufficiently high. In general, if domestic producers have monopoly
power and domestic and foreign goods are imperfect substitutes, then there is a terms-of-trade externality that the planner takes into account when
setting optimal policy (e.g., Corsetti and Pesenti, 2001). The regime rankings obtained here should therefore be interpreted with caution.
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adverse impact of fluctuations in foreign conditions, even when the capital account remains closed. Consequently, while our
model is quite stylized and the relative numerical rankings should not be pushed too aggressively, our findings suggest that
even partial reform of China's existing trade policy regime–either through opening the capital account or by letting
exchange rate float—can help improve the Chinese central bank's ability to weather external shocks and achieve better
macroeconomic stability.

In reality, China faces many additional distortions. Liberalization of these other distortions would in general also have
second-best consequences. A coherent theoretical framework similar to that derived in this paper would therefore likely be
useful in assessing the desirable priorities of other policy reforms as well. Evaluating additional liberalization policies would
require a more sophisticated framework that incorporates these other frictions. These include, for example, the limited
access of some private firms to credit; the financial repression of Chinese households that may have led to excessive savings
and contributed to external imbalances; and state controls over the banking sector. In addition, a full evaluation of the
implications of Chinese policy reforms would require studying the dynamics associated with the policy change along the
transition path to a new steady state. Future research along these lines should be both important and promising.
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