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Abstract

In this thesis, the New Keynesian model is tested, extended and estimated

using Chinese data. In particular, the New Keynesian Phillips Curve is tested

for the weak identification problem. The empirical results reveal that both

forward- and backward-looking behaviour exist in the pattern of Chinese

inflation. The forward behaviour is quantitatively larger than the backward

looking behaviour, but the latter is not negligible in the quantitative sense.

We empirically test whether China was able to achieve monetary policy

autonomy under capital controls by estimating a Vector Error Correction

Model (VECM), and theoretically examine the possible consequences of cap-

ital controls by constructing an open economy New Keynesian model with

capital controls. It is found that China has indeed achieved monetary policy

autonomy of under a partially opened capital account and an exchange rates

regime, in general, pegged to the US dollar. In the modelling section, the

appropriateness and consequences of capital controls are examined using an

open economy New Keynesian model. Capital controls transform dramatic

and immediate changes in deposit portfolios into a prolonged and gradual

adjusting process. The appropriateness of capital controls depends largely

on the sources of shocks. Capital controls can reduce output fluctuations

under a foreign demand shock, but can only increase the volatility of the

economy under a foreign interest rate and an inflation shock.
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We build an open economy model with a banking sector and estimate

it using Chinese data in order to analyse the effects of the monetary and

macroprudential policies. Banks in the model can increase their leverage

ratios quickly through greater reliance on short-term financing sources. Four

different policy sets, including different combinations of a standard Taylor

rule, a loan-to-value ratio extended Taylor rule, and a macroprudential tool,

are assessed based on a central bank loss function. It is found that the

extended Taylor rule has no dominant role among the four combinations of

policies. The extended Taylor rule with macroprudential policy has lower

losses compared with other policy sets.
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Chapter 1

Introduction

Monetary policies immediately prior to the financial crisis in 2008 primarily

focused on the stabilisation of output and inflation. Formally or informally,

a Taylor principle was adopted by central banks in developed and emerging

economies. Although Taylor (2009) claims that the recent financial crisis

could have been avoided if the US central bank strictly followed the Taylor

rule, it seems that the original Taylor principle might not suffice to protect

the economy from a crisis.

Curdia and Woodford (2010) argue that the augmented Taylor rule

shows better performance than the conventional Taylor rule in stabilising

the economy. However, Faia and Monacelli (2007) find that marginal welfare

gains by embedding asset prices in the standard Taylor rule will disappear if

the reaction of policy interest rates to inflation becomes substantially large.

Rubio and Carrasco-Gallego (2014) find that the mix of monetary and macro-

prudential policy can increase the overall welfare of the economy. Should we

extend the monetary policy to stabilize the financial system, or use a mix of

mix of monetary and macroprudential policy?

1
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The current versions of DSGE models do not provide an analytical

framework to analyse systemic stability. There are several disadvantages

to the basic versions of DSGE models, which include no meaningful finan-

cial frictions (Bean, 2009), no accumulation and burst of financial booms

(De Bandt, Hartmann, and Peydr, 2009), and an implicit assumption of no

bankruptcies (Goodhart, Osorio, and Tsomocos, 2009). In order to provide

a more elaborate analysis of monetary and macroprudential policy, it is nec-

essary to overcome these shortcomings.

To deal with these, two types of modifications has been developed. The

first one considers credit constraints on non-financial borrowers, such as in the

work of Curdia and Woodford (2009), Christiano, Trabandt, and Walentin

(2011), Gerali et al. (2010), etc. The second one considers frictions within the

financial sector. These models are widely used to examine the role of bank

capital in the policy transmission channel, for example in Gerali et al. (2010).

Using these extended DSGE models, the effects of an extended Taylor rule

and macroprudential policy are widely discussed. Researchers usually find

the extended Taylor rule and macroprudential policy useful, especially when

the shocks come from the financial sector (Gilchrist and Zakraǰsek, 2011).

Nevertheless, these models are limited in their liability to examine the

risk-taking behaviour of banks. Banks still play a trivial role in current

versions of dynamic stochastic general equilibrium (DSGE), which does not

provide an analytical framework to analyse financial stability. In addition to

these modelling considerations, the features of Chinese economy are impor-

tant when applying DSGE model to analyse monetary and macroprudential

policies. China follows a gradualist approach to reforming its central plan-

ning economic regime to a market oriented economic regime. In this process,

China keeps learning from developed economies and tries to avoid large eco-

nomic and financial instabilities using fiscal, monetary, and financial policy

tools. Capital controls are adopted by China to smooth out international
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capital surges.

This study examines the monetary policy implications of the risk-taking

behaviour of banks in an open economy environment. In order to investi-

gate this monetary policy issue, a macroeconomic model with an elaborated

banking system is developed. In particular, multiple interest rates with a

risk-free policy rate, deposit rate, and loan rate should be embedded into the

DSGE model. Banks’ risk-taking behaviour is modelled using a more elab-

orate balance sheet structure. On the asset side, there are bank loans and

cash reserves. On the liability and equity side, there are deposits from house-

holds, financial bonds from the interbank market, and bank capital. Several

features of China’s economy are considered in this study: the forward- and

backward- looking behaviours in the New Keynesian Phillips Curve (NKPC),

capital controls, and the risk-taking behaviour of banks.

In Chapter 2, we discusses the causes, consequences and recognition

of, and robust statistics for, the weak identification problem. An NKPC is

tested using the Cragg-Donald F statistic for the weak identification problem,

and we find it exists. We then estimate the relevant parameters of this

NKPC using weak identification robust statistics and construct size-correct

confidence intervals using conditional likelihood ratio (CLR) statistics. The

empirical results reveal that both forward- and backward-looking behaviours

exist in the pattern of Chinese inflation, and the forward-looking behaviour

is quantitatively larger than the backward behaviour, which nevertheless is

not negligible in the quantitative sense. The subsample test results hint

that backward behaviour of inflation tends to be stronger. This implies a

tendency to more inflation inertia. The central bank should consider past

inflation paths together with the impact of future real GDP gaps on current

inflation.

In Chapter 3, we empirically test whether China was able to achieve
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monetary policy autonomy under capital controls by estimating a Vector Er-

ror Correction Model (VECM). We theoretically examine the possible conse-

quences of capital controls by constructing an open economy New Keynesian

model with capital controls. It is found that China has indeed achieved mon-

etary policy autonomy under a partially opened capital account and exchange

rate regime, in general pegging against the US dollar. In the modelling sec-

tion, the appropriateness and consequences of capital controls are examined

using an open economy New Keynesian model. It is found that capital con-

trols transform dramatic and immediate changes in deposit portfolios into a

prolonged and gradually adjusting process. The appropriateness of capital

controls depends largely on the sources of shocks. Capital controls can reduce

output fluctuations under a foreign demand shock, but can only increase the

volatility of the economy under a foreign interest rate and an inflation shock.

In Chapter 4, we build an open economy model with a banking sector

and estimate it using Chinese data, in order to analyse the effects of mone-

tary and macroprudential policies from the view point of China. The banks

in the model have an elaborated balance sheet structure, through which they

can increase their leverage ratio quickly. Four different policy sets, includ-

ing different combinations of a standard Taylor rule, a loan to value ratio

extended Taylor rule, and a macroprudential tool, are assessed based on a

central bank loss function. It is found that the extended Taylor rule has no

dominant role among the four combinations of policies. The extended Taylor

rule with macroprudential policy has lower losses compared with other policy

sets. However, the macroprudential tool can generate a marginal reduction

in losses for the central bank.



Chapter 2

An Estimated New Keynesian

Phillips Curve for China

2.1 Introduction

Weak identification usually results in inconsistent point estimates and wrongly-

covered confidence intervals for GMM statistics based on large sample prop-

erties. This paper discusses the causes, consequences and recognition of,

and robust statistics for, the weak identification problem. The NKPC is

tested for the weak identification problem using Cragg-Donald F statistic

, and we find that it exists. We then estimate the relevant parameters of

NKPC using weak identification robust statistics, and construct size-correct

confidence intervals using CLR statistics. The empirical results reveal that

both forward- and backward-looking behaviour exist in the pattern of Chi-

nese inflation, and that the forward-looking behaviour is quantitatively larger

than the backward-looking behaviour which, nevertheless, is not negligible

in the quantitative sense. Subsample test results hint that backward-looking

behaviour of inflation tends to be stronger.

5
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2.2 Literature Review

DSGE (Dynamic Stochastic General Equilibrium) models are now the workhorse

for monetary policy analysis. The basic New Keynesian DSGE model typical-

ly comprises three equations for the New Keynesian Phillips Curve (NKPC),

the dynamic IS curve and a monetary policy rule. The NKPC can be es-

timated using full information estimation methods, such as likelihood ratio

estimation or Bayesian estimation, together with other equations in the DS-

GE model. It can also be estimated using the limited information method as

a single equation. The limited information estimation method includes the

Generalized Method of Moments (GMM), and Limited Information Likeli-

hood Estimates (LILM). The estimations and statistical inferences of GMM

are usually based on the large sample assumption and the relevant asymp-

totic properties. However, the number of observations in macro-economic

research is usually small, which may render the large sample assumption

invalid. Lagged variables are usually used as the instruments for the endoge-

nous variables, which leads to a weak identification problem in the estima-

tion of the NKPC. The weak identification problem is found widely in small

sample empirical work. Another cause of weak identification is the difficul-

ty of predicting changes to inflation1, which results in a weak relationship

between the endogenous variable and the instrument variables (Mavroeidis,

Plagborg-Møller, and Stock, 2014). The weak identification test and rele-

vant weak identification robust estimates will be reviewed for the empirical

application of the NKPC.

The NKPC is one of the three functions comprising the basic New Key-

nesian model, which is a DSGE model with the features of sticky prices and

wages. Under the Calvo (1983) assumption of sticky prices, only a portion of

producers can change to their optimal price when facing the demand of con-

1Stock and Watson (2007) find it becomes harder to forecast changes in US inflation.
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sumers in a specific period, while the remaining producers have to keep their

price unchanged. Based on this specification, the NKPC with a forward-

looking component can be derived. However, because of the wide empirical

evidence on inflation inertia, the pure forward-looking NKPC does not fit

the data well. Because of this, a backward-looking component is embedded

by assuming that a portion of producers follows a rule of thumb, i.e., just

keeping prices unchanged in each period. The resulting NKPC thus has both

a forward- and a backward-looking component. This type of NKPC is usu-

ally referred to as the hybrid NKPC. In the following, the hybrid NKPC and

NKPC will be used interchangeably if no confusions occur.

πt = λxt + γfEtπt+1 + γbπt−1 + ut (2.1)

In the work of Gaĺı and Gertler (1999), the NKPC is derived as (2.1). In

equation (2.1), πt is the inflation rate at time t, and Etπt+1 is the expectation

of πt+1 at time t. xt is the driving variable at time t, such as the output gap

or the marginal production of labor. λ, γf and γb are the coefficients of

the driving force, the forward-looking coefficient and the backward-looking

coefficient of the NKPC. The parameters γf and γb represent the rational

expectation and adaptive expectation elements that determine inflation. ut

is the regression error perhaps reflecting the unobservable part related to

production cost shocks.

Under the rational expectation assumption, the mean of the regression

error or unobservable part is zero, i.e. Et−1ut = 0. In other words, ut is

unpredictable and uncorrelated with all variables up to time t− 1. Because

expected inflation Etπt+1 is unobservable, it is replaced by the actual inflation

πt+1 in GMM estimation, which can lead to measurement error and thus an

endogeneity problem. Using πt+1 to replace Etπt+1, the equation (2.1) can
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be rewritten as (2.2).

πt = λxt + γfπt+1 + γbπt−1 + ũt (2.2)

In equation (2.2), ũt = ut+γf (Etπt+1−πt+1) is the new regression error term.

Based on the property of conditional expectation, the new regression error

still has a zero mean, i.e. Et−1ũt = 0. Suppose Zt is a valid instrument set,

the moment condition of GMM can be written as E(ũtZt) = 0. The property

of conditional expectations can guarantee that all the variables observable

till time t− 1 belong to Zt.

2.2.1 Forward- or Backward-Looking NKPC

There is some controversy about the weights of the forward- and backward-

looking parts of the NKPC. Some assert that the forward-looking part of the

NKPC has a dominant role, implying that pricing behaviour is in general

rational. For example, using the change of GDP deflator as a measurement

for inflation and the ratio of labour income to GDP as the driving force

variable, Gaĺı and Gertler (1999) estimate the forward-looking and backward-

looking NKPC based on the quarterly data from quarter 1, 1960 to quarter

4, 1997. They use four-period lagged inflation, ratio of labour income to

GDP, spread between short and long-term interest rates, output gap, wage

inflation, and commodity inflation are used as the instrument variables. They

find that the backward-looking coefficient γb is significant, ranging from 0.22

to 0.38. The forward-looking coefficient γf is significant as well, ranging

from 0.59 to 0.77. If the change of the non-agriculture deflator index is used

as the measurement for inflation, the estimated backward coefficient γb is

0.085 and thus even smaller than before. The estimated forward-looking

coefficient is 0.871 and thus even larger than before. Based on this result,

Gaĺı and Gertler (1999) conclude that although it is statistically significant,

the backward-looking behaviour is not important quantitatively. The pure
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forward-looking NKPC is thus sufficient to describe inflation behaviour.

Gaĺı, Gertler, and Lopez-Salido (2001) estimate the NKCP using GMM

based on European and US data. The results based on US data are basically

similar to the results of Gaĺı and Gertler (1999). However, the results based on

European data exhibit a stronger forward-looking feature. The estimated γb

and γf are 0.27 and 0.69 respectively. Gali, Gertler, and Lopez-Salido (2005)

estimate the NKPC using US data once again and find similar results to

that of Gaĺı and Gertler (1999). The work of Gali, Gertler, and Lopez-Salido

(2005) is mainly due to challenges from Rudd and Whelan (2005), and Lindé

(2005) who argue that the estimation method of Gaĺı and Gertler (1999)

is problematic. Rudd and Whelan (2005) argue that an omitted variable

which is related to both πt+1 and its instruments may lead to upward bias

of estimated γf . Lindé (2005) criticizes GMM in general because it is biased

towards finding inflation inertia given inertias in aggregate demand and the

interest rate.

Ravenna and Walsh (2008) extend the work of Gaĺı and Gertler (1999)

by considering the impact of unemployment on inflation. Using GMM based

on the US data, Ravenna and Walsh (2008) find the estimated γf is about

0.66 while the estimated γb is only 0.22 in the unemployment-rate version of

the NKPC. This result is similar to and thus supportive of Gaĺı and Gertler

(1999). Krause, Lopez-Salido, and Lubik (2008) use the probability of a work-

er finding a job as another measurement for the driving force variable, re-

placing the real marginal cost of the labour force. The GMM estimation

results suggest that the estimated γf is 0.59 while the estimated γb is 0.40.

Although the difference between γf and γb is smaller than that in Gaĺı and

Gertler (1999), the forward-looking part is still dominant.

However, some other scholars find different results using a similar method

to Gaĺı and Gertler (1999) to estimate the NKPC. They claim that both the
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estimated γb and γf are significant, but that the forward-looking part does not

necessarily dominate the backward-looking part. Benigno and Lopez-Salido

(2006) claim that there might be heterogeneity for inertia across different

economies. They estimate the NKPC of five main countries in the Euro area

using quarterly data from 1970 to 1997. It is found that the coefficient γb is

not significant but γf is significant and above 0.7 in Germany. The estimated

coefficients in France and Norway are similar. The estimated γb is 0.3 and

the estimated γf is 0.6, and both of them are significant. The estimated γb

and γf for Italy and Spain are both around 0.5 and significantly. The output

level of German is about 35 per cent of the entire output of the Euro area.

The next four countries have 56 per cent of the entire output of the Euro

area. It therefore cannot be concluded that the forward-looking part of the

NKPC is dominant for the entire Euro area. Thus, using similar data and G-

MM estimation, Benigno and Lopez-Salido (2006) get a result different from

Gaĺı, Gertler, and Lopez-Salido (2001).

Chowdhury, Hoffmann, and Schabert (2006) estimate the short-term

interest rate of extended NKPC using the percentage change of the GDP

deflator as the measure of inflation. They find that in Canada and Japan

the estimated γb and γf are 0.2 and 0.7 respectively. The forward-looking

coefficient is obviously larger than the backward-looking coefficient. The es-

timated γb and γf in Germany, France, and the UK are roughly the same.

The estimated γb ranges from 0.3 to 0.4 and the estimated γf is about 0.5.

In the case of the UK and Italy, the estimated backward-looking coefficient

is larger than the estimated forward-looking coefficient. The estimated γb

and γf in the US are 0.53 and 0.39 respectively and the γb and γf in Italy

are 0.50 and 0.48 respectively. Therefore, Chowdhury, Hoffmann, and Sch-

abert (2006) produce an opposite empirical result to that of Gaĺı and Gertler

(1999). The estimated γb and γf for Germany are different from those in

Benigno and Lopez-Salido (2006) as well.
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Blanchard and Gaĺı (2007) estimate the NKPC using the quarterly data

after World War II. The percentage change of the GDP deflator is used to

measure the inflation rate, and the real price of the non-produced inputs is

used as the driving variable in NKPC. Moreover, the impact of the unem-

ployment rate on inflation is considered as well. GMM results show that

the estimated γb is 0.66 while the estimated γf is 0.42. However,Blanchard

and Gaĺı (2007) do not provide explanations for why the forward-looking

coefficient is smaller than the backward-looking coefficient.

2.2.2 Weak Identification of NKPC

Kleibergen and Mavroeidis (2009) argue that one possible reason for these

controversial empirical findings is the weak identification problem for the

instrument variables in GMM large sample estimation. In the seminal work

of Hansen and Singleton (1982), GMM is proposed as a general method to

estimate a rational expectation equation, such as the Euler equation, from the

optimisation problem of a household. The Euler conditions of households and

firms have a similar structure2. Thus, GMM is widely used as the estimation

method for the NKPC.

The main idea of GMM is to minimise the constructed target function,

which is usually the weighted quadratic sum of the moment condition. The

parameter values can be found by solving a set of first order conditions for

the target function. Suppose the moment condition for GMM is Eft(θ) = 0,

where ft(·) is a function of parameter θ to be estimated. The parameter θ

can be identified if and only if θ = θ0; then Eft(θ0) = 0, where θ0 is the true

parameter value. If for any θ ∈ Θ, Eft(θ) = 0 where Θ is a non-empty set,

usually a continuum set, parameter θ cannot be identified because there is

more than one value satisfying the moment condition. Weak identification

refers to a case between identification and under-identification. Suppose Θθ0

2See explanations by Fuhrer and Olivei (2010)
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is a neighborhood area of θ0. When θ 6= θ0 and θ ∈ Θθ0 , Eft(θ) is not zero

but is very small. In this case, GMM target function is quite flat and forms

a plateau in the area of θ0. In this case, the parameter of the target function

can only be weakly identified because only an area can be identified, and it is

therefore difficult to identify the exact value of θ0 (Stock and Wright, 2000).

In the case of NKPC estimation, lagged variables are all valid instru-

ment variables under the rational expectation hypothesis. However, these

instrument variables might be not strong enough to use as a proper instru-

ment, because an instrument variable requires both relevance and validity.

The weak identification problem thus can also be interpreted as a weak cor-

relation between the instrument and endogenous variable. Because it is usu-

ally very difficult to forecast changes to inflation, the instrument variables

for inflation expectation are usually accompanied by the weak identification

problem (Mavroeidis, Plagborg-Møller, and Stock, 2014).

Although the weak identification problem is common in GMM estima-

tion for the NKPC, its importance has received limited attention. The ear-

liest work in the area is Ma (2002), which analyses the weak identification

problem in estimating NKPC using GMM. Ma (2002) uses a continuously-

updating estimator (CUE) to estimate the NKPC. The CUE is based on the

following target function: Q(θ) = TfT (θ)′Vff (θ)
−1fT (θ), where T is the sam-

ple size. In large sample estimation, it is usually assumed that the weight

matrix Vff (θ) does not change with parameter θ. However, in the CUE, the

target function is a continuous function of θ.

The CUE is used in the case of weak identification because it is sensitive

to the weakly-identified moment condition. It is robust to the weak identifi-

cation problem. The CUE therefore can be used in GMM with weak instru-

ments (Stock, Wright, and Yogo, 2002). By using the CUE, Ma (2002) finds

that there is no large difference between the forward-looking and backward-
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looking parts of the NKPC. The estimated γb and γf are 0.43 and 0.52 respec-

tively. However, because GMM target function is quite flat over an interval,

the weak instrument robust confidence interval is [0,3] for the backward-

looking parameter γb. In this sense, the estimation for γb is far from accurate

and there is a severe weak identification problem in GMM estimations for

NKPC. Therefore the common GMM estimation for γb and γf cannot convey

useful information about the relative importance between the backward- and

forward-looking parts of the NKPC.

The controversial empirical results likely result from the flat area of

GMM target function. Kleibergen and Mavroeidis (2009) use the MQLR

statistic to test GMM parameters for the presence of the weak identification

problem. The MQLR statistics is based on the S statistics of Stock and

Wright (2000) and the Lagrange Multiplier (LM) statistics of Kleibergen

(2002)3. Kleibergen and Mavroeidis (2009) suggest that the MQLR statistics

are more effective than the statistics of Stock and Yogo (2005), based on

the minimum rank of covariance of the instrument variables. Kleibergen

and Mavroeidis (2009) estimate the NKPC using the CUE and construct a

confidence interval using the MQLR statistic. It is found that there is obvious

forward-looking behaviour in the US inflations but the confidence interval

is very wide. In particular, the estimated γb and γf are 0.230 and 0.773

respectively. The confidence interval are [-0.062, 0.451] and [0.531, 1.091]

respectively. This result shows that the low bound of the γf is larger than

the upper bound of the γb based on the weak instrument robust statistics.

In the work of Dufour, Khalaf, and Kichian (2006), the LM test provided

by Kleibergen (2002) is used to estimate the NKPC for the US. It is found

that the estimated γb and γf are 0.39 and 0.6 respectively. However, the

estimated confidence interval is wide. They are [0.1, 0.6] for γb and [0.35,

3See further explanations for the MQLR statistic and S-statistic in Kleibergen and
Mavroeidis (2009).
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0.9] for γf . This result is not as strong as that in Kleibergen and Mavroeidis

(2009) but still reveals a roughly dominant role for the forward-looking part

of the NKPC in the US. Nason and Smith (2008) use the AR statistic to test

the parameters of the NKPC4. However, they find that the forward-looking

behaviour of the NKPC is not significant. In the work of Dufour, Khalaf,

and Kichian (2006), the confidence interval is derived from the AR statistic

while in the work of Nason and Smith (2008), the relevant parameters are

tested based on the AR statistic directly. It is argued that a wide confi-

dence interval usually corresponds to a rejection of the hypothesis about the

dominant forward-looking behaviour of NKPC. In general, the weak identifi-

cation problem is a severe issue in GMM estimation for the NKPC and must

therefore be considered in the estimation process based on GMM.

For China, some scholars have estimated the NKPC using GMM. How-

ever, these works do not consider the impact of weak identification on the

estimated parameters. For example, Guo, Ai, and Zheng (2013) estimate the

NKPC based on GMM and find that the adaptive expectation component

is stronger than the rational expectation one when using the CPI rate as

the measurement for inflation. If the RPI rate is used as the measurement

for inflation, the forward-looking part rather than the backward-looking part

is dominant. Based on GMM, Yang (2009) finds that inflation has both a

forward- and backward-looking part. If inflation is measured by CPI, the

forward-looking part in NKPC is dominant. If it is measured by RPI, the

backward-looking part is dominant. The works of Guo, Ai, and Zheng (2013)

and Yang (2009) are both based on GMM, and using different samples they

get opposite empirical results. This might be due to the weak identification

problem reviewed above.

The difference between the forward- and backward-looking NKPC is im-

4AR statistic is from Anderson and Rubin (1949) and is an invariant statistic used
to eliminate influences from nuisance parameter. See Anderson and Rubin (1949) and
Kleibergen and Mavroeidis (2009) for further details.
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portant because the policy implicationsfor these two types of Phillips curve

are entirely different. The forward-looking part of NKPC results from the

rational expectations of producers while the backward-looking part results

from their adaptive expectations. For the rational expectation case, infla-

tion is determined by producers expectations about the output gap in the

future. More precisely, the current inflation is the sum of the discounted

output gap in the future. However, in the case of adaptive expectation, the

current inflation is determined by the shocks to the economy in history. From

the perspective of monetary policy, the central bank has to consider the im-

pact of monetary policy on output in the future. However, if the NKPC is

forward-looking, the government should focus on expectation management

rather than considering the impact of historical policies and shocks. In this

way, expectation management will be of great importance in the work of the

central bank.

Based on the review above, we note that the NKPC has been estimated

widely using GMM for the industrial economies. China is now an important

player in the global economy and understanding of its inflation behaviour will

be beneficial to both economic research about the China economy and policy

makers of countries which have close economic relationship with China. The

weak identification problem of NKPC estimation is widely documented using

Europe and the US data. In the case of Chinese data, however this problem is

not thoroughly examined. Thus, this study thus aims to examine the possible

outcome of weak instruments in estimating the NKPC, based on which the

NKPC will be estimated using weak instrument robust statistics.



16CHAPTER 2. AN ESTIMATEDNEWKEYNESIAN PHILLIPS CURVE FOR CHINA

2.3 Test For Weak Instruments

2.3.1 Weak Identification and Hypothesis Test

Based on the shape of GMM target function, weak identification means the

target function is relatively flat around the true value of the parameter.

When the moment condition is linear, GMM and GIV (generalised instru-

ment variables) estimates are equivalent. For instrument variables, there are

two requirements: validity and relevance. Validity means that instrument

variables must be exogenous, i.e. not correlated with the regression error

term. Relevance refers to the correlation between instrument variables and

endogenous variables. If the correlation is high, the instrument variables are

strong. Otherwise, the instrument variables are weak. The following exam-

ple is from Mavroeidis (2005) and will be used to explain the impact of a

weak instrument.

y1 = Y β +X1γ + u (2.3)

Y2 = X2Π +X1Γ̄ + v (2.4)

In equation (2.3) and (2.4), y1 is the observed T×1 dimension dependent

variable. Y2 is the observed T × 1 dimension endogenous variable. X ≡
[X1, X2] is the observed T × K dimension instrument variables in which

X1 contains the exogenous variables in equation (2.3) and X2 contains the

exogenous variables used as additional instrument variables in equation (2.4).

For analytical convenience, suppose X1 = 0: that is, there are no exogenous

variables in equation (2.3). u and v are the regression errors. Both of them

are normally independent and identically distributed. That is, [ut vt] ∼
N(0,Σ) for t = 1, . . . , T . Σ is a symmetric matrix with diagonal elements

σ2
u and σ2

v . The left bottom element of Σ is σuv. Define ρ ≡ σuv/(σuσv).
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The weakness or strength level of the instrument variables can be mea-

sured by what is known as the concentration parameter. If the concentration

parameter is higher than zero, the parameters can be identified. If the con-

centration parameter is zero, the parameters can only be identified partially,

or cannot be identified (Mavroeidis, 2005). In this example, the concentration

parameter µ can be defined as µ2 ≡ Π′X ′XΠ/σ2
v .

In this definition of the concentration ratio, the numerator is the variance

explained by the instrument variables while the denominator is the variance

of the residuals. A strong instrument variable implies a small regression resid-

ual and thus a large concentration parameter µ. The two-stage least square

(2SLS) estimator β2SLS can be written as β2SLS = (Y ′2PXy1)/(Y
′
2PXY2),

where PX = X(X ′X)−1X ′ is the projection operator. Put Y ′2PXy1 and

Y ′2PXY2 into β2SLS − β and expression (2.5) for the concentration param-

eter can be derived.

µ(β2SLS − β) =
σu
σv

xu + Suv/µ

1 + 2xv/µ+ Svv/µ2
(2.5)

In (2.5), xu = (Π′X ′u)/(σu
√

Π′X ′XΠ), zv = (Π′X ′v)/(σv
√

Π′X ′XΠ), Suv =

(v′PXu)/(σuσv), and Svv = (v′PXv)/σ2
v . If the instrument variables are

not random, the two newly defined variables xu and xv are two standard

normally-distributed random variables. Suv and Svv have a quadratic form

based on identity matrix PX . Because the xu, xv, Suv and Svv are all indepen-

dent of the sample size T , the sample size can only influence the distribution

of the two-stage least squares estimator β2SLS through the concentration

parameter µ.

Based on the definition, it can be seen that the concentration parameter

is an increasing function of the sample size T. When µ becomes relatively

large, µ2 will be even larger. Moreover, it can be found that µ ∈ [0,∞).

Therefore, the two-stage least squares estimator can generate consistent esti-
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mates if the sample is large enough or the instrument is strong enough. The

impact of Suv, Svv, and xv will decrease gradually with the increase of the

concentration parameter µ. Finally, µ(β2SLS − β) will retreat to a normal

distribution N(0, σ2
u/σ(v)2). Therefore, when the concentration parameter is

large, i.e. when the instrument is strong or the sample is large enough, the

inference based on the large sample asymptotic normal distribution is valid.

However, when µ2 is small, the distribution of µ(β2SLS − β) will deviate

away from normal distribution such that the asymptotic normal distribu-

tion will not be valid anymore. In fact, neglecting the quadratic term Suv

and Svv, the µ(β2SLS − β) follows a Cauchy distribution which has no lim-

ited mean (Hansen, 2016). When µ2 is 0, then Π = 0, and E(β2SLS − β) =

plim(βOLS − β) = σuY/σ
2
Y . Define E(β2SLS − β)/ plim(βOLS − β) as the

relative bias of the two-stage least square5.

In the case of under-identification, the relative bias is 1. Thus, the two-

stage least squares estimator cannot provide any improvement compared to

the OLS estimator. The endogeneity implies that σuY 6= 0, which means

that both the OLS and the two-stage least squares estimator cannot provide

a consistent estimation of β in the case of under identification. In the case of

weak identification, the instrument estimation approaches the OLS estimator

in the limit. Therefore, GMM, General Instrument Variable (GIV), and two-

stage least square estimators in fact approach the OLS estimator under the

condition of weak instruments. Moreover, under weak identification, because

the asymptotic distribution of the estimators is not normal, the constructed

t statistic and relevant confidence interval is not reliable (Mikusheva, 2013).

2.3.2 Test for Weak Identification

As illustrated above, the weak identification problem leads to inconsistent

estimation and unreliable confidence intervals, based on the concept of the

5plim is the probability limit operator.
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concentration parameter µ. Econometrically, we need to determine a critical

value for µ above which the instrument variables are strong, otherwise the

instrument variables will be weak.

In general, there are two methods of determining the critical value for

µ. The first method is based on the relative bias between the 2SLS estimator

and the OLS estimator,E((β2SLS − β)/ plim βOLS − β. For example, if the

relative bias is larger than 10 per cent, the instrument variable is deemed

to be weak. The 10 per cent here is quite arbitrary because it depends

on researchers’ tolerance for bias. The second method of determining the

critical value is through the size of the test, i.e. the probability of rejecting

the true hypothesis. In a regression satisfying all classical assumptions, the

significance level implies a probability of rejecting the true hypothesis.

However, a weak instrument will distort the probability of rejecting the

true hypothesis. In particular, a weaker instrument usually implies a larger

type I error in the regression with endogenous variables. The second method

of determining the critical value of the weak instrument variable is thus based

on the concept of type I errors. In particular, if the significance level is 5 per

cent, a 10 per cent type I error might be acceptable while a 15 per cent or

20 per cent type I error might imply that the instrument variables are too

weak. Stock and Yogo (2005) prove that a certain level of µ2/K corresponds

to a 10% relative bias for the first method and a 10% test size for the second

method, where K is the number of the instrument variables.

For GMM with only one endogenous variable, the F Statistic in the first

stage regression depends only on µ2/K and K. Thus, in the case of a single

endogenous variable, the weak instrument test can be conducted based on

the F Statistic. This F Statistic is proposed by Cragg and Donald (1993)

and constructed based on the idea of examining the minimum rank of the

covariance matrix between endogenous and instrument variables, given the
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exogenous variables. For different values of K, Stock, Wright, and Yogo

(2002) propose the critical values of µ2/K and the F statistic, as in Table

2.1.

Table 2.1: Critical Value for Weak Instrument Test in 2SLS

K
Relative Bias >10% Actual Test Size > 15%
µ2/K F Statistic µ2/K F Statistic

1 1.82 8.96
2 4.62 11.59
3 3.71 9.08 6.36 12.83
5 5.82 10.83 9.20 15.09
10 7.41 11.49 15.55 20.88
15 7.94 11.51 21.69 26.80

K is the number of instrument variables. Actual Test Size > 15% is calculated under 5% significance level. F statistic
in the third column refers the critical value of first stage F statistic in 2SLS used to test the null that µ2/K is less than

or equal to the value in the second column against the alternative that µ2/K exceeds that value. The final two columns
present the analogous weak-instrument thresholds and critical values when weak instruments are defined so that the usual
nominal 5% 2SLS t test of the hypothesis β = β0 has size potentially exceeding 15%. This table is from Stock, Wright,
and Yogo (2002).

In Table 2.1, the first column is the number of the instrument variables

K. The second column is the critical value for a relative bias no higher than

10 per cent for different values of K. As the F Statistic depends only on the

value of µ2/K and K, the third column gives the critical value for F corre-

sponding to the µ2/K and K. As the F Statistic in the first stage regression

can be easily calculated and is usually reported in most econometric software,

the F Statistic criteria is more convenient. When the F Statistic is higher

than the critical value, it can be inferred that the instrument variables in

the first stage regression are strong. Otherwise, it can be inferred that the

instrument variables are weak. In the third and fourth columns, the relevant

critical values for µ2/K and corresponding F Statistic are listed.

For example, when there are five instrument variables in the first stage

regression, an estimated F value larger than 10.83 implies no weak instru-

ment problem with a relative bias smaller than 10 per cent. However, if the

estimated F value is smaller than 10.83, this is a sign of weak instrument.
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Nevertheless, if based on the actual test size larger than 15 per cent under

α = 5%, to reject the null hypothesis of a weak instrument the estimated

F value should be larger than 15.09 . Stock, Wright, and Yogo (2002) pro-

posed a rule of thumb. That is, if the F statistic is higher than 10% in the

first stage regression, it can be concluded that there is no weak instrument

problem.

In the examples above, the case of a single endogenous variable is con-

sidered. If there is more than one endogenous variable, the Cragg-Donald

F statistic can be used to conduct the weak instrument test. The Cragg-

Donald F statistic is an extension of the first Stage F statistic in 2SLS and

is based on the correlation between the instrument variables and the endoge-

nous variables. This statistic is constructed based on the minimum rank of

the covariance matrix between the endogenous variables and the addition-

al exogenous variables in the second stage regression. Further discussion of

Cragg-Donald F can be found in Stock and Yogo (2005). The main purpose

of this study is to examine the endogeneity problem of expected inflation in

the NKPC. Thus, the single endogeneity variable case will be discussed in

this study. Moreover, in the following empirical part of this study, it is found

that the driving force variable is not endogenous, based on a formal test for

endogeneity.

2.3.3 Weak Identification Robust Statistics

The weak identification problem distorts the size of the test, leading to i-

naccuracy of the Wald and likelihood ratio tests. The relevant confidence

interval that is constructed based on these tests is also unreliable. The main

reason for the distortion of the Wald and likelihood ratio statistics is that

these tests will be influenced by other parameters besides those to be tested.

These parameters are called nuisance parameters. Thus, the point of weak

identification robust statistics is to construct a statistic related only to the
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parameters to be tested. These statistics are called pivotal statistics.

Put equation (2.7) into (2.6) and define Y = [y1, Y2], MX = 1−X(X ′X)−1X ′,

and Z = MX1X2. Then equations (2.3) and (2.4) can be rewritten as (2.6)

and (2.7) respectively.

y1 = ZΠβ +X1δ + u1 (2.6)

Y2 = ZΠ +X1Γ + v (2.7)

In equations (2.6) and (2.7), Γ = Γ̄ + (X ′1X1)
−1X ′1X1Π, δ = Γβ + γ. By

construction, [Z,X1] is a pair of orthogonal variables. The independently and

identically distributed regression error vector V = [v1, V2] has a covariance

matrix Ω = [ωi,j]. As Ω is unobservable, it is replaced using its consistent

estimator Ω = Y ′MZY/(T −K) (Stock, Wright, and Yogo, 2002). As Z and

X1 are orthogonal, the parameter [γ,Γ] and [β,Π] can be determined by the

distribution of X ′1Y and Z ′Y respectively.

In this case, the main focus is to test the null hypothesis of β = β0.

However, in equation (2.6), the parameter β shows up in the regression co-

efficient together with Π. Thus, it is difficult to conduct a hypothesis test

for β directly. The main idea here, as mentioned above, is to find a statistic

which is sufficient for β without the influence of the nuisance parameter Π.

Using a linear transformation ofX1, the impact of [γ,Γ] in the estimation

can be eliminated to construct a statistic which is only related to [β,Π] (Mor-

eira, 2009). Define Sβ ≡ Z ′Y b0 and Tβ ≡ Z ′Y Ω−1a0, where b0 = (1,−β0)′

and a0 = (β0, 1)′ is a pair of orthogonal vector. Under the null hypothesis of

β = β0, Sβ and Tβ are a pair of independent normally distributed variables.

Moreover, Sβ is independent from Π while Tβ depends on Π. Therefore, the

invariance sufficient statistic Z ′Y for [β,Π] has been partitioned into two

parts. Under the null hypothesis of β = β0, a sufficient statistic for Π can be
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constructed. Based on the conditional Π, relevant tests can be constructed

which are pivotal and do not depend on the nuisance parameter Π. Based

on this idea, several statistics robust to the weak identification problem have

been proposed including the Anderson and Rubin (1949) AR statistic, K-

leibergen (2002) LM statistic, and the Moreira (2003) conditional likelihood

ratio (CLR) statistic.

Anderson and Rubin (1949) propose the AR statistic to test the null

hypothesis of β = β0. The AR statistic is constructed as AR(β0) = S ′βSβ.

Under the null hypothesis, the AR statistic follows a χ2 distribution with k

degree of freedom. Moreira (2003) proves that AR is the optimal statistic

when GMM is exactly identified. However, the rejection of the AR statis-

tic can result either from β 6= β0 or the failure of the orthogonal condition.

Thus, when the AR statistic is significantly different from zero, it is neces-

sary to check the orthogonal condition before rejecting the null hypothesis.

Moreover, when GMM is over-identified, the AR statistic is not optimal be-

cause the degrees of freedom for χ2 are larger than the number of parameters

tested (Moreira, 2003).

Kleibergen (2002) proposes an LM statistic to improve the AR statistic.

It is defined as LM(β0) = (S ′βTβ)2/(T ′βTβ). In the case of K = 1, the AR

test and the LM test are equivalent. Kleibergen (2002) proves that LM(β0)

follows a χ2
1 distribution regardless of whether the instrument variables are

strong or weak. The conditional likelihood ratio statistic is proposed by

Moreira (2003), and defined as (2.8).

CLR(β0) =

1

2

(
S ′βSβ − T ′βTβ +

√
(S ′βSβ + T ′βTβ)2 − 4[(S ′βSβ)(T ′βTβ)− (S ′βTβ)2]

) (2.8)

The distribution of CLR(β0) is not a standard one and Moreira (2003) sug-

gests using simulation to find the critical values. Because of the low efficiency
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of the simulation, Andrews, Moreira, and Stock (2006) propose another more

efficient approach to find critical values. For the AR, LM , and CLR statis-

tics, the type I errors equal the significance levels. Thus, the confidence

interval can be correctly constructed based on these statistics. In particular,

the AR statistic is robust to model misspecification and can be used to test

over-identification. The LM statistic is less efficient than the CLR statistic,

which implies a wider confidence interval. Moreover, the probability of type

II errors in the CLR statistics is smaller than those of the AR and LMtest

(Mikusheva and Poi, 2006). Thus, the CLR statistic is more powerful. In the

following empirical research on the NKPC, the CLR statistic will be used

for hypothesis testing and confidence interval construction.

2.4 Weak Instrument Test and Estimation of

NKPC

2.4.1 Data and Regression Model

In this study, quarterly data from Quarter 1 1994 to Quarter 3 2013 are

used to estimate the NKPC, covering 79 observations. The variables include

nominal GDP, CPI, and RPI. All the data are from the Statistic Bureau

of China (SBC henceforth) 6. The main reason for using Quarter 1 1994

as a starting point for the sample is that there was a large scale economic

reform launched at the end of 1993 and in early 1994. There were economic

reforms in areas including monetary policy, the exchange rate regime, and the

tax system. Because of the influences of these reforms, a structural change

is likely. A longer sample period from 1994 is used to check for possible

changes before and after 2001. Moreover, there were no large monetary

policy reforms launched after 1994. Subsample estimation can used to test

for possible changes in the parameter estimations.

6http://www.stats.gov.cn/
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Implicit and explicit price controls have prevailed in China, especially

before 1994 when the Chinese government officially admitted the socialist

market economy system. Price controls may cause at least two distortions

of the estimation results. First, the measurement errors for expectation may

be larger because of price controls. Second, the price controls may impose

influences on the price expectation itself. Thus, the pre-1994 data sample is

not used in this study. Nevertheless, some forms of price controls still existed

after 1994. These control prices were usually biased above or below their fair

price for a sustainable time. For example, there were consistently subsidies

for agricultural products. These persistent biases may have limited influence

on overall price levels because the subsidies were relatively stable over time.

Thus, we expect that the influences will not be systematic because in general

most of the prices are determined by the market, at least officially.

Nominal GDP has a seasonal feature and should be adjusted. The

method used in this study is to introduce seasonal dummies to eliminate

the seasonal effects. This method was also adopted by Guo, Ai, and Zheng

(2013) and Xie and Luo (2002). In the calculation of real GDP, the GDP

deflator should be used in general. However, the SBC does not publish rele-

vant data for the GDP deflator. Once again, this study follows the method

of Guo, Ai, and Zheng (2013) and Xie and Luo (2002) by using the CPI or

RPI to change the nominal GDP into the real GDP.

The specific treatment for the GDP data is as follows. The CPI-based re-

al GDP is defined as GDPc = GDPn/CPI, and RPI-based real GDP is defined

as GDPr = GDPn/RPI, where GDPn is the nominal GDP. After calculating

the real GDP, three seasonal dummy variables are defined. The real GDP is

regressed on these three dummy variables and a polynomial time trend. The

residuals are deemed the GDP or output gap. Mavroeidis, Plagborg-Møller,

and Stock (2014) emphasize the importance of data availability when esti-

mating the NKPC. Alternative measures of output gap can include labour
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income share in the non-farm business sector, as in the work of Gaĺı and

Gertler (1999). In China, the seasonal data for the non-farm business sector

are only available from 2005 Q1, and annual data are available before 2005.

This restricts the use of labor income share in the non-farm business sector

as a measure of the output gap unless a shorter sample period is used. A

mixed data sampling method may be used to cover this issue and this is a

possible direction for future work.
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Data are complied from National Bureau of Statistics of China. All variables are in percentage terms.

Figure 2.1: Inflation and Output Gaps

CPI and RPI are the price indices for consumers and retail products in

the economy. The data provided by the CSB has a monthly frequency. The

quarterly data of the CPI and RPI is the arithmetic average of the three-

month CPI or RPI within the quarter. The measure used for the CPI and
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RPI is the ratio of the relevant price at a given month in one year to the price

level at the same month in the previous year. In the regression, the CPI and

RPI measures are expressed in percentage terms and deducted by 100. For

example, if the CPI is 106.5, 6.5 will be used in the regression. Figure 2.1

gives the plot of the inflation and output gaps.

Table 2.2: ADF Test Results

Series Prob. Lag Max Lag Obs

CPI 0.0085 5 11 73
RPI 0.0109 5 11 73
GDP gap(CPI) 0.0067 5 11 73
GDP gap(RPI) 0.0060 5 11 73

In order to test for a unit root of the GDP gap, CPI and RPI, the

ADF statistic is used. The ADF test results are presented in Table 2.2. The

relevant p value of the ADF statistic for the GDP gap, CPI and RPI are all

smaller than 1 per cent. It is suggested that the CPI, RPI, and GDP gaps

adjusted using CPI and RPI are all stationary. The PP test results for unit

root are similar and thus not presented here. Using these data, equation

(2.9) will be regressed.

πt = λgdpt + γfE(πt+1) + γbπt−1 + ũt (2.9)

In equation (2.9), gdpt is the real output gap calculated based on CPI or RPI.

The inflation rate πt is measured using CPI or RPI. ũt is the regression error

which is white noise under the rational expectation hypothesis. It should be

noticed that the sum of the forward looking and backward looking weights

should be less than one. Otherwise, there will be a problem of unit root.

In the regressions, expected inflation E(πt+1) is replaced by actual infla-

tion πt+1 which leads to the problem of endogeneity, as explained above. The

moment condition for GMM is EũtZt = 0 where Zt is the set of instrument
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variables. If inflation is measured using the CPI (or RPI), the instrument

variables include the CPI (or RPI) lagged in three periods and the relevant

GDP lagged in three periods. For example, the instrument variables set is

{πt−1, πt−2, πt−3, gdpt, gdpt−1, gdpt−2, gdpt−3}. The reason for choosing

the three-period lagged instrument rather than the four-period one, as in

Gaĺı and Gertler (1999), will be discussed below.

Compared to the work of Guo, Ai, and Zheng (2013), this study is dif-

ferent in two aspects. Firstly, this study adopts fewer instrument variables.

There are many more instrument variables in the work of Guo, Ai, and Zheng

(2013), which might lead to a problem of too many instrument variables

(Hansen, Hausman, and Newey, 2012). The number of observations in the

sample is also relatively small, which might lead to a high estimation error

in regression. Secondly, there is only a one-period lag of inflation shown in

equation (2.2). That is, only πt−1 is included. Nason and Smith (2008))

suggest that higher lagged inflation will lead to a more severe weak identi-

fication problem because the instrument variables will have an even smaller

relation to the endogenous variable. Moreover, in the estimations of Guo,

Ai, and Zheng (2013), it is found that the two-period lagged inflation has a

significant but very small coefficient. Thus, the hybrid NKPC in this study

adopts only one period of lagged inflation.

2.4.2 Weak Identification Test and Estimation

In the section, the full sample data will be used for the weak identification

test and robust estimation. In Table 2, the second and third columns give

the Sargan statistic for testing over-identification. The estimated statistics

for CPI and RPI are 2.864 and 5.139 respectively. The relevant p values

are 0.4131 and 0.1619. The null hypothesis for the Sargan test is that the

over-identified instrument variables are not related to the regression error.

If the four-period lagged inflation is included in the instrument variables
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set, the p value for the Sargan test is smaller than 1 per cent, implying a

rejection of the null hypothesis. Thus, four-period lagged inflation is related

to the regression error and is an invalid instrument. If one-, two-, three-,

and five-period lagged inflation are included in the instrument variables set,

the p values are higher than 10 per cent. This confirms that four-period

lagged inflation is correlated with the regression error of equation (2.6). One

explanation for this correlation is that there might be still some seasonal

effect of the GDP even after the seasonal adjustment procedure described

above. This over-identification test result is different from that seen in Guo,

Ai, and Zheng (2013) where the four-period lagged inflation is used as the

instrument variables as well. Because the four period lagged inflation is not a

valid instrument, only three-period lagged inflations are used as instrument

variables.

In Table 2.3, the Cragg-Donald F statistics are reported to examine the

possible weak identification problem. The fourth row gives the estimated

Cragg-Donald F statistics, which are 8.282 and 8.183 for CPI and RPI re-

spectively. From the sixth row to the last row of Table 2.3, the critical values

of the Cragg-Donald F statistic are reported for different levels of relative

bias and test size. The critical values for 5 per cent,10 per cent, 20 per cent

and 30 per cent relative bias are provided in the rows from the sixth to the

ninth. It is found that the estimated Cragg-Donald F is between the critical

value of 20 per cent and 10 per cent, for both the case of CPI and RPI. This

suggests that the instrument variable estimation for NKPC will generate an

estimated γf with a relative bias larger than 10 per cent but smaller than 20

per cent, for both the case of CPI and RPI. The critical value for 10 per cent,

15 per cent, 20 per cent and 25 per cent test size are provided in the rows

from the tenth to the last. It can be found that the estimated Cragg-Donald

F statistic is lower than the critical value of 25 per cent test size, for both the

case of CPI and RPI. This suggests that the instrument variable estimation

for NKPC will generate an estimated γf with a type I regression error higher
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than 25 per cent, for both the case of CPI and RPI. In particular, under the

significance level of 5 per cent, the confidence interval only has a probability

less than 75 per cent to cover the true value of γf .

Table 2.3: Weak Identification Test for GMM Estimation of NKPC, 1994Q1
-2013Q3

Inflation Measurement CPI RPI

Sargan Over-identification Statistic 2.864 5.139
p value 0.413 0.162

Cragg-Donald F Statistics 8.282 8.183

Critical Values
At Most 5% Relative Basis 16.85
At Most 10% Relative Basis 10.27
At Most 20% Relative Basis 6.71
At Most 30% Relative Basis 5.34
At Most 10% Test Size 24.58
At Most 15% Test Size 13.96
At Most 20% Test Size 10.26
At Most 25% Test Size 8.31

Critical Values of Cragg-Donald F statistics are from Stock and Yogo (2005).

Thus, based on these two methods of testing the weak instrument prob-

lem, it can be concluded that there is a weak identification problem in NKPC

estimation using GMM for this Chinese data. The confidence interval con-

structed by Guo, Ai, and Zheng (2013) using 2SLS might be unreliable.

Following this section, we will estimate the NKPC using the continuous-

updating estimator (CUE) of GMM and construct a confidence interval for

γf based on the CLR statistic which is robust to the weak instrument prob-

lem.

Table 2.4 gives the estimation results using CUE. Because CUE is sen-

sitive to a weak instrument, it can provide a robust point estimation for the

parameter. In Table 2.4, the last row of the panel for CPI and RPI empirical
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Table 2.4: CUE for NKPC, Sample of 1994Q1-2013Q3

Value Std Error t p-value 95% CI

γCPIf 0.672 0.074 9.031 0.000 [0.526,0.818]
γCPIb 0.403 0.053 7.562 0.000 [0.299,0.508]
λCPI -0.003 0.011 -0.29 0.771 [-0.026,0.019]
Cragg-Donald F Statistic 8.282

γRPIb 0.642 0.076 8.402 0.000 [0.492,0.791]
γRPIb 0.426 0.054 7.821 0.000 [0.319,0.533]
λRPI -0.549 1.207 -0.451 0.642 [-2.915,1.817]
Cragg-Donald F Statistic 8.183

Critical value for at most 10% Type 1 Error 5.44

Critical Values of Cragg-Donald F statistics are from Stock and Yogo (2005). CI refers to confidence interval. Superscripts
CPI and RPI refer to the case using CPI and RPI measured inflation respectively.

results give the Cragg-Donald F statistics under CUE. The estimated value

is 8.282 and 8.183 for CPI and RPI respectively, which are both higher than

the critical value at the 10 per cent test size. Thus, under the null hypothesis

and the 5 per cent significance level, the type I error of the relevant confi-

dence interval will be no higher than 10 per cent. Thus, the relevant interval

can cover the true value of γf at a probability of 90 per cent.

Table 2.5: Confidence Interval for γf based on CLR Statistic

Value p-value 95% CI

γCPIf 0.672 0.000 [0.516,0.877]
γRPIf 0.642 0.000 [0.471,0.854]

CI refers confidence interval. Superscripts CPI and RPI refer the case using CPI and RPI measured inflation respectively.

In the case of CPI as the measurement for inflation, the estimated

forward-looking and backward-looking parameters are 0.672 and 0.403 re-

spectively7. The confidence intervals are [0.526,0.818] and [0.299,0.508].

7Unfortunately, we cannot provide a formal statistical test about which coefficient of
the forward- and backward looking part is larger. In fact, we just compare the estimated
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Based on this result, it is clear that the forward-looking part is much high-

er than that of the backward-looking parameter in NKPC. Moreover, the

lower bound of the interval for γf is higher than that for γb . Thus, the

forward-looking parameter has a dominant role in the NKPC based on these

estimation results. Moreover, as the size is 10 per cent, this conclusion is

reliable. However, the backward-looking coefficient is 0.4 with a lower bound

of 0.299. This implies that the backward-looking parameter is still relevant.

Table 2.6: Weak Identification Robust Estimation using Subsamples

1994Q1-2003Q4 2004Q1-2013Q3
Value p-value 95% CI Value p-value 95% CI

γCPIf 1.044 0.000 [0.492,13.670] 0.578 0.000 [0.450,0.713]
γCPIb 0.127 0.413 [-0.178,0.433] 0.544 0.000 [0.450,0.640]
γRPIf 1.431 0.000 (−∞,+∞) 0.605 0.000 [0.469,0.761]
γRPIb -0.143 0.619 [ -0.705,0.420] 0.551 0.000 [0.451,0.652]

CI refers to confidence interval. Superscripts CPI and RPI refer to the case using CPI and RPI measured inflation
respectively.

In the case of RPI measurement for inflation, the estimated forward-

looking and backward-looking parameters are 0.642 and 0.426 respectively.

The confidence intervals are [0.492, 0.791] and [0.319,0.533]. Compared with

the results in the case of CPI measurement for inflation, the difference be-

tween the point estimates of γf and γb is smaller. Moreover, there is a small

overlap between the intervals for the two coefficients. Therefore, it cannot be

concluded that γf is dominant. However, a conclusion that forward-looking

behaviour is the major part of the NKPC is still reasonable. Similar to the

case of CPI measurement for inflation, the backward-looking component is

still relevant.

Based on the results in the CPI and RPI case, these empirical results

values of forward- and backward coefficients informally as Gaĺı and Gertler (1999).
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are quite different from Guo, Ai, and Zheng (2013) who find that backward-

looking component is stronger. However, because the work of Guo, Ai, and

Zheng (2013) may suffer from the problem of the weak identification, the

results in this study are more robust.

In Table 2.4, the size of the confidence interval provided does not e-

qual the significance level because of distortions from the weak instrument

variables. Although the type I error is not larger than 10 per cent, a more

accurate confidence interval can be constructed based on the weak identifi-

cation robust statistics. As mentioned above, AR statistics are optimal in

the exact identification case but not if the model is over-identified. In this

study, the instrument variables exceed the number of endogenous variables.

Thus, the AR statistics are not optimal.

The CLR statistic will be used because it is more efficient than the

LM statistic, as an improved version of the AR statistics for over-identified

models. In Table 2.5, the relevant point estimates and confidence intervals

are presented. It can be found that the point estimates for γf are the same as

those in Table 2.4. However, the 95 per cent confidence interval is wider. This

wider interval is mainly due to the robust reason to cover the true value of

the forward-looking parameter. It can be found that the modified confidence

interval inverted from the CLR statistic is [0.516,0.877] at the confidence

level of 95 per cent for the case of CPI measured inflation. The lower bound

of the modified interval is 0.5168, which is still higher than the upper bound

of the interval for γb in Table 2.4. Thus, for the case of the CPI measured

inflation, the forward-looking behaviour is still in the dominant position.

As to the RPI measured inflation, it can be seen in Table 2.5 that the

interval inferred from the CLR statistic is [0.471, 0.854] at a confidence level

of 95 per cent. The lower bound for this interval is 0.471, which is lower than

the upper bound of the correspondent γb in Table 2.4. The exact difference
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between these two bounds is 0.06, which is about 1/6 the size of the confidence

interval for γf . Therefore, the conclusion for RPI is similar to that for CPI

in that forward-looking behaviour does not dominate.

The empirical results from the CLR inferred confidence interval are sim-

ilar to the results derived from the CUE estimator. However, the analysis

based on the CLR inverted confidence interval is more robust because it is

not influenced by nuisance parameters.

If the full sample is split into two samples at Q1 2004, the first and

second will have 40 and 39 observations respectively. Using CUE to estimate

the NKPC and construct the confidence interval based on CLR, the empir-

ical results are summarized in Table 2.6. It can be found that in the first

subsample, the forward-looking feature is obviously dominant. In particular,

for the case of CPI, the estimated γf is 1.044, with a robust confidence in-

terval of [0.492,13.670]. This confidence interval is very wide but something

can still be inferred from the value of the lower bound, 0.492, which is higher

than the upper bound of the backward-looking behaviour coefficient γb. This

means that forward-looking behaviour is dominant in this period.

For the case of RPI, the point estimates are similar but the CLR inferred

confidence interval for γf is (−∞,+∞). The main reason for this is that the

construction of the CLR interval is based on the solution of a quadratic

function. In some cases, the quadratic function might have no solution,

which results in a confidence interval like (−∞,+∞). This kind of interval

implies that the sample does not have enough information to provide proper

inferences about the value of the parameter.

In the second subsample, the values of the estimated γf and γb have

a more mixed pattern. That is, the forward- and backward-looking parts

both play an important or roughly similar role in determining the inflation

dynamics. The CUE point estimated γf is still higher than the estimated γb,
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but the CLR inverted confidence intervals for these two parameters overlap

almost completely. Moreover, the cases for CPI and RPI measures are quite

similar.

There are several issues about the subsample estimation results. Firstly,

the inflation dynamics are not stable over time if the subsample estimation

results are not robust. In the first half of the sample period, the inflation

dynamics exhibit a strong forward-looking feature while in the second half,

the forward-looking behaviour feature starts to retreat and adaptive expec-

tation starts to play an important role in determining inflation. Based on

historical monetary policy and inflation over the full sample period, it can

be seen that in the first half sample period, the inflation fluctuations were

very large. Under these conditions, it might be beneficial for producers to

form rational expectation rather than just using the adaptive expectation.

In the second half of the sample period, China experienced a more sta-

ble economic environment with inflation fluctuations that were much smaller

than in the previous subsample period. In this case, adaptive inflation might

be enough to form inflation expectations because inflation in general is more

stable. Secondly, the regression results for the full sample period are stil-

l meaningful because they can be used for comparison purposes with the

previous studies, as explained in detail above. Thirdly, the subsample might

suffer some econometric problems because the sample size is too small, which

might lead to insufficient information for econometric tests and inferences.

Based on the weak identification test and estimation results, it is found

that the NKPC in China has an obvious forward-looking feature. More-

over, the forward-looking behaviour is stronger than the backward-looking

behaviour which is, however, not negligible. From the view of monetary pol-

icy, both the rational and adaptive expectations are important in the pricing

process of producers. The central bank must not only consider for monetary
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policy on the future output gap but also on the past inflation trend. If the

inflation trend in the recent past is high, more expansionary monetary policy

will lead to few real effects. Only when the economy is in a status of low

inflation for a period, will the expansionary monetary policy works because

the adaptive expectation will generate inertia to inflation. The subsample

empirical results suggest that adaptive expectations start to take the place

of rational expectation in periods with lower inflation fluctuations.

2.5 Conclusion

This study mainly discusses the influences of the possible weak identification

problem on the NKPC estimation using Chinese data. The relevant reasons

for and influences of the weak identification problem are reviewed. Weak

identification robust statistics were analyzed as well. Based on these reviews,

the NKPC in China is tested and estimated using quarterly data. The weak

identification problem mainly refers to the fact that the correlation between

instrument variables and endogenous variables is weak. Because the change

of inflation in NKPC is usually difficult to predict, the weak instrument

problem is thus common in estimating the NKPC using GMM. The main

consequences of the weak identification problem is that the relevant point is

inconsistent and the confidence interval cannot cover the true value of the

parameters at the given confidence level. The Cragg-Donal F statistic can

be used to test the weak identification problem, and Stock and Yogo (2005)

proposed a relevant critical value using simulation method. By partitioning

the endogenous and exogenous variables, the relevant AR, LM and CLR

statistics can be constructed and these statistics are robust to the weak

identification problem. By inverting these statistics, the relevant confidence

interval can be constructed. The size of the confidence interval equals to the

confidence level, which solves the problem of distorted type I error implied

by the confidence level in large sample GMM estimation.
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In the empirical part, this study adopted quarterly Chinese data from

Q1 1994 to Q3 2014, covering 79 observations. The CPI and RPI are used

as measurements for inflation, and the GDP gap is used for the driving force

variable in NKPC. The three-period lagged inflation and GDP gaps are used

as the instrument variables. The Cragg-Donal F statistic estimated suggest-

s that there is a weak identification problem when using the large GMM

estimation. To solve this problem of weak identification, the CUE is used

and relevant CLR inverted confidence intervals are constructed. The full

sample empirical results suggest that the inflation dynamics in China have

both a forward-looking feature and backward-looking one, and that while the

forward-looking part is the major one, the backward-looking part is not negli-

gible. The subsample results suggest that the backward-looking behaviour in

the first ten years of the sample is not significant but the forward-looking part

is significant. In the second ten years, the forward- and backward-looking be-

haviours are quite similar. This implies a tendency to more inflation inertia.

This can be explained by a more stable inflation environment. The inflation

fluctuation in the first decades is relatively larger than that in the second

decade. The central bank should therefore consider past inflation paths to-

gether with the impact of future real GDP gaps on the current inflation.
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Chapter 3

Chinese Capital Controls in a

New Keynesian Model

3.1 Introduction

In November 2015, the International Monetary Fund (IMF) decided to in-

clude the Chinese Yuan (Renminbi, the RMB) in the Special Drawing Right

(SDR) basket1. There are two criteria for the SDR basket currencies: the

export criterion and the free use criterion. The free use criterion is closely

related to capital account liberalization, although the IMF clarified that “the

concept of a freely usable currency, . . . , is different from whether a currency

is either freely floating or fully convertible”2. In fact, the IMF rejected the

inclusion of the RMB in the SDR basket in 2010, claiming that the RMB did

1The inclusion of the RMB in the SDR basket will push forward the reform schedule
of the Chinese government. The relevant implications of this event for Chinese capital
controls are discussed in my recent article published in the Foreign Affairs Review 2016,
named “China, the IMF and the Two-way Socialization of the Capital Account Liberaliza-
tion”.

2IMF (2016) Review of the Special Drawing Right (SDR) Currency Basket, https:

//www.imf.org/external/np/exr/facts/sdrcb.htm

39
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not satisfy the free use criterion3.

The inclusion of the RMB in the SDR basket confirms the increasing

convertibility of the RMB on the one hand, and indicates reflection on the

full capital account openness advocated by the IMF since the Washington

Consensus in 1989 on the other hand. In the 1990s, the full convertibility

of the RMB in China was proposed as a reform target, while recently the

central bank of China (People’s Bank of China, PBC) seems to have switched

from the full convertibility target to the managed convertibility target. The

reform target of full capital account openness was modified to a managed

convertibility in capital account, as proposed by the president of PBC, X-

iaochuan Zhou, in the Thirty-First Meeting of the International Monetary

and Financial Committee in April 20154.

Given this background, this study aims to empirically test whether Chi-

na was able to achieve monetary policy autonomy under capital controls by

estimating a Vector Error Correction Model (VECM), and theoretically ex-

amine the possible consequences of capital controls by constructing an open

economy New Keynesian model with capital controls.

In the empirical section, it is found that China indeed achieved monetary

policy autonomy, under a partially opened capital account and exchange rates

regime in general pegging on the US dollar5. Using FDI inflows, the Shanghai

Interbank Offered Rate (Shibor), the Federal effective rate, and the nominal

the RMB/USD exchange rate, a VECM is tested and estimated, based on

monthly data over the sample period from October 2006 to June 2015. It

3IMF (2010) IMF Executive Board Completes the 2010 Review of SDR Valuation,
https://www.imf.org/external/np/sec/pn/2010/pn10149.htm

4Statement by the Honorable Zhou Xiaochuan Governor of the IMF for China to the
Thirty-First Meeting of the International Monetary and Financial Committee

5See IMF(2006)De Facto Classification of Exchange Rate Regimes and Monetary Policy
Framework, and IMF (2014) Annual Report on Exchange Arrangements and Exchange
Restrictions
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is found a long-run relationship exists between FDI inflows and interest rate

differentials. The policy interest rates were not significantly influenced by

the long-run relationship, while the exchange rates and capital inflows were

significantly influenced by the long-run relationship. This means that PBC

was able to choose levels of interest rates autonomously, but at capital inflows

and exchange rates were mainly disciplined by the market.

These finding contradict the advocates of a strictly binding impossi-

ble trilemma, such as Fisher (2001) who claims that middle point exchange

regimes, including the fixed pegging exchange regime, adjustable pegging ex-

change regime and narrow band exchange regime are not sustainable because

of attacks from international capital. Empirical findings based on historical

data imply the possibility of choosing some middle point of the impossible

trilemma, but we still may have no clues about the appropriateness of choos-

ing a middle point such as the managed currency convertibility proposed by

Xiaochuan Zhou.

In the modelling section, the appropriateness and consequences of cap-

ital controls are examined using an open economy New Keynesian model.

It is found that capital controls transform dramatic and immediate changes

in deposit portfolios to a prolonged and gradually adjustment process. The

appropriateness of capital controls depends largely on the source of shock-

s. Capital controls can reduce output fluctuations under a foreign demand

shock, but can only increase the volatility of the economy under a foreign

interest rate and inflation shock. Moreover, there is an optimal capital con-

trol level if the weight of output volatility in the central banks loss function

is high enough. This indicates that the proposition of Xiaochuan Zhou may

be appropriate if the central bank places a strong emphasis on output gaps.
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3.2 Literature Review

One of the main conclusions of the Mundell-Fleming model is that the im-

possible trinity restricts policy choice to two of monetary policy autonomy, a

stable exchange regime, and capital account openness. Based on the model

of Mundell (1963) and Fleming (1962), a central bank will lose its mone-

tary independence when a country opens its capital account entirely under a

fixed exchange rate regime. This conclusion was then referred as the trilem-

ma, i.e., the conflict confronted by a county which cannot achieve the three

policy goals simultaneously (Hausmann, 1999).

Under the framework of the impossible trinity, a polarized regime was

popular in the 1990s, and some scholars in China are supportive of this polar-

ized regime choice. The claim is that, given monetary policy independence,

the central bank should choose either the combination of a fixed exchange

rate and closed capital account, or a floating exchange regime and open cap-

ital account. In practice, based on the IMF report, 62 percentage of the

countries in the world chose some middle point of the exchange regime in

1991. That is, they chose soft pegging of the exchange rate, combining with

a certain level of capital control without total openness. However, this ra-

tio reduced to 34 percentage in 1999. The ratio of the countries adopting a

fixed exchange rate increased from 16 percentage in 1991 to 24 percentage in

1999. The ratio of the countries adopting the floating exchange regime in-

creased from 23 percentage in 1991 to 42 percentage in 1999. Fischer (2001)

claims that this is because the middle point exchange regime, which includes

the fixed pegging exchange regime, adjustable pegging exchange regime, and

a narrow band exchange regime is not sustainable because of attacks from

international capital. Fischer (2001) also classifies some exchange regimes,

such as the managed floating exchange rate regime, as sustainable exchange

regimes.
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In recent years, the advantages of the middle point exchange regime have

been discussed because of the successful experiences of emerging economies

in dealing with the financial crisis. Aizenman and Ito (2012) claims that

there are still many countries adopting the middle point exchange regime in

the first decades of the 21st century, even though the polarized regime choice

was widely discussed and recommended.

There are at least two reasons for emerging economies to adopt a mid-

dle point exchange regime rather than a floating exchange regime. Firstly,

emerging economies mainly specialised in labour-intensive products whose

profits are very sensitive to the changes in the exchange rate (Mohan and

Kapur, 2009). Therefore, a fixed exchange regime can reduce the uncertain-

ties facing exporters. Secondly, the financial and capital markets of emerging

economies are usually under-developed. The financial system is vulnerable

to international capital attacks under an open capital account, as shown by

the experience of the Asian financial crisis in the late 1990s. Jin and Zhou

(2014) constructed an index to measure the dispersion level from the corner

of the impossible trinity and found that there is a trend of moving away from

the corner of the trinity based on the data of 29 emerging economies over

the recent 30 years. This trend is beneficial to economic growth and stability

based on the empirical findings. Moreover, the middle exchange regime is

usually combined with a certain level of capital control. Farhi and Werning

(2014) find that some capital account control is good for the economy even

under a pure floating exchange rate regime. Capital controls can smooth the

capital flow between countries and thus increase the welfare of the domestic

country. In fact, the experience of the recent financial crisis reveals that the

constraints on short-term international capital flow can mitigate the rush to

deleverage the economy, which can reduce the adverse effects of the country.

Based on the experience of policy practices and the relevant theoretical

research, there are controversies among scholars in China about the choice be-
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tween the monetary policy target, the exchange regime, and the openness of

the capital account. In 1994, China adopted the exchange regime of pegging

its currency to the US dollar and started mandatory exchange settlement.

In 2005, however, China started to peg to a basket of currencies rather than

the US dollar only. Because of the de facto pegging exchange regime and the

mandatory exchange settlement, the central bank of China passively inject-

ed much money into the economy, which has contributed to high inflation in

recent decades (He, 2007). From this point of view, policy independency was

influenced substantially by the exchange rate regime. However, some adopt

the opposite view, which is that the independence of monetary policy has

not been influenced by the capital account openness, accumulation of foreign

reserves, or the international interest rate environment (Wang and Wang,

2011).

Can China maintain monetary policy independence and a fixed exchange

rate regime under the limiting capital account constraints? The impossible

trinity under the Mundell-Fleming model implies that this is not possible.

However, as claimed by Sun (2006), China’s policy seems successful in the

sense that its monetary policy is independent given the pegging exchange

regime and soft capital account controls. In fact, in the work of Zhou (2012),

the president of China’s central bank expressed his preference for the middle

point regime, claiming that China can adopt a managed floating exchange

regime under capital account openness. However, the regime adopted by Chi-

na yielded many criticisms worldwide. Krugman (2010) and Laffer (2015)

criticize China for manipulating the exchange rate for a long time. Bernanke

(2005, 2007) claims that the undervaluation of China’s exchange rate is one

of the main reasons for the huge international surplus and exchange reserves,

which led to the global saving glut and finally helped cause the global fi-

nancial crisis. Nevertheless, there are other opinions about the increasing

international surplus and exchange reserves. Zhao (2007) believes that the

surplus increase is due to low consumption demand, which results from sav-
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ings being higher than investment for a long time. Song et al (2012) suggest

that the increasing surplus is due to low investment because of the finan-

cial stress of privately-owned companies. Nationally-owned companies are

less efficient but have easy access to bank loans, while private companies are

more efficient but are financially stressed since they cannot get loans easily

from banks. With the retreat of the state-owned companies and an increas-

ing proportion of private companies, investment is thus continuously lower

than savings. McKinnon and Schnabl (2012) and McKinnon (2010) suggest

that China’s exchange reserve accumulation is mainly for exchange stability

purpose. Schroder (2015) finds that mercantilism accounts for only less than

10 per cent exchange reserve accumulation, while precaution motivation and

other factors are the major causes.

3.2.1 Monetary Policy and Interest Rate Differentials

The short-term interest rate is increasingly used as a monetary policy instru-

ment both in developed countries and emerging market economies. Aggregate

demand can be influenced by various channels which are related to the short-

term interest rates. The Federal Reserve uses the short-term interest rate as

the benchmark for long-term interest rates. In the years before the global

financial crisis, the US maintained a sustained low interest rate environmen-

t. However, a persistent low interest rate environment can foster systemic

instability in the economy. Monetary policies using short-term interest rates

are usually consistent with transparent rules, such as the Taylor rule, either

explicitly or implicitly.

The Taylor rule, which is proposed by Taylor (1993), has proved both

sufficient and necessary to ensure an equilibrium of the economy under cer-

tain parameter restrictions, at least in a New Keynesian model (Woodford,

2001). Usually, the effectiveness of monetary policy in the New Keynesian

model is based on price or wage stickiness, which is used to embed a positive
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output gap pressure on inflation. In this way, the shift of aggregate demand

induced by a change in interest rates can move the equilibrium of the e-

conomy along an upward sloping aggregate supply curve in the short-run.

However, this equilibrium will return to the natural level which is associated

with the natural level of interest rates, unemployment rates, and output in

the medium run. In this sense, short-term interest rate can only be effective

in the short-run. Persistent deviations from the medium run level of interest

rate will cause distortions of the economy leading to booms and bursts. Years

of a lasting gap between the actual policy interest rate and the interest rate

implied by the Taylor rule before the recent financial crisis was one of the

main reasons of the boom in the U.S. housing market (Taylor, 2009). Because

of the inappropriate low-interest rate environment and sluggish return to the

natural interest rate level, the US adjusted in the form of crisis.

Interest rate differentials are one of the most important factors driving

the surges in capital flow under the current global backdrop of financial

integration. Calvo, Leiderman, and Reinhart (1996) identify the low interest

rate environment in developed countries as one of the main causes for surges

in capital inflow in the Latin American countries. By late 1992, the short-

term interest rate in the US reached its lowest level since the 1960s. However,

in early 1994, it began to rise, reducing the attractiveness of the investment

in these Latin Americans, and contributing to capital flight there. Ahmed

and Zlate (2014) examine the determinant factors for surges in net private

capital inflows to emerging market economies. They find that interest rate

differentials are one of the most important determinants of net private capital

inflows to emerging market economies since 2002, together with growth rate

differentials and the global risk appetite. The global risk factor is emphasized

in the work of Forbes and Warnock (2012). Extreme capital flows are divided

into four episodes including surges, stops, flights and retrenchment. It is

found that global factors, especially global risk, are the main driving forces

of extreme capital flow episodes. However, the coefficients of world interest
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rates are not significant in all the regression results for different stages of

international capital flows. Rey (2013) emphasizes the importance of global

risk factor as well but provides a link between the global risk premium and

the monetary policies of centeral banks. It is argued that the change in the

VIX6, which is a measurement of global risk appetite, is due to the change

in US government policies (Rey, 2013).

The short-term interest rate will eventually return to the medium- and

long-run levels which depend on real factors in both developed and emerging

economies. A persistent low interest rate will lead to adjustments because

various economic pressures eventually lead to a sudden collapse of investment

confidence, with a shooting up of risk premiums in the markets. Therefore,

eventually, a full pattern of international capital flow including surges, stop,

flights, and retrenchments can be induced by the deviations and reversals of

the short-term interest rate from its long-run level in the central country.

Sustained deviations of the short-term interest rate from the medium-

run level in a centeral country can export its monetary policies to other

peripheral countries (Rey, 2013). Some early studies hold the view that the

floating exchange rate would enable monetary policy independence Obstfeld

and Taylor (2004). Under a fixed change rate, the peripheral countries need

to adjust their exchange rates passively and thus lose their monetary poli-

cy autonomy. Thus, the floating exchange rate is a necessary condition for

a country to have an independent monetary policy under capital account

openness. However, it is suggested that monetary policy in the peripheral

countries cannot lose its independence in the long-term even under a floating

exchange rate regime. In the short-run, emerging market economies’ central

banks can set their interest rate independently from the US Federal rate, but

in the long-run, the interest rates will tend to converge. This view is sup-

6VIX is the Chicago Board Options Exchange Market Volatility Index. It is a measure
of the implied volatility of S&P 500 index options.
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ported by the work of Goodhart and Turner (2014), and Bernanke (2013).

Obstfeld (2015) suggests that interest rate linkages are a potent mechanism

through which the monetary policies and financial cycles are transmitted to

emerging market economies. Short-term autonomy but high long-term cor-

relations existed between emerging market economies and central economies.

It is claimed that one of the most important channels for the transmission of

international monetary and financial policy is through the long-term interest

rate (Obstfeld, 2015).

3.2.2 Capital Inflows Surges and Financial Stability

Surges mainly refer to sharp increases in global capital inflows to an economy.

Free international capital inflows will benefit the global economy through a

similar mechanism to free international trade. Global capital inflow can

improve the welfare of emerging economies by mitigating funding shortages,

diversifying investment risks, facilitating inter-temporal trade, and improving

the financial market. (Ostry et al., 2010). However, global capital inflows can

also lead to some unfavorable results. Sharp changes in international capital

inflows have a relatively small impact on developed countries but will usually

trigger financial instabilities in emerging economies.

Ostry et al. (2010) analyse the influences of capital inflow and possible

policy responses. The direct response to a capital inflow is an appreciation

of the domestic currency. However, if this is not desirable because the cur-

rency has been overvalued already, the central bank can choose to maintain

the exchange rate and allow capital inflow by means of buying foreign funds.

The reserves will increase, which may increase inflation pressure if no steril-

isation is used. However, the sterilisation may be related to further capital

inflow and eventually the central bank will need to abandon it and allow the

exchange rate to appreciate or adopt a lower interest rate environment. In

some cases, an overheated economy can be handled by contractionary fiscal
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policy. However, monetary policy may not be available due to political con-

siderations and nor will fiscal policy due to its lagged effects. In this case,

capital controls can be used. Nevertheless, these may lose their effectiveness

over time and need to be strengthened, leading to further distortions.

The consequences of surges in capital inflows can be an increase in cred-

it leverage and asset price bubbles. Capital inflows into emerging market

economies can be divided into four stages: surges, stops, flights and re-

trenchments (Forbes and Warnock, 2012). These capital flows may influence

the relationship between domestic and foreign interest rates because they

will lead to changes in the demand for domestic bonds, which may lead

to changes in domestic interest rates (Obstfeld, 2015). In particular, these

countries usually suffer bursts of credit boom with negative real effects on

the economy. Capital surges can cause several problems. The first is capital

outflow after a continuous period of inflow, resulting in sharp devaluation of

the domestic currency. The second relates changes in asset prices due to the

capital inflows. This may foster asset price booms. This kind of capital feast

and famine will increase the vulnerability of an financial system (Obstfeld,

2015).

Different types of capital inflows have different impacts on the financial

stability of emerging market economies. The impacts of the non-financial

FDI and liability outflows on economic growth are not the same. Countries

with higher liabilities and financial FDI inflows suffer higher growth reduction

in a financial crisis. However, countries with higher nonfinancial FDI suffer

relative less growth reduction (Ostry et al., 2010). Different types of capital

inflow thus have different implications for financial fragility. Compared with

debt financing, equity capital inflow allows more risk-sharing between the

creditors and borrowers. Based on these considerations, there is a pecking

order of capital flows regarding their levels of riskiness. For each category,

short-term capital flows are more risky than long-term ones. The pecking
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order is foreign-currency debt, consumer-price-indexed local currency debt,

local-currency debt, portfolio equity investment, and foreign direct invest-

ment, ordered by decreasing impact on financial instability (Ostry et al.,

2010).

3.2.3 Validity of Trilemma and Capital Controls

Under an open capital market environment, monetary policies in emerging

economies can achieve autonomy in the short-run but will lose their inde-

pendence in the long-term because of the convergence between short- and

long-term interest rates. Permanent controls on the inflow or outflow sides

are a choice but the experiences of low income countries can be subject to

specific characteristics (Klein, 2012). Temporary capital controls are possible

as well in the booming period. The central bank can also use macro pru-

dential policies to reduce the incentives for banks to finance from external

resources if the domestic interest rate is high.

However, in the work of Obstfeld (2015), it is claimed that the trilem-

ma is still valid. Obstfeld (2015) agrees with Rey (2013) that interest rate

linkage is one potent mechanism through which monetary policies and fi-

nancial cycles are transmitted to emerging market economies. There exists

short-term autonomy, but high long-term correlation is exhibited between

emerging market economies and central economies. It is claimed that one

of the most important transmission channels for international monetary and

financial policy is the long-term interest rate. The policy proposed by Obst-

feld (2015) is to enhance capital controls, by means of which an economy can

experience both a current account surplus and capital account surplus, as in

the case of China. It is suggested that the costs and benefits of capital con-

trols should be examined in the presence of several trade-offs of capital flows.

Financial integration is beneficial for gross debt expansion and international

risk sharing. Some of the historical capital controls are consistent with these
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policy suggestions. Obstfeld (2015) advocates the trend from debt to equity

finance, which makes domestic policy more effective and raises the welfare of

the nation. Monetary policy is a vital tool to temper these kinds of capital

surges though other tools are necessary as well.

A comprehensive policy package was employed to handle capital inflows

in countries which managed their capital flows successfully. In particular,

these countries distinguish between short- and long-term inflows. The short-

term inflows usually deal with sterilisation transactions to maintain the ex-

change rate unchanged. The sterilisation effort will be scaled back if the

inflows persist. The resulting appreciation of the nominal and real exchange

rates can be accompanied by an overheating of the economy, which may

need relevant contractionary fiscal policies. Moreover, relevant polices such

as increasing exchange rate flexibility and control methods to curb inflows

are used to moderate size and lengthen investment maturities (Calvo, Lei-

derman, and Reinhart, 1996). Obstfeld (2015) suggests that a policy mix of

persistent sterilization, heavy intervention in the foreign exchange market,

and no controls on short-term capital movement may be less effective.

In the recent financial crisis, China played an important role as a glob-

al stabilisation factor, as advocated by McKinnon and Schnabl (2012). In a

high-growth economy, capital demand is somehow constrained by the ster-

ilization action of the central banks. McKinnon and Schnabl (2012) claim

that China used window guidance to guide capital to export-related indus-

tries. A hard peg may not lead to misalignment because the central bank

will let the money supply change passively. The export sector price reduces

while keeping the non-tradable price stable. As a result, there is a relative

increase in the tradable price compared to the non-tradable price. Without

sterilization, the price level of domestic goods will increase because of the in-

creased money supply, which shifts the demand for domestic goods to foreign

goods. However, with sterilization, the price level of domestic goods can be
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kept roughly unchanged, preventing a shift from domestic goods to foreign

goods. By reducing inflation, the real appreciation of China’s exchange rate

is prevented, and the export sector investment falls. In the Asian financial

crisis, one problem was the high interest rate environment, which encouraged

saving but not investment. In general, the Chinese surplus resulted from the

export-led economy regime. McKinnon and Schnabl (2012) claim that the

distortions in China resulted from low interest rate policies in the US and the

stabilisation effort in China. A possible solution was to increase the interest

rate level in the US.

Overinvestment is induced when the interest rate is lower than the nat-

ural interest rate in the up phase of the economy. The capital inflow to

emerging market economies occurs mainly because the global nominal inter-

est rate environment is lower than that in emerging economies, which was a

possible cause of the over-investment in China.

Since the early years of this millennium, the economy of China has ex-

hibited a feature of dual deficits in both the current account and the capital

account. As one of the largest trade partners of China, the US experienced

a savings deficit. It is suggested that this kind of global savings investment

imbalance should not be solved by appreciating the Chinese Yuan against

US dollar (McKinnon and Schnabl, 2012). One possible solution is to reduce

the consumption level in US and increase consumption in China. Obviously,

this is a long-run solution to the savings glut problem. If China chooses to

appreciate the currency, this will lead to a reduction of investment because

the investment costs will increase as a result of currency appreciation (M-

cKinnon, 2010). McKinnon and Schnabl (2012) suggest that the use of the

exchange rate to adjust international trade is kind of cliché, which worked

only in the era when capital controls were universal. However, in the current

backdrop of financial globalisation, the idea of using the exchange rate to

adjust international trade is misleading. The main reason here is that in-
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vestment would adjust more quickly than international trade, which makes

the exchange rate policy ineffective.

Several tools can be used to manage surges in capital inflow, includ-

ing fiscal policy, monetary policy, exchange rate policy and capital controls.

Capital controls can be justified if the economy is close to its potential lev-

el and lacks any other distortions, as the short-run capital flow surges can

cause fluctuating costs but nothing else. Capital controls can be effective if

the resulting costs of the flows are higher than the expected returns without

controls. The empirical evidence suggests that emerging economies will gain

capital control benefits by reducing their reliance on risky external liabilities.

Ostry et al. (2010) examine the merits and effectiveness of capital controls.

One of the possible results for surges of capital inflow is the appreciation

of the exchange rate, which may undermine the competitiveness of the ex-

port sector. Another possible result is excessive borrowing and the foreign

currency exposure. Capital controls may be justified even from a multilat-

eral perspective. The unremunerated reserve requirement may discourage

foreign exchange borrowing. A capital inflow tax can be used to decrease

the differentials between long-term and short-term interest rates. A direct

minimum stay requirement can be used as well to increase the maturity of

foreign liabilities.

There are several concerns about capital controls. The first is their ef-

fectiveness (Ostry et al., 2010). For countries with extensive controls, it may

be easier to strengthen controls in bad times. The more complicated case is

for relatively open countries to find a proper method to control the capital

account without further distortions. The second concern about controls on

outflows. The effect of capital outflow liberalisation is not clear because the

inflow can increase because the country is more attractive as an investment

destination, or decrease because of the increasing outflow. There are two

main reasons for imposing capital controls, including for an undervalued cur-
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rency or a stable financial system (Ostry et al., 2010). The temporary capital

inflow surges should be controlled because they can only bring fluctuations

in exchange rates and relevant prices. Persistent capital inflow may be due

to some other, more fundamental reasons and should therefore be treated by

some other, more fundamental policies. The effectiveness of capital controls

depends on the extensiveness of the controls and the efforts of investors to

circumvent them.

3.3 Interest Rate Parity: Empirical Evidence

Uncovered interest parity is closely related to international capital flows

which are forces to arbitrage away mispricings. If the capital account is strict-

ly controlled, one economy can freely choose its interest rate and exchange

rate levels without worrying about arbitrage pressures from the internation-

al capital market. For a country with partially capital account openness

like China, arbitrages may be costly and not profitable if the interest par-

ity relation is not binding in the short term. However, the arbitrage may

be profitable if the interest rates and exchange rates are persistently away

from the parity relation. Persistent capital flows thus play a crucial role in

maintaining the uncovered interest parity relation.

If there are no capital controls, it will cost nothing for investors to arbi-

trage away even very small interest rate differentials between domestic and

foreign interest rates under a fixed exchange rate regime. In this case, cap-

ital flows only play the role of threatening to arbitrage possible deviations

from the equilibrium relations, and have no direct relations to interest rate

differentials and exchange rates, as in the conventional interest rate parity. If

there are some capital controls, interest rate differentials can deviate a small

amount away from the binding interest rate gap under fixed exchange rate

regime, because it will be costly for investors to arbitrage small deviations.

In this case, the capital flows, especially the long-term and persisting capital
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flows, will play an error correction mechanism for large and persisting devi-

ations from interest rate parity relation. This section is thus to test whether

there is a long-run relationship among interest rate gaps, exchange rates, and

FDI inflows, and whether the interest rate differentials and exchange rates

exhibit an error correction mechanism, based on monthly data of China.

It is usually difficult to decide, in equation (3.25), which should be the

dependent variable and which should be the explaining variables. The VAR

(Vector Autoregressive) model avoids this issue by estimating a system of

endogenous variables where each is regressed on the others. The VAR is

for stationary time series, i.e. I(0), yet many economic variables are not

necessary stationary, usually I(1). For a vector of I(1) time series, the VAR

model can be estimated and meaningful if the regression errors are I(0). In

this case, a VECM can be built to describe the long-term stable relationship

among I(1) variables which leads to a stationary error.

3.3.1 Variables, Data and Sample Selections

In this section, three variables will be used: the interest rate differentials

between the US and China, the RMB to US dollar exchange rate, and capital

inflows to China. The US is treated as a special country because it is the

central country in the global financial system. The monetary policies of

the Federal Reserve Board have spillover effects on other countries. The

experiences of China can shed light one the situation for other peripheral

countries.

This study uses the fluctuations in FDI inflows to capture the pressure

on deviations from the interest parity relation. As reviewed in the literature,

surges in capital inflows can improve welfare but also can foster financial

instabilities in emerging economies. Therefore, capital inflows play a critical
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role in emerging market economies 7. In China, capital inflows are relatively

less restricted by the Chinese Government but capital outflows are highly

regulated (Jin, 2013). Fluctuations in capital outflows are driven more by

official administrative factors than by the market factors. Moreover, only

quarterly capital outflows data are available for recent years. Thus, this

study uses FDI inflows to capture the arbitrage pressure on deviations from

the interest parity relation.

The interest rate differentials are the differences between the US and

Chinese benchmark interest rates (Chinese interest rates minus US interest

rate). In the US, the Federal funds effective rate is an overnight interest

rate that is used as the benchmark interest rate. This study uses a monthly

average of these daily overnight interest rates from the website of the Federal

Reserve8. In China, there are still no widely accepted benchmark interest

rates. Many empirical studies have analysed different types of interest rates

and suggest that the Shibor (Shanghai Inter Bank Offered Rate), the fixing

repo rate in the interbank market, and the benchmark deposit interest rate

are the potential benchmark interest rates in China.

The terms of Shibor cover from overnight to one year, including eight

different types. The central bank of China wants to foster Shibor as the

benchmark interest rate in the future, and the overnight Shibor is the one

most after referenced in both academia and industry. However, the Shibor

is not currently based on real trades among banks. The seven days fixing

repo rates, among three different terms of fixing repo rates including the

overnight, seven days, and fourteen days, are the most actively traded and

are believed to have the features of a benchmark interest rate. The fixing

repo rates in the interbank market are real trade based and widely accepted

7Other determinants of FDI can be added into the VAR model as exogenous variables.
However, this complicates the model specifications and increases the parameters to be
estimated.

8http://www.federalreserve.gov/releases/h15/data.htm
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as benchmark interest rates in the financial market. The one-year deposit

interest rate is important because of its historically pivotal position in the

interest rate system. China has adoptted a gradual approach to reforming the

interest rate system and in the more centralized era9, one year deposit interest

rates are the most important in the financial system, determining the overall

financing costs of financial institutions. The one-year benchmark deposit

interest rates are set by the central bank at irregular intervals. The central

bank in China may change the benchmark deposit rate within a quarter, but

in some periods the same benchmark interest rate has been maintained for a

couple of years. The monthly frequency data are a mathematical average of

these benchmark interest rates within the calendar month.

The data for seven days fixing repo rate is available from January 2004,

and for Shibor only from October 2006 when it was first reported. The

available sample period of benchmark deposit interest rates is much longer

than the other two market interest rates, beginning in the early 1990s. The

Shibor data come from its website10, and these seven-day fixing repo rate

data are from the RESSET data base11, and the data on the benchmark

deposit interest rate are from the website of China’s central bank12.

Different measures for international capital flows can be used based on

the emphases of a particular study. In this research, capital inflows will be

used because capital outflows from China to foreign countries are still quite

restricted. The FDI inflow data are from the National Bureau of Statistics of

China13. The exchange rates between RMB and USD are monthly averages

of the daily exchange rates of RMB/USD and from the website of Federal

9In the years between 1952 and 1978, China government adopted the centrally planned
economy regime.

10http://www.shibor.org/
11http://www.resset.cn/
12http://www.pbc.gov.cn/publish/zhengcehuobisi/631/index.html
13http://www.stats.gov.cn/
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Reserve Bank of St. Louis14.

The earliest data on Shibor is from October 2006. Thus the sample

for this study is from October 2006 to June 2015, covering 105 monthly

observations for interest rate differentials, FDI inflows, and exchange rates.

3.3.2 Descriptive Statistics and Unit Root Test

In Figure 3.1, variables used in the estimation are plotted, including the log

differences of the exchange rate, FDI/GDP ratio, effective Federal funds rate,

and Shibor. In Table 3.1, a positive correlation between interest rate gaps

and percentage changes of the exchange rate can be observed. According to

the interest parity relation, the nominal exchange rate of RMB/USD should

appreciate, and thus decrease given positive interest rate differentials, be-

cause of more investment demands for assets denominated in RMB. Thus,

this positive correlation cannot be explained merely by the conventional in-

terest parity relation.

Percentage changes in exchange rates are negatively related to the F-

DI/GDP ratio, suggesting positive FDI inflows may impose pressures on the

appreciation of RMB, which is consistent with arguments about extended in-

terest rate parity. The interest rate differentials are negatively related to the

FDI/GDP ratios. Positive interest rate differentials can cause more capital

inflows, yet persistent inflows may impose pressure on the central bank to

reduce policy interest rates. This negative relationship implies the latter may

dominate the relationship between FDI inflows and interest rate differential-

s. The low correlation between Chinese and the US interest rates indicate

relatively independent monetary policy choices for these two countries.

In Table 3.2, the means and variances are listed. In general, different

interest rates including Shibor, the fixing repo rate and the deposit rate share

14https://research.stlouisfed.org/fred2/series/DEXCHUS
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Figure 3.1: Interest Rates, Capital Inflows, and Exchange Rates

a similar pattern overtime. However, in the empirical part of this Chapter,

the interest rate differentials calculated using fixing repo rate and deposit

rate will not be used because of the possible term premium. The average

interest rate differentials between Shibor and the effective Federal Funds

rate is 1.3686 over the past decades, as shown in Table 3.2. This indicates

that the interest rate level in China was in general higher than that in the

US, which is consistent with the relatively higher expected returns in China

because of rapid economic growth, or the higher risk premium because of a

less developed financial market. The average of FDI/GDP is 0.5468 with a

variance of 0.1851. The average of log(Et/Et−1) is -0.0165 with a variance of
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Table 3.1: Correlations among Variables

log(Et/Et−1) FDI/GDP IRD* Shibor EFFR**

log(Et/Et−1) 1.0000 -0.3622 0.3439 -0.0561 -0.4415
FDI/GDP -0.3622 1.0000 -0.5648 -0.2516 0.5410
IRD 0.3439 -0.5648 1.0000 0.5606 -0.8964
Shibor -0.0561 -0.2516 0.5606 1.0000 -0.1355
EFFR -0.4415 0.5410 -0.8964 -0.1355 1.0000

Data are complied from National Bureau of Statistics of China, Federal Reserve Bank of St. Louis, RESSET data base,

and People’s Bank of China. Et is the nominal RMB/USD exchange rate at month t. All variables are in percentage

terms. *IRD refers to the interest rate differentials between Shibor and the effective Federal Funds rate. **EFFR refers

to the effective Federal Funds rate.

Table 3.2: Descriptive Statistics

Mean Std. Dev. Observations

log(Et/Et−1) -0.0165 0.0316 105
FDI/GDP 0.5468 0.1851 105
IRD* 1.3686 2.1347 105
Shibor 2.4075 0.9548 105
EFFR** 1.0389 1.7843 105

Data are complied from the National Bureau of Statistics of China, Federal Reserve Bank of St. Louis, RESSET data

base, and People’s Bank of China. Et is the nominal RMB/USD exchange rate at month t. All variables are in percentage

terms. *IRD refers to the interest rate differentials between Shibor and the effective Federal Funds rate. **EFFR refers

to the effective Federal Funds rate. Std. Dev. refers standard deviation.

0.0316. This means RMB is on average experiencing appreciation over the

sample period.

Table 3.3 gives the augmented Dickey−Fuller (ADF) test results for

relevant variables. The second and third columns in Table 3.3 are the p-

values and numbers of lags chosen for the ADF test to level variables. The

fourth and fifth columns are the p-value and number of lags for ADF test

to first difference variables. The information in Table 3.3 implies that the

interest rate gaps and FDI/GDP are I(1) variables, and log(Et/Et−1) is I(0).

This suggests that FDI/GDP and the interest rate gaps are random walks.
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However, two random walks may share common patterns over time. This is

the co-integration relationship.

Table 3.3: ADF Test for Unit Roots

Level 1st Difference
Prob. Lag Prob. Lag

log(Et/Et−1) 0.0000 0 0.0000 0
IRD* 0.1285 0 0.0000 2
FDI/GDP 0.5161 12 0.0016 11

Lags are selected based on SIC (Schwarz information criterion).Et is the nominal RMB/USD exchange rate at month t.

*IRD refers to the interest rate differentials between Shibor and the effective Federal Funds rate. Individual intercept and

trend are included in the test equation. In the ADF test for level variables, only individual intercepts are included.

The results of a Phillips-Perron(PP) unit root test are listed in Table 3.7

in Appendix 3.A.1, showing that the PP test results are the similar to the

ADF test results, except for the FDI/GDP. In order to examine the unit roots

of FID/GDP ratio, more tests are conducted. The Kwiatkowski-Phillips-

Schmidt-Shin unit root test for FDI/GDP rejects the null hypothesis of a

stationary time series at a significant level of 10 per cent, but cannot reject

the null hypothesis at the significance level of 5 per cent. Elliott-Rothenberg-

Stock tests for unit roots with respect to FDI to GDP ratio cannot reject

the null hypothesis of unit root at the significance level of 1 per cent. All of

these tests suggest that the differenced FDI/GDP ratio is stationary. Based

on these results, this study consider the non-FDI to be a I(1).

The inclusion of a stationary exchange rate is not technically necessary

from the view of VECM estimation because this stationary variables only act

as one additional explaining variable in the model. However, it is theoretically

important because we aim to map the empirical relationship among interest

rate, exchange rate, and capital flows to the extended interest rate parity

relationship, as in equation (3.25).
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3.3.3 VECM Estimation

Interest parity relation determines changes to nominal exchange rates in the

short-term, yet it does not necessarily bind stringently because of various

market imperfections such transaction costs, risk premium, etc. However,

large and persistent deviations of the exchange rate from its equilibrium

level will incur continuing capital flows and even political pressures to deval-

uate or revaluate the currency. For example, because of the influence of the

Asian financial crisis in 1997, the PBC adopted a de facto fixed exchange

rate pegging to the US dollars thereafter. In 2003, Masajuro Shiokawa, the

Japanese Finance Minister, challenged the pegging exchange regime in the

G7 finance ministers’ meeting, saying that China’s low RMB exchange rate

was one of the main reasons for global deflation (McKinnon and Schnabl,

2003). Masajuro Shiokawa demanded that China cancel the de facto pegging

of the exchange rate to the US dollar. In 2005, the peggged exchange rate

regime was relaxed to a floating foreign exchange regime pegged to a basket

of currencies rather than the US dollar, to allow the appreciation of the RMB

to the US dollar. In the early 2000s, China suffered huge pressure to ster-

ilising its increasing foreign reserves from continuing capital inflows. Thus,

the capital inflows in fact play an important role in correct the persistent

deviations of interest rate parity relations from their long-run equilibrium

level.

The onshore RMB/USD exchange rate is managed and subject to a

daily trading band that has varied during the sample period. This bounded

exchange rate may have limited influence on estimations because these bands

are exogenously determined by the central bank. The possible effect can be

captured by adding a dummy variable for this period. Moreover, a narrow

band may enforce the interest rate and FDI co-integration relationship, as

suggested by Shambaugh (2004).
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In an emerging economy with few capital controls, such as Thailand in

the 1997 Asian crisis, surges in capital inflows attacked the nominal exchange

rates quickly and hard, and this induced financial instabilities. Capital con-

trols can slow down capital flights and surges such that small and temporary

deviations of exchange rates from equilibrium level will not lead to fierce

fluctuations in capital inflows.

In this study, as revealed above, the interest rate gaps and FDI/GDP

are I(1) variables, and log(Et/Et−1) is I(0). If these two I(1) variables are

cointegrated, it can be claimed that there is a long-run relationship between

interest rate gaps and FDI/GDP. The deviations from this long-run relation-

ship can act as an error correction mechanism on other variables and draw

them to the equilibrium level. This section is thus to test whether there is

a long-run relationship between interest rate gaps, exchange rates, and FDI

inflows, and whether the interest rate differentials and exchange rates ex-

hibit an error correction mechanism because of deviations from the long-run

relationship, based on monthly data from China.

The Johansen test will be used to examine the possible long-run equilib-

rium relationship between three sets of variables. This study follows the coin-

tegration test procedure suggested by Sjö (2008). In equations (3.1), (3.2),

and (3.3), xt is a vector of endogenous variables including FDI/GDP, interest

rate differentials, and log(Et/Et−1). Γi are coefficients for lagged ∆xt−i, up

to k lags.

Suppose αβ = Π. Then Π represents the co-integration relationship

among the elements in vector xt. If there is no co-integration, the elements

of each row in Π should be not significantly different from zero. However,

if there is at least one co-integration among the elements in vector xt, some

parameters in Π should not be equal to zero. In particular, if rank(Π) = 0,

there is no co-integration relationship. If rank(Π) > 0, there should be at
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least one co-integration relationship. βi, i = 1, 2, 3, . . . , are the coefficients of

the ith con-integration relationship while αj, j = 1, 2, 3, . . . , are the relevant

impacts of this relationship on ∆xt.

Nested equation (3.1), (3.2), and (3.3) are mainly used to test different

trends, allowing for constants in the cointegrating vectors, deterministic trend

in xt and constants in the cointegrating vectors, and constants and determin-

istic trends in the cointegrating vectors respectively (Sjö, 2008). Parameter

µ0 in equation (3.1), and (3.2) represents the mean value of the co-integration

vectors. Compared with equation (3.2), equation (3.1) sets µ0 = 0 but em-

beds a constant item in the co-integration vectors. Equation (3.3) relaxes

3.2 by introducing a time trend in the co-integration vectors, which may be

useful in this study because the FDI/GDP seems to have a time trend in the

decade, as shown in Figure 3.1.

∆xt =
k∑
i=1

Γixt−i + α[β, β0][xt−1, 1]′ + εt (3.1)

∆xt =
k∑
i=1

Γixt−i + αβx′t−1 + µ0 + εt (3.2)

∆xt =
k∑
i=1

Γixt−i + α[β, β0, β0][xt−1, 1, t]
′ + εt (3.3)

To select the most appropriate model, the Johansen test will begin

with an hypothesis of zero integration and check the test statistic for e-

quation (3.1), (3.2), and (3.3) sequentially. If zero integration hypotheses

are all rejected, an hypothesis of one integration will be tested across the

model sequentially, and so on. This process stops when the null hypothesis

cannot be rejected, and the correspondent equation will be selected as the

appropriate model.
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In particular, the Johansen test will begin with equation (3.1),testing ze-

ro cointegration relationship. If the Johansen test rejects the null hypothesis

of zero cointegration relationship, it will be performed for equation (3.2) and

then equation (3.3). If zero cointegration relationships are all rejected for

equations (3.1), (3.2), and (3.3), the Johansen test will be performed to test

at most one cointegration relationship for equations (3.1), (3.2), and (3.3) se-

quentially. This procedure will be continued until the null hypothesis cannot

be rejected.

The Johansen test results to xt for equations (3.1), (3.2), and (3.3) are

presented in Table 3.4. Following the procedure explained above, the hy-

pothesis test begins with equation (3.1), then equation (3.1), and then equa-

tion (3.1), under the null hypothesis of none cointegration. The results in

Table 3.4 indicate that the hypothesis of none cointegration is rejected for

all three equations. Moreover, the null hypothesis of one cointegration is all

rejected for all three equations as well. The first null hypothesis that cannot

be rejected is the hypothesis of two cointegration relations for equation (3.1).

Thus, the Johansen test stops and model (3.1) is selected, indicating a con-

stant in the cointegrating vectors and without any trend in cointegration

vectors or in xt.

In the unit root test subsection, it is found that log(Et/Et−1) is I(0) is

stationary. Thus, the second cointegration relationship must exist between

interest rates differentials and FDI/GDP, implying a long-run equilibrium re-

lationship between these two variables. In the following, the selected model

(3.1) will be estimated to examine how the error correction mechanism can in-

fluence the changes in FDI/GDP, interest rate differentials, and log(Et/Et−1)
is I(0).

In Table 3.5, the estimated equation (3.1) is presented, in which the ter-

m Cointegration 1 and 2 represent the two cointegration relations identified
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Table 3.4: Johansen Test Results for Equation (3.1), (3.2), and (3.3)

Equation No. of CE(s) Eigenvalue Trace Statistic Prob.**

(3.1)
None * 0.3124 69.7685 35.1928
At most 1 * 0.2294 32.3079 20.2618
At most 2 0.0606 6.2501 9.1645

(3.2)
None * 0.3091 68.1143 29.7971
At most 1 * 0.2248 31.1371 15.4947
At most 2 * 0.0552 5.6776 3.8415

(3.3)
None * 0.3223 75.1101 42.9153
At most 1 * 0.2621 36.2094 25.8721
At most 2 0.0564 5.8099 12.5180

Note: ∗ denotes rejection of the hypothesis at the 0.05 level. ∗∗ MacKinnon-Haug-Michelis (1999) p-values. CE is short

for cointegration equation.

using the Johansen test. These estimated cointegration relations are in Table

3.8 in Appendix 3.A.1. Each of these two cointegration relations is normal-

ized, and thus the coefficients for ∆ log(Et/Et−1)(−1) and ∆FDI/GDP(-1) in

cointegration equation 1 and 2 constitute a 2× 2 identity matrix.

In the cointegration equation 1, the coefficient of ∆ log(Et/Et−1)(−1) is 1

and the coefficient of ∆FDI/GDP(-1) is 0. Thus, the cointegration equation

1 represents the cointegration relation for stationary variable ∆ log(Et/Et−1).
In the cointegration equation 2, the coefficient of ∆ log(Et/Et−1)(−1) is 0

and the coefficient of ∆FDI/GDP(-1) is 1. Thus, the cointegration equa-

tion 2 represents the cointegration relation between the remaining two I(1)

variables, interest rate gap and FDI/GDP.

In equation (3.1), the error terms of the cointegration relations 1 and 2

in period t − 1 are used to explain ∆xt. A significantly negative coefficient

of the error term implies that ∆xt will decrease given a positive error term.

In Table 3.5, the coefficient of the error terms of cointegration equation 2 is

significantly negative when the dependent variable is ∆FDI/GDP, yet are not
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significant when the dependent variables are ∆ log(Et/Et−1) and ∆IRD. This

means that the error term of a long-run relationship between FDI/GDP and

interest rate gaps imposes an error correction mechanism on ∆FDI/GDP,

but not on ∆ log(Et/Et−1) and ∆IRD.

Table 3.5: Equations (3.1) Estimation Results

∆ log(Et/Et−1) ∆FDI/GDP ∆IRD*

Cointegration 1
-0.4987 -1.1083 -1.7599

(-0.1006) (-0.5773) (-3.0523)
[-4.9574] [-1.9200] [-0.5766]

Cointegration 2
-0.0316 -0.7713 -0.4072

(-0.0216) (-0.1241) (-0.6560)
[-1.4615] [-6.21747] [-0.62070

∆ log(Et/Et−1)(−1)
-0.0894 1.3711 1.0970

(-0.0948) (-0.5441) (-2.8770)
[-0.9423] [ 2.5198] [ 0.3813]

∆FDI/GDP(-1)
-0.0120 -0.0675 0.5553

(-0.0173) (-0.0990) (-0.5233)
[-0.6948] [-0.6818] [ 1.0611]

∆IRD(-1)
-0.0045 0.0154 -0.1858

(-0.0034) (-0.0195 (-0.1031)
[-1.3175] [ 0.7922] [-1.8025]

Standard errors in ( ), and t-statistics in [ ]. The lags are chosen based on the SIC. *IRD is short for interest rate
differentials between Shibor and the effective Federal Funds rate. There are 103 observations for estimating this model
and the number of coefficients is 19. The two-side 5 per cent critical value for the student t distribution is 1.9886.

There are three empirical findings based on the results of the Johansen

test and VECM estimation. First, there is a long-run relationship existing

between the FDI/GDP and interest rate differentials. The Johansen test

implies that there is a long-run relationship for these two variables. If there

are no capital controls, interest rate differentials will be arbitraged away. In

this case, the long-run relations should not exist. If there are some capital

controls, interest rate differentials can be maintained even under a fixed

exchange rate regime, accompanied by with a persisting capital flows. The
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persistent interest rate differentials and capital flows finally lead to a long-run

relation between them. Thus, the Johansen test results confirm the augment

that interest rate differentials and capital inflows exist in the long-run rather

than in the short-term, because of the capital controls.

Second, it is clear that interest rate differentials and exchange rates in

general exhibit no error correction patterns. This implies that the deviation

from the long-run relationship between capital inflows, interest rate differen-

tials, and exchange rates will not impose a significant influence on monetary

policies and the exchange rate. In particular, the interest rate differential are

not influenced by deviations in the market. The cointegration term in the

model represents deviations from the long-run relationship. Given the devia-

tions, interest rates and exchange rates exhibit no reverting adjustments and

only the FDI reacts to this deviations. Therefore, this can be interpreted

as the monetary policy independence in China and the US from the capital

inflows to China. The central bank of China indeed can maintain a non-zero

interest rate even under a pegged exchange rate. Moreover, the RMB/USD

exchange rates are independent of these deviations. This finding is consistent

with the results of Cheung, Tam, and Yiu (2008). However, this policy in-

dependence should be deemed as monetary policy independence in the short

run, rather than the long-term. The long-run relationship is governed by the

FDI interest rate co-integration relationship, which is consistent with the

empirical findings of Frankel, Schmukler, and Servén (2002).

Third, the evolution capital inflows exhibit an error correction pattern

with respect to the long-run relationship between FDI/GDP and interest rate

differentials. Deviations from the long-run relationship in the previous period

can impose a negative pressure on the FDI inflows in the current period.

The deviation of FDI capital inflows from the long-run trend will thus be

corrected. This suggests that capital flows is the variable adjusting passively

to adapting market forces and different policy environments. Market forces
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will react to the interest rate and exchange rate environment by flowing

into or out of the economy. This implies that the maintenance of a pegged

exchange rate cannot prevail over the long term.

In general, the empirical findings are consistent with the impossible

trilemma which asserts that, under a fully open capital account, it is not

possible to maintain a fixed exchange rate if the central bank does not give

up monetary policy independence. The no arbitrage condition between short-

term interest rates and exchange change rates can be summarized using the

interest parity relation. The interest parity relation is widely tested and it

has been found that the covered interest parity in general holds, but the

uncovered interest parity usually has the wrong signs. There are several

factors that cause the rejection of the uncovered interest parity, including a

constrained capital account, inefficient foreign exchange markets, imperfec-

t substitutions between domestic and foreign assets, and transaction costs.

In the case of Chinese foreign exchange market, these factors play roles in

slowing down the error correction mechanism towards the equilibrium rela-

tionship between exchange rates and interest rates. However, the empirical

test results above indicate that there is a long-run equilibrium relationship

existing between FDI/GDP and interest rate differentials. Deviations will

not last for too long and will be smoothed out over time.

3.4 A Small Open Economy Model with Cap-

ital Controls

In the empirical section, it is found that PBC can determine the interest

rate and exchange rate autonomously, but not capital inflows. These find-

ings imply that the central bank of China can choose some middle point

of the impossible trilemma under capital account controls. However, the

appropriateness of capital controls is still under doubts from a normative
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perspective because they may induce some adverse effects in the economy,

despite ensuring the monetary policy autonomy. In this section, a capital

control mechanism will be introduced into an open economy New Keynesian

model to normatively examine the appropriateness and possible consequences

of capital controls.

In particular, the model of Gali and Monacelli (2005) is extended in

two directions by including an Iacoviello (2005) type collateral constraint

and a capital control extended budget constraint for households. The capital

control mechanism is introduced by imposing additional quadratic costs on

households for deviations from the steady state position of foreign deposit or

bonds. Therefore, households will choose the foreign deposit position closer

to the steady state level under capital controls, compared to the case without

capital controls.

This additional cost of capital controls has two consequences. First,

nominal returns to domestic and foreign deposits will be influenced by the

position of foreign deposits. This implies an additional term to the uncovered

interest parity between the domestic interest rate, foreign interest rate, and

nominal exchange rate. In an economy without capital controls, the nominal

exchange rate is determined by the uncovered interest parity given the inter-

est rates in domestic and foreign countries. If there are capital controls, the

nominal exchange rate depends on the domestic and foreign interest rates,

and the change of foreign deposit position. This extended uncovered interest

parity relation enables the central bank to move away from the binding in-

terest rate gap under a fixed exchange rate regime. This explains how China

managed to achieve monetary autonomy as revealed in the empirical section.

Second, capital controls transform dramatic and immediate changes in

deposit portfolios to a prolonged and gradual adjustment process, and real

variables are influenced by the changes in purely nominal foreign variables.
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If these are no capital controls, non-zero interest rate differentials under a

fixed exchange rate regime will lead to dramatic and immediate changes in

deposit portfolios. If there are capital controls, different nominal returns

imply a necessity for households to adjust their deposit portfolios, but only

through a gradual process because of high costs incurred by dramatic change.

However, this will influence the domestic credit market and asset prices. In

this way, capital controls mitigate the ability of the nominal exchange rates

to absorb foreign nominal shocks and establish a link between foreign interest

rates and domestic real variables.

By changing the level of capital controls, it is possible to compare the

impulse responses of model variables to different shocks. In particular, by

comparing cases with and without capital controls, the consequences of cap-

ital controls can be assessed. Using the collateral constraint, a positive rela-

tionship between credit expansion and asset prices can be introduced. Given

foreign interest rates or other shocks, credit cycles in the economy may be

different because of different capital controls.

The participants in the economy include households, entrepreneurs, re-

tailers, capital producers, and the central bank. The world economy con-

sists of a continuum of countries on the [0, 1] interval. One of these coun-

tries, H ∈ [0, 1], is treated as the domestic country and other countries,

i ∈ [0, 1] and i 6= H, as the foreign countries.

3.4.1 The Goods and Prices in the Economy

The goods in the economy include intermediate goods, retail goods, domestic

goods, and final goods. The intermediate goods are homogeneous and can

be produced by entrepreneurs both in domestic and foreign countries. There

is a continuum of retailers over the interval [0,1]. Each of these retailers buys

intermediate goods from entrepreneurs at the price PW
t and differentiates
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them into retail goods. The retail goods are heterogeneous, thus the demand

function for the retail goods is downward-sloping because of customers pref-

erence for goods diversity. The downward sloping demand curve implies a

certain level of market power on which retailers can rely to price the domestic

goods. In particular, the consumers consume a basket of retail goods, named

as final goods Ct which is defined in equation (3.4).

Ct ≡
(

(1− α)
1
η C

η−1
η

H,t + α
1
ηC

η−1
η

F,t

) η
η−1

(3.4)

The parameter α represents the preference of domestic consumers for foreign

goods. CH,t and CF,t represent domestic goods and foreign goods respectively.

CH,t consists of a basket of domestic retail goods and CF,t consists of a basket

of imported final goods from other countries. In particular, these two type

of goods are defined as (3.5) and (3.6), where Ci,t and Ci,t (j) are imported

goods and retail goods j from country i as defined in equation (3.7) .

CH,t ≡
(∫ 1

0

C
ε−1
ε

H,t (j) dj

) ε
ε−1

(3.5)

CF,t ≡
(∫ 1

0

C
γ−1
γ

i,t di

) γ
γ−1

(3.6)

Ci,t ≡
(∫ 1

0

C
ε−1
ε

i,t (j) dj

) ε
ε−1

(3.7)

It can be observed that the final goods Ct, domestic goods CH,t, foreign goods

CF,t, and imported goods from country i Ci,t are all defined in the form of

constant elasticity of substitution. Based on the work of Green (1964), this

implies that the optimisation problem faced by consumers can be solved in

two stages. In the first stage, the demand for final goods Ct can be calculated

by considering the optimisation problem of consumers. In the second stage,

the demands for domestic goods CH,t and foreign goods CF,t can be calculated
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given the level of final consumption goods.

Pt =
(
(1− α)P 1−η

H,t + αP 1−η
H,t

) 1
1−η (3.8)

PH,t =

(∫ 1

0

P 1−ε
H,t (j) dj

) 1
1−ε

(3.9)

PF,t =

(∫ 1

0

P 1−γ
i,t di

) 1
1−γ

(3.10)

Pi,t =

(∫ 1

0

P 1−ε
i,t (j) dj

) 1
1−ε

(3.11)

The constant elasticity of substitution form for the final consumption goods

will be sufficient to ensure that the solution from the two-stage budgeting

procedure is exactly the same as that from directly solving the optimisation

conditions for the demands of domestic and imported goods. Using this two-

stage budgeting procedure, the corresponding price indexes for final goods,

domestic goods, foreign goods, and imported goods from country i can be

defined as equations (3.8), (3.9), (3.10), and (3.11) respectively.

Moreover, the demand functions for domestic goods, foreign goods, and

imported goods from country i are expressed respectively as equations (3.12), (3.13),and

(3.14) from the two-stage budgeting procedure. The demands for goods j

from the domestic and foreign country i are expressed in equations (3.15)
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and (3.16).

CH,t = (1− α)

(
PH,t
Pt

)−η
Ct (3.12)

CF,t = α

(
PF,t
Pt

)η
Ct (3.13)

Ci,t =

(
Pi,t
PF,t

)−γ
CF,t (3.14)

CH,t(j) =

(
PH,t(j)

PH,t

)−ε
CH,t (3.15)

Ci,t(j) =

(
Pi,t(j)

Pi,t

)−ε
Ci,t (3.16)

After some substitutions, the demand for the retail goods j produced by the

domestic country and by country i can be expressed in terms of the con-

sumption demand for final goods Ct and the relevant price indexes. The

consumption demands for goods j from the domestic country and foreign

country i are a linear function of the demand for final goods Ct, which con-

firms the validity of the two-stage budgeting procedure. For a given price

level for each retail goods, the consumption demand for each retail good,

either from the domestic country or from any other country i, will increase

proportionally with final goods demand Ct. Moreover, this nexus is the same

for investment demands using final goods Ct as an input. In particular, the

investment demand for retail goods j produced by domestic country and by

country i can be expressed analogously in terms of the investment demand

for final goods It, as in equations (3.17) and (3.18).

IH,t(j) = (1− α)

(
PH,t(j)

PH,t

)(
PH,t
Pt

)−η
It (3.17)

Ii,t(j) = α

(
Pi,t(j)

Pi,t

)−ε(
Pi,t
PF,t

)−γ (
PF,t
Pt

)η
It (3.18)
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3.4.2 Decisions of Households and Entrepreneurs

There are two types of consumers in the economy on the interval [0,1] totaling

a mass of 1. Households and entrepreneurs comprise portions γh and γe

respectively15. Following the work of Iacoviello (2005), it is assumed that

entrepreneurs are less patient than households and thus have a smaller time

discount parameter. This implies that households save and entrepreneurs

borrow in the steady state. Households provide labour to entrepreneurs

to earn wages which are used to support consumption. Labour leads to

disutility of households, and thus there is a tradeoff between labour supply

and consumption. In particular, a typical household maximizes the utility

function as in (3.19), subject to the budget constraint (3.20).

max
Ch
t ,L

h
t ,Dt,Di,t

E0

∞∑
t=0

βht

(
Ch
t

1−σ

1− σ
− Lh

t

1−φ

1− φ

)
(3.19)

In the utility function of households (3.19), Ch
t is the consumption of final

goods and Lt is the labour supply of households. βh, σ and φ are the time

discount parameter, inter-temporal substitution parameters for consumption

and labour supply respectively. The real budget constraint of households is

as shown in (3.20).∫ 1

0

PH,t(j)C
h
H,t(j) dj +

∫ 1

0

∫ 1

0

Pi,t(j)C
h
i,t dj di+Dh

t +

∫ 1

0

Ei,tDi,t di

≤ WtLt + (1 + rDt−1)Dt +

∫ 1

0

Ei,t(1 + ri,t−1)Di,t−1 di

− κD
2

∫ 1

0

(
1− Di,t

Di

)2

Ei,tDi di (3.20)

15Symbols h and e indicate parameters or variables for households and entrepreneurs
respectively in this thesis.
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On the left-hand side of this budget constraint is the spending of households

in period t. The household pays for both domestic and foreign retail goods.

On the right-hand side of the budget constraint is the wage income of the

household in period t and proceeds of deposits held from period t−1 to period

t. Dt and Di,t are domestic deposits and foreign deposits held by households.

Di is the long-run equilibrium level of foreign deposit holdings. The stock of

Di,t can be negative and regarded as borrowing from foreigners. In China,

households cannot invest in foreign bonds directly. However, as claimed

by Song, Storesletten, and Zilibotti (2011), the central bank invests foreign

exchange income into foreign bonds, which can be considered as indirect

households’ investment in the foreign bonds. China’s government is now

gradually lifting the restriction on domestic residents’ investment in foreign

bonds. Thus, the specification in this budget constraint can match the reality

of the capital and financial account of China. Ei,t is the nominal exchange

rate faced by domestic investors, where Pi,t is the final goods price index for

country i expressed in domestic currency. rDt−1 and ri,t−1 are the nominal

interest rates for domestic and foreign bonds respectively received at time t.

Wt is the nominal wage.

The last item on the right-hand side of this budget constraint is the ad-

justment cost incurred in changing the investment size of foreign bonds. This

is introduced to capture the restrictions on financial and capital accounts in

China. In particular, the parameter κD ∈ [0,∞) describes the level of capital

restriction. When κD = 0, there are no restrictions on financial and capital

accounts. When κD > 0, the last item on the left-hand side of this budget

constraint is positive if Di,t 6= Di for any i. This means that changes in

the previous level of bonds holding from any country will lead to additional

costs besides the price for the bonds. Compared with the approach of Farhi

and Werning (2012, 2014) where the interventions in the financial and cap-

ital market are introduced by assuming a subsidy from the government, the

adjustment cost approach to introducing capital constraints in this study
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is more suitable for the management practices of the financial and capital

account in China. Moreover, China mainly restricts portfolio investment

rather than foreign direct investment. Within the portfolio investment cat-

egory, long-term investments are preferred but short-term capital flows are

highly restricted by the government.

Similar specification of capital controls can be found in the work of

Chang, Liu, and Spiegel (2015). In their work, the cost of foreign capital flows

is associated with the deviations from an exogenous ratio between domestic

and foreign asset holding by households. In this study, the costs of foreign

capital flows are determined by the speed of the flows rather than the absolute

level. The setting in this study will make more sense considering the well

documented sudden-stop effect, such as in Aguiar and Gopinath (2007).

This additional adjustment cost means that short-term and more volatile

capital flows will lead to higher transaction costs within a given time. The

adoption of the adjustment costs gives a good description of the policy orien-

tation of the Chinese government, which focuses on short-term capital flows

rather than long-term ones. Moreover, by using this adjustment cost form,

an explicit solution for the Backus-Smith condition16 can be derived similar

to Gali and Monacelli (2005), where as only an implicit solution can be de-

rived in the work of Farhi and Werning (2012, 2014). The explicit solution

will facilitate an analytical discussion about the effects of relevant mone-

tary, financial and capital account policies because this explicit form of the

Backus-Smith condition can be used to establish the relationship between

capital flows and consumption demands. Based on the definition for the fi-

nal goods index (3.4) and the corresponding final goods price index (3.8),

16The Backus-Smith condition is the theoretical positive correlation between relative
consumption and the real exchange rate. The Backus-Smith puzzle refers to the empirical
zero or negative relationship between relative consumption and the real exchange rate, see
Backus and Smith (1993).
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the budget constraint of the household can be rewritten as (3.21).

PtCt +

∫ 1

0

∫ 1

0

Pi,t(j)C
h
i,t dj di+Dh

t +

∫ 1

0

Ei,t(j)Di,t di

≤ WtL
h
t + (1 + rt−1)Dt +

∫ 1

0

Ei,t(j)(1 + ri,t−1)Di,t−1 di

− κD
2

∫ 1

0

(
1− Di,t

Di

)2

Ei,tDi di (3.21)

Given this budget constraint and the optimisation problem of the household,

the first-order necessary conditions for final goods consumption Ch
t , labour

supply Lh
t , domestic bonds Dt and foreign currency deposits from country i

are as follows:

Lh
t

φ

Ch
t

σ =
Wt

Pt
(3.22)

1 = βh(1 + rDt )Et

[
Pt
Pt+1

Ch
t+1

−σ

Ch
t

−σ

]
(3.23)

1 + κD

(Di,t

Di

− 1
)

= βh(1 + ri,t)Et

[
Pt
Pt+1

Ch
t+1

−σ

Ch
t

−σ
Ei,t+1

Ei,t

]
(3.24)

Equation (3.22) describes the tradeoff between the labour supply and con-

sumption demand in period t. Equation (3.23) is the Euler equation for the

households which represents the intertemporal choice between the consump-

tion and saving in the form of domestic deposits. Equation (3.24) is an Euler

equation as well, where the only difference is the use of foreign currency de-

posits rather than domestic deposits for saving17. It can be observed that

there are only three first-order necessary conditions for four unknown vari-

ables. Using the budget constraint of the household, all these four unknown

variables can be determined given the price level, domestic and foreign in-

17The Lagrange multiplier λt = C−σ
t /Pt for households is cancelled in equations (3.23)

and (3.24).
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terest rates, and changes in the exchange rate. By combining the first-order

necessary conditions for domestic and foreign currency deposits, an extended

interest parity relation under the capital constraint can be derived as (3.25).

1 + rt =
Ei,t+1

Ei,t
1 + ri,t

1 + κDd̂i,t
(3.25)

In equation (3.25), d̂i,t ≡ Di,t/Di − 1 ≈ log(Di,t/Di) represents the per-

centage deviation of Di,t from its steady state level Di
18. The log linearised

form of equation (3.25) is log(Ei,t+1/Ei,t) = rt − ri,t + κDd̂i,t. If κD = 0, this

extended interest parity retreats to the conventional form which connects

the exchange rate, and domestic and foreign interest. It should be noted

that the first-order condition for deposits from country i stands for all for-

eign countries i ∈ [0, 1] and i 6= H. This extended interest parity relation

creates additional space for the central bank to cope with external shocks

by means other than relying solely on domestic interest rates. In particular,

the impossible trinity may not bind all the time. In the conventional form

of interest parity, domestic interest rates should always equal foreign interest

rates if the exchange rate is fixed. This suggests that the domestic central

bank loses its monetary policy autonomy because there is no space for it

to move away from the foreign interest rates. If the domestic central bank

favors monetary autonomy and fixed exchange rates, the only choice left is

to break the interest parity relation by closing financial and capital accounts.

However, this extended interest parity under capital controls enables the

central bank to achieve a certain, perhaps mild, level of monetary autonomy

even under a fixed exchange rate regime. Under a fixed exchange rate regime,

Ei,t+1 = Ei,t. Assume the economy is in the steady state at period t. In this

case, d̂i,t = 0. Then the central bank can indeed hold the exchange rate

18Other lower case letters with a hat can be interpreted similarly. Lower case letters
represent the logarithm of the uppper case variable, for example, pt = logPt.
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unchanged and adopt an expansionary or contractionary monetary policy

by changing the domestic bond interest rate. The speed of capital flows

depends on the financial and capital openness parameter κD. It should be

noted that the room for monetary policy change is mild because the fixed

foreign exchange rate is not sustainable, as capital keeps flowing into or out

of the country. Eventually the central bank will be forced to either increase

the interest rate or decrease Ei,t+1, i.e. appreciation gradually, to deal with

continuing capital outflow. In fact, this was exactly the situation in China

from 2005 to 2008 when the People’s Bank of China decided to appreciate

gradually. This extended interest parity creates room for the central bank

to move away from the foreign interest rate and achieve monetary autonomy

even under a fixed exchange rate regime, though conventional interest parity

is still a benchmark which the central bank may have to bounce back to.

Entrepreneurs in the model consume and own firms to produce using

capital accumulated and labour employed. The time discount parameter

of entrepreneurs βe is smaller than that of the household βh, implying en-

trepreneurs discount future consumption and income more. The optimisation

problem for entrepreneurs is specified as in (3.26), subject to the real budget

constraint (3.27) and the collateral constraint (3.28).

max
Ce
t ,L

e
t,Bt,K

e
t

E0

∞∑
t=0

βet logCe
t (3.26)

On the right-hand side of the budget constraint (3.27) are the funds available

for the entrepreneur at time t. Yt is the output of the entrepreneur andKe
t−1 is

the capital level determined in period t−1 and used for production activities

in period t. After production, a δ portion of the capital depreciates and

thus the last item of the budget constraint is the value of the capital after

depreciation, where QK
t is the real price for capital at period t. Bt is the loan

demand of the entrepreneur at time t, following the specification of Iacoviello
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(2005).

On the left-hand side of the budget constraint is the expenditure of the

entrepreneur at period t including the consumption Ce
t , borrowing payment

for bank loans Bt−1, wages for employed labour Le
t, and capital Ke

t for pro-

duction in period t+1. πt ≡ Pt/Pt−1−1 is the final goods inflation rate. The

capital level Ke
t is determined at period t. The difference between Ke

t and

(1 − δ)Ke
t−1 is the new capital accumulated, which constitutes the demand

side of the capital market. Le
t is the labour demand for the production in

period t. The payment on borrowing is in nominal terms thus adjusted for

inflation.

Ce
t +

1 + rBt−1
1 + πt

Bt−1 +WtL
e
t +QK

t K
e
t ≤

Yt
Xt

+Bt +QK
t (1− δ)Ke

t−1 (3.27)

Bt ≤
κEBQK

t+1K
e
t (1− δ)

1 + rBt
(3.28)

The credit constraint faced by entrepreneurs is specified as (3.28). It is

assumed that the borrowing size in period t is a linear function of the value

of capital after depreciation in period t + 1. The parameter κEB measures

the portion of the capital which can be pledged as collateral. However, it

should be noticed that although the Qk
t+1 may drop too much, such that the

value of capital after depreciation QK
t+1(1− δ)Ke

t is smaller than Bt(1 + rBt )

in period t + 1, the entrepreneur still has to pay all debts. The production

function Yt is in the Cobb-Douglas form dependent on the labour employed

in period t and capital predetermined in period t− 1, as in equation (3.29),

where At is the technology used in production.

Yt ≡ AtK
e
t−1

ξLe
t
1−ξ (3.29)

Following the work of Andrés, Arce, and Thomas (2013), the entrepreneur’s

optimal choice of consumption and capital can be expressed as a function
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of net wealth NW t, defined as in (3.30). In the definition of NW t, r
K
t ≡

ξYt/(K
e
t−1Xt) is the marginal return to capital in production. Xt ≡ Pt/P

W
H,t

is the real price of entrepreneur output Yt, where PW
H,t is the wholesale price

of Yt. Q
K
t (1 − δ)Ke

t−1 is the value of one unit of capital after depreciation.

Following the specification of Iacoviello (2005), the borrowing constraint is

assumed to always be binding because entrepreneurs discount more heavily

than households. Defining χt ≡ κEBQK
t+1(1− δ)/(1+rBt ) as the loan to value

ratio, the binding borrowing constraint can be expressed as Bt = χtK
e
t . For a

given lever of capital Ke
t , the borrowing increases as the loan to value ratio χt

goes higher, while the latter depends on the expected asset price and current

domestic nominal interest rate.

NW t ≡
(
rKt−1 +QK

t (1− δ)− χt−1
1 + rBt−1
1 + πt

)
Ke
t−1 (3.30)

The last item ofNW t is thus the payment of principal and interest on borrow-

ing in period t−1. Based on the definition, NW t depends on two variables in

period t, the asset price QK
t and the final goods inflation πt, which are both

taken as given by the entrepreneur. It can be verified that NW t is an increas-

ing function of QK
t . Inflation πt has a positive impact on NW t because of

the debt deflation effect, following Fisher (1933). That is, deflation will have

a negative impact on net wealth which can negatively influence the variables

supported by net wealth, such as consumption and investment. Using the

definition of NW t, the first-order necessary conditions for consumption and

capital can be written as (3.31) and (3.32) respectively.

Ce
t = (1− βe)NW t (3.31)

Ke
t =

βe

QK
t − χt

NW t (3.32)

Lt = (1− ξ) Yt
XtWt

(3.33)
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As explained by Gambacorta and Signoretti (2014), these two conditions are

key to understanding the collateral channel of monetary policy. Both con-

sumption and capital are linear functions of net wealth, which depends on

asset prices and inflation. As the asset price QK
t increases, consumption in-

creases because the entrepreneur becomes wealthier. However, its impact on

investment is ambiguous because there is a tradeoff between the wealth effect

captured by NW t and the substitution effect captured by the multiplier on

NW t. A higher inflation environment will encourage the entrepreneur’s con-

sumption and investment because of the debt deflation effect. The nominal

interest rate can influence current capital or investment by changing the en-

trepreneur’s loan to value ratio χt. The net wealth in the next period will be

influenced as well because of the reduction in interest rate costs. The labour

demand function of the entrepreneur is (3.33).

3.4.3 Capital Goods and Retail Goods

Capital producers in the economy buy domestic final goods and then transfer

these goods into capital goods. The optimisation problem of the capital goods

producer is specified as (3.34).

max
It

E0

∞∑
t=0

λe0,t
(
QK
t Y

K
t − It

)
(3.34)

In (3.34), λe0,t = βeCe
t/C

e
t+1 is the Lagrange multiplier for the entrepreneur

in period t. It is the amount of final goods the capital producer has bought to

produce the capital goods Y K
t . The production function of the capital goods

is Y K
t ≡ (1− κI(It/It−1− 1)2)It, where κI ≥ 0 is the capital installation cost

parameter. The capital producer then chooses It to maximize the discounted

sum of the real profits.

In the work of Brzoza-Brzezina and Makarski (2011), there are three

types of retailers operating in the domestic, export and import retail mar-



84CHAPTER 3. CHINESE CAPITAL CONTROLS IN A NEWKEYNESIANMODEL

kets. This means that retailers can decide the prices in all these three market.

However, the exporters usually decide the price, not the importers. There-

fore, in this study, retailers can determine the domestic and export prices

but not the import price. The import price is determined exogenously by

the foreign countries.

There are a mass of [0,1] retailers in the economy who buy homoge-

neous intermediate goods from entrepreneurs and differentiate them into re-

tail goods. As the retail goods are heterogeneous, the substitution between

different retail goods is not perfect. This leads to downward-sloping demand

curves for each type of retail goods, implying the possibility of retailers deter-

mining the price rather than taking it as given. In order to make monetary

policy nontrivial, this study uses a Calvo (1983) formalism to introduce sticky

prices in the economy. In particular, each of the retailers (for example, retail-

er j differentiates intermediate goods into retail goods j) has an probability

of 1−θ to adjust the retail goods price in each period. Otherwise, the retailer

will choose to keep the retail price unchanged. For domestic retail goods j,

there are demands from both domestic and foreign countries. As the demand

functions from the domestic and foreign countries are different, the optimal

prices are different. The optimisation pricing problem of the domestic retail

goods j in period t is specified as (3.35).

max
P ∗H,t(j)

∞∑
k=0

θkEt

(
λht,kYH,t+k(j)

(
P ∗H,t(j)− PW

H,t+k

))
(3.35)

In this optimisation problem, λht,k ≡ λht+k/λ
h
t is the discount factor of the

household. YH,t+k(j) is the size of the intermediate goods input and the

retail goods output in period t + k. This optimisation function is in fact

the discounted value of the future income from retail goods j by holding the

price at P ∗H,t(j) for all periods from period t. The retailer j faces the demand

function (3.36) for the domestic retail goods j, where CH,t+k = Ch
H,t+k+C

e
H,t+k
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is the domestic consumption demands for domestic goods, and Ci,t+k is the

demands for domestic goods from country i.

YH,t+k(j) =

(
P ∗t (j)

PH,t+k

)−ε(
CH,t+k +

∫ 1

0

Ci,t+k di

)
(3.36)

The first order condition for the retailer’s optimisation problem is (3.37).

Defining the domestic goods inflation from period t − 1 to period t + k as

ΠH,t−1|t+k ≡ PH,t+K/PH,t−1 and the relative price of intermediate goods to

domestic goods in period t + k as XH,t+k ≡ PH,t+K/P
W
H,t+k

19, and given the

steady state real price of the intermediate goods as XH = ε/(ε − 1), the

first-order necessary condition (3.37) can be rewritten as (3.38).

∞∑
k=0

θkEt

[
Ch
t+kYH,t+k(j)

1

Pt+k

(
P ∗H,t(j)−

ε

ε− 1
PW
H,t+k

)]
= 0 (3.37)

∞∑
k=0

θkEt

[
Ch
t+kYH,t+k(j)

PH,t−1
Pt+k

(
P ∗H,t(j)

PH,t−1
− ΠH,t−1|t+k

XH

XH,t+k

)]
= 0 (3.38)

Equation (3.38) can be linearised around the steady state, leading to the

New Keynesian Phillips curve (3.39) , where κX ≡ (1− θ)(1− θβe)/θ, πH,t ≡
log ΠH,t−1|t, and x̂H,t = log(XH,t/XH).

πH,t = βeEt[πH,t+1]− κXxH,t (3.39)

3.4.4 International Risk Sharing and Equilibrium

In a closed real economy model with no nominal frictions, aggregate output

depends on the production function, and utility function based on which

a tradeoff among consumption, investment, and labour can be established.

These real variables do not depend on the price level because producers

19Note that XH,t/Xt = PH,t/Pt.



86CHAPTER 3. CHINESE CAPITAL CONTROLS IN A NEWKEYNESIANMODEL

change prices to cope with different aggregate demands. In a closed econo-

my New Keynesian model, aggregate output is determined by bringing the

dynamic aggregate demand and supply together. In particular, consumption

and investment are decided given the price and wage level. The aggregate

price level is determined given aggregate demand. By combining aggregate

demand and supply with a policy rule pinning down the interest rates, all the

real and nominal variables in the model can be determined. In a canonical

New Keynesian closed economy model, a positive relationship between out-

put and price level is established through the New Keynesian Phillips curve.

In the open economy, consumption and investment depend on the final goods

price level. Given aggregate demand, only the domestic price level can be

determined. Therefore, a relationship between the domestic price level and

the final goods price level should be established to determine the variables

in the economy.

By log-linearizing the final goods index (3.8), a relationship between

the final price level and the domestic price can be established, pt = (1 −
α)pH,t + αpF,t. In this relation, there is one additional item, pF,t, linking the

domestic and final goods prices. To combine aggregate demand and supply,

the relative price St is used to substitute for the foreign goods price pF,t. As

the consumers prefer diversity of consumption goods, the differences between

domestic and foreign goods prices do not lead to arbitrage. However, this

relative price will influence the demand for domestic and imported goods. In

particular, define the bilateral relative price between domestic country and

country i as Si,t ≡ Pi,t/PH,t. The effective relative price is defined as (3.40).

St ≡ PF,t/PH,t =

(∫ 1

0

Si,t
1−γdi

) 1
1−γ

(3.40)

The log linear form of the definition of St can be written as st = pF,t − pH,t.
This implies that the CPI inflation can be expressed as (3.41), combining
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with the logarithm form of the final goods index20. Equation (3.41) can be

interpreted intuitively21. If the relative price st = 0, the CPI inflation equals

domestic inflation. If st > 0, i.e. if foreign inflation is higher than domestic

inflation, CPI inflation will be higher than domestic inflation. The difference

is thus the product of the foreign goods portion and relative inflation in

terms of the domestic currency. Equation (3.41) establishes a pass through

effect of foreign country inflation one the domestic country. Based on this

relationship, final goods inflation is the sum of domestic inflation and an α

portion of st. To close the economy, the relative price St should be linked to

other endogenous variables in the economy.

πt = πH,t + α∆st (3.41)

As St is defined as the relative price of domestic and foreign goods under the

domestic currency, a link between St and the exchange rate should be estab-

lished. In particular, assume that the law of one price holds for individual

goods at all times, i.e. PH,t(j) = Ei,tP i
i,t(j). The relationship between the

domestic price and foreign price can then be established using the nominal

exchange rate. P i
i,t(j) is the price of goods j expressed in the country i’s

currency. Following the relationship between Pi,t(j) and P i
i,t(j), it is obvious

that Pi,t = Ei,tP i
i,t. Substitute Pi,t into PF,t, and log linearise PF,t around the

steady state, and it can be found that pF,t = et + p∗t . By substituting pF,t

using st and pH,t, one can get (3.42) which pins down the nominal exchange

rate.

et = st + pH,t − p∗t (3.42)

At this stage, the relative price St is expressed using the exchange rate,

foreign price level, and domestic price level. The foreign price level can be

considered as exogenously determined, and thus we need to pin down the

20Note that xH,t − xt = pH,t − pt = α∆st.
21Domestic inflation πH,t and foreign inflation πF,t are both in domestic currency. Thus,

the effects of changes in nominal exchange rate are included.
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nominal exchange rate. The bilateral real exchange rate with country i is

Qi,t = Ei,tP i
t /Pt, where P i

t is the final goods price index for country i. The

effective exchange rate in logarithm form is thus qt = et + p∗t − pt. Therefore,

a relationship between the real exchange rate and the nominal exchange rate

is derived. By comparing the expression of qt and st, it can be found that

qt = (1− α)st.

To summarise, the relationship between CPI inflation and domestic in-

flation is now combined through the relative price St which is determined

by the equilibrium condition and international risk sharing condition. Given

St and the relevant price levels, the nominal and real exchange rates can be

determined. The international risk-sharing mechanism mainly considers the

no arbitrage condition between the domestic and foreign Euler equations. In

particular, the household’s Euler equation in country i can be expressed as

(3.43), where βi, Ci
t , P

i
t , and rit are the consumption demand of the household,

final goods price, and nominal interest in country i at time t. Combining with

the Euler equation of the domestic household, the Backus-Smith condition

(3.44) can be derived.(
Ci
t+1

Ci
t

)−σ
P i
t

P i
t+1

=
1

1 + rit
(3.43)(

Ci
t+1

Ci
t

)−σ
P i
t

P i
t+1

=

(
Ch
t+1

Ch
t

)−σ
Pt
Pt+1

1 + rDt
1 + rit

(3.44)

(
Ci
t+1

Ci
t

)−σ
P i
t

P i
t+1

=

(
Ch
t+1

Ch
t

)−σ
Pt
Pt+1

Ei,t+1

Ei,t
1

1 + κDd̂i,t
(3.45)

The Backus-Smith condition reflects the tradeoff between consumption and

saving in both domestic and foreign countries. It can be found that this con-

dition is irrelevant to time discount parameters in different countries. Thus,

this condition holds for entrepreneurs as well. In this sense, the consumption

here represents the aggregate consumption of households and entrepreneurs.
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Using uncovered interest parity (3.25), the Backus-Smith condition can be

rewritten as (3.45).

This new Backus-Smith condition (3.45) is an extension of the one in

the work of Gali and Monacelli (2005). If the capital constraint parameter

κD is equal to zero, this equation reverts to the normal case, as in Gali and

Monacelli (2005). The introduction of this parameter implies that relative

consumption may not change one to one with changes in the relative exchange

rate. This extension can explain the Backus-Smith condition puzzle. Another

advantage of this expression of Backus-Smith condition is that it can be

solved explicitly. In the work of Farhi and Werning (2012, 2014), financial and

capital account friction is introduced by adding a premium over the nominal

interest rate. This can generate an extended Backus-Smith condition but no

explicit solution for it can be easily derived.

Ct

(
1 +

κD
σ
d̂i,t

)
= νiQ

1
σ
i,tC

i
t (3.46)

Suppose equation (3.46) holds, where νi is a constant parameter. By bring-

ing it into (3.45), it can be easily verified that the extended Backus-Smith

condition is satisfied. Thus, equation (3.46) is indeed the solution to the

extended Backus-Smith condition. The logarithm of (3.46) is (3.47).

ct = qi,t + cit −
κD
σ
d̂i,t (3.47)

ct = (1− α)st + c∗t −
κD
σ
d̂t (3.48)

Integrate (3.47) on both sides and substitute qt using (1 − α)st, and the

relationship (3.48) between consumption and the real exchange rate can be

derived, given the changes in holding of the foreign currency deposits, where

c∗t ≡
∫ 1

0
cit di.

The final form of the Backus-Smith condition (3.48) provides a linkage
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between the domestic consumption demand, relative price, foreign consump-

tion demand, and holdings of the foreign currency deposits. It can be seen

that the holding of foreign currency deposits will negatively influence do-

mestic consumption demand, if other variables are unchanged. This implies

that capital controls may reduce the negative impact of the volatility of the

foreign currency deposits holding on domestic consumption. If the capital

constraint parameter κD equals zero, this equation above reverts to the case

in Gali and Monacelli (2005). In the benchmark model of Gali and Monacelli

(2005), a relationship between consumption and output can be established

by considering the equilibrium condition. The main use of this condition is

to link consumption demand and the relative price, and finally pin down the

real exchange and relative price in the model.

There are several types of goods demanded in the domestic economy, in-

cluding homogeneous intermediate goods, retail goods, domestic final goods,

imported foreign goods, and final goods. For each of the retail goods j, the

retail goods output equals the homogenous intermediate goods input. Thus,

the demand for the retail goods can be summed up directly to get the de-

mand for homogeneous intermediate goods. Let YW,t represent the output of

the intermediate goods. Thus, the equilibrium condition of the intermediate

goods YW,t is (3.49).

YW,t =

∫ 1

0

YH,t(j) dj (3.49)

From the optimisation problem, it can be seen that consumers favor a variety

of goods. They buy each item of the goods from the market separately and

consume them as a bundle. Thus, equilibrium should be satisfied at the retail

goods level. One question to ask is whether the holding of the retail goods

equilibrium leads to the holding of the equilibrium in terms of final goods.

There are several types of demand for the retail goods j, including domestic

consumption, domestic investment, and exports in the model, as in (3.50).

XH,t(j) is foreign demand for or exports of domestic goods j, defined as



3.4. A SMALL OPEN ECONOMYMODELWITH CAPITAL CONTROLS91

XH,t(j) ≡
∫ 1

0
Xi,t(j) di ≡

∫ 1

0

(
Ci,t(j) + Ii,t(j)

)
di, where Ci,t(j) and Ii,t(j) are

the consumption and investment demands for domestic goods j from country

i respectively.

YH,t(j) = CH,t(j) + IH,t(j) +XH,t(j) (3.50)

XH,t(j) =

(
PH,t(j)

PH,t

)−ε
XH,t (3.51)

The demand function for retail goods j of consumption, investment, and

export are specified as (3.15), (3.17), and (3.51). The export demand function

has a similar form to the consumption and investment demand functions.

Given the definitions of domestic final goods and the domestic final goods

price index, the demand functions for consumption, investments, and exports

should be the same. This setting is different from that in the work of Adolfson

et al. (2007) where the export demand is expressed in a similar form but

changes with different prices. Put (3.15), (3.17), (3.51), and (3.50) into

(3.49), (3.52) can be derived.

YW,t =
(
CH,t + IH,t) +XH,t

) ∫ 1

0

(
PH,t(j)

PH,t

)−ε
dj (3.52)

Therefore, the demand for the domestic goods in fact equals the output of

intermediate goods. The next step is to build the relationship between the

supply and demand for domestic goods, following the approach of Gali and

Monacelli (2005). Based on the definition of domestic final goods (3.5), the

equilibrium condition (3.53) for domestic goods can be derived.

YH,t ≡
(∫ 1

0

Y
ε−1
ε

H,t (j) dj

) ε
ε−1

= CH,t + IH,t +XH,t (3.53)

Equilibrium condition (3.53) implies that the market clearing condition in the

retail good market is equivalent to the equilibrium condition in the domestic

final goods market. The next step is to examine the relationship between the
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equilibrium conditions for the domestic final goods market and the final goods

market. The relationship between domestic final goods and final goods is

given by equation (3.12) for consumption. The investment demand functions

have the same form as (3.12), as suggested by equation (3.17).

Foreign country i imports goods YH,t produced in country H and then

combines them with imported goods from other countries and the final goods

produced within country i for consumption and investment. In particular,

the demand functions for domestic final goods from country i are (3.54) and

(3.55). P i
t is the world price level in foreign country i’s currency, and XF

i,t

is total import in country i. By integrating Xi,t over different countries, the

total export demand XH,t can be expressed in equation (3.56).

Xi,t =

(
PH,t
Ei,tP i

i,t

)−γ
XF
i,t (3.54)

XF
i,t = α

(
P i
i,t

P i
t

)−η
(Ci

t + I it) (3.55)

XH,t =

∫ 1

0

Xi,t di =

∫ 1

0

(
PH,t
Ei,tP i

i,t

)−γ
XF
i,t di (3.56)

Define Zt ≡ Ct+It as the aggregate domestic demand for the final goods, and

Zi
t ≡ Ci

t + I it as the aggregate domestic demand in country i. Substitute the

demand function for the domestic final goods from consumption, investment,

and exports into the YH,t. The equilibrium condition for domestic final goods

can be written as (3.57), where Sit is the effective relative price in country

i. This equilibrium condition can be log linearised as (3.58)22, where ω ≡
γ+η(1−α). In this study, the ẑ∗t is assumed to follow an exogenous stochastic

22See Appendix 3.A.2 for details.
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process.

YH,t = Zt

(
(1− α) + α

∫ 1

0

(
SitSi,t

)γ−η
Qi,t

ηZ
i
t

Zt
di

)(
PH,t
Pt

)−η
(3.57)

ŷt = (1− α)ẑt + αẑ∗t + αωst (3.58)

In this study, the central bank is assumed to be following a Taylor rule to

conduct monetary policy, as in (3.59). The parameter ρcb determines the

continuity of the monetary policy. Parameters φy and φπ measure the policy

reactions to output gap and inflation rates respectively.

rt = ρcbrt−1 + φyŷt + φππt (3.59)

3.5 Impulse Response Analysis

In this section, the impulse responses of key variables to the foreign demand

shock and the foreign interest rate shock are examined. The impulse re-

sponse analysis focuses on foreign shocks because the model in this chapter

aims mainly to examine the effects of capital controls on the economy. Key

propagation mechanisms of the model can be clarified through the impulse

response analysis. There are three main foreign variables in the model: the

foreign demand, foreign inflation, and foreign interest rates. They are as-

sumed to follow an independent AR(1) time series. The coefficients of the

AR(1) are assumed to be 0.75 for simplicity, which suggests a half-life period

of about 7 months. This simple structure for the foreign economy is useful

for focusing on the influence of a specific foreign shock without considering

the dependencies of the foreign variables.

Model parameters are calibrated in Table 3.6. The values of βh and

βe are calibrated at 0.99 and 0.98 respectively, following Iacoviello (2005),

Rubio and Carrasco-Gallego (2014) and others. These two discount factors
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Table 3.6: Parameters Calibration

Parameters Values Description

βh 0.99 Household discount factor
βe 0.97 Entrepreneur discount factor
σ 1.00 Inverse elasticity of intertemporal substitution
ϕ 1.00 Inverse labour supply elasticity
ε 6.00 ES between goods within a country
γ 1.00 ES between goods from different foreign countries
η 1.00 ES between domestic and foreign goods
α 0.20 Portion of foreign goods in final consumption goods
δ 0.03 Capital depreciation rate
ξ 0.10 Capital share in production function
θ 0.75 Calvo(1983) parameter
ρcb 0.20 Coefficient of AR(1) in Taylor rule
φπ 1.50 Coefficient of inflation in Taylor rule
φy 0.50 Coefficient of output gap in Taylor rule
κD 0.30 Capital control parameter
κEB 0.50 Loan to value ratio
κI 0.30 Coefficient for capital installation costs

ES is short for Elasticity of Substitution.

imply steady-state real interest rates for households and entrepreneurs of 4

per cent and 8 per cent respectively. The parameters for the open economy

settings follow the work of Gali and Monacelli (2005). In particular, the

elasticity of substitution between goods from different foreign countries γ

and the elasticity of substitution between domestic and foreign goods η are

both calibrated at 1. The inverse elasticity of intertemporal substitution σ

is calibrated at 1. This means unit substitutability for goods from different

countries and across time. The inverse labour supply elasticity ϕ is set to 1.

The prior mean of the Calvo (1983) parameter θ is calibrated at 0.75, which

means that the average period of price lasting is 4 quarters.

The weight of foreign goods in final consumption goods is calibrated at

0.2. Gali and Monacelli (2005) use the ratio of import to GDP to calibrate
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this weight. In China,it is around 0.2. The ratio of capital depreciation

is calibrated to 0.03 which implies an annual depreciation rate of 12 per

cent. The substitution parameter between different types of domestic goods

is calibrated at 6. This implies that the steady state markup, ε/(ε − 1), is

1.2. The loan to value ratio is calibrated at 0.50. In China, the minimum

down payment ratio is 0.3. Considering that not all fixed assets are used for

collateral, the average loan to value ratio should be much lower than 0.7. In

the Taylor rule, the prior means of parameters for output and inflation are

calibrated at 0.2 and 1.5 respectively. The share of capital is calibrated at

0.1, which is lower than that in developed economies. For example the work

of Bailliu, Meh, and Zhang (2015), this rate is set to 0.3 for Canadian data.

3.5.1 Impulse Responses to Foreign Demand Shock

Figure 3.2 gives the impulse responses of key variables to foreign demand

shock. The size of the shock is a one percent deviation from its steady state

value. In each panel of Figure 3.2 the green line is the impulse response curve

with capital controls(κD = 0.30), while the blue one is the impulse response

curve without capital controls(κD = 0). Given a positive shock of foreign

demand, aggregate demand and domestic output increase. Domestic goods

inflation increases as well because of the demand-driven shock. The fluc-

tuations in domestic goods inflation are very small because foreign demand

forms only a small portion of the aggregate demand. Moreover, the increase

in aggregate demand is offset by the increase in aggregate supply. There-

fore, the size of domestic goods inflation is very small. The consumption

of households and entrepreneurs both increase under this positive demand

shock because of increases in income and appreciation in exchange rate. Both

capital and labour inputs increase resulting in a reduction of the real price

of intermediate goods, which is negatively related to the marginal cost of

labour.
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Figure 3.2: Impulse Responses to Foreign Demand Shock
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The final goods price experiences a deflation although the domestic good-

s price increases, because of small fluctuations in domestic inflation and a

large appreciation of the nominal exchange rate. In equation (3.41), the dif-

ference between CPI inflation and domestic inflation is the product of foreign

goods portion α and ∆st. ∆st measures the relative inflation between do-

mestic and foreign countries in terms of domestic currency. In response to

a positive foreign demand shock, domestic goods become relative expensive

and the relative price st drops below its steady state level 0. As the economy

moves back to the steady state level, the relative price st approaches to 0.

This means that ∆st is negative, i.e. the domestic inflation is higher than

foreign inflation, in terms of domestic currency. Why is relative inflation ∆st

so negative as to result in a CPI deflation? The relative price st is determined

by the Backus-Smith condition and thus moves almost proportionally to the

foreign demand shock. Changes in the foreign demand shock determine ∆st

as well. Thus, changes to the relative price st will dominate the changes in

domestic inflation pH,t , which results in a CPI deflation.

The variables st and pH,t also determine nominal inflation. Equation

(3.42) defines the nominal exchange rate by replacing pF,t using the sum of

st and pH,t. The foreign exchange rate p∗t equals zero by assumption23. As

explained above, the decrease in st dominates the increase in pH,t. Thus, the

nominal exchange rate et decreases, reflecting an appreciation of domestic

currency and a drop of pF,t for domestic consumers. The final goods price

reduces because it is a weighted average of domestic inflation and foreign

inflation in the domestic currency. As domestic inflation πH,t is small, foreign

goods inflation in terms of domestic currency pF,t dominates, leading to a

deflation of CPI. Expansionary monetary policy is conducted by the central

bank as a reaction to a small output gap and CPI deflation.

Under a positive foreign demand shock, the production of entrepreneurs

23In this specific case, et = pF,t = st + pH,t
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increases, resulting in a booming capital market. In particular, investment

increases sharply because of the expansion. This leads to increases in asset

prices and the net wealth of entrepreneurs as well. The loan to value ratio,

together with bank loans, increases because of the low interest rate envi-

ronment and increased asset prices. The household switches from foreign

currency deposits to domestic currency deposits because of the appreciation

of the domestic currency.

By comparing the impulse responses with and without capital controls,

we can see that capital controls can mitigate the effects of foreign demand

shocks, especially for capital market variables. In Figure 3.2, it seems that

the deviations of foreign deposits in response to a foreign demand shock

under capital controls reduce more quickly compared with the case under

no capital controls. However, this should not be interpreted literally. In

fact, deposit portfolios will be adjusted immediately in the case of no capital

controls. The slow changes in foreign deposits only reflect the intertemporal

tradeoff under steadily increasing domestic interest rates. Capital controls

impose high adjustment costs on immediate portfolio adjustment, and thus

the switch from foreign to domestic deposits needs to take time. However,

the prolonged switching process increases the credit supply by the banks.

Capital price, loan to value ratios, investments, net wealth, and bank loans

all get larger, which indicates that capital controls can increase the volatility

of the domestic capital market by speeding up asset circulation among assets

in different currencies.

3.5.2 Impulse Responses to Foreign Interest Rate Shock

Figure 3.3 gives the impulse responses of key variables to a foreign interest

rate shock. The blue and green lines are for no capital controls (κD = 0)

and capital controls (κD = 0.30) respectively. Under the case of no capital

controls, only foreign deposits react to the shock, and all other domestic
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variables stay at the steady-state level. The domestic economy does not

respond to the foreign interest rate shock because real foreign variables such

as foreign output and demand stay at the steady-state level. Since the foreign

inflation rate and relative price st between foreign and domestic goods do not

change, this implies a constant nominal exchange rate as well. Therefore, the

domestic economy responds to this nominal shock only by adjusting foreign

currency deposits. Aggregate consumption does not change because foreign

deposits can be adjusted without incurring any additional costs.

The domestic interest rate does not change because it follows a Taylor

rule depending on the output gap and CPI inflation. The interest rate dif-

ferentials between domestic and foreign interest rate will lead to immediate

adjustment of the deposit portfolio, which cannot be recognised in Figure

3.3. The slow adjustment of foreign deposits observed in Figure 3.3 reflec-

t the intertemporal tradeoff because of the decreasing foreign interest rate.

Therefore, the positive foreign interest rate shock results in an immediate

change of portfolio to foreign deposits, while all other domestic variables

stay at their steady state levels.

However, if capital controls are imposed, consumption will change be-

cause adjustment of the foreign currency deposits will incur additional costs

which persist over time. In particular, the increase of foreign currency de-

posits implies an income effect entering into the international risk-sharing

relationship between domestic and foreign consumers. Thus, household con-

sumption will increase. This increase in consumption is supported by lower

domestic deposits, reducing the ultimate credit supply in the banking sys-

tem, which leads to wide reductions in investments, asset prices, capital, loan

to value ratios, and bank loans. This recession in the credit market reduces

the production of the entrepreneur from the supply side. Thus, there is a

reduction in output, positive domestic goods and final goods inflation. The

final goods inflation is due to the depreciation of the domestic currency, and
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Figure 3.3: Impulse Responses to Foreign Interest Rate Shock
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leads to an increased interest rate under the Taylor rule.

In general, capital controls establish a link between domestic interest

rates and foreign interest rates such that an increase in foreign interest rates

lead to a reduction in domestic credit supply. Capital controls transform

the one-shot change of deposit portfolios to a gradual process, and introduce

additional volatilities into the economy compared with the case of no capital

controls when confronted with a foreign interest rate shock. However, the

price for stable domestic variables without capital controls is a dramatic

change in deposit portfolios, which is usually related to financial stabilities

in emerging economies.

3.6 Effects of Different Levels of Capital Con-

trols

Different degrees of capital controls can have different influences on domestic

variables. The patterns of the impulse responses for key variables are related

to the calibrated value of the capital control parameter. To examine the

performance of the model variables under different calibrated capital control

parameters, SSD(τ̂t) as defined in (3.60) will be used as the criterion for

measuring the accumulated squared percentage deviation from its steady-

state level, where τ̂t represents the percentage deviation of domestic output,

inflation, nominal exchange rate, and bank loans24. Parameter βcb is the time

discount factor for the central bank.

SSD(τ̂t) ≡
20∑
1

βcbτ̂ 2t (3.60)

Figure 3.4 gives the responses of SSD(τ̂t) under a foreign demand shock.

24Only the first 20 τ̂2t will be summarised for simplicity.
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Figure 3.4: SSD(τ̂t) under a Foreign Demand Shock
The left axis is the value for SSD(τ̂t) , and the bottom axis is the value for capital control parameter κD .

For different values of the capital control parameter κD, the value of SSD(ŷt)

first decreases along with κD, then increases. This implies that the volatility

of domestic output reduces for mild capital controls.

With no capital controls, consumers will borrow from abroad to support

their consumption under a foreign demand shock. Domestic deposits will also

increase because of higher loan demand from entrepreneurs. However, capital

controls will impose additional costs on foreign deposits and thus restrict of
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Figure 3.5: Losses under Different Weights on Inflation and Output Gap

households’ ability to borrow from abroad because sustained deviations from

steady state will be costly for them, as suggested by the decreasing SSD(d̂Ft )

in Figure 3.4.

The reallocation from foreign to domestic deposits will increase the credit

supply in the domestic credit market. If the capital control level is too high,

the exaggerated effects in the credit market will dominate and thus increase

output volatility. Thus, mild capital controls but not strict capital controls

can act to isolate foreign demand shocks in the domestic real economy.

However, capital controls are less useful in decreasing the volatility of

inflation. The SSD(π̂t) persistently increases with the capital control param-

eter κD. This is not surprising, because inflation acts as a buffer to absorb the
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Figure 3.6: SSD(τ̂t) under a Foreign Interest Rate Shock

foreign demand shock. The exchange rate has a similar pattern to inflation.

Under the assumption of independent foreign shocks, increases in inflation

will be accompanied by similar fluctuations of the nominal exchange rate to

absorb foreign demand shocks.

As SSD(ŷt) and SSD(π̂t) are U-shaped and increasing with κD respec-

tively, a weighted sum of SSD(ŷt) and SSD(π̂t) may have a minimum value

with respect to κD. Assume a loss function for the central bank as in (3.61).

The values of Losst under different weights λcb are plotted in Figure 3.5.
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Figure 3.7: SSD(τ̂t) under a Foreign Inflation Shock

When λcb has a value above 0.4, the loss function Losst has a minimum

value over different λcb.

Losst = λcbSSD(ŷt) + (1− λcb)SSD(π̂t) (3.61)

Figure 3.6 gives the sum of squared percentage deviations under a foreign

interest rate shock. The sums of the squared output, inflation and exchange

rate deviations increase with the level of capital controls. The decrease in

foreign deposit deviations are due to the additional costs from capital con-
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trols. This finding is consistent with the results of the impulse response

analysis which the domestic variables will respond passively to the foreign

interest rate shock under capital controls while staying constant if there are

no controls at all.

Figure 3.7 gives the sum of the squared percentage deviations under

a foreign inflation shock. The sums of squared output and exchange rate

deviations increase with the level of capital controls. The top right panel in

Figure 3.7 is the sum of squared inflation. SSD(πt) under foreign inflation

shock exhibits an inverse S shape. When the capital control parameter κD

is around 0.80, the value of SSD(πt) is near to that of the no capital control

case.

The capital controls on foreign currency deposits in the household budget

can reduce output deviations under a foreign demand shock. This type of

control can only increase the volatility of the economy under a foreign interest

rate and inflation shock. Nevertheless, if there are no capital controls, the

deposit portfolio will change dramatically and immediately after the shock,

which may incur financial instabilities in emerging economies.

3.7 Conclusion

3.7.1 Main Findings

In an economy with no capital controls, the central bank will be forced to

maintain a zero gap between foreign and domestic interest rates under a

fixed exchange rate regime because of capital surges and flights. International

capital flows thus only play a threatening role in closing the interest rate gap.

Capital controls can break the binding relation between interest rate gaps and

changes in exchange rates by slowing down the arbitrage transactions.
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This study tests and estimates a VECM to examine whether there is

a long-run relationship between capital inflows, interest rates differentials,

and nominal exchange rates, and whether deviations from the long-run rela-

tionship can influence the changes in these variables, based on monthly data

from China over the sample period October 2006 to June 2015. It is found

that there is a long-run relationship existing between capital inflows and in-

terest rates differentials. Deviations from this long relationship impose an

error correction mechanism on the changes in capital inflows, but not on ex-

change rates and capital inflows. This implies that China has indeed achieved

monetary policy autonomy, with a partially opened capital account and an

exchange rates regime in general pegged to the US dollar.

The normative analysis using a DSGE model examines the theoretical

consequences of capital controls on other variables. A capital control mech-

anism is introduced by imposing an additional cost on the budget constraint

of households such that increases or decreases of foreign currency deposits

will incur some transaction costs. The central bank can step into this capital

control mechanism by changing the capital control parameter such that it

can be extremely costly for households to change their levels of foreign de-

posits. Under this mechanism, the central bank can influence the speed of

capital flows. It is found that capital controls transform dramatic and imme-

diate changes in deposit portfolios into a prolonged and gradually adjusting

process. Besides this, capital controls can reduce output fluctuations under

a foreign demand shock, but can only increase the volatility of the economy

under a foreign interest rate or inflation shock.

If there are no capital controls, consumers will borrow from abroad to

support their consumption under a foreign demand shock. Capital control-

s impose additional costs on holding foreign deposits. Therefore, they can

constrain households’ incentive to borrow from foreign countries for con-

sumption. Additional costs also lead to reallocation from foreign to domestic
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deposits. This results in increases in supply in the domestic credit market,

and thus lead to increases in asset prices, net wealth of entrepreneurs, invest-

ment, and output. If the capital control level is too high, the exaggerated

effects in the credit market will dominate and thus increase output volatility.

Thus, mild capital controls but strict capital controls cannot act to isolate

foreign demand shocks in the domestic real economy.

Moreover, there is an optimal capital control level, if the weight of output

volatility in the central banks loss function is high enough. This indicates

the proposition of Xiaochuan Zhou may be appropriate if the central bank

places sufficient weight on output gaps.

Impulse response analyses suggest that this capital control mechanis-

m can mitigate the output volatility of the economy when facing a foreign

demand shock, but may induce additional capital market volatility. A more

open capital account suggests that the economies will be more robust because

real shocks can be absorbed by the nominal shocks more quickly. Therefore,

it can be predicted that, with less restrictions on foreign institutional in-

vestors, there will be more fluctuations in financial market variables, such

as exchange rates and asset prices. However, the financial sectors can work

better to mitigate the real shocks. Capital controls can incur additional

volatility in the economy when confronting a foreign interest rate shock, be-

cause the controls transform the immediate changes to deposit portfolios to

a gradual adjustment process. A foreign interest rate shock cannot influence

real variables of the domestic economy if there are no controls, while capital

controls create a transmission mechanism that links the domestic economy

and foreign nominal shocks.
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3.7.2 Future Work

In the empirical section, FDI inflows are used to examine possible arbitrage

pressures on interest rate parity, because of the special position of FDI inflows

in China’s financial and capital account, and the availability of data. How-

ever, comprehensive tests can be conducted by using more types of capital

flow data in different frequencies.

In the theoretical section, the capital control mechanism is examined by

imposing additional costs on the budget constraints of households as portfo-

lio capital inflows and outflows are highly restricted in China. Nevertheless,

the theoretical section does not embed FDI inflows in the DSGE model di-

rectly and explicitly. Extensions in this direction will enhance the theoretical

findings in this study.
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3.A Appendix

3.A.1 PP Test and Cointegration Relations

Table 3.7: Phillips-Perron Test for Unit Roots

Level 1st Difference
Series Prob. Bandwidth Prob. Bandwidth
log(Et/Et−1) 0.0000 3 0.0001 36
IRD* 0.1858 13 0.0000 16
FDI/GDP 0.0000 4 0.0001 26

Automatic bandwidth is selected using Newey-West procedure. Et is nominal RMB/USD exchange rate at month t. Prob.

refers to MacKinnon (1996) one-sided p-values. Individual intercept and trend are included in the test equation.

Table 3.8: Estimated Cointegration Relations for Equation (3.1)

Cointegrating Equation 1 2

Constant
(0.0231) (-0.6187)
-0.0066 -0.0259

[ 3.4968] [-23.8720]

IRD(-1) *
-0.0060 0.0564

(-0.0026) (-0.0103)
[-2.2947] [ 5.4672]

∆ log(Et/Et−1)(−1) 1.0000 0.0000

∆FDI/GDP(-1) 0.0000 1.0000

Standard errors in ( ), and t-statistics in [ ]. *IRD is short for interest rate differentials between Shibor and effective
Federal Funds rate.

3.A.2 Log Linearisation

Log linearize (3.57), we can get (3.63) .

yt = zt − η(pH,t − pt) + α(γ − η)st + αηqt + α(z∗t − zt) (3.62)
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Note that pH,t − pt = −αst, and qt = (1− α)st. Define ω ≡ γ + η(1− α), we

can get (3.63).

yt = (1− α)zt + αz∗t + αωst (3.63)
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Chapter 4

An Open New Keynesian

Model with a Banking Sector

4.1 Introduction

The financial crisis of 2008 revealed that monetary policy is insufficient to

maintain a stable financial system. Macroprudential tools were thus proposed

as supplements to enhance financial stability under shocks. Nevertheless, the

usefulness of macroprudential policy and its relationship to monetary policy

are still under open discussion. This chapter builds an open economy model

with a banking sector and estimates it using Chinese data, in order to analyse

the effects of monetary and macroprudential policies from the Chinese view

point.

Compared with the existing literature, this study makes contributions.

First, the banks in the model have an elaborated balance sheet structure,

through which they can increase their leverage ratio quickly. Banks work as

financial intermediaries linking households and entrepreneurs, whose deposits

113
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and loans are usually long term, while liabilities from the central bank and

foreigners can work as short term funding sources for banks. Borio and

Shim (2007) find that financial imbalances will increase with the expansion

of funding through the foreign market. This reliance on short-term funding

sources enables banks to expand their balance sheets quickly through a higher

leverage ratio.

Second, the model economy operates in an open economy environmen-

t. The financial crisis in 2008 revealed that an increase of the foreign risk

premium had a significant adverse effect on the domestic financial system

and economy. Expanding the New Keynesian model with a banking sector

to an open economy environment is useful to examine the possible spillover

effects of a foreign risk premium shock. The imperfect substitutions between

domestic and foreign asset implies that nominal returns on domestic deposits

and foreign deposits can be different under the same currency. This provides

a mechanism to analyse the relationship between purchasing power parity

and interest rate parity in a New Keynesian model.

Third, this study compares the effectiveness of monetary policy and

macroprudential policy. Four different policy sets, including different combi-

nations of a standard Taylor rule, a loan to value ratio extended Taylor rule,

and a macroprudential tool, are assessed based on a central bank loss func-

tion. It is found that the extended Taylor rule has no dominant role among

the four combinations of policies. The extended Taylor rule with macropru-

dential policy has lower losses compared with other policy sets. However, the

macroprudential tool can generate a marginal reduction in losses that are in

the objective function of the central bank.

Fourth, the model is calibrated and estimated using Bayesian methods

based on quarterly data from China, covering a sample period from 1996Q1

to 2015Q4. There is a relatively small body of empirical DSGE literature us-
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ing Chinese data, compared with the models estimating for data of industrial

economies. Estimation results suggests that inflation in China is highly per-

sistent. Substitutability of different funding sources is high, and thus banks

are sensitive to different interest rates.

4.2 Literature Review

The main motivation of this study is to build a model that can be used to

examine the risk-taking behaviour of banks and the relevant macroprudential

and monetary policy that can be used to discipline this behaviour of the

banks. There are several strands of literature related to this paper: monetary

policy transmission channels; systemic risk and macroprudential regulation;

and policy analysis in DSGE models.

4.2.1 Monetary Policy Transmission Channels

The first strand is the monetary policy transmission channel literature. In

New Keynesian models for analyzing monetary policy, the interest rate chan-

nel is one of the most important channels. Following the work of Bernanke,

Gertler, and Gilchrist (1999), one additional transmission channel of mon-

etary policy through the banking sector i.e. the credit channel, is widely

examined in the literature both theoretically and empirically. The recent

work of Borio and Zhu (2012) specifies another monetary policy transmis-

sion channel through the banking sector, refer to as the risk-taking channel.

The main difference between the credit channel and the risk-taking channel is

that the latter emphasizes the proactive behaviour of the banks. Bernanke,

Gertler, and Gilchrist (1999), Iacoviello (2005), Gerali et al. (2010), and

Gambacorta and Signoretti (2014), just to name a few, all take the banking

system as a passive sector in the economy model. That is, they assume the

banks cannot expand their balance sheets at their will. They adjust inter-

est rates to close the gap between ultimate fund supply and demand. In
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this sense, their risk-taking behaviour cannot be examined in these models

because banks are entirely intermediate institutions connecting demand and

supply in the credit market. Banks cannot choose to expand their balance

sheet proactively even if they want to. However, banks do behave actively

rather than passively in the real world. This chapter aims to build a model

to examine the active behaviour of banks.

The risk-taking behaviour of banks has several sets of effects on the

financial system and real economy because of (Borio and Zhu, 2012). The

first set of effects is on risk attitudes and risk evaluation. A low interest

environment can reduce a borrower’s default rate, which in turn encourages

risk-taking behaviour by banks. This impact is similar to the balance sheet

channel of monetary policy or the financial accelerator effect. However, the

risk-taking channel emphasizes the risks rather than the returns of borrowers.

Thus, it is in fact an enhancement of the financial accelerator effect. The

second set of effects is on the relationship between market rates and banks’

required rates of returns. This effect is sometime referred to as the search for

yield effect, which emphasizes the deviation of market interest rates from the

banks’ required returns (Borio and Zhu, 2012). This search for yield effect is

related to the concept of maturity mismatch. For example, returns on loans

and deposits cannot change as quickly as policy rates because their terms

are usually longer than the terms of policy rates and relatively difficult to

adjust due to the nature of contracts. Thus, the banks cannot adjust their

asset returns as quickly as their average financing interest rates if they relying

mostly on short-term financing sources. The third set of effects of risk-taking

is through the communication and reaction function of the central bank. In

particular, banks may expect the central bank to cut off large downside risks

through expansionary monetary policy. Such commitments by the central

bank may encourage banks to engage in more riskiness. This is the case

in China for the banking system, particularly for the big four state-owned

banks.
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4.2.2 Macroprudential Policy and Financial Stability

The second strand of this review is the literature about macroprudential

policy and systemic risk. Before the financial crisis in 2008, there was a broad

consensus on monetary policy among academics and policy makers. Mishkin

(2011) summarises nine basic monetary principles, such as “price stability has

important benefits”. In general, the monetary authority should mainly react

to inflation, or improve the employment status in the economy if inflation

is well controlled (Galati and Moessner, 2013). After the financial crisis in

2008, macroprudential policy became widely discussed as an additional choice

alongside monetary policy. The term, macroprudential policy, dates back to

unpublished documents in the late 1970s. It appeared in publications in the

1980s and became well known because of a famous speech by Crockett (2000).

However, there is still no consensus on the targets, measurements, and tools

of macroprudential policy (Galati and Moessner, 2013).

In general, the aim of macroprudential policy is to maintain financial

stability. However, the term financial stability has no concise and widely ac-

cepted definition yet. Financial stability can be vaguely defined as providing

stable financial services, as suggested by BoE (2009). Nevertheless, macro-

prudential policy should not react to common booms and instability signals

as they may not be directly related to the credit expansion of the banks.

Perotti and Suarez (2009) regard the main aim of macroprudential policy as

reducing the negative externality of systemic risk. The definitions of financial

stability can be divided into two groups. The first focuses on the stability of

the financial system when confronting exogenous shocks. The second is about

the stability of the financial system when confronting endogenous factors. In

this study, both exogenous and endogenous factors will be examined. En-

dogenous instability is modelled as the risk-taking behaviour of banks when

increasing their leverage ratio and loan to value ratio. Exogenous instability

is assessed by examining the economy’s impulse responses to shocks.
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Although there are different opinions on macroprudential policy targets,

Crockett (2000) suggests a useful starting point is to distinguish between

the micro prudential and macroprudential policies. In general, the ultimate

target of macroprudential policy should be to mitigate the costs resulting

from financial instability or systemic risk, which are two closely related con-

cepts. Systemic risk and financial stability can be regarded as the object

and aim of macroprudential policy respectively. The literature on systemic

risk blossomed in the post-financial crisis era and influenced the regulatory

and supervisory attitudes of the banking system. Although there are still no

dominant methods for measuring systemic risk, the importance and features

of systemic risk are widely examined.

Galati and Moessner (2013) suggest that systemic risk can be described

through both cross-sectional and longitudinal dimensions. The cross section-

al risk mainly refers to contagion among financial institutions, while the lon-

gitudinal risk mainly refers to the procyclicality of the financial risks (Caru-

ana, 2010). The distinctions between cross-sectional and longitudinal system

risk are important for policy tool design. Trichet (2009) discusses the im-

portance of systemic risk in regard to the contagion effect, the hump effect,

and the amplification effect. The dichotomy used by Galati and Moessner

(2013) is conceptual while the categorization of Trichet (2009) provides more

structural insights into systemic risk.

Contagion can refer to the correlation of individual risks 1. In the clas-

sical asset pricing model, idiosyncratic risks are assumed to be independent.

However, what appears as idiosyncratic may have systemic importance under

a contagion mechanism, which turns individual and self-contained risks into

systemic risk (Trichet, 2009). The transactions between counterparties may

impose negative effects on other financial market participants because finan-

cial markets segments and participants are interconnected through various

1See explanations about the Domino model in the work of Brunnermeier et al. (2009).
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types of transactions. This contagion implies that microprudential regulation

is not sufficient for assuring systemic stability.

The hump effect refers to the slow buildup and quick unraveling process

of financial imbalances. This mechanism is closely related to informational

asymmetries and learning mechanisms. A sequence of positive shocks may be

regarded as a sign of a long-run expansion while in fact it is not. When mar-

ket participants finally realize the fact, the imbalance suddenly erupts and it

gets evens it out abruptly. The process of unravelling can damage the econ-

omy because the financial sector is functionally important for the economic

system. In the unravelling process, some banks may go bankrupt because

of the drying-up of market liquidity. As explained by Brunnermeier et al.

(2009), liquidity can be divided into funding liquidity and market liquidity,

which concerns the funding and selling aspects of the banks respectively. In

the unravelling process, banks may prefer to shrink their balance sheets by

selling assets because of the drying-up of the short term funding sources.

However, market liquidity does dry up and margins for fire-selling shoot up.

The banks therefore cannot sell their assets at a fair price. At this stage,

many of the banks will go bankrupt and this may damage the real economy.

The final feature of systemic risk is the amplification effect. This mecha-

nism concerns mainly the relationship between the financial system and real

economic activity. Usually, the individual risks of banks are unable to shake

the real economy. However, systemic risk can. One of the famous amplifica-

tion mechanisms is the financial accelerator effect as explained by Bernanke,

Gertler, and Gilchrist (1999). Given asymmetric information in the economy,

net worth will act as a buffer absorbing the risks. Net wealth increases in

the boom periods and decreases in recession periods, which indicates that

wealth worth will amplify the fluctuation of the economy.

For macroprudential policy tools, there are many suggestions in the liter-
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ature. Hannoun (2010) summarises prudential policy tools. Microprudential

tools including the capital ratio and leverage ratio. Macroprudential tool-

s include counter-cyclical capital requirements. It has been suggested that

the macroprudential target can also be achieved in developing countries by

taming capital flows with controls on outstanding foreign assets (Tucker,

2009). Regarding the cross-sectional and longitudinal aspects of the macro-

prudential policy target, the tools can be grouped as well. One of the widely

suggested longitudinal tool is the counter-cyclical capital adequacy require-

ment. This tool can be used to reduce the adverse effects of securitisation on

systemic stability (Shin, 2010). Another longitudinal tool is the loan to value

ratio. Borio, Furfine, and Lowe (2001) suggests that loan loss provision will

be higher in recessions because of the influence of account rules, tax codes,

and risk measurements. These factors will result in lower loan to value ratios

in bad times. The time varying requirement or maximum value restriction on

loan to value ratios will mitigate the adverse effect of the procyclical leverage

ratio.

In this study, the loan to value ratio will be used as a macroprudential

tool to reduce the possible procyclical effects of financial shocks on business

cycles in a New Keynesian model. Macroprudential tools may be used to

confine systemic risk before it becomes uncontrollable. Arrangements and

schemes can be applied to limit the growth and build up of systemic risk.

However, even if systemic risk is small, amplification and contagion can exist.

Thus, two policy ideas are important based on the features of systemic risk.

The first one is that the macroprudential policy should be designed

to mitigate the tendency of the banking sector to build up systemic risk.

However, the basic New Keynesian model cannot be employed to examine

this type of policy because it assumes the bank sector is usually a passive

actor in the economy. That is, imbalances can only originate from the real

sector rather from the financial sector. Thus, it is not possible to examine
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the evolution of financial imbalances via the basic New Keynesian model.

The second idea is to reduce the contagion and the amplification effec-

t. Contagion implies complex inter-connections within the financial sector

(Brunnermeier et al., 2009). Liquidity risk connections rather than credit risk

connections should be a primary feature of the model because one of the most

damaging mechanisms in the 2008 financial crisis was the drying-up of market

liquidity (Brunnermeier et al., 2009). When this happens, banks cannot roll

over their liabilities or sell their assets at a fair price. The amplification effect

is an inherited feature of the financial system under asymmetric information.

Given the current stage of the information collection and distribution system,

it may be relatively difficult to reduce information asymmetries quickly. A

more possible and realistic attitude to handling the amplification mechanism

is therefore to accept and control them. For example, in the post-financial

crisis era, central banks can step in to provide loans to firms and cut the

amplification mechanism from the financial sector to the real economy.

4.2.3 Policy Analysis in DSGE Models

The third strand of literature is about the policy analysis in DSGE models.

The Taylor principle was proposed by Taylor (1993) and was then widely

used to characterise monetary policies by central banks. There are various

types of Taylor rule, with the key being to ensure the determinacy of the

linear rational expectation system in dynamic stochastic general equilibrium

(DSGE) models. Usually, the linear rational expectation system is derived

from first-order conditions using approximation methods, usually log lineari-

sation. The Taylor rule becomes a necessary and sufficient condition for

determinacy in such models.

However, when more structures about information and expectations are

introduced into the system, the conventional Taylor rule may no longer be
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sufficient to ensure determinacy. Consider some cases in which the simple

Taylor rule must be extended to handle the new situation. The first exten-

sion is to handle a regime-switching parameter. As in the work of Davig and

Leeper (2005), a Markov switching mechanism is introduced into the model

and a generalised Taylor principle is proposed to ensure the stability of the

expanded rational expectation system. Another extension is to consider the

interest spread in the market. If we consider systemic risk in the financial

sector, some type of extended Taylor rule can be employed to handle imbal-

ances in the financial sector. The interest spread or margin can shoot up as

the market panics, which leads to liquidity problems for the banks. Taylor

et al. (2008) proposes that the conventional rule can be modified to incor-

porate an interest rate spread. Curdia and Woodford (2010) find that this

type of modification can improve the economic responses to shocks from the

bank credit supply side.

In order to examine the effects of different proposed policies, DSGE

models are now widely used to analyse the relationship between systemic

risk and the macroeconomy (Sbordone et al., 2010). However, there are sev-

eral disadvantages to the basic versions of DSGE models which include no

meaningful financial frictions (Bean, 2009), no accumulation and bursting of

financial booms (De Bandt, Hartmann, and Peydr, 2009), and an implicit

assumption of no bankruptcies (Goodhart, Osorio, and Tsomocos, 2009). In

order to provide a more elaborate analysis of monetary and macroprudential

policy, it is necessary to overcome these shortcomings.

To deal with these, two types of modifications are developed. The first is

a consideration of credit constraints on non-financial borrowers, such as in the

work of Curdia and Woodford (2009), Christiano, Trabandt, and Walentin

(2011), Gerali et al. (2010), etc. Collateral constraints were used by Iacoviello

(2005) which is another widely cited work with this modification. The main

idea of this type of model is to build a financial accelerator mechanism similar
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to that of Bernanke, Gertler, and Gilchrist (1999). In the work of Kannan,

Rabanal, and Scott (2012), a model with a financial accelerator is built to

examine the performance of the interest rate tool and the macroprudential

tool. They found that when monetary policy responds to the financial ac-

celerator if can enhance financial stability. Moreover, macroprudential tools

can be used to tame credit cycles. Galati and Moessner (2013) criticise this

type of model for focusing only on the frictions of nonfinancial borrowers and

argue that it therefore cannot be used to understand the financial crisis of

2008.

The second type of modification considers frictions within the financial

sector. These models are widely used to examine the role of bank capital in

the policy transmission channel. One of the main finding of these models is

the critical importance of different interest rates in the economy. Goodfriend

and McCallum (2007) introduce a banking sector into the model to make

a clear distinction between mortgage interest rates, Treasury bill rates, net

returns to capital, and pure intertemporal rates. In the model of Gertler

and Karadi (2011), financial intermediaries face endogenous balance sheet

constraints. In the work of Gerali et al. (2010), a competitive competition

banking system is embedded to distinguish different interest rates in the

model. The real economy part of Gerali et al. (2010) follows the work of Ia-

coviello (2005) where the collateral constraint of borrowers is always binding.

In the work of Bianchi and Mendoza (2011) and Jeanne and Korinek (2012),

a collateral constraint that is not always binding is considered. The over-

borrowing problem is introduced in their models by assuming an externality

of borrowers. This provides a hint about now introducing macroprudential

tools can reduce externalities in the banking sector. Several other papers

consider the externality problem as well, such as Perotti and Suarez (2009).

Christensen, Meh, and Moran (2011) assume asymmetric information be-

tween banks and borrowers. The externality of bank decisions imply that

the countercyclical regulation of the balance sheet will stabilise the financial
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system and economy. Countercyclical leverage regulation will mitigate the

externality, especially when shocks are from the financial sector.

Using these extended DSGE models, the effects of an extended Taylor

rule and macroprudential policy are widely discussed. Researchers usually

find the extended Taylor rule and macroprudential policy useful, especially

when shocks are from the financial sector. Some authors propose an extended

Taylor rule as a reaction to procyclical asset prices or other financial factors.

As mentioned above, Curdia and Woodford (2010) suggest that the interest

rate spread can be added into the standard Taylor rule to deal with pro-

cyclical financial factors. However, Faia and Monacelli (2007) find that the

marginal welfare gains produced by embedding asset prices in the standard

Taylor rule will disappear if the reaction of policy interest rates to inflation

becomes substantially large.

Based on the work of Gerali et al. (2010), Angelini, Neri, and Panetta

(2011) estimate a New Keynesian model using Europe data. Macroprudential

policy is implemented using a countercyclical leverage ratio. It is found

that the effectiveness of macroprudential policy is minor if shocks are from

the supply side, and sizable if shocks are from the financial sector. It is

also found that the combination of monetary policy and macroprudential

policy is beneficial. Quint and Rabanal (2014) estimate a New Keynesian

model using European data as well and find macroprudential policy can

reduce business fluctuations. Rubio and Carrasco-Gallego (2014) establish

a model using a collateral constraint. They select the loan to value ratio

as the macroprudential policy tool. It is found that a mix of monetary

policy and macroprudential policy can increase the overall welfare of the

economy. The welfare analysis of Rubio and Carrasco-Gallego (2014) follows

the work of Mendicino and Pescatori (2007) using a weighted average welfare

of households and entrepreneurs. Nevertheless, this overall increase in welfare

is in fact an aggregated result of the welfare tradeoff between the ultimate
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borrowers and lenders.

Benes and Kumhof (2011) compare the capital adequacy ratio tool with

traditional monetary policy. They find that the capital adequacy ratio will

reduce the adverse effects of a creditability shock on entrepreneurs and in-

crease the welfare of the economy. Brzoza-Brzezina, Kolasa, and Makars-

ki (2015) establish a two-country model to examine the imbalance between

central countries and peripheral countries in Europe, following the collateral

constraint setting of Iacoviello (2005). The loan to value ratio is used as the

macroprudential policy. It is found that macroprudential policy can reduce

the credit and output fluctuations of peripheral countries.

Lambertini, Mendicino, and Punzi (2013) find that the loan to value

ratio reacting to credit expansion can stabilise the economy. Funke and

Paetz (2012) find the loan to value ratio rule works better than the tra-

ditional Taylor rule in a New Keynesian model. Darracq-Paries, Sorensen,

and Rodriguez-Palenzuela (2011) find that countercyclical capital require-

ments can smooth the business cycle but may lead to high fluctuations in

balance sheets. Brzoza-Brzezina, Kolasa, and Makarski (2014) examine the

welfare implications of foreign loans. It is found that foreign loans have a

positive influence on monetary policy transmission. In the work of Brzoza-

Brzezina, Kolasa, and Makarski (2014), the total loans of households are

defined in terms of a constant elasticity function. Gilchrist and Zakraǰsek

(2011) extend the work of Bernanke, Gertler, and Gilchrist (1999) and find

an extended Taylor rule reacting to the interest spread will reduce the ad-

verse impact of financial shocks. Bailliu, Meh, and Zhang (2015) establish a

model based on Gilchrist and Zakraǰsek (2011) and estimate it using Canadi-

an data. Four different combinations of policies are examined including the

standard Taylor rule, an extended Taylor rule, a mix of a standard Taylor

rule and macroprudential policy, and a mix of an extended Taylor rule and

macroprudential policy. It is found that both the extended Taylor rule and
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the macroprudential tool policy increase the welfare of the economy.

4.3 An Open Economy Model with a Bank-

ing Sector

The model in this Chapter will contribute to the DSGE literature by clari-

fying the choice between the extended Taylor rule and the macroprudential

rule. Three features are introduced in order to handle the considerations

discussed in the previous subsection.

First, the banks can adjust their balance sheet structure to actively

adapt to different interest rates and risk environments. Second, liquidity

effects can be examined in the model to address the interactions between

credit and liquidity risk. Third, foreign funds can be one of the main funding

sources so that the effects of foreign risk premium shocks can be examined.

The main difference between the model in this chapter and other models

is that the banks can expand their balance sheets through relying more on

wholesale market financing.

The model elaborates on the banking sector typical in Iacoviello (2005),

Gerali et al. (2010), and Gambacorta and Signoretti (2014). In the work of

Bernanke, Gertler, and Gilchrist (1999), an interest rate spread is introduced

through a costly state verification assumption. This spread is negatively

related to the net worth of firms, which is implicitly pledged as collateral.

This wedge between the deposit and loan interest is the key through which the

financial accelerator mechanism works. However, the banks in their model

are not permitted to actively take more risks because households’ deposits are

the only liability of the banking sector. The deposit and the loan markets are

not treated separately, and thus banks actually passively adjust loan interest

rates to maintain the balance sheet constraint, i.e. deposits must equal loans

in size. Iacoviello (2005) establishes a model in which the banking sector
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follows the collateral constraints specified by Kiyotaki and Moore (1997).

Entrepreneurs’ borrowing is constrained by the the value of their housing

as collateral, which is determined by housing prices, interest rates, and a loan-

to-value parameter. This model cannot be used to examine banks’ risk-taking

behaviour because the collateral constraint is always binding, and household

deposits are the only source of funding. Gerali et al. (2010) extend the

work of Iacoviello (2005) by considering a banking sector with retail and

wholesale funding departments. Gambacorta and Signoretti (2014) use a

simplified version of the Gerali et al. (2010) model to examine a leaning-

against-the-wind monetary policy. Both of these models divide a bank into

two departments - the wholesale department and the retail department. The

wholesale department in general determines the capital structure given the

current level of bank capital. The retail department determines the interest

rates for deposits and loans in the retail market using a markup pricing

method. In the wholesale market, optimal leverage is externally assumed

and banks bear additional deadweight loss if they deviate from this optimal

leverage. As there are costs incurred in building up capital, the banks cannot

adjust their bank capital immediately.

In the model of this chapter, the balance sheet of the banking sector

is introduced structurally in the sense that the asset and liability parts are

modelled separately. This is usually the case in reality because banks usual-

ly manage their assets and liabilities in different departments. The funding

problem will be considered independently from the asset side. In particu-

lar, banks consider their loan problem without directly bothering to address

where these funds will come from. The funding sources do not strictly re-

strict the loans extended. In the liability department, the bank will take the

loan demand as given, while seeking to find various sources to satisfy this

demand, keeping the financial costs as low as possible. This type of bank

structure can be supported by a typical bank sector balance sheet, as shown
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in Table 4.1. The asset side of the bank sheet includes the loans and reserves,

while the liability and equity side includes the financial sources from cash,

debts, and bank capital2. The funds collected from deposits and central bank

lending are not used entirely for granting loans. In fact, only a fraction of

the money can be used to extend loans3.

Table 4.1: Sources & Uses of Funds Depository Financial Institutions

Asset Liability and Equity

Reserves, Cash, and other Asset (38%) Retail Deposit (88%)
Loans (62%) Financial Bonds (2%)

Equity (10%)

Ratios in this table are the average monthly data of first four months in 2016. The financial bonds are the sum of domestic

bonds and liabilities to international financial institutions. The ratio of foreign bonds to total bonds is 5.8 per cent. Data

Source: Sources & Uses of Credit Funds of Financial Institutions, available at: http://www.pbc.gov.cn/diaochatongjisi/

116219/116319/3013637/3013643/index.html

Using the bank balance sheet structure in Table 4.1, the risks on the

asset and liability sides can be considered separately. One of the main con-

cerns is the liquidity problem, which results from the mismatch of long term

assets and short term liabilities. This mismatching requires banks to reserve

some cash to cope with cash withdrawal demands. In this chapter, this cash

withdrawal demand is captured using the money demand of households.

On the funding source side, the terms of the sources are not the same.

The terms of deposits are typically longer than for wholesale funding. Equity

has an “infinite” term and is used as a credit and liquidity buffer to supple-

ment the demand for retail and wholesale funding liquidity. In particular,

liquidity demand is modelled through a hair cut or a margin required by the

ultimate fund suppliers. For example, only a portion of the retail deposit is

used for extending loans. The loanable portion of the wholesale fund is usu-

2In China, the retail deposit, wholesale funding, and equity comprise 88 per cent, 2 per
cent and 10 per cent of the entire financial source respectively.

3As shown in Table 4.1, about 62 per cent of the total funding is used for loans.
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ally smaller because of the higher liquidity demand in the wholesale funding

market. That is, the wholesale funding portion needs more equity to act as

a liquidity buffer. On the asset side of the balance sheet, there are loans

granted and cash reserves. The reserves are not necessarily cash. However,

in this study, for simplicity, it is assumed that all the reserves are in cash.

The loans are granted to entrepreneurs.

Other sectors in the economy include households, entrepreneurs, retailer-

s, capital goods producers, and the central bank. Households provide labour

to the entrepreneur and earn wages to consume. Following the specifica-

tion in Iacoviello (2005), households are assumed to be more patient than

entrepreneurs as they choose to save in the steady state. Entrepreneurs con-

sume too. The difference is that entrepreneurs are more impatient and own

firms. They employ the labour supplied by the households to produce. The

funding sources of the entrepreneur include internal sources, i.e. capital, and

external sources, i.e. bank loans. The size of the bank loans is constrained

by the value of the capital. The retailers are important because they are crit-

ical to the sticky pricing mechanism. Retailers are monopolistic competitive

in that they can charge a markup over marginal cost. The stylised Calvo

(1983) sticky price is used to generate the New Keynesian Phillips Curve.

The central bank uses policy rules to achieve its policy goals. One of the

aims of this model is to compare the impacts of different types of rules on

the banking sector and the real economy.

4.3.1 Goods and Prices

Both the households and entrepreneurs need consumption to achieve utility.

This assumption follows the work of Dixit and Stiglitz (1977) in which diver-

sity of goods is favoured by consumers. In this study, the setting of different

goods and their prices follows the work of Gali and Monacelli (2005). The

final consumption goods Ct is a bundle of domestic goods CH,t and foreign
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goods CF,t, which are defined as (4.1), (4.2), and (4.3) respectively. In (4.2),

CH,t(j) is the retail goods j produced domestically. In (4.3), Ci,t and Ci,t(j)

is the goods index and retail goods j produced within country i. Different

goods are not perfectly substitutable in the sense that they enter into final

consumption goods Ct nonlinearly.

In these equations, parameters including η, ε, and γ represent the e-

lasticity of substitution among different types of goods. For example, when

η → 0, the index Ct approaches the Leontief function such that there is no

substitution between CH,t and CF,t at all. When η → ∞, the index Ct ap-

proaches to a linear function such that CH,t and CF,t are perfect substitutes.

This substitution parameter is important because it determines the slope of

the demand function for the intermediate goods, and thus the market power

of the retailers. Other substitution parameters can be interpreted similarly.

The parameter α represents the degree of home bias in preferences and can

be regarded as a natural index of openness.

Ct ≡
(

(1− α)
1
η C

η−1
η

H,t + α
1
ηC

η−1
η

F,t

) η
η−1

(4.1)

CH,t ≡
(∫ 1

0

C
ε−1
ε

H,t (j) dj

) ε
ε−1

(4.2)

CF,t ≡
(∫ 1

0

C
γ−1
γ

i,t di

) γ
γ−1

(4.3)

Ci,t ≡
(∫ 1

0

C
ε−1
ε

i,t (j) dj

) ε
ε−1

(4.4)

The price for goods CH,t(j) is PH,t(j). When markets clear, supply equals

demand for retail goods j at time t, i.e. YH,t(j) = C(H, t(j). It can be verified

that Ct is a homogenous function of degree one and can be regarded as an

index of domestic and foreign goods. This suggests that the construction

of final goods satisfies the condition of two-stage budgeting. That is, the
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problem of choosing the optimal level for each retail goods j from domestic

and foreign countries can be divided into two stages. At the first stage, the

optimal level for the final goods Ct is solved. At the second stage, the optimal

levels for the domestic goods CH,t and foreign goods CF,t are solved.

The two-stage budgeting results are exactly the same as the results of

solving the optimisation problem directly for CH,t and CF,t, according to

Green (1964)4. Moreover, based on the definition of Ct, a price index Pt can

be constructed as a byproduct of the second stage optimisation problem. Pt

can be defined as (4.1) and it is only a function of PH,t and PF,t. In fact,

the final goods index Ct and price index Pt are two dual variables which can

be recovered from each other. We will solve the second-stage optimisation

problem, by which the optimal level of the intermediate goods CH,t and CF,t,

and price index Pt can be found. In particular, the second stage problem is

specified as (4.5), subject to budget constraint (4.6), where Et is the total

expenditure from the first stage optimisation.

max
CH,t,CF,t

Ct (4.5)

PH,tCH,t+PF,tCF,t = Et (4.6)

Using the Lagrange method, the demands for CH,t and CF,t can be derived

as in (4.7) and (4.8) respectively. Similarly, the demands for Ci,t, CH,t(j),

and Ci,t(j) , can be derived similarly using the two-step budgeting method,

4This trick is used in the banking sector problem to separate the asset and liability
problem as well. Details for the banking sector will be illustrated in subsection 4.3.3.



132CHAPTER 4. AN OPEN NEWKEYNESIANMODELWITH A BANKING SECTOR

as in equations (4.9), (4.10), and (4.11).

CH,t = (1− α)

(
PH,t
Pt

)−η
Ct (4.7)

CF,t = α

(
PF,t
Pt

)η
Ct (4.8)

Ci,t =

(
Pi,t
PF,t

)−γ
CF,t (4.9)

CH,t(j) =

(
PH,t(j)

PH,t

)−ε
CH,t (4.10)

Ci,t(j) =

(
Pi,t(j)

Pi,t

)−ε
Ci,t (4.11)

The two-stage budgeting method ensures that the demand functions

derived above are the same as those from the direct optimisation methods.

Moreover, the relevant price indexes for final consumption goods, domestic

goods, foreign goods, and final goods from country i can be defined as (4.12),

(4.13), (3.10), and (4.15). It can be verified that PH,tCH,t + PF,tCF,t = PtCt.

This means that the newly defined indexes can be used as an aggregation in

calculation and will not influence the optimisation results.

Pt =
(
(1− α)P 1−η

H,t + αP 1−η
H,t

) 1
1−η (4.12)

PH,t =

(∫ 1

0

P 1−ε
H,t (j) dj

) 1
1−ε

(4.13)

PF,t =

(∫ 1

0

P 1−γ
i,t di

) 1
1−γ

(4.14)

Pi,t =

(∫ 1

0

P 1−ε
i,t (j) dj

) 1
1−ε

(4.15)
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4.3.2 Households and Entrepreneurs

Suppose there is a continuum (0, 1) of consumers in the economy of these

consumers, (0, τ e)are entrepreneurs and the rest (τ e, 1) are households. Define

τ h ≡ 1− τ e as the norm of the household5. It is assumed that each of these

entrepreneurs on the (0, τ e) owns a firm and produces intermediate domestic

goods. Intermediate domestic goods are homogenous by assumption. As

each entrepreneur owns one specific firm, the terms firm and entrepreneur

are used interchangeably hereafter. Intermediate goods cannot be consumed

directly and must be combined into final domestic goods and then into final

goods for consumption.

Households consume final goods and provide labour to entrepreneurs

for wage income. In this study, money is introduced into the model through

a cash in advance constraint rather than money in utility. Money in the

model can improve social welfare by facilitating transactions rather than by

directly increasing the utility of the household in an ad hoc manner. The

utility function for the household is specified as (4.16), subject to the budget

constraint (4.17) and a cash in advance constraint (4.18).

max
Ch
t ,L

h
t ,Dt,Mt

E0

∞∑
t=0

βht

(
lnCh

t −
Lh
t

1+φ

1 + φ

)
(4.16)

In (4.16) and (4.17), βh is the time discount parameter for households. Ch
t

represents the demand for the final goods from the household. Lt is labour

supply and Wt is real wage. Labour leads to disutility in (4.16) but will

increase the income by earning more wages. Dt−1 is real deposits chosen by

households at time t− 1. It pays a predetermined nominal interest rate rDt−1

at time t. mt ≡ Mt/Pt is real money held by the household, where Mt is

5In this chapter, symbols e and h indicate parameters or variables for households and
entrepreneurs respectively
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nominal money held by households. Households need cash for consumption,

as in (4.18). πt ≡ Pt/Pt−1 − 1 is the growth of the price index. Government

controls are prevailing in Chinese economy. In the previous chapter, the

controls on foreign assets are embedded. Similar settings can be introduced

in this chapter. These controls will establish a link between the interest

parity relation and foreign capital flows. Future work can be conducted in

this direction to examine the policy implications.

Ch
t +Dt +mt ≤

1 + rDt−1
1 + πt

Dt−1 +WtLt +
mt−1

1 + πt
(4.17)

Ch
t ≤

mt−1

1 + πt
(4.18)

The first-order conditions for the household optimisation problem are (4.19),

(4.20), and (4.21). Equation (4.19) is a demand function for real money. It

suggests that higher consumption will lead to higher money demand.

mt−1 = Ch
t (1 + πt) (4.19)

1

Ch
t

= βhE

[
1 + rDt−1
1 + πt+1

1

Ch
t+1

]
(4.20)

Lφt =
Wt

(1 + rDt−1)C
h
t

(4.21)

Equation (4.20) is the Euler equation for households which determines the

intertemporal consumption. The left-hand side of equation (4.20) is the

utility from consumption by spending one unit of wealth in period t. The

term 1/Ch
t is the marginal utility from one unit of consumption. One unit

of consumption in period t needs one unit of real money saved in period

t − 1. If this one unit of wealth is consumed in period t + 1 rather than in

period t, 1 + rDt−1 unit cash can be reserved as cash in period t. Therefore,

(1 + rDt−1)/(1 + πt+1) unit real income can be used for consumption in period

t+1. The discounted utility from consumption in period t+1 should equal the
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utility acquired from consumption directly in period t. The Euler condition

(4.20) is quite standard for when a cash-in-advance constraint is incurred.

Equation (4.21) is the labour supply function of households. On the

right-hand side is the marginal disutility of providing one unit of labour. Wt

in equation (4.21) is the real wage income from one unit of labour. The

left hand side of equation (4.21) is thus the utility from consumption using

real wage income. The equality suggests that the disutility from labour

supply should be compensated by the consumption utility using real wage

income. The deposit demand of the household is determined by the budgeting

constraint (4.17).

As explained above, there are two types of consumers in the economy:

households and entrepreneurs. The time discount factor for entrepreneurs

is βe and we assume βe < βh. That is, entrepreneurs are less patient than

households. Under this assumption, entrepreneurs act as ultimate fund de-

manders and households as ultimate fund suppliers. Each entrepreneur owns

one firm and produces intermediate goods. Entrepreneurs employ labour

from households and buy the capital from capital market for production 6.

In this chapter, no risks in production are assumed. Suppose, for modelling

simplicity, that entrepreneurs have no transaction costs involved in consump-

tion . Entrepreneurs solve the optimisation problem (4.22).

. max
Ce
t ,Lt,Bt,K

e
t

E0

∞∑
t=0

βet lnCe
t (4.22)

Entrepreneurs face a real budget constraint and a collateral constraint, as in

(4.23) and (4.24) respectively. In constraint (4.23), Ce
t is the consumption

of entrepreneurs. rBt−1 and Bt−1 are the loan interest rate and loan demand

at time t − 1. In period t − 1 , entrepreneurs determine capital demand

6The SOEs and state-owned financial institutions are not treated as special entities in
the model.
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Ke
t−1 and labour demand Lt for production. After production, a δ portion of

the capital is depreciated. The rest of the capital (1 − δ)Ke
t−1 can be used

to produce in the next period. Entrepreneurs determine the level of capital

Ke
t (j) and buy Ke

t − (1 − δ)Ke
t−1 units of the new capital in period t. Both

the residual capital after depreciation and the new capital can be traded in

the capital market at the real price of QK
t+1 in period t.

Yt
Xt

+Bt = Ce
t +

1 + rBt−1
1 + πt

Bt−1 +WtLt +QK
t

(
Ke
t − (1− δ)Ke

t−1
)

(4.23)

Bt ≤ Et

[
κEB(1− δ)QK

t+1K
e
t

1 + rBt

]
(4.24)

Equation (4.24) is the borrowing constraint faced by entrepreneurs. As loans

in period t are paid back in t + 1, the binding borrowing constraint is a

portion of the capital value after depreciation at time t. Following Iacoviello

(2005), the borrowing constraint is assumed to be always binding. Once the

capital size Ke
t is determined, the relevant loan size Bt(j) is determined as

well.

Yt ≡ AtK
e
t−1

ξLe
t
1−ξ (4.25)

At = ρAv At−1 + vAt (4.26)

The production function Yt is defined as (4.25). At is the technology used

by entrepreneurs, and follows an AR(1) process as in (4.26), where vAt ∼
N(0, εA) is a technology shock. Yt(j) is a Cobb-Douglas function of prede-

termined capital Ke
t−1, and labour Le

t employed in this period, given Ae
t. It

is assumed that there is no uncertainty in production. First-order conditions

of the entrepreneurs’ optimisation problem with respect to Ce
t ,K

e
t , Bt, and
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Lt are as (4.27), (4.28), (4.29), and (4.30) respectively.

Ce
t = (1− βe)NW t (4.27)

Ke
t =

βe

QK
t − χt

NW t (4.28)

Bt = χtK
e
t (4.29)

Lt = (1− ξ) Yt
XtWt

(4.30)

In equations (4.27) and (4.28), NWt is the net wealth held by entrepreneurs

after production in period t, defined as in (4.31). As shown in (4.31), NWt

has three parts in the bracket. The first part in the bracket is the marginal

return to the capital from production, defined as RK
t−1 ≡ ∂Yt/(Xt∂K

e
t−1) =

ξYt/(XtK
e
t−1). The second is the residual value of one unit capital after

production in period t. The sum of the first two items reflect of the total

wealth after production in period t. These wealth items may be financed

through borrowing from banks. The loan size is expressed in the third part

in the bracket. χt−1 is the collateral value for one unit of capital, defined as

(4.32). As the borrowing constraint is always binding, the loan size Bt thus

can be expressed as in (4.29). From this expression, χt can be interpreted as

the loan-to-value ratio. The net wealth NWt is thus defined as the difference

between total wealth and loan payoffs to banks in period t.

NW t ≡
(
RK
t−1 +QK

t (1− δ)− χt−1
1 + rBt−1
1 + πt

)
Ke
t−1 (4.31)

χt ≡
κEB(1− δ)QK

t+1

1 + rBt
(4.32)

Based on the definition of net wealth NWt, the budget constraint (4.23)

can be expressed as (4.33). Thus, consumption and capital demand are

constrained by the sum of net wealth and new loans from banks in peri-

od t. Moreover, the Euler equation can be expressed in terms of NWt, as
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in (4.34). It can be verified that equation (4.27) satisfies the budget con-

straint (4.33) and Euler equation (4.34). Thus, equation (4.27)is indeed the

first-order condition for consumption of entrepreneurs. Based on (4.27), the

consumption of entrepreneurs is a linear function of net wealth NWt. That

is, entrepreneurs consume a certain portfolio of the net wealth each period.

The rest of the net wealth, together with the loans from the banks, is used

to buy the capital for production in the next period, as in (4.28).

Ce
t +QK

t K
e
t = NW t + χtK

e
t (4.33)

QK
t − χt
Ce
t

= βe 1

Ce
t+1

NW t+1

Ke
t

(4.34)

The linear expression of consumption Ce
t as a portion of net wealth NWt

reflects the idea of intertemporal smooth consumption. In period t, given

the price levels for capital and final goods, NWt is determined by produc-

tion. Each unit of consumption or investment must be financed through

net wealth and borrowing. For each additional unit Ke
t in period t, con-

sumption will reduce by QK
t − χt accordingly, and net wealth will increase

by NW t+1/K
e
t in period t + 1. As NW t+1 is a linear function of Ke

t , this

suggest that consumption should be proportional to current net wealth, as

reflected in (4.34). Equation (4.30) is the labour demand of entrepreneurs.

As the labour employed influences the utility of entrepreneurs only indirect-

ly through the production function, the first-order necessary condition only

reflects the tradeoff between marginal output and labour cost.

4.3.3 Banking Sector

The banking problem is divided into two separated problems determining

loan supply and funding source respectively. This is based on the two-stage

budgeting result of Green (1964). In order to separate these two problem-

s, loan supply should not influence the relative portions of various funding
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sources. The loan supply problem side determines the loan interest rate given

the loan demand from entrepreneurs. Taking the loan supply as given, the

funding source problem determines the levels of different funding resources

to satisfy demand for loans. There are three different sources of funding: de-

posits from households, liabilities from the central bank and foreign investors,

and bank equity. This setup improves on the work of Gerali et al. (2010) by

enabling the banks to expand the balance sheet quickly in the short run, by

relying on short-term funding from the central bank and foreign investors.

In the work of Gerali et al. (2010), commercial banks are divided into

two parts: the retail department and the wholesale department. For the

wholesale department, the market is competitive. Thus, this department

faces a competitive constraint leading to zero profit in this market. Banks

determine the size of wholesale deposits and loans to maximise profits, taking

both the deposit and loan interest rates as given. If there are no uncertainties

from the loans, the competitive condition will ensure that the loan interest

rate equals the deposit interest rate. Gerali et al. (2010) assume an optimal

leverage ratio from which leverage deviations will result in additional costs

for the banks. In this way, a wedge is introduced between the wholesale loan

and deposit interest rates for any deviations from the optimal leverage ratio.

Because of the assumption of costly accumulation of capital, capital cannot

change immediately in the short run. Thus, the size of loans and deposits

will be determined by the capital size. However, in the long run, the banks

can accumulate capital to achieve the desired level of loans and deposits.

As to the retail department, the market is monopolistically competitive.

The retail department is able to determine the interest rate because of the

downward sloping demand curves for retail loans. The problems of deposits

and loans are solved separately. In the deposit market, banks choose the in-

terest rate to maximise the department’s profit, taking the wholesale deposit

size and the downward sloping deposit demand curve as given. This leads to



140CHAPTER 4. AN OPEN NEWKEYNESIANMODELWITH A BANKING SECTOR

a markup of the retail deposit interest rate over the wholesale deposit interest

rate. The specifications in the retail loan market are similar and lead to a

markup of the retail loan interest rate over the wholesale loan interest rate.

The banking sector inGerali et al. (2010) establishes an interest rate sys-

tem with various spreads. The relative magnitude among the four types of

interest rate can be expressed as retail deposit interest rate < wholesale de-

posit interest rate < wholesale loan interest rate < retail deposit interest rate.

The retail deposit profit and loan profit are thus the spread between whole-

sale loan interest rates and retail loan interest rates. The spread between

wholesale deposit and loan interest rates consists of the wholesale market

profit. The final profit for banks is thus the spread between the interest

rates of retail deposits and retail loans. In the retail loan department, a

markup of the wholesale loan interest rate is imposed when granting loans

to the entrepreneur. In this whole process of fund flows, banks earn all the

spreads between the retail loan and deposit interest rate.

However, Gerali et al. (2010) cannot model the banks’ risk-taking be-

haviour. Keeley (1990) suggests two approaches through which the banks can

take more risks. The first one is to change the risk of the portfolio. Several

works link portfolio risks to bank risks, such as Boyd and De Nicolo (2005),

and Martinez-Miera and Repullo (2010). The second approach is to change

the leverage ratio of banks. As banks’ capital usually stays at a level above

the minimum required by the Basel Accords, it seems that the leverage ratio

is not the primary concern for banks’ daily risk management. According to

the work of Brunnermeier et al. (2009), liquidity risks rather than credit risks

should be the primary concern for supervision and regulation.

Thus, two different leverages can be attributed to bank risks. The first

one is through the equity leverage ratios of asset to equity. The second is

the liquidity leverage ratio, i.e., the short term debt funding to the retail
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deposit funding. For given losses from loans, the equity acts as a buffer for

these losses. However, if banks have a high liquidity leverage, loan losses

will result in a quick reduction in short-term funding sources. Therefore,

banks will not have enough funds to support their long-term loans. Thus,

the exposed credit risks will lead to a sharp shrinkage of both the asset and

liability sides. The fire sales of assets will push down asset prices and worsen

the banks financial position.

In this subsection, the banking sector of the Gerali et al. (2010) model

will be extended to allow bank risk-taking behaviour through high leverages,

and shows how relevant monetary and macroprudential policies can mitigate

the consequences of bank risk-taking behaviour.

Compared with Gerali et al. (2010), the wholesale market in this study

is one of the funding sources for banks, rather than just as a pass-through

mechanism. The full list of funding sources includes the retail deposit market,

wholesale debt markets, and bank capital, as shown in Table 4.1. In the retail

market, banks acquire funds from households by collecting deposits. In the

wholesale market, banks acquire funds by issuing bonds. The interest rate in

the wholesale market is determined by the central bank through a policy rule

as in (4.58). Suppose the ultimate fund suppliers in the wholesale market

are the central bank and foreign investors. In this market, τ cb ∈ [0, 1] of the

wholesale funds are from the central bank, and the rest τ fi ≡ 1− τ cb are from

foreign investors. These funds are mainly used to support the loans granted

to the entrepreneur. It is assumed that not all funds collected can be used

for loans. In particular, there is a reserve ratio for fund usage. For example,

a reserve ratio of 0.2 means that only $80 out of $100 financed can be used

for loans and the other $20 must be kept as cash reserves. It is assumed

that cash reserves have zero returns. This cash reserve ratio is to satisfy the

liquidity demand of households.
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Asset Side Problem of the Banks

The optimisation problem for the asset side of the bank is (4.35). In (4.35),

Bt(n) is retail loans n provided by banks. DLF
t is the loanable funds from

the funding department. Banks face a loanable constraint Bt(n) ≤ DLF
t . As

the banks maximise profits, it can be assumed that this inequality is always

binding. rBt (n) and rLFt are the interest rates for retail loans n and average

funding costs for loanable funds. Λh
0,t ≡ λht/λ

h
0 is the Lagrange multiplier of

households. Using the binding loanable funds constraint, this optimisation

problem can be written as (4.35).

max
rBt (n)

∞∑
t=0

Λh
0,t

( (
1 + rBt (n)

)
Bt(n)−

(
1 + rLFt

)
DLF
t

)
(4.35)

It is assumed that retail loans are not perfectly substitutable with each other

such that entrepreneurs demand a basket of retail loans Bt, defined in (4.36).

The parameter εb > 1 represents the elasticity of substitution among different

retail loans. Suppose there are N types of retail loan. This is different from

the setup in Gerali et al. (2010) and follows the seminal work of Dixit and

Stiglitz (1977) by assuming an integral number rather than a continuum of

types in the monopolistic competition market. Given this loan package Bt

in (4.36), demand for retail loans n can be derived as (4.37) using the two-

stage budgeting method. (4.38) is the interest rate index from the two-stage

budgeting method. In a symmetric equilibrium, rBt = rBt (n) because the
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retail interest rate rBt (n) is the same for n = 1, 2, 3, . . . , N .

Bt ≡

(
N∑
n=1

B
εb−1

εb

t (n)

) εb

εb−1

(4.36)

Bt(n) =

(
1 + rBt (n)

1 + rBt

)−εb
Bt (4.37)

rBt =

(
N∑
n=1

(
1 + rBt (n)

)1−εb) 1

1−εb

− 1 (4.38)

Given the demand function (4.37), the first order condition for the optimi-

sation problem (4.35) with respect to retail loan n is (4.39). (4.39) specifies

a markup relation between the retail loan interest rate rBt (n) and loanable

funding cost rLFt . Thus, the size of borrowing is in fact determined entirely

by the loan demand from entrepreneurs, especially the collateral constraint

faced by entrepreneurs.

rBt (n) =
εb

εb − 1

(
1 + rLFt

)
− 1 (4.39)

Credit Side of the Bank Balance Sheet

There are three different funding resources including deposits Dt, financial

bonds Bb
t , and capital Kb

t . Suppose a ρIB ∈ (0, 1) portion of Bb
t is bought by

the central bank and the rest is bought by foreign investors. The required

capital return is rKt = RK
t − 1, defined in the problem of entrepreneurs. DLF

t

is the loanable funds and Dt + Bb
t + Kb

t − DLF
t is cash reserves for the liq-

uidity demands of households. In particular, the loanable fund is defined in

(4.40). In (4.40), 0 ≤ ψ ≤ 1 and is the parameter to capture the imperfect

substitution effect among the three funding sources. Parameters ρD and ρi

are used to represent the ratios of deposit and debt funding respectively. In-

trinsic links between assets and liabilities are largely simplified for modelling
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purposes. One possible links is the term match for asset and liabilities. This

can be measured by the difference between the ratio of cash assets to total

liability and parameter ρb. Suppose there is only one type of funding source

Dt in the market. Then DLF
t = (ρD)1/ψDt. This implies that only a portion

0 < (ρD)1/ψ ≤ 1 of the deposit Dt can be used as the loanable fund DLF
t .

DLF
t ≡

[
ρDDψ

t + ρbBb
t

ψ
+ (1− ρD − ρi)Kb

t

ψ
] 1
ψ

(4.40)

There are three reasons to define loanable funds DLF
t as (4.40). The first is to

endow banks with the capacity to expand the balance sheet. As mentioned

above, in Gerali et al. (2010) and Gambacorta and Signoretti (2014), banks

cannot expand their balance sheets because credit supply and demand are

determined by the real sectors in the economy. However, in this model, the

balance sheet of the banks can be expanded by issuing more debts in the

wholesale market. This is referred to as active bank management, compared

with passive bank management. The definition of loanable fund DLF
t means

a substitutional relationship between wholesale funding and retail deposits.

The second reason is to establish a liquidity demand for the banks’ asset

management7. The wholesale funding is more flexible for banks to acquire

funds. The cost of this flexibility is the higher liquidity requirement for the

wholesale funding. For deposit funding, the liquidity requirement is relatively

smaller. In particular, in normal times, the wholesale market requires less

cash reserves and is thus favoured by commercial banks. However, in a crisis,

the wholesale market funding supply may dry up so quickly that the banks

will suffer a huge cost to adjust the asset side of the balance sheet.

It can be verified that the partial effect of Dt on DLF
t is ρD(Dt/D

F
t )ψ−1

7In the deposit market of China, only about 70 per cent of the entire deposits can be
used for loanable funds. In the Australian banking sector, the ratio of net deposit to loans
is 118.7 per cent for the major banks. The main difference here is wholesale funding. More
debts are issued by Australian banks to fund the loan demands.
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from (4.39). Thus, the partial effect is linearly related to parameter ρD. This

partial effect provides another interpretation of the parameter ρD. That is,

1−ρD represents the liquidity requirement from households. If ρD increases,

a higher portion of deposits can be used for generating loanable funds. In this

way, the liquidity requirement from households can be linked to the deposit

financing of the banks. Moreover, if Dt/D
LF
t gets very close to zero, the

partial effect will grow very fast such that the return to a tiny increase in Dt

will surpass the cost. The partial effect of Bb
t on DLF

t is similar to that of

Dt on DLF
t and thus will not be analysed further here.

Besides the liquidity requirements of deposits, for each unit deposit and

wholesale liability financed by banks, a portion of capital is required for

regulation reasons. The Basel III Accords require a minimum ratio of 6 per

cent for Tier 1 capital. Therefore, for every unit of funds financed, a portion

of the capital should be complemented. Similarly, the partial effect of capital

Kb
t on loanable fundsDt is ρK(Kb

t /Dt)
ψ−1, where ρK ≡ 1−ρD−ρb. Obviously,

this partial effect is also a linear function of ρD and ρb. As analysed above,

ρD and ρb can be regarded as liquidity parameters which means that an

increase of ρD and ρb means lower liquidity requirements from households

and wholesale market and thus lower capital demand. In a recession or

crisis, the liquidity requirement increases and will thus lead to higher capital

requirements for banks, which might further dampen the economy.

Suppose the loanable fund demand from the asset side problem is Bt,

i.e. DLF
t = Bt, then the liability side of the bank problem can be specified

as (4.41) to find the minimum financing cost given the level of the loanable

funds Bt, and interest rates rDt , rcbt , and rKt .

min
Dt,Bb

t ,K
b
t

(1 + rDt )Dt + (1 + rcbt )Bb
t + (1 + rkt )K

b
t (4.41)

The modelling problem here is how to determine the deposit interest rate
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in the model. There are several possible ways to handle the retail deposit

rate. The first choice is to treat them entirely exogenously. This is neat but

lacks an economic explanation. Usually, the deposit rate will be influenced

by other economic variables. The second choice is to introduce a similar

monopolistic competition mechanism into the retail loan market. This is a

good idea because banks have market power and thus a sticky interest rate

or loan size can be introduced. However, this will complicate the solution of

the problem because of the functional form of the loanable funds. The third

choice is to assume a competitive deposit market. Using this approach, the

bank will treat the retail deposit interest rate as given. The deposit interest

rate will finally be determined by the competitive condition. This implies

that there will be a small wedge between the deposit interest rate and the

policy interest rate because of the existence of cash reserves of the banks.

In this study, this last approach is adopted. The first-order conditions for

problem (4.41) are as follows.

Kb
t =

(
1

ρK
1 + rKt
1 + rt

) 1
ψ−1

Bt (4.42)

Bb
t =

(
1

ρb
1 + rcbt
1 + rt

) 1
ψ−1

Bt (4.43)

Dt =

(
1

ρD
1 + rDt
1 + rt

) 1
ψ−1

Bt (4.44)

rLFt ≡[
ρb
(

1 + rcbt
ρb

) ψ
ψ−1

+ ρD
(

1 + rDt
ρD

) ψ
ψ−1

+ ρK
(

1 + rKt
ρK

) ψ
ψ−1

]ψ−1
ψ

− 1

(4.45)

rLFt is the overall interest rate. It is a function of the interest rate only and

independent of the size of the funding sources. The ratio of the deposit,

wholesale market liability, and the capital to bank loans Bt to entrepreneurs
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is determined by the ratio of the relevant interest rates to the overall interest

rate rLFt . Equation (4.46) gives the derivatives of Bb
t /Bt with respect to

ρb. This partial effect is positive if ψ < 1. Moreover, this ratio is linear to

Bb
t /Bt. Thus, when Bb

t /Bt increases, the partial effect will increase.

∂Bb
t /Bt

∂ρb
=

1

ρb(1− ψ)

Bb
t

Bt

> 0 (4.46)

The equilibrium condition for liquidity demand is (4.47). This condition

enables the model to link household liquidity demands and the balance sheet

structure of banks.

mt = Dt +Bb
t +KB

t −Bt (4.47)

4.3.4 Capital Producers and Retailers

There are capital producers in the market who provide capital to entrepreneurs

and banks. They buy final goods and then transform them into capital goods.

The problem of the capital goods producer is as (4.48), where Λe
0,t ≡ βeλet/λ

e
0,

and λet is the Lagrange multiplier of entrepreneurs. It is the input of final

goods to produce capital goods. Suppose capital prices suffer a shock ςt

specified as ςt = ρQv ςt + vQt , where vQt ∼ N(0, εQ).

The production function of the capital goods is (4.49), where exp (vIt ) is

the technology used in capital goods production. vIt ∼ N(0, εI) is an invest-

ment technology shock. A positive shock implies higher efficiency in capital

goods production. Capital producers choose It to maximise the discounted

sum of the real profits. Capital goods produced are traded in the capital
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market, where the equilibrium condition is Y k
t = Ke

t +Kb
t .

max
It

E0

∞∑
t=0

λe0,t

(
exp(ςt)Q

K
t Y

K
t − It

)
(4.48)

Y k
t = exp(vIt )

[
1− κI

2

(
It
It−1
− 1

)2
]
It (4.49)

Entrepreneurs produce intermediate goods and then sell them to retailers

at the wholesale price PW
H,t. Retailers transform intermediate goods into the

retail good j, and sell it at the price of PH,t(j). As the final goods price

is Pt, the real price of intermediate goods for entrepreneur j is thus Xt =

PW
H,t(j)/Pt. The relative price between wholesale price and domestic goods

price is XH,t = PW
H,t(j)/PH,t. Therefore, Xt/XH,t = PH,t/Pt. Retail goods

are not perfectly substitutable for each other, which leads to a downward-

sloping demand function for intermediate goods. Therefore, the retailers

have market power that enables them to choose the price levels for retail

goods. The question in this section is to find the optimal retail price P ∗H,t(j)

for the retail good j. In particular, the problem of the retailers is specified

as (4.50). In (4.50), λht,k ≡ βhkλht+k/λ
h
t is the discount factor for households.

The parameter θ is the Calvo (1983) sticky price parameter. In each period,

each retailer has a probability 1 − θ to adjust the price for the retail goods

j. Therefore, the maximisation problem (4.50) is to choose an optimal retail

price P ∗H,t(j) for goods j given that this price may last for many periods

following. The θk is the probability that the price P ∗H,t(j) can last for k

period continuously.

max
P ∗H,t(j)

∞∑
k=0

θkEt

(
λht,kYH,t+k(j)

(
P ∗H,t(j)− PW

H,t+k

))
(4.50)

Equation (4.51) is the demand function for the retail good j faced by retailers,

analogous to (4.10). This demand function is the necessary condition for the
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second-stage budgeting problem faced by consumers. The only difference is

that the consumption CH,t(j) and CH,t is replaced by output YH,t(j) and YH,t.

YH,t(j) =

(
PH,t(j)

PH,t

)−ε
YH,t (4.51)

In a symmetric equilibrium, the retail price PH,t(j) of goods j equals the

domestic final goods price PH,t. This implies equality between intermediate

goods YH,t(j) and final domestic goods output YH,t. The first order necessary

condition for the retailers’ problem is (4.52).

∞∑
k=0

θkEt

[
Ch
t+kYH,t+k(j)

1

Pt+k

(
P ∗H,t(j)−

ε

ε− 1
PW
H,t+k

)]
= 0 (4.52)

Based on the final price index form (4.12), the relationship between the

current domestic price level PH,t, previous period price level PH,t−1, and

optimal price P ∗H,t selected by retailers can be written as (4.53).

Π1−ε
H,t = θ + (1− θ)

(
P ∗H,t
PH,t−1

)1−ε

(4.53)

Equations (4.52) and (4.53) together can be used to establish the relationship

between the domestic final goods price index PH,t and the markup XH,t cho-

sen by the retailers. A New Keynesian Phillips Curve (4.54) can be derived,

where xH,t is the percentage deviation from the steady state value of XH,t,

and κX(1− θ)(1− θβh)/θ. This New Keynesian Phillips Curve provides the

possibility for the central bank to influence the real economy.

πH,t = βeEt[πH,t+1]− κXxH,t (4.54)

The sticky price parameter θ is essential because if it equals zero, the goods

price PH,t will adjust so quickly that it equals P ∗t . In this case, the de-

mand function (4.51) implies that the real variables YH,t(j) and YH,t will not
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change at all. Thus, the impact of the monetary policy relies heavily on the

asynchronous change of theP ∗H,t and PH,t which results from the sticky price

parameter θ.

4.3.5 Equilibrium

Define the bilateral relative price between the domestic country and country

i as Si,t ≡ Pi,t/PH,t. The effective relative price is defined as (4.55). The

log linear form of (4.55) is st = pF,t − pH,t8. This implies that πt = πH,t +

α∆st, combining with the definition of gross CPI inflation Πt ≡ Pt/Pt−1,

and the definition of gross domestic inflation ΠH,t ≡ PH,t/PH,t−1. Assume

the law of one price holds for retail goods j at all times, i.e. Pi,t(j) =

Ei,tP i
i,t(j), where P i

i,t(j) is the import price of retail good j in terms of country

i currency. Thus, the relationship between the domestic price and foreign

price can be established using the nominal exchange rate Ei,t defined as the

bilateral nominal exchange rate.

St =
PF,t
PH,t

=

(∫ 1

0

Si,t
1−γdi

) 1
1−γ

(4.55)

Using the definition of Pi,t in (4.15), it can be found that Pi,t = Ei,tP i
i,t.

Substitute Pi,t into PF,t, and log-linearize PF,t around the steady state. Then

we get pF,t = et+p
∗
t , where p∗t ≡

∫ 1

0
P i
i,t di . Substitute pF,t into st, and we can

get (4.56). The bilateral real exchange rate with country i is Qi,t = Ei,tP i
t /Pt.

et = st + pH,t − p∗t (4.56)

There are several goods including homogeneous intermediate goods, retail

goods, domestic final goods, imported foreign goods, and final goods. For

each of the retail goods j, its output equals the input of homogenous inter-

8Lower case letters represent the logs of capital letters, eg. st = logSt, πt = log Πt,
etc.
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mediate goods by assumption. Thus, retail goods demand can be summed

up directly to get intermediate goods demand. Let YW,t represent the out-

put of intermediate goods. Thus, the equilibrium condition of intermediate

goods is YW,t =
∫ 1

0
YH,t(j) dj. There are different demands for the retail good

j, including consumption, investment, and export. It can be verified that

YH,t = CH,t + IH,t + XH,t. This implies that the market clearing condition

in the retail good market is equivalent to the equilibrium condition in the

domestic final goods market.

In order to close the model, the relationship between domestic final goods

and final goods is needed. Define Zt ≡ Ct+It+Gt as the aggregate domestic

demand for final goods, and Zi
t ≡ Ci

t + I it as the aggregate domestic demand

from country i. Suppose Gt is government spending, following an AR(1)

process. In particular, Gt = ρZvGt−1 + vZt and vZt ∼ N(0, εZ) is aggregate

demand shock from government spending. Moreover, domestic output can

be expressed as (4.57), where Sit is the effective relative price for country i.

YH,t = Zt

(
(1− α) + α

∫ 1

0

(
SitSi,t

)γ−η
Qi,t

ηZ
i
t

Zt
di

)(
PH,t
Pt

)−η
(4.57)

rcbt = ρcbrcbt−1 + φyŷt + φππt + vRt (4.58)

Suppose the central bank determines the wholesale market interest rate rcbt

by following a Taylor rule as in (4.58). The parameter ρcb measures the

persistence of monetary policy. Parameters φy and φπ measure the policy

reactions to the output gap and inflation respectively. vRt ∼ N(0, εR) is a

domestic interest rate shock. The central bank may use different policy tools

but the interest rate is the most important one. These policies in general

move in the same direction. The discount rates and deposit reserve ratio

can be embedded in the model through relevant parameters in the banking

sector’s but this model needs further extensions to examine moral suasion

and direction intervention.
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Moreover, suppose the foreign economies suffer demand shocks, inflation

shocks, and interest rate shocks as in (4.59), (4.60), and (4.61). These shocks

work on the log forms of foreign demand z∗t , π
∗
t , and r∗t respectively 9.

ςFZt = ρFZv ςFZt−1 + vFZt (4.59)

ςFRt = ρFRv ςFRt−1 + vFRt (4.60)

ςFπt = ρFπv ςFπt−1 + vFπt (4.61)

4.4 Estimation

4.4.1 Bayesian Estimation Method

In this section, the model specified above is estimated using the Bayesian

method. Bayesian analysis starts from a joint probability distribution p(θ,y)

of the parameter θ and the observed data y, where p(·) is a density function10.

In the DSGE framework, the joint distribution is implicitly determined by the

solution to the rational expectation model. The joint probability distribution

p(θ,y) can be written as p(θ,y) = p(θ)p(y|θ), where p(θ) and p(y|θ) are the

prior distribution of θ and the sampling distribution of y given θ respectively.

It can be regarded as a function of θ given y. In this case, it becomes a

likelihood function.

Using the Bayes rule, the distribution of θ given the observations y, i.e.

the posterior distribution p(θ|y), can be written as (4.62). The last term

of (4.62) is the unnormalised posterior distribution. The denominator p(y)

can be omitted because it is independent of the parameter value θ. The

9The log linearised foreign economy is specified in log forms as follows, ẑ∗t = E(ẑ∗t+1)−
σ∗−1

(
r̂∗t − E(π∗

t+1)
)

+ ςFZt , π∗
t = β∗E(π∗

t+1) + θ∗−1(1− θ∗)(1− θ∗β∗)ẑ∗t + ςFπt , and r̂∗t =
ρ∗v r̂

∗
t−1 + φ∗y ẑ

∗
t + φ∗ππ

∗
t + ςFRt , where σ∗, β∗, θ∗, ρ∗v, φ

∗
y, and φ∗π are parameters for the

foreign economy.
10Bold symbols represent a vector or matrix.
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unnormalised posterior distribution reveals that the technical core of the

Bayesian analysis is to model p(θ,y), and to compute p(θ|y) based on priors

p(θ) and the likelihood function p(y|θ) (Gelman et al., 2014). In this sense,

priors and the likelihood function are two building blocks of the Bayesian

analysis.

p(θ|y) =
p(θ,y)

p(y)
=

p(θ)p(y|θ)∫
p(θ)p(y|θ) dθ

∝ p(θ)p(y|θ) (4.62)

In the Bayesian analysis of DSGE, the likelihood function is estimated using

the Kalman filter. As mentioned above, the likelihood function is regarded as

a function of parameters θ given the data observations y. In an independent

and identically distributed sampling case, each realisation of the observed

data yk is independent of all other observations, where k represents the

kth sampling. Thus, the likelihood function p(y∗t |θ) can be written as the

product of likelihoods for each observations, i.e. p(y∗t |θ) =
∏t

k=1 p(yk|θ),

where y∗t = (y1, y2, . . . , yt) represents observations from period 1 to

period t.

However, in macroeconomic analysis, realisations of the data may be

time dependent. It is not possible to multiply each likelihood function p(yk|θ)

directly to get the final likelihood p(y∗t |θ). The Kalman filter is a recursive

algorithm to provide an easy way to find out the likelihood p(θ|y). The key

idea of this recursive approach is to orthogonalise the series-dependent yk

into a new series-independent ek whose spanned linear space is equivalent to

that of yk, for k = 1, 2, 3, . . . .

st = Fst−1 + V εt (4.63)

yt = Hst + ηt (4.64)

The key of the Kalman filter is to find the innovation series et in each recur-

sive step. Consider a canonical state space model where the Kalman filter
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can be applied. Equations (4.63) and (4.64) are the state equation and the

observation equation respectively. In equation (4.63) and (4.64), st are the

state variables containing log-linearised variables in the model such as the

domestic output gap ŷt, log deviations of households’ consumption ĉet, etc.

yt are observations used for estimation. εt and ηt are state and observation

errors following multivariate normal distributions by assumption. The state

variable errors εt can be regarded as shocks to state variables. F , V , and H

are the coefficient matrix adapted to relevant variables.

The innovation series et is constructed from residuals when project-

ing yt onto the linear space expanded by y∗t . In particular, the innova-

tion et is defined as the prediction error, i.e. et = yt − Proj(yt|y∗t−1) =

yt −HFProj(st−1|y∗t−1), where Proj(·|y∗t ) is the projection operator on the

space expanded by y∗t . Obviously, et is orthogonal to the linear space ex-

panded by y∗t−1. Note that the linear spaces spanned by observed data series

y∗t−1 and innovation series e∗t−1 are equivalent11. Thus, the likelihood function

p(y∗t |θ) can be equivalently written as p(y∗t |θ) = p(e∗t |θ) =
∑t

k=1 p(ek|θ).

Using this representation of p(y∗t θ), a recursive form for likelihood function

can derived as p(y∗t |θ) = p(et|θ)p(y∗t−1|θ), where the density function p(et|θ)

is straightforward, by considering the conditional distribution of et on s∗t , i.e.

p(et|s∗t ,θ)12 and using the property of multivariate normal distribution .

The second building block of Bayesian analysis is the prior distribution

of parameters. If priors are not used in estimation, the Bayesian analysis will

retreat to a pure likelihood estimation based only on the sample observation-

s. Priors can be used as weights in parameter estimation to avoid estimation

results purely relying on the maximum likelihood estimation. Another com-

monly encountered issue in likelihood estimation is the weak identification

problem, which primarily results from the relatively flat area in the likelihood

11e∗t−1 = (e1, e2, . . . , et−1)
12s∗t = (s1, s2, . . . , st−1)
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function with respect to some parameters. Priors usually have a good curva-

ture property, which can be used to mitigate the weak identification problem

in likelihood ratio estimation. Priors are important to Bayesian analysis be-

cause they contain information about the model parameters that are not in

the data observations (Del Negro and Schorfheide, 2008).

Priors reflect subjective beliefs about the parameter values and can be

useful to identify parameters. If the variance of a prior approaches zero, the

posterior will approach to a constant. In this case, the Bayesian estimation

reverts to the calibration method. In this sense, Griffoli (2007) suggests

that Bayesian estimation is “somewhere between calibration and maximum

likelihood estimation”.

The remaining problem is to analyse the property of posterior distribu-

tions whose kernel is the product of priors and the likelihood function. The

posterior has a similar form to the prior if it is a conjugate prior for the

likelihood function. In this case, it is relatively straightforward to examine

the posterior distribution analytically. However, in the Bayesian analysis of

the DSGE model, priors are usually not conjugate to the likelihood. Thus,

the Metropolis-Hastings algorithm is used as a sampling method to examine

the posterior distribution numerically. The Metropolis-Hastings algorithm is

in general an accept-reject method widely used in the Markov Chain Monte

Carlo (MCMC) simulation. Each Markov Chain has a transition kernel and

a correspondent invariant density. The stable realisations of the Markov

Chain can be regarded as sampled from the invariant density. The accept-

reject method is used to modify a proposed transition kernel to a new one

whose invariant density is the posterior (Chib and Greenberg, 1995).



156CHAPTER 4. AN OPEN NEWKEYNESIANMODELWITH A BANKING SECTOR

106

108

110

112

114

116

92 94 96 98 00 02 04 06 08 10 12 14

GDP Growth Index

90

100

110

120

130

92 94 96 98 00 02 04 06 08 10 12 14

CPI

0

400,000

800,000

1,200,000

1,600,000

92 94 96 98 00 02 04 06 08 10 12 14

Deposit

0

2

4

6

8

10

12

92 94 96 98 00 02 04 06 08 10 12 14

One Year Deposit Rate

0

4

8

12

16

92 94 96 98 00 02 04 06 08 10 12 14

Interbank In terest Rate

5

6

7

8

9

92 94 96 98 00 02 04 06 08 10 12 14

Exchange Rate

0

200

400

600

800

1,000

92 94 96 98 00 02 04 06 08 10 12 14

Fore ign Debts

0

40,000

80,000

120,000

160,000

200,000

92 94 96 98 00 02 04 06 08 10 12 14

Inv estment

92

96

100

104

108

112

92 94 96 98 00 02 04 06 08 10 12 14

Capita l Price Index

1.0

1.2

1.4

1.6

1.8

2.0

2.2

92 94 96 98 00 02 04 06 08 10 12 14

Labour

0

200,000

400,000

600,000

800,000

1,000,000

92 94 96 98 00 02 04 06 08 10 12 14

Bank Loans

0

100,000

200,000

300,000

400,000

500,000

92 94 96 98 00 02 04 06 08 10 12 14

M1

-500

0

500

1,000

1,500

2,000

92 94 96 98 00 02 04 06 08 10 12 14

Net Export

Data are complied from National Bureau of Statistics of China, Federal Reserve Bank of St. Louis, RESSET data base,

and People’s Bank of China.

Figure 4.1: Variables for Estimation

4.4.2 Data and Variables

As shown in Figure 4.1, 13 variables are used for estimation including the

real GDP growth rate, consumer price index (CPI), deposits, one year deposit

interest rate, interbank interest rate, nominal exchange rate of RMB/USD,

liabilities from international institutions, fixed asset investment, fixed asset

price index, employed population in urban area, bank loans, M1, and net
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exports. There are several sources of the data including the National Bureau

of Statistics of China (NBSC)13, RESSET Database14, Ministry of Human

Resources and Social Security of the People’s Republic of China (MHRSS

of China)15, State Administration of Foreign Exchange of China (SAFE of

China)16, and Peoples Bank of China (PBC)17. The final frequency used in

the estimation is quarterly, from 1996Q1 to 2015Q4.

There are missing observations for some variables, especially the liabili-

ties from international institutions. To deal with the missing data problem,

the linear interpolation method is used. Missing data may not significantly

influence the estimation results if the portion of the missing data is small

and randomly distributed. Moreover, the state space model allows for ob-

servation errors. Thus, we believe the missing data will not influence the

estimation result significantly.

The real GDP growth rate and CPI is from the NBSC. The one year

deposit interest rate and M1 data are from the PBC. The monthly M1 is

arithmetically averaged within the quarter to get the quarterly data. The

nominal RMB/USD exchange rate is from the SAFE of China. The original

data are at a monthly frequency, and the quarterly data are the arithmetical

average of the monthly data. The fixed asset price index is from the RESSET

Database. Data from 1996 to 1997 is at an annual frequency. Data from 1998

to 2002 is at a semi-annual frequency. The quarterly data are calculated using

linear interpolation.

Deposit data, bank loans, employed population in urban area, and the

liabilities from international financial institutions are from the RESSET

Database, with the original source of the PBC. For the foreign liabilities,

13http://www.stats.gov.cn
14http://www.resset.com
15http://www.stats.gov.cn
16http://www.safe.gov.cn/
17http://www.pbc.gov.cn
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the data of 1996 is at an annual frequency. Data from Quarter 1, 1997 to

Quarter 4 1999 is at a quarterly frequency. Data from January 2000 to De-

cember 2015 is at a monthly frequency with a missing data period from April

2000 to December 2001. The annual data are transformed to the quarterly

data using linear interpolation. The monthly data are arithmetically aver-

aged within the quarter to get the quarterly data. The missing data are

filled using the linear interpolation method. The original employment data

are from the NBSC. Data in 2015Q4 has not been released yet which is filled

by the moving average of the recent two quarters.

Interbank interest rate is measured by the seven-day interbank offered

rate. The data from 1996 to 2015 is from the RESSER Database. Arithmeti-

cal averaging is used to adjust the daily and monthly frequency data to the

quarterly frequency data. The one-year deposit benchmark interest rate is set

by the central bank of China and changes irregularly over the sample period.

The one-year deposit benchmark interest rate can be maintained for periods

lasting from several weeks to two years. Because the central bank changed

the one-year deposit benchmark interest rates irregularly, the quarterly data

of the one-year deposit benchmark interest rate is calculated by averaging

the daily benchmark rates within the quarter. The real GDP growth rate is

used to measure the output of the economy. The GDP deflator rate is not

available publicly from NBSC, but the real GDP growth rate is widely cited,

both in the academic literature and in public policies. The CPI rate is used

to measure inflation. The CPI rate is published by the NBSC in monthly

frequency.

M1 is used to approximate money demand in the model. The policy

interest rate is measured using the China interbank offered seven-day interest

rate, though there is no widely accepted benchmark policy rate in China yet.

The China interbank offered seven-day interest rate is publicly available from

January 1996.
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Table 4.2: Calibrated Parameters

Parameters Values Description

βh 0.99 Household discount factor
βe 0.97 Entrepreneur discount factor
βf 0.98 Foreign discount factor
τ e 0.08 Share of entrepreneurs in the economy
γ 1.00 Substitution between goods from foreign countries
η 1.00 Substitution between domestic and foreign goods
ρD 0.88 Share of deposits in bank funding sources
ρb 0.02 Share of financial bonds in bank funding sources
ρK 0.10 Share of capital in bank funding sources

Some variables exhibit strong seasonal effects, such as fixed asset invest-

ment, employment in urban areas, and M1. The X-12 seasonal adjustment

tool in Eviews is used to adjust the seasonal effects 18. For all variables, the

Hodrick-Prescott filter is used to separate the trend and cycles components.

The lambda parameter of the Hodrick-Prescott is set to 1200. The ratios

of cycles to trends for these variables are used to measure the percentage

deviations of the relevant variables from the steady state level.

4.4.3 Calibrated Parameters

Some parameters are calibrated in Table 4.2 because the data used in the

estimation may not have enough information for identification. The discount

factors for households and entrepreneurs are calibrated at 0.99 and 0.97 re-

spectively. These two discount factors imply that steady-state real interest

rates for household and entrepreneurs are 4 per cent and 12 per cent respec-

tively. This is very close to the average of the historical annual deposits and

loan interest rates. The discount factor for foreign consumers is calibrated

18The Chinese new-year effect does not come regularly across different years. This
neglected effect can possibly be captured by larger measurement errors in the Bayesian
estimation.
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at 0.98.

The parameters for open economy settings follow the work of Gali and

Monacelli (2005) because the data used in this study provides little infor-

mation to reveal values for these parameters. In particular, substitution

between goods from different foreign goods γ is calibrated at 1. Substitution

between foreign and domestic goods η is calibrated at 1. This means unit

substitutability for goods from different countries19. By the end of 2013,

the labour force in China was about 800 million, while the number of en-

trepreneurs was about 60 million20. Thus, the share of entrepreneurs τ e in

the economy is calibrated at 0.08. The ratios of deposit, liability and equity

in bank funding sources are calibrated at 0.88, 0.02, and 0.10 respectively,

according to the data in Table 4.1.

4.4.4 Estimation Results

In Table 4.3, priors and posteriors for parameters are listed. The estimated

inverse Frisch elasticity ϕ in (3.19) is 2.74, which is higher than the calibration

value used in Chang, Liu, and Spiegel (2015). The estimated κI in (4.49) is

0.11. The estimated ξ in (4.25) is 0.11 with a wide HPD interval. The

estimated α in (4.1) is 0.11, indicating that the portion of foreign goods in

final goods is only about 11%. This is much lower than the imports to GDP

ratio in China.

The estimated Calvo (1983) parameter θ in (4.50) is 0.84. This means

that the average period for a given level price can last about 6 quarters. The

estimated κEB in (4.32) is 0.11. This estimated loan to value ratio is much

lower than the prior mean. Estimated coefficients for output gap and inflation

in a standard Taylor rule (4.58) are about 1.22 and 0.22. In US, estimated

coefficients for output gap and inflation are 1.5 and 0.5 respectively (Clarida,

19Identification test using Dynare suggests γ and η are pairwise collinear.
20http://www.gov.cn/xinwen/2014-03/31/content_2650031.htm
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Table 4.3: Priors and Posteriors of Parameters

Prior Post 90% Prior Prior
mean mean HPD interval distribution variance

ϕ 2.00 2.74 0.93 4.45 INVG 1.00
κI 0.20 0.11 0.08 0.14 INVG 0.10
ξ 0.10 0.11 0.04 0.20 INVG 0.05
α 0.30 0.16 0.11 0.22 BETA 0.20
θ 0.70 0.84 0.79 0.89 BETA 0.15
κEB 0.70 0.11 0.04 0.18 BETA 0.15
φπ 1.50 1.22 1.14 1.31 INVG 0.50
φy 0.50 0.22 0.16 0.29 INVG 0.50
ρcb 0.50 0.49 0.37 0.62 BETA 0.20
ψ 0.40 0.98 0.97 0.99 BETA 0.20
ρIB 0.85 0.96 0.91 1.00 BETA 0.10

Prior and post means are listed in the second and third columns. The fourth and fifth columns give the highest posterior
density (HPD) interval at the confidence level of 90 per cent. Prior distributions and variances are in the last two columns.
INVG and BETA represent inverse gamma distribution and beta distribution respectively.

Gaĺı, and Gertler, 1999). Thus, the central bank of China react to output gaps

and inflation less aggressively. Moreover, the central bank of China reacts

to inflation more aggressively compared with the output gaps. In fact, the

PBC claims that the target of the central bank is to stabilise the price level,

reduce unemployment, enhance economic growth, and balance international

trade, with a primary focus on the inflation. The estimated AR(1) coefficient

ρcb in the Taylor rule is 0.49, suggesting inertia in the policy rate.

The estimated ψ in (4.40) is 0.98, implying very high substitutability

among different funding sources. This also means that banks are very sen-

sitive to interest rate changes. The estimated ρIB is 0.96, suggesting 96 per

cent of the financial bonds are financed from the central bank and about 4

per cent is financed from foreign investors21. As shown in Table 4.1, the ratio

of foreign bonds to total bonds is 5.8 per cent based on the first four months

of 2016.

21ρIB is the portion of financial bonds Bb
t bought by the central bank.
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Table 4.4: Auto Regression Coefficients of Shocks

Prior Post 90% Prior Prior
mean mean HPD interval distribution variance

ρZv 0.50 0.81 0.71 0.92 BETA 0.20
ρQv 0.50 0.39 0.29 0.48 BETA 0.20
ρAv 0.50 0.61 0.45 0.76 BETA 0.20
ρIv 0.50 0.40 0.21 0.59 BETA 0.20
ρFRv 0.50 0.35 0.13 0.58 BETA 0.20
ρFZv 0.50 0.79 0.68 0.89 BETA 0.20
ρFπv 0.50 0.85 0.78 0.93 BETA 0.20

Prior and post means are listed in the second and third columns. The fourth and fifth columns give the highest posterior
density (HPD) interval at the confidence level of 90%. Prior distributions and variances are in the last two columns.
BETA represents inverse gamma distribution.

Tables 4.4 and 4.5 give the estimated AR coefficients and standard de-

viations for shocks. In Table 4.4, AR coefficients for domestic and foreign

demand shocks are 0.81 and 0.79 respectively, implying that demand shocks

are persistent over time. Foreign inflation shock is persistent as well. Its

AR coefficient is 0.85. The estimated AR coefficient for foreign short-term

interest rate shock is 0.35, and thus is less persistent than demand shocks.

AR coefficients for investment and asset prices are 0.39 and 0.40 respectively.

The AR coefficient for technology shocks is 0.61.

In Table 4.5, the estimated standard deviation for investment shocks is

16.49. In China, government-oriented investment is one of the most impor-

tant driving forces for GDP growth. In (4.49), exp (vIt ) is regarded as the

technology used in capital goods production. The volatile exp (vIt ) may be

related to the varying efficiency in investment because of too much govern-

ment intervention. The size for domestic demand shocks εZ is 2.77, following

investment shocks as the second highest estimated value.

The size for foreign demand shocks εFZ is 0.69 and thus smaller than

the domestic shock size. The size for foreign interest rate shocks is higher

than domestic interest rate shocks. This suggests that foreign interest rates
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Table 4.5: Estimated Standard Deviations of Shocks

Prior Post 90% Prior Prior
mean mean HPD interval distribution variance

εA 2.00 1.06 0.93 1.20 INVG 0.50
εZ 5.00 2.77 2.35 3.22 INVG 5.00
εQ 2.00 1.75 1.49 2.01 INVG 1.00
εI 18.00 16.49 12.58 20.48 INVG 5.00
εR 2.00 0.56 0.46 0.66 INVG 2.00
εFZ 2.00 0.69 0.57 0.81 INVG 1.00
εFR 2.00 1.25 0.71 1.84 INVG 1.00
εFπ 2.00 1.14 0.68 1.58 INVG 1.00

Prior and post means are listed in second and third columns. The forth and fifth columns give the highest posterior
density (HPD) interval at the confidence level of 90%. Prior distributions and variances are in the last two columns.
INVG represents inverse gamma distribution.

may have substantial influences on the domestic economy, compared with do-

mestic interest rates. The estimated technology shocks and foreign inflation

shocks are 1.14 and 1.06 respectively.

4.5 Impulse Response Analysis

In this subsection, the impulse responses of key variables to shocks of domes-

tic demand, foreign demand, and foreign interest rate will be examined to

show the propagation mechanisms of the model. The impulse response anal-

ysis is based on the calibrated and estimated parameters under the baseline

Taylor rule (4.58). Comparisons of different impulse patterns of key variables

will provide insight for further analysis of different sets of policies.

4.5.1 Domestic Demand Shock

Figure 4.2 shows the impulse responses of key variables to a domestic demand

shock. The size of the demand shock is a one per cent deviation from its

steady state. This domestic demand shock can be interpreted as an increase

in government spending. Consumption and investment both decrease because
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Figure 4.2: Impulse Responses to Domestic Demand Shock



4.5. IMPULSE RESPONSE ANALYSIS 165

of the crowding-out effect of government spending. Decreases in investment

in turn lead to decreases in asset prices, the net wealth of entrepreneurs, the

loan-to-value ratio, bank capital, and bank loans.

The significant crowding-out effect is related to the high persistence in

inflation and the Taylor rule followed by the central bank. Inflation increases

slowly following increases in aggregate demand. The central bank using the

Taylor rule thus increases the policy interest rate to curb inflation. The sub-

sequent reduction in bank loans reduces deposit demand and deposit interest

rates initially. However, persistently high policy rates imply that banks need

to rely on deposit funding. Thus the deposit interest rate reverts to a positive

level after the first 3 quarters. The average interest rate for banking funding

in general shares a similar pattern to the deposit interest rate.

Financial bonds fluctuate sharply over time. This is consistent with the

fact that financial bonds are usually only short term. In the first several pe-

riods, the policy rate remains unchanged because of sticky inflation while the

deposit interest rate reduces to below zero. Therefore, banks reduce financial

bonds demand sharply in the first several quarters. However, as the deposit

rate reverts to a positive level, banks find it cheaper to finance from the

interbank market. As the policy interest rate stays at a high level, the finan-

cial bonds level stays negative. The relative price of foreign goods decreases

because domestic goods become more expensive. This is also reflected in the

fall of the real exchange rate.

The nominal exchange rate is defined as the ratio of domestic price to

foreign price in terms of the same currency, as expressed in (4.56), i.e. the law

of one price. In Gali and Monacelli (2005), the interest parity relationship

is equivalent to international risk-sharing conditions given the domestic and

foreign Euler conditions, where there is perfect substitution between domestic

and foreign deposits. In their case, purchasing power parity and interest rate
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parity are equivalent.

In this study, the domestic and foreign deposits are not perfectly sub-

stitutable anymore. This means that the nominal exchange rate will be

influenced both by the short- and long-term interest rates. In particular, the

difference between the domestic deposit rate rDt and the foreign interest rate

r∗t determines the overall pattern of changes in nominal exchange rates in

long term, and the difference between the domestic policy rate rcbt and the

foreign interest rate r∗t determines the overall pattern of changes in nominal

exchange rates in the short term.

The estimated ratio of funds from foreign investors is only 0.04 in the

wholesale funding market22. This suggests that the nominal exchange rate

will be determined mainly by the long-run force, i.e. purchasing power parity,

while still being influenced partially by the short-run force, i.e. interest rate

parity. In Figure 4.2, changes in the nominal exchange rate in general follow

the pattern of the deposit interest rate. The initial fluctuations of changes

in the nominal exchange rate in the first three quarters are due to similar

fluctuations of the policy interest rate.

4.5.2 Foreign Demand Shock

In this section, the impulse responses of key variables to a foreign demand

shock are presented in Figure 4.3. The foreign demand shock leads to in-

creases in output, inflation, and the interest rate in the foreign economy.

Increases in foreign demand result in decreases in relative price, implying

cheaper foreign goods in terms of domestic goods. Therefore, domestic con-

sumers become wealthier, leading to an increase in aggregate demand. The

sharp increase in relative price results in a drop in aggregate output in the

first quarter.

22The estimated ρIB is 0.96, suggesting only 4 per cent of bank funds are financed from
foreign investors, as shown in Table 4.3
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Figure 4.3: Impulse Responses to Foreign Demand Shock



168CHAPTER 4. AN OPEN NEWKEYNESIANMODELWITH A BANKING SECTOR

The nominal exchange rate is determined jointly by relative price and

domestic and foreign inflation, as in (4.56), through the purchasing power

parity in the long term. Foreign goods become cheaper for domestic con-

sumers because of decreases in relative price. This initially results in the

nominal appreciation of domestic currency in the first quarter23. Domestic

inflation exhibits strong persistence over time while foreign inflation inertia is

not very strong. After the relative price returns to the steady-state level, the

difference between domestic and foreign inflation dominates (4.56), leading

to a depreciation of the nominal exchange rate in the third quarter and after.

The appreciation of the nominal exchange rate can also be interpreted

from the perspective of interest parity relation. In general, the foreign in-

terest rate is higher than the domestic interest rate. Therefore, the nominal

exchange rate should depreciated because of less demand for domestic cur-

rency. Thus, the nominal exchange rate exhibits a similar hump shape to the

deposit interest rate.

The financial market in general experiences a boom under foreign de-

mand shock. In general, the domestic country becomes wealthier because

of appreciation of the currency. Higher investment results in higher asset

prices, net wealth, banks and entrepreneur capital, and a higher households

consumption leads to less deposit supply and higher deposit interest rate.

Bank loans provided by the banks decrease rather than increase. The in-

creasing demand for bank loans is mitigated by decreasing bank loan supply

because of the reduction in household deposits.

As to different funding sources, banks rely more on household deposits

and bank capital because the central bank maintains a high policy interest

rate over time under the Taylor rule. Initially, the policy interest rate is lower

23The nominal exchange rate can be expressed as et = pF,t − p∗t in log form, where
pF,t and p∗t are the prices of foreign goods in terms of domestic and foreign currencies
respectively.
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than the average financing costs. Therefore, banks increase the financial

bonds funding quickly after a demand shock. However, the deposit rate and

capital return returns to the steady state quickly, while the policy rate is still

at a high level. Banks thus adjust their funding portfolio by relying more on

deposits and less on financial bonds.

4.5.3 Foreign Interest Rate Shock

In this section, the impulse responses of key variables to a foreign interest

rate shock are presented in Figure 4.4. Under this shock, the interest rate

increases while inflation and output decrease in foreign countries. This pos-

itive foreign interest rate implies higher interest rates facing households and

other market players. This is in general similar to a negative demand shock

resulting in lower output and deflation.

The reduction in foreign output adversely influences demand for domes-

tic goods, as in (4.57). The international risk sharing condition implies that

the domestic aggregate consumption reduces while the relative price acts as a

buffer mechanism. The relative price increases, implying that domestic goods

are cheaper. Therefore, there is an increase in domestic output, which acts

as a risk-sharing mechanism between the domestic economy and the rest of

the world. Confronted with world recession, the domestic demand decreases,

but aggregate output increases in the first quarter, as shown by aggregate

demand and output respectively in Figure 4.4.

Because of reduced foreign demand under a foreign interest rate shock,

domestic goods prices decrease. Initially, there is a sharp increase in relative

price, but increases in domestic and foreign goods inflation are small. This

leads to a depreciation of domestic currency after the interest rate shock,

as suggested by (4.56). The depreciation in general implies that domestic

consumers are less wealthy, resulting in less consumption. Investment, asset
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Figure 4.4: Impulse Responses to Foreign Interest Rate Premium Shock
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prices, and the capital all reduce as well.

Financial bonds reduce sharply in response to a foreign interest rate

shock. Because of this shock, it is very costly for banks to finance through

issuing bonds. Therefore, banks choose to rely more on deposits which is

relatively cheaper. It is found that there is an increase in deposits from

households. As deposit rates and capital returns revert to the steady-state

level, policy interest rates become lower than the average funding costs of

banks. Thus, financial bonds stay above the steady state after the first several

periods.

4.6 Policy Analysis

In this section, the impulse responses to a foreign interest rate shock of a

central bank loss function will be analysed for different policy combinations.

There are three different policy tools which can be used by the central bank,

including the standard Taylor rule, the credit extended Taylor rule, and the

macroprudential tool. The extended Taylor rule and macroprudential tool are

specified as (4.65) and (4.66), where φχ ∈ [0, 1] and κχ ∈ [0, 1] are parameters

controlled by the central bank. By adjusting the value of κχ, the central bank

can control the desired steady-state loan to value ratio. The prudential policy

and monetary policy were named two pillars of macroeconomic regulation

and control in China. Indicators including loan-to-value ratios are actively

monitored, based on which prudential policies are conducted by the central

bank.

rcbt = ρcbrcbt−1 + φyŷt + φππt + φχχt (4.65)

χt ≡ exp(κχ)
κEB(1− δ)QK

t+1

1 + rBt
(4.66)

Different combinations of these four basic policy tools are described in Table

4.6, where X indicates that a policy is included and × indicates that it is
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not included. For example, the policy set A has only the standard Taylor

rule as the policy tool. In this section, the impulse response analysis will

be conducted first to show the performance of the model under the basic

Taylor rule. After that, different sets of policies will be compared based on

the arbitrary loss function.

Table 4.6: Four Policy Mix

Policy Mix A B C D

Standard Taylor Rule X × X ×
Extended Taylor Rule × X × X
Macroprudential Tool × × X X

The ad hoc bank loss function is specified as (4.67), where ŷ2t and π are

domestic output gap and final goods inflation respectively. Parameter λcb

represents the weight of the output gap in this loss function. In relation to the

ad hoc loss function set up, Benigno and Woodford (2012) suggest that there

are in general two welfare analysis approaches in the DSGE model: a Ramsey

policy analysis and a linear quadratic approximation for the utility function.

The latter approach is adopted by Mendicino and Pescatori (2007), Rubio

and Carrasco-Gallego (2014) and others. A linear quadratic approximation

can be applied if some conditions are satisfied. The ad hoc loss function is

used here as a criterion because it is consistent with the policy aim stated

by the PBC. Moreover, the loss function is similar to the linear quadratic

approximation results developed by Benigno and Woodford (2012). Based

on these two considerations, the ad hoc loss function used to the evaluate

different sets of policies is (4.67).

losst = λcbŷ2t + (1− λcb)π̂2
t (4.67)

Another issue related to policy comparison is the determination of policy

parameters. Obviously, optimal parameters can easily be found given a loss
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function. However, this usually delivers very large Taylor rule coefficients

which are obviously not consistent with estimation results and policy prac-

tices in China. Thus, relative comparisons are conducted based on this loss

function, rather than searching to find optimal parameters. The performance

of different policy mixes will be compared under different weights of λcb in

loss function.

Figure 4.5 presents the impulse response of the central bank loss func-

tion to a foreign interest rate shock. The losses in each figure are magnified

100 times. Different values of λcb are labelled in Figure 4.5. One of the main

limitations of this approach is that we did not use optimal parameters to

compare the performance of alternative monetary policies. Usually, the opti-

mal parameters can be found by a numerical search over a range given welfare

maximisation function. Future work can be conducted in this direction.

When λcb equals zero, i.e., the central bank cares only about the final

goods inflation in the economy. It can be observed that the four different

policy sets have very similar effects in the first two quarters. From the fourth

quarter to the fourteenth quarter, the inflation deviations under the extend-

ed Taylor rule with macroprudential policy have smaller squared inflation

rates. When λcb equals 0.2, 0.4, 0.6, and 0.8, the general patterns of the loss

function for different sets of policies are similar to those when λcb equals to

0. The extended Taylor rule with macroprudential policy has lower losses,

compared with other policy sets. When λcb equals 1, the extended Taylor

rule is dominant while the extended Taylor rule with the macroprudential

policy has the second smallest losses.

The extended Taylor rule has no dominant role among the four combi-

nations of policies. The macroprudential policy can work as an additional

tool for smoothing economic fluctuations. If that λcb is smaller than 0.8, the

extended Taylor rule with macroprudential policy works well to reduce the



174CHAPTER 4. AN OPEN NEWKEYNESIANMODELWITH A BANKING SECTOR

0 2 4 6 8 10 12 14 16 18 20
0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

 

 

λ
cb

 =0

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

0 2 4 6 8 10 12 14 16 18 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

0.45

 

 

λ
cb

 =0.2

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

0 2 4 6 8 10 12 14 16 18 20
0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

 

 

λ
cb

 =0.4

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

0 2 4 6 8 10 12 14 16 18 20
0

0.05

0.1

0.15

0.2

0.25

 

 

λ
cb

 =0.6

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

0 2 4 6 8 10 12 14 16 18 20
0

0.02

0.04

0.06

0.08

0.1

0.12

 

 

λ
cb

 =0.8

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

0 2 4 6 8 10 12 14 16 18 20
0

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

 

 

λ
cb

 =1

Taylor

Extended Taylor

Taylor & MP

ExTaylor & MP

This figure gives impulse responses of central bank loss function to foreign interest rate premium shock, given different

values of λcb. MP and ExTaylor represent the macroprudential tool and the extended Taylor rule respectively.

Figure 4.5: Impulse Responses of Central Bank Loss Function
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inflation deviations and output gaps. The usefulness of the extended Taylor

rule may be related to the high persistence of inflation. The additional item

reacting to the loan to value ratio can reduce the persistence in the interest

rate under the standard Taylor rule. The central bank should therefore de-

sign additional policy tools beyond the interest rate, such as loan to value

ratio. Trying an extended Taylor rule seems not to be a good choice for the

central bank.

4.7 Conclusion

This chapter builds an open economy New Keynesian model with a banking

sector which finances itself from three different funding sources. The model

allows banks to rely more on short-term funding when it is relatively difficult

to fund by collecting deposits from households. Compared with the existing

literature, the model in this chapter allows banks to undertake risk-taking

behaviour by relying more on short-term funding sources.

The model in this study has two distinctive features compared with

existing models. First, short-term funding sources exhibit high volatility

which may lead to endogenous financial instability in a crisis. The financial

bonds financed by banks can increase and decrease dramatically because of

the differences between policy interest rates and other interest rates. In a

crisis, banks may find it difficult to finance from the wholesale market when

they want to. Shrinking funding sources in bad times can increase financial

stress on the loan supply and thus dampen the real economy.

Second, the nominal exchange rate can be analysed from both purchase

power parity and interest rate parity perspective. The nominal exchange

rate is determined mainly by purchasing power parity in the long run and

partially influenced by interest rate parity in the short run. The imperfect

substitutions between domestic and foreign assets implies that nominal re-
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turns to domestic deposits and foreign deposits can be different in terms of

the same currency. This provides a mechanism to analyse the relationship

between purchasing power parity and interest rate parity in a New Keynesian

model.

The model is estimated by the Bayesian method using quarterly data

of China from 1996Q1 to 2015Q4. Based on the estimated and calibrated

parameters, impulse responses are conducted to examine the performance of

the model. In order to compare the traditional Taylor rule based monetary

policy and macroprudential policy, this study uses an ad hoc central bank

loss function based on the squared sum of inflation and the output gap. Dif-

ferent weights on the output gap and inflation are tried and it is conclusively

found that the macroprudential policy based on loan-to-value ratio can en-

hance the ability of the extended Taylor rule to tame the fluctuations of the

economy. Moreover, the extended Taylor rule alone has a relatively limited

effect on controlling business cycles. Calibrated and estimated parameters

can contribute to further empirical works using Chinese data.



Chapter 5

Conclusion

This thesis examines the monetary policy implications of the risk-taking be-

haviour of banks in an open economy environment. In order to investigate

this monetary policy issue, a macroeconomic model with an elaborated bank-

ing system is developed.

In Chapter 2, we mainly discuss the influences of the possible weak i-

dentification problem on the NKPC estimation using the data of China. The

relevant reasons for and influences of the weak identification problem are re-

viewed. Moreover, weak identification robust statistics are analysed as well.

Based on these reviews, the NKPC in China is tested and estimated using

the quarterly data. The weak identification problem mainly refers the case

that the correlation between instrument variables and endogenous variables

is weak. Because the change of inflation in the NKPC is usually difficult to

predict, the weak instrument problem is common in estimating the NKPC

using GMM. The main consequences of the weak identification problem are

that the relevant point is inconsistent and that the confidence interval can-

not cover the true value of the parameter at the given confidence level. The

177
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Cragg-Donal F statistic can be used to test the weak identification problem

and Stock and Yogo (2005) proposed relevant critical value using the sim-

ulation method. By partitioning the endogenous and exogenous variables,

the relevant AR, LM and CLR statistics can be constructed and these s-

tatistics are robust to the weak identification problem. By inverting these

statistics, a relevant confidence interval can be constructed. The size of the

confidence interval equals the confidence level, which solves the problem of

distorted type I error implied by the confidence level in large sample GMM

estimation.

In the empirical part, this study adopted quarterly data from Q1 1994

to Q3 2014 covering 79 observations. The CPI and RPI are used as measure-

ments for inflation, and the GDP gap is used for the driving force variable

in NKPC. The three-period lagged inflation and GDP gaps are used as the

instrument variables. The Cragg-Donal F statistic estimated suggests that

there is a weak identification problem using the large GMM estimation. To

solve this problem of weak identification, the CUE is used and relevant CLR

inverted confidence intervals are constructed. The full sample empirical re-

sults suggest that inflation dynamics in China have both a forward- and a

backward-looking component, and while the forward-looking component is

the major one and the backward-looking component is not negligible. The

subsample results suggest that the backward-looking component in the first

ten years of the sample is not significant but the forward-looking part is

significant. In the second ten years, the forward- and backward-looking com-

ponents are quite similar. This implies a tendency toward more inflation

inertia. The central bank should consider past inflation paths together with

the impact of future real GDP gaps on current inflation.

In Chapter 3, we test and estimate a VECM to examine whether there is

a long-run relationship existing between the capital inflows, interest rates dif-

ferentials and nominal exchange rates, and whether deviations from the long-
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run relationship can influence changes in these variables, based on monthly

data from China over the sample period from October 2006 to June 2015.

It is found that there is a long-run relationship existing between capital in-

flows and interest rates differentials. Deviations from this long relationship

can impose an error correction mechanism on the changes in capital inflows,

but not on exchange rates and capital inflows. This implies China indeed

achieved monetary policy autonomy with a partially opened capital account

and exchange rate regime in general pegging on the US dollar.

The normative analysis using DSGE model is used to examine the the-

oretical consequences of capital controls on other variables. The capital con-

trol mechanism is introduced by imposing an additional cost on the budget

constraint of households such that increases or decreases in foreign currency

deposits will incur some transaction costs. The central bank can step into

this capital control mechanism by changing the capital control parameter

such that it can be extremely costly for households to change their level of

foreign deposits. Under this mechanism, the central bank can influence the

speed of the capital flows. It is found that capital controls transform dramat-

ic and immediate changes in deposit portfolios to a prolonged and gradual

adjustment process. Besides this, capital controls can reduce output fluctu-

ations under a foreign demand shock, but can only increase the volatility of

the economy under foreign interest rate and inflation shocks. Moreover, there

is an optimal capital control level, if the weight of output volatility in the

central bank’s loss function is high enough. This indicates the proposition

of Xiaochuan Zhou may be appropriate if the central bank places sufficient

weight on the output gaps.

The impulse response analyses suggest that this capital control mecha-

nism can mitigate the output volatility of the economy when facing a foreign

demand shock, but may induce additional capital market volatility. Capital

controls can only incur additional volatility in the economy when confronting
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a foreign interest rate shock, because the controls transform the immediate

changes to deposit portfolios to a gradual adjustment process. A foreign in-

terest rate shock cannot influence real variables of the domestic economy if

there are no controls, while capital controls create a transmission mechanism

that links the domestic economy and foreign nominal shocks.

In Chapter 4, we build up an open economy New Keynesian model with

a banking sector which finances itself from three different funding sources.

The model allows the bank to rely more on short-term funding when it is

relatively difficult to finance itself by collecting deposits from households.

Compared with the existing literature, the model in this chapter allows risk-

taking behaviour of banks by relying more on short-term funding sources.

The model is estimated by the Bayesian method using quarterly Chinese

data from 1996Q1 to 2015Q4. Based on the estimated and calibrated pa-

rameters, impulse responses are conducted to examine the performance of

the model. In order to compare the traditional Taylor rule based monetary

policy and macroprudential policy, this study uses an ad hoc central bank

loss function based on the squared sum of inflation and the output gap. Dif-

ferent weights on the output gap are tried and it is conclusively found that a

macroprudential policy based on loan to value ratio can enhance the ability of

the extended Taylor rule to tame fluctuations of the economy. Moreover, the

loan to value ratio extended Taylor rule alone has relatively limited effects

on controlling business cycles.
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