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THE FELDSTEIN-HORIOKA PUZZLE
IN THE PRESENCE OF STRUCTURAL BREAKS: EVIDENCE FROM
CHINA

Abstract
This study explores the empirical validity of the Feldstein-Horioka puzzle for China in the
presence of structural breaks. To this end, we employ the recently proposed multiple-break
cointegration test of Maki (2012), along with the one-break Gregory and Hansen (1996)
cointegration test. Once the existence of the cointegration between domestic savings and
investment is ensured by allowing for endogenous structural breaks, Fully Modified Ordinary
Least Squares (FMOLS) and Dynamic Ordinary Least Squares (DOLS) estimation
procedures are implemented to obtain reliable inferences from the cointegrating regression.
Empirical results reveal that the relationship between Chinese domestic savings and
investment has changed with the regime shift towards flexible exchange rates and the 20082009 global financial crises. More specifically, with the introduction of managed floating
exchange rate regime, a substantial reduction is observed in the almost unitary saving
retention coefficient of the fixed exchange rate period. Furthermore, the correlation has
experienced a slight increase since 2009, which coincides with the worldwide protectionist
policies adopted in the depth of the global financial crisis.

Keywords: Feldstein-Horioka puzzle, saving-investment association, capital mobility,
exchange rate regimes, 2008-2009 global financial crises, cointegration, structural breaks,
China
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1. Introduction
The term ‘puzzle’ is used by economists to define the case where empirical findings do not
confirm the theoretical expectations. One of the most famous puzzles in open economy
macroeconomics is the so-called Feldstein-Horioka puzzle, introduced by Feldstein and
Horioka (henceforth FH) in 1980. In their seminal paper, FH argue that domestic savings and
investment should be perfectly correlated in a closed economy since investments are bound to
be solely funded by domestic savings. In an economy with perfect capital mobility, on the
other hand, the relationship tends to disappear as domestic investment can be financed by
worldwide pool of saving, while domestic saving seeks for global investment opportunities
with the highest returns. With this argument, FH conduct a cross-sectional analysis for 16
OECD countries over the period 1960-1974. They observe that domestic savings and
investment are strongly correlated and the relation has not weakened over time, suggesting
that capital is immobile in the OECD countries. These empirical findings, however, strongly
contradict with the situation of perfect capital mobility of industrialized countries, which was
achieved via financial market deregulations and liberalization of capital controls. This
contradiction was named as the FH puzzle and has raised a great deal of attention among
economists.
Since then the FH puzzle has been one of the most explored issues in international
finance, with numerous studies attempting to solve the puzzle. Some of these studies,
including Summers (1988), Obstfeld and Rogoff (1995), Coakley et al. (1996), and Ho
(2003) refuse that high correlation between domestic savings and investment indicates low
capital mobility. They argue that exogenous factors like long-run current account solvency
constraint, government policies targeting sustainable current account, size of countries, and
domestic and global production shocks may breed a strong saving-investment link.
On the other hand, supporting the approach of FH, other studies attempt to explain the
puzzling results on methodological and econometric grounds by applying cross-section, panel
data or time series estimation procedures. Despite a vast number of investigations (e.g.
Frankel et al., 1986; Krol, 1996; Corbin, 2001; Kollias et al., 2008; Murthy, 2009), whether
the FH puzzle is valid or not remains largely inconclusive within the cross-sectional or panel
data context. Studies, adopting time series methods, mainly focus on the role of policy regime
changes. Sarno and Taylor (1998), De Vita and Abbott (2002), Özmen and Parmaksız
(2003a, 2003b), and Mastroyiannis (2007), among others, argue that policy regime changes
might introduce structural breaks into the relationship between savings and investment.
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Subsequently, they observe that accounting for those structural breaks weakens or dispels the
original strong results of FH.
The objective of this study is to investigate the FH puzzle for the case of China over
the period 1970-2013. Given that China is one of the greatest economic success stories
having high growth rate, being the world’s largest manufacturer, merchandise exporter, and
holder of foreign exchange reserves, it is important to examine the link between domestic
savings and investment for that country. The main idea behind this study is to uncover the
actual saving-investment link in the presence of structural breaks. In this sense, we employ
the recently proposed multiple-break cointegration test of Maki (2012), along with the onebreak Gregory-Hansen (1996) cointegration test. To obtain a reliable inference on how the
correlation between savings and investment changes with the observed break dates, the
cointegrating regression is estimated through the FMOLS approach of Phillips and Hansen
(1990) and the DOLS procedure proposed by Stock and Watson (1993).
Roughly, our empirical findings reveal a significant long-run association between
China’s domestic savings and investment over the study period. Allowing for endogenouslydetermined structural breaks, however, it is observed that the association changes with the
introduction of the managed floating exchange rate system and the 2008-2009 global
financial crises in a consistent way with economic and financial conditions of China.
The rest of the study is organized as follows. Chapter 2 reviews the empirical
literature on the FH puzzle, while Chapter 3 presents a brief overview of the Chinese
economy. Chapter 4 describes the data and econometric methodology we implement.
Substantive empirical results are discussed in Chapter 5 and finally Chapter 6 concludes the
study.

2. Literature Review
Given its importance in open economy macroeconomics and policy implications, the FH
puzzle has initiated an enormous literature and it is growing with the availability of more
sophisticated approaches.1
The literature on the FH puzzle has in fact developed in two directions. The first
strand of the literature argues that the FH approach of investigating the saving-investment

1

An excellent review of the FH puzzle can be found in Apergis and Tsoumas (2009).
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nexus is inappropriate for measuring the degree of capital mobility. This line of research
claims that even in models with perfect capital mobility savings and investment could be
correlated due to some factors. For example, Sinn (1992), Obstfeld and Rogoff (1995),
Coakley et al. (1996), Summers (1988), and Coakley and Kulasi (1997) argue that since the
current account balance equals to the difference between savings and investment, a strong
correlation between these variables implies nothing but the long-run solvency of current
account regardless of the degree of capital mobility. According to this line of research,
another reason behind the strong correlation between savings and investment in an economy
with high capital mobility is the country-size effect. In this context, Baxter and Crucini
(1993), Coakley et al. (1998), and Ho (2003) argue that if the country is large enough to
influence interest rates, any increase in national savings will reduce world interest rates and
increase investment in that country. Hence, a strong correlation will be observed between
savings and investment despite the presence of high capital mobility.
The second strand of the literature supports the approach of FH in measuring capital
mobility and attempts to explain the puzzle by adopting various econometric methodologies.
Following FH, earlier studies, including Feldstein (1983), Frankel et al. (1986) and Feldstein
and Bacchetta (1989) examine the FH puzzle within a cross-sectional framework. However,
the finding of a high correlation between saving and investment is almost confirmed for
industrial and developing countries even for longer periods.
There are also researchers analyzing the FH puzzle within a panel context. Many of
these studies, however, provide a high saving-investment correlation for developed countries
which suggests low capital mobility according to the FH approach, e.g. Corbin (2001),
Chakrabarti (2006), Adedeji and Thornton (2008), and Pelgrin and Schich (2008). Unlike
these studies, Krol (1996) and Kollias et al. (2008) observe a low correlation between
domestic saving and investment for 21 OECD countries and the EU15 countries, respectively.
The empirical findings of Krol (1996), however, fall under the criticisms of Coiteux and
Olivier (2000) and Jansen (2000). They argue that exclusion of Luxembourg from the sample
reverses the low correlation finding of Krol (1996) and validates the FH puzzle. On the other
hand, Murthy (2009), in a panel of 14 Latin American and 5 Caribbean countries, show that
the FH argument is not valid, which is consistent with the recent developments (e.g.
increased financial integration, deregulation of banking sector, and weakening of the capital
controls) that the sampling countries have witnessed. Similar to Murthy (2009), Kim et al.
(2005) and Bangake and Eggoh (2011) observe a low correlation between saving and
investment for Asian and African countries, respectively.
5

Overall, in a cross-sectional or panel data context, while some researchers conclude that there
is no or weak correlation between saving and investment due to high capital mobility, the
others fail to provide empirical evidence against the FH puzzle. According to some
economists, cross-sectional and/or panel regressions in the context of FH analysis may entail
some problems. For example, Hussein (1998) and Athukorala and Sen (2002), argue that
when the saving-investment relationship is modelled by these approaches misleading results
may be obtained due to inclusion of economically large and financially developed countries,
which can lead to sample selection bias. Furthermore, the saving-investment dynamics may
vary country to country due to differences in the structure of an economy, government
policies, and country-specific financial shocks. As underlined by Caporale et al. (2005),
Narayan (2005a), and Mastroyiannis (2007), ignoring these differences and expecting the
saving-investment relationship to be same for the countries in the sample might lead to
unreliable inferences on the main question of how much of an increase in savings is truly
reflected into domestic investment.
These potential pitfalls have motivated many researchers to examine the savinginvestment relationship for individual countries through time series methods. Given that
international capital mobility is a time-varying issue which cannot be correctly specified by
one fixed coefficient, as highlighted by Ho (2000) and Telatar et al. (2007), among others,
most of these studies account for the possibility that the correlation between savings and
investment might be exposed to various policy regime changes and structural breaks. These
studies have developed in two directions. While the first strand relies on exogenouslydetermined structural breaks and utilize the standard Engle and Granger cointegration test or
the ARDL bounds testing approach to cointegration, the second strand of the studies
implements appropriate cointegration tests allowing for endogenous structural breaks. In this
sense, Miller (1988), Alexakis and Apergis (1994), and De Vita and Abbott (2002), for
example, examines the relationship between the US domestic saving and investment over two
subperiods, corresponding to fixed and flexible exchange rate regimes. The results reveal that
the US saving-investment correlation weakens after the introduction of the flexible exchange
rate regime. Pelagidis and Mastroyiannis (2003) and Mastroyiannis (2007) also consider
policy regime changes for Greece and investigate the evolution of the saving-investment
correlation through the exogenously-determined subperiods. Their results show that after its
accession to the EU, Greece experienced a weaker correlation between saving and investment
due to higher degree of capital market integration. These findings are also confirmed by
Lemmen and Eijfinger (1995) and Sarno and Taylor (1998) for the UK when 1979 is taken as
6

a structural break date, which coincides with abolition of exchange controls and removal of
barriers to capital flows. Similarly, Payne (2005) reveals an increase in the capital mobility in
Mexico following the 1982 debt crisis.
All of the above-mentioned studies rely on the assumption that the break date is
precisely known and examine the saving-investment correlation over the subperiods,
designed according to the imposed break date(s). Although the assigned break dates are quite
reasonable in an economic sense, such a procedure may suffer from a pre-test bias, as argued
by Özmen and Parmaksız (2003a, 2003b). This argument initiates the second strand of the
time series studies, which utilizes cointegration tests allowing for endogenously-determined
structural breaks to investigate the FH puzzle.
In this sense, Özmen and Parmaksız (2003a, 2003b), Narayan and Narayan (2010),
Verma and Saleh (2011), and Ketenci (2012) implement the Gregory-Hansen (1996) onebreak cointegration test2. While Özmen and Parmaksız (2003a) deduce that the savinginvestment relationship in the UK disappears after the abolishment of foreign exchange
controls, Narayan and Narayan (2010) and Verma and Saleh (2011) find no link between
saving and investment in G7 countries and Saudi Arabia, respectively. Their results also
uncover that the capital mobility in these countries is remarkably stable. Ketenci (2012),
however, confirms existence of cointegration between savings and investment in all analyzed
23 EU countries, with the exceptions being Estonia and Portugal. The observed significant
but low correlation is assigned to the high capital mobility. The results of Ketenci (2012) also
reveal that the correlation between saving and investment could be overestimated if the
structural breaks are ignored.
This study aims to explore the FH puzzle for the case of China over the period 19702013. As aforementioned, the existing literature has largely focused on OECD and EU
countries, while the saving-investment nexus for China is surprisingly under-studied. To the
best of our knowledge, the only papers are Narayan (2005a) and Bordoloi and John (2011).
Narayan (2005a) investigates the saving-investment correlation over the subperiods 19521994 and 1952-1998, the former of which represents the period of fixed exchange rate
regime. Application of the ARDL bounds test along with the one-break Gregory-Hansen
(1996) cointegration test to each subperiods, indicates that domestic savings and investment
are strongly correlated in China. Overall, despite a very slight reduction in the correlation
with the implementation of the flexible exchange rate regime, empirical findings of Narayan
2

There are also studies investigating the saving-investment relationship in the presence of regime changes
through nonlinear models, e.g. Telatar et al. (2007), Kejriwal (2008), and Chen and Shen (2015).
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(2005a) validate the FH puzzle for China. Bordoloi and John (2011), on the other hand,
explore the relationship between domestic savings and investment for the period 1950-2010
by adopting the ARDL bounds testing approach without considering the possible sensitivity
of the relationship to the exchange rate regime shift. According to the results, saving and
investment are found to be cointegrated for China. They further investigate the temporal
movement of the correlation by recursive estimates using the data for 1997-2009. The results
point to a gradual increase in the correlation during the period 1997-2003, which is followed
by a decline till 2008 and an increase afterwards with the global financial crisis of 2008-2009.
Similar to Narayan (2005a), our study aims to explore the FH puzzle in the presence
of regime changes. Unlike Narayan (2005a), however, we do not impose an assumption that
the break date and corresponding subperiods are precisely known. Instead, we utilize the
recent multiple-break cointegration test of Maki (2012), along with the Gregory-Hansen
(1996) cointegration test to specify the actual date of structural changes. Given that Chinese
economy has undergone a number of dramatic changes during our sample period and the
Gregory-Hansen (1996) cointegration test has some serious limitations in the presence of
multiple breaks, it is important to use a cointegration test allowing for endogenouslydetermined multiple breaks. In this way, the temporal movement of the saving-investment
correlation might be analyzed more precisely. Finally, although it is partially investigated by
Bordoloi and John (2011) over the sample 1997-2009, the extension of the sample period to
2013 enables us to observe more reliable inference on how the global financial crisis of 20082009 has affected the saving-investment relationship in China.

3. Chinese Economy

After the establishment under the leadership of Mao Zedong in 1949, China followed a
centrally planned economy until 1979. During the period of 1949-1978, the vast majority of
economic output was controlled by the state via setting production targets, controlling prices,
and allocating the resources throughout the economy. Private enterprises and foreign
investment were not accepted. Foreign trade, on the other hand, was allowed only for the
goods which could not be produced in China. Consequently, by 1978 approximately threefourths of industrial production was undertaken by centrally controlled and state-owned
enterprises, in line with the centrally planned output targets (Morrison, 2006; Morrison and
Labonte, 2013).
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Due to under controlled price and production levels, nonexistence of competition,
restricted foreign trade and investment, the Chinese economy was considered as untenable
and an overhaul of the whole system was needed by the late 1970s. Accordingly, the Chinese
government decided to leave the closed and centrally managed economy in 1978. To raise
economic growth and living standards, China initiated its economic reforms in 1979. In this
respect, the decentralization of economy was adopted by giving economic control of various
enterprises to provincial and local governments. The trade barriers were eliminated and FDI
inflows were attracted. Moreover, price controlling of the state on a wide range of products
was removed (Rumbaugh and Blancher, 2004; Morrison, 2006, 2014).
Together with the economic reforms that have opened up the Chinese economy to
competition and liberalization, its exchange rate policy has also experienced substantial
changes over time. The evolution of the exchange rate regime started with the abolishment of
administrative exchange rate controls and introduction of dual-exchange rate system in 1981.
In the dual-exchange rate system, the official fixed exchange rate for nontrade related
transactions coexisted with a swap market- determined exchange rate for authorized current
account transactions. After the implementation of the system, however, a sharp depreciation
was observed in the market-determined exchange rate while the fixed rate became relatively
overvalued. Therefore, in 1994, the official exchange rate and swap market rate were unified
and a managed floating exchange rate system was officially introduced. Afterwards, the
exchange rate regime reform was continued further by moving from a managed floating
exchange rate pegged to the US dollar towards a basket of currencies in 2005.3
With the gradual implementation of economic reforms and exchange rate regime
changes, China has experienced a substantial economic growth, as seen in Figure 1. While
the real annual GDP growth rate was 6.7 percent on the average for the period 1953-1978,
following the introduction of the reforms the growth rate increased to 9.7 percent over the
period 1979-1993. In the following two decades, it is observed that the growth rate is still
high but almost stable with the rates of 9.2% and 10.2% on the average. The unprecedented
economic growth of China can also be attributed to its high and rising saving and investment
rates (Yang, 2012). Historically, China has high saving rates such that prior to the economic
reforms domestic savings as a percentage of the GDP was around 35 percent. Economic
reforms, including the decentralization of economic production and removal of the barriers,
3

For more detailed discussion on the evolution of the exchange rate policy of China, see Guijun and Schramm
(2003), Huang and Wang (2004).
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gave rise to the growth of household and corporate savings, which in turn boosted domestic
investment.

Figure 1: Chinese average real GDP growth rates over the period 1953-2013

Another major factor behind the rapid economic growth of China could be the inward FDI
flows. Figure 2 clearly illustrates the increasing trend of annual FDI flows to China. While
the total amount of FDI was stable around 2 billion US Dollars over the period 1985-1991, it
increased to 127 billion US Dollars by the end of 2013. Currently, China is the world’s
second-largest recipient of FDI inflows, after the US.

Figure 2: Annual FDI flows to China during the period 1985-2013 ( Billions of US
Dollars)
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4. Methodology
The modeling approach in this study covers three steps. The first step is to specify the order
of integration of the employed series through the unit root tests of Zivot and Andrews (1992)
and Lumsdaine and Papell (1997). In the next step, taking the standard Engle-Granger
approach as a benchmark, we adopt the cointegration tests proposed by Gregory and Hansen
(1996) and Maki (2012). Once cointegration between investment and saving is established by
allowing for endogenous structural breaks, our final step is estimating the cointegrating
regression.

4.1. Unit Root Tests
The first step of cointegration analysis is determination of the integration order of the series.
It is known that the ADF and PP tests, the most commonly employed unit root tests in
empirical studies, perform relatively well when applied to time series being exposed to no
structural break(s). However, as indicated by Perron (1989), these tests are biased towards
accepting the false null hypothesis of a unit root when the time series is stationary around a
break. On the other hand, Leybourne et al. (1998) demonstrate that if the true DGP is
integrated of order one with a break, the standard unit root tests can lead to spurious rejection
of the unit root null hypothesis. As mentioned earlier, Chinese economy has undergone some
dramatic changes during the sample period of our analysis. Obviously, these changes might
have significant impact on investment and saving in China. To account for these changes and
propose more reliable results, unit root tests allowing for structural breaks should be utilized.
For that reason, we employ Zivot and Andrews (1992) and Lumsdaine and Papell (1997) unit
root tests which allow for one and two structural breaks, respectively, to ascertain the order of
integration for investment and saving.

4.1.1. Zivot and Andrews (1992) Unit Root Test
Zivot and Andrews (1992) develop a unit root testing procedure allowing for one
endogenously-determined structural break. They propose three different models. Model A
allows for a structural break in the intercept term, model B allows for a structural break in the
trend term, and finally model C combines the first two models and allow for a change in both
the intercept and the trend. Model A, B, and C are expressed as follows, respectively:
11

yt     yt 1   t  1dut   j 1 d j yt  j   t

(5.1)
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(5.2)
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(5.3)

k

k

k

2
where yt denotes the time series of interest,  t is i.i.d. disturbance term with variance  , k

is the augmentation order that ensures the i.i.d. structure of  t , dut is the dummy variable for
a mean shift occurring at time TB , and dtt is the corresponding trend shift variable defined
as:

1
dut  
0

if t  TB
otherwise

t  TB
dtt  
0

and

if t  TB
otherwise

(5.4)

Implementation of the unit root test of Zivot and Andrews (1992) requires a grid search
procedure due to the location of the structural break being unknown. In this respect, the
models are estimated by OLS and the t-statistic for testing the unit root null hypothesis

(  0) is calculated for each potential structural break (TB) , which is in the interval
[0.10T ,0.90T ] , where T represents the sample size. For each value of TB , the optimal lag
length k is determined by using the general to specific approach. The test statistic is then the
minimum t-statistic over all ADF t-statistics and so the selected break date is the one which
provides the strongest evidence in favour of stationarity of the time series.
While the asymptotic critical values are provided by Zivot and Andrews (1992), they
highlight the fact that with small sample sizes, the distribution of the test statistic may differ
substantially from the asymptotic distribution. In order to overcome this problem, they
suggest bootstrapping finite sample critical values. In this framework, under the assumption
that the errors driving the data series are normal ARMA (p,q) processes, an ARMA (p,q)
model is estimated for each first difference series of interest (yt ) with the orders p and q
being selected according to the AIC. The estimated ARMA model is then treated as the true
DGP. Using the DGP the test statistic is calculated through the aforementioned grid search
procedure. Repeating this procedure for 5000 times provides the empirical distribution
function of the test statistic and hence the critical values corresponding exactly to our data.
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4.1.2. Lumsdaine and Papell (1997) Unit Root Test
By allowing for the possibility of two endogenous structural breaks in level and trend,
Lumsdaine and Papell (1997) extend the models A, B, and C of Zivot and Andrews (1992)
and propose models AA, CA, and CC, respectively, as:
yt     yt 1   t  1du1t  2 du 2t   j 1 d j yt  j   t

(5.5)

yt     yt 1   t  1du1t   2 du 2t   1dt1t   j 1 d j yt  j   t

(5.6)

k

k

yt     yt 1   t  1du1t  2 du 2t   1dt1t   2 dt 2t   j 1 d j yt  j   t (5.7)
k

where du1t and du 2t are dummy variables for mean shifts, dt1t and dt 2t are the dummies
for trend shifts occurring at times TB1 and TB2 (TB2  TB1  2) , respectively. That is:

1
du1t  
0

if t  TB1
otherwise

t  TB1 if t  TB1
dt1t  
otherwise
0

and

1
du 2t  
0

if t  TB 2
otherwise

(5.8)

and

t  TB 2 if t  TB 2
dt 2t  
otherwise
0

(5.9)

In this framework, model AA allows for two breaks in the intercept term, while model CA
accounts for two breaks in the intercept and one break in the trend term. The final model CC
includes two breaks in the intercept and the trend term.
Similar to the approach of Zivot and Andrews (1992), Lumsdaine and Papell (1997)
employ a grid search procedure to test the null hypothesis of a unit root. By ruling out the
possibility that the breaks occurred in consecutive dates, the search is conducted for each TB1
and TB2 with 10% trimming and the augmentation order k being selected according to the
general to specific approach. As in Zivot and Andrews (1992), the minimum ADF t-statistics
(maximum in absolute values) and the break dates that provide the least support for the null
of a unit root are selected. Although critical values are provided by Lumsdaine and Papell
(1997), we follow the bootstrapping approach of Zivot and Andrews (1992) to circumvent
any possible distortion due to using a relatively small sample.

4.2. Cointegration Tests
In order to examine the saving-investment link, the standard two-step Engle and Granger
procedure requires first estimation of the long-run equilibrium model in the form:
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(5.10)

where I t is the gross domestic investment as a proportion of GDP, St is the gross domestic
saving as a proportion of GDP,  is the constant, and  t is the stochastic disturbance term.
In model (5.10), coefficient  which is known as ‘saving retention coefficient’ measures the
degree of capital mobility. If a country has perfect international capital mobility, domestic
investment can be financed by worldwide pool of saving and the value of  approaches to 0.
If the capital is immobile in a country, domestic investment can solely be financed by
domestic saving which leads to a unitary saving retention coefficient (Özmen and Parmaksız
2003a). Once the long-run equilibrium model (5.10) is estimated through OLS, the second
step of the Engle-Granger approach is testing for cointegration relationship between
investment and saving, i.e. stationarity of the ˆt sequence.
The long-run equilibrium model of the Engle-Granger approach is formed under the
assumption that the cointegrating relationship between savings and investment is subject to
no structural changes. However, due to major economic events such as financial and
economic crises and shifts in financial system the equilibrium relationship might change,
which in turn may affect the reliability of the Engle-Granger cointegration test. Leybourne
and Newbold (2003) and Kellard (2006) illustrate that the Engle-Granger test
overwhelmingly finds spurious cointegration when the breaks in level and/or slope of
independent time series are neglected, whereas Campos et al. (1996) and Gregory et al.
(1996) reveal that ignoring the existence of structural breaks leads to substantial decrease in
the power of standard cointegration tests. Considering these limitations of the Engle-Granger
cointegration test in the presence of structural breaks together with the major structural
changes in Chinese economy during our sample period, we proceed with the Gregory and
Hansen (1996) cointegration test which accounts for an endogenously-determined structural
break.

4.2.1. Gregory and Hansen (1996) Cointegration Test
Gregory and Hansen (1996) extend the Engle-Granger approach by allowing a single
structural break in the intercept and/or slope coefficients at an unknown time. They propose a
residual-based procedure to test the null hypothesis of no cointegration against the alternative
hypothesis of cointegration with one structural break. In the spirit of Zivot and Andrews
14

(1992), three different models are introduced for the structural change in the cointegrating
relationship. The first model is the level shift model (C) which takes the following form:

It  1   2 Dt  1St   t

(5.11)

where Dt is the dummy variable defined as:

if t  [T ]
if t  [T ]

0
Dt  
1

(5.12)

In this setting, 1 is the intercept before the shift,  2 is the change in the intercept at the time
of the shift. The unknown parameter  represents the relative timing of the change, T
denotes the sample size, and [ ] denotes the integer part. The second model is the level shift
with trend model (C/T) which takes the form:

Iı  1   2 Dt   t  1St   t

(5.13)

where t represents a time trend. Finally, the third model is the regime shift model (C/S),
wherein both intercept and slope coefficients are allowed to change as:

Iı  1   2 Dt  1St  2 St Dt   t

(5.14)

where 1 is the cointegrating slope coefficient before the regime shift and  2 is the change in
the slope coefficient.
In all three models, a grid search procedure is employed to calculate the test statistic to
test the null hypothesis of no cointegration. More specifically, the above models are
estimated recursively by allowing the breakpoint to vary such that [0.10T ]    [0.90T ] . For
each value of  , the residual sequence ˆt is obtained through OLS. Once the residuals are
obtained, the ADF and Phillips test statistics, ADF ( ) , Z ( ) , and Zt ( ) are calculated to
test for stationarity of the residuals, i.e. existence of cointegration.4 The test statistics of
interest, ADF * , Z * , and Z t * are then obtained as:

ADF *  inf ADF ( )

(5.15)

Z *  inf Z ( )

(5.16)

Zt *  inf Zt ( )

(5.17)

 T

 T

 T

In this way, the test statistics and the break point which provide the least support for the null
of nonstationarity of the residuals and hence no cointegration are chosen. In other words, we

4

For further information about

Z and Z t test statistics, see Phillips (1987).
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select the values which provide the strongest evidence in favour of cointegration. The critical
values for finite samples are derived through Monte Carlo simulations and tabulated by
Gregory and Hansen (1996).

4.2.2. Maki (2012) Cointegration Test
While the cointegration test of Gregory and Hansen (1996) performs well when the
cointegrating relationship is exposed to a single break, it will be misspecified in the presence
of multiple breaks. In this respect, Maki (2012) proposes a new cointegration test that allows
for an unknown number of breaks. Four different models depending on whether the changes
affect the intercept, the slope or the trend are designed as:

It    i 1 i Di ,t   St   t
m

(5.18)

It    i 1 i Di ,t   t   St   t
m

It    i 1 i Di ,t   St  i 1 i St Di ,t   t
m

m

It    i 1 i Di ,t  i 1  itDi ,t   St  i 1 i S t Di ,t   t
m

m

m

(5.19)
(5.20)
(5.21)

where i ,  i , and  i represent changes in the level, slope and trend coefficients,
respectively, Di ,t is a dummy variable taking the value of 1 if t  TBi (i  1,...m) and of 0
otherwise, where m is the maximum number of breaks and TBi represents the time period of
the break. The first model (5.18) is the level shift model which captures the changes in the
intercept. While the second model (5.19) adds a trend term to the level shift model, the third
model (5.20), called regime shift model, considers structural breaks occurring both in the
intercept and the slope. Finally, the fourth model (5.21) accounts for structural breaks in the
intercept, the trend, and the slope terms.
Given the models, the null hypothesis of no cointegration against the alternative
hypothesis of cointegration with i number of breaks (i  m) is tested by implementing a grid
search procedure. The first step of the algorithm of Maki (2012) is setting the maximum
number of breaks, m . Then, to find the first break, the selected model is estimated for each

TB1 with 10% trimming and the residual sequences are obtained. The first break is then
selected by minimizing the SSR over these estimations. Using the residual sequences, ADF tstatistics for the null of nonstationarity of the residuals, i.e. nonexistence of cointegration, are
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calculated and the minimum t-statistic,  1 is selected. If i  1 , then  1 will be the test statistic
to test for cointegration with one structural break. If i  2 , on the other hand, the first break is
integrated into the model and the algorithm is pursued with searching for the second break.
Imposing 10% trimming and ruling out the possibility of having breaks in consecutive
periods, the model is estimated for each TB2 and the residual sequences are derived as before.
Then, the second break is chosen to minimize SSR of the estimations. From the residual
sequences, the minimum ADF t-statistic,  2 is obtained. The test statistic to test for
cointegration with two structural breaks is then the minimum t-statistic over the set

  1  2 . This procedure is repeated until m break points are allowed in the cointegrating
relationship and the test statistic will be the minimum t-statistic over the set of

  1  2  ...  m . The critical values changing with the number of structural breaks
allowed in the long-run equation are provided by Maki (2012).

4.3. Estimation of Long-Run Coefficients
Once structural breaks are specified and cointegration is established through the cointegration
tests of Gregory and Hansen (1996) and Maki (2012), the next step is the construction of the
long-run equilibrium model between domestic savings and investment with the structural
break dummies.
The application of OLS to a cointegrating equation delivers super-consistent
estimators in the presence of cointegration, as shown by Stock (1987). However, the
statistical inferences derived from the OLS approach could be unreliable due to the presence
of serial correlation and endogenity biases, which do not affect the consistency but induce
nonzero mean and nonnormality in the limiting distribution of the test statistics (Vogelsang
and Wagner, 2011). To overcome this problem two alternative estimation procedures are
proposed. These are the FMOLS estimation approach of Phillips and Hansen (1990) and the
DOLS estimation procedure proposed by Stock and Watson (1993). While the FMOLS
utilizes a semi-parametric approach to deal with serial correlation and endogenity problems,
the DOLS employs a parametric approach by adding leads and lags of the differences of the
variables to the long-run regression. Although asymptotically they produce similar results, it
is not very clear which one performs better in small samples. In practice, the FMOLS
approach is preferable to the DOLS estimation procedure for small samples since it does not
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reduce the degrees of freedom the way parametric approaches like the DOLS do. In our
analysis, we will implement both FMOLS and DOLS procedures to derive robust statistical
inference on the estimated saving retention coefficient.

5. Data and Empirical Results
To explore the existence of the FH puzzle in China we utilize gross domestic saving and
gross capital formation as a percentage of GDP. Our data covers the period from 1970 to
2013 which is the widest interval available. This period includes both the gradual transition
of the Chinese economy from a command economy to a market-oriented one and the 20082009 global financial crises. As in many other studies investigating the FH puzzle, annual
data is employed to avoid seasonality issues. All data is extracted from WDI database of the
World Bank.
Taking the standard ADF and PP unit root tests as benchmarks, this chapter discusses
first the results of the Zivot and Andrews (1992) one-break and Lumsdaine and Papell (1997)
two-break unit root tests. Empirical findings from the cointegration tests of Gregory and
Hansen (1996) and Maki (2012) are then described in the subsequent subsection. The final
subsection presents the estimated long-run relationship between domestic savings and
investment, which accounts for the structural breaks detected by the cointegration tests.

5.1. Unit Root Test Results
To investigate the FH puzzle within a cointegration framework, it is essential to establish the
nonstationarity of domestic savings and investment. We initially employ two popular
conventional unit root tests, ADF and PP. According to the results, both ADF and PP tests do
not reject the null hypothesis of a unit root in both of the series at 10% significance level5.
Given the low power of the standard ADF and PP tests in the presence of structural breaks,
we continue with the unit root tests of Zivot and Andrews (1992) and Lumsdaine and Papell
(1997), which allow for one and two endogenous structural breaks, respectively. In both tests,
the augmentation order is chosen according to the general to specific approach at the 10%
significance level with a maximum autoregressive order of 4.

5

These results are standard and not presented here. They are available upon request.
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As mentioned before, Zivot and Andrews (1992) propose three different models depending
on whether the structural change affects the intercept or the trend term. Although there is no
consensus has emerged so far regarding on which model is superior, Perron (1989) suggests
that most macroeconomic time series could be sufficiently modelled by using model A or
model C. Following Perron (1989), many studies (including Narayan, 2005a; Tang and Lean,
2011; Adebola and Dahalan, 2012) employ model A and model C together in their empirical
analysis. Being in line with these studies, we conduct the unit root test by estimating the test
regressions (5.1) and (5.3), which allow for a change in the intercept (model A) and a change
both in the intercept and slope (model C), respectively. Table 1 provides the test results
together with the finite sample critical values, simulated through the bootstrap procedure
explained in the previous chapter. According to the results, allowing for a one-time structural
break provides no additional evidence in favour of stationarity of investment and saving rates.
Being consistent with ADF and PP test results, the unit root test of Zivot and Andrews (1992)
reveals nonstationarity of the series.
Table 1: Zivot and Andrews Unit Root Test Results
Investment

Saving

Model A

Model C

Model A

Model C

TB

1996

1996

2005

1998

k

1

1

4

4

t

-4.319

-5.034

-4.245

-4.974

(-4.80)

(-5.08)

(-4.80)

(-5.08)

[-6.087]

[-6.574]

[-6.965]

[-7.188]

Notes: TB denotes the structural break date and k indicates the appropriate augmentation order for the test
regressions. While the values in parentheses are the asymptotic critical values provided by Zivot and Andrews
(1992), exact critical values obtained from 5000 bootstrap replications are given in brackets.

Since the unit root test of Zivot and Andrews (1992) may lose power and deliver misleading
results when the series are confronted with more than one break, we proceed with the test of
Lumsdaine and Papell (1997). Extending model A and model C of Zivot and Andrews (1992)
to model AA and model CC to allow for two endogenous breaks, equations (5.5) and (5.7)
are estimated and the test results are reported in Table 2. The results corroborate those
obtained from the unit root test of Zivot and Andrews (1992), concluding that both
investment and saving rates exhibit nonstationary behavior.
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Table 2: Lumsdaine and Papell Unit Root Test Results
Investment

Saving

Model AA

Model CC

Model AA

Model CC

TB1

1988

1977

1977

1977

TB 2

1996

1999

2005

1998

k

1

3

4

4

t

-5.064

-6.284

-4.960

-5.772

(-6.24)

(-6.82)

(-6.24)

(-6.82)

[-7.046]

[-7.714]

[-8.104]

[-7.447]

Notes: TB1 and TB2 denote the structural break dates and k indicates the appropriate augmentation order for the
test regressions. While the values in parentheses are the critical values provided by Lumsdaine and Papell
(1997), exact critical values obtained from 5000 bootstrap replications are given in brackets.

5.2. Cointegration Test Results
Given nonstationarity, I(1) structures of investment and saving, we continue with the
cointegration analysis to examine the long-run relationship between investment and saving
rates. As such, we commence with the standard Engle and Granger cointegration approach
and test for stationarity of the residuals of the long-run equilibrium model (5.10). To allow
for a possible structural change in the cointegrating relationship and circumvent the
limitations of the Engle-Granger cointegration test in the presence of a structural break, we
next apply the Gregory and Hansen (1996) procedure. As discussed before, Gregory and
Hansen (1996) suggest three different model specifications, which allow for level shift (5.11),
level shift with trend (5.13), and regime shift (5.14). In practice, although there is no
consensus on which model is superior, the regime shift model is particularly appropriate to
examine the impact of a policy change on the saving-investment link. Thus, being in line with
the other studies investigating the FH puzzle under policy changes and structural breaks, we
employ the regime shift model (C/S) for the cointegration analysis. The model (5.14) is
estimated and the test statistics ADF ( ) , Z ( ) , and Zt ( ) together with the break points
are determined as outlined in the previous chapter.
The results of the Engle-Granger and Gregory-Hansen cointegration tests are
presented in Table 3. According to the results, the Engle-Granger test provides evidence for
the existence of cointegration between savings and investment at 10% significance level.
Accounting for a possible change in the cointegrating relationship, the Gregory and Hansen
test, on the other hand, supports the existence of cointegration based on the ADF statistic
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only if the significance level is extended to 10 percent. The corresponding year of the
structural break is found as 1994. The relatively poor evidences yielded by the cointegration
tests of Engle-Granger and Gregory and Hansen (1996) may be due to the presence of the
multiple breaks. Based on his Monte Carlo experiments, Maki (2012) reveals that the
standard Engle-Granger test and the one-break cointegration test of Gregory and Hansen
(1996) are subject to a substantial power loss when the cointegration relationship is exposed
to multiple breaks.
Table 3: Engle and Granger and Gregory and Hansen Cointegration Test Results
Engle-Granger
ADF

Gregory-Hansen
ADF *

Z

Zt

TB

-

1994

1994

1994

Test Statistic

-3.131*

-4.879*

-26.074

-3.969

Critical values
5%

-3.46

-4.95

-47.04

-4.95

10%

-3.13

-4.68

-41.85

-4.68

Notes: While TB denotes the structural break date, (*) indicates rejection of the null hypothesis of no
cointegration at 10% significance level.

In order to circumvent any power loss, we proceed with the multiple-break cointegration test
of Maki (2012). The test is implemented by estimating the model (5.20), which is a direct
extension of the one-break regime shift model of Gregory and Hansen test to multiple breaks.
The results are reported in Table 4. MBi indicates the case where the maximum number of
breaks is set equal to i where i=1,..,5. For each case, the previously outlined grid search
procedure is implemented to find the test statistics and the break points. It appears that when
we allow for one structural break, the test provides evidence for a cointegration relationship
being exposed to a change after the year 1993 at 10% significance level. Integrating the
possibility of a second break, on the other hand, leads to a stronger evidence for cointegration
with the year of structural breaks being 1993 and 2008. The estimated break points coincide
with the exchange rate regime shift from a fixed to a managed floating exchange rate regime
and the 2008-2009 global financial crises. Allowing for more than two breaks, however,
reveals no further evidence for the existence of cointegration and additional structural breaks.
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Table 4: Maki Cointegration Test Results
MB1

MB2

MB3

MB4

MB5

TB1

1993

1993

1984

1984

1978

TB 2

-

2008

1993

1993

1984

TB3

-

-

2008

2004

1993

TB 4

-

-

-

2008

2004

TB5

-

-

-

-

2008

Test Statistic

-4.879*

-5.453**

-5.358

-5.651

-5.852

5%

-4.895

-5.363

-5.703

-6.011

-6.057

10%

-4.626

-5.070

-5.402

-5.723

-6.357

Critical values

Notes: Critical values are extracted from Maki (2012). (**) and (*) denote rejection of the null hypothesis of no
cointegration at 5% and 10% significance levels, respectively.

5.3. Long-Run Coefficient Estimation Results

Having established the existence of cointegration, we continue with the estimation of the
cointegrating equation (5.20) with the structural break dummies for the years 1993 and 2008
to observe how the detected break points affect the relationship between domestic savings
and investment in China. In this sense, we adopt the FMOLS and DOLS estimation
procedures, which account for serial correlation and endogenity problems. While FMOLS is
performed using the Bartlett Kernel with Newey-West bandwidth, DOLS is implemented
with leads and lags determined according to AIC. Table 5 presents estimates of the saving
retention coefficient.
Table 5: Estimation of the Saving Retention Coefficient
DOLS

FMOLS

St

0.970***
(9.486)

0.996***
(10.687)

D93t St

-0.426***
(-2.921)

-0.436***
(-3.102)

D08t St

0.083***
(3.230)

0.082***
(3.452)

Notes: Numbers in parentheses denote t-statistics and D93t and D08t are the impulse dummies taking the
value 1 if (t  1993) and (t  2008) , respectively, and 0 otherwise. (***) denotes statistical significance of
the estimator at 1% significance level.
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It is seen that the results obtained from the DOLS procedure are almost identical to those of
the FMOLS, confirming the robustness of the results6. According to the DOLS (FMOLS) the
saving retention coefficient is 0.970 (0.996) over the period 1970-1993, which corresponds to
the period of fixed exchange rate regime. With this finding it appears that the vast majority of
incremental saving is retained within the country to finance the domestic investment.
Following the interpretation of FH, this high correlation between investment and saving is an
evidence for low capital mobility, which is not surprising given the relatively low FDI in
China during the 1970-1993 period, as illustrated in Figure 2. A similar high correlation
under fixed exchange rate is also observed by Narayan (2005a) for China.
Over the period of 1994-2008, however, it seems that the relationship between
savings and investment has weakened with the saving retention coefficient being equal to
0.544 and 0.560 according to the DOLS and FMOLS procedures, respectively. Given that the
regime of fixed exchange rate gave way to the managed floating exchange rate regime in
1994, the substantial decline in the saving retention coefficient is not surprising. As argued by
De Paula (2007), the management of fixed exchange rate regime requires capital control
system on both inflows and outflows mainly through the prohibitions and quantitative
restrictions to protect the country against the risks associated with the fluctuations in
international capital movements. Under a flexible exchange rate regime, on the other hand,
the restrictions on capital flows across the borders are relaxed, the degree of financial
integration with the global economy increases and a broad movement towards liberalization
of capital account is observed (Corbin, 2001; Özmen and Parmaksız, 2003b; De Paula, 2007).
Hence, domestic investment could be financed by foreign saving as well, which in turn could
induce a substantial decline in the saving retention coefficient, as observed in our case.
Our DOLS (FMOLS) estimation results reveal further an increase in the correlation
between savings and investment with the saving retention coefficient being 0.627 (0.642)
after the global financial crisis of 2008-2009. Due to the rapid integration with the world
economy and high dependency on the external market, the Chinese economy is quite
vulnerable to external shocks. With the global financial crisis of 2008-2009, the country’s
upward trend of global trade was interrupted due to the dramatic fall in external demand
caused by the protectionist measures imposed by the major trade partners, EU countries and
the US (Yongding, 2008). To be more specific, Chinese exports plummeted by 16% from
2008 to 2009, while the FDI flows to China decreased by 12% within the same period.
6

We checked for the sensitivity of the results to alternative bandwidths and leads and lags, estimates of the
coefficients underwent only minor changes, and the major conclusions remained unaltered.
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Accordingly, Chinese economic growth rate fell from 14.2% to 9.2%. To dilute the effects of
the global financial crisis, China boosted domestic demand by a massive, investment-heavy
stimulus package in conjunction with a vast credit expansion (Burdekin et al., 2012).
Furthermore, as a policy response to the financial crisis, the Chinese government
implemented various interventions, which involves export restrictions, discriminatory
national standards, and restrictions on the cross-border movement of capital (Erixon and
Sally, 2010). Given these protectionist policies, it is not surprising to observe an increase in
the correlation between Chinese domestic savings and investment. In the existing literature,
similar findings are observed by Trunin and Zubarev (2013) for OECD and developing
countries and Choudhry et al. (2014) for both EU and non-EU states with the outbreak of the
global financial crisis.
Overall, our results suggest that the Chinese economy is in conformity with the FH
hypothesis over the 1970-1993 fixed exchange rate period. During the period 1994-2013,
however, the FH puzzle exists in a weak form with a low saving retention coefficient, though
a slight but significant increase is observed with the global financial crisis of 2008-2009.

6. Conclusion

This study investigates the validity of the Feldstein-Horioka puzzle for the case of China over
the period between 1970 and 2013. During the study period, the Chinese economy has
experienced a fundamental change towards a market-oriented economy with far-reaching
reforms including decentralization of economy, trade liberalization, and exchange rate regime
changes. Our aim is to account for the possible structural breaks in the saving-investment
association arising from those policy changes. In this respect, along with the conventional
methodologies, we employ the cointegration tests of Gregory and Hansen (1996) and Maki
(2012) to endogenously identify the structural breaks.
Application of the one-break cointegration test of Gregory and Hansen (1996) delivers
relatively poor evidence for cointegration between domestic savings and investment. The
multiple-break cointegration test of Maki (2012), on the other hand, strongly justifies the
existence of cointegration and reveals that the cointegrating relationship has changed twice
during the period of study. The first structural break in 1993 coincides with the exchange rate
regime shift from a fixed to a managed floating exchange rate regime, while the second
structural break in 2008 can be attributed to the 2008-2009 global financial crises.
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Consequent estimation of the cointegrating equation with the observed structural breaks
uncovers further that the saving retention coefficient is almost unitary over the 1970-1993
fixed exchange rate period. This finding is quite consistent with the characteristics of the
prevailing fixed exchange rate regime and the Feldstein-Horioka hypothesis. With the
implementation of the managed floating exchange rate system in 1994, however, it is seen
that the relationship between savings and investment has weakened with a substantial decline
in the saving retention coefficient. It is not surprising to attain such a result over the period
1994-2008, which is characterized with free capital flows and high financial integration with
the global economy. Our results reveal further that the association between saving and
investment has experienced a slight increase after 2008, which coincides with the worldwide
protectionist policies adopted in the depth of the 2008-2009 global financial crises. To
conclude, our empirical findings suggest that the Feldstein-Horioka argument is not a puzzle
over the period 1970-1993. However, a weak form of the puzzle still exists during the period
1994-2013.
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