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ABSTRACT 

This paper examines the Wagner’s Law for a sample of East Asian countries (China, Hong 

Kong, Japan and South Korea) by utilising the structural break methods viz., Gregory and 

Hansen (1996a & b), Carrion-i-Silvestre and Sanso (2006) and Bai and Perron (1998 & 2003). 

We find that there exists weak cointegrating relationship between the log of nominal public 

expenditure as a share of nominal GDP to the log of real per capita GDP. However, we find 

support for the Wagner’s Law when the relationship is extended to include a measure of the 

population structure – the dependency ratio. Our findings support the explanations suggested 

by Durevall and Henrekson (2011). 
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1. Introduction 

The link between public spending and economic growth received vast interest in the empirical 

literature. In the original study, Wagner (1883) formulated his famous law in which he argued, 

on the basis of several developed countries, that there is a positive long run relationship 

between public spending and national income. Wagner highlighted three main reasons for the 

increased government involvement in the economy (Henreksen, 1993). First, industrialization 

and modernization would lead to a substitution of public for private activity. Second, Wagner 

argued that the growth in real income would facilitate the relative expansion of income-elastic 

“cultural and welfare” expenditures. Finally, he asserted that economic development and 

changes in technology required government to take over the management of natural 

monopolies in order to enhance economic efficiency. The public spending in Wagner’s Law is 

treated as an endogenous factor, that is, in the long run causality runs from national income to 

government spending. The basic Wagnerian assumption is that public spending increases at a 

faster rate than the growth of national income. From this perspective, Wagner quote this as “the 

law of increasing expansion of public, and particularly state, activities’ becomes for the fiscal 

economy the law of the increasing expansion of fiscal requirements...” (Gemmell 1993, pp.104 

and Muhlis and Hakan 2003, pp.58). However, an alternative explanation was postulated by 

Keynes (1936). Keynes argued that causality runs from government spending to national 

income. To this end, he asserted that fiscal policies boosts economic growth during a recession. 

The relationship between government spending and national income is important for 

policy issues over the short to medium term. First, the Great Recession has strained many 

central authorities to amplify spending on required sectors. In this case, the empirical results 

based on Wagner’s Law permits the respective governments to formulate a benchmark against 

which to evaluate the stance of expenditure policy and by and large fiscal policy. Second, this 

relation is relevant for the debate on the sustainability of public finances, especially during the 

phase when governments struggle to restrain the unwarranted spending. This relation, 

therefore, provides a framework to formulate appropriate budgetary adjustment plans with an 

outlook to attaining medium term budgetary objectives and/or reducing prolonged deficits. 

Because of these important policy implications, the validity of Wagner’s Law should be tested 

within an adequate methodological framework. 

This law, in spite of a number of empirical investigations with alternative specifications 

and estimation techniques, still remains popular, see for example Courakis et al. (1993), 

Cotsomitis et al. (1996), Ahsan et al. (1996), Ansari et al. (1997), Abizadeh and Yousefi 

(1998), Kolluri et al. (2000), Islam (2001), Chow et al. (2002), Burney (2002), Muhlis and 
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Hakan (2003), Chang et al. (2004), Huang (2006), Sideris (2007), Sinha (2007), Narayan et al. 

(2007), Bose et al. (2007), Durevall and Henrekson (2011), Kuckuck (2012), Cavicchioli and 

Pistoresi (2016), and Funashima (2017). However, there are only a few studies that considered 

exploring the possibility of structural break in the cointegration relationship between 

government spending and income; see for example Durevall and Henrekson (2011), Kuckuck 

(2012) and Funashima (2017). This paper therefore fills this gap by examining the Wagner’s 

Law for a sample of East Asian countries (China, Hong Kong, Japan, and South Korea) by 

utilizing the structural break methods viz., Gregory and Hansen (1996a & b), Carrion-i-

Silvestre and Sanso (2006) and Bai and Perron (1998 & 2003). Moreover, following Durevall 

and Henrekson (2011), we explore the usefulness of population structure (i.e. dependency ratio) 

in the cointegrating relationship of Wagner’s Law. Our findings reveal that there is weak 

cointegration in the baseline model of Wagner’s Law. In the other words, there exists weaker 

longrun relationship between the log of nominal public expenditure as a share of nominal GDP 

to the log of real per capita GDP. However, we find support for the Wagner’s Law when the 

relationship is extended to include a measure of the population structure – the dependency ratio. 

This finding is consistent with Durevall and Henrekson (2011); that to attain a relationship 

between income and government spending, we need to control for the population structure.  

The balance of this paper is organized as follows: Section 2 briefly provides an 

overview of the literature. Section 3 discusses the specification and methodology. Section 4 

details empirical results and Section 5 concludes. 

 

2. Brief Review of Literature 

2.1. Testing Wagner’s Law without Structural Break Tests 

Early empirical literature on Wagner’s Law utilised time series techniques without allowing 

for the possibility of structural breaks. Cotsomitis, Harnhirum and Kwan (1996) used data from 

China for the period 1952-92 to test the longrun co-movement of national income and 

government spending using the Engle and Granger technique. They find evidence in favour of 

Wagner’s Law. Other similar studies also provide supporting evidence for Wagner’s Law – 

Ahsan, Kwan and Sahni (1996) for Canada, Koulluri, Panik and Wahab (2000) for G7 

countries, Islam (2001) for the USA, Sideris (2007) for Greece, and Chang, Liu and Caudill 

(2004) for South Korea, Taiwan, Japan, the UK and the USA. Moreover, a number of studies 

find little evidence in favour of Wagner’s Law, for example, Courakis, Moura-Roque and 

Tridimas (1993) for Greece and Portugal and Narayan, Nielsen and Smyth (2007) for Chinese 

provinces. By contrast, studies such as Ansari, Gordon, and Akuamoah (1997), Abizadeh and 
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Yousefi (1998), Burney (2002), Chow, Cotsomitis and Kwan (2002), Muhlis and Hakan 

(2003), Chang et al. (2004), Huang (2006) and Sinha (2007) find no empirical support for 

Wagner’s Law in countries such as China, South Africa, Thailand, New Zealand, Australia, 

Canada and the UK. For instance, Chow, Cotsomitis and Kwan (2002) used Johansen 

maximum likelihood (JML) procedure to examine Wagner’s hypothesis in the UK for the 

period 1948 to 1997. Their baseline results revealed no support for Wagner’s Law. However, 

when money supply is included in their model, there exists a longrun link between government 

spending and income in the UK. Pistoresi, Rinaldi and Salsano (2017) investigated the validity 

of Wagner’s Law for Italy using the Dynamic Ordinary Least Squares technique. They find 

that Wagner’s Law does not hold in the long run. However, they find strong support for 

Wagner’s Law in the shorter time span from 1862 to the end of the 19th century. 

  

2.2. Testing Wagner’s Law with Structural Break Tests 

There exist only a few studies that employed structural break tests to explore the validity of 

Wagner’s Law. In an interesting study, Durevall and Henrekson (2011) investigated the 

validity of Wagner’s Law for the U.K. and Sweden using the structural break methods. They 

find evidence in support of Wagner’s Law between 1860 and the mid-1970s; however, they 

find no support for Wagner’s Law in the beginning of the industrialization phase (before 1860) 

neither in the longrun.  Kuckuck (2012) examined the Wagner’s Law at three different stags 

(lower middle income, upper middle income and high income stage) of economic growth for 

five industrialized European countries (Denmark, Finland, Italy, Sweden and the U.K). Their 

analysis included structural break methods. They find that the association between government 

spending and economic growth has become weak during the last century. Keho (2016) 

employed the structural break techniques to test the longrun relationship between government 

spending and national income for six African countries (Benin, Cote d’Ivoire, Ghana, Kenya, 

Senegal and South Africa) for the period 1960 to 2013. He finds support for the Wagner’s Law 

for only three countries (Ghana, Cote d’Ivoire and Kenya). Using the structural break methods, 

Funashima (2017) investigated the validity of Wagner’s Law for 10 OECD countries. He finds 

little support for Wagner’s Law in the earliest and advanced stages of economic growth. This 

finding is consistent with Durevall and Henrekson (2011), Lamartina and Zaghini (2011) and 

Kuckuck (2014). Moreover, Cavicchioli and Pistoresi (2016) examined the longrun 

relationship between Italian government spending and GDP. They find a threshold 

cointegrating relationship between government spending and economic growth. 
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A few recent studies emphasize the importance of other variables in the Wagner’s Law. 

For example, characteristics of fiscal discipline (Funashima and Hiraga, 2016) and age 

structure in the population (Shelton, 2007; Durevall and Henrekson, 2011) must be considered 

in the empirical examination of Wagner’s Law. In general, the relationship that Wagner 

claimed is more powerful in the developed countries and weaker in the developing countries 

(Akitoby et al., 2006). However, in our knowledge, there are no studies that investigated the 

possibility of a structural break in the longrun cointegrating relationship of government 

spending and income for the East Asian countries. We attempt to fill this gap in the paper. 

 

3. Specification and Methodology 
 
3.1. Model and Data 
 
The central issue in testing Wagner’s Law is the choice of appropriate model specification. 

Following Durevall and Henrekson (2011), we specify two forms of Wagner’s Law: 

 

0

0 1

Baseline Model:         ln ln                                       (1)

Extended Model:        ln ln               (2)

t t t

t t t t

GY PcY

GY PcY Dep Ratio

  

   

= + +

= + + +
 

 

where lnGY = log of nominal public expenditure as a share of nominal GDP, lnPcY = log of 

real per capita GDP, and Dep Ratio = dependency ratio, that is, those aged 0–19 and 65+, 

divided by those aged 20–64.  t is time subscript.  t is (0, )N   for all t. The intercept 

parameter is  . The marginal effect of real per capita income on nominal public expenditure 

as a share of GDP is captured the   estimate. We expect the   coefficient to be positive for 

the Wagner’s Law to hold.  We use annual time series data for the period 1960-2017 for four 

East Asian countries viz., China, Hong Kong, Japan and South Korea. Data is obtained from 

the World Development Indicators (WDI, 2018).  

 
 

3.2 Gregory and Hansen Structural Breaks 
 
Gregory and Hansen (1996a & b) has developed a unique structural break test which 

accommodates a single endogenous break in an underlying cointegrating relationship. This 

technique is an extension of Zivot and Andrews (1992). Gregory and Hansen (GH henceforth) 

has proposed the following four models with alternative assumptions about structural breaks. 

 
Model-I: Level shift  

Yt = µ1 + µ2 δtp + α1 Xt + εt (3) 
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Model-II: Level shift with trend  

Yt = µ1 + µ2 δtp + β1t + α1 Xt + εt (4) 

Model-III: Regime shift where intercept and slope coefficients change  

Yt = µ1 + µ2 δtp + β1t + α1 Xt + α11 Xt δtp + εt (5) 

Model-IV: Regime shift where intercept, slope coefficients and trend change 

Yt = µ1 + µ2 δtp + β1t + β2tδtp + α1 Xt + α11 Xt δtp + εt (6) 

 

where Y is the dependent variable, X is the explanatory variable, t is time subscript, p is the 

break date, δ is a dummy variable and ε is the error term, such that: 

 

δtp = 0 if t < p and  δtp = 1 if t > p (7) 

 

The GH tests the null hypothesis of no cointegration with structural breaks against the 

alternative of cointegration. The break dates are found by estimating the cointegration 

equations for all possible break dates in the sample. We select a break date where the test 

statistic is the minimum or in other words the absolute ADF test statistic is at its maximum. 

GH have tabulated the critical values by modifying the MacKinnon (1991) procedure for 

testing cointegration with unknown breaks. 

 
 
3.3. Carrion-i-Silvestre and Sanso Structural Breaks 
 
Carrion-i-Silvestre and Sanso (2006) (CS, hereafter) has proposed structural tests for 

cointegration that explicitly takes into account endogenous break dates. It is particularly useful 

in the cases where standard cointegration methods yield no cointegration among the variables. 

This method allows for breaks in the cointegrating vectors of a relationship. The main 

advantage of this method is that it avoids the issue of disentangling a regime shift from a stable 

cointegrating relationship as is the case in the GH tests. Note that GH’s alternative hypothesis 

allows for cointegration with breaks but also includes the stable cointegrating relation in the 

alternative hypothesis; see Beyer et al. (2009) for more details. 

The null hypothesis tests for a cointegrating relation in the presence of one break against 

the alternative of no cointegration (with one break). CS test is a Lagrange-Multiplier-type (LM) 

test that is estimated from the Dynamic Ordinary Least Squares (DOLS) residuals and the 

related long run variance-covariance matrix. Bartlett kernel window is utilised to estimate the 
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matrix (non-parametrically) and the selection of the optimal spectral bandwidth is based on a 

data-dependent procedure; see Kurozumi (2002). The unknown break dates are estimated with 

the dynamic algorithm of Bai and Perron (1998, 2003) and this reduces the sum of squared 

residuals from DOLS regressions over a closed subset of break fractions. We apply CS tests 

for structural breaks in the intercept, trend as well as slope parameters. The critical values for 

this test are provided in Carrion-i-Silvestre and Sanso (2006). 

 

3.4 Multiple Structural Breaks 
 
Bai and Perron’s (1998, 2003) (BP, henceforth) model of multiple structural breaks is widely 

used in the cointegration analysis. BP’s method also assumes that potential structural break 

points are unknown. This method is similar to Lee and Strazicich (2003) and Lumsdaine and 

Papell (1997) tests, except that BP offers multiple endogenous breaks in the data series. This 

method does not test for breaks in cointegrating vectors but instead tests for the existence of 

multiple structural breaks in the data series which is enhancing especially in long run time 

series analysis where different factors might affect the behaviour of tested data in different time 

periods. 

The multiple linear regression system can be expressed in matrix form as: 

                                                                (8)Y X Z U = + +  

 

where  ( )1 ,..., 'TY y y= , ( )1 ,..., 'TX x x= , ( )1 ,..., 'TU u u= , ( )1 2 1' , ' ,..., ' 'm    += , and Z is 

the matrix which diagonally partitions Z at the m-partition (T1,..., Tm), ie., 

11 1 1diag( ,..., ) with ( ,..., ) '
i im i T TZ Z Z Z z z
−+ += = (Bai and Perron, 2003, pp. 3). The model 

estimation is based on the least squares principle. For each m-partition (T1,..., Tm) denoted {Tj}, 

the associated least squares estimates of   and   are attained by minimizing the sum of 

squared residual as follows: 

 

1

1
' ' 2

1 1

 = [ ]
i

i

Tm

t t t i

i t T

SSR y x z 
−

+

= = +

− −                                           (9) 

 

The resulting coefficients are denoted by ˆ({ })jT  and ˆ({ })jT  and substituting them in the 

objective function gives the following break-point estimator: 
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1 1,..., 1
ˆ ˆ( ,..., ) arg min ( ,..., )m T Tm T mT T S T T=                                 (10) 

 

where the sum of squared residuals and the estimated break points are 
1( ,..., )T mS T T  and 

1
ˆ ˆ( ,..., )mT T , respectively.  The minimization is performed over all partitions 1( ,..., )mT T such that 

1i iT T q−−  . The regression parameter estimates at estimated m-partition ˆ{ }jT  are 

ˆ ˆ ˆ ˆˆ ˆ({ }) and ({ })j jT T   = = . Note that the break point estimators are global minimizers and 

the break-points are estimated using a dynamic programming algorithm. BP has suggested the 

following methods to determine the existence of structural breaks in the data series: (1) let the 

sup ( )tF m denote the F statistic for testing H0: no breaks against H1: m breaks, (2) UD max and 

WD max represents double maximum statistics and the weights double maximum statistic, 

respectively, and these are used for testing the H0: no breaks against H1: 1 < m < M breaks1 and 

(3) sup ( 1TF m+ |m) denotes the F statistics for testing the H0: m breaks against H1: m + 1 

breaks.  

 

4. Empirical Results 
 
4.1. Unit Root Tests 
 
We first test for stationarity properties of the variables. Specifically, we use the Augmented 

Dicky Fuller (ADF) and Phillips Perron (PP) tests and the results are reported in Table 1. The 

ADF tests have been applied for both levels and their first differences with an intercept and 

trend. The ADF and PP statistics for the level variables (lnGY, lnPcY, and Dep Ratio) do not 

exceed the critical values (in absolute terms). However, when we take the first difference of 

each of the variables, the ADF and PP statistics are higher than the respective critical values 

(in absolute terms). Therefore, in all cases the level variables are I(1) and their first differences 

are I(0). 

 

{Insert Table 1 about here} 

 

4.2 Gregory and Hansen Tests 
 
In what follows, we report our GH results. The four models of GH (equations 3 – 6) are 

estimated from 1960-2017.  The results are presented in Table 2. In the baseline model, the 

 
1 M is the upper bound on the number of possible breaks. 
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null hypothesis of no cointegration cannot be rejected in majority of the GH models. The only 

exceptions are China and Japan where Model-I supports the existence of a longrun 

relationship between GY and PcY . On the other hand, we find evidence of cointegration in 

the extended model in all cases. To this end, the null hypothesis of no cointegration is rejected 

in all the models of GH. Next, using the estimation method proposed by GH, we estimate the 

cointegrating equations for the models in which cointegration exists. These results are 

reported in Tables 3-5. The income elasticity of government spending is around 0.8 and 0.9 

for China and Japan, respectively. Further, the income elasticity is around unity for Hong 

Kong and South Korea. The elasticity with respect to dependency ratio is around 0.3 for 

China, 0.8 for Hong Kong and 0.7 for Japan and South Korea, respectively. The income and 

dependency ratio elasticities are statistically significant at the conventional levels. With these 

findings, we infer that Wagner’s Law does hold for the East Asian countries, however, it is 

useful to consider the population structure in the cointegrating relationship of Wagner’s Law.  

 

{Insert Tables 2-5 about here} 

 

4.3 Carrion-i-Silvestre and Sanso Tests 
 
Application of CS tests revealed that the null of cointegration with a structural break is 

rejected at 5% level in the baseline model. However, cointegration test results in the extended 

model are opposite. On this front, the null of cointegration with a structural break cannot be 

rejected at the 5% level in the baseline model. Table 6 reports the CS test statistics and break 

dates. The DOLS regressions are vital for performing the CS break tests. We used 4 leads and 

lags in DOLS regressions and varying these lags provided same qualitative results. Following 

Beyer et al. (2009) and Andrews (1991) the long run variances are estimated with a quadratic 

spectral kernel and automatic bandwidth selection after autoregressive pre-whitening. CS has 

noted that the use of the standard automatic bandwidth selection methods leads to an 

inconsistent test. The CS test results are very consistent with the GH test results. 

 

{Insert Table 6 about here} 

 

4.4 Bai and Perron Tests 
 
The GH and CS tests fail to detect multiple structural breaks and we therefore further employ 

the BP test to investigate the unknown multiple breaks in the data series. The BP test results 

are reported in Table 7. Application of BP tests to the data revealed the existence of two breaks 
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in lnGY and lnPcY in all cases, except for Japan where three breaks in the series are depicted. 

The double maximum tests of UDmax and WDmax rejects the null of no breaks against the 

unknown number of breaks given the upper bound of five breaks. It is well known that the 

significance of these tests does not give much information about the exact number of breaks, 

but implies that one break is at least present. In our case, both the UDmax and WDmax tests 

provide evidence of multiple structural breaks at the 5% level. The Sup F(2|1) tests were 

rejected for the null of 1 break against the alternative of 2 breaks in the case of China, Hong 

Kong and South Korea. However, the null cannot be rejected for Sup F(3|2) tests for these 

three countries. In the case of Japan, the Sup F(3|2) tests were rejected for the null of 2 breaks 

against the alternative of 3 breaks; and the null cannot be rejected for Sup F(4|3) test. The 

multiple break dates, which are consistent with the GH and CS, seems to be related to 

economic incidents of these countries; we discuss the break dates in the following section.  

 

{Insert Table 7 about here} 

 

4.5 Possible Explanations of Break Dates 

We find the structural breaks depicted by GH, CS and BP tests are fairly consistent. Table 8 

presents the possible explanations of the break dates. All three tests revealed that there is a 

break in 1997-1999 and 2008-2009 in all selected countries. This draws our attention to the 

Asian financial crisis and the Great Recession. During the period 1997-1999, East Asia was 

gripped by an economic and political crisis. Major companies were defaulted on their foreign 

debt repayments that resulted in lower investment, employment and output growth. Although 

the East Asian countries were not at the center of the Great Recession, they did experience the 

effects of the recession through both the trade and financial channels, reflecting the region’s 

deep economic integration with the rest of the world. Their exports tumbled, average sovereign 

credit default swap spreads increased enormously, and stock prices fell sharply. Exchange 

rates, employment, and output growth also came under pressure in a number of East Asian 

countries. We treat both events (Asian financial crisis and the Great Recession) as a temporary 

shock. To this end, they have not induced any permanent structural breaks in the cointegrating 

relationship of Wagner’s Law.   

 

{Insert Table 8 about here} 
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5. Conclusion 
 
In this paper, we examined the Wagner’s Law for a sample of East Asian countries (China, 

Hong Kong, Japan, and South Korea) using three structural break methods viz., Gregory and 

Hansen (1996a & b), Carrion-i-Silvestre and Sanso (2006) and Bai and Perron (1998 & 2003). 

The Gregory and Hansen and Carrion-i-Silvestre and Sanso tests revealed that there exists weak 

cointegrating relationship between the log of nominal public expenditure as a share of nominal 

GDP to the log of real per capita GDP. However, we find support for the Wagner’s Law when 

the relationship is extended to include a measure of the population structure – the dependency 

ratio. This finding is consistent with Durevall and Henrekson (2011). Furthermore, the income 

elasticity of government spending is around 0.8 and 0.9 for China and Japan, respectively. For 

Hong Kong and South Korea, the income elasticity is around unity. The elasticity with respect 

to dependency ratio is around 0.3 for China, 0.8 for Hong Kong and 0.7 for Japan and South 

Korea, respectively. With these findings, we conclude that Wagner’s Law does hold for the 

East Asian countries. The break dates are fairly consistent across the three methods; most break 

dates indicate the East Asian countries experience in the Asian financial crisis and the Great 

Recession.  

Our main finding stresses that dependency ratio play an important role in the Wagner’s 

Law. There arises a key policy implication from this finding, i.e., there will be greater demands 

placed on the fiscal policy if there is an increase in the dependency ratio. The governments are 

committed to paying a state pension and related benefits. An increase in the dependency ratio 

would imply higher government spending and this may put pressures on government finances 

and ultimately lead to higher tax rates on a declining working population. On the other hand, a 

fall in the dependency ratio would imply lower burden on the fiscal policy. To this end, the 

governments may end up spending less on pension and retirement benefits. This may put less 

pressures on government finances.    
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Table 1. Results of ADF and PP Unit Root Tests 1960-2017 

Variables  lnGY ∆lnGY lnPcY ∆lnPcY Dep Ratio ∆Dep Ratio 

China 

ADF Statistic 

PP Statistic 

 

2.210 [2] 

0.695 [1] 

 

3.880 [1] 

6.322 [3] 

 

0.625 [0] 

1.147 [2] 

 

4.227 [1] 

8.190 [3] 

 

1.262 [1] 

0.874 [2] 

 

5.228 [1] 

3.874 [2] 

Hong Kong 

ADF Statistic 

PP Statistic 

 

0.558 [0] 

3.014 [1] 

 

7.215 [2] 

5.623 [4] 

 

1.003 [1] 

0.785 [1] 

 

3.950 [0] 

6.011 [2] 

 

0.641 [1] 

0.299 [3] 

 

4.517 [0] 

9.016 [5] 

Japan 

ADF Statistic 

PP Statistic 

 

2.166 [0] 

1.021 [3] 

 

3.672 [0] 

4.355 [2] 

 

3.015 [2] 

2.544 [4] 

 

4.525 [1] 

7.344 [4] 

 

2.576 [2] 

0.870 [4] 

 

4.004 [1] 

4.025 [2] 

South Korea 

ADF Statistic 

PP Statistic 

 

0.964 [1] 

0.570 [4] 

 

5.247 [1] 

9.360 [3] 

 

0.630 [1] 

1.238 [2] 

 

3.700 [1] 

6.009 [3] 

 

1.117 [1] 

2.690 [2] 

 

5.382 [0] 

7.204 [2] 
Notes: The ADF and PP critical values at 5%, respectively, are 3.521 and 3.519. The lag lengths for ADF and PP are indicated in 

square parentheses.  
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Table 2. Cointegration Tests with Structural Breaks 1960-2017 
 Baseline Model: 

0ln lnt t tGY PcY  = + +  Extended Model: 
0 1ln ln  t t t tGY PcY Dep Ratio   = + + +  

 Break Date GH Test 

Statistic 

5% Critical 

Value 

Existence of 

Cointegration? 

Break Date GH Test 

Statistic 

5% Critical 

Value 

Existence of 

Cointegration? 

China         

Model-I 1987 -5.23 -4.61 Yes 1997 -5.36 -4.92 Yes 

Model-II 2008 -0.98 -4.99 No 1998 -7.15 -5.29 Yes 

Model-III 1984 -3.06 -4.61 No 1985 -6.02 -5.29 Yes 

Model-IV 1997 -2.23 -4.99 No 2009 -5.08 -4.61 Yes 

Hong Kong         

Model-I 1995 -1.24 -4.95 No 1997 -8.22 -4.61 Yes 

Model-II 1985 -1.66 -5.29 No 1998 -7.14 -5.50 Yes 

Model-III 2008 -2.50 -5.50 No 2009 -7.85 -5.50 Yes 

Model-IV 1997 -2.75 -5.50 No 2008 -6.74 -5.29 Yes 

Japan         

Model-I 2009 -7.95 -4.92 Yes 2008 -5.61 -4.92 Yes 

Model-II 1989 -3.11 -5.29 No 1998 -8.30 -5.29 Yes 

Model-III 1998 -1.36 -5.29 No 1989 -10.25 -4.92 Yes 

Model-IV 1992 -1.57 -4.61 No 1992 -4.95 -4.92 Yes 

South Korea         

Model-I 2002 -2.36 -4.95 No 2003 -7.05 -4.61 Yes 

Model-II 1998 -1.47 -4.61 No 1998 -7.41 -5.29 Yes 

Model-III 2003 -2.55 -4.99 No 2009 -8.36 -5.29 Yes 

Model-IV 2009 -1.68 -4.99 No 2002 -5.47 -4.95 Yes 
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Table 3. Cointegrating Equations in Baseline Model 1960-2017 

Baseline Model: 
0ln lnt t tGY PcY  = + +  

 China Japan 

 Model-I Model-I 

Intercept -1.236 

(0.35) 

4.351 

(0.07)* 

DUM * Intercept -0.669 

(0.08)* 

1.200 

(0.09)* 

lnPcY 0.756 

(0.04)** 

0.901 

(0.00)*** 

Notes: p-values are reported in parentheses. *, **, *** indicates statistical significance at 10%, 5%, and 1% 

levels, respectively. Model-I is the level shift.  
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Table 4. Cointegrating Equations in Extended Model, China and Hong Kong 

Extended Model: 
0 1ln ln  t t t tGY PcY Dep Ratio   = + + +  

 China Hong Kong 

 Model-I Model-II Model-III Model-IV Model-I Model-II Model-III Model-IV 

Intercept 0.958 

(0.36) 

4.351 

(0.07)* 

0.741 

(0.14) 

2.104 

(0.05)** 

1.873 

(0.09)* 

3.104 

(0.02)** 

0.664 

(0.35) 

2.310 

(0.08)* 

DUM * Intercept 1.014 

(0.04)** 

1.200 

(0.09)* 

-1.336 

(0.02)** 

1.209 

(0.07)* 

0.547 

(0.07)* 

2.458 

(0.26) 

0.547 

(0.08)* 

0.961 

(0.21) 

Trend  0.412 

(0.00)*** 

1.225 

(0.08)* 

0.317 

(0.00)*** 

 1.027 

(0.07)* 

1.052 

(0.18) 

1.048 

(0.08)* 

lnPcY 0.838 

(0.00)*** 

0.801 

(0.00)*** 

0.814 

(0.03)** 

0.790 

(0.00)*** 

0.971 

(0.00)*** 

0.980 

(0.03)** 

1.027 

(0.06)* 

1.122 

(0.00)*** 

DUM * lnPcY 

 

 

 

 1.336 

(0.07)* 

0.632 

(0.06)* 

  0.524 

(0.00)*** 

0.745 

(0.04)** 

Dep Ratio 

 

0.250 

(0.00)*** 

0.301 

(0.04)** 

0.287 

(0.05)** 

0.366 

(0.02)** 

0.774 

(0.04)** 

0.614 

(0.03)** 

0.805 

(0.01)*** 

0.718 

(0.06)* 

DUM * Dep Ratio 

 

  -1.224 

(0.09)* 

1.502 

(0.04)** 

  1.336 

(0.09)* 

0.664 

(0.08)* 

DUM * Trend  

 

  1.026 

(0.09)* 

   -0.129 

(0.34) 

Time Period 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 

Notes: p-values are reported in parentheses. *, **, *** indicates statistical significance at 10%, 5%, and 1% levels, respectively. Model-I is the level shift. Model-II is the 

level shift with trend. Model-III is the regime shift where intercept and slope coefficients change. Model-IV is the regime shift where intercept, slope coefficients, and trend 

change. 
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Table 5. Cointegrating Equations in Extended Model, Japan and South Korea 

Extended Model: 
0 1ln ln  t t t tGY PcY Dep Ratio   = + + +  

 Japan South Korea 

 Model-I Model-II Model-III Model-IV Model-I Model-II Model-III Model-IV 

Intercept 1.369 

(0.06)** 

0.778 

(0.54) 

3.954 

(0.40) 

1.006 

(0.08)* 

0.262 

(0.65) 

2.559 

(0.04)** 

5.417 

(0.01)*** 

0.965 

(0.24) 

DUM * Intercept -3.660 

(0.09)* 

2.394 

(0.19) 

0.347 

(0.08)* 

2.415 

(0.03)** 

-1.008 

(0.08)* 

1.369 

(0.05)** 

3.254 

(0.30) 

-0.750 

(0.02)** 

Trend  1.365 

(0.05)** 

0.958 

(0.07)* 

0.746 

(0.06)* 

 0.210 

(0.00)*** 

0.650 

(0.03)** 

1.136 

(0.06)* 

lnPcY 0.857 

(0.04)** 

0.926 

(0.04)** 

0.845 

(0.01)*** 

0.920 

(0.00)*** 

1.034 

(0.00)*** 

1.008 

(0.00)*** 

0.967 

(0.04)** 

1.068 

(0.00)*** 

DUM * lnPcY 

 

 

 

 -1.288 

(0.09)* 

-0.847 

(0.06)* 

  -1.026 

(0.03)** 

-1.135 

(0.05)** 

Dep Ratio 

 

0.748 

(0.03)** 

0.667 

(0.08)* 

0.740 

(0.03)** 

0.728 

(0.04)** 

0.725 

(0.000)*** 

0.740 

(0.02)** 

0.672 

(0.08)* 

0.720 

(0.00)*** 

DUM * Dep Ratio 

 

  -0.941 

(0.02)** 

-0.477 

(0.01)*** 

  -1.320 

(0.04)** 

-2.003 

(0.02)** 

DUM * Trend  

 

  -3.689 

(0.39) 

   -0.850 

(0.09)* 

Time Period 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 1960-2017 

Notes: p-values are reported in parentheses. *, **, *** indicates statistical significance at 10%, 5%, and 1% levels, respectively. Model-I is the level shift. Model-II is the 

level shift with trend. Model-III is the regime shift where intercept and slope coefficients change. Model-IV is the regime shift where intercept, slope coefficients, and trend 

change. 
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Table 6. Carrion-i-Silvestre and Sanso Structural Break Tests 1960-2017 
 Baseline Model:

0ln lnt t tGY PcY  = + +  

Extended Model: 

0 1ln ln  t t t tGY PcY Dep Ratio   = + + +  

Country Test Statistic Break Date Test Statistic Break Date 

China 0.316* 1998 0.052 2009 

Hong Kong 0.208* 1997 0.061 1997 

Japan 0.458* 1992 0.074 1998 

South Korea 0.267* 2008 0.057 1998 

Notes: The null hypothesis is cointegration with break at unknown point. Critical values are provided in Carrion-
i-Silvestre and Sansó’s (2006) Table 2. * denotes that the null hypothesis is rejected. 
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Table 7. Bai and Perron Structural Break Tests 1960-2017 
 

 UDmax WDmax SupF(1|0) SupF(2|1) SupF(3|2) SupF(4|3) SupF(5|4) Break Dates 

China         

lnGY 137.127* 142.236* 57.201* 44.013* 7.658 6.360 1.554 1985;2009 
lnPcY 247.012* 271.530* 38.474* 37.985* 9.277 7.660 4.574 1998; 1999 

Dep Ratio 37.541 24.850 10.451 4.018 3.587 3.211 3.593 - 

Hong Kong         

lnGY 183.374* 136.115* 62.534* 76.009* 27.115 10.009 6.159 1997; 1998 
lnPcY 205.285* 328.210* 88.279* 32.519* 28.489 5.381 7.290 1997; 2009 

Dep Ratio 48.300 32.018 8.114 7.325 4.110 4.055 1.247 - 

Japan         

lnGY 275.369* 247.320* 61.024* 48.007* 30.960* 9.016 3.205 1989;1998; 2008 

lnPcY 196.248* 167.025* 39.026* 41.096* 41.283* 4.002 3.354 1992;1997; 1998 

Dep Ratio 24.102 16.365 11.204 8.210 4.680 2.414 1.095 - 

South Korea         

lnGY 208.211* 189.550* 74.021* 35.368* 8.104 4.630 3.124 1997; 1998 

lnPcY 189.554* 155.150* 67.300* 51.471* 5.500 3.036 2.147 1998; 2009 

Dep Ratio 20.025 16.457 7.028 6.320 5.411 3.205 1.007 -  
Notes: The upper bound is set to be 5 and the trimming % is chosen to be 15% in all cases. * indicates reject the null hypothesis at 5% level. 
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Table 8. Possible Explanations of the Break Dates  
Country Break Dates Possible Explanations 

China 

 

 

1985 (GH, BP); 1987 (GH); 

1997 (GH); 1998 (GH, CS, 

BP); 1999 (BP); 2009 (GH, 

CS, BP)  

(1) 1983-1985: China experienced the rural reform boom  

(2) 1985–1987: Industrial overheating correction. 

(3) 1987–1988: China experienced faster growth in output that resulted in bank-panic inflation.   

(4) 1984-1985: Chinese and British leaders signed the Chinese-British Joint Declaration. 

(5) 1997-1999: Asian Financial Crisis.  

(6) 2009: Great Recession.  

 

Hong Kong 1997 (GH, CS, BP); 1998 

(GH, BP); 2008 (GH); 2009 

(GH, BP)  

 

(1) 1997-1999: Return of Hong Kong to China. Asian Financial Crisis. 

(2) 2008-2009: Great Recession.   

 

Japan 1989 (GH, BP); 1992 (GH, 

BP); 1997 (BP); 1998 (GH, 

CS, BP); 2008 (GH, BP); 

2009 (CS) 

 

(1) 1989: Effect of the introduction of first national consumption tax of 3%. Tokyo’s stock bubble.  

(2) 1992: The Japanese asset price bubble collapse.  

(3) 1997-1998: Asian Financial Crisis. Japan’s banking crisis.  

(4) 2008-2009: Great Recession.  

South Korea 1997 (BP); 1998 (GH, CS, 

BP); 2002 (GH); 2003 (GH); 

2008 (CS); 2009 (GH, BP) 

(1) 1997-1998:  Asian Financial Crisis.  

(2) 2002: Typhoon Rusa, the worst typhoon to hit South Korea in 40 years. Battle between South Korean and 

North Korean naval vessels.  

(3) 2002-2003: Instability on money market which was influenced by the US’s military strike on Iraq.    

(4) 2008-2009: Great Recession. 

Notes: GH stands for Gregory and Hansen, BP stands for Bai and Perron, and CS stands for Carrion-i-Silvestre and Sanso.  

 


