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Abstract: Shanghai and Beijing, as two megacities, are often regarded as the most successful
examples of China’s growth pole policy, which has stirred up a great deal of controversy behind
the spread–backwash effects. It is believed that the spread–backwash effects for these two mega
metropolitan regions are particularly valuable when evaluating the merits of adopting an “urban-led”
policy in China. Moreover, a great deal of effort has been devoted to the cross-section analysis of
relevant data. What seems to be lacking, however, is a time-series econometric method. The estimation
results using real gross regional product (GRP) over the last 50 years (1967–2016) reveal that a long-run
equilibrium exists for these central cities and their suburbs. More noteworthy is the finding that
spread and backwash effects coexist in these two metropolitan regions, namely, the central city has
spread and backwash effects on its medium-level and low-level suburbs, respectively. Thus, how
to diminish the city–suburb gap is our concern and this argument is consistent with the spirit of
new-type urbanization policy in China now to create a balanced and equalized metropolitan economy.
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1. Introduction

China has enjoyed very rapid economic growth and development over the past several decades
on the grounds that the authorities decided to pour massive amounts of public resources into certain
specified regions, in particular, the central cities in the coastal region. This arguably came about at the
expense of increased regional inequality and is often referred to as an “urban-led policy”, as pointed
out by the growth pole theory [1,2]. Urban-led policy is to put most public and financial resources on
urban areas at the expense of rural and other regions to catch up to developed nations [3]. However,
the concept of a growth pole is proposed to emphasize the importance of economic domination to
national growth through centrifugal and centripetal forces [4]. In other words, the growth pole strategy
may be accompanied by positive or negative impacts on surrounding regions. If the positive effect is
larger than the negative one, then growth pole theory may not only promote economic growth, but
may also accelerate convergence among regions. On the contrary, growth pole theory may lead to a
deterioration in regional equality. What is more, past studies in relation to spread–backwash effects are
devoted to cross-sectional estimation [5–9]. In addition, It has been argued that the merits of growth
poles should be examined by a long-term evaluation [10]. Thus, using a time-series econometric model
is indispensable to filling the gap in the literature. For these reasons, the spread–backwash effects of
urban growth on the suburban areas are very critical to evaluating the merits of adopting an urban-led
policy in China over the last half century.

In fact, the most famous symbols of such an urban-led policy are bound up with two Chinese
megacities: Shanghai as the economic and financial center with a population of more than 24 million is
selected as the central city within the greater Yangtze River Delta (YRD) metropolitan region, where it
is also comprised of Jiangsu and Zhejiang provinces in southern China, and Beijing as the national
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capital and political core with a population of more than 20 million is regarded as the central city
within the Jingjinji (JJJ) metropolitan region, with it also comprising Tianjin city and Hebei province in
northern China. At the same time, the data on gross regional product (GRP) in each of the above areas
cover a span of 50 years, namely, 1967–2016, so it is natural to use such data to explore the possibility
of a spread–backwash effect.

In regard to the econometric approach adopted, we have decided to use a popular time-series
econometric model, namely, the error-correction model (ECM), rather than the more frequently used
partial adjustment mechanism based on two-period data in order to track the evolution of the central
city–suburb relationship. The results of the estimation reveal that an urban-led policy can achieve
the goal of the coexistence of growth and equality based on the condition that there are relatively
similar positions between the central city and neighboring areas, for example, medium-level suburbs.
Otherwise, the fact that the central city may generate a huge attraction (the polarization effect) for
the lower level of its suburban places leads to more serious divergence among them. From the
viewpoint of the political implications, in implementing the urban-led policy, the authorities must
evaluate the relationships and levels of the urban and suburban areas in advance in order to reap the
maximal benefits of local economic growth. More importantly, since a more balanced and equalized
relationship between central city and its suburbs can generate the highest degree of spread effects,
how to improve the low-level suburbs is important. This conclusion is fully consistent with new
urbanization policy [11] with an explicit emphasis on development on suburbs and shortening the gap
between the core and adjoining areas.

The remainder of this paper is organized as follows. Section 2 reviews some research on the
relationship between the central city and suburban areas. Section 3 provides a dynamic framework for
the core-periphery model and describes the data for the YRD metropolitan region (Shanghai) as well as
the national capital region (Beijing). Section 4 first develops a co-integration system after performing
unit root tests to estimate the dynamic interaction between the central city and its surrounding areas
and then specially points out the relevant economic implications that emerge from the results. Section 5
presents the general conclusions of this paper.

2. Review of the Central-Suburban Relationship

Growth pole theory was developed by [4], who described economic domination as a magnet
that inspired economic growth. His concept has been expressed in geographical dimensions since it
is emphasized that growth poles should be located in large cities [12]. Although this theory tells us
that pouring massive resources into a specific city can promote faster national development in order
for a country to catch up with the developed economies, urban economists have chosen to take a
closer look at the core–periphery relationship or distribution. That is, there is concern that a growth
pole strategy may harm the development of surrounding areas. In actual fact, these concerns are
fully reflected in [13,14] who stated that there are either positive (spread, trickling-down) or negative
(backwash, polarization) effects of central cities on nearby areas. The former includes the migration
of unemployed workers, the demand for agricultural and raw materials and eventually investment
and the relocation of firms from the central cities to the outlying areas, while the latter includes, for
example, the migration of educated, skilled workers from the rural areas, rural capital flight and the
“fiscal exploitation” of central cities [15]. Since the spread–backwash effects of the core regions on
the peripheries may appear simultaneously in growth pole theory, how to assess their net influences
(i.e., the spread minus the backwash effects) is critical for development strategy, especially for an
“urban-led” policy in China.

More specifically, it is argued that a successful growth pole promotion needs a very long time
horizon that functions in an asymmetrical manner, that is, a backwash in the short run but a spread in
the long run, in order to defend the validity of growth pole theory [10]. However, it is surveyed that
the spread effects were smaller than the backwash effects based on earlier studies [16]. Over the past
few decades, a considerable number of studies have been conducted on different geographical levels.
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First, at the most disaggregated level (the central city-surrounding areas relationship), the suburban
dependence hypothesis argues that central cities and their suburbs are inextricably intertwined, and
that healthy cities foster faster growing suburbs. Thus, there exists a positive externality from the
central cities to their suburbs [17–24]. However, a local input–output model is applied to find that the
backwash effect is stronger than the spread effect in the case of the Washington economy [25]. Moreover,
by additionally using the employment–population model, the county growth model of [6] is extended
to divide metropolitan areas into central cities and suburbs [26]. Intra-metropolitan population
and employment between cities and their suburbs is used to investigate the changing evolution of
interaction in the 1970s, 1980s and 1990s [27]. Canadian data is used to estimate population and
employment between urban and suburban places [28]. Furthermore, by adding a distance factor [5],
a critical contribution to setting up a core-periphery framework was provided to investigate the
interaction between central cities and suburbs. As mentioned above, most of these studies reveal that
central cities generate spread effects on their suburbs.

Next, some research has been extended to more remote areas like rural, hinterland or ex-urban
locations. Density functions are formulated for 8 economically functional economic areas and
found that the biggest backwash effects appeared in rural areas [29]. Some studies further divided
employment into export and service industries to show that there are different spread and backwash
effects of urban export and service sectors on rural areas [30,31]. A population–employment model of
urban, suburban and ex-urban areas to the Rockies mountain region in the U.S. is applied to show
the kinds of spread effects generated [32]. Two studies used the cities and counties of three regions in
China and found that there was mixed evidence regarding the spread and backwash effects of large
cities [1,33]. The spread and backwash effects for nonmetropolitan areas using multiple cities are
examines and still found that central cities have spread effects on these remote areas [8].

At the provincial or regional level, spatial correlation analysis among China’s provinces is utilized
to show that there were some spread effects in the coastal region, but backwash effects in the non-coastal
regions [34]. It is emphasized that, based on provincial-level panel data, there were spread effects from
coastal regions to noncoastal regions [35], while it is argued that more serious regional inequalities
were a consequence of backwash effects from the coastal region to inland regions [36].

Finally, the central place theory states that there are different functions at different levels of urban
system, so spread and backwash effects should be estimated across the urban hierarchy. It is found
that there are differentiated effects of urban growth on suburban, rural and hinterland areas in the
cases of the U.S., France and Denmark. Schmitt [37] and it is revealed that medium-sized cities gave
rise to the strongest spread effects on rural communities in France [9]. Similarly, it is also indicated
that medium-sized cities have the most spread effects across different urban sizes in China [2].

To sum up, the majority of studies on spread–backwash effects use cross-sectional estimation,
namely, a partial adjustment model, to show that central cities generate a spread effect on suburban,
even rural or exurban areas and this is consistent with the suburbanization and urban sprawl in U.S.
history. On the contrary, mixed effects are found in developing economies like China. However,
the above results show that the speed of adjustment is surprisingly slower on the grounds that
most economic variables of a non-stationary nature lead to unreasonably long adjustment periods,
sometimes spanning more than one century [38]. In addition, the lead–lag relationship between a
central city and its surrounding areas is essential to the validity of growth pole theory and this relation
can be estimated by causality test. However, testing for causality must rely on time-series data and
econometrics. For example, past studies have suggested that a central city has a spread effect on its
suburbs due to a positive correlation. However, this may not be a formal reference on the grounds
that a positive correlation between the central city and the suburb can be explained by the spread
effect “from the central city to the suburbs” or “from the suburbs to the central city”. For these reasons,
the only solution is to directly build up a time-series econometric model [39]. However, time-series
studies have only made a few attempts to examine the spread and backwash effects. For example,
a structural vector autoregressive (SVAR) model is constructed to evaluate the sources of sectoral
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employment in central cities and suburbs and found that central cities give rise to positive spillovers in
their suburbs [40]. A study is used a panel ECM to estimate the long-run equilibrium between central
cities and their suburbs within Spanish metropolitan areas in order to find support for the validity
of the spread effect from central cities [41]. Another case which applies to the Taipei metropolitan
area is that where the relationship between Taipei city (the central city) and its surrounding area (New
Taipei city) was examined using an ECM [42] and the findings indicated that there was evidence of a
significant spread effect from the former to the latter. As far as China is concerned, they applied their
model to three and six broad regions, respectively, to estimate the spread effects of the core region on
the other regions using a VAR model [43,44].

As mentioned above, time-series econometric models possess many advantages, in that they
track the development process, long-run equilibrium and causality over time, as compared with the
cross-sectional models. In addition, the spread and backwash effects of large cities in China have been
subject to controversy based on past studies, which fail to grasp the interaction between the central
city and surrounding provinces from a long-run viewpoint. Moreover, how to arrive at a compromise
between growth and inequality lies at the heart of China’s policy and hence we believe that the spread
and backwash effects of Shanghai and Beijing as central cities on nearby areas can provide the most
compelling evidence. Based on the central place theory, we will apply three-level design of these
two metropolitan regions to investigate possible spread and backwash effects. After all, the purpose
of this paper is to apply the ECM to these two largest metropolitan regions in order to evaluate the
magnitudes of the spread–backwash effects.

3. Empirical Model and Data Description

As stated above, real regional output is used to estimate the net spread (positive) or backwash
(negative) effects among regions [43]. However, the merits of growth pole theory, namely, the urban-led
policy, make it necessary to further investigate the interaction between central cities and their suburbs.
This section will propose a model that can adequately capture this relationship.

3.1. Economic Models and the ECM

Based on the preceding analysis, we would like to know more about the interaction between
central cities and their suburbs within two mega metropolitan regions, where a central city is associated
with two surrounding areas. In addition, since central place theory stresses the concept of urban
ranking, we set up a three-variable vector (Z), that includes the real output (YC) of the central city and
the real outputs (YM and YL) of medium-level (M) and low-level (L) suburban locations to respond to
urban hierarchy and the central place theory in (1). These variables are measured in log form, and thus
the first-differenced variables can be interpreted as being growth rates:

Zt =
(

YC, YM, YL
)

t
(1)

The relationships among these variables can ordinarily be established by using the VAR model
that is limited to stable variables. Its advantage is that all variables can be treated systematically as
endogenous variables to avoid the issue of endogeneity. In addition, if some of the variables are found
to be unstable, VAR is not appropriate, and we will further need to determine whether cointegrated
(long-run) relationships exist. If there are no cointegrated equations (CEs), then an analysis based on
VAR in differences will be conducted. Otherwise, the ECM which is composed of short-run dynamics
(in differences, ∆Z) and a long-run equilibrium (in levels, Z) will generally be employed to replace the
VAR approach in (2). In fact, it is showed that the forecasting ability of the ECM is generally better
than VAR [45].

∆Zt = αµ + αβ′Zt−1 +
K

∑
k=1

Γk∆Zt−k + εt (2)
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where α and β are (n× r) adjustment coefficients and long-run parameters with r co-integrating
relationships; Γk denotes an (n× n) matrix of coefficients that contains information on the short-run
dynamics among these variables; and the subscript k implies the maximum lag. Finally, µ is the
individual effect that is specific to the constant in the CE.

3.2. Data Description

China is characterized by a fast-growing economy with three regions, which are defined based on
Figure 1, where there are 12 provinces/municipalities in the Eastern region: Liaoning, Beijing, Tianjin,
Hebei, Shandong, Jiangsu, Shanghai, Zhejiang, Fujian, Guangdong, Guangxi and Hainan. There are
9 provinces/municipalities in the Central region: Heilongjiang, Jilin, Inner Mongolia, Shanxi, Hunan,
Anhui, Hubei, Henan and Jiangxi. There are a further 10 provinces/municipalities in the Western
region: Xinjiang, Tibet, Gansu, Qinghai, Chongqing, Sichuan, Ningxia, Shaanxi, Guizhou and Yunnan.

Our data are obtained from the National Bureau of Statistics (NBS) and all data are expressed
on the basis of a constant price level and measured in billions of RMB with the base year being 2000.
It is also observed that only annual GRP data from 1967 to 2016, namely, half a century, can be used to
investigate the long-run impacts of an urban-led policy based on growth pole theory. As Richardson
(1976) pointed out, growth pole theory needs a long period of time before its validity can be proved.
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Figure 1. Regional economy in China.

3.3. Two Metropolitan Regions: Beijing and Shanghai

However, in the development process, China has adopted strategies in regard to regional clusters
to rapidly improve national competitiveness and a notable example relates to the urban-led policies
that channel huge amounts of social resources into mega cities according to growth pole theory.
Two typical cases are the YRD metropolitan region and JJJ metropolitan region.

In fact, the YRD metropolitan region around Shanghai city and the JJJ metropolitan region
around Beijing city are the most famous cases of growth poles in China. In Figure 2 with the map
of the YRD metropolitan region, it is found that Shanghai city lies in the middle of this region,
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while Jiangsu and Zhejiang provinces are located in the north and south of this region, respectively.
This metropolitan region is believed to be the area with the highest concentration in the world with
an area of 99,600 square kilometers and more than 115 million people. Based on the ratios of local
economies to national GDP in 2016, Jiangsu, Zhejiang and Shanghai accounted for 12.68%, 7.79% and
5.22% of the total, respectively. In other words, this metropolitan region accounts for more than 25% of
the national economy.
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Similarly, the national capital region as Figure 3 is another notable example of an “urban-led”
policy in China. This region in the northern part of China has been rising very rapidly and Beijing,
Tianjin and Hebei account for 2.89%, 3.27% and 6.06% of national GDP, respectively. In fact, Beijing
is at the center of political power, culture, innovation and education and Tianjin is the main port in
this region with the highest per-capita GDP in China, while the economy of Hebei province is focused
on agriculture and heavy manufacturing with high pollution. In other words, compared to the YRD
metropolitan area, this region is relatively small and the inequality in terms of the regional distribution
is significant.
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Finally, we try to construct a basic urban system to respond to possibly various spread–backwash
effects. From the economic statistics for 2015 as shown in Table 1, it is clear that Beijing and Shanghai
as central cities have become service-based economies with shares for tertiary industries of 67.76%
and 79.65% relative to their GRPs, while Zhejiang and Hebei possess the highest ratios for secondary
industries as well as the lowest GRP per capita in their corresponding metropolitan regions. In sum,
Shanghai, Jiangsu and Zhejiang are designed three-level, namely, core, medium-level and low-level
suburban areas, respectively in YRD metropolitan region, while Beijing, Tianjin and Hebei are
appointed to core, medium-level and low-level suburban areas in JJJ metropolitan region.

Table 1. Economic development for all areas in two mega metropolitan regions (2015).

Industrial Structure (%)
GRP Per Capita (RMB)

Primary Secondary Tertiary

YRD metropolitan region

Shanghai 0.44 31.81 67.76 103,796
Jiangsu 5.68 45.7 48.61 87,995

Zhejiang 4.27 45.96 49.76 77,644

JJJ metropolitan region

Beijing 0.61 19.74 79.65 106,497
Tianjin 1.26 46.58 52.15 107,960
Hebei 11.54 48.27 40.19 40,255

3.4. Data Analysis and Unit Root Tests

Figures 4 and 5 both show the economic development process of two mega metropolitan areas
using real GRP. The former reveals that from the angle of economic size, Jiangsu province is the largest,
Zhejiang province is the next largest and Shanghai is the smallest of the three. The latter shows that
Hebei province is larger than the two twin cities, Beijing and Tianjin. In other words, the economic
scales of the suburban areas are larger than the central cities in these two mega metropolitan regions.
In addition, it is clear that high growth rates are fully reflected in all units, including the provinces,
cities and metropolitan regions as a whole.
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Whether all variables are I(1) or not is critical when choosing either VAR or the ECM. If some of
the variables are found to be unstable, namely, I(1), VAR will not be appropriate and we will further
need to determine whether cointegrated (long-run) relationships exist. If there are no cointegrated
equations (CEs), then the VAR in differences approach can be used. We first apply the unit root test,
which in this case involves the augmented Dickey–Fuller (ADF) test. Every series is examined using
the ADF test, as shown in Table 2, and the null hypothesis of the ADF test is that a unit root exists.

Table 2. ADF tests.

τ τµ ττ

ln YSH 0.834 (5) −0.075 (5) −2.858 (5)
ln YJS 13.931 (0) 1.857 (0) −4.203 *** (1)
ln YZJ 3.122 (1) 0.173 (1) −3.428 * (1)
ln YBJ 7.078 (2) 0.261 (2) −2.326 (2)
ln YTJ 6.807 (2) 3.175 (2) −0.514 (2)
ln YHB 2.120 (4) 1.491 (2) −2.418 (2)

∆ ln YSH −0.660 (4) −6.382 *** (4) −6.719 *** (1)
∆ ln YJS −1.598 (1) −5.238 *** (0) −5.609 *** (0)
∆ ln YZJ −1.673 * (0) −3.868 *** (0) −3.825 ** (0)
∆ ln YBJ −0.736 (8) −9.536 *** (1) −9.455 ** (1)
∆ ln YTJ −0.217 (7) −2.235 (6) −7.431 *** (1)
∆ ln YHB −0.887 (3) −7.272 *** (1) −7.594 ** (1)

Notes: τ, τµ, and ττ represent the random walk, random walk with drift and random walk with a constant and time
trend, respectively. ***, ** and * represent the 1%, 5% and 10% levels of statistical significance, respectively, based
on [46]. The numbers in parentheses are the lags calculated based on the Schwartz Information Criterion.

It is found that most variables and their first differences are accepted and rejected in the null
hypothesis of three kinds of ADF tests to support the argument that the GRPs of central cities and their
surrounding areas mostly belong to I(1) variables. Thus, the ECM is a possible approach that is used to
evaluate the long-run relationship between cities and their suburbs.

4. Estimation Results and Policy Implications

In this section, we implement the Pantula principle to simultaneously search for the number of
co-integrating relationships and better model specifications. More importantly, the ECM can be used to
understand the long-run relationships between the central cities and their suburbs in order to evaluate
the spread–backwash effects. It is strongly believed that the outcome of the estimation is essential to
the policy implications.
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4.1. Estimation Results: Co-Integration

First, we should note that the lags are specified as lags of the first-differenced term used in
the auxiliary regression and the lag orders are equal to 5 and 3 in the YRD and JJJ metropolitan
regions, respectively. Second, the co-integration test is widely used in Johansen’s maximum likelihood
method. Based on the Pantula principle, we can select the best model through the joint hypothesis of
both the rank order and the five types of deterministic components, and the null hypothesis that the
number of co-integrating vectors is less than or equal to r co-integrating relations as shown in Table 3.
Among the different specifications, Model 1 indicates that there is no intercept in both the short-run
and co-integration space; Model 2 is that the intercept is restricted to the co-integration space; Model 3
reveals that a drift appears in both the short-run and long-run relationships; Model 4 allows for a linear
trend in the co-integration vectors to be added to Model 3; and Model 5 extends Model 4 to allow for a
linear trend in the short-run term.

Table 3. Model specification.

Rank Model 1 Model 2 Model 3 Model 4 Model 5

YRD metropolitan region (lags = 5)

0
27.303 ** 41.308 *** 34.356 ** 65.268 *** 59.334 ***
19.775 ** 20.239 * 18.995 * 34.896 *** 30.545 ***

1
7.528 21.069 ** 15.361 * 30.372 ** 28.790 ***
7.322 13.765 14.265 * 18.464 * 17.148 **

2
0.206 7.304 2.453 11.908 * 11.908 ***
0.206 7.304 2.453 11.908 * 11.908 ***

JJJ metropolitan region (lags = 3)

0
65.171 *** 71.679 *** 36.572 *** 48.627 ** 32.572 *
46.844 *** 47.250 *** 20.955 * 25.538 * 15.874

1
18.327 *** 24.428 ** 15.617 ** 23.089 16.699 *
16.386 *** 16.427 ** 12.372 * 13.209 10.066

2
1.941 8.001 * 3.245 * 9.881 6.632 **
1.941 8.001 * 3.245 * 9.881 6.632 **

Note: r is the number of co-integrating relations. For critical values, the interested reader can refer to [47].
Two values are computed by the λtrace and λmax tests, ***, ** and * represent the 1%, 5% and 10% levels of statistical
significance respectively.

From Table 3, we can make the following two points: one is that a long-run equilibrium between
the central city and its surrounding areas exists regardless of whether in the YRD or JJJ metropolitan
region. Another is that there is no intercept in either the short-run or long-run terms, that is in Model 1
for the YRD metropolitan region, while the intercept appears in the short-run and long-run relations
with a linear trend, that is in Model 4 for the JJJ metropolitan region. These results are displayed
in Table 4.

Table 4. Long-run equilibrium in two metropolitan regions.

Region Long-Run Equilibrium

YRD metropolitan region ln YZJ = −0.678
(−10.103) ∗∗∗

ln YSH + 1.560
(24.956) ∗∗∗

ln YJS

JJJ metropolitan region ln YHB = 149.356 + 3.608
(2.727) ∗∗∗

t− 59.222
(−18.589) ∗∗∗

ln YBJ + 19.130
(2.791) ∗∗∗

ln YTJ

Note: The values in parentheses are the t statistics.
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Just as it has mentioned that the spread–backwash effects of central cities on their surrounding
areas must be investigated on a long-run basis [16], so a co-integration system with its long-run
time-series estimation is especially adequate. In Table 4, it is surprising to find that as far as the YRD
and JJJ metropolitan regions are concerned, the two central cities both have positive and negative effects
on their suburbs. The former tells us that Shanghai city as a central city is positively related to Jiangsu
province but is negatively correlated to Zhejiang province and the latter reveals that Beijing is positively
related to Tianjin city, but is negatively related to Hebei province. Thus, the spread–backwash effects
of growing central cities on the surrounding suburban areas prevail in China’s mega metropolitan
regions, so an urban-led policy in China must be implemented very carefully.

More importantly, we can see three things based on urban hierarchic systems of YRD and JJJ
metropolitan regions from Tables 1 and 4. First, economic situations of the central cities are closer
to their medium-level suburbs (Shanghai vs. Jiangsu; Beijing vs. Tianjin), so the central cities are
positively related to their medium-level areas. Secondly, the difference between the central cities and
their low-level suburbs (Shanghai vs. Zhejiang; Beijing vs. Hebei) are relatively large, so the central
cities are negatively related to their low-level suburbs. Finally, we should notice the third condition:
the difference between medium-level and low-level areas (Jiangsu vs. Zhejiang; Tianjin vs. Hebei) is
also small, so they positively influence each other. All these things make it clear that only when the
economic levels among the central city and its surrounding areas are approximately equivalent to avoid
backwash effects, can the central city generate the most spread effects on other areas. In other words,
the more convergence among central cities and their suburbs, the more opportunities to maximize
overall megalopolis growth by a growing central city.

Although we obtain some critical meanings of two metropolitan economies from the above, it
remains an unsettled question what is exactly spread–backwash effect between the central city and its
suburb on the grounds that only causality test can decide what causes what. Thus, when we apply the
causality test in Section 4.2, spread–backwash effects between the central city and its suburb can be
formally discussed.

4.2. Long-Run Causalities: Weak Exogeneity Tests

Although the long-run equilibrium under a co-integration system is obtained based on the
spread–backwash effects in two of China’s mega metropolitan regions, the question of whether
“central cities lead their suburban areas” remains unanswered. It would be better to state that the
long-run causality between central cities and suburban areas needs to be detected to support the
effectiveness of an urban-led policy and growth pole theory. Fortunately, long-run causality can be
estimated by weak exogeneity tests under the co-integration system [48,49]. To complete the weak
exogeneity test, we first estimate a complete model and then test the weak exogeneity issue, which
amounts to equivalently testing which columns of α have zero values. In fact, since α as the speed
of adjustment means that the cointegrating vector enters the short-run equation, a value of zero in
α for a variable implies that this variable is weakly exogenous as H0 : α = 0. To sum up, when the
null hypothesis cannot be rejected (accepted), this variable is identified as the cause (consequence) as
shown in Table 5.

Table 5. Weak exogeneity test.

YRD Metropolitan Region JJJ Metropolitan Region

JS SH ZJ HB BJ TJ

Statistics 7.706 *** 0.155 1.747 1.650 0.476 3.859 **
p-value 0.006 0.694 0.186 0.199 0.490 0.049

Note: The likelihood-ratio test is based on the χ2(1) value. *** and ** represent the 1% and 5% levels of
statistical significance.
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Table 5 indicates that weak exogeneity can be accepted for Shanghai and Zhejiang in the YRD
metropolitan region as well as for Beijing and Hebei in the JJJ metropolitan region, while it can be
rejected for Jiangsu in the YRD metropolitan region and for Tianjin in the JJJ metropolitan region.
Thus, it is found that a unidirectional causal relationship is found to exist from Shanghai and Zhejiang
(Beijing and Hebei) to Jiangsu (Tianjin) in the YRD (JJJ) metropolitan region. We can arrive at three
critical conclusions: one is that medium-level areas are the biggest beneficiaries by the spread effects
“from” the central city and low-level suburb, rather than “to” central city and low-level suburb. In other
words, medium-level suburb is only a typical receiver, so the argument that there is the largest spread
effect of the medium-level city [2] may be wrong due to omitting the causality tests. Another statement
lends support to the view that central cities (namely, Beijing and Shanghai) can be regarded as engines
of metropolitan regions, and so we are still in favor of a growth pole and urban-led policy in China.
Finally, since we are sure about causality between central city and suburb, it is reasonable to conclude
that central cities have spread effects on their medium-level suburbs, but they have backwash effects
on their low-level suburbs.

4.3. Policy Implications

Judging from the above, when the economic condition of a suburban area is far different from
that of its central city, a huge polarization effect will channel many resources from the suburban
area to the central city and this will negatively affect the low-level area. On the contrary, the similar
economic circumstances between the central city and medium-level suburb as well as medium-level
and low-level suburbs can create significantly spread effects. It would be better to say that only when
the economic levels among the central city and its surrounding areas are approximately equivalent can
the metropolitan economy across central city and suburbs obtain the best achievement for coexistence
between growth and balance (equality).

Since the spread effects of a central city on its suburban areas are conditional on a balanced and
equalized metropolitan distribution across all areas, how to inspire economic development of low-level
suburbs becomes necessary. In fact, China’s authorities have put forward “the New-type Urbanization
plan” in 2014 to redirect urban development in the future. The goal of this policy is to grow the suburbs
in order to diminish the core-periphery gap. Coincidentally, the aim of this new urbanization policy is
very similar with our finding. Thus, we believe that this new urban policy will successfully obtain the
bigger gain from more spread effects between central cities and their suburbs.

It is interesting to note that our empirical outcomes provide a good compromise between central
city and suburbs: central city is the engine of metropolitan economy by spread effects on suburbs; at
the same time, only devoting to improving low-level suburbs can show the highest spread effects of
the central city.

5. Conclusions

China’s economy is best known for being the most representative model of growth pole theory,
that is, where an urban-led policy inspires a speedy economic growth. What seems to be lacking,
however, is to take a closer look at the spread–backwash effects using a time-series econometric
method, such like ECM and causality. We propose two megacities: the YRD and JJJ metropolitan
regions as investigating the effectiveness of an urban-led policy in China. Fortunately, by being able to
use 50 years of data for the central cities and their surrounding provinces or cities, it becomes possible
to further explore the long-run relationships between the central cities and their surrounding areas
under the co-integration system.

Our estimation results based on ECM and weak exogeneity tests reveal that an urban-led policy
is not unanimously good for the suburbs, that is to say, both spread and backwash effects may
coexist in two mega metropolitan regions. Moreover, a metropolitan region can be characterized
by the urban hierarchy system: central city, medium-level and low-level suburbs. Combining these
concepts, our findings indicate that Shanghai (Beijing) as the core of the YRD (JJJ) metropolitan
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region has a positive effect on its medium-level suburb, namely, Jiangsu (Tianjin), but a negative
effect on its low-level suburb, that is to say, Zhejiang (Hebei). This is a brand new and interesting
evidence of spread–backwash effects and some critical policy implications deserve explicit emphasis.
We may, therefore, reasonably conclude that the more similar position between the central city and its
suburb, the more likely the spread effect of the central city on this suburb. On the contrary, the more
differentiated position between the central city and its suburb, the more likely the backwash effect of
the central city on its suburb. In other words, the key to success in urban-led policy and growth pole
theory is to shorten the city–suburb gap in order to capture the most spread effect of a growing central
city. This outcome is consistent with new-type urbanization policy in China recently to improve and
inspire the abilities to suburban growth. Finally, as far as the metropolitan governance is concerned,
our results suggest that a more balanced and equalized metropolitan economy across the central city
and suburbs must become a top priority.

To sum up, a revised version of urban-led policy by the compromise between growing central
cities and refreshing suburban vitality is proposed by our Chinese experience; however, this is never
easy work based on two reasons. One is that estimation results tell us that the authorities must
encourage the central city and low-level suburb simultaneously, but the national resources are always
limited. Another is that, as far as public resources are concerned, how to distribute an adequate
proportion of central city to its suburb is very difficult. These questions deserve to be noted and
understood in the future research.
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