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Abstract: Zhejiang Province, China is experiencing rapid urbanization, facing the challenge
of coupling socioeconomic development and ecological conservation. This paper establishes a
comprehensive index system to assess coordinating development of economic, construction land use
(CLU), and ecology subsystems. A Granger test and a coupling coordination model were applied to
explore the causal relationship and the coordinated development state among the three subsystems
from 2000 to 2012. The results showed that: (1) changes in the integrated value of the economic
subsystem were the Granger cause of changes in the ecology and CLU subsystems, and the changes
in the integrated values of ecology and CLU was each other’s Granger cause; (2) the coupling
coordination relationship of the integrated value for economic–CLU–ecology was constrained by the
relationship between the economic and the CLU subsystems from 2000 to 2004, and that between
the ecology and the economic subsystems was the impediment of the sustainable development of
economic–CLU–ecology from 2004 to 2012. This research helps to identify approach to sustainable
development through analyzing synergistic effects, interdependencies, and trade-offs among the
integrated economic–CLU–ecology values, and to make significant contribution to urban planning
policies in rapid urbanization region.

Keywords: sustainable development; integrated value of economic; CLU; ecology; Granger test;
coupling coordination degree model

1. Introduction

China has experienced fast-paced economic growth and a period of rapid urbanization following
the country’s reform and opening up in the late 1970s [1]. Kuznets defines economic development as
the movement of a population from rural to urban areas. This movement requires an increase in city
sizes, the expansion of the industrial and the service sectors [2], the creation of new infrastructure [3],
and the building of more residential housing. All of these changes mean an increasing need for land
that is defined for construction use. China experienced a dramatic increase (of 55.2 thousand km2) in
the land that is defined for construction between 1990 and 2010 [4].

Construction land in this study refers to land that can be built on, including cities and towns,
rural residential areas, independent industrial and mining land, and traffic land. The increase in the
construction land has caused a sharp decrease in the amount of cultivated land, and threatened land
productivity from ecological impact and the impact of cultivated land change induced by landscape
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variation, raising great concerns about China’s ability of maintaining food self-sufficiency [5,6]. As to
China’s more developed eastern region, the urbanization has led to the loss of cultivated land increased
by 29.2% from 2000 to 2008 compared with that from 1995–2000 [7]. Moreover, the rapid expansion
of construction land and China’s economic growth has irreversibly deteriorated the ecological and
environmental quality of the land, posed a serious threat to environmental sustainability [8–10].
At present, China’s urbanization and industrialization trends show no signs of abating. One could
extrapolate that China’s construction land demand will rise constantly in line with its past trends,
even although the gross domestic product (GDP) is expected to decrease to 7% in the coming years.
However, compared with Japan during its rapid economic development period, every 1% GDP
increase in China equates to eight times the land size of a similar increase in Japan [11]. China’s
extensive construction land use (CLU) is a crucial element affecting its long-term outlook for sustainable
economic development, and for its ecological and environmental quality.

Thus, there is a great necessity to explore way of improving current extensive urban expansion
and economic growth to a sustainable development mode through coupling relationship of economic,
construction land use, and ecology. The speed of urbanization and industrialization in some regions
in China has been so unprecedented and unique that it cannot be repeated in human development
history [12]. Hence, it is critical to explore a scientific and effective decision way to achieve the goal of
building resource-saving and environmentally friendly society.

As a representative of the eastern-coast developed provinces of China, Zhejiang Province has still
faced a rigid demand for construction land resource. Unlike Beijing, Tianjin, Shanghai, and Chongqing,
cities that are directly administered by the central government, cities of Zhejiang Province have been
under the control of the provincial government. Local governments have encouraged land transfer
to boost local revenue and attract more investment. Thus, in Zhejiang Province from 1999–2012, the
average proportion of the land-transferring fee to fiscal revenue was 48.98%, with the highest level
being 79.96% in 2003 (Figure 1). The substantial extra-budgetary revenue that is available through
converting land use further stimulates the fiscal motives of local governments: they convert large
amounts of rural use land into urban use land. This causes a phenomenon whereby the acquired
lands are in disuse because of a market surplus; this, in turn, makes it possible for the developers
to obtain further land use rights for low land-transferring fees. However, with rapid urbanization
and industrialization, Zhejiang Province has been facing many ecological challenges such as extreme
heat events, degraded visibility, air and water pollution. For example, the average visibility degraded
dramatically by 1.8 km/10a during the last three decades [13]. Therefore, Zhejiang Province should
take measures to coordinate the relationship among economic, construction land use and ecology
subsystem rather than passively wait for the arrival of the Kuznets curve inflection point between them.

Sustainability 2016, 8, 498  2 of 21 

 

variation, raising great concerns about China’s ability of maintaining food self‐sufficiency [5,6]. As to 

China’s more  developed  eastern  region,  the  urbanization  has  led  to  the  loss  of  cultivated  land 

increased by 29.2% from 2000 to 2008 compared with that from 1995–2000 [7]. Moreover, the rapid 

expansion  of  construction  land  and  China’s  economic  growth  has  irreversibly  deteriorated  the 

ecological  and  environmental  quality  of  the  land,  posed  a  serious  threat  to  environmental 

sustainability [8–10]. At present, China’s urbanization and industrialization trends show no signs of 

abating. One could extrapolate  that China’s construction  land demand will rise constantly  in  line 

with its past trends, even although the gross domestic product (GDP) is expected to decrease to 7% 

in the coming years. However, compared with Japan during its rapid economic development period, 

every 1% GDP increase in China equates to eight times the land size of a similar increase in Japan 

[11]. China’s extensive construction land use (CLU) is a crucial element affecting its long‐term outlook 

for sustainable economic development, and for its ecological and environmental quality. 

Thus, there is a great necessity to explore way of improving current extensive urban expansion 

and  economic  growth  to  a  sustainable  development  mode  through  coupling  relationship  of 

economic, construction  land use, and ecology. The speed of urbanization and  industrialization  in 

some regions in China has been so unprecedented and unique that it cannot be repeated in human 

development history  [12]. Hence,  it  is critical  to explore a scientific and effective decision way  to 

achieve the goal of building resource‐saving and environmentally friendly society. 

As a representative of the eastern‐coast developed provinces of China, Zhejiang Province has 

still  faced  a  rigid demand  for  construction  land  resource. Unlike Beijing, Tianjin,  Shanghai,  and 

Chongqing,  cities  that  are  directly  administered  by  the  central  government,  cities  of  Zhejiang 

Province  have  been  under  the  control  of  the  provincial  government.  Local  governments  have 

encouraged  land  transfer  to  boost  local  revenue  and  attract more  investment. Thus,  in Zhejiang 

Province from 1999–2012, the average proportion of the land‐transferring fee to fiscal revenue was 

48.98%, with  the  highest  level  being  79.96%  in  2003  (Figure  1).  The  substantial  extra‐budgetary 

revenue that is available through converting land use further stimulates the fiscal motives of local 

governments:  they  convert  large  amounts  of  rural  use  land  into  urban  use  land.  This  causes  a 

phenomenon whereby the acquired  lands are  in disuse because of a market surplus; this,  in turn, 

makes it possible for the developers to obtain further land use rights for low land‐transferring fees. 

However, with rapid urbanization and  industrialization, Zhejiang Province has been facing many 

ecological challenges such as extreme heat events, degraded visibility, air and water pollution. For 

example, the average visibility degraded dramatically by 1.8 km/10a during the last three decades 

[13].  Therefore,  Zhejiang  Province  should  take measures  to  coordinate  the  relationship  among 

economic, construction land use and ecology subsystem rather than passively wait for the arrival of 

the Kuznets curve inflection point between them. 

 

Figure 1. Zhejiang Province: Proportion of land‐transferring fee to fiscal revenue, 1999–2012. 

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

P
ro
p
o
rt
io
n

Year

Figure 1. Zhejiang Province: Proportion of land-transferring fee to fiscal revenue, 1999–2012.
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1.1. Current Construction Land Use (CLU) in China

1.1.1. Economic Factors

Land that is newly converted to construction land is mainly transferred from agricultural
land. The low cost of converting the land from an agricultural use to a construction use is the
fundamental reason for the extensive use of such land. From a monetary perspective, in comparison
with industrialization, the advantage of agricultural production is relatively low, and the income gap
between agricultural land use and non-agricultural land use is continually increasing. Driven by
the market mechanism, the high-value land-use pattern will squeeze the low-value land-use pattern.
If there is no effective government intervention, then a lot of agricultural lands may be converted into
construction land, which is not conducive to intensive land use.

The extensive use of rural construction land that contains rural residential land and other land of
nonagricultural facilities in China reflects this point to a certain extent. To develop an urban region, the
local government first acquires the agricultural land from the local farmers for a land acquisition fee.
The local government then transfers the land-use rights to the developers, who pay a land-transferring
fee to the local government. The existing compensation standards mean that the land acquisition fee is
far lower than the land-transferring fee, which accounts for a large portion of China’s fiscal revenue.
At a national level, China’s land-transferring fees in 2011 accounted for 60% of its total budgetary
revenue, twice the level of 2001 [14].

The land’ value increments are increasing in conjunction with China’s rapid economic
development. With the aim of maximizing their profits arising from the land’ value increments,
many developers (who obtained the land use rights at very low land-transferring fees) stockpile the
lands, or temporarily stall their development. Developers delay developing lands until the land prices
or the housing prices have increased greatly, resulting, in the interim, in much idle land. Currently,
China’s estimated idle land volume is 667 km2 (Ministry of Land and Resources of China, 2014).

1.1.2. Institutional and Managerial Factors

The intensive construction land is influenced by numbers of factors of legal framework and land
use regulation as well. First, some of the construction land (including some old towns, old villages,
and old factory buildings) has fallen into disuse, is abandoned, or has a relatively inefficient use,
because the functions and the characteristics of its buildings are not suitable for modern lifestyles and
production processes. Second, the restrictions on the transfer of land use rights, and the ambiguous
property rights, limit the opportunity to change the use of land and to improve the use intensity [15].
Finally, the absence of rules and regulations related to extensive construction land indicates that local
governments cannot help to address the problem.

1.1.3. Extensive Construction Land

Currently, China’s extensive construction land mainly falls into three categories: urban, rural and
industrial construction land.

Urban construction land: Unlike the suburbanization process in the west, urban expansion
usually happens in urban fringe in order to share the existing infrastructure, such as public transport.
Therefore, homocentric outspread within short-distance (normally within 10 km of the city center) is
the most obvious characteristics in China’s urban expansion. Without scientific and effective planning
concept initially, many of urban expansions are directed by the projects, characterized by low-density
spread [16]. However, many projects are spatially scattered so that it is difficult to form industry chains
and enjoy the benefits of agglomeration [17]. Moreover, most projects are single purpose oriented, so
that many suburban areas lack the infrastructure facilities, such as supermarkets and hospitals [18].

Rural construction land: Under the dual-track policy of rural-urban development in China,
millions of migrations from the rural to the urban areas are not entitled to the same social welfares as
the city dwellers [19]. This kind of insecurity drives them to constantly expand their rural residential
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land as pension assets. Moreover, despite millions of rural to urban migrant workers, rural homestead
servitude cannot be transferred autonomously, resulting in large numbers of vacant rural houses.
Additionally, undefined property rights of rural residential land, feudal systems and superstition,
and nostalgia increase the difficulty of rural residential consolidation [20,21]. As a result, while rural
population is decreasing, the area of construction land in rural areas has been increasing. In this way,
more and more “village hollowing” has appeared. There has been a dramatic increase of the volume of
rural housing land per capita by 18.28% from 1996 to 2007: it was 228 m2 per head in 2007, significantly
higher than the national standard of 150 m2 per head.

Industrial land: To boost China’s industrialization progress, industrial parks have mushroomed
since the 1990s. China’s accession to WTO in 2001 impelled China to be “world factory”, resulting
in appearance of numerous of industrial parks. At the outset of the industrial park process, local
governments transferred the industrial land use rights at very low price to attract foreign investment.
This strategy led to a great quantity of industrial land and hence rapid urban sprawl, at a tragic cost of
a large number cultivated land and ecological land occupied [22,23].

China’s 2003 national industrial park inventory accounted for 5658 industrial parks, with a
planning districts of 36,000 km2, which exceeded China’s total area of urban construction land
in 2003 [24]. Furthermore, 55% of the industrial parks are on what was formerly cultivated land.
The current industrial–agricultural land imbalance and extensive industrial land use are unresolved
problems [25]. First, the actual use area within the industrial parks is limited, meaning that the land is
not fully used, and the land-use efficiency is low. Even in some national-level industrial parks, the
development mode is still extensive (rather than intensive), and depends on the massive consumption
of land, water and energy. Second, because of the insufficient capacity to attract foreign investment, the
amount of idle land is huge, especially within some provincial-level industrial parks. Third, the land
use structure within many industrial parks is irrational, with a very low proportion of industrial land,
and a large proportion of non-productive land such as green land, residential land, commercial land,
and other infrastructure land (e.g., schools). Finally, the low industrial land prices have prevented the
desirous and significant change of urban expansion model from extensive use to intensive use [23].

Taking Zhejiang Province as an example, during the period 1999–2012 the industrial land with
a mean value of 255 yuan/m2 (136 yuan/m2 and 335 yuan/m2 for the lowest and highest prices,
respectively) was transferred by bid and agreement. This value was lower than the average sale
prices of residential land (1573 yuan/m2) and commercial land (1834 yuan/m2) during the same
period (Figure 2).
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1.2. Relationship among Economic Development, Construction Land Use (CLU) and Ecological Quality

Economic development is the process of social material wealth accumulation and social
reproduction, during which many factors (including land, capital, labor, and technology) interact.
To realize a rapid and sustainable development within limited land resources, the land should be
used intensively to improve its supporting capacity for economic development. Generally, the aim of
intensive CLU is to improve the use efficiency and output. Economic development has a significant
effect on the intensity level of CLU. Economic development can: promote the evolution of the industrial
structure; result in changing land use structures and patterns; and improve the allocation and the use
efficiency of the land resources. Intensive CLU can increase the total supply of the land resources;
exploit the scale effect and the clustering effect; enable economies of capital, technology and labor;
promote science and technology innovation; and transform the mode of economic development and
optimize the industrial land layout to further improve the quality of the economic development [26].

The intensity level of CLU reflects the substitution relationship between the land and capital: the
higher the relative price of land, the greater the capital investment per unit land, and the higher the
intensity degree of land use [27]. According to the substitution principle, the essential productive
factors can be substituted for each other to some extent. As shown in Figure 3, the investors can control
cost through combining the productive factors. Many empirical estimates indicate that the capital–land
substitution elasticity is between 0.36 and 1.2 [28].
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The relationship between the integrated value of CLU and of economic development is a dynamic
process. In its different stages, economic development has different patterns, and places different
demands on the land resources, which result in different CLU intensity levels. Generally, the early
stages of economic development are characterized by a shortage of capital: investors tend to use
more land (rather than capital) in their investments, and the land is usually used extensively. As the
economic development level improves, capital is continuously accumulated, and the scarcity of the
land resource becomes increasingly prominent. With the relative price increase of land, the investors
tend to use more capital in their investments, the land is used intensively to obtain a higher output [27].

During urbanization, the dynamic change process between the socio-economic and the ecological
capacity fundamentally accords with a logistic curve, called the Kuznets curve [29,30] (Figure 4).
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This means that the socio-economic capacity stresses a coercing effect on the ecological capacity, and
the effect of the latter on the former is hysteretic [31], which is specified as a double-exponential
curve [32–34].
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The coercing effect of socio-economic development on the ecological quality is analyzed from
the perspectives of population agglomeration, economic growth, and construction land expansion.
Moreover, the resource status, the ecological condition, and environmental pollution all limit
socio-economic development [35]. For example, although the human migration from the rural areas
to the cities increases the discharge of urban domestic waster and the consumption of residential
land, it also alleviates the pressure on the rural environment, especially in the ecological vulnerable
region [36].

The economic growth has caused the environmental pollution and ecological degradation,
but it also has increased the resource use efficiency and the investment in ecological environment.
This indicates the economic growth and technological advances have a mutual promotion effect, which
in turn are beneficial to update and optimize the industrial structure. The resource allocation and the
economic structure would be optimized by the interactive coercing effect between the integrated values
of the socio-economic and the ecological change rates. Finally, the evolution of the integrated value of
socio-economic and ecology would be promoted to a high-level harmonious coupling relationship.

1.3. Literature Review

The current studies on the relationship among the integrated values of economic development,
CLU and ecological quality can be roughly classified into two categories. The first category argues that
land is an indispensable production factor, and that economic development is one of the driving forces
of construction land expansion. The case studies that follow this rationale examine how the expansion
of construction land promotes economic development at the national, provincial, and county levels.

Chen (2010) concludes that GDP is the biggest driving force for the expansion of construction
land by analyzing the different driving forces in China’s regions (east, middle, and west) and at the
national level [37]. Shu (2013) reveal that economic development, population growth, and industrial
structure adjustment are the main driving forces of urban sprawl, and that urban construction land
plays an important role in economic development and in the urbanization process [38]. Ye et al. (2012)
find that a regional socio-economic development would not only drive the expansion of construction
land itself, but would also lead to the construction land growth of the ambient areas [39]. Lin et al.
(2015) discusses how urban population agglomeration, industrial growth and investment drives land
urbanization in different scales of cities in China [40]. There are evident regional differences for the
expansion of construction land, and from 1989 to 2000 the expansion rate decreased slowly in China’s
east region but increased rapidly in China’s west region. This difference arose because the construction
land in the east was used intensively and the economic development did not cause an increase in per
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capita construction land in this region. Conversely, in the west, the construction land expanded very
quickly at a two-dimensional (extensive) level, rather than at a three-dimensional (intensive) level,
because of the relatively cheap land price, and because of the local policies to attract investment [41,42].

The second category of integrative studies explores the interactive coupling effect among the
integrated values of economic development, CLU and ecological quality, by analyzing the nonlinear
relationships. For example, Deng et al. (2010) analyze the relationship between economic growth and
the urban core area with ordinary least squares and spatial statistical analysis [43]. Hui et al. (2015)
reveal a positive coupling relationship between the urban scale and the land use intensity in 120 major
Chinese cities in 2009, followed by the application of a structural equation model [44]. Cen et al. (2015)
develop a coupling coordination to evaluate urban sustainability, and to discuss the interaction between
the intensive land use and the landscape ecological security [45]. Nonomura et al. (2009) analyze the
how extensive urban expansion and industrialization affect the atmospheric environment, using a
30-year data set to explore the impact of a low populated urban sprawl on the thermal environment [46].
Wang et al. (2014) apply an interactive coercing model to explore dynamic coordinated development
of urban expansion and the change of environment in China [47]. Peng et al. (2016) establish an ECC
(Ecological Carrying Capacity) model in the low-slope hilly regions to quantify potential of continuing
population agglomeration, urbanization, and industrialization, in order to consider balance between
mountain development and ecological protection[48].

The overall goal of this paper is to deepen understanding of the relationship changes in an
integrated approach to the economy, CLU, and ecology in different stages of economic development in
Zhejiang Province, China. Firstly, we apply a Granger causality test to explore the causality among
economic growth, CLU and ecological quality, and an evaluation index system is proposed. Secondly,
the study analyzes changes of the coupling coordinated development pattern and the constraints in
different development stages based on a coupling coordination model.

2. Materials and Methods

2.1. Study Area

The study area, Zhejiang Province, lies in the southeast coastal region of China (Figure 5).
Located in the Yangtze River Delta economic area, there is a 105,400 km2 of total land area with
two sub-provincial cities, nine prefecture-level cities, and 90 counties in Zhejiang Province, roughly
70.4% of which is mountainous and hilly lands. Since the mid-1990s, Zhejiang has experienced a
rapid industrialization and urbanization pace. Zhejiang’s population increased by approximately
250% between 1950 (22.8 million) and 2014 (55 million). In 2014, the total city population density
reached 463.35 persons/km2, considerably higher than the average overall population density
(267.35 persons/km2) of China at the time.

Zhejiang Province is one of the fastest economic growth regions in eastern China, and is renowned
for its private enterprises. The private sector first came to prominence in China in the late 1970s, when
the reform and opening up policy was firstly introduced. Today, one of every 25 people living in
Zhejiang is a private business owner. Over the past 30 years, Zhejiang’s traditional centrally planned
economy has been completely transformed into a market-based economy. Many economic indicators
(such as total product of the private economy, total sales value, total volume of retail sales, and total
volume of foreign exchange-earnings) rank in first position in China for 10 consecutive years. In 2014,
Zhejiang’s GDP per capita was 73,312.81 yuan (approximately USD $11,825), ranking it in fourth
position out of the 34 provincial-level administrative units in China. The urban per capita disposable
income was 40,393 yuan (approximately USD $6515), and the average per capita government revenue
reached a record of 13,667.9 yuan (approximately USD $2205) [49].

However, the growth of economic activities and numbers of immigration of floating population
have resulted in the continuous increase in the amount of construction land and the decline of cultivated
land in the region and a corresponding decline in the grain yield. In the last three decades, with
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arbitrary occupation of highly productive cultivated land, Zhejiang’s crop planting area decreased by
40%, and its grain yield decreased by 47.93% [50,51]. Additionally, Zhejiang’s industrialization drove
the development of the townships and the village enterprises in the region. While such development
improves rural employment, it also contributes to the pollution of the local environment, such as heavy
metals in agricultural soils [52,53] and water pollution from leather industry [54]. The rapid expansion
in the amount of construction land and the ongoing deterioration of the local environment are major
concerns in Zhejiang Province.
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Figure 5. Location of the study area.

2.2. Model Description and Methodology

2.2.1. Evaluation Index System

Previous studies [45,47] followed three principles (the scientific, completeness, and feasible
principles) to measure the coordinated development of an economic–CLU–ecology system. We define
the economic–CLU–ecology system by evaluating its constituent indicators to produce a total integrated
value for each subsystem (i.e., the economic, the CLU, and the ecology sub-systems). We use the
integrated values for the economic–CLU–ecology system to assess the interrelationships among the
subsystems and their impact on the overall system.

Economic subsystem: According to the characteristics of economic development, and its different
stages of development in China, we established three indices (economic level, economic growth, and
economic structure) to measure the integrated economic development value.

CLU subsystem: To promote the development mode to a more resource-saving manner, an
input/output (I/0) index system from the view of investment, output and use density was established
to measure the integrated value for CLU.

Ecology subsystem: We established a pressure-state-response (PSR) model to measure the
integrated value for ecology. This PSR model reflects the causal relationships between the interactions
of humans and the ecology (Table 1).
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Table 1. Measuring the integrated values for economic development, CLU and ecological quality.

Objective Level Indicator Level - - -

Composite Index Single index Weight Correlation with Composite Index Description

Economic

GDP per capita 0.19 Positive Economic level
Per capita disposable income of urban residents 0.17 Positive

Economic growthRural per capita net income 0.15 Positive
Growth rate of GDP 0.16 Positive
Growth rate of total revenue 0.10 Positive

Economic structureProportion of Tertiary Industry in GDP 0.05 Positive
Urbanization rate 0.18 Positive

Construction land
use (CLU)

Fixed assets investment per unit construction land area 0.18 Positive Land input level
GDP per unit construction land area 0.20 Positive Land output benefit
Government revenue per unit conduction land area 0.25 Positive
Construction land area per capita 0.09 Negative

Land use intensityConsumption of new construction land per unit of GDP growth 0.09 Negative
Consumption of new construction land per unit of fixed assets investment 0.11 Negative
Consumption of new construction land per unit of government revenue 0.09 Negative

Ecology

Discharge of industrial waste water 0.13 Negative

Ecology pressureEmission of industrial SO2 0.09 Negative
Disposed industrial solid Waste 0.15 Negative
Carbon emission intensity 0.11 Negative
Cultivated area per capita 0.16 Positive

Ecology levelGreening ratio within constructed areas 0.04 Positive
Green area per capita 0.08 Positive
Ratio of industrial waste water meeting discharge standards 0.05 Positive

Ecology responseSewage Treatment Rate 0.09 Positive
Total investment in the treatment of Environmental pollution as percent of GDP 0.09 Positive

The land-use carbon emissions for rural construction, for mining and industry land-use, and for transportation land-use, originated from the energy consumption of everyday rural
life, of industrial development, and of transportation, respectively. The equation and parameter of Carbon emission intensity is from Sun and Liang [55].
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2.2.2. Data Sources and Processing

The social and economic statistical data were obtained from the Zhejiang statistical yearbook and
the construction land data were from the annual change survey data for land use in Zhejiang Province.
The data processing can be seen in the flow diagram (Figure 6) and four major steps are included.
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Figure 6. The flow diagram.

Firstly, we established an integrated system to evaluate the values of economic, CLU, and ecology
from 2000 to 2012, and weights of indicators for subsystems were determined by an entropy method.
The entropy method can express information and uncertainty [56], and is widely applied in landscape
analysis [57], water management [58] and so on. We standardized the data to make them comparable,
then calculated the integrated values throughout the time period by linear weighted method. The
composites were calculated according to Equation (1):

Ai “
ÿ

j“1

Uij ˆ λj (1)

where Ai is the composite index, λj represents the weight of the jth indicator, and Uij is the normalized
value of each indicator.

Secondly, we examined the relationships among the integrated economic–CLU–ecology values.
Generally, unit root test should be applied to test the stationarity of the variables. If the variables are
determined to be stationary, we should test the cointegration relationship to examine whether there is
a long-run relationship among them. In order to weaken heteroscedasticity effect, we conducted all
the series tests after the logarithm fetch on the variables [59].

Thirdly, we used a Granger causality test to assess whether there was a long-term and stable
equilibrium relationship between the three sub-systems. This enabled us to grasp the dynamic
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interaction process of the three subsystems. Note that when the Granger causality test is applied, all of
the variables are in natural logarithms so that their first differences approximate their growth rates.

Finally, a coupling coordination model with coupling degree and coupling coordination degree
was built to analyze the synergistic effects, the interdependencies, and the trade-offs among the
integrated economic–CLU–ecology values from 2000 to 2012. The concept of coupling (where two or
more systems interact), was first used in electronics physics, and was subsequently extended to many
other disciplines. The measurement used for this influence is the coupling degree, which determines
the way that the system goes when it reaches a critical value [60]. The socioeconomic system and
the land use system were coupled by many researchers to analyze symbiotic or restrained factions in
dynamic development. The coupling degree among the integrated values for economic–CLU–ecology
can be calculated according to Equation (2):

C “ n n

g

f

f

f

f

f

f

e

n
ś

k“1
Uk

ˆ

n
ś

k“1
UK

˙n (2)

where C is the coupling degree; and Uk represents the integrated value for the economic, the CLU and
the ecology subsystems, respectively.

Although the coupling degree of the integrated values for economic–CLU–ecology can be
derived, it may raise status of pseudo highly coupling when all the subsystems are roughly equal
but at a relatively lower level. Therefore, we calculated the coupling coordination degree in the
following equations.

D “
?

Cˆ T (3)

T “
n
ÿ

k“1

αkUk (4)

where D is coupling coordination degree, C is the coupling degree, and T reflects the overall effect
on each other. For the T parameters that only had a limited impact on the coupling coordination
degree [12,61], the contribution value is set to be 1/n.

3. Results and Analysis

3.1. Integrated Values for the Economic, the CLU, and the Ecology Subsystems

We compiled the integrated values for the three subsystems from their constituent indicators,
shown in Table 1.

Figure 7 indicates that the integrated value for the ecology subsystem firstly declined, and then
began to increase (with fluctuations) during 2000–2012, with appearances of points of inflexion in
2006, 2008 and 2010. The ecology pressure trend is similar to that of the integrated value for ecology,
indicating that ecology pressure has a significant effect on the integrated value for ecology. The ecology
subsystem trend for 2000–2006 was extremely similar with that of ecology pressure; from 2006–2010 it
was consistent with ecology control; and during 2010–2012 it was consistent with ecology pressure and
ecology control. There was a decrease of the values for ecology pressure and for ecology level in 2001,
leading to a fall in the integrated value for ecology. This decrease was primarily caused by a sudden
increase of built-up areas because of administrative regional adjustments. The integrated ecology value
subsequently increased, as the ecology control values increased. However, the integrated ecology
value was degraded under accumulated pressure.
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The integrated value for the economic subsystem showed an increasing trend from 2000 to 2012,
with two decreases in 2005 and 2008 (Figure 7). The integrated economic trend shows a similar trend
to economic growth from 2000 to 2008, and a subsequent increase. The economic development level
shows a consistent rapid increase, with economic structure also consistently improving, but at a slower
rate. We conclude from this, that the current industrial adjustment needs further promotion.

The integrated value for the CLU subsystem increased consistently from 2000 to 2012, with a drop
in 2009 (Figure 7). The integrated CLU trend showed a similar trend to that of land use intensity for
2000–2009, while after 2009 it was consistent with that of land input level and land output benefit.
From 2003 to 2008, the values of all the constituent indicators increased, leading to an increase of
the CLU integrated value. Since 2009, the CLU integrated value increased despite land use intensity
decreasing, because the land input and the land output benefit values increased.

In 2000, the integrated ecology subsystem value was nearly twice that of the CLU subsystem,
and roughly three times of that of the economic subsystem. Zhejiang Province was characterized
by rapid urbanization and extensive economic development, along with deteriorating pollution and
ecological pressure. The economy could be improved by a demographic increase; however, this would
result in further ecological pollution, and in lagging urban infrastructure. Therefore, an increase in the
non-agricultural population in the province aggravated the contradictions between humans and the
land. China’s new urbanization strategy and its ecology civilization construction since 2007 emphasize
high technology and accessional value, high economic benefits, less resource consumption and less
eco-environment pollution. These strategies reduced unfavorable influences of disordered urban
expansion and extensive economic development on the ecology.

3.2. Granger Sausality Test: Integrated Economic, CLU, and Ecology Subsystem Values

Before conducting the Granger causality test on the integrated economic–CLU–ecology values,
whether all the variables were stationary or not was necessary to test. We applied an ADF-Fisher
test [59,62] to unit root test. From Table 2, we concluded that all of the variables were not stationary at
levels but were stationary at the first difference.

Table 2. Stationary test for the integrated economic, CLU, and ecology subsystem values.

Variable ADF
Statistic

Critical Value
at 1% level

Critical Value
at 5% level

Critical Value
at 10% level

Test Type
(C,T,L) Test Result

LnEcology ´2.68 ´4.40 ´3.18 ´2.73 (C,0,1) unstable
LnEconomic ´3.44 ´5.30 ´4.00 ´3.46 (C,T,2) unstable

LnCLU ´1.63 ´4.99 ´3.88 ´3.38 (C,T,0) unstable
dLnEcology ´3.12 ´2.82 ´1.98 ´1.60 (0,0,1) stable
dLnEconomic ´4.37 ´4.30 ´3.21 ´2.75 (C,0,1) stable

dLnCLU ´1.98 ´2.79 ´1.98 ´1.60 (0,0,1) stable

C, T, L means there exists constant term, time trend term and lag order, respectively; Ln means the natural
logarithm; d means the first difference.

Because all of the variables were stationary at an order of one, 12 cointegration statistics contained
in the Johansen cointegration test were used to estimate the long-run relationship among these variables.
The trace test results clearly (Table 3) indicate three cointegration relationships at the 0.05 level.

Table 3. Results of unrestricted Cointegration Rank Test (Trace).

Hypothesized No. of CE(s) Eigenvalue Trace Statistic 0.05 Critical Value Prob.**

None * 0.974876 73.92739 29.79707 0.0000
At most 1 * 0.946594 37.08823 15.49471 0.0000
At most 2 * 0.541132 7.789933 3.841466 0.0053

* denotes rejection of the hypothesis at the 0.05 level; ** MacKinnon–Haug–Michelis (1999) p-values [63].
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The Granger causality test results for the integrated economic–CLU–ecology values (Table 4)
indicate there exists a one-way causal relationship between the integrated value in the economic and
the ecology subsystems: the change of the integration value of Economic was the Granger cause of that
of Ecology. There is a similar result in the Granger causality test for the economic and CLU subsystems,
showing that the change of the integration value of Economic was the Granger cause of that of CLU.

Table 4. Pairwise Granger causality test for the economic, the CLU, and the ecology subsystems.

Null Hypothesis Observation F-Statistic Prob.

dLnEconomic does not Granger Cause dLnEcology

9

70.17 0.01 *
dLnEcology does not Granger Cause dLnEconomic 0.32 0.81
dLnEconomic does not Granger Cause dLnCLU 1120.10 0.00 *
dLnCLU does not Granger Cause dLnEconomic 0.88 0.57
dLnEcology does not Granger Cause dLnCLU 47.47 0.02 *
dLnLnCLU does not Granger Cause dEcology 20.45 0.04 *

The lag order is determined by the vector auto-regression model; Ln means the natural logarithm; d means the
first difference; * denotes rejection of the hypothesis at the 0.05 level.

The results reveal that an extensive economic development in the initial stage of development
would cause deteriorating pollution, non-agricultural population growth, and ecological pressure.
Contrastingly, an intensive economic development mode (featuring low energy consumption, and an
energy consumption structure adjustment) could reduce carbon emission intensity that could mitigate
ecology pressure. With economic restructuring and an industrial structure adjustment, the construction
land use structure could be optimized; hence improving the use and the allocation efficiency of the
land resources. However, the improvement of the CLU integrated value did not significantly enhance
economic development, which overwhelmingly depended on the increase of factor inputs.

Moreover, there is a two-way Granger causality relationship between the change of integrated
values for ecology and CLU. This is because the physical and the economic intensities of CLU promoted
the elements, and the condition of the ecosystem (particularly the carbon emission intensity), which
led to ecology process changes.

Over 66% of the world’s energy is consumed in urban areas, along with the production
of over 70% of the global carbon dioxide (CO2) emissions [64]. The optimization of industrial
structures following energy restriction and energy conservation practices, urban planning and
spatial optimization strategies are all shown to play an important role in the mitigation of CO2

emissions [65–67]. Accordingly, an urban land use with a compact development pattern would help
to reduce CO2 emissions through improving urban eco-efficiency and resource efficiency, such as
commuting eco-efficiency [68,69]. Additionally, the implementation of ecological conservation could
regulate the land allocation and the configuration in the CLU, such as a basic farmland protection
policy and new construction land control.

3.3. Integrated Value for the Economic, the CLU, and the Ecology Subsystems: Coupling Results

3.3.1. Ecology–Economic Analysis

The ecology and economic Coupling Coordination Degree (CD) initially increased, then decreased,
and finally rose consistently, producing an S shaped curve for 2000–2012 (Figure 8). The ecology and
economic CD increased by 44.4% over the 13 years, showing a growth in the balance between ecological
and economic development. There was a clear decrease from 2003 to 2005, which could be concluded
as the rapid economic development being beyond the capacity of the ecology. China joined the World
Trade Organization in late 2001, and the extensive development model relating to this had a strong
impact on resources, energy, and eco-environment. This imbalance likely occurred because China’s
local governments focused more on economic development than on the environmental carrying
capacity. China launched a resource-saving and an environmentally friendly society construction
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strategy in 2006, at the start of its 11th five-year plan. This policy resulted in the 34.5% increase in the
Ecology and Economic CD from 2006 to 2012.Sustainability 2016, 8, 498  15 of 21 
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Figure 8. Coordination of the integrated economic–CLU–ecology values.

3.3.2. Economic–CLU Analysis

The Economic and CLU CD increased gradually from 0.46 to 0.81 from 2000 to 2012, with a slight
fall (3.8%) from 2007 to 2009 (Figure 8). This decrease implied that the global financial crisis had a
serious impact on the land market, resulting in idle construction land. The local governments had a
lack of funds, and lowered land prices to attract investment, which aggravated the inefficient industrial
land use from 2000 to 2002. The urban expansion that started in 1998 had been misunderstood
as constructing cities; this resulted in inefficient infrastructure use, and the huge waste of arable
land resources. Therefore, there was a barely balanced economic and CLU development during
2000–2002. With urban development, the scarcity of the construction land resources improved the
land input; this caused a turnaround to a better coordinated relationship between the economic and
CLU subsystems. After 2010, another economic growth recession resulted in a slower increase in the
economic and CLU CD.

3.3.3. Ecology–CLU Analysis

The ecology and CLU CD increased from 0.61 to 0.84 over the 13-year study period
(Figure 8), which indicated that the coordination of the Ecology and the CLU subsystems was in
a promotional process.

The trend of the ecology and CLU CD presents in three U-shaped curves from 2000–2012. The first
U-shaped curve appeared from 2000 to 2004, with an inflection point in 2002. It should be pointed
out that at a later stage of this period, the integrated CLU has begun to improve but that of ecology
has kept declining. This indicates the integrated ecology subsystem is fragile and difficult to resume
shortly. The second U-shaped curve occurred from 2004 to 2008, with an inflection point in 2006. In this
period, the integrated CLU value gradually increased, while the integrated ecology value decreased,
except for a rapid rise in 2008. This indicates once the ecological destruction was accumulated, it was
difficult to recover to original state. Finally, the third U-shaped curve occurred from 2008 to 2012, with
an inflection point in 2010.

In the initial period of urbanization, the CLU integration was less developed, and the Ecology
integration was at a relatively high level. With urban expansion, human enjoyed benefits and
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facilitation by CLU, but the efficiency of CLU was restricted by technological level of social progress
and people’s consciousness. Similarly, the development of the ecology subsystem integration
provided human value and wealth; however, the resilience, adaptability, and transformability of
the socioeconomic–ecological systems restricted it.

3.3.4. Economic–CLU–Ecology Analysis

The economic–CLU–ecology CD increased roughly by 55.5% from 2000 to 2012 (Figure 8), which
indicated an increase in the balance among them. During the 2000–2004, the curve presents a similar
trend to the economic–CLU CD curve, and thereafter is consistent with the ecology–economic CD
curve. This indicates that coordination relationship of the economic aspect had the most overwhelming
effect on the economic–CLU–ecology coordination because natural resources and human wealth were
strongly affected by the rapid economic development.

4. Discussion

4.1. Trade-offs among Economic Growth, CLU Development, and Ecology Protection

Under the background of ecological civilization construction and new urbanization, with serious
conflicts among land usages, ecological protection and economic growth, it is important to clear
pivotal constraints of each period and identify priority sequences of economic, CLU, and ecology
subsystems development.

Based on the Granger test, we find economic subsystem is the key for the sustainable development
of modernization development and ecological protection because the change of integrated economic
subsystem was the Granger cause of that of ecology and CLU values. However, in China pure economic
growth itself may place much reliance on occupation of resources, such as energy consumption and
arable land, but economic transition which plays an important role in promoting industrial structure,
technical structure and productive ability can be a solution to the sustainable development.

The coupling model portrays the balance among economic, CLU, and ecology subsystems
development. The change of constraint of the coupling relationship of integrated economic–CLU–
ecology value indicates the main conflict of each modernization stage: The dependence on land finance
of local government is the main reason of the low value of coupling relationship between integrated
economic and CLU systems from 2000 to 2004. After 2004, the accumulative effect of the ecological
overuse begins to arise so that in the future low carbon economic development which pays more
attention to technological innovation and optimization of industrial structure with less high-emission
energy consumption and less waste water and waste gas. Additionally, stakeholders can attempt to
improve balance of modernization development and ecological protection through a price mechanism
of construction land supply and eco-compensation method.

4.2. Methodological Discussion

The coordination among the sub-systems is the most important aspect of promoting to an ordered
mechanism, which is more important than the balance of the current system and the distance of the
system from balance state. This means that sustainable development is different from the expansion
of the system. Therefore, an environmentally friendly method should be applied, to enhance human
well-being and to guarantee the sustainable development of the economic–CLU–ecology system.

Evaluation models can be used to monitor and diagnose data for states or regions, and for the
dynamics of socioeconomic and ecological systems. Such models provide a holistic view for combining
a low-carbon economic development with ecological environments under rapid urbanization. There is
only a coupling mode in our research area that provides trajectory of the evolution process, but we
understand the change through economic theory and actual situation. The holistic view involves the
conservation and the development of natural resources, the adjustment of the economic structure, and
the optimization of the spatial patterns of land uses.
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4.3. Limitations and Future Research Directions

Aiming to promote harmony between humans and natures, the evaluation framework focus
on the trade-off among resource utilization, human progress, and ecosystem protection, rather than
pursues a certain subsystem’s extreme of carrying capacity. However, due to complex relationships
among various sub dimensions among the development of the economic–CLU–ecology system, there
are still shortcomings in our study: (1) we ignore the interaction between indicators layers, so it is hard
to clarify the causal relationships between these latent and observed variables in our study; (2) with
subjectivity of evaluation itself, evaluation results have some uncertainty by weight setting of indices;
and (3) the feature of temporal and spatial correlation is not analyzed in our study. In the future, we
can explore more spatialized data to discuss their interconnection, and apply a structural equation
model (SEM) approach which can provide coefficients for direct, indirect, and total effects of variables
to identify and quantify the influence of factors.

5. Conclusions

Taking Zhejiang Province as an example, we proposed an updated comprehensive index system
to assessing the socioeconomic and the eco-environment systems. The paper applied a Granger test,
and developed a coupling coordination model to explore the synergistic effects, the interdependencies,
and the trade-offs among the integrated economic–CLU–ecology values from 2000 to 2012.

We showed that the change of integrated economic subsystem was the Granger cause of changes
to the integrated ecology and CLU values. We further showed that the integrated values for ecology
and CLU were each other’s Granger cause. This implied that the ecology and the CLU subsystems
were sensitive to the change of industrialization and the economic structural, and several ecological
issues and development conflicts had been raised from urbanization.

In the study period, looking at the sustainable development for the integrated economic–CLU–
ecology values, the analysis of the coupling coordination model with the CD showed clear phases
that can be divided into two short-term periods: from 2000 to 2004, and from 2004 to 2012.
The coupling relationship between the integrated economic and CLU values had a constrained balanced
development on the integrated economic–CLU–ecology value in the first period. The coupling
relationship between the integrated ecology and economic values was the impediment for the
sustainable development of economic–CLU–ecology in the second period.

The cultivated area per capita and the carbon emission intensity were found to have the greatest
effects on the integrated value of the ecology subsystem. Further, the urbanization rate and the per
capita disposable income of urban residents had the largest weights on the integrated value of the
economic subsystem; and the GDP per unit construction land area and the government revenue per
unit construction land area made the greatest contribution to the integrated value of the CLU subsystem.
The results show the importance of building a low carbon and circular economic development mode,
under the rapid population migration to urban and urban spatial sprawl conditions.

We argue that an intensive development pattern (rather than an extensive development pattern)
would reduce the amount of resource consumption and improve productivity. This would solve
the eco-environment problems under the back of economic development, which would achieve a
sustainable development between the socioeconomic and the eco-environment systems.
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