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Abstract: A scientific evaluation of the broad reciprocal influences between urbanization and 
the eco-environment in the Tibetan Plateau region is of great significance for increasing the 
speed and quality of urbanization as well as restoring and improving the eco-environment. 
Based on a thorough look at the progress made by research on interactions between ur-
banization and the eco-environment in the Tibetan Plateau region, this article attempts to 
construct a complete analytical model of the reciprocal influences that can achieve the whole 
process of analyzing evaluation indexes, quantifying coupling coordination, identifying cou-
pling types, exploring decoupling paths, and predicting future trends. Using multi-scale 
analysis of the Tibetan Plateau and its provinces and prefecture-level units as a means of 
comparison, we attempt to clarify differences at different scales, identify problem areas and 
propose targeted improvement measures. The result shows that the urbanization evaluation 
indexes for the Tibetan Plateau at different scales rise in stages and that the urbanization 
index for Qinghai is higher than for Tibet; the changes in the eco-environment index of the two 
regions are also different, with a downward trend in Qinghai and a trend toward stability in 
Tibet, and with stratification in the eco-environment indexes of prefecture-level units; the de-
gree of coupling coordination between urbanization and the eco-environment at different 
scales in the Tibetan Plateau region is increasing overall, with the type of coordination 
changing from uncoordinated deterioration to borderline uncoordinated deterioration, and 
ultimately changing into scarcely coordinated development, which basically puts the region 
into the logging urbanization category; and the urbanization and eco-environment indexes 
display a dynamic trend of alternating between strong decoupling and weak decoupling, in-
dicating that there is a negative reciprocal influence between urbanization and 
eco-environment at different scales and that the phenomenon of passive urbanization is 
prominent. We predict that in the next 10 years, the system coupling coordination of prefec-
ture-level units in the Tibetan Plateau region will steadily increase, but there will be significant 
discrepancies in the growth rates of different regions. 
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1  Introduction 
Ecologically fragile areas usually refer to areas with weak resistance and elasticity to exter-
nal disturbances of varying intensity. Ecosystem fragility is often rooted in natural back-
ground conditions, such as topography, climate and vegetation structure. Intense interference 
from human activities is a key factor in increasing ecosystem fragility. Chinese and foreign 
scholars are currently interested in topics such as the relationship between urbanization and 
the environment in ecologically fragile areas and the relationship between ecosystem fragil-
ity and poverty in decoupled areas. The typical fragile frigid high-altitude area of the Tibetan 
Plateau is known as the “Roof of the World” and the “Third Pole”. It is the source of many 
major rivers and an “ecological source” (Liu, 2009), giving it a special environmental status. 
It has been calculated that the economic values of products from the various ecosystems of 
the Tibetan Plateau are worth about 17 billion yuan per year and that the region has an an-
nual water conservation capacity of 261.2 billion m3, with an economic value of 174.4 bil-
lion yuan (Lu et al., 2004). On the other hand, the majority of the Tibetan Plateau suffers 
from severe or moderate ecosystem fragility (Tuan et al., 2018), with fragility scores of 
0.8329 for the Tibet Autonomous Region and 0.8045 for Qinghai Province (which make up 
the plateau region), making them extremely vulnerable areas (Zhao et al., 1998). In addition, 
environmental changes on the Tibetan Plateau have had an impact on sensitive surface proc-
esses, which are having long-term and widespread effects on the entire Northern Hemisphere 
and even the global climate and environmental system (Yan et al., 2006). Given the region’s 
special ecological status, ecosystem fragility, and significant spatial transfer effects, as well 
as increasingly frequent human activities, the relationship between human activities and 
eco-environment on the Tibetan Plateau has received increasing attention in recent years. 

Chinese and foreign scholars have conducted a series of studies on this topic, which can 
be divided into the following three main categories. The first category of the studies focuses 
on the impact of human activities (mainly changing land use) and global warming on the 
ecological processes of the Tibetan Plateau. For example, it has been noted that humankind’s 
ecological footprint is increasing and that human activities pose a serious threat to the Ti-
betan Plateau (Li et al., 2018a). A study on the interactive relationship between the intensity 
of human activities and the value of ecosystem services of the Tibetan Plateau found that 
areas with high values of ecosystem services had a higher intensity of human activities (Li et 
al., 2018b). Based on this, the impact of human activities and global warming on the 
biochemical cycle of the Tibetan Plateau (Chen et al., 2013), the energy cycle (Yang et al., 
2014), forest ecosystems (Lamsal et al., 2017), local climates (Cui et al., 2006), etc., have 
been explored. The second category of the studies focuses on the impact of remote human 
activities on the changing environment of the Tibetan Plateau and the responses of other re-
gions to environmental change on the Tibetan Plateau. For example, the accelerated melting 
of glaciers on the Tibetan Plateau due to regional air pollutants (Kang et al., 2019); the wea-
kening of the East Asian monsoon due to a decrease in the spring sensible heat flux in the 
Tibetan Plateau region caused by human activities (Ma et al., 2017); and the significant 
impact the climate change in the Tibetan Plateau region has on heavy summer rainfall in 
East Asia (Ge et al., 2019). The third category of the studies focuses on the analysis and 
attribution of the effects of human activities on climate change in the Tibetan Plateau region. 
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tribution of the effects of human activities on climate change in the Tibetan Plateau region. 
For example, improper logging practices degrade forests and cause severe soil erosion, in-
creasing the frequency of natural disasters (Niu, 1999); large-scale anthropogenic changes in 
land use in pursuit of economic benefits that change land cover influences climate change on 
the plateau (Wang et al., 2008); and long-term overgrazing can lead to grassland degradation 
and even desertification, so intensive human activities can cause changes in surface tem-
peratures and precipitation, which in turn lead to permafrost degradation on the plateau (Cui 
et al., 2009). 

Current rapid urbanization, rapid population growth, and irrational development and 
utilization of resources on the Tibetan Plateau have resulted in a recent regional trend of en-
vironmental degradation (Niu, 2019). This coupled with the impact of global warming, has 
resulted in destabilizing climate change in the region. From the perspective of maintaining 
the sustainable development of the Tibetan Plateau, practical coordination mechanisms be-
tween humans and nature as well as environmental protection policies must be implemented 
to alleviate severe ecological degradation and respond to environmental threats (Liu et al., 
2018). Effects of urbanization—the most irreversible human activity in the socio-economic 
system—on the eco-environment of the Tibetan Plateau are inevitable; however, there is still 
a debate regarding developing urbanization on the Tibetan Plateau. The key points of the 
debate are whether urbanization is needed on the Tibetan Plateau, which urbanization de-
velopment model should be selected based on the characteristics of the plateau, and how the 
relationship between urbanization and the region’s environment should be handled (Fang et 
al., 2015). As a result, it is necessary to study coupling between urbanization and 
eco-environment in this region.  

Indeed, scholars have already conducted specific calculations at the provincial level re-
garding the degree of coupling coordination and coordination between urbanization and the 
eco-environment in the region. The results of these studies show an improvement in cou-
pling coordination in Qinghai Province between 1978 and 2016, gradually approaching a 
state of coordination (Xue et al., 2007; Yang et al., 2013; Zhang et al., 2018), while Tibet 
had a low degree of coordination, though its deterioration has been contained in recent years 
(Fan et al., 2015; Wang et al., 2015; Cao et al., 2016). Nevertheless, the existing research 
neither sheds light on the relationship between urbanization and the environment on the Ti-
betan Plateau nor the stage and extent of the impact of urbanization on the eco-environment. 
In terms of indicator selection, the existing research does not look at the particularities of the 
Tibetan Plateau, and most of the eco-environmental data used is statistical. The time scale of 
the available literature tends to be historical, and no predictions are made for the future. The 
research method has always involved focusing on the coupling relationship between urbani-
zation and eco-environment, without analysis of the decoupling relationship between the two. 
In terms of spatial scale, there have been no studies looking at the overall regional scale or 
prefectural administrative units, and there have been no comparisons of provincial-level ar-
eas. 

Based on the above analysis, this article takes the Tibetan Plateau region as its research 
target and attempts to conduct a comprehensive and systematic study of the interactions be-
tween urbanization and eco-environment of the plateau by conducting multi-scale research, 
from the Tibetan Plateau as a whole, to provincial and prefectural administrative units. This 
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study uses a distance coordination and coupling model and Tapio’s decoupling model to 
study the complex relationship between urbanization and eco-environment and its dynamic 
evolution characteristics from the two dimensions of coupling and decoupling. A grey sys-
tem prediction model is also used to couple urbanization and the environment of the Tibetan 
Plateau in the future. It is hoped that this study will serve as a reference for developing 
China’s new type of urbanization on the Tibetan Plateau and for balancing and coordinating 
the development of urbanization and the environment. It is also hoped that it will provide 
ideas and methods for studying the relationship between urbanization and the environment 
in other ecologically fragile areas in China and abroad. 

2  Research method and data sources 

2.1  Overview of the study area and data sources 

2.1.1  Overview of the study area 

The Tibetan Plateau has an average altitude of more than 4000 m. In China’s national plan of 
major function-oriented zones, the Tibetan Plateau is an ecological barrier zone and is clas-
sified as a key eco-function zone and a zone in which development is prohibited. The 
study area of this paper is the core area of the Tibetan Plateau, which includes the Tibet 
Autonomous Region and Qinghai Province, with a total area of 1,898,900 km2

 (Figure 1). 
 

 
 

Figure 1  Map of the Tibetan Plateau 
 

The level of urbanization on the Tibetan Plateau is low. In 2015, the level of urbanization 
of the study area was 42%, lower than the national level by 14.10%. The regional economic 
development level is also relatively low. In 2015, the gross regional product of Qinghai 
stood at 241.7 billion yuan and that of Tibet 102.6 billion yuan, accounting for 0.33% and 
0.14% of China’s GDP, respectively. Between the 1970s and the beginning of this century, 
the area of land covered by glaciers and wetlands on the Tibetan Plateau shrank severely. 
Desertified land accounted for 19.5% of the total area of the Tibetan Plateau, with the most 
severely desertified land growing at a rate of 311.5%. Grassland degradation was also severe, 
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reducing at a rate of 24.3% (Niu, 1999). The “Plan for Regional Ecological Construction and 
Environmental Protection on the Tibetan Plateau (2011–2030)” was promulgated and im-
plemented in 2011, which curbed the trend of ecosystem degradation in some areas to a cer-
tain extent (SCIO, 2018). Gradual improvements in the eco-environment do not mean, 
however, that it is acceptable to recommence the old pattern of urbanization. It is vital to pay 
attention to the environment of the plateau and formulate a rational urbanization strategy. 

2.1.2  Spatial scale and basic administrative units 
This article seeks to study the interactive and influential relationship between urbanization 
and eco-environment of the Tibetan Plateau at three spatial scales, namely, the overall Ti-
betan Plateau scale, the provincial scale and the prefectural administrative unit scale. At the 
overall Tibetan Plateau level, the study area comprises Qinghai Province and the Tibet Au-
tonomous Region. The provincial scale includes the two individual provincial units of 
Qinghai Province and the Tibet Autonomous Region. The prefectural administrative unit 
scale includes 15 units under the jurisdiction of Qinghai Province and the Tibet Autonomous 
Region, including 8 prefecture-level cities, 6 autonomous prefectures, and 1 prefecture. 

2.1.3  Data sources 

The research period of this study is 2000–2015. Socio-economic data was taken from the 
Qinghai Province Statistical Yearbook (2001–2016), the Tibet Statistical Yearbook 
(2001–2016) and the China Statistical Yearbook (2001–2016). Land cover data came from 
the European Space Agency (ESA CCI: http://maps.elie.ucl.ac.be/CCI/viewer/download. 
php), at a resolution of 300 m × 300 m. Ecosystem service values were calculated using the 
ecosystem service value evaluation method based on unit area value equivalent factors cre-
ated by Xie Gaodi (Xie et al., 2015). Vegetation coverage data came from NASA (MODIS 
data: https://modis.gsfc.nasa.gov/data/dataprod/mod13.php). Relevant landscape indicators 
were calculated using Fragstats V4.2 based on land cover data. CO2 emission data was cal-
culated based on relevant literature (Wang et al., 2016), and PM2.5 data from the Atmos-
pheric Composition Analysis Group at Dalhousie University 
(http://fizz.phys.dal.ca/~atmos/martin/?page_id= 140). 

2.1.4  Research framework 

The research ideas relating to this article are shown in Figure 2. This article attempts to con-
struct a complete analytical model of the interactions between urbanization and 
eco-environment that can achieve the whole process of analyzing evaluation indexes, quan-
tifying coupling coordination, identifying coupling types, exploring decoupling paths and 
predicting future trends, to ultimately provide policy recommendations based on the research 
results. 

2.2  Constructing comprehensive evaluation indexes for urbanization and eco-enviro-
nment 

2.2.1  Urbanization comprehensive evaluation index system 

Based on a combination of the real-life circumstances of the region and the availability of 
data, urbanization is divided into four primary indicators: population urbanization, economic 
urbanization, spatial urbanization, and social urbanization. Ten basic indicators, including 
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urban population density and urban population proportion, constitute the urbanization com-
prehensive evaluation index system in the study area. The entropy method and the analytic 
hierarchical process are used to calculate the weights of the various indicators to compre-
hensively evaluate the urbanization level of the Tibetan Plateau (Table 1). 

 

 
 

Figure 2  Framework showing the analysis of the relationship between urbanization and eco-environment on the 
Tibetan Plateau 

 

Table 1  Urbanization comprehensive evaluation indicators and their weightings 

  Entropy 
weight

Analytical 
hierarchical 

process 
weight 

Overall 
weight Indicator Entropy 

weight

Analytic 
hierarchical 

process 
weight 

Overall 
weight 

Urban population density (people/ km2) 0.5461 0.3333 0.4130 Population 
urbanization 0.1991 0.1238 0.1582

Urban population (%) 0.5518 0.6667 0.5870 

Per capita GDP (10,000 yuan) 0.2689 0.4704 0.3558  
Secondary and tertiary industry output 
value as a proportion of GDP (%) 0.2725 0.2797 0.2762  

Fiscal revenue as a proportion  
of GRP (%) 0.2721 0.1142 0.1764  

Economic  
urbanization 0.4027 0.3875 0.3981

Total fixed-asset investment  
(10,000 yuan) 0.2699 0.1358 0.1916  

Spatial  
urbanization 0.1050 0.1011 0.1038 Urban built-up area per 10,000  

people (km2) 1.0000 1.0000 1.0000 

Per capita disposable income of urban 
residents (yuan) 0.3695 0.5499 0.4369 

Number of health institutions per 
10,000 people 0.3797 0.2098 0.2735 Social  

urbanization 0.2996 0.3875 0.3398

Total retail sales of consumer goods 
(10,000 yuan) 0.3719 0.2402 0.2896 

 

2.2.2  Eco-nvironment comprehensive evaluation index system 

The eco-environment of the Tibetan Plateau is unique. When constructing an evaluation in-
dex system to measure the region’s eco-environment, it is necessary to consider the changing 
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special land types of the plateau, such as glaciers, unused land and grassland. With this in 
mind, this paper divides the environment into four level-one indicators: ecosystem structure, 
eco-environmental function, eco-environmental pressure, and eco-environmental pattern. We 
also use 13 basic indicators, including Patch Density, Shannon’s Diversity Index, Connec-
tance Index and forest coverage, to create a comprehensive evaluation index system for the 
eco-environment of the Tibetan Plateau (Table 2). 

 

Table 2  Eco-environment comprehensive evaluation indicators and their weightings 

Criterion Entropy 
weight

Analytic 
hierarchical

process 
weight 

Overall 
weight Indicator Entropy 

weight 

Analytic 
hierarchi-

cal process 
weight 

Overall 
weight 

Grassland coverage (%) (+) 0.2182 0.2234 0.2209 

Wetland (%) (+) 0.2019 0.1829 0.1923 

Forest coverage (%) (+) 0.1677 0.1688 0.1684 

Glacier (%) (+) 0.1968 0.1829 0.1898 

Ecosystem  
structure 0.3709 0.3145 0.3464 

Vegetation coverage index (+) 0.2155 0.2420 0.2285 

Ecological space (%) (+) 0.5412 0.4013 0.4707 Eco-environmental 
function 0.1480 0.2845 0.2081 Ecosystem service value (yuan) 

(+) 0.4588 0.5987 0.5293 

Average PM2.5 concentration 
(μg) (–) 0.3317 0.2702 0.3001 

CO2 emissions (10,000 t) (–) 0.3339 0.3528 0.3440 Eco-environmental 
pressure 0.2470 0.2005 0.2257 

Encroachment on biological 
habitats (hm2) (–) 0.3345 0.3771 0.3560 

Landscape fragmentation (–) 0.3446 0.3548 0.3502 

Landscape connectivity (+) 0.3166 0.3548 0.3356 Eco-environmental 
pattern 0.2341 0.2005 0.2197 

Landscape diversity (+) 0.3388 0.2905 0.3142 
 

2.2.3  Index preprocessing and weighting 

To remove the influence of different magnitudes and dimensions of the various indicators 
from the calculation results, the indicators are standardized to reduce the interference of 
random factors. The different environment indicators can be divided into positive effect in-
dicators and negative effect indicators using the following standardized processing formula 
(Liang et al., 2019): 

 
( ) ( ) ( )

( ) ( ) ( )
min / max min

max / max min

ij ij ij ij
ij

ij ij ij ij

X X X X
A

X X X X

⎧ ⎫− −⎪ ⎪= ⎨ ⎬
− −⎪ ⎪⎩ ⎭

         (1) 

where i is the indicator number, j is the year, Xij is the actual calculated value, and max (Xij) 
and min (Xij) are the maximum and minimum values of indicator i after standardization. The 
higher the all index values, the better. 

The indicator weight reflects the relative importance of the indicator, and it has an impor-
tant influence on the accuracy and reliability of the evaluation results. This study combines 
subjective and objective weighting methods. Subjective weightings use the analytic hierar-
chical process, with experts invited to evaluate and score the indicators in the comprehen-
sive evaluation index system. Objective weightings use the entropy method. Finally, the 
principle of minimum information entropy is used to synthesize the subjective and objective 
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weights to reduce deviation. w1i and w2i are the weights calculated using the entropy method 
and analytic hierarchy process, respectively. The specific equation is as follows (Liang et al., 
2019): 

 

( )
( )

1/2
1 2

1/2
1 21

i i
i n

i ii

w w
w

w w=

×
=

×∑
 

 (2) 

2.2.4  Determining urbanization and eco-environment comprehensive evaluation values 
With the system index evaluation model, the linear weighting method is used to first calcu-
late the evaluation index value of the population, economic, social and spatial urbanization 
subsystems and the ecosystem structure, eco-environmental function, eco-environmental 
pressure and eco-environmental pattern subsystems, and then obtain urbanization and the 
eco-environment comprehensive evaluation values. The formulas are as follows (Liang et al., 
2019): 

 
( ) ( )1 1,n m

i i j ji jf x w x g y w y
= =

= × = ×∑ ∑  
 (3) 

 
( ) ( ) ( ) ( )1 1,n m

i ji jF x W f x G y W g y
= =

= × = ×∑ ∑   (4) 

where f(x) and g(y) represent the comprehensive evaluation values of urbanization and en-
vironment subsystems, respectively; F(x) and G(y) are the comprehensive evaluation values 
of urbanization and eco-environment systems; xi and yi are the standardized values of ur-
banization and eco-environmental evaluation indicators, respectively; wi and wj represent the 
overall weightings of urbanization and eco-environmental evaluation indicators, respectively; 
and Wi and Wj are the weightings of urbanization and eco-environment subsystems, respec-
tively. 

2.3  Model for calculating the degree of coupling coordination of urbanization and 
eco-environment 

A coupling coordination degree model can quantitatively evaluate the degree of coordination 
in the interactive coupling between urbanization and eco-environment systems, which helps 
us understand problems in the development process more detailedly and more clearly. This 
study uses the system coordination development model, which is based on the degree of 
distance coordination. To calculate the degree of coordination, the model uses the Euclidean 
distance to measure the distance between the real-life state and the ideal state of the system, 
that is, the deviation between the real-life value and the ideal value of the evaluation vari-
able (Tang et al., 2010). It emphasizes the definition of the ideal state, does not use fixed 
variables and ideal values, and reduces the interference of subjective factors. 

Assuming that the ideal state of coordination of urbanization and eco-environment sys-
tems is A´, when the system is in an ideal state of coordination, the two systems drive each 
other on and are in the same development state. According to the ideal state of coordination, 
wherein the degree of development of the two systems is the evaluation variable, the ideal 
value is equal to the real-life value of the development of the other system. If x1t and x’1t as 
well as x2t and x’2t represent the real-life values and ideal values of the degree of develop-
ment of the urbanization system and eco-environment system in year t, then the formula for 
calculating the distance coordination degree is as follows (Tang et al., 2010): 
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Assuming that the two systems are equally important, so that s1=s2=1 and k is the adjust-
ment coefficient, so k=2, then the degree of coordination between urbanization and 
eco-environment systems is as follows (Tang et al., 2010): 

 

( ) ( ) ( )
2

1 2 2 1
1 21 1

2
t t t t

t t t
x x x x

c x x
⎛ ⎞′ ′− − −⎜ ⎟= − = − −
⎜ ⎟
⎝ ⎠

    (6) 

where ct represents the degree of coordination between the systems in year t. The larger the 
value of ct, the closer the actual coordination of the systems to the ideal coordination state 
and the higher the level of coordination between the urbanization and environment systems. 

The degree of coordinated development between the systems reflects the level of coordi-
nated development of the systems. The formula to calculate the coordinated development 
degree of the systems based on the distance coordination degree is as follows (Tang et al., 
2010): 

 ( ),t t t t td D x c x c= =   (7) 
where dt represents the coordinated development degree of the systems in year t. The higher 
the value of dt, the higher the level of coordinated development between the systems. 

With reference to existing research, we divided the coordinated development of the ur-
banization and eco-environment systems into three categories: coordinated development, 
transitional and uncoordinated. Based on specific values, the transitional category is further 
divided into scarcely coordinated development and borderline uncoordinated deterioration, 
giving a total of four sub-categories. According to the differences in the development levels 
of urbanization and the environment and the real-life situation in the study area, the 
sub-categories are further divided into 12 basic types (Liao, 1999) (Table 3). 

2.4  Constructing a decoupling model for the reciprocally influential relationship  
between urbanization and eco-environment 

Decoupling was originally a concept in physics, referring to when an interactive relationship 
between two objects reduces or no longer exists. The Organization for Economic Coopera-
tion and Development (OECD) introduced the concept of decoupling theory to the field of 
environmental economy and used it widely to describe the relationship between economic 
growth and environmental pollution. The interaction between urbanization and eco-environ-
ment is similar to that between economic growth and environmental pollution. Previous 
studies have used Tapio’s decoupling model to study the relationship between urbanization 
and the resource environment (Guo et al., 2018). Tapio’s decoupling model focuses on the 
relative size of the growth rate, which is conducive to characterizing the relative develop-
ment of the research target. This study, using this method and combined with the aforemen-
tioned method for evaluating system coordinated development based on distance coordina-
tion, can better depict the complex relationship between urbanization and the 
eco-environment in each stage of coordinated development. The specific formula is as fol-
lows: 



FENG Yuxue et al.: Interaction between urbanization and eco-environment in the Tibetan Plateau 307 

 

 

Table 3  Classification standards of coordinated development types for urbanization and eco-environment 

Main category 
Degree of 

coordinated 
development

Sub-category Comparison of 
F(x) and G(y) Basic type 

F(x)–G(y) > 0.1 Coordinated development with lagging envi-
ronment (Ⅳ-1) 

|F(x)‒G(y)|≤0.1 Coordinated development with simultaneous 
urbanization and environment (Ⅳ-2) 

Coordinated 
development 0.60–1.00 Coordinated de-

velopment (Ⅳ)

G(y)–F(x) > 0.1 Coordinated development with lagging ur-
banization (Ⅳ-3) 

F(x)–G(y) >0.1 Scarcely coordinated development with lag-
ging environment (Ⅲ-1) 

|F(x)‒G(y)|≤0.1 Scarcely coordinated development (Ⅲ-2) 0.50–0.59
Scarcely  

coordinated de-
velopment (Ⅲ)

G(y)–F(x) > 0.1 Scarcely coordinated development with lag-
ging urbanization (Ⅲ-3) 

F(x)–G(y) > 0.1 Borderline uncoordinated deterioration with 
lagging environment (Ⅱ-1) 

|F(x)‒G(y)|≤0.1 Borderline uncoordinated deterioration (Ⅱ-2) 

Transitional 

0.40–0.49
Borderline unco-
ordinated deterio-

ration (Ⅱ) 
G(y)–F(x) > 0.1 Borderline uncoordinated deterioration with 

lagging urbanization (Ⅱ-3) 

F(x)–G(y) > 0.1 Uncoordinated deterioration with lagging en-
vironment (Ⅰ-1) 

|F(x)‒G(y)|≤0.1 Uncoordinated deterioration with common 
losses to urbanization and environment (Ⅰ-2) Uncoordinated 0.00–0.39 Uncoordinated 

deterioration (Ⅰ) 

G(y)‒F(x) > 0.1 Uncoordinated deterioration with lagging ur-
banization (Ⅰ-3) 

 

 

( )
( )

1 1

1 1/
t t t

t
t t t

E E E
DI

U U U
− −

− −

−
=

−
∕

 
 (8) 

where Et and Et–1 are the environmental level indexes in year t and t–1, respectively, and Ut 
and Ut–1 are the urbanization level indexes in year t and t–1, respectively, and DIt is the de-
coupling index in year t. Taking 0, 0.8, and 1.2 as critical values, and with reference to the 
positive and negative conditions of the environment index growth rate and the urbanization 
index growth rate, Tapio’s model subdivides decoupling into the following eight categories: 
recessive decoupling, strong decoupling, weak decoupling, expansive connection, recessive 
coupling, expansive negative decoupling, strong negative decoupling, and weak negative 
decoupling (Tapio, 2005) (Table 4). 

 
Table 4  Standards for classifying decoupling states (Li et al., 2019) 

State Environment index 
growth rate 

Urbanization index 
growth rate 

Decoupling  
index (DI) 

Recessive decoupling – – DI>1.2 

Strong decoupling – + DI<0 Decoupling 

Weak decoupling + + 0<DI<0.8 

Expansive coupling + + 0.8<DI<1.2 
Connection 

Recessive coupling – – 0.8<DI<1.2 

Expansive negative decoupling + + DI>1.2 

Strong negative decoupling + – DI<0 Negative 
decoupling 

Weak negative decoupling – – 0<DI<0.8 
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2.5  Grey forecasting model of future evolution trends 

Grey system theory takes uncertain systems with small samples and deficient information as 
its target. By generating and developing the known information, valuable information is ex-
tracted to achieve a correct description and effective monitoring of a system’s operational 
behavior and evolution principles. In this study, a grey forecasting model GM (1, 1) is used 
to quantitatively predict the evolution of the coupling coordination degree over time and 
obtain future index values (Zhou et al., 2016). 

First, the original time series is as follows: 

 
( )0 0 1 - / / (1,2,..., )k

e
A a k nβ βδ β δ−

= + =⎡ ⎤⎣ ⎦  
 (9) 

Next, we apply accumulation to A0 to generate a sequence: 

 
( ) ( ) ( )1 1 1 1= 1 , 2 , ,A a a a n⎡ ⎤⎣ ⎦  

 (10) 

Then, we construct matrix B, Yn, with the corresponding differential equation: 

 
1

1
dA A
dt

β δ+ =             (11) 

where β is the development grey number and δ is the endogenous control grey number. With 
the parameter vector set to be estimated, the least square method is used to solve the equa-
tion and ultimately obtain the prediction model: 

 ( ) [ ] ( )1 1
( )

0 (1) / / 11 ,2,ˆ ,k
e

T aA k na k βδ β δ β−+ = =+−   (12) 

Finally, the prediction model is tested for accuracy, and the test ratio of relative accuracy to 
the post-test deviation is calculated. Once the model passes the test, a reasonable and effec-
tive predicted value is obtained. 

3  Results 

3.1  Analysis of the urbanization and eco-environment comprehensive evaluation  
indexes 

3.1.1  Spatio-temporal evolution in the urbanization comprehensive evaluation index 
(1) The Tibetan Plateau and provincial scales. As shown in Figure 3, from 2000 to 2015, 

the overall urbanization indexes of the Tibetan Plateau, and of Qinghai and Tibet individu-
ally, had low starting points and rose steadily. The urbanization evaluation index of Qinghai 
remained the highest throughout the period, and the value for the Tibetan Plateau region was 
between the values of Qinghai and Tibet. The main reason for this is that, in recent years, 
Qinghai has seized development opportunities presented by the Western Development 
Strategy by developing salt lakes, oil and gas, and other local resources, as well as develop-
ing competitive industries, which helped it enter a phase of rapid urbanization. Currently, 
most cities with high levels of urbanization in the Tibetan Plateau region are located in 
Qinghai, such as Xining, Golmud and Delingha. However, Tibet had a lower starting point 
and a more fragile eco-environment than Qinghai, which has placed stronger constraints on 
urbanization. It also suffers from poor transport links, with weak external connections, and 
low urbanization efficiency, leaving it lagging behind Qinghai. 
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Figure 3  Temporal changes in the comprehensive evaluation indexes for the Tibetan Plateau, Qinghai Province 
and the Tibet Autonomous Region 

 

(2) The prefectural scale. As shown in Figure 4, the urbanization evaluation indexes of 
prefectural units display a clear upward trend. The top three evaluation indexes in 2015 were 
Haixi, Xining and Lhasa. Haixi and Xining have always held leading positions. The reasons 
can be summarized in the following two aspects. First, they both have sound urbanization 
development bases. Urbanization in Haixi is industry-driven, built around the utilization of 
lakeside resources, from which a complete industrial system has been constructed. Xining is 

 

 
 

Figure 4  Temporal changes in the urbanization comprehensive evaluation index of each prefecture-level city in 
the Tibetan Plateau from 2000 to 2015 
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a provincial capital and has locational advantages. The development of the Xining (na-
tional-level) Economic and Technological Development Zone has also effectively promoted 
urbanization. Second, both Haixi and Xining have urbanization levels of between 60% and 
70%, which is higher than the national average, which indicates that they are in the middle 
or latter stages of urbanization development and the quality of their urbanization is gradually 
improving. Haixi and Xining have some of the highest levels of per capita GDP, fixed-asset 
investment and social urbanization, indicating that both have relatively high urban economic 
development and urban infrastructure construction capabilities as well as relatively good 
social public service facilities. 

By contrast, Qamdo has consistently had a low level of urbanization and experienced a 
low growth rate during the study period. This is because the economic development of 
Qamdo is mainly driven by state and autonomous region investment, with low retail sales of 
consumer goods, a limited consumption-driven economy, low level of production develop-
ment and underdeveloped industrial development. Although the city’s tourism industry has 
developed to some extent, yet the lagging infrastructure construction and service capabilities 
mean that the industry is still unable to act as the primary driver of urbanization. Qamdo 
needs to set a course for its future urbanization and select appropriate leading industries to 
move onto a rational and effective urban development path. 

We selected the urbanization evaluation indexes of the Tibetan Plateau for 2000, 2005, 
2010 and 2015 to conduct spatial visualization analysis. To reflect the standardization and 
comparability of the urbanization evaluation indexes under different time scales, 0.5 times, 
1.0 times and 1.5 times the average value of urbanization indexes for each local level unit in 
those years were selected as the standards of division. The four corresponding types of ur-
banization are identified as very high urbanization (>1.5 times), high urbanization (1.0–1.5 
times), moderate urbanization (0.5–1.0 times), and low urbanization (≤0.5 times). 

Figure 5 shows that the spatial patterns of high urbanization areas and moderate urbaniza-
tion areas of the Tibetan Plateau are relatively stable, mainly along the Qinghai-Tibet Rail-
way, but there are almost no low urbanization areas. Xining and Lhasa were both high ur-
banization areas between 2000 and 2015, while Haixi was a high urbanization area from 
2000 to 2010 but became just a high urbanization area in 2015. Lhasa, Xining and Haixi, as 
areas with high levels of urbanization on the Tibetan Plateau, constitute three core urbaniza-
tion areas in the region, and they drive the development of surrounding cities. This kind of 
driving effect is illustrated by the development of Haibei and Shannan, both of which re-
ceive a radial effect from core areas and have developed into high urbanization areas. Haibei 
is close to both Haixi and Xining, and can cooperate directly with both places, giving it 
closer ties to accelerate its own development. Shannan is close to Lhasa and complements 
Lhasa’s industrial structure, allowing it to use Lhasa to drive its own urbanization. This also 
shows that the Lhasa-Shannan integrated development strategy is practical and feasible. In 
the future, the two cities can deepen their cooperation and further expand the scope of radial 
effects. In addition, the Ngari is another high urbanization area, but Ngari is sparsely popu-
lated and its overall economic output is poor. It still relies on assistance from other regions 
and central fiscal transfer payments to support regional development, which means it does 
well in some per capita indicators. There is still a gap between its urbanization level and 
those of Lhasa and Shannan, which are both also high urbanization areas. 
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Figure 5  Spatial evolution of urbanization evaluation indexes for each prefecture-level city in the Tibetan Pla-
teau from 2000 to 2015 

 

Nyingchi fluctuates between a moderate urbanization area and a high urbanization area. 
This is because its urbanization mainly relies on ecological tourism, but it has weak infra-
structure construction, a limited international tourism market and it has encountered bottle-
necks in developing tourism, giving it insufficient momentum for urbanization. 

The three prefectures of Hainan, Huangnan and Golog receded from high urbanization 
areas to moderate urbanization areas. These three places are located in agro-pastoral areas, 
where the land use type is mainly grassland and the industrial structure is dominated by agri-
culture and animal husbandry, so they face the problems of animal husbandry’s extensive 
mode of economic growth and short industry chain as well as the low added value of agricul-
tural and livestock products, all of which means that urbanization lacks effective motivation. 

The five prefecture-level units of Nagqu, Xigaze (Shigatse), Qamdo, Yushu, and Haidong 
have long been medium urbanization areas, with urbanization evaluation index values simi-
lar to the overall average. In the future, they need to make full use of local resources and 
rationally locate urban functions to achieve a more effective path to urbanization. 

3.1.2  Spatio-temporal evolution in the eco-environment comprehensive evaluation index 

(1) The Tibetan Plateau and provincial scales. As can be seen from Figure 3, overall, the 
eco-environment indexes of the Tibetan Plateau and Qinghai Province have declined. Their 
lowest points were in 2014 but they rebounded slightly in 2015. The Tibet Autonomous Re-
gion remained basically stable throughout the study period, with a slight decline. It shows 
that fluctuations in the eco-environment of the Tibetan Plateau region as a whole were 
mainly driven by Qinghai. The concentration of PM2.5 in Qinghai Province increased sharply 
in 2014, causing a sharp drop in the environment evaluation index, but it rebounded slightly 
in 2015. This trend of change shows that Qinghai realized the negative impact its extensive 
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urbanization model was having on the environment and began to control pollution from 
high-energy-consuming enterprises. Although ecological improvements have been made, 
they are still behind the pace of urbanization.  

(2) The prefectural scale. Looking at the prefectural scale, the development trend of pre-
fecture-level units displays obvious phases and heterogeneity (Figure 6). The period from 
2000 to 2013 was largely stable, whereas, the period from 2013 to 2015 saw many fluctua-
tions. Heterogeneity is manifested, first of all, in the numerical stratification of the 
eco-environment comprehensive evaluation index values, with Nyingchi having the highest 
and Haidong, Haixi and Xining having the lowest. It is also manifested in the different fluc-
tuations. The five prefectures and prefectural cities of Haixi, Shannan, Yushu, Nyingchi and 
Lhasa showed a downward trend, while Huangnan and Xining displayed an upward trend. 
The remaining cities (and prefectures) were relatively stable. Among them, Huangnan and 
Xining had the highest growth rates of the ecological structure subsystems. Huangnan bene-
fited from an increase in its landscape diversity indicator, and Xining benefited from a de-
cline in its landscape fragmentation indicator, suggesting that both places have begun to at-
tach importance to integrating uses of land resources, diversifying their regional landscapes 
and reducing the number of fragmented patches of land, which has protected the environ-
ment and improved the efficiency of urbanization. 

 

 
 

Figure 6  Temporal changes in the environment comprehensive evaluation index of each prefecture-level city in 
the Tibetan Plateau from 2000 to 2015 
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To visually display the spatiotemporal evolution of the eco-environment of the Tibetan 
Plateau, spatial visualization analysis of eco-environment evaluation index for the plateau 
region was carried out. Based on the eco-environment comprehensive evaluation index val-
ues of each prefectural unit, and in order to highlight differences to the greatest extent, 
eco-environment types are divided into four groups: optimal environment (>0.6), preferen-
tial environment (0.5‒0.6), moderate environment (0.4‒0.5) and inferior environment (≤
0.4). 

Figure 7 shows that the spatial pattern of the environment comprehensive evaluation 
index was relatively stable and that the low-value areas are mainly in Qinghai and the 
high-value areas are mainly in Tibet. The spatial pattern of eco-environment was stable 
between 2000 and 2005. Tibet was more balanced, and the overall level was that of a 
preferential environment. Nyingchi was an optimal environment area, and Ngari was a 
moderate environment area. Xining, Haidong, and Haixi in Qinghai Province were all in-
ferior environment areas in 2000, 2005 and 2015. The three were also core areas of ur-
banization as well as major industrial cities in Qinghai. The adjacent non-industrial area of 
Hainan has been a moderate environment area for a long time, indicating that Qinghai’s 
model of relying on industry to drive urbanization has significant negative effects and 
that it impacts surrounding areas. In 2010, Xining and Haixi became moderate 
eco-environment areas. In 2015, Lhasa in Tibet changed from a preferential environment 
area to a moderate environment area. Lhasa, as the capital of Tibet, has continued to 
promote urbanization, but its extensive economic growth has resulted in low efficiency 
of resource utilization and serious environmental pollution, which resulted in a fall in its 
environment evaluation index. 

 

 
 

Figure 7  Spatial evolution of eco-environment evaluation indexes for each prefecture-level city in the Tibetan 
Plateau from 2000 to 2015 
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3.2  Analysis of urbanization and eco-environment coupling coordination degree at 
different scales 

3.2.1  The Tibetan Plateau and provincial scales 

As can be seen from Figure 8, the Tibetan Plateau and the Tibet Autonomous Region’s ur-
banization and eco-environment coupling coordination degree shows an upward trend be-
tween 2000 and 2015 and that the two had similar values. Qinghai displays a ris-
ing-falling-rising trend. It shows that the overall development of the Tibetan Plateau is still 
within the tolerance of eco-environment and that, overall, urbanization and eco-environment 
are in harmony. However, the level of coordinated development between urbanization and 
the environment within the region is not balanced. For example, the level of urbanization in 
Tibet is low. It has not yet reached its ecological carrying capacity threshold, and its degree 
of coupling is low. Qinghai has promoted urbanization, but development of its environment 
is lagging, so the degree of coupling coordination first rose and then fell. Since the 2011 
“The Plan for Regional Ecological Construction and Environmental Protection on the Ti-
betan Plateau (2011–2030)” was promulgated and implemented, Qinghai Province has 
launched a series of environmental protection projects, causing the degree of coupling coor-
dination to rebound. 

 

 
 

Figure 8  Temporal changes in the coupling coordination of the Tibetan Plateau, Qinghai Province and the Tibet 
Autonomous Region from 2000 to 2015 
 

3.2.2  The prefectural scale 

As can be seen from Figure 9, the degree of coordination between urbanization and 
eco-environment systems in the Tibetan Plateau region is clearly heterogeneous. The de-
gree of coordination steadily increased for most cities and prefectures, albeit those in 
Qinghai fluctuated more notably. The reason for this is that most cities and prefectures on 
the Tibetan Plateau had a high environmental starting point and remained stable for many 
years. In addition, their level of urbanization has continued to increase, so the degree of 
coupling has risen accordingly. Haidong, Haixi and Lhasa have shown a relatively unusual 
upward-then-downward trend, indicating that the urbanization of the three places has 
reached the environmental carrying capacity threshold and that there are issues with their 
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current development model. Of these places, Haixi has an industry-driven urbanization 
model, and it has more prominent structural pollution. It still has some way to go to be 
fully compliant with regulations on the treatment of industrial pollution sources, but the 
treatment of pollution sources in some areas has improved the environment. The overall 
trend of environmental pollution, however, has not been fundamentally reversed. Haixi’s 
urbanization has deviated from the environmental development trend, so its degree of 
coupling has decreased. 

 

 
 

Figure 9  Temporal changes in coupling coordination degree of prefecture-level cities in the Tibetan Plateau 
from 2000 to 2015 

 
The environment evaluation index of Haidong is low, as it suffers from many ecological 

problems such as drought, soil erosion and sparse vegetation. Its eco-environment is highly 
fragile, its carrying capacity is weak, and its urbanization development is limited. It needs to 
take more targeted measures to rectify these issues. While protecting the local environ-
ment, it needs to take advantage of its resources and carry out urbanization based on its 
own unique characteristics. As the provincial capital of Tibet, urbanization occurred 
early and quickly in Lhasa. Following the proposal of major function-oriented zones in 
China, key eco-function zones in the Tibet Autonomous Region were given effective 
protection and the impact of urbanization was curtailed, so the decline in the coupling 
degree was minor. 
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3.3  Identifying types of reciprocal influences between urbanization and eco-environ-
ment at different scales 

3.3.1  Tibetan Plateau and provincial scales 

The overall degree of coordination between urbanization and eco-environment on the Ti-
betan Plateau has continually increased over time, but the region has remained in the lagging 
urbanization stage for a long time. In 2014, there was a breakthrough when it became syn-
chronized (Table 5). There are considerable differences between Qinghai and Tibet, however. 
Qinghai entered the stage of coordinated development earlier than Tibet, and it has gradually 
transformed from the classification of lagging urbanization to lagging environment. Tibet 
has always been in the lagging urbanization classification. The synchronization of urbaniza-
tion and the environment on the Tibetan Plateau is the outcome of averaging the results for 
Qinghai and Tibet. Qinghai’s environment continues to decline, and the urbanization index 
has caught up with and gradually exceeded the environment index. The two have gone from 
being decoupled to being coupled, but they may become decoupled again in the future. The 
environmental trend in Tibet has been of stability, and its urbanization has not yet reached 
the environmental carrying capacity threshold. The key to future coupling coordination is 
still urbanization. The main reason for this is the slow pace of urbanization in Tibet due to 
its poor transportation and weak external economic relations. Most of Tibet belongs to the 
Qinghai-Tibet Plateau ecological barrier zone or prohibited development zones, which 
means that the environment is the focus and urbanization is restricted. 
 
Table 5  Coupling classification results for urbanization and eco-environment in the Tibetan Plateau, Qinghai 
Province and the Tibet Autonomous Region (Tibet) 

  2000 2001 2002 2003 2004 2005 2006 2007 

Tibetan Plateau Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅲ-3 Ⅲ-3 

Qinghai Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅲ-3 

Tibet Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅱ-3 Ⅲ-3 

  2008 2009 2010 2011 2012 2013 2014 2015 

Tibetan Plateau Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅳ-3 Ⅳ-3 Ⅳ-2 Ⅳ-2 

Qinghai Ⅲ-3 Ⅲ-3 Ⅳ-2 Ⅳ-2 Ⅳ-2 Ⅳ-2 Ⅳ-1 Ⅳ-1 

Tibet Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅲ-3 Ⅳ-3 Ⅳ-3 Ⅳ-3 Ⅳ-3 

 

3.3.2  The prefectural scale 

As shown in Figure 10, the overall trend of coupling coordination between urbanization and 
the environment in 15 prefecture-level locations on the Qinghai-Tibet Plateau was good, 
with most cities changing from transitional to coordinated development, but the basic types 
were different. Lhasa and Xining were the lagging environment type; Huangnan and Ny-
ingchi were the lagging urbanization type; and the rest were the synchronized urbanization 
and environment type. With the exception of Huangnan and Nyingchi, which still have 
scope for urbanization, and Lhasa and Xining, where the environment began to lag and en-
vironmental problems began to emerge, the remaining cities or prefectures were in the syn-
chronized stage, with similar development of urbanization and the environment. Determin-
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ing whether this state of synchronization is optimal requires further research. In addition, in 
2015, only Qamdo, Haidong and Haixi still belonged to the category of scarcely coordinated 
development. Of them, Qamdo had lagging urbanization and a good eco-environment, but its 
level of regional urbanization was growing slowly, which resulted in a low degree of cou-
pling. Haixi and Haidong, meanwhile, had lagging eco-environments. Haixi changed to the 
coordinated development category in 2006, and then fell into the scarcely coordinated de-
velopment category, and changed from the synchronized urbanization and eco-environment 
type to the lagging environment type. Haixi’s urbanization process has been greatly affected, 
indicating that its development in the period 2006–2015 was not coordinated. Haidong is in 
the zone between the Loess Plateau and the Tibetan Plateau, which suffers from serious soil 
erosion. As a result, its eco-environment evaluation index has always been at a low level, 
which has directly restricted the development of its regional urbanization. 

 

 
 

Figure 10  Urbanization and environment coupling classifications for prefecture-level cities on the Tibetan 
Plateau 

 

3.4  Decoupling paths of the reciprocally influential relationship between urbanization 
and eco-environment at different scales 

3.4.1  The Tibetan Plateau and the provincial scales 

Table 6 shows that the decoupling of urbanization and eco-environment indexes in the Ti-
betan Plateau region from 2000 to 2015 involved three states: strong decoupling, weak de-
coupling and expanding connection. It shows that although the degree of coupling coordina-
tion between urbanization and eco-environment on the Tibetan Plateau kept increasing, this 
was the result of the eco-environment index continuously falling and the urbanization index 
continuously rising. This relationship was constantly strengthened from 2000 to 2014. This 
also shows that urbanization on the Tibetan Plateau has had an impact on the 
eco-environment. Although the limit of the ecological carrying capacity has not yet been 
reached and urbanization still has room for growth, the negative effects of urbanization also 
require attention. 
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Table 6  The environment index growth rate, urbanization index growth rate, and their decoupling relationship 
for the Tibetan Plateau 

Year ΔE ΔU DI Degree of Decoupling 

2001 –0.02  0.01  –0.35  Strong decoupling 

2002 0.00  0.01  –0.06  Weak decoupling 

2003 0.00  0.01  –0.02  Weak decoupling 

2004 –0.02  0.01  –0.44  Strong decoupling 

2005 0.02  0.01  0.38  Weak decoupling 

2006 0.00  0.02  –0.06  Weak decoupling 

2007 0.00  0.02  –0.05  Weak decoupling 

2008 –0.01  0.02  –0.09  Strong decoupling 

2009 0.00  0.02  –0.04  Weak decoupling 

2010 –0.02  0.03  –0.23  Strong decoupling 

2011 0.00  0.03  0.03  Weak decoupling 

2012 –0.01  0.04  –0.08  Strong decoupling 

2013 –0.03  0.04  –0.39  Strong decoupling 

2014 –0.04  0.04  –0.69  Strong decoupling 

2015 0.05  0.04  0.86  Expanding connection 

 
The decoupling status of the urbanization index and the eco-environment index in Qing-

hai from 2001 to 2015 fluctuated strongly (Table 7). From 2001 to 2014, the decoupling 
status flipped back and forth between strong decoupling and weak decoupling, with a high 
strong decoupling index. In 2015, it changed to an expanding negative decoupling status. 
This shows that the negative effects of Qinghai’s urbanization have been significant, and it is 
in an unsustainable and temporary state of coordination. Qinghai needs to strengthen protec-
tion of the environment and should not blindly pursue urbanization growth. 

The Tibet Autonomous Region was similar to Qinghai, but it displayed less volatility. It 
maintained strong decoupling from 2006 to 2014, but the decoupling index was low. Al-
though the development trends of urbanization and eco-environment in Tibet have differed, 
the urbanization process does not currently exert great pressure on eco-environment, so there 
is potential to develop urbanization further. The urbanization process should, therefore, be 
promoted, but steady urbanization plans must be formulated. 

3.4.2  The prefectural scale 

The decoupling status of the urbanization index and the eco-environment index of the Ti-
betan Plateau has consisted primarily of strong decoupling and weak decoupling (Figure 11). 
Specifically, it has consisted primarily of either positive growth in the urbanization index 
and negative growth in the eco-environment index, or the growth rate of the urbanization 
index being higher than the growth rate of the eco-environment index. This shows that the 
current urbanization process of prefecture-level units on the Tibetan Plateau is putting pres-
sure on the regional environment, and the coupling degree of the two systems is increasing. 
The decoupling index, however, shows that there is a negative interaction between urbaniza-
tion and the eco-environment, and this negative effect is fluctuating over time. 
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Table 7  Eco-environment index growth rate, urbanization index growth rate and the decoupling relationship of 
the Tibet Autonomous Region and Qinghai Province 

Year Area ΔE ΔU DI Status Area ΔE ΔU DI Status 

2001 Qinghai –0.0214 0.0134 –0.5817 Strong 
decoupling Tibet –0.0009 0.0172 –0.0118 Strong 

decoupling 

2002 Qinghai 0.0041 0.0095 0.1747 Weak 
decoupling Tibet –0.0073 0.0144 –0.1317 Strong 

decoupling 

2003 Qinghai –0.0024 0.0101 –0.0997 Strong 
decoupling Tibet 0.0041 0.0100 0.1176 Weak  

decoupling 

2004 Qinghai –0.0234 0.0089 –1.1814 Strong 
decoupling Tibet 0.0009 0.0094 0.0275 Weak  

decoupling 

2005 Qinghai 0.0243 0.0152 0.7844 Weak 
decoupling Tibet 0.0003 0.0072 0.0142 Weak  

decoupling 

2006 Qinghai –0.0049 0.0178 –0.1381 Strong 
decoupling Tibet –0.0006 0.0129 –0.0159  Strong 

decoupling 

2007 Qinghai –0.0054 0.0214 –0.1362 Strong 
decoupling Tibet –0.0016 0.0330 –0.0167  Strong 

decoupling 

2008 Qinghai –0.0049 0.0231 –0.1254 Strong 
decoupling Tibet –0.0018 0.0167 –0.0437  Strong 

decoupling 

2009 Qinghai 0.0013 0.0229 0.0356 Weak 
decoupling Tibet –0.0017 0.0188 –0.0383  Strong 

decoupling 

2010 Qinghai –0.0146 0.0319 –0.3197 Strong 
decoupling Tibet –0.0009 0.0251 –0.0168  Strong 

decoupling 

2011 Qinghai 0.0034 0.0408 0.0662 Weak 
decoupling Tibet –0.0004 0.0238 –0.0094  Strong 

decoupling 

2012 Qinghai –0.0014 0.0421 –0.0280 Strong 
decoupling Tibet –0.0028 0.0322 –0.0481  Strong 

decoupling 

2013 Qinghai –0.0260 0.0400 –0.6294 Strong 
decoupling Tibet –0.0029 0.0374 –0.0463  Strong 

decoupling 

2014 Qinghai –0.0454 0.0414 –1.2288 Strong 
decoupling Tibet –0.0096 0.0345 –0.1862  Strong 

decoupling 

2015 Qinghai 0.0500 0.0404 1.6851 
Expanding 
negative 

decoupling
Tibet 0.0053 0.0536 0.0730  Weak  

decoupling 

 

 
 

Figure 11  The decoupling relationship between urbanization and eco-environment indexes of prefecture-level 
units in the Tibetan Plateau region 
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With reference to the meaning of strong decoupling and weak decoupling, based on a 
comparison of the instances of strong decoupling and instances of weak decoupling from 
2001 to 2015 in prefecture-level units, areas can be divided into three groups based on the 
following classifications: (1) Active urbanization: places with fewer instances of strong de-
coupling than weak decoupling, a higher urbanization index growth rate than 
eco-environment index growth rate, and a gradually improving environment, such as Qamdo, 
Haixi, Nyingchi, Xigaze and Shannan; (2) Neutral urbanization: places with the equal in-
stances of strong decoupling and of weak decoupling and synchronized environments, such 
as Ngari and Nagqu; (3) Passive urbanization: places with more instances of strong decoup-
ling than weak decoupling, with mainly positive growth of the urbanization index and nega-
tive growth of the eco-environment index, and a lagging environment, such as Golong, 
Haibei, Haidong, Hainan, Huangnan, Lhasa, Xining and Yushu. 

Most prefecture-level units in Tibet fell under the active urbanization category, while 
prefecture-level units in Qinghai mostly belonged to the passive urbanization category, hav-
ing displayed strong decoupling for a long time. However, this classification result is based 
only on a comparison of the instances of strong and weak decoupling, with no reference to 
comparisons of decoupling intensity, and there are special circumstances in the classification 
results. Although Haixi is classified as having active urbanization, the intensity of its strong 
decoupling is much higher than the intensity of its weak decoupling. The absolute value of 
its weak decoupling index was only 0.2, but the absolute value of its strong decoupling in-
dex was as high as 3, which corresponds to the small increase and then large decrease in its 
eco-environment index. Huangnan was classified as having passive urbanization, but the 
intensity of its strong decoupling was low and the negative growth rate of its 
eco-environment was low, with its highest inter-annual decline value being only 0.003 and 
its highest growth value being 0.025. 

Combining the changing trends in coupling and decoupling, it can be seen that although 
Golog, Haibei, Hainan and Yushu were in the coordinated development category and had 
synchronized urbanization and environments, they were classified as having passive urbani-
zation in terms of their decoupling category. This indicates that the coordinated status of 
these four cities and prefectures was short-lived and unsustainable. It was only their urbani-
zation and environment evaluation index values that were synchronized, but their actual 
growth trends differed. 

3.5  Future trends in the interactively influential relationship between urbanization 
and eco-environment in the Tibetan Plateau region 

The data on the coupling coordination degree of urbanization and eco-environment of each 
unit in the Tibetan Plateau region from 2000 to 2015 was applied to the Gray system GM (1, 1) 
model, and the numerical value of the coupling coordination degree obtained from the 
simulation for 2000–2015 is compared with the actual value to calculate the average relative 
error, relative accuracy and the c-statistic value. If the c-statistic value is less than 0.35 and 
the relative accuracy is greater than 95%, the model prediction level is excellent. The results 
are shown in Table 8. The c-statistic value (residual variance) of each predicted unit is less 
than 0.35, and the average relative error between all calculated values and actual values is in 



FENG Yuxue et al.: Interaction between urbanization and eco-environment in the Tibetan Plateau 321 

 

 

the range of 0.55%–3.41%, so future trend predictions and analysis can be performed. The 
forecast period is 2016–2025, and the forecast is premised on there being no major fluctua-
tions over the next decade. 

According to the results of the GM (1, 1) model (Table 9), there is a clear coupling coor-
dination trend at various scales for the Tibetan Plateau. In 2020, only Qamdo, Haidong and 
Haixi have values below 0.7, and only Haixi will be below that level in 2025. Given the 
plans for the Lanxi Urban Agglomeration, Xining Metropolitan Area and Lhasa Metropoli-
tan Area, the urbanization level of prefecture-level units in the Tibetan Plateau region is set 
to increase further in the future, which will make environmental constraints more prominent. 
Judging from the forecast results, Haixi needs to implement measures to promote an increase 
in the level and quality of its urbanization process, to improve the quality and efficiency of 
its urbanization. However, this result only predicts overall changes in the degree of coupling 
coordination, and it is necessary to consider trends in urbanization and eco-environment in-
dexes to adjust development strategies in time. 

 
Table 8  Prediction accuracy of future changes in the coupling coordination degree between urbanization and 
eco-environment for prefecture-level units in the Tibetan Plateau region 

Forecasted unit Tibetan
Plateau Qinghai Tibet Ngari Qamdo Golog Haibei Haidong Hainan 

Average relative error 
(%) 1.76 1.97 1.97 2.57 0.83 0.94 2.32 1.56 2.47 

Relative accuracy (%) 98.24 98.02 98.04 97.42 99.16 99.06 97.67 98.44 97.53 

c-statistic value 0.07 0.17 0.09 0.12 0.06 0.06 0.08 0.13 0.14 

Forecasted unit Haixi Huangnan Lhasa Nyingchi Nagqu Xigaze Shannan Xining Yushu 
Average relative error 
(%) 3.41 1.22 1.07 1.05 1.42 0.90 0.55 1.02 2.54 

Relative accuracy (%) 96.58 98.77 98.93 98.95 98.57 99.10 99.45 98.98 97.47 

c-statistic value 0.43 0.06 0.07 0.07 0.12 0.05 0.04 0.12 0.10 

 
Table 9  Predictions of future changes in the coupling coordination degree between urbanization and 
eco-environment for prefecture-level units in the Tibetan Plateau region 

Predicted unit Tibetan 
Plateau Qinghai Tibet Ngari Qamdo Golog Haibei Haidong Hainan 

2020 predicted 
value 0.81 0.76 0.78 0.84 0.69 0.81 0.81 0.68 0.75 

2025 predicted 
value 0.96 0.85 0.90 0.98 0.80 0.96 0.95 0.76 0.86 

Predicted unit Haixi Huangnan Lhasa Nyingchi Nagqu Xigaze Shannan Xining Yushu 
2020 predicted 
value 0.63 0.88 0.82 0.78 0.72 0.74 0.83 0.73 0.81 

2025 predicted 
value 0.64 0.90 0.93 0.90 0..81 0.86 0.97 0.81 0.99 

 

4  Conclusions 
This study attempted to construct a complete analytical model of the reciprocal influences 
between urbanization and eco-environment that can achieve the whole process of analyzing 
evaluation indexes, quantifying coupling coordination, identifying coupling types, exploring 
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decoupling paths and predicting future trends. By analyzing and comparing multiple scales 
(the Tibetan Plateau region, provinces and prefecture-level units), we were able to elucidate 
differences between scales, identify problem areas and propose targeted improvement meas-
ures. The main conclusions are as follows:  

First, the urbanization comprehensive evaluation indexes for different scales of the Ti-
betan Plateau displayed an upward trend, and the overall urbanization index for Qinghai was 
higher than for Tibet, with extremely high growth rates in Haixi and Xining, while the ur-
banization level in Tibet was low, but Lhasa was the growth point. The eco-environment 
index trends differed, with Qinghai displaying a downward trend, while Tibet was stable. In 
addition, the environment indexes of prefecture-level units were stratified, with the highest 
being Nyingchi. 

Second, the overall coupling coordination degree for urbanization and eco-environment 
at different scales in the Tibetan Plateau region showed an upward trend. Haixi, Haidong 
and Lhasa displayed an increasing-then-decreasing trend. Looking at types of coordination, 
the uncoordinated deterioration category and borderline uncoordinated deterioration cate-
gory shifted to the coordinated development category. Only Qamdo, Haidong and Haixi 
prefectures were in the scarcely coordinated development category. Improving the quality 
of urbanization development should be the focus of urbanization development in the near 
term. 

Third, urbanization and eco-environment indexes primarily fluctuated between strong 
decoupling and weak decoupling, indicating a negative effect between urbanization and the 
environment at the different scales and that there is a problem with negative urbanization 
development. Actively promoting urbanization while improving its quality is both necessary 
and urgent to create a positive and harmonious relationship between urbanization and 
eco-environment. 

Fourth, using predictive analysis, we found that the degree of system coupling coordina-
tion of each prefecture-level unit in the Tibetan Plateau region will steadily increase in the 
next 10 years, indicating that the relationship between urbanization and the environment in 
the region will gradually become more coordinated in the future. However, there will be 
discrepancies in the growth rates of various areas, with Haixi being the slowest. It is neces-
sary to make up for shortcomings by taking measures as soon as possible to promote the 
coordinated development of urbanization and the environment. 
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