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ABSTRACT

Crises, such as resource shortage, environmental pollution, and ecological damage, restrict the
sustainability of regional economic and social development. A comprehensive evaluation on the carrying
capacity of resource environment (CCRE) based on a scientific system is beneficial to determining the
background, constraints, and potentials of the carrying capacity of regional resource environments,
comprehending economic and social development, and realizing harmonious development between
ecological civilization and economic society. For deeply understanding the carrying capacity level of
regional resource environment and mastering its variation trend accurately, an evaluation system was
constructed in this study based on Shandong Province in China. This system covered 11 indexes of
economic, resource, and environment subsystems. CCRE in Shandong Province from 2005 to 2016
were evaluated and estimated comprehensively through the TOPSIS model based on entropy rights.
Results showed that the general CCRE in Shandong Province increased significantly from 2005 to
2016, with an annual average growth rate of 5.23%. The development level of the economic subsystem
was increased yearly, which basically conformed to the variation trend of CCRE. The economic
development laid a solid economic foundation for improving CCRE in Shandong Province. The overall
levels of resource and environment subsystems increased yearly, which showed annual growth
rates of 4.15% and 2.15%, respectively. Specific countermeasures, including reasonable development
and utilization of natural resources, improving the regional ecological environment, and accelerating
the technological development and construction of conservation-minded society were proposed.
Research conclusions can provide certain references for constructing a long-term evaluation mechanism
of CCRE, formulating spatial planning of resource utilization, and strengthening ecological civilization

construction.

INTRODUCTION

The rapid economic development provides humans with
not only rich material products but also a series of
environmental problems, thusintensfying conflictsamong
resources, environment, economy, and society. Theresource
and environmental problemsare becoming major restraints
of economic development in countries and cities. Solving
conflict between economic development and ecological
damage, facilitating the harmonious development of
resources and environment with social and economic
development, and realizing sound social and economic
development are problems that deserve considerable
attention and proper solutions worldwide. With the
significant increase in socia productivity and the continu-
oustechnological progress, China has achieved outstanding
growth in economic strength and comprehensive national
strength since the reform and openi ng-up, accompanied with
accel erating urbani zation. However, these phenomena have
caused increas ng pressure over resources, environment, and

society. Under such severe situations, people have realized
that resource environment is of scarcity rather than inex-
haustible. Such scarcity becomes increasingly prominent
with the economic development. The traditional produc-
tion mode and consumption pattern in the past must be
changed in consideration of theincreasingly seriousresource
environmental problemsat present. The construction of re-
source-saving and environment-friendly production mode
and consumption pattern must be accel erated to strengthen
the sustainable development of resource environment for
increasing the sustainable development capability of the
society and improving the ecological civilization construc-
tion. Inthe urbanization process, implementing peopl e-ori-
ented conservation of land and resources and protecting
environment should be insisted. These conditions enable
to determine the boundariesfor urban devel opment reason-
ably, adjust the structures of construction lands, prevent
excessive urban expansion, and increase the comprehen-
sive carrying capacity of cities.
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Asakey industrial province in China, Shandong Prov-
ince has asignificantly vulnerable ecological environment,
although it has achieved breakthroughsin economic aggre-
gates. In Fig.1, urban population density and the produc-
tion of household have sharply increased as a result of the
accel erating urbanization. Moreover, the industrial devel-
opment in Shandong Province has presented a typical ex-
tensive growth of “high consumption, high pollution, and
low benefits” Intheindudtrialization process, conflicts, such
asbetween low industrial benefits and sustainable devel op-
ment of resource-based industries, between high-input and
high-consumption mode and construction of aresource-con-
serving society, between high pollutant emission and eco-
logical environmental protection, and between single in-
dustrial structure and accelerating industrialization, have
occurred. With the continuous urban expansion to suburbs,
urban expansion occupies the cultivated lands. The con-
tinuous concentration of urban population leads to water
resource shortage and production of abundant pollutantsin
cities, thus deteriorating ecological environment in urban
areas continuously. The environmental damage causes a
series of environmental pollution problems, such asthreats
to human health. In particul ar, environmental pollution and
resource consumption are further intensified. The decreas-
ing carrying capacity of resource environment (CCRE) in
Shandong Province has become amagjor restraint of devel-
opment. Therefore, studying CCRE in Shandong Province
facing with low energy utilization and serious environmen-
tal pollution isimportant.

STATE OF THEART

Research on carrying capacity in foreign developed coun-
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tries has been reported since the 1920s. Developed coun-
tries have discussed the concept of carrying capacity con-
tinuously and applied carrying capacity into management
practices and environmental planning gradually. Key re-
search attentions have shifted from static analysis to dy-
namic analysisand from department mode to theintegrated
model under ecological environment-social economy com-
bined system conditions. Relevant studies have interpreted
diversity, dynamics, nonlinearity, and multiple feedbacks
of carrying capacity problems. Arrow et al. (1996) discussed
the relationship between economic growth and
environmental quality, aswell astherelations of economic
activitieswith carrying capacity and restoration capacity of
environment. Thapa et al. (2000) believed that under the
underdeveloped economy in Nepal, land deterioration
caused by traditional agricultureis a serious problem. The
research results demonstrated that vulnerability of land re-
sources would influence the sustainability and productiv-
ity of these resources. Chen (2006) developed aframework
to test the dynamic response of a society-economic system
to continuous exhaustion of natural resources provided by
the environmenta system. Thisframework could be used as
aguideline in constructing indexes for measuring environ-
mental system and social economic system to support mak-
ers of appropriate environmental policies. Slesser (2007)
proposed to construct the ECCO system dynamic model by
using energy as the transformation standard and analyzed
the elastic relation between population and CCRE under
different development strategies. On this basis, standards
for selecting the optimal region for long-term devel opment
could be formulated. Fang et al. (2010) constructed a Sys-
tem Dynamics Model of CCRE in an urban agglomeration
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Fig.1: Population density and amount of household waste clearance in cities in Shandong Province from 2006 to 2017.
(Data source: China National Statistical Database: http://data.stats.gov.cn/).
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in Central China by using the system dynamic method. He
found that facilitating the social and economic develop-
ment under resource environmental protection is the best
mode to promote harmonious development of resources,
environment, society, and economy in urban agglomeration.
Zhu et a. (2010) believed that evaluating the carrying ca-
pacity of ecological environment related to water isthe key
to control the excessive use of water resources and solve
ecological problems. He determined the ecological eco-
nomic aggregatesin different ecological environmental re-
gions in the Haihe Basin by using time series and
multiobjective optimization method. Byron et al. (2011)
analyzed aquaculture in Narragansett Bay of Rhode Island,
USA by using the environmental carrying capacity model
and found that this ecosystem had high primary productiv-
ity and abundant energy consumption. Liu et al. (2011)
proposed a comprehensive eval uation system based on natu-
ral resource capacity, environmental assimilation capacity,
and service capacity and social support capability of eco-
system. The corresponding measurable indexes were de-
signed by using the residual ratio model and residual ratio
vector of carrying capacity to assess the carrying capacity
of environment (CCE). Dang et al. (2012) tested the
environmental resource baseinthe Y anggou Basinin Loess
hilly region in China through energy synthesis method.
Evaluation results implied that the environmental condi-
tion in the Yanggou Basin was improved during the study
period after the implementation of ecological restoration
program, which indicated that the ecological restoration
program relieved ecological deterioration. Berck et al.
(2012) deemed that changes in environmental quality
influence the carrying capacity of the Earth and that
nonoptimal changed environmental problemsinteract with
carrying capacity, thereby leading to a unique internal sta-
ble state of the world environment and human population
along the oscillation process. Wen et al. (2016) proposed a
new index system that performsacomprehensive evaluation
by using ecotope stressindex model and state space method.
Onthe basisof thisindex system, they conducted acompre-
hensive evaluation on current ecological carrying capac-
ity, resource utilization, and pollution emission in the tem-
perate continental climate zonein northwest China. Li etal.
(2016) andlyzed industrial structural optimization based on
the carrying capacity of water environment in the Huaihe
Basin in Shandong Province by using the inaccurate ran-
dom multiobjective planning method that combined ran-
dom planning, interval linear planning, and multiobjective
planning. Results demonstrated that coal, paper-making,
and food-processing industries had high risks of water pol-
[ution, although they weretraditional pillar industries. Y ang
et a. (2016) evaluated affordable population, agricultural,

381

and economic scales of water resources in karst region in
Guizhou Province, China. Results showed that the actual
population and cultivated land areain China from 1999 to
2012 were significantly higher than the agricultural
comprehens ve index in China, which reflected the overl oad
of population and agriculture in China. Fan et al. (2017)
proposed a theoretical model to predict risks of regional
sustainable development in China and performed the first
empirical evaluation. Research results presented that ex-
tensive industrialization caused environmental pollution
and made the largest contributions to alarming state, fol-
lowed by special coupling of scarcity and low utilization of
natural water resources. Qian et al. (2018) established an
evaluation systeminvolving 20 indexesbased on the driving-
pressure-state-impact-response-management (DPSIRM)
framework and constructed a coupling simulation anneal
projection pursuit model to evaluate the carrying capacity
of atmosphere environment in the region. Resultsreflected
that driving force and pressure subsystems play adominant
role in the entire system, and attention should be paid to
economic development, urbanization, population growth,
and pollutant emission. Yuanet a. (2018) assessed therela-
tionship between comprehensive carrying capacity (UCC)
and economic growth in the Yangtze River Economic Belt
(YREB) by using a spatial econometric model based on data
of 84 cities in the sudy area from 2006 to 2014. He found
that the influences of UCC on economic growth presented a
“U-shaped” variation trend. UCC development wasacrucial
support to the economic growth of YREB. Exigting literature
has shown that the concept of carrying capacity is endowed
with different meanings in different development stages,
whichisrelated to resource shortage, environmenta deterio-
ration, and sharp population increase. The concept of carry-
ing capacity has been extended from theinitial physicsinto
demographics, ecology, and economics. Many studies have
been conducted on carrying capacity in the world, through
which abundant research achievements were gained. All of
these research achievements have certain references to this
sudy. Nevertheless, existing studieson carrying capacity are
relatively single and mainly focus on land, water, traffic, ur-
banization scale, and ecosystem. With the economic growth
and occurrence of resource and environmental problems, peo-
ple have begun to realize that economic development should
not be achieved at the cost of resources and environment.
Economic growth must be coordinated with CCRE. In the
present study, key attentionswere paidto the construction of
the index system and the evaluation method of CCRE in
Shandong Province based on previous studies. Thisstudy is
conducive to reaizing a scientific and objective assessment
of CCRE. Reasonable suggestions for the devel opment and
construction of Shandong Province are provided.
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BRIEF INTRODUCTION TO THE MODEL AND DATA
SPECIFICATION

Brief introduction to the model: The concept of entropy
indicates that decision accuracy can be increased by de-
pending on the decision-making information content. En-
tropy isanideal scalein multiobjective decisionand evalu-
ation. After original data of index evaluation are collected
and mastered, the weight of these original data is deter-
mined, which can reflect implicit information in index data
objectively and truly. Asaresult, the resolution of indexes
can be increased, and selection bias caused by too small
index difference could be avoided, thus enabling to reflect
index information comprehensively. Entropy weight repre-
sents the relative intensity of index competition. Entropy
weight is generally low when the entropy of index islarge,
which indicates the minimal importance of the index. The
techniquefor order of preference by similarity toideal solu-
tion (TOPSIS) model isthe decision-making technique com-
monly used in system engineering, and it is mainly used to
solve the multiobjective decision problem of limited pro-
grams. TOPS|Sisacomprehensive eval uation method that
uses distance asthe evaluation standard. The degree of the
target closeto or deviated from positive and negative ideal
solutions can be calculated by defining a certain measure-
ment in the objective space. The TOPSISmodel can evalu-
ate regional CCRE and reflect the dynamic and variation
trendsof regional CCRE comprehensively and objectively.
In this study, the TOPSIS model based on entropy weight
was applied to evaluate and analyze CCRE in Shandong
Province.

Consgtruction of standardized evaluation matrix: Theorigi-
nal evaluationindex matrix of regional CCRE in Shandong
Provinceisexpressed as

Vg Vo o Vg

V _ V21 VZZ VZn
: : : (D

le VmZ T an

The original data are normalized to acquire the stand-
ardized evaluation matrix. vmn is the original data of the
index m inyear n. Processing of benefit (the higher the
better) indexesis shown in Eq. (2), and processing of cost
(the lower the better) indexesis shown in Eq. (3). Vijisthe
index i(i=123,...,m) among the evaluation data in year
j(i=123,...,n). The standardized evaluation matrix
according to calculation is expressed in Eq. (4).

v; —min(v;)

i max(v; ) —min(v; ) -(2)

Liang Chunling et al.

_ maX(Vij) _Vij
" max(v;) —min(v,) +(3)
hh h - I
R= h Tp o b
S A (4
T Toz " T

Determination of index weights: The entropy weight can
be calculated as
_ 1-H

i m

m-> H.» (5)

1 n
Where, Hi =—— > fiInf; whichiscalled theinforma-
i

hij

fi' = . . .
tion entropy. J S which is called the characteristic
=1

proportion of the index.

Consgtruction of the evaluation matrix based on entropy
weight: A weighted standardized evaluation matrix (Y ) was
constructed by the weighting ideaand entropy weight (W, )
toincrease the objectivity of theregional CCRE evaluation
matrix in Shandong Province. Thismatrix is expressed as

Yu Y o Y M xXW I XW, M X W
Yy = Ya Yo o Yo I XW, Ty XW, Fon X W,
Yoi Ym2 7 Ym Fn X Wy P XWoeoe T XW

.6)

Determination of positive and negativeideal solutions: Y*
is the maximum of index i among the evaluation data in
year j; itisthe most preferred scheme or known asthe posi-
tiveideal solution. Y-isthe minimum of index i among the
evaluation datain year j; it isthe most unfavorable scheme
or known as the negative ideal solution. Calculation meth-
odsof Y*and Y -areshownin Egs. (7) and (8).

Y*={rgig>m<yi,-|i=1.2,~~.m}={yf,y§.~-,y;} (7)

v :{{Pii’nlyu i =172~-wm}={y;,y;,---,y;} .(8)

Digtance cal culation: The calculation formulaof euclidean
distance was employed in the present study. D; be the
distance between index | and y;"andD; be the distance
betweenindex i and y; . D; and D; can be calculated by

D; =,/i(yr—yi,-)2, ..(9)
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D; a/;(yffyij)z : .(10)
Calculation proximity between evaluation object and ideal
solutions: T.isthe proximity between CCRE in year j and
the optimal level, ranging between [0,1]. High T reflects
that the annual CCRE is significantly close to the optimal
level. The CCRE reaches the highest when T=1, whereas
the CCRE isthelowest WhenTj = 0. Inthisstudy, proximity
refersto thelevel of CCRE. CCRE can be judged according
to the annual value of T, thus enabling to determine the
quality order of resource environment. The calculation for-
mulaof T is
D,

Ty = D +D (12)
Data specification: Many factorsinfluence regional CCRE.
Scholars have constructed evaluation index systems of
regional CCRE and have gained certain research achieve-
ments. Chinese scholars paid a considerable attention to
the perfection of the evaluation index systems of regional
CCRE. “Regional CCRE” is a complicated concept that
requirescomprehens ve consideration of carriers and carry-
ing materials. In thisstudy, anindex system was constructed
from economic development, resource, and environment
subsystems. These subsystems were independent and corre-
lated mutually, and they reflected the regional CCRE to-
gether. Regional economic strength, industrial structure,
and people’sliving standard were investigated by the eco-
nomic devel opment subsystem, which congtituted the eco-
nomic resource basis of regional CCRE. Resource support
to regional economic and socia development and resource
utilization and consumption by economic and socia de-
velopment were analyzed in the resource subsystem. Envi-
ronmental pollution and management in the regional eco-
nomic and social development were discussed in the envi-
ronment subsystem. The specific index systemisshownin
Table 1. All data in this study came from the Statistical
Y earbook of Shandong Province from 2005 to 2016 in con-
sideration of the accessibility and scientificity of data.

RESULT ANALYSIS

An empirical study of the TOPSIS model based on entropy
weight was conducted, which could explain the applica-
tion values of the model and provide theoretical references
and practice guidance to evaluate and increase CCRE in
other provinces. The CCRE in Shandong Province from
2005 to 2016 was calcul ated from Egs.(1) to (10). For deep
analysisand description of the variation trend and causes of
CCRE in Shandong Province, the CCRE of four subsystems
wasfurther calculated. On thisbasis, the characteristicsand
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dynamic evolution trend of CCRE in Shandong Province
and different subsystems were analyzed. The results are
showninFig.2.

Fig. 2 depicts that from 2005 to 2016, CCRE in
Shandong Province was generally increasing yearly. Spe-
cifically, CCRE in Shandong Province was stable but de-
clined dlightly from 2005 to 2012. The per capita hold of
resource declined to some extent due to the increasingly
prominent supply-demand conflict of resourcesin Shandong
Province. For example, per capita cultivated area decreased
yearly, andthe per capitawater resource decreased continu-
oudy, which caused significant negativeimpacts on CCRE.
As aresult, CCRE in Shandong Province decreased con-
tinuously but increased gradually after 2012 and reached a
relatively high level. Technological progressin energy sav-
ing and emission reduction, pollution regul ation, and waste
utilization increased the comprehensive utilization of re-
sources and relieved environmental pressure. Shandong
Province released a series of energy-saving and emission
reduction policies, which decreased the GDP per unit re-
gion in the provinceto different extentsand achieved great
breakthroughsand progressesin resource, environment, and
economic social development. The economic devel opment
capacity was increased yearly. On the one hand, the eco-
nomic development consumed considerable resources to
cope with the accelerating economic and social develop-
ment, which caused certain environmental pollution. While
onthe other hand, the economic devel opment offered abun-
dant economic resources for environmental improvement,
pollution control, energy-saving, and emission reduction.
The regional CCRE in Shandong Province was finally in-
creased. Recently, the economic strength of Shandong Prov-
ince was enhanced significantly, which provided rich eco-
nomic resources for CCRE. Shandong Province was under-
takingindustrial transfer and eastward devel opment. Indus-
tria structure wasoptimized gradually, whileindustrializa-
tion and urbanization were promoted. Scientific technol-
ogy was developing rapidly, thus shifting attention from
pursuit of economic development scale to pursuit of eco-
nomic development quality. Moreover, the urbanization
level was improved yearly, accompanied with stable im-
provement of economic devel opment capacity. Theimprov-
ing economic development in both quality and efficiency
decreased resource waste, increased resource utilization, and
relieved pressures over environment caused by economic
activities to some extent.

Resource-carrying capacity was basically stable in the
study period but presented afast growth trend. The carrying
capacity of the resource subsystem fluctuated due to the
collaborative effect of threeindexes, which also proved cer-
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Table 1: Evaluation index system for regional CCRE.

Liang Chunling et al.

Systems Indexes

Unit

Economic development subsystem GDP per capita

Urbanization rate
Resource subsystem

GDP of a unit region

Environment subsystem

Forest coverage

Urban per capita disposable income

Per capita cultivated area
Per capita water resource amount

Water consumption for 10,000 RMB industrial added value
Waste gas emission for unit industrial added value

Comprehensive utilization of industrial solid wastes %
Investment amount for industrial pollution control

10,000 (RMB)
10,000 (RMB)

%

hm?/per

m?3/per

Tons of standard coal/
10,000 persons
m?%10,000 (RMB)
m?%10,000 (RMB)

100 million (RMB)
%

tain effects of the energy-saving and emission reduction
policiesin Shandong Province. In the environment subsys-
tem, the CCE was increasing yearly. Shandong Province
not only paid cons derabl e attention to ecol ogical construc-
tion and environmental protection and implemented en-
ergy-saving projects successfully during the “11th Five-
Year Plan” but also formulated and issued the energy-sav-
ing and emission reduction policies, which increased the
CCE gradually.

SUGGESTIONS

Development and usage of natural resour cesreasonably
and increasing resour ce utilization: In promoting urban
construction in Shandong Province, regional environment
is influenced significantly by the abundance of water
resources. Attention should be given to strengthen educa-
tion of water saving and public consciousness of environ-
mental protection, introduce advanced environmental pro-
tection and water-saving technology into production and
living, and advocate scientific, reasonable, economic, and
sustainablewater consumption modeto reduce environmen-
tal pressure caused by excessive consumption of water re-
sources. In particular, Shandong Province is a traditional
agricultural province and should perfect the irrigation sys-
teminagricultural regionsto saveirrigation water consump-
tion. Moreover, water pollution control should be
strengthened in rural regions of Shandong Province. In
industrial regions, the development of water-saving
industries and increase of water resource utilization should
be encouraged. Key attention should be paid to strengthen
wastewater emission control of industrial enterprisestoin-
crease the water environmental quality and protect water
quality inthe region. The government must develop itsown
functions to restrict occupation of cultivated lands by
nonagricultural construction purposes strictly while pro-
tecting economic and agricultural development; formulate

and adjust compensation and resettlement mechanism for
land expropriation; and increase land utilization while pro-
tecting the quality of cultivated lands and basic farmland.
Other suggestions are to regulate land use strictly and avoid
wastes and pollution of land resources.

Improvement of regional ecological environment through
scientific technologies: Shandong Province, which is
undertaking accel erating industriali zation and urbanization,
proposes increasing demands for natural resources and
development intensity. The local environment is going to
bear strong pressure, and regional environmental problems
will be devel oped gradually. Shandong Province must have
a good ecological environment to realize a coordinated,
sound, and sustainable social economic development. The
province should adjust and optimize the industrial structure
by centering at the ecological industrial transformation,
change the high-input, high-consumption, and high-pollu-
tion economic growth mode, and strengthen the construc-
tion of ecological environment. On the basis of objective
evaluation and scientific recognition of major ecological
environmental problemsin the region, Shandong Province
should use resourcesreasonably by perfecting legal system,
increase scientific input, and strengthen ecologi cal construc-
tion, aiming to improve the ecological environment and
promote sustainable economic social development. Addi-
tional suggestions are to implement comprehensive con-
trol, construction, and management throughout the prov-
ince, optimize energy structures, and sol ve urban atmospheric
pollution. The mutual compensation mechanism of urbani-
zation region and water ecological zone, especialy thelong-
term stable ecological compensation mechanism, should be
established. According to the philosophy of circular econom-
icsand the goal of constructing a resource-saving and envi-
ronment-friendly society, the source control of industrial
pollution should be combined with terminal administration.
High-pollution enterprises should be shut down or trans-
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Fig. 2: Changes in CCRE in Shandong Province (2005-2016).

formed. A batch of facilitiesfor concentrated processing and
comprehensive utilization of three industrial wastes should
be constructed. Enterprises are encouraged to apply clean
technologies and produce green products for realizing the
goal of energy-saving and emiss on reduction.

Acceler ating progr essesin technological level and indus-
trial updating: The continuous technologica progress
provides an important impetus for economic growth and
devel opment and becomes amajor way to facilitate indus-
trial updating and devel opment toward high end of thevalue
chain. Shandong Province hasto optimizelocal talent struc-
tures continuously and promote the industry-university-
research cooperation. With respect to talent training, sug-
gestions are to further train different types of talents, ex-
pand channel for talent introduction, and increase the quan-
tity and quality of talents through internal and external re-
sources. Meanwhile, the province should increase techno-
logical inputs continuously, promote industrial updating
through technological innovation, and create innovation
industrial clusters and chains. With the continuous techno-
logical inputs, scientific technological progresses are
achieved rapidly. Shandong Province should establish a
source-monitoring and forecasting system to improve envi-
ronmental management and monitoring ability continu-
ously. The promotion of circulation, recycle, and compre-
hensive utilization technologies, cleaning production and
comprehensive saving strategy, recycling, production and
commercialization technol ogies of “three wastes’ will pro-
mote and accelerate the transformation of environmental
scientific research achievementsinto productivity, realize
transformation of economic growth mode, and strengthen
the sustainable competitiveness of the region.

Reasonable use resour ces and construction of a conser -
vation-minded society: With the continuous progress of

urbanization in Shandong Province, land shortage isinten-
sified. Under this circumstance, considerableresources are
wasted, and the land planning is unreasonable, thus result-
ing in seriousland wastes. The land resource configuration
must be optimized. Onthe one hand, great efforts should be
made to protect existing agricultural lands, strengthen the
monitoring and protection of farmland, and protect the to-
tal farmland area. On the basis of ecological safety, the ur-
ban land organization and planning must be perfected, and
the overall urban devel opment must be promoted to realize
reasonabl e use of landsin Shandong Province. On the other
hand, some land resources should be developed scientifi-
cally and effectively. As a result, some lands that are not
used reasonably or idle land resources can be reused again,
while wastelands and sloping lands could be developed.
Moreover, the province should devel op circular economics
and insist in the sustainable development. The conflicts
between population and various resources are intensifying
gradually due to the large population in Shandong Prov-
ince. Hence, sustainable development is the only way to
solve conflicts. Increasing utilization of natural resources
and advocating enterprises to make reforms of sustainable
development are encouraged. Establishing and perfecting
the scientific circulation economic system, increasing in-
put to the tertiary industry, reducing pollutant emission to
the maximum extent, and improving the living quality of
life are suggested.

CONCLUSIONS

Sharp increasing of population, excessive consumption of
resources, environmental pollution, and ecological dam-
ages are becoming prominent, which restrict the economic
development and improvement of people’'s living quality.
Theresource shortage and vulnerabl e environment are fac-
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ing with heavier pressure due to the large population bases
and backward economy and technology. Major problems
inregional development can bedisclosed by scientific esti-
mation of CCRE in regions. Feasible regulation policiesto
implement sustainable development of regional resource
environment are provided. In this study, the evaluation in-
dex of regional CCRE was constructed first based on
Shandong Province, China. CCRE in Shandong Province
from 2005 to 2016 was then evaluated and estimated com-
prehensively by the TOPSISmodel based on entropy weight.
The research results demonstrated that the CCRE in
Shandong Province was increasing gradually from 2005 to
2016, showing an average growth rate of 5.23%. The deve -
opment level of economic subsystem wasincreas ng gradu-
ally, whichwasbasically cond stent with the variation trend
of CCRE and laid a solid economic basis for improving
CCRE in Shandong Province. The annual average growth
rates of resource and environment subsystemswere 4.15%
and 2.15%, respectively. Deep studies on enriching the
evaluation system of CCRE, visual display of big data of
current CCRE situations, combined evaluation based on
multiple methods, and effects of technological progresson
regional CCRE are still needed.
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