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The in-depth analysis of the strategies for the coordinated and continuous development of population, resources, environment,
economy, and society based on the engineering management model is highly important for the sustainable development of the
regional economy and society. In this article, a population-economy-resources-environment bilevel optimization model is
established based on the economic and social development in a provincial region. The method of bilevel optimization is adopted to
introduce the specific bilevel optimization model. The concept and objectives of the bilevel optimization are explained, and its
corresponding technical applications are described. In this article, the development in coordinated economic and social de-
velopment of population, resources, and environment is analyzed and compared based on the bilevel optimization model. In
particular, the evolution and changes before and after the implementation of engineering management are studied. Through the
results, it can be observed that after the implementation of project management, the coeflicient of industry location has presented
a downward trend, and the coordinated development of population, resources, environment, economy, and society has become

more coordinated.

1. Introduction

With the rapid economic development in recent years, the
social resources acquired are getting greater and greater. As a
result, it is impossible to sort out these resources based on
the previous means and techniques [1]. In this context, the
bilevel optimization model has become an important
component in the coordinated economic and social devel-
opment of population, resources, environment, with a low
threshold and strong convergence characteristics possessing
advantages [2, 3]. In the 21st century, people become more
demanding for the relationships in the coordinated devel-
opment of population, resources, environment, economy,
and society. The previous simple economic growth can no
longer meet their needs, and the coordinated development of
population, resources, environment, economy, and society
has slowly shifted from a single nature into an interactive

field [4, 5]. The coordinated development functions allow
people to identify useful resources among massive resources.
Hence, the combination of the coordinated development
function and the coordinated economic and social devel-
opment of population, resources, environment, and society
are useful, and the combination of these two techniques can
facilitate a better management of the coordinated economic
and social development of population, resources, and
environment.

The application of the bilevel optimization model can
explain the previous concept of spatial location of pro-
duction more effectively, while providing the corresponding
way to new trade concepts and newly added concepts. After
the analysis and evaluation of the basic concepts and
techniques of the bilevel optimization model, a special study
of the concept is conducted in this article on the situation of
regional development in China. Through the study, it is
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concluded that the bilevel optimization model has played a
crucial role in promoting the coordinated development of
population-resource-environment-economy-society re-
garding the differences in regional development. Finally, this
article provides a theoretical basis for the future coordinated
development degree of population-economy-resource-en-
vironment system in the province and puts forward a
strategy to promote the coordinated development of socio-
economic and resource-environment scientifically and ra-
tionally, so as to provide a theoretical basis for the sus-
tainable development of economy and environment in the
province.

2. Bilevel Optimization Model

In this article, the bilevel optimization model is introduced,
and it can be observed that the initialization of the bilevel
optimization center can have a serious effect on the bilevel
optimization model if the results are not reasonable. This
effect requires massive computation time for engineering
management under the population, resources, environment,
economic, and social subjects intelligent search engine. At
the same time, it will also greatly reduce the performance of
bilevel optimization, which will eventually lead to inaccurate
results obtained.

Based on the working principle of the bilevel optimi-
zation model cited in this paper, the method of small-sized
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samples and multiple sampling are dopated. Through the
bilevel optimization model, the scientific and reasonable
bilevel optimization center can be obtained so that the
initialization stage of the bilevel optimization unreasonable
phenomenon can be eliminated based on the big data bilevel
optimization model to effectively improve the performance
and accuracy of big data bilevel optimization model. The
core idea of the model is based on small sample collection,
followed by the bilevel optimization model analysis based on
the Map-reduce model. The operational framework of the
bilevel optimization model is shown in Figure 1.

In the next section, the optimization of the bilevel op-
timization model K-value is described in detail. The model
consists of three main parts: separation model, subcenter
elimination, and weight-K value optimization model.

It is assumed that that s stands for the number of
samples, x stands for the coordinates, i stands for the ith
sample, k stands for the number of clusters, and d stands for
the data dimension, the result set of the ith sample cluster is
represented in the following form:

(1)

The matrix form of the results obtained based on the
bilevel optimization for all samples is shown as follows:
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center of the first sample, the first cluster center of the second
sample, and the second cluster center of the last sample are
subcenters.
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FIGURE 1: Framework of the method proposed in this paper at two stages.

In the above matrix (0, O, ..., 0), which is the bilevel
optimization center, is shown as a subcenter. In fact, it is still
unknown what cluster centers are suboptimal. Hence, the
next topic is to locate and remove the following suboptimal
cluster centers.

3. Overview of the Study Area

The population of the province has shown an increasing
trend since 1990, and the population growth rate has
remained relatively stable, with a small downward trend
during this period. The total production in the region of the
province is characterized by obvious stage, presenting a
gradual trend of growth in the fluctuating gross product of
the province in the period from 1960 to 1980. In the period
from 1981 to 2000, the gross production in the region
showed a trend of annual growth, and in 1995, the gross
production in the region exceeded 100 billion yuan with
fluctuations. In the period from 2001 to 2014 with the
implementation of the policy of revitalization of the old
industrial bases in the region, the GDP showed significant
growth characteristics until 2014 when the GDP reached
RMB 1380.44 billion at the same time, the growth of the
regional GDP was maintained at about 0.14%, and the re-
gional economic growth gradually showed a growth trend
(Figure 2).

The region is in a period of industrialization transfor-
mation and accelerating urbanization. The share of the three
industrial structures in the region in 2014 was 11.1%, 52.7%,
and 36.2%, respectively. Among them, the value of the
primary industry in the regional industrial structure grew
RMB 15.457 billion, corresponding to a growth rate of 4.7%.
The growth value of the level 2 industry in the region is RMB
728.727 billion, with a corresponding growth rate of 6.7%,
and the growth value of the tertiary industry in the region is
RMB 499.198 billion, with a corresponding growth rate of
6.8%. The rapid development of industrialization and ur-
banization will lead to an increase in energy consumption in
the city, from which it can be seen that in 2014 the energy
consumption in the region was as high as 84.835 million
tons, corresponding to a coal consumption rate of 72.5%,
which is far above the national average. The majority of the
end-use energy consumption is concentrated in the level 2
industry, mainly in coal consumption, while oil, electricity,
and heat consumption are also relatively large.

4. Research Method and Data Sources

4.1. Regional Population-Economy-Resources-Environment
Scheduling Forecast Model. The dynamics and complexity of
the coordinated development of population, economy, and
resources and environment in this region cannot be pre-
dicted based on a single conventional linear or nonlinear
model of its future development trends. In this article, the
parameters in the evaluation indexes are optimized by using
a bilevel optimization model based on the scheduling and
evaluation system of the population-economy-resource-
environment association.

4.1.1. Establishment of the Index System and Determination
of the Weights. In this article, the development evaluation
index system of this region is mainly established with the
goal of population-economy-resource-environment coor-
dination, and the division of population development,
economic development and resource-environment devel-
opment is carried out based on bilevel optimization model.
The corresponding indexes are combined by qualitative and
quantitative methods, as shown in Table 1.

4.1.2. Coordination Degree Model. Coupling refers to the
synergistic phenomenon due to the interaction and mutual
influence between two or more systems and components,
and the degree of bonding is a quantitative description of the
degree of interaction and influence between systems and
components. The synergistic forecast model for the pop-
ulation, economy, and resource environment established in
this paper includes two parts: objective function and con-
straint conditions.

(1) Objective function: based on the concept of capacitive
coupling in physics and the capacitive coupling coefficient
model, the coordination degree model of population-
economy-resource-environment (3-system) interaction is
promoted.

D =(CxT)". (4)

In the above equation, D stands for the degree of co-
ordinated development, which is [0, 1]. ¢ stands for the
degree of coupling, which reflects the level of synergy be-
tween the interactions of systems. T stands for the harmony
index, which reflects the overall cooperative effect or



contribution of population, economy, and resource envi-
ronment. C and T can be expressed as follows:
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T =a-f(x)+pf-g(y)+y-h(z).
(5

In the above equation, the candidate quantities a, f3, y of
the population-economic-resource-environment subsystem
are finally set in this paper after the review of literature and
the consultation of experts. «=0.3, $=0.2, y=0.5; flx) is a
function of population effect; g () is a function of economic
effect; and h(z) is a function of resource-environment effect,
which are shown in the following, respectively.
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The original data processing method for y} based on the
above method is j=1 2,3,4,k=1,2,3,4,5,6.

(2) Composition of constraint conditions: first, about the
economic development constraints, the regional economic
development status can be expressed as follows:

GDP, = GDP,_, (1 + kgpp),

(8)
GDP,; = GDPrjt_l(l + kGDPU-)’ GDP,, > Aqp,

In the above equation, GDP  stands for the regional
GDP in year t, GDP . ; stands for the regional GDP in year
t-1, and k gpp is the growth rate of regional GDP. With
regard to GDP per capita in year ¢, kGDP is the growth rate of
GDP per capita, andAGDP is the minimum GDP per capita
required for the province.

Emission constraint of environmental pollutants:
W, =W, (1 +ky), W, <W,_ |, W, <B,, in which W, is the
pollutant (§O,/CO,) emission in year t, W,_, is the pollutant
(SO,/CO,) emission in year t-1, ky, is the pollutant (SO,/
CO,) emission growth rate, and B, is the allowed pollutant
emission in region in year ¢ [4, 6].

Carbon emission intensity: E, = E,_, (1 + ki), E, <E,_,,
in which E, is the carbon emission intensity in yeart, E,_; is
the carbon emission intensity in year t-1, and kjy is the
carbon emission intensity growth rate.

Forest coverage rate: F,=F, (1+kg), F,2F, ;, in
which F, is the forest coverage in yeart, F,_; is the forest
coverage in year t-1, kp is the forest coverage growth rate,
through ecological restoration and environmental protec-
tion and other measures, the regional forest cover in year
t>the regional forest coverage in year t-1.

Computational Intelligence and Neuroscience
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In the above equation, x), y}, and z; stand for positive
numbers of specific indexes that represent the demographic-
economic-resource-environmental characteristics, respec-
tively. The weight of each index. The extreme value method
is used for criterialization. The specific methods are de-
scribed as follows:

x;isapositiveindex (i = 1,2,),

(7)

x;isapositive index (i = 1,2,).

(3) Division of the determination criteria for coordi-
nation degree: with regard to 3 major categories and 10
subcategories in the coordinated development of pop-
ulation, economy, and resources and environment associ-
ation schedule, the transitional coordination, dysfunction
and decline, each class based on the size of the population,
economy, resources, and environment effect function is the
population lag type, economic lag type, energy and envi-
ronmental lag type, synchronous type four types (the details
are shown in Table 2).

(4) Settings of the stages and index parameters: based on
the current situation of the economy and society and the
future development direction of resources and environment
in the province, three stage schemes are established in this
paper, that is, the standard stage, the stabilization stage, and
the coordination stage, respectively.

(1) Baseline stage: rapid development of population and
economy, with moderate improvement in the re-
sources and environment

On the basis of the socioeconomic development in the
11th Five-Year Plan, the population regional produc-
tion, rapid development of urbanization rate, industry
and industry structure has a strong dependence on the
level 2 industry coal, oil ratio also remains at a very high
level. At this stage, the improvement in the energy
efficiency has basically reflected the state of naturally
oriented economic development and energy con-
sumption, and it is relatively weak in the imple-
mentation of energy conservation and emission
reduction measures. Environmental pollutants have yet
to be controlled effectively.
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FIGURE 2: Diagram of demographic and economic development trends in the region.

TaBLE 1: Scheduling evaluation index system and weights of the population-economy-resource-environment association in the province.

Nature of

Target level Criteria level Index level . Weight
index

1. Population (million 3 0.8100

Population development level people) ’
2. Urbanization rate (%) + 0.2100
+ 0.2280
2. GDP [;e;/c:fsl;an)(I0,000 N 01131

Economic development level 1. Gross yuan/p

regional product (in 100 million yuan) 3. Share of the secondary - 0.4710

& industry (%) ’
Comprehensive development level of + Sh?rrlzl?sft:he((;e)rtlary + 0.2280

population, economy, resources, and A
. 1. Share of nonfossil energy
environment (%) + 0.1100
2. Energy consumption B

intensity (t/10000) 0.2100
Resource and environment 3. Carbon emission _ 0.4100

development level intensity (in 10,000 yuan) ’
4. SO, emissions (million f) - 0.1000
5. CO, emlsgons (million 3 0.1000
6. Forest coverage rate (%) + 0.1100

(2) Robust development of population and economy,

relevant energy conservation and emission reduction

with a stable improvement of resources and envi-
ronment: based on the standard stage, the growth
rate of economy, population, and urbanization is
slowed down, the reliance on industry and tradi-
tional primary energy is reduced, and energy-saving
and low-carbon technologies are used to optimize
the energy consumption structure and accomplish
the goal of energy conservation and emission re-
duction. In this situation, the implementation of

measures seeks to balance economic development
and environmental improvement, which can basi-
cally reflect the state of economic development and
resources and environment to be achieved by energy
conservation.

(3) The coordination stage is highly similar to the

stable development of population and economy,
with the rapid improvement of resources and
environment.



This stage is a comprehensive control stage, in which
energy saving and emission reduction activities are
carried out in the whole society, and the production
and lifestyle of the population is comprehensively
optimized. In addition, the economic development
pattern and consumption pattern of the residents are
improved. The energy structure and industrial
structure are further optimized, and major break-
throughs are made in energy conservation and
emission reduction measures and economic tech-
nologies on all fronts [7, 8]. This is basically an active
effort to achieve the goal of economic development
and the state of resources and environment.

Based on the above description, 12 index parameters
such as population, urbanization rate, total regional pro-
duction, GDP per capita, level 2 production ratio, tertiary
production ratio, energy intensity, and nonfossil energy
ratio are parameterized as stage elements (the details are
shown in Table 3).

(1) Evaluation index system: based on the actual situ-
ation of the economic and environmental develop-
ment and analytical modeling requirements of the
county, the index decision follows the following
principles: (1) Comparison of indexes is feasible; (2)
identification of indexes is significant in the aspect of
significance and differences; (3) indexes are highly
independent of each other; and (4) the feasibility of
index data collection. Based on the above principles,
spatial variable analysis and correlation analysis were
used to screen the indexes, as shown in the following
equation:

S

C"j:f]j’ (j=12,...,20). (9)

In the above equation, C;; stands for the coeflicient of
variation; S; stands for the criteria deviation; and X i
stands for the mean value.

Based on equation (1) to determine the raw data
belonging to the relevant indexes of each district and
county, in addition to the indexes with large cor-
relation coefficients, small spatial variation and
identification of meaningful differences, the final 8
indexes that can reflect the economic environment
and social interrelationship in the county. These are
economic index system, environmental index sys-
tem, and social development index system [9, 10].
The economic indexes include total industrial pro-
duction (X1), gross domestic product per capita
(X2), and GDP growth rate (X3). The environmental
indexes include chemical oxygen demand emissions
(X4), energy consumption per unit of GDP (X5), and
pollutant emissions per unit of GDP (X6). The social
development indexes include rural Engel coeflicient
(X7) and unemployment rate (%) (X8).

(2) Determination of the weighting of evaluation in-
dexes: upon the determination of the weighting of
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evaluation indexes, there will be increasing methods
of subjective decision of weighting, such as the AHP
method. The evaluation results are sometimes biased
based on the subjective factors of human. Based on
the information theory, the entropy value reflects the
degree of disorder of information, the smaller its
value, the smaller the disorder of the system, the
greater the utility value of information; the larger
that value is, the higher the disorder of the system
and the smaller the utility value of the information.

For the initial matrix of n evaluation indexes for the
m programs discussed in the above section, as the
determination matrix is obviously an information
carrier, the orderliness of the system information
obtained through information entropy evaluation
and its effects are used to determine the index
weights eliminating the artificial interference of the
weighting calculation if possible so that the evalu-
ation results can be more practically consistent [11].
The calculation sequence is described as follows:

(1) The judgment matrix is established based on n
evaluation indexes for m objects as follows:

R=(X;) , (i=12...mj=12,...,m).
(10)

(2) The decision matrix is normalized to obtain the
normalized decision matrix as follows:

X - X .
bjzu' (11)
Xmax_Xmin

In the above equation, each item is the most
satisfied or the most dissatisfied under the same
index (the smaller the better), that is, X, , X, i.-
(3) Based on the definition of entropy, n evaluation
index for m evaluation objects is the entropy of

evaluation indexes as follows:

. IR
HIZMlefijln fij' (12)

In the above equation, f;; =b,;;/ ¥, b;;. When
fi=1 f;ln f;, different from the degree of
disorder of information apparently reflected in
the entropy, it is equal to 0 and does not match
the actual situation. Hence, f;; is further mod-
ified as follows

1+b;;

jENm oL (13)
fij Yiil+b;

(4) The entropy weight of the evaluation index is
calculated, which is in line with the actual
situation.

(3) Establishment of the gray correlation model: for the

convenience of analysis, the correlation model is
established as follows:
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TaBLE 2: Determination criteria and classification system for the degree of coordinated development of regional population, economy, and

resources and environment.

Degree of coordinated

Classification Level 1 criteria Level 2 criteria
development
. 0.9~1 Superior coordination
fltf;\(’)alrzgr? ordinated 0.80~0.89 Good coordination
p 0.70~0.79 Moderate coordination
0.60~0.69 Basically coordinated
Interval of transitional 0.50~0.59 Barely coordinated
reconciliation 0.40~0.49 g On t.h e verge of . ® When m =min{/(x),g(y),h(z)}, it is a lagged type,
ysfunction and decline - R .
Mild dysfunction and similar to m =/(x), which is population lagged type.
0.30~0.39 decline ®@ When/(x) =g (y)=h(z), it is a synchronous type for
020029 Moderate dysfunction and population, economy, and environment
Interval of dysfunction ’ ’ decline
and decline 0.10~0.19 Severe dysregulatlon and
decline
0~0.09 Extremely severe

dysfunction and decline

(1) The optimal vector of the series is determined. As
the original data are normalized and transformed

G=(gungn---

In the above equation, v is the maximum
operator.

(2) The gray correlation coeflicient equation is used
to calculate the correlation coefficient between
the jth evaluation index and the optimal vector
G, as shown in the following equation:

min m.in'fij - gi| + Pm.axm?‘x|fij - gi'
i i

&(Y5,G) = |fij_gi|+pmaxm,ax‘fij_gi|
i

(15)

In the above equation, the minimum difference
between the two poles and the maximum dif-
ference between the two poles p-the decompo-
sition coefficient is generally 0.5; that is,
min min | f;; - g;| max max | f;; — g,1.

(3) The cbrrelation R betwken the ith evaluation
object b and the optimal vector G is calculated, as
shown in the following:

R=Y w. x&(Y,G). (16)
=

(4) Output of the results: based on the economic en-
vironment data of the county in Shaanxi Province
from 2000 to 2009, the original data of the indexes
are processed dimensionless using official (2) and (3)
to obtain the criteria data of the indexes. The entropy
value assignment method is used to conduct cal-
culation based on equations (12) and (13), in which

2Gn) = (fuvfiave Vi favfuv v

into positive indexes, the optimal vector is ob-
tained as follows:

"fnlvfnZV"'anm)' (14)

the weight of each index is shown as follows: W; =
(0.114,0.117,0.123,0.144,0.128
,0.128,0.140, 0.105).

Based on the normalized data, the series optimal vector
G=(1,1,1,1,1,1,1,1,1) tab is obtained. The above correlation
coefficients are introduced into equation (16), and the
correlation coefficient F is introduced into equation (15) to
derive the status of the passing of the values of the coor-
dination index of the economic, environmental, the social
system subsystems, and the composite system from 2000 to
2009 (Figure 3).

5. Data Sources

The parameter values of evaluation indexes in this paper are
set in accordance with the relevant literature such as the
Statistical Yearbook of the Province, the economic and social
development goals in the 12th Five-Year Plan, and the
historical development experience of world economies.

5.1. Analysis of Results and Discussion. Based on the analysis
of the overall development trend in this region, the growth
trend in the standard stage and the stability stage from 2011
to 2030 presented a “U-shaped” trend. However, in the
coordination stage, it mainly shows a development trend of
increases year by year.

5.2. Analysis of Changes in the Time Series of the Coordinated
Development Degree. With the gradual improvement of the
economic level in the region, the level of science and
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TaBLE 3: Settings of the relevant parameters in the stage mode.
Classification Degree of coordinated Level 1 criteria Level 2 criteria
development
. 0.9~1 Superior coordination
zlrel::fe?(f)alrgzlfto ordinated 0.80~0.89 Good coordination
P 0.70~0.79 Moderate coordination
0.60~0.69 Basically coordinated
Interval of transitional 0.50~0.59 Barely coordinated
reconciliation 0.40~0.49 on t.he verge of . ® When m=min{/(x), g(y), h(2)}, it is a lagged type,
dysfunction and decline imil N hich'i lation 1
Mild dysfunction and similar to m =/(x), which is population lagged type.
0.30~0.39 decline ®@ When/(x) =g (y)=h(z), it is a synchronous type for
020029 Moderate dysfunction and population, economy, and environment
Interval of dysfunction ’ ’ decline
and decline 0.10~0.19 Severe dysreg_ulahon and
decline
0~0.09 Extremely severe

dysfunction and decline

Note: low, medium, and high stand for high growth rate, medium growth rate, and low growth rate, respectively. The parameters of the province are set based
on the “12th Five-Year Plan”; the plan refers to the leapfrog plan of the key advantageous industries in the province, the establishment industry development
plan of the province, the establishment industry development plan of the province in 2013, and the studies by scholars such as Lin Fude and Fu Jiafeng.

technology has also been developed in an unprecedented
speed. In addition, the optimization of energy structure and
energy utilization rate is also increasing year by year. In the
situation of the coordinated development of the population-
economy-resources-environment system, the growth of the
regional economy in the standard stage and the stable stage
has been improving from the historical low to zero in about
2030. Through comparison with the standard stage and the
stable stage, the adjustment stage focuses more on energy
saving and emission reduction activities in the whole society
and proactively implements the rapid improvement of re-
sources and environment through major breakthroughs in
policy, economy, and technology in all aspects, and the
degree of coordinated development has been maintaining an
upward tendency [12, 13]. By 2030, the growth rate will be
0.64 (basically coordinated), which is 1.4 times that in 2010.
The current stage represents the ideal model for the coor-
dinated development of the regional population, economy,
resources, and environment in this province (Figure 4).

5.2.1. Baseline Stage. The province is now in a period of
steady urbanization. The population keep growing, with an
average annual growth rate of about 0.2% and a declining
population efficiency function (the details are shown in
Figure 5). The economic development model at present is
indispensable for the rapid development of industrialization.
Under this background, the ratio of level 2 sector in the
province is increasing with an average annual growth rate of
about 0.6% industrial structure depends on level 2 sector.
The economic efficiency is significantly lagging behind.
Population and resource environment effects are not ob-
vious. Until 2020, with the implementation of measures such
as the improvement of energy use efficiency and nonfossil
energy ratio, the emissions of SO, have been effectively
suppressed with an annual average reduction of -1.14%.
With this effect, the resource and environmental effect
function increases slightly, reaching a peak in 2019.

However, with the economic and social development, CO,
emissions increased significantly and offset the resource-
environmental effect brought by the reduction of SO,
emissions. Hence, the resource-environmental effect has
been decreasing year by year subsequently.

Based on the analysis in the above sections, the economic
development and energy consumption in the region are
coordinated based on the baseline scenario development,
which has ultimately kept the regional development in a low
state, and the corresponding socioeconomic growth pattern
is an extensive form. However, with the extension of time,
the progress of resource and environment improvement lags
far behind the economic and social growth rate, which
makes the resource and environment growth efficiency
unable to support, ultimately become a hindrance to the
coordinated development of population-economy-resource
and environment, and have a negative impact on the sus-
tainable development of the whole society in the region.

5.2.2. Stability Stage. In the stability growth stage of the
region, the population growth trend presents a U-shaped
trend of gradual development, as shown in Figure 6. The
urbanization rate can be effectively controlled to some ex-
tent, and the population growth function can achieve a level
lower than the reference value to some extent. The industrial
structure can be effectively adjusted. Based on the economic
growth of GDP, GDP per capita and the proportion of
tertiary industry show an increasing trend every year. The
economic growth trend achieved the minimum level of
0.242% in 2020 and started to increase year by year in the
later period [14, 15]. The utilization rate of nonfossil energy
will be effectively improved, and the growth rate of pollutant
emission will be suppressed. The annual average growth rate
of SO, and CO, emission from 2010 to 2020 was reduced
from —80% to 2.6%, which was a decrease of 20.5% and
37.2%, respectively, compared with the standard stage, with
a more significant effect on resources and environment.



Computational Intelligence and Neuroscience

12

1.0

0.8 -

0.6 |

0.4 L

0.2

0.0

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

ooOmm

social development

Comprehensive evaluation index of the economic subsystem
Comprehensive evaluation index of the environmental subsystem
Comprehensive evaluation index of the social subsystem
Coordination degree of the economic, environmental, and

FiGURE 3: Evolution of the economic-environmental-social system coordination index values in the county.

0.70

0.65

0.60 -

0.55 1

0.50 -

Coupling coordination degree (D)

0.45

2010 2015

wm Stability scenario

2020 2025 2030

Year

mmm Coordination scenario

FIGURE 4: Changes in the time series of the coordination development degree at different stages: stages of population-economy-resources-

environment scheduling and comparative analysis.

With the joint effect of population, economic, and resource-
environmental effect functions, the stability stage of coor-
dinated development degree has the same tendency of
change as the baseline stage, with a U-shaped tendency of
decreasing first and then increasing. Timing and size of its
trough tips are significantly different from those in the
baseline stage. Different from the criteria scenario, with the
economic benefits of stable development, the value of the
trough in 2020 was 0.478. However, by 2027, the value of
development within the region will increase to 0.511, after
which the development of the region will start to enter the
stage of uncoordinated development, when the economic
growth rate hits the lowest level among the three. This stage
between 2010 and 2026 is on the verge of stagnation in the
economic development.

5.2.3. Coordinated Development Stage. Through the overall
optimization of production, change of lifestyle, and indus-
trial structure in this region, the effective control of pop-
ulation growth in the region is carried out multiple times. In
addition, under the premise of effective control while
achieving the increase of urbanization level at the same time,
the trend of population growth from 2010 to 2030 does not
present a valley phenomenon. However, with the imple-
mentation of the resource and environmental improvement
policies, the average annual growth rate of the emission of
SO, and CO, is maintained at about -1.1%; and with the
significant control of pollutant emissions, the energy effi-
ciency function can always keep a significant growth trend,
with the robust improvement in the annual growth. In 2027,
the economic efficiency in this region is the lowest among
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the three. However, in 2028 and 2030, the demographic
effect and resource environment were eliminated. Hence, the
development was the fastest among the three. From 2024
(0.0.6%) to 2026 (0.622%), it will be the period of relatively
backward economic development; from 2027 to 2029, it will
be the primary coordinated development with backward
population, and 2030 will start to enter the primary coor-
dinated development period with stagnant growth in the
resources and environment (Figure 7).

Based on the trend diagram in Figure 7, the coordinated
stage development phase occurs at different stages of pro-
duction effects and profit lag can be obtained. However, as
the development trend of population, economy, and re-
sources and environment in the region gradually approaches
1, the evaluation indicates that the overall situation gradually
moves towards coordinated development and eventually
enters the model of coordinated development of population,
economy, resources, and environment.
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6. Conclusions

In this article, a bilevel optimization model is used to es-
tablish an evaluation system for the coordinated develop-
ment of population, economy, resources, and environment
within the region, and the established evaluation index
system is used to carry out accurate forecast for the eco-
nomic development within this region. Through the ex-
perimental analysis, it can be known that for the purpose of
achieving the coordinated development of population,
economy, resources, and environment in this region, the
effective regulation of urbanization development level
should be carried out in the aspect of population growth. In
the aspect of economic benefits, it is necessary to accelerate
the speed of economic transformation in the region and
optimize the industrial structure. In the aspect of resources
and environment, it is necessary to develop and utilize
nonfossil energy effectively and fully improve the utilization
rate of resources and energy. In this way, the coordinated
and rapid development among population, economy, re-
sources, and environment in the region can be achieved
gradually.
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