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Abstract. The coordinated development of Economy-Resources-Environment (ERE) is a key
component of sustainable development. Based on the connotation and framework of sustainable
development of urban ERE, this paper employs the theory and methodology of System Dynamics (SD)
to elucidate the economic growth constrained from urban resource depletion and environmental
degradation. Herein, resource, environment, and technology subsystems are combined with economy
subsystem into a Cobb-Douglas production. Meanwhile, five scenarios, named current, resources,
environment, technology and economy, are designed to compare the simulation results, so that the
effects of different scenarios on the urban ERE can be emphasized. The results demonstrate that the
current development of Chongqing is unsustainable, and the optimization of any one subsystem cannot
realize the sustainable development. It turns out that the transformation of the economic development
mode isthe only way to sustainable development in Chongqing, and feasible transformation ways of the
economic development mode have been put forward.

Introduction

In recent years, environmental issues associated with rapid economic development have attracted
critical concerns of the national and local governments!™. Urban economic growth is a complicated
process that is mainly determined with an interaction between resource depletion and environment
pollution in space and time at different scales!?. Aiming at promoting economic development, as well
as public awareness of environmental issues, local authorities have been undertaking the enhanced
pressure for effective response to these concerns. In general, a reliable path for dealing with this
dilemmaisto frame effective environmental management regulations and policies for aregion-specific
system. This decision-making process requires well understanding of the significant contributors to
regional environmental problems and of the way that the environmental management system will react
to particular policies!®. During this process, it's essential to understand the interactions among a
number of related social, economic, environmental, managerial, regulatory, and lifestyle factors. These
interactions are complicated, not only because they simultaneously involve various system components
but because they dynamically change over time. As a municipality in the southwestern China,
Chongging's economic development has been subjected to the constraints from resource and
environment. How to solve these developmental bottlenecks and achieve the sustainable development
of economy, resources, and environment is one of the most vital issues at present. Herein, we develop
anovel SD model as a planning decision-support tool to deal with the dilemma of continuous urban
economy growth against limited resource depletion and environment deterioration in Chongging city
of China.

M ethodology

The SD model studies the sustainability of an ERE system according to cybernetics, system theory,
and information theory. It can elucidate the interaction and relationship among many influencing
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factors prior to a dynamic simulation test. This test can investigate the changing behaviors and
tendencies of the ERE system in alternative scenarios so that the corresponding policies and
managements can be verified. The model iswritten in aVensim software with atime step of 1 year and
atime span of 50 years (2000-2050). The core of the SD model is a Cobb-Douglas production function

inaformof Y = H-L*K"R°M*. Herein, Y isthe production; H is the technology level in production; L is

the labor input; K is the capital input; R is the flow of renewable resource input; M is the flow of
non-renewable resource input; the sum of a, b, ¢, and d are constant as 1, indicating the constant
returnsto scalé”. When it is unconstrained, the Cobb-Douglas function allows the smooth substitution
with the diminishing returns among the factors of production. They are separately corresponded to the
six sub-systems in the whole ERE system. Besides the six subsystems, there are still two other
indispensable sub-systems, population and environment. The total eight sub-systems, as well as
interaction and feedback among them, determine the probable scenarios of the ERE system. Fig.1
presents the contents, structures, and stock-flow diagrams of the subsystems. The ERE system
includes 79 parameters. Among them, 9 parameters are considered aslevel variables; 17 parametersare
considered asrate variables; 53 parameters are considered as assistant variables. The detailed contents
are shown in Table 1.

Table 1 Parameters list of ERE systemin Chongging

Type Parameters
. . TP: Technology in . .
Level POP: Population production WRL: Water resource lack CL: Coal lack
variables DVWW: Discharged DVWG: Discharged volume ~ DVSW: Discharged volume of . ) _
) volume of waste water of waste gas olid waste ECI: Environ capital input
Cl: Capital input
BP: Birth population DP: Death population TG: Technology growth PVWR: Produced volume of water resource
CVWR: Consumed . ) L
volume of water PVC: Produced volume of CVC: Consumed volume of coal PVLWW: Produced volume of living waste
coal water
Rate variables e o eased vol
17) DVWW1: Decreased PVWG: Produced volume DVWGL.: Decr volume of PVSW: Produced volume of solid waste
volume of waste water of waste gas waste gas
DVSW1: Decreased ECG: Environment capital ECD: Environment capital . .
volume of solid waste growth depreciation CG: Capital growth
CD: Capital
depreciation
BR: Birth rate DR1: Death rate LFPF: Labo;rg(i:gnpamupatlon GRTA: Growth rate of technol ogy autonomous
GTA: Growth of WGP: Water growth per PVIWW: Produced volume of . ) .
technol ogy autonomous year indugtrial waste water CLWR: Consumption of living water resourc
CWRP: Consumption . . . .
of water resource per CGP: Coa growth per year cic: Consumgtogn of industrial TIR: Technology investment rate
captia
. IREP: Investment rate of ERLE: Effect of resource lack . .
LF: Labor force environment protection on economy EPE: Effect of pollution on economy
! ' ) ) EIVPWLU: Economy influence EIVPCLUL: Economy influence value per
NGDP: Net GDP EP: Environment pollution value per water lack unit coal 1ack unit
WWI: Waste water . . EIVPPU: Economy influence TVSWP: Treated volume of solid waste per
investment RSW. Rate of solid waste value per pollution unit ten thousand investment
Assistant ISW: Investment of IRWW: Investment rate of PVLWW: Produced volume of TVWWP: Treated volume of waste water per
variables olid waste waste water living waste water ten thousand Yuan
(53) IWG: Investment of IRWG: Investment rate of PVLWG: Produced volume of TVWGP: Treated volume of waste gas per ten
waste gas waste gas living waste gas; thousand yuan
CAI: Capital asets CIR: Capital investment IRCA: Investment rate of capital ~ PVSWP: Produced volume of solid waste per
investment rate asets ten thousand investment
DR: Depreciation rate PVWWP: Produced volume CIWR: Consumption of PVWWP1.: Produced volume of waste water
- Den of waste water per captia industrial water resource per ten thousand Yuan
GDP PVWGP: Produced volume PVIWG: Produced volume of PVWGP1: Produced volume of waste gas per
of waste gas per captia industrial waste gas ten thousand Yuan
oo Basle  EcCl: Blastic coefficientof  ECNR: Elastic coefficient of ECRR: Elastic coefficient of renewable
input capital input nonrenewabl e resources resources
<Time> NRC: Nonrenewable CPNR: Coal proportion in nonrenewabl e resources

resources consumption

WPRR: Water proportion in renewabl e resources

RRC: Renewable resources
consumption

1854



ATLANTIS
‘ P I':E sS Advances in Engineering Research, volume 120

DR ECD wEC

<POP= <Time>. \

PVIWG
\—/<ﬁn§>

GDP.

T~
GRTA—»
WPRR S
RRC ECRR

<POP>——=PVLWW <4—pyWWP

<Time> <Time> ECNR
- o g
] WRL =R CPNR PVYWW DVWW1
PVWR CVWR PVWWPL IRWW
CLWR Nec \ o’ / % —
AN A= \WWI
WGP CIWR e <POP> Tvwwp
<ECI>
o =) NGDP  <DVWW>
PVC CVC‘\ <CL> X
~ 4 <Time> '/ PVSW DVSw1

CGP <Time> cIC . EIVPPU L \ RSW
“~
EIVPCLU / \ EpE / :D\vvve> <Time>  pyswp TVaWP (
EIVPWLU <WRL> <DVSW> <ECI>

Fig.1 Stock-flow diagram of ERE system in Chongging

Results and Discussions

In this study, five typical scenarios are compared in Table 2. At present, Chongqing is improving its
economy system through the guidelines of market economy to promote the urban competitive power.
Accordingly, current scenario is to sustain the base runs of al subsystems. Second, economy
development of Chongqging depends very strongly on natural resource, especially non-renewable
resource. S0, resource scenario isto reduce the depletion speed of natural resource and to increase the
input of labor force and capital. Third, because environment problems become very serious as the
evolution of economic growth, environment scenario is to increase the investment of environment
protection and to control the discharged volumes of waste gas, waste water, and solid waste. Fourth,
technological progress can ensure sustainable economic growth while ignoring the constraint of
nonrenewable resources. Thus, technology scenario is to improve the technology level to increase the
output. Finally, economy scenario isto adjust the capital assetsinvestment for sustainable development
of economy and environment system. Increasing and reducing the investment in the capital assets are

designed in the economy scenario.
Table 2 Setting of different scenario parameters
Current Resource Environment Technology Economy

Parameters . . : : :
scenario  scenario  scenario scenario scenario

Elastic coefficient of renewable resources 0.05 0.02 0.05 0.05 0.05
Elastic coefficient of nonrenewable resources 0.2 0.1 0.2 0.2 0.2
Elastic coefficient of labor input 0.32 0.35 0.32 0.32 0.32
Elastic coefficient of capital input 0.43 0.53 0.43 0.43 0.43
Investment rate of environment protection 0.025 0.025 0.05 0.025 0.025
Technology investment rate 0.02 0.02 0.02 0.2 0.02
Investment rate of capital assets 0.366 0.366 0.366 0.366 0.6/0.2

We compare the five scenarios of current, resource, environment, technology, and economy. In the
viewpoint of economy, the development mode of the assets capital increase gives a fastest GDP
increase; the resource mode gives a second fastest GDP increase; the development mode of the assets
capital decrease gives aslowest GDP increase. The net GDP has the same decreasing sequence in the
modes of increasing capital assets, resource scenario, and reducing capital assets, as seenin Fig.2. In
the viewpoint of resource, the resource consumption amount is the smallest in the resource scenario,
the economy lag deduced by the resource shortage can be amended by the investments of labor and
capital. Inthe viewpoint of environment, the emission amount of pollution hasadirect relationship with
the GDP. The pollution amount is the biggest in the scenario of increasing the assets capital, and the
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second biggest in the environment scenario; in the scenario of reducing the assets capital, the amount of
environment pollution is the lowest, as seen in Fig.3.
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Fig.2 Results of GDP under different scenarios
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Fig.3 Results of environment pollution under different scenarios

As a consequence, increasing the assets capital investment is most effective for the GDP increase,
but deteriorating the environment. Thus, the economy increase is at the expense of environment
pollution. In the resource scenario, although resource doesn't suffer from the serious destruction,
Chongging is lack of resource. Hence, economy development will be serioudly restricted unless the
lack gap of resource is amended in time; the environment deterioration is also severe. In the
environment scenario, the GDP profit is not the highest, but environmental deterioration is effectively
suppressed. So, the adjustment of the subsystem cannot achieve Chongqing’ s sustainable development,
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only if the transformation of the economy development mode is the exclusive approach to the
Chongqing’s sustainable development.

Chongqing locates in three gorges tail area, which makes Chongqing metropolis and three gorges
depend on each other. Since socia economic driving of metropolis interacts with vulnerable
eco-environment in three gorges, ecosystem security in Chongging metropolis is quite unique and
vulnerable. Moreover, it appears a series of severe eco-environmental problems always restricting
sustainable development of eco-security in Chongging metropolis. Therefore, it is meaningful to
establish SD model for elucidating the economic growth constrained from urban resource depletion
and environmental degradation of Chongging metropolis and simulate urban sustainable development
in a scientific way.

Conclusions

According to theory and methodology of system dynamics, this study discusses the programming of
ERE system, and develops an SD model by which five typical scenarios are proposed for comparative
analysis. The main conclusions demonstrate that: MUnder the current scenario, only the total amount
of economic development is expanded; resource will appear a lacking gap. The ignorant of
environment and resource will cause the collapsing economy system. @Under the resource scenario,

the speed of economy growth isreduced with the decreasing dependence degree on natural resourcein
a short period. However, the resource system will support a longer time development of economy

system. ®Under the environment scenario, the investment of environment protection extends the
breakdown time of economy system. Nevertheless, it is inevitable that economy system will collapse
due to the depletion of natural resource. @ Technology scenario will not only increase the GDP
amount but also decrease the consumption rate of natural resource, which is favorable for the
sustainable development of economy system. However, the scenario cannot improve the environment
quality. ®Under the economy scenario, increasing or reducing the investment in the capital assets has

a different influence on the economy development. However, the scenario cannot realize the
environment sustainable development.
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