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Abstract ; There is a need to find a comprehensive approach focusing on the conflicts hetween economical growth and environmental protection.
Chinese scholars advocate a comprehensive ecosystem viewpoint named social-economic-natural complex ecosystem({ SENCE) . The kernel of the
concept lies in the hierarchical structure of SENCE, through which methods from ecological network can be useful to the compound system. The
author gives a schema depicting its structure, following a model analysis to help understand the reliance of economy on ecosystem. It is obvious
that more actions should be done to strive for sustainable development.
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Introduction

Researchers have heen paying more and more attentions to ecosystem to support the research of sustainable developmem.
Chinese scholars favor to expand the scope of ecosystem from its naturalness to its sociality, from local to global, from material
to abstract, etc. In fact, the attitude could benefit the research of SI}, especially the conflict between environment and
economy, Ma Shijun{Ma, 1984) explicitly advocate a social-environment-nature complex ecosystem ( SENSE) as the main
frame analyzing the relationships among Homo Sapiens, nature, economy, ecology, and resources. Wang( Wang, 1984;
1995) and others{ Yue, 1991; Zhao, 1992; 1995; Yuan, 1992) continue their research on it. Partially duc to SENCE,
urban ecology( Yang, 1997; Shen, 1998}, industrial ecology and other ecology-based subject received more attention than
ever in China .

The main reason for the promotion of SENCE is the serious problems in China. Iis population (1300 million) has overly
exceed the rational one(680 million, Cao 1993}, which forms huge pressures on Chinese economy, resource, ecology, and
society. The rapid growth in GNP does not diminish but enhanee those pressures. Chinese Fnvironmental Bulletins annually
gave clear data deseribing thosc. So a huge systcmatic thinking, like SENCE is very important to form a schema from the
chaotic problemns in China, and can be seen as a prerequisite 10 understand Chinese development and find methods to
coordinate the relationship between environment and economy .

A useful way to understand the architecture of SENCE is extending ecosystem concepts and theories to SENCE, while
energy flow and material flow are taking key role in the process. Fer example, eniropy, energy, emergy, exergy and other
energy-related concepts have heen used in the analysis of ecnnomy, socisty, as well as whole SENCE . Genrgescu-Roegen first
applied entropy in economics, followed Daly’ s replenishment. Anyre{ Anyre, 1998), I$rgensen( Jfrgensen, 1998), and
others practived the energy, emergy and exergy approaches in industry and resources. Tn China, Ge(Ge, 1996) measured the
energy flow in collon ecosyslem among primary product (cotton plant) , secondary praducl (pest and predator) and decorposer
in soil. Quyang(Ouyang, 1994) focused on the temporal energy flow in the forest in Changbai Mountain, China. Xu and Pan
{Xu, 1995) established a compartmental model for energy flow and simulated its dynamics mathematically, they concluded
that the agroecosystem they investigated was deviating from its balance of energy flow and the present utilizing pattern is
defective through an analysis of Liyabunov stability. Liu and his colleague(Liu, 1992) build an input-output model of energy
composed with organic and non-organic fertilizer and other economical inputs, Both mass exchange and remained nutrent in
soil were used to evaluate the performance of whole system. In methadology, the eoncept of ecological network( Patten, 1995;
Séren Nors Nielsen, 1995; Han, 1993; 1995) and compartmental model(Fan, 1999); as well as loop analysis(Guo, 1993)
reveal the marrow of ecosystem which should been spread further.

There are so many achievements that can help us understand ecosystem, economy, sociely, eic, however, it is still very
eritical o form a wholly framework of SENCE. This paper focuses on the kemel ideas of social-economic-nature complex

ecosystem , and gives a conceptual frame to describe the model structure of SENCE.

1 SENCE and its structure

Ecological network in ecosystem prevails which resembles food links/webs . Compariment model depicting the network is

an exiraction from logical coneept to mathematical model. The essence comes fram the simictiural relationship between subsets

+  Corresponding auther



No.3 An ecosystem-hased understanding and analysis for SENCE loward sustainable development 329

and their quantitative reliance. The hierarchical structure in SENCE will be similar with Fig.1.
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Fig. 1 The comprehensive structure of compound ecosystem

Nature is sundered from ecosystem because it is supporting both the biogenic system and human system. This argues that
we should make nature an integral part both to ecosystem and to Homo sapiens, Human cannot dominate the competition with
ecosystem when exploiting the nature, a deficient ecosystem is also harmful to peaple.

Treating person as the combination of natural person and social person is amiable, Men participate the fond webs as a
kind of animal though they require more. The pessimists lock human as natural persen who is imprisoned by natural laws
especially the limited minerals and CH-energy. However, human creates its civilization that can control the whole system
wholly or partially and help the economy produces more with less inputs. Even if we do not agee the techno-optimism,
technolugy pustpuned the adveniure of resource crisis.

Food web as a main character has played a key tole in analysis of ecosystem’s structure. A similar web exists in SENCE
and its components, thus by emulating the material and energy flows through food web in ecosystem, we can analyze the
structure of SENCE and its components through their material and energy flow in an analogous “food web”, using ecological
network approach.

Nature , ecosystem, economy and natural pessons form a passive object which should be optimized and controlled. Social
persons analyze the complex system and find solutions for the plights we are facing or we will be facing. The conflict between
optimism and pessimism reflocts their preference which kind of person they think human boing as. In fact, solution for
sustainable development must be u solution to transfer human conseiousness from barbarie toward nature to sagacious toward
nature. Now, we should think men are more barharic than sagacious. The pollutant works as a feedback factor for its serious
side-effects to ecosystem and its impedance against economy and society .

Ecologists, critical to people’s expanding consumption desire, appeal to citizens cutting down their consumption. On the
other hand, the GNP-based economy prefers huge productivity and consumplion. If we can give more attentions to the
evolution of human requirement, conflicts between two attitudas toward consumption ean be diminished .

Economic development is one of the primary requirements of human. Humanistic psychology recognizes human
requirement by a hierarchical structure. American psychologist, Maslow Abraham Harold ( Maslow, 1908 1970}, developed
a theory of metivation describing the process by which an individual progresses from basic needs such as food and sex 1o the
highest needs called self-actualization. The theory helps understand people ' s attitude toward nature and economy . If the land
is insufficient, men fight for lands; if land is sufficient, men exert themselves for preperty; if men are wealthy, they are eager
to healthy; if all concerns are satisfied, they seek self-fulfillment, This deduction is also applicable 1o the thinking the
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dilemma between pollution and poverty. A person in poverly, such as one in undeveloped conntry, is reluctant 1o cherish soils
or forests if’ this damages his profit. This is a reason why developing countries would rather face a weak ecosystem than
decelerate their economic growth, and why scholars appeal citizens reducing their consumption, people cantinues buying new
commetcial though the old one is functionally okay.

Hierarchical theors helps us define and fulfill sustainable consumption: a set of actions which can satisfy human basic
requirements, decrease the consumption of lusury, advecate the consumption of functivus of goods rather goods per se,
encourage enjoyment and achievemert in spirits, and all others which help cut down material use withoul pegatively aflect

) o
consumer s welfare or utilities.

2 Model of the SENCE

We begin our model with a modified logistic model proposed by Smith( Smith, 1963) with the assumption that the relative
increase rate of a species is density-restraint and proportional to additional food .

LR SERATEE R (3
where P is the population of a species, r, represents the specific growth rate of the species, T, is the food requirement when
the species reaches its balance, and F, denotes the food needed by the present number (i.e. P} of the species.

Giving an egregious exaggeration, we extend the logislic model of one species to SENCE and ils subsystems, i.e.
ecosystem, econamy, and Homo sapiens. Georgesen-Roegen pinpointed that perfect recycling is “categorically impossible™,
whence matter becomes dissipated and unavailable for human use, so economic growth will stop even there are envugh energy
lefi. However, Alvin Weinberg, among others, has noted that exergy is the only scarce element because all other elements
can be captured and concentrated from the atmosphere, oceans, or the crust if enough of exergy is available{ Ayres, 1998).
Two vicws differ in whether exergy can absclutely suhstitute matler in produetions. Compared with this, we first suppose that
the dependeuce between subsystems in the hierarchical wystem cannot be fully substitnted . So we get the structural model for
SENCE, considering the mass balance.
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Equations {2}—(4} depict the growth model of human being, economy, and ccosystem respectively, abstracting the
three systems to three species. Fach is density-restraint and limited by available food. T, is the maximal carrying capacity of
{ subsystem to j subsvstem. F; is the present requirement of subsysters j from subsystem ¢ . Supports from differem systems
cannot he substituted completely, though technology innovation and system evolution will improve the substitution rate amang
different produciions.

The model is a stifl wne, vyet divulges the author ' s thought. Fimst is about the direction of material flow.
Anthropocentrists and biccentrists dispute whether men or ecosystem should be favored first, However, il is futile to judge the
ecosystem withoul human. Men should be the center of the planaing of relationship Letween human and nawro, as the laws
Billiam Burch summarized for resource management{ Grumbine, 1%97), people and political beat technolugy aud facts in
practice. Human is the upmost, which is reflected through the hierarchical structure .

The second idea is the practicahility of SENCE structure in environmental and economic planning. Our discussion could
not mercly rest on the questions such as whether a growth limit exists, whether the resources is absolutely scarce, and whether
human kuowledge and technology can seve us from the sconomy eollapse. As yei, the ploomy imagination of Malthus abomn
population boom and the resource crisis described in the Repot 1o the Club of Rome{ Meadows, 1972) did not happen.
however we would rather say that remedial actiens human applied corscivusly or unconsciously were worked than they were
wrong . Sustainable development needs our actions instantly, if human think sustainable development will be lullilled natrally
and without any extra action taken, sustainability is impossible.

3 Simulation of a simplified model

We cannat solve the Equations (4) (7)) directly, not enly because it is difficult 10 afford a proper parameters to the
equalions, but also because of their multivariable and dynamics. [n this section we simplify the equations and simulate it in
5D model.

Reduction 1; We focus our attention to the reliance of economy on ecosystem, so natural resource R is so plenty that it
o not impede the growth of ecosystem, economy and population. That ineans Equation (5) can be removed and 1, %,
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Reduction 2: Artifices of Home sapiens make them kold thetr lives in hand, and can defeqt many difficulties [ike foad
scarcity through plunders from arimals and plants, which makes human population in less elasticily. Ancther reason is the
family planning in high-population countries, which help bound the population in suitable ranges. S0 we cut all factors
relevant to population and combine these with associated factors in economy. That means Equation (2) can be semuveal and
T,=0, T, =0, T, =0.

Replenishment: We add a depreciation rale red depoling thal economy scale will degrade as the lime goes by, amd give
a simple assumption that the material need of economy from ecosystem is linearly proportional with economical accumulation
(£, = AE) and all ecosystem accumulation can be consumed by economy( T, = B). A denntes the reliance of economy on

scosystem, and technique imnovation help reduce A value.
So the simplified madel will be:

.
‘f = r (1= 75) - b, (6)
% =rnB -k, )
T, =8, (8)
Fo. =AE. (9)

The model above can help ns anderstand the reliance of ecanemy on ecosystera. 1 simulate @ts running in & SD model,
using parameters as: E(t=0)=10; #(; =0) = 1000; r, =0.2; ry, =0.1; 1, =0.01; A ={0,1). r, > r, gives a
present picture that economy wxpantds more rapidly than ecosystem does.

Fig.2 is the simulation result at 3 =0.2, the lime spaee can be divided into four phases. At the first phase, economy
growth affects little to ecosystem due to the low base-value of economy. At the second phase, economy grows while the
ecosystem keeps slable. Then the ecosystem’s health degrade continuously while the economy get a remarkalle increase,
however, this is the most dangerous phase which damages the foundation of ecosystem-economy compound system. At the last
phase, economy depreciales gradually due to zero support from ecosystem .
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Fig.? A simulation resuli reflacting the reliance of economy on ecosystem

Cne interesting result is no matter how low the A value is preassigned, ecomomy will absolutely collapse at certain time.
This is because the sssumption food needed by economy is lincarly proportional to the economic scale is controvertible.
However, watehing our world, the production of our economy is propertionul v its material input. So, even 1o techno-
aptisuism, the techaique innovation thev acclaim is far behind the requirement for a sustainable utilizalion of ecosystem.

4 Conclusion

The promotion of social-economic-natural complex ecosystern { SENCE) shows Chinese wisdom in philosophy, whose
skeleton has heen hrared bath hy the research of Chinese scholars and western scholars. The author here describes its static
frame with several considerations. A model originated from biological ecology is proposed which gives the directions for further
eescarch. Theoretical discussion is important to the aualysis of the SENCE structure, there is a need o delve inw the
discussion of human attitude , technological influences, and others. Also the model listing here need to be refined, such as the
chaosing of a reasonable (or its variation, the technique innovation and its influence to parameters, as well as how to make
connection between present statistical data and parameters.
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