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Optimizing the capacity of an incinerator under a

competitive market of household waste treatment

Chung-Chiang Chen’
Graduate Institute of Environmental Management

Nan Hua University

Abstract

Many authors argue that the modernization of a free market economy for impure
public service like solid waste treatment can improve production efficiency in aiming
at the sustainable development as a new goal. We assume all facilities were equally
dirty and can emit the identical pollution to the neighboring residence and the market
of solid waste treatments is perfectly competitive. We present a model that employs
the spatial structure (the accessibility to the facility) as a basis to assess the feasibility
for c onstructing n otorious facilities and d etermine the o ptimal c ontracting ( service)
region and the optimal capacity of an incinerator. In a comparative static analysis we
compare the effect of economies of density, household income, market price of
incineration s ervice, price o frecovered ennergy, unit transportation c ost, t echnology
progress, compensation and distance decaying parameter on the decision of optimal
contracting region and incineration capacity. The results shows that (1) the
demographic factor (formed by economies of depsity and household income) provide

positive effects on the decision variables, (2) the technology progress also yields
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positive effects, (3) the revenue factor (formed by market price of incineration service
and price of recovered energy) provides positive effects, (4) the cost factor (formed by
unit transportation cost and compensation) provide the negative effects, and (5) the

geographical factor (the distance decaying parameter) also provides positive effects.

Keywords: incineration capacity, household wastes, compensation.

1. Introduction

In practical world, the big volume of municipal waste generation due to the rapid
industrialization and much slow progress in public administration management has
becomes a widespread, environmental problem or even a disaster. The rapid increase
in the size of the waste generation has been observed in the developed country. For
example, the per capita generation rate of municipal solid waste in America was rising

up significantly from 1960 to 1990 (please see Table 1.1).

Table 1.1 US annual MSW generation from 1960 to 1990 by weight

1960 1970 1980 1990
Total MSW generated by weight 87.8 121A.9 151.4 195.7
(millions of tons)
Total population (thousands) 180,671.0 203,984.0 227,255.0 249,924.0
Per capita MSW (pounds per day) 2.7 33 3.7 43

Source: Callan & Thomas (1996), Table 17.1, p. 577.



Similarly, the household waste generation also has lead to high impacts on people’s
living in d eveloping c ountries 1ike Taiwan. T he daily collection o f municipal s olid
waste incerteased from 13,954 ton in 1986 to a peak of 24,331 ton in 1997 with
approximately 6.7% growth rate and in the same period population growth rate
reached to 1.58%, and then after 1997, the municipal solid waste generation is
gradually decreased to 19,876 ton in 2001. The change rate of refuse collected per day
per capita was dramatically decreasing in 2000 (about —9.78%) and in 2001 (-8.4%)

(Please see Table 1.2).

Table 1.2 Collection of municipal solid waste in Taiwan

Fiscal (Population served|Collection|Refuse collected|refuse collected per|{Change
year |(1000 persons) |rate (%) |per day (M.T.) |capita per day (kg) |rate (%)
1986 (18,119 93,64 13,954 0.770 3.61
1987 18,426 94.33 14,475 0.786 2.0
1988 (18,733 95.2 16.116 0.860 9.51
1989 19,132 95.6 17,147 0.896 4.18
1990 (19,468 96.4 18.753 0.963 7.48
1991 (19,823 96.93 19,833 1.001 3.86
1992 120,105 97.38 21,861 1.089 8.68
1993 20,450 98.47 22,513 1.101 3.86
1994 (20,754 98.73 23,268 1.121 1.84
1995 (20,972 98.04 23,857 1.138 1.47
1996 (21,039 98.47 23,870 1.135 -0.26
1997 (21,280 98.77 24,331 1.143 0.77
1998 (21,441 98.46 24,220 1.135 -0.75
1999 (21,684 98.79 23,468 1.082 -4.63
2000 |22,039 99.2 21,518 0.976 -9.78
2001 (22,220 99.46 19,876 0.895 -8.40

Source: Bureau of Environmental Protection (Taiwan).

In practice, household collection is executed by a municipal arrangement under
governmental financial support. Many authors argue that household waste collection

can be executed through municipal collection, contract collection, and private
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collection and analyze the relative advantages of private collection over municipal
collection. According to Kemper and Quigley's (1976)empirical study found that
contract collection is from 13 to 30 percent cheaper than municipal collection.
Stevens (1978) concludes the similar estimation that the contract or franchise private
monopoly arrangement were found to be 26-48% cheaper than the private market
arrangement and private monopoly arrangement was 27 to 37 % less costly than a
public monopoly. Edwards and Stevens (1978)also reach the similar results and also
suggest that the necessity of state intervention with the household waste collection in
the form of a competitively bid contract arrangement. However, Cowing and
Holtmann (1976) take different views and recommend a preference of a completely
private system to collect household waste. Dubin and Navarro, (1988) develop a two
stage model for the market organization decision process, in which policymakers
choose between laissez-faire and state intervention at first stage, and then, choose in
stage two among public ownership, a regulated franchise, or a competitively bid
contract arrangement if state intervention is chosen. The collection of household
refuse is highly labor-intensive (Young 1972, Dubin and Navarro, 1988) and is seen
as an impure public good (Gueron, 1972; Dubin and Navarro, 1988). The
privatization of the common service and the comparison of operating efficiency
between public and private firms have been focused by many authors (Bos, 1987).
Bos (1987) claims that the empirical studies on the comparison of private and public
firms and suggests that a higher extent of privatization leads to more efficient
production.

Very few literatures focus on the related issue of management strategies on
public service that is accompanied with secondary pollution emission. In this paper,

we assume that a form of private market for the specified public service (e.g. solid



waste incineration) exists. The entry of a new facility not only considers the price
competition, but also cares about the extra costs such as compensation to the
neighboring residents due to NIMBY effects. How to set up the optimal capacity of
the incinerator and the service fee of solid waste disposal by incineration is important

for the new firm.

2. Assumptions and notations

We assume in this paper incineration is the final process for municipal disposal.
The installation cost of an incinerator is given and a function of capacity w, i.e. F =
F(w) with properties of F’(w) > 0 and the unit operation cost ¢ is a function of
incinerator capacity, i.e. g = ¢ (w) with properties of o ’(w) < 0. Therefore, the total
cost for waste incineration is F(w)+ ¢ (w)x, where x denotes the waste processed and
treated.

Energy recovery facilities equipped with incineration process can reduce
operating costs due to the sale of recovery energy as a by-product of solid waste
incineration (Keeler and Renkow, 1994). The efficiency g(x; T) of energy recovery
from incineration process depends on current technologies and waste flows, with
properties of g’ (x; T)> 0, and g”(x; T) > 0'. Thus, the gain of energy recovery

accompanied with incineration process is a written as y g(x; T), where 4 represents

price of recovered energy. In practice, the efficiency of energy recovery depends on
the nature of municipal solid waste. Higher thermal content of waste bring about
better performance of energy recovery. Howevef, the flow rate of solid also plays an

important role in affecting the efficiency of energy recovery. High gap between

! The super script denotes the partial derivative of g(-) with respect to x and technology progress for
energy recovery systems is seen as an exogenous variable in this paper.



solid waste flows and designed incineration capacity will yield inefficiency. A survey
with local incineration managements disclose that energy recovery system attached to

the incineration execute as a convex function, i.e. g’>0and g” > 0.

1

/

Figure 1. The diagram of contracting region for incineration service

We assume that the solid waste generated per each household 4 depends on
household income?, i.e. A = h(I), with properties of A’(J) > 0. The solid waste
collected x over the whole region from the point of the planned incinerator to the most
distant household that the firm determines to collect (Please see Figure 1) is expressed

as
x = [eh(ryid =% eh(l) 5. @1)

where e is economies of density’ and s is the longest distance covering the whole

region of solid waste collection..

2 In fact, household generation depends not only on household income, but also on consumption
behaviors, product designs, environmental attitudes and other factors. In this paper, household is a

representative factor to affect household waste generation.
3 Economies of density are defined as “the number of housing units per square mile in the relevant
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The demand for solid w aste treatment s ervice d epends o n many factors. M ost
empirical studies use models that emphasize socio-demographic factors and rely
explicitly or implicitly on utility theory of the consumer or household production
theory to derive a demand function. Hong et al. (1993) assume that the demand for
waste disposal is a function of the incremental fee associated with contracting an
additional bin for waste disposal. Miranda et al. (1994) examine the household waste
production behaviors from 21 cities in USA over 18-month period and find the pricing
and recycling programs play i mportant roles in affecting solid w aste flows. In this
paper, we assume that the price of waste disposal is the only factor to affect
households whether to contracting for treatment services. We assume the price solid

waste treatment services offered by existing firms is p. If price of solid waste
treatment p determined by this new facility is lower than or equal to 7, the new

facility can get the contract for service of solid waste incineration. If the
transportation cost is the customer’s account, then the customer will buy the service of
waste incinerationincaseofp + ¢/ <p,where 7 is unit transportation cost o f
solid waste and assumed to be fixed and given. In other words, only the customers

where are located within the distance of

s= P=P 2.2)
T

will buy the services (Please see Figure 1).  If transportation cost is the seller’s

account, then the service fee of new facility p is valid for the whole region and should

be lower than market price p, i.e. p< p. When the transportation costs is seller’s

account, then the firm needs to pay additional transportation costs of E deld] = % Te

community and is designed to measure economies of density” (Dubin and Navarro, 1988, p. 225). In
this paper economies of density are seen as exogenous parameters for sensitivity analysis.



h(I) s*. The firm needs to determine the optimal distance s within which the firm will
collect and treat the solid waste generated.

In the meantime, the incineration process of solid waste disposal is criticized for
the secondary pollution of hazardous gas emission and toxins or heavy metal in
residual ash (Keeler and Renkow, 1994). Toxic substance is contained in the solid
waste and will result in secondary pollution by incineration especially if the
incinerator is not well-designed and supplied with appropriate air pollution control
equipment. Thus the public fears their impact on their health, especially from the
dioxins. Residents living closer to the incinerator will ask for compensation due to the
environmental impacts. In general, the compensation depends on the resident’s
attitudes and their social status. To simplify our analysis, we suggest the

compensation to each household depends on the accessibility of waste collection, i.e.

l% where § is compensation to each household per mile depending on

environmental impacts, / is the distance between the location of incinerator and the

household, and B 1is an estimated distance-decay parameter. Thus, the total

compensation the firm must pay is D = J: MdI

3. The model

The firm has to decide the longest distance covering the whole region for solid
waste collection and the incineration capac_ity of the planned incinerator by
maximizing the profit. If the transportation costis buyer’s account, the problemis
expressed as:

Max

* =t gl D-Fo0)- a(w)x- [ Sl ' ®1)
S, W



Substituting (2.1) and (2.2) into (P1) and removing p yields

Max o e s enms? - Lre h@sd+ pelc T - Fow) - atw) Le hps?
S, W 2 2 2
e

If the transportation cost is seller’s account, the problem becomes

Max T = ﬁ -1—2 h(I)Sz +ﬂg(x’. T) - F(W) - a(W) —1—6 h(I)sz -—1— TéE h(])s3 -
S, W 2 : 2 - 3
e

It is self-explanatory that the firm will born transportation costs and charge the service
fee uniformly over the whole region since profit of (P2) is always more that that of
(P1). Thus, the firm will choose to contract with households at the same price for the

whole region (the case of problem (P2)). Solving problem (P2) yields the first order

conditions:

%;—z= peh@s + ug'(x; T)e h()s—a(weh(Ds - ceh(s - sehl)sF =0
(3.1)

O - F'w)- a’(w) Len@s?=0 62

Ow 2

Equation (3.1) reveals that the marginal costs of transportation and compensation
should be equal to marginal benefits and (3.2) reflects the marginal costs arisen from
incinerator capacity should be equal to marginal benefits. By solving the simultaneous
equation of (3.1) and (3.2) we can get the optimal distance and incinerator capacity
(s"w')

In fact, the firm needs to consider the impacts of the environmental parameters

including economies of density e, household income /, technology progress 7, market



price of incineration service p, price of recovered energy 4, unit transportation cost

T, compensation § and distance decaying parameter £ on the optimal solutions.

Through the sensitivity analysis, we get the results of (1) ‘i’i> 0 and CZL >0, (2
e e

4 5 0and ¥ > 0, (3)‘_1:‘_> 0and ¥ > 0, (4) LN 0, and M > (5)

dl dl dT dT dp dp

% >0amd P 50, 6)% <0and ¥ <0, (7)®_<0and M <0, and (8)

du du dr dt dé dé

& 0 and aw_ are uncertain, depending on the value of g (Please see the

dp
proofs in Appendix 1-8). These results show that (1) an increase in economies of
density e leads to an increase in both distance s° and incineration capacity w", (2)
an increase in household income 7 leads to an increase in both distance s* and
incineration capacity w', (3) an increase in technology progress T leads to an
increase in both distance s* and incineration capacity w", (4) an increase in market

price of incineration service p leads to an increase in both distance s° and
incineration capacity w’, (5)an increase in price of recovered energy 4 leads to an
increase in both distance s° and incineration capacity w", (6) an increase in unit
transportation costs 7 leads to reduction in both distance " and incineration
capacity w", (7) an increase in compensation leads tb leads to reduction in both
distance s and incineration capacity w", and (8) if distance decaying parameter S
> 1, an increase in distance decaying parameier S leads to an increase in both
distance s° and incineration capacity w'.If distance decaying parameter g < 1,

an increase in distance decaying rate A3 leads to a reduction in both distance s and
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incineration capacity w'. If distance decaying rate g = 1, it does not affect the

determination of distance s° and incineration capacity w'. The results of the
sensitivity analysis are summarized in Table 1.

Table 1. The effects of exogenous parameters on the optimal distance and the
optimal incinerator capacity

e v T p H T o B
>1 =1 <1
st + + + + + _ - + 0 -
w + + + + + - _ + 0 -

[T9N13

“+” represents the positive effects, “-* represents negative effects, and “0” represents

no effects.

4. The managerial implications and discussions

We categorize the eight parameters in the previous section into five factors: (1)
the demographical factor (formed by economies of density and household income), (2)
the technological factor (technology progress), (3) the revenue factor (formed by
market price of incineration service and price of recovered energy), (4) the cost factor
(formed by unit transportation cost and compensation), and the (5) the geographical
factor (the distance decaying parameter). The role of these factors in affecting
management decisions are discussed below:

(1) The demographical factor: This paper assumes that the decision of each
household’s contracting with the firm for incineration services completely based on
the net price of waste treatment. To the firm, the total demand for incineration service
is affected by the demographical factor including economies of density, household
income and household behaviors. The previous sensitivity analysis shows that an
increase in demand stemming from household characteristics will leads to an increase

in contracting covering area and incineration capacity. These results show that the
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demographical characteristic of the residential region around the planned incinerator
plays an important factor to affect the firm’s decision. Dubin and Navarro (1988)
demonstrate the significant effect of economies of density on the waste collection
based on their empirical survey and argue that “refuse collection is characterized by
economies of density” (p. 218) while previous studies (Kemper and Quigley, 1978;
Stevens, 1978; Cowing and Holtmann, 1976) find little relation between economies of
density and collection of household. In the previous sensitivity analysis higher
economies of intensity and higher income represents higher market demand for
incineration services that plays an important facto to encourage investments on the
installation of incinerator. In contrast, the investors may lose interest in the region
with low economies of density and thus it may be the source of market failure and
requires government intervention.

In addition to economies of density and household income, the household
behaviors are also critical to the successful attainment of desired environmental
outcomes (Baetz et al., 1991; Beaumont et al., 1993) and play an important role in
affecting solid waste generation and collection (Read, 1999). Many authors present
models to explain the effects of the household behaviors of solid waste behavior
(Fullerton and Kinnaman 1995; Dobbs 1991; Morris and Holthausen 1994; Wertz
1976; Huhtala 1997) on environmental managements. Various studies find that if
households bear the costs for incineration service they will reduce the solid waste
generation (Salkie et al., 2001; Coggins, 2001; Wertz, 1976). Wertz (1976) studies the
effect of price of waste collection on welfare and the effects on community response
to service and price. Morris and Holthausen (1994) present a model to estimate the
household waste production by incorporating some behavioral parameters. In addition,

Hirsch (1965) and Quon et al. (1968) find the significant relationship between the
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effect of frequency of services and waste collected. The governmental policy to
encourage high levels of public’s participation to significantly change their behaviors
is also important to relate with waste generation (Evison and Read, 2001; Petts, 1997).

(2) technological progress: The analysis shows that technology progress can
attract more investments on the service of incineration and results in more competitive
markets and the price-up of recovered energy encourages the firm to expand its
contracting region and increase its incineration capacity. In fact, technological
innovation and progress have improved recovery and re-use of industrial waste
(Cosper et al., 1993; Schlauder and Brickner, 1993) and can provide partial solution
for the escalation of environmental degradation (Hill et al., 1994). Many authors
emphasize the policy can orient the innovation direction and rate of technological
progress (Grubb et al., 1995; and Dowlatabadi, 1998) and there are also many authors
focus on how existing work practices, processes and technologies c ontribute to the
generation of waste (Formoso et al., 1993; Bossink and Brouwers, 1996; Poon, 1997;
Faniran and Caban, 1998).

(3) The revenue factor: The impacts of market price of incineration service D>

recovered energy price y yields the results of LIRS 0, dw_, 0, LIRS 0 and
dp dp du

*
dw . . . . .
——> 0. The increase in revenue will lead to an increased contracting area and

du
incineration capacity. Intuitively these results are acceptable.

(4) The cost factor: When the costs such as unit transportation cost 7 and
compensation rise up, the firm will shrink its contracting region and reduce its
incineration capacity increases; vice versa. Many authors find that “collection cost

rises with the frequehcy of service, noncompacted trash, and the annual level of
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precipitation while collection cost falls with the fraction of curbside service and with
yards of refuse collected per household” (Dubin and Navarro, 1988, p. 233). In this
paper, we assume the collection cost is identical to the unit transportation cost 7 that
is assumed to be given and fixed. The compensation to each household per mile §
is an additional cost to the firm is assumed to a necessary tool to compromise with the
neighboring residents for the construction of the planned incinerator. In fact, Frey et
al. (1996) argue that monetary compensation in return for acceptance of a notorious
facility may not work well, and may even be of little help to solve the NIMBY effects.
However, compensation to reduce opposition to notorious facility is still a more
effective way and thus we still use a monetary compensation to the neighboring

residents for the acceptance of the construction of a newly incinerator in this paper.

(5) the geographical factor: ‘;iand aw_ are uncertain, depending on the

ap

value of A. In practice, the measurement of distance decaying parameter depends on
a critical methodology to achieve the accuracy of the locations of point-source
hazards (e.g., Scott et al., 1997; Stockwell et al., 1993). In general, the distance
decaying parameter is determined by wind direction, frequency, and speed. In general,
B is believed to be greater than 1 according to some experimental studies (e.g.
Karkazis and Boffey, 1997). Thus, an increase in distance-decaying effects g will
lead to an increase in the contracting region and incineration capacity.

The location of the notorious facility is assumed to be given before the
determination of the optimal contracting region and incineration capacity. In practice,
the siting of notorious facilities has become a serious problem and resulted in high
level of social conflicts due to NIMBY effect. Many authors have attempted to solve

the problem and propose many mechanisms for the choice of notorious facilities (e.g.

14



Kunreuther and Kleindorfer 1986; Kunreuther et al, 1987; Mitchell and Carson 1986;
Gleeson & Memon, 1994; Petts, 1994; Blowers et al. 1991, Swallow et al., 1992;
Gerrard, 1994). Gleeson & Memon (1994) and Petts (1994) focus on the
determination of compensation scheme to bridge the gap between the potential
victims and the planned value and Blowers et al. (1991) and Swallow et al. (1992)
discuss the siting process. In practice, a determination on a newly constructed
incinerator involves the interaction of social process and political process in
addressing with risk assessment and risk perception.

Theoretically the firm will neglect the resident’s opposition and attitude and only
consider the viability of the planned incinerator to maintain the viability of the
residential service when considering the establishment of the new facility. However,
the local opposition to the construction of incinerator may slow down the proceeding
of the facilities and become a key factor for successful construction aé the notorious
facility may emit odors, or accompanied with the groundwater contamination and the
aesthetic deterioration of the landscape. The NIMBY concept is generally considered
as an important factor to affect the decisions of the issues relating with notorious
facilities. It represent a social and political dilemma. In this paper, the resolution of
NIMBY effects are assumed to work through the firms’ compensation scheme to each
household based on the household distance from the point of incinerator.

The o bjectives o f w aste treatment s ervice emphasize that the b enefit o f waste
moving away from the communities can rise up environmental quality and awareness
of environmentalism. Gottinger (1996) says: * ...waste treatment could be more
expensive for the firm than dumping, but is usually cheaper for society.” In this paper,

the firm does not consider the positive externality effects of waste treatments.
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5. Conclusions

This paper assumes that the incineration service of waste treatment is privatized
and market structure is perfectly competitive. The results of this paper may provide
important insights into the capacity determination of notorious facilities that in most
cases are opposed by the local residents and provide valuable information for the
policy planner to privatize the public service. Many authors argue that improved
management of solid waste can also reduce environmental costs significantly
(Graham and Smithers, 1996; McDonald and Smithers, 1998). Thus, the aggregate
social welfare may be increased through the privatization of solid waste incineration
because the privatized public service may increase efficiency®. To assure the
applicability, we will find out a practical case by extending the model presented in
this paper. Of course, it requires more s ubstantial support about the environmental
impacts on the public health due to the notorious faculties as guidance for the policy
plant to evaluate.

Quah (1994) argues that the environmentally notorious facility generally impose
non-exclusive negative externalities on the neighboring region. Local acceptance of
environmentally noxious facilities becomes a prerequisite for the construction that
normally requires some form of building or operational license or permit. The social
support also play an important factor for the construction and maintenance of a new
incinerator. In a democratic society, power is decentralized and therefore all
community may attempt to influence others or the politician for a more favorable

request. The firm needs to communicate with neighboring residents for the

* Bos (1987) claims that the empirical studies on the comparison of private and public firms suggest
that a higher extent of privatization leads to more efficient production. Many authors discuss the
relative advantages between private ownership and central planning. It seems most researches favor

privatization (Kikeri, et al., 1992; Glaeser, & Scheinkman, 1996).
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maintenance of the notorious facility even if it is successfully constructed.

This paper also neglects the existence of environmental inequality since most of
notorious facility in the practical world located nearby low-income communities who
are exposed to more technological hazards than more privileged communities (e.g.,
Anderton et al., 1994; Oakes et al, 1996). Many studies have found that
environmental inequity exists due to unequal distributions of hazardous facilities and
toxic emissions in low-income communities (e.g., Adeola, 1995; Boer et al., 1997;
Bryant and Mohai, 1992; Burby, 1999; Perlin et al., 1995; Pulido et al., 1996;
Ringquist, 1997). The firm needs to evaluate the effects of spatial structure (the
proximity to nearby disposal treatments opportunities and the distance of households
from the incinerator) and consider the attractiveness of the newly constructed
incinerator to households. Thus, a detailed examination on the spatial distributions of
notorious facilities in the whole area is needed to support the practical determination

of a planned incinerator.
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Appendix 1

Taking total differentiation of Equation (3.1) and (3.2) with respect to economics of
density e yields

az_ﬂds + o’n

— — ‘. - 1
P asawdw =-h@) (ps+ pg' Ds—-am)s- 5" - 55"F)de -~ 4

g'(x; ) es® () de

=-% ug "t Desd WD de (Al-1)

(By Equation 3.1) we get h()) (ps + ug't; I)s—aW)s- v5°- & '8 )e =0).

2 2
aasafvd” %dw= %a’(w)h(l) s?de

(Al-2)

Solving the simultaneous equations of (A1-1) and (A1-2) yields

on? on?
6s6;v Os
. |B on” . o’ B
de D ’ de D ’
o'r  'xm
where D denotes 35:[ %szaw and 4= '% pg s T)es® W(I)<0asg”(x;
Osow  ow?

T) > 0 (please see footnote 1). B, = % a’(w) s’<0asa ’(w) <0 (please see Section

2). To analyze the impacts of the environmental parameters on the decisions we

2 2
assume the solution exists and thus the secondary conditions satisfy Z 72[ <0, ZWZ <
. s
o'nr oz
0, and 62s2 6s28w > 0. As o _ . esa '(w) > 0, we conclude i1£—> 0 and
o‘’nr Om| Osow de
dsow  ow’
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Appendix 2

Taking total differentiation of Equation (3.1) and (3.2) with respect to household

income / yields

2 2
a_”ds + oz
Os? Osow

dw=—(ps + ygﬁxDs—aﬁﬂy-watsﬂﬂvehﬂﬂl-%
p&"C;Des® ) h'(Ddl

=2 &' Des® WYkl (A2-1)

(By Equation (3.1) we get  A(I) (5s + pE' G Ds-aW)s- ¢s°- §51P)e=0).
o’r o*r

ds +
Osow ow?

dw = %czhw s h'(dl (A2-2)

Solving the simultaneous equations of (A2-1) and (A2-2) yields

on? on?
4 Bsow 52 4
* B2 a_”i * 67[2 B
ds _ ow? and aw _ |0sow 2
dl D dl D ’

where 4,= -—;— ug' I)es’ k(@) h’()) <0 as g”(x; T) > 0 (please see footnote 1)

and h’(1)>0. B,= 1 a’'(w) s> () <0asa ‘(w) <0 (please see Section 2). Thus,
272

dw 0.
/g

we conclude di > (0 and
dl

Appendix 3

Taking total differentiation of Equation (3.1) and (3.2) with technology T yields
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2 2 '
O gs+ 07 gw= -esnp 8D 4r (A3-1)
os® Osow oT
o*x o’
ds+ S aw=0 ]
asow . owr (A3-2)

Solving the simultaneous equations of (A3-1) and (A3-2) yields

2 2
4 on or 4
Bsow os>
on? on?
* 0 '““2" * 0
ds ow dw _ |dsow
= and = ,
dT D dT D
og'(x,T) .
where A4;= -es h(])——a—T——. We assume that technology progress will leads to an
increase in marginal productivity of energy recovery, i.e. —aig—a(-)%’zl> 0. Therefore,
ds” dw'
A; <0 and we conclude 2 _>0and >0.
dT dT

Appendix 4
Taking total d ifferentiation o f E quation (3.1) and (3.2) with respect to the priceof
incineration service p Yyields

o’r o’

ds + dw=-eh(Dsdp (A4-1)
o5 asow s dp
2 2
a”¢+afm=o | (A4-2)
Osow ow

Solving the simultaneous equations of (A4- 1) and (A4-2) yields

on? on’
A —— A4
4 Osow os? 4
0 or? on?
* 2 *
ds _ dw “and dw _ |0séw ’
dp D dp D
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*

where 4,=-e h()s <0. Therefore, we conclude‘—i“-v— >0 and aw
dp dp

>0.

Appendix 5

Taking t otal d ifferentiation o f E quation (3.1) and (3.2) with respect to the price of

recovered energy u yields

0% g5+ 07 = g Tesh()dy ~ (A5-1)
Os’ Bsow

2 2
07 gs+ 27 =0 (A5-2)
Osow om?

Solving the simultaneous equations of (AS- 1) and (A5-2) yields

on? or’
A
> Bséw 6s22 4
2
K |0 or_ " om_ g
_ ow' | and _ lasow |
du D du D

where 4,=-g’(x; T) h(l)es < 0 as g’(x; T) > 0 (please see Section 2). Therefore,

* *

>0 and dw
du du

>0.

we conclude

Appendix 6

Taking total differentiation of Equation (3.1) and (3.2) with respect to unit

transportation cost 7 yields

2 2
O7 gs+ 97 v =es? h(D)d7 | (A6-1)
Os? Osow

2 2

OF 4s+ a’2’dw=0 (A6-2)
asow ow

Solving the simultaneous equations of (A6- 1) and (A6-2) yields
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on? on’
A A
°  Osow os® ¢
on’ on’
i |0 G dw' _ |asow
= ,and = 108
dr D dr D
where A,= es® k() >0. Therefore, we conclude%— <0and a;w <.
T T

Appendix 7

Taking total differentiation of Equation (3.1) and (3.2) with respect to compensation

o yields

2 2
O g5+ O dw= esB nds (A7-1)
os? Osow

2 2

% 4s+ S gw=0 (A7-2)
Osow ow?

Solving the simultaneous equations of (A7-1) and (A7-2) yields

2 2
4, orn or” 4,
Osow asz
0 on? on?
s’ ow? dw' _ |asow
= and = R
do D doé D
where A4,;= es'™P k(1) > 0. Therefore, we conclude?— <0and ‘fl‘; <0.

Appendix 8
Taking total differentiation of Equation (3.1) and (3.2) with respect to distance decay

parameter [ yields

o' ds + o’

= - -8 wDhd A8-1
*Tds+ Zhdw= (I-p)ses™ hdp (A8
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2 2
07 g5+ 0% gw=0 (A8-2)

Osow ow'’

Solving the simultaneous equations of (A6-1) and (A6-2) yields

2 2
4g orn on 4y
asdw Bs?
2
.o & N L
ds _ ow and dw  _ |9sow ,
dp D dp D
where Ag=(I-B)Ses™ h@). If B >1,then 45 <0, we conclude that = >
év_< 0.

0 and Zw >0. If B <1,then 4z >0, we conclude that %< 0 and

If B =1,then 43 =0, we conclude that s =0and dw =0.
dp ap

29



BIEPURGTHE R AT RKERE M

gRATRE
MERBREEHEMATHAAITE

BR a8
P 3 K S BR R B B O P B BOIR

S
EF FHBREYRER KRG EEmZeR A B E o mmE

REBNER  FEEREARNEEEREL - AXRBRKEFTHE (P
R At EERMEAFILSRHBRE  oEENER - —&
MR PRENEFTBRERRG > TEZUZETENFESE  BEHRK
MACERFERERB - ANEAURAL G BN ZEA > R
BORBFAERM AN BERENUREERE & ® 75 LR E
R WHEHRESMERTHRAER - KA RRR > BORRFTHMF
BB BENBEERER CHRBISREE ¢ HENHLEERA
FHREEH S BRRHBFUBNEBEEELHERERZ &EHE
%k’Eﬁﬂ%%@%@i%ﬁ@Z*’ﬁ§%~%%mﬂu%@%
fF—REMF - AAFRIRERBORRET F HAl BJF REBAB RE LR -

e - REBGR g8 FRRE - iF

‘E A SIS AT ERG AT E T 32 %8 E-mail: o 1144002 ¢ mail2 nhueditw »
TEL : (05)2321001 % 2041
"R A SRS NGO - EEEAMEETSTE YT 32 5% o E-mail © cochen ¢mail.nhuedintyn
TEL : (05)2321001 & 2041

1



julf]

— B

EEBESTERNBERBR-EXZUKERREEEHE
BoMERERERERMNEORA  AIZEREERERBRENH
> WA De Steiguer(1995)FTR R HY » FHHI TR - AN Bw 2K
THSHEEE HELEMHALERUEMEBEERROER - 11—
BAREEATENBEET EBNCHEFRNARKHE  THEEFHA
RAERBESFISORER AN LESHEGEEBRZBNEREE  H
RAEZENNAK  MREFERSENTL  HES TBETER, W
HEEME (EHBF,1995) - BN LAER  BREREREZIBHOZH
SR WESRACHMEGRENER  HRNESAHERENEREME
HIRA (FEBR, 1999; B, 2000) Hr gl 1987 AR —E
BOKE (ML, 1994) - THER-EENBIBEESD > SAFKDY
BANPEDLEREE, (HHE, 1989 FRH,1992)

ZEFR AM—EREABHNERREANALZEAN EEERT BB
BE - AEMFEZEERS (Ortolano, 1989) » & G BT L ALK

BREARBAECHIERE - A REBNS - PREMTHHE

AR ABRBRERARM SRR - HNBRAECERES » BUTHR " RS
FRFUE | BOR - RECTAE/ A S+ A TBE A BB RERARRTBERER
#E - GEEIR T EF-A TR RERERERROBETRAER (/\ 1/ FE AKX
BREBTINAE W+ —EZ A LUSATREEZMER) - HH AR TEEE/+F
IR TERRORE R - LR e TRES] -

2



HeBERBE LR B0 Bl B 7E BT R I8 M < R ik B 42 3t
b BURR G BEFFTREERE  BEREZEFGHAREZIRFX -

FHRMAAERZESRNWEEZEE HMAHE TR EERES

RBREERSENEE HUHaftbRRit & TeS  RUElE

H®E ¥ A (Vivian, 1992) -
EE 90 L EHBEERA4AZBERNER (REEHRIT EH,
2002) MEHANEZE=T+T_4AEHE HPEALNEMHL ' EHE

N TTRBATFZEZ2ATERREFTFERER 9.75 3L 10 X >

HAFRBERATHBMEAZ 91,954.375 -

[]
®
®
®
®
L J
e
90000 00 ®
L J
®
L]

TR

(H— ) BEAERBEHEEALNEMD RE

YNEBRIE (Nuisance petition) : fUEAEANBHES: - Skt - TIMMAREL - B
T BETE OATH  —WBREES  FMET ERSR - B W - KSR - BEY
158 - UF TGS ELNSRRME AR - B R RABR R BRI 2 R0 -
“HHABEE (Disputes petition) : W RIBERHEREAMIBRZIIE -



B — YRR R 1996 2tk - ERAEFMD B4 RBUER
HEFHEEFE 10 RAL > MAFBRERAGAFE 92,000 R ET » HEE
HHEEE BMENHEREEA LEFABRNNERARE  EEEAETR
BL AlREEY EFUERRAVBEERGR  ARKNE S
aEREEMENER - MAERGBRNETRT L RBHFEES
B RAME—RRERS LMABRHEBE SR REAEE - Lidskog
(9N THRNEEREYRRBLF5IETEAEEME Lt
EAAES TN EAESRERNBR -FER2EHNERELK
BEEFHF L E i (Gleeson and Memon, 1994; Petts, 1994; Gusman,
1983) - HEEBRE LRANERORENNERER  HERKAE S -
AHNACEMREE  TERDEZFIANEE  EEMXEEaE
BUEANY) - BRERE - EER - TE K2 EFEE (Callan and Thomas,
1996) Bl LEMERREZZES > ALK B2E B ERBRE K
RMNEHYE > FREMBIUKIFBUFEBRISE L (Redelift, 1992 ;
Fisher, 1993) - | Gibbs & Jonas(2000)f> B /TR RE K EHE
HIBR % - AR & AT AR 2 - Bt R BR R BOR IR & o BUAT B H B3 55

BHRXEHTH -

><\

Swyngedouw(1997)F8 1% » BR 5T BURTE H AT IR 28 REnY B R 1L DA e

HOMEEHAENEET REBESHR %KlZ% M & ¥ R 2



ZRHI I - {HE Jessop(1995)53H » o7 BUT RIS B R E R T M
o HPRMARBEERWEEFIRIERERN  MABFNGEET

FIREBUORKI AT - MiaE B (regime theory) Al 7 HH & &

1)

FIMIZE /73 MR ESEEEREBURREE - (Stone, 1989, 1993;
Stoker and Mossberger, 1994) -«

gL BORMHIET - KEEZH EET (Top Down) - EH&h
F2EBBHTEL (Bottom-up) » HERMFIEERERETHZ
RIEFRE EXE AEHRBENEF FHRFSHERBEIRTF
% (conservation planning) Fi#i FF B fF & % (Feldman and Jonas,
2000); FEIFERIERN > AFRHERHERZIRBK  ZEALRKE
HokMBERW(DETR, 1997, 1999) - HEAGEBWST - G BUTHE
HRBFERESERERE GEFSINBRERRETER T -
Wit > st EBBEEBRB EETHHEI AR BEBRBRIUEG 2
EA'WEE DHESERESREEE XA HEFTREECR
BEREBENHRA BB L G8BERBCROHETRERNA LFT
(Top-Down) B3 » KM BM T #i FEFHIFR RKEM At @& RR

YRR RF B o o OB B T B AE RIRT B BUR K R B - BAREY

17553 HE% ( Decentralization) : Th3E—(EEIR @ HGELISHEN — D » RT3t ABUF - MipoREx
FHETLR BB BRI (AR, 1997) - HME{TRrRITERI 5 BBAL Bt S a1 TiE
o EPRBITZAEA - LR PREFTEREETY - hREUFEREERE » WHEEE
# (BFM, 1995) -

5



it RN EREGH AR SRR ABERERELNERNLZ

Field(2002) R BB BBGENHIZ] » FENZEEESR - (1) K

& (efficiency) ~ (2) A IE#: ( fairness) - (3)H] T ( enforceability ) ~
(A)E B =M 8B (incentives for long-run impr'ovement) & (5) @
% ( moral consideration) - Barr(1992)RI &2 TEHRENVEERER
SR AT PR ATT M W — RERBEBORHIFTH S L
FTEREDREREZRSESEY URERARERN " ASBAN
EH, (k- EHH, 1989)  MERESENHEL  BIE
AEVEBAWER tEHNBEAENEAR  HEERTFTHE L

BT Y A B 6 4 7 » 3 DL B B 4 0 73 R B ( Towers, 2000 Bullard,
1996) - B EHITWEERBREREHERF Rt - KHBH
FEBEFERANEH N AEREKSE (Barry and Martha, 2002
Barr, 1992; Milliman and Prince, 1989) » BanfEE AR E L > Lake,
R.W. (1996) REEBCEHTERE Y > WTEEEIBANER &
REREETHSBELSE (env1r0nmentaljust1ce) BW—IHER &
FENNEEABEATHENMEL AR TEREBEIRRHK

GRESEENEL  BREAENZBERLEMHEREFE - &

B NG I R L AR U R S BT HVS R BRI R E R IR W



B - 2 (FERE, 1996, H40) -

BEAEE (BRE, 2002) 5 - BUFRRBORHIFTH HELE
RIEERRER BEEEREOKERRE - DUEEANEEILBK
B e s (H23) » BEXKEZERABBRIMARE - fhREERHEE]
B J5 R R B SR — B2 Cocklin and  Blunden (1998, p. 66)H 1%
AKEBRERET -LFH "AEFEREMARE  AELE - KEMER
HBELN-EHEEMNEESET S  ARGY EIEENENE -
BEREE EABBRARAAMIGN —EXEHAER  LREERXK
BHRLELEBEEREREBE BREMRTEBRERERCERAZEHER
Fw, Bl BEWBREBCRER KEBEMACBCRERRA
ARBLERFBRA LHARHEZNATIRBREEEN  AREREE L
RIFRMFE BREEBTHESHEBERIIMAE R HIZf i
HWEEME -

Wit » AAEHALEAH T RGN CRERANERS  ZHR
BREBCRERIR R RBUFEM T RRCEE LS 5%
ARSI A E XA P REFE BRG] it RRFBMEE

MEE FLEBEEBANPREERAZRE  LEIYRIER -

TEREEREATEEEAZH  CENARKEEREBAN THFBEF#ET
#, BENZSSEBERNERETIR  THEARRSEHHIRFE HLRE -
HIZHRC FEREREXOKABRE -

7



= RBAUABZRAAEIZ R

(=) BEAEI SN > BT TIIEs:

[.

9]

#i Butter and Maher(1986)H7 L ) B ERFIALEY + A5 B3 -
LA LR REEER R AHE  MEREE
W R ST BRI AW E - RRECERE
TEBN R BT R T TS
W fERR () SR () BT - BEUL - ob s BOR S BOR BB
%o IR A S 2 M LG B S R BT R R R R
HrHEEEYERLERHGEARAC ST  H &
£33 K 7 B B R A Ak 2 B -

o TR R SR — L S L A M B R
HIBFT (Ruff, 1981; Spulber, 1989) » 2/ 5 5 38 7 7 ¥ i B 18—
B4 b 69 2% (Downing, 1983) 6 I 4% 52 6 20 M 7 52 2 38 S B
AL 20138 7 R P R S5 B BOR B 1T P
PR ATT 5 B — A - 12 B — 3 - DURE A+ — A
A U T 22 TS Rk B B K T AU B R T R R

EVEEERMEERGRGHBOR - AREFEZHRE - FTE -

*Forest(1980)#4jit & 18 /| B ALE E H S MNE B A5 RS 5 Butter and Maher (1986)H]
R EE BT RE 4 BT RS R A Z H AL -

8



BEERHTHRE 268 cEEREEHRA  CEERFBUR
BORBEEHSEE Rt PRER BRI TR &K H
REEHC TERRRLARETE UREER—BEET —
B-MAFERRAEERTR KEESHFRERFNBERK
B LA PR EEBB L o I B ET 3 A0 R R M BOR
M S PR FBORR BRI S ENR A AR
A - T HPHNECEFTEEZERYE RS EE R
VEERIREMUHEETRE AIREHEFREMRERNESFSA

RRME > WEESEEARSW -

(=) ot E&EHRHA

BT B 5 R i B 3R B R SU R B M 2 R 5 O AR SR IR F 3R

EHEWTF ¢

1.

2.

pERGRIRBEMS  OXRAHLRIEFE (HUKE) > () KE
hRBUF AT RS R R KR ER T < 28 E RS R
BHRERNEE  r=f(QOXFHERRFEMEFRUAZEER
HEMAUFTFR > EERRT » f,0Q)<0-

g () ERBABERILFEHEZER  HERBEHEHNERK
HB 0 p=g@R TR ELEHERZIFR  EHEARET -

g,(@)<0 -



KRR HERREESZMETRN L k1 HARR
q=g"(p)=f—_lk@ kg (p)=f"(p) > ATk p=flkg)=g(9) °
C() ERBABHSRMEFHNEERAE  IEREZ 75K
A p=CQ,e;T) e BorT5 RRBEE#% 215 R BFRRE - FE
e<e > eBBIFFHET ZHBEE  URBRURBLAFTS
BUF MR BERES  UERHERERESEE  REMARIE G
o T RRBHISRMZEMN > BHBB - Gottinger(2001) R &% &
RS R MR RS —EE o R K B B AT
B A VS Y HE RCBE B 15 3% 06 2 T B B R Bl B R UK G T el SR B W B
#(( Farmer, A. et al., 2001; Amacher, G. S., Malik, A. S., 1996,
Burtraw, D. et al., 1995) » A C,(Q.e;T) >0~ C,(Q.6T)<0
Coo(Q.6T)>0 ~ C,(Q,eT)>0 ~ C, (Q,eT)<0; 2% Cpr(Q,0)#0 »
Cp(0.0) 20 «

DO)E Rt B ERK A p=D(O,eN,1,4) Page and Ferejohn(1974)
RBBREGEH BRI AREK (Anacher, G. S., Malik, A. S,
1996) » [ It » A 38 3% Dy(Q,e;N,1,4)>0 ~ D,(Q,e;N,1,4)>0
Dyo(Q.;N,1,4)>0 ~ D, (Q.;N,1,A)>0 » KX F/E N RARALHK
H:/ BERENKBLKE HERILEEERAZZHE -

Spulber(198NZFIMMN SR B (HBEE )H BB R (RER )W
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FEAN O XRTITEBESKRKBREBANHTAKE W
Kennedy(1995)Z B A O HHEIRMEH BT RAMELEZIBERR
@ > Antle 82 Heidebrink(1995) R MR A X AN A FRE
MEWEHE > EFBESE  BFRAES - L4 X frax 4
BERXGFEHNLAEERCRERNBEELE - HREAXBK
Dy (Q,e;N,1,A)>0 ~ D, (QeN,1,4>0 ~ D,(Q,e;N,[,4)>0 -~

Dy (Q,e;N,1,4)>0 ~ Dy, (Q.e;N,1,4)>0 ~ D, (Q,e;N,1,4)>0 -

= REER

ARERSROR  RERH RIS HERETALST -
SRS R 2R @ A - LAY -
(—) BURBE K -

g Spulber(1985) Bt W BAI L £ %> TAUMH G WA ERR -
I R L R A R BRI R A T B R
B A R o AR A 0 UL BB A BUATBORRS > T B
SEE R PRSI e By

MaxW = [ f(:)d—C(Q.T) - D(Q.e:N, 1, 4) (P1)

BREBEM > FESHH 0 e UL LB 0> T4 :

W o 1(Q)-Cop(Q.6:T) - Dy(Q,es N, 1, 4) =0 G3-1)

oQ
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%Ve£=CE(Q,e;T)+De(Q,e;N,I,A)=O (3-2)
HE-H- G BB ILAEXTHE - EX R EME
(Q%e") I G-DAMEBZERT RURBZBRBEZBEMNES
REBEFEE KA - G-)KX AT RS R BB E 2
BERRAF BB G R 2 - Farmer(2001)F8 5 & BUK #1537 5 76 #17]
PR ERER  SERRESESERERFELTEEEER
Ao H (3-2) JHERE -
ERER (Q') FEN  BHERZEAME K ZRES

2
aI42,<0‘
oQ

o'W OW W oW s
0 (22" >0 HRER - h—

/\\2 =) < ~
AW e’ 00> de> " 0edQ

BAFREZHKERE (Q'e”) » LB AHKTEEANRK -

(Z) HAREILE -

BURR AT B SR B Rl & 8 F & A R 5T i Spulber(1985)
ZHERAER MAMBEEHN R AR E LRBER > LT EE
HIFEE > ATUA T BEAERR

Max W = fg(x)dx—C(q,e;T)-D(q,e;N,I,A) (P2)

BREREE  WSHH ¢ - e RBSLESES 0> TH -

ow

~5q—=g(q)—Cq(q,e;T)—Dq(q,e;N,I,A)=0 (3-3)

%_WzCe(q,e;T)+De(q,e;N,I,A)=0 (3-4)
e .
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HG3)CGH MBI AEATRHLE KA ZHEME
(g*e®) 1 G-HAWERET  MMEERBNEMRMZIETRRE
FIELZBEFNBEERERLEEERAR - C-HAMRREMEKIETS
W IR B T HE OB B B BRI AR F B R AL & %
EREM (g'e’) FER > BRENZEBAME  EZFEHREL
o'W oW W W W |

an <0 h aez <0~ an aez (aeaq)2>0 ’ ﬁu%ﬁi&ﬁfﬁigﬁ

BE > h—EARREZ (¢'e’) » BUUMKMBG L& EHI&

m
gl

4

ey

(Z) BRFFI BRI EREEERRFREZILR

Zﬁiiﬁiﬂﬁi@’ﬁﬁ%ﬁﬁﬁﬁ’ﬂ%?%ﬁﬁﬁ%é’%%%%‘?ﬂ’ﬂ% v k>1 0

-1

R 0=kq - ﬁq=g"‘(p)=-fkﬂ #1248 p=f (k)= 2@) =g
_ _C(kg,e) _ C,(ka.e) _ OD(kg,e) _D,(kg.e)
A8 CoQ) = 2D - ZTEE D00 = P ST L Wik
(3-1) ~ (3-2) 2B HRATHER :

o) Calt)_Dya.0) (3.5)

k k

C.(kg,¢)+ D, (kg,e) = 0 | (3-6)

5 (3-5) ~ (3-6) MERAAE :

de _kg,(9)-C,(kg,€) - D,, (kq,¢) . 0' (3-7)

54 C,(kg.2)+ D, (kg,e)

% _ C,0a.0+D kg 38

&g  C,(kg,e)+ D, (kq,e)
BT BRI EERN ¢ ¢ BEEMEEPRERT - Hi

13



HEERIBCHIL AR (3-3) ~ (3-4) MO AR -

e _ £,(9)~Co,(9,0) = Dy (g:€) >0 (3-9)
oq qu (g,€)+ qu (9:¢)

C ) _D ’
ae__ eq(q e) eq(q e)>0 (3'10)

3 C.(g.0)+D.(g.€)
WTEHEER TS BT AEREMNEREE B(3-4) (3-6)

BHEEzARR G CHAHWBE-FEA  AF

8C(kq,e) _ C,(kq,e) .« Dy(0,0) = 0D(kg,e) _ D, (kg,e) , H#(3-5)F

Col@e)= koq k kog k
T A
kg(%)—c,,(g,e)—Dq(Q,e)=0 (3-5)"

% Q=g > (3-3)EEG-5) WHRMT -

k(D) =C,(.0)+ D,(9.0) FIF§ 8(@)=C,(q.0)+D,(a.¢) » B I ¥ 0=4
# 0 ) <g@ » WIRETRIE REER © 1R W 615 R
MERGRERLONEE  TUTEER

c

AR X
/

/ BRE 335

q q

HE e

A e

M B it 78 BB L8 2 0 R A B R (g e )
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(¢"e’) "HTHETH  FEEARENILIHZT @ it &ERAEE

B9 75 42 R 5 Bk U2 B LE 2 HE TR SRR Hy /) -

E W A & 3
R 3L 3

q" Q'=kq’
A M AFHGRRECERE FRMEES CHRERE

(g%, e")s RN TP RATHIZT ZEEE (Q 7, ¢") » BRI ERZEER
EHBORR T EHET AR tEEREREAGHFER
ZEREBEBEERERES  BALAXEZBEEROGERERE W
BHEMNS  FREFTCEERRETATH HMTHABRFERE
LEZREFF -

Rify > MR EILBI S - BERREFTERFFT < FRRERZS
BREXBERZTEEFASZEMEL G it & & E 5 H it &
Bl ﬁﬁi%%*ﬂ%@ﬁ‘fh%%ﬁiﬁﬁﬂzqi’ HREEFRZIZBE
AESBEELTCEERANRSH - WERR - BORFIE] E EHIFT
BRR > EREEMENAERILE MARRMALEZITHK
o R EER At &N BRIEBUREE A L 2 - K BE A8 & it % 7

MERBEAORD HHBUREMEHEZERENER  FAKE
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HESEEHREEERTRELENTERLBELEXRANEL -

o~ SO AT
ANEREZR  EAEILB LT - BORHIFT & E 7 ik &2 5
ZEAERBESE EWMADKE  BRERE - 5 - BiisEikE

F MO e URkqg T RE-

(=) BORBEH IO BURIE T -
1. ZRACDENBEHE B0 e 2HE ¥ (3-1) K& (3-2) =
R HEBHEADSRHE N BRSO TE
(/@)= C o (0,€) — Dy (0, &; NY)HQ + (- Co, (O, ) — Dy, (O, ; N) Jde
(4-1)
= (D (0,&; N))aN
(Co(Q.€)+ Dy (0,6 NYHO +(C.. (O, €) + D, (Q, e;N))de
(4-2)
= (D (0,¢; N))dN
BENE > EHEUTIGEAS AT
a, = (f'(Q) = Cpy (0, )~ Dyy (0, €, N)) <0
b, = (- Cp(Q.€) - D, (.6, N))>0
¢, =Dyy(Q,e;N)>0
a, =(C.,(0,€)+ D, (0, N))<0

b, =(C,.(Q.,e)+ D, (Q,e;N))>0

It
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¢, =-D,\(Q,e;N) <0

e (4-1) B (4-2) B AEA S GESR > TS

dQ‘ _ bic, —cb,

= <0 (4-3)
dN ab,-ba,
de _am-ac (4-4)
dN ab, -ba,

(4-3) R - BORREEES RBORN ORI BT RIF - WK
RERGEEGOA D N 2N BN RENIREEEER O NS
e EERLOBAE 1 (4-4) AIFRT - FAOH N BEE > B70
BB R R EHF LR - R EBCRR T BFRE
WRREEREELMAEERIADRE  AOBE RS HRT
HEREIL—RM > REFERZBERA - MEERSLELIEEZE
HENLWARNEERABGA URETREBNERUSEER
B WEFTER G B ERAL S IR - B 6 5 R 5 AT 7E
HERBEIFRFS TREEFEZESEEREEENRE L -
5 I I 0 A T 0 0 R L B A A RSB Bk R BR %
ARMABADREREHERIBICHE > MEBNEZ  F4E
SR B 22 1 R
2. BEEARNFEISHE B0 - LHE:

R ™A a <0~ 5,>0 -~ C1=DQ1(Qae§I)>O > a, <0~ 5,>0 ~

FTBBE R TR B B (KRG M B RIEE e B B B E A Y -
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¢, =D, (Q,e;1) <0 » MRIMATMAZIEF] 15 -

dQ‘ _ b,c, —¢,b, <

0 (4-5)
dl  ab,-ba,
de  _ca,-ac, <0 (4-6)
dl  ab,-ba,

s R A MEEMANR RN REERBENFRER
MERBENTERERRIENHG CREAEMBES  ATEEE
ZE ZGERA - K LA DU R BOR R 5T E 1 b R R R Y R
b REBEMS - EHFENBERRENVRA -

3. ERBGERIBCBEBEBE ARHR > H 0 - ZBE:

HBEA A > a<0- 5,>0 - ¢ =Dy(Q,e;A)>0 ~ a,<0 ~ 5,>0 -

CZ :_DeA(Q,e;A)<O ’ ﬁ%%ﬁﬁﬁﬁ&ﬂ?% :
dQ‘ _ bic, —¢cb,

= <0 (4-7)
dA ab,-ba,
de _ca,-ac <0 (4-8)
d4 ab,-ba,

F b At 5 AT A 0 BR BB R B Y5 QL R B RO TR R DA R 5 e R IR K
KL U EEERER AT ERRNBRERBERAEE  EBORRGER -
GRAERBENTER  BRESTHEREBRTE -

4, ZBEMBHEEMTESE B0 - BE:
BB ATA > a<0~ 5,50 ¢, =Cy;(0,eT)<0 ~ a,<0 > 5,>0 -

¢, =—C,(Q,e;T)>0 » {RBATMBUIEF 15 -

dQ‘ _ blcz -¢,b,
dl  ab, -ba,

>0 | (4-9)
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de _a%h-ac (4-10)
dl  ab, -ba,

R T R KRR EE M B AGRERE TR

BoUEE ERARERN RESLEEEMBEERBES M T =&
T o FIRERTES SRR A ST R PRy IR R B B e

E o HNMAUUREESRENGTRIFK -

(Z) H&EERIZGHOBBEDST -

. ZRAOKE NEBER N SR8 B (3-3) & (3-4)

BHME MO TE
(f'(¢:4-C,(q.6T)-D,,(q.6;N))dg + (- C,.(q.6;T) - D,,(g,¢; N) Jde
(4-11)
=(D,, (g, N))aN
(C.,(a.&T)+D,,(g.,¢;N))dg +(C..(q,&;T) + D, (q,¢; N))de
(4-12)

=~(D., (g, & N))dN
RERGE  FHELTIIFRAE LliX+ -
a, = (f'(¢:4)-C,,(¢,&:T) - D,,(¢,¢;1,N)) <0
b =(-4,(q.6T)-D,(g.¢;1,N))>0
¢, =Dy (g,;1,N) >0
a, =(4,,(g.)+ D,,(g,¢;N))< 0

b, =(4,,(q,€)+ D,.(q,6;N))>0
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¢, =-D,,(q,e;N)<0

¥ (4-11) 8 (4-12) —NEH > ATFEH -

# —
dq =b1c2 by, <0 (4-13)
dN ab, -ba,
de’ _cia, —c,a <0 (4-14)
dN ab, -ba,

(4-13) ~ (4-14) £ ﬁﬂﬂﬁﬁi@%%ﬁ%ﬁ'ﬁ%‘ » BB Mk
BAO N WIS ERECRENINEEE ¢ ERKERETT RPEK
WS TR A SRR G it & 5 57 55 B R ek AT 7 #b > BRI B
HEREREAOEE RS S5 S0 EEKIL TR EESE
BN REROLERETRE -

). EREARNFE | BEHEE - He' S E:

RIS Z A a,<0 ~ b,>0 + ¢, =D,(g.&1,N)>0 ~ a,<0 ~ b,>0 -

¢, ==D,(Q,e;I,N)<0 » {RIBATRBEAE ¢

# —
dq__bemaby (4-15)
dl  ab,-ba,
de* ca,-ac, <0 (4-16)
dl  ab,-ba,

HEERTH FIBEEHRE AL ESESRRERREGR
HEEE R R R ILNBG  LRER  FEESHHE  FTHENER
BERERBE BREAFEFAFLRRAENEFEREURER

R -

3. ZRMAMEZEEEE ABEE - ¥ - S2PE8:
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He 38 B Ak 0= 7T 15 0, <0~ 5,>0~ ¢, =D ,(q,6,4)>0~ a,<0~ 5,>0 -

¢, =-D,(g,6,4) <0

# —
dq” _be,-ab, (4-17)
d4 ab,-ba,

#
de _a%h-as (4-18)
dA ab,—ba,

(4-17) ~ (@-18)06 RBUT - R F AL E » B B 5 37

B R S R R S B R BRI % -
4, BREBLEEBBOH M TESR  He' SR E
(R BRI A T 48 0,<0 B,>0~ ¢, =C,r(,6:T) <0~ @, <0~ b,>0 »

¢, =-C,(q,esT)>0

# —
dq” _be,—ab, (4-19)
dl  ab, —-ba,

# —
de _a%h—a6 (4-20)
dT  ab, -ba,

B E R AKERAR > HBERATRE Wi LR
HEANBERERTK BRGRERRENS @ G5 ES K -
HRRBEERERTS  RETEEERPEBRE -

F-BBERB[ABEURMAMERERNEILZBHETEARREZ

BMEELSWFBCERER -
K— ARG ZBERESITHER
I g R R E WF B
s
#
= " . P . Q. e- q# e#
8 |
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Ao B - - - -

P 4% K # - — — -

BREAR — - - -

R Xy + + + +
+ P EHKE — R

o~ AERE e
R (R 02 4F KBRS (R 2 4F SR AR B » 2002 4 & M A RIS
BTG HEMEMS 1,546,118.81 AW 75 515 H 5 5% 5 K
BRI B R 80.94% » KL + 7 H 5 B A P R — 2 o 5 BT
MAHBFORT LY  AEACERER  HRCREEETHER
R i 28 0 B 8 7 7 0 B R T S+ BL T 3 o2 B SE V5 e IR 5 8 SR A e
BERBERBES (¢'e')  BHEERIBFERNAEGHES
By itk O R R R A T B AR R T R O B W 75 e PR R B RO
(0 RANZBREER SR H Q' =k’ MEZMTLIRH -
BTG HNERRBNE RS S B RO L2 K% L BAH
MRS BB R ¢'< 07 TR R B R MG
Rz PSR RS R R AT 2 i R R TR R AR - R
R SRREAEL B BB G Tt 5E A A

RHAOKERENHEREREEES -
T 75 B 2R 31 3% B R R R O B 0 BURE T - AL B

B EREERRE T REEE S RFBORENZE L AT SER
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An analysis on the gap between the policy

planners’s setting and resident’s demand

Chunge-Chiang Chen, Yu-Lung Su
Graduate Institute of Environmental Management
Nan Hua University

Abstract

The environmental conflicts among stakeholders on the siting problem of
notorious facilities for waste treatments took place very often in the past. As a
consequence, it leads to rise-up in social costs. In general, a policy planner (central
government) considers all the stakeholder’s (regions) interests and determines the
social optimality by maximizing the social welfares constituting of all theses regions.
In contrast, local residents care about only the interests relating with the local
community itself. We present a mathematical model to analyze the policy gap
between the policy planner and the local residents. The results of our analysis find
that the optimal waste disposal capacity and pollution emission for the policy planner
(Q°, e") is greater than local residents demand (g*,e”). We suggest that the policy
gap maybe the cause of environmental conflicts, the model developed in this paper
can serve as a guideline for the policy planner to incorporate the stakeholder’s
perspectives in formulating environmental policies.

Keyword : environment policy, social welfare, waste disposal capacity, conflict
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More Paper and Less Plastics?
Miao-Sheng Chen, Chung-Chiang Chen"
Graduate Institute of Environmental Management

Nan Hua University

Abstract

Taiwan’s EPA in 2002 implemented a new guideline called the “Plastic Products
Restriction Policy”, prohibiting some industries to use plastics as packaging materials
for the sake of sustainable use of resources. The significant effect resulting from this
policy is the substitution of plastic products with paper products. Is this policy
beneficial to achieve future sustainability? We attempt to analyze the resource
choice between renewable resources and exhaustible resources for production of final
products and services in case of exhaustion of natural resources. In this paper we
develop a framework to examine the dynamic responsiveness of a socio-economical
system in facing a continual depletion of natural resources provided by an
environmental system. In this framework the status of an environmental system in
terms of carrying capacity is affected by the cumulative impacts caused from human
activities, including environmental pollution and resource exploitation. Conversely,
it also affects the growth of renewable resources. This framework can serve as a
guideline to construct indicators to measure the statﬁs of the environmental system

and the socio-economical system in order to support a policy planner that formulates
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an appropriate environmental policy. Based on this framework, we also develop a
mathematical model to determine the optimal ratio of resources choice between

renewable resources and exhaustible resources.

Keywords: renewable resources, exhaustible resources, carrying capacity, resilience,

1. Introduction

Due to the high increase in human affluence and mass consumption, hazardous
waste disposal and solid waste management are perceived as the major resulting
problems (Murphy et al.,, 1995). In Taiwan, municipal solid waste grew from
8,712,600 tons in 1996 to 8,951,400 tons in 1997, a 2.46% growth rate. After 1997,
the generation of solid waste declined sharply and fell to 7,600,000 tons by 2002.
Among total waste generation, the total consumption of plastics bags was about
105,000 tons and disposable plastic tableware (including styrofoam) was about 43,000
tons in 2001. Taiwan’s plastic waste generation per each unit of gross national

product is much more than some other countries (please see Table 1).

Table 1. Plastic waste generation per GNP of some countries in 1999
(Unit: gram/USD)
Taiwan S.Korea |Japan U.S.A. England  |France Germany
59 5.0 1.2 1.9 1.9 2.1 0.5
(Source: Taiwan EPA, The Purpose of Promotion for the Restricted Use Policy on

Plastic Shopping Bags & Disposal Plastic Tableware)

Taiwan’s EPA (2003) has claimed that, “currently in Taiwan, 50% of waste
treatment is done by incineration. In the process of incineration, a lot of plastic

wastes, for instance, PVC and PS, will produce dioxin. Plastic waste materials also




generate very high heat value, which will bring adverse impact upon the operation of
many incinerators.” The future trend indeed shows that foreign countries’ regulation
on plastic shopping bags to avoid the gradual exhaustion of natural resources is an
on-going plan, encouraging Taiwan’s EPA to finally implement its “Plastics Products
Restriction Policy” on July 1, 2002. Its target is to achieve the elimination of 16,000
tons of disposable plastic tableware (including styrofoam) equivalent to 37% of
current consumption, and 20,000 tons of plastic shopping bags equivalent to 31% of
the current consumption of 2002 within one year. Even although many plastic bag
manufacturers and related industry were strongly opposed to this policy, it still was
“implemented on schedule to safeguard a healthy and safe living environment”
(Taiwan EPA, EPM 06-01, January 2003). The implementation of this policy forced
food suppliers to use paper lunch cartons to replace plastic cartons and department
stores to supply paper bags instead of plastic bags.

Final products made of pure paper may technically yield less environmental
impacts due to their easy decomposition. However, final products made of 100%
paper are not strong enough, and practically they should be a composite with other
materials such as Aluminum or plastics. Unfortunately, the composite material is
very difficult to recycle or for treatment and may yield higher environmental impacts.
Moreover, the externality of renewable resource consumption has been neglected in
practice, and it is generally accepted that the depletionA of renewable resources may
yield the loss of erosion, biodiversity, and industrial pollution. The overuse of
agriculture chemicals to kill insects has led to the reduction of biodiversity and
pollutes the environment and results in soil erosion. More paper consumption will
result in high deforestation and consequently reduce the power to support extinctive

birds, which use forests as habitat.
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Even if modern production has advanced with a big shift to non-polluting
renewable resources, can this be completely sustainable and beneficial to our future?
Is the policy of ‘more paper and less plastics” good for the environment? This paper
seeks to examine the dynamic responsiveness of a socio-economical system in facing
the exhaustion of natural resources and analyzes the resource choice for the

production of final products between renewable resources and exhaustible resources.

2. The substitution between renewable resources and exhaustible resources

The scarcity of resources in practice has become a serious problem due to a fixed
reserve of exhaustible resources and over-consumption. Many economists see
resource scarcity as an economical issue and can be solved automatically by a market
mechanism. Ecologists themselves are concerned very much about the
irreversibility of resource exhaustions and argue that the price system in an economy
cannot solve the problem of absolute scarcity (Daly, 1987).

Simon (1996, p. 26) argues, “So price, together with related measures such as
cost of production and share of income, is the appropriate operational test of scarcity
at any given moment. What matters to us as consumers is how much we have to pay
to obtain goods that give us particular services; from our standpoint, it could not
matter less how much iron or oil there “really” is in the natural “stockpile”.
Therefore, to understand the economics of natural resoufces, it is crucial to understand
that the most appropriate economic measure of scarcity is the price of a natural

resource compared to some relevant benchmark.” If substitution' between

: Dasgupta (1993) examines the various factors to affect resource substitutability and finds nine
innovative mechanisms to determine the substitution possibilities including: (1) an innovation
allowing a given resource to be used for a given purpose, (2) the development of new materials, (3)
technological developments which increase the productivity of extraction processes, (4) scientific and
technical discovery which makes exploration activities cheaper, (5) technological developments that
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renewable resources and exhaustible resources are perfectly possible, then the ratio of

resource consumption based on the market system should follow

P n(z)

P ylz(zz)’ @)

where p, and p, represent the market price of renewable resources and

exhaustible resources, respectively; z,and z, denote the consumption of the two

resources; and y, and y, represent the marginal productivity of the two resources.

Equation (2.1) neglects the inter-temporal equity that most authors recognize as
the rights of future generations to have equal opportunities for use to enjoy the life.
If the generational externality is considered in the resource consumption, some
authors suggest imposing a resource tax on exhaustible resources for mitigation of the

generational externality. Equation (2.1) should be modified as

P _ .}"1,(21)’ 2.2)
P+, ¥,(z,)

where 7, represents the resource tax for exhaustible resources. After a tax

imposition on exhaustible resources, the consumption of exhaustible resources will be
reduced.

Ecologists see natural resources as being essential to production and will limit
human’s sustainability due to the entropic process. The working of an entropic

process® will degrade natural resources and pollute the environment due to a

increase efficiency in the use of resources, (6) development of techniques which enable one to exploit
low-grade, but abundantly available deposits, (7) constant developments in recycling techniques which
lower costs and thus raises effective resource stocks, (8) substitution of low—grade resource reserves for
vanishing high-grade deposits, and (9) substitution of fixed manufacturing capital for vanishing
resources. However, the possibility of substitution is confined due to production technology limits.

* Georgescu-Roegen (1971, 1979) applies the physical concepts of thermodynamic properties to
socio-economical systems and emphasizes the constraints of entropy laws to economics. According
to the Second Law, the entropy in a closed system will increase through a working process. Daly
(1986, p. 321) argues, “... entropy is a physical law, like gravity, and entropic constraints (depletion
and pollution) are objective facts evident in the present, not value judgments, and not speculation about

5



continuous and irreversible property of order into chaos. When pollution exceeds an
uncertain limit due to overconsumption, an environmental catastrophe may occur
(Cropper, 1976). The extraction of natural resources tends to obey the irreversible
process and may result in a permanent reduction of amenities. In the practical world,
over-fishing in many countries has led to the depletion of fishery resources and placed
high pressures on inshore fisheries (Zann, 1994). ‘

Many researchers argue that the market price system cannot solve the ecological
problems even if prices are good at allocating resources efficiently (Howarth and
Norgaard, 1990; Norgaard, 1990; Daly, 1991, 1996; Bishop, 1993). Under such a
scenario, the pure market system to determine the resource choice may fail to resolve
the resource scarcity problem and lead to a system collapse. The analysis on the
distribution of resource consumption without considering the limited carrying
capacity is not consistent with the future environment. Moreover, there are several
factors to limit the growth and supply of renewable resources. These factors will be
discussed in Section 3. As to the determination of the optimal resource choice
between renewable resources and exhaustible resources, we will construct a
framework as a basis for developing a mathematical model to solve this problem in

Section 4.

3. The factor to limit the growth of renewable resources

Many researchers have presented many terms like resilience, carrying capacity,
assimilative capacity, threshold capacity, etc. to describe the properties of natural
systems. These properties overlap in meaning or are not consistent in a logical

structure with traditional economical theories (Lozda, 1995; Mirowski, 1989). In

future millennia.”



this section, we discuss the properties of resilience and carrying capacity and their
impacts on the growth of renewable resources.

Resilience can flip from one state to another if the environment system is
disturbed or perturbed. In other words, resilience is defined as the magnitude of
disturbance that can be absorbed by the system (Holling, 1973) and can be measured
by the effectiveness of the reorganization function of the system to balance the
destruction from an abrupt change caused by an external disturbance (Holling, 1986)
or the speed of a system to return to equilibrium after system perturbation (Pimm,
1984; Walker, 1995). The loss of resilience implies that the system loses its
adaptability to environmental shocks and becomes more fragile and vulnerable to
external changes. The major factor causing a reduction in resilience stems from the
environmental pollution caused by human activities and ecological collapse that arises
from over-exploitation of natural resources. The occurrence of environmental
catastrophe will occur when pollution exceeds an uncertain limit.

The concept of resilience can be applied to not only the ecological system, but
also ecological-economic systems (Common and Perrings, 1992; Levin et al, 1998).
However, some researchers criticize that the lack of a generally-accepted resilience
measurement blocks its applicability in guiding environmental policies (Orians, 1996,
Risser, 1996). In general, most ecologists agree that the maintenance of system
resilience is a major aim of environmental policies since‘it helps achieve sustainability
(Common and Perrings, 1992; Arrow et al., 1995; Folke et al., 1996; Levin et al.,
1998).

Carrying capacity is defined as the maximum size of the system that can sustain
the growth of natural resources without deteriorating the character and quality of the

resource. In detail, it involves socio-economical, biophysical, or environmental



concepts. Seidl and Tisdell (1999, p. 403) write that biophysical carrying capacity is
defined as “the maximal population size that could be sustained biophysically under
given technological capabilities” and social carrying capacity as “the maximum
population size that could be sustained under various social systems.”

Many researchers conclude that the growth of renewable resources is affected by
the current stock of the resources and limited by the carrying capacity of the system in
a logistical pattern (Hanley et al.,, 1997). For example, the growth of forests is
function of time in a logistic pattern while fhe growth of fish stocks is a function of
current population. While the stock of renewable resources approaches to the limit
of carrying capacity, then overcrowding or congestion may be experienced. The

growth of renewable resources is expressed as

dR, R
1=0gR (1- =1), 3.1
a gR( K) (3.1)

where R, is the stock of renewable resources, g is the growth coefficient, and K
denotes the carrying capacity. Equation (3.1) demonstrates that the growth of
renewable resources is significantly affected by the current level of renewable
resource stock R, and carrying capacity K through the integrity of the ecological
processes and services with a human-made production system that consumes a great
amount of the natural resource. In the long term the ability of the environmental
system to provide renewable resources is limited by carrying capacity K so that the
ability to support economic development, based solely on renewable resources,

becomes susceptible.
The field experiment studies of Tilman et al. (1996) and Tilman and Downing
(1994) find that biodiversity levels play a significant role in affecting plant

productivity and resource utilization in a logistic-like curve relationship. Even



though the experiment designs of these studies have been criticized (Huston, 1997,
Chapin et al., 1998), the results reveal that the carrying capacity may behave like a
logistic function. It implies that the carrying capacity is not fixed and changeable by
the external factors. Most research studies presume that the environment is static.
Tietenberg (2000, p. 2) argues that, “the environment possesses a unique carrying
capacity to support humans. If the capacity is exceeded widespread ecological
disruption occurs with disastrous consequences for humanity.” However, the
environment is dynamically variable and affected by exogenous factors, rather than
static ones. “It can thus be concluded that the carrying capacity of a region is neither
fixed nor static, but one which changes with time, ...” (Saveriades, 2000).

Carrying capacity is affected by human activities and dependent on management
goals, microsystems, and the patterns of human activities (Chen, 2002, Daily and
Ehrlich 1992; Shrivastava, 1995; Stankey and Schreyer, 1985). “Carrying capacities
in nature are not fixed, static, or simple relations. They are contingent on technology,
preferences, and the structures of production and consumption. They are also
contingent on the ever-changing state of interactions between the physical and biotic
environments. A single number for human carrying capacity would be meaningless
because the consequences of human innovation and biological evolution are
inherently unknowable” (Arrow et al., 1995, p. 521). Therefore, the carrying
capacity K of an environmental system is assumed to increase dynamically depending
on technology progress and limited to an upper limit® F that will confine the growth

of renewable resources and consequently the food availability. The state of carrying

> Many theoretical and empirical studies have confirmed the fitness of carrying capacity of an
environmental system that will limit the growth and supply of natural resources. Various approaches
to determining carrying capacity are analyzed by McLeod (1997) in which he demonstrates the
exclusion of complex characteristics and stochastic environmental variables in these models. In the
human time scale that is much shorter than the ecological time scale, the ecological changes are much
slower and remain stable so that carrying capacity can be determined (Cohen 1995).



capacity behaves as a logistic function and is written as

dK K
= aKk(- = :
a1 ¢ ( F)’ (3.2)

where a is a parameter, determined by the effects of human activities / such as
pollution and investments, i.e. a=a ().

Without considering the finite magnitude of carrying capacity and the ecological
discontinuity of resilience, the highly exploitation of renewable resources may be
beneficial to both future generations and to current ones. Due to the constraints of
carrying capacity and resilience in ecological system, unlimited development may

result in a permanent destruction of wilderness, the loss of amenity, and our future.

4. A framework for evaluating the impacts of resource consumption

To describe the variability of carrying capacity and resilience and their effects on
the growth of renewable resources, we develop a framework as shown in Figure 1.
At first, we link the relationship between carrying capacity and resilience. Perrings
et al., (1995, p. 8) argue that, “The notions of ‘carrying’ and ‘assimilative’ capacity
are indirect measures of the level of stress that is consistent with a tolerable level of
resilience (what level of resilience is tolerable depends on the severity and frequency
of the ‘shocks’ expected to occur).” It is clear that resilience can affect the adaptive
carrying capacity of an environmental system directly. In order to simplify the
mathematical model later shown in this section, we assume that resilience is identical
to carrying capacity.' The environmental system constitutes our life-support system,
such as pollination, recycling of biomass, nitrogen fixation, and water purification.

An environmental system needs an indicator to measure the current status of carrying

* Theoretically, the two terms are distinctively different. Carrying capacity is a continuous variable
while resilience is described as a discontinuous variable (sudden change) of a system.
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capacity so that it can directly release the related information about the quality of the
environment to the public in the socio-economic system. Although the estimates for
environmental degradation are very uncertain, the indicator should at least able to
reflect the environmental pressure’ and provide related warning information if the
carrying capacity drops suddenly.

Carrying capacity is related to the ability of the environmental system to yield
renewable resources to support the maintenance of the environmental system, where
the growth of renewable resources is generally modeled as a logistic pattern function
with a limit of carrying capacity. Human activities in the socio-economical system
mainly focus on production and consumption of final products and services Q,

accompanied by waste pollution w, and w,. Thus, the production function is
expressed as

0=f(z,z,,w,w,), 4.1
depending on current technologies, where 2z, represents the consumption of
renewable resource and z, is the consumption of exhaustible resources. Equation
(4.1) implies that the pollution will be accompanied inevitably with production. The
growth of renewable resource stocks R, by modifying (3.1) becomes

dR R
Tt'= aR/(l- 7{‘-)- z, (4.2)

and the change in the stock of exhaustible resources R, is

(4.3)

> Environmental pressure is defined as “pressures exerted by human activities on the environment that
have effects on the quality and quantity of natural resources and on the functioning of ecosystems”
(Eder and Narodoslawsky, 1999, p. 360).
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Through human knowledge and technical skills, both renewable resources and
exhaustible resources are seen as essential inputs into a conversion box to produce
final products and services® to meet humans’ demand. In this case, the value of
resources is created by humans’ ability and needs, not merely by the physical
presence of the resources (Rees, 1985, p. 11). An individual’s increasing demand
for final products and services will lead to an increase in the consumption of materials
and energy, and consequently an increase in waste outputs. Production and
consumption involving matter conversion may lead to its dissipation and eventually
absolute scarcity will increase as human needs increase unlimitedly. Through the
production and consumption process in the socio-economical system,” environmental

pollutionw, and w, arising from the consumption of renewable resource flow z,
and exhaustible resource flow z, respectively occur spontaneously. The change

rate of cumulative pollutions is expressed as

7= w, + w,- W, (4.4)

where S is the coefficient of natural decomposition of pollution through the effects

of system resilience.

The cumulative effects on the environmental system arise not only from
pollution, but also from human activities such as investments in improving
environmental quality and the interactions of environmental systems and
socio-economical systems in many aspects that yield high effects on the carrying
capacity in an additive or synergistic way. In general, these human activities include

the progress of knowledge and technology, enhancements of environmental values,

® Dasgupta and Heal (1979) suggest that natural resources are essential to production. Without the
use of natural resources, no goods or services can be produced.
7 Ayres and Kneese (1969) identify pollution as the residuals from human production activity and

consumption process.
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etc. Ehrlich et al. (1999) argue that some knowledge® does not relate to the quality
improvement of the environment and the growth in knowledge does not yield
absolutely the positive effect. The appearance of information technology progress
speeds up the diffusion of knowledge and makes the knowledge more shared than
before. Its impacts on the environmental system may be either positive or negative.
The public’s perception of ecological values is another factor to affect
environmental impacts through changes on human environmental behaviors.
Mueller (1986) defines values as an “enduring belief that a specific mode of conduct
or end state of existence is personally or socially preferable to an opposite or converse
mode of conduct or end state of existence.” Environmental values direct people to
express their relationship between humans and the world around us. Hence,
environmental values could be either individualistic or collectivist interests
(Hofestede and Bond, 1984; Triandis et al., 1990) and play a significant impact on the
environmental system. In this case, cumulative effects can be expressed as
I =1 (W, knowledge, environmental values, etc.). (4.5)
The cumulative effects, 7, yield high impacts on the environmental system’s
stability and equilibrium, and consequently the carrying capacity and its resilience
through the process of Equation (3.2). In this framework, another indicator is
equipped with the socio-economical system to measure humans’ quality of life while
the socio-economical system responds to environmental changes so that human
activities like technology progress and humans’ environmental attitudes can
contribute to the improvements of environmental quality. This indicator reflects the

social phenomena in three aspects (economic, environmental, and social trends) and

% Ehrlich et al. (1999, p. 268) define knowledge as “accurate information that has been organized and
evaluated by a human mind (or minds) and that has shaped actions, beliefs, attitudes, institutions, or
mental states (e.g. sense of well being).”

-
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illustrates the links between and among sub-systems. The indicator needs to provide
reliable information about the natural, physical, and social world in which we live,
and on which our survival and quality of life depend.

Social objectives are practically aimed at improving the quality of life through
activities of production and consumption, and the maintenance of the environmental
system (Chen and Chen, 1998; Lawn, 1999, 2001) in addition to economic growth
(the production and consumption of the socio-economical system Q. Arrow et al.,
(1995, p. 521) state that “Economic growth is not a panacea for environmental quality;
indeed, it is not even the main issue. What matters is the content of growth — the
composition of inputs (including environmental resources) and outputs (including
waste products).” In this case we assume that the social objective is to seek for the
maximization of the current values of consumption and the stocks of all natural

resources, i.e. U = U( Q, R ,R,). To formulate the mathematical model for solving

the problem of resource choice between renewable resources and exhaustible

resources, we combine Equations (3.2) and (4.1)-(4.5) to express the problem as

M
T Jer v R Ry
)
S.t. Q=f(zl,22,W,,W2),
dR R =
CregR(- 2H)- 5, RO=F
dR 3
== 5, RO)= K, > (PT)
dK K e
—= a(K(l- =), K@0)= K
= DK 2, K
E’EZK= W+ w,- BW, W)= W

1 = I (W, knowledge, environmental values, efc.). j



Through the mathematical model of (P1), the optimal ratio between renewable
resources and exhaustible resources for the production of final products and services
can be determined by numerical approaches if indicators are successfully developed
and completed. The mathematical (P1) demonstrates that it is not a linearly
relationship between environmental impacts and human activities, neither the growth
of renewable resources and carrying capacity of environmental system, nor the quality
of life and product consumptions. Solving the problem of (P1) by the mathematical
optimization process is a hard job and may fail to obtain the results. We suggest
employing a real case study to test the applicability of this model by numerical
analysis in the coming future as a further study in which the environmental impacts,

the change of carrying capacity, and the quality of life in this case can be illustrated.

5. Applications of this framework

This framework emphasizes the necessity of collaboration between
socio-economical systems and environmental systems to solve the problem of
resource choice between renewable resources and exhaustible resources for final
products and services. QOur Common Future (WCED, 1987, p.27) states:
“economics and ecology bind us in ever-tightening networks...economics and
ecology must be completely integrated in decision-making and lawmaking
processes...”. This framework of Figure 1 illustrates the distinction among
economic, environmental, and social aspects about the current status of the
environment, the environmental destruction of resource consumption, and the
improvements in the quality of life. The environmental impacts arising from
resource degradation or human activities may affect both the current and next

generation in economic and environmental activities. The incremental impacts of

15



development and growth arising from economic development, for either a gradual or
sudden change, are mainly dependent on the size of the carrying capacity and
resilience of the environmental system. This framework implies that environmental
investments on ecological improvement today can provide a better life tomorrow and
achieve long-term sustainability. It provides advantages for policy makers to embark
upon new policies since the efforts to resolve the ecological problem by separating the
environmental system from human activities will fail or-result in unsatisfactory
conclusions (DeBardeleben, 1985).

Both the environmental system and the socio-economical system in this
framework are equipped with each one indicator to state the current status of the two
systems. In fact, the effectiveness and validity of the indicators plays an important
role in solving environmental problems. A great number of studies in the literature
focus on developing sustainable indicators of sustainable development or social
welfare (see, for example Castaneda, 1999; Hanley et al., 1999; Pearce and Atkinson,
1993; Moffatt, 1996; Cobb and Cobb, 1994). Moffatt (1996) develops the
Environmental Space Methodology (ESM) to measure sustainability by linking up
with resource use in any region, which is measured as the relative consumption to the
world average use of that resource. The shortcoming of ES is the difficulty in
specifying maximum and minimum permissible use rates for resources, carrying
capacities, and assimilative capacities (Moffatt, 1996; Hanley, et al., 1999).

Cobb and Cobb (1994) develop the Index of Sustainable Economic Welfare
(ISEW) as an indicator of social welfare change in an economy and Aronsson et al.
(1997) develop a green NNP to measure sustainable economics welfare. Pearce and
Atkinson (1993) propose a concept of weak sustainability based on Hartwick’s

framework (Hartwick 1990) and develop genuine savings based on flows and stocks

16



as single indicators of sustainability. Randall and Farmer (1985) and Hanley et al.
(1999) present the concept of the minimum necessary conditions needed for
sustainable development to be achieved.

This framework provides a theoretical guideline for researchers to construct the
indicator to measure the environmental quality or social welfare based on the
particular characteristics of the particular region the researcher is focusing on. As
the construction of the indicators is based on the integration between the
environmental system and socio-economical system covering all peoples’
perspectives, the indicator developed will be able to help decision-makers in private
or public sectors to assess environmental impacts and economic impacts by linking
the economic objectives and environmental objectives in order to assess the progress

of sustainability and environmental performance.

6. Conclusions

Hawken (p. 198-199, Guest Essay in Miller, Jr. 1999) argues that, “We have
reached a point where the value we do add to our economy is now being outweighed
by the value we are removing, not only from future generations in terms of
diminished resources, but from ourselves in terms of unlivable cities, deadening jobs,
deteriorating health, and rising crime. In biological terms, we have become a
parasite and are devouring our host.” Considering such a highly distressful
environmental condition, the policy on the resource choice between renewable
resources and exhaustible resources should be very careful and based on long-term,
overall perspectives to obtain the solution. A policy planner must take into account
not only the welfare increase arising from a rise in the production level, but also

consider society’s welfare change due to a change in environmental quality. This
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paper contributes to present a mathematical model based on the dynamics and
interactions among sub-systems to help the decision-maker decide how much
renewable resources should be consumed for final products and services for
consumption.

Ecologists suggest that environmental education may be more effective in
reducing resources over consumption through an effective scheme of mind reform and
social behavior reform (Dierking and Falk, 1985; Orams and Hill, 1998) in order to
attain the social objectives when facing resource depletion or to avoid ecological
disruption (e.g. Common and Perrings, 1992; Barbier, 1989; Barbier and Markandya,
1990). Environmental education is designed to lead to voluntary cooperation of
environmental behaviors and as a seed to reinforce the environmental societal
awareness of environmentalism and help the general public to develop their
environmental consciousness and manage their daily lives in accordance with the
objectives of sustainable development. The connection between environmental
education and its effect on the environmental system should be analyzed to support
policy making that focuses on the achievement of sustainability. The framework
presented in this paper can work as a guide for the future analysis and discussion of

the effects of environmental education on sustainability.
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Figure 1. A framework describing the interactions between the exploitation of
natural resources, the system’s carrying capacity and resilience, and the
socio-economical systems, where R, represents the stock of renewable resources,

R, is the stock of exhaustible resources, W denotes the stock of environmental

pollution arising from human activities, K is carrying capacity, F is the upper limit of
carrying capacity, G is resilience, and U represents the quality of life from the social
objectives, the functioning of consumption of final products and services Q,
environmental quality (environmental pollution) W, and the stocks of natural

resources (R, andR,).
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The effect of globally environmental trends on

environmental strategies

Miao-Sheng Chen, Chung-Chiang Chen"
Graduate Institute of Environmental Management

Nan Hua University

Abstract

Based on a case study by interviewing three industrial firms, this paper attempts to
examine the factors to affect the large firm’s choices of environmental strategies, to
analyze the ingredients of the environmental strategies, to characterize the principal
types of environmental strategies, and to assess their strengths and weaknesses of
each type of environmental strategies as approaches for achieving sustainability. We
suggest that an environmental strategy compromises two elements: social
responsibility and environmental - performance. Based on the two elements,
environmental strategies are categorized into proactive strategies, reactive strategies
and escaping strategies. The findings suggest that (1) the external factors such as

globally environmental trends play a very important role in affecting the choice of
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environmental strategies for large firms in developing countries, (2) external pressures
play as the major role in determining the choice of environmental strategies, and (3)

social responsibility is adopted as a major force to form environmental strategies only

when the firm can survive.

Keywords: environmental trends, environmental strategies, environmental

performance, green purchasing.

1. Introduction

The industrial revolution has changed the relationship between humanity and
nature and resulted in an enormous and irreversible environmental deterioration. The
rapid growth of production and consumption of food, fiber, biological and industrial
products were substantially increasing the use of production resources to increase
output and creating undesirable environmental side effects (Jordan, 1995; Miller, Jr.
1999; Chen and Chen, 1998). Many authors argue that the high throughput of
ecosystem has lead to destroy the ecosystem and exhaust largely natural resource

(Miller, Jr., 1999). Therefore, a great number of environmental problems such as



resources exhaustion, ozone layer depletion, transboundary acid deposition, warming
effects and the rapid extinction of plant and animal species' have attracted attention
(Hoffman, 2000), but we have not developed really effective method to cure it. The
environmental problems have awaked the public to concern about the recovery of the
ecological system and human’s survival (Hoffman, 2QOO). Many international
agreements were signed to prevent the aggravation of environmental deterioration and
to pressure the governments to accept and perform. For example, the high gas
emission beyond the earth’s carrying capacity has altered the global climate. An
increase in the average temperature of the earth’s surface and the change of
worldwide weather patterns would generate a risk to our future life. Kyoto Protocol
is the common agreements among countries through a series of negotiation and
consideration to resolve the problem of warming effects, but we still cannot expect an
optimistic result. Its objective is to prevent the increase in greenhouse gases emissions
and reduce greenhouse gas concentrations in the atmosphere at an allowable level that
are not dangerous to the climate system.

Researchers suggest using clean technology to develop new processes or

' The major environmental trends include (1) global energy consumption has increased 70% since
1971 and is projected to increase at more than 2% annually over the next 15 years, (2) depletion of
ozone layer requires another 50 years to return back to normal levels even though the consumption of
ozone-depleting substance has been under controlled, (3) Acid rain is on the decline in many developed
countries but it is on the rise in many developing countries, (4) almost 20% of tropical forests in the
world has been cleared since 1960 and deforestation shows no sign of abating, and (5) some statistics
indicates that about 20% of all endangered species are threatened due to reduction in habitats (World
Resource Institute, 1998).



re-design new products to substitute the old one as an effective way to solve these
problems since it prevents the pollution generation at source. Currently, many
international firms have started encouraging, guiding or even forcing their suppliers to
form a green supply chain with the adoption of clean production. However, clean
production may affect the corporate performance and its competitiveness in the world
market. A substantial number of literature focus on the connection between the
financial performance and environmental performance (Klassen and McLaughin,
1996; Hart and Ahuja, 1996; Cordiero and Sarkis, 1997; Klassen and Whybark, 1999;
Hanna et al., 2000) and recognize the positive relationships by empirical studies (see,
for example, Klassen and McLaughlin, 1996; Russo and Fouts, 1997), or study the
environmental problem in service operations management (Hasek, 1997; Godfrey,
1998; Sarkis, 1999; Foster et al., 2000), or examine the effects of environmental
purchasing on environmental performance (Min and Galle, 1997; Carter and Carter,
1998; Carter and Ellram, 1998; Carter, et al., 1998; Carter, 2000; Carter et al., 2000),
or investigate the impact of environmental management on the competitive strategies
(e.g. Gupta and Sharma, 1996; Klassen and Angell, 1998). Many researchers
believe that the environmental sustainability and ecological performance of a
company may depend on financial performance and competitive advantages and

suggest that a firm’s social responsibility plays an important factor to support



sustainability of an ecological system (Hawken, 1993; Hart, 1995; Shrivastava, 1995b;
Stanwick and Stanwick, 1998; Nash, 2000).

In practice, environmental issues have been considered as an important factor to
affect a firm’s global business strategies as well as environmental strategies that may
offer both environmental and manufacturing performance beneﬁts. As a member of
the global village, the firms need to conform their environmental strategies to the
challenges of global trends to satisfy the need for a modern, competitive, efficient,
responsive and socially responsible firm. In Taiwan, some few large firms are
serving as members of the international supply chain or keep close contact with global
markets while mest firms are small-to-medium size and exert their efforts to domestic
markets. In this case, the globally environmental trends may become an important
focus to affect the large firms® environmental strategies. In this paper, we attempt to
find out (1) how environmental strategies are formulated for large firms in
development countries, (2) what pressures affect these firms to formulate their
environmental strategies, (3)how environmental trends affect the formulation of

environmental strategies, and (4) what type of environmental strategies they adopt.

2. Methodology

We select three firms as the target objects for comparison: the first is a shoe



supplier (called F Corp.) in an international supply chain, the second is a public

enterprise of wine production (called G Corp.) and the third is a pickled food producer

(called A Corp.). The results of the case study are intended to provide a practical

example of analysis on environmental strategies under a practical influence of

environmental trends. Therefore, there are two criteria for sgmpling:

(1) Firm size: large firms care more about globally environmental trend and keep
close linking with international business.

(2) Headquarters must be in Taiwan so that we can make a face-to-face interview with
the interviewee who takes responsibilities for formulations of environmental
strategies.

Table 1 describes the history and profile of the three companies for study. F Corp.
is licensed to manufacture sports shoes and supervised by world-class firms, mainly
contracted with Nike. Through standardization of global products to reduce
operation cost, it successfully finds out a survival strategy with these international
contractors to make a win-win strategy, and becomes a steadily continuous supplier to
these firms. G Corp. is a public enterprise and has been monopolized to produce
wines for over 40 years. The monopoly status will be terminated within two years
due to privatization policy. We interview one of its factories for production of rice

winery. A Corp. is a declining firm and suffering from two sides: (1) the taste changes



on pickled food of new-generation consumers lead to the continuous decline in sales,

and (2) the more stringent requirements from the society on environmental regulations

and implementations. In order to avoid the cost increase in complying environmental

regulations, the most polluted process in pickled food production was moved to

Vietnam in 1995.

Table I Basic data of the three firms

Firms F corp. G Corp. A Corp.
Headquarter Taiwan Taiwan Taiwan
Ownership Private Public Private
Products Shoes Wines Pickled foods
Number of factory 16 20 3
Local: 2 20 1
Overseas: 14 0 2
Capital (billion NTD) 3.4 47.0 3.3
Founded in 1971 1945 1987 1971
Turnover (billion NTD) 17.0 60 3.5% 3.2
Local: 84 60 3.2
Overseas 8.6 0 Not available
Employee 1715 8600 436" 1200

* The indicated amount excludes overseas factories.
# represents the interviewed factory of G Corp.

All of these three firms are to some extent in facing new challenges with the entry

of WTO, especially G Corp. and A Corp. who must face the competition of imported

winery and pickled food. During interviewing, these firms allowed the researchers to

observe their operations on environmental treatment system and also provided

appropriate documentation as supporting evidence of environmental strategies. The
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purpose of the interviews was to gather data from respondents representing the
manufacturers in developing countries in formulating environmental strategies as
basis to identify (and compare) how these firms formulated their environmental
strategies and the ingredients of the environmental strategies. A series of
semi-structured interviews were conducted with representatives of each firm who are
responsible for the implementation of environmental management system. The main
issues covered during the interviews includes: (1) the implemented environmental
management system; (2) the difficulty in implementing environmental management
system; (3) the formulation process of environmental strategies; (4) the factors (the
source of pressure) to formulate the environmental strategies; (5) benefits and
limitations of implementing environmental management systems, and (6) the effects

of operation management on environmental strategies.

3. Results and discussions

The formulation process of environmental strategy covers a large set of
management decisions, technologies and conflicting resolution among departments in
each firm. These firms need to take a trade-off from the consideration of business
profit seeking and environmental performance improvements. The in-depth survey

finds that the preliminary environmental strategies are presented by the



middle-manager who implements environmental management system and takes
responsibilities for environmental performance, and then approved by
top-management. In a traditional management system, the top-down approach to
formulate strategies among different levels in a firm is adopted (Skinner, 1985;
Garvin, 1993). The choice of environmental policies in F Corp. depends on the total
interaction across different departments. This implies that the objective to formulate
environmental strategies in F Corp. depends not only the environmental concerns but
also business survival and this process requires the skills and judgments to review the
environmental threats and opportunities. In contrast, the environmental strategies of
both G Corp. and A. Corp. are determined by top managements only without detailed
discussions.

The statements of corporate objectives and environmental policies claimed in the
provided documents are summarized in Table 2. F Corp. attempts to balance the
objectives of business profit and ecological sustainability. However, if the two
objectives contradict, the basic goal of business must remain economic growth
(Schmidheiny, 1992). The other two firms care about the increasing cost of

abatements and reduce the overall performancéz. Thus, they place their environmental

% Some literature has investigated the relationship between business performance end environmental
performance (Klassen and McLaughin, 1996; Hart and Ahuja, 1996; Cordiero and Sarkis, 1997), but
the results are conflicting (Klassen and McLaughin, 1996; Cordiero and Sarkis, 1997).



strategies at the minimum standards to comply with statutory regulations.

Table 2 statements of corporate objectives and environmental policies

Firms Corporate objectives Environmental polices
F Corp. |For reasonable profit To minimize environmental impacts by the
For comfortable living strategies of reduction, reuse and
For everlasting recycling.
Not only to comply with environmental
regulations, but also to adopt clean
production technology.
G Corp. |{To maximize profit and|{To comply with environmental regulations
increase customer satisfaction |To reduce pollution emissions
To increase energy efficiency
A.Corp. |To develop and market{To meet environmental regulations
excellent products
To grow

Environmental strategy is seen as a secondary objective according to- our survey

with these firms and cannot be considered independently from the other operations

objectives. Environmental strategies and eperations objectives are mutually dependent

and supportive of each other. The integration can build up a means of environmentally

and competitively continuing improvements so that -it may lead to synergies. The

survey finds that social responsibility is employed only when it can improve corporate

image and enhance green marketing.

3.1 Source of pressure and environmental strategies

Many factors such as legislation, stakeholder pressure, economic opportunities

and ethical motives have led to firms applying environmental strétegies (Bansal and
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Roth, 2000). Through our in-depth interview, we conclude that the source of pressure
to improve environmental management stems from (1) self-regulations (social
responsibility), (2) the buyer’s products regulations, (3) the customer’s requests (the
pressures from environmental groups), and (4) international trends and statutory
regulations.

(1) F Corp. claims in his statement of corporate objectives and environmental policies
that sustainable development is a way to survive and grow. The management believes
the investments on improving environment can be returned in a long term. Many
authors emphasize the goal of sustainability requires the total participation of all
stakeholders with a shared value of environmental responsibility (Schmidheiny, 1992;
Klassen, 1993; Shrivastava, 1995b) in which the corporate role in improving
environmental degradation is particularly important (Hawken, 1993; Shrivastava,
1995b) since firms can allocate their resources in a efficient way to find ecological
solutions for environmental problems (Schmidheiny, 1992). The other two firms face
a more stringent challenge than ever before after Taiwan’s entry of WTO so that
survival is their utmost objective and care about more on financial performance and
less on environmental performance.

(2) In the meantime, F Corp. must perform its environmental strategies in conform

with the buyer’s standard in addition to compliance with statutory regulations. It

11



needs to discuss and negotiate with international buyers about the generally accepted
principles of environmental standards in linking with trade within the world trade
systems. Thus, the focus of globally environmental trends becomes a general principle
that open domestic markets and open global trading systems. As their loose contact
with international markets in the past, the other two firms almost neglect the impacts
of environmental trends within the global village.

(3) An environmental institution, in general, plays as a warning system to educate the
public, to supervise the producer’s production, to lobby the government for a cleaner
policy formulation and to force the firms to improve environmental performance
(Chen, 2000). In fact, an environmental institution should be actively engaged in
partnerships with the neighboring community, interest groups, and other external
constituents (Chen, 2000; Dean & Bowen, 1994; Flynn et al, 1994; Hackman &
Wageman, 1995; Saraph et al, 1989). Through the continuously environmental
education, the consumers commit to exert their efforts to reduce environmental
deterioration and enhance natural conservation by giving an effective pressure on the
large firms to take the lead in developing clean technology and improving
environmental management to reduce the adverse impacts of industrial production.
All the three firms acknowledged that they sensitively pay attention to the

environmental programs provided by environmental institutions.

12



(4) When global environmental problems are widely recognized as serious and high
risky issues and focused by the public, governmental regulations have become a basis
and minimum requirement to resolve these problems and to motivate the producer to
alleviate these problems. All the three firms have complied the governmental
regulations even though A Corp. claims the complying cost had reduced their

competitiveness in the markets.

4. Social responsibility and environmental strategies

Many authors highlights that social responsibilities should be seen as an
important corporate duty (e.g. Arlow and Gannon 1982; McGuire et al., 1988) and has
become a major factor to affect environmental strategies and emerges as a process of
addressing environmental issues. Corporate managers need to take responsibility to all
their stakeholders that is defined as those groups that can affect or are affected by
organizations (Freeman, 1984; Bowie, 1991; Banerjee, 2001) and to accept
sustainability as the top objective and integrate their operations activities with
environmental requirements (Schmidheiny, 1992; Porter and van der Linde, 1995).
Environmental responsibility is, in general, to be considered as an important criterion
to develop a clear environmental strategy. In the previous sections, we have examined

the environmental policies adopted by these firms and analyzed the source of pressure
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for environmental improvements. In this paper we employ the corporate objectives
and written environmental policies, the source of pressures and level of environmental

department in implementing environmental strategies as a measure to evaluate

corporate social responsibility that is depicted in Fig. 1.

Indicator of social responsibility

1. Corporate objectives and environmental policies

2. Sources of pressures to improve environmental performance

3. Level of environmental department in implementing
environmental strategies

Fig. 1 the ingredients of social responsibility

The level of environmental department involving with environmental
implementations within the firm is an indicator to show the efforts that the firm adopts
social responsibility as a criterion to formulate environmental strategies. Qur survey
finds that the environmental departments-of the three firms are supervised by their
presidents and should be responsible for the operationsA of environmental management,
workers safety and health, and environmenta_l sanitization. The survey finds that F
Corp. employs 4 engineers (1 master plus 3 bachelors) to be in charge of
environmental implementation end working securities. G Corp. employs 3 engineers

for engineering improvements and environmental management under supervision of

14



the factory manager. One staff in A Corp. takes care of everything to support the
operations of environmental management, working securities, quality control, and
production control. All the three firms attempt to integrate environmental strategies
with operation managements to reduce operating costs, to increase employee morale
and involvement, to improve company image and customer satisfaction (Guimaraes

and Liska, 1995; Shrivastava, 1995a).

5. Environmental performance and environmental strategies

Practically, environmental performance is difficult to measure and understood to
minimize the negative impacts on the natural environment that is accompanied from
production process or stemmed from consumptive behaviors (Chen and Chen, 1998).
Some authors suggest waste generation as a measure to compare the environmental
performance among firms (James, 1994), or to employ ecoefficiency, total quality or
risk analysis as effective tools to measure improvements of environmental
performance (Roome, 1997). The evaluation of environmental performance can link
with the daily operation in a firm with the measurement of the impact on the
environment as a result of the activities. I this paper, we suggest that environmental
performance indicators include implementation of environmental management system,

practice of green purchasing, development of clean production technology, corporate
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report to the public, waste emissions and treatments, and operations of environmental
strategies. The responded data about daily operation activities to judge environmental
performance among the three firms are summarized in Table 2.

(1) ISO 14000 is a series of guidelines or process to help the firm to assure the
process of environmental management. The certiﬁcation' of ISO 14001 does not
assure the fulfillment of environmental obligaiton. However, it is believed to increase
assurance regarding compliance with environmental regulations and to enhance
competitive advantage in the local and international markets (Casicio et al., 1996;
Sayre, 1996; Lamprecht, 1997; Lord, 1997). In general, the certification of ISO 14000
can be seen as a partial indicator of environmental performance. F Corp. and G
Corp. have got the certification of ISO 14000 since 2001 while A Corp. still neglected
the important trend to exert environmental management systems.

(2) Green purchasing has already attracted the public’s attention for mitigating
environmental impacts and improving environmental performance, and thus
purchasing behaviors are seen as an effective measure for environmental performance
(Apaiwongse, 1991, 1994; Drumwright, 1992, 1994; Langrehr et al., 1992). F. Corp.
is pressured by its buyers to engage in green. purchasing while the other two firms
never consider using their power of purchasing policies to influence their suppliers to

become greener without the regulatory pressures or customer’s pressures. According
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to Sarkis (1999), the supply chain system integrating with daily operations enables
organizations to move towards waste minimization and improving environmental
performance. A firm like F Corp. has complied with the buyer’s environmental
standards and adjusted itself to meet the environmental trend of more stringent
requirements in the future through improving operation managements.

(3) Ehrlich et. al., (1999, p. 270) propose that technology level and human’s
affluence account for the major environmental impact at a given population size.
Montague argues (quoted from Miller, 1999, p. 69) “To deal with these
[environmental] problems, industrial societies must abandon their reliance upon waste
treatment and disposal and upon the regulatory system of numerical standards created
to manage the damage that results from relying on waste disposal instead of waste
prevention. We must — relatively quickly — move the industrialized and
industrializing countries to new technical approaches accompanied by new industrial
goals —namely, “clean production” or zero discharge systems”. Clean production can
lead to progress in reducing production waste and resource consumption per capita
and increasing efficiency, and is seen as a measure of environmental performance. F
Corp. and G Corp. integrate their products désigns and process improvements with
environmental technology improvements. F Corp. joined the team that comprises the

buyer and the material suppliers to develop new substitutes with a target time
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schedule. The gains are shared by all the partners and serve as a driving force to push
the three actors to cooperate closely. Through the appropriate management, a
synergy is developed in the supply chain and the so-called win-win-win situation has
arisen, where there is an improvement in environmental performance, business
performance and the ‘family-sense’ of the supply chain (Elkington, 1994; Florida,
1996; Maslennikova and Foley, 2000). In fact, the development of environmental
improvement activities and prografnmers can bring about the operations and product
quality improvements (Godfrey, 1998; Sarkis, 1995, 1999; Inman, 1999).

In contrast, the factory itself in G Corp. implements the technology development
on either products quality or environmental improvements without integrating with its
suppliers so that the motivation of clean technology on G Corp is not so strong as F
Corp from our survey. The success in clean production development in F Corp.
implies that it is an effective way to develop clean technology by integrating with
productive operations (Shrivastava, 1995a). In fact, product and process technologies
can improve both financial performance and environmental performance. It involves
with the environment-related issues and workers’ health and safety, ecological risk,
materials efficiency, waste generated and dispdsal treatment (Sarkis, 1995).

Without information about globally environmental trend, A Corp expressed little

concerns and interest in improving environmental performance, and thus it did not
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attempt to develop newly green substitutes for food packaging without appropriate
incentives from governments even green packaging is seen as key to resource
sustainability and avoiding using up new resources. (Kassaye, 2001, p. 444).

(4) The environmental reports attempt to make sense of the environmental
information release to the public inducing the interest groups about emission, waste
and recycling activity. Many international firms have started to issue an
environmental report annually to the public in which the major events or investment
involving environmental decision are listed. Through our survey, the three firms
have not yet presented their environmental report to the public.

¢5) Theoretically, waste generation is determined by the process and operations
management. Even though many authors emphasize that waste treatment is only a
way ‘end of pipe’ treatment and thus preventive methods should be adopted, the
modes of waste treatment is still used as a measure to judge environmental
performance. F Corp and G Corp. completely meet the environmental regulations to
treat the waste emissions. In contrast, A Corp. re-considers the production process of
pickled food and divides the process into ‘less polluted’ and ‘seriously polluted’ one.
To reduce abatement costs, the preduction of ‘~seriously polluted’ process was moved

to Vietnam. The bottling of pickled food was handled in Taiwan.
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Table 2 Results of in-depth survey

F Corp. G Corp. A Corp.
Certification |F Corp. already got the|G Corp. got the[No
of ISO 14000 [certification in 2001 |certification in 2001.
under  the buyer’s
request.
Green Yes. However, the[No. No
purchasing  |material specifications,
material restriction lists
and vendor lists were
provided by the buyer.
Clean Directed and guided by|The engineers in the{No
production  |the buyer, the firm|environmental
technology  |successfully developedidepartment have tried
newly substitutes forfto develop new process
high polluted solvents|for energy-saving
with  chemical and{without support from
material suppliers. top management, but
outcome is not
satisfactory.
Corporate No. No. No
report to the
public
Waste The scraps are recycled{Used PET bottles are[No recycling. All
treatments with extra cost. Alljrecycled due tojwastes are treated
wastes are handled by its|governmental by contractors.
own facilities to meet|regulations and all
environmental pollution emissions
regulations. meet  environmental
regulations.
Operations of|It integrates with{It  integrates  with|It integrates with
environmental jworking  safety  and|engineering design and{working safety,
strategies environmental working safety. quality control and
sanitization. environmental
sanitization.
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(6) The role of environmental strategies in linking with manufacturers’ operations
and the factor to affect the choice of strategies must be analyzed (Vickery et al., 1993).
The effects of production technologies on environmental strategies and performance
are necessary to reveal the factor of the firm’s motives to perform environmental
strategies. Operations management is an effective way to gccomplish environmental
sustainability through the implementation of targeted value of environmental
performance. Firms are challenged by the integration of environmental considerations
into their production and marketing plans due to international regulations and
competitive pressures (Hawken, 1993) and need to revise their traditional strategies in
the industrialized countries in response to these pressures (Stigson, 1998). The
integration between environmental strategies and operations managements can obtain
several benefits associated with the reduction of the firm’s impact on the

environment,

6. Proactive strategies and Reactive strategies

Strategy is a set of decision-making rules to ba’llocate resources efficiently,
“concerned with identifying opportunities fqr successful and effective activities.
These come either from the capabilities and expertise of the organization, from the
actuarial and potential market demand, or form a combination of both” (Cramer 2000,

p. 39). Environmental strategy must cover the decision making process and the
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planning to allocate the scarce resources in order to reach the targets and achieve
greater good when it extends its perspective beyond the objective of particular
objectives and takes into account the effects of the strategy on the development and
future trend of nature. Hart (1995) has identified three environmental strategies
including pollution prevention, product stewardship and sugtainable development. He
points out that the choice of environmental strategic is ordinal and logic. Without
pollution prevention, a product stewardship strategy can hardly be adopted.
Eventually, sustainable development cannot be achieved without prior proof of

product stewardship competence.

Social responsibility
L | Proactive
strategies
l —I Reactive strategies
‘ - escaping strategies
_>

Environmental performance

Fig. 2 the classification of environmental strategies based on social
responsibilities and environmental performance.

In this article, we propose that the social responsibility and environmental
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performance forms a framework to describe the core values of environmental
strategies. We classify environmental strategies into three types based on social
responsibility and environmental performance and depict it in Fig. 2.

Proactive strategy: Environmental performance is believed to be more important
than business performance or at least the same. Social resppnsibility drives the firms
to take the measure of environmental management practice beyond environmental
regulations. The top management devotes sufficient resources on environmental
management as well as its employee across all levels by providing information to
aware their environmental concerns. Top managements commit to invest resources on
environmental protection and improve environmental performance through
technology innovation to develop new process or new products in an environmentally
sound and safe manner to avoid potential accidents. The diversity of business
increases so that environmental management strategy becomes more divergent and
active. In Fig. 2, environmental performance is not a sufficient condition but a
necessary condition to be categorized as proactive strategy.

Reactive strategy: Environmental performance is not so important as business
performance. Social responsibility is mentioned only when the firm can survive and
be profitable. The firm’s policy is to comply with all applicable laws. Compliance

with governmental regulation is enough and any investments on environmental
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improvements without economic returns will be given up. The firm believes that
resources allocated to environmental protection will yield cost increase and harm
business performance.

Escaping strategies: Social responsibilities cannot affect the firm’s decision on
environmental investment and yields no pressures on the improvements of
environmental performance. Economic return is the only basis for the firm to choose
environmental strategies. Any specific proposal within the firms to improve
efficiencies in production or abatement will be decided based on cost-effectiveness
analysis to find out a solution in facing environmental challenges. The concept of
social responsibility is lay aside and only works for reference.

According to the category developed in this paper, F Corp. is relatively more
proactive, while G Corp. chooses reactive strategies and A Corp. employs escaping
strategies. As a member of supply chain, F Corp. received up-to-dated information
about environmental trends, pressured by the international buyer to comply with
buyer’s standard and supported to- undertake environmental certification, to develop
cleaner technology and engage in product design for environment and process
innovation. Both G Corp. and A Corp. focused on domestic markets and neglected the
importance of the effects of environmental trends on competitiveness in the past.

What they can do currently is to be responsive quickly to the changing markets
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quickly to survive. Although A Corp. expressed less interest in improvements of
environmental performance, it still cannot escape from the liability of providing
non-green consumer products in the market. Therefore, A Corp. moves its production

facilities with high-polluted units to abroad to reduce environmental costs.

6. Conclusions

In the proposed model in Fig. 1 two core elements of environmental strategies:
social responsibility and environmental performance forms the core values of
environmental strategies. Through our analysis, keeping contact with globally
environmental trends can keep the firm going proactively. The interaction between
the firm and global markets is major force to affect the management on the choice of
environmental strategies. The impacts of environmental trends serve as a major source
to result pressure for corporate change to initiate a number of responses ranging from
voluntary action to complying with regulations.

High environmental performance may be an indicator of proactive strategies, but
does not assure proactivism. The driving force of environmental implementations is
the major criterion to judge the types of environmental strategies. A firm with
self-regulation to perform environmental strategies is more environmentally

responsible. In Taiwan, most firms still prefer to adopt reactive environmental
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strategies by promoting industrial waste minimization with aims of cost-down.
Environmental activities involving with proactive strategies in Taiwan are still
dimming, and are taking place slowly. In sum, the results of this study indicate that
the level of involvement with global environmental trends affects the firms to support
the implementation of a proactive environmental strategy. 'While previous studies in
this area have often focused on the influence of external factors on the choice of
environmental strategies, this study suggests that the survival is more important than
environmental responsibility to affect the firm’s decision. In brief, the firms may
choose higher-level strategies only when it can survive. The external pressures still
plays a very important role in affecting the choice of environmental strategies for

large firms in developing countries in developing countries.
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Abstract

With the prosperous developing of computer technology and World Wild Web, e-learning has
already become the world trade. However, not only synchronous but asynchronous inner knowledge
delivery learning are just impassive mode; learners are unable to search knowledge automatically
by according to their different degrees and needs. Thus, the research of this paper bases on the
theories of KM, e-learning, agent & Bayesian network, etc; that is, constructing an integrated
personally push delivery model based on course knowledge by condensing the knowledge of
learning platform, push technology and Bayesian Network. This research stating a frame of
concrete mode for the potential knowledge needs of learners, expecting the whole learning model

more functional and practical.
Keyword: knowledge management - e-learning > modeling - Bayesian Network * push technology
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The study on the role of civil groups and the strategy of the relevant enterprises
toward the environmental protection against the Base Station
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Abstract

Along with the progress of technology in
telecommunication and electron, the cases of
protest against the installation of unpolluted
facilities occurred more and more. In
addition, the mobile industries have grown
rapidly during the recent years and the
opportunities to use the cellular phone are
increasing day by day . In order to improve
the quality of communication, it results in
high density and high coverage in installing
the Base Stations. However, the high density
and coverage of the Base Stations will cause
the concealed worry owing to coming with the
radiation of electromagnetic wave. Therefore,
there are more and more protest activities of

environmental protection caused by the

‘installation of Base Stations.

This study will be based on Fernandez
and Beryl Angela’s main elements of the
conflict management theory, such as behavior,
cognition, analysis and method. We will
analyze the expression of conflict behavior



among the general populace and civil groups
in environmental protection against the Base
Stations and expect to offer some valuable
information to those relevant industries of
Base Stations, which can be the reference to
reconcile the confronting position of conflicts.

The main contents of this study will
include as follows:(1) the attitude and
cognition of civil groups toward the radiation
of electromagnetic wave in the protest
activities of environmental protection;(2) the
comparison of the differences between the
protest appeals for the environmental
protection against the installation of Base
Station and the protest appeals for
environmental pollution; (3) the analysis on
the strategies of telecommunication industry
toward the whole protest.

Key Words: cellular phone, Base Station,
Conflict Management, the protest
for environmental protection,
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FREGETE SRR - BB A EEAIEBUAEIER BT
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Q) MEfTEMER | FHFREUA LRI G IERIERE - AIFREREE
FEAERT EE -

) BT HEEAREEA BRI AIRE G SRR RRERN - B
FEAMEWENEE

FEZEE Social Enterprise London(2002)f2 it & (- 3RH =RERF M : AE T

(1) 3% 7 (Enterprise oriented) © [EL#¢ 22 EATT 5 TR EE ik ZE BARFS 1R 4L
RBEER S - WRHEEFE -

(2) it € Hi(Social aim) : BAARENHE B - AFEANE TIERE - Bk
KR A AR - HAREEEEI TR R T - BESH
BHREHEEAGEA TS - BRSNS -

(3) it &4 (Social ownership) : B —{EIL B FHU#HRL - AFIERRAMLA
E ~ FEABHE i G ERRERE G AN S HEENR - THIGEENAT
BHE - FIEBCASFIERRA BRIt @48 F] - (T3F 2003 &FK5H
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fZEE Social Enterprise London(2002)& Bt & 23RS B,

(1) FHETATAEREE(Employee-owned business): B T{EH) R THARATFI
B  RERENAERER  §R2BEAR - AFER/NIRTER
HERRMARRE -

(2) A& Br&r(Credit union) | —REEMHEFERR » I BTERREHEX
ﬂ%ﬁ°@§%ﬁ#&#ﬁ%ﬁzﬁ’Eﬁﬂﬁﬁﬁﬁm%ﬂﬂ’ﬁﬁ
AR SRR -

(3) E1EAH#(cooperative) : FE BAHMBFEEAR 1 — & A L E - EEFHIR
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(4) W& B3 RARRE(development trusts)  SE(F G RIRALCIFREMM > Bt Tt
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Rt B s E A H ARk E - (B TEE -
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TrERsrmE i TIESEs - A —ERIIA A RESER E—EEE
AR S FRY T3 -

(8) AREAEMRIAIN BB 22 (Trading arm of charities) : /N3 5 S THESHEEAE
ETREER  ARBEEGLEFNEELEZBEREMOBERE  EE
ERAE T EYENEE £ - EREES TR T I HBURR
FI AR TAE -
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HAth 7.6 5.4

BERIZRIR  B5 [E RS 0 1999

— ~ REEBER
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IHTENERER AR  KmEEEIEE -

(2) BFHWEIR © TS ERZERATRCR AR BN EEE > WY
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Siegfroed & McElroy & Fi{i/ 2 @8 H X BB MER L  MAEARET
EZHEENLED B EER RSB A AREEREENITHEER ¢
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BE#4 R R E BN FHE AR
B EHIEEH(%)

1 EFREE 83.3

2 FREITGRER - AR 56.2

3 WE SRR 47.6

4 FEHAEWERLRE 45.4

5 HERFFEFIRERRRITE S 35.8

6 BEEFER 27.5

7 S E A A SRR B 26.2

8 WEASTEHHIER 21.4

9 A BILHIER 16.0

10 s VA 9.2 "
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ENHEARTR BERENSRERFFHEHRE - FEMERER

5% F B E % FREE %
Bhit R R A TEE | 187 96.4
HEEFEPR 186 95.9
itk RS 182 1938
TR 162 83.5
FEERUEERI SRR 155 79.9
& TR 154 79.4
BTREH] 142 73.2
K5 [RESRERL | 127 65.5
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EE IR EE & 75 38.7
WD BT E 67 34.5
TR 52 26.8
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Abstract

According to promote the governmental bill-‘Plan for Double-Increase Tourist’ and
emphasize to utilize Yushan National Park tourist attractions, we concluded the Aerial
Cable Car, transporting tourists from Tanaka to Yushan deep natural environment tour.
By using Aerial Cable Car, we could responseagainst tourist’s several desires and their
visual experience to understand and realize National Park has been made a continuous
efforts to the ecological preservation and it’s importance and furthermore it will be

connected with the local tourist attractions and it promote the tourist industry.

According the analysis of the market research and the scale of the Cable Car market,
a large majority of tourist wish strongly to go to I’san and see the ecology of nature by
the bird’s eye view repeatedly by Cable Car. Also a majority of tourist hope the
management operation of Cable Car will be entrusted to the private in the future under

the government’s control such as reasonable fair and offer a perfect tour information.

In the research to the Expert, AHP system is accepted by considering the elements of
the technique, the laws, the environment influence, the landscape and the finance etc.,
which will be transported the tourist and the a mountain climber at the same time using
a shuttle system at the starting place-Tanaka tourist center through Yushan west peak
and reach to the North peak as a route.

By our closer research, the installation of Cable Car is not only
well accepted by the majority tourist expanding the market but Expert commented the
operating route will give a satisfaction to the tourist and climber’s needs. Under the
circumstances, Government could be considered a present touring policy
to response the tourist’s hope considering an idea of what National Park of n
ature preservation ought to be.

[Keywords]) Air Cable Car - Eco-tourism ~ Analytic Hieraechy Process



—#E
1.1 5 8y

TXEHR | KK SETRFBHOARTREEINHERATABROELR
B THERAEBRAMKZER AFARRRAREARZBA - BRKABERERA
"BRAESAEROE R ANXRARAARABREAGERORREN - K&
BROBHENBEIRERARARG TR > LRURETREEN T REME
BB R o BRI R SRR R 0 R

MEHa@BaER  madwiRd T HHMOES AL F RS
RAMEEMZAS  AARFRABRETHD BRY - 9RBRAFHHAR
B RBHMARERRETAEANEEFRF > ARBPRELRER
WMo BEGRHEEREAE LB LGS BEAFABBOE L
BRENBRE NERBAGFCHFERRIBRERL 27/ LOHE
A BRBEAMERGITL  HE3RIBROBL - SHAELRFTHXK
2AEIEFAT ERBRF AP R ITHLERBZERE R
REBERNLYEBBAM R ERKA S HM ok @AM TR
LXEAAREGRAAEN NEROAOHBORE LERRRIHR:
BREHLEATRABEOHIR 2. Z B CE2HR BRAEHHAE -
R RERNEREE URABABREAYBEEEK -3 &K RE
G2 HER AABB AR LT ZIEERLTRAGERAE - 4.8
EREEZHE LARRTAZERRIMNOHRERRAER B
FINBHCRASBEREOYE ABBERABET > fTLEBER
FRRT B AKA ARG RR SIS RER—EAA AL A&
5 RAARMELE A GO BT OTE RS SO REFARG @A BALEEN -

FLEEXMAGNEEHERGY LEEN  ARFTRAS - HYWELRRE
RAFGTEN AR T AFTHAEMREN > ERFT  FL£ SMAIBREST
FT o —EARBABALIIREBAABENER - AR BB wE R L EEFR > B
SHALTYE  BEBEETHE TARS BRAEBRLARZHHEMELETRIL
EHEEZHH ERAXEFR —ERBFRB LR ETEERGESRE
EEBEALERRALERRE BEWBFREXATFRBRAREHNEL 5 E
MAEBF—BEAR EREAEK -  FEEATEEMA— RBEEAM PR
ABREERGE BETERMBR AEMELBROBE HEWwBEEERAZNE
A DEBEETEOHIANTREAR EARARFE LAY - ENHIEL
BREEHET  FHEEHASOEATHEAL ARZBHHUBIHERL
REERERTRAAMEE R EREZMEIABHAAREL £ TARE
EH EBEET RBEBTRLGARES 6 A LELERSHFHER
L BEE LRV REMTHEERARIA LR L ERRBNR  CHBTREL
MBEARGER > WEARAILRARE L AEETE - RBHRLS FTRAEHER

3



HEBE o B — KBF -

BRNEEREANIABERNER  EERELHRK AARTRAAGES
BEBRARERMESGTAME > o LEAHEGBRAGFRER - BESHHES
Ez P57 BELBDLEESFIE L REEGRAAS > 488017 £ RiE LA 917
FHE BRREZLAELERLTE HERTHABEX > RABBWBAEH
MY ii%ﬁﬁwaﬂﬁamim@kﬁi?% EZ R — BT EK
W AR EHET ERERRAHB/BAZE MEABHFREEZ LN
BROME  mERAHBLREGLRMES @m% i%ﬁﬁ%&ﬁz £, 24
HE - A it wEA LB - BARTEAMY L LBERER RS -
Tt ARREIRRELAE - RECARRBLEALL S £4 > ANEER
HEH B Bk RABRERRESOCHEREHE V24N - HEHBREETR
ZELEESE LHMFRRARFZIIE - ALARL 2EAF T EANRATRKL
R -#ETRRARBRARER L ANCRELHHBRMAAZIELT > 5
BEEO—FLEERBREETHEENTEEE c FENL  FAREDRE W
BHER ALERET SEYE -THER TIAHEFHRD > REFTEILER
NEBREHEE 2 TITHRME » UIEABRAAB M BRI Z 54 o

125558 8

ARARKERG BB AELT
I EH BT B BERAE R LRRENE  TREEZLRGBRABRAE FAH
MBSz 4% -

BHEREREARRET BRTR) BH URHBHEVERAL  #EELS
Iifi&il(ﬁri
3 BERHN BB A— R LEIERRB/EPE L2 BLE FHRETARIH
I
4Aﬁ FER - R LEIEGTPEEHILAR AN TE®  BEE AL
B EH FRBDAMBEIVE  EMHEE R LEELEFHEATE
&%ﬁz?ﬁﬁm%ﬁo

135 REE

BEWBEAEALTLAROEA P E—RESHABL - QRTHREE L
X BEZFZLER ABERBAREERL B LLRAEE  FR - FRid
BRHERTHE LAKA S EALZE MALESBEERP it  BakE
LERGAKRTY  PRABBER AASFRES > LMARTEAHAOKARIENS
BRI B KR TR - B8 (TATAKA) &% REREST  EAKH
FLYEBEAMF o K 2610 ARB A RFPHRABRGHE  LEELR B L
BS ISKBAKE—FLES2 4 0BZRRL FEARAMELIGAS 18 &

RHBREAFALE 2140 % RARBRERIEEAH  BEFFHRINET—
4



BEARAEL - BLARPAARBBARFREITEHRAETY » ABBE
RE-REBE MHESEAS REBERFF O BERAOMBNE - ST -
FHAMEMRB RBEIL—HABANBE DAL 2% -

1.4 B

FRARRBBLE | AT - F—TERBIFEHERLHRAAHEGEE B
MR TRELWBHREFTRFE RAXRRRRLNEEEN L BARBHE
ABMARBRER » FEZMARKRTIFE BT ® - %45 B9 % - 28E
AMBaFEAHE  FZEOMEREFTA PN EELERI TN Fumie s
FELREREBEVKXRFERG > PEIMBALEANHEH > BRELD

o ﬁ:ﬁf:—:‘\ :Il
£
L3gE ; HEAA
\, \..—/'/ ‘I“ Z?:Sf‘ {t
TR SEPEBYRRMR S B et e
2328 %ﬁ; A% / EEEEN BB EN LYK

B 1 5t X REE

5



N R =R

21 BB wHBERTEPHREFLETH

RBEBRELARFETOERAE  —REVNERBHEN  LCREXL2CBAFER
2T BBENNTE LR ENRER, HRZERRHFR -2 KB, KiEZ
HE RERBR - 3HYRXELo 28K 4L HARREEEA - 5. FSEH
RAHMT - 6.BEERBILES B ZEE - TRAKRZAA -8 BE. B
REMBEMNZRE - 9B LRI RBEERARE KRB EERAE - 10 £
FRIBMMETER - ALK ZH T ABEBARAABETHMNELE
FAEAFPEABRBRENLTLE  BENANERAESZFEEIERME RME
Z o BRBIASPECHE 2 X BNEZRAKE  BXFEREITAERK
o RERHITA -BEIERGSRMG  MEFSBRARTZIEER -

2.2 KK EE

EARBHEAFRBAOHA  TRBEMAHBLREHARLER K
B Bl AHREEREH EGRE > KRBERAZSHILEMATRE 0
ShEEMMEE AAFBRAEAEANEHL  BBERBERER LK E 4 (The World
Commission on Environment and Developmen)#) Mifl » A F @ &HEEABA KA Y
BEBRABBNAEABARBRTHMERARE L AR M L #RERELY -
KEABRDNABRENEZNER  AAEATARERBRETRAES - 2.
BRABEINBREY - XEBFRFPHREERLARFLARAREAINREZ
o EEARY A RBEERE KRB AT (Richardson, 1994) - Hetzer(1965)%
AKBRBRERGTR A LRIDOREHE  2H TR NS 3 HE
HBEAEEKS  ABEARRBERBEHE - 1991 £ TEKA R A RRIRMA?
%t % |, (Union for Conservation of Nature and Natural Resources, IUCN) ~ " & B 3%
3% 4, %] 2 | (United Nations Environment Programme » UNEP)& " # 2 £ #1474 &
% , (World Wild Fund for Nature, WWF) =18 B F&4% F 42 & 4 " B} & 33 (Caring for
the Earth) , 84 + % AAKFRTAR  "AFLEARBHLELELBAKERXN
(carrying capacity)#y 15 L F » 2 & AR £ 75 & - Hunt(1992)3 & K K3 & L 18
“3 88 J(neo-tourism)”i5 & £ B/ A RBARRPBRAGER  LRERB LT
RERBETBEGEARAXEE  ARRAREEAZER “CRAABRRARAL”
AEEATEFEAFEIBLEELETETSH KEFRVELATAREANE
BEHASHIBEEFREMANEBARS  AXBA TN ESRARTNED
FHE o AR B HMHEES REMAEY—BEEZERLN  EF
BABTROMEETRIE LARBRAETRAER > mELETRERAR
HESAANBELARFABKTRALYETHRABEENELEZA (Pearce,
1993) 1972 %> #RELHLRREHELFmmmy T BEALE, BX "R

6



2z # R (The Limits to Growth) ; & E45 8 @ AT BB o ~ 38 REFA
B SEETRRER (AEHE LB - ARREMERE) BFRD
Bh b NEFRRERESE BRI EHE > Bk ABRORERBNETER
BEEAR - BMABRNE (1972) £ 3 TAHEBREEHR, » & TAHRRE
TR HANRHEKRE R BRI B ERY TR 1992 S REB-FRE
RAEHEGBAR Emey "1k 3% g3 (Earth Summit) | » —R X HFAKKH
J& (Sustainable Development ) &732 &> 88 " 84 B — - 4o 342 (Agenda 21) |
MBS X RERGAH Y TN THEALRZA TE28E T, » RPLR
£E %8 598 "B 1% (Partnership) | RERAKAHRG EB MR -

2IBBERL AL

BELGEBEROKBERBR AP L ERAEZSRITHERT &
Yo K R BIEF TR~ KEHBHRENE  BEBRRTGFBRMI)E LS
B EEGG(FLBEXEBDEEFLG(RA)EL BAARELLALR
BEBATEBHRT AR LHOPRLLER - REASCERGBEERIC
RB-BSE UEFE AnA L - wER LB -BAR - @REKRBRE
ERBESHLERRS TEAARCERL RREFLRFHBERBELSL -
BAEBRBRATHABKANAEESEELE - Mk ERHY - BRER...F Y
TEINEE AL BEOZRERHER  MBEATSHMER LA EREWAEE -
BARBAMXIERALEEFNAERFLEEASL > LREMALRALEROZHM
RELAG  BREREA > HFBRSHEAH > BEARSEG > EHFT LM %X
ICHEASFE L PBARBAERAHBERANEELELAL EHERETRE  LE
HWREE BAMAFARERNZIBRAGKER 2vHE4 O AR - £ 8%
AERRZBEARLR ARG BABABLERASFE  HEMIBRATRZIE
ST RIFEITE -

=~ Bt

3.1 T HgHH

FARLEPIEANEEHELEPEEY  LRESM RHERLE Tl BEHX
BT R REFE RBERY - RBRE - RBEB Y THER - 2HREHR 8B
BoBE A ARSE S RERE - BHALRNE - BLRET - EHES - THEHE
R~ L B4 BHHE - BRFFC -SATHMEATEARL BRFHRUHE
HE - AR wER L LKESEHEESIL  FLARLCEANSEEREXHRM -
BRELEBE - AEZE2RE -BREE2 I TG HEILRREME -
BEENBRMUZBRAFEAD BEMBREETEFTX - FHREM-SHERLTH:
BEM -~ S8 HFTRE  BE - PFHARA BERAREEN -

7



32 EmBREH LB R X IH

M Saaty (1971) Fri2 #i 2 & #& % #7 /% (Analytic Hierarchy Process » AHP)
REFAEAZPE - AHP A EZRALEREEHATERLE $ HPH R YR
RMRL - HBESHRBERGPAMASIL  BBFRABENR BB ELY
BREWE  URBAREEZEFAETIENET N BRARLBRYEAR - RFR
FERanA "ERBR, TVHERE, "H4, - THBEF

"TAEEH, c THMB, EXEEE XAOLFMAEE 2 E% 0 BRE
HEBRESZHE - MUFEERIET S @ AHP k4 288 R4 BRIF A%
BRBASKIL TRREER ZHEUNBETLENZEEN > FIEEETEL
B ARG  URBAREEREETHIENTR -

w ~ KB

4.1 A E#-aH

ARG HFHME B0 FMEDK464 BT84 204 £4534
B A396 5 FREEEKRES 209%  BHEKRERZHEEHEREALRT
FHERBOGLESRIT 047 STH L HZ M - FR - HFTEE - BRE - FHARAN
BRI~ BAEBKFRAETAT oML Rk 1T LRI AT AT
WHE S o 45 54.5% > SobhAS 45.5% 2. 5865 251 A 31-40 R A& % 45 36.2% -
H KB 41-50 & 46 23.3%K 21-30 & 46 21.5%  H O #5861 RAEEE 32% 0 &
Tk FHBIHBRERBNFFRTF S3EHFTRES & REH1E 31.4%
®% o ARAHRKSLE 298%K & P BAL 21.5%  BRERAEFHRAEU LS 9.8%
B Y45 56% NREZRTHED 46 1.9%: TRAGACHL SR FREHENF
BRoALME T @ AN A B 30.1%5 %0 LR BB £15 26.8% K T %45 14.8%
FEREK (B RE - RBY) T34 101%K 11.6% RV AEEERE
WG EEAE 28% R 1.0%  RREZXEBATHA RSB AR_BHEBEM®E 5.4
HPHARAT @ B P45 801s 24% 5% %5 0 Rk B 56 % a5 18%
ROEH 9-10 ¥ T E45 0.8% o 6. F£ MK » T4 (H /X)) 15 60.1%% 5 -
HRBRIE1E 28.0% 0 M E4s (B/7%) 15 11.9% %K% > THRARWEFEREL
RETREEE - TREEERBUATH (BR-6F #ib- EH££ - &)
MBE&RS 45 63.2% LKA (A% T 4 -BE - #47) HEAS 202%
B#df (6 Btk - BR)EL 143% RV ARN (SR -LE)BERYD -
16 23% TREFSRE FHRE  REL wBHREMNEH T L ibgEH

4.2 BETHHFETH



21 BEARTHIMEK

] 8 A |BaE% 8 2] A HE|BEBHTH%
#
M8 218 | 545 10000 7t 52 F 41 10.4
%1 |4 178 | 455 10001~20000 7% | 15 3.8
20 R ATF 25 6.3 20001~30000 T | 68 17.1
21~30 & 85 | 215 | 3 [30001~40000 . | 58 14.7
% [31~40 % 143 | 362 | 34 |40001~50000 % | 89 | 22.4
B4 41~50 & 9 | 233 | A [50001~60000 & | 71 18.0
51~60 & 38 9.5 | % [60001~70000 . | 26 6.5
61 H AL 13 32 | A [70001~80000 7t | 12 3.0
NEF T 7 1.9 80001~90000 7t | 5 1.3
# |8 ¢ 2 | 56 90001~100000 7t| 3 0.8
LR 85 | 215 100000 7% 54 k. 8 2.0
%2 |4 124 | 314 Rk 4 | 10
E\R% 118 29.8 b 56 14.3
B AT R AL 39 9.8 il 106 26.8
L P 111 | 280 | ™ |g& 11 2.8
:i B4 /N T 47 | 119 A 19 | 301
A | B4R 238 | 60.1 . 24 40 | 10.1
. i%iiﬁf&‘é%‘ g0 | 202 | |& 13 3.3
" ;; ‘L’;;& ij;t;i 250 | 63.2 E 20 45 | 116
Miow mu- Rt 57 | 143
SR IEH 9 2.3

BEARBHMEOERERE T B ROTBL A~ KRG KRB
MR REBE - FREBECRBITON BRI K 2H7T » LEFTH
BB ERET N P EBRERIE 49.0%% % » ARATHARL
38I%R MM A 35.6% K% » RO FABRASHEAL 21.1%  BTEFI A
FHBHBERSEN  TERBORBERE THEABRRRNEXAFNGN S
RARRAHEER | 2HNBEENRAAERGIELL » L8 A £46 82.1%%
% RRBBEEML 129% KD AHBEAS 2.0% 5 Tha R EH SR
BRI AEAERERMBERGBTERARNRABL SRBEHT
@ EBAERARBL 64.1% 0 ERBEMARFL 24.7%  EHAT RIS 5.6% 0 &
b BRI REREAE 23% ) TeoRREXAMKRBEZLRAEGER  ARHAREBET

9



Rl » RART ot B H 2 — A HATRREUMEY > BIAE —RATR
15 341% B % % ° B —RATRAE 283% R E AR EAE 18.9% K2 » ¥ w k3T R4S
43%A/RY  ThABHEHUBERELDAFEREFTRA - SEGERM & U
—RAE44.7% B %S  RRB=_K1E389% BB = R1E5 13.6% V£ A
RUALAE 1.0%  BAAZBEERTZHNEIEEBRAE T B HEIEYi8
BZ (kiR 5E ~ BB F /038 c CEABBEERBEG B G > A AKRERELE
813% A& % + HRABAWSIE 50.6% - B LREITIE 43.4% ~ § B LS 32.1%K
WHAE 232%K 2 BV EBLEHAES 30%EEY s TRABHERRAREE
FRE » BEAMREZUBERAR BREAARAHBY - THERTHY @ ©LH
B 56.1%% % 0 Ik HRREAS 26.0% K2 > L1815 14.6% ©) B REAEAE 0.5%% 7
THRABREREELBERES -

&2 BEWEHMES W

3 B A B |BHTHE% I3 B A BB H%

F A% 4935 151 38.1 NS 177 447
- R 194 49.0 g —% 154 38.9
- ] 45 119 30.1 " ER 54 13.6
5 TR XS 121 30.6 ﬁ;‘i P 7 1.8
o RBEA 141 35.6 w R Ak 4 1.0
BhzaEr | 84 21.1 RE R 322 81.3

h: 9} 18 4.5 A E 85 21.5

X |mE 8 2.0 AR AT 172 43.4
W ARE 325 821 | » &% 92 23.2
I |#%Fs 51 12.9 B2 60 15.2
- E ) 12 3.0 # | ARE 200 50.6
N BEATR 22 5.6 %l k 127 32.1
O RABRR 254 64.1 B (478650 38 9.6
’g MAARE 98 24.7 RS 68 17.2
PCETT 9 23 | ¥ g 12 3.0
4 13 3.3 wETHa 18 45
EEE 135 34.1 N 28 7.1
S 112 283 Eib 5 13
fﬁ B=k 57 14.4 kEFRREE 11 2.8
; % vk 17 43 i AEE 2 0.5
¥ AR E 75 189 | o |#i#& 58 14.6

;;; BE 222 | 56.1

E¥RE 103 26.0

4.3 8t EERBFH MM

BEFHEEEBOELTEARANILER L ERESR L - RTMEELRE
B RFAEEE LRSI XN G - FLNEENMNREME SEEHA
BERERAKEE BEHBEERAREABERERENARTIN  ER L3

10



ik IHAZEEANELERL RARELE  ADEMEMN 645%K % P AR
AFBEEL 191% SV ARZEMAM 164% 2 HAATHREBRESE > Al
B ABEEN6TT%ES RRBRZEMELN 202% RV ARFBEEM 12.1% ;0 7T
R AEBANEILRE A RESERBHBES —HRAKAK - HER
R BRAEASHEEMES - SHNAEEF WA - X 100~300 T
1% 57.8%% % » 301~600 7Lk 22.5% & 601~1000 st4b 14.9% % £k » 1000 T L
15 A8%EE Y A4 ZNBEEE X EI G AUKRE R L BEA BEKE 81.8%
BE% BRRAVHFEHNIEI0.6% R ARANZE4 164% ~ |46 15.1% K38
VB 144% - SHELBEESNZEME > RELFETH 10 5482+
545 298%% % RRAFELEIETH 30 54%2TF 645 24.0%RHELERT
16 22.5% 0 BV B L EE E4E 15.7%B E Al 8.1% « 6.8 £ 35 bt i JEAR AL ARG
B BB EF MR 63.4% 4% 5 BERHAE 56.3% » B EBIRELL 47.5%
BAs 2 4L 442% B R R 0 &V B E S #i4E 21.0% - THA R EEEHR
X UBERMHEBRES S BALERL 34% 5K 5 @& A 815 28.8%
BB AL 23.7% 8K AR 41% KV 8 ENEHRBEREMZAE
R B E1h 84.6% % % » BER 16 154%K D -

&3 BEEMEBEHNER

B B8 A |BaK S| B A B
# (%
FRE 256 | 64.5 T EE L 62 15.7
A memnzx | 65 | 164 R ;‘;;ii;: 10 118 | 208
B BRE% ([ FLEETLH 30
rRE 75 19.1 EME | pmaTs 95 24.0
BemE 268 | 67.7 HE LM 89 22.5
BERAEFEmE | 80 | 202 H Ak 32 8.1
TH|FBE 48 12.1 Bk B IRAE 188 47.5
100~300 @ | 229 | 58.7 RAEBF 223 56.3
A1 [301~600 &, | 89 | 22.5 |@EEM|BE T MRS 251 63.4
2/51601~1000 7t | 59 | 14.9 |G REIR4R (B R B4 83 21.0
1000 T £ | 19 48 |MRF5EB |18 2 175 44.2
REEL K
x HUE 1 231 | 18.1 4 13 3.3
NG EE T 121 | 30.6 A L AT 114 28.8
e | EE 57 | 144 N R A 94 23.7
3 B ~
2|y 60 | 151 | mx |[REMERET
T WHFER| 172 43.4
YR 65 | 16.4 4, 16 4.1
THEME | 335 84.6
x4 61 15.4

4.4 BB K EETH
11



ABEERBHBRFT GO HEEASBAIHRFFHH - BEELLTHA o
FAFT R 4B oBEREGERBRARLEAT  LRABRLETEAKRS

RKEHGEFGERNT -
k4 BEREH RSN K
% A || BREE | BA % I8 ¥ | BREE | HA
-9 3 5.64 3.78 1 W 4.39 1.33 7
AL 4T 5.18 1.83 2 e 4.12 1.46 8
Ak 5.16 1.21 3| $rEEuEE 4.06 1.55 9
XEEw 4.91 1.23 4| BimE 3.90 1.71 10
A B 4.71 1.32 5] o4 3.77 1.70 11
MRS 451 1.51 6 INFE 3.68 1.85 12
ABETATHREIRTEURSEEI N BRRSHAFT - dRSHOER

THBAERSARRE S ARAMBRAA  BREAFRINERRA EHAER -
HERBHRBLIEERSAHBRAEAR  ARARRS S BREAHCEKSHR
BERNEHER - KA LERBTANREIATREBRAEERA - wF THEZ
EEHIREM  FRUBTHHERSTRRBRAEEZIEY > BT RERS
EEMEE TH, 2 8% FA/ATRRMRERSE -

25 BEAHHERTHRBBRASEETE

s e LER KRS ER 24

FHEQ) | REE | BA | THEE) | BEE | #A | (S

Rib g 5.26 1.16 1 5.44 1.07 2 0.18

AR5 K A K 5.24 1.28 2 5.49 1.10 1 0.25
B R f 4.61 1.30 3 5.11 1.21 3 0.5
3 A B 1% 4.57 1.38 6 5.09 1.25 4 0.52
Fo 38,6 38 Ao 4.75 1.20 4 5.01 1.18 5 0.26
FRIEER 4.15 1.43 7 4.49 1.40 7 0.34
IR AR AR 4.58 1.25 5 4.94 1.22 6 0.39
Laatn 4.15 1.28 7 5.11 1.36 3 0.96

45 B E B EH LR BB XIFETH

1EEAHGARUBREBRIHRT

ARy AN ELEELASEAENREEZE —FH L KRHbE -
BEAXLBE  MALBAZSHUEL BLAMREFLRESHR " HE
MAEABEENLEL | BER 29 B EEHE FYRILFELALZLRASR%
MBEEFALBIZELAL  FAERZAGELERT R L E > ERAE
RELIEERMELEFALEZTHRSEG - HERLEHY RARITSAE
RTHESBEF T+ E  ()RABEELASLEERZAREZR - QBRLWEERIT
HHHEE QWY  RAUEREIRZBANE R - (DB LFEEELRZ T
EB-OVELAEXELGERELAOBG  REBELGBARE - BRI

12




BHELBARANRRABME E R - R EAB LR RS TWER AR o
EPORBEBNRAALL BN AELLEXBELEY W4 B 524
ZHEERBEEH BT HBERENT F ook 6 AT -

&6 BLBE LSS EEEA

B/ E— BHRFE= BRI EZ | BEFEw
TN HH A, 3% R PR
ACEL| AREEMME (M wEEPC (BB mEETC| BELEE | L LY
| EEHe 2,659 m 2,659 m 2,805 m 2,805 m
vREI| PRI ERCT: S FL HE AR L AR
| wase 3,528m 3,528m - -
R B mE Fouldbd FolJbs CHEE WL HELRE
¥ | WE&se 3,858m 3,858m 3,402m 3,402m
REERE 1,199m 1,199m 596m 596m
Bk B 7.80km 7.80km 6.40km 6.40km
WAL BT 18423 % 25 4 02 £ 21 406 #» 16 4 27 5
REF 100~150 AJ2fa| 4~12 AJ2 g | 100~150 A/E A& |4~12 A/ £ 55
oK FNARFTORENS o F A NARE|OMLENS
& ) o fTEL R & & ® {78k E R
o EHREF OEFH S iR EG OEFTHRS
oS FIIE KR o PR MIEAE (O BEFHIEKR OB T ETT
ELREDT| BRELETHEOESL RENT| EHEBEH
# & AT EERE BT A T A )
OTLEEMME | AT E B E LRI LFTH| HENMA
OERFELETH| B UNERH| BHEEHT L B
EERE - BEH| BB B LA B Y BFR]
TR B RBA
R
o RE F AR
o2 B R
2HEE LS EEREH

AR REREEwERLEEG 2N FMEHRYTRGSREREHE T
B 27 - 3pEER AR LXUBERAER  THARNEREHE ) R "THBY
BER AXHERRETEIEZNRGER HARILEAF AHEHETAN
BELEEZ B TSR ZBEBBEZHEFETILS  BERRLFREFESEAN
PABRAERLCRATHANABHACE B AL ER 2T HERD  THER
BRatalA TERATRIA TERELE "HREAHE, R THFH,
ST ABBESEGE B FRETRE 3SR G 24 A D TRRANTH
ZANE%, R TRMESEESHOE ) REFIME A VATAGKN TEARLE
X REBEETEE L TATHMAERE c FRHELFTERATHL "KL
B R TREE  ERMEMEEES ABBRT ARG BBRAFTROMEKR A
RAEREBELE R TERATVE ) FAWRHER  HRNTHMERRE 0 dd

13




FHNEET KT ~ KX~ FRIPE  BHRBBRIVFREPERTRALR
FRGHRERAFTRIAEE bEFTRREITBUREIRAFTRARARER LR

B oSIRHEME®R: ALMERBRNL  HiRG T AeTRBE ) &R "%

IRE$EE N W HE BN EFETHEEAH#RE B E %
B BERIELSE OCHBERD  MBERDIZEAZLALKEREHIHA
FAR TR THREREL ) R TREARAL PG 0 THRELSENM
BEEMEUAZAAE BRSO LEL S ABEZUAN - 5 E BT ERL
WHEAGEFEMEEBREAREIALKERMERAIBIRERAAR L
M4 $ERAZSAREER -

HEmERLEFR BERRKRSORMS

Bt T 3 sk il oS
2 5 . 33 #
V.4 b A Y4 &

V4 R R &

& & & i3] & &
% E & 5 # % a R, Ed % 5 2 % # %
% & & ® # || & #% 2] S % £ || & ) # ﬁ
2 % e ) 7% % ry % PN w||® || & 7, % n
FY X A = T 't % F i #] % 7 ® ~
B H % £ 1 ® * M E % * #*
# i ' 3 A 3| B R
B B ¥ ® # #
"= PN #
B fie

B2 mERLEERREEZLTIARESFEREE
3FERANHEH

AARAEH IS HEREEFAML O EE 1S4 Bk E 100% &
HEMREY SHEEAMAMARITERZ —BMKREHK > FEENHES
MEFR THT  ERERNU TEHUERAD - "BRFFAG ) FAIEHE
BERS RFFERA TR HRAEHER T ERATFRI N CTHRELERE
TERARBEYE  "ERIRREE CTRERKR) AEHEMARS

LB EREE R BBET BRSO

e tEatRASRERERES RMALZHREE S PHRITE £
5 R4 R A R AAR A A LRSI Ao R 8 0 F BB — AR -

14




ATHERAMER

ERAER] HEME RIBEER HMEME
i R IASE - 2 o
%ﬁ%&@@ 023 ﬁ:uﬁi’b /\B&ﬁjﬁﬂh 023
BB 0.77
ZHRAIFRI A 0.44
THE LR E 0.14 il k2 0.15
¥ RE A M 0.25
BEHK 0.16
e NP .
AR & 0.17 B R EE 0.75
RE S HELFHE 0.25
BARAERREYE 0.74
BRERFTRG 0.23
R *BMEEX 0.26
T B )
IEKHR B 0.16 AR AR 049
ERIZHEE 0.51
BERA 0.28
R & 0.07 BEHRA 0.34
H{E AL 0.38
REBEWwHHAECETEERGE T EHELRGE
). epT BREFTE—|BEIE| BEFTE=Z | BREHFEw
& i ST ME | ST A S g | 4R
AL R RN LIRS A 6.6 6.8 5.7 6.7
gi BRLBER 6.9 63 5.6 6.0
T35 | R BRAFRI A 7.9 6.8 5.6 5.4
FTRIZEBLE 5.9 5.7 5.2 6.2
R & |3 R qm A 6.5 6.0 4.8 5.6
HEH 6.3 5.7 4.7 5.5
ELBRARE 6.0 5.6 4.9 5.2
RERESEEASFAE 55 5.8 4.7 5.4
B AREEBBELE 7.6 6.2 5.9 5.8
g;%ﬁ%§%¥ 7.2 5.3 53 56
TR ARG TR 8.1 7.0 6.6 6.6
BT, .0
&@%alﬂmﬁﬁ 7.2 7.0 6.2 6.7
%%%E%A 6.8 6.3 6.1 6.6
ﬁ@%§ﬁ$ 6.2 6.4 4.8 5.7
ST lrEak 6.9 6.4 6.3 59
MR 6.95 6.23 5.22 5.88

15




18~ HRREH
5.1 4%

AREUNER BB BRCZBEFFAIR RREFHABEZRBERYE
BEBERAEHIIYERLEHAR KNV EAHP R ihEHREEES
ARG ARG ER X FNEERATZESH
1L BEMIUBMRE S S8 3140 B S HAREREHRS  BEX
NEABBE BRI R CE-FNEE S L RET4 A KA B 40001~50000
A BAMEIEASE LT B EHR-ER - aRFTHHEAE -

2 HRBERRABRURERERS XBLAUNAAEALT  RERHEIEAEA
BB TRRBUE - RATRZBERS HFYFHAS AR B ABBER
BAWEIEAKRERE ERERUACNLHELES -
HARTFEANEILAZARARE R THEE > AF 80.9%2 B FERERAA
A 164%RE/MZE): K 8TI%ZH EFRMEBER(N 4 202%RAER/ME) ) —&
WA 100~300 THASEEZEGT8%)  BPRELHIZIMBRERLEWMAR
Rk BERBREMLEIRGEANRTLIETY 10 p4B2LE84T  HE
WHAMRBZBBIUAEEZTRRFEARS  HEMEFEEEXARMMAEA
BEEE BURETRAEASHIEAMELA3.4%); REAF 84.6%Mhr &R
%AW ELER B LHEEFHEFLRAEEINEILERAE RS R A5
OBRER TEBEAMATZIAOEEZREE RABRABELRRRABARESH
BERZER -

A BB WBACHEZRLEGREERLRERE ) ERAHBLREFTRARSE I &
BAHAREBLERN -

S HEERMMBBEATHEIRSARRE S ARARBRKAR S BEAHF
RNREREERES BEERENERETERBRSEEAIN XS ARR
RBK ARABBRRES REACERLSRRAFRINVGER -

6. BEF AN VAL PLRRHENIN > A PHEAAN TERERA T
ATRERFRE AR ERS ARFERAA AT BB EMER TR
BATRI A CTRREANES:  TARLEEEYE  TERIEEBE TR
ERAA ) SNAELEERFERBANAIEHERS °

T HERERGE  AXERIHRELTIEBEFTE— RAHEREHmMEL -
UHMABEL G ERBwBEP AR B8R LEEETMM SR
LEBRILEHNEZFE EBEARAETUTEIR ST RAER BRELEEARAR
HARMS FTAELEERAEASTELEEHELE R EHH
REBHE - BRBEEIILLARRE LIS Z HETHERBAELZIR
B ERAEMA TTHEEM FSERHMAAEE2 4288 HREFARE
s SE R FARAT TARTEHN L 2R WRELERLELFAR

16



B &2 54 o

52 i
BREMENARER HEB - FLEIERBREFTPEIR N UTES > U4t
5 & o

L BERATRAKR  RAEAHES  AEEHEBRRL B4 - REE LB S
—HREARERAEHFZARRAT FAMRELH BLRRIFTLERAR
FHERZ BRABARLCAREFRFTRIEIARI Lol R FHN 22 F K
HABE RELVBRELRRZTOEHERREST  REMRL M iz
RERS X TRARFRFTFZIARRESZS -HATHERBSBRENE BB
REFLUBILAF2RNAEZER CEEMBABRFBERERLS
ERAEREMIELELHE TRLEBEHET RETREAYK  EEASRITH
ROVAFHBREESHBERIR $3 TR EERTHBET R HE
BERBEBRZEBEE UMAAHBR L B AHTHRBRET FLERES
23

2 ABRMEABBEEAGERZITAN  GERBHARZBARBF HHEF
HRETERMAZ R IRBEBRMELAART - RLEELR LA HRAY
Pt B BRABEBATHAHERAORE REMTBELABSZHETERE - 2%
BARSERAMFARE A TARRATHRMEARETFT X -

BARINEREMEE - BRRE REBFTRHBRATE  ROKZMEN KR
T BEHBEBRECA RS TRER H "B AaK T HEE Y Y
M EBARZBER A TERER SBER KT ERETERLSE
RoOBEMERAFRETRS  FVIMEFERE RERABEHAELRLE  LES
MUTEHMER 2 XEF  FHASHEARFTOAES - YERPHAL &
ERBERARNCEAHRFTODE - FHECEA EEE  BRRBAEDE £ EREMR
S E R RRBREREMIEE T AR FERARAEELE AR
FRAER  RHATHERRZ L 0BAZFTL - HFHE -

24 ik

1. B{53%(1990) RELAEER L2 ML AAFEEEFILARABDEER -

2. BROKBR%IF(1980) » et £% 0 B RE AT EHA KA

3. WREBH(1981) > 4 MARBRER  Fh  SE2WE BN 0 5 BARAK
ARG LB R AT o

4. RBIALFWASHR002) TERR V£ LB HERBRASEABERE -

5. HRBEE - FE - HER(995) AEANES 0 B skEeE

6. NEFLEREFTLEARIAFEERA999) 2 LRAELNEE = REEEI)T

17




i o

7. RAE(1990)  EMG R LB RATH - E5EH -

8. HERN97) ARNBLEALRENASKLIAX > BIXBALEXREHFAE
FREAERX -

9. Bi#fr(2000)> EHAMFARMALBHEHE L BB 2 B8 TR B -
REXEZREAFHALHX -

10. &3 2(1990) » GLAMBALHECHBEL IR FLIHAE > BIRHAREREH
RFFFELEHX -

11 BRIE£(001) » RS M AR B RTHAMILEFZIME  BXFLALLR
IRMEMBLERX - :

12. %X L(2001) AR B MENETHES WP EM K ST AR R T T 4
B PEREHBEEALAALHRX -

BAKFLEZLLRELNEFEL0988) » 2L EFBABEEMKL 8 KN E)KE
BREE -

14.8 X #4(2003) ) £ B R L EAXERRCHESEEZHART EFALLEE
FHRALERX °

15. REFEZEZ R LRAEARFERQ002),ELRE LA B /w ~ R34 -
BMLUWERBU G BT ERRZHFR -

16. 3 B & #1565 (2000) » A Lk B & A SR B — TP P4 -

17. % BHB|WARH2001) £BHLEREHS Z Hh2 TITH P -

18. ¢ = B 2 A AR K A4L(1998) BRALB R LBt G2 R R %
o AREHFRALRELAREER

19. 28 TARAPA IR 8 (2002 RS0 A BEE 4 S8R TITHIPER AN
RE > RAEBRA -

20248 % (1995) » BE2ZABBABBEERL BRI E LT

R RBRBEFREARAMALRX -

21.Hauff, V. (ed.) (1987) Unsere Gemeinsame Zukunft, Greven: Eggenkamp Verlag.

22 Kirkby, J., O'Keefe, P. and Timberlake, L. (1995) The Earthscan Reader in
Sustainable Development, London: Earthscan.

23.Irakaya, E. et al. (1999), “Attitudinal Compliance with Ecotourism Guidelines”,
Annals of tourism research, 24(4), 919- 950.

24.The Ecotourism Society (1993), “Eco- tourism: A Guide for Planners and Managers.
North Bennington”, The Ecotourism Society.

18



25.Valentine, P. S. (1993), “Ecotourism and Nature Conservation: a Definition with
Some Recent Development in Mic- ronesia”, Tourism Management, 14(2), 22-36.

26.Wight, P. A. (1996), “North American Ecotourism Markets: Motivation, Prefe- rence,
and Destination”, Journal of Travel Research, 34(1), 3-10.

27.Meric, H. J. and Judith, H. (1998), “Ecotourists’ Motivational and Demog- raphic
Characteristics: A Case of North Carolina Travelers”, Journal of Travel Research,

36(4), 57-61.

28.Miller, M. L. (1993), “The Rise of Coastal and Marine Tourism”, Ocean and Coastal
Management, 20, 181-199. :

29.http://www.banffgondola.com/default_htm » 2003.04.15
30.htty://geocilies.com/spicyfish/h_htm > 2003.04.22
31.htty://home.pchome.com.tw/a44396 » 2003.04,29

19



