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Taiwan is comprised of a number of islands. Most developments in Taiwan are, to some degree,
related to the coastline. Given the guidelines for economic development and environmental
protection, conflict between coastal resource preservation and coastal land development is
inevitable. The development of coastal environments, in addition to considering techniques for
hydraulic engineering and economic benefits, should also effectively evaluate the impacts of
development on the environment, landscape, and regional development, thereby providing a
reference for policy decisions. Moreover, given the unstable characteristics of coastal
environments, the concepts of ecological planning and multiple criteria decision-making can be
adopted when evaluating land development and management policy, enhancing the ease with
which one can identify reasonable and effective strategies for sustainable development. However,
most studies of coastal environment planning are primarily related to the value of the coastal
areas, with further studies elaborating on qualitative descriptions and applying land use
suitability analysis to the managerial measure of coastal development. Quantitative
investigations of land development and land use are rarely pursued. This study applies analytical
methodology based on ecological planning theories to generate a comprehensive system for
planning and evaluating coastal environments. Given the premise of striking a balance between
ecological conservation and economic development, the four goals—ecological conservation,
water pollution prevention, landscape and economic benefits—are adopted as four functions,
whereas the solution, thereby achieving a balanced utilization of environmental resources. The
coastal area in Hsin Chu, is adopted as an example for the empirical study, with the aim of
providing a reference for policy decision makers when planning coastal development. Finally,
this dissertation illustrates the applicability of the comprehensive system in the dominance of
land use and the optimization of land use development, allow the data to serve as an appropriate
reference for management and utilization of environmental resources along coastal Taiwan.

Key Words: Coastal Environment, Resource Management, Ecological Planning, Multiple
Criteria Decision Making, Geographic Information System (GIS)
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# < @ Coastal environment is susceptible to changes of all kinds. With
the demands for development, the coast exploitation is inevitable, but
excessive development, however, brings irreversible impacts, tilting the
balance of ecological system while ruining the resource in the
geographic environment. The wetland in Hsiang Shan of Hsin Chu is
the largest in Taiwan, the importance of keeping a balanced ecological
system on this wetland becomes even more significant, and the
question on how to achieve a balanced point in coastal land use
between the natural environment and the economic benefits of the
society, along with the approach for its spatial allocation, will be an
important issue for the decision-making on the coastal developments in
Hsiang Shan area. This study introduces a framework for a GIS
information reporting system on the coastal environment in Hsiang
Shan Wetland of Hsin Chu, featuring a system that examines the types
of land use or the utilization of ecological environment by a set of
categories. By giving consideration to the demands of the ecology, the
economy, the expectation of the general public, the system is aided by
GIS application software and information systems that analyze the
worthiness of land use and biodiversity. The spatial ecology of the
coastal environment is analyzed and the utilization of the resource is
integrated, so that the impacts of the coastal developments on the
ecological environment and social economy can be minimized. This
study can also serve as a foundation for spatial ecology studies that
feature tactics on environmental management.
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Establishment of Optimal Resource Management Models for Coastal Environment in Hsinchu

Ke-Chin Yen, Department of Architecture and Urban Planning, College of Architecture and
Planning, Chung Hua University; 707 Sec.2, Wu-Fu Rd., Hsinchu 300, Taiwan. Tel:
886-3-5186655, Fax: 886-3-5370517, dama@chu.edu.tw

PO-YI Lin, Department of Architecture and Urban Planning, College of Architecture and
Planning, Chung Hua University; 707 Sec.2, Wu-Fu Rd., Hsinchu 300, Taiwan.
boyswallaw@yahoo.com

Taiwan is comprised of a number of islands. Most developments in Taiwan are related to the
coastline. Given the guidelines for economic development and environmental protection,
conflict between coastal resource preservation and coastal land development is inevitable.
The development of coastal environments, in addition to considering techniques for hydraulic
engineering and economic benefits, should also effectively evaluate the impacts of
development on the environment, landscape, and regional development, thereby providing a
reference for policy decisions. Moreover, given the unstable characteristics of coastal
environments, the concepts of ecological planning can be adopted when evaluating land
development and management policy, enhancing the ease with which one can identify
reasonable and effective strategies for sustainable development. This study applies analytical
methodology based on ecological planning theories to generate a comprehensive system for
planning and evaluating coastal environments. Given the premise of striking a balance
between ecological conservation and economic development, the four goals, ecological
conservation, water pollution prevention, landscape and economic benefits, are adopted as
four functions, whereas the solution, thereby achieving a balanced utilization of environmental
resources. The impacts of land use are assessed using different environmental factors in
sensitivity analysis, and this data then serves as reference for spatialization of coastal
environment categorization with Geographic Information System (GIS) and to establish a tool
for monitoring coastal planning. The coastal area in Hsinchu, is adopted as an example for the
empirical study, with the aim of providing a reference for policy decision makers when planning
coastal development. Finally, this dissertation illustrates the applicability of the comprehensive
system in the dominance of land use and the optimization of land use development, allow the
data to serve as an appropriate reference for management and utilization of environmental
resources along coastal Taiwan.

Key Words: Coastal Environment, Resource Management, Land Use, Multiple Criteria
Decision Making



l. Introduction

The country or area lain on the island, such as Japan, Taiwan etc., has
comparatively different water environment and development condition with respect to
other continental area because of its special geographical condition. Based on the
premise that the economic development and ecological conservation must be taken
care together, that how to consider the characteristics of geography, hydrology,
ecology, humanity of water area or water bank, plan suitable use area, environmental
symbiosis area, natural recovery or conservation area, and create the protection
regulation for the development work, has become an urgent topic. Taiwan belongs to
the island type of country; the area of its coastal wetland is about 11,846 hectares,
which contributes to a very big range. This makes most developing behaviors relate to
the coast directly or indirectly, and often causes the dilemma between resource
conservation and economic development. The essence of coastal area is composed of
many different fields. The disappearance and sinking of coastal land is not only a
regional problem; it often may be one of the economic and social changes (Dearden,
1990). In order to solve the coastal development problem, it is necessary to identify
the basic characteristics of coastal environment at first, particularly its integrated
characteristics.

The coast is the natural buffer area bred by the nature, an important key to
maintaining ecological environment. Its significance has already been acknowledged
by every country. So, in the management of coastal environment, the developed
countries such as America, Canada, Japan etc. adopt the system of “sustainable
management” (Yamashita, 1994; Broll et al., 2002) to carry on the management in
various degrees by classifying and grading the functional condition of coastal area.
The European countries such as England, Holland, Sweden etc. apply the ecological
principle to the undeveloped land, employing the city design principle of semi-wild
landscape to develop a investigation method and classification criterion that are
suitable for the coexistence of human and nature through the existing growth
condition of land. They attempt to incorporate the naturally ecological information in
city planning process in order to classify the undeveloped coastal land and help
determine the way of usage in the future (Soderbaum, 2000). However, for many
years, the use and development of coastal land in Taiwan is restricted to the external
use only; the resources management of its potential characteristics is seldom discussed,
so the environmental protection is often overlooked, causing many further ecological
problems in the environment.

In the “Agenda 21", the topics such as the ecological utilization of resources and
environmental planning management are being greatly emphasized. The sustainable
development concept is used to resolve the conflict between the land use and its
resources, and to develop the effective management policy. The main objective is to
make it comply with the resources distribution principle for the coexistence of
ecology and economic efficiency (Chiau, 1999). The traditional land-use zoning
control method is still being executed for the management system of domestic coastal
environmental resources at present. The method, which maintains environmental
quality by monitoring the type and intensity, cannot precisely control the land use to
achieve the purpose of environmental conservation (Kuo, 2000). Particularly, it is not
suitable for the management and conservation for the resources of sensitive area, such
as the coast and wetland.

Moreover, the application of previous procedural planning theory and traditional
ideal planning method on the management planning of water environment does not



comply with the trend of sustainable development concept and the requirement of
ecological conservation in nature. As a result, it is an inevitable drift to define the
development of coastal space, respond the concept of ecological conservation properly,
maintain the regional stability, balance the continuous development, consider the
planning method of ecological environmental, and propose relevant plan objectively
and fairly.

The single-objective issue was usually considered for land-use planning in
Taiwan in the past; the policymaker could determine whether to accept or abandon it
in accordance with the calculated result only after the objective was established (Lali,
1994). Even if the land-use planning and the multiple strategic theory are combined to
function as a whole, the economic topic still overrules, making decision which lacks
strategic analysis and research that involves environmental and ecological objective
(Lai, 1994; Tzeng et al., 1998). However, since the planning or research with single
economic objective does not take into the account of environmental resources
management, it will be easier to trigger the subjective bias of environmental
development, causing the conflict between ecological and economic development
factors. The coastal area belongs to a highly sensitive area, and it will be the
development center of human activity in the future. In the past, it obviously lacked the
consideration and balance of multiple objectives by using the single development
objective as a developing guild for economic. So, it should move towards the common
development objective, such as economy, society, humanity and ecology etc. in order
to carry on a combining coastal land use and planning for the development decision of
coastal area in the future. In the planning of multiple objectives, a lot of objectives are
being measured at the same time in the decision-making process, which helps balance
the issue among many conflicting objectives. The analyst offers a lot of information
and feasible alternatives to the policymaker. Finally, the optimal conclusion is made in
accordance with the evaluation of policymaker (Tzeng et al., 1991).

This research wants to set up a decision way for the mutual integration of coastal
ecological environment and rational land-use alternative. In order for the operators to
take the development scale of coastal land as a reference for their investment, the
objective of satisfying the ecological conservation, social psychology, economic
efficacy, and environmental protection is achieved through the multiple-objective
mathematical planning method. After the rational solution is created by taking into
account the ecological environment and social psychological objective, the impact of
coastal development on the ecological environment and social psychology will be
minimized, and the requirement for development efficacy of coastal development can
be met and satisfied at the same time.

This research will analyze the function value of coast by screening the functional
index first, and then use it to summarize four objective functions including ecology,
water quality, landscape, and economic. Finally, it utilizes the multiple-objective
planning method to get the optimal solutions of every land use area. Based on this
analysis result, the best possible use area for each type of land under the optimal load
constrain can be determined according to the objective preference degree of
policymaker, so it can be used as the basis for managing coastal environmental
resources. After applying it to the case study for the coastal area in Hsinchu, the
optimal solution of every land use area under every preference can be obtained. After
the result is reflected on the ecological planning theory, it can be found that the
developed land for households, industry, recreation, and transport etc. can be regarded
as the appropriate use area along the coast. This area, the environmental buffer area of
agriculture, and natural conservation area that are ecologically protected will each



dedicate about one third of the environmental protection situation. Employing this
method to control the total amount of coastal land will be more flexible and meet the
fundamental spirit of ecological protection.

1. Establishment of Model Structure

This research will establish the objective of coastal environment in accordance
with the characteristics of coastal resources. It will be integrated into the development
model of coastal land use. The corresponding development amount of land use in the
coastal environment will be measured under the mutual conflict of various objectives.
The basic concept of four objective functions and five constrains will be described in
detail as follows.

1. Objective function

As for the development of private sector, most motive and objective for the
coastal development is to pursue the greatest economic benefit. The impact on the
ecological environment in the surrounding area is seldom concerned. But as the
degree of demanding higher environmental standard by the people rises day by day,
the public department should respond to the developing behavior of private sector in
the policy with consideration.

As for the development of coastal area, the main region should be the one with
natural resources or development potential. In order to achieve the protection and
sustainability of resources, the principle which states that the conservation is more
important than development for the use of coastal resources should be applied. In
order to reduce the negative influence on coastal resources resulted by coastal
development, the environmental supply aspect will be used as the constraint
condition.

This research is conducted in accordance with the recommendations specified in
“The Planning on National Technological Project of Ecological Engineering” by
relevant experts and scholars in environmental planning, coast engineering, ecosystem,
and wetland conservation etc. (National Science Council, 2004), as well as past study
results on the environmental function index of coast and wetland (Yen et al., 2005;
Yen et al., 2007). The coast has the functions of hydrology and chemical circulation
such as purification of water, prevention of flood, protection of coastline, makeup of
groundwater to water-containing stratum etc. The coast is called the “biological
supermarket” (Mitsch and Gosselink, 1993), which is where the vast food chain and
abundant biological diversity exist, so it also has the function of ecology. In recent
years, due to a large amount of coastal land being exploited and the implementation of
two days off per week, the coast is not only an activity center for general people, but
also the best place of leisure for outside visitors, so its function value of recreation is
increasingly important (the functions of coast are summarized in Table 1). From the
description mentioned above, single economic objective should not be used as the
trend for the development of coastal area; the ecological conservation and
hydrological purification should be fulfilled, and the security of peripheral people in
the coast and the satisfaction of visitor should be improved. Thus, this research
summarizes four major objective functions for the establishment of coastal ecological
environment and the integrated model of land use consist of those four functions:
ecological conservation ability, water pollution degree, preference for landscape
perception, and economic function value. Their contents are described as follows:



(1) Maximum ecological conservation function

As for the habitat of species, when a bigger patch is divided into smaller patches,
the inside habitat will be changed, causing the size and the number of different inner
groups to be reduced. The patch size is the main parameter for studying the
characteristics of landscape, because it directly affects the amount of living beings per
unit area, the productivity and storing amount of nutrient, and the species composition
and species diversity (Forman and Godron, 1986; Marsh, 1991; Forman, 1995;
Bourgeron et al., 2001). As for a specific species, a larger patch will have a larger
community compared to a smaller patch, so the regional extinction is not easy to
occur in the larger patch. On the contrary, if the patch is too small, the probability for
regional extinction of species will be increased. This happens mainly because that the
larger patch consists of more habitats, allowing more different species to coexist
compared to a smaller patch, and the regional extinction is not easy to occur (Forman
and Godron, 1986; Forman, 1995; Dramstad et al., 1996). From the above-mentioned
description, it is known that if the patch size is larger, the conservation ability will
also be higher. On the contrary, if the patch size is smaller, the conservation ability
will be lower. So, this research takes the study, The Ecological Index of Landscape,
conducted by Forman (1995) as a reference, and selects the mean patch size (MPS)
related to land-use area as the index for evaluating the ecological conservation
function of coastal area.

The MPS is employed as the evaluation standard of ecological conservation
ability in the objective function of maximum ecological conservation function. If the
MPS is larger, then the scope of ecological influence will be more concentrated, and
the conservation ability will be better. So it is defined as the characteristics of looking
for maximum.

(2) Minimum water pollution degree

The pollution degree of coastal water is an importance index of assessing the
environmental quality in the coastal area. There are many methods to measure water
pollution degree. For example, the dissolved oxygen (DO), biochemical oxygen
demand (BOD), chemical oxygen demand (COD), total phosphorus, ammonia
nitrogen, suspended solid and coliform etc. (Canter, 1977). The amount of oxygen
dissolved in water is called the dissolved oxygen. The fish and shellfish can only
breathe in the oxygen dissolved in water. The microorganism will also use part of
oxygen dissolved in water to decompose the organic substance into simple substances.
The amount of oxygen consumed by the microorganism for decomposing the organic
substance is called the biochemical oxygen demand (BOD). If there are more water
pollutants, the BOD will be higher. A good water area must have high DO and low
BOD.

When the function is established, it is necessary to consider if the information is
easy to be extracted, and whether the water quality model is reliable or not. After
various water quality parameters are assessed, this research select more reliable and
common BOD-DO model as the water quality model (Canter, 1977). But considering
that the velocity of water flow is fast for the rivers on the western coast in Taiwan, the
DO can be kept above the standard of water, so this research uses the BOD as water
pollution index, and it is defined as the characteristics of looking for minimum.

(3) Maximum landscape perception preference
Often, the issue of social and psychological aspect is not considered for the
coastal development. This research will use the investigation method of “scenario



feeling degree” to study the landscape perception preference of outside visitor on the
coastal environment. In the estimation methods of landscape preference, the most
familiar and popular one is the Scenic Beauty Estimation (SBE). The SBE was
proposed by Daniel and Boster in 1976. It is considered that the landscape perception
of mankind depends on the beauty experience of landscape and the beauty judgment
standard (Schroeder, 1984). Among them, the beauty experience is influenced by the
landscape beauty, and the judgment standard is different due to the influence of past
personal experience and environmental background. In order to eliminate the error
due to the use of different judgment standards, the SBE is proposed.

This research adopts the environmental perception scales established by
Schroeder in 1984 as the standard of SBE. According to the category scales, the equal
distance scales of psychological attribute is established from the judgment of subjects
directly. The subjects are asked to classify or grade the landscape pictures according
to the category or rank of how the questionnaire is designed. Finally, the constructed
scales is used to calculate the landscape perception preference function of land-use
item, and larger preference value represents higher landscape value, so it is defined as
the characteristics of looking for maximum.

(4) Maximum economic function value

The coastal land development will create external effects because of the
environmental resources, making it difficult to directly estimate its economic efficacy
from the cost. The value (V) is the ratio of the external function (F) to the internal cost
(C) (V = FIC), and the external function value is the objective cost value (Li, 1995).
So, if the external function of land development can be quantified by the estimation of
objective cost, the unit value of every land development can be estimated by dividing
it into the unit cost. This value can be regarded as the economic efficacy of land
development, which is the unit development efficacy obtained from the investment
per unit cost. Because it is a unit ratio, when it is multiplied by the land use area, the
economic efficacy of land development can be obtained, and the sum of objective
equations will be the total “economic function value” of land development. This
research will use the sum of function value of every land use category as the objective
function for the assessment of economic efficacy of land development, and it is
defined as the characteristics of looking for maximum.

2. Constrains

Through the objective function, the development efficacy of coastal land
searched by the planner can be achieved while maintaining the balance between each
objective. But in reality, the development scale of coastal land often depends on the
upper limit of regulation allowance and other constrains. Therefore, this research
considers the influence of objective environment based on the setup of planning
objectives. After both the land use zone and permit category are determined,
according to the use area of coastal land, land use category and specification,
ecological conservation, and recreation plan, the most suitable development scale can
be sought in order to obtain the balance of every objective.

This research regards the coastal area as the main research subject. As for the
constrains of development area and the objective conditions of developer, total area of
coastal region, the upper limit of total allowable development area, the upper limit of
every land use area, and the lower limit of every land use area are being considered
respectively. They are described as follows:



(1) Total area of coastal region
In the research field, the sum of every land area should be equal to total area of
coastal region. So, total area of coastal region is considered as a restraint condition.

(2) The upper limit of total allowable development area

In order to prevent over-development, total allowable development area should
be restrained (such as residential land, industrial land, recreational land, agricultural
land, transport land etc.). The upper limit of total allowable development area is
obtained by subtracting the restrained development area (the environmental sensitive
area) from total area of coastal area.

(3) The upper limit, lower limit of every land use area

Total area of every land use zone in coastal area should has the constrain of
upper limit and lower limit according to its current development situation, regional
characteristics and future policy requirement and direction. This restraint condition
not only can comply with the actual development requirement, but also can avoid the
infinite large or small objective function.

I11. An Empirical Example for Integrating the Coastal Area
in Hsinchu City

According to the four objective functions mentioned before (maximum
ecological conservation function, minimum water pollution degree, maximum
landscape perception preference, and maximum economic function value), and four
restraint functions (total area of coastal region, the upper limit of total allowable
development area, the upper limit of every land use area, and the lower limit of every
land use area), the coastal area of Hsinchu with vast wetland is selected to conduct the
case verification. After relevant factors are derived, the complete objective functions
and restriction functions are established.

1. Description for the background of case

The west border of Hsinchu City is Taiwan Straits. The coastline starts from
Nanliao in the north to Nankang in the south, which is about 17 km in length. It
belongs to the type of emergence coast. The muddy beach land in intertidal zone is the
largest coastal wetland in northern Taiwan. A large number of shrimps, crabs and
shellfishes attract large quantities of aquatic birds in more than a thousand hectares of
intertidal zone. According to the statistics, there are 274 kinds of birds and 43 kinds of
crabs (Hung and Ho, 1999), especially in the Hsiang-Shan intertidal zone that lies
between Koya River and Nankang Creek. It is a rather crucial location for the aquatic
birds while they migrate from eastern Asia (Wetlands International, 1996), showing its
importance to the balance of ecosystem of this wetland.

In recent years, Hsinchu City government promotes the project titled “17
Kilometers Sightseeing Belt along the Coast” in order to encourage people to
experience the eco-tour and cognition of coastal resources. Provided the observation
of the city development at its present stage, it can be seen that the economic growth
has been significantly increasing yet restricted to a scarcity of available hinterlands, so
Hsinchu, the city that pays great attention to both technology and humanity, has
proposed a sightseeing development project that will impel the exploitation of coastal
land and release the pressure from endless city expansion and high population. In



addition, the pollutants from city area are increased suddenly and violently, which
eventually diffuse to the coastal area. The problems such as the declination of feeding
sector, environmental pollution, resources competition, and incompatible land use
continue to occur, showing the defect and careless omission in environmental
resources management of coastal area in Hsinchu City. How to get the best balance
point and space distribution model of coastal land use under natural ecological
environment and social economic efficacy will be an important issue when making
the decision for the future coastal planning in Hsinchu City.

This research will take the coastal area of Hsinchu City as an example, which
will conduct the study on the integrated model of coastal ecological environment and
land use. Both ocean and land-based region overlap with the coastal area, so the
geographical range seems quite ambiguous and complicated, and its width can even
change over time; in other words, it is comparatively difficult to get the boundary of
the scope. This research refers to the definition of relevant coastal scope, and the
environment with significant changes is used as the boundary line. The land scope is
drawn by “the highway or obvious places like administrative boundary line and
booked property line”, while for the sea scope, “a certain depth of water” is used as
the boundary line. So, the scope for coastal area of Hsinchu City is determined from
the estuary of Toechin River in the north, the border of Hsinchu County and Miaoli
County in the south, No. 61 Provincial Highway (Siebin Highway) and No. 1
Provincial Highway in the east, to the isobaths line of 30 meters of sea area in the
west (as shown in Fig. 1). The area of research scope is about 1,534 hectares, which
covers part of the city plan area of “Special District Planning of Hsinchu Port” and
“Master Plan of Hsinchu City”. The area of urban land is about 300 hectares, which
accounts for 19.58% of the total area. That of non-urban land is about 1,234 hectares,
which accounts for 80.42% of the total area, wherein most land remains as
Hsiang-Shan wetland.

According to the investigation result for present situation of coastal land use in
Hsinchu City by this research, and the reference of domestic and foreign standards for
the classification of coastal land, this research divides the coastal land use type of
Hsinchu City into six categories, including residential land, industrial land,
recreational land, agricultural land, conservation area, and transport land. The area
and the content of use are shown in Table 2. There are 512.6 hectares of vacant land
and wasteland, which have not been listed in the wetland of conservation area, so it is
divided into the unused land.

2. Setting-up of the objective functions

As for current situation and characteristics of coastal area in Hisn-Chu City, the
coefficients of every objective function are derived, and the objective functions of
maximum ecological conservation function, minimum water pollution degree,
maximum landscape perception preference, and maximum economic function value
are established (where x; represents the area of residential land, x, represents the area
of industrial land, x5 represents the area of recreational land, x4 represents the area of
agricultural land, xs represents the area of conservation area, and xg represents the area
of transport land)

(1) Maximum ecological conservation function

If the mean patch size is larger, the environmental impact will be smaller, the
conservation ability will be higher, and the regional extinction is not easy to occur.
This research considers a patch (see Fig. 2) as an area enclosed by obvious boundary



lines (such as road, developing zone border, water area) in accordance with current
investigation of land use and aerial photo (Aerial Survey Office, Forestry Bureau,
Council of Agriculture, Taiwan, 2003-2004).

According to the number of patches, the mean patch sizes of coastal developing
patch (development area with high activity, including the land used for house, industry,
recreation, and transport) and non-developing patch (the land with low degree of use,
such as land used for agriculture and conservation area) are obtained. The sum is the
area of mean patch sizes. The objective function is shown in Table 3 (Eq. (1)).

(2) Minimum water pollution degree

The BOD per unit area of every development item is used as the coefficient for
every land use item in the objective function of minimum water pollution degree,
according to the investigation and inspection results. Among them, the building land
covers the residential land, industrial land, and transport land, so the output of
pollution amount per unit area of building land includes all three coefficients. The
conservation area xs is a non-developing area, where no pollution is detected, so the
BOD is taken as zero. Its objective function is shown in Table 3 (Eq. (2)).

(3) Maximum landscape perception preference

As for the humanity value, this research adopts the SBE to assess the landscape
perception preference. The scenario simulation diagram of developed coastal area is
used to investigate the landscape perception of general people. As for the investigation
method, the photos of present coastal situation at the same place are used as base
diagrams, and they are firstly combined to form six kinds of land use scenarios, and
then divided into four kinds of development degrees. It is shown in widespread photo
in order to let the people select scenic beauty preference. After the result is obtained,
the SBE is used to get the value Z of scenario simulation.

According to the mean value of Z, the interpolation method is used to estimate
the perception score under different proportion of area for every land use item. Finally,
the regression analysis is conducted for the parameter of this partiality and area ratio
in order to obtain the landscape perception preference function for every land use area.
It can be used as the coefficient of every land use area in the objective function. The
objective function is shown in Table 3 (Eqg. (3)).

(4) Maximum economic function value

The value of external function for every land use in coastal area is the value of
objective cost for every land use. So, it can be obtained by sharing the total
development cost of coastal land according to the importance degree of the objective
function. This research employs the fuzzy AHP method to evaluate the importance
degree of objective functions. 24 experts and scholars (coastal engineering, ecological
landscape, and environmental management) are invited to score the importance degree
of external functions. The geometric method is used to get the mean value, Wj.
Multiply it by the total cost of land development to get the evaluation value of the
external function for every land use. Finally, the coefficient of function value per unit
area of every land use can be obtained from the ratio of real cost of the coastal land
development.

The information provided by relevant government authorities and units helps
summarize the statistical data for the development and maintenance cost of every land
use. The average unit price for the development of various lands in coastal area is then
extracted from the data, and used as the real cost C; for the development of every land.



Due to the maximum characteristics of economic function value, the optimistic
evaluation value wj is selected from Wj to calculate the objective weight of external
function assessment value Fj. As for every land use, the external function assessment
value is determined by Fj=wj*G, where G is total (mean) cost of land development
(=79,428,266). The ratio of Fj and real cost of land development Cj is the coefficient
for the function value per unit area of every land use.

The following objective function can be obtained by multiplying the coefficient
of function value per unit area of every land use and the area parameter of every land
use xj in Table 3 (Eq. (4)).

3. Establishment of constraints
There are four kinds of constraints in this research. The following constraint
functions are established in accordance with the contents of constraints:

(1) Total area of coastal region
The total area of this research scope is 1534.2 hectares, so the constraint function
for total area in the coastal region is shown in Table 3 (Eq. (5)).

(2) The upper limit of total allowable development area

According to the “Comprehensive Development Plan of Hsinchu City” (National
Chung Hsing University, 1997), the area of development constrained area (the
environmental sensitive area) is 367.3 hectares. The development constrained area is
subtracted from the total area to get the total allowable development area of 1166.9
hectares. This constraint function is formed by five different categories; residential
land, industrial land, recreational land, agricultural land, and transport land, which are
shown in Table 3 (Eq. (6)).

(3) The upper limit of every land use area

According to the “Comprehensive Development Plan of Hsinchu City”, the
optimal development area for land use in Hsinchu City shall be dissected into 100
hectares of recreational land, 603 hectares of residential land, and 288 hectares of
industrial land. These three land use classifications will be used as the upper limit of
every land use area.

In order to react to future development, the agricultural land and transport land in
the coastal area of Taiwan will be less in area than the current situation according to
present characteristics and trend of development. Especially after the Siebin Highway
is finished, it does not contribute to a high use rate but a great hazard to the
environment. So, this research regards the current situation of these two kinds of land
use as the upper limit of development. As for the conservation area, along with the
trend of development constrains on the coastal area, it should embrace the adjacent
environmental sensitive area. As a result, 510.7 hectares of present conservation area
are added to 367.3 hectares of the environmental sensitive area to get 878 hectares of
total area, which will be used as the upper limit for the area of conservation area.

Every constraint function is shown in Table 3 (Egs. (7)-(12)).

(4) The lower limit of every land use area

According to the characteristics and trend of development, the future
development area of residential land (x;), industrial land (x.), recreational land (xs),
and conservation area (xs) will be larger than the existing area. So, this research
regards current situation of these four kinds of land use as the lower limit of
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development.

As for the agricultural land (x4), this research regards the food demand (self
satisfaction) of farmers in the coastal area of Hsinchu City as the lower limit of
development. According to the “Outline of Statistics in Hsinchu City” (Hsinchu City
Government, 2004), the average consumption of rice per person is 87.9 (kg/year), the
average output of rice per hectare is 3768.5 kg, and the population of farmers in the
coastal area is about 3,751, so the minimum agricultural area demand is
3,751*87.9/3,768.5 =87.49 hectares.

As for the transport land (xs), the average density of road land is used as lower
limit in Hsinchu City. According to the “Urban and Regional Development Statistics”
(Economic Construction Committee, Taiwan, 2004), the average density of road land
in Hsinchu City is 18,057.7 (m*km?), and the total area of coastal region in Hsinchu
City is 1534.2 hectares, so the minimum demand of transport land is
1,534.2*0.0180577=27.7 hectares.

Every constraint function is shown in Table 3 (Egs. (13)-(18)).

4. Integrated analysis of space planning

The integrated model for ecological environment and land use on coastal
planning established by this research contains 4 objective functions (where 3 linear
functions, 1 nonlinear function), 8 constraint functions and 6 parameters. The
“LINGO” software and personal computer are use to solve the above-mentioned
multi-objective model to get the compromise solution that satisfies the objective and
constraints.

As for determining the objective value and the distance measurement method for
efficiency extreme solution, this research adopts a minimum distance measurement
way that measures the difference between the objective value and ideal solution
(Zeleny, 1973; Yu and Zeleny, 1975). It is expressed in Table 4 (Eq. (19))

By solving every objective function, the optimal solution Zk* (under MAX
condition) can be found. Under the assumption that both p and wj are 1, the optimal
solution of shortest distance (Lp) can be calculated (as Eq. (20) in Table 4) (Tseng et
al., 1998). This solution will be the optimal solution which satisfies the objectives of
maximum ecological conservation function, minimum water pollution degree,
maximum landscape perception preference, and maximum economic function value
as well as every constraint condition. It will be the optimal development alternative
for land use of coastal area. The solutions are tabulated in Table 5.

Present agricultural land and transport land have already reached the optimal
scale under the condition that every objective function is satisfied; there is no need for
any further expansion of the two lands. Also, though the residential land and industrial
land that are highly active are still expandable, they should be restrained to proper
scale since the allowable scope is limited. Only the recreational land and conservation
area have larger development flexibility. The promotion of relevant policy and
development plan in the future should lean towards ecological tour and sightseeing
activity that are mainly non-long residence type and low active in order to satisfy the
conditions of various objectives.

General coastal development only considers the economic efficacy and the
degree of water pollution, which is why this research concerns more about the
objectives of ecological conservation and landscape value, in order to get the optimal
solution. From the aforementioned results, it is found that when the ecological
conservation is paid more attention, the variation for the area of land use will be larger.
It shows that the influence on land use area is greater for the ecological conservation
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objective, so the policymaker must notice and account for it. As for the landscape
value, although the change is relatively small, in recent years Hsinchu City
Government has been greatly promoting the coastal sightseeing and recreation that are
going to attract a lot of tourists. So, the perception of tourists on the coast in Hsinchu
City will become an important index for the coastal sightseeing and recreation quality
in the landscape view aspect. Summarized from the above-mentioned analysis, this
research considers the optimal solution for the coastal land use in Hsinchu City as the
balance among four objectives proposed by this research. Its result and change of
present situation are described as follows: The residential land can be increased from
78.6 hectares to 97.6 hectares for the best situation; 28.9 hectares to 58.1 hectares for
the industrial land; 2.9 hectares to 100 hectares for the recreational land; no change
for the agricultural land; and 510.7 hectares to 878 hectares for the conservation area,
while the transport land can remain the same situation.

As for the planning result, though there is an increasing space for the residential
land and industrial land, most of their land can be absorbed by undeveloped urban
land at present. It will not influence the quality and quantity of the environmental
sensitive area. On the contrary, it will be favorable for the land to be used sufficiently,
avoiding the waste of unused land. However, one must pay special attention to the
category control of land use upon developing. As for the coastal area, the industry
land should be mainly used by low polluting industry without influencing the
neighbors; examples like the specialized light industrial district and logistics center
must be managed centrally and be conducted through the environmental impact
assessment in order to reduce the load of the land and environment.

I\VV. Conclusions

The development category for land use of the coast area is very complicated. The
overall consideration, especially in the aspect of ecological environment and
landscape value, was often neglected in coastal preplanning or development research.
Therefore, in order to study the optimal developing amount of land use for each
coastal area, this research marks these two objectives as the focal point, and utilizes
the multiple planning method to construct an integrated objective model which will
incorporate both the costal ecological environment and land use, provided that the
water pollution and economic function objective are taken into consideration.

1. The coastal resources in Hsinchu City are abundant, and Hsinchu City Government
highly encourage the coastal sightseeing in recent years, so this research concludes
that apart from the objectives of water pollution and economic function, the
objectives of ecological conservation and landscape value are also the key factors
for future coastal development of Hsinchu City. Thus, this research selects these
four objective functions as the operation model. The compromise planning method
is employed to get the compromise solution which is closest to the ideal solution.
The best result of balanced land use is taken as the optimal development area for
the use of coastal land in Hsinchu City. Its calculated results for the optimal land
use are: 97.6 hectares of residential land (6%), 58.1 hectares of industrial land (4%),
100 hectares of recreational land (7%), 331.6 hectares of agricultural land (22%),
878 hectares of conservation area (57%), and 68.9 hectares of transport land (4%).

2. In the objective function of maximum economic function value in this research, the
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experts and scholars consider that the conservation area and agricultural land are
very important for the coastal area, but the maintenance fee paid by city
government is fairly low, which makes the coefficient of the function value
noticeably higher. In other words, the benefit of agricultural land and conservation
area is mostly external effect, which is unable to reflect the real cost. Therefore, if
the government does not pay attention to its importance, the precious resources
might be lost and cannot be remedied.

3. From this research, it is known that if the patch size is larger, the conservation
ability will be higher. Although Hsinchu City Government sets up many
recreational facilities around the coastal area in recent years, which has attracted a
lot of tourists, but most facilities are close to the conservation area dispersedly,
causing the discontinuity of biological habitat and a large impact on the natural
environment of the coast. Thus, this research recommends setting up the specific
recreational area that is centralized and staying intact in the area, while the
landscape perception preference is planned according to the result of investigation
on people who live in the recreational area. Therefore, the destruction of biological
habitat can be reduced in order to improve the ability of ecological conservation.

4. The investigation result of landscape perception preference in this research shows
that even though the people obviously prefer the enlargement development of
recreational land, the preference degree does not grow linearly. As a result, the
perception of user must be considered before developing the recreational land at
the coast site, so that the recreational area will not be overdeveloped.

5. General coastal development only considers the economic efficacy and water
pollution degree. This research has especially to consider the objectives of
ecological conservation and landscape value in order to get the optimal solution.
From the research results, it is found that when the ecological conservation is paid
more attention, the variation for the area of land use will be larger. It shows that the
influence on land use area is greater for the ecological conservation objective, so
the policymaker must be aware of it and take it into account. As for the landscape
value, even though the change is relatively small, the government of Hsinchu City
has been greatly promoting the coastal sightseeing and recreation over these years,
so it certainly will attract a lot of tourists. Consequently, the perception of tourists
on the coast in Hsinchu City will act as an important index for the coastal
sightseeing and recreation quality in the aspect of landscape view.
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Table 1 Summary for the functions of coast

Function Items Content
- The coastal area is the area with high productivity, and it is
2 . the bearing stage of a lot of economic marine organisms. In
o Production o h | he miarati
= function addlt_lon, the coastal area then becor_nest e migration route
E of migratory birds, and it is also the important habitat of
S birds.
HSJ Capacity | It can hold the human activity, and it can store, dilute, and
function | filter the organic and inorganic pollutants.
Keep the dynamic equilibrium at the interface of fresh water
- Balance | and sea water in underground layer of coastal area, prevent
25 function | the penetration of salty water, and avoid the sudden change
S8 or deterioration of the coastal ecological environment.
S & R The chemical purification function of waste and the
T Purification . . . .
function metabolism function of organism or ecosystem. Purify water
quality, and maintain the normal circulation of hydrology.
- Possess the marine biological resources, mineral resources,
% energy, shallow sea cultivation resources and land resources
5 . etc. Because its natural characteristics, the coastal area can
= Economic . A -
L . be used for industry, energy facility, inhabitation and
S function - . . .
S building development, industrial development and operation,
USJ port and transportation, sightseeing and recreation, military
equipment etc.
- Recreational | Offer the recreation place for public hydrophilic space and
5s function | help release the stress of body and mind.
% E Educational | The lively natural classroom that offers research resources to
o function | observe and collect samples.
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Figure 1 Current distribution of the coastal land use in Hsinchiu City
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Table 2 Coastal land use classification of Hsinchu City

Items Area ( Hectares ) Content
Residential land 78.6 -hou-se, -shop market, restaurant, temple, church,
institution
Industrial land 28.9 factory, sewerage, landfill, waste incinerator
Recreational 2.9 scenic area, park, coastal recreation
land
Agricultural 331.6 Paddy, upland, orchard, fish farm, pastureland
land
Conservation 510.7 animal conservation area, plant conservation area,
area restoration park
Transport land 68.9 roadway, railway, stations
Unused 512.6 vacant land, wasted land, unclaimed wetland
Total 1534.2
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Figure 2 Current distribution of the developing zone in Hsinchiu City
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Table 3 Objective functions and constraints

Items Equation ESE\&;SQ
Ecological X, + X, +Xg+ X X, +X 1
conservation | maxZ, = —+——=2—3 "0 44 5 (L

function 309 181
Watfg pollution | minZ, = 253.9x, + 253.9%, +109.8x, +152.0X, +253.9%, (2)
egree
Landscape maxZ, = [ -2.1688 x,-1.0981 ] + [ -0.4633Ln( X, )-3.6549 ] + [ -5.795x? | (3)
perception +6.7532x,-0.1626 ) + [ 1.8315x,-0.0554 ) + [ 2.1652x,+0.1629 ] +
preference | (_0.6038Ln( x, )-3.4157 )
Eeconomic maxZ, =0.150%, +0.535%, +1.8531x, + 7735851, + 7.5116x, +0.7162%, | (4)
function value
Total area X, + X, + X5 + X, + Xg + Xg =1534.2 (5)
Total allowable | x +x, +x, + X, + X, <1166.9 (6)
development
area
X, <603 (7)
X, <288 (8)
The upper limit Xy < 100 (9)
of every land 10
use area X, <331.6 E 113
Xs <878
(12)
Xs <68.9
X, >78.6 (13)
X, >28.9 (14)
The lower limit X3 > 29 (15)
of every land 16
use area X, >87.49 E 17 %
>
Xs >510.7 (18)
Xg = 27.7

20




Table 4 The objective value and the distance measurement method

Items Equation Eguma;::;g
N p v (19)
min L,(z(x)z" )= ij[zj(x)—Z}‘] ,for 1<p<ow
Xe j:l
where :
: L, is the distance between the objective value Z (x)and
Distance P .
measurement the optimal solutions Z
way ) o .
Z,(x) isthe j " objective function
S s the sets of feasible solution
w; is the of weight of the | ™ objective function
p is parameter
The optimal N (20)
solution of ; x x
Ahortest ryelsn!Lp (Z (x),Z ):{; [Z (x)-2; ]} }
distance (L;)

21




Table 5 Solutions to each objective function.

Unit: hectares

Items |Residential | Industry |Recreation |Agriculture (Conservation | Transport Optimal
land land land land area land solutions
Xl X2 X3 X4 X5 XG Z:
Z 223.9 28.9 2.9 331.6 878.0 68.9 7.73
Z, 78.6 77.1 100.0 331.6 878.0 68.9 118409.10
Z, 168.0 28.9 100.0 331.6 878.0 27.7 2296.00
z, 78.6 77.1 100.0 331.6 878.0 68.9 143587.80
Lo 97.6 58.1 100.0 331.6 878.0 68.9 13444.14
Current
Status 78.6 28.9 2.9 331.6 510.7 689 | -------
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Abstract

Wetlands are natural buffer areas crucial to the protection of coastal environments, especially for an
island country like Taiwan, Japan, Ireland, Norway, etc. in which land resources depend on wetlands
for protection. However, current land zoning is unable to effectively prevent the coastal wetlands from
being damaged. As sensitive lands, the survival of wetlands relies heavily on environmental
surveillance and sustainable management for protection from development. Therefore, a
management system with building criteria standards for performance indicators based on sustainable
managerial concepts would be an essential tool for achieving the goal of wetlands conservation. The
purpose of this study, then, is to establish criteria standards for performing coastal wetlands
preservation and, by means of Grey Relational Analysis Model (GRAM), to obtain the performance
indicators of higher independence, representative and availability or ease of data collection that can
serve as a guide for future study by a hierarchical management and quantitative evaluation. Among
the 22 initial indicators for wetland environmental functionality, which are primarily based on the
definition and functionality of wetlands preservation, then seven indicators are obtained of
applicability for the coastal wetland performance management. Finally an empirical case is illustrated
to test and show our proposed indicators which can be used in the feasibility and validity. In other
words the extracted indicators by this study can be used to manage the coastal wetland environments
where there is high extent of informational uncertainty, significant difficulty gathering data, ambiguous
correlations among functionality indicators, and vulnerability to subjective definition.

Key Words: Coastal wetland, wetland preservation, sustainable management, criteria standards,
grey relation, performance indicators



. Introduction

Wetland preservation is typically in conflict with development. Wetlands are natural
buffer areas and their importance has been well recognized by many countries. Advanced
countries, such as the United States, Canada, Australia, Japan and the most European
countries, have adopted sustainable management systems to protect their wetlands (Chiau,
1998a; Broll et al., 2002; Parish, 1997; Yamashita, 1994), implementing different levels of
wetland in accordance with wetland functions. However, in many years of development of
west coastal wetland, it is mostly for external use of land, but seldom for management on
inherent characteristics of land in preservation. The results in some environmental issues and
creates many land ecological problems being overlooked.

Agenda 21, was adopted by the United Nations Conference on Environment and
Development, its contents emphasized ecological land use and environmental planning and
management. Agenda 21 favored the use of sustainable development to resolve the conflict
between land use and resource protection (Chiau, 1999). Current land management systems,
such as Taiwan, etc., are still based on traditional land classifications and zoning and cannot
exert precise control over land-use and fails to protect the environment. The conventionally
adopted systems are particularly not applicable to resource management and preservation for
sensitive areas such as waterfront and wetlands. Criteria standards for performing coastal
wetlands preservation, which are substantial and flexible criteria for land resource utilization,
accommodate public interests while prioritizing the carrying capacity of the land (Kendig et
al., 1980). Criteria standards for performance apply quantitative measurements to identify the
acceptable degree (civic minimum) and desired/aspiration level of change in the natural
environment brought on by land-use activities (Tzeng et al., 1991; Huang, 1998). The
features of criteria standards for performance indicators are that land use plans and resource
management measures are combined. To respect carrying capacity of environment and
resources, criteria standards for performance indicators are developed to control the negative
effect of zoning and achieve the goal of coexistence of humans and their surrounding
environment.

This study, which adopts the concept of sustainable management, attempts to establish
the criteria standards for performing sustainable management of coastal wetlands. After
examining issues related to wetland resources, indicators that can investigate performance
management for different development activities were identified. Since wetland
environments are complex and dynamic environmental systems, there are numerous
obstacles to data collection. Thus, this study considers wetland performance management
systems as a Grey System. Under the condition of small sample with uncertainty, Grey
relation from Grey system theory is used to select criteria standards for managing the coastal
wetlands preservation. The method will increase the feasibility of the proposed research and
reduce subjectivity in manual operation of information. After the characteristics of the
performance indicators are selected by independence, data accessibility and simple operation,
these criteria standards for performance indicators are used as references to develop land use
zoning for coast. These criteria standards for performance indicators also used to review
policies and mechanisms for development and management on domestic wetlands, and help
establish the method of research for wetland classification, assessment and quantification.
Finally an empirical case is illustrated to test and show our proposed indicators which can be
used in the feasibility and validity. In other words the extracted indicators by this study can
be used to manage the coastal wetland environments where there is high extent of
informational uncertainty, significant difficulty gathering data, ambiguous correlations
among functionality indicators, and vulnerability to subjective definition.

The rest of this paper is organized as follow: In Section 2 the definition of wetlands and
environmental indicators are introduced. In Section 3, a selection criteria model for
performance management indicator is proposed. In Section 4, an empirical example for
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selecting the coastal wetland performance management indicators is conducted to illustrate
to demonstrate our proposed methods. Finally, in Section 5, conclusions are presented with
suggestions for further studies.

I1. Definition of Wetlands and Environmental Indicators

The section examines the importance of wetland environments to ecology and regional
development. A literature review is define and performed to elucidate the functional value of
wetlands and develop the wetland environmental indicators.

2-1 Wetland Definition and Function

Wetlands do not currently clearly define nor are criteria standards for performance
indicators agreed upon by even the public, governments or academic organizations
throughout the world (La Peyre et al., 2000). Thus, prior to proposing wetland performance
management criteria, this study begins by presenting the wetland definitions in international
treaties and laws and summarizes these descriptions and related regulations and standards
(Table 1).

Wetlands are transitional hybrid areas between a water and land. Wetlands are primarily
composed of hydraulic soils, aquatic vegetation and water. Thus, wetlands can be defined in
terms of hydrologic conditions, soil compositions and aquatic plants.

Wetlands are environmental buffers and ecological incubators. As an environmental
system, wetlands typically possess non-use functions such as water purification, water
regulation, boarder preservation and ecological preservation. Also, wetlands facilitate a
significant amount of sustenance and use functions in a social economic system. (Carter et al.,
1978; Novitzki, 1979). As wetland non-use functions are more valuable than use functions,
this study favors non-use functions in establishing a wetland management system. Non-use
wetland functions are as follows:

1. Water Purification

Wetlands filter water-borne contaminants. When river water carrying contaminants
passes through wetlands, aquatic plants in the wetlands slow water flow, absorb heavy metals,
causing contaminants to settle on wetland bottom and decompose eventually (Gosselink and
Turner, 1978). Furthermore, wetland plants absorb nitrogen and phosphorus to prevent
eutrophication and become nutrients for plant growth, and then plant photosynthesis converts
organic substances into energy and produces oxygen (Kadlec and Brix, 1994).

2. Water Regulation

Water regulation has direct impact on contents of hydrology. Wetlands operate as
sponges, through which permeation and compensation mechanisms provide stabilizing
effects on water sources by regulating underground water levels (Mitch et al., 1988; Davies
and Claridge, 1993). Wetland water regulation is also strongly related to wetland soil
constituent parts and structure. Because of the unique structure of wetland soils, water can be
preserved in voids and soils can retain sufficient space for respiration.

3. Waterfront Protection

According to previous research, maximum flood levels clearly increase with increased
land development; that is, the amount of time required to reach flood levels is significantly
shortened by development. When land development reaches 80%, maximum flood levels are
two times that before development. Such a phenomenon occurs because buffer mechanism at
water land boarder is lost and, as a result, the pervious layer disappears and runoff increases
(Price and Probert, 1997). The wetland flood reservation function nourishes aquatic plants
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and promotes soil fixation. This mechanism protects the water-land interface from tidal
erosion.

4. Ecological Incubation

Wetlands typically have muddy areas that are one to two meters deep, containing
organic substances produced by wetland plants which are the primary sources for wetland
ecological nutrients (Price and Probert, 1997). The abundant wildlife that live in wetlands
engenders a complex food chain.

2-2 Wetland Environmental Function Indicators

According to the elements comprising wetlands and their non-use functions, this study
uses hydroperiod, soil structure and aquatic plants as the three natural wetland components to
develop the wetland environmental function indicators. Table 2 presents a summary of these
function indicators.

1. Hydroperiod

Hydroperiods is a result of a balance between water influent and water effluent in
wetland. There is substantial variation in phenomenon over time. Hydroperiods has an
essential role in wetland structure and function. Hydroperiods affects numerous biological
factors and influences soil characteristics, that is to say, hydroperiods directly affects the
development of wetland animals and plants (Gilman, 1994; Gosselink and Turner, 1978).
The environmental function indicators for wetland hydrology primarily comprise
supplementary underground water volume, surface water inflow, assimilative capacity, tidal
effect, water level, water flow velocity, self-purification capability, influent and effluent
quantity and flood frequency.

2. Soil Structure

Chemical conversion occurs in wetland soil. For the majority of wetland plants, soil is
the primary source for nutrients (Mitch et al., 1988). Therefore, wetlands are very important
ecological systems in terms of substance conversion and nutrient circulation. The principal
functional factors of wetland soil are salinity, water quality, water saturation period, soil
porosity, nutrient effectiveness, soil erosion, contaminant sediment and organic substance
content.

3. Plant Ecology

Wetland plants are not necessarily passive. Dense plant growth can control wetland
water flow and related chemical and biological activities (Price and Probert, 1997). The plant
ecology indicators are vascular plant type, aquatic plant density, plant energy flow, plant
colony quantity, and animal colony quantity.

2-3 Wetland Developments and Environmental Impact

Wetland change or destruction typically affects three main factors of a wetland system:
water level, nutrition condition and natural disturbance (Chiau, 1998b). Change in any of
these factors by human activities will affect wetland ecology. Different land uses or
development activities impact wetland ecology differently. Based on a review of related
research, this study summarizes the types of environmental impacts due to various
developmental activities on wetlands. This study also provides a preliminary analysis of
impact type due to the influence of hydrology, soils and plants to elucidate how land
development or use activity impacts wetland environments. This analysis is used as a
reference for screening performance indicators. Table 3 presents a summary of the
environmental impacts.



I11. Selection Criteria Model for Performance Management Indicators—
Grey Relational Analysis

Building criteria standards for performance indicators, indicator selection largely
attempts to identify indicators that are representative, non-redundancy, minimal size,
simplified to use and availability or ease of data collection; these criteria will ensure their
feasibility and accuracy for further study. In typical study, two methods of indicator selection
are adopted: a brainstorming method such as the Delphi method; and statistical analysis such
as factor analysis, principal component analysis, etc. The most common technique for
brainstorming is to employ a cluster consensus process to select indicators recognized as
important. Although brainstorming is not restricted by whether an indicator is quantified,
however, this method is overly subjective and fails to resolve the drawback imposed by data
multicollinearity. Similarly, although statistical analysis can resolve the multicollinearity
problem among indicators and identify representational and independent indicators, however,
prior to any statistical analysis indicators should be quantified, the sample volume should be
large and have a normal distribution. In addition, statistical analysis fails to analyze the
indicator that has difficulty in obtaining sample data. Furthermore, tedious calculations or
reconfirmation of the composition of factor increases the difficulty in selecting indicators.

The grey system is a real-world system that can accommodate incomplete or uncertain
information. A small sample with uncertainty can be described in the grey system (Deng,
1989). Correlation grade is typically a relationship between two variables, functions, etc.
Grey relational analysis assesses the relationship between factors (grey relational grade) to
evaluate correlations among factors (Tzeng and Tsaur, 1994). Through such a correlation
grade differentiation, the independence of factors can be identified.

The grey relational analysis model is an influence measurement model based on grey
system theory which, in turn, is based on the following principles (Tzeng and Hu, 1996): (1)
the established model is a non-functional sequence model; (2) the calculation method is
simple and easy; (3) there is no strict requirement for sample quantity; (4) sequence data for
section characteristics do not require normal distribution with probability compliance; and,
(5) the correlation grade among sample data can be analyzed and conclusions made without
any conflict with qualitative analysis.

This study, therefore, adopts the grey relational analysis model as its indicator selection
method for building coastal wetland performance indicators and criteria standards. For
wetlands with complex environments, uncertainty of information and difficulty in data
collection, this methodology can identify simply representative wetland indicators. Then
criteria standards for performance indicators apply quantitative measurements to identify the
acceptable degree (civic minimum) and desired/aspiration level of change in the natural
environment brought on by land-use activities. Therefore, the proposed methods will be
presented as following. Basic assumptions and equations for grey relational analysis model
will be introduced in Fig. 1(Egs. (1) and (2)).

The grey relational analysis model in the previous section is used to construct the
operational flow process for following coastal wetland performance indicator selection:

1. Assessment of Indicator Performance Level

Due to difficulties in collecting wetland data, the sample data in the grey relational
factor set is obtained by wetland experts who have assessed the performance value ajx of each
wetland environmental functional indicator on wetland preservation (i is indicator item; k is
wetland expert type). The performance range is set at 0-100.

2. Establishment of Normalization Matrix for Performance Indicator
The purpose of normalization is to unify a data unit and level within a particular range.
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Because this study employs a small number of samples, the normalization methodology is
selected. The raw data value, then, is between 0 and 1. If indicator performance assessment
results in a performance value of ajx for the ith indicator for the kth expert under a specific
environmental impact condition, the matrix X after normalization is Egs. (3) and (4) (Table
4),

3. Calculation of Grey Relational Grade r(x0,xi)

After normalization of the indicators, Egs. (1) and (2) are applied to calculate the grey
relational grade r(x0,xi) for each indicator in a comparative sequence Xxi and its
corresponding value in the reference sequence x0.

4. Sequencing of Grey relational grade

First, a threshold value for grey relational grade is set as the standard. Then, the
indicators of grey relational grade below the threshold value are removed for the comparative
sequence indicators respecting to the same reference sequence. The remaining indicators,
which are all over the threshold value, are ordered from high to low values according to the
grey relational grade.

5. Clustering of Reference Sequence Indicator

The comparative sequence indicators with similar grey relational grade sequencing are
clustered according to the reference sequence indicator type. High correlation indicators can
then clustered together, as can the indicators with low correlations. Thus, the goal of
obtaining highly independent indicators can be achieved.

6. Selection of Representative Indicators

The standards for selecting representative indicators are as follows: (1) non-redundancy
among indicators; (2) minimal number of indicators; (3) typify of indicator; (4) economical
data collection; (5) controllability of indicator content; and, (6) comparability of indicator
(Tzeng and Hu, 1996). Based on these principles, one indicator out of clustered of proposed
indicators can be identified as the representative indicator.

IV. An Empirical Example for Selecting the Coastal Wetland Performance
Management Indicators

As an island, Taiwan has approximately 11,846 hectares of wetlands. Most coastal
development therefore is directly or indirectly related to wetlands. The range and degree of
impact on wetland environments differ for differ according to development type. This section
presents the representative indicators identified for references and control in the coastal
wetland management process. The established operational flow process is applied to the
performance management indicator selection model and the proposed wetland environmental
function indicators. These indicators are based on wetland definitions and functions under
different environmental impacts.

4-1 Establishment of Normalized Matrix

The proposed 22 wetland environmental functional indicators were integrated into a
survey, which was assessed by ten wetland environmental experts and ecological specialists
for indicator selection. The assessment results are normalized by Eq. (3). The indicator is
placed in a row in a normalized matrix established by the experts (Table 4).

4-2 Grey Relational Grade Calculation and Sequencing
Data (Table 4) are sequenced for each indicator as the reference sequence. Equations (1)
and (2) are used to obtain the grey relational grade for the indicators under each reference
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sequence. The section is uses supplemental ground water (W1) as reference sequence
example to describe the sequencing results of grey relational grade for comparative sequence
indicators corresponding to the reference sequence indicator (W1).

1. Calculation of Grey Relational Grade r(W1,Wi)
2. Grey Relational Grade r(W1,Wi) Sequencing

The threshold value of grey relational grade is set at 0.78 according to selection criteria.
Indicators over the threshold values are sequenced in decreasing order as follows: W8, W16,
W3, W12, Wis, W17, W10, W14, W5, W20, and W21.
3. Clustering of Performance Indicator

Repeating steps 1 and 2 for grey relational grade calculations and sequencing obtains
the comparative sequence indicator result for each reference sequence. The comparative
sequence indicators with similar sequencing are clustered as are those with high correlations.
Table 5 lists each reference sequence indicator in the same cluster as W1 and the comparative
sequence indicator sequencing results. The Tables shows the similarities in comparative
sequence indicator sequencing. The six corresponding values in the normalized matrix to the
reference sequence are plotted as a broken line. From Table 5, the similarity among W1, W5,
W8, W12, W16, and W20 is identified.

4-3 Selection of Performance Management Indicator

Following the calculation in Section 4-2 the 22 wetland environmental functional
indicators are clustered into seven categories (Table 6). Then one indicator in each category
is selected as the representative indicator by applying the six principles of selection for a
representative indicator with consideration of data availability, indicator controllability,
minimization of indicator and repeating relationships among indicators (Table 6).

V. Conclusions

Increasing urbanization is gradually destroying Taiwan’s western coastal wetlands.
Most advanced countries recognize the importance of wetland preservation. If effective
wetland management measures are not instituted, the roughly 20 remaining wetlands in
Taiwan will likely disappear. This attempted to develop an effective wetland environmental
management standard despite the lack of wetland environmental data and related research
activities. Grey System Theory was applied to identify a coastal wetland performance
management indicator. Such representative indicators should provide a reference for further
management system planning.

5-1 Findings

1. Wetlands systems are composed of three indivisible elements: hydrology, soils and plants.
Thus, when establishing wetland environmental management systems, the interaction
among these elements must be understood. According to this study’s wetland definition and
wetland functional conditions, this study proposes that environmental functional indicators
for hydroperiod, soil structure and plant ecology.

2. The study applies the Grey System to resolve particular issues, such as difficulties in
obtaining wetland environmental data and the uncertainty in management indicators, and to
make the management indicators more available. The performance management indicator
selection model established by applying grey relational analysis is more objective and fair
than the common brainstorming or normal distribution methodologies.

3. Wetland environments are complex and their major components are inter-related. The
selection of a wetland environmental management representative indicator must
accommodate the difficulties in indicator data collection, controllability of indicator,
minimization of the number of indicators, and the repeating relationships among indicators.

Selection of a representative indicator is from a systematic perspective.
7



4. A total of 22 proposed wetland environmental indicators were clustered into seven clusters:
water level; surface water inflow; water quality; water flow velocity; organic content; soil
porosity; and, aquatic plant density. The indicators of the same cluster were directly or
indirectly correlated. Among clusters with low correlation make representative indicators.

5-2 Research Recommendations
The study sets establishing wetland environmental development management factors as
its research goal and identifies the principal directions for wetland performance management.

Through performance management indicator selection, the study identifies and simplifies

complex data to facilitate future analysis of coastal land use by decision makers in public

department. However, these preliminary research results still have some deficiencies. The
following suggestions for further research directions should improve the likelihood of the
proposed measures being implemented.

1. This study is a preliminary work to establish performance standard management system.
Further work should focus on the selected representative indicators for classification of
wetlands. Continuous research should focus on the control range of performance standards
to follow through on the implementation of a coastal wetland management system.

2. The calculation of grey relational grade can be performed with weighted averages
according to each expert representative; this method would produce results that can promote
objective and feasible.
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Table 1 Definitions and Criteria for VVarious Wetlands

Definers Definitions Criteria
Ramsar Whether natural or artificial, temporary or permanent, stagnant or mobile,|Swamps, sloughs,
Convention  [freshwater or saline water, a wetland is the region composed of swamps, |peatlands, coastal area
(1971) sloughs, peatlands or waters, including coastal areas that retain six meters|that has water of six

of water at low tide. (Mitsch and Gosselink, 1993) meter deep at low tide
us Wetlands are areas covered by surface water or fed by underground water|Frequency of flooding
Environmental |with a frequency sufficient to support growth of aquatic plants under Growth of aquatic
Protection normal conditions. Such areas include swamps, marshes, and bogs. plants
Agency (1975) |(Salvesen, 1994)
US Fishand  |Wetlands meet more than one of the following conditions: Hydrophytic vegetation
Wildlife 1. have hydrophytic vegetation Hydric soils

Service (1979)

2. water under soil surface is at a certain depth
3. Within a minimum period of time or frequency range, the area is
flooded or the soil is saturated with water. (Cowardin et al., 1979)

Soil water saturation
period

US Wisconsin
(1979)

Ground or near ground areas have sufficient water to sustain aquatic
plants or wetland plants, and have wetland representative soil. (Novitzki,
1979)

Surface water quantity
Aguatic plant growth
Index soil type

us Areas composed of alluvial soil or flooded soil. The contents of soil are |Area with poor drainage
Connecticut  |calibrated by US Agriculture Department. (Salvesen, 1994) Flooded area
(1982) Soil type
US California |Coastal areas, which are covered by shallow water seasonally or Coastal area covered by
(1982) permanently, include saline marshes, marshes, open or closed saline shallow water

swamps, and peatlands. (Salvesen, 1994)
Canada Areas in which soils are covered by water or saturated for a long periods |Soil flooding periods
National of time, thus, improving wetland or habitat conditions, including hydric |Aquatic plant growth
Wetlands soils, hydrophytic vegetation and various kinds of biological activity Biodiversity
Working which are adapted to the wet environments. (Mitsch and Gosselink, 1993)
Group (1987)
Canada Areas in which wetlands and soil is covered by water, the depth of which|Prevailing wetlands
Ministry of varies with seasonal snow melting, and sustains aquatic plant growth.  |Soil covered by water
Natural (Mitsch and Gosselink, 1993) Water level variation
Resources, cycle
Ontario (1992) Aguatic plant growth

China (1992)

Where land meets the sea; areas with temporarily or permanently shallow
water layers with hydrophytic vegetation, including swamps, tidal areas,
lakes, marshes and palustrine. (Chiau, 1998b)

Surface water
accumulation cycle
Hydrophytic vegetation

Taiwan 1. time of seasonal flooding matches the time for agricultural activities |Seasonal flooding
Council of 2. transitional area between land and water with water level usually at or|Soil water
Agriculture near surface, or are continually covered by shallow water; must possess |Accumulation depth
(1987) one of the following conditions: Hydrophytic vegetation
(1) ground surface has periodicity and hydrophytic vegetation Soil water accumulation
(2) base soils do not drain periodicity
(3) base is not soil, but is saturated with water or has water accumulation
at some time during the growth season. (Chiau, 1998b)
Wild Bird Transitional areas between land and water, excluding permanent water |Hydric soils
Federation such as rivers, lakes or palustrine, estuarine. The three principal elements|Water regime

Taiwan (1994)

are hydric soils, water and hydrophytic vegetation. (Chiau, 1998b)

Hydrophytic vegetation

10




Table 2 Wetland Environmental Functional Indicators

Indicators Active influence Passive influence
Groundwater Wetland water volume; wetland
recharge chemicals source
Surface water Wetland water volume; wetland
inflow nutrition source; chemicals source
Assimilative Water level and flood storage; water  [Water regime area
capacity quality
Tidal effect Wetland water volume and flood
- frequency; wetland nutrition source;
2 wetland chemicals source
g Water level Create different ecological system Assimilative capacity; soil porosity
2 Water flow Wetland preliminary productivity; Carbon formation; granule sediment; nutrient
velocity biological decomposition; organics retention; water shed
accumulation
Self-purification [Water resource reutilization Water flow; hydrophytic plants; soil
reduction; granule sediment
Influent and Ecological versatility Supplemental ground water volume; surface
effluent water inflow; tide; precipitation; evaporation
Flood frequency |Seasonal habitats; biological
versatility; nutrient storage
Salinity Create different wetland types
Water quality Benthos growth condition
Water saturation |Aquatic plant growth Flood frequency
° period
S |Soil porosity Soil reduction degree; water level; Sludge character
3 water filtration
@ |Nutrient Preliminary productivity Flood frequency; water flow
S |effectiveness
Soil erosion Bank shape; sludge quality Species colony
Contaminant Benthos colonization ability
sediment
Organic content  |Create different ecological system Vascular plant type; aquatic plant density
Vascular plant type|Plankton; blockage of organics Salinity; water level
Aquatic plant Water blockage ability; coastal erosion [Nutrient effectiveness; organic content
2 |density
% Plant energy flow |Benthos colonization ability
8 |Plant community |Preliminary productivity; contaminant |Nutrient effectiveness
€ |structure absorbing ability
o |Animal Biological versatility
community
structure

11

Data Source: the Present Research




Table 3 Environmental Development Impact

Impacts

Indicators

Functions

Descriptions

Land excavation

Development

Hydroperiod

Surface water load; Water flow

Soil structure

Quality(porosity, viscosity); Organic layer

extent
Plant ecology [Preliminary productivity; Aquatic plant density
] Hydroperiod |Assimilative capacity; Self-purification
] Population ] } —
Dense population densit Soil structure |Reduction ability
ensi
Y Plant ecology |Preliminary productivity; Species
Hydroperiod [Water flow velocity; Flow direction change
. _|Traffic Soil structure |Nutrient accumulation
Traffic expansion | i - - — — —
intensity Ecological habitat division; Preliminary productivity

Plant ecology

reduction

Point or non-point

contamination

Point source

contamination

Hydroperiod

Assimilative capacity

Soil structure

Reduction; Sediment increase

source intensity Plant ecology
) Hydroperiod (Water level
) ~_|Industrial - -
Industrial activity | Soil structure |Land production value
impact

Plant ecology

Species

Water resource
development

Water intake

Hydroperiod

Water level; assimilative capacity

Soil structure

Soil water saturation period

Plant ecology

Species

Data Source: the Present Research
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If k samples are used to form an x axis and x, (k) is the y axis, and m+1 sequences for x, ~ X,

are plotted to form a two-dimensional figure, then the level of correlation can be determined
by checking the similarity in broken-line shapes between each comparative sequence x; and

reference sequence x, (Tzengand Hu, 1996); that is, the more similar the broken-line shapes

are, the larger y(x,,x; ) is. Furthermore, when the two broken lines overlap, »(x,,x, )=1 (Fig.
1).

From each of the above assumptions, the equation for grey relational grade y/(xO : xi) can be
derived as

(IR WEAORAC) @

min mkin|x0 (K)—x (K)|+¢ max mliix|x0 (k) = x; (k)|

7(%o (k) ; (K)) = )

%o (k) =, (k)] + & max maxx, (k) = x; (k)

where ¢ is discrimination coefficient (DC, ¢ € [0,1]); the larger its value, the stronger the
grey relational grade. Typically, the value of ¢ is set at 0.5 (Tzeng and Hu, 1996).

Fig. 1 Hlustration of Grey Relational Grade Analysis
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Table 4 Normalized Matrix X for Wetland Environmental Indicator Performance Value a,
(impact of land excavation on wetlands)

Expert(k)

1 2 3 4 5 6 7 8 9 10

Indicator(i)
Groundwater recharge W1 0.314 | 0.353 | 0.282 | 0.303 | 0.299 | 0.329 | 0.286 | 0.330 | 0.327 | 0.332
Surface water inflow W2 0.334 | 0.305 | 0.250 | 0.285 | 0.254 | 0.293 | 0.429 | 0.344 | 0.316 | 0.316
Assimilative capacity W3 0.313 | 0.289| 0.281 | 0.298 | 0.285 | 0.330 | 0.365 | 0.323 | 0.375 | 0.288
Tidal effect w4 0.290 | 0.296 | 0.236 | 0.305 | 0.303 | 0.317 | 0.473 | 0.319 | 0.274 | 0.295
\Water level W5 0.348 | 0.333 | 0.312 | 0.328 | 0.333 | 0.293 | 0.308 | 0.333 | 0.290 | 0.276
\Water flow velocity W6 0.295|0.323 | 0.326 | 0.330 | 0.383 | 0.368 | 0.221 | 0.292 | 0.307 | 0.291
Self- purification W7 0.285| 0.272 | 0.282 | 0.486 | 0.399 | 0.359 | 0.160 | 0.356 | 0.204 | 0.218
Influent and effluent W8 0.326 | 0.354 | 0.269 | 0.312 | 0.258 | 0.323 | 0.293 | 0.369 | 0.329 | 0.314
Flood frequency W9 0.295 | 0.299 | 0.293 | 0.315 | 0.350 | 0.389 | 0.259 | 0.301 | 0.368 | 0.269
Salinity W10 0.310 | 0.327 | 0.315 | 0.343 | 0.333 | 0.365 | 0.229 | 0.330 | 0.312 | 0.278
\Water quality w11 0.236 | 0.220 | 0.297 | 0.452 | 0.450 | 0.265 | 0.161 | 0.398 | 0.273 | 0.267
\Water saturation period W12 | 0.328 | 0.320 | 0.302 | 0.334 | 0.279 | 0.311 | 0.309 | 0.358 | 0.318 | 0.295
Soil porosity W13 0.318 | 0.294 | 0.237 | 0.290 | 0.287 | 0.367 | 0.357 | 0.335 | 0.375 | 0.274
Nutrient effectiveness W14 0.307 | 0.303 | 0.280 | 0.333 | 0.310 | 0.383 | 0.253 | 0.341 | 0.371 | 0.251
Soil erosion W15 0.322 | 0.304 | 0.262 | 0.278 | 0.296 | 0.298 | 0.419 | 0.309 | 0.315 | 0.336
Contaminant sediment W16 0.315|0.319 | 0.315| 0.324 | 0.324 | 0.316 | 0.301 | 0.320 | 0.316 | 0.312
Organic content W17 0.309 | 0.302 | 0.282 | 0.325 | 0.303 | 0.384 | 0.266 | 0.339 | 0.372 | 0.255
\Vascular plant type W18 0.300 | 0.321 | 0.369 | 0.358 | 0.336 | 0.325 | 0.220 | 0.317 | 0.308 | 0.285
Aquatic plant density W19 0.418 | 0.138 | 0.446 | 0.282 | 0.254 | 0.361 | 0.170 | 0.147 | 0.419 | 0.327
Plant energy flow W20 0.326 | 0.318 | 0.303 | 0.326 | 0.173 | 0.312 | 0.325 | 0.355 | 0.319 | 0.299
Plant community structure W21 | 0.288 | 0.311 | 0.281 | 0.351 | 0.327 | 0.340 | 0.361 | 0.330 | 0.278 | 0.281
Animal community structureWw?22 | 0.287 | 0.313 | 0.287 | 0.359 | 0.335 | 0.340 | 0.343 | 0.333 | 0.277 | 0.276
Data Source: the Present Research

Xy = % 5 3)
> (@)
k

X =[x ], Vik (4)
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Table 5 Sequencing Table for Comparative Sequence Indicator in W1, W5, W8, W12, W16,
and W20

Sequencing of Grey Relational Grade in Each Comparative Sequence
Indicator
1 2 3 4 5 6 7 8 9 10 11
W1l w8 |Wi6 W3 |wW12 |W15 W17 W10 |W14 (W5 |W20 |W21
W5 W16 W12 W20 W1 W8 |W22 W21 |Wi1i7 W9 |W3
w8 Wl |Wi12 W16 W20 W5 W9 |wW22 |W17 W14
W12 W16 [W20 W5 W8 |W1 W22 W21 |[W3 [W13 |W9
W16 W12 W5 W1 W20 |[W8 W22 W9 |W17 (W21
W20 W12 |W5 |W16 W22 W8 W21 W3 |wi13 |W1

Data Source: the Present Research

Reference
Sequence Indicator
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Table 6 Coastal Wetland Performance Management Indicator Selection Table (impact of
land excavation on wetlands)

Cluster |[lIdentical Indicator |Representative Cluster |ldentical Indicator  |Representative
Indicator Indicator
Supplemental ground|Water level Water flow velocity |Water flow velocity
water W1 W6
Water level W5 Fourth [salinity W10
Influent and effluent Vascular plant type
_ w8 W18
First  |Water saturation Flood frequency W9 |Organic content
period W12
Contaminant Fifth Nutrient effect W14
sediment W16
Plant energy flow Organic content W17
W20
Surface water inflow [Surface water Assimilative capacity |Soil porosity
W2 |inflow W3
Second |Tidal effect W4 Soil porosity W13
Soil erosion W15 Sixth  [Plant community
structure W21
Self-purification W7 |Water quality Animal community
Third . structqre W22 . -
Water quality W11 s Aguatic plant density |Aquatic plant
eventh .
W19 |density
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