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ABSTRACT

The improvement of the economic level and the implementation for the policy
of two days off per week in Taiwan, the demand for sightseeing and recreation has
been raised in recent years. The development of recreational activities has already
been imperative. But the environment of river bank is very sensitive and
complicated, so the excessive development will cause the irrecoverable impact to the
river bank. Take a broad view of the contemporary river bank problems in Taiwan,
for example, the exhaustion of living resources, the damage of habitat, the change of
topography are all lack of perfect planning for the land of river bank. It induces the
limitless development behavior, therefore causes the irrecoverable damage, and
produces many environmental problems conflicted with land and ecology.

The recreational resources at river bank downstream Toucian River are used as

the example to select the recreational alternative in this study. After referring to
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relevant domestic and international literatures, the types of recreational activities at
river bank downstream Toucian River are divided into the stationary type and
movable type. The detailed categories are sorted in accordance with the property of
recreational activities, including the leisure recreation, knowledge exploration, scene
appreciation, and physical adventure. Seven representative indices are obtained in
accordance with the type of recreational activities downstream Toucian River and
the assessment for development of recreational resources at river bank. After the
assessment structure of recreational resources at river bank downstream Toucian
River is established, the fussy ATP is employed to assess the most suitable
alternative for development of recreational resources at river bank downstream
Toucian River. The study results can be used by relevant research institutes and
government authorities as the reference for improving whole environment
downstream Toucian River and proposing relevant decision in the future.

Keywords: Waterfront, Recreational Resources, Grey Relational Analysis(GRA),

Fuzzy Analytic Hierarchy Process(FAHP)
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ABSTRACT

Taiwan is surrounded by sea and the climate here is mild. With many rivers
and streams flow through Taiwan and the conjunction of fresh and salt water at the
waterfront areas, the river bank in Taiwan has variety ecological landscaping
resources. Hsinchu area has a unique river bank ecological environment surrounded
by Touchian Stream, thus the local government has been developing recreational
resources enthusiastically to promote tourism. However, few researches were
implemented for evaluating the development of the recreation resources of river bank
under such continuous development. It also made the waterfront areas in Hsinchu
exposed to the threat and conflict of environmental damage. Because the environment
of river bank is very complicated and changeable and uncertain, so this study will
carry on the screening of assessment indices for development type of recreational
resources at river bank by the grey relational analysis, in order to categorize and
integrate the indices of recreational resources at river bank, and identify the indices
with the representative function and value. The study results can be used by relevant
research institutes and government authorities as the reference for improving whole
environment downstream Toucian River and proposing relevant decision in the future.

Keyword: River Bank, Recreational Resources, Grey Relational Analysis, Toucian
River

INTRODUCTION

As the economic level in Taiwan is improved, and the policy of two off days per week
is implemented, the people pay attention more to the quality of leisure, so that the
demand of tourism and recreation is increased. Under the circumstances that most
people have the trend of outdoor recreation, the water-accessible activities with
waterfront recreation are favored by many people, which make the waterfront tourism
and recreation play a very important role gradually, in order to provide more
opportunity of recreation activities and the experience of the water-accessible
recreation.

Therefore, while the people yearn for waterfront recreation, it not only has to develop
the waterfront recreation resources at the downstream of Touchien Creek, but also has
to consider the ecological conservation of river, in order to let the people to rethink
the meaning and value of water to environment. Whether the downstream of Touchien
Creek has the development potential to become the recreation spot, and what kinds of



activities should be introduced to attract more people, which are the topics to be
thought in the future.

The waterfront development can mitigate the city space problem, and has the function
of promoting the environmental quality. The goal of this research is to minimize the
impact of waterfront recreation development to the ecological environment and
humanistic economy in satisfying the requirement of ecological function. It is hoped
to find out the most suitable waterfront recreation activities at the downstream of
Touchien Creek through assessing the indices for the potential of waterfront
recreation resources, in order to provide the leisure and recreation place with quality
and quantity to the people.

The content of waterfront recreation resources includes various aspects, such as the
waterfront ecological resources of animals and plants, vision landscape resource etc.
These environmental factors will directly influence the creation for the uniqueness of
waterfront recreation development environment, the recreation quality, the types of
activities, and the weight of waterfront development degree. The development trend
has been oriented to the downstream of Touchien Creek. The urbanization degree and
land use are higher around the downstream area, and the influence on the ecological
environment of river is comparatively obvious.

The purpose of this research is to find the balance point between the conservation of
waterfront ecological environment and the development of waterfront recreation
resources under satisfying the leisure requirement of people as developing the
waterfront recreation. The bank will not become high dyke again at the downstream
of Touchien Creek. It is expected to create more suitable waterfront recreation
environment for the people, even create the regional sense for local people to
conserve the waterfront environment, in order to achieve the goal for sustainable use
of waterfront resources. This research conducts literature survey to preliminarily
screen and select the indices for the potential of waterfront recreation resources first.
The grey relational analysis is employed to screen and select the most representative
indices and establish the structure for the potential of waterfront recreation resources.
In order to select the most suitable alternatives and activities for the waterfront
development at the downstream of Touchien Creek.

SUMMARY OF RESEARCH SCOPE

The Touchien Creek Basin lies in Hsinchu County and City. It is surrounded by
Fongshan Creek Basin at the north, Dahan Creek Basin at the east, Da-an Creek Basin
at the south, and Koya Creek Basin and Jhongkan Creek Basin at the west. The
Sanping Creak is main tributary which in initiated from the Xueshan mountain Range.
It passes through Wufong Township and Henshan Township, and merges with Yulow
Creek at the east of Chudong Township. It is called the Touchien Creek downstream
the merging point. The Touchien Creek passes Chudong Township, Jonlin Township,
Chupei City, and Hsinchu City, and pours into the Taiwan Straits at about 500 meters
away from Nanliao and the exit of Fongshan Creek. According to the Urban
Development Report of Expanded Hsinchu City Plan (waterfront area of Touchien
Creek), most river section of Touchien Creek is the boundary river of Hsinchu City
and Chupei City, and the length is about 12.6 km.

According to Article 4 of Taiwan Province River Management Rules, the definition of
“river basin” is “the flood overflowing area in water flow area, dyke use land,
maintenance use land, security control land and estuary area, and water channel basin
area, which may be divided into a single or several anti-flooding areas in accordance
with the geographical environment.” And According to Article 142 of Enforcement



Rules for Water Act, the definition of “water flow area” is “if there is the dyke, it is
the land between two dykes, if there is no dyke, it is the land which can be reached by
the flood.” In order to study the best balance point and best estimate model between
“the potential of waterfront recreation resources” and “the conservation of ecological
environment” at the downstream of Touchien Creekl, this research employs the
waterfront area at the west of Jinkou Bridge as the study area (see Fig. 1). The terrain
and vegetation with significant change are used for the partition of river flow area, or
main coastal road, administrative boundary, and ditch are used as boundary lines.

The recreation behavior of waterfront area is apt to be blocked by the bridge to form
different environment. So the river downstream Jinkou Bridge is divided into three
study sections in accordance with the “bridge”: Jinkou Bridge-Touchien Creek Bridge,
Touchien Creek Bridge-Hsichou Bridge, and Hsichou Bridge-Joukang Bridge. The
river bank between Jinkou Bridge and Touchien Creek Bridge has been beautified as
a waterfront park for the leisure and recreation of people with simple sports facility,
water-accessible facilities, parking area and pavement etc. But it seems no unit can
support the maintenance management, so that it is full of weed and the use rate is not
high during normal working days. Except the waterfront park has become the
recreation space, most of the other waterfront space is dry land, paddy field, and grass
land. The development for recreation behavior of this river section has to be assessed
suitably from the present situation and potential. So this research employs the
Touchien Creek section between Jinkou Bridge and Touchien Creek Bridge as the
study scope for the potential of waterfront recreation resources.

o N

Expressway

Highway 1

Highway 68
Highway 61

Fig. 1 Research scope

LITERATURE AND RESEARCH METHODS
There are many researches about the development of waterfront recreation
domestically. This research summarizes the indices for the potential of waterfront
recreation resources, in order to establish the indices for the potential of development.
Zhong Shi-Jen (1980) emphasizes that it was necessary to define different recreation



value for different rivers in different arecas, and different sections at the same river.
The related factors of waterfront recreation resources include the water flow and
water body condition, waterfront condition, biology condition, non-physical condition,
and humanistic environment condition. Chang Shu-Zhi (1987) pointed out that the
waterfront development of water flow area has already become the world trend. The
study is focused on the establishment of urban sports park with suitable recreation
facility in water flow area. The estimate factors for the urban sports park in water flow
area is divided into the physical environment factor and non-physical environment
factor. Zou Ying-Shien (1992) analyzed the suitable factors for the estimate of
waterfront recreation activity, in order to keep natural environment quality of river
basin, and develop the water-accessible recreation activity. The research object was
general rivers. It was focused on how to utilize waterfront recreation resources
properly, achieve the goal of satisfying the demand of visitors, and does not conflict
the principle of resource conservation and ecological environment safeguard, in order
to seek the optimal situation of resources and recreation activity. The factors of
waterfront recreation resources are divided into three big classes mainly: the physical
environment, the recreation potential and activity suitability. The Tourism Bureau,
Ministry of Transportation and Communications (1996) assessed the quantification of
waterfront recreation resources, and the estimate factors include the natural factor,
humanistic factor, and aesthetic factor.

Because the water area of river, lake, and reservoir is an open ecosystem, the activity
behavior of scenic spot in water area will cause the environmental impact, no matter it
is used as the recreation development, resources conservation, or develop the public,
private development. At present, the introduction of hard court, such as the basketball
court, volleyball court and so on will cause the environmental disturbance to the
environment of water area. So upon developing the waterfront resources, it is
necessary to focus on providing high-quality recreation facility and maintain the
natural environment of river area. Therefore, it is necessary to balance the supply
aspect and demand aspect in “resources conservation and recreation development”
upon introducing the recreation activity into river area. The “potential for the
development of waterfront recreation resources” specified in this research institute
means the provision of suitable recreation activity without influencing the waterfront
environment. After summarizing the domestic and foreign literature, this research
found out many factors would influence the potential for the development of
waterfront recreation resources, such as the natural factor, humanistic factor, and
aesthetic factor or the physical environment factor and non-physical environment
factor etc.

The research and application of grey theory and grey relational analysis (GRA) are
very wide, which cover the field of agriculture, industry, management, financial
affairs, city planning etc. At present, the grey relational analysis is mainly used in
three aspects domestically (Yen et al., 2005). The first one is to analyze the relation of
time and sequence, to create the grey prediction model, in order to predict the problem
with scarce sample and high fuzzy property (Wu and Tseng, 2002; Wang, 2006). The
second one is to assess the sequence of the scheme to get the objective results by
combining the multiple criteria estimate model and grey relational analysis (Meng et
al., 1995), which is the widest application of grey relational analysis domestically.
The third one is to carry on the screening and comparison of efficacy indices to find
out the indices with high relation through the change of few irregular data (Tseng and
Hu, 1996; Chang and Chen, 1997; Chou and Tseng, 2000; Wang, 2000). This research
is the research of this aspect. Because the waterfront environment is complicated and



changeable with great uncertainty, so the grey relational analysis is employed to
assess the indices for the potential of waterfront recreation resources, in order to select
the representativeness indices.
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Fig. 2 Illustration of Grey Relational Grade Analysis

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, (Tzeng and 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, 7(x,,X, )=1 (Fig. 2).

From each of the above assumptions, the equation for grey relational grade y(xo, Xi)

can be derived as

%) =3 1%, (K1, (K) (1)

min min|X0 (k) =X, (k)| + ¢ max mkax|xo (k) =X, (k)|

— ! k
7(X0 (k)a Xi (k)) - |X0 (k) _ Xi (k)| + gmiax mkaX|X0 (k) - Xi (k)|

2)

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).



ESTABLISHMENT ON THE ESTIMATE INDICES FOR THE POTENTIAL
OF RECREATION RESOURCES

1. Preliminary Index Structure

This research refers to the domestic and foreign study on the factors for the potential
of waterfront recreation resources, the analysis for the types of recreation activity, the
impact factors of recreation activity, and relevant research for waterfront recreation,
to propose 20 indices for the potential of waterfront recreation resources preliminarily.
There are 7 natural factors, 8 humanistic factors, 5 recreational factors. The indices
are described in Table 1 in detail.

Table 1 The preliminary estimate indices for the potential of waterfront recreation

resources
Estimate . . . o
fact Estimate index Definition and description Content of study
actor
The water flow type in research range, the
smooth or leveled water flow shape has Type,

Water flow type R, e . o p P .
positive influence on the distribution of changeability
recreation activity.

If the area of water body is larger, the
. . . Scale, water
Water body type R, | influence on the species and habitat of the )
.. . . quality
living beings will be abundant.
The distance between the recreation
Distance from water body activity and water body has great Distance
R; | influence on the continuity of recreation
activity.
Natural The waterfront terrain is divided into the Type, scale,
factors Waterfront terrain Ry canyon, meandering, delta etc. by various | changeability,
functions of river. erosion
The water flowing route which can accept | Type, scale,

Water channel Rs the converging of water flow from certain | changeability,

area. stability, grade
Species,
. The state of the animals and plants in the resentin,

Animals and plants Re P p g

research range. frequency, scarce,
view
. Comfortableness,

Meteorology and climate The change degree of meteorology and .

. . changeability,
R; | climate in the research range. .
restriction

Historic and humanistic The humanistic history or peculiar History,

resources Rg ethnicity near the research range. uniqueness

Local economic industry The local industry and economic structure | Particularity,

Ry near the research range. convenience
The local development state near the )

Local development Ry P Expansionary

research range.

The classification of land use required by . .

.. . .. Use classification,
L. Land use Ry, | the visitors for the public facility or .

Humanistic ) land ownership
factors support in the research range.

The economic value of land resources is

. . . Current
Land development Ry, | raised by carrying some effective .
; .. developing degree
processing and application.
Grade,
Roads R;; | Main local roads, linking roads etc. accessibility of
traffic volume
e The artificial structure in the research Uniqueness,

Artificial structure R4 .

range, such as bridge, sandbank etc. concordance




When the quantity of pollutant exceeds

Water pollution R, the self-purification ?1b.ility of water body, Pollut'ion sources,
the water body may injure the human polluting degree
health or destroy the environment.
The landscape aesthetics is a kind of View, natural

Landscape aesthetics  Rj¢ | subjective psychological judgment for the | degree,
appraisal of vision view. changeability
The early water-accessibility concept is
applied to the planning of the city view

Water-accessibility Ry7 | mainly, and it is an important index for Accessibility
evaluating the comfortableness of urban
environment now.

. Landmark and land view The landmark and land view represent the | Particularity,
Recreational . .
factors Rys | symbol of a city or place. interference

The recreation facility means the

Recreation facility Ry hardvsfare facility which is set up at ri.ver Type, leaving
bank in the research range for supplying unused, danger
the recreation activity to the visitors.
The recreation carrying capacity is used

. . as the basis to discuss the destruction or Recreation quality,

Recreation carrying . . . .

capacity Ry 1nﬂuenf:e of ref:reatlon use on actl.lal carrying capacity,
ecological environment or recreation impact degree
experience.

2.Calculation and Sequencing of Grey Relational Grade

(1) Establishment for the Normalized Matrix of Index

Twenty indices for the potential of waterfront recreation resources are evaluated and
selected by ten experts in city planning, leisure tourism, waterfront environment and
ecological landscape in the questionnaire form. The selected value for the ith index by
the kth expert isa, . The equation (1) and equation (2) are used to get the normalized

result x, of selected value. The normalized matrix X is created by using the index as

the row and the expert as the column.
(2) Calculation of Grey Relation Grade
The comparison sequence for the ith index of the kth sample is x . The grey relational

grade for x to the reference sequence x, is defined as y(x,x), and the grey
relational factor is defined as j(x,(k),x(k)). The equation (3) and equation (4) are used

to get the grey relational grade of the normalized matrix X under every reference
sequence.

(3) Sequencing of Grey Relational Grade

In order to facilitate the conduction of grey relational analysis, a threshold value is
normally established first before the sequencing of comparison sequence indices to
delete the indices lower than the threshold value. Because the relation between later
comparison sequence indices and reference sequence indices is not significant, the
grouping result will not be influenced after the deletion. In addition, the value of grey
relational grade will be changed significantly with respect to different setup for the
value of distinguishing factor (¢ ). After referring to the relevant researches of Yen et

al. (2005) and Tseng and Hu (1996), the ¢ value is taken as 0.5 in this research. So

this threshold value will be determined in accordance with the calculated value of
grey relational grade and the convenience of sequencing analysis (Bass et al., 1997).
This threshold value can be set in accordance with the operation demand of every
research, and there is no special calculation rule. In order to obtain the rational



threshold value, this research selects 0.7 as threshold value after conducting the
operation and comparison many times. This threshold value can really achieve the
purpose for screening the indices conveniently. Finally, the indices higher than the
threshold value are sequenced in accordance with the decreasing value of grey
relational grade. The R; is used as the reference sequence, and the sequencing result is:
Ri2—R17—=R10—R19—Re—R20—Rus.

(4) Grouping of Indices

Repeat the above-mentioned calculation and sequencing steps of grey relational grade
by using 0.5 of ¢ value and 0.7 of threshold value. The sequencing result of

comparison sequence indices under every reference sequence will be obtained. The
similar comparison sequence indices with high relational grade can be grouped
together in accordance with the category of reference sequence indices.

Now, the reference sequence indices with R; group and the sequencing result of
comparison sequence indices are listed in Table 2. It is able to see similar sequencing
condition of comparison sequence indices from the Table. Ri, Rio, R19 are presented
by the bold characters. When R1, Rip, Rig are used as the reference sequence indices,
the sequencing results are concentrated on the top six, which shows these three
indices have the same grouping relation.

Table 2 The comparison sequence indices of Ry, Rio, Rig

Reference Sequencing of Grey Relational Grade in Each Comparative Sequence Indicator

Sequence

Indicator ! 2 3 4 > 6 !
R Re Ry Rio Ri Ro Rao Ris
Ruo Ry Ry Ris Rs Re Rig -
Ry Re Ry Rao Rio Ris R Rs

(5) Selection of Representative Indices

Repeat the above-mentioned calculations processes by using a certain index as the
reference sequence index. 20 indices for the potential of waterfront recreation
resources are sequenced in accordance with the value of grey relational grade. They
are divided into 7 groups in accordance with the group relation of sequencing. Finally,
an index is selected as the representative index in every group in accordance with the
relative total points specified in literature survey (Wang, 2000). Now the first group is
taken as an example. The selection procedure of representative index is described as
follows (see Table 3): The sequencing position of Rjg is appeared once at sequence 3
and once at sequence 4. The relative total points will be 5 (points) x 1 (time) + 4
(points) x 1 (time) = 9. Its relative total points are higher than other indices, so select
R as the representative index of the first group.

Table 3 The relative total points of the first group

Reference Sequencing of Grey Relational Grade in Each Comparative Sequence .
. relative total
Sequence Indicator oints
Indicator 1 2 3 4 5 6 7 P
Ry Ri Ry Rio Rig Rg R2o Ris 6x1+2x1=8
ng R17 Rl ng R5 RlZ ng - 5x1+4%x1=9
points 7 6 5 4 3 2 1 -




The preliminary 20 indices are divided into 7 big groups (see Table 4) through the
screening step for the performance index of grey relational analysis and the result
analyzed by the experts for the questionnaire. The indices in same group have high
relational grade. The indices among the groups have lower relational grade, which
makes the representative index has the independent meaning.

Table 4 Grouping for estimate indices for the potential of waterfront recreation

resources
Cluster Identical Indicator Representative Cluster Identical Indicator Representative
Indicator Indicator
Historic and Historic and
Water flow type | R; Fourth humanistic Rg humanistic
First Local resources resources
1rs
Local Rio development . Water body type | R,
development Fifth Water body type
Recreation facility | Ryg Water pollution | Rys
Water channel Rs Waterfront terrain | R,
LOC?Ill(TS;I;;mIC Ry Sixth | Artificial structure | Ry Artificial
Second Water-accessibility Landmark and structure
Land development| R;» : Ris
land view
- Animals and
Water-accessibility| R;; plants Re
Distance from
water body Rs Seventh Roads Ris Landscape
. Meteorology and Meteorology and eve Landscape aesthetics
Third . R7 . . R16
climate climate aesthetics
Land use Riq Rgcreatlon . Ryo
carrying capacity

CONCLUSIONS

Because the bank environment is complicated and data collection is difficult, and the
relation among the indices is indeterminate, so this research employs the grey
relational analysis to solve the data collection and index screening problems. The
indices with high relation grade are grouped to construct the index for the potential of
waterfront recreation resources. As for the selection of representative index, this
research adopts total point calculation technique to reduce the subjective degree for
the selection of representative index, which makes the research results accord with the
objectivity and fairness even more. This research proposes 20 indices for the potential
of waterfront recreation resources preliminarily. They are summarized in seven big
groups. The indices in same group have high relational grade. The indices among the
groups have lower relational grade, which makes the representative index has the
independent meaning. According to total point value, the results of representative
index are: local development, water-accessibility, meteorology and climate, historic
and humanistic resources, water body type, artificial structure, and landscape
aesthetics.

As for the development of waterfront recreation at the downstream of Touchien Creek,
the competent authority has to set up the maintenance and management plan for the
waterfront park, and combine civil manpower and financial resources to stipulate a set
of management system, and reconstruct the use space of the waterfront park, provide
different activity areas to create more suitable leisure and recreation environment for
the people.
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