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Abstract: Comprehensive assessment of ecological riparian zone is to analyze and evaluate the status of riparian zone

ecosystem. The existing problem of the ecosystem can be found through the assessment. The AHP-FUZZY method used

in the assessment is based on the hierarchy model of index, grade model of object, and attribution degree of index. Ac-

cordingly, the four models have been discussed and presented from the aspect of the stability, landscape, eco-health and

eco-safety of riparian zone.
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1. INTRODUCTION

Riparian zone encompasses the stream chan-
nel between the low and high water marks and
that portion of the terrestrial landscape from the
high water mark toward the uplands, where
vegetation may be influenced by elevated water
tables or flooding(ZHANG, J.C., et al., 2003;
Naimain, R.J., Decamps, H.,1997). It is the in-
terface between land ecosystem and water eco-
system, which possesses many specific physical
and chemical attributes, biotic properties and
energy and material flow processes. Namely,
riparian zone is the ecotone between water eco-
system and land ecosystem, and the edge effect
is the most distinct characteristic. Riparian eco-
system is a complex three-dimensional ecosys-
tem, which is affected by land ecosystem and
river ecosystem in longitudinal direction, up-
stream and downstream in lateral direction, and
superficial water and ground water in vertical
direction. Because of its biodiversity, biotic sen-
sitivity and biotic corridors, riparian zone is

regarded as genetic bank and has great influence
on both the land ecosystem and the water eco-
system. So it is important to remain its ecologi-
cal stability, ecological health, and ecological
safety.

Many researches on riparian zone have been
done and many good conclusions have been ob-
tained. (Swanson F. J., Gregory S. V., Sedell J. R.
et al.,1982; Lowrance R., Leonard R. and Sheri-
dan J., 1985). However, most of these researches
are qualitative and most of their results are con-
ceptual. Few of these results can act as standards
and criteria for efficiently protecting and manag-
ing riparian zone. In order to get reasonable stan-
dards and criteria, the comprehensive assessment
of ecological riparian zone must be done. The
comprehensive assessment includes general as-
sessment, structure stability, landscape suitability,
ecological health, and ecological safety assess-
ment. In processing these assessments, it’s nec-
essary to use right assessment model. Only on the
basis of right models, can reasonable results be
obtained. This paper will discuss how to construct
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the assessment model of ecological riparian.

2. LOGICAL MODEL

The comprehensive assessment includes gen-
eral assessment and sub-object assessment. The
sub-object assessment includes structure stabil-
ity assessment, landscape suitability assessment,
ecological health assessment, and ecological
safety assessment, which can be evaluated by
use of right model and indices value. According
to the assessed results of sub-object, then the
general assessment can be done. So, logical
structure of the comprehensive assessment is a
hierarchy structure as shown in Fig.1. In Fig.1,
logical structure is divided into two layers. In
the first layer, structure stability landscape suit-
ability, ecological health, and ecological safety
can be analyzed on the basis of all kinds of in-
dices. In the second layer, general status can be
evaluated according to the results of first layer.

In the two layers, the AHP-Fuzzy method is
used, which integrates Fuzzy Method with AHP.
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fuzzy attribute degree are given via Fuzzy
Method. The concrete steps are shown as fol-
lows.

1) Constructing assessment factor sets. Sup-
posing the k-th sub-system has m indices,
its factor set is
w={u, U, .. .. Umy (=1,2,3,4);

2) Giving grade sets. Supposing the k-th
sub-object has p grades, its grade set is
ViE {(Vils iy e o e Vip}s

3) Constructing fuzzy relation matrix. Fuzzy

relation matrix of the A-th sub-system is
R as follows.

e o K fur

ey it K p

kR=(krij)m><p= K K K K
.
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where ; means degree of u;; belonging to vy,
#y can be calculated via the attribute function of
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Figure 1. Logical structure of ecological riparian zone assessment
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4) Giving weight vector
@ =(,@,),(j =12,.m),
where @ ; is the weight of uy, which

can be got by use of AHP.

5) Fuzzy complex operation.
A=, R®, @, where ®is a fuzzy

complex operator.

3. BASIC MODEL

3.1 Hierarchy model of indices

In the whole assessment procedure, con-
structing suitable index system is the basis of the
comprehensive assessment. Because logical
structure of the comprehensive assessment has
two layers, the hierarchy of indices can be di-
vided into two layers. The indices in first index
layer include structure stability, landscape suit-
ability, ecological health, and ecological safety.
The indices in second index layer are all kinds
of classified factors which affect the indexes in
first index layer. For example, indexes affecting
structure stability include soil classification,
slope structure, shear strength, mean rainfall,

vegetative covering degree and etc.. The hierar-
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chy of indexes is shown in Table 1(XIA J.H., et
al.2004, 2005).

3.2 Assessment grade model

Dividing the grade of assessment object is the
premise. The assessment grade of ecological
riparian zone includes general object grade and
sub-object grade. General object grade has four
grades: perfect status, nice status, common
status and worse status. “Perfect status” means
that riparian zone ecosystem is unspoiled, and
its ecological integrity is perfect, and its struc-
ture is stable, and landscape is suitable. “Nice
status” means that riparian zone has intact eco-
logical function, and its structure and landscape
basically remain stable and suitable. “Common
status” means that riparian zone can restore its
ecological function under less damage, and its
structure is not stable. “Worse status” means that
riparian zone has no ecological integrity, and its
structure and landscape have been destroyed. So
the assessment set of general object is {Perfect
status, Nice status, Common status, Worse
status}. These grades and their meaning are
shown in Table 2.

Table 1. Hierarchy model of assessment indexes

First index layer

Second index layer

Structure stability

Soil classification, shear strength, slope structure, slope angle, slope height, deg-
radation degree, earthquake intensity, groundwater depth, mean rainfall, disturbing
intensity, percentage of vegetation.

Landscape suitability

Landscape diversity, fractal dimension, landscape evenness, tilth ratio, showplace
richness, recreative device richness;

Ecological health
tarding water intensity;

Biocommunity biomass, biocommunity complexity, biology born ratio, biology
dead ratio, adventitious species ratio, PH value, intercepting pollution ability, re-

Ecological safety

Invaded frequency, pollution intensity, COD, BOD, flood disaster frequency, flood
disaster intensity, regression degree, population, GDP.
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Table 2. Grades and meaning of general object

Grade Meaning
Perfect Status Riparian zone ecosystem is unspoiled, and its ecological integrity is perfect, and its
structure is stable, and landscape is suitable.
Nice Status Riparian zone has intact ecological function, and its structure and landscape basically

remain stable and suitable.

Common Status
not stable.

Worse Status
destroyed.

Riparian zone can restore its ecological function under less damage, and its structure is

Riparian zone has no ecological integrity, and its structure and landscape have been

According to the characteristics of structure
stability, the grades of structure stability have
four levels: rather stable, stable, unstable, and
rather unstable. “Rather stable” riparian zone
recently has no distortion and is not damaged.
Riparian zone whose structure has some loose-
ness but no distortion is called “Stable”. “Un-
stable” riparian zone has many expanding cran-
nies which will result in serious distortion and
landslip. “Rather unstable” riparian zone has
serious distortion and landslides at any time.
The different grade and its meaning are shown
in Table 3. So the assessment set of structure
stability is {Rather stable, Stable, Unstable,
Rather unstable}.

Landscape suitability of riparian zone is fo-
cused on different emphasis in different area.
The landscape suitability of area where the
population is very dense has an emphasis on
whether the landscape is suitable for the demand
of recreation and living. In the area where

population is sparse, the landscape has an em-
phasis on whether it is suitable for the nature.
According to these features, the landscape suit-
ability of riparian zone has four levels: high
suitability, middle suitability, low suitability, and
unfit suitability. “High suitability” riparian can
fully satisfy residents’ recreative desire and is in
harmony with landscape of neighboring ecosys-
tem. “Middle suitability” riparian can remain its
basic functions which can basically satisfy resi-
dents’ need. “Low suitability” riparian can only
satisfy a part of the desire of residents. “Unfit
suitability” riparian can not satisfy the desire of
people and is not in harmony with the sur-
rounding landscape. To some extent, it may de-
stroy the surrounding landscape. The four levels
and meaning are shown in table 4. So the as-
sessment set of landscape suitability is: {High
suitability, Middle suitability, Low suitability,
Unfit suitability}.

Table 3. Grades and meaning of stability

Grades Meaning
Rather Stable Riparian zone recently has no distortion and is not damaged.
Stable Riparian zone has some looseness but no distortion.
Unstable Riparian zone has many expanding crannies which will result in serious distortion and

landslip.
Rather Unstable

There is serious distortion in riparian and riparian landslides at any time, which most
easily happen and most possibly to lead to serious disaster in raining season.
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Table 4. Grades and meaning of landscape suitability

Grades

Meaning

High Suitability
neighboring ecosystem.
Middle Suitability
need.
Low Suitability
Unfit Suitability

Riparian can fully satisfy residents’ recreative desire and is in harmony with landscape of
Riparian can remain its basic functions which can basically satisfy residents’ recreative
Riparian can only satisfy a part of the desire of residents.

Riparian can not satisfy the desire of people and is not harmonized with surrounding
landscape. To some extent, it may destroy the surrounding landscape.

The grades of the ecological health can be di-
vided into four levels: rather healthy, healthy,
less healthy, sick, while the assessment set of
ecological health is: {Rather healthy, Healthy,
Less healthy, Sick}. “Rather healthy” riparian
has strong self-regulation ability, in which the
cycles of material and energy are benign.
“Healthy” riparian has common self-regulation
ability which can remain the basic cycles of
material and energy in the riparian ecosystem.
“Less healthy” riparian has weak self-regulation
ability which results in the cycles of material
and energy in the riparian ecosystem are abnor-
mal. “Sick” riparian almost loses its self-regu-
lation ability so that the cycles of material and
energy cannot do in the ecosystem. These four
levels and their meanings are shown in Table 5.

The grades of ecological safety can be di-
vided into four levels: rather safe, less safe, less
dangerous, dangerous, while elements of as-

sessment set of ecological safety are rather safe,

less safe, less dangerous, and dangerous.
“Rather safe” riparian has no disturbance from
outside and can provide good service for resi-
dents. “Less safe” riparian has little disturbance
from outside, but depending on its restoration
ability and it can keep its good structure and
functions. “Less dangerous” riparian is suffered
with much disturbance which makes some func-
tions not restored. “Dangerous” riparian is suf-
fered with serious disturbance and the ecosys-
tem is degrading. These grades and their mean-

ings are shown in Table 6.

4. MEMBERSHIP FUNCTION MODEL
4.1 Membership function model of struc-
ture stability
It is a basic way of Fuzzy math to use degree
of membership to describe the different fuzzy
boundary things. Membership functions of struc-

Table S. Grades and meaning of ecological health

Grades

Meaning

Rather Healthy
ergy are benign.

Healthy

Less Healthy

liparian has strong self-regulation ability, in which the cycles of material and en-

Riparian has common self-regulation ability which can remain the basic cycles of
material and energy in the riparian ecosystem.
Riparian has weak self-regulation ability which results in the cycles of material and
energy in the riparian ecosystem are abnormal.

Sick Riparian almost loses its self-regulation ability so that the cycles of material and

energy cannot do in the ecosystem.




174

Water Engineering Research, Vol. 6, No.4, 2005

Table 6. Grades and meanings of ecological safety

Grade Meanings
Rather Safe Riparian has no disturbance from outside and can provide good service for residents.
Less Safe Riparian has little disturbance from outside, but depending on its restoration ability and it

Less Dangerous

Dangerous

can keep its good structure and functions.
Riparian is suffered with much disturbance which makes some functions not restored.

Riparian is suffered with serious disturbance and the ecosystem is degrading.

ture stability are given in two ways. One is ex-
pert giving grades, and another is formula way.
For discrete indices, the membership functions
are given in expert-giving-marks way, while the
membership functions are given in formula way
for continuous indices. According to the charac-
teristics of "continuous indices, the degree is
measured by use of descend-semi-trapezoid dis-
tribution as formula(1) to formula (4).

1 x <,
S
U(x)=1-—2"" § <x<5, (O
S, -5, :
0 x>S,
0 x<S,x>8,
S -
Uy(x)=1-2"2 5 <x<5, @
SZ_SI
S. -
27§ <x<S,
Sy -5,
0 x<8§,,x>8§,
S, —x 3)
Uyx)y={-—2—— S§,<x<8§
yiid S3—S2 3
S —
LaTr S, <x<§,
S, -5,

0 x <SS,
U,(x)={-2"% g cx<s, @
S, — S,
1 x2S

4

where U,, Uy,

gree which one index subordinates different

U, Ujy are membership de-

grades; S;, S5, S; S, are different criteria
value of different grades ; x is real value of in-

dex.

4.2 Membership function model of land-
scape suitability
According to the characteristics of the factors
affecting landscape, normal distribution is used
as the membership function when the study re-
sults of assessment of land suitability are used
for reference. It is expressed as formula (5).

_G=m)?

[
“(x)=e

]
¢ (%)

where #(x)is membership degree; m is mean

value; ¢ is constant; x is real value of index.
When x equals to m, the value of (m) is 1.
That is to say. When x equals to m, the value
of p(m) will reach maximum. So m is the av-
erage of upper limit and down limit of one grade,
which can be expressed as m=(X,p+Xown)/2.
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between two
neighboring grades, the degree subordinating to

The boundary value is
one grade equals to the degree subordinating to
next grade. So the membership degree is 0.5. It
can be written as expression (6).

- (=2
p(x,,)=e ¢ ~ 0.5 (6)

Substituting  m=(x,,+tX4)/2 into expres-

sion (6), and expression (7) will be attained.

xu - xdgwn 2
(=)
e 2c ~0.5 (7)

Logarithm conversion is done for expression
(7), and then ¢ can be given as expression (8).

c= \/— (X, = X gon)/ 410 0.5 (8)

When m and ¢ are known, the membership
degree can be reaches.

4.3 Membership function model of eco-
logical health and ecological safety

These two kinds of indices have influence on
ecological health and ecological safety. One is
positive index while anotaer is a negative one.
The positive index has greater influence when
these values become more. The membership
functions of this kind of index are described by
use of ascend-semi-trapezoid distribution as
expressions (9) ~ (12). On the other hand, the
membership functions are expressed by use of
descend-semi-trapezoid distribution as expres-
sions (1) ~ (4).
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1 x2S
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Sl'Sz
0 0<x<S,
0 x28 orx<8§,
1~ % S, <x<§,
U - $-S, (10)
i _
1 x=35,
)
70§ <x<s,
52—53
0 xz28§,0orx<S,
2= g <x<S,
S,-S, . (11)
Uy = 1 _
xX=3,
X5 g xcs,
S5 -8,
0 xS,
S, —x
= S,<x<S
U,y S,-S, 4 3 (12)
1 0<x<S8§,

where U, Uy,

gree which one index subordinates different

Uy, U are membership de-

grades; S;, S, S;, S, are different criteria
value of different grades ; x is real value of in-

dex.

5. CASE STUDY

5.1 Study area

Rujiangshuidao river lies in downstream of
Huaihe watershed, which is from Sanhe to San-
Jianying and then flows into Yangtze River. Be-
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cause of jamming, Ecosystem of Rujiangshuidao
river has had little regression. In order to stop
the regression, the ecological assessment should
be done. Left riparian zone of Rujiangshuidao
river has been chosen as the case study, which is
2km long.

5.2 Comprehensive assessment

Soil classification, shear strength, slope
structure, slope angle, slope height, mean rain-
fall, scouring depth, scouring width, disturbing
intensity, percentage of vegetation and erosion
are used for structure stability assessment.
Weight of each index are obtained by use of

AHP and judgment matrix is given as follows.

[1 2 177 12 va 16 19 1 177 ]
12 1 18 13 13 1/77 1/8 13 16

g8 1 5 31 12 5 3

13 1/6 /3 1/51/7 1/8 1/3 1/4

72 1315 1 12
1 17315 2 1

1/5 1
2
3 301 12 1 1
5
1
2

1
3
6
1
3
/3 5
1 7
2 8
/5 3
/3 4

5 2 1 6 7
12 1 16 1 s
1 1 7 5 1

7
i
2
4
6
9
1
4

DN W o g W W

d

This matrix is consistent because value of CR
is 0.58. So weight vector is eigenvector of this
matrix., which is (0.027, 0.023, 0.197, 0.02,
0.052, 0.102,0.142,0.25,0.071,0.116).

The real value of each index is shown in
Table 7.
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By use of expression (1)~(4), the attribution
degree of each index is calculated and the fuzzy
relationship matrix is formed as follows.

[o 0 025 075
0 005 030 065
0 0 014 086
09 01 0 0
093 007 0 0
0 0 0 1
0 0 0 1
085 0I5 0 0
0 0 05 05

|l o o 0 |

Then, using fuzzy complex operator, and Bl
which stands for status value of structure stabil-
ity may be assessed.

7

00277 o o 025 075 ]
0023 | |0 005 030 065
0.197 | |0 0 014 086
002 | |09 0.1 0 0
0052 | (093 007 0 0
Bi=lo102 ] {o o o . =[0.395.0.044.0.077.0.484 ]
0142 | |0 0 0 1
025 | |o8s 015 0 0
0.071 | |0 0 05 05
lo.tte | | 0 0 0

The attribution degree to “Rather unstable” is
0.484 which is maximum. According to maxi-
mum degree principle, the structure stability of
this zone belongs to “Rather unstable”.

Using the same way, and landscape suitability
and ecological health and ecological safety of
this zone can be assessed. Landscape suitability
is “High suitability”, and ecological health is

Table 7. Real value of each index

Soil classification Silt Scouring depth 0.54
Slope structure Loosing Scouring width 0.9
Shear strength 0.25 Percentage of vegetation 75

Slope height 6 Disturbing intensity 30

Slope angle 16 Erosion 400
Mean rainfall 1000
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“Healthy”, and ecological safety is “Less safe”
so that the marks of them can be given, which
are respective 1, 5, 3 and 3. Then, the general
status can be assessed by use of Fuzzy Method,
in which the judgment matrix is constructed.

13 2 2
173 1 12 172
12 2 1 1
172 2 1 1

Because this matrix is consistent, eigenvector
is weight vector and its value is (0.423, 0.123,
0.227, 0.227). Then using weighted way, and
general status index will calculated.

A=0.423 X 1+0.123 X 5+0.227 X 3+0.227 X

3=2.4

So general status index is 2.4 which belongs
to “Nice status”.

6. CONCLUSIONS

It is most important to construct fuzzy rela-
tion matrices and weight vectors in APH-Fuzzy
assessment method used in comprehensive as-
sessment of ecological riparian zone. When the
fuzzy relation matrices and weight vectors have
been formed, the structure stability, landscape
suitability, ecological health, and ecological
safety can be analyzed and assessed by use of
complex fuzzy operation, then general ecologi-
cal status of riparian zone can be obtained. In
the whole procedure, the hierarchy model, the
grade model, and the membership function are
the basis, among of which the membership
function is the most important model. The
membership functions of different kinds of in-
dices are different. For the indices of structure
stability, the membership function is drop-
semi-trapezoid distribution. For the indices of
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landscape suitability, the membership function
is normal distribution. For the indices of eco-
health and safety, both the de-
scend-semi-trapezoid distribution and ascend-

logical

semi-trapezoid distribution are used as the
membership function. Rujiangshuidao river as a
case has been reasonably assessed, of which
ecological status belongs to “Nice status”
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