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Improvement of combination weighting-fuzzy
clustering algorithm and its application

in flood risk assessmen

PAN Tingchao,QI Lan, TIAN Fuchang, YUAN Ximin

(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300350, China)

Abstract; Given the limitation of the single weighting method in flood risk assessment and the difficulty of the objective division
of risk level, an improved combination weighting-fuzzy clustering algorithm is proposed to carry out the research of flood risk
assessment, Considering the three aspects of flood risk, sensitivity and vulnerability, the evaluation index system is construc-
ted. The subjective and objective weights are given by the intuitionistic fuzzy analytic hierarchy process and VC-CRITIC meth-
od. The optimal combination is calculated by the game-theory-based combination weighting method. Combination weights are
used to calculate the flood risk of different evaluation units, and the Gaussian-mixture-model-based fuzzy clustering algorithm is
used to classify the regional flood risk levels. Taking the 100-year flood of the mainstream of the Huai River as an example, the
application of the flood risk assessment algorithm was carried out in the Cinanfeizuopian flood control protected zone. The re-
sults show that the extremely high-risk area and high-risk area which account for 24. 87% of the total area of the protected area
submerge. In areas with large water depth, low topographic index and high socio-economic value, the evaluation results are
more reasonable and reliable. The improved combination weighting-fuzzy clustering algorithm may provide flood disaster risk
assessment and disaster prevention and mitigation decision-making in flood control protected zones with technical support.

Key words: flood risk assessment; combination weighting-fuzzy clustering algorithm; intuitionistic fuzzy analytic hierarchy

process; VC-CRITIC; game theory; Cinanfeizuopian flood control protected zone

Floods are one of the major natural disasters
that threaten people’s lives and property. Conduc-
ting flood risk assessment is of great significance
for emergency decision-making on flood con-
trol''*, Determining the criteria of flood risk lev-
els and the weights of assessment indexes is a key
aspect of flood risk assessment.

The classification of flood risk levels is charac-

terized by fuzziness and high dimensionality. From
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the previous studies, it can be obtained that among
many classification methods of assessment levels
such as the natural breaks method, the cloud mod-
el-based method” ", the variable fuzzy set meth-
od™! and the information diffusion method"*, the
fuzzy clustering algorithm can well take into ac-
count the fuzziness and high dimensionality in the
assessment process. It has been applied in fields

such as groundwater quality evaluation"” and oper-
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ating condition assessment of transformers™®. If
the fuzzy clustering algorithm is applied to flood
risk assessment, it can provide objective analysis
results for the classification of flood risk levels.

In the previous studies, the weighting of
flood-risk assessment indexes usually used the sin-
gle weighting method. It includes the subjective
weighting methods such as the analytic hierarchy
processt '™, the expert scoring method and the
Delphi method, and the objective weighting meth-
ods such as the entropy weight method"?, the
technique for order preference by similarity to an
ideal solution (TOPSIS) method, the principal
component analysis method"*'*) and the factor
analysis method"”, The subjective weighting
methods depend on the experience of decision mak-
ers, which have certain subjectivity and arbitrari-
ness. The decision makers participate less in the
objective weighting methods, and the methods are
not very common. The weights of indexes may be
contrary to the actual situation., The game theory
is a method for maximizing the interests of all par-
ties through the decisional balance of multiple deci-
sion makers. It combines the advantages of subjec-
tive and objective weighting methods. With con-
sidering the characteristics of actual data and refer-
ring to decision makers’ opinions, the game theory
realizes the unification of subjective and objective
for index weighting. It can obtain more objective
and reasonable weights of indexes, so it has been
widely used in multi-attribute decision-making
problems %1,

Based on deeply studying the previous flood
risk assessment methods, this paper proposes an
improved method of flood risk assessment based on
combination weighting and fuzzy clustering. The
intuitionistic fuzzy analytic hierarchy process (IF-
AHP), which considers hesitation and abstention,
and the VC-CRITIC method, which is based on the
information amount and the variation degree of ob-
jective data, are used for subjective and objective
weighting of assessment indexes. We search opti-
mal combinations by improving the combination
weighting method based on game theory, so as to

confirm the optimal combination weights. Mean-

while, the fuzzy clustering algorithm based on
Gaussian mixture model (GMM) is used to classify
regional flood risk levels given the fuzzy nature of
membership intervals in the assessment process.
This method is applied to the flood risk assessment
in the Cinanfeizuopian flood control protected
zone. The results can provide technical support for
flood risk assessment and decision making on dis-

aster reduction in the flood control protected zone.

1 Flood risk assessment method based on im-
proved combination weighting-fuzzy clus-

tering algorithm

1.1 Basic process
The basic process of the flood risk assessment
method based on the improved combination weigh-

ting-fuzzy clustering algorithm is shown in Fig. 1.
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Fig. 1 Process of flood risk assessment based on combination

weighting and fuzzy clustering algorithm

(1) The indexes of flood risk assessment are
determined combining the actual situation of the
evaluated zone and then normalized.

(2) The subjective and objective weights of
flood risk assessment indexes are respectively cal-
culated by the IFAHP and the VC-CRITIC meth-
od. This method takes both the subjective experi-
ence and the information contained in the objective
data into consideration. Compared with the fuzzy
analytic hierarchy process, the IFAHP can more
accurately reflect the situations of weighting hesi-
tation or abstention, and can reach agreement on
the aggregated method of qualitative and quantita-
tive factors. Thus, it is more comprehensive and
accurate in describing decision makers’ assessment
uncertainties. The VC-CRITIC method considers
the influences of the information amount and the

variation degree of objective data on weights of in-
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dexes, so it has significant advantages compared
with the common CRITIC method.

(3) The optimal subjective and objective com-
bination weights are calculated by the improved
combination weighting method based on game the-
ory. The improved combination weighting method
based on game theory draws on the constraint con-
dition of the deviation maximization-based combi-
nation weighting method. Thus, unlike the combi-
nation weighting method based on game theory,
the coefficients of linear combinations in the im-
proved combination weighting method based on
game theory will not be negative.

(4) According to the obtained combination
weights of indexes, the standard data layers of in-
dexes are overlaid through the calculator function
of grids at the ArcGIS platform, so as to weight
the flood risk levels corresponding to different grid
units,

(5) The optimal number of cluster centers is
obtained by the Davies Bouldin index (DBI) which
can evaluate the quality of clustering. According to
the obtained optimal number of cluster centers,the
risk levels of all flood risk assessment units are
clustered based on the maximum membership prin-
ciple. Then flood risk levels are assigned according
to risk degrees.

(6) At last, the map is made by the GIS tech-
nology, and the spatial distribution of flood risks

in the studied zone is intuitively demonstrated.
1.2 Key methods

1.2.1 Data normalization
As the assessment indexes vary in the dimen-
sion and the order, the assessment indexes are nor-
malized before weighting calculation. The judge-
ment matrix X,,«, = (2, )<, is established, where:
x; is the No. j assessment index of No. i flood
risk assessment unit; m is the number of flood risk
assessment units; n is the number of assessment
indexes. By the standardized processing method of
range transformation, the normalized matrix of
samples is constructed
woxn = 5 )k @b

The indexes which are positively correlated

+ 48 ¢« KXKRFER

with the risk level are

Ve

* i " Zhin (l)
X;

v :Imax(i)i‘rmin(i) (2)
The indexes which are negatively correlated
with the risk level are

*

z; —% (3)
where:x; is the standard value of No. i index of
No. j sample, and 0<<x; <<1;x,,, (1) and z,, (1)
are maximum and minimum of all the sample data

corresponding to No. 7 index.
1. 2.2 Subjective and objective weighting
1.2.2.1 Subjective weighting by IFAHP

The IFAHP"""! is a subjective weighting meth-
od which is improved based on the fuzzy analytic
hierarchy process. The calculation process is as fol-
lows.

(1) Establishment of the intuitionistic fuzzy
judgement matrix. The importance degrees of pri-
mary and second-level indexes in the index system
are pairwisely compared, so the intuitionistic fuzzy
judgement matrix W = (w; ), is established,
where:: and j indicate the row and the column of
the intuitionistic fuzzy judgement matrix; w,; =
(u; s v;) »u; indicates the membership,namely that
the degree to which No. 7 index is more important
than No. j index; v; indicates the non-member-
ship, namely that the degree to which No. j index is
more important than No. i index; r; indicates the
hesitancy degree,and 7; =1—u; —v,.

(2) Consistency check and automatic iteration
adjustment. To assure the coordinated consistency
of indexes on the importance degree, the method
uses the distance measure d of intuitionistic fuzzy
information to conduct consistency check for the
intuitionistic fuzzy judgement matrix. If the matrix
does not pass the check, iteration adjustment is
performed automatically.

(3) Weight calculation. According to the intu-
itionistic fuzzy judgement matrix which has passed
the consistency check, the weight of each assess-

ment index for the upper level can be obtained as

Z]u,] _El(lfu,.j)
w; = n 11]: ’ ]‘_j: n_n
SSa-v,) 3,
i=1=1 i=1j=1
1=1,2,+.m 4
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(4) Information aggregation. The absolute
weight of any second-level index ¢ can be obtained
by the multiplication of the intuitionistic fuzzy set

wiQw, = (uy = w, s vitv,—ve s v,) (5
where: w, indicates the weight of the primary in-
dex k to which the second-level index ¢ belongs; w,
indicates the weight of the second-level index #;u, and
u, indicate the memberships of w, and w,; v, and v,
indicate the non-memberships of w, and w,.

The comprehensive weight of any second-level
index ¢ is calculated by the ranking function of the
intuitionistic fuzzy set

(I+z)d—u)
2

where: x, indicates the non-membership of w,; u,

o(W)=1— (6)

indicates the membership of w;.
1.2.2.2 Objective weighting by VC-CRITIC method
The VC-CRITIC method® is an objective
weighting method based on the CRITIC method,
which can reduce the influences of subjective fac-
tors. The method takes the influences of the infor-
mation amount and the variation degree of objec-
tive data on weights of indexes into consideration.
The calculation steps are as follows.
(1) Calculate the coefficient of variationv; of

indexes. The formula is
y, == 7=1,2,*,n D)

where:x; is the average of No. j index;s; is the
mean square deviation of No. j index.
(2) Calculate the dependence coefficient 7, of

indexes. The formula is
n

72/:2(1_7'/(‘7')

j=1,2,.n (8)
where: r;; is the correlation coefficient between
No. j index and No. £ index.

(3)Calculate the comprehensive coefficient C;
of indexes. Based on the coefficient of variation and
dependence coefficient of each index, the compre-
hensive coefficient of each assessment index can be
calculated by the following formula

Ci=vy, J=1,2,.n 9
1.2.3 Improved combination weighting method

based on game theory

The basic principle of the combination weigh-

ting method based on game theory is to search con-

sistency or compromise among weights obtained
through different weighting methods by minimizing
the deviation between the weights of each index
and the optimal linear combination weights. It is
set that the number of assessment indexes is n and
the number of methods for calculating weights of
assessment indexes is P. Thus, P basic weight sets
can be obtained,and No. p basic weight set can be
indicated as w, = {wy swp s sy ts p=1:25, P.
Any linear combination of P basic weight sets can

be indicated as

w:/)ilapwg 1o
where:q, is the coefficient of linear combinations.

Based on the basic principle of the combination
weighting method based on game theory, the opti-

mized gaming model is

min (1D
t=1.2,+++.P

where w, is the basic weight set obtained through

P
Dlamr —w
p=1NE B “Il2

No. t weighting method. According to the differen-
tial property of matrices,to avoid negative combi-
nation coefficients, the optimal condition of the im-
proved combination weighting method based on
game theory"?" is
min f= ZP]
apsaysttsap t=1

P
where ap>0,p=1,2,-+, P and Elai:L The La-
=

(12)

P
T\ T
127 la PW,W , W,

grange function is established as

L(a, . A)= 2} < Ela,,w,w,l) ) —ww, | T
= =
A&,
?<p§la; 1> (13
The solution to the combination coefficient is
¥
Sl
ap:fp— Qry)
> ( Yww))

1.2.4 Fuzzy clustering based on GMM

The Gaussian mixture model (GMM) is a
fuzzy clustering algorithm in non-supervised ma-
chine learning, which can classify the flood risk
levels of a protected zone from the risk clustering
of all assessment units. The essence of the GMM is
a classical model of describing the mixture density
distribution. Its probability density function can be

indicated as

£ =D X fy Gl ) (15)
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where:n is the number of normal distributions con-
stituting the GMM; f (x| »07) is the probability
density function of No. k normal distribution; wy »
1 and o are weight, expectation and variance of
No. k normal distribution. The weight w, satisfies

jogwk <1

126&),( =1
=1

The expectation maximization (EM) algo-

(16)

rithm is usually used to solve the parameters (wy
w1 and 67) in the GMM. The basic principle of the
EM algorithm is to solve the maximum likelihood esti-
mation of distribution parameters of models by intro-
ducing latent variables, and then to iterate expectation
formulas of latent variables and re-estimating formulas
of distribution parameters of models until the likeli-
hood function values are convergent.

The Davies Bouldin index (DBD) is used to an-
alyze the clustering effects with different numbers
of cluster centerst???!, With the decrease of the
value of DBI, the class itself is tighter; the classes
are more dispersed,and the clustering effect is bet-
ter. DBI indicates the quality of the classification of
flood risk levels,and the specific calculation meth-
od can be referred to Reference [ 22]. The calcula-

tion formula is as follows
e
’}/DBI:EA;maXJflRi-J‘ an

where: G is the number of cluster centers; R;; is the
similarity between classes, which is calculated by
R.;=(S;+S,)/M,; (18)
where: S; and S; are average distances of data in
No. i class and No. j class from the cluster cen-
troid; M, ; indicates the distance between the cen-

troid of No. 7 class and the centroid of No. j class.
2 Case application

2.1 Introduction to the studied region

With the 100-year flood of the mainstream of
the Huaihe River in the Cinanfeizuopian flood con-
trol protected zone as an example, the flood risk as-
sessment algorithm and its application are studied.
The Cinanfeizuopian flood control protected zone is
located in the area surrounded by the left embank-
ment of Xifei River, the right embankment of

Cihuaixin River and the Huaibei embankment in

+ 50 ¢ KXKRFER

Anhui Province, which belongs to the plain area in
the middle and lower reaches of the Huaihe River.
This flood control protected zone is located at 116°
13'22"E-117°12"17"E and 32°38'21"N-33°2"34"N,
with an area of about 1 816.0 km?*, as shown in
Fig. 2.
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Fig. 2 Geographic position of studied zone

2.2 Establishment and quantization of index
According to the disaster system theory**, by

referring to related studies!* %"

,we choose the as-
sessment indexes from three perspectives of hazard
of flood disaster-causing factors, sensitivity of dis-
aster-inducing environment and vulnerability of
disaster-bearing subjects combining with the actual
situation of the protected zone. The importance and
available degrees of index data are both taken into
account. The index system of flood risk assessment
of flood control protected zones is established,
which is representative and operative. This index
system includes three primary indexes and fourteen
second-level indexes, as shown in Tab. 1. The as-
sessment indexes are described specifically in the
following.

(1) The index of hazard of disaster-causing
factors. The index contains four flood risk factors:
the maximum inundation depth, the flood arrival
time, the maximum flood flow velocity and the
maximum inundation duration, which can be ob-
tained by simulation of hydraulic models. These
four indexes are the flood risk factors in the Flood
Risk Mapping Guidelines published by the Minis-
try of Water Resources of the People's Republic of
China in 2010, which are the direct influencing fac-
tors of flood.

(2) The index of sensitivity of disaster-indu-

cing environment. The index contains five indexes
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of the normalized terrain niche index, the buffer
zone of mainstream embankment, the buffer zone of
regional tributaries, the permeation capacity of soil
and vegetation coverage. The elevation and vegeta-
tion coverage come from the Geospatial Data Cloud
(http://www. gscloud. cn/) ; the slope is extracted
from the elevation data based on the ArcGIS plat-
form; the permeation capacity of soil comes from
the Harmonized World Soil Database. The terrain
niche index can reflect the elevation and slope of
the region. With the reduction of the terrain niche
index, the regional elevation reduces;as the terrain
slope decreases,the flood is easier to pool, and the

flood risk is higher. The terrain niche index is

Tzlogm[(%mﬂ)x(s%mﬂ)] 19

where: H and H,.., are elevation and average eleva-
tion of grids; S and S,.. are slope and average
slope. The indexes at the levels of embankment
and river buffer zones adequately reflect the flood
risks such as overflow and dam-break flood in the
surrounding areas of rivers, lakes and embank-
ments. According to the actual situation in the
flood control protected zone, the embankment and
river buffer zones are set as five-level buffer
zones. The buffer width of the embankment buff-
er zone is 500 m, 1 km, 2 km, 3 km and >3 km,
respectively. The buffer width of the river buffer
zone is 250 m, 500 m,750 m,1 km and >1 km,
respectively. Vegetation and permeable soil have a
certain buffering effect against heavy rainfall and

flood disasters.

Tab. 1 Index system of flood risk assessment of Cinanfeizuopian flood control protected zone

Objective layer Criterion layer

Index layer

Maximum inundation depth C;;/m

Flood arrival time Ci2/h

Hazard of flood disaster-causing factors By

Maximum flood flow velocity Ci3/(m + s1)

Maximum inundation duration Ci4/h

Sensitivity of disaster-inducing environment B;

Flood risk assessment system A

Terrain niche index Cy;

Buffer zone of mainstream embankment Cs;
Buffer zone of regional tributary Css
Permeation capacity of soil Cyy

Vegetation coverage Css

Vulnerability of disaster-bearing subject B

Population density Cs;/(person » km?2)

GDP density Cs2/(CNY 10 000 « km?)

ensity of transportation networks Cs3 /(km * km?)
Density of fixed assetsCs;/(CNY 10 000 « km?2)

Land-use type Css

(3)The index of vulnerability of disaster-bear-
ing subjects., The index is jointly determined by
the population, property and socio-economic fac-
tors of the disaster-bearing subject. This index in-
cludes economic vulnerability indexes and social
vulnerability indexes. In this study, the selected
social vulnerability indexes include the population
density and the land-use type. The economic vul-
nerability indexes contain the GDP density, the
density of transportation networks and the density
of fixed assets. As the regional vulnerability inde-
xes increase, the potential threat to the disaster-

bearing subject grows higher, and the flood risk

enlarges. The data of the population, land-use
type and socio-economic indexes come from na-
tional statistics, which are reliable and easily acces-
sible.

The grid units have obvious distribution char-
acteristics of carrier information and accurate spa-
tial positions. With the support of the GIS spatial
analysis technology, the 150 m>X150 m grid is used
as the basic unit for the assessment of the Cinanfei-
zuopian flood control protected zone, and the flood
control protected zone is divided into 64 592 grids
according to the area of the flood control protected

zone, the distribution of indexes,disaster character-
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istics, sizes of townships,and the topographic fea-
ture. The indexes are normalized according to the
method stated in Section 1. 1. The distribution of
some assessment indexes of the Cinanfeizuopian

flood control protected zone is shown in Fig. 3.
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Correlation analysis is conducted for the indexes.
The results show that the correlation coefficients
between the assessment indexes are all smaller
than 0. 9,and the interactions between the indexes

are within a reasonable range.
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Fig. 3 Spatial distribution of assessment indexes

2.3 Assessment of index calculation

The subjective weight w; is calculated accord-
ing to the IFAHP method stated in Section 1. 2. 1,
and the objective weight w, is calculated according
to the VC-CRITIC method described in Section 1.
2. 2. The weights obtained through the two meth-
ods are different. Based on the obtained subjective
weight set and objective weight set, the combina-
tion coefficients are calculated by the improved
combination weighting method based on game the-
ory. Through normalization,it can be obtained that
{af sa; }=10(0.513 9,0.486 1). The comprehensive
weights obtained through the combination weigh-
ting method are » = (0.094 3,0.091 3,0.074 9,
0.058 5, 0.0852, 0.076 7, 0.0752, 0.064 1,
0.072 1, 0.0689, 0.0596, 0.0601, 0.0639,
0. 055 2)T, which correspond to the maximum in-

undation depth, the flood arrival time, the maxi-

+ 52« KXKRFR

mum flood flow velocity, the maximum inundation
duration, the terrain niche index, the buffer zone of
mainstream embankment, the buffer zone of re-
gional tributary, the land type, the vegetation cov-
erage, the population density, the GDP density, the
density of transportation networks, the density of

fixed assets and the land-use type,as shown in Fig. 4.
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Fig. 4 Change curves of weights of indexes

obtained through different methods
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2.4 Analysis of assessment results

According to the method stated in Section
1. 4, the GMM-based fuzzy clustering analysis is
performed on the risk levels of assessment units.
The number of fuzzy cluster centers is set as GE
[2,10]. The curve of DBI varying with the number

G of cluster centers is shown in Fig. 5.
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Fig. 5 Relationship between DBI and number of cluster

centers G of cluster centers

It can be seen from Fig. 5 that DBI is the mini-
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mum when the number of cluster centers is four.
Thus, the optimal number G of cluster centers of
the assessment units is confirmed as four. Based on
the maximum membership principle, the assess-
ment units are divided into four classes according
to the flood risk levels: the extremely high-risk are-
a,the high-risk area, the medium-risk area and the
low-risk area. To more intuitively display the spa-
tial distribution of flood risks in the flood control
protected zone, this paper uses the ArcGIS to make
the map, so the distribution of flood risk levels in
the Cinanfeizuopian flood control protected zone
can be obtained,as shown in Fig. 6.

The regional analysis tool in ArcGIS is used to
analyze the distribution characteristics of risk lev-
els in the Cinanfeizuopian flood control protected
zone. Thus, the proportions of areas and the distri-
bution situations of different flood risk levels in the

studied zone can be obtained.
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Fig. 6 Distribution of flood risk level in the Cinanfeizuopian flood protected zone based on

improved combination weighting-fuzzy clustering algorithm

(1) The extremely high-risk area accounts for
3.29% of the total area of the protected zone,
which is mainly located in the southern area of the
Cinanfeizuopian flood control protected zone. The
area distributes in the most area of Chengguan
Town, the middle and southern area of Guiji
Town, the middle and southern areas of Chengbei
Township, the southern area of Jiahe Township,
the southwestern area of Pingwei Town, the middle
area of Tianji Town, the northwestern area of Gu-
qiao Town and other areas. The major reason of

these areas belonging to the extremely high-risk

area is that they have big maximum inundation
depths and small terrain niche indexes. In addition,
they are close to the mainstream of the Huaihe
River, which are subject to the flood in the main-
stream of the Huaihe River. Due to high density of
road networks, density of river networks popula-
tion density, and GDP density, the most area of
Chenguan Town has a high flood risk level. The
high flood risk level in the middle and southern ar-
ea of Guiji Town is also influenced by the dense
road networks and tributary river networks.

(2) The high-risk area accounts for 21.58%,
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which is mainly located in the middle area of Liuji
Town, the eastern area of Guiji Town,the northern
area of Chenguan Town,the northern area of Jiahe
Township, the eastern area of Tianji Township, the
northern area of Gugou Hui Ethnic Township, the
southern area of Qiji Township, the most area of
Pingwei Town, the eastern area of Jiagou Town-
ship, the most area of Gachuang Town, the south-
ern area of Wanfu Town, the most area of Chang-
fen Town, the eastern area of Zhaoying Township
and other areas. The main reason of these areas be-
longing to the high-risk area is that they are loca-
ted in the neighboring areas of rivers, which have
short flood arrival time and high social values.

(3) The medium-risk area and the low-risk ar-
ea account for 19.20% and 55. 93 %, respectively,
which are mainly located in the northern area of the
studied zone. The low flood risk level in these areas is
because these areas have high terrains, low densities of
river networks, high vegetation coverages, small distri-
butions of population and industrial and mining enter-
prises,and good permeation of soil.

It can be seen that the flood risk assessment
result of the Cinanfeizuopian flood control protec-
ted zone is closely related to the threat degree of
flood, topography,and socio-economic factors.

In order to compare with the actual flood situ-
ations, this paper selects the typical extreme flood
disasters in the mainstream of the Huaihe River in
1954 and 1991 as an example. Based on the flood
inundation areas and the disaster records, the areas
with serious flood disasters, namely, the southern
area of Fengtai County and Panji District, are con-
sistent with the extremely high-risk areas shown in
Fig. 6. This verifies that the distribution of risk ar-
eas obtained by applying the improved combination
weighting-fuzzy clustering algorithm to the assess-
ment of flood risk is more reasonable and reliable.
The research results can provide a scientific basis
for the assessment of flood control and the preven-
tion of flood risk in this zone.

To further verify the reliability of the im-
proved combination weighting-fuzzy clustering al-
gorithm, this paper selects the TOPSIS commonly

used in the risk assessment to assess the flood risk of
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the studied zone. The assessment results are compared
with those of the improved combination weighting-
fuzzy clustering algorithm. TOPSIS is an assessment
method according to the order of the similarities be-
tween the evaluated subject and the ideal objective. The
flood risk assessment results of the TOPSIS method,
which classifies by the natural break method, are
shown in Fig. 7. Compared to the assessment re-
sults of the improved combination weighting-fuzzy
clustering algorithm, the proportions of the recog-
nized extremely high-risk area and high-risk area
are very low,which are 0. 19% and 2. 86 % ,respec-
tively, showing certain unreasonableness. For ex-
ample, the most area of Panji District and the river
buffer zone, where the floods are serious, are only
identified as low-risk areas in Fig, 7. There is a cer-
tain deviation between the assessment result and
the reality. However, the improved combination
weighting-fuzzy clustering algorithm can better
identify the roles of the disaster-causing factors,
the disaster-inducing environment and the disaster-
bearing subject in the disaster system. The assess-
ment results are objective and reliable, which can
provide technical support and reference for the as-

sessment of flood risk in similar areas.
3 Conclusions

(1) The index system of flood risk assessment
including the hazard of flood disaster-causing fac-
tors, sensitivity of disaster-inducing environment
and vulnerability of disaster-bearing subject was
established. The improved subjective and objective
combination weighting algorithm was proposed, which
was based on the IFAHP, the VC-CRITIC method and
the improved weighting method based on game theory.
The optimized calculation of combination weighting of
assessment indexes under the unit constraint was real-
ized, so the weighting of assessment indexes was
more scientific and reasonable.

(2) The risk levels of all assessment units
were clustered by the fuzzy clustering algorithm
based on GMM. The optimal number of cluster
centers was confirmed according to the analysis of
DBI. Based on the maximum membership principle,

the flood risk level was assigned to each flood risk
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assessment unit according to the size of the flood
risk. This compensated for the shortcoming that

traditional assessment methods failed to pay

enough attention to the fuzziness of assessment in-
tervals,and can provide the classification results of

flood risk levels objectively and accurately.
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Fig. 7 Distribution of flood risk levels in Cinanfeizuopian flood control protected zone based on TOPSIS

(3) With the 100-year flood of the mainstream
of the Huaihe River in the Cinanfeizuopian flood
control protected zone as an example, the flood risk
assessment model based on improved combination
weighting and fuzzy clustering was established, and
the flood risk assessment was developed. The as-
sessment results showed that the extremely high-
risk area and the high-risk area accounted for 24. 87%
of the total area of the protected zone, which were
basically the areas with big inundation depth, small
terrain niche index and high socio-economic values.
The assessment results were basically consistent
with the actual situation of the zone. The proposed
assessment method was reasonable and reliable,
which could provide reference for regional flood

risk assessment and prevention of disasters,
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