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�e occurrence of debris �ow hazards has great destructive e�ects on the life and property safety of the people. Many factors
control its occurrence. �e intuitionistic fuzzy sets-TOPSIS model is introduced to assess the risk level of debris �ow in the Duba
river watershed at �rst; secondly, the decisive matrix of the intuitionistic fuzzy sets is established, and the index weight coe�cients
are determined by using the entropy weight method, and then the weighed decisive matrix is obtained. Finally, the degree of
membership at di�erent levels is calculated.�e risk level corresponding to the maximum degree of membership is regarded as the
�nal assessment level. �e conclusions are drawn, estimating that the risk level of debris �ow hazards in the Duba river watershed
based on the intuitionistic fuzzy sets-TOPSIS model is feasible when its results are compared with the actual investigation and Liu
X.L model, and the model not only can re�ect the risk level of debris �ow hazards accurately, but also further determines the risk
ranking of debris �ow in four di�erent gullies, so that it can provide a newmethod and thoughts to estimate the risk level of debris
�ow hazards in the future.

1. Introduction

With the development of science and technology and the
progress of human society, the urbanization is accelerated
gradually [2], the human demand for resources is becoming
more extensive, and the destruction of environment is
obvious increasingly, so the geological hazards occur fre-
quently. In particular, in mountainous areas, the occurrence
of debris �ow hazards has seriously endangered the life and
property safety of the people [3]. So, the risk assessment for
debris �ow hazards has great signi�cance.

�e debris �ow hazard is a common geological hazard
characterized by high �ow rate, signi�cant impact, and wide
in�uential ranges [4]. �e investigations on the risk as-
sessment and prevention measurement have been per-
formed by researchers in many countries [5]. In 1976, Dr
David J. Varnes in the FBI had assessed the risk level of
debris �ow, and this information provides the basis for the

hazard classi�cation of debris �ow in the future [6]. And the
judgment of the risk level of the debris �ow is suggested by
Glade T [7] according to topography, rainfall, and mor-
phological characteristics. Hollingsworth adopts the scoring
systems in America in 1981 to establish the risk assessment
frame of debris �ow [8].�e type and scale of the debris �ow
are depicted by Eldeen in Switzerland [9] using the method
of the zoningmap. In China, correlating investigations about
the risk level assessment of debris �ow have been performed
by many researchers [10] during the last 30 years. In 1993,
the qualitative assessment model of debris �ow was provided
by Liu et al. [1]. Chu et al. suggested the fuzzy mathematical
method to assess the risk level of debris �ow, and lots of
uncertainties in the technique are considered [11]. �e
neural network model for the risk assessment of debris �ow
was established by Cao et al. in 2014 [12]. �en, the analytic
hierarchy process for the risk assessment of single gully is
provided byWang [13].�e fuzzy comprehensive evaluation
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model in two stages is suggested by Wang [14] to assess the
risk level of debris flow; with the development of GIS
technology in recent years, it has been widely applied to the
risk assessment of debris flow. For example, the investigation
on the visualization of morphological characteristics about
debris flow is performed by Walsh et al. [15] based on GIS
Technology. Besides, the risk level of debris flow hazards in
Banshanmen Gully is assessed by Gu et al. [16] based on the
entropy weight-normal cloud method. And the risk level of
debris flow in Zhouqu is also evaluated by Gu et al. [17]
based on Projection Pursuit Classification (PPC) model. /e
above methods have been applied to determine the risk level
of debris flow successfully. Besides, TOPSIS model is applied
to analyze the sensibility of debris flow [18, 19], and other
methods are also applied [20, 21]; although these above
methods improve the development of assessment theory
about the debris flow, however, these models still have some
shortcomings, such as complex processes and uncertainty.

Relative to the traditional vague mathematical method,
the nonmembership function is added in the intuitionistic
fuzzy sets [22], so the vague concept can be expressed de-
finitively. And it is characterized as the sufficient usage of
original datum, minor information loss, and wide applica-
tion [23], so it is an efficient multiple attribute decision-
making method [24]. A new model is constructed when the
intuitionistic fuzzy sets theory is combined with the TOPSIS
model. In comparison with the traditional methods, the new
model has higher efficiency.

/e paper is organized as follows: in Section 2, the study
area’s engineering overview is first introduced. In Section 3,
a new risk assessment method of debris flow hazards is
presented based on the Intuitionistic Fuzzy Sets-TOPSIS
model. In Section 4, the Intuitionistic Fuzzy Sets-TOPSIS
model is established about the debris flow hazards in the
Duba River watershed, and the assessment results of the
proposedmodel are discussed. In Section 5, we introduce the
discussions and comparative analysis. In section 6, con-
clusions and future directions are obtained.

2. The Study Area

Duba river is located in the northeast of Beichuan county,
Mianyang city, Sichuan Province, China. It belongs to
Fujiang river systems, the valley covers throughout the Duba
Township and Chenjiaba township, and its specification
locations are plotted in Figure 1. /e Beichuan county is
located at the intersection point of the Sichuan basin and the
Tibetan plateau. /e summer is hot; the winter is mild and
wet; the rainfall is abundant. /e mean annual rainfall in the
study area is 1399.1mm, the yearly maximum rainfall is
2340mm, the minimum yearly rainfall is 619.8mm, and the
maximum daily rainfall is 101mm./e spatial and temporal
distribution of rainfall is highly uneven; the rainfall amounts
from July to October account for 73% of the whole years./e
rainfall in the study area is characterized as a gradual in-
crease from the northwest to southeast; it is plotted in
Figure 2.

/e total length of the Duba River is approximate 48 km;
the watershed area is 269 km2. /e height difference is

1704m, the mean longitudinal gradient is 40%0, and the
gradient of longitudinal slope gradually becomes gentle from
the upstream to downstream./ere are many branch ditches
in the Duba river basin, such as Yangjia gully, Leijia gully,
Qinlin gully, and Yangchangzi gully. /e average longitu-
dinal gradient of each gully is 140∼200%0. /e Duba River
spans two types of large geomorphic units. /e Guan ling-
chen Jiaba is selected as the boundary line. /e geomor-
phology at its western side is Zhongshan topography with
the Erosional structure. One at its eastern side is Mountain-
valley erosion type of low Zhongshan Topography; it is
plotted in Figure 3.

/e exposed stratum in the Duba river watershed in-
cludes the Sinian system light shadow group, Qingping
formation of Lower Cambrian, and the quaternary strata.
According to the relevant statistics, only in the Yangjia gully,
the total sum of loose solid sources arrives at
2191.24×104m3, and the dynamic reserves of potential
debris flow activity arrive at 675.99×104m3. Five large scales
of debris flow hazards occurred after the 5.12 earthquake in
Wenchuan county, China, especially on 9.24,2008 and
7.9,2013. One-time discharges of debris flow are,

Figure 1: /e location of survey area.
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Figure 2: Rainfall contour map.
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respectively, 17×104m3 and 29×104m3. So, the risk as-
sessment of debris flow hazards in the Duba River watershed
has great significance to prevent its occurrence in the future.

3. Methodology

3.1.*eEstablishment of RiskAssessment Frame. Debris flow
hazards have threatened the life and property safety of
people seriously. Consequently, a new assessment method of
debris flow is suggested; its frame figure is plotted in
Figure 4.

It can be found in Figure 4 that the assessment indices
are determined about the debris flow hazards firstly; sec-
ondly, a complete assessment index system is built in the
Duba River watershed; thirdly, the parameters of mem-
bership and nonmembership degree function are, respec-
tively, calculated, the decisive matrix of the debris flow is
constructed, and the weight coefficients based on the en-
tropy method are determined. /en, the weighted decisive
matrix is determined; finally, ranking sequences of the de-
gree of membership are selected, and the risk levels of debris
flow hazards are judged according to the maximum degree
of membership criterion.

3.2. *e Determination of Risk Assessment Index about the
Debris Flow. /e occurrence of debris flow is very complex;
many factors should be considered. To ensure the inde-
pendence and system of the evaluation process, and in
combination with the actual investigation, the following
nine indices in the paper are selected as the assessment index
of debris flow in the Duba River watershed. /e assessment
indexes include one-time discharge of debris flow (X1), the
reserves of loose solid sources (X2), the ratio of silt supply
length (X3), the watershed area (X4), the length of the main
ditch (X5), the relative height difference in the watershed
(X6), the bending coefficient of the main ditch (X7), the
mean gradient of the main ditch (X8), and the 24-hour
maximum rainfall (X9). /ese assessment indices are all
quantitative ones. /e nine assessment indexes are classified
into four levels: low risk (I), medium risk (II), high risk (III),
and higher risk (IV), as shown in Table 1.

3.3. *e Entropy Weight *eory. Its calculative process is
expressed as follows:

(1) normalization of different indices: their expression is
shown as follows:

rij �
xij − ximin

ximax − ximin
, (1)

rij �
ximax − xij

ximax − ximin
, (2)

where xij is the corresponding magnitude of the jth

assessment index in the ith scheme (i � 1, 2, 3, . . .

, m; j � 1, 2, 3, . . . , n).
(2) /e determination of index weights.

Based on the normalized index matrix, the index weights
can be calculated as follows:

ωj �
1 − sj

n − 􏽐
n
j�1sj

, (3)

where sj � −k􏽐
n
i�1bij ln(bij), bij � xij/􏽐

n
i�1xij

3.4. *e Establishment of Decisive Matrix about the Intui-
tionistic Fuzzy Sets. /e intuitionistic fuzzy sets model
originated form the fuzzy sets theory. It is provided by
Atanassov [25] at first. In the theory, two scales are applied
to define the fuzziness (membership degree and nonmem-
bership degree), and three states (support, opposition, and
neutrality) can be described, so it has a wide application
prospect.

x is assumed as a nonempty sets, and X is given domain,
and an intuitionistic fuzzy set in X can be defined as [2]

A � 〈x, μA(x), ]A(x)|tx ∈ X〉􏼉,􏼈 (4)

where and represents respectively the membership degree
and nonmembership degree of the element x ∈ A in X; and
it should meet with the conditions: πA(x) � 1 − μA(x) −

]A(x)≤ 1, x ∈ X is called degree of hesitation of x ∈ A.
To establish the intuitionistic fuzzy matrix, the corre-

sponding determined parameters about the membership
and nonmembership degree can be expressed as

μnk � exp −
xn − cμk􏼐 􏼑

2

2σ2μk

⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦,

]nk � 1 − exp −
xn − cck􏼐 􏼑

2

2σ2ck

⎡⎢⎢⎢⎣ ⎤⎥⎥⎥⎦,

cuk � cck �
Sk +Sk

2
,

σ2μk � −
Sk − cμk􏼐 􏼑

2

2 ln1 − α/2
,

σ2ck � −
Sk − cck􏼐 􏼑

2

2 ln(α + 1 − α/2)
,

(5)

Figure 3: Topographic map.
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where cμk, cck, σμk, σck are, respectively, correlate parame-
ters; α is the hesitating degree; it is equal to 0.2 in the paper.

According to the intuitionistic fuzzy number
Ank � 〈μnk, ]nk〉, the decisive matrix can be obtained as

FP �

μ11, ]11( 􏼁 μ12, ]12( 􏼁 . . . μ1K, ]1K( 􏼁

μ21, ]21( 􏼁 μ22, ]22( 􏼁 . . . μ2K, ]2K( 􏼁

. . . . . . . . . . . .

μN1, ]N1( 􏼁 μN2, ]N2( 􏼁 . . . μNK, ]NK( 􏼁

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (6)

3.5. Intuitionistic Fuzzy Sets-TOPSIS Model. Its specific
procedure is shown as follows:

(1) /e assessment index of debris flow is analyzed at
first, and classification standards are constructed.

(2) /e determination of weight coefficients
/e weights of membership degree are α � (α1, α2,
. . . , αn), its weights of nonmembership degree are
β � (β1, β2, . . . , βn), and then its combination
weights coefficients can be expressed as [2]

�e risk assessment of debris flow

�e establishment of assessment indices

�e calculation of
membership function

�e determination of
objective weights

�e determination of
subjective weights

�e determination of
combination weights

�e determination of
decisive matrix

�e determination of weighted decisive matrix

�e determination of degree of membership

Determine the risk level of debris flow

Figure 4: /e risk assessment process of debris flow hazards.

Table 1: /e classification standard of debris flow hazards.

Assessment index
/e risk level classification

I II III IV
One-time discharge of debris flow (X1) ≤1 1∼10 10∼100 ≥100
/e reserves of loose solid sources (X2) ≤10 10∼100 100∼500 ≥500
/e ratio of silt supply length (X3) ≤0.1 0.1∼0.3 0.3∼0.6 0.6∼1
/e watershed area (X4) ≤0.5 0.5∼10 10∼35 ≥35
/e length of main ditch (X5) ≤1 1∼5 5∼10 ≥10
/e relative height difference in the watershed (X6) ≤0.2 0.2∼0.7 0.7∼1.5 ≥1.5
/e bending coefficient of main ditch (X7) ≤1.1 1.1∼1.25 1.25∼1.40 ≥1.40
/e mean gradient of the main ditch (X8) ≤100 100∼200 200∼350 ≥350
/e 24-hour maximum rainfall (X9) ≤25 25∼50 50∼100 ≥100
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ωn �〈χn,cn〉 �〈min αn,βn􏼐 􏼑, 1 − max αn,βn􏼐 􏼑〉, (7)

where the combination weights represent, respec-
tively, the important and nonimportant degree; it
should meet 0≤ χn + cn ≤ 1.

(3) According to equations (10) and (11), the weighted
decisive matrix is depicted as

FP � ωnF �〈χnμnk, cn + ]nk − cn]nk〉n×k. (8)

(4) the determination of plus and negative ideal
solution.

/ey can be expressed as

B
+

� 〈μ+
1 , ]+

1〉, 〈μ
+
2 , ]+

2
〉, ...〈μ+

n , ]+

n
〉􏽨 􏽩,

B
−

� 〈μ−
1 , ]−

1〉, 〈μ
−
2 , ]−

2
〉, ...〈μ−

n , ]−

n
〉􏽨 􏽩,

(9)

where μ+
n � max1≤k≤n(μnk); ]+

n � max1≤k≤n(]nk); μ−
n �

min1≤k≤n(μnk); ]−
n � max1≤k≤n(]nk); n � 1, 2, . . . , n

(5) the determination of Euclidean distance.
/e Euclidean distance of plus and negative ideal
solutions are calculated as follows:

D sk, B
+

( 􏼁 �

���������������������������������������������

1
2

􏽘

N

n�1
μnk − μ+

n( 􏼁
2

+ ]nk − ]+
n( 􏼁

2
+ μ+

n + ]+
n − μnk − ]nk( 􏼁

2
􏽨 􏽩

􏽶
􏽴

,

D sk, B
−

( 􏼁 �

���������������������������������������������

1
2

􏽘

N

n�1
μnk − μ−

n( 􏼁
2

+ ]nk − ]−
nk( 􏼁

2
+ μ−

n + ]−
n − μnk − ]nk( 􏼁

2
􏽨 􏽩

􏽶
􏽴

,

ηk �
D

2 sk, B( 􏼁

D
2 sk, B( 􏼁 + D

2 sk, B
+

( 􏼁
,

(10)

where and are respectively the Euclidean distance of
plus and negative ideal solutions; ηk is the degree of
membership at scheme Sk.

(6) the determination of debris flow hazards level.

When the membership degrees are determined, the
maximum membership degree is determined as the as-
sessment levels of debris flow.

4. The Establishment of Risk Assessment
Model about Debris Flow

To assess the risk level of debris flow hazards in the Duba
River watershed, four gullies are selected as the samples; they
all belong to the Duba River watershed. /ey are,

respectively, Yangjia gully, Leijia gully, Qinglin gully, and
Yangchangzi gully; their original datum is shown in Table 2
as follows.

According to Table 1, and in combination with E.qs(5)-
(9), for Yangjia gully, the parameters of membership and
nonmembership function about the intuitionistic fuzzy sets
can be shown in Table 3.

To reflect the characters of intuitionistic fuzzy sets, the
membership function and nonmembership function are,
respectively, plotted in Figures 5 and 6.

Yangjia gully is selected to assess the risk level of debris
flow in the paper. According to (1) and (2) (6), and in
combination with Figures 5 and 6, the decisive matrix F of
intuitionistic fuzzy sets can be expressed as follows:

F �

(0, 1) (0, 1) (0.6865, 0.1891) (0.0036, 0.9564)

(0, 1) (0, 1) (0.0392, 0.8356) (0.9729, 0.0152)

(0, 1) (0, 1) (0.1398, 0.6671) (0.6787, 0.1939)

(0, 1) (0, 0.9999) (0.964, 0.0202) (0.0068, 0.938)

(0, 1) (0.0018, 0.9701) (0.9223, 0.0441) (0.0702, 0.7726)

(0, 1) (0, 0.9994) (0.5808, 0.2613) (0.18, 0.6154)

(0.2465, 0.542) (0.6139, 0.2404) (0.2332, 0.5598) (0, 0.9957)

(0.1344, 0.6734) (0.7805, 0.129) (0.0244, 0.8739) (0, 0.9997)

(0, 1) (0, 1) (0, 1) (0.8327, 0.0952)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (11)
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Based on equation (11), the intuitionistic weights can be
calculated as follows, according to the intuitionistic fuzzy
number:

ω � (0.0812, 0.8567) (0.1294, 0.8309) (0.0831,􏼂

0.9017) (0.1423, 0.8367) (0.1183, 0.8526) (0.0666, 0.9112)

(0.042, 0.9309)(0.0909, 0.8977)(0.118, 0.8533)] Constituting
the expression of matrix F and into equation (12), the
weighted intuitionistic fuzzy sets can be expressed as follows:

F � ωF �

(0, 1) (0, 1) (0.0557, 0.8838) (0.0003, 0.9938)

(0, 1) (0, 1) (0.0051, 0.9722) (0.1259, 0.8335)

(0, 1) (0, 1) (0.0114, 0.9673) (0.0564, 0.9208)

(0, 1) (0, 1) (0.1372, 0.84) (0.001, 0.9899)

(0, 1) (0.0002, 0.9956) (0.1091, 0.8625) (0.0083, 0.9665)

(0, 1) (0, 0.9999) (0.0387, 0.9344) (0.012, 0.9658)

(0.0104, 0.9684) (0.0258, 0.9475) (0.0098, 0.9696) (0, 0.9997)

(0.0122, 0.9666) (0.0709, 0.9109) (0.0022, 0.9871) (0, 1)

(0, 1) (0, 1) (0, 1) (0.0983, 0.8673)

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

. (12)

According to the equation (13), the minus and plus ideal
solutions of corresponding levels in Yangjia gully can be
expressed:

B+
� (0.0122, 0.9666) (0.0709, 0.9109) (0.1372, 0.84) (0.1259, 0.8335)􏼂 􏼃,

B
−

� (0, 1) (0, 1) (0, 1) (0, 1)􏼂 􏼃.
(13)

According to Eqs (14)-(16), the Euclidean distance of
minus and plus ideal solutions for Yangjia gully can be
obtained as follows:

D(t1, B+) � 0.0707, D(t1, B—) � 0.0412， η1 � 0.2537D

(t2, B+) � 0.2186， D(t2, B—) � 0.0938， η2 � 0.1555D(t3,

B+) � 0.3279， D(t2, B—) � 0.2324， η3 � 0.3343D(t4,

B+) � 0.3543， D(t2, B—) � 0.2099， η4 � 0.2598
It can be found in the above expressions that

η3 > η4 > η1 > η21, based on the maximum distance criterion,
and the risk level of debris flow in Yangjia gully is III; this
level means that the occurrence of debris flow hazards in
Yangjia gully has high risk, and the result is consistent with
the one of the actual investigation [26].

Similar to Yangjia gully, the Euclidean distance and
degree of membership of minus and plus ideal solutions
corresponding to the intuitionistic fuzzy sets of different
levels for Leijia gully, Qinglin gully, and Yangchangzi gully
are, respectively, shown in Table 4.

It can be found in Table 4 that the risk level of different
gullies can be divided into four groups from low to high./e
final risk level of debris flow hazards in Yangjia gully, Leijia
gully, Qinglin gully, and Yangchangzi gully is III. /ese
conclusions mean that the risk levels of debris flow hazards
in the Duba River watershed are high, so the corresponding
measures should be adopted to prevent the occurrence of
debris flow hazards in the Duba river watershed; for ex-
ample, the steep landslides should be consolidated. So, the
assessment results provide the basis for the prevention of
debris flow hazards in the Duba river watershed in the
future.

/e comparison and analysis of the assessment results in
Table 4 show that the results assessed using three methods
are completely consistent in different gullies. Its accurate
rate arrives at 100% in the text method, and it is the same as
Liu X.L method [27]. So, the conclusions are drawn that it is
feasible to assess the risk level of debris flow hazards by using

Table 2: /e original datum about the debris flow in different gullies.

Gully name X1 X2 X3 X4 X5 X6 X7 X8 X9
104m3 104m3 / km2 km km / %0 mm

Yangjia gully 26.17 675.99 0.67 25 8.243 1.408 1.23 124 388.5
Leijia gully 11.15 141.37 0.754 0.8 2.027 0.851 1.038 420 386
Qinglin gully 178.11 455 0.118 23.7 9.944 1.07 1.29 105 392
Yangchangzi gully 13.99 109.7 0.319 5.8 3.746 1.277 1.142 208 396
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Figure 5: /e membership function of different intuitionistic fuzzy sets.
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Figure 6: /e nonmembership function of different intuitionistic fuzzy sets.
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the intuitionistic fuzzy sets-TOPSIS model. And relative to
the above methods, the complex prediction model need not
be constructed, and high dimensional calculation can be
avoided; its calculative process is convenient and straight-
forward, so the technique has excellent application
prospects.

It can also be found in Table 4 that the model achieves
accurate results and provides more details about the risk
assessment of debris flow hazards. For example, the one-
time discharge of debris flow in Qinglin gully is 178.11,
which should belong to level IV according to Table 1. In
addition, the degree of membership of the other more in-
dices obtained by the TOPSIS model belongs to level III. /e
risk level probability of debris flow hazards in Qinglin gully
at the level III is bigger than the ones of levels I, II, and IV.
So, it only belongs to level III and almost impossibly belongs
to groups I, II, and IV. /e conclusions are consistent with
the actual investigation. Furthermore, the risk level of debris
flow in Leijia gully is more likely to be level III more than
that of Yangjia gully, Qinglin gully, and Yangchangzi gully
because the maximum degree of membership in the Leijia
gully for level III (0.4323) is higher than that of Yangjia gully
(0.3343), Qinglin gully (0.3238), and Yangchangzi gully
(0.3559). In total, the results based on the intuitionistic fuzzy
sets-TOPSIS model reflect the risk level of debris flow
hazards accurately and further determine the risk ranking of
debris flow hazards for different gullies at the same level.

5. Discussions and Comparative Analysis

5.1. Comparison with Existing Techniques

(1) Liu X.L (1996) presented a technique for the risk
estimation of debris flow based on the Liu.X.Lmodel.
Many factors of debris flow and interaction influence
of different factors are considered in the Liu X.L
model, and uncertainty and fuzziness of risk level
about the debris flow are not considered, so Liu X.L
model requires vast datum and many investigations,
and the workload is great.While our proposedmodel
overcomes this deficiency of Liu.X.L model, relative
to Liu.X.L model, the proposed model in the paper
not only deals with vague information, but also eases
our workload, and the proposed method improved
the efficiency vastly.

(2) Intuitionistic fuzzy sets proposed by Atanassov
(1983) have been applied to assess the risk level of
debris flow. But it can not precisely express which
indices require more to be supported; intuitionistic
fuzzy sets-TOPSIS model can solve the issue; the
maximum membership degree that is closest to the

positive ideal solution andmost far from the negative
ideal solution is regarded as the most appropriate
basis of risk level in the debris flow hazards to cover
the level ranges.

5.2. Advantages of the Proposed Model. By comparing this
approach with conventional Liu X.L model, and actual in-
vestigation, the advantages of the suggested method can be
summarized as follows:

(1) /eir judgments under inherent uncertainty in the
proposedmodel can be conveyed.More significantly,
the degree of indeterminacy can be handled ade-
quately in the evaluation.

(2) In comparison with the traditional fuzzy mathe-
matical method, the proposed model has the suffi-
cient usage of original datum, minor information
loss, and wider application. And it can precisely
determine which indexes require more to be
supported.

(3) Relative to the traditional assessment method, the
proposed method not only can deal with vague in-
formation, but also can ease our workload, and the
efficiency and accuracy can be improved.

6. Conclusions and Future Directions

Considering One-time discharge of debris flow (X1), the
reserves of loose solid sources (X2), the ratio of silt supply
length (X3), the watershed area (X4), the length of the main
ditch (X5), the relative height difference in the watershed
(X6), the bending coefficient of the main ditch (X7), the
mean gradient of the main ditch (X8), and the 24-hour
maximum rainfall (X9), a new assessment method is in-
troduced in this paper to assess the risk level of debris flow
hazards in the Duba River watershed based on the Intui-
tionistic Fuzzy Sets-TOPSIS model. /e decisive matrix of
the debris flow is established at first. /en, the weighting
coefficients of the different indexes were obtained by using
the entropy weighting method. Finally, the risk level of
debris flow in Duba river watershed is determined using the
degree of membership.

/e present model is applied to assess the risk level of
debris flow hazards in the Duba River watershed. Relative to
the other methods, Intuitionistic Fuzzy Sets-TOPSIS theory
need not construct the complex prediction model and high
dimensional calculation; its calculative process is convenient
and straightforward. Finally, its results are compared with
the actual investigation and Liu XL Model, and the results
obtained by three various methods are consistent; its

Table 4: /e risk assessment of debris flow hazards and comparison.

Gully name /e risk level /e text method Actual investigation Liu XL ModelI II III IV
Yangjia gully 0.2537 0.1555 0.3343 0.2598 III III III
Leijia gully 0.1157 0.2842 0.4323 0.3646 III III III
Qinglin gully 0.1773 0.2771 0.3238 0.2101 III III III
Yangchangzi gully 0.111 0.2918 0.3559 0.1176 III III III
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accurate rate arrives at 100%. /is demonstrates the sug-
gested method has certain reliability and veracity. /is
proposed model can convey their judgments under inherent
uncertainty and can handle the degree of indeterminacy
adequately in the evaluation, And it can also precisely de-
termine which indexes require more to be supported. So, the
proposed model is widely applied in the civil engineering.

/e final risk levels of debris flow hazards in the Duba
River watershed are III./ese conclusions mean that the risk
levels of debris flow hazards in the Duba river watershed are
high, so the corresponding measurement should be adopted
to prevent debris flow hazards in the Duba River watershed.
Final conclusions are drawn that it is feasible to assess the
risk level of debris flow hazards by using the proposed
model, and it also provides more details about the risk
assessment of debris flow hazards. In all, the results of the
proposed Intuitionistic Fuzzy Sets-TOPSIS model are highly
consistent with the current specifications; it not only reflects
the risk level accurately, but also further determines the risk
ranking of debris flow hazards for different gullies at the
same level. And it can provide a new method and thoughts
for the risk assessment of debris flow hazards in the future.
And the combination of the TOPSIS and intuitionistic fuzzy
sets methods has various potential applications for risk level
of natural hazards. /e application of the proposed model
can be extended to stable assessment of surrounding rocks in
the tunnel, the evaluation of rock burst intensity, and even
the stable prediction of the landslide. /ese results can
provide many predictions for the prevention of natural
hazards.

Although the Intuitionistic Fuzzy Sets-TOPSIS model
improves the development of assessment theory, however,
the model still shows certain limitations. For example, de-
termination of certain assessment indices and weight co-
efficients has a certain subjectivity. Due to the
comprehensiveness of influencing indexes, so the assessment
method has a strong dependence on actual data. In future
work, concept of spherical fuzzy sets can be applied; it is the
development of intuitionistic fuzzy sets theory, it provides a
larger preference volume in 3D space for decision-makers,
T-spherical fuzzy method [28–30] is used in solving a
multiple criteria selection problem, its range varies from
ordinary fuzzy sets to spherical fuzzy sets, the space is ex-
tended from 2D to 3D, this can overcome the shortcoming of
intuitionistic fuzzy sets, and T-spherical fuzzy method will
be our future direction to assess the risk level of debris flow.
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