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Risk Assessment of Earthquake-Triggered
Geohazards Surrounding Wenchuan, China

Case Study
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Abstract: The great 2008 Wenchuan earthquake in China was a painful disaster. Accordingly, the management and mitigation of the risk of
future earthquake-triggered geohazards remain a critical responsibility of local authorities. This case study assesses the risk of earthquake-
triggered geohazards surrounding Wenchuan County using the analytical hierarchical process (AHP) and the trapezoidal fuzzy AHP (FAHP).
The assessment results show that the regions with high-risk and very high-risk levels are distributed in the belt along the Longmenshan
fault zone. Moreover, the percentages of high and very high-risk levels obtained from the trapezoidal FAHP are higher than those obtained
from the original AHP. This comparison reveals that the trapezoidal FAHP provides a more reasonable assessment than the AHP. Further, the
trapezoidal FAHP can capture the regions with high-risk and very high-risk levels. The results from the trapezoidal FAHP provide four
choices that stakeholders can use to make decisions, which mitigates the biases that exist in the original AHP. DOI: 10.1061/(ASCE)
NH.1527-6996.0000375. © 2020 American Society of Civil Engineers.
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Introduction

The great Wenchuan earthquake of May 12, 2008, was the largest
and the most destructive quake that has occurred in China during
the past 40 years. This earthquake had a magnitude of M,, 8.0,
with its epicenter in Yingxiu Town, Wenchuan County (Sichuan
Province, China). This catastrophic earthquake triggered thousands
of geohazards, including landslides, debris flows, and slope collap-
ses. According to official records, there were more than 500,000 geo-
hazards triggered by the earthquake, of which 120,000 posed a direct
or indirect threat to towns and villages (Qi et al. 2010; Xu et al. 2014;
Fan et al. 2018). Earthquake-triggered geohazards are responsible
for deaths and economic losses, particularly in mountainous areas,
where the damage caused by earthquake-triggered geohazards
(e.g., landslides and collapses) can be more severe than the damage
caused directly by the earthquake. Accordingly, earthquake-triggered
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geohazards have attracted worldwide attention (Huang and Li 2014;
Lu and Xu 2015).

The Wenchuan earthquake struck the middle segment of the
Longmenshan fault belt, which is in the mountainous region of
northwest Sichuan Province. The epicenter is characterized by
rugged topography, including steep mountains, deep valleys, and
complex geological structures. In this complicated geological envi-
ronment, a large variety of coseismic geohazards were induced.
Based on existing research, the Wenchuan earthquake triggered
more than 200,000 landslides, resulting in more than 20,000 deaths
(Yin et al. 2009; Xu et al. 2014). Most of Beichuan County was
destroyed by landslides triggered by the earthquake and aftershocks
(Xu et al. 2014; Wang et al. 2014; Fan et al. 2018).

The Wenchuan earthquake has attracted the attention of scien-
tific scholars worldwide. Researchers are focusing on the evolution
of geohazards, long-term development of topography, early warn-
ing systems, and risk assessments after earthquakes (Zhang and
Wang 2007; Wang et al. 2014). Zhou et al. (2016) used a method
to identify the potential of debris flow caused by rainfall in the
catchments of the Wenchuan earthquake zone. Zhang (2016) as-
sessed household vulnerability and economic impact after the
Wenchuan earthquake. Yao and Li (2016) made a space-time assess-
ment of debris flow risk from 2008 to 2013 after the Wenchuan
earthquake. However, these studies did not provide any overall plans
to manage future risks for Wenchuan County and the surrounding
regions.

The analytical hierarchical process (AHP) is a comprehensive
risk assessment method based on multicritical indices, which can
perform both qualitative and quantitative risk analyses (Saaty 2008,
2010). In AHP, a number from 1 to 9 (or their reciprocals) is assigned
to linguistic terms to prioritize the most critical risk assessment fac-
tors (Saaty 1977). A judgment matrix is constructed from these as-
sessment factors using these numbers. The AHP method combined
with the geographic information system (GIS) has been widely used
to assess environmental risks within a region (Godschalk 2003;
Kamal et al. 2013; Jalayer et al. 2014; Liu et al. 2016; Gallina et al.
2016).
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The AHP method employs a single value to express the judg-
ments of experts. However, an expert’s opinion might not be effec-
tively captured using an exact number; instead, providing an interval
number may be preferred. To overcome this limitation, an extension
to the original AHP has been proposed that uses a fuzzy number to
replace an exact number to express the viewpoints of experts
(Laarhoven and Pedrycz 1983; Cheng and Mon 1994; Zhang
et al. 2015, 2017; Lyu et al. 2019a). The trapezoidal fuzzy number
method can arithmetically assign a fuzzy number computed from
several variables. Using a trapezoidal fuzzy number to express the
judgments of experts is more reasonable than using a crisp number.
This study adopts both trapezoidal fuzzy AHP (FAHP) and the
original AHP to assess the risk of earthquake-triggered geohazards
surrounding Wenchuan County.

The objectives of this study are as follows: (1) assess the risk of
earthquake-triggered geohazards surrounding Wenchuan County
using the AHP and trapezoidal FAHP methods, and (2) illustrate the
efficiency of the trapezoidal FAHP by comparing results from the
AHP and trapezoidal FAHP methods.

Materials and Methods

Study Area and Data Sources

The Wenchuan earthquake that occurred in Yingxiu Town was a
catastrophe that attracted worldwide attention. According to pre-
vious investigations (Huang 2011; Xu et al. 2014), the distribution
of geohazards triggered by this earthquake was situated along
the Longmenshan fault zone. Therefore, this research focused on
the region within the Longmenshan fault belt zone. Fig. 1 shows the
location and topography of the study area. The study area covers
more than 71,000 km?, including 29 counties. In the study area, the
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number of geohazards recorded was more than 100 in each county
(Huang 2011; Huang and Li 2014). As shown in Fig. 1, the
northwest region is mountainous, whereas the southeast region
is flat. The Longmenshan fault zone is located in the transition zone
between the mountainous and flat regions. The earthquake epicen-
ter is in the Longmenshan fault zone, which is the seismogenic
fault. In this study, the topographic data were extracted using
the digital elevation model (DEM) and GDC (2018). The gross
domestic product (GDP) data and population density in the study
area were obtained from REDCP (2018). Information on the land-
use types in the study area was extracted from remote sensory im-
age data.

Assessment Model

Risk is the probability of losses resulting from hazardous events,
which is defined as the combination of hazard, exposure, and vul-
nerability (Lyu et al., forthcoming). A hazard is defined as a po-
tentially destructive natural phenomenon that causes damage and
loss to property, infrastructure, service provisions, and environmen-
tal resources. Exposure represents factors such as location, and
value of assets within a location such as people, buildings, facto-
ries, and infrastructures that are exposed to a hazard. Vulnerability
refers to the reaction of an asset exposed to the spatial variable
forces produced by a hazardous event. The social responses
to a hazard event can vary greatly depending on different local
socioeconomic conditions. In general, the risk can be described
by Eq. (1) as follows:

Risk = Hazard ® Exposure ® Vulnerability (1)

where ® is not a simple mathematical symbol—it represents an
overlay analysis in the GIS. The quantitative relationship between
these three factors can be expressed by the indices of hazard,
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Fig. 1. Location and topography of the study area.
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exposure, and vulnerability with their corresponding weights.
Therefore, the risk is redefined as

i=1 Jj=1 Exposure
® wy (Z Ukvk> (2)
k=1

Vulnerability

Hazard

where wy, wg, and wy = weights of the hazard index, exposure
index, and vulnerability index, respectively; A;, e;, and v, =
weights of the hazard, exposure, and vulnerability indices, respec-
tively; and H;, E s and V, = different assessment factors.

Assessment Structure

Fig. 2 provides a flowchart of the assessment procedure for the risk
of earthquake-triggered geohazards. As shown in Fig. 2, the assess-
ment structure includes an objective layer, an index layer, and a
subindex layer. The objective layer is labeled as (R). The index
layer consists of the hazard index (R;), exposure index (R,), and
vulnerability index (R3). The subindex layer includes 10 assess-
ment factors, and the determination of each assessment factor is
based on the accessibility of data sources.

1. Hazard index (R;)

The hazard index is used to reflect the characteristics of the
earthquake, which is represented by three subindices: geohazard
number (Ry;), fault density (R;,), and fault proximity (R;3). The
geohazard number is assigned based on field investigations and
previous publications (Huang and Li 2014; Xu et al. 2014; Fan
et al. 2018). Regions with a large geohazard number have a high
risk. Moreover, the distribution of faults has a critical effect on
the occurrence of geohazards. Fault density and proximity re-
flect the influence of a fault. Fault density is the length of a

fault per unit area, while fault proximity is the distance to

the closest fault.

2. Exposure index (R,)

The exposure index represents the characteristics of the
disaster-bearing body, including the factors of elevation (R,,),
slope (R,,), river system density (R,3), and river system prox-
imity (R,4) (Huang 2011; Huang and Li 2014). The elevation
and slope were obtained from the DEM in GIS. The procedure
of obtaining the river network proximity and density is further
discussed in the next section.

3. Vulnerability index (Rj)

The vulnerability index represents the resistance of the
disaster-bearing body, including land-use type (Rj3;), population
density (R3,), and GDP per unit area (R33) (Huang 2011; Huang
and Li 2014). The difference between exposure and vulnerabil-
ity is that the former is used to reflect the natural features of the
study area, while the latter is used to represent the characteristics
of related anthropic activities.

Based on the assessment structure, both the AHP and trapezoidal
FAHP methods were used to calibrate the assessment factor weights.
All assessment factors were normalized before analysis. The normal-
ized factors combined with their corresponding weights were incor-
porated into the GIS to obtain a spatial distribution of risk levels. The
AHP and the trapezoidal FAHP results were then compared.

Weight Calibration

AHP Method

As shown in Eq. (3), the judgment matrix is used to show the rel-
ative importance of the assessment factors in the AHP method. In
the judgment matrix, x;; is the relative value of the factor i to j,
which ranges from 1 to 9, and their reciprocals (Saaty 1977). When
x; is significantly more important than x;, x;; is equal to 9, and x ; is

Risk of earthquake-triggered
geohazards (R)

A

; v

Assessment
structure

Hazard (R;)

| Exposure (R,) |

| Vulnerability (R)|

Geohazard number (R )
Fault density (R;,)
Fault proximity (R;3)
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River proximity (Ry3)
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GDP per unit area (Rs3)

River density (Ry,)

Weight calibration (AHP)|

|Fuzzy weight (trapezoidal FAHP)

!

|Nonnalized assessment index

Calibration procedure
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| AHP assessment result |
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|

v

|C0mparison of assessment result

!

| Discussion and analysis |

Fig. 2. Flowchart of the assessment procedure for the risk of earthquake-triggered geohazards.
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equal to 1/9. The weight calibration procedure is the calculation of
the corresponding eigenvector using the largest eigenvalue in the
judgment matrix

1 e Xin
X, = (xij)an = 1 (3)
-xn] e 1

where X, = judgment matrix. The weights of the assessment factors
can be calibrated using Eq. (4)
M;
W= (4)
b M,

where M; = ¢ H;’:l x;;- According to Saaty’s research (Saaty 1977),

the judgment matrix is consistent if the consistency ratio (CR) is less
than 0.1. The value of the CR can be calibrated using Eq. (5)

CI
CR=— 5

Rl (5)
where CI = (Ao —1)/(n—1) and A, = largest eigenvalue in
the judgment matrix (X,), which can be calibrated from Eq. (6);
and RI = average random consistency index (Saaty 1977; Lyu
et al. 2018a, b; 2019a)

- 1 XijWi
Amax = ZM (6)

-1 Wi

Trapezoidal FAHP

Once the judgment matrix (X,) meets the consistency requirement,
each element in the judgment matrix is replaced by a trapezoidal
fuzzy number. Table 1 lists the linguistic variables of a trapezoidal
fuzzy number with a corresponding exact number. Fig. 3 shows the
membership of trapezoidal fuzzy numbers. As shown in Fig. 3,
when p, = ps, P is a triangular fuzzy number; when p; = p, and
P3 = Pa, P is an interval number; and when p; = p, = p3 = pa,

Table 1. Linguistic variables and corresponding trapezoidal fuzzy number

Original
Linguistic terms assignment (AHP) Trapezoidal fuzzy number
Equal 1 "= (1,1,1,1)
Slightly strong 3 3" =(1,1.222,1.857,2.333)
Fairly strong 5 5"=(1.5,1.857,3,4)
Very strong 7 7" =(2.333,3,5.667,9)
Absolutely strong 9 9" = (4,5.667,9,9)

Note: (2, 4, 6, 8) and (2/, 4/, 6/, 8") indicate the importance degrees that
belong to interval variables.

Hpl()
1.0

.
-

0 P 1) P3 P4

Fig. 3. Membership of a trapezoidal fuzzy number.
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P is areal value (original AHP). Therefore, trapezoidal fuzzy num-
bers can arithmetically process and intuitively interpret fuzzy num-
bers in a variable way. This feature of fuzzy numbers is the reason
we selected the trapezoidal FAHP method to assess risk. In this
research, a trapezoidal fuzzy number is applied to calculate the
weights of the assessment factors.

Following the value determination within the judgment matrix, an
extended judgment matrix A, = [P;;],,, With a trapezoidal fuzzy
number is obtained. The fuzzy weight of the extended judgment ma-
trix is calculated using an average geometric method as

oo ps’ Py P2 P
where w1, Wi, w3, and w4 = fuzzy weights of the trapezoidal fuzzy
judgment matrix; and 0 <wj; <wj <wj3 <wjy <1, pi;, pais P3is
and p,; are the values of the trapezoidal fuzzy judgment matrix A, =

ii , whnich can be calcu ated using the tollowing equation:
P;;],1xn» Which can be calculated using the following equati

n 1/n n 1/n
Pii = <H l’zij) > P = (HPZij) ;
Jj=1 j=1
n 1/n n 1/n
P3i = (H p3ij) > P4 = (H p4ij)
j=1 j=1
n n
pP1 = ZPU* P2 = szjv
j=1 j=1

n n
P3 = Zl’yv Py = Zp4j (8)
j=1 j=1

Normalized Assessment Factor

The value of each assessment factor is normalized over the range of
0-1 to facilitate the efficiency of the overlay analysis in GIS. In the
assessment structure, the risk will increase as the following five
factors increase: (1) number of geohazards, (2) fault density,
(3) fault proximity, (4) population density, and (5) GDP per unit
area. These five factors are positive, whereas the other factors
are negative. The positive factors are normalized using Eq. (9),
and the negative factors are normalized using Eq. (10), as follows:

Xijo — Xijmin
X = WY Tjmin 9)
Xijmax — Xijmin
_ j max ij
sy = —gman — 2ijo_ (10)

Xijmax — Xijmin

where x;; = normalized value of the factor; x;;, = original value of
the factor; and x;; ey and x;jmin = maximum and minimum values
of the factors, respectively.

Results and Analysis

Weights of the Assessment Factors

AHP Calibration

According to the assessment structure, the judgment matrix for the
index layer can be established first. The judgment matrix should
meet the consistency requirement. The AHP weight of each factor
in the index layer is calculated using Eq. (4). The consistency ratio,
CR, is derived from Eq. (5). The largest eigenvalue (\,,,) of the
judgment matrix is calculated from Eq. (6). The judgment matrix of

Nat. Hazards Rev.

Nat. Hazards Rev., 2020, 21(3): 05020007



Downloaded from ascelibrary.org by University of Hong Kong on 11/05/20. Copyright ASCE. For personal use only; al rights reserved.

Table 2. Weights of the assessment factors from AHP and trapezoidal FAHP methods

Index layer Subindex layer

U; AHP Trapezoidal FAHP (w;) Uj; AHP Trapezoidal FAHP (;;)

U, 0.4434 (0.3772,0.3776,0.3782,0.3794) Uy, 0.4977 (0.3818,0.3832,0.3907,0.4009)
Ui, 0.2849 (0.3138,0.3173,0.3218,0.3232)
U 0.2174 (0.2851,0.2921,0.2936,0.2963)

U, 0.1692 (0.2412,0.2554,0.2771,0.2847) U, 0.3244 (0.2777,0.2792,0.2825,0.2848)
Uy 0.3486 (0.2618,0.2716,0.2981,0.3156)
Uy 0.2073 (0.2247,0.2329,0.2457,0.2506)
Uy 0.1197 (0.1818,0.1897,0.2002,0.2028)

U, 0.3874 (0.3375,0.3456,0.3663,0.3794) Uy, 0.4599 (0.3711,0.3739,0.3758,0.3832)
Us, 0.3189 (0.3231,0.3277,0.3359,0.3397)
Uss 0.2211 (0.2864,0.2929,0.2936,0.2965)

N

Geohazard number

Fault proximity
(km)
Foult doms I
ault density
(t=0.5 km) [T Hazard level
- High: 1 1 15 o High
prm . 0 50 100 km| |
“Low:0 ||[_]25 Low
(b) (©)

Fig. 4. Spatial distribution of the hazard index: (a) geohazard number; (b) fault density and fault proximity; and (c) hazard levels.

the subindex layer can be similarly established, as well as the Trapezoidal FAHP Calibration

weights of the factors in the subindex layer. The judgment matrices Based on the consistent judgment matrix from the AHP method,
of the object, index, and subindex layers are presented in the Sup- the trapezoidal fuzzy number is used to replace the elements in the
plemental Data section below. Table 2 lists the weights of assess- consistent judgment matrix, and then the fuzzy judgment matrix
ment factors from the AHP method. can be established. Finally, the fuzzy weights with trapezoidal
© ASCE 05020007-5 Nat. Hazards Rev.
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Fig. 5. Spatial distribution of the exposure index: (a) elevation; (b) slope; (c) river system density;
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fuzzy numbers can be calibrated using Eqgs. (7) and (8). Similarly,
the judgment matrix and weights of the subindex layer to the risk
can be obtained. The trapezoidal fuzzy judgment matrices are pre-
sented in the Supplemental Data section below. Table 2 lists the
weights of the assessment factors from the AHP and trapezoidal
FAHP methods. The detailed calculation process of the weights
can be found in a Lyu et al. (2018a, b).

Analysis

Hazard Level

Based on previous research (Huang 2011; Huang and Li 2014; Fan
et al. 2018), information regarding geohazards and faults have been
collected. Fig. 4 shows the spatial distribution of the hazard index.
Fig. 4(a) shows the geohazard number in different counties. The geo-
hazard number in Wenchuan, Beichuan, and Qingchuan counties is
more than 500. Fig. 4(b) shows the spatial distribution of the fault

density and fault proximity. The fault density is computed within a
circle of radius 0.5 km in GIS. According to Huang and Li (2014),
geohazards are distributed within distances of 5, 10, 15, 20, and
25 km from coseismic faults. Therefore, we extracted these ranges
using buffer operator analysis in GIS, and the result is shown in
Fig. 4(b). After normalizing the assessment factors and applying
the weights of each factor listed in Table 2, the raster calculator
in GIS is used to compute the different factors. Fig. 4(c) shows
the result of the hazard levels. As shown in Fig. 4(c), the area with
a high hazard level is located in the region with a dense distribution
of faults.

Exposure Level

The exposure index includes topographical features and the
local drainage system. Fig. 5 shows the spatial distribution of
the exposure index. Figs. 5(a and b) show the topographical fea-
tures of elevation and slope. According to Huang and Li (2014),
51.4% of geohazards occur in areas within an elevation range of

N

+

Land use type
- Forest land
- Grass land
- Water body
l:l Plough land
100 km - Residential land

- Unused land

Population density
(People/km?)

B o-100
[ 100-300
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100 km
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B o-100
[ 100-300 Vulnerability level
300-1,000 .
E CE High
[ 1,000-5,000 [
0 50 100 km
| . ; I 5.000-44,000 B [ ow
(©) (d)

Fig. 6. Spatial distribution of the vulnerability index: (a) land-use type; (b) population density; (c) GDP per unit area; and (d) vulnerability level.
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1,000-1,500 m, and 28.6% of geohazards occur in areas within an
elevation range of 1,500-2,000 m. Most of the geohazards develop
in areas within a slope range of 30°-40°. Based on this investiga-
tion, these characteristics were classified into five levels before con-
ducting the overlay analysis. River density and proximity reflect the
characteristics of the drainage system (Liu et al. 2016; Lyu et al.
2018a). River density indicates the length of a river channel per unit
area, whereas river proximity refers to the distance to the closest
river channels. Figs. 5(c and d) show the classification of river den-
sity and proximity. According to the scale of the study area, river
density was computed within a circle of 3-km radius, whereas the
river proximity was 1.0, 1.5, 2.0, 2.5, and 3.0 km in the GIS. These
assessment factors were then normalized. The normalized factors
combined with their corresponding weights produced the exposure
level using a raster calculator in the GIS. Fig. 5(e) shows the spatial
distribution of exposure levels. As shown in Fig. 5(e), the highest
exposure region is located in the middle zone rather than in regions
with high or low elevations.

Vulnerability Level

The vulnerability index includes land-use type, population density,
and GDP per unit area. Fig. 6 shows the spatial distribution of the
vulnerability index. Resistance to hazards varies among land-use
types. Fig. 6(a) shows the different land-use types. Residential land
is assessed as having a very high vulnerability level. Therefore, res-
idential land with a high population density may experience cata-
strophic losses. Conversely, hazards seldom cause damage in either
forested or unused land. Thus, their corresponding vulnerability
levels are very low. A body of water can discharge rainwater and
induce a flash flood. Thus, the vulnerability level of water bodies is
classified as medium (Lyu et al. 2019b, 2020). Based on this analy-
sis, the land-use type was reclassified from a risk level of very low
to very high before the overlay analysis. Figs. 6(b and c) show the
spatial distribution of population density and GDP per unit area.
The region with a high population density and high GDP has a high
level of vulnerability. Based on our collection of the assessment
factors for vulnerability, the vulnerability level can be obtained

Risk level
- Very low
- Low
I:I Medium
[ High

| | | - Very high

Risk level
- Very low
- Low
l:l Medium
[ High
B very high

Risk level
- Very low
- Low
|| Medium
[ High
- Very high

Risk level
- Very low
- Low

[ ] Medium
[ High
B very high

Fig. 7. Assessment results of trapezoidal FAHP: (a) lower bound wy; (b) left-medium w»; (c) right-medium ws; and (d) upper bound wy.
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following the normalization process using a raster calculator in the
GIS. Fig. 6(d) shows the spatial distribution of vulnerability level.
As shown in Fig. 6(d), the vulnerability level is high in the south-
east region and low in the northwest region.

Assessment Results for the Trapezoidal FAHP

Based on the risk level of the hazard, exposure, vulnerability indi-
ces, and the weights of the different indices, an assessment with
fuzzy weights can be constructed. Fig. 7 shows the spatial distri-
bution of the assessment results of the trapezoidal FAHP with fuzzy
weights wy, w,, wz, and wy. As shown in Fig. 7, all four results with
lower bound w; [Fig. 7(a)], left-medium bound w, [Fig. 7(b)],
right-medium bound wj [Fig. 7(c)], and upper bound w, show a
similar spatial distribution of risk. Therefore, the very high-risk re-
gion would show its risk level exacerbate within the range of fuzzy
weights, with an increase from the weights w to w,4. The high-risk
region shows a distribution band. The region with a very high-risk
level is located in the area adjacent to Wenchuan, Beichuan, and
Qingchuan counties. The sector with a high-risk level is distributed
throughout the study area. The very low-risk area is located in the
northwest, where there are considerable amounts of forest and
grasslands.

Discussion

Comparison of Results from AHP and Trapezoidal
FAHP

The comparison between the results obtained using AHP and trap-
ezoidal FAHP was used to validate the reasonability of the assess-
ment results. Fig. 8 shows the spatial distribution of the risk level
from the original AHP method. As shown in Fig. 8, the AHP as-
sessment result is similar to the trapezoidal FAHP results. It is
worth noting that the trapezoidal FAHP can capture areas with
high-risk and very high-risk levels more effectively in Wenchuan,
Beichuan, and Qingchuan counties, where the geohazard number is
more than 500. To compare the differences between the trapezoidal
FAHP and the AHP results, the area with different risks can be ac-
counted for using the GIS. Fig. 9 shows a comparison of the regions
with varying levels of risk obtained using the trapezoidal FAHP and
the AHP. As shown in Fig. 9, the area with a high-risk level from
the trapezoidal FAHP is larger than that obtained by the AHP. The
sector with a very high-risk level achieved by AHP is located be-
tween the range of low bound w; and upper bound w, using the
trapezoidal FAHP. Therefore, the trapezoidal FAHP can provide
a broader high-risk assessment result than the AHP method.

Efficiency of Trapezoidal FAHP

To further illustrate the efficiency of the trapezoidal FAHP, the per-
centages of different risk levels from the original AHP and trapezoi-
dal FAHP were obtained (Fig. 10). The percentage of the very high-
risk level from the original AHP is 5.74%, whereas the percentages
are 5.42%, 6.32%, 6.42%, and 8.49% from the trapezoidal FAHP.
The percentage of the high-risk level is 19.61% from the original
AHP, whereas the percentages are 21.16%, 20.73%, 21.09%, and
22.06% from the trapezoidal FAHP. This comparison indicates that
the trapezoidal FAHP can capture the regions with high-risk and
very high-risk levels better than the original AHP. Further, the trap-
ezoidal FAHP can generate an assessment range, with four choices
that managers can consider in decision making. The AHP provides
only one assessment result, which may have some biases.
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Fig. 8. Risk level of earthquake-triggered geohazards from the
original AHP.
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Fig. 9. Comparison of the area with different risk levels between
trapezoidal FAHP and AHP.

Conclusions

This study employed both AHP and trapezoidal FAHP methods to

assess the risk of earthquake-triggered geohazards surrounding

Wenchuan County. Based on the results of this study, the following

conclusions are drawn.

1. The trapezoidal FAHP assessment method uses a trapezoidal
fuzzy number instead of a crisp number, which overcomes
the one-sided deficit of the original AHP method. The trapezoi-
dal fuzzy weights incorporated into the GIS produce a consistent
risk assessment result.

2. A comparison of the AHP with the trapezoidal FAHP indicates
that the trapezoidal FAHP method captures regions with high-
risk and very high-risk levels in the study area. Both the AHP
and trapezoidal FAHP results show that the areas with high-risk
and very high-risk levels are distributed in the form of a belt
along the fault zone. Overall, the risk is high in the southeast
and low in the northeast.
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Fig. 10. Percentage of risk levels from the AHP and trapezoidal FAHP methods: (a) original AHP; (b) lower bound FAHP-w,, (c) left-medium

FAHP-w,; (d) right-medium FAHP-ws; and (e) upper bound FAHP-w,.

3. The percentages of high-risk and very high-risk levels obtained
from the trapezoidal FAHP are higher than those of the original
AHP. The comparison indicates that the trapezoidal FAHP can
capture regions with high risk and very high-risk levels. More-
over, the trapezoidal FAHP can produce an assessment range,
providing four choices for managers use in decision making,
which mitigates the biases that exist in the original AHP.
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