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Abstract 

5.12 Wenchuan earthquakes triggered very serious secondary geological disasters in 

Pengzhou segment of Longmen Shan fault zone. Using the high-resolution satellite of 

post-earthquake, French Pleiades satellite, remote sensing image interpretation data, 

combined with the geological disaster point field survey data of Pengzhou, we selected 

the hazard inducing environmental factors, disaster-causing factors, hazard bearing 

bodies factors and made a study of comprehensive evaluation and zoning to the 

geological disasters risk in Pewngzhou of Longmen Shan fault zone by GIS spatial 

analysis and AHP. The results showed that: High risk areas account for 16.44% of 

Pengzhou, and mainly distributed in northern mountainous; moderate risk areas account 

for 36.24% of Pengzhou, and mainly distributed in the northern mountainous and central 

hilly areas; low risk areas account for 36.15% of Pengzhou, and mainly distributed in the 

central hilly areas; Relatively safe areas account for 36.15% of Pengzhou, and mainly 

distributed in the eastern plain area. It is of great significance for the local economic and 

social development and people's lives and property safety to establish and improve the 

geological disaster monitoring network, methods and prevention measures basing on the 

zoning status of geological disasters risk areas. 
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Introduction 

Geological hazard is disaster events that formed by the nature or human's geological 

process such as mountain collapse, landslide, debris flow, ground collapse, which causes 

a loss to human life and material wealth, or serious damage to the ecological environment 

[1]. Geological disaster risk assessment is a comprehensive analysis on the historical point 

disaster situation, natural conditions, geological conditions, human activities situation of a 

region or a potential point of geological hazard, to determine the probability of disaster 

event which threatens human lives and property safety [2]. Geological hazard assessment 

can be traced back to 1977, Japanese scholar put forward the "The judgment of risk of 

landslides" in statistical analysis based on the background elements [3]. After decades of 

development, the risk judgment and evaluation methods from early expert field survey 

combined with aerial photographs, has gradually developed into comprehensive analysis 

and model simulation, combined with computer technology, mathematical models 

algorithms, Earth System Science, GIS (Geographic Information System), remote sensing 
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and technology [4-6]. At present, the main research methods of geological disaster risk 

assessment includes Analytic Hierarchy Process [7-8], expert marking model [3-8], 

Logistic model [8-9], Artificial neural network model [10-11], Information Value 

Model[12-13]and 3S integrated techniques [14-16] etc., Geological disasters in China 

occurred frequently in recent years, geological hazard risk assessment has become an 

important work, large numbers of research results has been promoting the progress of 

geological disaster risk assessment. 

 

1. Study Area 

May 12, 2008, Richter 8.0 earthquake took place in Wenchuan County, Sichuan 

Province, the scale, the density degree and the complexity of secondary geological 

disasters triggered by 5.12 earthquake such as the collapse, landslide and debris flow are 

unparalleled，and had caused more serious harm than the earthquake itself [17]. The 

main fault of Longmenshan Fault zone and its south branch crosses and controls the north 

areas of Pengzhou. Both two faults had activity sighs in the 5.12 earthquake, many 

villages and towns of northern Pengzhou located in the fault zone [18-20]. As the very 

severely affected counties in the 5.12 earthquake, geological disasters have hampered the 

Pengzhou's local economic and social development badly, posing a serious threat to 

people's lives and property safety. This article took Pengzhou section of Longmen Shan 

fault zone as the research object, constructed an index system from three aspects :the 

hazards inducing environmental factors、disaster-causing factors、hazard bearing bodies 

factors, by means of 3S technology powerful spatial data analysis and spatial modeling 

capability, and completed  geological hazard risk assessment and distribution map of 

Pengzhou section of Longmen Shan fault zone, thereby providing  data support for 

prevention, forecasting and early warning of geological disasters for Pengzhou, and 

providing scientific reference for the government in Pengzhou to draw up disaster 

prevention and mitigation policies. 

 

2. Materials and Methods 
 

2.1. Materials 

The main data sources of the article include basic geographic data of Pengzhou City 

and it’s surrounding area (administrative boundaries, river systems, road traffic data, 

etc.,), and the land-use type data and residential areas distribution data obtained by 

Pleiades image remote sensing interpretation together with 30m*30m DEM; and 

statistical data，geological hazard point data obtained from remote sensing interpretation 

and spot survey, precipitation observation data. fault zone, aftershocks and seismic 

intensity distribution data were obtained by digital measures, the basic steps including co 

registrating image, editing the vector diagram and entering space data into database. 

 

2.2. Methods 

（1）The establishment of evaluation index system and evaluation standard 

It is very difficult to establish the evaluation index system, the evaluation index system 

of project evaluation in each field has no universal standard, it often relies on the 

experience of experts in the field and makes trade-offs according to the actual situation of 

the project. The article choose hazard inducing environmental factor, disaster-causing 

factor, hazard bearing bodies factor as three evaluation index and confirm the grading and 

score of each evaluation index of geological disasters risk according to the relevant 

documents, expert experience , geometric interval classification in ARCGIS and region 

actual situation (Table 1). 

http://dict.cnki.net/dict_result.aspx?searchword=%e5%b1%82%e6%ac%a1%e5%88%86%e6%9e%90%e6%b3%95&tjType=sentence&style=&t=analytic+hierarchy+process
http://dict.cnki.net/dict_result.aspx?searchword=%e4%b8%93%e5%ae%b6%e6%89%93%e5%88%86%e6%a8%a1%e5%9e%8b&tjType=sentence&style=&t=expert+marking+model
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Table 1. Factors and its Grading Value 

       Value 

Evaluation index 

Classification and Assignment 

1 2 3 4 

Hazards inducing 

environment sensitivity 

Insensitiv

e 

Low 

sensitive 

Moderate 

sensitive 

High 

sensitive 

Distance from the fault 

zone（m） 
＞20000 

10000-

20000 
5000-10000 ＜5000 

Sea-level elevation（m

） 
＞3000 650-1000 2000-3000 1000-2000 

Amplitude of 

landforms（m） 
＜50 50-100 100-200 ＞200 

Hydrological condition

（Distance from the 

river（m）） 

＞1000 500-1000 200-500 ＜200 

Disaster-causing 

factors risk 

Relatively 

safe 
Low risk Moderate risk High risk 

Seismic intensity and 

distribution 
 ＜VII VIII-IX X-XI 

Level and distribution 

of aftershocks 

Level 4 or 

less 
4-5 level 5-6 level 

Level 6 or 

above 

Historical disaster scale 

and distribution 
 Small Medium Large 

Multi-year average 

precipitation 

<1000m

m 

1000-

1200mm 

1200-

1400mm 
>1400mm 

Hazard bearing bodies 

vulnerability 

Relatively 

safe 

Low 

vulnerability 

Moderate 

vulnerability 

High 

vulnerability 

Land cover/land-use 

types 
 

Coniferous 

forest mixed 

forest、 

broadleaf 

forest 

Construction 

land、
cultivated 

Land、waters 

Shrub、

grassland、
bare and 

wasteland 

Distance from 

residential/area（m） 
<500 500-2000 2000-8000 >8000 

Distance from road 

traffic （m） 
<600 600-2500 2500-9500 >9500 

（2）Constructing the spatial model and zoning 

Calculating the evaluation index weights by AHP(analytic hierarchy process), the 

comprehensive risk score space distribution data were obtained by GIS spatial modeling 

arithmetic, and the geological disaster risk zoning is carried out by ARCGIS geometric 

interval classification [21].  The principle of creating geometric interval classification 

scheme is to minimize each class element numerical sum of squares, ensure the scope and 

the value of each class have roughly the same value, and the change of the interval 

between two classes is very consistent.  

 

3. Data Processing and Results 
 

3.1. Hazards Inducing Environment Sensitivity and its Grading 

The sensitivity of geological disasters of hazard inducing environment is a quantitative 

index to measure region hazard inducing environment, which plays a decisive role on 

geological disasters system’s complexity and the situation of a disaster, and reflects the 
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degree of difficulty or the possibility of appearing geological disasters when the regional 

ecosystems face the interference [22]. The article took the fault distance, sea-level 

elevation, amplitude of landforms and hydrological conditions (according to the distance 

from the rivers) as the evaluation index of geological disasters sensitivity of hazards 

inducing environment. 

Longmen mountain Pengzhou fault zone distribution map was obtained by scan-

digitizing; the sea-level elevation data and amplitude of landforms data were obtained by 

the 30m*30m DEM attribute data extraction, surface analysis and spatial neighborhood 

information; river system data were derived from the 1: 50000 basic geographic data map. 

The Longmen mountain Pengzhou hazard inducing environment’s sensitivity grading 

distribution map (Figure 1) according to the classification standards of indexes shown in 

Table 1. 

 

Figure 1. Hazards Inducing Environment Sensitivity and its Grading 
Distribution Map 

3.2. The Disaster-Causing Factors Risk and its Grading 

The disaster-causing factors are mutagenic factors of hazard inducing environment [22] 

which may cause problems such as property damage, casualties, resources and 

environment destruction and social system chaos. The article selects the 5.12 earthquake 

intensity, and its aftershocks grading, historical disaster’s scale and distribution, and 

annual average precipitation distribution as the indexes of the disaster-causing factors risk 

assessment. 

The intensity and distribution of 5.12 earthquake and aftershocks’ grading and 

distribution in Longmen mountain Pengzhou section were obtained by scan-digitizing, 
historical disaster’s scale and distribution were obtained from related statistical data spot 

investigation and Pleiades remote sensing image interpretation, the annual average 

precipitation distribution was obtained by ARCGIS Kriging differential method according 

to the weather observation data of study area and its surrounding areas. According to the 

classification standards of indexes show in Table 1, (Figure 2), the Longmenshan 

Pengzhou segment's disaster-causing factors risk grading distribution is mapped as below. 

 

Figure 2. Disaster-Causing Factors Risk and its Grading Distribution Map 
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3.3. Hazard Bearing Bodies Vulnerability and its Grading 

The vulnerability of hazard bearing bodies is the root of disaster formation, it affects 

hazard bearing bodies’ ability to resist natural disasters and resuming after disaster. The 

formation of the disaster is the results that the hazard bearing bodies can't adapt or adjust 

to the change [23]. The article selects the land cover/land-use type, residential area 

distribution, traffic distribution as the vulnerability assessment indexes of hazard bearing 

bodies. 

The land cover/land-use type, residential areas distribution data in Longmen mountain 

Pengzhou section were obtained by Pleiades remote sensing image interpretation, traffic 

distribution was obtained from 1:50000 basic geographic data map, and updated 

according Pleiades high remote sensing image.  According to the classification standards 

of indexes shown in Table 1, (Figure 3), the hazard bearing bodies vulnerability grading 

distribution of Longmenshan Pengzhou section is mapped as below. 

 

 

Figure 3. Hazard- Bearing Bodies Vulnerability and its Grading Distribution 
Map 

3.4. Geological Disaster Risk Comprehensive Evaluation 

（1）Confirm the evaluation index weight. According to expert estimation, compare 

the relative importance degree between two of evaluation index respectively, the relative 

importance degree are defined as specific scale values, then establish judgment matrix, 

calculate the weight value (Table 2). Usually,  for judgment matrix of m≥3, when the CR 

< 0.1, the consistency of judgment matrix is acceptable. After calculation the geologic 

disaster risk comprehensive evaluation judgment matrix, CR = 0.0176, so the consistency 

of judgment matrix is acceptable. 

Table 2. Evaluation Index System and its Weight Value 

Target layer A 
Criteria layer 

B 
Weights Index layer C 

Combination 

weight 

 

Geological 

disaster risk of 

Longmenshan 

fracture in 

Peng zhou  A 

hazard 

inducing 

environment 

factors B1 

0.2174 

Distance from the 

fault  C11 

0.1204 

Sea-level elevation 

C12 

0.0156 

Amplitude of 

landforms C13 

0.0526 

Distance from the 

river C14 

0.0288 
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disaster-

causing factors 

B2 

0.4977 

Seismic intensity and 

distribution C21 

0.2688 

Grading and 

distribution of 

aftershocks C22 

0.1190 

Multi-year average 

precipitation C23 

0.0636 

Historical disaster’s 

scale and distribution 

C24 

0.0463 

hazard bearing 

bodies factors 

B3 

0.2849 

Land cover/land-use 

types C31 

0.0312 

Distance from 

residential areas 

distance C32 

0.1657 

Distance from road 

traffic C33 

0.0880 

（2）Comprehensive risk scores and risk zoning. Set all risk assessment index as 

30m*30m raster data based on the CGCS2000 plane-coordinate system. In Raster 

Calculato of ARCGIS10.1, input the relative importance weight value of risk assessment 

index into space model, after calculation we obtained the geological disaster 

comprehensive risk scores distribution map Figure 4）. Based on the map, we divided 

geological disaster risk degree in Pengzhou into four grades; relatively safe, low risk 

degree, moderate risk degree and high risk degree by ARCGIS geometric interval 

classification, the geological disaster risk zoning of Pengzhou is accomplished, and the 

geological disaster risk zoning is mapped as below (Figure 5). 

 

Figure 4. Geological Disasters Risk Comprehensive Score Distribution Map 
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Figure 5. Geological Disasters Risk Zoning Map 

According to the geological disaster risk zoning map of study area (Figure 5), and its 

area field, we got the statistical data of risk area, the results are shown in Table 3.  

Table 3. The Statistic Table of Geological Disasters Risk Grading  

Risk level Area（km
2） Percentage（%） 

Relatively safe 513.29 36.15 

Low risk 158.73 11.18 

Moderate risk 514.59 36.24 

High risk 233.38 16.44 

Total 1420.00 100.00 

 

4. Conclusions and Discussions 

This article uses the GIS spatial analysis method and analytic hierarchy process (AHP), 

basing on the powerful functions of 3S technology, spatial data collection and analysis to 

assess the geological disaster risk degree of Longmenshan fracture Peng zhou zone hazard 

inducing environment, as well as the disaster-causing factor, the hazard bearing bodies 

and other geological disasters risk factors. Then we got each index’s weight through 

expert scoring method, then calculated the geological disaster risk degree comprehensive 

scores, and divided geological disaster risk degree in Pengzhou segment into relatively 

safe, low risk degree, moderate risk degree and high risk degree by ARCGIS geometric 

interval classification, the results showed that: 

(1) We obtained the comprehensive scores of each index by AHP: hazard inducing 

environment factor, disaster-causing factor, hazard bearing body’s weights were0.2174, 

0.4977, 0.2849 respectively, the comprehensive evaluation judgment matrix CR = 0.0176, 

the consistency of judgment matrix is acceptable. 

(2) High risk areas account for 16.44% of Pengzhou, and mainly distributed in northern 

mountainous region, such as Heifengdonggou、Guanzigou、Changheba、Xiaohaizi、
Yinchanggou in the Wudaohe river basin along Jian river upstream in Longmenshan 

town, Baishigou、Houbagou、Hanxiagou、Hongshuigou river basin in Xiaoyugou 

town, Bailuhe in Bailu town and part areas in Cifeng town and Tongji town; moderate 

risk areas account for 36.24% of Pengzhou, and mainly distributed in northern 
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mountainous region and central hilly areas, such as Huilonggou riverbasin and it’s branch 

river in the northern mountainous region of Longmenshan town, Panjianghe、Tuxihe 

river basin in Cifeng town, the major areas of Tongji town and Xinxing town, Tuxihe 

river basin of Guihua town, Yazihe river basin of Danjingshan town; low risk areas 

account for 36.15% of Pengzhou, and mainly distributed in central hilly areas, such as 

Hongyan distributing main canal、Yazihe and Renminqu main canal river basin of 

Hongyan town, the distributing canal of Liudaoqu and Wudaoqu、 Yanjiahe river basin 

of Gexianshan town, the distributing canal of Qingbaihe、the diversion canal of Xihe 

reservoir and other river basin of Danjing town. Tuxihe、Chaobaijiang、Yinshuiquhe 

river basin of Guihua town. Qingbohe、puyanghe main canal、Gongjiayan branch canal 

and Qingbaijiang river basin of Lichun town. Relatively safe areas account for 36.15% of 

the total area, mainly distributed in the eastern plain. 

Geological disasters cause serious losses and threats to human society, and have 

serious impact on the sustainable development of social and economic, Comprehensive 

partition of geologic disaster risk degree can provide scientific basis for prevention and 

mitigation of geological disasters. Basing on present geological disasters risk zoning, 

while concentrating on the future, focusing on prevention, to establish and improve a 

sound disaster monitoring network and monitoring methods, use land resources rationally, 

and strengthen the training and education of geological disasters prevention. The research 

results closely matched the actual situation, but the selected evaluation index still exists 

certain gaps when comparing with the actual complicated factors because of the limited 

data, the scope of study area and the accuracy of data, the practicality of research results 

remain to be further tested. 
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