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Compiling Explanation for
Atlas Sets of Geological Environment of China

1. Background and Purpose

At the late 1980s and the early 1990s, under the organization of the Department of Geological
Environment of the Geology and Mineral Resources, based on the available data and requirements
some veteran environmental geological professionals (Duan Yonghou et al.) accomplished Series of
Environment Geology Map of China (1:6,000,000) consisting of 11 national maps published in 1992.
In the early 21st century, with the development of society, more and more attention has been paid to
the research on geological disasters with financial support of Chinese government. The Hydrogeology
and Environmental Geology Department of China Geological Survey (Yin Yueping et al.) led the
compilation of 6 national geological environmental maps (1:4,000,000), which focused on the geo-
hazards in China and were published in 2011 to 2013 successively.

Since the 1990s, especially the national land resource survey starting from 1999, a large amount
of geological surveys at the national level have been completed, including the province-based 1:500,000
environmental geological surveys, the county-and-city-based geological disaster surveys and the
1:50,000 geological disaster investigation in the key areas, the new round of national evaluation
of groundwater resources, the groundwater resource surveys and evaluations in the major basins
and plains, the national groundwater pollution survey, the national geothermal resource evaluation
and etc. Further geological surveys have also been carried out recently, such as the national mining
environmental geological survey, the land subsidence investigations in the key areas, the environmental
geological surveys in the important economic zones and urban agglomerations, the integrated
geological survey in the coastal areas, the investigation and evaluation of the major active faults, the
province-based investigations on the important geo-heritage resources, the land desertification survey,
and the geological survey in response to global climate change. At the province level, plenty of work
on geological investigations and evaluations in all provinces, autonomous regions and municipalities
is accomplished or in progress. In general, the level of geological environmental survey in China is
enhanced greatly. A deal of regular patterns of geo-environment are summarized, some of which are
even breakthroughs in the world.

With the aims of summarizing investigation and research results, further improving and
enhancing the understanding of the characteristics of the regional geological environment and the

development distribution of geological disasters in China, promoting the theoretical innovation of




hydrogeology, engineering geology and environmental geology and the development of disciplines
and the application of the results, and providing better service to geological environment protection
management and geological disaster, the General Office of the Ministry of Land and Resources (MLR)
issued Compilation Program of Atlas Sets of Geological Environment of China on June 20, 2013
(No. 556 Office Letter of the MLR, 2013), and officially launched the project to compile Atlas Sets of

Geological Environment of China.

2. A train of Thoughts and General Framework

According to the letter mentioned above, the Geological Environment Department of the MLR
and the China Geological Survey (CGS) set up an office for compiling Atlas Sets of Geological
Environment of China in the China Institute of Geo-Environment Monitoring. After several times of
discussion and consultation, /mplementation Plan of Atlas Sets of Geological Environment of China
was finally settled in Nov. 2013. The framework of the compilation is built on the five-professional-

EE N

fields (“category of geological environmental condition”, “category of geological hazard”, “category
of groundwater”, “category of mine geological environment” and “category of geo-heritage”) and
two-geographical-dimensions (‘“national and provincial” and “global and local”). In addition, the
provincial atlas consists of “7 compulsory + 2 elective maps”, which are “geo-environment zonation

9% ¢ 9% ¢

map”, “distribution map of geological hazards”, “susceptibility map of geological hazards”, “map

9 ¢ CE N3

of groundwater resources”, “map of groundwater environment”, “map of mine geo-environmental
problems”, “zoning map of protection and restoration of mining geo-environmental instructions”
and “status quo map of land subsidence”, “distribution map of important geo-heritage resources”.
The general requirement of compilation is namely “three unified framework”, including “unified
geographic data base”, “unified mapping requirements” and “unified database building requirements”.
All disciplines mentioned above lead to a synchronized progress of “1 (national) + 31 (provincial,
autonomous region’s or municipal) atlas sets”, and also lay a technical foundation for realization of
multi-scale expression and dynamic update.

Using the geographic information data (1:1,000,000) as foundation, the Office established a
unified national geographic information base map (1:5,000,000), inter-provincial important area
geographic information base maps and province (autonomous region, or municipality) geographic
information base maps. Meanwhile, “mapping requirements”, “database building requirements” and
“glossary of professional terms” in five-professional-fields were issued to standardize the compilation.
Through the trainings to provincial mapping staff and back and forth discussions, the technical
standards were constantly improved, which realized the unity of graphic thinking, the promotion of
geological understanding, the scientific and artistic expression of mapping, and gradually established

the national geological environment map database system.
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3. Atlas Composition and Task Assignment

According to the letter mentioned above, the China Geological Survey is responsible for Atlas of
Geological Environment of China, which is the series of the national geological environment maps and
interprovincial regional geological environment maps. The counterparts of local government organize
relevant institutions to compile their own Atlas of Geological Environment of * % Province (Autonomous
Region, or Municipality) respectively.

Atlas of Geological Environment of China (hereinafter referred to as Atlas), whose compilation
goes through three stages from technical preparation, compilation and evaluation, to perfection and
publication, is completed by hundreds of geological professionals from more than ten institutions
affiliated to the CGS. The Atlas systematically integrates the data of geological environment
investigation and monitoring in China for many years, which has 36 maps compiled or revised with
national and regional geological environmental interests (see Table 00-1). The 36 maps include 19
geological environmental condition maps, 5 geological disaster maps, 8 groundwater maps, 2 mine
geological environment maps and 2 geo-heritage maps, among which 20 maps are in national interests
and the rest of them are in regional interests.

The Atlas organized by: Geological Environment Department of the Ministry of Land and
Resources.

The Atlas deployed by: Hydrogeology and Environmental Geology Department of China
Geological Survey.

The Atlas technically guided by: China Institute of Geo-Environment Monitoring.

Atlas Chief Editors: Hao Aibing, Li Ruimin.

Atlas Associate Editors: Shi Jusong, Xu Huizhen, Li Minglu.

Atlas Editorial Committee: Li Yuan, Sun Jichao, Zhang Jinde, Dong Ying, Zeng Qingshi, Luo
Yuechu, Li Tiefeng, Le Qilang, Lin Liangjun, Zhang Eryong, Wang Yiping, Jing Jihong, Cheng
Guoming, Wu Zhonghai, Guo Jiangiang, Shi Jian, Ma Zhen, Zhu Hua, Zhao Haiqing, Jiang Yuehua,
Huang Changsheng, Zheng Wanmo, Sun Yongjun.

Atlas Compilers: Li Xiaolei, Yin Ming, Gao Mengmeng, Yin Chunrong, Ren Ying, Huang Zhuo,
Wang Yi, Liu Qiong, Cao Feng, Zhang Xiangyuan, Chen Wenjie.

Atlas Advisory Group: Wang Mingde, Wen Dongguang, Shi Jiansheng, Lu Yaoru, Cheng
Hangxin, Sun Xiaoming, Li Wenpeng, Li Jingsen, , Cen Jiafa, Qiu Xinfei, Shen Zhaoli,
Zhang Zuochen, Zhang Yueqiao, Wu Qiang, Lin Xueyu, |Zhao Yunchang], Hou Jinwu, Qin Yisu, Yuan

Daoxian, Yin Yueping, Tao Qingfa, Huang Xuebin, Jiang Zhongcheng.
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Table 00-1 List of Atlas of Geological Environment of China
Professional Serial .
Category Number Name Compiled by
00-1-01 Geo-Environmental Zonation Map of China Institute of Geo-Environment
China (1:5,000,000) Monitoring
00-1-02 Geo-Environment Safety Degree Map of | China Institute of Geo-Environment
China (1:5,000,000) Monitoring
Environmental Geological Map of Karst in .
00-1-03 China (1:5,000,000) Institute of Karst Geology, CAGS
00-1-04 Distribution Map of Desertification Land | China Aero Geophysical Survey & Remote
in China (1:5,000,000) Sensing Center for Land and Resources
Distribution Map of Active Faults in China . .
00-1-05 and Tts Adjacent Sea Area(1:5,000,000) Institute of Geomechanics, CAGS
00-1-06 Engineering Geologic Map of China Institute of Hydrogeology and Engineering
(1:4,000,000) Geology, CAGS
Suitability Evaluation Map of CO,
00-1-07 Geological Storage in Main Sedimentary | Center for Hydrogeology and
Basins in China and Its Adjacent Sea Area | Environmental Geology Survey, CGS
(1:5,000,000)
Quaternary Geologic Map of the People’s . . .
00-1-08 | Republic of China and Adjacent Sea Area gls(t)lltgte o(fjgédsrogeology and Engineering
(1:2,500,000) gy:
Environmental Geological Map of the o .
((?}a(;r;c)ig(;);i}; glf 00-1-09 Coastal Arcas in China (1:3,050,000) Tianjin Geological Survey Center, CGS
Environmental Environmental Geological Map of the
Condition 00-1-10 | Important Economic Zone in the Circum- | Tianjin Geological Survey Center, CGS
Bohai-Sea Region (1:1,200,000)
Environmental Geological Map of the
00-1-11 | Economic Zone in the Yangtze River Delta | Nanjing Geological Survey Center, CGS
(1:750,000)
Environmental Geological Map of the
00-1-12 | Economic Zone (Core Area) on the West | Nanjing Geological Survey Center, CGS
Side of the Straits (1:600,000)
Environmental Geological Map of the
00-1-13 | Urban Agglomerations in the Middle Wuhan Geological Survey Center, CGS
Reaches of the Yangtze River (1:900,000)
Environmental Geological Map of the Pearl .
00-1-14 River Delta Economic Zone (1:500,000) Wuhan Geological Survey Center, CGS
Environmental Geological Map of the .
00-1-15 Beibu Gulf Economic Zone (1:450,000) Wuhan Geological Survey Center, CGS
Environmental Geological Map of the
00-1-16 | Chengdu-Chongqing Economic Zone Chengdu Geological Survey Center, CGS
(1:1,000,000)
Environmental Geological Map of the
00-1-17 | Changchun-Jilin-Tumen Economic Zone | Shenyang Geological Survey Center, CGS

(1:600,000)
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Continue

Professional Serial .
Category Number Name Compiled by
Environmental Geological Map of the
00-1-18 | Guanzhong Basin Urban Agglomeration Xi’an Geological Survey Center, CGS
(1:350,000)
00-1-19 Map of Soil Selenium Environment in the |China Institute of Geo-Environment
Huang-Huai-Hai Plain (1:1,150,000) Monitoring
00-2-01 Distribution Map of Collapse, Landslide China Institute of Geo-Environment
and Debris Flow in China (1:5,000,000) Monitoring
00-2-02 Susceptibility Map of Collapse, Landslide |China Institute of Geo-Environment
and Debris Flow in China (1:5,000,000) Monitoring
Category of 00-2-03 Status Quo Map of Land Subsidence in China Institute of Geo-Environment
Geological China (1:5,000,000) Monitoring
Hazard o : : . .
Distribution Map of Collapse, Landslide China Institute of Geo-Environment
00-2-04 | and Debris Flow in the Three Gorges Monitoring
Reservoir Area (1:650,000) Wuhan Geological Survey Center, CGS
00-2-05 Status Quo Map of Land Subsidence in the | Shanghai Institute of Geological Survey
Yangtze River Delta (1:750,000) and Research
00-3-01 Map of Groundwater Resources in China | Institute of Hydrogeology and
(1:5,000,000) Environmental Geology, CAGS
00-3-02 Map of Groundwater Environment in Institute of Hydrogeology and
China (1:5,000,000) Environmental Geology, CAGS
00-3-03 Hydrogeological Map of China Institute of Hydrogeology and
(1:5,000,000) Environmental Geology, CAGS
00-3-04 Distribution Map of Geothermal Resources | Institute of Hydrogeology and
Category of in China (1:5,000,000) Environmental Geology, CAGS
Groundwater 00-3-05 Hydrogeological Map of the Huang-Huai- | Institute of Hydrogeology and
Hai Plain (1:1,150,000) Environmental Geology, CAGS
Hydrogeological Map of the Ordos Basin - .
00-3-06 (1:1,100,000) Xi’an Geological Survey Center, CGS
00-3-07 H}./drogeologlcal Map of the Songnen Plain Shenyang Geological Survey Center, CGS
(1:750,000)
Hydrogeological Map of the Jianghan- .
00-3-08 Dongting Plain (1:450,000) Wuhan Geological Survey Center, CGS
00-4-01 Map of Mine Geo-Environmental Problems | China Institute of Geo-Environment
Category in China (1:5,000,000) Monitoring
of Mine
Geological Zoning Map of Protection and Restoration . . o
Environment 00-4-02 | of Mining Geo-Environment in China &Tﬁi;gﬂlmte of Geo-Environment
(1:5,000,000) &
00-5-01 Distribution Map of Important Geo- China Institute of Geo-Environment
Category of Heritage Resources in China (1:5,000,000) | Monitoring
Geo-heritage 00-5-02 Distribution Map of Important Fossil China Institute of Geo-Environment

Localities in China (1:5,000,000)

Monitoring

Note : Engineering Geologic Map of China (1:4,000,000) and Quaternary Geologic Map of the Peoples Republic of China and Adjacent
Sea Area (1:2,500,000) were published in 1990, which are only digitized, standardized and constructed to database this time.



The atlas of geological environment in provinces (autonomous regions or municipalities)
(hereinafter referred to as “provincial atlas) are accomplished by more than a thousand of geological
professionals from over fifty institutions under the leadership of provincial (autonomous region’s
or municipal) land and resources management departments. “Provincial atlas” are compiled and
published according to “mapping requirements”, “database building requirements”, “standardized
geographic information base map” and “glossary of professional terms”. 271 maps of 31 provincial
atlas (see Table 00-2) include 44 geological environmental condition maps, 71 geological disaster maps,
78 groundwater maps, 61 mining geological environment maps, and 17 geo-heritage maps,
among which 266 maps are in provincial interests and 5 maps are in inner-province regional interests.
To ensure the systematic nature of Atlas Sets of Geological Environment of China, it is suggested
that the geological environment maps of provinces (autonomous regions or municipalities) should be
numbered in the format as “atlas serial number - category - map serial number”. For example, Status
Quo Map of Land Subsidence in Beijing is numbered as 01-02-03.

Table 00-2 List of “Provincial Atlas”

AIt\lIa:lsIs];e;al (Autorgr?l.\g}?sc %‘Se.gions Nugggz oi Compiled by
or Municipalities)
01 Beijing 9 Beijing Institute of Geology
02 Tianjin 10 Tianjin Institute of Geo-Environment Monitoring
03 Hebei 8 Hebei Institute of Geo-Environment Monitoring
04 Shanxi 8 Shanxi Center of Geo-Environment Monitoring
05 Inner Mongolia 10 Inner Mongolia Institute of Geo-Environment Monitoring
06 Liaoning 8 Liaoning Institute of Geo-Environment Monitoring
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Foreword

Susceptibility Map of Collapse, Landslide and Debris Flow in China is one of the production
maps in the category of geological hazards and belongs to the Atlas of Geological Environment of
China (hereinafter referred to as the Atlas).

Geological hazards are trigged by variations in the geological environments or bodies caused by
natural and human factors, and they are harmful to human beings and the society. These hazards can
be divided into collapse, landslide, debris flow, ground subsidence, geofracture, rock/soil shrinkage
and swelling, sand liquefaction, land freezing and thawing, soil desertification, swamping and soil
salinization. Among these hazards, collapse, landslide and debris flow cause the most severe damages.

In China, topographical and geological conditions are complicated, and mountains and hills
account for 2/3 of the national territory area; the regional climate varies, rainstorm occurs frequently
in local areas, and earthquakes hit frequently. Geological hazards occur frequently due to the intense
impacts of dense population and human engineering activities. Statistics show that collapse, landslide
and debris flow hazards have caused more than 20,000 deaths over the past 50 years; that is, several
hundreds to more than ten thousand people are killed every year. Among the numerous natural
geological hazards, the resulting number of deaths is second to that in earthquake and flooding
hazards. The frequent occurrences of collapses, landslides, and debris flows have caused heavy losses
in people’s lives and properties and become one of the factors constraining the national economic
development.

The former Ministry of Land and Resources initiated a compilation of the At/as to
comprehensively summarize the background features and development evolution laws of the
geological environment, further promote efficient transformation and application of the results from
the field survey and monitoring of geological hazards, and effectively support the conservation
management of the geological environment in China. The compilation of the Susceptibility Map of
Collapse, Landslide and Debris Flow in China (hereinafter referred to as the Map) can be used to
prevent and reduce geological hazards, perform geological hazard work deployment, and provide
technical support for national social and economic construction.

The Map is compiled by the China Institute of Geo- Environment Monitoring under the uniform
requirements of the Atlas and the guidance of the Expert Committee of the A#/as. The chief compiler
is Fang Hao, the map compilation director is Li Yuan, and the map compilers are Yang Xudong, Qu

Xueyan, Yin Chunrong, and Tong Bin. We express our sincere gratitude to the Geological Environment
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Department of the former Ministry of Land and Resources, China Geological Survey, China Institute
of Geo-Environment Monitoring, and leaders and relevant professional technicians from some

provinces for their great support and guidance.
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1 Compilation Principles, Contents and Methods

1.1 Compilation Principles

1.1.1 To reflect spatial differences in susceptibility under natural induction factors

During the construction of the susceptibility evaluation index system of collapse, landslide
and debris flow, only natural induction factors are considered and human activity-related factors are
excluded. The final evaluation results merely reflect the spatial differences in the susceptibility of

collapse, landslide and debris flow under the impacts of natural factors in long term.

1.1.2 To serve macroscopic planning

This map aims to compile planning of geological hazard prevention and control, formulate
deployment of geological hazard prevention and control, provide technical support for social and
economical construction and serve geological hazard prevention and reduction for the country and

local areas.

1.1.3 To correlate with and make correspondence to the provincial-level susceptibility
maps and the Distribution Map of Collapse, Landslide and Debris Flow in China

During the Map compilation, updated and formally published research results should be
selected. The comprehensive research results of the susceptibility of the geological hazards of
various provincial-level administrative regions are considered; with respect to the division of the
susceptibility of the geological hazards of each provincial-level administrative region, the high-to-
low order sequence of susceptibility cannot be reversed. In addition, the Map and the Distribution
Map of Collapse, Landslide and Debris Flow in China are thematic maps of the Atlas of Geological
Environment of China; therefore, the susceptibility evaluation results consider the correlation with and

correspondence to the Distribution Map of Collapse, Landslide and Debris Flow in China.

1.1.4 To ensure the simplicity and readability of the map

The representation of the Map should be simple and clear, understandable, and focused.

Professionalized terminologies, redundant text discussion and complex drawing should be rejected.

1.1.5 To compile according to standards and regulations

The contents and manifestation patterns of the Map are based on the Technical Requirements for

the Atlas of Geological Environment of China and relevant national and industrial standards.

1.2 Compilation Contents

The Susceptibility Map of Collapse, Landslide and Debris Flow in China combines the
natural factors of topography, landform, rock and soil mass type, geological structure, earthquake,
rainfall, vegetation, river system, etc., which reflect the spatial differences in the susceptibility of
collapse, landslide and debris flow. This map also differentiates areas with high, middle, low, and no

susceptible zones to collapse, landslide and debris flow and explains the development and distribution



characteristics and risks of these hazards by zoning.

Given the lack of data recording collapses, landslides and debris flows in Hong Kong, Macao,
and Taiwan in the current National Geo-hazard Database, the evaluation results of the susceptibility
of the aforementioned areas in the Map are obtained by quantum mechanical calculation of geological

environment conditions.

1.3 Compilation Methods

Quantitative calculation is applied to evaluate the susceptibility of collapse, landslide and debris
flow in China. According to the development status quo of regional collapse, landslide and debris flow
and combining with landform, topography, rock and soil mass type, geological structure, earthquake,
rainfall, vegetation, river system and other natural factors, the certainty coefficient and gray correlation
analysis methods are applied to evaluate the susceptibility of collapse, landslide and debris flow.
According to the susceptibility evaluation and main natural influencing factors of topography,
landform, rock and soil mass type and the development characteristics of collapse, landslide and debris
flow, the “bottom-up” method is adopted to divide these hazards by susceptibility.

The Susceptibility Map of Collapse, Landslide and Debris Flow in China is based on
administration division. Information of its geological hazard profession layer is expressed in a surface
solid color, and different color systems are applied to differentiate geological hazards into high-,

middle-, low-, and no susceptible levels.

2 Analysis of Influencing Factors of Geological Hazards

Under natural conditions, collapse, landslide and debris flow in China are mainly affected by
landform, topography, rock and soil mass type, geological structure, earthquake, rainfall, vegetation,

river system and other factors.

2.1 Topography

Topography is one of the main factors that influence the development of collapse, landslide and
debris flow. The continental topography of China is divided into three-level terraces: the first level
refers to the Qinghai-Tibet Plateau at an average elevation of >4,500 m above sea level and consists of
high mountains, extremely high mountains, and fluctuating and gentle plateau surfaces constituted by
high-elevation hills, platforms, and plains running among them; the second level is located between the
outer margin of the Qinghai-Tibet Plateau and the Da Hinggan ling—Taihang—Funiu—Wushan—Xuefeng
Mountains, and it has an average elevation of 1,000-2,000 m, and consists of the Tarim Basin, Junggar
Basin, the Loess Plateau, the Inner Mongolia Plateau, the Sichuan Basin and the Yunnan-Guizhou
Plateau as well as Tianshan, Yinshan, Qinling, Daba and Dalou Mountains, etc.; and the third level lies
cast of the Da Hinggan ling—Taihang—Funiu—Wushan—Xuefeng Mountains, has an average elevation
of <500 m, and consists of the Northeast China Plain, the Huang-Huai-Hai Plain, the Middle—
Lower Yangtze River Plain, the Changbai Mountains, the Shandong low-mountain hill and the hilly



areas south of the Yangtze River .

In transitional slope zones, mountain series, and their margins among various levels of terraces,
the height differences of valleys and ridges are up to 2,000 m, the terrain slopes are relatively high,
numerous free faces are developed, and a high amount of loose accumulated deposits are formed,
leading to collapse, landslide and debris flow. Collapse and landslide are principally developed in
the second level terrace and its peripheral fluctuating mountain areas; they are the most developed in
moderately fluctuating mountain areas, accounting for 34.2% of the total area. Debris flow are mainly
developed in the transition from the first level to the second level terraces and the most developed in

highly fluctuating mountain areas, accounting for 33.4% of the total area(Table 1).

Table 1 Amount Percents of Collapse, Landslide and Debris Flow in Different Terrains

Ultra-highly Highly Moderately Weakly
Hazard type fluctuating fluctuating fluctuating fluctuating Hill
P mountain area mountain area mountain area mountain area (<200 m)
(>2,500 m) (1,000-2,500 m) (500-1,000 m) (200-500 m)
Collapse,Landslide 0.5% 28.% 34.2% 22.8% 14.5%
Debris flow 2.6% 33.4% 29.9% 16.6% 17.5%

2.2 Geological Structure

Active faults are factors that directly control regional collapse, landslide and debris flow. Active
faults in various regions in China show differences in scale, activity mode, activity, and intensity. A
synthetic analysis of the characteristics of active faults divides China by territory into North China,
Northeast China, South China, Southwest China, Northwest China, and Taiwan regions. Active faults
in North China are mostly inherited since the Mesozoic—Cenozoic time; in particular, NNE- and NE-
trending active faults are large-scaled and intense in terms of vertical differentiated activity. Major
NE-NNE trending faults in Northeast China gradually weaken in activity; however, NW-trending
active faults are of young age and activate intensely. NW- and EW- trending faults in South China
also show certain activity, and the intersections with NE-NNE trending faults usually become areas
that are poorly stable in crust at present. Active fault belts in Southwest China mostly occur as nearly
EW-NW-NNW arcs and strike NS, and most of which are large-sized active faults. Active faults in
Northwest China are extremely developed and dominated by nearly EW and NW strikings with minor
NE striking and are dominated by compressoshear properties.

Regional collapse, landslide and debris flow easily develop in active structural fault belts. On the
one hand, the location is in active fault belts, where rocks are broken, favoring weathering, decreasing
the rock mass integrity, and bringing abundant loose materials. On the other hand, structural surfaces/
planes, such as bedding surfaces, fault planes, joint surfaces, schistosity planes, or stratigraphic
unconformities, control the spatial locations of the sliding surfaces and boundaries of landslide
and collapse. Therefore, active structures control the extension directions, development scales, and

distribution densities of collapse, landslide and debris flow belt.



2.3 Earthquake

Earthquake is among the significant factors that trigger collapse, landslide and debris flow. China
is often hit by earthquakes, which mainly occur in 1) Taiwan, Bohai—central Shandong, and the North
China Plain in the east; 2) Qilian Mountain, Liilliang Mountain and Helan Mountain in the
north; 3) Yunnan Province, Xizang(Tibet) Autonomous Region and western Sichuan Province in the
southwest; 4) Tianshan and Altay Mountains in the northwest. According to the epicenter distribution,
most earthquakes are concentrated in tectonic or fault belts formed in the late geological time.

An earthquake loosens slope soil and rock structures. Under the repeated vibration shock by
the earthquake, rock and soil masses are dislocated along the original or new soft structural planes
and provide abundant loose materials for debris flow. The earthquake produces fractures and faults,
which favor seepage of rainfall and melted snow. Thus, after the earthquake, landslides or collapses
often occur due to rainfall and snow melt. Generally, earthquakes and simultaneous (co-developing
with earthquake) landslides usually occur in rainy season or during rainstorm or snow melting. In
dry season, slopes are dry and have high stability; as such, simultaneous landslides have been rarely
developed, whereas post-developing (occurring in a very long time after an earthquake occurs)

landslides are often developed.

Table 2 Amount Percents of Collapse, Landslide and Debris Flow
at Different Ground Motion Peak Accelerations

Hazard types
Ground motion peak acceleration/g
Collapse, Landslide Debris flow
>0.4 0.5% 2.6%
0.3-0.4 28% 33.4%
0.2-0.3 34.2% 29.9%
0.15-0.2 22.8% 16.6%
0.1-0.15 14.5% 17.5%

2.4 Rock and Soil Mass Type

Rock and soil mass type is a material basis factor for the development of collapse, landslide and
debris flow. China is vast in territory and has complex engineering geological conditions. Generally,
rock and soil mass can be divided into rock and soil mass types. Rock mass can be subdivided
based on genesis type, intensity characteristics, and structure into magmatic, clastic, carbonate, and
metamorphic forms. Meanwhile, soil mass can be subdivided based on grain composition and soil
special engineering geological properties into coarse-grained soil, sandy soil, fine-grained soil, soft
cohesive soil, swelling soil, salinized soil, permafrost, and loess.

Generally, clastic rocks and soft flaky metamorphic rocks mainly cause collapse and landslide,

and are lithologically dominated by mudstone, shale, slate, soft rock beds containing carbonatites,



argillization beds, and structural fractured beds. After water softening, these soft beds feature low
shearing strength, form soft sliding surfaces, and easily cause collapse and landslide. In snow and ice
melting seasons, seasonal frozen ground brings water, which impacts the stability of rock and soil slopes
and triggers collapse and landslide. Loose accumulation deposits produced from collapse and landslide,
slope residues on mountains slopes, and pluvial alluvial sediments within valley beds are the sources of

solid materials of debris flow. Debris flow easily occur under certain rainfall conditions(Table 3).

Table 3 Amount Percents of Collapses, Landslides and Debris Flows in Different Types of
Rock and Soil Mass

Rock mass Soil mass
Hazard type : :
Maggg il Clastic rock Ca;lc))(c)ﬁate Metz;r(x)lé)krp hic Loess Others
i‘r’llclfs‘{’lzee 21.4% 34.7% 19% 21.7% 1.5% 1.7%
Debris flow 21.3% 27.5% 19% 26.3% 2.2% 3.8%
2.5 Rainfall

Rainfall is one of the significant external factors that trigger collapse, landslide and debris flow.
As affected by physico-geographical environment, rainfall in China generally tends to gradually
decrease from SE to NW, and local rainstorm concentrates in western mountains. According to the
rainfall contour of China, south of the Qinling mountains—Huaihe River Line, the annual average
rainfall is above 800 mm, rainfall is abundant, and the region is humid. To the north of the line,
rainfall is rare and the region is semi-arid and arid. Taiwan, the hilly area of the coastal region of South
China, and some boundary areas of northwestern Yunnan Province and southeastern Xizang(Tibet)
Autonomous Region have average annual rainfall of above 2,000 mm. In the west, such as in Toksun in
Xinjiang Uygur Autonomous Region, the average annual rainfall is merely 7.1 mm. Rainfall in China
varies greatly with season. In Eastern China, the main rainfall belt experiences a northward-starting
to recession-southward process every year, forming a rain seasonal change tendency. Generally, the
main rain belt is located in the coastal area of south china from February to May every year. In middle
June, with the Subtropical High jumping northwards, the rain belt migrates to the Yangtze River basin,
producing more than 20 days of plum rains. In middle July, the Subtropical High jumps northwards in
a second time and the rainy belt arrives in the Yellow River basin. During the transition from July to
August, the rain belt reaches North China and Northeast China. In middle August, the rainy belt lies
to the northernmost part. In August and September, with the retreating southwards of the Subtropical
High, the rainy belt arrives in the Yangtze River basin within a half of month. When cold air runs
southwards, autumn rains hit Sichuan—Guizhou Provinces. In middle October, the rainy belt retreats to
the coastal region of South China.

The amount of precipitation determines the intensity of hydrodynamism. On the one hand, with



respect to collapse and landslide hazards, rainfall permeates into pores in soil mass or rock fissures to
soften, argillize, and lubricate fissure surfaces and thus decrease the rock shearing strength and easily
dislocate rock and soil mass. On the other hand, rainfall permeates into and supplies ground water,
increasing the ground water level or pressure and posing floating effects on rock and soil masses. Soil
masses are softened and saturated, thereby decreasing the shearing intensity and stability of rock/
soil masses and easily causing collapse and landslide. Water is not only an important constituent of
debris flow but also a triggering condition and transportation medium. In valleys with certain slope, if
abundant loose materials are available, heavy rainfall easily causes debris flow within a short period. In
addition, in places such as Nyaingentanggula Mountains (eastern segment) in the southeastern Xizang,
Himalayas Mountains (central eastern segment), Hengduan Mountains (central segment), Tanggula
Mountains (eastern segment), Kunlun Mountains, Tianshan Mountains, and Qilian Mountains,

hydrodynamic force produced from seasonal melt water usually gives rise to debris flow (Table 4).

Table 4 Amount Percents of Collapse, Landslide and Debris Flow at Different Precipitation Amounts

Amount of Hazard types Amount of Hazard types
| ol pepicnow | P mm | SOl e
<75 0.2% 0.8% 500-600 3.2% 9.2%
75-100 0.7% 1.5% 600-800 6.3% 20.5%
100-150 1.4% 2.9% 800-1000 16.9% 13.9%
150-200 2.2% 3.3% 1000-1200 14.8% 9.3%
200-300 0.3% 2.5% 1200-1400 17% 5.4%
300-400 1.6% 8% 1400-1600 19.2% 3.8%
400-500 3.4% 17.5% = 1600 12.7% 1.4%

2.6 River System

River system is one of the external dynamic factors for the occurrence of collapse and landslide.
Under climate and topography constraints, river systems are very unevenly distributed in China and

generally show four characteristics.

2.6.1 Large in number
there are above 50,000 rivers with a drainage area of above 100 km’, 1580 rivers with a drainage

area of above 1,000 km®, and 79 rivers with a drainage area of above 10,000 km’.

2.6.2 Abundant water varying with season

Statistics show that the average annual runoff volume of rivers in China is about 26,000x10° m’,
accounting for 6.6% of the world’s total runoff volume. Although rivers in China have abundant water,
their distribution is extremely uneven with season and runoff is predominated in summer and weakens

in winter.



2.6.3 High runoff difference in different regions

Given that China is affected by monsoon climate, in North China and Southwest China, which
account for 50% of the national agricultural acreage, the runoff volume only accounts for 10% of
China’s total volume. Among them, the Huaihe River, Haihe River, and Liaohe River basins account
for 28% of the total agricultural acreage and only 4% of the runoff.

2.6.4 High river density in various regions

The river density in Eastern China is generally over 0.1 km/km’, especially in Southtern China
which is more than 0.5km/km’. The river density which is located in the inland of Northwest China is
low, close to or equal to zero in some areas.

The impacts of rivers on collapse and landslide are mainly expressed as follows: in the flowing
process of rivers, hydrodynamism produces water erosion to mountain slope foots, thereby decreasing
the stability of bank slopes and giving rise to collapse and landslide. In side slopes far from rivers,

river systems pose weak or no impacts since they are not affected by hydrodynamic erosion of rivers.

2.7 \egetation

Vegetation is among the external factors that affect the development of collapse, landslide and
debris flow. Vegetation cover types in China are divided into natural vegetation, agricultural vegetation,
and non-vegetation sections. Natural vegetation is subdivided into coniferous forest, broad-leaved
forest, bushwood and short coppice, desert, prairie, meadow, and herbaceous swamp. Agriculture
vegetation is subdivided into: grain crops with one harvest a year and cold-resistant commercial crops;
rainfed crops (local rice) with two harvests a year or three harvests for two years and deciduous fruit
tree garden economic forest of warm temperate zone; dry and humid grain crops with two harvests
a year and subtropical evergreen; deciduous economic forest and fruit tree garden, shadow-loving,
irrigated single (double, continuous) cropping rice or rainfed rice with three harvests a year and
subtropical evergreen economic forest and fruit garden; and double-cropping rice or warm-loving
double continuous cropping or warm-loving rainfed rice and tropical evergreen economic forest and
fruit garden.

Under normal conditions, vegetation in high vegetation coverage areas can enhance the stability
of side slopes of rock and soil mass at a certain degree because tree roots play a role in stabilizing
water and soil and preventing the loss of water and soil. Given that different types of vegetation
grow in different environments, vegetation types play a certain indication role in the development of

collapse, landslide and debris flow at a certain degree.

3 Division of Collapse, Landslide and Debris Flows by
Susceptibility

According to the susceptibility evaluation of collapse, landslide and debris flow in China, the
entire country can be divided into high, middle, low, or no susceptible zones to collapse, landslide and
debris flow.



High susceptible collapse, landslide and debris flow zone covers an area of about 131x10* km’,
accounting for 13.6% of the total territory area, and mainly include southwestern Yunnan-eastern
Xizang, southwestern Sichuan-central Yunnan, Yunnan-Guizhou Plateau, Qingling-Daba Mountains,
central Gansu—eastern Gansu Loess Plateau, Liiliang Mountain-Taihang Mountains, etc.

Middle susceptibility collapse, landslide and debris flow zone covers an area of about 278x10*
km’, accounting for 29.0% of the total territory area, and mainly include southeastern Qinghai-Tibet
Plateau, Guangdong—Guangxi—Hu’nan—Jiangxi, southern Hainan, eastern Hubei- eastern Hu’nan,
Zhejiang—Fujian—Jiangxi, Ili River Valley Meddle-High Mountain, Yanshan Mountain—Eastern
Liaoning—Western Liaoning and Changbai Mountains, etc.

Low susceptible collapse, landslide and debris flow zone covers an area of about 329x10* km’,
accounting for 34.3% of the total territory area, and mainly include central western Qinghai- Tibet Plateau,
central eastern Helan Mountains, Yinshan Mountains, Da Hinggan ling—Xiao Hinggan ling, etc.

No susceptible collapse, landslide and debris flow zone covers an area of about 222x10* km’,
accounting for 23.1% of the total territory area, and are mainly distributed in the areas except for the

aforementioned areas.

3.1 High Susceptible Collapse, Landslide and Debris Flow Zone

3.1.1 Southwestern Yunnan—eastern Xizang high susceptible landslide, collapse
and debris flow zone

This zone lies in the southern end of Hengduan Mountains and covers the high-medium
mountainous area to west of Lijiang, Dali and Gejiu and eastern Xizang. The northern part of the area
is within the Hengduan Mountains valley area. The Nujiang River, Lancang River, Jinsha River, and
Dulong River are bounded among high mountains, such as Gaoligong, Nushan, Xuepan, Yunling,
Xueshan, Yulong and Diancang Mountains. The rivers are incised deeply, giving rise to deeply
separated middle and high mountains, constituting an area with concentrated landslide, collapse and
debris flow.

3.1.2 Southwestern Sichuan-central Yunnan high susceptible debris flow , landslide
and collapse zone

This zone is located in Ya’an and Panzhihua in southwestern Sichuan and southwards extends into
Lijiang, Dali, Chuxiong and Gejiu in central Yunnan. The elevations vary between 1,500 m and 2,000
m above sea level and decreases gradually from north to south. Jinsha River traverses the central area,
which features complicated geological structures, frequent earthquakes, steep terrain, abundant loose
clastic materials, and abundant rainfall. Thus, debris flows are densely developed along the mainstream
and tributaries of Jinsha River and Yuanjiang River. This hazard threatens water conservancy and

hydropower projects within the area.

3.1.3 Yunnan-Guizhou Plateau high susceptible landslide and collapse zone

This zone is distributed in southeastern Sichuan, southeastern Chongqing, northeastern Yunnan,



and western Guizhou, forming an elongated NE-SW trending band. This area is a transition zone from
high mountains to low mountains in western China. Comprises many parallel mountains, including
Wauling and Dalou Mountains. Carbonatites are widely distributed, and karsts are developed in the area.
Landslides and collapses are widely developed within the area, particularly in the Dalou Mountain and

Wuling Mountain.

3.1.4 Qingling-Daba Mountain high susceptible landslide, collapse and debris flow
zone

This zone is distributed in Longnan of Gansu Province, Guangyuan, Bazhong and Dazhou
in Sichuan Province, Ankang, Hanzhong (excluding Hanzhong Basin) and Shangluo in Shaanxi
Province, Shiyan in Hubei Province and consists of Qinling, Daba and Micang Mountain. Daba
Mountain is located in the south, and Qinling Mountain is located in the north, with elevations mostly
of 1,000-3,000 m. Within the area, ridges and peaks rise one after another, mountain ridges are steep,
and river valleys are deeply incised. The Quaternary slope-residual layer is widely distributed within
the area. The coasts of Danjiang and Hanjiang Rivers in the southeast and the coast of Jialing River
in the southwest are lithologically dominated by schist, slate, phyllite, and other easily sliding rocks.
Landslides, collapses and debris flows are also developed within the area, in which landslides are the
most developed and widespread. Debris flows are concentrated in the middle and lower reaches of
Bailong River in Longnan of Gansu Province and the western Hanjiang River basin in Jialing River
Branch. As affected by May 12th Wenchuan Earthquake, landslides, collapses and debris flows became
concentrated along the Longmenshan fault belt.

3.1.5 Central and eastern Gansu Loess Plateau high susceptible landslide, collapse
and debris flow zone

This zone is located in north of Tianshui, Pingliang, Qingyang in Gansu Province and Guyuan in
Ningxia Hui Autonomous Region. The loess landslides of this area are the most developed in China.
The Middle Reaches of Taohe River, the Upper Reaches of Weihe River, and the Upper Reaches of
Jinghe River are covered with thick loess, have abundant ground water and developed soft surfaces,
and had experienced intense Neotectonic movement and frequent earthquakes. In the northern bank
of the central reaches of Weihe River and the Puhe and Honghe Branches of Jinghe River, landslides
are densely developed and superimposed in old and young ages. Debris flows are mainly distributed in
the Tianshui segment of Weihe River Valley along Baoji-Tianshui Railway as well as in areas north of
Jinghe River Valley and west of Mailian River.

3.1.6 Liiliang-Taihang Mountains high susceptible landslide, collapse and debris
flow zone

This zone is located in Liiliang and Taihang Mountains. The Liiliang Mountains high susceptible
area is located in western Shanxi Province between Yellow River Valley and Fenhe River Valley
and generally extends NNE. Loess is distributed across the foot of Liiliang Mountains. Taihang

Mountains extends NS along the Shanxi Province—Hebei Province boundary and turns to be convex-



southeastwards along Shanxi Province—Henan Province Boundary, occurring as an arch. Landslides,

collapses and debris flows are widely distributed within the area.
3.2 Middle Susceptible Collapse, Landslide and Debris Flow Zone

3.2.1 Southeastern Qinghai-Tibet Plateau middle susceptible landslide, collapse
and debris flow zone

This zone is located in Xining City and Tibetan Autonomous Prefecture of Golog in Qinghai
Province, and Nagqu—Qamdo, Xigaze—Lhasa—Nyingchi-Medog of Xizang. Within the area, debris
flows are densely developed as bands along the Upper Reaches of Yellow River, Yalong River,
Jinsha River, Lancang River, Nujiang River, and Yarlung Zangbo River; landslides and collapses are

distributed linearly along the roads.

3.2.2 Guangdong—Guangxi—-Hu’nan-Jiangxi middle susceptible landslide, collapse
and debris flow zone

This zone is located in low mountains of southern Hu’nan Province and low mountains and hills
of central eastern Guangxi Zhuang Autonomous Region and eastern Guangdong Province. With respect
to landform unit, this area is a mountain hill area transitioning from the Yunnan-Guizhou Plateau to the
southeastern coastal areas. The eastern area contains many round-shaped granite hills, where valleys
crosscut and the surface is cut into fractured. The western area mainly consists of limestone hills, widespread
peak forests, and steep terrain. The main mountains include Shiwandashan, Yunkaidashan and Lianhua
Mountains. Within the area, geological hazards are densely developed, and their types mainly include
landslide, collapse and minor debris flow. Landslide is mainly developed in small-sized slope residue loose

soil layers. Collapse mainly occurs in small-sized areas with a half of earthy type and a half of rock type.

3.2.3 Central southern Hainan middle susceptible landslide, collapse and debris flow

This zone is located in the central and southern parts of Hainan Dao and a medium mountainous
block area formed by granite intrusive dome—fault structures. The main mountains include Wuzhishan,
Limuling, Yinggeling and Yajiadaling Mountains. Collapse, landslide and debris flow are relatively

rare within the area.

3.2.4 Eastern Hubei—eastern Hu’nan middle susceptible landslide, collapse and
debris flow zone

This zone is located in eastern Hubei Province, eastern Hu’nan Province and western Jiangxi
Province. Luoxiao Mountain stands in the center and is a watershed and source area of some water
systems of Xiangjiang, Ganjiang, and Beijiang Rivers. With respect to topography, peaks rise one
after another, mountain ridges are tall, mountains are steep, and valleys are deeply incised. Landslides,

collapses and debris flows are densely developed along Luoxiao Mountain.

3.2.5 Zhejiang—Fujian—Jiangxi middle susceptible landslide and collapse zone

This zone is located in the southeast area east of Wuyi Mountain, Xianxia Ridge and Huiji
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Mountain and includes hills of Zhejiang, Fujian and Jiangxi provinces. The terrain consists of
successive mountain ridges and widespread hills, the climate is deeply affected by ocean, and the
annual rainfall varies from 1,400 mm to 1,900 mm. Within the area, structures mainly erode medium
and low mountains, and the terrain is complex. The area is a middle susceptible landslide and debris

area. Storms and rainstorms are the most direct factors that trigger landslide and collapse in the area.

3.2.6 Ili River Valley medium—high mountainous middle susceptible landslide and
collapse zone

This zone is located in Ili of western Xinjiang Uygur Autonomous Region. The lili River Valley
is surrounded by mountains to the north, east and south. Kokirqin and Borohoro Mountains extend
NW-SE to the north. Haerketawu and Nalati Mountains extend NEE-SWW to the south. The center
consists of Wusun and Awulale Mountains, constituting a topographic outline of “two valleys being
constrained by three mountains.” The three mountain systems converge eastwards to Eren Habirga
Mountains, shaping the Ili River Valley into a westward-open trumpe valley. Humid water vapor from
the Atlantic Ocean forms mountain rainfall and provides conditions for the formation of collapse,
landslide and debris flow. In the medium and high mountain areas, landslides and collapses are densely

developed, and minor debris flows are developed.

3.2.7 Yanshan Mountains—eastern Liaoning—western Liaoning middle susceptible
debris flow, landslide and collapse zone

This zone extends eastwards to the Liaohe Plain and Bohai Bay, westwards to Inner Mongolia
Plateau, southwards to the North China Plain, and northwards to the southern bank of Xiliaohe River.
Within the area, the mountains mainly include Nulu’erhu, Daqing, Songling, Qilaotu and Yanshan
Mountains. The river systems mainly include Laoha, Qinglong, Daling, Liaohe and Luanhe Rivers.
Debris flows within the area are widespread. The terrain of Yanshan Mountains in northern Hebei
Province fluctuates greatly, the ground is extremely fragmented, river valleys are narrow, and debris
flows and collapses are concentrated.

3.2.8 Changbai Mountains middle susceptible debris flow, collapse and landslide zone

In this zone, debris flow and collapse are developed, and landslide is relatively occasional. In the
southern segment of Changbai Mountains, geological hazards are more concentrated relative to the
northern segment; debris flows and landslides are concentrated across the southern segment. Collapses
are widely distributed in the area. Debris flows are mostly medium- and small scaled. By material
composition, debris flow types are mostly debris flows, with minor water and mud flows. Collapse is

dominated by small-sized rock collapse, and landslide is principally small-sized.
3.3 Low Susceptible Collapse, Landslide and Debris Flow Zone

3.3.1 Central western Qinghai-Tibet Plateau low susceptible collapse, landslide and
debris flow zone

This zone is confined to the south of Kunlun, Altun, and Qilian Mountains and to the north of
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Gangdise and Nyaingentanggulaa Mountains, excluding plateaus and lake basins. Within the area,
landslides, collapses and debris flows are developed along Kunlun and Qilian Mountains as well as

rivers and roads.

3.3.2 Central eastern Helan Mountains low susceptible collapse, landslide and
debris flow zone

This zone is located in the central segment of Helan Mountains, where the general terrain is
relatively steep. Earthquakes are active frequently nearby, and collapses, landslides and debris flows

are concentrated.

3.3.3 Yinshan Mountains low susceptible collapse, landslide and debris flow zone

This zone is distributed along Guyuan, Kangbao, and Shangdu and consists of the Hetao Plain
and the northern basin margin of Zhangjiakou and Datong. In this area, collapses, landslides, and

debris flows are relatively developed.

3.3.4 Da Hinggan ling—Xiao Hinggan ling tableland low susceptible collapse,
landslide and debris flow zone

With respect to terrain, the Da Hinggan ling consist of moderate mountains, low mountains,
hills, lava platforms, and intermountane valleys. The terrain is generally high in the south and low in
the north. Debris flows and collapses are principally developed in the eastern slope of the southern
segment. Geological hazards are not developed in the northern segment. The terrain in the southern
slope of Xiao Hinggan ling is round-shaped, flat and gentle, while the northern slope is steep,resulting
in the development of collapse. Collapse hazards are developed mainly in the southern segment of
Xiao Hinggan ling.

3.4 No Susceptible Collapse, Landslide and Debris Flow Zone

This zone covers areas that are excluded in the high-, medium- and low susceptible areas and
includes the Chengdu Plain, the Junggar Basin, the Tarim Basin, the Nanyang Basin, the Poyanghu
Plain, the Dongtinghu Plain, the Huanghe-huaihe Plain, the Jiaolai Plain, the North China Plain, the
Hetao Plain, the Sanjiang Plain, and the Songliao Plain. Within the area, the terrain is flat and collapse,
landslide, and debris flow are not developed.

4 Conclusions

China is among the countries that face the most serious geological hazards and the largest threat
caused by population worldwide. China possesses complex geological conditions and has mountains
and hills accounting for 65% of the national territorial area. As of the end of 2015, 288,525 occurrences
of various geological hazards had been registered across the country, thereby threatening the safety
of 18,910,000 people and 443.1 billion CNY of property. In the mountainous and hilly regions of
China, 247,379 collapses, landslides and debris flows hazards potentially occur. Although geological
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hazards, such as collapses, landslides and debris flows, which are triggered by natural factors including
earthquakes and rainfall, decrease, the number of loss of life, personal injury, and loss of properties
increases and the situation of the hazards is complex. In the future, days of extreme weather obviously
tend to increase in China. Medium-high intensity earthquakes are still in a frequent and concentrated
occurrence period; abruptness, abnormity, and unpredictability of geological hazards that are aroused
by rainstorms, earthquakes, etc. increase. Collapse, landslide, debris flow and other geological hazards
will still face a frequent and concentrate occurrence situation. As such, geological hazard prevention
and control is important.

The compilation of the Susceptibility Map of Collapse, landslide and debris flow in China aims
to help readers understand and recognize different factors that affect the development of collapse,
landslide and debris flow. The compilation also aims to understand the susceptibility of collapse,
landslide and debri flow in different areas of China and provide technical support for government
sectors in formulating geological hazard prevention and control planning and performing geological
hazard prevention and control deployment. Overall, the compilation serves as a tool for geological

hazard prevention and reduction and national social economic construction in China.
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