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On 12 May 2008, a devastatingearthquakewith a moment
magnitude of 7.9 hit ChinaôsSichuanprovince. This quake
was the countryôslargest seismicevent in more than 60
years,caused87,000fatalities.



Sources: (Surface 

rupture: Xu et al., 

2009; Epicenter and 

aftershocks: USGS 

2008; Historic 

earthquakes: Kirby et 

al., 2000; Li et al., 

2008; Xu et al., 2009). 
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Yinxiu Town: 92% of the buildings collapsed

Yingxiu



Beichuan county: 80% of the buildings collapsed



ŵ

Affected areaЕ 324,000 km2; 

Severely affected area: 10,000 km2;

87,000 people killed and lost;

1,100billion RMB total economic loss.

Why this earthquake is so catastrophic?



The earthquake triggered about 60,000 co-seismic landslides 

and cascading geohazards, which contribute to 1/3 of the total 

fatalities. 
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The earthquake also induced numerous post-seismic 

landslides and debris flows, attracted the interests of scholars 

from all over the world. 

Natural laboratory for geohazards



6,219 papers referring to the Wenchuan Earthquake either in title, keywords 

or abstract, were written by scholars from 67 countries in all continents; 

among them over 1000 papers focusing on geo-hazards induced by the EQ.

China 
(mainland)

4329

Taiwan, Hong Kong, Macau111

Japan

173

USA
396

European Union
457

Australia64

Canada54

Rest of the 
World 282

Others 1426

China 
(mainland)

4329

Taiwan, Hong 
Kong, Macau111

Japan173

USA396

European 
Union457

Australia64

Canada54

Rest of 

the World
282

Others 1426
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attracted the 

attention of the 

scientific 

community 

worldwide. 



52 out of the TOP 65 most cited papers on geo-hazards are from Chinese institutions, 

among them 20 are from SKLGP. It is by far the largest contributing institution.
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projection The Wenchuan earthquake 

is still very hot topics!

5 papers referring to it are 

published each day, and the 

trend is increasing again.

First author

Among the most cited papers



A review paper on: 

What we have learned from the 2008 Wenchuan earthquake and 

its aftermath: A decade of research and challenges



Triggering and 

development of co-

seismic geo-hazards

Å Mapping, spatial 

distribution patterns

Å Initiation and failure 

mechanism analyses 

Å Evaluation of runout 

characteristics

Å Formation and failure of 

co-seismic landslide 

dams

Co-seismic Phase

Post-seismic debris flows

Å Case studies and 

inventory

Å Initiation and runout: 

mechanisms and 

modelling

Å Observations and 

modelling of changing 

rainfall threshold

Å Risk management and 

mitigation (including 

structural and non-

structural measures)

1-10 years

Post-seismic 

landslides and their 

hazard assessment

Å Spatial and temporal 

evolution

Å Controls on the post-

earthquake geo-

hazards evolution

Å Hazard assessment 

Å Risk assessment and 

reconstruction 

strategies

Wenchuan earthquake

Co- & post-

seismic dams

Rock Fall

Long-term impact of 

strong earthquakes

Å Weathering related 

post-seismic 

landsliding

Å Sediment cascade 

and yield after a 

strong earthquake

Å Long-term 

landscape evolution: 

the mass balance 

problem

Post-seismic short-medium term

100-1000 years

Long-term

Post-seismic debris Flow
Slide

Sediment 

transport to river

Post-seismic 

remobilization 

Long-term 

landscape 

evolution

Fluvial erosion, 

river incision

Summary of the main research aspects on geo-hazards and 

their evolution at different temporal scales



1. Triggering and development of 
coseismic geo -hazards 

¸ Mapping , spatial distribution patterns

¸ Initiation and failure mechanism analyses 

¸ Evaluation of runout characteristics

¸ Formation and failure of co -seismic 
landslide dams



60,109 landslides

(Gorumet al., 2011)

43,842 landslides
Huang R.,, Li, W.L 
2009)

Total number of 

landslides 
Data type

Total landslide 

area (km2)
Reference

43,842 points - Huang and Li (2009)

13,114 points - Qi et al. (2010)

59,108 polygons 812.2 Dai et al. (2011)

60,109 points - Gorum et al. (2011)

197,481 polygons 1159.9 Xu et al. (2014)

57,150 polygons 396 Li et al. (2014)

Mapping and spatial distribution patterns

After the WCEQ, co-s landslides 
inventories were produced by 
different research groups. 

to identify L.D.  patterns  
and so to understand which 
factors are most important 
for triggering a landslide, 
which areas are the most 
susceptible 



Mapping and spatial distribution patterns

Seismic 

factors

Terrain

factors

Geological 

factors

ÁDistanceto fault

ÁFault type

ÁHanging/footwall effect

ÁLockingsectioneffect

ÁSlope; Aspect

ÁInternal relief

ÁMicro-topography

ÁLithology

ÁGeologicalstructure

ÁDistanceto river

ÁStreampowerindex

ÁDrainagedensity

Hydrologi

cal factors

Fan et al. (2012); Gorumet al. (2011)

Controlling factors for 

coseismic landslides (dams)



Initiation and failure mechanism analyses 

The Largest: Daguangbao landslide (1.35 km3)

Caused by very large vertical PGA

pre-existing weak 

bedding fault 



Initiation and failure mechanism analyses 

The Largest: Daguangbao landslide (1.35 km3)

Caused by very large vertical PGA

pre-existing weak 

bedding fault 
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Initiation and failure mechanism analyses 

The Largest: Daguangbao landslide (1.35 km3)

Caused by very large vertical PGA

pre-existing weak 

bedding fault 
Intensive 

fragmentation of 

sliding surface



Numerical model(PFC)

0.025

0.04
Original porosity

Minimum value

Maximum value

Porosity increase due to 
earthquake 

0.085

Final value
0.03

The sudden 
dilatancy of rock 
mass caused 
underground 
water penetrated 
into slip zone
quickly, largely 
reducing the 
shearing strength 
of the sliding 
surface. 



Conceptual model of earthquake-triggered 

landslides

Gravitational landslide

Original 

topography

Lmax

űSliding surface of 
coseismic landslide

Earthquake triggered
landslide deposit

TensileHmax

Earthquake

Tensile

Shear

The failure mechanism of large-scale landslides triggered by the 

Wenchuan earthquake is dominated by tensile failure, forming steep 

scarp and deep-seated failure.



Seismic slope response based on monitoring data 

Weiganliang

Shiziliang
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Weigan

hill

Weigan

hill

Qingchuan

15 accelerometer

monitoring 

stations were 

installed in Qing 

Chuan, since 

2008, capturing 

about 10 yearsô 

data to analyze the 

site amplification 

phenomena



Q3 (788m)

Q4 

(871m)

Q6 

(962m)

Dong Mt.

Qing Chuan

Ridge/Flat area=4.0~7.0

Seismic slope response based on 
monitoring data 



Q5

Q10

Q5

Q10

Q11

Q5

Q10

Q11

Amplification factor 

of pure topography 

is < 3.0 at 3~7Hz 

much lower than the 

site monitoring data.

Adding lithology to 

the model has a 

significantly 

amplification of >9.0 

at 3~7Hz, which has 

a good coupling with 

the recordings.

Apart from local 

topography, the 

geological structure also 

has strong influence on 

the site amplification.
Pure topographic 

amplification effect
Topography & lithology 

amplification effect

Q5

Q10



Evaluation of runout characteristics and mechanism

Hu et al, Geology, 2018

The discovery of Jiweishan landslide and the slickensides. The thermo-grammetry

decomposition temperature decrease with the increase of the depth of sliding surface 

The field micro-evidence of the thermodecompostion
The mineral decomposition during the high speed 

shearing of landslide. 

Thermo-decomposition mechanism at the bottom of large rock avalanche 



Formation and failure of coseismic landslide dams

The Wenchuan earthquake 

also induced the largest 

number of landslide dams: 

828, posing serious threats 

to people downstream due 

to possible dam-break 

floods.

Earthquake

Landslides

Landslide dams

Dam-break 

flood

Long-term effect

on sediment 

Fan et al. Geomorphology, 2012; Fan et al., ESPL, 2014



Tangjiashan 

dam

Tangjiashan landslide dam

Lake capacity: 3¦109 m3

More than 2 million people 

downstream were 

threatened by the potential 

dam-break flood, including 

the second largest city, 

Mianyang in Sichuan 

province.

Formation and failure of coseismic landslide dams

Mianyang, the second largest city



Tangjiashan landslide dam
June 10, 2008
6800m 3/s



Co-seismic Phase

Post-seismic debris flows

Å Case studies and 

inventory

Å Initiation and runout: 

mechanisms and 

modelling

Å Observations and 

modelling of changing 

rainfall threshold

Å Risk management and 

mitigation (including 

structural and non-

structural measures)

1-10 years

Post-seismic 

landslides and their 

hazard assessment

Å Spatial and temporal 

evolution

Å Controls on the post-

earthquake geo-

hazards evolution

Å Hazard assessment 

Å Risk assessment and 

reconstruction 

strategies

Wenchuan earthquake

Co- & post-

seismic dams

Rock Fall

Long-term impact of 

strong earthquakes

Å Weathering related 

post-seismic 

landsliding

Å Sediment cascade 

and yield after a 

strong earthquake

Å Long-term 

landscape evolution: 

the mass balance 

problem

Post-seismic short-medium term

100-1000 years

Long-term

Post-seismic debris Flow
Slide

Sediment 

transport to river

Post-seismic 

remobilization 

Long-term 

landscape 

evolution

Fluvial erosion, 

river incision

Summary of the main research aspects on geo-hazards and 

their evolution at different temporal scales

Triggering and 

development of co-

seismic geo-hazards

Å Mapping, spatial 

distribution patterns

Å Initiation and failure 

mechanism analyses 

Å Evaluation of runout 

characteristics

Å Formation and failure of 

co-seismic landslide 

dams



2. Post -seismic debris flows

¸ Case studies and inventory

¸ Initiation and runout mechanisms and 
modelling

¸ Observations and modelling of changing 
rainfall threshold

¸ Risk assessment and mitigation



Initiation and runout: mechanisms and modelling

Domènech, Fan*, Scaringi, van Ash, Huang, 
Xu, Dai, Yang(Engineering Geology,2018)

Simulation of Hongchun debris flow occurred in August 2010 using PCRaster

One of our 

recent works 

focuses on é

at 

catchement

scale. 

remobilization of 

the coseismic

deposits at 

catchment scale. 



Calibration of the 14 August debris 

flow event

Initiation and runout: mechanisms and modelling

Domènech, Fan*, Scaringi, van Ash, Huang, 
Xu, Dai, Yang(Engineering Geology,2018)



Observation of changing rainfall threshold 

This trend is similar to that of 1999 Taiwan Chi-Chi earthquake area, 

where the accumulated rainfall and critical per-hour rainfall intensity 

were 1/3 lower than before the earthquake. Generally in WCEQ area, 

320~350mmmeans once every 50 years, but 270mmmeans once 

only every 10 years.  

However, the rainfall threshold was observed to recover gradually 

to the pre-earthquake level with time. 

Before the Earthquake   After the earthquake 
Decrease of critical rainfall

Accumulated 

rainfall (mm)

Critical 

rainfall 

(mm/hr)

Accumulated 

rainfall (mm)

Critical 

rainfall 

(mm/hr)

Accumulated 

rainfall (mm)

Critical 

rainfall 

(mm/hr)

320-350 55-60 272.7 41
15.0%љ
22.0%

25.0% љ
32.0%



Changes of amount of source material, properties of coseismic deposits

Grain coarsening Reduction of source 

material with time

Revegetation

(Zhang et al., 2014) 

Modelling of changing rainfall threshold 

by 

successive 

landsliding

As I m. 
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Material depletion Grain coarsening Revegetation

a

b

c

a

b

c

éThe grain coarsening is the most significant factor affecting the rainfall 

threshold for post-seismic debris flows, while the depletion of the material and 

the revegetation cannot produce the large changes that we observed in the field.

Small particle content

1. Calibrationof the14August2010debrisflow eventin Hongchungully

2. Integrationof the material depletion,grain coarseningand revegetationof the co-

seismicdepositsinto themodel(vanAschetal., 2014).

3. Definition of thresholdsfor a run-out distanceuntil theoutletof thecatchment

4. Assessmentof theevolutionof therainfall thresholdsaccordingto threeprocess

Modelling of changing rainfall threshold 


