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About the award candidate
Professional service

Research grant

Chair of Organization Committee for two national symposiums

Session Organizer or Chair for over ten international congresses or symposiums, 
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Two projects on risk assessment of landslides, funded by NSFC (0.9 million RMB, PI)

Distinguished Young Scholar Program of Hubei Province, China (0.3 million RMB, PI)
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Motivation
Landslide is one of the most frequent and destructive geohazards around 

the world, which causes huge economic losses and casualties every year.
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Landslides around the world
Landslides occur throughout much of the world, the direct economic loss 

caused by global landslides from 2000 to 2018 is 45 billion U.S. dollars (CRED, 
2020), which threatens over 300 million people (the World Bank, 2018).

Landslide susceptibility mapping around the world
from 2001 to 2018 (NASA)  

Number of landslide articles published 
each year (data from web of science)  
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Identification and risk assessment of landslides is one of the emerging
priorities summarized by Engineering Geology; and, landslide risk reduction is
one of the priority science questions in earth sciences developed by NSF.

Landslide research around the world
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Risk is expressed as a functional combination of the consequences of an
event and the associated probability of occurrence (Knight, 1921; Rowe, 1975; Kaplan

and Garrick, 1981; Glade et al., 2005; ISO Guide 73, 2009):

Components of landslide risk assessment

Risk = f(Probability, Consequences)

Knight, F.H. (1921). Risk, Uncertainty and Profit. Houghton Mifflin.
Rowe, W.D. (1975). An "Anatomy" of risk. Environmental Protection Agency.
Kaplan, S., and Garrick, B.J. (1981). On the quantitative definition of risk. Risk Analysis, 1(1), 11-27.
Glade, T., Anderson, M.G., and Crozier, M.J. (2005). Landslide Hazard and Risk. John Wiley & Sons.
ISO (the International Organization for Standardization) Guide 73: 2009 Risk Management.

Task 2: 
Probability of landslide 

occurrence

Task 3:
Vulnerability of elements at 
risk under landslide impact

Task 1: 
Identification of potential landslides and associated elements at risk 

(e.g., buildings and humans) 

Tasks of 
landslide risk 
assessment 
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Research Objective

Intelligent recognition and risk assessment of landslides
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2.1 Remote sensing images-based intelligent recognition of landslides 

Contribution 1: Developed an intelligent framework for recognizing 
landslides from multi-source remote sensing images

Geological investigations

Model tests

Satellite images

Intelligent landslide recognition 

Unmanned Aerial Vehicle (UAV) images

Interpretation 
method 

Surface crack 
recognition model

Boundary 
recognition model

Time-series 
InSAR

Deep transfer 
learning

Object-oriented 
image analysis

Differencing 
of DEMs

Ground surface 
deformation

Ground surface 
crack

Landslide 
boundary
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(Ren, Gong* et al., Remote Sensing, 2021&2022)
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Component 2: Conversion of deformation rate

Key components of the proposed 
interpretation method 

Visibility analysis Velocity conversion Hot spot analysis Buffer analysis

Procedures for implementing proposed method  

( )- sin{ arctan[tan( ) cos( - )]}imR index Sh La Fa

Component 1: An improved R-index model 
for SAR visibility analysis
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A ground surface deformation interpretation method of satellite 
SAR images for landslide identification

Component 3: Hot spot analysis of ground 
surface deformation
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Methodology and key components of RetinaNet Procedures for model training

Global
sample images ResNet

RetinaNet
model I

Local
sample images Preprocess

RetinaNet
model II

UAV 
photographs

Image 
clipping

Pre-train Transfer

Train

Test

Model validation at a landslide site in Guizhou province, China

AUC = 0.803 
(A good model) 

Global database

Local database

Retain

Transfer learning

Feature pyramid networks

Pre-train

Box-subnet

Class-subnet

Landslide cracks Mis-recognized cracks
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0 50 100
m

Test area

Number of 
landslide cracks

Length of 
landslide cracks

An intelligent algorithm RetinaNet-based automatic landslide 
surface crack recognition model in UAV photographs

Field survey Image recognition

Field survey Image recognition

15(Cheng, Gong* et al., Engineering Geology, 2021)



An object-oriented image analysis-based method for automatic 
landslide boundary recognition in UAV photographs

Methodology and implementation procedures of 
proposed landslide boundary recognition method

Field survey

Recognition
Landslide 
area (km²)

Non-
landslide 

area (km²)

Landslide area 
(km²) 1.39 0.33

Non-landslide 
area (km²) 0.25 4.28

Kappa coefficient = 0.764     
(Satisfactory performance) 

Method validation
in Heifangtai area, China

Object-oriented 
image analysis

Estimation of scale 
parameter (ESP)

Optimal  image segmentation scale

Recognition results

Jeffries-Matusita
index 

Gaussian probability 
distribution

Object classification

UAV photographs

0 1 2
km

Landslide boundary
(from image recognition)

Landslide boundary
(from field survey)

Test area

16(Cheng, master thesis, advised by Gong, 2021; Gong presented at MLRA 2021 Wroclaw, Poland)



An application of the developed intelligent framework for 
recognizing landslides in Heifangtai area, China

0 0.5 1
kmLandslide

Satellite 
images

UAV
images

Visibility results Ground deformation rate Potential landslides 

SAR visibility analysis Time series InSAR analysis Optimized hot spot analysis

Deep transfer learning Object-oriented image analysis

Recognized landslide 
surface cracks

Recognized landslide
boundaries

Identified 
deformation areas

Differencing of DEMs

Application in 
Heifangtai area

E

N

W

S

17(Ren, master thesis, advised by Gong, 2022; Ding, master thesis, advised by Gong, 2022)



2.2 Runout behavior analysis of landslides and vulnerability modelling

Contribution 2: Established a DEM-based numerical simulation 
scheme for modelling building vulnerability under landslide impact

Model tests of landslide 
runout behaviors 

DEM simulation of 
landslide runout behaviors 

Model tests of 
building vulnerability

DEM simulation of building 
vulnerability under landslide impact

Model test setup

Micro-parameters calibration
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Model tests of landslide runout behaviors and building 
vulnerability under landslide impact

19(Quan, master thesis, advised by Gong, 2022)



A least square support vector machine-based method for micro-
parameters calibration in landslide runout behaviors modelling

Intact 
rock Fracture

Smooth joint 
contact model

Linear parallel 
bond model

Triaxial 
compression test

Direct shear test

Fractured rock sample

Least square support vector machine

Method validation in 
Kamenziwan landslide
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Feature
transformation

Linear 
classifier

Kernel 
function

Input space Feature space

Linear 
classifier
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(Li, Gong* et al., Landslides, 2022)



Ruined road

Deposit

A DEM-based numerical simulation scheme for modelling 
building vulnerability under landslide impact

Linear parallel 
bond model

Stress-strain curves from 
uniaxial compression test

Stress-strain curves 
from Brazilian test

Micro-parameters calibration in building DEM modelling

Collapsed bridge

Impacted piles

DEM model of deck

DEM model of pile

DEM model of beam DEM model of bridge

DEM modelling of building

Geometric 
model of deck

Geometric 
model of beam

Geometric 
model of pile

Geometric 
model of bridge

Rock avalanche

Yaxi expressway
Impacted bridges

Model validation at a landslide 
site in Sichuan province, China

Fracture
Collapsed range

Beam

Destruction of piles Falling down of beam Collapse of roads

Axial strain

Numerical test
Experimental test

Axial strain

Numerical test
Experimental test

21(Wang, master thesis, advised by Gong, 2022)



Field surveys of the Shenzhen 12.20 landslide

An application of the established simulation scheme for 
modelling buildings damage in the Shenzhen 12.20 landslide 

Numerical simulation 
confirms the deposit area 
of 380,000 m2, the runout 
distance of 1,100 m, and 

the damages of 33 
buildings.
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(photo from Google and Yin et al., 2016)

(Wang, master thesis, advised by Gong, 2022; Li, Gong* et al., 7th ISGSR, 2019)



2.3 Uncertainties quantification and probabilistic analysis of landslides

23

Borehole

Geological model

Triggering factors

Contribution 3: Developed novel theories for quantifying geological 
uncertainties and probabilistic analysis of landslide behaviors

Failure 
probability

Runout distance

Uncertainties
characterization methods

Uncertainties modelling in DEM

Probabilistic analysis of 
landslide behaviors

Runout feature

Uncertain inputs

Output 
distribution

Probability of failure
Pf = Pr[g( ) < 0]

Probabilistic analysis methods



A conditional random field-based approach for characterizing the 
geological model uncertainty at landslide sites

Geo-properties uncertainty characterization
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Component 2: Existence probability estimate of 
stratum with K-nearest neighbors algorithm

Component 1: Spatial correlation construction of 
stratum existence

Stratigraphic uncertainty characterization

Maximum likelihood principle
1

T

T

/2 1/2

Find: , ,
Subject to: 

1 1
| exp

22
Objective: Maximizing |

d
D

P V

n

I I

L

L

D DD D D

D

C
C

Method validation at a site in Taiwan

Illustration application of coupled characterization approach
Updating of geo-propertiesUpdating of stratigraphic configuration

One realization of geological model
Horizontal direction

SPT N value
0 10 20 30 40

Strata boundaries

Characterization accuracy

Accuracy
0 50% 100%

Horizontal direction

Strata boundaries
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Space Technol., 2018; Gong et al., Eng. Geol., 2019&2021; Gong et al., Acta Geotech., 2020; Zhao, Gong* et al., Eng. Geol., 2021)



A method for characterizing the uncertainty of micro-parameters 
in DEM modelling of landslide runout behaviors 

Dip
angle

Dip angel ( )
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design

Statistical characterization of fracture geometric parameters

Uncertainty quantification of micro-parameters in DEM modelling

Selection of micro-parameters 
through numerical sample testing

Random 
sampling
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Field survey results

(Li, Gong* et al., Computers and Geotechnics, 2022; Liu, master thesis, advised by Gong, 2022)



Efficient methods for evaluating failure probability and 
robustness of landslide behaviors in face of uncertainties 

Uncertain variable, x
1
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Component 1: Partition possible domain of uncertain 
variables with Hasofer-Lind index d
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Component 3: Estimate conditional failure probability
in each subdomain and total failure probability

Failure 
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Measure 1: Variation-based robustness

Measure 2: Feasibility-based robustness

Measure 3: Sensitivity-based robustness

Uncertain variables
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Sensitive Average 
velocity

Runout 
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Schematic diagram of 
robustness concept 

Methods validation in
hypothetical slope problems

Formulations of developed robustness measures 

BH#1

BH#2

BH#3

BH#4

Potential 
failure region
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(Gong et al., Can. Geotech. J., 2014&2015; Gong et al., J. Geotech. Geoenviron. Eng., 2015; Gong et al., Comput. Geotech., 2014&2016; Gong et al., 

Géotechnique, 2017; Gong et al., Bull. Eng. Geol. Environ., 2017; Juang, Gong* et al., Struct. Saf., 2017; Gong et al., Tunn. Undergr. Space Technol., 2018 ...)



0 100 200
m

Deposit area

Sliding mass 

Jiweishan Mountain

W

NS

E

A B

C D

E

F

G

An application of developed theories to probabilistic analysis of 
runout behaviors of the Jiweishan landslide
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Statistical analysis of the landslide runout behaviors
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27(Li, Gong* et al., Int. J. Numer. Anal. Meth. Geomech., 2021)
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Publications
Published 74 research journal papers and 28 peer-reviewed conference 

papers, and co-authored one book chapter. 

Be first and/or corresponding author of 45 journal papers (indexed by SCI), among 
which 33 are JCR Q1 papers, 11 are JCR Q2 papers, and one is JCR Q3 paper

Google Scholar lists the H-index at 25 with 1567 citations

Data from 
Google Scholar 
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Honors and Awards
The achievements made have been well recognized by some international 

associations and journals.

GEOSNet Young Researcher Award, GEOSNet, 2022

Bright Spark lecture, International Society for Soil Mechanics and Geotechnical Engineering (ISSMGE), 2022

Gudezhen Outstanding Young Researcher Award, Engineering Geology Branch of China Geological Society, 2020

Excellent Paper Award, Journal of GeoEngineering, 2015

Best Paper Award, GeoShanghai 2014 International Conference, 2014

Nominations for the Best Paper Awards by ASCE/G-I Risk Assessment Committee (2015), Georisk journal 
(2015), and APSSRA6 international conference (2016)

Positive and Kind-hearted Young People, Hubei Province, China, 2022

Invitation for Bright 
Spark lecture

Notification of 
GEOSNet Young 

Researcher Award

Gudezhen
Outstanding Young 
Researcher Award

Nominations for the Best 
Paper Awards 30
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Future Works

Develop intelligent recognition techniques for landslides 

Establish models for evaluating building vulnerability under landslide impact 

Develop quantitative risk assessment methods for landslides

Professional service

Research work

Organize international symposiums on geohazards

Promote international collaborations on reduction and 
mitigation of landslide risk

Invite scholars and geologists to organize special issues 
in Engineering Geology and join the editorial board
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Welcome to XIV Congress of International Association for Engineering 
Geology and the Environment!

Thank You for Your Attention!


