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""Geospatial ideas benefiting our world"', and the scientific and technological
Innovation of the "air, space, ground, and underground’ multi-type and multi-
platform perception system and the key steps of "'sensing-transmission-Al--App"'
that support the development of geospatial information are the key driving forces
for the scientific and technological progress of risk mitigation.

RS, GNSS, GISTIAIFHAREL RMMAHRNAEHHR, FHEAT
HWRRERERA, BETM, WURENEEY, HE, HWEAS

FENMRREmaERERT BXIE.

The rapid development of RS, GNSS, GIS and Al modeling technologies and the
continuous expansion of application scenarios have effectively improved the
accuracy and timeliness of geohazard identification, investigation and risk mapping,
monitoring and early warning, which provided key for the construction of
geohazards prevention technology system with Chinese characteristics.
WEREEERAEY ‘4. TR, BRAAAATERE” , ESEEHXERTRER
EXERM T ZHFUBRA R

Geospatial ideas provides diversified solutions for the dream of Data, tools and
APPs for everyone to risk mitigation in the context of climate change.
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HABR Introduction

1.1 FIJIEItH_J,ﬁy"QEEZM%ﬁE The current condition of landslides in China

¢ 111 REMERERE. WEFH SERBESHR
i, WESHREREI, MESEZBEMA
RTIEEDWE, WERESZ L, T4, 4,

et F ERRERTFENERZ—.

O Due to the topography, geological conditions, and
climate types are complex and diverse, with
strong tectonic and seismic activities, coupled with
the influence of climate change and human
engineering activities, geo-hazard are prone to
occur, frequent , China is one of the most
susceptible countries to landslides worldwide.
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HABNR Introduction
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O By the end of 2023, approximate 275 thousand

of landslides have been identified and
recorded, which threat 11.94 million of people.
¢ ZPEFERMBEFY, SEREMRRE
[RRELEBHLZIM, BESETAS|ENRIRT
RfEN, MREISLMRREXEETY
E, REEXNKEXEZBHIABTUER.

O Due to the limitation of landslide survey

e methods and precision requirement , a large

T number of landslides still not inventoried The

o risk assessment is insufficient, and a large
L number of high-risk slopes and valleys have not
been under control.
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O Area prone to geohazards: The total area is 6.93 million km?,
accounting for 72% of the national area. the high-prone area is 1.28
million km?, the medium-prone area is about 2.77 million km?
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O Spatial distribution: It is mainly distributed in the mountains and
valleys of eastern Sichuan and southern Chongging, western Hubei
and western Hunan mountains, the eastern edge of the Qinghai-

Tibet Plateau, the Yunnan-Guizhou Plateau, the Qinba Mountains,

the Loess Plateau and other alpine valleys

¢ BESHER: ZEFTHHFIETSRR, HHER
=XESPESFAH GA-9A) , AEH
94.07%, EAHA (6A-8H) , HEHAV81. 5%,
> %o O Temporal distribution: The seasonal characteristics are very obvious,
the geological disasters are mainly concentrated in the flood season

(May to September), accounting for 94.07% of the total of the year,
.. mwes and the main flood season (June to August), the number of
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occurrences accounts for 81.5% of the total of the year.
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O The increase of the total precipitation has changed the geological environment
40058 Groc 3 pRy =y conditions, resulting in the enhancement of the susceptibility of geohazards in the
KF w} ' ' r medium and low geohazards prone areas and non-key pareas, and the increase in
ok *1 9 the area of high and medium geohazards prone areas in the country.
S i . 250, O Extremely heavy rainfall tends to be more frequent and stronger, which may lead
*gilt WP k) . . i to a further increase in the probability of regional, massive, and sudden mega-
oWk, oty M BE—, Ty g geological disasters
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GLOFs susceptibility and simulation in the Third Pole
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€ The frequency and intensity of ice avalanches, rock
avalanches, glacier upsurges and glacial lake
outbursts on the Tibetan Plateau increased
significantly.

¢ SIRERBT R RE LS HKFRFEREAR
= MR XU B

€ The risk of major chain disasters and cascade
disasters such as the formation of debris flow and
flood outburst by rock mass collapse increases

& ALTEREL, ARUAERS, HWEITEMBIHK
s Rt XU N .

O The area of permafrost has shrunk, the number of
hot-thaw lakes and ponds has increased, and the risk
of land subsidence and thermal melt landslide in
slope areas has intensified.
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2001 908 231 4203
2002 1016 703 19120
2003 868 697 29664
2004 860 722 47596
2005 682 500 11376
2006 774 478 20566
2007 679 920 37926
2008 757 478 20709
2009 486 209 14330
2010 2915 1166 95776
2011 277 403 34456
2012 375 3532 39964
2013 669 1757 187584
2014 400 417 33723
2015 287 452 20465
2016 405 676 23956
2017 354 1642 55356
2018 112 496 23560
2019 224 948 24478
2020 139 534 18239
2021 91 905 25528
2022 106 321 7226
2023 88 427 5249
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A, B&{K39%; 2021-20234F
O The number of deaths and missing persons caused
by geohazards decreased from 2,008 during the
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(2016-2020%
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IR HTENS EEH#RE. Major Progress
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12th 5-year-plan period to 1,234 during the 13th 5-
year-plan period (2016-2020) , with a reduction
rate of 39%. A total deaths is 274 in 2021-2023
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O The direct economic loss due to geohazard during
the 13th 5-year-plan period amounted to 16 billion

yuan, a decrease of 41% compared to the 12th 5-
year-plan period.
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2.1 &P ER Landslide survey and risk assessment

2.1.1 E&1ERIRA] Integrated geohazards identification by InSAR +Al
mwEREEEs% fatest Catgories of landslide

ground deformation

monitoring .
\LE. 3 b £ ground deformation

detection
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FaERIRBIEFTIEMEES A comprehensive RS Identification System for geohazard.

landslide identification

Information collection I iR 50 application
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genﬁ;ﬁ_‘s‘fﬂﬂ ﬁ,sfaﬁ;ff %ﬁﬁv é&?&: @ / sgiﬁegga efm%iim | technology and parallel system
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B — gl = 4t
;‘ﬁgﬂﬁﬁ' — O Three-dimensional Comprehensive
mmRM REER Remote Sensing Identification

System for geohazards

O SR BB IMRE RS

O Field Verification System for
Suspected site prone to geohazards
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2.1.1 Fepk 7 ZaZERIRBIAEARMMEE Technical specifications for landslide identification
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O Comprehensive remote sensing

Identification technology

specifications;
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O RS Information technology

specifications;

¢ EfSME

IR AR IIE

O Field verification technical

specification.
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The distribution map of landslide

detection based on RS technologies
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Al Integrated geohazards identification by RS ( InSAR) +Al
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O The Ministry of Natural Resources issued a list of 15,327
suspected sites prone to occurrence identified by
comprehensive remote sensing technology , and 6,280 sites
were verified and confirmed, the Correctness rate 41%
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2.1.2 IEREEINAESKEITF Geohazards field survey and risk mappin
F—RINBAETEN SRFZ R

O Generation of a series of geohazards risk maps/diagrams formanagement, spatial plannng, etc.
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2.1.2 IEREEIMNAESKIEITFH Geohazards field survey and risk mapping

O By 7=-K-—IMURAERAB R space-based
O Establishment of a comprehensive system of geohazard survey
technologies

deformation location
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Through cooperation with ITC, Germany BGR, Austria AlIT and Italy
ISPRA, we continue to develop models and software tools for geohazards
risk assessment for different regions , accuracy, rainfall and other
scenario conditions, and form a series of hazard and risk assessment
products



RIFBtASSHE progress of Application

2.2 BBNFEZMZR geohazard monitoring and early warning network
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O ¥ | “public observation and preparedness” +
‘ \ S | “weather warning for geohazard” + “professional
B2 O oW L L e monitoring and early warning” |, has been initially formed.
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O weather warning for geohazard focus on regional,
medium- and long-term scales
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ey L o RSP RE | S| response | O s Individual hazards, critical phases
| ordlow | __data dvidon snd schemedein___ enioment section evont "R ik crty warig © - [0 The above two "'technical prevention" work rely on "'
public observation and preparedness ' to organize
Geohazard Monitoring and Early Warning System and implement during the on-site confirmation and

Operation Process and Service Products risk avoidance transfer stages
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FRREFSRMEISEE . With the help of China Meteorological Administration, we apply GIS technology to
form a meteorological early warning mechanism for geoharazd in yellow, orange and red regions, and release
early warning information during the raining season.
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MEHsHE progress of Application

2.2 12EMRAERESSZMEESEEESEFEBR EX%EE HETE AT BRI
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O 30 provinces (autonomous regions and L B ™ oo a2 = siveae | EP itk
municipalities), 300 cities (prefectures and A S S ted
prefectures) and 1,600 counties (cities and N e . =l 4 A
districts) have built geohazard e e 2
IStricts) ave built geohazard g Okmx5km S 2kmx2km = 444 2 L e
meteorological risk early warning platforms. S ag g
= e BXHE HRTATEI IR g LS
O 2023FRM T422HEIRFPIMERBSR 26 asazzmm B AR A4 B AR ) i e L
MR WALR ®  gannEsn T Esanamsn P Sannn (RERER)
REEFREE (=R, A TN TN SFAAD
O In 2023, 422 issues of national geohazards
meteorological risk early warning information | }K-5-h-B YR FREZE R &

were released.

The ¥ 4 Level meteorological risk early warning



2.2.2 £EMRREEMELFHFAEER public observation and preparedness

¢ F—AMRRERBRAEE—RATRENSA,
RSB SUEM, ME. k. MprITME,

Each geohazard site is appointed a full-time
monitor to carry out monitoring, early warning,
forecasting and prevention of hidden danger
points.

€ 2023FE K, £EEBF26. 7T REME RER

HaSiRRERRLIE,
O By the end of 2023, a total of 267,000 persons

participated in the prevention and control of
geological disasters during the raining season.

& ERRIEREZ, BREMNER 5 & H600-3600
TR B ESE.

@ Strict selection and assessment, each person
appointed will be issued a subsidy of 600-3600
yuan per year
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RIFBiASiHEE progress of Application

2.2.3 HiEBIRRESNRSHAZSIHIE
Landslide automatic monitoring and warning based equipment.

1 set of equipment + 1 system + 5 standards, the monitoring network has covered 66,000

hidden dangers ( 308,000 sets of monitoring instruments ),

O Finalization and development of the first generation of monitoring technology and equipment
O Areal-time interconnected monitoring and early warning system built

O “1+4” monitoring and early warning technical standard system

— WA 1B Y IR
m L‘gﬁoﬁmmgmﬁgﬁﬂm

o 17 :
mepe ) O

REEE RKISEE WESHT  AXEE SERr LREE

@ functional classification

66044

T BEURE (&)

@ technical parameter

@ communication methods

o | @ appearance reference e *; ng;"%’mg
| Appearance ¥ -“\., wa &
y reference b B :

Measuring item
component

inclinometer

Intelligent linkage home
alarm

|  GNSS displacement / inclination /
acceleration

External expansion —— crack / inclination /
interface acceleration

E[3: 2

@ : 2024-10-06 19:37:1 T{EEp < WM R AR A7A51333103001400101YLO1 (L3YLV/\TRE3E : 9.5mm/h’, 2EFRE21.2mm , R IEGETRE



RIFBiASiHEE progress of Application

2.2.3 HiEBMRRELNFSHAL SIS —E RS
Landslide automatic monitoring and warning based equipment-sensor.

Generation I monitoring equipment represented by GNSS innovated, with high integration,
low power consumption and intelligent frequency conversion.
The “"MEMS +" multi-sensor fusion increasing the reliability of monitoring in complex

>

>

» Hardware finalization of

mountainous areas.

The “video +” mode realizing intelligent identification and automatic inspection of multi-

source monitoring data.

The hardware design of collapse landslide feature recognition and deformation monitoring

equipment based on machine vision completed.

The universal multi-point/planar deformation radar prototype and laboratory test

completed, and the field pilot test carried out.

" Radar-video

integrated ” debris flow monitoring
equipment , lateral installation, multi-
parameter intelligent early  warning
completed. |

/. Internet of Things )} =---20-0
57 Real-time da

Downward control of equipment | : Real-time data reporting

“radar-video integrated " debris flow monitoring

five-star 16-
frequency high-
precision board

B GNSS antenna
J

m high performance
MEMS modules S

4G mobile
network

g LORA local area="
communication

B high capacity Hithtumrbattery—%

£

s IPlen™ S

e

Unmarked feature recognition and target
deformation monitoring of perilous rock
collapse



RIFBiASiHEE progress of Application

2.2.3 SiEBRRE iR AR 2 St la—EuREH

Landslide automatic monitoring and warning based equipment-data transition.

» Satellite communication / near-Earth networking has become one of the key technologies for successful early warning
under extreme conditions.

'l?'
Vs
High-orbit Low-orbit wide | BeiDou satellite 5GNTN LoRa/MESH/«a :
broadband / narrow-band | short message S b i R SAT DTU
o na : TD—0314G

» Explore blockchain technology to build ' trusted data flow '

» Optimize the ' 1 + 30 ' provincial data transmission security architecture
» The targeted release of early warning information, closed-loop feedback, and call should be called.

) ! 196157 BR R BNERE  THERE Tz HRRENSRIEFRELS (musgs) e IVE=STE= RiEfEH REREG
full-area, low-power, quasi-real-time ST O = —— - S otk =
e HEHE /| ALRAERES /| BRHOR e,
LR — : A= B
_ row cloud satellite - 2 " cloud satellite i 5
e y HIIUERRERWRTERE
£ . & text messa ging mobile phones
'l,l i RETTMERNUERREERHASWLT&XE, SUzmE.
——
ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ '1’
L
outbound APP
T r
W
e = data processing application center . Y q
. - . .:‘--- n: ‘ : -" e
e 4 . : .
= i - disaster warnin g
broadcast terminal

geohazard authorities|  pgeipou/Low-orbit narrowband internet of things satellite
- communications



RIFBiASiHEE progress of Application

2.3.3 SiEERRE millRFR LS a—ER ot

Landslide automatic monitoring and warning based equipment-data analysis.

Intelligence: big data analysis and intelligent risk early warning
» Establish evaluation standards and comprehensive analysis platforms such as data quality to reduce

false alarms in multiple dimensions.
» The partition classification sample library has been constructed, and the similar landslide migration

method has been used to optimize the new slope warning model.
» Risk early warning model based on “geological model” + “data driven” proposed.

D 3 lay I slid debris landslide
@ ! { classification of ; . =
i geohazard typing ; A %
ﬁ,' ! based on geological : ' &
‘ [} model mechanistic - e o
i = models ./
ﬂymg point type reg“-lar illnlp type irregular jlllllp type step-type predisposing factors + )
¥ deformation slow-varying landslide
characteristics sliding _ —— o0 y tep-landslid
° . evolutionary patterns aiiennianiin s I I A e o4 wron
Intelligent data cleaning S n NG EE —— e
(] 15 ) IR A ‘} 1| \ l | ’V = -l 1l
geohazard sample 3 Py VL vyl V] Y2 e et [ SRR T
ks and grard | P\ | PSR T e P
- "R e information banks = A= s et -aaad) | M TP ' == |
e . O7LF02(3:5%) FEER) A A : ' "—'}' i "ﬂ a ; .J
= [ConvBiadc predict the next o MBE o HEE rcare | 2wc-30 31c-31 e scdnmaaion. A AR Rt e
t Dropout  ———————@ sore three days j58:0mm SR8 T mm THRR:2.73mm
e ot i whole-life displacement
mmmmm P e h‘tN 2040 ‘ characteristics of similar
AR S B Measured value 2031.4mm on 30 April e landslides :
N o i | : . o i .
MMMMMM Cfc m—) _ 2005 . Predicted value 2054.2mm on 1st May prognostic regjon .5 :
e £ That is, the predicted daily deformation rate of 23mm constoidtion ot a &Iz é P? : !
L o i 2e70 | /.’ predictive model for @ S ‘ he - ! -
concatenation T . i H i . |
s ellow warnin similar landslide ¥
, % 1935 | y 9 displacements - I
TEN TCN - ——
] T joint training of similar landslide data to 5 e M -
1900 learn the comprehensive sliding law of this A A
jputiseqii| - [MIDpitSeqik type of landslide displacement prediction of displacement prediction of similar
E traditional single landslide landslide model
186514 = . ‘ ‘ ; :
2020-04-01 2020-04-07 20200412  2020-04-17  2020-04-22  2020-04-27  2020-05-03

rainfall-induced landslide deformation prediction algorithm o meem ez RiSK @@rly warning model based on  “geological model” + “data driven”

based on transfer learning- ' next 3 days '



RIFBiASiHEE progress of Application

2.3 DSBS E niNa i & Sinlih— R ARk

Landslide automatic monitoring and warning based equipment-Application.

» 640 successful early warning forecasts, effectively safeguarding the lives of 2,869 people (up to August 2024)
» Successfully forecast 131 disaster situations involving potential casualties of 2,869 people.
» 509 effective warnings of dangerous situations, nearly 10,000 people moved in time, potential economic losses of

nearly 1.4 billion yuan.

131 successful geohazard forecasts 509 effective warnings of danger
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3. 1EAETEMIBE. REABHIRESEATF. The precision of landslide survey and risk
assessment is insufficient, and is difficult to support risk identification, scientific

monitoring and early warning, and the application of prevention and control
measurements.
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3.2 IR REENFRERIEHEIE, REE. EIWKFEREFRER. The precision, timeliness, and
professional level of landslide monitoring and early warning urgently need to be
improved.

¢ UL “AB7” AERENFESRMELUSEHBRARNH
A, BLUEERESS, KL “AB” AER0EENHE
GREUBERFSAMA. EE. BRIEFIHFHENER
The monitoring and warning approach based on
community/public is outdated, with insufficient
application of new technologies, a low level of
specialization, and high uncertainty. The system is
Insufficient to match the requirements of complex
landslide characterized by high altitudes, long
distances, and concealment.

“Bifr” MEERN T IENMERRBESE,
EREY, ER4. EEANERXERANE.
The professional monitoring and warning system lacks
sufficient coverage, precision in early warning, as well
as adeqguate capabilities in informatization,
standardization, and scientific and technological
support.

—




3.3 IsTFRENEEFAIREIEEER, BEEAR, S1T4PRSE, EUMEFURGEHERTSRES. The
standardization of monitoring/early warning instruments and equipment is low, with insufficient stability
and high cost for operation and maintenance, The accuracy of early warning needs to be improved.

FREFGNSS ARE FEE(FE
rainfall gauge  Acoustic and optical alarm crack deformation monitoring

SRS o e B0 3
gh .&g 2 R Y

Develop stable,
economically reliable,
and practical
instruments and
equipment to enhance
technical defense
capabilities.

HEWMMILBRERIEK (5) REEEREUIE
comprehensive monitoring program for debris
flow triggered by ice/glacier movements

IS ivan Rl

|waterlevel monitori




3.4 MWEREMLEBREERE, HISEFEAEEFEESHIL.

The construction of landslide information

system, the sharing of data and information, and dynamic update mechanism still face many challenges.

&« (¢] @ idrogeo.isprambiente.it/app/iffi?@=41.64031449851814,14.632941050555637,13 2 & ® %« N 0 :
IFFI Landslide

ISPRA @ EN Signin

@ IdroGEO ISPRA

Landslide Identification Poin (PIFF)
L. 1st L

Italia

Number of landslides: 624,774

e, 624,774 Spe- 1,155
[l' indslides " Monitored
landslides
@ 571 > 34
andslide Events* l Landslide Reports

L\ 34,236 : 100

Landslides by type of movemen t

fall/toﬂﬁle

rotational/translational slide

lateral spread
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O #

E45 B K geohazard survey and risk evaluation

- low accuracy

141

O &

EHIBSIEA E, The dynamic updates of

database lack timeliness
O FREZIBEBIBEA TS, The capability of acquiring

multi-source data is insufficient

O

WSMTREREE AR, A lack of precision in

monitoring and early warning

O zp;

SEFSSTEESEEH The ability for near-

real-time updates (near-real-time meteorological

wa

rning forecasts) is insufficient.
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T—2T4EEI Initiative

4.1 BiFaRE, BinSm, S8hiaEEENR, FAFERSIEZWHEXCHENMTE. RAMEMAR. Adhereto the

problem-oriented and goal-oriented, comblned with the needs of prevention and management, and carry
out in-depth basic and systematic research related to climate change
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Initiative
KR, EAMERREBEIEMNEE, SNHE

T—3TIEZ N
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_.Ijjgy iEﬂ-g ;w*mkﬂ

evaluation, monitoring and early warning capabilities, risk mitigating and relocation, as well
as improve the scientific and technological level of geohazard prevention and mitigation

RES. BEHITIMNEE

%7KJE. Improve the accuracy of geohazardinvestigation and
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T—2T4EEI Initiative

4.3 MABHRCIHT, FHWMERTRABRKBEARRE, K “SEH. EH. FH” HEARZEEER,

gl RRERIA. Increase scientific and technologlcal mnovatlon focus on solvmg key technical
problems in disaster prevention and mitigation, form a "practical, effective, and easy-to-use" technical support

system, and leading the prevention and control of nature disasters.
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L HIG AR ERSTE,

BEAFKEBE, HRBFEMEER

b=y kN H /s

ouild a national geohazards monitoring, early warning and

risk management center and a comprehensive information service platform
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Geospatial ideas benefiting our world, is the key for &) | UN GEONOW 2024 @
climate change adaption and risk mitigation (SW1H) = B :
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‘Geospatial Data ,Tools,Apps for Everyone

THANK YOU
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