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Impact of climate change: Extreme rainfall in Hong Kong
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Increasing intensity and frequency of extreme rainfall



} Guangdong-Hong Kong-Macao Greater Bay Area (GBA)

Population density Tropical cyclone tracks and River network
coastal flood zones

Global ranking for GBA for hazards (Swiss Re, 2013)
Peril scenario Population potentially Rank of population  Population potentially affected

affected in million potentially affected in % of metro area population
Storm 17.2 1 41
Storm surge 5.3 1 12
i River flood 12.0 1 28
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} Climate change and intensified urban natural hazards

0 Extreme rainstorm in Henan, July 2021
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. Maximum hourly rainfall: 201.9 mm

* Tunnels and subways inundated
 More than 300 deaths
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} Climate change and intensified urban natural hazards

O Typhoon Hato, 23 Aug 2017 & Typhoon Mangkhut, 16 Sept 2018: Storm surge and wave overtopping

Rise of Pearl River water level due to storm Damage of waterfront promenade by wave
surge during Hato (Guangzhou) overtopping during Mangkhut

 Maximum storm surge in Hong Kong: 2.42 m (Hato) and 3.4 m (Mangkhut)
 Maximum sea level in Hong Kong: 4.09 m (Hato) and 4.71 m (Mangkhut)

Storm surge and wave overtopping

 Typhoon Hato: 32 fatalities; damage up to USD 4.34 billion during Hato (Hong Kong)
_ Typhoon Mangkhut: 3.29 million people affected; damage up to USD 7.62
i billion

—
=



} Climate change and intensified urban natural hazards

U Multi-hazard processes in Hong Kong during the extreme rainstorm on 7 June 2008

areas in catchment No. 15

Max 4-h: 384 mm
Max 24-h: 623 mm ™"

Landlide volume (m?)
&% « 0-200

. ® 200 - 1000

@ 1000 - 3250

o Rainfall (mm) i o o - N
¢ & ; » High : 605 S AEN e > S | North Lantau Highway

-

Low : 230

North Lantau Highway flood due to Sheung Wan Wing Lok Street Floods

Total rain amount on 7 June, 2008 drainage blockage by landslide debris

and locations of landslides (Gao,
2016)

* 1,900 natural terrain landslides, 900 debris flows, 622 flood spots
 North Lantau Highway was blocked for 16 hours.
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Hazard
cascades
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Typhoon Saola, 1 Sept 2023
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* 10min gust: 111.9 km/h
(Mangkhut 141.1 km/h)

« 806 injuries

« 1500 fallen tree reports
« 21 flooding cases

« 2 landslide incidents

* Maximum storm surge: 1.
« Maximum sea level: about 3.3 m
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Hilly landscape of Hong Kong
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Western Hong Kong-Island
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The 7 Sept 2023 extreme storm
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Number of landslides in Hong Kong and
triggering rainfall amounts in the past 30 years

Open _ Max rollin _
, P Channelized Total _ 9 Max rolling 24-
Year hillslope , 4-h rainfall _
. debris flows  number h rainfall (mm)
landslides (mm)
1989 384 285 669 224.0 552.0
1993 928 775 1703 350.0 742.0
Hong Kong 907

1994 563 243 806 394.5 954.0

1997 256 105 361 296.0 799.0 records:

1998 308 78 386 223.0 562.0 1-h:158.8 mm

1999 517 418 935 230.0 551.0 4-h: 410 mm

' ' 12-h: 817 mm

2000 706 204 910 340.0 526.0

2003 214 93 307 322.0 505.0

2005 136 108 244 208.5 570.0 Zhengzhou 720:

2008 1596 1407 3003 384.0 622.5 1-h: 201.9 mm

2016 398 234 632 280.0 409.0 24-h: 645 mm

2023 Unknown Unknown Unknown 410.0 846.0 3-day: 855 mm
2L Gao, L., Zhang, L.M., and Cheung, R.W.M. (2018). Relationships between natural terrain landslide magnitudes and triggering rainfall based on a large
LU_UJ landslide inventory in Hong Kong. Landslides, 15, 727-740. 21



The 7 Sept 2023 extreme storm

Flash flood at Chai Wan,
Hong Kong Island

Landslide at Shau Kei Wan,
Hong Kong Island

As of 10 Sep. 2023:
144 injuries
1 missing, 2 deaths
60 flooding cases
83 landslide incidents
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Prompt landslide risk assessment for real-time
warning and rescue RiEX & (&
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Prompt Landslide risk Assessment (PoLA) i th 2% B —ra 1 8 1 X BE HR 7 E{
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Nofe: The risk thresholds in this report are just for llus ralive purposes.

J

He, J., Zhang, L.M., Xiao, T., Wang, H.J., and Luo, H.Y. (2023). Prompt quantitative risk assessment for rain-induced landslides. Journal of Geotechnical and
J Geoenvironmental Engineering, 149(5), 04023023.
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Landslide risk by the 7 Sept 2023 storm

Risk Level:

ProierlE Human

Report No.: 202309071000

Prompt Landslide Risk Assessment
Alpha version

Report generation time: Fri 2023-09-08 17:00:00
Rainstorm event date: 7-8 Sep. 2023

Summary 24-h Rainfall(mm) Landslide (no./km?)
A rainstorm with maximum rolling 24-h rainfall of g 3%
about 846 mm hit Hong Kong on 7-8 Sep. 2023. 200 20
About 4888 landslides are likely to occur. The 400 20
expected numbers of buildings affected by 300 10
landslides and fatalities are 130 and 12.7, 200 5
respectively. The overall risk level is Extreme. 100 05
0 0
Estimated Landslides
Region Entire HK HK Island Kowloon NT East NT West Lantau Island
Estimated No. 4888 3503 94 1190 a7 4
Estimated Affected Buildings s 100%
%~ <
w
j=2}
£
1032 0% 0% 0% 0%
= r T T T
5 0 1 5 20 50
” _g No. of affected buildings
g Region Mean 95%ClI
s Entire HK 110-151
1 zo HK Island 88.7 72.0-106
b NT East 253 16.0-35.0
028 Kowloon 12.3 6.0-19.0
E NT West 40 1.0-8.0
' 5 Lantau Island 01 0.0-1.0
Estimated Fatalities - 50%
2 8
T 0 05 1 5 10
4 i No. of fatalities
G Region Mean 95%Cl
2 Entire HK 0.0-72.5
02 3 HK Island 109 00632
g Kawloon 15 0.0-23.4
01 NT East 0.2 0.0-1.9
NT West 0.0 0.0-0.0
5 Lantaulsland 0.0 0.0-0.0

Note: The risk thresholds in this report are just for illustrative purposes.

Reported Landslide
Incidents (as of 2023-09-10)
Simulated landslides

- 0 |:| 20-50

No. of reported incidents as of 10 Sep.: 83




Landslide risk by the 7 Sept 2023 storm
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Landslide incidents

Shau Kei Wan,

Hong Kong Island
 Boulders 4-5 in diameter
 Roads blocked

« Affected area: 500 m?2

Photo credit: HKO1




Landslide incidents
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2008 vs 2023 rainstorms
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2008 vs 2023 rainstorms

Rainstorm on 6-8 Jun. 2008

Rainstorm on 7-8 Sep. 2008
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Max. 24-h rolling rainfall: 622 mm
Actual no. of landslides: about 2400
Simulated no. of landslides: 2271
Estimated no. of affected buildings: 42.2
Estimated no. of fatalities: 2.2

Max. 24-h rolling rainfall: 846 mm
Actual no. of landslides: unknown
Simulated no. of landslides: 4888
Estimated no. of affected buildings: 130
Estimated no. of fatalities: 12.7
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Distributed, cell-based analysis & 8 REHEBEH TS -
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Rainfall-induced muilti-
hazard processes

Two mechanisms of
debris flow initiation:
erosion and
transformation from
landlsides

Saint-Venant equation
considering erosion
and deposition process,
depth-averaged

", —_— 2 Rainfall

i
Landslide7at t;
blocking channel

Land§u&é att,

Debris flow track z ) 3 s
(Entrainment may occur) = % & Landslide at t, Sutface runoff
e ' /// / Infiltratig

Storm drainage network
o /1 adi(fin)
ar dx
i[Cy+ + (1 — Cy= )sp]l + A[Cya + (1 — Cya)sal
d(Cvh) A(Cyhv)
g Y
ot ax

+ = iCy+ + ACya

auv

ar

fe [—5gn{ v) .':'-‘__,a- —

d(zp + 1) ]

ax

h

v{i[Cy+ + (1 — Cy= )sp]l + A[Cva + (1 — Cya)sal)

EDDAS. 0

Cells at coastline Inflow cells for QRainfall

with stage-time wave overtopping 0 0 0 0 0
boundary condition discharge 0

Storm surge

Vegetated
land

Astronomical tide

T1 i |
A 1
' Infiltration
Water head \:djf:ittr:fnt
of sea level
Outfall Underground <=mp Equivalent
drainage network drainage

Chen, H.X., Zhang, L.M. (2015). EDDA 1.0:
integrated simulation of debris flow erosion, deposition
and property changes. Geoscientific Model

Development, 8, 829—844.

Shen, P., Zhang, L.M., Chen, H.X., Fan, R.L. (2018).
EDDA 2.0: integrated simulation of debris flow
initiation and dynamics considering two initiation
mechanisms. Geoscientific Model Development, 11(7),

2841-2856.
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Stress testing of hazard scenarios, Hong Kong Island

65%PMP

85%PMP

34



How the impact increase with the rainfall intensity?

1500
—&— Results from seperate hazard analysis
—&— Results from multi-hazard analysis
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<. Zhou, SY, Gao, L., and Zhang, L.M. (2019). Predicting debris-flow clusters under extreme rainstorms: A case study on Hong Kong Island.
LU_UJ Bulletin of Engineering Geology and the Environment, https://doi.org/10.1007/s10064-019-01504-3.
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Hazard scenarios E8XREBSHEH: &TFENE Kowloon

RP = 20 years, with underground drainage RP = 20 years, no drainage .
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Hazard scenarios E§XREE=iEE: BB FEIIFOGIREEK
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50-year surge
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Hazard scenarios E8REB=HEE: FIHGEEK (100 km?2)
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0 500 1,000 A

4| O Phase 1

» The urban drainage system

O Phase 2

Mid-mountain
drainage tunnel

Urban drainage Underground
system storage tank

» Urban drainage system, West
drainage tunnel, 2012

= 660 m intercepting drains of
Sheung Wan flood relief
projects

O Phase 3

= All drainage works in Phase 2

= The underground storage
tanks of Sheung Wan and
Happy Valley, 2017
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City-scale digital twin T RE & §REBEZTSE

* Develop a unique city-scale digital twin as an integrated platform for managing
landslide hazards and coordinating societal responses.
* To create a new paradigm of natural hazard emergency risk management

science in the digital era.

BIM

(building information modelling)

Space
Aerial Landslide hazards
Terrestrial Societal responses
Sensing Simulation
CiM
(city information _
modelling) 7 A\ i
Dlgltal twm
Visualisation Management
Full process ;ﬁ" ‘ Emergency
Computer vision ; ~ -“?{;%?A Decision support _
City-scale slope digital twin
GIS
[
TR (geographic information system)
) 41




Common Operating Platform for emergency management

oW

M

Road
,,,,,,,, incidents

Structural
Incidents

Authorized users

Landslides

-
™

Dashboard interface

@ @ ndslides
KA
S 7 a

Other information (e.g. weather,
traffic) and emergency data (Cheung, 2021)
from other departments

Common Operating Platform (COP) for emergency information sharing among
government departments and the public.
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Summary

v Climate change clearly intensifies rainfall intensity and frequency.

v’ Effective landslide and flood emergency management is important for climate
change adaptation.

v' A prompt landslide risk assessment (PoLA) method has been developed,
which provides critical information for emergency management.

v' A cell-based multi-hazard analysis model EDDA helps identify possible
future hazard scenarios and evaluate effectiveness of engineering risk
mitigation measures.
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Together keep the public safe!




