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Impacts to HK - Actual Severity

»  Mangkhut was the sixteenth tropical cyclone necessitated the
issuance of the No.10 Hurricane Signal (the highest typhoon
signal) in Hong Kong since World War I, lasting for 10 hours on
16 September 2018, packing exireme high winds and record-
breaking storm surge.

» Extensive damages: serious flooding in many coastal and low-
lying areas, substantial damages of coastal structures and
buildings, over 60,000 reports of fallen frees, numerous reports
of smashed windows or glass curtain walls, and interruptions of
power supply to over 40,000 households and fresh water
affected over some places. Hundreds of vessels stranded, sunk
or seriously damaged. Traffic and transportation services were
also seriously affected ...

»  While over 450 people were injured during the stormy weather,
there was luckily no fatality on that day

Reference:

HKO Blog - A Wake up Call from Mangkhut
http://www.weather.gov.hk/blog/en/archives/00000216.htm

(Photo courtesy of Alex Ng, MCW, H C
Chan, Christina, Kevin Wong & Mo Wong)



Interruption of Power & Water Supply I

Based on news
and social media

The incident
reports are not
exhaustive
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Maximum Sea Level & Flood reports
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The Risk Matrix
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Orange: Be prepared

Yellow: Be aware IMPACT

Green: No severe hazard
expected

Source: UKMO / WMO %EN;G&KgE(%BﬁR\MTDRY



Multi Hazards from Super T. Mangkhut

» Forecasting considerations —

» Track proximity, above-typhoon intensity, large wind structure,
storm surge, heavy rainfall, etc.

» All subject to high uncertainty with naturally low likelihood for
extreme weather

» Risks of wind damage, coastal flooding, flash floods, landslide, etc.

» Warning and communications strategies —

» Early alert, repetitive reminders, one authoritative voice

» Tradifional X social media

» How could the risk maftrix be applied?
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Likelihood - Track

» Good consensus among deterministic models (EC, EGRR,
JMA, NCEP) and EPSs on the track of Mangkhut 6 days
ahead.

Forecaster was confident in forecasting gale force winds
for 16 Sep in the 9-Day Weather Forecast issued on 10 Sep
morning.
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1. Steady NW to WNW movement
* Fast moving in SCS (25-35 km/hr)

TC Strike Probability Map
(on 12UTC, 9 Sept 2018)

MANGKHUT EPS F/C initiglized ot 12 UTC, 09 September 2018

9-Day Weather Forecast
Issued at 11:46 HKT on 10/9/2018

16/9 (Sunday)
Wind: West to northwest force 6 to 7,
south to southeast force 8 later.
Weather: Cloudy to overcast. Heavy
rain with squalls and thunderstorms.
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Likelihood - Track (cont’'d)

Cautious! Model-predicted TC landfalling point flip-flopping day by day

Likelihood monotonically increasing for landfalling over western coast of Guangdong

TC Strike Probability Maps
Grand Ensemble of EC, UKMO, NCEP

Earlier model runs suggested
Mangkhut would move across
Luzon Strait and then head
towards Pearl River Estuary. (i.e.
direct hit to HK with stronger
intensity)

Later, models suggested more
landmasss interaction over Luzon
and landfall over western part of
Guangdong.

(i.e. weaker intensity over South
China Sea and further away
from Hong Kong)

Finally, most of the models
changed the story again and
suggested a landfall location to
the west of Pearl River Estuary.

Forecasters should be cautious
and NOT following the detailed
track changes too closely
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Likelihood — Intensity (Eyewall)
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Microwave imageries
showed the eyewall

structure changed after

interacting with the land
mass of northern Luzon

Strong inner
eyewdll

FNMOC ‘";s, www'rr 1: | fieweb /egi—
=36PCT cc =3 H Blue= >5

Inner eyewall rebuilt
over the SCS, albeit
much weaker
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Likelihood - Intensity (Subjective)
Warning Intensity given by some major centres (14 — 16 Sept 2018)

Large differences in intensity assessment before making landfall over Luzon and
near Pearl River Estuary. Likely causes include :

* Method/[Npok up table in Dvorak analysis

» Uncertainty in Dvorak analysis (especially for storms with unusua¥structure)

« Availability §nd use of in-situ surface and radar observations

127 14 Sep
187 <\
00Z 15 Sep
067
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187

00Z 16Sep <
067
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Likelihood — Intensity (Satellite)

Satellite pattern and Dvorak analysis suggested the intensity of Mangkhut weakened
considerably after entering SCS

Strongest pattern af 14 Sep 14207 Weaker pattern at 15 Sep 23507
DT = 7.5, corresponding to about : | DT = 4.5, MET = 4.5 t0 5.0, PT = 4.5 to 5.0,

1 44 k‘l‘ Corresponding to about

SATCON analysis of intensity change
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Likelihood - In’rens"ry Radar
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http://www.weather.gov.hk/publica/reprint/r865.pdf

Likelihood — Intensity (Surface Obs)

Actual wind speed observations for offshore islands and
exposed site along the shore of Hong Kong

Max 10-min wind speed more than 90 kt generally
recorded aft different station levels:

Waglan Island (83 m)  49.9 m/s (180 km/hr) 60.9 m/s (220 km/hr)

Cheung Chau (99 m) 47.9 m/s (173 km/hr) 59.2 m/s (212 km/hr)

Clear Water Bay (75m)  52.8 m/s (191 km/hr)# 65.2 m/s (234 km/hr) #

Provisional data, subject to further verification Lo 58
# damaged shortly after reaching highest value, maximum value may be higher QW I HONG KONG OBsERVATORY



Likelihood — Intensity (Station 2 10-m Level)

Estimated 10 m wind using log wind profile with different roughness length (z0) :

z0 = 0.0002 z0 = 0.005

Waglan Island (83 m) 49.9 m/s : 392.0m/s
Cheung Chau (99 m) 47.9 m/s : 36.8 m/s

Clear Water Bay (75 m) 52.8 m/s : 41.7 m/s

For offshore island and near shore stations facing open seaq, the lower roughness value may
be more representative. This suggest a 10-m wind speed of at least 80-85 kit (40-45 m/s) is of
high confident. This also generally aligns with the Doppler wind from radar observations.

As estimated maximum intensity of TC over open sea is usually higher than that of ground
observations (e.g. 5-10 kts), therefore, it is reasonable to estimate the maximum wind speed
of Mangkhut to be in the range of 85 to 95 kt when it was over the open sea near Pearl River

Estuary
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Likelihood - Structure (Cloud bands)

Mangkhut (2018) Hato (2017)
S ul,. : \4 " o RN %
& . S o '\\-\\ : f e {1 |

T

B

B N PR e

Mangkhut has an
extensive circulatfion
which is significantly larger
than that of Hato in 2017
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(Image source : NOAA, RAMMB, http://rammb.cira.colostate.edu/products/tc_realtime/index.asp)



Likelihood - Sfruciure (Rainbands)

Mangkhut
16 Sept 2018

Loose convections near t
Intense & broad outer

23 Aug 2017

vections completing the eyewall
but narrow outer spiral bands
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Likelihood — Structure

(Doppler Winds

q 2017

tor_rvpY9a

CAPPI
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Mean Velocity in m/s

Stronger radial winds over the spiral band to
the north of the eyewall
(note: blue—->red indicating folding)

‘--'.'STfonger radial winds close to the centre of

Mean Velocity in m/s
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Likelihood — Structure (Evolution)

Schematics indicating the likely structural change of Mangkhut crossing Luzon :
Before After
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N A= ER &
Radial Distance from centre (not to exact scale) Radial Distance from centre QP HONG KONG OBSERVATORY




Likelihood — Exireme Winds (Dropsonde)

Wind data from dropsonde surveillance flights during Mangkhut
‘ N T e

ul

In licison with RSMC Tokyo,
HKO dropsonde bulletins in
BUFR format are
disseminated through GTS
= on anear real-time basis.
Dropsonde data
from HKO mission

Dropsonde data from
DOTSTAR mission

G KONG OBSERVATORY
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Likelihood — Extreme Winds (ECMWF EPS)

ECMWEF EPS forecasts for Hong Kong signaling violent winds (~ 20-30 m/s)

Evolving from small likelihood = almost certainty over time
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Likelihood - Extreme Winds (Actual)

Actual : Storm to hurricane force winds generally over Hong Kong during the day.
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Likelihood — Storm Surge
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starting: 15 5ep 2018 Assessment on 12 Sep Starting: 15 Sep 2018 Assessment made 15 Sep

Asrecorded at Quarry Bay in Victoria Harbour of Hong Kong on 16 Sep 2018 :
actual maximum sea level was 3.88 m (above chart datum)
with maximum storm surge of 2.35 m (nhew record!) P e,

(Figures are provisional only and subject to further verification) I i ROHO OPSERTORy




Likelihood — Extreme Rainfall (Analogue)

14/00 UTC F/C
Analogue TC RF

-
20180914
20180915
20180916
20180917

Daily Rainfall Forecast

Daily Rainfall Forecast

20180914
20180915
20180916
20180917
20180918

Analogue TC RF

14/12 UTC F/C

Objective “Analogue TC
Rainfall” forecasts and
NWP models (ECMWF
and JMA) one to two
days ahead generally
iIndicated heavy rain of
order 100-200 mm
possible on 16 Sep 2018

Analogue TC RF
m
e
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" 250
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20180915
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20180918
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Likelihood - Extreme Rainfall (ECMWF EPS)

ECMWE EPS forecasts for Hong Kong signaling heavy rain on 16 Sep 2018
Extreme rainfall (say >200 mm) possible but likelihood remained slim throughout

Slim % for
100-200 mm

[N A Vo 0 i 0
13(Thu) 14(Fri) 15(Sat)16(Sun)1 7(Mon)1 14(Fri) 15(Sat)16(Sun)17(Mon)18§ 15(3at)16(Sun)17(Mon)18
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Beyond Likelihood — Exireme Rainfall Signals by EFI/SOT

Base time 09 Sepft, 12UTC 12 Sept, 12UTC 14 Sept, 12UTC

1-Day Total Precipitation - EFI 1-Day Total Precipitation - EFI

EFI

1-Day Total Precipitati

SOT

EFl and SOT are powerful tools for identifying potentially extreme weather compared to climatology for a given location and time of year. A high LR it =&
EFl value indicates that an exireme event is more likely than usual but the values do not represent probabilities of that event. W Y onc kone OBSERVATORY
(Ref : hitps://confluence.ecmwi.int/display/FUG/Exireme+Forecast+index+-+EFl) i



https://confluence.ecmwf.int/display/FUG/Extreme+Forecast+Index+-+EFI

Actual Rainfall on 16 Sep (Observation Analyses)

Rainfall generally well above 100 mm, with many places exceeded 200 mm

Lau Fau Shan

Tuen'Mun

Chek Lap Kok *

5 10 20 30 40 50 70 100 150 200 300 400 500 600>600

HMRXE
HONG KONG OBSERVATORY

A\ EHE RS

v’ HONG KONG OBSERVATORY



Beyond Likelihood - New Method based on OEF| & CEF|
!

6-60 HR DAY Initial Tir
soTeo 107 2018091600 UTC (SUN) to  2018-08-14 12

Climatological
cumulative
w rainfall
distribution
at HKO HQs/
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Climate Rainfall at HKO in Aug 1884-2018 (mm)

.

Observed EFI (OEFI)

Calibrated EFI (CEFI)

I

EFl equivalent %-tile

Forecast daily rainfall <
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Performance Check - Extreme Rainfall Forecast based on CEFI

CEFI
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Overall Risk Assessment
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Orange: Be prepared

. [
Yellow: Be aware IMPACT /J

Green: No severe hazard 4

expected

Challenges:
(1) How to define impact severity for multi-hazard risk?
(2) Naturally small likelihood for extreme impacts. How to “calibrate”?
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Actions Taken — Early Alert

Four days ahead and well before the issuance of the actual Tropical Cyclone
Warnings, a “Special Weather Tips" was issued on 12 Sep 2018, alerting the public
of the threats, including potential storm surge, posing to Hong Kong by Mangkhut:

Super Typhoon Mangkhut now over the western North Pacific will enter the
South China Sea this Saturday and move quickly towards the coast of
Guangdong. As Mangkhut has a large circulation with intense winds, it will
pose considerable threat to the coast of Guangdong. Although there are still
uncertainties in ifs track, Mangkhut is expected to bring adverse weather to

Hong Kong on Sunday with frequent squalls and heavy rain according fo the

present forecast frack. Seas will be very rough with swells. Together with the

storm surge, low-lying areas may have flooding or backflow of seawater.
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Actions Taken — Early Warning

As Mangkhut is a fast
moving storm with @
large circulation, the
Standby Signal No.1 (T1)
was issued at 22:20 pm
on 14 Sept 2018 when
| .| Mangkhut was still about
17H 14/09 1110 km from Hong Kong

~ 17H 18/09

(fhe default practice is
‘ N 800 km)
l/‘§ . | 10°N
7& ,_,Z\'L L |
v. o ecast track |ssuedl o’r 09UTC 14Sep’r Mml&lilﬂ

ot 0% 130°8 140 @ﬁi&fﬁiﬁ
HONG KONG OBSERVATORY




Actions Taken — Impact Communications

Multi-Channel Warning Dissemination
+ Comprehensive Communication Strategies + Use of Social Media

s
SR gy . F 4
e g ] O
o —
T ' Twitter
TV weather i Weibo MyObservatory
programme WeChat wearable

1917
1928
Numbered Dial-a-weather HKO Website Weather-on-Air Facebook
typhoon signals FIESEBRR N et i KRN Instagram
- o 0
e Cool Met Stuff
RESHR
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Remarks

A wake up call by nature

+ Mangkhut is the most destructive typhoons striking Hong Kong in the past three decades

Forecasting challenges

« Deadly characteristics — intense, extensive circulation, fast moving
» Track - landfalling to the east or west of Hong Kong and how close to Hong Kong

+ Intensity assessment — significant differences in intensity assessment among warning
centers may confuse the general public and weaken the authoritativeness of the
meteorological services, especially for the areas directly affected by the storm

+ Structure - unusual wind structure with intense spiral rainbands outside eyewall

« Storm Surge & extreme rainfall — estimating maximum water level and risk of inundation
heavily depends on the track, structure and intensity assessment at the time

+ Likelihoods for different weather elements vary widely and chance of extreme events (e.g.
rainfall) are naturally slim

* Impact severity, especially for multi-hazards, difficult to be quantified by a single index

A\ EHE RS
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Remarks (cont'q)

» Early alerts/warnings due to extensive circulation and fast moving storm

« Emphasizing considerable threat to Hong Kong in advance, in particular adverse
weather, storm surge and high winds

Communication strategies

» Early alert to and liaison with government departments (e.g. inter-departmental
coordination meeting & joint press conference)

« Formulating media and social media communication plan days ahead to effectively
provoke public awareness of potential hazards and inform precautionary measures

* Regular and fimely update of alerts and weather situations (e.g. wind, rainfall, storm
surge) to the public during the passage of the storm

AR s = A
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Other IBF Services
~ International / WMO ~
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WMO Severe Weather Information Centre

» Revamped and launched on 2
October 2018 as SWIC 2.0 Beta
for aggregating authoritative
warning signals related to high-
impact weather, water and
climate events

» Developed and maintained by
HKO

» As an inifial core components of
the WMO Global Multi-hazard
Alert System (GMAS)

» Providing a web-based GIS user
interface to GMAS users
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Display all CAP alerts (UTC+8) W . . J . Settings
29 Sep (Sat) = 30 Sep (Sun) and onwards N e
. . Map Layers
A -~ o =\ [m] Satellite Image (updated on 2018-09-28 21:00 UTC)
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Severity
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TURKEY

CAP Warnings in Effect
@ Full List () Map Bounds

Remember Last Visited View
(@ No (Show World Map)

() Yes (Show Last Visited View)
ALGERIA

y Policy | Contact | Disclaimer site | WMO Extranet Updated on 2018-09-29 09:57 (UTC+8)

W& RS

HONG KONG OBSERVATORY




Adoption of ISO 22324 Standard for colour-coded alerts

3 colours .

Recommended
5 colours With
Supplementary

Information

oo . .

Figure 1 — Guideline for use of basic colours
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UNITED STATES OF AMERICA

Tropical Storm Warning issued Sl tme colo-
September 28 at 4:20PM EDT by NWS /=% .
NWS National Hurricane Center V\‘\'k:}

DOMINICAN
REPUBLIC

| for United States of America -

Event: Tropical Storm Warning Download ST. KIT
Effective time: 2018-09-29 17:00:00 (UTC-04) Urgency: Expected AND
Expire time: 2018-09-29 04:30:00 (UTC-04)

Severity: Severe

Certainty: Likely
National Weather Service

+

Description QCU RACAO -
Offshore Waters Forecast for the Tropical N Atlantic from 07N to 22N between 55W and 64W, the f /3 A ND\S'NTJ

SW N Atlantic S of 31N W of 65W including Bahamas, and the Caribbean Sea. Seas given as
significant wave height, which is the average height of the highest 1/3 of the waves. Individual
waves may be more than twice the significant wave height. ...TROPICAL STORM WARNING...
.TONIGHT...TROPICAL STORM CONDITIONS POSSIBLE. NE to E winds 30 to 35 kt, diminishing Caribbean N of 15N between 64W and 72W
to 20 to 25 kt late Seas 7 to 10 ft in NE to E swell. .SAT...E winds 20 to 25 kt. Seas 6to 9 ft in NE

| — | T T o T

Affected area

© 2018 | Privacy Policy | Contact | Disclaimer | WMO Public site | WMO Extranet
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entre 2.0 (Beta)
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Display all C,

i . <« " | pewmrm—— Severe Weather Observations

) (Sat) and onwards -
ﬁ Heavy Rain/Snow ® ) Aion

Display latest reports (2018-09-28 06:00 UTC)
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CAP Feeds

ISSUING ORGANISATION LANGUAGE | RSS/ATOM FEED OF CAP ALERTS ;$§$US
Anguilla: Disaster Management Anguilla en https://axa-primary.capews.com/capews/public/atom?type=cap Actual
Antigua and Barbuda: Meteorological Services en http://alert. metoffice.gov.ag/capfeed.php Actual
Argentina: Servicio Meteorologico Nacional es http://www3.smn.gob.ar/feeds/CAP/avisocortoplazo/rss_acpCAP.xml | Actual
Austria: Zentralanstalt fir Meteorologie und Geodynamik de, en http://meteoalarm.eu/ATOM/AT.xml| Actual
Barbados: Department of Emergency Management en, fr, es https://brb-secondary.capews.com/capews/public/atom?type=cap Actual
Belgium: Royal Meteorological Institute | nl, fr, en http://meteoalarm.eu/ATOM/BE.xml Actual
Bosnia and Herzegovina: Federalni hidrometeorolo3ki zavod BiH bs http://meteoalarm.eu/ATOM/BA.xml Actual
Brazil: Instituto Nacional de Meteorologia - INMET pt http://alert-as.inmet.gov.br/cap_12/rss/alert-as.rss | Actual

Bulgaria: HALULMOHANEH MHCTUTYT MO METEOPOIOMNA U

bg http://meteoalarm.eu/ATOM/BG.xml| Actual
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Specialized IBF Services
~ UN & Humanitarian Activities ~
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Support Humanitarian Planning & Response

» Provide products and services to United Nations (UN) and
humanitarian agencies 1o improve contingency planning
through establishing a WMO Coordination Mechanism
(WCM)

» Establish a WMO Situation Room (WSR) to facilitate and
coordinate WMO response to major disasters

» GMAS as a supporting platform
» HKO committed to assist in developing WCM/WSR/GMAS

} »#' UN and other
SN humanitarian
agencies
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Trial Support for UNOCC

» UNOCC - United Nations Operations & Crisis Centre

» Concerns for the impacts of major natural disasters, such as tropical
cyclones, regional flooding due to monsoon, etc.

Colombia, Venezuela/sS America, West/Central/Bast Africa

WMO-UNOCC Global Weather Threat Assessment issued 2 Aug 2018

x rainfall, exceeding 2
tha coastal countries of Wes

Further Details on Impacts/Events:

storm Jongdari will socon o andfall to the coast of
Zhejiang, in the vicinity of the densely-populated city
(See Fig.l) in the next few hours, bringing high winds,
an® ntial storm surge to the affected areas -

POR, Wepal, Papua New Guinea and Viet Nam

Daily Support Product : Global Weather Threat Assessment report
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Irial Product for Early Alerts of UNOCC:
Global Outlook for hotspots of weather threats

Global outlook for hotspots of weather threats (one week ahead):

Lightning flash densay (100km-2/hour). last € hours

Heavy rain / flooding Tropical cyclone genesis !
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Key Step in Information collection :
Wearther Threatr Matrix

Region 4

Threat

Origin/ Cause

Sources

Flooding
Weather Threat Matrix pecple

affected

(Guainia,
Vichada, Meta
and Aruaca)

Ragion 4
Thrast Pariod | Savarity | Tepaor
Tlooding |actual T, 000

Overflow of the
Inirida,

Guaviare, Guania

and Atabapo

FloodList /
open source

actual 9 Venezuela
(Bolivar,
Amazonas and
Monagas)

Overflow of the
Orinoco and
Caroni rivers

due to prolonged

heavy rain
(Active Z)

FloodList /
=

heavy rain 0-10D W Thailand
(landslides, SE Myanga:
flooding F CGDFDGlA
possible) W Philippines

Asian Monsoon

0-10D : 0 NE Bangladesh
Bhutan

Asian Monsoon

GlOFAS/ECMWF

0-10D T Lao PDR
Cambodia
Viet Nam
Myanmar
Bangladesh

Nepal

Region 3 W & NE India

Beesr 3t [0o18 - o 5 SRin/Smee 5 E Indonesia

Papua New
Guinea

Asian Monsoon

0-10D > 150 mm c mbia
Venezuela

Active ITCZ

Savarity Origin/canne |3 0-24H 100 - E China (parts
] £ AEREIS: e 150 mm in Shanghai,
Jiangsu,
Zhejiang)

TC Jongdari

High winds 2 > B0Km/h E China
(Shanghai,
Jiangsu,
Zhejiang)

TC Jongdari
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Validated Case : serious flooding in S. America

Victams of wirees In Qs Baern Pl - Ocher Cates - Colozdla - ELTIEMPO.COM

v 0 oty

Around 2,700 people have been affected in the state of Amazonas by the flooding of the
River , which also connects with Colombia, before the rains that are registered in south
Venezuela, said on Tuesday, July 31 to EFE the director Civil Protection of that entity, Si
Rodriguez.

€€ The water took us out of the
m 350,000 house. Some neighbors let me get

o Tt close. I am living in an altico, right
there in Platanillal 99

350,000 targetes by wrr

Vi - Cecamer SOV

Laaecera,
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Upcoming IBF Services
~ BD / Al / Crowdsourcing ~
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Weather Impact Analysis by Al

Hill fires - dry weather vs human activity

w380 ©

Flooding - storm surge vs rainfall

Tree doamage — thy dependent on typhoon winds directions %Eé’cﬁéﬁﬁaﬁwom




Collecting Traffic Impacts by Deep Learning

Input: online traffic news Output: traffic status on GIS
B ZERVHGE - TIRFE—ERIEZE - JEfE | e
(Heavy traffic on Waterloo Road headling to Sha Tin near

Moonbeam Terrace)

® Roggy

3 |

Deep-learning Neural Networks () T -



Predicting Wx Impact on Road Traffic

» Learn the correlation between rainfall 7\ X W= | g

Y| Link ID: 34372-3450
Starting Node FAEREVLE

amount and traffic speed ) & gl oo g

Ending Node ERAEREMF
S AL
Cluster 41

» Aim at predicting impact on road traffic
due to rain
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Crowd-Sourcing for Wx and Impacts

e

KR

Flammagenitus
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Dlstrall ( Cavum )

Billy Yu we : von = SRR

’ HONG KONG OBSERVATORY

w



Ways Forwards

» Collecting impact data by crowd-sourcing
» exploring social media and big data
» grabbing fimely impact information
» establishing common operational picture
» Building impact database
» to provide a firm basis for developing impact-based forecast services
Better capturing of extreme events by network of high-density 10T sensors
Develop extreme forecast products
Smart Airport project
Support WMO's initiatives of IBF / WCM / WSR / GMAS

VeV, VS
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