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Operational TC analysis usually involves the 
following:

• Determine the centre location of the 
TC and deduce its movement

• Estimate the intensity of the system in 
terms of maximum winds

• Assess the size of the TC
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TROPICAL CYCLONE ANALYSIS

Satellite FixDvorak Analysis

Max Wind 
Estimation and 

Position fix
Surface analysis

Central pressure 
analysis

Typical TC analysis workflow



• Filling the gaps of observations over seas

TROPICAL CYCLONE MONITORING

Dropsonde flights for TC Saola (31 
Aug 2023)

Drifting buoy observations during the passage of TC Koinu (Oct 2023)
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• Low-level circulation centre is often more discernible on visible imageries 

USE OF SATELLITE IMAGERIES

True Colour Infra-red
TC Goni 2 Nov 2020 0550 UTC
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• Rapid scan animation may help identify the centre

USE OF SATELLITE IMAGERIES

Visible rapid scan Infra-red rapid scan
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MICROWAVE IMAGERIES
Remote sensing > Microwave:

Development of a 
product based on 
consensus between 
Dvorak and AMSU 
tropical cyclone central 
pressure estimates at 
JMA

RSMC Tokyo Numerical Typhoon Prediction Website
https://tynwp-web.kishou.go.jp/index.html

(Available for Typhoon Committee members)
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MICROWAVE IMAGERIES

• For lower frequencies, (~37 GHz):
• water surfaces (e.g. ocean) have low emissivity (~0.4-0.5) 

and appear “cool” at microwave frequencies
• land surfaces have a much greater emissivity (~0.9) and 

appear “warm”
• raindrops have high emissivity and are “warmer” that they 

contrast against a “cooler” ocean background

• For higher frequencies (~85 GHz):
• microwaves are scattered by ice particles in precipitating 

clouds, reducing the return energy and subsequently 
appear “cold”.

Adapted from Typhoon Committee Roving Seminar 2018 

Detects low-level cloud / raindrop distribution

Detects deep convective cloud structures
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MICROWAVE IMAGERIES: TC KHANUN, AUG 2023

STS Khanun (on 4 August 2023, 22Z)

T Khanun (on 2 August 2023, 06Z)

12



• Scatterometer provides estimates of global vector wind field at resolution of 12.5 
to 50 km

OTHER REMOTE SENSING PRODUCTS 

Scatterometer wind fields for TC Kammuri (2019) 
Courtesy: Joe Courtney

(Note: ASCAT-A; SCATSAT now decommissioned)
https://scatterometer.knmi.nl/tile_prod/
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• Synthetic aperture radar provides high-resolution (0.1 – 3km) surface wind speed 
estimates and can capture the fine structure of the core of the TC

OTHER REMOTE SENSING PRODUCTS 

TC Bolaven (October 2023)
https://www.star.nesdis.noaa.gov/socd/mecb/sar/sarwinds_tropical.php
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• “Virtual” visible satellite imageries during nighttime generated using conditional 
generative adversarial networks (CGAN), a deep learning technique

USE OF AI AND MACHINE LEARNING IN TC ANALYSIS

True colour imagery Virtual visible imagery
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• Automatic TC analysis tool 
using AI techniques
• Objective detection models for 

detecting TC location
• Convolutional Neural Network 

(CNN) for current intensity (CI) 
estimation

• Trained with satellite images and 
TC information from 2015 to 
2021

USE OF AI AND MACHINE LEARNING IN TC ANALYSIS
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• Verification for 15 TCs in the western North Pacific in 2022 showed a hit-rate of 
around 70% within 0.5 degrees absolute position error (APE) for all cases and a 
mean APE of 0.25 degrees for typhoon or stronger TCs. The trend in TC intensity 
change can be generally captured with a mean error in CI within 1.

Comparison of the automatically detected TC tracks (red line) for Saola (2318), Damrey (2319) and Haikui
(2320) by AI-STORMVIS against HKO warning positions (blue)

USE OF AI AND MACHINE LEARNING IN TC ANALYSIS
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TC INTENSITY CLASSIFICATION

3,4 Harper et al. (2010) Guidelines for converting between various wind averaging periods in tropical cyclone conditions. Tropical Cyclone Programme Report 
WMO/TD-No.1555, WMO
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• Multi-model ensemble track (or consensus) serves as the base reference at major 
warning centres in the formulation of subjective TC forecast track.

• A 5-member weighted ensemble has been used at HKO since 2018, with 
composition and weighting of models being reviewed each year based on their 
recent past performance.

• Subjective forecasts may deviate from the consensus in some situations, for example 
substantial divergence among models, persistent bias in position and/or speed.

TRACK FORECASTING

EGRR

JMA

NCEP

ECMWF

ECEPS mean ECMWF
ensemble 

mean
ECMWF

EGRR NCEP JMA
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DETERMINISTIC TRACK FORECAST PERFORMANCE

1. ECMWF
2. EGRR
3. NCEP
4. JMA
5. KMA

1. ECMWF
2. EGRR
3. NCEP
4. JMA
5. KMA

1. ECMWF
2. EGRR
3. NCEP
4. JMA
5. KMA

1. ECMWF
2. KMA
3. EGRR
4. JMA
5. NCEP
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DETERMINISTIC TRACK FORECAST PERFORMANCE
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ENSEMBLE TRACK FORECAST PERFORMANCE

1. EC EPS
2. JMA EPS
3. EGRR EPS
4. NCEP EPS

1. EC EPS
2. JMA EPS
3. EGRR EPS
4. NCEP EPS

1. EC EPS
2. JMA EPS
3. EGRR EPS
4. NCEP EPS

1. EC EPS
2. JMA EPS
3. EGRR EPS
4. NCEP EPS
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TIPS FOR TRACK FORECASTING
• Interpret models’ forecasts on 

the characteristics of steering 
mechanisms at different 
vertical levels

• Diagnose / verify model 
performance in recent runs on 
reasons to take weighting in 
formulating forecast story

• (Near) real-time verification 
on direct, along-track, cross-
track error

• Make use of EPS on alternative 
scenarios

24



MODEL INTENSITY FORECAST PERFORMANCE
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INTENSITY FORECASTING: USE OF MODELS
• Dynamical models

• Solving the governing 
equations for the 
atmosphere and ocean

• Examples: ECMWF, JMA, 
NCEP, UKMO, HAFS …

• Statistical-dynamical models

• Usually based on 
climatology, persistence 
and statistical 
relationships to current 
and forecast 
environmental conditions

• Examples: SHIPS used by 
NHC, TINT used by HKO
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PREDICTOR POOL FOR TINT

Predictors

Longitude (lon)Latitude (lat)Position

Day of year (jday)Season

Previous 12 hour 
zonal component
of TC speed 
(Zonal_speed)

Previous 12 hour 
change in intensity 
(prevchange12)

Current intensity 
(intensity)

Cyclone history

850hPa relative vorticity
(850vor)

200hPa divergence (200div)Atmospheric dynamics

500-300hPa average RH (500-
300RH)

850-700hPa average RH (850-
700RH)

Moisture

850-200hPa spacemean vertical wind shear (850-200vertshr)Wind shear

Tropical cyclone heat potential (TCHP)Ocean heat content
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RAPID INTENSIFICATION

• Rapid Intensification (RI) is commonly defined by the 95th percentile of intensity
change (e.g. Kaplan et al. 2010), e.g. RI over the Atlantic and ENP basins would be
+30 kt / 24 hrs (1-min average)

• After converting to the WMO 10-min average, RI definition in the western North
Pacific and the South China Sea adopted in the study will be :

(Reference : J. Kaplan, M. DeMaria, and J. A. Knaff, 2010: A Revised Tropical Cyclone Rapid Intensification Index for the Atlantic and Eastern North Pacific Basins. Wea. Forecasting, 25, 
220-241. )

28



PREDICTORS FOR RAPID INTENSIFICATION

• Incorporate atmospheric, oceanic factors and TC characteristics
• Performance optimized
• Correlation between predictors minimized 

Predictors (Total: 6 predictors)Category
Tropical Cyclone Heat Potential (TCHP) nearest to the TCOcean

200hPa divergence averaged over 9o radius

300-500hPa RH averaged from 2o to 7o radius

200-850hPa Space Mean Vertical Wind Shear (VWS) averaged over 
5o radius

Atmosphere 
(from ECMWF ERA-
Interim reanalysis)

Persistence (previous 12-hour intensity change)

Current Intensity (Actual analysis)

TC characteristics 
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EXAMPLE: TROPICAL CYCLONE NORU (SEP 2022)
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EXAMPLE: TROPICAL CYCLONE NORU (SEP 2022)
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EXAMPLE: TROPICAL CYCLONE NORU (SEP 2022)
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EXAMPLE: TROPICAL CYCLONE NORU (SEP 2022)
SST was generally >26.5°C in September

TCHP was generally > 80 kJcm2

• Atmospheric conditions were 
favourable further development of TC

• According to the life cycle of TC, 4-5 
days of sea track is already enough for 
the system to develop into a mature 
state (e.g. typhoon or above). 
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EMERGING: AI MODELS IN WEATHER FORECASTING
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EMERGING: AI MODELS IN WEATHER FORECASTING

https://maps.hko.gov.hk/wxviewer

Forecast for 1 October 2023 on mean sea level pressure (indicated by 
isobars) and wind speed (indicated by coloured layer) by the European 

Centre for Medium Range Weather Forecasts (ECMWF) model (left) and 
“Pangu model” (right) made on 22 September 2023. The former 

forecasted that a tropical cyclone would affect the northern part of the 
South China Sea, while the latter did not indicate development of low 

pressure systems in that region.
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FORECASTING IMPACTS: HIGH WINDS

36



FORECASTING IMPACTS: HIGH WINDS
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FORECASTING IMPACTS: RAINFALL
• Challenge: NWP models capture rainfall associated with tropical cyclones less well compared to 

winds

A
B

B1

B2 B2

C

D

E

F A – Inner Core Rainfall 

B – Spiral rain band (envelop rain)

B1 – Inverted trough

B2 – Shear line

C – Mesoscale to microscale (tornadic) 
systems in NE quardrant

D – “Unstable rain” associated with 
warm and moist air on low levels 
underneath of upper-level cold air

E – “Peripheral rain” associated with 
squall lines ahead of approaching TC 
that may conducive to tornadogensis

F – “Remote precipitation” due to (a) 
interaction with westerly trough, or (b) 
associated with topographic 
convergence / development away 
from TC circulation

Chen et al (2010)

Classification of rainfall associated with landfalling 
tropical cyclones
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RECORD-BREAKING RAINSTORM: REMNANTS OF TC HAIKUI

Remnant of Haikui

Provisional Track

• Tropical cyclone Haikui (2311) made landfall over eastern Guangdong and weakened into an area of low
pressure over inland on 5 September.

• Under the influence of a trough of low pressure associated with the remnant of Haikui over the coast of
Guangdong, the weather of Hong Kong started to deteriorate with heavy rain and squally thunderstorms
on the night of 7 September. The incessant downpour continued to affect the territory till the next day.

Radar imagery at 23:36 on 7 September
2023 when torrential rain was affecting
Hong Kong 39



RECORD-BREAKING RAINSTORM: REMNANTS OF TC HAIKUI
• During the torrential rain, the Hong Kong

Observatory Headquarters registered a record-
breaking hourly rainfall of 158.1 millimetres from 11
p.m. to midnight on 7 September, the highest since
records began in 1884.

• More than 400 millimetres of rainfall were recorded
over many parts of the territory and rainfall even
exceeded 800 millimetres over the Eastern District
and Southern District of Hong Kong Island on 7 – 8
September.

• Flash floods and landslides affected many parts of the
territory, causing widespread traffic disruption and
damage to infrastructures.

• According to preliminary reports, there were over
200 reports of landslides and 60 reports of flooding.
Power and water supply were temporarily
interrupted in some places. At least two people were
killed and more than 140 were injured during the
rainstorm.

24-hour rainfall distribution map (16:00 on 7 
September 2023 to 16:00 on 8 September 2023)

(Courtesy: CRHK News)
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RECORD-BREAKING RAINSTORM: REMNANTS OF TC HAIKUI

Slow-moving vortex associated with the 
remnants of Haikui

850-hPa wind field 
(wind profiler)

Low-level jet

Convergence 
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RECORD-BREAKING RAINSTORM: REMNANTS OF TC HAIKUI

Model forecast rainfall (mm) for 8 Sep 2023 (based on 00Z run of 7 Sep)

ECMWF NCEP

UKMO TRAMS: Tropical Region Atmospheric 
Model System for South China Sea

Accumulated rainfall for 8 Sep 2023 
(areas with rainfall over 100 mm highlighted in red)

Average rainfall over Hong Kong: 336.6 mm

42



FACTORS AFFECTING TC RAINFALL

Increased Low-level 
Moisture / Convergence

Environmental Interaction

Surface ForcingMountains / Terrain 
Effects

Coastal features / 
Urban geomorphology

TC characteristics
Size

Intensity
Movement

Inner-core convective systems
Eyewall and spiral rain bands

Wind shear
Mesoscale vortices

SW Monsoon
NE Monsoon

Binary TCs / Cold low

Upper-level Jet / 
Synoptic-scale Outflow 
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SUPER TYPHOON SAOLA
• Super Typhoon Saola (2309) moved generally westwards across the coastal waters of Guangdong on 1 September and

skirted past within 40 kilometres to the south-southeast of Hong Kong that night. It continued to move across the
coast of western Guangdong and weakened from a super typhoon into a tropical depression progressively the next
day.

• During the passage of Saola, destructive high winds, storm surge and squally heavy rain associated with Saola affected
Hong Kong on 1 and 2 September 2023.

Provisional Track
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SUPER TYPHOON SAOLA
• The storm to hurricane force winds of Saola impacted many places in Hong Kong on 1 – 2 September. The maximum

60-minute mean wind speeds recorded at Waglan Island and Cheung Chau were 154 km/h and 116 km/h respectively.
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SUPER TYPHOON SAOLA
• According to preliminary reports, there were over 3,000 reports

of fallen trees, 21 reports of flooding and 2 reports of landslides
in Hong Kong.

• There were also about 40 reports of damaged scaffolding,
signboards and windows.

• Power supply was temporarily interrupted in some places.

• 460 flights were cancelled at the Hong Kong International
Airport.

• While more than 80 people were injured, there was no fatality
in Hong Kong during the passage of Saola.

• The storm surge induced by Saola also resulted in flooding in
some low-lying coastal areas of Hong Kong, including Sha Tin,
Tai Po, and Tai O. The water level at Sai Kung rose to about 4.5
mCD at midnight on 1 September.

• Saola brought squally heavy showers to Hong Kong on 1 – 2
September. More than 150 millimetres of rainfall were recorded
over most parts of the territory.

Flooding of Shing Mun River due to 
storm surge induced by Saola

(Courtesy of Poon Chi Ming)

The approach of Saola resulted in fallen 
trees in many parts of the territory
(Courtesy of Dr. T. C. Lee and Dr. Martin 
Williams (bottom left))
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SUPER TYPHOON SAOLA: FORECAST UNCERTAINTIES

UKMO
JMA
ECMWF
NCEP

Computer model forecast track (00Z run for 29 Aug)

HKO TC forecast track (06Z for 29 Aug)
48



TRADITIONAL WEATHER BULLETINS

9-Day Weather Forecast

General Situation:
Tropical Cyclone Saola will move across the Luzon Strait in
the next couple of days, and move towards the vicinity of
the coast of eastern Guangdong to southern Fujian.
Meanwhile, Tropical Cyclone Haikui located to the east of
Saola will move in the general direction of the vicinity of
the Ryukyu Islands in the next couple of days. It may
interact with Saola and the subsequent movement of Saola
has a rather high uncertainty. Saola may move westwards
along the coastal waters of Guangdong or weaken overland in 
southeastern China. Under the influence of the outer
subsiding air of Saola, it will be very hot over Guangdong
in the next couple of days. Showers associated with Saola
is expected to affect the northern part of the South China
Sea and the coast of Guangdong in the latter part of this
week and early next week. It will be windier and there will
be swells over the region.

Date/Month 30/8 (Wednesday)
Wind: North to northeast force 3 to 4.
Weather: Sunny periods and isolated showers. Very hot
during the day.
Temp Range: 26 - 33 C
R.H. Range: 60 - 90 Per Cent
Probability of Significant Rain forecast: Low

Date/Month 31/8 (Thursday)
Wind: North force 4 to 5, occasionally force 6 on high
ground.
Weather: Sunny periods. Very hot and dry during the day.
Temp Range: 27 - 34 C
R.H. Range: 55 - 85 Per Cent
Probability of Significant Rain forecast: Low

Date/Month 1/9 (Friday)
Wind: North to northwest force 4 to 5, occasionally force 6
offshore and on high ground.
Weather: Sunny periods and a few showers. Very hot during
the day. Isolated thunderstorms later. There will be swells.
Temp Range: 27 - 33 C
R.H. Range: 65 - 90 Per Cent
Probability of Significant Rain forecast: Medium Low

Date/Month 2/9 (Saturday)
Wind: North to northeast force 4 to 5, occasionally force 6
offshore and on high ground.
Weather: Mainly cloudy with occasional showers and
thunderstorms. There will be swells.
Temp Range: 28 - 32 C
R.H. Range: 70 - 95 Per Cent
Probability of Significant Rain forecast: Medium High
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TROPICAL CYCLONE OUTLOOK BRIEFING
• HKO conducts biweekly online briefings on

potential tropical cyclone activities to invited
government bureau / departments and
special users, aiming at raising their
awareness and assist the relevant parties to
have early preparation and better manpower
allocation.

• An ad-hoc briefing was conducted three days
prior to the approach of Super Typhoon Saola
to provide users the latest information of the
TC, explanation of forecast uncertainties at
that time as well as the potential impacts to
the local weather under different track
scenarios, including high winds, heavy rain
and storm surge, so that they could carry out
preparation work before tropical cyclone
warning signals for the public were issued.
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“WEATHER NOTE”
• Article published on HKO website 

serves as special notice and early 
warning to the public about the 
possibility of potential tropical cyclone 
and the associated local weather 
changes ahead.

• Apart from standard weather bulletins, 
“Weather Note” uses less formal 
approach to attract attention from 
media and the public.

51



SPECIAL WEATHER TIPS
• Short, concise message disseminated via HKO website, media and push message on HKO mobile 

app 

According to the present forecast track, Tropical Cyclone
Saola will enter within 800 kilometres of Hong Kong in the
next couple of days, and will move towards the coastal 
area of eastern Guangdong to southern Fujian. 
As Saola may interact with Tropical Cyclone Haikui located
to the east of Saola, the subsequent movement of Saola
has rather high uncertainty. It may move westwards along 
the coastal waters of Guangdong or weaken over the 
inland areas of southeastern China. The Observatory will 
consider issuing the Tropical Cyclone Warning Signal in the 
next couple of days. Members of the public please take 
note of the latest weather forecast.

Dispatched by Hong Kong Observatory at 12:00 HKT on 
29.08.2023

Heavy rain continues to affect the northeastern part of the
New Territories. Meanwhile, rainbands in the waters south
of Hong Kong are moving north and approaching the
territory. There might be heavy rainstorm over the
territory shortly. Members of the public should stay on
high alert.

Dispatched by Hong Kong Observatory at 20:26 HKT on 
15.09.2023
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UKMO
JMA
ECMWF
NCEP
HKO

GETTING READY FOR SUPER TYPHOON SAOLA

Joint press conference by various government departments
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CONVEYING KEY INFORMATION According to the present forecast, Saola will be rather
close to Hong Kong later tomorrow (1 September) and will
pose a threat to Hong Kong. The Observatory will issue the
Gale or Storm Signal No. 8 between 2 a.m. and 5 a.m.
tomorrow. Local weather is expected to deteriorate
significantly, with heavy squally showers and violent
winds, during the day tomorrow. 

Under the influence of storm surge, the water level in Hong 
Kong is expected to rise appreciably towards midnight tomorrow 
until noon on Saturday (2 September). There may be serious 
flooding in low-lying coastal areas. Impact of
storm surge depends on the intensity and location of Saola
when it skirts the territory. If Saola skirts south of the
territory as suggested by present forecast track, the
maximum water level induced by the storm surge may be
similar to that when Mangkhut hits Hong Kong in 2018.
However, if Saola makes landfall to the east of Hong Kong
and skirts to the north of our territory, its impact will
be relatively small. 

Members of the public are advised to stay away from the
shoreline and not to engage in water sports.

• Focus on weather impacts

• Make reference to historical extreme cases

• Explain possible scenarios

• Highlight precautionary measures

Tropical Cyclone Warning Bulletin

Here is the latest Tropical Cyclone Warning Bulletin issued
by the Hong Kong Observatory.

The Strong Wind Signal, No. 3 is in force.

This means that winds with mean speeds of 41 to 62
kilometres per hour are expected.

At 5 p.m., Super Typhoon Saola was estimated to be 
about 370 kilometres east-southeast of Hong Kong (near 
21.4 degrees north 117.6 degrees east) and is forecast to 
move west-northwest at about 10 kilometres per hour 
towards the coast of eastern Guangdong.
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COMMUNICATION WITH DIFFERENT SECTORS

Aeronautical Meteorological 
Adviser at Integrated Airport 

Centre, Hong Kong International 
Airport

Briefing at Emergency Monitoring and Support Centre

Hourly central briefing for the public

55



OTHER ONGOING EFFORTS

Facebook posts to raise public’s awareness of the approach of tropical 
cyclones

Educational videos “Cool Met Stuff”
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HOW TO MAKE BEST USE OF WEATHER DATA?

https://www.ecmwf.int/en/about/media-
centre/news/2023/model-upgrade-increases-skill-and-

unifies-medium-range-resolutions

• The amount of data available to weather forecasters 
is increasing
• Both observation and model data are growing
• Increase in types, time resolution, spatial 

resolution …
• More high-resolution NWP model data are 

becoming “open” 

• The time for forecasters to assimilate the data and 
make decisions is limited

• Systems and tools to help forecasters assess such data 
are important – this requires investment in IT 
resources
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INTEGRATED OBSERVATION DISPLAY PLATFORM
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INTEGRATED TC FORECASTING SYSTEM FOR FORECASTERS
• Tropical Cyclone Information Processing 

System (TIPS)
• A web-based system on GIS 

platform
• Integrate all TC related information 

and data
• Assimilate TC track data for 

computation of an ensemble track 
for operational forecasting

• Compute key parameters for 
evaluating local impact to facilitate 
warning decisions

• Generate and dispatch forecast and 
warning products to the local public 
and other weather centres

TIPS

Weather information 
dissemination system

Centralized 
database

Tropical cyclone 
track generation 
system

Other applications
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TROPICAL CYCLONE INFORMATION PROCESSING SYSTEM
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TROPICAL CYCLONE INFORMATION PROCESSING SYSTEM

Individual EPS member tracks
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EPS mean track and strike probability



TROPICAL CYCLONE INFORMATION PROCESSING SYSTEM

Overlay of various weather observations
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TROPICAL CYCLONE INFORMATION PROCESSING SYSTEM

Overlay of NWP wind speed charts Overlay of statistical-based forecasting tools (e.g. wind 
direction)
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TROPICAL CYCLONE INFORMATION PROCESSING SYSTEM

Calculation of model ensemble tracks Preparation of TC warning tracks
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NWP VIEWER • Helps forecasters view 
prognostic charts 
efficiently

• Compare different 
models, different initial 
time

• View different charts 
(e.g. different vertical 
levels) all at once
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ZOOM-IN PROGNOSTIC CHARTS

High-resolution NWP outputs for short lead time may be helpful in appreciating the structure of TCs.  (Note the 
limitations of NWP models though)

• TC in formative stages, e.g. presence of multiple low-level circulation centres
67



ZOOM-IN PROGNOSTIC CHARTS

High-resolution NWP outputs for short lead time may be helpful in appreciating the structure of TCs.  (Note the 
limitations of NWP models though)

• Wind distribution 

• TC at dissipating stage
68



NWP TIME SERIES CHARTS
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NWP TIME CROSS CHARTS
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RAINFALL FORECAST SUMMARY TABLE
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RAINFALL FORECAST SUMMARY TABLE
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WIND FORECAST SUMMARY TABLE
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RAINFALL FORECAST SUMMARY TABLE

74



EPS METEOGRAM
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EPS HIGH WIND PROBABILITY
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COMBINED EPS MAPS: 500 HPA GEOPOTENTIAL HEIGHT

ECMWF
NCEP
KMA
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DEVELOPING SYSTEMS AND TOOLS FOR FORECASTERS

• Web-based systems with open source libraries

• Make best use of high-resolution products

• Allow easy comparison between different
• NWP models
• model initial time
• parameters

• Highlight important information (e.g. extreme 
values)

• Try to use consistent colour scheme across 
different products (e.g. wind speed, rainfall 
values, TC category, or even NWP models)
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ASSESSMENT OF TROPICAL CYCLONE IMPACTS

• Traditionally, assessment of impacts of 
TCs rely on media reports and post-
event surveys

• Collection, processing and analysis of TC 
impact Big Data are beneficial in a 
number of ways:

• Improves real-time situational awareness 
of weather forecasters

• Provides greater detail of impacts, e.g. 
location, time and severity 

• Useful for research and public education

• Supports development of impact-based 
forecasting
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WEATHER-RELATED IMPACT REPORTS

Incident reports from emergency services

Photos from weather 
camera, water-level 
monitoring cameras 
and traffic snapshots

Traffic news from the media

GIS Display for 
forecasters’ reference

Keyword 
extraction + 
Geocoding

Deep-learning network for 
analyzing the news
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INTEGRATED WEATHER AND IMPACT DISPLAY

Super Typhoon Saola
(22:00 HKT, 1 Sep 2023)

• Wind observations

• Radar imagery

• Incident reports (fallen trees, 
flooding)

• Water-level monitoring 
cameras

• Other available overlay: traffic 
speed
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IMPACT ANALYSIS: TC MANGKHUT (SEP 2018)
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IMPACT ANALYSIS: TC MANGKHUT AND FALLEN TREES

Wind obs + Fallen tree reports at 1200HKT

• More fallen trees were found when local winds turned easterlies, which were less sheltered from 
terrain
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Wind obs + Fallen tree reports at 0800HKT

16 Sep 2018



USE OF AI IN IMPACT MONITORING

Photo analysed by AI system, water surface in blue
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FLOODING ANALYTICS
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RISK-BASED IMPACT FORECASTING: STORM SURGE
TRIAL UNDER A WMO PILOT PROJECT

To develop a 
probabilistic storm 

surge prediction 
system based on 

outputs of NWP 
ensemble

To construct a risk
matrix and 

formulate action
plan for different risk 

levels
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• Based on HKO’s operational storm surge prediction model “SLOSH” 

• Probabilistic storm surge predictions at different locations are generated by running SLOSH using 51 
different track scenarios (forecast positions + post-processed intensity forecasts) based on ECMWF EPS

Example: ECMWF EPS Ensemble Tracks for TC Saola (00Z run 29 Aug 2023) Corresponding predicted water levels at Tai O

RISK-BASED IMPACT FORECASTING: STORM SURGE
PROBABILISTIC STORM SURGE PREDICTIONS
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• Probability (likelihood) and tidal level (impact) 
thresholds are site-oriented.

RISK-BASED IMPACT FORECASTING: STORM SURGE

Risk Matrix for Tai O

Tidal Height (mCD)

En
se

m
bl

e 
Pr

ob
ab

ili
ty

RISK MATRIX
ImpactsSea Level 

Height (mCD)

Minor flooding occurs in 
low-lying area

>= 3.0

Sea water can overflow 
riverbanks

>= 3.3

Most extreme storm surge 
events in the past 
(Mangkhut, Hato & 
Hagupit)

>= 3.8

Extreme circumstances in 
climate change>= 4.2
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EXAMPLE: SUPER TYPHOON SAOLA

Provisional track Flooding of Shing Mun River due to 
storm surge induced by Saola
(Courtesy of Poon Chi Ming)
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SUPER TYPHOON SAOLA: RISK-BASED PRODUCTS

ECMWF EPS Ensemble 
Tracks for TC Saola (00Z run 

29 Aug 2023)

• Indication of low-probability, high-impact water level

3 days before 
closest approach
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SUPER TYPHOON SAOLA: RISK-BASED PRODUCTS

ECMWF EPS Ensemble 
Tracks for TC Saola (12Z run 

30 Aug 2023)

• Probability of high water level increased slightly with reduction in track uncertainties

• Increased risk but time window for medium risk became more precise

1.5 days before 
closest approach

92



SUPER TYPHOON SAOLA: RISK-BASED PRODUCTS

ECMWF EPS Ensemble 
Tracks for TC Saola (12Z run 

31 Aug 2023)

• High chance of water level exceeding 3.3 m at Tai Po Kau, but overall risk remained medium; 
further refinement in time window with medium risk

0.5 day before 
closest approach
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Analysis and Forecasting

• Sparse observations over seas remain a challenge 
in TC analysis, but more remote sensing data are 
becoming available – know their advantages and 
limitations. 

• NWP models are becoming more skillful in TC track 
forecasting. Diagnosis of steering pattern and 
model performance is important.

• Intensity forecasting is still challenging – beware of 
rapid intensification under favourable conditions.

• AI-based models may play a significant role in TC 
forecasting in the near future.

Message Delivery

• While text-based weather bulletins are still 
important, alternative ways to convey tropical 
cyclone forecast information making use of mobile 
app, social media, or online conferencing can be 
considered.
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Systems and Tools for Forecasters

• With more observations and NWP outputs 
becoming openly available, the amount of data 
supporting forecasters is steadily growing.

• Effective systems and tools integrating different 
observation and model forecast data will help 
forecasters assimilate the information efficiently, 
supporting them in formulating forecast and 
warnings.

Impact Monitoring and Alerting

• Collection of weather impact information improves 
real-time situational awareness of weather 
forecasters.

• AI techniques are useful in processing and 
analyzing weather impact data.

• With good understanding of impacts in 
collaboration with stakeholders, risk-based 
forecasts incorporating likelihood and impacts will 
be useful in informing actions to be taken.
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