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Tropical Cyclone Strike Probability Maps based on NWP Ensemble Predictions

Development and Verification of AI-STORMVIS

Storm Surge Forecast Products

Application of Al models Supporting TC warning Services

Al-based Flooding Analytics
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1. Tropical cyclone strike probability maps based on NWP ensemble predictions

Tropical Cyclone Track Probability Forecast service on HKO website and MyObservatory mobile app provides the probability that a tropical cyclone (TC)
will pass over a given location in the next 9 days based on EPS data products from ECMWF, NCEP, JMA and UKMO. The TC strike probability map (SPM)

has been widely utilized by media and various communities, as it is an effective representation about likelihood of different scenarios and depicting
uncertainty of TC movement.

In 2024, EPS data from the Korean Integrated Model (KIM) of KMA ¢ To enhance the assessment of potential TC genesis and subsequent movements,
has been employed to generate SPM for reference by forecasters tropical cyclogenesis tracks from NCEP EPS have been utilized to generate SPM
during early stage of TC genesis.

[ Jd *  Combining similar data product from ECMWF EPS for identified low pressure
e o 7 system, forecasters can extract relevant potential TC tracks that pass through a

selected area of interest within a given forecast time level for generating the SPMs
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With rapid development of Al weather model, the probabilistic
forecast products based on Al weather model ensemble are
under active development to enhance supports for TC track
forecast and warning operations at HKO.



https://www.hko.gov.hk/en/probfcst/tc_spm.htm

2. Development and Verification of AI-STORMVIS

Al-STORMVIS (Al-driven Satellite-based Tropical Cyclone Object Recognition,
Motion Visualization, and Intensity Estimation System) has been in operational
trial since 2023 for providing automatic tropical cyclone (TC) position analysis
and intensity estimation. It continuously monitors TC activities over the
Western North Pacific (WNP) basin and the South China Sea (SCS) region based
on Himawari-9 imagery updated in every 10 minutes

Recent enhancements in AI-STORMVIS including:

* re-training of the model with a view to improving the overall accuracy in
TC position fix and intensity estimation.

* TCtracks over the Indian Ocean have been utilized to enhance automatic
detection when TC is within the western domain.

* The visualization web portal provides TC's movement speed and direction
over the past 1, 3, 6, 12, and 24 hours on top of the current position and
intensity estimates.

Al-STORMVIS successfully located all TC positions and provided an accurate
estimate of intensity for all TC cases in 2022-2023:
* TCs with intensities of tropical storm or above showed a mean absolute
track error of less than 0.5° and a small bias in CI.

Enhancements of machine learning algorithm in AI-STORMVIS are underway to
reduce jumpiness in the results of intensity estimation
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Date

Time (UTC)

09/01/2023 07:40

Absolute Error (deg)

Bounding Box Information:

o Centre Lat: 22.02
o Centre Lon: 115.04
* Radius of Outermost Isobar: 3.52

* Objective Intensity Prediction: 6.0 (107 knots){i

¢ Confidence: 0.910

& <Movement Information:

o 6hr dir W(278.0)

o 12hr mvt: 154 km/h
o 12hr dir WNW(282.0)
o 24hr mvt: 12.9 km/h
o 24hr dir WNW(284.0)

3 Absolute Position Error of TCs in 2022-2023
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S Bounding Box Information:

o Centre Lat: 22.24

o Centre Lon: 128.26

* Radius of Qutermost Isobar: 3.74

« Objective Intensity Prediction: 3.0 (42 knots) "
* Confidence: 0.901

Movement Information:

o Thrmvt 48 km/h

o T1hrdir: ESE(121.0)

* 3hrmvt: 120 km/h
* 3hrdir W(278.0)

e 6hrmvt: 20.1 km/h
* 6hrdir: W(280.0)

® 12hr mvt: 16.5 km/h
o 12hr dir: W(274.0)

o 24hr mvt: 17.8 km/h

Cl Bias of TCs 2022-2023
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3. STORM SURGE FORECAST PRODUCTS

* HKO has been providing storm surge forecast and alert service to relevant government departments in Hong Kong in
support of their decision making on emergency preparedness and response against the threat of coastal flooding.

* New probabilistic storm surge forecast products were added together with an increase in the number of forecast
sites from 4 to 10 in 2024.

* The storm surge probabilistic forecast products generated based on SLOSH model with input from ECMWF model
ensemble TC track forecast and post-processed intensity forecast as well as selected storm size.

YAGI (2418) -- Station : QUB
Runtime UTC : 2024-09-05 06:00  Storm Size : 56km

Threshold-exceeding Time (HKT) of Total Water Level
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risk matrix showing
the probability of
exceeding certain
water level for coastal
flood risk assessment
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YAGI (2418) -- Station : QUB
Runtime UTC : 2024-09-05 06:00  Storm Size : 56km

Probability Distributions of Forecast Maximum Total Water Level in the Current and Previous Model Runs
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Issuance Time (Runtime) (HKT)

Prepared at
150k asfosr2nza This product will e updated 4 s per day at around 0430,1030,1630,2230 HKT 15:19H 05/09/2024

probability distribution of forecast
maximum water level in the
current and previous model runs to
facilitate comparison of model
forecast changes
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YAGI (2418) - Station : QUB
Runtime UTC : 2024-09-05 06:00 ~ Storm Size : S6km

Total Water Level Cumulative Exceedance Probabilty Forecast

000 e 000 o
24096 2040947

Time (HKT)
00 04 05 075 1
Cumulative Exceedance Probabiity
be updated.
water level cumulative

exceedance probability plot
to help users grasp potential
worst-case scenarios , and
the corresponding probability
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YAGI (2418) -- Station : QUB
Runtime UTC : 2024-09-05 06:00 ~ Storm Size : 56km

Time series of total water level
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TC TRACK FORECAST
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TC TRACK FORECAST

TC forecast track error in 2024 (Preliminary, up to mid-October)
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HKO is also exploring the
use of an ensemble
approach among the
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RMS Forecast Position Error (km)

400 various different Al models.
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* Forecasts are verified against
analysis positions based on HKO
0 operational warning track and
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TC INTENSITY FORECAST

Super Typhoon Saola (Sep 2023)

Models’ short-term 10-m wind forecasts,
before Saola approached Hong Kong.
Winds of hurricane force were colored
yellow.

Hurricane force winds were recorded at
many places at Hong Kong.

The Al model Pangu-Weather could not
properly forecast Saola’s wind structure.
Pangu-Weather gave significantly weaker
winds.

Al models tended to underestimate TC
intensity.

Chan, P.W., He, Y.H. and Lui, Y.S. (2024), Forecasting Super Typhoon Saola
and its effects on Hong Kong. Weather. https://doi.org/10.1002/wea.4569
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EMERGING POTENTIALS AND NEEDS

* Al models in the past one to two years have demonstrated enormous potential
for operational weather forecasting, and showed undeniable skill on TC track
forecasting.

* Al models is very promising to further enhance our capacity on TC forecasting and
warning.

e TC intensity forecast remains a challenge for the Al models.

 Most Al models are not outputting all essential variables (e.g. lack of
precipitation), and only available at relatively coarse spatial/temporal resolutions.

 Some models tend to output overly smoothed forecasts in the longer lead times.

* Al models have been evolving very rapidly, with new models (upgrades) coming
out from various development teams (by big tech or academia).

* How could we operationally use Al models for TC forecasting?
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DETECT POTENTIAL FLOODING BASED ON CAMERA IMAGES

e The tool was developed to monitor the impacts
associated with storm surge at low lying coastal areas
in Hong Kong, in addition to the water level
monitoring measurements.

* The real-time analysis results were incorporated to

an HKO in-house alarm system to alert forecasters of Camera images over low lying coastal areas Al analysis
the possible occurrence of flooding at these locations. Water level mark
Quality checking steps were adopted to improve @ Sea wall
reliability and avoid flip-flopping signals. B water
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* The tool was enhanced with newly trained models

with enhanced performance and extended to detect Q ) ? \\\
potential flooding at more low lying coastal areas in v e S & \
Hong Kong. AR G,
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FOLLOW US

FACEBOOK

/hk.observatory

INSTAGRAM

/hk.observatory
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You

YOUTUBE

@hkweather
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