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PRELIMINARY CONSTRUCTION OF MULTI-HAZARD EARLY
WARNING AGENT FOR TYPHOON (MAZU-TC)

rr—

SHANGHAI METEOROLOGICAL SERVICE OF CMA
(COEW, AP-TCRC)

NANNING/CHINA. 20250918
- . '—::.5 K- -1.4;'-‘;: "' T l g1 *Tv TAE

vy ¥ A i = i
o L =S ™ = =
= | 4
v L. b : : =
i =t SR
Q Ixj
L




. . ) e L. China has responded proactively,
A Global Mission: United Nations EW4AIl Initiative put forward a three-years action plan

Early warnin -

Initiative (2022-)

China’'s Action Plan on Early Warning
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Al Agent for Urban Multi-hazard Early Warning (MAZU-Urban).

It was developed under CMA’s international cooperation brand “MAZU”, with a focus on urban areas.



l Release: Al Agent for Urban Multi-Hazard Early Warning (MAZU-Urban)

> FDP of WMO: EXPO-Shanghai (2010) > Pilot Project (2025) : Center of urban multi-hazard Early Warning (CoEW)

v Integration of three terminals of MAZU-Urban v' International public products:
(PC, Tablet, Phone)
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Al Agent for Urban Multi-hazard Early Warning (MAZU-Urban).

It was developed under CMA’s international cooperation brand “MAZU”, with a focus on urban areas.



Climate Changes »> Weather Rages (Record-breaking has become the new normal)

» Typhoon: the most severe natural disasters in Southeast Asia

Flash Flood in norther Chma

L8 ERE
Typhoon Bebinca
Strongest over-75years:in Shanghai

evereJFIood~m Pakistan——' 5
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Launch of the Construction Work for Typhoon Multi-Hazard Early Warning Intelligent Agent "MAZU-TC"

Pillar 1 AllEp

Al-powered Monitoring and

Tropical Cyclone Dataset Forecasting Analysis Tool

Typhoon Best Track Dataset

Typhoon Wind and Rainfall Impact Dataset
+ Global Typhoon Forecast Dataset
v+ Global Atmospheric Reanalysis Dataset
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Shanghai Typhoon Model (SWARMS-TC)
Shanghai Intelligent Typhoon Model (ISTM)
Guangxi-ASEAN Typhoon Al Forecasting Model ,
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Pillar 4 Pillar 3 ‘
Typhoon Progressive po o ; Typhoon Disaster Risk and
Service Response Plan I / 7 Benefit Assessment

-----

+ Typhoon Early Outlook Typhoon Catastrophe Risk Assessment

,_____________
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+ Initial Stage of Typhoon Formation @~ S o™ - v . Typhoon Disaster Prevention and Mitigation
« Typhoon Entering the Warning Zone e _a Benefit Evaluation
+_* Before and After Typhoon Landfall /,' ‘\\ + Street-Level Dynamic Typhoon Risk Assessment
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Disaster Risk Knowledge and Management

Pillar 1 Tropical Cyclone Dataset
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o . : d book Geographic Distribution of Users on The "Western North Pacific Tropical Cyclone Retrieval
yphoon climate atlas and yearboo the Tropical Cyclone Data Website System" can provide real-time typhoon forecasts,
(79 Countries and Regions) historical typhoon queries, similar typhoon retrieval, and

wind and rain impact data inquiries, among other services.



> NWP (SWARMS-TC)
Timeline of the Shanghai Typhoon Model (SWARMS-TC) development

B3 - LigakiEz, (SWARMS-TC)

Pillar 2 An Al-powered Monitoring and Forecasting Analysis Tool

Pillar 2

Detection, Observation, Monitoring, Analysis,
and Forecasting

The forecasting capability of
SWARMS-TC has been
improving year by year.

— 2019
2016 Forecast Skill (SWARMS-TC) — 2024
3 IE 24h T T~
SHTM- Operational SHTM upgrade St—lTM ensemble furfmm'nq Shangh:idzphoon Model - Srhm;hn Ty;—)}u).r)‘n [G...;n:l:j!v Shanghai (Hybrid)
implementation system - operational version Upgr: to Version 3 orecasting System Upgrade Typhoon Model Upgrade
©. Deve S ® Developed based on WRFv3| @ Horizontal resolution: 27 km @ Horizontal resolution: 9 km @ Horizontal resolution: 9 km () Driven by»ECMWF—lFS for large \
3 ; ek Ao Ak Horizontal resolution @ Forecast lead time: 72 h @ Forecast lead time: 120 h @ Forecast lead time: 120 h scale forcing
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:;ogA) !ech[::)e = @ Three-level nested grids observations assimilation from dynamical downscaling Intelligent Shanghai

® Cycling vortex initialization

® Combination with initial

® Added scale-aware convection

SHTM Upgrade

Typhoon Model (ISTM)

condition perturbations
‘ @ Constructed a high-resclution
Integrated typhoon and lntrod};ced b ionbaicizd reanalysis training dataset
Bogusing Data Assimilation Three-level nested grids | The first operational typhoan regional weather forecasting S ) targeting typhoon structures

(BDA) technique Cycling vortex initialization

ensemble forecasting system

Assimilation of domestic
satellite data

drag parameterization

Added subgrid-scale orographic

@ Using a two-step regression
model; U-Net-Diffusion

2034410/26 (HENE. =58 BMLIR. WPE)L, 67, 585 ©,5570, ML iR, 380, AR S Ve, I, = 6. 1R =2, Jbh, Lt 0L IR LD 1R

— ENANMETC

m— CMA-TYM s g
E 600 WM CMA-TRAMS In 2024, typhoon track
= ST forecasting performance of
P 400 SWARMS-TC ranked first
- among regional numerical
£ 290 models.
0.

12

24 36

48 60

Lead Time (hr)

72 84

96

108




Pillar 2

%:i*I - iiﬁémgﬁgﬁﬂ ( ISTM ) Detection, Observation, Monitoring, Analysis,

and Forecasting

Pillar 2 An Al-powered Monitoring and Forecasting Analysis Tool

3. Minute-scale probabilistic typhoon forecasts

» Al model 2. A two-step strategy based on U-Net-Diffusion
model x
sgop JSTM_Fest: 6 h
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4. Al companion models that faithfully reproduce physical model processes
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B=FH - EREME ST Pillar 3

Pillar 3 Typhoon Disaster Risk and Benefit Assessment e e

Typhoon Disaster Prevention and

Mitigation Benefit Evaluation

Typhoon Risk
Assessment

» ESCAP/WMO-TC: AOP, WGDRR (2015-)

» Member: China, Malaysia, Laos, Vietham

Street-level Dynamic
Risk Assessment
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e Typhoon Climate
Prediction

e Tropical
Disturbance
Monitoring

« Disturbance
Ensemble
Forecasting

lyphooniPrediction
Infonmation
(APEICRC)

« Similarity Retrieval

« Track and Intensity

Shanghai Typhoon Model
Shanghai Muti-model consensus

+ Strike Probability

Shanghai Ensemble
system

Ensemble probability
Ellipse

» Landfall Probability
Probability of Landfall

Typhoon Special Brief

(Typhoon Bulletin))

Entering the

48-hour Warning Area

« Similarity Retrieval

+ Track and Intensity
Shanghai Typhoon Model
Shanghai Muti-model consensus

» Strike Probability
Shanghai Ensemble
system

Ensemble probability
Ellipse

Landfall Probability

Probability of Landfall

Typhoon Special Brief
{Typhoon Bulletin)
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Pillar 4 Typhoon Progressive Service Technolcg/ Support Response Plan

Entering the

* Similarity Retrieval

+ Track and Intensity

Shanghai Typhoon Model
Shanghai Muti-model consensus

* Wind and Rain
CMA-SH9
CMA-SH3
Shanghai Typhoon Model
Wind Probability
Shanghai Ensemble System

« Wave and Storm

Surge
SWARMS-OCEAN

+ Landfall Probability

Typhoon Special Brief
{Typhoon Bulletin)

Pillar 4

Preparedness and Response Capabilities

4-hour Warning Area

« Similarity Retrieval

* Track and Intensity

Shanghai Typhoon Model
Shanghai Muti-model consensus

* Wind and Rain
CMA-SH9
CMA-SH3
Shanghai Typhoon Model
Wind Probability
Shanghai Ensemble System

* Typhoon Disaster
Assessment
Probability Forecast for Diff.
Disaster Risk Levels

Typhoon Special Brief
{Typhoon Bulletin)

Post-event
Review

* Forecast Verification

* Typhoon Disaster
Assessment

* Typhoon Impact
Rank

* Mechanism
Analysis

* Typhoon Post-event
Review

Post-event Review
F(National or Regional)




Seek Collaborators:
XS KB HITRZEE e
(MAZU-TC)
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mstltutlon ’ ne. It requw s global collaboration.
ease Jom us Wlth your nation. Whether it is data, computing

‘7 Ient—every contrlbutlon is crucial.

A you want to go fast, go alone; if you want to go far, go

together. ace of global climate challenges, only unity and cooperation can form

our strongest line of defense.
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