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50 People
Washed
Away

5 Died

ThIS Tragedy could have been Prevented if only they
| knew 10 mlnutes in advance that a flood was coming.




Every year, Storms & Floods kill Thousands and wipe
away properties of Tens of Billions of Dollars.
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Scales of Weather Forecasts

Time Horizon

3 Month 1 -9 Day
Forecast Forecast

Forecas t Forecast 8Nov  9Nov 10Nov 11 Nov
(FRI) (SAT) (SUN) (MON)
Jun — Aug 2019 Normal to Normal to
above normal above norma |
Mar - May 2019 Normal to Normal to
above normal above norma |
Dec 2018 — Feb 2019 Normal to Normal to
b | b | . . » .
ormal | above norma 21]|26C 20|25C 21|25C 22|26¢
Sep — Nov 2018 Normal to Normal to 40-70% 50-80% 55-80% 60-80%
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Nowcasting - Resolutions Matter
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SWIRLS Nowecast System Y 5805 o

SWIRLS: Short-range Warning of Intense Rainstorms in Localized Systems

Nowcast Modelling

- Computers Forecast

- 80 TFLOPS CPU/GPU Rainfall,

| 1.5 TB RAM Lightning,

- 960 TB Storage Hail & Gust
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With SWIRLS Nowcasting

Issue Weather Warnings and

Weather
Forecasters

Forecasts, which

Save Lives
Protect Properties

Citizens

Decide whether to:

Seek Shelter?

Bring Umbrellas?
Cancel Hiking?
Indoors or Outdoors?

Government

& Utilities

Respond to:

Improve Ecology of Wetland
Enhance Productivity of Works
Mobilize Staff in Advance
Increase Power Supply Stability
Suspend and Resume Operations
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1. Simulate Radar Data from Satellite’s QP o itamon
using Al Neural Network in SWIRLS

Reflectivity 2019-07-31 Based @ 15:00H Reflectivity 2019-07-31 Based @ 15:00H
CMA Radar / SC Valid @ 15:06H Multi-Sensor / SC Valid @ 15:06H
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Raining Areas
Far Away
Simulated with

Raining
Areas
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No Radar
Data Here

Satellites” Data
Using Our
Neural Network

Original With Our Neural Network



2. Nowcast with Al Computer Vision

in SWIRLS

Based @ 21:00H Valid @ 21:00H

Actual
Raining
Areas

Reflectivity 2019-10-06
Based @ 21:00H Valid @ 21:00H

Calculate
Speed &
Direction of
Raining Areas
By Al
Computer Vision

Reflectivity 2019-10-06
Based @ 21:00H Valid @ 23:00H

Forecast
Raining
Areas
Using GPU

Precisely
Where,
When &
How Much
Rainfall



3. Next-Generation of SWIRLS Al Nowcast €858

° ° B EEHFAEB
Enhanced Accuracy with Deep Learning W
Deep Learning Nowcast
Big Data
7 Years of Historical Data

140 Billions of Data Points
Trained Al Models to Predict Radar Images
Edge-Cutting Algorithms:

* Convolutional LSTM (Long-Short-Term-Memory) Forecast
« Trajectory GRU (Gated Recurrent Unit) Radar Images

Actual Radar
Images

Pioneered “Deep Learning Nowcast”

.
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Research Papers Related to SWIRLS Nowcast &

International / Regional
Conference Paper

RR_1 DI of Satellite
for Tropical Cyclone Rainfall Nowcasting
W.C. Woo', Y.Y. Ip?, WK. Wong', N.H. Chan'

Collaborative Develoy of the C ity SWIRLS N System

Abstract

Recert 81 Wane-chun Woo', Pak-him Kam’, Ka-chun Shek', Ka-ho Ng'

The Hong Kong Observatory
i University of Hong Kong
Location Specific Lightning Nowcast Service
atory (HKO) currently shares the Community

CHAN Ngo-hin - WOO Wang-chun SWIRLS) with logical and hydrological

Hong Kong Observatory Ips them provide or enhance their nowcast services.

d xarray, Com-

AR T A M AR o, and

on forecast

In March 2017, the Hong Kong O 1 A8 SRR 48.(1604) collaborative

Kong lightning nowcast”, which
time series of predicted lightning
public to appreciate the develoj

precautionary actions against lig Experimental Location Specific Probabilistic Rainfall Nowcast

location “=-——=*~= - A ] ,
strikes w EIGHTH INTERNATIONAL WORKSHOP ON TROPICAL CYCLONES ing-chun " and Lok Ka-man
nm(:cvl::;ses{" Kong Observatory
alarm rat 8.2 Challenges and Advances related to TC Rainfall Forecast iversity, United Kingdom
o Abstract
Keyworc Rapporteur: WOO Wang-chun
Hong Kong Observatory (HKO) ly op i
B N B Aot Hone Kope. S ‘Warning of Intense Rainstorms in Localized
‘ Email: wewoo@hko.goy weasts through the

Phone: +852 2926 8453 An Automated System to Express Actual Rainfall, Thunderstorm and Gust
as well as Forecast Rainfall in Everyday Language

Working group: (by surnames it

Wallace HOGSETT ~ Weather WOO Wang-chun' YEUNG Hoi-lam'  LEUNG Ming-tak®
(previous 'Hong Kong Observatory  *The University of Hong Kong
M. MOHAPATRA Indian M
Kazuhiko NAGATA  Japan Me¢ Abstract
i oo  In 2013, the Hong Kong Observatory developed  system that ically compiles
VO Van Hos Nationdd rainfall related messages for forecasters’ reference when preparing “Special Weather Tips”,
XU Yinglong China Me based on regional rainfall records and quantitative precipitation forecasts from the SWIRLS ERN outputs to
nowcasting system.
been conducted
Abstract: The system was optimised and expanded during 2014 — 2015 to also cover information ed frequencies
on thunderstorms and induced gusts. The regionalization mechanism in the system was sity thresholds
revamped to make the rainfall, thunderstorm and gust messages more precise and accurate 5 i
Precipitation from tropical | within the user-defined word count limit. This article introduces the new features of the Ctively. Relative
While playing an important role | enhanced system, and briefly describes the direction of future development and applications. ity threshold of

many lives and cause substantial dam
disasters. An effective warning system supported by sound ce, observation networks, forecast suppo
systems and warning message is Y to mitiga adverse impacts.

al

This report starts with progresses made to the observation network as well as methods to compute B scensrios.
Quantitative Precipitation Estimate (QPE) and Quantitative Precipitation Forecast (QPF) in several National
Meteorological and Hydrological Services (NMHS). Generally speaking, observation networks and forecast
systems have significantly advanced in the past four years. It however remains a challenge to forecast and
warn for severe weather in a timely, accurate and precise manner. Some limitations, such as relatively sparse
maritime observations, would be hard to overcome but still a lot of improvements, like enhancing QPE
algorithms, advection-based models, and NWP models, could be achievable. The report concludes with a
number of recommendations for NMHS to consider when formulating strategies to meet challenges in
forecasting TC rainfall

s are simple to
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Academic Journal Papers

Cited 1,300+ times

Convolutional LSTM Network: A Machine Learning
Approach for Precipitation Nowcasting

Xingjian Shi Zhourong Chen Hao Wang  Dit-Yan Yeung
Pt et o B pering

jology

.ust.hk

Deep Learning for Precipitation Nowcasting:
A Benchmark and A New Model

Xingjian Shi, Zhihan Gao, Leonard Lausen, Hao Wang, Dit-Yan Yeung
Department of Computer Science and Engincering
Hong Kong University of Science and Technology
{xshiab,zgacag, lelausen,hvangaz ,dyyeung}@cse.ust.hk

thun Woo

. atmosphere ﬁfﬁ:w

Article
Operational Application of Optical Flow Techniques
to Radar-Based Rainfall Nowcasting

nowcasting prob-
spatiotemporal
the state-of-the-

of regional rainfall, precipita-
technology underlying

Wang-chun Woo * and Wai-kin Wong £5 1o fight safety, Recently

Forecast Development Division, Hong Kong Observatory, Hong Kong 999077, China; wkwong@hko.gov.hk shown 1o outperform tradi-

* Correspondence; wewoo@hke.govhk; Tel.: +852-2926-8453 casting. suggesting that deep

problem. However, the con-

Mar 2014 'WOO ETAL. m February 2017 maxdels is location-imvariant

) are location-variant in gen-
developed rainfall nowcasting hon powcasting is a newly
lized Systems (SWIRLS)” to been established. To address

ial step in rainfall g bench for precip
polation of rainfall areas in the and propose the Trajectory
AN ALGORITHM TO ENHANCE NOWCAST OF RAINFALL BROUGHT BY in its first operational version location-variant structure for
TROPICAL CYCLONES THROUGH SEPARATION OF MOTIONS in 2010 and further enhanced that mch!@ a real-world
function to enhance a selected e saw GRining loss, ‘f“’ o
ical flow computation that takes jirscarch and gauge the state
method. This paper details the
in several significant rainstorm
. The limitations of the current
research areas are also presented.

W.C. Wool, KK. L2, Micrast Bara®
"Hong Kong Observatory, Hong Kong, China
“The Chinese University of Hong Kong, Hong Kong, China
“Philippi i ical and. ical Services Administration, the Philippines

ABSTRACT

‘The Hong Kong Observatory eperates au in-house developed noweasting system, namely “Short range Wam-
ing of Tntense Rainstorms in Localized Systems (SWIRLS)", to support the operation of rainstorm and severs
weather wamings as well as to provide rainfall nowcast services for the public and for special users in Hong
Kong Aiming to enhancing its performance in nowcast of rainfall brought by fropical cyclones, 2 new radar

echo the motion of i n bands fom.
eyelone has been developed. Back-testing with in the pas new scheme
is mors capabl & i and can enb.

on forecast, tropical cyelone




SWIRLS Nowcast for Weather Forecasters  &3%55% 80
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- 4 Guidance on Rainstorm Warnings are provided
mison | Half an Hour in Advance, reducing casualties and
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SWIRLS Nowcast for Citizens & 502 o

Rainfall/Lightning Rainfall/Lighting
Nowcast Nowcast
On Mobile App On Internet Website

[ 1:31 T )

= & MyObservatory C +

13 June 2019(Thu)
T |

@ Victoria Harbour

Rainfall Nowcast

29°C lLQC

25 yai@lll Over 1.5 million
sl active users

Lightning Nowcast

Over 10 billion visits in 2019




SWIRLS Rainfall Nowcast for & 502 o

Drainage Services Department
overnment of the Hong Kong Special Administrative Region

Drainage Services Department D
SWIRLS Nowcast
Rainfall & Warning
& . f, AN
Wetland = £ A b [ Rainy Mode 1 Sunny Mode
SRR | NS
Ti‘%;; P :“’ { Prfvegt J Preserve
*‘ F
Drainage System in Shuen Wan Wetland . Wetland

Greatly Improves Wetland’s Ecology
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SWIRLS Rainfall Nowcast for 1155 oo
Draina ge Services De pa rtment D Drainage Services Doparment,

0»

H!Muutlﬂ v

After adopting rainfall
nowcast, workers can work
until 2 hours before the
arrival of rainstorms.

Construction Works inside Kai Tak River

Enhances Productivity of Workers -
AK /\
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SWIRLS Rainfall Nowcast for ) SR
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Geotechnical Engineering Office (GEO) CEDD Svmagin
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GEQ’s Landslip Model

Supports Decision on Landslip Warning
Enables Mobilization of Staff in Advance

~ /




SWIRLS Lightning Alerts for ) Jrlat
Power Company

~ Lightning Nowcasting System

Seloct Date: (20190106 1206 St | st modie

Power Supply
Reliability:
99.999%

Supports Decisions on Mobilization
Enables Rapid Resumption of Power

—_— j




SWIRLS Lightning Alerts for O LR
Hong Kong International Airport

= 3%k | AIRPORT
'S | AUTHORITY

%b%%fﬁﬁ HONG KONG

21 Apr 2017 1541 HKT

it nge:  THMES 64 km

Minimizes Risk of Lightning Strikes
Of Ground Staff in the Airport



SWIRLS Lightning Alerts for
Theme Park, Golf Course & Cable Car

‘Weather Information Server 2 Welcome [wewoo] |

‘Weather Observations ‘Weather forecast ‘Weather Warning Other Information Specialized Services

Specialized Services

=X

Support  Notices  Setting  Logout

Lightning Alert for
NP36

Lightning Alert for OP

Lightning Alert for KSC

Intense Rain Echoes
Alarm

Tropical Cyclone Strike
Probability Map

Lightning Alert for NP360
Mute | 5| 15 30  minutes 2016/04/13 08:17

Actual

Lightning detected within 1 km of
NP360 during the past 15 minutes

Forecast

Lightning expected within 10 km of
NP360 in the next 30 minutes

£y,

i

Show real time

Enable Timely Suspension of Services Before
Thunderstorms and Early Resumption After

S~

—




Technology Transfer for
Overseas Weather Services

Easy to Install,

Weather
Forecasters

Configure and Use

Community Overseas g
SWIRLS Weather
Platform Services

Government
For Developers & Utilities



Community SWIRLS Nowcast System

Transferred to 33 Countries/Regions

Asia Pacific

Australia Macao
Bangladesh Malaysia

China Myanmar
Fiji Philippines
India Singapore
Indonesia Sri Lanka
Japan Thailand
Korea Vietnam

Laos



Appreciation letters from ... G Yot -
Malaysia India

KETUA PENGARAH )) ‘
DIRECTOR GENERAL 7 . P a- m ARE TRBR
M it nt w wa Jraw s R
. ‘ Frea T fr e A e SR e wa, A e
fer s Rraw o @ wrio TRYT @ wee 7 Rl — 110003
Government of Indi
Dr. K, J. q@mesﬁ mhwoﬂsam Sclences
" ndia ical Department
Director General o Meteorology & Ml B tai Lo s
Permanent Representative of India with W.M.O. 17 T New Delhi - 110003
JMM. PPT32/010/26 JLD.6 ( 42 ) and Member Executive Council Of W.M.O. p B
g% Oct- 2017
29 SEPTEMBER 2016 d
Mr. Shun Chi-ming Bt D Veee

We thank you and your organization for helping India Meteorological

Director of the Hong Kong Observatory Department to implement the SWIRLS software at IMD for use in operational

Hong Kong Observatory,
134A Nathan Road,

nowcasting. The terms of usage as mentioned in your mail, are as below:

Kowl H K ; 1. The SWIRLS software (or “Soﬂl

SN e i We thank you and your

T 2. The Software or its derived pro( . . . .

Dear Mr. Shun Chi-M

e = e 3. Due acknowledgement to the H Organlzatlon for helplng I ndla
SWIRLS RADAR NOWCASTING SOFTWARE SSUls Nins ol S e Meteorolo gl cal De pa rtment
| wish té rAefer to the apove and would like to take this opportunity to express my »sincere ::::: ::2::::;9: ::’:::::: DII'ECtOI'—GenerG/ Of
appreciation and gratitude to the Hong Kong Observatory (HKO) for granting the it Association Batwesn st
Malaysian Meteorological Department (MetMalaysia) permission to operationalise the /ndian Meteoro,og[cal Department

SWIRLS (Short-range Warning of Intense Rainstorms in Localized Systems) software

see express my Sincere appI"ECiatlon erationalized nationwide in |4 }
and gratitude to the Hong Kong e siatons, Honessing
Observatory ...

W
(K.J'-Ramesh)
without guidance from the

Di recto r_General Of ficers had provided to our g\r/\l‘llf\zlfg svovf?wng;:hggvelopment Team
) . and the 2015 WMO VCP :‘g:lg I:loar:ﬁa?ib;s.w'l?st&ysm Tsui, Hong Kong
Malaysian Meteorological Department |.. ..o wee i anc

Tnvaluable as they enabled our oficers to enhance their skills and knowledge in severe

weather nowcasting and forecasting.

Phone : 91-11-24611842, Fax: 91-11-24611792, Resi.: 91-11-24657374
E-mail: kiramesh2607@gmail.com / com / kj in / kj.ramesh@imd.gov.in




Designated as Regional Centre for Nowcasting
by World Meteorological Organization (WMO),
a United Nations Agency

%)) WORLD
"2 METEOROLOGICAL

V. SR e e

ﬁ" HONG KONG OBSERVATORY

Vod ) mrmsEREEa R

~—=*" RSMC for Nowcasting

WMO

£ ORGANIZATION In Recognition of our Outstanding Technology
and Contributions, HKO has been designated by

WMO is an : ,
L. UN/WMO as a Regional Centre for Nowcasting.

UN Organization, Opening i ted bv HKO's Director (left

like WTO, WHO etc. pening inaugurated by s Director (left)

and Secretary-General of UN/WMO (right)



ECONSTRUCTION AND REHABI )
KONG VILLAGE ROAD TO PRINCE EDWARD ROAD EAST

ACEHK ANNUAL AWARD

79 aricia s

AWARDS
#HA LONG

<

CERTIFICATE

Annual Award of
The Association of
Consulting
Engineers of Hong
Kong 2017

Smart Business Grand Award
Smart Business (Solution for
Business and Public Sector
Enterprise) Gold Award
Hong Kong ICT Awards 2019

Winner Awards at the 19th Asia Pacific Information and
Communications Technology Alliance (APICTA) Awards
Public Sector & Government category — Gov’t & Citizen Services
Technology category — Artificial Intelligence
Ha Long Bay, Nov 2019
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SWIRLS —

RERSARYEARE

Computer Simulation of Physical

Processes In the Atmosphere

1

sEmsmna smmes
—

| EEm s

-
S

-t - . .
s
- 1.

m R RS REEE
Remote-sensing and
conventional weather

observalion data
-

QLML - TR RER A
ERR T Epadigh L3 1
High-resolution storm model to
directly simulate the evelution of
precapatating clouds up to 15 hours
ahead
-

:IW(KIV?H: fR
i)

Computer-generated forecast ramfall
maps for the next 15 hours based on
simulation
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ﬁ" HONG KONG OBSERVATORY

HKO Rainstorm Nowcasting System

TiE BN - ST ETER B TRER A S R AR TR

Radar Tracking, Analysis and Forecast Nowcast Products & Services
1AKE | FYRIRN Special Editions ofS\VIH SRR

In support of Important International Events

2 I~ lal®
i R ' N
SWIRLS } . v £ e
Nowcasting s = " i "0
System ( Mm ORUS 2010
v

TR B A2 1 526 oI £ 0% S e g S
Computer-generated forecast rainfall maps up to
6 hours ahead based on radar

3 Sl s %
FIR e V5 i u
ORI, A 2t ‘ 010
Mg i‘%’*"&':"i gr:z:r i sixzm.ummg;;q REEs
BIELRe e e | '] arih ==
i f{?} f’fl'f,_f_i"s N £ Cell identification and radar
A 'l.t‘m 1[-_ s Real-time signature analysis for severe
Automatic - < c i
tracking and e ‘,"_ all::;::n o ﬂU?lh
prediction of : :" detected v
ramband ruinfall rate (=4 & SIS
movement NI using the In support of Thunderstorm Warning System
from radar iy o dense
-
o ramngauge
+o" network
aR
A '

P S W

— e -

WMEAMWELEE ~ PR ~ AW AN
AN

of

Computer-generated forecast map
squalls, lightning. hail and heavy ram

S R B S PER=rY , FERTERNT ORI O s AT R
In support of Rainstorm and Related Warning Systems Public dissemination of nowcast rainfall maps for the Pearl
- = River Delta region via HKO Internet website

> CCLLLLETTrT

S ERUY o SRR A B

L2 B

ST SRS AT I N RERA R Forecast rainfall information
5 A S 6/ h R 5N visualized with 4-di | map
) of the globe

Forecast rainfall maps up to 6
hours ahead blended from radar
nowcast and computer simulation
results



Warning Signals on
Rainstorm, Flooding and Landslide

t Amber Rainstorm Signal L/ Thunderstorm Warning
IEEI

underslorm

Red Rainstorm Signal
Heavy rain has fallen or is expected to

Landslip Warning

dddada

409049 fall generally over Hong Kong, exceeding
Red _“I 50 mm in an hour, and is likely to
continue.

Special Announcement on

Black Rainstorm Signal o N
) : - Flooding in the northern
Heavy rain has fallen or is expected to Pl ) .
fall generally over Hong Kong, o New Territories
exceeding 70 mm in an hour, and is /—A_/'/

likely to continue.
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SWIRLS’ Core
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" HONG KONG OBSERVATORY

SWIRLS E ble Rainstorm (SERN) [36 members] at 2019-04-20 13:42 HKT

Time Machine (Update OFF) x
= Now 201904201354
8o Interval 1 v min(s)
T < > >
E
=60
E 5
&
g 40 ] .
2 Effective R/F (mm)_at 13:50 @
£ 30
£ : Uncapped : 8.8
® 20 L
| | = [~ .
o A | | _}_ ERIEIEE am N “é__é_,l’-—/ ] Capped-Black 7.5
0 o ! ke s saneit 1L TToomm Capped-Red  : 75
13:00 14:00 15:00 16:00 17:00 18:00 19:00

Capuzdtmbsr 7ie3)

Automatic Rainstorm Related Objective Warnings (ARROW)

i Rkl Distrotion Ending o1 1-50 P 2978.04-70 o At Do i =124
Co-Kriging+Bames Analysis for HK - ROVER-A Forecast for Hol o

An integrated support on
decision making (alerts,
warning, consultation with

Gust | Gale 70-58 ki (85.2)
30~ 50 men hr

government departments) 3 Fod] T

during heavy rain situation | Gust |

| Thunderstorm ( 10 - 100 strikes in 6 mins ) |

andslip (consultation) ‘Amber( in 18 mins; MBS)|
1340 1345 1350 385 1400 1405 1410 1415 1420 1425 1430 1435 1440 1445 1450
Saturday 20 April 2019 [13:54:02] 13:54:34 o
T
Prob.(AMBERX:) Ne. of R/ GPast Ihr rainfall == 30 nunl! Lead timemin) | Prob.REDX%) No. of R/ G(Past Lhr rainfall ~= 50 mm) ad timetmin) | Prob.GLACKN:) No. of R/GPast Ihr rainfall == 70 mm) Lead timemin)
100 Max. Proh: 100% = # 190 Max. Prob: 46% 25 1 100 Max. Prob: 7% =
SH
. 3F
g 2 8 2 8§ 2]
1) 1B
[ 15 | 15 15 6015 1
£ -1 -1%
4 1 4 1 4 1
6 -36 -36
3 4 -34
2 2] 2]
)
' 2 ‘ 1 ' 2 -2
J
! s .. - mal
1240 1250 1300 1310 1320 1330 1340 1350 1400 1410 1420 1430 1440 1240 1250 1300 1310 1320 1330 1340 1350 1400 1410 1420 1430 1440 1240 1250 1300 1310 1320 1330 1340 1350 1400 1410 1420 1430 1440
Actual 20190420 Forecast + Achual Actual 20180420 Forecast + Actual Actual 20190420 Forecast + Actual

NT East NT West NT North



QPE — Quantitative Precipitation
Estimation

Schematic diagram showing the calibration
of radar reflectivity using real-time
raingauge measurement.

Z-R relation for converting reflectivity to

rainfall rate s
Z =aR’ n
\L ‘1 D
dBZ. =b dBG; + 10log(a) % : | . 8 <
\ v
S N

Gridded rainfall analysis computed by
Barnes analysis or co-kriging algorithm
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Limitations of Radar Measurements (1

—~—

444,y Y44 4 2447
77 7 4G94
99 7] %
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p 4 mEwEm o
/ Dryer near ground /

/I wmx
rain gauge
KRR E P R BT R RN A

weather radar Rainfall rate detected by radar

higher than that by rain gauge

ATORY



AR SR8
“' HONG KONG OBSERV,

Limitations of Radar Measurements (1
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RREE FEBHE N BEHER G/
weather radar Rainfall rate detected by radar
lower than that by rain gauge

ATORY



Radar Nowcasting —

Maximum Correlation (TREC)

. 05,1,15,2,..5km
."~,. CAPPI 64, 128, 256 km
*sange
*

Pixel matrix TRECvector

Sea[t.hing radius

.
-
-
| ]
-
-
-
L ]
Searc.h'mg radius
..
L
-
.0
*

R
T ....IIIII““ _ .
pixel matrix with T—6min

maximum correlation R

where Z; and Z, are the reflectivity at T+0 and T+6min
respectively

PRACEAOEESWAC) RAC

KZ Z2(K) - Nz_fjx[z Z,2(k) - Nz_ﬂ

R =
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“" HONG KONG OBSERVATORY

Echo Tracking

e Optical Flow

ROVER — Real-time Optical-flow by
Variational method for Echoes of
Radar

Given I(x,y,t) the image brightness at
point (x,y) at time t and the brightness
is constant when pattern moves, the
echo motion components u(x,y) and
v(x,y) can be retrieved via minimization
of the cost function:

2

J:” ﬂ+uﬂ+vﬂ dxdy
o0 ox oy



Semi-Lagrangian Advection

— Robert scheme (3 iterations
to find origin point)
— Bi-cubic interpolation

— Flux limiter
(local max, min constraint)

— One-way nesting

Ax
A L o Zjn+1
n+1 ¢ ® ” ®
a us =
E AP AL '
n —e ) S— .
j-2 1 zn j+1
-

Semi- Lagranglan
Advection

."‘-».h“u""'-\."'-\-"‘-—\\—'l_“_,_\,_,.
L
N T
L WL R N R

_.

T
ey al’-\"&""a-y""h—"-—\\n—.‘h—x.—.h_m_b_,‘

hnear
g extrapolatlon
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QPF (Quantitative Precipitation Forecast]”

For Public Weather Services

HKO Automatic Regional Weather Forecast
http://maps.weather.gov.hk/ocf/

Automatic Regional Weather Forecast in Hon, g Kong & Pearl River Delta Region

3 =
{ Two-hour rainfall }7
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http://maps.weather.gov.hk/ocf/
https://www.hko.gov.hk/myobservatory_e.htm
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Rainfall and Lightning Nowcast
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Seamless Integration of Rainfall Nowcast with Automatic Site-specific
Weathel” FO FecaSt Rainfall Nowcast in Hong Kong and Pearl River Delta Region in the next 2 hours
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Rainfall nowcast for the
next 2 hours
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Click for the time series of the nowcast rainfall intensity
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On 22 July 2015, the Amber Rainstorm Warning Signal
issued by the Observatory lasted for nearly 12 hours
and the Landslip Warning was also in force for more
than 6 hours. The area of intense rain remained
almost stationary over the southern part of Hong
Kong for a prolonged period in the morning
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Lightning Nowcast in Automatic Regional Weather Forecast (ARWF) website

http://maps.weather.gov.hk/ocf/
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Lightning within 10 km in the first 30-minute period

Lightning within 15 km in the first 30-minute period

Lightning within 10 km in the second 30-minute period

Lightning within 15 km in the second 30-minute period
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Location-specific Rainfall and Lightning Nowcasts
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Severe Weather Nowcast in SWIRLS
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10-minute Mean Wind at 12:30HKT on 9 May 2005
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Weather Nowcast
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] 160-dBZ TOPS > 3 km

0-2km VIL < 5 mm
‘/



Lightning Nowcast

* +/-ve charges carried by ice and graupel
respectively

0 0 -20°C

(a) charge separated vertically by updraft

JU

(b) physics reflected in radar observations:

TOP, VIL, REFyec, REF ;poc, REF ,00c

Table Il — Summary of the conceptual model for lightning initiation.
Isothermal | (i) Shallow Cu |(ii) Towering Cu|(iii) mature Cb |(iv) decaying Cb
layers | D| H |E/ D] H |e/] D] H [E| D] H [E
below -40°C f * P f % P
2010 -40°C 1 « ol x ol
~10t0-20°C | mw *A B *A § )
010 -10°C J N *g [NV *A QE *
above 0°C () ﬂ 0 ﬂU /A © 5 U AN
near surface | >« —y4— ; “ v m(_ =5 /€

Note : Headings D, H and E stand for vertical dynamics, hydrometeors and electric
charges respectively. Other symbols are explained in the main text of Section 2.



SWIRLS Lightning Alerts for
Hong Kong International Airport

Minimizes Risk of Lightning Strikes
to ground staff in the Airport
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Lightning Alert and Nowcasting Services for PUblic™
Facilities

Weather Observations ‘Weather forecast Weather Warning Other Information Specialized Services

Specialized Services i

Lightning Alert for » Lightning Alert for NP360 ) il
NP360 Mute | 5 | 15 | 30 | minutes 2016/04/13 08:17 o

Actual Forecast

Lightning detected within 1 km of Lightning expected within 10 km of
NP360 during the past 15 minutes NP360 in the next 30 minutes

Lightning Alert for OP

Lightning Alert for KSC

Intense Rain Echoes
Alarm

Tropical Cyclone Strike
Probability Map

IERNRTHFTHITIETY

Show real time
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COMMUNITY SWIRLS (COM-SWIRLS)



Com-SWIRLS

Capacity building of rainfall nowcasting in NMHSs,
promote knowledge exchange and collaboration

on research development of rainfall nowcasting
techniques

Com-SWIRLS is developed based on the
operational version of SWIRLS, featuring:

— Quantitative precipitation estimate (QPE),
quantitative precipitation forecast (QPF) and
graphics utilities to generate rainfall / reflectivity
nowcast products

— Portable code running on common Linux
distributions

— Configurable for implementation in different
forecast domains

— Modular design for easier code changes, and
integrate new modules from community users

Website: http://swirls.hko.gov.hk

Home

(©swirts

SWIRLS

SWIRLS (Short-range Warning of Intense Rainstorms in
Localized Systems) is the operational rainstorm nowcasting
system of Hong Kong Observatory (HKO). State-of-the-art
techniques are implemented in SWIRLS for analysis and
prediction of precipitation and convective weather
phenomena in the next few hours. SWIRLS has been in
operation in HKO since 1999. SWIRLS was also implemented
in various meteorological services or participated in
international forecasting projects to support the research and

development of rainstorm nowcasting techniques.

The community version of SWIRLS, or com-SWIRLS, is
developed to facilitate knowledge exchange and cooperation
on development of rainfall nowcasting technique. Com-
SWIRLS can be available from this website for use by the
National Meteorological and Hydrological Services (NHMSs)
upon request. To request or for any enquiry, please send an
e-mail to swirls@hko.gov.hk

Copyright © Hong Kong Observatory 2017 | Site Map

Documentations Downloads User Forum

Products
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Welcome to SwirksPy’s documentation!

Welcome to SwirlsPy's documentation!

SWIRLS {Short-range Warning of Intense Rainstorms in Local ems) is the operational

chniques are

rainstorm nowcasting system of Hong Kong €

ed in SWIRLS for analysis and p

ve weather
SWIRLS was

1 of precipitation and ¢

ration in HKO

also implemes orological services or participated in international forecasting

projects to support the research and development of rainstorm nowcasting techniques

IRLS, or com-SWIRLS, is developed to fadilitate knowledge exchange
technique. Com-SWIRLS can be
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Community SWIRLS Nowcast System

Users in Asian
countries

Australia Macao
Bangladesh Malaysia

China Myanmar
Fiji Philippines
India Singapore
Indonesia Sri Lanka
Japan Thailand
Korea Vietham

Laos




Highlights of Com-SWIRLS 2.0+

* Continuously Maintained and Updated

* Installable by Conda, Single Command

* Documentation Website with User Examples

e Readable Codes, Reusable Modules

* Version Control with GitLab

* Technical Support & Discussions by GitLab Issues
* Support Various Radar Data Formats

* Various QPE Interpolation Methods

* Numerous Motion Field and Forecast Algorithms
e Verification Metrics

e
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Z
3
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Installation
Programming Language
Graphics Libraries

Grid Size

Supported Radar Data
Motion Field Algorithms
Forecast Algorithms
QPE Methods
Verification Metrics
Documentation
Version Control

Software Testing

VM

Assorted

NCL, ImageMagick etc.
480x480 Only

1

1

No
Limited
No

At initial development only

* VM and Docker available on request

Com-SWIRLS 1.x vs 2.x

Conda *

Primarily Python, plus C++
Open-source Python lib.
Rectangular grid of any size
8

5

5

14, plus multi-sensor QPE
14

Full Documentations

Yes, using GitLab-CE

Upon any changes



Use of Com-SWIRLS/SwirlsPy

User Script Shared Modules (SwirlsPy)

* Developed by the NMHS, assisted by  Developed by HKO Staff and
HKO Contributing Developers

* Tailored to the specific situation, e.g. e Shared with all NMHSs
warning criteria, database, e Regularly Updated

infrastructure, of that NMHS * Backward Compatible Whenever

.
o Possible
import numpy as np
i t pandas as pd

Import and Call
SwirlsPy Modules
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RSMC for Nowcasting

Opening Ceremony on 2 October 2019 inaugurated by
DHKO and Professor Petteri Taalas, Secretary-General of
WMO on 2 October 2018
WORLD ‘r: w‘

METEOROLOGICAL s’

ORGANIZATION -
Weather - Climate - Water g

Our mandate Programmes Projects Resources Media Events  About us Reform Search

Main - News - PressRelease + Newsfrom Members - Multimedia -+ Contactus

: - an WMO and Hong Kong Observatory
a8 =] ZRES D 1 K .
Eiﬁ;sigxgnoﬁmy?ﬂgf ﬁﬁf“ﬁ'ﬁ?m = strengthen cooperation

World Meteorological Organization and Hong Kong Observatory

development

mRRRE @) Tags: WMO Disaster risk reduction Forecast Tropical cyclones Capacity

2  Published 2 October 2018

Member: Hong Kong, China

WMO has signed an agreement with the Hong Kong Observatory (HKO) to further strengthen meteorological Latest WMO News

cooperation.

Three Ways Forward to Improve
Under a Memorandum of Understanding signed by HKO Director Shun Chi-ming and WMO Secretary-General Regional Information for Extreme

Petteri Taalas, HKO will support WMO's initiative in establishing the Global Multi-hazard Alert System (GMAS). — Events: An Early Career Perspective

In this connection, the HKO has revamped the Severe Weather Information Centre website (SWIC 2.0) and is also 18 February 2019

Signing of Mée
World Meteorologic

‘Q’(‘) it X X & (g_‘) WAL H R E
HONG KONG OBSERVATORY RSMC for N 3

WMO

B R & X
OPENING CEREMONY
2 October 2018
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WNMO Designated Global Data-processing and Forecasting System Centres
Updated on 24 Sugust 2018

Tl:omsoﬂ St Petersburg

’
.

De Bilt P e
ECMWF~_ % Qffenbach ,° ===+ Obninsk4gs
*EO N\ ARG S { .
-Bdmonto.l‘:v:ﬂ y ,~ Montreal Exeter sesee.s v f Osapeypy “voc Moscow Novosibirsk B
innipes .7 L@ond | KOHE | viemass KEOD Riabaror s
£ Ottawa "~ PO T e % Tashkent  Beijingeeee-. Vladivostok
ashington Toulouse « 7, oo, Athens§ ™ & Booulud.
K*EOLE OHE o ;  \ Rome @ Yl O 33 S Tokyo
S oo AR Cairoll New Delhi AL BOOAD S 2
P Honolulu Miami Barcelona @4 Tunis @ . Karachi | S —
A BAS Algiers [l a Pune D
~ Bridgetown [ Dakar @ Niamey P
Guayaquil P Nairobi @l P
Callao & la Reur:ion Parwin B Nadi
Brasilia @ 8gA & A ™
* Vacoas
CPTEC- Niteroi
© Niteroi & Pretoria
£ Valparaiso gy enos Aires B E BORE o
KEOs @ -
Wellingtorr----"
BRE
Legend
Y World Metecrdlogical Centres* (g) @ RSMC Noweasting (3) @ RSMCsNon-Nuclear Emergency Respense (2)
©  Atmospheric Transport Modelling (10) A RSMCsTC(8) M, RSMCs Vclecano watch servioss for internaticnal air navigation (1)
Glcbal Producing Centres for Long-Range F ts RSMCs Sand, t q
» S (3 N & RaMcs s Dt R RSMCsSevere Weather Forecasting (2)
+ Global Producing Centres for Annual to Decadal Climate Prediction (3) P Regional Climate Centres (11) 3 ; :
& RSMCs marine meteorological services { 24)
B RSMCsGeographic(zg) sa  REMCs Nuclear Emergency Response (g)

*World Meteorological Centres are also Global Producing Centres for a) Deterministic Numerical Weather Prediction, b) Ensemble Numerical Weather Prediction, and ¢) Long-Range Forecasts.

DESIGNATIONS USED
The depicticn and use of boundaries, gecgraphic names and related data shovm on mapes and included in lists, tables, documents, and databases on this web site are not warranted to be ervor freener do

they necessarily imply cfficial endcrsement cr acosptance by the WMO.
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WMO RSMC for Nowcasting

(_ HKO Nowcasting Meteorolog X +

Website: https://rsmc.hko.gov.hk/nowcast/

RSMC Hong Kong (since WMO EC-70 in June 2018)

Significant Convection Nowcast over East Asia

<« X @ https://rsmc.hko.gov.hk/now: Qa % O
ok . Valid time: 201807091800 UTC
\5;«‘3:& eI RREREEERP O ‘.g HFHEXXE Number: cloud top heightG in 100 Ifee': . ¢ (4hour) Reflectivity (dBZ) Lightning Density
F or Nowcasting n reen polygon: Forecas our, — ———
sl RSMC for Nowcasting "’ HONG KONG OBSERVATORY = (dB2)

—

30~

Nowcasting Products Com-SWIRLS Research Development Verification Collaborations Training

Hong Kong Observatory Nowcasting Services

The Hong Kong Observatory (HKO) has been operating its nowcasting services since 1999. In this connection, HKO has developed a suite of
nowcasting systems, including the "Short-range Warning of Intense Rainstorms in Localized Systems" (SWIRLS), to aid rainstorm warning operation as
well as high-impact weather forecasting for the public and the aviation community. HKO's nowcasting system has been put to use in various WMO
Forecast Demonstration Projects and was demonstrated to be among the best performers. In recent years, HKO develops a community version of its
nowcasting system (Com-SWIRLS) to promote knowledge exchange in radar nowcasting techniques and for wider application of nowcasting system.
HKO is ready to provide nowcasting services to international users in accordance with the standard and requirements for Regional Specialized
Meteorological Centre (RSMC) for nowcasting as described in the WMO Manual on the Global Data-Processing and Forecasting System (GDPFS)
(WMO-No. 485).

Location-specific Rainfall Nowcast

i { Forecast 4:42 26 Nov 2018
f
y s D Half-hourly
20
10
.

Significant convection nowcast at the fourth hour (in UTC) using retrieved reflectivity (blue 224 dBZ, orange 233 dBZ and red 241 dBZ) from Himawari-8 data and updated

every 10 minutes. Lightning counts are marked in yellow (sparse) to brown (dense) with green polygons on areas with high reflectivity or dense lightning.
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Seamless Nowcast To Medium-range Forecast for High-Impact Weather

SWIRLS
* Co-Kriging precipitation estimation
Radar echo motion retrieval
Hail, downburst, lightning severity nowcasts

Lightning nowcast for public and utilities
Satellite reflectivity retrieval, identification of
convective initiation and rapid developing

thunderstorm Mesoscale NWP
« Hourly updated RAPIDS-NHM

) ) * 3-hourly updated Meso-NHM
Rapid-update Analysis SWIRLS * Short-range QPF for 6-30 hours from

* Hourly Analysis from RAPIDS-NHM * 2-hour rainfall nowcast for public nowcast and NWP

!

Lightning Alerts and Nowcast Ultra high-resolution NWP Acronyms

«  Cloud-to-ground lightning dlerts and nowcast * Aviation Model (AVM) forecasts products » ATLAS — Airport Thunderstorm and Lightning Alerting System
for aerodrome (ATLAS) *  ATNS — Airport Thunderstorm Nowcasting System
*  NHM — Non-Hydrostatic Model

. Cloud—to.-ground l'igh.t.ning alzrss e 02 * RAPIDS — Rainstorm Analysis and Prediction Integrated Data-
for special users (utility company, cable car, etc) processing System

*  RAPIDS-NHM — Hourly updated NHM
*  SWIRLS — Short-range Warning of Intense Rainstorms in
ATNS Localized Systems
» Tracking of radar reflectivity and
thunderstorm nowecasting for Terminal Area ) |

Short-range NWP and EPS Guidance

» Simulated satellite imagery and radar reflectivity forecast

* Turbulence and icing forecasts from ECMWEF and Meso-NHM
* Probabilistic Turbulence forecast from ECMWF-EPS
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Verifications

Heidke Skill Score of |-h nowcast of
different thresholds

HSS (Heidke Skill Score) from 2017-01-01 00:00 to 2017-12-31 23:57
Lead Time = 60 min

0.80

0.20 I I I I I
0
05 5 10 30 50

Threshold (mm)

o
o
o

HSS (Heidke Skill Score)
o
S
(=}

@ ROVER
X: All Missing, M: >20% Missing, U: Undefined (divided by zero), 0: Zero

Observed Relative Frequency (%)

https://rsmc.hko.gsov.hk/nowcast/verificationBenchmark.html

100

Reliability Diagram

Reliability Diagram from 2017-01-01 00:00 to 2017-12-31 23:57

10

20

30

Lead Time = 60 min

40 50 60
Forecast Probability (%)

70

80

90

100

@ Threshold=0.5mm

-@®- Threshold=5mm
Threshold=10mm
Threshold=30mm

<@ Threshold=50mm

Significant Convection
Nowcast (2018)

Forecast time| POD | FAR | CSI
0-15thr  ]0.945/0.116/0.841
0-2¢hr 0.893]0.114/0.801
0-39hr 10.837|0.117)0.754
0-4™hr  10.7880.120/0.711
0-50hr  10.7470.124/0.676
0-6"hr 10.712]0.128/0.645



https://rsmc.hko.gov.hk/nowcast/verificationBenchmark.html
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Technology Transfer for Capacity Building on Nowcasting

gk 3 WMO WWRP 4th International
x Symposium on Nowcasting and Very-short-range Forecast 2016

WIN1G RIS 25-29 JUIy 2016, Hong Kong m;mw’ ‘ eather FLrecastingnemnns} trhtion |

Prariect Regional Subproject for SoFtheast Asia

|— il ST R T

‘ Training Desk at RFSC Ha Noi
ay 2018)

Ha Noi, Viet Nam, 7-18.A
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=7 Community Version of SWIRLS
(Com-SWIRLS)

Presentation (link) in

WMO Symposium on Nowcasting and Very-short-range Forecast 2016 (WSN16) in Hong Kong

a3 WMO WWRP 4th International
x Symposium on Nowcasting and Very-short-range Forecast 2016

WSN16 E515 IR 25-29 July 2016, Hong Kong
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https://drive.google.com/file/d/1UltfceKR0rbRk5W1WLuMRoxh9EiI6Ai3/view?usp=sharing
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LATEST DEVELOPMENTS
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Deep Learning Nowcast
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Deep Learning Nowcast in SWIRLS

* A Brief History * Predicting evolution of weather radar imagery
Input sequence: Output sequence:
to current time step future time steps

2014 Initiated collaboration with HKUST

2015 ConvLSTM developed, outperforming
ROVER for rain/no-rain (0.5 mm/h),
resolution limited to 100x100 only

2016 Model enhancement and adaptation

2017 TrajGRU developed and benchmarked,
outperforming ROVER for 30mm/h support
arbitrary resolution

W

Mathematically to maximize posterior pdf of echo sequence across K
time levels based on previous J time levels of observations

2018 Commence operational trial of TrajGRU

Xt+15 c ey Xf+K = argmax p(Xerl, ces ,XtJrK ‘ th,jq,l, thJJFQ. NN 3Xt)
Xig1,... Xk
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Spatiotemporal encoding-forecasting model

Encoding module ! I I I I — X.Shi, Z. Chen, H.Wang, D.Y.Yeung, W.K.Wong,

and W.C.Woo, 2015: Convolutional LSTM
% ? - network: A machine learning approach for
St

* Convolutional Long Short Term Memory
(ConvLSTM) model

precipitation nowcasting. NIPS 2015.

Link: https://arxiv.org/abs/1506.04214

—>| Si1q > § F----- >

——>| S ——

T * Two key components:
— Convolutional layers

Forecasting module — Long short-term memory (LSTM) cells in

[[[[’ recurrent neural network (RNN) model


https://arxiv.org/abs/1506.04214
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Encoding and Forecasting Networks in ConvLSTM

* Last states and cell outputs of encoding network become initial states and cell
outputs of forecasting network

* Encoding network compresses the input sequence into a hidden state tensor

* Forecasting network unfolds the hidden state tensor to make prediction

Encoding Network / Prediction
CO‘H'&)LST}L{/ ......................... =z - . ConvLST M,
COR?)LSTE‘LJ : " s

Input / 0 Forecasting Network

ConvLST M;
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Governing Equations in ConvLSTM

Inputs

v
input gate it = U(I”i’frxi * Xt -+ I"i’frh?j * Ht—l + I”v’ci ) ct_l -+ bz)

forget gate Ji=oW,rx X +WppxHi 1 +WepoCiq +by)
Celloutputs  C; = froCi_1 + i otanh(Wo. x Xy + Whe x Hi 1 + be)
outputgate o, = g(Wop *x Xy + Wi x Hy 1 + Wep 0 Ci + b))

Hidden states H; = 0y © ta.nh(Ct)

e N r N
> ———® k > >
/
A %J’T A
\ )_k J >\ J_’

&) ® &)
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Forecast performance vs. lead time

—ConvLSTM -~ ROVER1—+~ROVER2--ROVER3 » FC-LSTM
1; T

Correlation
= o
(0] O

o
N
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Two squall line cases

Radar located at center
5 input frames are used and a total of 15 frames (i.e. T+90 min) in forecasts

Case 1 Case 2

t-24m t-24m t-12m t-6m t-24m t-24m t-12m t-6

iﬁﬂl IIIII
it Sl ol
_— - - & o il ’ - — _ __ : ‘ ‘
- ¥ s
o AB LA | ey ) —=r N —
.2 €3 , & :

t+18m t+36m t+54m t+72m t+90m t+18m t+36m t+54m t+72m t+90m
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A New Model for Deep Learning in Nowcast

https://arxiv.org/pdf/1706.03458.pdf

Trajectory Gated Recurrent Unit (TrajGRU)

Deep Learning for Precipitation Nowcasting:

A Benchmark and A New Model
Hl HZ H3 H4

— | |

2 " Xingjian Shi, Zhihan Gao, Leonard Lausen, Hao Wang, Dit-Yan Yeung
Department of Computer Science and Engineenng
Hong Kong University of Science and Technology
{xshiab, zgaocag,lelausen hwangaz, dyyeungl@cse.ust. hk

Wai-kin Wong, Wang-chun Woo
1 ? Hong Kong Observatory

Hong Kong, Ch
(Y] XQ X’% X4 ong Kong na

: {vkwong,wcwoo}@hko.gov.hk

(a) ConvRNN: Links are fixed over time/location.
H, H> H; H, Abstract

With the goal of making high-resolution forecasts of regional rainfall, precipita-
ton nowcasting has become an important and fundamental technology underlying
(O various public services ranging from rainstorm warnings to flight safety. Recently,
the Convolutional LSTM (ConvL.STM) model has been shown to outperform tradi-
tional optical flow based methods for precipitation nowcasting, suggesting that deep
L o learning models have a huge potential for solving the problem. However, the con-
volutional recurrence structure in ConvLSTM-based models is location-invariant
while natural motion and transformation (e.g., rotation) are location-variant in gen-
* T f + eral. Furthermore, since deep-leaming-based precipitation nowcasting is a newly
emerging area, clear evaluation protocols have not yet been established. To address
(Y] Xz Xq X4 these problems, we propose both a new model and a benchmark for precipitation
nowcasting. Specifically, we go beyond ConvL.STM and propose the Trajectory
H . H : : GRU (TrajGRU) model that can actively leamn the location-variant structure for
(b) Tra.] RN N : LI n kS are d yn amica | |y d etermin ed : recurrent connections. Besides, we prov :lc a benchmark that includes a real-world
large-scale dataset from the Hong Kong Observatory, a new training loss, and a
comprehensive evaluation protocol to facilitate future research and gauge the state

of the an.
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Performance

TrajGRU outperformed operational method and other deep-learning techniques, in particular
for heavy rain r>=30 mm in 1 h, based on 7-years of radar data

. HSS 1
Algorithms FEOE #32 P35 FSI0 S50 B-MSE | B-MAE |
Offline Setting
Last Frame 0.5207 0.4531 03582 0.2512 0.1193 15274 28042
ROVER + Linear 0.6038 0.5473 04516 0.3301 0.1762 11651 23437
ROVER + Non-linear  0.5896 0.5436 04590 0.3318 0.1576 10945 22857
2D CNN 0.6366 0.5809  0.4851  0.3690 0.1885 7332 18091
3D CNN 0.6334 0.5825 0.4862 0.3734 0.2034 7202 17593
ConvGRU-nobal 0.6756 0.6094 04981 0.3286 0.1160 9087 19642
ConvGRU 0.6701 0.6104 0.5163 0.4159 0.2893 5951 15000
TrajGRU 0.6731 0.6126 0.5192  0.4207 0.2996 5816 14675
Online Setting
2D CNN 0.6365 0.5756  0.4790 0.3744 0.2162 6654 17071
3D CNN 0.6355 0.5736 04766 0.3733 0.2220 6690 16903
ConvGRU 0.6712 0.6105 0.5183  0.4226 0.2981 5724 14772
TrajGRU 0.6760 0.6164 0.5253 0.4308 0.3111 5589 14465

ARTIFICIAL INTELLIGENCE

A program that can sense, reason,
act, and adapt

MACHINE LEARNING

Algorithms whose performance improve
as they are exposed to more data over time

DEEP
LEARNING

Subset of machine learning in
which multilayered neural
networks learn from
vast amounts of data
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TrajGRU and HKO-7 Benchmark Dataset

* TrajGRU available to public on GitHub:
— https://github.com/sxjscience/HKO-7

* The 7-years of HKO radar image archive as benchmark for development of deep
learning in nowcasting and other weather application from the above Github
repository

— Available to researchers and weather services subject to agreement to the undertaking


https://github.com/sxjscience/HKO-7
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TrajGRU in real-time trial

T+60 min TrajGRU Nowcast

2018-04-15 11:00H ) ‘}xJ '

Verification Period: May — Sept 2018

POD (>= 10 mm/h)

100

ROVER TrajGRU

POD (Probability of Detection) (%)

60 120
Forecast Time (minutes)
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60-min Forecast Reflectivity — 23:05
dddddgdddddd .
Based at 2018/08/26 23:00H Red %1

201808262300 . u \M
s . B

Optical Flow (ROVER) Actual Deep Learn (TrajGRU)
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60-min Forecast Reflectivity
Based at 2018/08/29 18:00

1SQ_oA
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Optical Flow (ROVER) Actual Deep Learn (TrajGRU)
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60-min Forecast Reflectivity “m)
Based at 2018/09/16 10:30 oh 0 09:10

201809161130 g

Optical Flow (ROVER) Deep Learn (TrajGRU)
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|20-min Forecast Reflectivity
Based at 2018/08/22 16:30 Better capture growth and movement of

radar echoes

DI808221830_ROVER-A_MS(Q)_060_zrstatic

201808221830 . ‘ “M
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Optical Flow (ROVER) Actual Deep Learn (TrajGRU)
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Satellite Nowcasting
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Retrieval of equivalent radar reflectivity using Himawari-8

Reflectivity 2019-07-31 Based @ 15:00H

CMA Radar / SC

Latitude

Raining
Areas

No Radar

Data Here

Longitude

-
Reflectivity (dBZ)

Latitude

Reflectivity
Multi-Sensor / SC

2019-07-31 Based @ 15:00H

Valid @ 15:06H

Longitude

N

N
o
=
>
£
2
b=
(¥
£
]
I3

ST

Raining Areas
Far Away
Simulated with

Satellites” Data
Using Our
Neural Network
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Spectral Information of Himawari-8 AHI

@ J Bands Of AHI (Advanced Himawari Imager)@"j’

MTSAT Wavelength Spatial
Channels [um] Resolution
1 | v 0.46 1km
2 | va | visible 0.51 1 km RGB band
{ 3 | vs 0.64 0.5 km composited

4 | N1 0.86 1 km Aerosol
5 | N2 In’;';ar'; ; 1.6 2 km Water cloud and Ice cloud
6 | N3 2.3 2 km Size of the cloud droplet

m 7 | 4 3.9 2km Fog, Hot spot (Forest fire)
8 | wv 6.2 2km
9 | w2 7.0 2 km Water vapor
10 | w3 7.3 2 km
11 | mi 8.6 2 km SO, (Sulfur dioxide)
12 | o: A 9.6 2 km O, (Ozone)
13 | IR 10.4 2 km
el [ e 2k Atmospheric Windows
15 | 12 12.3 2 km
16 | co 13.3 2 km COz (Carbon diOXidE)

Extracted from

“Introduction to Himawari-8”,
JMA



https://www.wmo.int/aemp/sites/default/files/Introduction_himawari8.pdf

A= #Ex e

g” HONG KONG OBSERVATORY

Satellite
Nowecasting

6 Bands Of AHI (Advanced Himawari Imager;

MTSAT avelen,
Channels g " “‘I"‘lm “‘s‘::‘m"
1 Vi 0.46 1km
2 | v2 | visible 0.51 1km RGB ba'nd
3 | vs 0.64 0.5 km composited
4 | m 0.86 1km Aerosol inti
5 | N2 | Ner 16 2km Water cloud and Ic Descrl ptlon
6 | N3 2.3 2km Size of the cloud d
- 35 | 2im | Fog Hotspot(Forc BO3 (VIS0.64)  VISO.64. Reflectivity of BO3 depends on optical thickness. Thick cloud are displayed in white.
8 |[wv 6.2 2km |7
9 [w2 7.0 2km - Water vapor
10 | ws 7.3 2km | . Difference between NIR 1.6 and NI 0.86. B04 has high reflectivity for snow/ice covered area
11 | i R 8.6 2km zozg‘;::;d'“'de BO5 (NIR1.6) -  and clouds, sea surface looks dark. Reflection characteristic of BO5 depends on the phase and
12 | 03 9.6 2k o q 9 9 . . o . .
Rl = Zk: e BO4 (N1 0.86) size of cloud particles. On difference image, thick clouds with large ice particles are displayed
_ ; in black (dark), low clouds and land/sea surface look whitish (brigh
- 1| 2 1.2 2km | b Atmospheric Wind in black (dark), low clouds and land/sea surface look whitish (bright)
15 | 12 123 2km ||
16 | co 13.3 2km CO, (Carbon dioxid

BO8 (WV6.2) -  Difference between WV6.2 and W3 7.3. On difference image, thick clouds with high cloud
B10 (W3 7.3) are displayed in white, low clouds and thin Ci are indistinct.

IR10.4, Atmospheric window band, available for 24 hours. High-level clouds and developed

Bl Lty Cbs appear in white, mid-level cloud appear in bright gray.

Difference between IR 10.4 and 12 12.3. Absorption by water vapor of B15 is slightly larger
BI3 (IR10.4) - . . . .
BIS (12 12.3) than that of Bl 3. On difference image, thick cloud and low-level cloud contribute to rather

grey color, high-level cloud contributes bright color.

Equinox day diff. Indication of different Season
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Multi-layer perceptron
artificial neural network (MLPANN)

* Features of MLPANN implemented in HKO: o A
N
Neural Network ><‘\i” y -
. Deep neural networks L\
Architecture N\ -
Training b

Algorithm Backpropagation

Learning Strategy | Supervised learning

Qutput response

2]

s o

=

Supervised learning Unsupervised learning

= A

o 2o

Observations (inputs) Latent variables

oy
& e ERTE ”gyw I

¥ 7Y

RSy -’f‘:';"!q AV i

WS .t OD 2D

Input pattern

. . A backpropagation network trains with a two-step procedure. The activity
Observations (Olltp l]tS] Observations fram the input pattern flows forward through the network, and the error
signal flows backward to adjust the weights.’
(a) (b)
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Compare with Available Satellite Product

With-VIS Mode Blend Mode Without-VIS Mode 2016 Typhoon Haima
2 20161021 UTCO400

‘ A
! P
R

e

Visible IR1 WV
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Significant Convection Nowcast
using Himawari-8 retrieved
reflectivity available in real-time
on HKO’s RSMC for

Nowcasting website




P Valid time: 201807101010 UTC

@ Number: cloud to i i ivi i i i
= g p height in 100 feet Reflectivity (dBZ) Lightning Density
QD J 110N KONG OBSERVATORY Green polygon: Forecast (4hour)

5 35 (dB2) ~soL
ﬂ‘ ¥
of
K4
* Significant Convection
Nowcast
0-6 hour nowecast b

Retrieved reflectivity from
Himawari-8

Composite imagery with
GDL360 lightning density
(yellow/brown)

Fengyun-4 under
development




=B R o Initial time; 201804141800 UTC O — © hr accum

!" HONG KONG OBSERVATORY Number: cloud top height in 100 feet Reflectivity (dBZ) Lightning Density
Q ’ Green: Fecst ( 0 — 6 hr accum — r

15 Apr 2018

0-6 hr nowcast from
18:00 UTC
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0-6 hr nowcast from 18:00 UTC

18:00UTC
14 April 2018
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Thank You!

THE END



