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Why a need for resilient, healthy and safe Community?

e Every community is prone to the adverse impacts from disasters

* One major risk comes from climate change

Climate change is gradual, but its impacts can be sudden and disastrous

Disaster risk reduction (DRR) is a major contribution to building a resilient,

healthy and safe community
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Mission of the Hong Kong Observatory

Vision

Be a model of excellence
in protecting lives and building together a better society
through science.

Mission

To provide people-oriented quality services in meteorology and related fields,
and to enhance the society’s capability in natural disaster prevention and response,
through science, innovation and partnership.
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Climate change — caused by release of greenhouse gases

CARBON DIOXIDE OVER 800,000 YEARS
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Climate change — warming up of the Earth

Global average temperatures in 1850-2019 compared to pre-industrial level

= Met Office 1.1-1.2°¢

Comy 1900 ‘pre-industrial’ levels
DJ[d ource - Ha \,LFJT

Top 6 hottest years (not yet include 2020) = 2014-2019
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Climate change — Stronger storms

N

INCREASING RAINFALL
WITH HIGHER SURFACE
OCEAN TEMPERATURE

Rise in sea temperature
causes more rainfall

RAINFALL MORE RAINFALL
EVAPORATION MORE EVAPORATION

- e 1le

(Climate Commission)

Sea level rise + Stronger storms + Storm surge =
higher impacts to coastal region

Higher proportion of
stronger tropical cyclones

“3#3&%)‘(& (Christina and H C Chan)
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Climate change @ Hong Kong

More very hot
days

Sea level rise
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Climate change — Impacts to Hong Kong

» Hot night (Daily minimum temperature>=28°C) 150

BEHKEE
> 1986-2005: averaged 18 days/year Annualnumber of hot nights
> End of 215t century: 149 days/year m EFEHEE
120 Annual number of very hot days
mEFELSHY

Annual number of cold days

» Very Hot Day (Daily maximum
temperature >=33°C) 80

> 1986-2005: averaged 9 days/year

> End of 21st century: 112 days/year 4

» Cold Day (Daily minimum temperature <=12°C) ‘-

> 1986-2005: averaged 15 days/year 1986-2005 2051-2060 2091-2100
(58] observed)

> End of 21st century : 1 day/year
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Climate change — storm surge

Climate change More intense rainfall

More extreme storm surge
and wind waves from more

C{ intense tropical cyclones
G

Mean Sea Level

——— ————— ——————— — — -

Storm surge and high waves caused
by tropical cyclone

------

"o feerees
LB LN |

-
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sl =

O T KX &
i HONG KONG OBSERVATORY



Climate change — Stronger storms — Greater impacts
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Global actions — Paris Agreement & where are we?

5C —:I—
4C 14—

If emissions continue along current trend
T If countries fulfill their voluntary pledges
2C —i - 2.0C : Upper limit set by Paris Agreement

1.5C ; 1.5C : Paris Agreement goal
1c - Level in 2019
oc 0C: Pre-industrial level
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Global Actions — UN Sustainable Development Goals (SDG)

S,

«?’”@\: SUSTAINABLE

%2 DEVELOPM} K ALS

GOOD HEALTH QUALITY GENDER CLEAN WATER
AND WELL-BEING EDUCATION EQUALITY AND SANITATION

DECENT WORK AND . 1 0 REDUCED
EGONOMIC GROWTH IHE[llIAlIIIES

/ 3 CLIMATE 1 4 LIFE 15 LIFE 16 PEACGE, JUSTIGE 17 PARTNERSHIPS
' ACTION BELOW WATER ON LAND AND STRONG FOR THE GOALS
INSTITUTIONS

SUSTAI NABLE

pe DEVELOPMENT
¥ GOALS
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Big data era

Location-specific
®AARG PreT—
I Lightnieg Alert Webpage
mﬂh.mmm,m i . oo
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Big data — global data

ECMWF data coverage (all observations) - SYNOP-SHIP-METAR
06/12/2020 12
Total number of obs = 124282

@ Automatic Land SYNOP [13584) 4 Manual Land SYNOP (3479) A METAR {18584} ¥ Automatic SHIP (3003)
" SHIP (774) B Avbrevisted SHIP (105) ® Automatic METAR (35458) # BUFR SHIP SYNOP (4721)
A BUFR LAND SYNOP (37564)
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Big data — global data

ECMWF data coverage (all observations) - BUOY
06/12/2020 12
Total number of obs = 2175

@ priBu 78 MOORED BUOYS (338) A DRIFTING BUOYS (1761)
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Big data — global data

ECMWF data coverage (all observations) - AIRCRAFT
06/12/2020 12
Total number of obs = 744529

@ AIREP (3206) # AMDAR {4984) TAMDAR (1921} ¥ WIGDS AMDAR (61662)

< Mode-S (860030) B ADS-C (8508) ® AFIRS (4218)
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ECMWF data coverage (all observations

06/12/2020 12
Total number of obs = 22656

METOP-A {8677)

# NOAA-19 (6885)

NOAA-15 (5894)

120

EOPW

o

S0
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150
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Big data @ HKO — Radar and satellite data

GB/day

5000
4500
4000
3500
3000
2500
2000
1500
1000

500

Volume of satellite and radar data recieved by HKO per day

4920 GB

Fengyun-4A Satellite Data

W GEO-KOMP-SAT-2A Satellite Data |

Satellite Data

'm Radar Data

2010 2017 2019
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Big data — Computer model

Horizontal Grid
(Latitude-Longitude) [~

Vertical Grid ,
(Height or Pressure) |

Physical Processes in a Model

solar  ‘errestrial
radiation radiation
It

ATMOSPHERE
e i .

- Nl = - A 7
' » ' )
%_-., - "_) e advection .

B D
Py A -

“s “snow !
i

momentum  heat water seaice

N . [P L
Y
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Conservation of momentum :

d 1
—V = ——VP—Z.QXV+g-I—P:
dt o,
Conservation of mass :
ap
— 4+ V.-V =0
dt P
Conservation of energy :
dr dP 7/ dI
¢ ——a—:[Q—L—q—c;mI—
Y odr dt dt dt
Conservation of water species: dg _ S
a p
Equation of state : P = PRTv



Big data — Computer model data (static products)

WHRKX G it KX
HONG KONG OBSLRVATORY HONG KOG UL RVATORY
24 HR Forecast 24 HR Forecast
Valid Time 4y Beiing 4 valid Time
1 — g
8 Dec 2020 @ - p—— 8 Dec 2020
. ) 4 HONG KONG DBSLRVATORY
(Tuesday) {Tuesday)
% 24 HR Forecast
2000 HKT b 2000 HKT e _\\Mq,pv_,v P
. 24 HR Forecast [\> LT bl
e l‘""\ : 8 Dec 2020 /";H“/Q_/‘/;f}/:/ (7 ek
. . . e o,
= = (Tuesday) :7@ Valid Time e [ /BE:J,‘EQ

8 Dec 2020 [/ L \,f“l-,/
)~
{Tuesday} Re~l 24 N '\J
2000 HKT e O =
sy g
Yo

~— } e ¢ i 2000 HKT
f

d Chongq g,

N/ . 9 \

El‘lng@k ¥lapila . Wu\_ﬁ\\ \\/:\//-\L cm@af%éf ;/f[(/Ji{[( f}
. e — =

:}\Ghli mmm W SIS N AN Fimand ;/ S i ,s,t,/e/@ﬂ?;rﬁfﬁmﬁff/‘r/’

e S Wl I C SN e RN RIS L e S

i e M@‘ AN s [

/_S X /,’/\/,,c l_‘\s/l“,.r?/\ /“Jf?on -%/‘7 / Ty T Y

\‘- 'N»emt’lane
radn-y *-r——c/‘*/‘
N, ol

R E W
L bt -

24 HR Forecast

valid Time \\‘\‘\\Be-qmg'
8 Dec 2020 \ eoul 7
\)‘\_)_ﬁgd
]

(Tuesday) A ingd.p ‘ = {Tuesday) \‘
- Xi' k Xiian

6-Hourly
Accumulated Rainfall

A Mt K 3 &

IO KOG GBSLRYATORY
24 HR Forecast

Valid Time

8 Dec 2020

o

Sha gh:
ko5 ¢Hongding

_//_://;/ s
\ Kuhmmg 4

an 1 .’ ..al
2000 HKT . Ly~ 2000 HKT  [oo— *
> ,
aibei [,@kmaw1

- -_,.__)__ “—*Chongqrng"’:_//
———-"Changs
—3———»

T [ D - € Fhat

30 40 50 60 70 80 80 100 HONG KNG OBSERVATORY




Big data — Computer model data (interactive products)

Beijing

i - Shanghai
Chengdu S"aégha' . Chengdu =
o .

Hong Kong o L Hong Kong

Bangkok

Bejjing

‘14[}2: ‘iﬁDec Ls Dec 10.Decy {11 Dec ‘IZDec - LSDec
§ Shanghai
Cnengau Chengdu o8

o

Hong Kong o

Bangkok F—

ingapore| "
07 Dec |08 Dec ‘09 D&"Qﬁp 10 Dec ‘11 Dec ‘(2 Dec. [13 Dec [14 Dec, [15 Dec ‘15 Dec }1709: Smgme |gg Dec
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Butterfly effect: uncertainty in prediction

https://en.wikipedia.org/wiki/Butterfly effect

G' HRRIE
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Butterfly effect: uncertainty in prediction

120 HR F/C
Valid at 2020 12 13 08 HKT (SUN)

Weather Map

L)
HIOIB *

Based on model data from the European Centre for Medium-Range Weather Forecasts

120 HR F/C
JMA Valid at 2020 12 13 08 HKT (SUN)

Weather Map

A
(v
o9
\]
'\Q\
.
f
H10 H10
.
A01B
Past 12-hr Past 12-hr
rainfall(mm) rainfall(mm)
0.5 1074 —2 — |H0.5
2/_\__/
‘; Q
1010 >
©2020 ECMWF Based on model data from the Japan Meteorological Agency
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Butterfly effect: uncertainty in prediction

. ’
forecast uncertainty / \ Ry
\
— - ]
initial condition /
uncertainty 1
]
]
\
\
\
\
\
]
]
'I
! ’
™ ’
| current ’
'\ climatolo '
\ gy o
\ /
\ '
s\_l %

( Credit: Julia Slingo & Tim Palmer (2011) )

O T K X &
i HOMNG KONG OBSERVATORY



Big data — Computer model data

Temperature (°C)

Probability Forecast of Minimum Temperature

4
| | | | | | | | | | | | |
7/1 8/1 9/1 10/1 11/1 12/1 13/1 14/1 15/1 16/1 17/1 18/1 19/1 20/1
(Thu) (Fri) (Sat) (Sun) (Mon) (Tue) (Wed) (Thu) (Fri) (Sat) (Sun) (Mon) (Tue) (Wed)

day/month
Probability (%) IR I
o 10 20 30 “ S0 L0 70 80 20 100

&

Tropical cyclone track probability forecast

A FERXE
' HONG KONG OBSERVATORY

| I
1102030405060 708090 °
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Big data @ HKO — meteorological.

Daily total ~ 22.3 TB

Computer
model datﬁ/ﬁ o

Weather data from
global exchange

| Remote sensing
/ data (radar, satellite,
LIDAR, etc.)
|
16.9TB
= S
%)
C% &é'b//

Local observations
(since 1883)
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Big data @ HKO — non-meteorological. Daily total ~ 92 GB

TV weather programmes

Incident

E 71 GB 5 \> reports/news
&
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Application of big data — weather monitoring

* Monitoring and detection of extreme weather

Forecast and warning of extreme weather

e Contingency measures to deal with expected extreme weather

How big data comes into play?

HONG KONG OBSERVATO RY

Gi HRRIE



Application of big data — weather monitoring

Intelligent Meteorological
Monitoring Assistant (IMMA) E“““‘“‘_J

* In-house developed expert systemto m——————— =02 ————— — —
. . Knowledge Base
support weather decision making

Database Rulas
Fule Editar

Fares
. Facts

Fact Collector D [ ﬁ

templates
. Feadback Feedback
TSt

Derived HAudvice
farts Templates
Cllient-side ‘

Inference Englne ‘ Advies Composer ‘ lul.r:f-;r
nterface

Clutputs Aelvire Fl':mﬂr-::k

o m

I
|
e Automatic processing and translation |
of weather data into intelligence and |
actionable advice based on rules |
(wisdom) |

I

|

I

I

|

I

fhiice

Factz and rules
Feedback
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Application of big data — weather monitoring

higher warnng signal in the caming hours
7040 4w~

“Neighbouring stations

11:50H

{

: .‘I 22251 Heavy rsin was reported In GO sreas nesr FHIR=
of '] R ARRTY T s T ST L e e,
155 o % n (GIBET), WHiF e I EME (G10%1). Forecast
%5 ¢ o m ) )
120 5 3 preducts fram SERN indcate the posshility of
| _— .
- = » heavy ral the next cougle of hours. Please I Monitoring Assistant
v 7. = 353a55 tha chanca of RED rainstorm waming or
o -~

‘Heavy rain reported in Guangdong, rainfall

nowcast system also suggested possible
heavy rain shortly. Please consider the
need for a RED Rainstorm Warning”

“Shenzhen issued fire
danger/drought warning, please
assess the need for a fire danger
warning in the coming hours.”

[ 1] Marine AH
@ 15:30H
n(s) reported #1ll issued fire danger or drought

reported haze/mist/fog or | ==

assess the chance

of haze/mist/fog with need far a fire danger warning in the

reduced visibility. Please assess S coming o

=

emperature

the chance of haze/mist/fog .S
with reduced visibility locally.”

[}

Suspicious Data

@

[N ‘5
3
(o
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Application of big data — weather monitoring

e Alert of reports of severe weather in neighbouring areas
e Detection of record-breaking events in HK

e Alert forecasters of emerging weather conditions as compared to forecast /
warnings in effect

e Performance

e >650,000 data points processed every minute
e 8 seconds to perform cycle run once every 5 minutes

e 300+ conditions plus 260+ rules for advice generation
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Application of big data — severe weather warning

Nowcasting
, _ A;‘mnmﬁm
* Nowcasting = tracking the I—— Lo
motion of rain areas by moudint e

” ‘a’ nr
weather radar and forecast -/ 9,
the future locations of o |
severe weather in coming o

few hours

* Key product to support o)
warning of rainstorms, v 8
as minutes
thunderstorms, etc.
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Application of big data — severe weather warning

Nowecasting using Deep Learning

-y,

N*-1 [

Artificial Intelligence

o
©

Machine Learning

V. 7

Encoding module

Correlation
=
(00]

o
N

St S ----- > St 5t+

Forecasting module ‘ ‘ . ) ‘ ‘ .
0 5 10 15 0 5 10 15

Time Time
€8 52 E o




Application of big data — severe weather warning

Case 1 Case 2

t-24m t-18m t-12m t-6 t-24m t-18m t-12m t-6

m
- ’

t+18m t+36m t+54m t+72m t+90m t+18m t+36m t+54m t+72m t+90m

_— - - . il : "A' S = : 7 [ '
- - S N — S —
- , 4 _
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Application of big data — severe weather warning

Reflectivity 2019-07-31 Based @ 15:00H
CMA Radar / SC Valid @ 15:06H
T = .—"?’n ; g\ ;w >
s ot Tl Reflectivity 2019-07-31 Based @ 15:00H
: | B Multi-Sensor / SC Valid @ 15:06H

Radars can detect rain,
but have limited
geographical coverage

SR P
e - S An .
% ¢£ bR i .

Satellites have wide
coverage, but only
detect cloud, NOT rain

Raining areas far away by blending
radar and satellites data using
neural network model

O T KX &
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Application of big data — crowdsourcing

@ Interactive Map of Storm Damage by Mangkhut




Application of big data — crowdsourcing (planned)

e — ‘ ey .
C < BHRARR ) ‘ k Anthony Tsui » #EX RN B CWOS CoMMuNITY WEATHER DOBSERVING SCcHEME
- = ‘ # BE X S # A 5 &
HEXSWMHE(CWOS) 2020/03/0518:13 @ %
PRV [N = wr
2 tal . - Y ThL
TS &g P S A = o
e RN
HRRE:- 78R ‘ %
) (@) .
. BoKy ()|
O K3

e

K =RCWOS &8

1w

O T KX &
. i HONG KONG OBSERVATORY



Application of big data — Use of non-meteorological data

Transport Department
Traffic information

HKO

Information Services Department
Fallen trees, flooding, hill fire, etc
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Application of big data — Use of non-meteorological data

Text-based
news reports

1. screening
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Flooding

Weather-related
news

-

Fallen trees



Application of big data — Use of non-meteorological data

16 September 2018 Mangkhut - Fallen trees

1
AZ JEWE W, Super Typhoon — / )
MG A, Severe I'yphoon 7 ;T
S, Typhoon —_— S S -
EAAFER Scvere Tropical S10M em— 4 SN
40N M E R Tropical Storm ——— 5 —‘ S : 4 ‘ V'A ’». v
MRS Tropical Depression — TN by
SAMEeERT Tt ¥ sl N VA ,rz,»-" |
(& S5H B4 A8E) s G
Daily Positions at ) UTC (08 HKT) S5 £ 7)) ,é";:.,—,,-/( o wt
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Hong Kong

A 4 Mangkhut’s track
" Ryt Y ~ 7-17 September 2018
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Application of big data — Use of non-meteorological data

16 September morning - (o ,A =

« North to northeasterly winds.
“Weaker” winds in urban areas o [¢ r
(red ellipse) owing to
topographic effect

+ Gales or stronger winds on high i
ground and offs{cf}ore areas. £
Some reports of fallen trees
(green icon) ¢ ng%é;
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Application of big data — Use of non-meteorological data

16 September afternoon
« Winds strengthening from the

east ,@,@_7&‘ WY S T g £
* Previously sheltered areas A
exposed to violent winds. Surge .
of fallen tree reports in 4 hours. 74
F
P
r P ;
4 '\.'\\’\\‘Q“’ ]
$T
e 7 |

HONG KONG OBSERVATO RY
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Application of big data — Use of non-meteorological data

SOGHER S, BRI ) B3R ERF 5

Northerlies turning

. 30
225 to easterlies i
-
= 180 3
] 0 &
1 Str%ngthening -

wifds | M1l _—
S50 | | i

Hiul,

1 =715
i 40

b
$

} J } U JJJJJ LU JJJJ i “ J ‘

=hits
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Application of big data — Use of non-meteorological data

Dry condition and public holiday - Hill fire

Wind flow at 1.5 km above sea level (black lines) relative humidity (colour)

UPPER ATR 850 HPA - ' P 2 S UPPER AIR 850
ETS obs + NHI 5L 2 rpored ot 201710 271238 ETS sbs + NI 5L 2 7H
S 10GE 110E 120E 130F 1410 Y 10GE 110E 120E 130F 118E

) Y 0ro-pdon s 0e0- AIE UPPER AIR 820 HPA 1 oo s
Prepared at 201710 281233 5TS obs + NHM 5L Propared at 20
S

110 120E 1 30E 110E
e T -

ey

o

8 amon 27 Oct 2017 8 amon 28 Oct 2017 8amon 29 Oct 2017
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Application of big data — Use of non-meteorological data

- "I o =" R P P . —~)
= wn O en 8] See B - o
= e g e o
i -
o o 3 s A o
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& = - o "5 L] rem
s »
= " »
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2
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3 hill fire reports up to 3:30 pm on 27 Oct 2017 32 hill fire reports up to 3:30 pm on 28 Oct 2017

27 Oct (left) even drier than 28 Oct (right; Chung Yeung Festival)!
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Application of big data — Use of non-meteorological data

Hill fire reported from midday to midnight Most hill fire reported in New Territories

11
12

10

”/\V_,— — ,, ,
/ ) 4 . -
~ iy
- e g y
B 7 a1
——T 8 \
: s ) A
. I I )
r I “
SN DL H OFH OAH B4H O%H 08 H 07H OHH 09H 10H 111 H1IH TH 1%H TEH 17H 18H T9H 208 21H 728 214
Tz 1 TET

Time series of hill fire reports on 28 Oct 2017 Locations of hill fire reports on same day

Mumber of reperis
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plication of big data — Road traffic

nalyse traffic condition from news
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Application of big data — Road traffic

Input online traffic news
Present the affected road

segments on GIS platform
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Application of big data — Road traffic

speed (km/h)

e Learn the correlation between rainfall amount and traffic speed

® Aim at predicting impact on road traffic due to rain
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Application of big data — Air traffic

e Hazardous Weather also a crucial factor for air traffic safety and efficiency
=>» reduction of airport and air space capacity, affecting aviation safety

e Avoidance of hazardous weather for safety concern
=>» increase in flight delays, diversion and fuel consumption
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Application of big data — Weather x Health

e Extreme weather & climate change pose genuine threat to public health

® Big data analytics on health & weather data, e.g. heart rate, temperature,
RH etc. may help generate personalized advice

e Partnership and data sharing being explored with relevant
authorities/private sectors
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Application of big data — Weather x Health

® Correlation of weather and influenza
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Application of big data — Smart weather sensing

Integrated urban weather monitoring and data sharing platform for smart city

) Data communication
Meteorological measurement (AWMS) LoRaWAN
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Application of big data — Smart weather sensing

LoRaWAN Network Extension
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Application of big data — Smart weather sensing

Development of urban-scale forecast and impact-based warnings

Previous study results

. —e — i . . — -
g\ 2017/5111  prermie SR 201715112 0
R HKO 31.6C I, A% A "0t .Y HKO30.7C
S i =O e % T
1 f o o . Notes | 3 | Mif% | Text Only
35 won Urban Microscale Temperature Forecast (Trial Version) | Actual Uightning Alert
/] ~/_ -
""" 30‘%‘ Forecast 15H 10 May 2019 « » = !
T 111705 12705 ' 13705 ' 14/05 ' 15/05 ' 16705 ' 17/05 ' 18/05 ' 19105
e (Sat) (Sun) (Mon) (Tue) (Wed) (Thu) (Fr) (Sat) (Sun)
25 &
s
[
£
20
@
15
v 10

P \ - : }
- ] o A\
== AT I o 5
j o R [
g iy ) e P
5,;1 | =N L5 £ =
w ] £ Y !
] et ST 4 7,5 i
& —
e ! = e / il ot
— S
= DL & T Ko Nroenry / / ]
Easterlies Westerlies

O T KX &
. i HONG KONG OBSERVATORY



Conclusion

® Emergence of Big Data presents both challenges and
opportunities to HKO

® Innovative use of Big Data and Al on both meteorological and
non-meteorological data, offers huge potential in enhancing
weather services

e Future efforts in developing impact-based weather forecasts will
increasingly rely on Big Data and Al technologies
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