Part 2 — Development and Operation of Storm Surge
Prediction System in Hong Kong
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* Radius of maximum winds (storm size
in SLOSH)
Tide offset
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Resolution: 1 km near coast,
7 km open sea

Output

» Storm Surge- Display period from 18 hours before and up to 24 hours
after the time of closest approach of TC

Accuracy - generally within £ 20 % of peak storm surge
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sea level and observed sea level
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Predicted sea level =

i

Astronomical tide (predicted)

+ Offset (mean difference between observed sea level and predicted
astronomical tide 24 hours to 72 hours before the running time)

+ Model predicted storm surge

+ Model prediction error/uncertainty (TC: positions, min pressure, radius of
max wind; Others: topography, bathymetry, unknown)
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* Fast movement

(30 km/hr on 15 and 16 September 2014)

+ Extensive circulation
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The analysis of multi-platform satellite wind retrieval from
NOAA at 12 UTC on 15 September 2014.
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Winds measured by aircraft reconnaissance (reduced to 10 m)
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Kalmaegi 2014
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—Storm Tide

= Predicated Tide

Storm surge
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Storm surge, storm tide and predicted astronomical tide at Quarry Bay from 9 am on 15
September 2014 to 1 am on 17 September 2014.
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Comparsion of SLOSH predicted sea level and observed sea level at Quarry Bay

Model run:1419_09150453  Observed sea level updated at 2014-09-16 15:40H
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- 5L05H predicted hourly sea [evel — Observed 1-min sea |evel

Offset: 0.0 m; Radius of max wind: 56 km
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Comparsion of SLOSH predicted sea level and observed sea level at Quarry Bay

Model run:1419_09150719  Observed sea level updated at 2014-09-16 15:40H
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Offset: 0.3 m; Radius of max wind: 56 km
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¥ SLOSH Display

File Display Change-Basin Select-Starm Animate Tides Download Help

ALMAEGI-100-20 rex

[E=R =R ==

Basin: China (Hong Kong) <lkow>

»

Configure Layers

User Profiles
Units

Scales

Prabe Flag

1005 Observation Sites
[|Locations

[VISLOSH Surge

I Izkes.shp

[/1 A roads_limitedaccess
B A roads_highway.shp
1/ roads_other.shp
14 rivers.shp

[ [ urbanareas.shp
tates/Counties
[ILat/Lon Grid

& @B S| ] 11 | [P [ioos| T | su|pre| ru] @[ » [ » I T

ndfiel
1 min avg KTS{MPH)
—

—
34(39) 65(75) 100{115]

< . v o |

o

&

&

r
f

- -
SR

=====Illlllh..‘
EERNNERRNNNAAN
T[]

(34,62) JLM: 22°12°48"N Lon: 114°03'S8"E

(. L

v, HonG KoNG OBSERVATORY

]Height: 107m



‘ ) -
Graphical products
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* SLOSH is integrated with the Tropical Eym

Information Processing System (TIPS) developed by
HKO

* TIPS is an interactive tropical cyclone graphic tool
which provides a one-stop-shop platform for
forecasters to handle tropical cyclone forecasting
information and prepare forecasting tracks
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File Data | Analysis Reports Decision Research Tools ‘“iew Window Help

23 Caleulate Ensernble Tracks
v EeUiate Ensemile Trac ort FefreshTC Creerlay Track Time Stamp

Info at the closest approach (T)

HK TCID

SLOSH creation time in UTC (MWMOTHART (020307 46

Wiarn time of HKO track

|2D1 4-Sep-17 06 UTC
Time of the closest approach in UTC (MMDODHH) |091 517

Mlarine SCCMY

%3 Calculate Key Pararmeters Create Mew SLOSH Case - Alternative (13 points)
%3 Update TC Assessment Page SLOSH Gallery

&9 Analague TC Rainfall SLOSH Status

k. Caleulate Persistent Bias

Evening Thunderstorm

Create New SLOSH Case
(13 points)

Tide offset at Quarry Bay

Detail

2 (Latiuce Langitude Mifresswe  StomSize )

T f213 froz 1 fara fse
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T+6 195 f1s fas fss

Closest Approach (T) |19.2 |113.0 |955 |55
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730 178 fr220 faea fse

-3 170 f1233 faes foe

T-42 164 f1248 fase fse

745 JE.S |1 60 |9?s |ss )

* Boxes highlighted in red indicated that there is no data based on the current working track, and SLOSH cannat

be executed. If neceszary, user can amend the information in the boxes for running SLOSH.

** Storm size is the radius of maximurm wind of a tropical cyclone. | is the distance between the centre of

tropical cyclone and its band of the strongest winds.

Suggested values (in k) : 56 - Mormal ; 110 - Medium ; 160 - Large.
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Tide offset (observed-@ided) i IDD
.

Mote. 1. The tide offset data refersT0The mean olisel calcUlsted from
1-minute tide data st Quarry Bay for the period 24 hours to 72
hours hefore the runing time. (OFM2 | Appendix )

2.8 value of 0.0 would be used if the offset is negative.
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Operational Storm Surge Prediction System

LR
. Hong KoNG OBSERVATORY




N

Graphical products
Based on official
forecast track

| Alternative track
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Operational Storm Surge Prediction System

Recent TC Manual TC TC Gallery
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Operational Storm Surge Prediction System

Select one of the TC records:
*Select a TC Name

*Select a TC Model
A) HKO Working
B) ECMWF EPS
«Select a Model Run

*Press Confirm button

Honag KoNG OBSERVATORY




Operational Storm Surge Prediction System
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- AR T < /" (Taiwan) e
FHF
ol BiEH i H487% (Ishigaki)
~ TR Changhua City l
meE Blahrs 3 b BI42 - Nentcu City,
; L ML 1547 (Magong) |
; . ;
5 . - Tainan City
R!Hf: SR [~ (Guangdong) L) AEF {
ang / ning. ¥ Tail
CaoBing B RUsIR ) ity 9
*E+® {3E®
Thi XA B Kan i
: Lang San
YEIBE 4 Nguyén
VI&TH Bac Glang
Ha Néi
Hoa Binh % s pning Move the mouse over the
Phis L . .
PRl AL track point to view the TC
SRR data at that point.
it (Hainan) Click to show the storm
oF BlE ATF surge result.
HaTinh =T (Sanya) S— gocos Norte SR
2 ~ Abra
draen Pong Ha Kailinga
eos Sur
(sabeia
Péng Ha Ifugao
AmSuuE RO Thinh phd Hud La Union
. Quinno
DaNéng Na.,m 3y JAL.\'G\’J
) Fangasinan
Maudu
Tan Ky Neva Ecla
QU o (&n8) Zambales. 5%

(. L

V’ HonG KoNG OBSERVATORY




TC Model : HKO Working

TC Information

< BACK

Tables

Charts

Recent TC:[TC NAME: Hagupit][TC Model: HKOO][Model Run: 121203_03240240]
| Fiooding atert:

Track information: [Offset: 0.00] [Closest Approach in UTC: 2014/12/10 12:00] [Closest Distance: 948.57]

Location

LE Mun:
Luen On San Tsuen
Kar Wo Lei
Sham Tseng

Storm Surge Alert for Flood Prone Location

Reference Stafion

Tai Miu Wan
Quarry Bay
Lok On Pai
Lok On Pai
Lok On Pai

Threshold (mCD)

270
270
2.70
300
3.00

Time of reaching
Threshold (HKT)

Below Threshold
Below Threshold
Below Threshold
Below Threshold
Below Threshold

Forecast peak level
(mCD)

Time of reaching

forecast peak level

(HKT)
1012.2014 / 2140
10.12.2014 / 2200
10.12.2014/ 2320
10.12.2014 /2320
10.12.2014/ 2320

Location

Reference Station

Storm Surge Notification for Tai O

Threshold (mCD)

Time of reaching
Threshold (HKT)

Below Threshold

Forecast peak level
(mCD)

Time of reaching

forecast peak level

(HKT)
10.12.2014/ 2310

Click to view
different track
result products

TC Track
Information




Recent TC:[TC NAME: Usagi][TC Model: HKOO][Model Run: 092215_040108][Alternative Run: | 092215 040303

Track: HKo Alternative Track2 Flooding Alert

Track information: [Offset: 0.20] [Closest Approach in UTC: 2013/09/22 16:00] [Closest Distance: 70.27]

SIMULATED STORM SURGES + ASTRONOMICAL TIDE IN METERS FOR Usagi (Sep 2013)
DAY HOUR STATION CODE
(LOCAL) QuB TAO

Sea Level Table and

Storm Surge Table

Hourly Max data

will be highlighted
NAME: Usagi][TC Model: HKOO][Model Run: 092215_040108][Alternative Run:

Track: Hko Altemative Track2 v Flooding Alert Tables

234 223 198 229 203
2.46 2.16 2.28 2.38 2.28
— —
249 220

235

Max (HOU )
Max (10 MIN) 2.64

Max (10 MIN) .
DateTime | 09/23 23:40

SIMULATED STORM SURGES IN METERS FOR Usagi (Sep 2013)

STATION CODE
10 min Max Quse TAO
and Date Time 085 477 058 070 098 070 0.24 186 107 088 110
0.76 140 067 076 0.91 079 0.06 204 073 079 079 I

N
) HONG KONG OBSERVATORY



Recent TC:[TC NAME: Usagi][TC Model: HKOO][Model Run: 092215_040108][Alternative Run: 0s2215 040303

< BACK

07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 O1 02

Track: HKo Alternative Track2 A Flooding Alert Tables Charts

Track information: [Offset: 0.20] [Closest Approach in UTC: 2013/09/22 16:00] [Closest Distance: 70.27]

Usagi - Chek Lap Kok
03 04 05 06 O7 OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 OO

6

5

4 ]
Height |
(meter)

1

D -

Surge
M| Surge + Astromontical Tide |1 5
M| Astromontical Tide

-1

e — | ——

Time series of storm
surge and sea level
for each tide gauge
station. The time
series begins from 18
hours before to 24
hours after closer
approach.

- T

T

T

T

T

-1

07 08 09 10 11 12

13 14 15 16 17 18 19 20 21 22

23 00 01 02

Startipg: 22 Sep 20

Click to view and save
chartimage

03 04 0506 07 0B 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 OO

agi - Cheung Chau

07 08 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 00 01 02 03 04 O5 06 O7 OB 09 10 11 12 13 14 15 16 17 18 19 20 21 22 23 OO
b 1
Surge
5 W Surge + Astromontical Tide
M| Astromontical Tide
4

Height

FHRXEH
Hong Kong OBSERVATORY

2 e i I —




Operational Storm Surge Prediction System

Select one of the TC records:
*Select a TC Name

*Select a TC Model
A) HKO Working
B) ECMWF EPS
«Select a Model Run

*Press Confirm button

Honag KoNG OBSERVATORY




Operational Storm Surge Prediction System

Fm

TC Gallery
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Operational Storm Surge Prediction System
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Recent TC:[TC NAME: Maysak][TC Model: EC][Model Run: 033012_03310899][Storm

Flooding Alert Histogram Probability Table Single Tracj Result

Model Tracks information: [Total Number of Tracks: 5] [Offset: 0.00]

Maximum SIMULATED STORM SURGES & Maximum SEA LEVEL for each station

Station
CLK
CCH
KLW
Lop
MAC
Qus
TAO
TBT
TPK
WAG
SPW

Date/Time (HKT)
2015-04-05 05:00

2015-04-06 13:30 [v]

2015-04-06 06:20
2015-04-06 05:10

2015-04-06 18:00
2015-04-05 05:00 [v]
2015-04-06 04:40

2015-04.06 18:00 [¥]

2015-04-06 18:00
2015-04-06 18:00 [v]|

Max Surge (M)
0.00
0.03
0.03
0.00
0.03
0.03
0.03
0.00
0.03
0.03
0.03

Date/Time (HKT)
2015-04-08 11:20
2015-04-07 10:30 [v]
2015-04-07 11:10 '
2015-04-08 11:30
2015-04-08 10:50
2015-04-07 10:40 [v]
2015-04-07 11:00
2015-04-08 11:50 [v]
2015-04-07 12:00
2015-04-07 10:50 '
2015-04-07 11:00

Max Sea Level (M)
222
243
1.97
2.66
209
212
245
210
215
2.18

Hong Kong OBSERVATORY




TC Information

Recent TC:[TC NAME: Rammasun][TC Model: EC][Model Run: 071912 07200032]

< BACK Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

Model Tracks information: [Total Number of Tracks: 51] [Offset: 0.20]

Model Track

Click to view

different track Maximum SIMULATED STORM SURGES & Maximum SEA LEVEL for each station Information

result products Station Date/Time (HKT) Max Surge (M) Date/Time (HKT) Max Sea Level (M)
CLK 2014-07-18 11:50 ¥ 0.46 2014-07-18 14:00 236
ECH 2014-07-18 10:10 ¥ 0.49 2014-07-18 13:10 ¥ 227
KLW 2014-07-18 06:30 ¥ 0.46 2014-07-18 14:10 ¥ 217
LOP 2014-07-18 10:00 ¥ 0.43 2014-07-18 14:10 ¥ 2.30
MAC 2014-07-18 10:10 ¥ EC M:)gél Trackg | 2014-07-18 13:40 ~ 294

EC Model Track15
EC Model Track36

2014-07-18 13:10

2014-07-18 13:10
2014-07-18 13:50

QuUB 2014-07-18

.Yl PR T

Tracks that reach the

0.37 244 . .
max Sea Level at 049 2014.07-18 1450+ 226 | erent Date Time
selected Date Time

0.43 2014-07-18 13:50 ¥ 225 | Sea Level

SPW 2014-07-18 07:30 ¥ 0.49 2014-07-18 13:30 ¥ 2.35
™MW Tﬁ& 05:20 v 043 zo1+07-*3:50 v Qf
Date Time for the Max Storm Surge, Date Time for the Max Sea Level,
Max Storm Surge click to view single Max Sea Level click to view the
track result single track result

N
) HONG KONG OBSERVATORY



Location

Nam Wai, Sai Kung
Lei Yue Mun
Luen On San Tsuen
Kar Wo Lei
Sham Tseng

Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size: 160km |v|]

Max Table

Reference Station

Tai Miu Wan
Quarry Bay
Lok On Pai
Lok On Pai
Lok On Pai

Flooding Alert

Histogram Probability Table

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Storm Surge Alert for Flood Prone Location

Threshold (mCD)

Time of reaching
Threshold (HKT)

20.10.2016 / 2020
20.10.2016 / 2040
20.10.2016 / 2330
21.10.2016 1 2130
21.10.2016 / 2130

Forecast peak level

Time of reaching
forecast peak level

21.10.2016 / 0130
21.10.2016 / 0140
22.10.2016 / 0040
22.10.2016 / 0040
22.10.2016 / 0040

Single Track Result

Probability of
reaching the
threshold (%)

Ensemble Charts

No. of members
reaching the
threshold

Storm Surge Notification for Tai O

No. of members
reaching the

Time of reaching
forecast peak level

Probability of

Time of reaching Forecast peak level reaching the

Reference Station Threshold (HKT) (mCD)

Location Threshold (mCD)

HFHRXEH

20.10.2016 / 2320

(HKT)
22.10.2016 / 0020

threshold (%)

threshold

Hong Kong OBSERVATORY




Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size: 1s0km |v|]

Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Probability(%) Simulated Strom Surge
100.0

| CLK M| CCH
| KW | LoP
I MAC | QUB
W TAO W TBT
| TPK [l WAG
W 5PV I TMW

Surge (meter)

Probability(%) Simulated Storm Surge + Astronomical Tide
100.0

| CLK M| CCH
| KLW (W LOP
| MAC [ QUB
W TAO W TET
| TPK | WAG
W SPYW | TMW

HHERNE
Hong Kong OBSERVATORY




Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size: 1sokm |v|]

Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

W SPYW | TMW

Surge (meter)

Probability(%) Simulated Storm Surge + Astronomical Tide

| r—

3.3

M CLK M| CCH
| KL\ | LoP
I MAC | QUB
W TAO W TET
| TPK [l WAG
W SPW I TMW

Surge (meter)

A mxxs
) Hong Korg OBSERVATORY



Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size:

Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Station® | Quarry Bay |

HHERNE
Hong Kong OBSERVATORY

Sea Level
2016-10-21 2016-10-22 2016-10-23

16 19
Starting: 20 Oct 2016

Mean and Standard Deviation of Sea Level
2016-10-21 2016-10-22 2016-10-23




Recent TC:[TC NAME: Haimal[TC Model: EC][Model Run: 101700_10180031][Storm Size:

Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Station® | Quarry Bay |

HHERNE
Hong Kong OBSERVATORY

Sea Level
2016-10-21 2016-10-22 2016-10-23
Date :2016/10/21 22:00
Height : 4.28
L.

N |/
N\

<

Starting: 20 Oct 2016

Mean and Standard Deviation of Sea Level
2016-10-21 2016-10-22 2016-10-23




Recent TC:[TC NAME: Haima][TC Model:
Max Table Flooding Alert

19 2 04 07
Starting: 20 Oct 2016

2016-10-21

EC][Model Run: 101700_10180031][Storm Size: -
Histogram Probability Table Single Track Result Ensemble Charts

13 16 n 01 o7 10 13 16 19

Storm Surge
2016-10-22 2016-10-23

Height : 2.29 N

Date :2016/10/21 08:40

<

N/

N

AN X

N

0.0

-0.5

-1.0
13 16 19

Starting: 20 Oct 2016

Mean and Standard Deviation of Storm Surge

2016-10-21

2016-10-22 2016-10-23

™

\

HHERNE
Hong Kong OBSERVATORY
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Operational Storm Surge Prediction System
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Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size:

< BACK Max Table Flooding Alert Histogram Probability Table Single Track Result Ensemble Charts

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Track: ECMWF Model Track24 ‘ Flooding Alert Tables Charts

Track information: [Offset: 0.10] [Closest Approach in UTC: 2016/10/21 06:00] [Closest Distance: 105.11]

Storm Surge Alert for Flood Prone Location

5 Time of reaching
Location Reference Station  Threshold (mCD) %T:;Lﬁaﬂ:ﬁ Foreca(sr;gena;k =] fd::reca?l'lfI Ee_r?k level

Nam Wai, Sai Kung Tai Miu Wan . 20.10.2016 / 2340 21.10.2016 / 0010

Lei Yue Mun Quarry Bay 8 20.10.2016 / 2310 5 21.10.2016 / 0030

Luen On San Tsuen Lok On Pai Below Threshold i 21.10.2016 / 0030

Kar Wo Lei Lok On Pai 1 Below Threshold ! 21102016/ 0030

Sham Tseng Lok On Pai Below Threshold A 21.10.2016/ 0030

Storm Surge Notification for Tai O

: Time of reachi
s : Time of reaching Forecast peak level
Location Reference Station Threshold (mCD) forecast peak lev
Threshold (HKT) (mCD) (HKT)
Below Threshold 21.10.2016 / 0020

HHERNE
Hong Kong OBSERVATORY




Recent TC:[TC NAME: Haima][TC Model: EC][Model Run: 101700_10180031][Storm Size: 1sokm |v|]

Max Table

Flooding Alert

Histogram

Probability Table

Single Track Result

Model Tracks information: [Total Number of Tracks: 49] [Offset: 0.10]

Track: ECMWF Model Track2d

Flooding Alert

Tables

Charts

Ensemble Charts

HFHRXEH
Hong Kong OBSERVATORY

Track information: [Offset: 0.10] [Closest Approach in UTC: 2016/10/21 06:00] [Closest Distance: 105.11]

SIMULATED STORM SURGES + ASTRONOMICAL TIDE IN METERS FOR Haima (Oct 2016)
STATION CODE

CCH
245
269
274

278
266
238
198
160
129
117
123
148
178
197
214
228
233
226

KLW

252
247
248
267

262
226
1.85
1.54
1.26
1.30
153
178
1.92
1.96
216
235
234
219

LOP
192
227
249
261

253
230
1.90
1.48
1.04
073
0.64
0.73
1.04
138
173
203
222
229

MAC
261
2.96
an
an

312
2.89
258
213
1.76
1.46
1.34
144
1.71
2.01
220
231
237
235

QuB
2.44
259
2.66
275

262
234
197
157
125
121
125
147
175
1.95
213
232
238
235

TAO
1.98
234
257
264

252
228
1.88
14
0.97
0.68
0.64
0.86
1.18
1.54
1.80
200
21
212

TBT

TPK

WAG
268
2.80
283
295

SPW
233
262
272




4. Slower track \

5. Leftward biased tracks

YR Ee e
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Potential Track area

Analysed position 30 km
|[24-hour forecast position 125 km
48-hour forecast position 225 Km
72-hour forecast position 325 km
96-hour forecast position 400 km
120-hour forecast position 500 km
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Operational Storm Surge Prediction System
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Operational Storm Surge Prediction System
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Operational Storm Surge Prediction System
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Time series of 5 scenario tracks

Recent TC:[TC NAME: Usagi][HKO Scenario][Model Run: 092206_99920006]

Max Table Flooding Alert Histogram Single Track Result Time Series

Usagi - Quarry Bay - Sea Level
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