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Reviewing the status and challenge of the development of the forecast
system for storm surge-induced inundation;

Introducing the high-resolution Sun Yat-Sen University Integrated Model
(SYCIM);

Projection of the Sea Level Rise and Coastal Inundation Around
Guangdong-Hongkong-Macao Greater Bay Area Over the Next Century

Summary



Storm-induced Hazards and Disasters along the US Eastern Coast

Hurricanes/
Tropic Storms

Coastal Inundation

Infrastructure damages

Human safety

Extratropic Storms/
Nor’easters




From John Cannon, MWS



Overwash of a Seawall
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From Tony Mignone at NOAA



Current US NOAA Storm Forecast Model Systems

}

A structured grid surge model
(very efficient)

No tides No waves No wave runup




Requirements in Improving Physics

01 Nonlinear interaction

| |
Tidal Elevation + Storm Surge 3 Real Observed Elevation

02 Current-wave interactions
=) Radiation Stress

=) Change the current amplitudes and direction
= | arger sea level

03 Wave run-up produces slashing over or

overtopping, even the total water elevation is still
lower than the coastal seawall.

04
Coastal irregular geometric fitting requires a

unstructured grid modeling approach




Questions Raised by Climate change-induced Mean Sea Level Rise:
 What level of change would we find for the storm-induced coastal
iInundation?

* How could we develop an end-to-end forecast system for the storm-
iInduced inundation with accounting of the sea level rise.

* What is the next generation of the storm surge forecast model
system?
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Sun Yat-Sen University Integrated Model (SYCIM)

-ocean forecast system
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China Sea Ocean Model Gri
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Typhoon Hato ( X858 ) (August 23, 2017)

Wave runup Splashing or overtopping

_“J, .i |
*u
-

Seawall



. X1
27°N . —7 ‘
22°N : .

— O L
17°N o m— AT X5

SEHTE XL R

— X S

[ — |V
12°N +—= S

100°E 105°E 110°E 115°E 120°E 125°E 130°E

24.0

23.

[

Typhoon“HATO”

SIKAL (em)

BIKAL (cm)

~100f o o

300F
o EMME

« "™ Zhong Da

150F 00

=1

1001

50f

—s0}

30i

201

-

o

S
T

BIKAEL (em)

-10

SIKAL (cm)
S

o SME °9

+ " Huang Pu o

(9

o
T

ol

T o smm ] 5
T =4« San Shan Jiao

300F

200

—100f

~wa  Da shi °




. i
27°N : —> )
o T
22°N - .
17°N A m— X q ..
e SR NUR
— X,
% T/ 9
12°N W . . ALl .
100°E 105°E 110°E 115°E 120°E 125°E 130°E

24.

Typhoon“Mangkhut”

SBIKAL (cm)

SBIKAL (em)

| o SCMfE
| — f&HE

w
=3
t=3

Zhong Da

N
o
=

~N
o
t=1

-

o

=3
T

-

o

S
T

v
t=1
T

=)
T

I
[l
t=1

T

7015-09-16 0000

201309-T5 0100 2018-09-15 12:00

000 o sE
—=s Huang Pu
200
100
I
—-100f

S IKAL (cm)

BIKAL (cm)

300 O SEAME

= *% San Shan Jiao




Greater Bay Areas: Big 4
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Coastal inundation

model grid, resolution~2m



ina Sea Coastal Inundation Forecast System
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Sun Yat-Sen University Integrated Model (SYCIM)
Numerical Downscaling

CMIP6
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Q ) Sun Yat-Sen University Integrated Model (SYCIM)
Numerical Downscaling

CMIP6 Name CF Name CF Units
ta Air Temperature K
tas Near-Surface Air Temperature K
ua Eastward Wind m s-1
uas Eastward Near-Surface Wind m s-1
va Northward Wind m s-1
vas Northward Near-Surface Wind m s-1 ATM os P H E RE
hus Specific Humidity 1 »
huss Near-Surface Specific Humidity 1 Qs
zg Geopotential Height m Wind
ps Surface Air Pressure Pa Clouds
psl Sea Level Pressure Pa
tsl Temperature of Soil K
mrsos Moisture in Upper Portion of Soil Column kg m-2
mrsol Total Water Content of Soil Layer kg m-2 vaporation
ts Surface Temperature K Fracipitation
snw Surface Snow Amount kg m-2
CMIP6 Name CF Name CF Units
Z0S Sea-surface-height m Salinity Temperature Turbulent, Well-Mixed Layer
uo Eastward-sea_water_velocity m s-1 Y AT /n¢ernad
VO Northward-sea_water_velocity m s-1 »
wo Upward-sea_water_velocity m s-1 c N Qaass Whteriar
{geostrophy)
SO Sea_water_salinity 1e-3
thetao Sea Water Potential Temperature degC

CMIP6

ms) SYCIM



Hot SCS

2020-01-02T00:00:00

22°

ISR = NN

N =N =
N N N N e e e 23 3.0 3 0 8.3 5.3 B 0

e i

N
oM
° 00

e L s
. ~ 7

-

84°86°88°B0°E2°H4°H6°H8 FD0FE2PE4TE6TE8F EOY E2PEAT E6F ESPEOY B 2P FATE6Y ESPBOPE2Y B4PB6Y B8P EOTE2 °E

W
A

w
N

w
[=}

r 28

26

24

22

average sst

35
34
3
2
31
30
29
28
27
%
1 2 3 4 5 6 7 8 9 10 1 12
20205 £ w2060fF w2070%F w2080% w2090% m2100%F

£ W2030fF w2040% w2050

» In SSP585 scenario, The SCS
SST will rise up to 3.6°C by the end
of 2100

SSP585: With an additional radiative forcing of 8.5 W/m? by the year 2100, this scenario
represents the upper boundary of the range of scenarios described in the literature.
CMIP6 (IPCC ARG)



Projection of the Coastal Inundation
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To 2050, The most coastal region of the
Guangdong-Hong Kong-Macao Greater
Bay Area are in the risk of flooding



Projection of the Coastal Inundation
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Summary

B The coastal inundation is the major task of the “end to end” storm
forecasting. The ultra-high resolution numerical model must be used
In the storm surge forecast system

B The SYSU research team has established a new global-regional-
land nested model system (SYCIM) that is ready for an application to
develop a storm forecasting and hazard assessment system along
the China’s coast

B The most coastal region of the Guangdong-Hong Kong-Macao
Greater Bay Area are in the risk of flooding under the changing
Climate
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