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Background Introduction




1.1 Demands for operational maritime emergency forecasting systems

» Maritime hazards occur more frequently in China along with the rapid development of marine economy and
intensified utilization of coastal zones

Tianjin port explosion Sanchi oilspill “Fujing 001” shipwreck Shipwreck search and rescue

» The climate change increases the likelihood and severity of extreme event like extreme heat, precipitation,

tropical cyclones, and strom surges. In 2022, the top three marine disasters are storm surge, sea wave, and red
tide in China, which caused a total of 35,062,228 USD of direct economic losses [11.
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| Ministry of Transportation of the People's Republic of China.National maritime search and rescue situation Report [EB/OL]. (2022-11-10) [2022-
[1-10].https://xxgk.mot.gov.cn/2020/jigou/zghssjzx/202302/t20230227_3765122.html




1.1 Demands for Operational maritime emergency forecasting systems

» Maritime hazards pose threats to the environment and human activities and proverty

According to the statistics from the National Maritime Search and Rescue Center (NMSRC), in 2022 alone,
the NMSRC organized and coordinated 1935 rescue operations, in which 1110 ships and 10834 people were

saved!!]

57 oil spill incidents were detected by the HY-1C/D in the China seas from 2019-2021, the image area of
spilled oils can be up to 1291.63 km?!!
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1.2 Development of maritime emergency forecasting systems in NMEFC

The development of maritime emergency forecasting system is a reflection of the revolution of

marine environmental forecasting models.

) .. .. Coupled with the new Mass
Enrich characteristic coefficient p

Conservation Ocean Model
database

Consider more complex (MaCOM)

Maritime emergency forecasting physical and chemical processes 2023-
models began to develop
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1.2 Requirements for the operational emergency forecasting

01 High-efficient, stable, and easy to operate

02  Friendly to multi-source data

/ 03 A\nified platform that ready to provide multifactor-forecast on

various spatial scales
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2.1 Oil spill and hazardous chemical emergency forecasting platform
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Lagrange method. The motion of oil particles is mainly
affected by sea current, sea surface wind, wave-induced
current, self force and turbulent motion

U, =uU,+a(u, cosp—v,sinB)+u,+<u >

V, =V, +a(u,sin B+v, cosP)+Vv,+<V >
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1. Errors from the wind field and oil spill information

time, location, ect.) are the main error sources of th
model.

The oil spill model is based on the "oil particle" model of

. =2.12x107% x (uZ +v?)
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e oil spill

2. Higher resolution of the current field would further improve the

accuracy of oil spill drift trajectory prediction.

Human-computer interaction platform




2.2 Technical improvement in oil spill model

» 1. Consider the influence of Stokes drift on oil spill modeling

Group No. Wind Current Wind-drift Stokes drift Distance ervor/lan
factor/%
1 2 ! 15.68
2 2.5 /! 12.88
3 3 ! 10.12
1 4 4 ! 6.24
5 5 /! 5.39
6 ECMW | NMEFC- 6 ! 8.72
i F NWP 3 @ .97
2 ] 1 ug(z) = f 2ek(e) 5 (o) e K d ey 2.07
0 5 [ 6.14
10 2 . 8.13
3 11 2.5 u(2) = EJMJ. @ ke ™ E(w, 8)dwdf 1.03
B 3 870 Jo 3.03

1. Accuracy improves by 40% with Stokes drift velocity taken into

consideration in oil spill trajectory simulation, especially in mid- to long-

term simulation.

2. Simulation using the Stokes drift velocity by 1D spectrum is more suitable
for operational forecasting (less computing time)

Exp.1 No Stokes drift considered
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Exp.2 Calculated Stokes with 1D wave spectrum
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Yang Yiqiu, Li Yan, Li Juan, et a. The influence of Stokes drift on oil spills: Sanchi oil spill case. Acta
Oceanol Sin, 2021, 11(40).
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2.2 Technical improvement in oil spill model

» 2. Improvement of oil spill weathering model

(1) More processes are taken into consideration
(2) Expand the oil library and coefficient database by introducing the ADIOS oil database from the
US (up to 1441 kinds of oil and its related parameters)

Weathering model V1.0 Weathering model V2.0

( ) ) o klAt _ k't E —Inl1 : L ' A?B'-L T f Vertical ) dﬁ?d 0,57 0.7
! Evaporation | 0 = Vo = 7 v =Inj 1+ B T 9 e{ T J BTG ! diffusion | ? =C,; 'Dbé ‘f: =F;_f +dﬂ - Ad
< N 1 . R . 1+ t ( ) deSS -
Emulsification YW = [1_ e KaK ( U W)Z j Dissolution =K*f; : A: -8 (Qh 1}
\ y, K B L ) df
Density change p= (l—YW)((O6O p0—0.34)FV+pO)+ YWO pW Viscous change u =ﬁﬁ£-‘:?[%—%ﬂ]




2.2 Technical improvement in oil spill model

» 3. Mobile source oil spill modeling

/1. 0il spills from ships are getting more )
frequent

2. The existing oil spill model cannot
simulate scenarios of mobile source oil

\_ spills J

\ 4

An individual module for the mobile

point source information process was 451
built
The input of moving velocity was added f'; =
and kept in consistent with the model 5
time step

29°N 1

Longitude



2.2 Technical improvement in oil spill model

» 4. Development of oil spill modeling for ice region

» The ice module is built upon the existing oil
spill model.

» The ice coverage and ice velocity are taken into

consideration

» Model result is consistent with observation

The velocity of the oil, v ; at the water surface is given by:
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o I The modeled trajectory is
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0 if A <0.3 o | measured trajectory, and the
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3.1 Search and rescue (SAR) emergency forecasting platform
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Unified platform:

The platform integrates three types of SAR models:

the Linear model, the Leeway model, and the Semi-
analytical model into the same platform.

1222'¢

characteristic drift

coefficient database for typical
vessels in China was constructed

-Semi-analytical model was developed with expanded

marine target coefficient database

The influence of wave on large vessels is considered

The ratio of the above-sea lateral projection area to the

below-sea lateral projection area (RAB) is considered




3.2 Improvements in the SAR model

» 1. Drift experiments on typical targets in China seas

Typical fishing vessels in China

Open sea tests

Enriched marine target coefficient
database that applicable to the
China’s maritime search and
rescue:

Up to 93 leeway target types
including life rafts, small craft,
and typical commercial fishing
vessels.



3.2 Improvements in the SAR model

» 2. Enrich Leeway drift coefficient database

A case study on a 20m length fishing vessel was conducted to determine the wind-induced drift characteristic through
leeway speed, downwind component of leeway (DWL), crosswind component of leeway (CWL) coefficients, and explore

how the fishing vessels drift in the surface water with the wind effect. pwL

Slope% Yem/s
3.08 5.89
1
a b < 3 1: \\.'mxl sensor
2 2: direction sensor
f ? , T 3: air temperature sensor
\ 4: GPS antenna
« ) g 5: Big Dipper antenna
wheelhouse g
™ 6: ADCP
3 ——— 8 m
-
- =
o~
!
20m

8,‘

» The modeled drift trajectories calculated using new
coefficients is more consistent with the actual situation
» The forecast search area and the probability distribution
of drift particles are sensitive to characteristics of CWL
sign change: the change condition and the frequencies of

sign change, respectively.

Sujing Meng, Wei Lu, Yun Li, Hui Wang, Lifang Jiang. (2021). A study on the leeway drift characteristic
of a typical fishing vessel common in the Northern South China Sea, Applied Ocean Research, 109.
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3.2 Improvements in the SAR model

» 3. Semi-analytical model

m A semi-analytical model based on geometric feature
parameters of ships is established (force analysis)

B The ratio of the above-sea lateral projection area to the below#

sea lateral projection area (RAB) is considered

Force analysis i Vo, velocity
— — — —F — . 0 —* f— R
Fy+E+F,+F+FK=m F+ fx VOJ f  Coriolis force
parameter
water drag E — l ("‘ Aw V V m object mass
2
1 t drift duration
wind dra T gl
& E;‘ 2 ( 143 a H‘a A,, areasin water or
1 A, inair
surface wave 2
reflection force F 4 “f *_’LH L length of ObjeCt

RAB (A4, A,), wind drag coefficient (C ), and water

drag coefficient (C,) are the most essential parameters

N
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» When the wind speed exceeds 5m/s, the influence of current

is much lower than wind and wave on the drift trajectory



3.2 Improvements in the SAR model

average distance errors for the first 24 hours are as follows:
* 5.4 km for the semi-analytical model

11.7 km for the leeway model

8.9 km for the leeway model result with manual correction

» The forecasting accuracy improved by 53% compared to the classic

Leeway Model, and 37% compared to the Leeway modeled result with
manual correction

» When the wind is stable, considering right deviation can improve the
simulation performance

-

The model was applied in the drift trajectory prediction of “Sanchi”. The
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4.1 Applications in the tanker Sanchi oil spill emergency

» 1. Oil spill forecasting service for tanker Sanchi — drift, diffusion and weathering

On January 6" 2018, the Panama-registered oil tanker Sanchi ,
loaded with 136,000 tons of condensate oil and 1,900 tons of bunker
oil, collided with the Hong Kong cargo ship at 30°42'N, 124°56'E.
The oil tanker was burning till January 14™  and sank at 28°22'N,
125°55'E, with oil spilled into the sea.

» The emergency forecast of the future 72-hour of the oil distribution was
performed and published on daily basis from 14 January to 2 February.
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4.1 Applications in the tanker Sanchi oil spill emergency

» A long term fate and behavior for condensate and bunker oil during January

and February was performed.

» The leakage from the submerged tanker was also investigated.

» A validation study was carried out for the wind, current, oil distribution and

shoreline hits.

The forecasting conclusions have successfully supported the decision

making for the response of the Sanchi oil spill, as well as environmental

impact evaluation.
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4.2 Applications in the search for Flight MH370

» 2. Assistance in the search for the Malaysia Airlines Flight MH370

The Malaysia Airlines Flight MH370 lost contact with 239 people on board at 1:20 on March 8, 2014 at 6°55'15"N,
103°34'43"E. Debris from MH370 was found on Réunion Island, France on July 29, 2015. The “Donghai Rescue 101”

were sent to the eastern part of the Southern Indian Ocean for a search mission in Februarv 2016.

1. To simulate the possible origins of debris

»The NMEFC SAR model indicated that the drift of debris in the sixteen months (from March
2014 to July 2015) is likely to have been northward and then westward or directly westward

starting from the northern search area.

> But starting from the southern accident site, debris likely drift eastwardly reaching to the

western Australia.

2.To assess the planned underwater search area (in the red dashed area) published in Aug. 11

2015

» The debris found on La Réunion Island is less likely originated from regions covered by black

points (previous planned searching z‘;%p)g%.
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4.3 Applications in the transport and diffusion of hazardous chemicals

Sea Surface Currents 2015081908

At 23:30 on August 12, 2015, the explosion came from a ™"
warehouse located at Tianjin Port, inside which are hazardous

materials. o _
A high-resolution dispersal model of hazardous chemicals was 38345,',;1;
established based on the operational forecasting system in the -~

Bohai Sea (1/60°) with a horizontal resolution of 70m. —

The model was established to simulate and predict/t’he
diffusion and arrival time of hazardous chemicals at the -
entrance. The model result provides support for-decision-

making process. 3N ; ; h ; |
7 117°40'E 118°E 118°2b\'E 118°40'E 119°E

[ B e B S S B B B AN e ——
002 004 006 008 0.1 012 014 016 018 0.2
\

o o mmm o o mEs e e s e e s o r35‘ 1
N A
n I 39.1412015-08-21-16:00 UTC+8 ol O B
e | I
tion 39.12 RN .: oy | S
| ® | TAL LAY AN
39.10 : LA N\ \ \ :\Q R‘. \ Q) ..'Q. I I
| R Rt
NS
33.08 ENNRNNAN A
l | Wi e | |
39.06 : noentrzfion
SANNRNNNE I I #boue0 % I
I 30.04 : 5, :} NN ! 088-0.96
Satchy Ind i NANNAANN 39007 0.80-088
- 39.02 RN | L om-0m |
B 42 : : 064-072
6o 4 I NN 38,05 e W o084
e 5800 . | B 0405 |
B 2.0 I NN 'l W 0004
e 38.98 NNNAY  gagegto W 02-040
B | sy | wooo ||
P \ M 015-02
gy 38.96
— l N SN I 003-016
&5 38.94 ‘ Jeesy o £ 000-008 I
26- - - _ Below 0.00
= B;z:ﬁ-:gg I Undefined Yalue——
Undefined Valu s8.02 : I 117.50 117.60 117.70 117.80 117.90 1 118.10 I
175 118.0 1185 119.0 1195 1200 I 0:00:00 2015/8/22 Time Step 0 of 72.
0:00:00 1899/12/30 Time Step 0 of 0. 38.90 I

| = 17 G0mm ey GO eR)  w—7eRGE w7 S G5 e 110wy 7 Gfemm I I I I IS S I B BEE B DEE BEE BaE B B .



05
Future W

ork




4 Provide maritime emergency forecast hased on MaCOM

The Mass Conservation Ocean Model (MaCOM) model is a newly established and operated global
circulation model, which adopts a complete physical framework. The key feature of which is mass
conservation, enthalpy conservation, salt conservation, and based on pressure coordinates.

1 Mass conservation 2 Flexible grid support 3 Heterogeneous computing
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4 Provide maritime emergency forecast hased on MaCOM

Multiple models are needed for different spatial
scales and different environmental elements

CPU parallel

Mass Conservation Ocean Model
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replace NEMO

replace FVCOM
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* Coastal-Regional-Global multi-scale integrated
* Circulation, wave, storm surge, and Tsunami
multifactor coverage

* Multi-grids support without changing core codes

* GPU parallel acceleration
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Thank you for listening
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