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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!!l.

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?!2l.

There is an urgent need for using marine forecasting system to respond to emergencies!

MARITIME SEARCH AND RESCUE DATA IN
CHINA FROM 2015 TO 2022

M Rescue operations Ship rescued People in distress
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13235

Oil spill from the damaged "Symphony"
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"Bingo" shipwreck in 2013



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.

Maritime emergency

Numerical models are developed forecastine models
for physical-biological forecasting beean to dgevelo
on regioanl to global scales g P

2008-2015

/

Preliminary research

2D/3D oil spill models

Ensemble forecast of oil spill (OSCAR,
GNOME, OILMAP, NMEFC-OILMAP)

NMEFCSAR v1.0
SARMAP, OILMAP

1980s-2010s

- —

Boost of physical models

Launch of the first generation of global-
regional forecasting system constructed

by NMEFC
More numerical cases

Computing power - Higher resolution

More complex physical

PDYOCESSS

- Theoretical progress

Coupled
Mass Con

Enrich characteristic coefficient
database

Consider more complex physical
and chemical processes

2015-2022

_—

Technical improvement
Oil spill weathering model (v2.0)

Oil spill for ice region

Explosive Growth

Maritime emergency forecasting

system based on GPU

Mobile source oil spill forecast

Linear - leeway - semi-analytical model
for SAR

Unified maritime emergency

The rapid development of
GPU and other computing

forecasting platform

technologies is likely to bring

a new round of model

innovation
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1.3 Requirements for the operational emergency forecasting

01 High-efficient, stable, and easy to operate

02  Friendly to multi-source data

03

A unified platform that ready to provide multifactor-forecast on
various spatial scales
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1.4 Operational marine forecasting products in NMEFC

Storm Surge |

OperationalframeworkofNMEFC|_,|—¢ wave |

Sea Ice |

Search and Rescue

Marine Disaster

ariti 0ill Spill
Temperature Maritime

Emergency
: : Forecastin,
MarineEnviro Salinity g Hazardous Chemical
nment

Current

Operational

Ecological Disasters
Systems 5

Marine
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Forecasting

Climate
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»Global-Reginal oceanography forecasts -
1: Global Ocean (1/12°) —%”i‘*‘m T S, 2012060900
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8 NMEFC )

Maritime Emergency Forecasting Platform

When a maritime
accident occurs:
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Oil Spill and Hazardous Chemical Emergency

Forecasting Platform
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Search and Rescue Emergency Forecasting

Platform
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Input the accident
information on the
human-computer
interaction
interface

The system
automatically
calculate the drift
trajectory of the
accident target,
the diffusion range
of the oil spill, etc.
The entire process
can be calculated
in a few minutes.
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Three fishing boats sink near Xisha Islands in September 2013 with Two boat collisions off the Jiangsu coast with 14 people missing in Iceberg drift trajectory prediction to provide technical support for Icebreaker “Xuelong” route

88 persons on board due to Severe Typhoon Butterfly, 26 were saved ~ Octorber 2013, the place of rescue is within the scope of forecasting planning in January 2014
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short-term (48-72h) underwater modeling mid- to long-term (1 to 3 months)
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2.1 Oil spill and hazardous chemical emergency forecasting platform

* HiHENE=aE D
O, Oma > ORe > O e > O s

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

Lagrange method. The motion of oil particles is mainly
affected by sea current, sea surface wind, wave-induced

ERE: | EEEA | current, self force and turbulent motion
s | | u,=u,+o(u,cosp—v,sinB)+u,+<u >
ERR. @l EEEE) O e ([EEEE) Basic formula Vo = Vet OL(U',J1 sin f3 + Vv, COS [3) +V,+<V >

Qi F LRSS e N

: @ EmEEER

forecasting/jﬁagk'gracking

L e T 5
surface forecasting/ underwater forecastjng

W, =W, +W,+<W >

Bl AT R v i = SELPl0) (@ <a) 052,
= T = < . . " where d. =—73 - 173
fixed point souce/ mob||le point souce | Vertical velocity |,, _ ot . /5.0 = ) 0" p. /pu)
T A= E ) DD MM 55 W oL
Instant release/ continuous release U =&JCA /At cos(2nE) Hs=2-12X1°2 X(‘:a”a)
[ 2 30 |7 00 "N Turbulant diffusion {v =g|cA, /Atsin(2ns) Kwave :o.ozs%gzﬂ T =o.8172”"“ga+"ﬂ
. . Random walk |w =gJcK,(K,..)/At _2r_4r
| 12 oo || oo E v A gr?
BiEEm): | 100 | A (min): 0
1. Errors from the wind field and oil spill information (releasing
iteEmEming: | 10 | EHERmin): | 50 | time, location, ect.) are the main error sources of the oil spill
ssandial: [2021-03-24 osedoos )| meFema): | 2 | model.
KEEDS: | CN_CST-ull * Multiple forcing fields her resolution of the current field would further improve the

Human-computer interaction platform

€ Ensemble prediction
@ Suitable for manual
correction with on-set

T

observation

icy of oil spill drift trajectory prediction.



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 error/lan
factor/%
1 2 ! 15.68
2 2.5 /! 12.88
3 3 ! 10.12
1 4 4 ! 6.24
5 5 /! 5.30
6 ECMW | NMEFC- 6 ! 8.72
7 F NWP 3 x .97
2 8 4 us(z) = f 2ek(ed) 5 () e d ey 297
0 5 [J 6.14
10 2 8.13
- 2 .
3 11 2.5 us(2) = —J j w ke* B, 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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Exp.3 Calculated Stokes with 2D wave spectrum

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 (up to 1441 kinds of oil and its related

parameters)

Weathering model V1.0 Weathering model V2.0

|
|
|
' . |
( ) . k At k t |: ' T G ' [ A- B'T"] T : f Vertical ) dm 0,57 0,7
Evaporation = =— K =In 1+B — He T : . . —d=l£'m-‘D:} . _‘F;.E'fﬂr' -Ad
\ J 0 V 0 o Y T BT. : \ diffusion ) dr 1" ba J{ 0
|
- N 1 . N . 1+ t ( ) deSS -
Emulsification YW = [1_ e KaK ( U W)Z j Dissolution =K-‘f; : A: -5 (gh 1)
\ J K B : \ J d'r
s N : s N
Density change P =(1—YW)((O.6.pO—O.34)FV+pO)+ YW.pW : Viscous change 7, =ﬂchr[%_}én]
\ J | \ J
|
|




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 T .
time step
29N 7
5

Longitude



2.2 Technical improvement in oil spill model

» 4. Development of oil spill modeling for ice region

08

The ice module is built upon the existing oil

0.5

spill model.

0

0.4

The ice coverage and ice velocity are taken into

consideration

Model result is consistent with observation

In the northern Bohai sea in China, seaice ¢ =
at the water surface is given by:  disasters are huge threat to coastal oil field.

SN
r— '-);-zwum
—— B

The velocity of the oil, v

oil

Voil = KiceViee + (1 — Kice) (Vigater + Sy Viving) | - —— The modeled trajectory 1S
| basically consistent with the
0 if A <0.3 4a'| | measured trajectory, and the
A—o. . . o 7. e
Kie = 2 if 0.3 A <0.8, distance error within the first

0.8—0.3

1 if 0.8< A “2‘| | 40 hours is less than 0.5 km.

| The results show that the

where v, , and v,,,,,, are the velocity vectors of the ice and N | model is reliable

water

surface water, respectively, and A is the fractional ice cover. wl

0 20 40 60 80 100 120 |
Time/h

E —

2.
30°E 32°E



03

Search and Rescue
Emergency Forecasting

Ocean
Predict

7)
<

U
W

<



3.1 Search and rescue (SAR) emergency forecasting platform

HiEeEE ®

Leeway Model Semi-analytical Model
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Technical improvements:

The characteristic drift coefficient database for typical

“fishing vessels in China was constructed

12,

Unified platform: Semi-analytical model was developed with expanded
The platform integrates three types of SAR models: marine target coefficient database

the Linear model, the Leeway model, and the Semi- The influence of wave on large vessels is considered
analytical model into the same platform. 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

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

Up to 93 leeway target types
including human body in various
postures in water, life rafts, small
craft, and typical commercial
fishing vessels, etc.

Open sea tests

Typical fishing vessels in China, Dummy, Raft...



3.2 Improvements in the SAR model

» 2, POPC (the probability of positive crosswind)

) ) Tab. The Mean Distance Error of three examples of POPC values
When using Monte Carlo methods to predict p— e
search and rescue areas, the ratio of crosswind Object (Number of (%%5053) (Number of -
drift velocity : +CWL samples) CWL samples)
- CWL(crosswind component of leeway) and Ol e POPC pope=54% popc=50% popc=46%
+OWL 1l t to 50% fishing boats Mean Distance Error 0.7146 0.7099 0.7079
18 generally set to 0. Vertical POPC popc=56% popc=50% popc=44%
l dummy Mean Distance Error 2.3951 2.2530 2.1083
Horizontal POPC popc=69% popc=50% popc=31%
When the number of observed samples is dummy Mean Distance Error 4-34250/ 4'36ggcy 4-402;"(y
. . . .. . Half loaded life POPC popc=33% popc=50% popc=67%
sufficient, the probability of positive crosswind raft Mean Distance Error 4.0903 20181 28101
(POPC) can be added to the Leeway model. Fully loaded POPC popc=32% popc=50% popc=68%
life raft Mean Distance Error 2.7991 2.7315 2.6732
3 — — —
Tab. Number of observed samples with +CWL and -CWL of the object
Object Number of +CWL samples  Number of -CWL samples 550\ From the perspective of :
(proportion) (proportion) ] :
o mean distance error, the
Offshore fishing 60 (54%) 51 (46%) 57,' i |
boats result is better when POPC
- I
Vertical dummy 233 (69%) 103 (31%) | [T coroean, |1 1S SET 10 -CWL value. Next, :
54' e B S . |
i rorc=so B more sample data is |
ngﬁ%ﬂal 203 (56%) 159 (44%) I POPC=56% p . :
ummy - weed 0 needed to prove this result.
g A Initial Position === = = = = = = = = = = e e — — = ————
Half loaded life 99(33%) 197(67%)
raft I
R 48' " n I — — .
Fully loaded life 95(32%) 204(68%) 20 25 113°E 35 40 45
raft 30.00'

Trajectory diagrams of three POPC settings for horizontal dummies



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 V, velocity
— — E— — — _ . 0 —* — .
Fy+ B +F,+F+F=m F+ fx VDJ f  Coriolis force
parameter
water drag f“’ — l »JCJA, K K m  object mass
2
1 t drift duration
wind dra — & vl
& E;; 2 (, Aa Vra [f;-a A,, areasin water or
1 A, inair
surface wave 2
reflection force F Pw t’:)LH L length of Object

Settings: Semi-analytical Model wind slopes:
* RAB fa i 0.5—3 1.88%—1.76%
¢ Wind drag C; @ 0.7—1.5 Classic Leeway Model DWL slope:
. Water drag C,, : 0.8—1.2 1.8%—6.54%
b b b
b 2
N . N N
—_—
— =05
a
oxry — =l . oxqy
21°50 a 20 21°50
A — il — il
—f=2 —C=07 —C =08
a a w
\ f=25 —C= —C=
a a W
£=3 £=13 € =12
a a W
2104 L . . . 21°4() 21°40" . . . .
113°40"  113°50' 114° 114°10" E 114°20" 113°40'  113°50' 114° 114*10" E 114°20" 13°40"  113°50' 114° 114°10" E 114°20'
RAB Wind drag coefficient Water drag coefficient

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

drag coefficient (C,) are the most essential parameters

100~

90
80
70

Leeway’s contribution

percentage (%)
o
=

Current’s contribution

0 | | | | | | | | |
0 20 40 60 80 100 120 140 160 180

200

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

much lower

than wind and wave on the drift trajectory
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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.

30°
28°

The emergency forecast of the future 72-hour of the oil distribution was 26°

performed and published on daily basis from 14 January to 2 February. 1

4 - Tl
120° 122° 124° 126° 128° E130°
Sanchi caught fire after the collision Observation trajectory
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N e E £
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i a . »
BB : ' N 25
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124956.7 | Ak 30°42.7 ALK & sk o 20
A2k 1A 10 512800 5, itk S H i v E 30°
29496 . ' ’
(—) AFABEHSHEREHR: 018011312008 ° g
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& Fg ~ 15
Rl 1. RFhREFETRES, ERERNH 25 LB, Rt —
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- g 0
F EI(E B EA(T) I(HTI; A (ms) RG] H EnEZ8 1 0T8RS 2g° 8 1
10421100 153 035 08 FT ] <!
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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.

126°0'E 126°15'E  126°30'E 126°0'E 127°0'E 128°0'E 129°0'E
(a) (b)
30°0N B
28°45'N: - a‘
28930\ 290N Tt
Wreck 73
’ location
« 4 Wreck location B e ¥ Wreck location
Wreck = Predicted slick on 17 Jan. i 1} . Predicted slick on 23 Jan.
oy cr location . predicted slick on 16 Jan. | 28°0'N . Predicted slick on 21 Jan.
28°15'N = Observed slick on 17 Jan. == Observed slick on 23 Jan.
= Observed slick on 16 Jan. = Observed slick on 21 Jan.
. Observed slick on 15 Jan. . Obscrved slick on 20 Jan.

Validation of the forecasted surface slick against the satellite
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Simulated accumulative distribution of heavy fuel oil
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Prediction of Fuel oil drift and diffusion for 30 days
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e Stikod ln o Shikoki
e s Ve s Y
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Comparisons of surface oil thickness (first row), bird's view of dispersed
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4.2 Applications in the search for Chinese offshore fishing vessel

» 2. Assistance in the search for the Chinese offshore fishing vessel 'Lupengyuan Fishing 028’
On May 16, 2023 at 03:00, the Chinese offshore fishing vessel "Lupeng Yuanyu 028" capsized in the waters near 77 ° 05’

E and 5°46 'S in the central Indian Ocean, and 39 people on board were missing.

NMEFC activated emergency response on the morning of May 17th, providing a total of 11 forecast products for the drift trajectory of drowning personnel and

the surrounding marine environment.
1. To simulate the drift trajectory and search area of drowning personnel
2. To simulate the drift trajectory and search area of life raft

> Based on the location of the bodies of the drowning person discovered on the 18th, adjust the parameters and provide a search and rescue forecast based

on the new parameters.

» The location of the bodies of the drowning personnel discovered was near the search area, providing timely and effective technical support for maritime

rescue.
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