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Who am |

XUE Cunjin, Male, Dr. Prof. International Research Center of Big Data For
Sustainable Development Goals (CBASand Aerospacdnformation
Research Institute,Chinese Academy of Sciences (CAS)

A director of Digital Ocean and Air Research Division.

An engaged backbone professor of Chinese Academy of Sciences (2023)

A member of Youth Promotion Association of Chinese Academy of Sciences

_ (2013)
Email: xuecj@aircas.ac.cn _ _ _
https://people.ucas.edu.cn/goldensnow: A member of Academic Construction Committee ofCBAS (2024)

A member of Digital Ocean Committee, National Committee of China of the
International Digital Earth Society

A member of Digital Coastal Committee, National Committee of China of
the International Digital Earth Society

A member Virtual Reality Committee, National Committee of China of the
International Digital Earth Society
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Marine information system
& Digital twin of the ocean

17

Marine spatiotemporal
association rule mining

17

Marine dynamic cluster
patterns mining

T

Marine spatiotemporal data
representation & storage

1r

Marine abnormal object
extraction model
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Digital twin of the ocean promotes 'whatif' scenarios simulations
A Marine information system for marine SDGs

A Case studies of monitoring and evaluating marine SDGs
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Challenges from SDG14 and UNDOS '

Ocean has being under threats S

, Over 40% of the o c e a suffaxe are e
affected by land-based and seabased = il
activities Ko

. Live coral cover has nearly halved in the f PN
last 150years Ga<mmore (- . cons et 0261 umof/;; -

. Only 19% of the oceanfloor are maDPEd, .:Mimovi-g—_ﬁ"' Science2018
vast swathesof the deep oceanand Arctic — —
and Polar regionsare unknown Oceanscience & technologies ar@argely

. Oceand d ezaadn is lseidig created competent for diagnosing problems

, Declineof structure, function and benefit of . Stereomonitoring capacity: Unmanned
marine ecosystem survey vessel, Satellite RS (SDGSAT),

Space RS, Buoy
Earth big datatechnology

Oceanscience development
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Challenges from SDG14 and UNDOS '

SDG14: Conserve and sustainably use the oceans, seas and marine resources for
sustainable development

14.1:Knowledge and solutions to reduce pollution 14.6 Knowledgeand solutions forfishing

on land and at sea managementtools
14.2 Knowledge and solutions for management of 14.7 Knowledge and solutions for a sustainable
ecosystems faced witinultiple stressors oceaneconomy

14.alncreased scientific knowledge, research
capacity and transfer ofmarine technology

14.b Knowledge and solutions for increased access
to markets for small-scale fishers

14.3 Knowledge and solutions to reduceffectsof
ocean acidification

14.4 Knowledge and solutions for sustainable

fisheries

_ 14.c Significant contribution to application of
14.5 Knowledge and solutions for aredased UNCLOS for conservation and sustainable use of
managementtools the ocean

Action is not advancing at the speedor scalerequired to meet SDG14 failure to
achievetargets 14.2, 14.4, 14.5 and 14.6 that matured in 2020



Challenges from SDG14 and UNDOS
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Vision: The sciencewe need
for the oceanwe want.

Mission: To catalyse
transformative oceanscience £,

DECADE
OBJECTIVES

solutions for sustainable -G,
. ‘THE OCEAN 1) 2 3)
development, connecting WE HAVE denty N conorate |||
Leovy |ere 5 comprehensive ngLeSiss
peopleand our ocean o9 knontedge and e use o
sustainable Ugfcjfhr:tgcnedalgg knowledge

development

DECADE ACTIONS
* Programmes

* Projects

e Activities

* Contributions

UN Decade of Ocean
Science for Sustainable
Development

—

DECADE OUTCOMES

DECADE ‘THE OCEAN WE WANT’
CHALLENGES ‘
€ Understand and beat A\ Aclean
marine pollution ©)) } ocean
@ Protect and restore
ecosystems and A health
biodiversity gﬁé and reS|{ent
€ Sustainably feed the \,‘) ol
global population
@ Develop a sustainable and =-.\ A productive
equitable ocean economy @: ocean
© Unlock ocean-based

solutions to climate

change A A predicted

: = J ocean

@ Incre_ase CommUnlty \T)
resilience to ocean

hazards
@ Expand the global ocean

observing system
@ Create a digital

representation of the

ocean

© Skills, knowledge and

technology for all
{l) Change humanity’s

relationship with the

ncean

A safe
I *‘) ocean
a An accessible
) ocean
An inspirin
m‘ﬁ) and en%aglgg
= ocean
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Challenges from SDG14 and UNDOS

Objectives:

Objective 1: Identify required knowledgefor sustainabledevelopmentand
Increase the capacity of oceanscienceto deliver neededoceandata and
iInformation

Objective 2. Build capacity and generate comprehensiveknowledge and
understanding of the ocean,including human interactions and interactions
with the atmosphere,cryosphereand the land-seainterface.

Objective 3: Increasethe useof oceanknowledgeand understanding, and
developcapacity to contribute to sustainabledevelopmentsolutions
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Challenges from SDG14 and UNDOS

Outcomes: Seven oceans
A cleanoceanwhere sourcesof pollution are identified and reducedor removed

A healthy and resilient ocean where marine ecosystemsare understood,
protected, restored and managed

A productive oceansupporting sustainablefood supply and a sustainableocean
economy

A predicted ocean where society understands and can respond to changing
oceanconditions.

A safe ocean where life and livelihoods are protected from oceanrelated
hazards.

An accessibleoceanwith open and equitable accesso data, information and
technologyand innovation.

An inspiring and engaging oceanwhere society understands and values the
oceanin relation to human well-being and sustainabledevelopment
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Challenges from SDG14 and UNDOS

Knowledge and Solutions Challenges

Understand and map land- and seabasedsourcesof pollutants and contaminants and
their potential impacts on human health and oceanecosystemsand develop solutions to remove or
mitigate them.

Understand the effectsof multiple stressorson oceanecosystemsnd developsolutions
to monitor, protect, manage and restore ecosystemsand their biodiversity under changing
environmental, socialand climate conditions.

Generate knowledge, support innovation and develop solutions to optimize the role of
the oceanin sustainably feedingthe w o r | population under changing environmental, social and
climate conditions.

Generate knowledge, support innovation and develop solutions for equitable and
sustainable developmentof the oceaneconomyunder changing environmental, social and climate
conditions.

Enhance understanding of the oceanclimate nexus and generate knowledge and

solutionsto mitigate, adapt and build resilienceto the effectsof climate changeacrossall geographies
and at all scalesand to improve servicesincluding predictions for the ocean,climate and weather.
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Challenges from SDG14 and UNDOS

Essential Infrastructure Challenges
Enhance multi-hazard early warning services for all geophysical, ecological,
biological, weather, climate- and anthropogenicrelated ocean and coastal hazards, and
mainstream community preparednessand resilience

Ensure a sustainableoceanobservingsystemacrossall oceanbasinsthat delivers
accessibletimely and actionabledata and information to all users

Through multi-stakeholder collaboration, develop a comprehensive digital
representation of the ocean,including a dynamic oceanmap, which provides free and openaccess
for exploring, discovering and visualizing past, current and future oceanconditions in a manner
relevantto diversestakeholders

Foundational Challenges

Ensure comprehensive capacity development and equitable accessto data,
Information, knowledgeand technologyacrossall aspectsof oceanscienceand for all stakeholders

Ensure that the multiple values and servicesof the oceanfor human well-being,
culture and sustainabledevelopmentare widely understood,and identify and overcomebarriers to
behaviour changerequired for a stepchangein h u ma n relatyprsisip with the ocean
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Challenges from SDG14 and UNDOS

® O O

Understand and Protect and Sustainably Develop a Unlock .
beat marine restore feed the global sustainable and opcean-based developa Com prehenS|Ve
pollution ecosystems and population equitable ccean solutions to .. .
bicdiversity BCOND My climate change d|g|ta| representa‘“on Of

the ocean,

<) O @ comprehensive capacity
- 1 development and equitable

access to data, information,

Increase Expand the Global Create a digital Deliver data, Change humanity's
community © Dcean Observing representation knowledge and relationship with
resilience to ; System of the ccean technology to all the ocean knOWIedge and teChnOIOgy
ocean hazards :
: across all aspects of ocean

science,
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Challenges from SDG14 and UNDOS

The ocean we have The ocean we want

~

A Clean ocean

A healthy and
resilient ocean

> || >

A A productive ocean
The First Global Integrated A A predicted ocean
Marine Assessment =
| - CHRE gt A A safe @ean
WORLD OCEAN ASSESSMENT 1
A An accessibleocean

NN
/750N
Ve Y,
Q)
\\':\/ ‘\(‘!/

UNITED NATIONS

)

An inspiring and
engagingocean

SO JL S

{ Facing these challenges, what we should do? \
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Marine data-added mining technologies
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Digital twin of the ocean promotes 'whatif' scenarios simulations
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Marine data-added mining technologies

Remote sensing imagebasedretrieval models for marine
environmental parameters

Argo profiles-basedreconstructed modeldor marine dissolvedoxygen
concentrations

Processoriented datamining models for marine dynamics
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Coupling traditional regressionmodels(QAA)
and machine learning models (RF, XGB,
SVM ), a water quality monitoring model is
developedin coastalregion

Total suspendedsolidsconcentration

5

Dissolvedoxygenconcentration SDGSAT-1848]
. Total phosphorus [
Total nitrogen mmmwm g il
., Chemical oxygendemand Bﬂ«d-*fﬁffwm B S
e e
RF SVM
MI{#EMMHOP __________
Band.i(Sdﬂnm}fOP ; XGB ADB
Validation Set 3
‘ IEEE2- 2R . g:;mg];tg_;fﬁ S i AP .




2.1 Remote sensing imagdsased retrieval models

Name

M1
M2
M3
M4
M5
M6
M7
M8
M9
M10
M11
M12
M13
M14
M15

M16

Model R2 MAE  RMSE
QAA-RF 0.87 501 | 6.39

RF 0.74 7.10 8.08
QAA-SVR 0.81 5.47 7.14

SVR 0.73 7.86 8.38
QAA-XGB 0.80 5.78 7.31
XGB 0.74 7.41 8.22
QAA-ADB 0.75 6.46 8.07
ADB 0.73 71.22 8.82

wPdH T Op pT@ Y 0.70 6.67 8.34

P od&u 6 ¢ p 8@ 0.59 7.57 9.73
LwyPp 60 X T Y 0.65 7.25 9.31
cwPptT Op 609 wW@XO 0.69 6.35 8.57
cuvdYPY B¢ 69 WATC 0.59 7.21 9.47
opdgT (o 01D X@pp 0.63 8.67  10.89
L WP —— O X8pC 052  7.01 923
TT&8%p —— ¢ Ydow 0.48 9.62 10.54

1

0.8

0.6

R2

0.4

0.2

12

10

oo

TSMe mg/Lx
(o))
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0.87

g ———_——_—— — — — ——— —————
0.75 0.74 0.74 073 0.73

Comparisons of R2

M1 M3 M5 M7 M2 M6

M4 M8 M9 M12 M11 M14 M10 M13 M15 M16

= MAE mRMSE

M1 M3 MS M1z M7

Comparisons of MAE and RMSE

g

M9 M15 M2 M13 M8 Ml11 M6 M10 M4 M14 MI16



Model
TSM  QAA-RF

DOC  QAA-RF

COD QAA-RF

AP  QAA-RF

SO
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R2
0.87

0.86

0.86

0.84

MAE
5.01

0.58

0.16

0.23
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2.1 Remote sensing imagdsased retrieval models

Monthly Seasonal

38°0'N
38°0'N

202056018 -

37°40'N
37°40'N

37°20'N
37°20'N

Q Qr :
0 5 10 20

IS T T T T |
km

118°45'E 119°10'E 119°35'E 120°0'E 118°45'E 119°10'E 119°35'E 120°0'E



37°40'N 38°0'N

37°20'N

37°40'N 38°0'N

37°20'N

118°45'E

118°45'E

TSM

119°10'E

AP

119°10'E

119°35'E

119°35'E

120°0'E

120°0'E

37°40'N 38°0'N

37°20'N

Capacity Building Workshop for SIDS, Beijing, :

118°45'E

118°45'E

119°10'E

119°10'E

119°35'E

119°35'E

120°0'E

120°0'E

38°0'N

Z
]
N
o

[y
L)

119°10'E 120°0'E

IN

118°45'E 119°35'E

37°40'N 38°0'N

37°20'N

118°45'E 119°10'E 119°35'E 120°0'E



Capacity Building Workshop for SIDS, Beijing, :

2.2Argo profiles-based reconstructed models

__________________________________________________________________________________________________________________________________

. Oxygeniis critical to the health of the ocean It structures aquatic ecosystemsand is a:

Efundamental requirement for marine life from the intertidal zoneto the greatestdepths:
. of the ocean ’

A key parameter of marine biogeochemicakyclesand global climate change

__________________________________________________________________________________________________________________________________

. Oceandeoxygenationat global is well-known

. Sincethe 1960, the area of low oxygenwater in the open oceanhas increasedi
by 4.5 million km2, and over 500 low oxygen sites have been identified in'
estuariesand other coastalwater bodies |

. Deoxygenationis predicted to increasein the coming years

Question Do we have much more data to clarify the statusof marine dissolvedoxygen
and deoxygenation,and their spatial distribution at global ocean?
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2.2Argo profiles-based reconstructed models

~Spatial distribution of B&&Zgo profiles 'Argo is a major component of the Global Ocean:
e e - <Y : Observing System , which provides hydrographic and !
i, ks W Rt .. : . biogeochemicaldata from oceansurfaceto medium-depth.:

Up to now, few such spatial dataset.

* | Up dateto Dec 2024 there are more than 280 000BGC-

=% 1 Argo profiles in global ocean, and the data are public

4 ishared |

. . Depth resolution: <2000dbar

, Time resolution: 510 days

= “i 1 . zm e . Spatial distribution: Global exception of

- x | North/South Polar region |
[ Bescendin@-4Hrs) ‘ . Time 1 :
e | . Capabilities of continuous updatingdata |

i it s i acquisition |

Depth
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2.2Argo profiles-based reconstructed models

—iBased on machining learning and geographical statistics , we develop a value-added —
: spatiotemporal  approach for exploring ocean dissolved oxygen from BGC-Argo profiles, named
 VAEDO. VAEDO addresses two issues. One is to reconstruct the Argo -S profiles based on T-S:
 profiles ; the second develops their spatial datasets with higher temporal and spatial resolutions . :

________________________________________________________________________________________________________________________________

Reconstructic

=

Spatial dataset

Spatial dataset
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2.2Argo profiles-based reconstructed models

Argo temperature -salinity -oxygen profiles between 2010 -2021

~~ ~~ -

Four out of five of these One out ofv five of these
profiles to train the model profiles to test the model

Reconstructing model  for oxygen profiles based on

temperature -salinity profiles

Argo oxygen profiles Reconstructed oxygen
between 2010 -2021 profiles between 2005 -2021

Space -quality Interpolation model for ocean oxygen profiles

Global ocean oxygen spatial datasets




Capacity Building Workshop for SIDS Beijing, :

2.2Argo profiles-based reconstructed models

Main steps ! R ! A ! F —_— " :
1 BGC-Argo Profiles X 1 Tree : Observed DO vs. Reconstructed DO | 1
: Partitioning Dataset | Dataset for Training : : : 1 - i :
Sop 1
l. Data pretreatment ! T e : | b plE |
: + Year *+ DO « Year * Temp : : \\ : : [ [
« Sal « DO ] ‘a = | i‘ 00 !
. . . -~ N o)l 1 1 3 H 1
I I . TI mel Space Depth _c 1 Month/Depth Month/Depth : g Tf 1 = : ! 3 ; E 1
5 1 partitioning partitioning I (= ‘ﬁ 1 - | = I : g : I
.l g 1 v s < g Parameter Tuning LB : <. o
Partltl 0 n -: : ﬂ | :E .g : ? +  Grid search 1 E | : | E :
| > Vateh 1 TRV FE et RRV D HE T T
lIl.  Model trainin o ! Time&Space <1 Bl b T e
. g 1 I ! 1 & ! BREM | Dataset Construction Process
a0 1 & D('plh : B 1 | : 2 1
w \ 1
o =B 1 B\ S B
IV ] Val I d atl O n S 'E y spatial Partitioning : a ' \ / _\ N v\x : o |
1 = I J O\ \/ ; I reconstruction
: : Core-Argo Dataset for Reconstruction : .% : ED:I » f\\\%‘%’ ) > /(,<// / [:> : : i .
o|| profiles || 1 K \]\‘j” ! |
] |7} 1 / 1
1 H Month/Depth || * Year * Temp 1 = | - l BGC-Argo DO I
H Ig h I Ig htS : p::lﬁtio:il:zg i+ Sal I § : 1 : i observations
g A - B I S
I e I SN : ! S
Timei Spacé Dep th 1| Time-Space-Depth Partition || ' MI. Training : ! Validation & Result i
1 1 1
b --------------------- - - — -| -------- L ettt @D Gb b GO Gb Gb GB N G & &
_ _______-_______________'______________________________________' __________ )
Partition based mOdel > Input » TSD-ML » 3D Dissolved oxygen dataset . y 1

s Time span: 2004-2022
Q Spacial scale: Global Ocean(exc. Arctic Ocean)

Irregular spatial
distribution to spatial
gridded dataset

1

1

. 1
) 21
. Time resolution: monthly : :
: Datal‘p Eepametang N <> N Horizontal resolution: 1° X 1° L B : ' :
& $2?)"ya;§?;:ﬂ = Vertical resolution: 26 standard layers . - L !
or Q (10,20,30,40,50,75,100,125,150,200,250,300,40 - | ; : ' :
0,500,600,700,800,900,1000,1100,1200,1300,14 B e i N

00,1500,1750,2000dbar) e —s |

Application

r
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Summer Autumn Winter

2.2Argo profiles-based reconstru:
Model performances (Comparisonswith real values) = m = s B v
Seoy | 0dbar 100dbar 500dbar 1000 S A |
P dbar 2000dbar

Apr.(Spring), Jul.(Summer), R A L I
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g , e g g g
e | i 3 3 o 3
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I I %9 100 200 a0 Y ks - 10 200 0 !
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<1% 1%-5% 5%-10% >10%
22ArgO proflles_based recc Spring 34.52 49.37 11.09 5.02
10db Summer 32.62 50.00 12.45 4,94
ar
— Autumn 36.09 52.61 8.26 3.04
Model performances (Comparisonsvith WOA18) Winter 31.75 51.75 13.40 3.09
[ 17.37 44 .07 17.1 21.4
10dbar 100dbar 500dbar 1000 =pring 3 0 ° 0
Depth dbar 2000dbar 100db Summer 19.18 44 .61 16.81 19.40
ar
: Autumn 15.28 42.14 18.34 24.24
Month  APr(Spring), Jul.(Summer), _
OCt.(Autumn), and Jan.(Wintel‘) Winter 16.70 40.50 19.21 23.59
Spring 15.83 34.17 16.04 33.96
£00db Summer 13.30 36.27 19.53 30.90
ar
Autumn 13.67 34.71 19.52 32.10
U At depths of 10dbarand 2000dbake the RE Winter 12.16 34.38 19.92 33.54
lower than 10% between them is more than Spring 11.42 38.79 21.34 28.45
850/ 1000db Summer 14.07 32.47 22.51 30.95
ar
ot Autumn 12.93 32.43 22.00 32.65
U At depths of 100dbar, 500dbaiand 1000dbag Winter 1215 36.25 19.62 31.98
they have a low consistency with the RE Spring 16.82 51.59 18.64 12.95
lower than 10% is between 70% to 80%. 2000dbar  COMer 2330 ar.ra 15.38 13.57
Autumn 19.08 55.56 16.67 8.70
Winter 21.71 49.19 18.94 10.16
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2.2Argo profiles-based reconstructed models

(d) 10dbar . -

3 B G4D = DOC datas et g Ji'““""::"z“ W s 3 Z July 2020
Time Space Depth Resolution  Projection ~ Format  Size éw
Jan. 26 layers . L3 i e 10 :: e
2005  Global  above 1A 1A WGS1984 | ' & "% y
GeoTiff GB ¢ ¢
Dec.2022 2000dbar . .

. : i January 2020 : : i L Tuly 2020 . "
Public shared - A - AR .
https://doi.org/10.5281/zen0d0.10147890 '

2 2
£ @ 1000dbar z (i) 1000dbar
G4D-DOC sub-datasets g Jomaney 200 cp
G4D- G4D- G4D- G4D- G4D- G4D-
MDOC CMDOC SDOC CSDOC ADOC MYADOC Z

z (k) 1000dbar

Temporal Climatology Climatology Averaged P T o
_ Monthly Seasonal Annual X : ;
resolution monthly Seasonal Annual - ‘



https://doi.org/10.5281/zenodo.10147890

2.2Argo profiles-based reconstructed models
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2.2Argo profiles-based reconstructed models
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2.3 Processoriented data mining models for marlnedynamlc\ /

Marine abnormal variation meansa variationcomparedo the long-term N
meanstatus,e.g. annual,seasonalmonthly, which has a property from |/
productionthroughdevelopmento destination Research objects:

Marine evolution behavior is the foundationof geographigredictionand| | Object Vs
early warningresearchaswell, which closelyrelatesto extremeclimate
events andhassignificantimpactson globalsociceconomicdevelopment
Marine big data providesa datafoundationfor studying such evolution

, Challenges

Object + behaviors

Scientific problems:

behaviorsputlacksanalyzingmethods } Spatiotemporal patterns Vs
oo o8 wo | IOPE T4PE 180° 140°W  10FW  60°W Patterns + mechanisms
2.50E+07 L —S=Seqmeice] 3l . I : I : I ;,'E
+Se3uence2 % I E
2.00E+07 ——Sequence3 | Q
——Sequences
=0=-Sequence5 .
g = Sequaest | | A novel algorithm for
2 =—=Sequence’ ] E‘

=

.00E+07 =—=Sequence8

_ \=0=MEI

—~ O\
e

23450678910111212345678091011121

mining marine dynamic

| gll::)ﬂnformation
(00°E  140°E  180° 140°W  100FW  60°PW

5.00E+06

Number of instantaneous state

50°8

0.00E+00




2.3 Processoriented data mining models for marinedynamicg
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Core ideaog Taking an evolution scale of marine abnormal variation asto analyzing unit to

designmarine spatiotemporal dynamic mining approach, including processobject recognition

and extraction, processobject organization and managementand processmining methods

Mari ne envi

ronment al

evolution patterns

parametersodo c

N

4

s

4

Marine dynamic
object extraction

Marine dynamic
object storage

Marine dynamic
object clustering

Marine dynamic
association mining
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An evolution scale of marine abnormal variation as to analyzing unit
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Marine spatiotemporal process semantics
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2.3 Processoriented data mining models for marinedynamicgus

Problem: Lack of capabilitieso represenaind store evolutionatyehaviors

Solutions A hierarchicalandabstracbidirectionalrepresentingrchitecturevith i ma rprocessevolution
sequenceasnapshots t adnekiigorocessobjectsequencebjectsnapshob b j asadésignedand process
orientedgraphmodelis establishedhich realizesthe optimal time scaleto representand store dynamic

information

LT o] Fiehle R AL
Manine object Evolution mechamsm Object change

WA
State change

HEXRR
Spatiotemporal evolution

EEIEE

R i
Spatiotemporal inclusion

ExTAE

I %
Spatiotemporal | inference

EHTEET

R
Sequence object




Process graph model

ProcessGraph SequenceNode

0 ProcessiDSwing : 0 NodelD:Siring €——— |
ProcessName:String ! > 10 ProcessID:String i
IncludingSequenceNumber: long | ED IncludingStateNumber: long :
IncludingStateNumber: long i :D IncludingEdgeNumber: long i
IncludingEdgeNumber: long | \Q StartTime:Date |
StartTime:Date | EEI EndtTime:Date :
EndtTime: Date i :EI Duration:double i
Duration:double ! EEI Timelnterval:double :
Timelnterval:double i :D SpatialCoverage:shape :
SpatialCoverage:shape | \Q SequenceCentroidX:double i
ProcessCentroidX:double | EEI SequenceCentroidY :double :
ProcessCentroidY :double i I0 SequenceCentroidT:Date i
ProcessCentroidT:Date : ED MeanMovingSpeed:double !
MeanMovingSpeed:double i :EI MeanMovingDirection:double i
MeanMovingDirection:double : :_D_ _‘A‘_ttilt_"l_te_v_"“l_ufi”o_”fl_e ______ !

AttributeValue:double i StateNode
/0 NodeID:String ¢ [
%ED ProcessID:String i
'O OccuringTime:Date :
___________ E_ d_g‘i S EEI SpatialCoverage:shape i
| EdgelD:String : 1@ CentroidX:double :
ProcessID:String <—:r— EEI CentroidY:double i
FromNodeID:String < : {@—MovimgSpecd-domtric :
ToNodelD:String < : |2 MevingBireetion domble— |
EvolutionRelationship:String [ :EI Attribute Value:double i

Sequence graph model

SequenceGraph

SequencelD:String <
ProcessID:String
IncludingStateNumber: long
IncludingEdgeNumber: long
StartTime:Date
EndtTime:Date
Duration:double
Timelnterval:double
SpatialCoverage:shape
SequenceCentroidX:double
SequenceCentroidY :double
SequenceCentroidT:Date
MeanMovingSpeed:double
MeanMovingDirection:double

AttributeValue:double

StateNode

NodelD:String <€
SequencelD:String
OccuringTime:Date
SpatialCoverage:shape
CentroidX:double
CentroidY:double
MovingSpeed:double
MovingDirection:double

AttributeValue:double

EdgelD:String
SequencelD:String

FromNodelD:String «———

ToNodelD:String

EvolutionRelationship:String

«— |
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2.3 Processoriented data mining models for marinedynamic\

1000 éo 000 - m - Neodj —e— Oracle l
m Neodj (Node and relationship files) g 1,000,000 mv) §
100 | ™Oracle (Object and relationshipTable) é 100,000 8 EI,OOO
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Comparisons of the database storage capacities o
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Regarding to database storage capacity, Oracle spatial § 2 10
performs better than Neodj. While with an increaseof the @ (&
. . o £ 10
databassize,theadvantagevill reduce 5 |-
Regarding to spatial object query, Neodj has a slight 3 N I Y S N
—+ 1 2 5 6

advantagalueto its smalldatabaseize With anincreaseof the
databassize,OraclespatialperformsbetterthanNeo4j. 1000

Regarding to Evolutionary behavior query, Neodj performs |-<r|E .
much better than the Oracle spatial database,and the § =

performanceadvantageis enhancedwith an increaseof the 25"
depthof therelationshipor databassize S8F

100 1.000 10,000 100,000 1.000,000

Database size /Number




10°8 10°N 30°N SN
1 L L L

30°8

L 50S

T T T T 2
10°8 10°N 30°N 50°N

30°S

" s0°s

Problem: lacks of the ability to depict
evolutionary behaviors, the
spatiotemporal mining algorithms have
challenges of analyzing dynamic
Information .

Solutionso Taking the evolution asan unit
to redefine basic concepts of clustering,
and design the analyzing method for
objectsand evolution behaviorsaswell

Original Trajectories Set

Trajectory clustering
pattern
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Process
trajectory
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Sequence
trajectory

Trajectory node
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Part 1: Process-
oriented
representation of
trajectories

Part 2: Hierarchical
Similarity
Measurement
Method

Part 3: Density-
based trajectory
clustering



Marine process semantics:
marine processevolution sequence
Instantaneous state

Representation of trajectory
procesdrajectory- sequence trajectory
trajectorynode

[ MSTP = (ES,,ES,, .., ES,} n>1
ES;={Sf,SE} 1<i<n

\
S/E _ S/E S/E S/E S/E S/E
s ({EsF =Y AEmpSFY {EALS/P), T57F StateType;
Production % TS
o1 roduction e— ) p14-Merging
s p4 p13 — — B p20
( Production e Tt -
-==7 ¢ Splitting » MeTgING: | 5~ —e pl7 (¢ Termination
== \ splitting- Termination  ~ = -=-"7
_________________________ -

Tra(Sl, 2,3, 4,5, H) Y S1(pl, pd Y pl(x, Y, Ty, attributes production)
PA(X,, Vs, T, attributessplitting)
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2.3 Processriented data mining models for marinedynamicg/

Processoriented similarity measurement

— ; space similarity : Euclidean distance ; S_imilarity of

Y | time similarity: relative /absolute distance; trajectory node
9 ! structure similarity: with the same node type

D starting and ending o— —7® -

E: trajectory nodes are O— —>e Similar sequence
5| TAeeoly . L . trajectory pairs
— | similar at the same time similar pairs

:t,) R MaxNum: number of Similarity of

> =0 connected sequences complex trajectory
—  Similarity (Ira,,, Tra,) = MaxNum /(M + N - MaxNum)

MaxNum The connected sequence node number
M and N: The sequence numberiodj,, andTraj,
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2.3 Processoriented data mining models for marinedynamicg/us |

Simulated dataset
18trajectories with

285trajectory points including
4 kinds of structures and

a most complextrajectory
(Tra-13).

Clusterl: Tra-1/-2/-3/-6/-7 -
Cluster2: Tra-4/-5/-10 |
Cluster3: Tra-8/-9/-14/-15/-18 — ajectory
Cluster4d: Tra-11/12/-16/17
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2.3 Processoriented data mining models for marinedynamic’

Our proposed approa€htime complicityO(NZ*M4)] — VF2E time complicityO(NI*N) | PCVI=1.71 —

4% A=

cluster | — E]LIH'IEI

cluster 2

¢luster 4

Regard to clustering capability: Our approach performs better than VF2, especiallyin conditions where
some e volutionarysstiucturessaresimilar

Regrading to cdloulating capability: Our approach performs better than VF2
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Outlines

A Challenges and demands from Marine SDGs

A Marine data-added mining technologies

A Digital twin of the ocean promotes 'whatif' scenarios
simulations

A Marine information system for marine SDGs

A Case studies of monitoring and evaluating marine SDGs
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What is the Digital Twins of Ocean

A Digital Twin of the Ocean(DTO) is a virtual representation of the real oceanthat has a two-way
connectionwith it. Observationsfrom the real ocean,in combination with models,data scienceand
Al, are usedto create a digital twin that adaptsasthe real world changes Manipulating the twin to
address'what if' scenarioscan provide information for decisionmaking and highlight regions of the
real oceanin needof better or different observationd™ DITTO, July 2023E t

.. : Interventions on real
Decisionmaking ocean

'what if' scenarios

, | A virtual representation
T of the real ocean
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What is the Digital Twins of Ocean Framework

Digital twin of physical spacesc With the
B>

support of Information collection and

transmission technologies, the elements, KU A 45

. : PHFIRER
relationships, processes, and patterns of T
natural entity (physical spacg are mapped 25 [ DL A

b s Two way ks ff

: : . H1 L5 i , FAsAE
Into a virtual space thereby constructing a 7 1 PP connections B REBAE
digital space, in which intelligent control

such as simulation, simulation, Physical space

reconstruction, regulation, and optimization
can be done for natural entity space
o Shuangchend.l € 20233
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What is the Digital Twins of Ocean Framework

Triple representing model of Digital Twins of the Oceao Physicalspace Digital space,
and the interrelationships among them

e |hrhi

P: Physical spaceof the ocean elements, spatiotemporal patterns, and their
variations in the natural world.

D: Digital spaceof the ocean objects functions and relationships based on
modelsin the digital world

R: Interrelationships: the mapping relationship from physical to digital space
the optimization and decisionmaking from digital to physical space, and the
correlation relationship betweenphysical and digital space
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Outlines

p>

Challenges and demands from Marine SDGs

>

Marine data-added mining technologies

)

Digital twin of the ocean promotes 'whatif' scenarios simulations

T

Marine information system for marine SDGs

)

Case studies of monitoring and evaluating marine SDGs



Marine information system

5

Marine data processing

a.
b.

A custom unified dataset

Transformation of four temporal and five
spatial scales

Marine process object extraction from six
kinds of marine parameters

Capability of dealing with more than 70 years
datasets

Marine spatiotemporal pattern mining

a.

Capability of clustering six kinds ofmarine
parameters

Capability of abnormal detectingsix kinds of
marine parameters

Capability of rule mining sevenkinds of
marine parameters

Capability of dealing with more than 20
marine objects




