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Who am | ?

XUE Cunjin, Male, Dr. Prof. International Research Center of Big Data For
Sustainable Development Goals (CBAS) and Aerospace Information

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 of CBAS (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
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—. Challenges from SDG14 and UNDOS

Ocean has being under threats
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Over 40% of the ocean’s surface are
affected by land-based and sea-based
activities

Live coral cover has nearly halved in the
last 150 years

Only 19% of the ocean floor are mapped,
vast swathes of the deep ocean and Arctic
and Polar regions are unknown

Ocean ‘dead zones’ is being created

Decline of structure, function and benefit of
marine ecosystem
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Ocean science & technologies are largely
competent for diagnosing problems

® Stereo monitoring capacity: Unmanned
survey vessel, Satellite RS (SDGSAT-1),
Space RS, Buoy

® Earth big data technology

® (Ocean science development




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

—. Challenges from SDG14 and UNDOS
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sustainable development
14.1:Knowledge and solutions to reduce pollution
on land and at sea

14.2 Knowledge and solutions for management of
ecosystems faced with multiple stressors

14.3 Knowledge and solutions to reduce effects of
ocean acidification

14.4 Knowledge and solutions for sustainable
fisheries

14.5 Knowledge and solutions for area-based
management tools

14.6 Knowledge and solutions for fishing
management tools

14.7 Knowledge and solutions for a sustainable
ocean economy

14.a Increased scientific knowledge, research
capacity and transfer of marine technology

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

14.c Significant contribution to application of
UNCLOS for conservation and sustainable use of
the ocean

Action is not advancing at the speed or scale required to meet SDG14, failure to
achieve targets 14.2, 14.4, 14.5 and 14.6 that matured in 2020
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—. Challenges from SDG14 and UNDOS
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—. Challenges from SDG14 and UNDOS

Objectives:

Objective 1: Identify required knowledge for sustainable development and
increase the capacity of ocean science to deliver needed ocean data and
information

Objective 2: Build capacity and generate comprehensive knowledge and
understanding of the ocean, including human interactions and interactions
with the atmosphere, cryosphere and the land-sea interface.

Objective 3: Increase the use of ocean knowledge and understanding, and
develop capacity to contribute to sustainable development solutions.
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—. Challenges from SDG14 and UNDOS

Outcomes: Seven oceans
A clean ocean where sources of pollution are identified and reduced or removed.

A healthy and resilient ocean where marine ecosystems are understood,
protected, restored and managed.

A productive ocean supporting sustainable food supply and a sustainable ocean
economy.

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

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

An accessible ocean with open and equitable access to data, information and
technology and innovation.

An inspiring and engaging ocean where society understands and values the
ocean in relation to human well-being and sustainable development.



Capacity Building Workshop for SIDS, Beijing, 2025

—. Challenges from SDG14 and UNDOS

Knowledge and Solutions Challenges

Understand and map land- and sea-based sources of pollutants and contaminants and
their potential impacts on human health and ocean ecosystems, and develop solutions to remove or
mitigate them.

Understand the effects of multiple stressors on ocean ecosystems and develop solutions
to monitor, protect, manage and restore ecosystems and their biodiversity under changing
environmental, social and climate conditions.

Generate knowledge, support innovation and develop solutions to optimize the role of
the ocean in sustainably feeding the world’s population under changing environmental, social and
climate conditions.

Generate knowledge, support innovation and develop solutions for equitable and
sustainable development of the ocean economy under changing environmental, social and climate
conditions.

Enhance understanding of the ocean-climate nexus and generate knowledge and
solutions to mitigate, adapt and build resilience to the effects of climate change across all geographies
and at all scales, and to improve services including 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 anthropogenic-related ocean and coastal hazards, and
mainstream community preparedness and resilience.

Ensure a sustainable ocean observing system across all ocean basins that delivers
accessible, timely and actionable data and information to all users.

Through multi-stakeholder collaboration, develop a comprehensive digital
representation of the ocean, including a dynamic ocean map, which provides free and open access
for exploring, discovering and visualizing past, current and future ocean conditions in a manner
relevant to diverse stakeholders.

Foundational Challenges

Ensure comprehensive capacity development and equitable access to data,
information, knowledge and technology across all aspects of ocean science and for all stakeholders.

Ensure that the multiple values and services of the ocean for human well-being,
culture and sustainable development are widely understood, and identify and overcome barriers to
behaviour change required for a step change in humanity’s relationship with the ocean.



—. Challenges from SDG14 and UNDOS
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—. Challenges from SDG14 and UNDOS

The ocean we want SDG Goals
B A Clean ocean |:> |:[> SDG1
—> B A healthy and :> — k. SDG2
resilient ocean I::> SDG3
£ B A productive ocean |—> '::) SDG4
The First Global Integrated B A predicted ocean |::> ':> SDGS
Marine Assessment — SDG7
WORLD OCEAN ASSESSMENT 1 . A safe e :> | SDG8
| B An accessible ocean |—> |::>E SDG10
N g‘,‘!\v s B An inspiring and : — SDG11
UNIT ll)\\ll()\\ engaging ocean SDG13

{ Facing these challenges, what we should do? \
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—. Marine data-added mining technologies

® Remote sensing images-based retrieval models for marine
environmental parameters

® Argo profiles-based reconstructed models for marine dissolved oxygen
concentrations

® Process-oriented data mining models for marine dynamics
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2.1 Remote sensing images-based retrieval models

Coupling traditional regression models (QAA)
and machine learning models (RF, XGB,
SVM ), a water quality monitoring model is

developed in coastal region
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" 121SE Test Set 2
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2.1 Remote sensing images-based retrieval models

Name

M1
M2
M3
M4
MS
Meé
M7
M8
M9
M10
M11
M12
M13
M14
M15

M16

Model R? MAE RMSE

QAA-RF 0.87 5.01 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 7.22 8.82

Crsy = 985.24 X B1 — 104.38 0.70 6.67 8.34
Crsy = 839.25 X B2 — 106.06 0.59 7.57 9.73
Crsy = 598.71 X B3 —77.708 0.65 7.25 9.31
Crsy = 391.14 X (B1 + B3) — 93.676 0.69 6.35 8.57
Crsy = 355.28 X (B2 + B3) —91.502 0.59 7.21 9.47
Crsy = 311.04 X (B3 + B4) — 72.811 0.63 8.67 10.89
Crsy = 598.71 x 23152 — 676.42 0.52 7.01 9.23
Crsy = 449.21 x B1tBZ+B3 _ 639 49 0.48 9.62 10.54

B1+B2

R2

TSM (mg/L)

0.8

0.6

0.4

0.2
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10
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0.87
08+ —.8—

0.75 0.74 0.74 0.73 0.73

0.7 0.69

0.59 0.59

Comparisons of R2

M1 M3 M5

M7 M2 M6 M4 M8 M9 MI12 M1l Mi14 M10 M13 MI15 M16

® MAE

M1 M3 M5

m RMSE

Comparisons of MAE and RMSE

M12 M7 M9 M15 M2 M13 M8 M1l M6 M10 M4 Mil14 MIl6
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2.1 Remote sensing images-based retrieval models

Model R2 MAE
TSM  QAA-RF 5.01 6.39

DOC QAA-RF . 0.58 0.79

COD QAA-RF 0. 0.16 0.20

AP QAA-RF : 0.23 0.25

SO

IN




2.1 Remote sensing images-based retrieval models

Monthly Seasonal
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2.1 Remote sensing images-based retrieval models
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2.2 Argo profiles-based reconstructed models

__________________________________________________________________________________________________________________________________

. Oxygen is critical to the health of the ocean. It structures aquatic ecosystems and is a '
. fundamental requirement for marine life from the intertidal zone to the greatest depths !
 of the ocean '

. A key parameter of marine biogeochemical cycles and global climate change.

__________________________________________________________________________________________________________________________________

' Ocean deoxygenation at global is well-known

® Since the 1960s, the area of low oxygen water in the open ocean has increasedi
by 4.5 million km2, and over 500 low oxygen sites have been identified in!
estuaries and other coastal water bodies. '

® Deoxygenation is predicted to increase in the coming years.

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

| Spatial distribution of BGC-Argo proiles iArgo is a major component of the Global Oceani
e e - <Y . Observing System , which provides hydrographic and

biogeochemical data from ocean surface to medium-depth.:
. Up date to Dec. 2024, there are more than 280, 000 BGC-
| Argo profiles in global ocean, and the data are public
shared.

® Depth resolution: <2000dbar

® Time resolution: 5-10 days

o Argoits WS B g1 0 250 5000 10,000 km

® Spatial distribution: Global exception of
North/South Polar region

A — Circle 1 »>je Circle2 ——»

® Capabilities of continuous updating data
acquisition

Up to now, few such spatial dataset.

Depth




Capacity Building Workshop for SIDS Beljlng, 2025

2.2 Argo profiles-based reconstructed models

— Based on machining learning and geographical statistics, we develop a value- added L
| ' spatiotemporal approach for explorlng 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.
| proflles; the second develops their spatial datasets with higher temporal and spatial resolutions. !

________________________________________________________________________________________________________________________________

Spatial dataset Spatial dataset




2.2 Argo profiles-based reconstructed models
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Argo temperature-salinity-oxygen profiles between 2010-2021

~~

<~

Four out of five of these
profiles to train the model

One out of five of these
profiles to test the model

Reconstructing model for
temperature-salinity profiles

Argo oxygen profiles

between 2010-2021

oxygen profiles based on

Reconstructed oxygen
profiles between 2005-2021

Space-quality Interpolation model for ocean oxygen profiles

Global ocean oxygen spatial datasets
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2.2 Argo profiles-based reconstructed models

Main steps

I. Data pretreatment

II. Time-Space—Depth

Partition

III. Model training

IV. Validations

Highlights

® Time—Space—Depth
Partition-based model

® Irregular spatial
distribution to spatial
gridded dataset

Training & Validation

Application

2
S
]
=
=
Core-Argo Dataset for Reconstruction ]
<
i * Lon * Lat §
w
Month/Depth i| * Year * Temp =
partitioning || Sal 2
................. I~
Tlme—Space—Depth Partition
I -
-
» Input » TSD-ML
Argo data

BGC-Argo Profiles

Partitioning Dataset

* Lon =+ Lat
* Year + DO

« Lon =+ Lat
* Year
+ Sal * DO

Dataset for Training

* Temp

Month/Depth
partitioning

Month/Depth
partitioning

N

spatial Partitioning

Match
Time&Space
&Depth

» Data preprocessing
* Quality control
* TSD partition

=4:1)

Training Dataset

(Train : Test

Reconstructed DO (pmol/kg)

Observed DO (umol/kg)

Dataset Construction Process

Core-Argo DO
reconstruction
1 | BGC-Argo DO
- observations
1

Spatial
interpolation

Monthly Dataset
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» 3D Dissolved oxygen dataset
( Time span: 2004-2022
Spacial scale: Global Ocean(exc. Arctic Ocean)
Time resolution: monthly
Horizontal resolution: 1° X 1°

=7 Vertical resolution: 26 standard layers

(10,20,30,40,50,75,100,125,150,200,250,300,40
0,500,600,700,800,900,1000,1100,1200,1300,14
00,1500,1750,2000dbar)




2.2 Argo profiles-based reconstruc

Model performances (Comparisons with real values)

10 dbar, 100 dbar, 500 dbar, 1000
dbar, 2000 dbar

Apr.(Spring), Jul.(Summer),
Oct.(Autumn), and Jan.(Winter)

Depth

Month

a. A strong linear relationship between a reconstructed

value and a real value

b. RMSE<28 pmol/kg, MAE<18 pmol/kg, R?>(.8
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REE 15 <1% 1%-5% 5%-10% >10%

2.2 Argo profiles-based recor Spring 3451 4937 109 502
10db Summer 32.62 50.00 12.45 4.94
ar
— Autumn 36.09 52.61 8.26 3.04
Model performances (Comparisons with WOA18) Winter 31.75 51.75 13.40 3.09
Spri 17.37 44.07 17.16 21.40
10 dbar, 100 dbar. 500 dbar. 1000 pring

Depth dbar. 2000 dbar L 00dh Summer 19.18 44.61 16.81 19.40

A ar
Autumn 15.28 42.14 18.34 24.24

Month Apr.(Spring), Jul.(Summer), .

Oct.(Autumn), and Jan.(Winter) Winter 16.70 40.50 19.21 23.59
Spring 15.83 34.17 16.04 33.96
500dh Summer 13.30 36.27 19.53 30.90

ar
Autumn 13.67 34.71 19.52 32.10
> At depths of 10dbar and 2000dbar, 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
359 1000db Summer 14.07 32.47 22.51 30.95

* ar
o Autumn 12.93 32.43 22.00 32.65
» At depths of 100dbar, 500dbar and 1000dbar, Winter 12.15 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%. 2000dbay  Ummer 2330 47.74 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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2.2 Argo profiles-based reconstructed models

(d) 10dbar : -

3 ) G4 D = D O c d a ta Set ,%, })“l:::a:‘”“ W > . é July 2020
Time Space Depth Resolution Projection Format Size éWé
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g (8) 100dbar ) "é ! (h) mmlh;.- V !

) :gi January 4 g:; L July " -
Public shared - A - AR - ™
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% (k) 1000dbar ] é ‘ (1) 1000dbar | i B
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. Monthly Seasonal Annual N |
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2.2 Argo profiles-based reconstructed models

Depth (dbar)
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2.2 Argo profiles-based reconstructed models
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2.3 Process-oriented data mining models for marine dynamic§ s

Marine abnormal variation means a variation compared to the long-term N
mean status, e.g. annual, seasonal, monthly, which has a property from |/
production through development to destination. Research objects:

Marine evolution behavior is the foundation of geographic prediction and Object Vs

Challenges

)

carly warning research as well, which closely relates to extreme climate Object + behaviors

events, and has significant impacts on global socio-economic development.

' ' i : : : Scientifi blems:
Marine big data provides a data foundation for studying such evolution clentilic probiems

behaviors, but lacks analyzing methods. i)
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2.3 Process-oriented data mining models for marine dynamic
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Core idea: Taking an evolution scale of marine abnormal variation as to analyzing unit to

design marine spatiotemporal dynamic mining approach, including process object recognition

and extraction, process object organization and management and process mining methods.

evolution patterns

Marine environmental parameters’ clustering patterns, association patterns,

s

>

s

s

Marine dynamic
object extraction

Marine dynamic
object storage

Marine dynamic
object clustering

Marine dynamic
association mining

afn

s

afn

s

An evolution scale of marine abnormal variation as to analyzing unit

P

Marine spatiotemporal process semantics

Marine process

———) Evolution sequence f——)

Snapshot state

Scientific discoveries

Analyzing methods

|

Theoretic foundation

|

Dynamic semantics
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2.3 Process-oriented data mining models for marine dynamicsg/

Problem: Lack of capabilities to represent and store evolutionary behaviors

Solutions: A hierarchical and abstract bidirectional representing architecture with “marine process-evolution
sequence-snapshot state” and “ process object-sequence object-snapshot object” 1s designed, and process-
oriented graph model is established, which realizes the optimal time scale to represent and store dynamic

information.
W3 % Flehe R AL
Marine object Evolution mechanism Object change T
ML
State change
2
2
eS8 3 =
Spatiotemporal evolution g % EETEE
E-, # TR
g “'E Sequence change
Mg EE ]
Spatiotemporal inclusion é it
[SRAd 2113 Ve84 ] : : € - . EXETARE
Spatiotemporal | inference Process change in Fey
WEFFH| M BRS
Evolution Sequence Instantancous state
EHEEE

PUELEIR S 5 % R

Process object ] Sequence object State object




Process graph model
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Comparisons of the database storage capacities

Regarding to database storage capacity, Oracle spatial
performs better than Neo4;. While with an increase of the
database size, the advantage will reduce.

Regarding to spatial object query, Neo4; has a slight
advantage due to its small database size. With an increase of the
database size, Oracle spatial performs better than Neo4;.
Regarding to Evolutionary behavior query, Neo4j performs
much better than the Oracle spatial database, and the
performance advantage 1s enhanced with an increase of the
depth of the relationship or database size.
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Problem: lacks of the ability to depict
evolutionary behaviors, the
spatiotemporal mining algorithms have
challenges of analyzing dynamic
information.

Solutions: Taking the evolution as an unit
to redefine basic concepts of clustering,
and design the analyzing method for
objects and evolution behaviors as well,
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2.3 Process-oriented data mining models for marine dynamics/zs

Marine process semantics: Representation of trajectory
marine process-evolution sequence- process trajectory- sequence trajectory -
instantaneous state” trajectory node

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

S
S/E S/E S/E S/E S E
578 = ({Esf?/F ) {EMgS *) {EALS/ P}, 1/F StateType; /" )
\
ol Production e— 53\ pl4s A!ezgzq&)
- —s pI3 A— — 86 P20
(Productlon) _ _eC - s T e ¥ Tt -
T { Splitting ) fMergmg’ S5~ —se PI7 (Zermmatzon,
e \ splitting-" Termination —-—=="
_________________________ 9

Tra (S1, S2, 83, §4, 85, §6) — S1 (pl, p4) — pl (x;, y;, T}, attributes, production)
p4(x, v, T, attributes, splitting)
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2.3 Process-oriented data mining models for marine dynamic§cs

Process-oriented similarity measurement

— | space similarity : Euclidean distance ; Similarity of
Y | time similarity: relative /absolute distance; trajectory node
9 ! structure similarity: with the same node type
3 starting and ending o — 7 .
= : a Similar sequence
> trajectory nodes are >0 . .
O . . .. : trajectory pairs
— | similar at the same time similar pairs

__'/JO .
: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 number of 7raj  and Traj_
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2.3 Process-oriented data mining models for marine dynamic V)

Simulated dataset
® 18 trajectories with

® 285 trajectory points including
® 4 Kkinds of structures and

® a most complex trajectory
(Tra-13).

Cluster1: Tra-1/-2/-3/-6/-7
Cluster2: Tra-4/-5/-10
Cluster3: Tra-8/-9/-14/-15/-18
Cluster4: Tra-11/-12/-16/-17
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2.3 Process-oriented data mining models for marine dynamicsz .

PCVI=1.82

N
=

Our proposed approach:

AT

time complicity O(N?*M7),

m

cluster 2

cluster 1 = cluster

noise — tluster i‘

7 VF2

tlme complicity O(N /*N), PCVI=1.71 —]

=N

noise

cluster 1

cluster
cluster 3
¢luster 4

Regard to clustering capability: Our approach performs better than VF2, especially in conditions where
some evolutionary structures are similar

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

B Challenges and demands from Marine SDGs

B Marine data-added mining technologies
B Digital twin of the ocean promotes 'what-if' scenarios
simulations

B Marine information system for marine SDGs

B C(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 ocean that has a two-way
connection with it. Observations from the real ocean, in combination with models, data science and
Al are used to create a digital twin that adapts as the real world changes. Manipulating the twin to
address 'what if' scenarios can provide information for decision-making and highlight regions of the
real ocean in need of better or different observations (DITTO, July 2023) .

. . . Interventions on real
Decision-making
ocean

'what if' scenarios

A virtual representation
of the real ocean




Capacity Building Workshop for SIDS, Beijing, 2025
—\

What is the Digital Twins of Ocean Framework

Digital twin of physical space: With the
HREE 2]
IS 4
PHFIRER

T

support of information collection and

transmission technologies, the elements,

relationships, processes, and patterns of

natural entity (physical space) are mapped 25 [ R DB st
prigfos-o. Two way ot

. . . H1SE 3 i . R AAEH]

into a virtual space, thereby constructing a 25 4 FELBL connections B REPAE

digital space, in which intelligent control

such as simulation, simulation, Physical space |

reconstruction, regulation, and optimization
can be done for mnatural entity space

(Shuangcheng LI, 2022)
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What is the Digital Twins of Ocean Framework

Triple representing model of Digital Twins of the Ocean: Physical space, Digital space,

and the interrelationships among them
Q= (P,D,R)

P: Physical space of the ocean: elements, spatiotemporal patterns, and their

variations in the natural world.

D: Digital space of the ocean: objects, functions and relationships based on

models in the digital world

R: Interrelationships: the mapping relationship from physical to digital space,
the optimization and decision-making from digital to physical space, and the

correlation relationship between physical and digital space
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Outlines

B Challenges and demands from Marine SDGs

B Marine data-added mining technologies

B Digital twin of the ocean promotes 'what-if' scenarios simulations
B Marine information system for marine SDGs

B C(Case studies of monitoring and evaluating marine SDGs
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Marine information system
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Marine information system

® Marine data management & dynamic
visualization

a. Process-oriented data storage

b. Process-oriented object inquiry

¢. Time-Space-Thematic inquiry

d. Object visualization

e. Dynamic visualization

f. Evolutionary relationship visualization

g. Associated visualization of objects and
relationships
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Marine information system- Unified dataset
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Marine information system- Unified dataset

Fe | Paxm FaEk T | HESAE | ST BwSR HEXE  HESR | BMEE | KBE BRI X3S HIHE
1 ERmerm BRMGEIRE 4m | BIE/E 1 Z5%M g GeoTIFF, HDF4 | 2%k 319GB 2019 | FFEU$tE | 1998-2021%F
2| ERmEFm | BTREER 025 | B/E/E 1 | ZEHERN i GeoTIFF, HDF4 | 2%k 5.71GB 2019 | FFEUtZ  1998-2021%F
3 BREFMEFRE EAREEFENRE lkm | B/E/E £ |UTMEE | i GeoTIFF ig\mj@g%ﬁ 3.75GB 2010 | FFU$LE | 2002-20204F
4 ERAIEER  EAREEEYR m A4 |1E |UMEZ B | GeoTFF AR SRR arscs | o0 FEEE | 200220008
5 ERBAMTM | BEREEEET &m | A/E/E 1 Z5%E g GeoTIFF, HDF4 | 2%k 283GB 2020 | FFEU$LE | 1982-2021%F
6| ERENIN M | BEEWET 0258 | A/E/E 1 | BEHERN i GeoTIFF, HDF4 | 2%k 4.73GB 2020 | FFEUtZ  1998-2021%F
7 ERBAER | BEHSEFREY 0258 | A/E/E 1 Z5RE | g GeoTIFF, HDF4 | 2%k 5.71GB 2020 | FFEItE | 1993-2021%F
8| ERBAWNSR | BRMEZIRERTE &m | B/IE/E 1 | LSRN g GeoTIFF, HDF4 | 2%k 4.73GB 2020 | FFEUZ  1998-2021%F
9| BEBAMTR | EFIREFNBET &m | A/E/E 1 Z58M GeoTIFF, HDF4 | 2%k 42,568 2020 | FFU$tE | 1998-20214F
10 ERBELTFR  BREEET 25km | B/E/E 1 BERN g GeoTIFF. HDF4 | £ 2.41GB 2020 | FFHHEAE  2010-20214
11 BEREMITH | BERERERFLZANERE %m | A 15 BEEMN GeoTIFF. HDF4 | £Fk 380GB 2021 | FF$LE | 1098-20194
12 ERBELMEH  SERNRERANRE 025° | A 1 | Z58F | i GeoTIFF. HDF4 | £k 6.12GB 2021 | FFEF | 1998-20194F
13 ERBEMR  BESERETANRE 025° | A 1 B4R | g GeoTIFF. HDF4 | £k 3.06GB 2021 | FFEF | 1993-20194F
14| ZERBEAMS G | BERMEZRREREEINHNEE 4m | B | B548M | i GeoTIFF, HDF4 | £ 220GB 2021 | FFHEE | 1998-20194F
15 EREMIT M  BREEFFTANRE 025° | A 1 | 25%M | g GeoTIFF, HDF4 | £k 3.06GB 2021 | FFHEE | 2010-20194F

16 EZREMES ﬁégﬂiF NERIMEENR | 0 | 5 15 | ZEEN | g GeoTIFF. HDF4 | £k 55GB 2021 | FFHEZE | 1998-2019%F

17| B R LRESBSAREAREEESE | 1E SESARE | 1E | £4%F | g GeoTIFF, HDF4 | ©% 135MB 2022 | FAHEZE | 2010-2021%
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Marine information system- Spatiotemporal statistic ‘
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Marine information system- Spatiotemporal calculations
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Math calculation
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Outlines

B Challenges and demands from Marine SDGs
B Marine data-added mining technologies
B Digital twin of the ocean promotes 'what-if' scenarios simulations

B Marine information system for marine SDGs

B Case studies of monitoring and evaluating marine SDGs



Case studies-SSTA dynamics in Pacific Ocean and its relationships with ENSO

ENSO(EI] Nino-Southern Oscillation) is one of the most important modes of variability impacting the global
climate, which has a close mutual relationship with marine environment anomalies. And its origination,
development and shrinkage play an important role on predicting extreme climate events, managing marine
resources, and protecting marine ecosystems.

The changing behaviors of marine environment anomalies will strengthen or weaken the intensity of ENSO events,
which may serve as an important reference for research on the mutual response and driving mechanisms behind
global climate change and abnormal marine variations.
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Case studies-SSTA dynamics in Pacific Ocean and its relationships with ENSO
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SST abnormal variations mainly covers four zones

Zone I: mid latitude North Pacific

30°N

Zone II: southwestern and coastal California

10°N

Zone III: central and eastern equatorial Pacific

10°8

Zone IV: mid latitude Southeast Pacific

30°S

Different zones show different movement patterns

Zone I: From the west to the east

Zone I1: Along the coast

Zone II1: From the east to the west; from the
east to west then return to the east.

Zone IV: from the south to the north
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Case studies-SSTA dynamic evolution in Pacific Ocean

LOWPE  140°E  180° 1407w 100°W - 60°W | In February 1997, Sequence 1 is generated in the Eastern Pacific
- Ocean and expands in space from March to May, and Sequence 2
is generated in the Central Pacific Ocean and expands from
March to June.
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u-l:l
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In May, Sequence 3 and Sequence 4 are generated in the Eastern
Pacific Ocean.
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S0°s

(0FE 130°E 180°  140°W  100PW  60°W In June, Sequence 1 and Sequence 4 merge into Sequence 5.

In July, Sequence 1, Sequence 3 and Sequence 5 merge into
1997 1998 1999 Sequence 6 in the Central Eastern Pacific Ocean, where Sequence

- Sequeﬁcel

o 6 continues to develop from July 1997 to February 1998.
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Case studies-SSTA dynamic evolution in Pacific Ocean
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The generation, development, merging, splitting and

disappearance of the abnormal marine process are generally

consistent with the evolution of an El Nino event.

When Sequence 1 and Sequence 2 are being generated, the El Nifio

event 1s also about to begin.

When the time of Sequence 1, Sequence 3 and Sequence 5 merging

in a space, the strength of the El Nifio event reaches its maximum.

During the period of the development of Sequence 6, the El Nifio

event remains stable.

when the process splits and comes to disappear, after three months,

the El Nifio event begins to decrease and then disappears over time.




: SSTA generates, develops and disappears in Eastern Pacific ocean

CP-ENSO: SSTA generates, develops and disappears in Central Pacific ocean

Mix-ENSO: SSTA generates in Eastern Pacific ocean, and develops from east to west, and disappears in Central Pacific
ocean

100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W

o £
£ £
: :

S50°N
L

r4 z.
2] =
2 2

30|°N
T

30°N

30°N

z Z
24 LS
> >
- -

z
21

IOIDN
T
10°N
10°N

z
E

10°S
L
T
10°S
10°S

n @»
&1 s

» »
2 e
& >
- =

SUI"S
T
30°8

»

b2
>
-

» » »
& e &
@ @

r r 4
=, T T T T T T T T T T T T T T T T T T T T T T m . T T T T T T T T T T T -
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W
£ LE 2] 1Z 2] L
n
l..
z - z z z z
21 e 21 e 21 e
L
z z z z z z
':l._'
g E g B g E
=1 Fs = Fs =1 Fs
-
" L]
e &1 Bl 21 B
I" T T T T T T T T T T T I" I" T T T T T T T T T T T * T T T T T T T T T T T *
100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W 100°E 120°E 140°E 160°E 180° 160°W 140°W 120°W 100°W 80°W 60°W

EP-ENSO Vs Evolution of SSTA CP-ENSOV’s Evolution of SSTA MIX-ENSO Vs Evolution of SSTA



: SSTA generates, develops and disappears in Eastern Pacific ocean

CP-ENSO: SSTA generates, develops and disappears in Central Pacific ocean

Mix-ENSO: SSTA generates in Eastern Pacific ocean, and develops from east to west, and disappears in Central Pacific

ocean

A new rule to identify ENSO event is proposed according to the origination,
development and disappears of SSTA

€ If SSTA generates, develops and disappears in region of Nifio 1+2 or 3,
then EP-ENSO

€ If SSTA generates, develops and disappears in region of Nifio 3.4 or 4,
then CP-ENSO

€ If SSTA generates in region of Nifio 1+2 or 3, and develops from east to
west, and disappears in region of Nino 3.4 or 4, then Mix-ENSO

€ If SSTA generates in region of Nifio 3.4 or 4, and develops from west to
east, and disappears in region of Nifno 1+2 or 3, then Mix-ENSO
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The total suspended sohds concentratlon near the Yellow Rlver decreases with the distance
from the estuary.

The total suspended solids concentration reaches a high value in spring season every year,
then, gradually decreases in summer and autumn, and increases from autumn to winter.
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AHP Weights

2nd factors 3rd factors
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Water quality evaluation in
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Case studies-RS Imagery-based water quality monitoring model in coastal regions
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Y. Case studies- water quality in Timor-Leste

® (QAA-RF model based on real

data in offshore China

® Sentinel-2 image

Dissolved oxygen concentration

1 $8JI88B8BEUY G2

Total suspended solids concentration



PY. Case studies- water quality in Republic of Kiribati

® (QAA-RF model based on real data in offshore China
go, @ Sentinel-2 image
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P4, Case studies- water quality in Jamaica

® (QAA-RF model based on real
data in offshore China

® Sentinel-2 image
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Case studies-Digital twin of the Island
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Case studies-Digital twin of the Island
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Case studies-Digital twin of the Island
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Summaries

From The ocean we have to The ocean we want, there is a huge technological gap,
from the data processing through information mining to information system.

Marine big data mining and digital ocean of the ocean play a technological
foundation for dealing with the challenges of oceanic sustainable development.
SDGSAT-1 and its subsequent satellite series provide an important source of
monitoring and evaluating the SDG14 and others.

International Research Center of Big Data for Sustainable Development Goals
(CBAS) has been in actions, and the established models and information systems are
well portable and can effectively serve the marine sustainable development of small

island countries.



: . INTERNATIONAL RESEARCH CENTER OF BIG DATA
. FOR SUSTAINABLE DEVELOPMENT GOALS
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Thank you
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