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Resources and productivity of the ocean




Temperature Anomaly (°C)

Coastal and Marine Ecosystem Stressors
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Distribution of global primary production
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Limiting factor for marine primary production
temperature
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Main environmental issues

0 Water quality degradation due to sewage,
urban runoff and agriculture

0 Eutrophication and HABs
Loss of wetlands due to sea reclamation

Increasing ecological risks under rapid s Aquaculture.
. . . fe- < mangrove

urbanization, marine economy e 2

development and climate change
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Marine Ecosystem Modeling
and Forecasting System
in China Seas and NW Pacific

Supported by MoST
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Observing system
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m Modern

Rosette research
with CTD vessels

Mooring

4D Observing
System
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2002-2018, 11 PIs from 7 organizations

2.9% of the amount of the global deployment FlO at deplOyment

Totally 423 Argo floats were deployed (as of 2018/11/29 07:34:46)
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?j Global BGC-Argo Data View
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bi’ge“"e““‘a‘ China BGC-Argo development
[

Aiming to build up
and maintain an o)
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China Ongoing Argo and Bio-Argo Activities and Plans

18 Bio-Argo for the Western Pacific 2018-2019
9 has been deployed during May-Sept. 2018
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Deployment by SIO in 2019 Provor CTS4
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Float WMO
2902756

A: Test period

B: Twice per day
(noon and midnight)
for 1 month

C: Once per 10
days for 20 days

s
&
Q

Depth

c |

Temperature

200

400

Ocean Daia View

|
o

e 0 2w 2 eeer =

° 2
200 .
L
400 d
30 10
pH
2004
k
2
g
400 I ——— ol
30 10
Chla
0
O et i AR
200
3
g
400 e O
30 10 20 30 10
Mar 2019 Apr 2019 May 2019

30

25

20 -

15

10

220

200

180

160

140

8.15

8.1

8.05

7.95

7.9

0.8

0.6

0.4 .

0.2

200

400

35

34.8

34.6

34.4

Ocean Data View

34.2

0 15
12
9
200
36
S|
o
&4 3
400 "‘ {0
30 10
PAR
0 2000
1500
200 1000
3
s
S 1500
3
g
400 +—Fr———— 1 O%4 0
30 10 20 30 10
bbp
0 0.0008
0.0006
200 0.0004
H
S
F40.0002
Q|
5
g
400 T °=o
30 10 20 30 10
Mar 2019 Apr 2019 May 2019



45°N

36°N

27°N

18°N

Jebi (Km)
(8/27 - 9/5)

2902747

- - W 2
Ve
//’ -
: %
“10-1

/.\ 2902755

22754

2902749
2902748

9°N
110°E 120°E 130°E. 140°E 150°E
0.2
=@ Chla@surface
== MODIS Chla R
0.16 l
R
i)
8‘0.08 / o
‘ \‘\:"4
0.04 -
I I B LA e S e S e
2018/9/15 2018/9/20 2018/9/25 2018/9/30 2018/10/5 2018/10/10

Depth (m)

200

0.24

0.2

909 911 913 915 917 919 921 923 925 927 929

Two peaks of surface Chl-a
Sep 30 & Oclt 0?

Chla

)3 1005 1007 1009 1011

|= = 0-150m

75m
100m
125m
DCM

V V/‘ b e i P /

1001 10I)3 1005 1007 1009 1011

Wind speed (m/s)



Depth (m)

Sea surface temperature

BGC-Argo Sections
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Limited Effect of Sub-Tropical Typhoons on Phytoplankton Dynamics

Chai et al., Submitted
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Blueprint of “Argo 2020” Program
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Argo 2020 Design: 4535 floats

Argo
To complete and sustain such array, considering a 150 cycles lifetime,
678 core, 260 deep and 222 BGC floats are required every year
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Suspended sediment

Jan.2017
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Essential Components of Digital Twin Ocean

More observations and detailed modeling results

Remote Sensing
information
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Model Simulations
& Forecasts
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Jngoing preparation activities

GOS  Global Ocean Summit 2021

Strengthen Partnerships on Ocean Observation and Research

okl G BaEENESEARSERTRE

Qingdao, China Pilot National Laboratory for Marine Science and Technology (Qingdao)
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Numerical modeling




Major pattern of chlorophyll distribution
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Basis of BGC model

pellets mixing

growth | o rtality

Anderson et al. 2015 . ———
mortality mixing
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Development of CoSiNE model
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Regional Ocean Model System (ROMS)

* 1/12° ~1/8° (7-12km)
e Period 1: 1991-2017
* Period 2: 1958-2017



HNLC region simulation
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Development of CoSiNE model
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Nitrogen fixation module development
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Development of CoSIiNE model
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Flowchart from observations to modeling

Observations

Large-scale

) 2 W BGC data
Satellites \Q%

Modelling
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e Ocean BGC
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A A A

Research vessels J

Validation

BGC data
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Multiple
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Theory and
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Numerical
modelling

Outcomes

e Current state of
the ocean

* Ongoing changes

* Impacts of
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* Ocean forecasting

e Sustainable
resources
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Chai, Wang et al. (2020)
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Declining Oxygen and Hypoxia due to Coastal Eutrophication

Low and declining oxygen levels in the open ocean and coastal waters affect processes
ranging from biogeochemistry to food security. The global map indicates coastal sites

Breitburg et al., Science (2018)



Complex system in the Changjiang Estuary
Physical, River discharge, Phytoplankton blooms, Hypoxia, OA
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Numerical Models

2015-1-6 temp and velocity at surface
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Development of operational forecasting system in Chinese Seas
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Online forecasting system
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http://122.112.175.6:9023/BJ_SZYB_Web/default.htm

Application: Indicator product
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Application: Altering system for ecosystem disaster
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Hypoxia Warning
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only dead crusts and shells

Liao et al., 2017, CJOL ¢
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Application: Forecasting for harmful algal bloom
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Application: Assessment for aquaculture

Aquaculture site Growth model
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Seven Societal Goals

A clean ocean where sources of pollution are identified and removed

A healthy and resilient ocean where marine ecosystems are mapped and protected

A predictable ocean where society has capacity to understand current & future ocean conditions
A safe ocean where people are protected from ocean hazards

A sustainably harvested ocean ensuring the provision of food supply

A transparent ocean with open access to data, information & technologies
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An inspiring and engaging ocean where society understands and values the ocean




Summary

Observing system

Numerical modeling

St
A\

- |

*+* Observe more ** Predict better

Knowing the ocean for now and future
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A Sustainable Marine Ecosystem
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