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Session 1-1
“The Status of Ocean Acidification
in the Subtropical Pacific Region”

Chen-Tung Arthur Chen
Professor,

Department of Oceanography, National Sun Yat-sen University

Professor Chen has been a Professor of the Department of Oceanography since 1984. He has sat on numerous
international  committees, including the International Geoshpere-Bioshpere  Programme, the
IGBP/IHDP/WCRP/DIVERSITAS GCP, MAIRS, SCOR and WOCE. He also served as one of the executives of the
JGOFS SSC between 1992-1995. Just prior to that, he had helped to form the Joint JGOFS/LOICZ Marginal Seas

Task Team in 1991, and served as its chairman until 1995.

Prof. Chen is at present an associate editor of Mar. Chem. (since 1993), Cont. Shelf Res. (Since Oct. 2016), Acta
Oceanol. Sin. (Since Oct. 2016), and a member of the editorial board of J. Marine Syst. (since 2001), Acta Oceanol.
Sin. (2004 — Sept. 2016) and Cont. Shelf Res. (2007 — Sept. 2016), all SCl journals. He also served as an editor of
the J. Oceanogr. between 1998 and 2010. Prof. Chen's specialty is on the nutrients and carbon cycle in the
oceans, ocean acidification (including hydrothermal systems), global change (including paleoclimates) and
sediment heavy metals. His recent work is across disciplines toward integrated Earth System science on the
regional to global scales. Besides having 350 of his own scientific papers published
(http://ctchen.ocean.nsysu.edu.tw/Biography--English.htm), He was awarded the highly-coveted 5M¥ Biwako
Prize for Ecology from Japan in 1997 and is a Chair Professor of the NSYSU since 2006.



The status of ocean acidification in the subtropical Pacific Region
Chen-Tung Arthur Chen', Hon-Kit Lui*

1 Department of Oceanography, National Sun Yat-sen University,
Kaohsiung, Taiwan. E-mail: ctchen@mail.nsysu.edu.tw

2 National Applied Research Laboratories, Taiwan Ocean Research
Institute (TORI). E-mail: hklui@narlabs.org.tw

Abstract

Because of the penetration of the anthropogenic CO, the world oceans have been acidifying.
Feely and Chen (The effect of excess CO, on the calculated calcite and aragonite saturation
horizons in the northeast Pacific, GRL, 1982, 9, 1294-1297) reported for the first time that the
aragonite and calcite saturation horizons will become shallower, thus threatening biota with
calcium carbonate skeletons and shells. Indeed it has been observed that waters at the shelf break
of the East China Sea (ECS) and in the Okinawa Trough have been acidifying between 1982 and
2007 (Lui et al., Acidifying intermediate water accelerates the acidification of seawater on shelves:
An example of the East China Sea, CSR, 2015, 111, 223-233). The use of apparent oxygen
utilization (AOU) data to quantify the change in pH due to physical changes and changes in
biological activities is demonstrated. The results thus obtained reveal that the drop in pH of the
Kuroshio Intermediate Water (KIW) in the ECS is a result of not only the intrusion of atmospheric
CO,, but also an increase in AOU concentration. The acidification rates caused by the increasing
AOU concentration could contribute up to —0.00086+0.00017 pH unit yr' at 900 m in the
Okinawa Trough and —0.00082:0.00057 pH unit yr' on the shelf break of the ECS. These values
are equivalent to 54% and 51%, respectively, of the acidification rate of —0.0016 pH unit yr
based on an assumption of the air—sea CO, equilibrium. When the effects of changing AOU and 6
are eliminated, the acidification rate in the basin of the ECS captures the rate of change that is
caused by an increase in anthropogenic CO, concentration. In contrast, when the effects of
changing AOU and 0 are eliminated, the acidification rate at the shelf break is 69% higher than the
rate based on an assumption of the air—sea CO, equilibrium. Since the seawater on the shelf
contains a higher proportion of the South China Sea (SCS) seawater and coastal water than does
that in the Okinawa Trough, the result herein may imply that the SCS seawater, coastal water, or a
combination of them suffered a higher acidification rate during the studied period. This study
demonstrates that changing the carbonate chemistry of both incoming offshore intermediate
seawater and coastal water results in the acidification of seawater on a continental shelf. The
results herein reveal a situation in which the acidification of coastal seawater may be faster than
expected when the reduction of pH of the incoming offshore seawater is considered along with the

increasing atmospheric CO, and terrestrial nutrient fluxes.

Acidification in the SCS and the West Philippine Sea will also be presented.
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Session 1-2
“Progress of Ocean Acidification
in the western North Pacific”

Masao Ishii
Head of 3rd Laboratory,
Oceanography and Geochemistry Research Department,

Meteorological Research Institute, Japan Meteorological Agency

Education:

Ph.D. in Science (Chemistry), Nagoya University, 1989

Expertise:
Ocean Carbon Cycle and Biogeochemistry

Measurements of CO2 system variables in seawater

Appointments:
2013- Head Scientist of 3rd Laboratory, Oceanography and Geochemistry Research Department,

Meteorological Research Institute, Japan Meteorological Agency

International activities:
2017- UNESCO/IOC and SCOR International Ocean Carbon Coordination Project (IOCCP) - Global Ocean
Observing System (GOOS) Biogeochemical Panel, co-chair.
2015- Integrated Marine Biogeochemistry and Ecosystem Research (IMBER), member of Scientific Steering
Committee.

2008- North Pacific Marine Science Organization (PICES), member of Section on Carbon and Climate (S-CC)
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Session 1-3
“Ocean Acidification Studies
in the Seas around Japan”

Tsuneo Ono
Chief Scientist,
Japan Fisheries Research and Education Agency (FRA)

Research Interests
*Temporal variation of physical/chemical ocean environment both by natural and by anthropogenic forcings,
such as PDO and/or global warming
*Response of oceanic ecosystems to ocean environmental changes

*Carbon and nutrient cycles within North Pacific Ocean

Education
1997 Ph.D. in Fisheries Sciences, Hokkaido Univ.

Synergistic Activities

2004-2006 Contributing Author for IPCC Fourth Assessment Report
2006-present Member of PICES Section for Carbon and Climate (co-chair from 2015)



[saouajosoaborg

‘€L0Z 'Ie 39 e}1EM WOy pajdepe]

yydap

wQQZ 0) 3dens eas wouj ejep pabesane

12 pue 1 ONY ul paasasqo Hd jo sauas awi]

(30091 ‘NoLb) 2H "BIS

(30851 ‘Nobb) LONM "BIS

:ol19ed YMON 213018QNS UId)SOM U]
suonje)s Buriojuow ueaso wial-buo

311984 Y1ION 2132JEQNS Ul
paAJ25gO OS|e 3Je Hd Jo puaJ4l SuISea1d9p WJU3-3uo]

MSLT 081

A.€L0 A0LL AU 2090

S0

AN

b\

- L66T |enuuy N .%..,a." |

(€Td) 3.59T « N

| |
|
-010C (-030ydoiroads) v o Nz , “ _W ‘
- [ roasfesoded Loeaed
- ‘ojoydosydads) Hd o NST et : i 4 : =

€00¢ (o30y ) H i =
- 7661 (ou19WON02) 9| « 3ol | o]

- €86T (Peay-1amoys ‘YiaN) $0Dd «

- 1961 |enuue 03 [RUOSERS
1(60d) FoLET »

suo1303s o1ydesgospAy et

Aduanbauy-ysiy VNG

MSLT 08T

ASL0 A0L0 AU 2091 AET HOST ALl 0Pl ASEL A0E

3997 ¥ 3/ET Suoje Suioyuow Aduady |ed130]|010919|A ueder
: 21419Bd Y1JON uJaisam ul Hd pue ¢Qdd Jo spuaJi [|edanQ

[oT0Z “|0 12 bmDYLIOPIN] NoS  NoOT NoST NoOCT NoST NoOE
>
[4owwns] JA/ S000°0 F €T00°0
[423uIm] 1A/ Z000'0 F 8T00°0
:Hd 92eyns
4o 91e4 Suiseaudap agesany
No€
NoOT
No0Z
NoSC
Jawwnsg J9IUIM NoOE
Jo/ET m:o_m J21eM adeJins ayi ul spuall E._w“_.-mco._
SLALLLENT HSUVIESH ASMG VIS8 u____._._!mm@ mm_ez .h ms\svi;s

Ara s e e e, A

EYFBEE D

YEEYTE

£2u3by jeBojoioaa veder

LPgE @

ueder ‘salpnis %

YI0OMJION UOIIedyIpY ureo() uedep

(B3 B 4z - 2L FNO) BRI

(23n13su| yoJeasay Ssa1uaYsl4) ouQ oauns|

YO LANE=FR U TP E BT E ¥ H
uede[ punoJe Seas ay3 Ul S3IPNIS UOIIeIIPIde UBdIQ

68



500 ulw 800 ulw

€8°0 xew vv'0 Xew

61°0 F 8C0 ‘Sne 80°0 F 8T'0 ‘Sne
:apnyjdwe Hd :apnyijdwe Hd

O

Jawwins 102 Jawwins €102

Aeg 0JOys(Q Ul uoljelseA Ha [eudniq

(uiy) ‘Bay— (ues|y) ‘Boy— (xe|N) ‘Bay— UIN-o UBB|\-o XEJ\-o-
clog 1002 200c 1661 2661 1861 Z861l
| 1 1 OON

€€l +Xg£000-=A
Hd "ujw [euoseas

00’8
JO puaJ} [enuue LE:_> \
= oL'8

0c'8

¥'SL + X000~ = A

0e'8

AN VAV A
8¢l +X£000- = A i
Hd "xew |euoseas

< JO puaJ] [enuUE Jalu| 058

(STOZ-786T) 21s Bezemiysey| 1e paAIasqo puadl Hd wusl Suo|

ainjesadwa | — zOHd— 910z
6¢/6 0€/8 1€/L L/L 1/9
0ol : : 00¢
0'SlL [00]4
g 5
2]
B ooz 005 ©
Q
g =)
3 E
Fogz 009
0'0¢ 004
TOIISIP DIEZEMIUSES Ul UONEIIBA (0D d [EUOSESS / [eudniq

[ Jussaud—zgeT ‘d1ydouy
-031]0 3 o1ydouigns] uoneis NNfUQ:OTIN
[ qussaud—zg6T ‘21ydouy

3.054 3.0+ X
-08110 3 21ydoJigns] uoileIS Iezemiysey:gIAl : :
[1T0Z - 600T ‘21ydon . )
-08110 13 21ydoJigns] UoIIeIS I¥esely QA . m_,“.% :
[3uasaud — 107 ‘do1ydouy v

-08110 3 uonisueul] uoires oxeAl|A /LN 18900 2H1oed

[auasaud — y10T
‘dwems ssead|as a1324eqns] Aeg 1ysayyy 9N

[3ussaud - 0007

3se0d |eso)] Aeg o3eN :gIA
[3ussaud — TTOZ ‘D1ydon

-08110 13 21ydosigns] Aeg epowiys A
[ussaud - TT0T

21ydouina 1 oidouigns] Aeg eweAale] g\
[3uasaud — $T0Z ‘21ydosy

-03140 g uonisuesl] y3iens niesns| ZIN
[aussaud — €102

21ydoso8140 13 eas ueder] Aeg o1oysQ :TIN

[ST0Z DVdLSTIM/00)D] °S 433fb] sa1s Sulioyuow Hd 1seod-ueder Suloguo

69



*paseatour wyer o1t 43n0 ¢0dd
|e4891ul se paseasdap yisud| ||9ys |eAle]

SIUSWIEI} JUBISUOD :SIDNJEW PI|OS
sjuawieal 3|IAd aIp :siaxsew uado

(y wyorl)

wiyor 0oL J2A0 0Dd [piBaju|

[‘11wgns “[p 13 pynsuuQ]

(wyor) (0od
0091 0ozl

-008 00ZL -00v 008 OOF o0z

‘werlpozt ClVhl { : : : :omu

ul 10U Inq 49140Yys Ajpuediyiusis
00¢
sem wierl 009T-008 Y3 Ul Y3u3| [|I3YS | yibusj 1ays [oAID]

0se

T 1 °

qo
r oz
wierl 0091-008 >
¢ r oy
ul Jow pue ‘wierpozT 9y ul L Ayowsouqy

19ys8iy Ajpuesiyiu8is sem ajes Ayjjewsouqy 09
— T 0

L] £ ]

‘SjudwWleal] Lot

20od ays ||e Suowe ajes Ayjeriow L st

U] S92UB1DJ4IP UL IJIUSIS OU dIdM UYL Ayjopow [ %

14

SSaull) |eAde| U0 S139l} . S1jNSay

wn

- wyer  00080009.0007000Z O
002
00TT 42n0 ¢ 0)d |eaSajul JO JuawaIdUl  Yibu3| []9Ys [PAIDT L (7
yum paseasoul ajes Ajjjewsouqy oz
09z 3
wierl gOTT 4910 ¢Q)d 03 sinoy pasodxa :1 * 08¢
wier 0OTT 4910 °00d :d - %om
1(00TT — )K= oL
wierl 0OTT 49n0 DM [ea831u] 0z
] 3
"{00d wierl 0oTT 03 3u3jeninba s1 0'T=0 Aygpwiouqy [ 07
punoJe a1e)s uolleinles ayuosele ay| 08
SSaU1l} |eAJE| UO 0D |e48a3Ul JO 1093 7 SNSaY
juswiadxa jo uoyDIHUl JIYD SADQ
wierl £€GT-6€2 ‘WM 68TT-0¢F | ¢ 62 ¢ SL L G0 O
(saul prjos) L | | | | | 0
Sulionuow o sy nsay
- 00¢

wiert 009T-008 ‘wier 00ZT-001
20)d parasiel

sjuawiealy 3jdAd |ai1g

wiert 0z FSLTT ‘6TFTEL ‘STFOEY
(saui| panoq)
Sulioiuow Jo synsay

wiert 00zT ‘wierl 0pg ‘wier oot
20od pa1asiel
SjuouwileaJd] jueijsuo)

[‘3wqns “|p 33 pynsyuo] JudWIAAXS 34Ny nd Aq
aenJe| auojeqe-0za uo ‘Q)d 3jgerien-Ajjeuanip jo s33443

(wyor) 20od

‘[0 33 IDMDY-03OWDWIBA WOLf patfipows

édaie| Jeah 00T £191e| S9PERIAP M3

Jeah

pIoYy ysaayL

o8eJane

UOIBLIBA [BUINIP YUM

swinuwiull 40 38eJaAy ¢01 puodsad e1o1q S0P 1BYM
:eaJe |eISe0d ul Hd Jo uoijelieA [eUOSESS/[eUINIP JO 3duanbasuo)

70



uonels pjesely ayy Suowe ¢0od pue Hd jo 10ds 10y |E20] JO 32UBISIX]

(Hd)
‘ood

wdd gog 1noge " ruonelea 0dd jeuanip |10l

['8nv600¢ / Aep] owrL,
8ST  9ST  ¥ST TST  0ST  8¥VT  9vT  v¥T

wddoog<
wddpp9 ‘8nae Ajlep

wddooz~
(0ot "xew) wddpoe<

wddooz~
wdd QGT~

:UOIIBLIBA [BUINIP UM
:wnwixew ¢0dd [enuuy .

(1190-"1d3S plw)uwnines
(-1das Ajuea — Ajnr piw) Jowwinsg

(AInr prw— Aejn) Sundsy
(4N — "AON) JIUIMH

uonelea ‘gdd |eudnip o apniijdwe ay3 ul duapuadap [euoseas Juedlyusis.

a N (o} S v

v W El r

ejep 931sodwod Jeah-T

200Gtk H

0s1T
00CT
o0
=
=]
£ osze
=
<
= L
[ - 0SS
00€C
wddpoz+ 4ayiny ﬁ
asaJoul ¢pod |esodway E 009
U S T )
Suuojiuow ¢Qod Jnoy-tz Jo 3nsal
21U0|03I3
el pue )@ paJnseaw pue olownie

‘ejep Suliojluow JeaA-T aysodwod uleigo
03} TTOZ JEIA |13Un AjJUSRIWISIUI PANUIIUOD SBM
(8urdwes 4a3em noyym) Suioyuow Qdd Jejiwis

Janoyg AJans yuel ayy wouy
udye} aJam sa|dwes J91em.

YIaN Aq uonerea {0dd aysodwod Jeah-T
JNoy ue 32U0 painseaw
sem Joleaql|inba ay3y wouy sed

paq aed|e umoiq =

ST '8ny 00:ST 0} { v
¥Z '8Ny 00:TT Wouy (e%eine) ' T T
juey uoneasasasd yidap weg = ynow \ — \

3y 03Ul payeos sem Jojeiqi|inba aul| dwnd Ja1eMm

sed adAy-aueiquiaw 3|qelod e

(Wi} @2UdpPISaI YG'On
X y3dap ws'T)
suey uoneasasald

[v44] uo1IpiS PILSDIY :3|dwbXa JaylouD

71



‘uoneidepe |e2180|olq [e21403SIY SUlIBPISUOD UBYM EBIOIq |EDO]
01 109443 949A3S dSNED dJoW ABW SIY] : UOIIED

128 UBD0 PaIUBLIO - ¢Q) d1uaBodolyjue
UMM |3]|esed Ul UOIIEDIHIPIDE UBSDO PajuUaII0-UoIIed1ydolina Jo 93ualsixa [§

( T=*"0 03 3u3j_AINDS |9A3] By} WO} SS0Xa-Hd |eiSajul Ajlep o)
Hd wnwiuiw Ajrep ing a8esane Ajlep jsuiede jou Ajjiqisuas ysiy 1qiyxs e1olq sawos [y

pue ‘9IS auo ul UaA3 Hd JO uollelIeA [BUOSESS / [BUINIP YSIY JO 92UdISIXd [€

(iP3apaau pyop wial-buoj aiow)

uonelen |eao| ydiy 01 193gns aq pjnoys
1nq ‘uonels auo 1e A/€00°0-

:35e02 ueder ul aseald9p Hd [g
(22e44ns sejodgns)

A/s00°0-
(92e4ns [eaidouigns) A/8T00°0- ~ €T00°0- :Uea20 uado ul 9seaJdap Hd pansasqo [T

ueder punoJe sia3em ayj uj
UOI1edIJIPIOE UBIIO UO 98pajmouy| Juasald :Alewwng

‘0od

¢ood

(1011351p 1jESEJR)

(019 Auenisa ‘Aeg-uauui)
uonesiydouina painjjod

Co_umu_r_QObDQ |eanijeu

,uoneaiydosina painjjod, pue
,uonesiydouina jeinjeu,, usamilaq asuodsal 21101q JUSIDHIP

72



Session 1-4
“Ocean Acidification and
its Effects on Pacific Island States”

Tommy S. Moore
Pacific Islands Global Ocean Observing System Officer,

Secretariat of the Pacific Regional Environment Programme (SPREP)

Professional Interests
Climate Change and Oceans; Bridging the Gap Between Science and Policy/Resource Managers; Geochemistry;
Chemical Oceanography; Ocean Observing; Coupling of Physical, Chemical, and Biological Measurements;

Environmental and Marine Conservation

Professional Experience
Secretariat of the Pacific Regional Environment Programme Apia, Samoa
Pacific Islands Global Ocean Observing System Officer July 2014 to Present
Project manager for the Pacific Partnership on Ocean Acidification. Supporting and developing ocean
observing programmes in the Pacific Islands region. Supporting international efforts such as the Argo
programme. Raising awareness of ocean acidification in the region and seeking funding for adaptation
efforts. Working as a member of the Pacific Meteorology Desk Partnership to enhance meteorology and

marine forecasting in the region. Chair of the Pacific Islands Marine and Ocean Services Panel.

Pacific Islands Conservation Initiative Rarotonga, Cook Islands
Lead Science Officer Sep 2013 to Dec 2013
IMEDEA Esporles, Balearic Islands, Spain
Post-Doctoral Researcher Dec 2011 to Aug 2013
University of Montana Missoula, MT, USA
Post-Doctoral Researcher Feb 2009 to Mar 2011
Education
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Boston University Boston, MA, USA
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University of Montana Missoula, MT, USA
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Session 1-5 Moderator Speech

Discussion

“Issues in the West Pacific Region”

Yukihiro Nojiri

Professor,

Department of Earth and Environmental Sciences, Hirosaki University

1975-1981
1981-1995
1995-2006
2001-2006
1993-2003
2004-2006

2006-2011
2008-2013
2011-2015
2015-present

Research Interest

Chemistry Department, Faculty of Science, University of Tokyo

Researcher, National Institute for Environmental Studies (NIES)

Head, Global Warming Mechanism Research Laboratory

Head, Carbon Cycle Research Laboratory, NIES

Associate Professor, Department of Biology, University of Tsukuba

Counselor, Secretary for Council of Science, Technology and Policy, Cabinet Office,
Government of Japan

Vice Director, Center for Global Environmental Research (CGER), NIES

Professor, Graduate School of Science and Technology, Tokyo Institute of Technology
Principal Senior Researcher, CGER, NIES

Professor, Graduate School of Science and Technology, Hirosaki University

Ocean carbon cycle and related biogeochemical parameters

Biological impact of ocean acidification

Methodology of national and regional greenhouse gas inventory

Activity in international research
Lead author and review editor, IPCC AR4 and AR5

Co-chair

SSC member

PICES WG 13 & 17
IOCCP (2007-2012), SOLAS (2010-2015)



Discussion Topics of Session 1:

1. Impacts on our oceans and corresponding issues
® Subarctic region
® Subtropical region

® Pacific island States

2. Impacted areas and corresponding issues
® (oastal environment

® Ecosystems of offshore regions

3. Necessary measures
® Increase observations
® Information dissemination

® (Creation of research partnerships



Session 2-1
“Social Regional Impacts of
Ocean Acidification in Japan”

Masahiko Fuijii
Associate Professor,
Faculty of Environmental Earth Science,

Graduate School of Environmental Science, Hokkaido University

Education
2001 Ph.D., Environmental Earth Science, Hokkaido University, Japan
“A marine ecosystem modeling applied to the subarctic time series observation”
1998 M.Sc., Environmental Earth Science, Hokkaido University, Japan
“Roles of biogeochemical productivity in the carbon cycle using a simple global ocean model”
1996 B.Sc., Earth and Planetary Sciences, Kyushu University, Japan

“Estimation of diabatic meridional circulation based on the UARS data”

Employment

Jun 2008 - Present: Associate Professor, Graduate School of Environmental Science, Hokkaido University,
Japan

Aug 2006 - May 2008: Associate Professor, Sustainability Governance Project, Center for Sustainability Science,
Hokkaido University, Japan

Jan 2006 - Jul 2006:  Research associate, School of Marine Sciences, University of Maine, USA

Aug 2003 - Dec 2005: Postdoctoral research scholar, School of Marine Sciences, University of Maine, USA

Jan 2002 - Jul 2003:  Domestic postdoctoral research fellow of Japan Society for the Promotion Science,

National Institute for Environmental Studies, Japan
Language skills: Japanese (mother tongue), English

Specific skills: PADI Master Scuba Diver

Research interests

+ Future Projection and mitigation/adaptation of effects of global warming and ocean acidification

+ Education and research for developing renewable energy
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Session 2-2
“Mitigation Options -
CCS and the Marine Environment

14

Jun Kita
Supervisory Researcher,

Marine Ecology Research Institute

Academic Background
B.S. Fisheries Science, National University of Fisheries, Yamaguchi, Japan, 1986
M.S. Marine Biology, Kyushu University, Fukuoka, Japan, 1988
Ph.D. Marine Biology, Kyushu University, Fukuoka, Japan, 1991

Area of Expertise
A. Marine environmental impact assessment
B. Physiology of marine organisms
C. Chemical and physical coastal marine monitoring
D. Carbon dioxide capture and storage under the seabed

E. Ocean acidification



