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1 Breitburg, D., L. A. Levin, A. Oschlies, M. Gregoire, F. P. Chavez, D. J. Conley, V. Garcon, D.
Gilbert, D. Gutiérrez, K. Isensee, G. S. Jacinto, K. E. Limburg, I. Montes, S. W. A. Naqvi, G. C.
Pitcher, N. N. Rabalais, M. R. Roman, K. A. Rose, B. A. Seibel, M. Telszewski, M. Yasuhara and J.

Zhang (2018) Declining oxygen in the global ocean and coastal waters. Science, 359 (6371)
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(1) SMEEOEREFL

FesflX, HiEk EOEMICE > TUHDHFETH D, EMOENENNEE DT DIT T
RIET TR, #fIBR EOFRRBHESLRBOWERZMEL TWD, LNLARARG, #BE
50 T, ANEICHBIT D2 RED 2%ITHY T 2ME/HE LI LW ALV A EinT
V% (e.g. Schmidtko et al., 20172), #MFEDKZE 200m T 70 umol/kg AT DO IRk F& i/ N ik
LR E NN L TR Y (Schmidtko et al., 2017; Stramma et al., 2010%), FEX D X 5 1Zfi#
FDDIRVIKILDBE T — ORI CAEMITIRA B 2 F LTV D

B 3 SNERLUMREROWAKFTOBIBREDKT, FIIXBFEOABER (<2mg/L =
63umol/L). 7\ & FTIE/KIER 300m OFEEFEM/ MK (ocean oxygen-minimum zones).
(Breitburg et al., 2018)

ERFLOHER L LT, 1) INEORMERRZ L S Z T HIERERR L, 2) IhFEROE R
#b. 3) KB %ITF B D (Breitourg et al., 2018), HIERIERE(LIX. F I MEEERE DK
IR LA CREBEOEMELZ TT20RBHD, £ LT, £E L PERREDOKEZE THEIRS D
99 F HRJEIILIC LY . S HICMBELTREA~EIIN R 25, WRERTH, SNE LR
DVEFREEAKT « sUBIRIEIZIN 2, HIERIBIRALIZ O RFTROIC R K & « B & o 7o &
FNE L TRBEB~ORBEMEENEDY , W7 T 7 bR R0 %< BR UM E
WEINT 272 8 ®iRMICBRRD 2B s e E2 6TV D,

2 Schmidtko, S., L. Stramma, M. Visbeck (2017) Decline in global oceanic oxygen content during the past five
decades. Nature, 542, 335-339. doi: 10.1038/nature21399
3 Stramma, L., S. Schmidtko, L. A. Levin, and G. C. Johnson (2010) Ocean oxygen minima expansions and their
biological impacts. Deep-Sea Research I, 57, 587-595. doi: 10.1016/j.dsr.2010.01.005
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Fig. 6. Schematic of interactions of open ocean oxygen minimum zones (OMZ, red) with hypoxic shelf systems and dead zones (Diaz and Rosenberg, 2008} on continental
shelves of eastern ocean boundaries.

4 ®BFEB/E (oxygen minimum zone, OMZ) & &2 D FEH D&

ZOXSICLTERZ DMEOAMBN G IO THEL LT, 1) EWFHIG, 2) &
B A N LA 3) HIERAM LRI E, [TREL 2T Hid (Breitburg et al., 2018), %
TEMFRERE T CIIHEARES) MR T L, Ao aITE AR, & L OKERICEE L KT
TEZEZALNTWVD, SHITIE, ZOEMBEREICHEE CIER < BRIICEH LZSE T
b, BRIBREDZ >)TFITRY 95 L DR b H 5 (Wang et al., 20165), EfEHE{bIC
WRPEIREAY - BRIV LS E 2 D 2 & T, AEXER M) DS T N 2 Bl L, i
FE NS DWHED I E D Z & BTl S LTV 5 (e.g. Deutsch et al., 20158; Cheung et al.,
20117),

4 HEIE T ORARRIC & D A DL 2 A PE, €0 5 LI RE TREO A ERE L, PR
JE TR - ERRENTEFR - VU EERBEE LTHAELILLOEHAEREL WS, MEIZLY MEIRE
DHED EHEREN S ORBELH OB D28 D 2 Lintb, BEEN LB 2D,
5 Wang, S. Y., K. Lau, K.-P. Lai, J.-W. Zhang, A. C.-K. Tse, J.-W. Li, Y. Tong, T.-F. Chan, C. K.-C. Wong, J. M.-Y.
Chiu, D. W.-T. Au, A. S.-T. Wong, R. Y.-C. Kong, and R. S.-S. Wu (2016) Hypoxia causes transgenerational
impairments in reproduction of fish. Nature Communications, 7: 12114. doi: 10.1038/ncomms12114
6 Deutsch, C., A. Ferrel, B. Seibel, H.-O. Pértner, and R. B. Huey (2015) Climate change tightens a metabolic
constraint on marine habitats. Science, 348 (6239), 1132-1135. doi: 10.1126/science.aaal605
7 Cheung, W. W. L., J. Dunne, J. L. Sarmiento, and D. Pauly (2011) Integrating ecophysioclogy and plankton
dynamics into projected maximum fisheries catch potential under climate change in the Northeast Atlantic. ICES
Jounal of Marine Science, 68 (6), 1008-1018. doi: 10.1093/icesjms/fsr012
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(2) RFEMOEME
W RO BEAFALOFREIZ ST, Breitourg etal. (2018)% & & (27, AARIR
D AV R R T R D #ERIERE (I, R O KR B O g XV KR & o

BAZTHD, KRN OBBMEER S T 720, MEABRFELOFRRO—>2 LB BT
Wb, TORMBBETIRETL2ERLE LT, BEBROERBLDBET LN,

ERELE T, AFOHHYSCREICLHER - UV 2T U &I D582 E0EE
DREHEREL, TO&E (N A~ R) ZEMIEHREZRT, hERORE TIERL
L7 —IRAFEIZ L W ARSI AHIIX, o0 THFRMEOMAEY R il 2 3 5 KB I
EVIAEND, ZOL X, DEEEENC L > TBENNE SN CEROBERE N TND
&L AEMHIERIL R T 4 — R 71280 | mOEBRBREREICIIR O 2 556
3% % (Steckbauer et al., 20118),

K TOMEIREG O T IXBBEOFMMAEL T, WHEFHNELS 2D LH T T 7
N OBFENSEHINCT < RY, EROICIKREOSHEEN 2T, BIZIESKEOF =
P =1L, BOHSEROGEISHEO#TE CHZERA RV D, BRRHEE & iR
FEPRE LT < BOLFHETHOH MR SN2, BEOT 70 =T8I, En
59 < MR NN, REIHIITF = E— 2 B L RIBICAR ISR ICLEL LT, &
FesRlE 3 FE Le\\ (Testaetal., 2017%), — 4., 74 U B O~ =BT RE=0HE L TE
O, W CRBENSARINDD, FEEE A —CHIERIC XY RKEOWKIL CRUE R
fbEav, IR CREBEEMAGESEINT 5720, FRIEMBFRIRERIZ/ 5 (Sotto et al.,
201410),

I RIS BB O BRI T, B x AR B A — VT ET D, BUC K B RBEO
BASCEIZL DHAEIL, EBOBE COMBIHERICEEL KITT, L0 KE727%EMH
A=/ Tl RIS D MR AR EFIC LD pdgmbicinz, B muE, ok e
KEEAM, £ L THE Lo RIRO g ~E# 3 5 KB ORI RSy 23, BleFE KD &
KRR, IR EOBDRORFLES L RHMOEBICHF ST 2,

HIERIRBEA LI ESCRE K BEICH (LA RIT L, ZAUT X D EREFEKRO SRR LT LR
BT L 5, BIZIEH ) 74 V=TT, R THRRBE 2T X ORK X
felF 7o Z & T BEINC A D EMRFEAKOIBEA BB L 2O TIEZRWNEZEZL LT

8 Steckbauer, A., C.M.Duarte, J. Carstensen, R. Vaquer-Sunyer, and D.J. Conley (2011) Ecosystem impacts of
hypoxia: thresholds of hypoxia and pathways to recovery. Environmental Research Letters, 6, 025003,
doi:10.1088/1748-9326/6/2/025003

9 Testa, J.M., J.B. Clark, W.C. Dennison, E.C. Donovan, A.W. Fisher, W. Ni, M. Parker, D. Scavia, S.E. Spitzer,
A.M. Waldrop, V.M.D. Vargas, and G. Ziegler (2017) Ecological forecasting and the science of hypoxia in
Chesapeake Bay. BioScience, 67, 7, doi:10.1093/biosci/bix04
10 Sotto, L.P.A., G.S.Jacinto, and C.L.Villanoy (2014) Spatiotemporal variability of hypoxia and eutrophication in
Manila Bay, Philippines during the northeast and southwest monsoons. Marine Pollution Bulletin, 85, 446-454, doi:
10.1016/j.marpolbul.2014.02.028; pmid: 24655947
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% (Chanetal, 20121), Zh 6 OFBIITHUEZAENH Y | BeFEOLELON & EIG
b, fHx OWFREIC L > TENEL S LIS (Rabalais et al., 2014%2; Altieri et al,
2015%%), REAKEDSHE 2R, Bk & REBREAE RIS D 23, BAKEDD 72
KRHHIKTITWDOZ ENEZ D, BARKDOFE NZ — LABEOLELS EIEHEL R
Do INBEDTFRITRITIREFR I WIS DIn R 13, RRRGICPE S g EAIZ k- T
Kbivd & PRENTNDHN, WM TOLEOFEG S, W O NEEBE) O "TREME 2 &
ITHIRE TR D LZZ DTN D,

O X IR OBEERFE RIS B O T, MEBRIEE L O PR k25 4 1 E 2 /-
RULOHRECAF AR D BTN D,

H 5 IBEOAMES [Rabalais ot al, 2014), &I ABHES & BRI ST
-

11 Chan, F,, J.A. Barth, J. Lubchenco, A. Kirincich, H. Weeks, W.T. Peterson, and B.A. Menge (2012) Emergence
of Anoxia in the California Current Large Marine Ecosystem. Science, 319 (5865), 920.
doi:10.1126/science.1149016
12 Rabalais, N.N., W.-J. Cai, J. Carstensen, D.J. Conley, B. Fry, X. Hu, Z. Quinones-Rivera, R. Rosenburg, C.P.
Slomp, R.E. Turner, M. Voss, B. Wissel, and J. Zhang (2014) Eutrophication-driven deoxygenation in the coastal
ocean. Oceanography, 27(1), 172-183, doi:10.5670/oceanog.2014.21
13 Altieri, A.H., and K.B. Gedan (2015) Climate change and dead zones. Global Change Biology, 21, 1395-14086,
doi:10.1111/gch.12754
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(3) THNZMF 72 Bkl

Lt WPEARROREREHOTDIL, HIREEDOH D REREEZGATZ U A4
T, BERFEFI ﬂ?éﬂﬁﬁﬁ%a%%M®%§%%%T%6ﬁ1%?wﬁﬁbQMé
LU, EROBUEE 7V Tld, BREFRBRO ZEM M0 R DR &2 B D22 M 5y
AT DN T—E LR R D8 E1F 6Ty,

TR ARMLD & DFEAEREREHIL, IPCC @ RCP U 4D L HITEDH 5k
FTUF L FRICHED D A EEMEOBEMEO T CEITINFEETE 2 FHICE SN T
Do ANER LW OARA OB LT, [UELER X OERBILONED

M#*b%hf%é A H OREMROBIEET M L AR FRIOR TIx, AR

(KT OB R EITHUS— > MR L, AWHIER(E I HBREFEIC L FE
%@%@ﬂibé V) TR LTS, LaL7Zen ., 100 umol/kg A DK
BRI DR, WERT M OB LBDZEM AN —AZONTE, 1FEAE—
H LTy,  (eg.Strammaetal., 2012%4), Z 5 L7 AfEFEMEIX, AMNEOBRFG/NE SO
ERINZ S GO T BEFIKAT O EMHIER L2 7 1 & ATk 2, HIBRIEREL O /T /e
AR FOTRIOEFMEIZRAZ AT TN D,

{2 OIS BT DERFIRIE 2 VT 5121%, /NS 7RRFZER A 7 — 2B 1T % i
RRR EEH, 2L TME oMK EDHAEERICL > CBLS N E#ZET Y 7§
LVERH D, Ll FIORESLKTIRE L Vo T2 A7 — & BRFZERINIC+43 72
IIRRER FET= eI, FEMEOR ERETF 6T, AMNEB IR REROMTIC
%#é%%%ﬁ%&%ﬁé: T, BGEHSCEBR T — X 2T ALERDH D LB X
Hil, S HIZAMNETIE, /MEDOREG T o' A WiEE, A Y A —/UREEIC L Dk &
Wo T, BRRANCEET 2 X O RENE OE A 7 = X LT L ER RO BN
Do

(4) BT 8T —27 OO0

JRFTACHRERA 77— Th, HETROYEIINLEL R D 01%, BRIRLER L V-7
B CORMTH 5, R4 L L Ci% . X L7- Global Ocean Oxygen Network
(GO:NE)B5Z L Ush, 408 « MUl bk 2 Z2WF 988 O v N U — 7 DB S fuv, BUAIOHAf

14 Stramma, L., A. Oschlies, and S. Schmidtko (2012) Mismatch between observed and modeled
trends in dissolved upper-ocean oxygen over the last 50 yr. Biogeosciences, 9, 4045-4057. doi:
10.5194/bg-9-4045-2012

15 IOC-UNESCO (= A 2 B e ZE B 2) A8 FIC 2016 SRS, HEAMWRRA L EE 25 -
T, R OZEEEMNNiEEFE (L (deoxygenation) MEIZE R T 5 2 L 2 BRI & 35, BieFE{koTeH
T EEIR A RE L, BOER > THT 7o, BORREZ IR FRRIE 47 LT <, 2018 4 12
ARERT 11 DE 21O EER 2T T —F L T T N—T DA N—b7p TG

Global Ocean Oxygen Network (GO:NE)
www.unesco.org/new/en/natural-sciences/ioc-oceans/sections-and-programmes/ocean-sciences/global-
ocean-oxygen-network/
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Fo, BHEBN TSy bAR—LA (FAI 78— K, FIA4X—5) 21200 L3 580
Xy MU =7 OFFEICLY . BUEET L OWHHISS A I = XA LBfFEOM LA 250 TV
A LT —EPRESUILOTWD, o, 7T T7r— R OT T4 X —|TH# LTk
FEEF L Y —X, FMIET D E TN OB CHEET 5720, KR OBEEIC L D5
ERIELRA LT 5  (Bushinsky et al., 2016%) ,

6 BEGRRICBETINIBRE Y —EEHD Argo 7u— + (Special-Oxygen-
Sensor Argo, SOS-Argo)

SATEHF N HIEND 2 KDE o —0E &1 6lem B L OV 25em, WL h KRS O]
BRI TR DB A Z T 72 K 512 LT % (Bushinsky et al., 2016)

(5) BUROHGE

2018 4 7 2. UNESCO-IOC (= ¢ A 2 By FEER) (3. RO LU
FIROBFERE LSV ORTICETARENT —2 L 20 F LD EIET 5720, BURM
ZZ ‘The Ocean is Losing its Breath: Declining Oxygen in the World’s Ocean and Coastal Waters’ %
FIAT Lo, BURSNEZEE D, WHFAMFEIEICEE L CBERZE - FATTE D L9 &
DIFRERUT L EEZHME LTS, BURMEZE % /ERk L 72 Global Ocean Oxygen
Network (GO:NE) (%, 2016 412 UNESCO-IOC 2 FIZRXE S NIZ T —F 7 T V—T7Th
0 MEERFE OIS LIIEERZRE T 2720, BURNLERE ~BFrlh S 212
fliL T 5,

16 Bushinsky, S., S. R. Emerson, S. C. Riser, and D. D. Swift (2016) Accurate oxygen
measurements on modified Argo floats using in situ air calibrations. Limnol. Oceanogr. Methods,
14, 491-505. doi: 10.1002/lom3.10107
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SUMMARY FOR POLICY MAKERS

The

Ocean
Is Losing
its Breath

Declining Oxygen in m @ GO NE

theWorld’sOceanand S50 . et
Coastal Waters

X 7 ‘The Ocean is Losing its Breath’Z%f%
(https://unesdoc.unesco.org/ark:/48223/pf0000265196)

‘The Ocean is Losing its Breath” X, 858 TR FEEHREIZET 5 156 DFFEEAR R L T
BY, FBolCBBITHEOBFEICE > TRAIRTH Y | MR DOERRRERES LA EMI
&ofﬁﬁgﬁkﬁék BTN D, £D—F57T, 1960 FAU70> BAKERSE K DRSNS 4.5%10°
km? SN L, AREESR AL L7 in sk - 10303 500 JRLL BICR S SR L Cnd, SMEE IR
FE DO MIFIZIBN T, AR BREIOBEER, BESC(AMIC L 2)BFEW 6 O, LTz
ANFHEBI R EBE L O—KRWRIFEKTH D E LTS, 5T, ARFEILORIOER E L
T, EEl LR CRE SN D IED O REEENC X DR, LI X DK
P OBFIRMMEDOID L2 5T\ 5, 15 OFFEITKH T, A FEEL ORI RIE
WEPEAERERITRE R E D X 9 ITBT 200 E . B & EllT T LT HIO NG OB
NTWD, T, BEORER A0 & RIE L ETRFEL O R 8 & fie ) NR u?fﬂxéf:&b@
RS & LT KRARIS K OVBE DRI LA 5] & 2 T IREZNR T X O HEHHHIR. ?’\L“f'ﬂZQD
LAV DA R K & AL S8 2 KRB BOWAD E LT, T EThHl2ICHED &5
hf%ti&ﬁ?{mﬁﬁft’%’{ﬁﬁ?ﬁa PEAL., BEFLOREMBEICK L, FEHICHBORMIC L RE

TEDLNDHNET L LTS, T LT, FIROBAPOLE NG, EEFR O
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Declaration on Ocean Deoxygenation” (EEEIERLICEAT 2 —VES) NH I,
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BHMBICIEA~NTWD, £ LT, Y BECRHERIBIIE D720 D 2030 77 = o Z 5 HEFEIE
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% 50 ERNICEREHEMHEA 4 512k L2 &, MERIRRE(L & SRBHESCHPEHMIC L 5
WEGRPERFCAREL TV Z L, ARFITEMBRERE FD (X F 2 %D)
RN A EFEIC L > THIBKIRE (LA IE L 5 5%, 8 DD RAMEEZIT T D,

K 7 @ Collaborative Research Centre 754 (SFB 754) & IOC-UNESCO #x @ GO,NE (Z
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INTERNATIONAL

Ocean Deoxygenation:
Drivers and Consequences

GERMANY
3 — 7 September 2018

.

- Past - Present - Future -

SFB 754

- £ C

Kiel Declaration on Ocean Deoxygenation
Participants of the intermational conference
“Ocean Deoxygenation: Drivers and Consequences — Past — Present — Future”,
3 -7 September 2018 in Kiel, Germany organized by:
Kiel Collaborative Research Center SFB 754 and Global Ocean Owxygen Network [GO:NE — I0C-UNESCO)

The ocean is losing its breath

Oooygen in the ocean supports the largest ecosystems on the planet. It is

- alarming that the ocean is losing oxygen, termed ocean deoxygenation,
b primarily due to global warming by greenhouse gas emissions, and
pallution by nutrients and organic wastes particularly in coastal waters.

We call on all nations, societal actors, scientists and the United Nations to:

{a) Raise global awareness about ocean deccrygenation through local,
regional and global efforts, incuding interdisciplinary research,
innovative ouireach, and ocean education.

(b) Take immediate and decisive action to limit pollution and in
particular excessive nutrient inpat to the ocean.

() Limit global warming by decisive climate change mitization
actions,
Both the Paris Agreement addressing Climate Change and the United
Nations' 2030 Agenda for Sustainable Development demand conservation
and sustainable wse of the ocean, seas and marine resources in order to
safepuard ocean ecosystems and their current and future speietal benefits,
These are severely threatened by ocean deoxygenation.

Scientists assembled at the conference and
from around the world agree that:

1. Duringthe past 50 years oxygen-depleted waters have expanded four-
fold, Some areas of the ocean have lost up to 40% of their oxygen.

2, The ongoing loss of oxygen from the ocean is a rapidly increasing
threat to marinelife, the ocean'’s ecosystems and coastal communities,

3, Global warming impacts ocean oxygen in two ways: the capacity to
hold oxygen decreases in warming waters, whilst warming reduces
ocean mixing and crouation limiting the supply of oxygen from
the atmosphere. Pollution by nuirients and organic waste enhances
oxyeen demand by increasing biological production and oxygen
consumption during decomposition,

4, Deoxygenation disrupts marine ecosystems, affects fish stocks and
aquaculture and leads to loss of habitat and biodiversity. It can, in

extreme cases, lead to the production of toxic gases when all oxygen
in the water has been lost.

5. Deoxygenation can accelerate global warming via enhanced marine
production of greenhouse gases under low oxygen conditions.

6, The problem of deccrygenation is predicted to worsen in the coming
years under continued global warming and increasing nuirient input
to coastal regions a5 human populations and economies grow.

7. Expanded observation is immediately required for accurate
documentation and prediction of ocean oxygen changes, and for
improved understanding of its causes and consequences.

8. Swrategies to slow and eventually reverse decxygenation and its
ecological impacts need to be co-developed between science and

societal actors. This will contribate to the UN Decade of Ocean Science
for Sustainable Developrment.

' DeoxyOcean

s

-
& ~
GEOMAR =l

Conference Chair, Executive Board & Conveners

Prof. Andreas Oschlies, GEOMAR & Kiel University, Kiel, Germany
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Dr. Denise Breitburg. Smithsonian Environmental Besearch Centre,
Edgewater, MD USA

Dr. Laura Bristow; University of Southern Denmark, Odense, Denmark:

Dir. Xavier Capet, CNRS, Paris France
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Dr. Lothar Stramma, GEOMAR, Kiel, Germany

Dir. Siren Thomsen, LOCEAN-IPSL, Sorbonne University, Parizs, France
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Case study
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<COP24 TOWHEIMEIZIR DA RAXR hDOT R T T L>
Pacific and Koronivia Pavilion side event, 6th December 10:45-11:45

Title: The challenge of a changing Pacific Ocean: understanding impacts, observing networks and
building capacity to inform policy

Ocean acidification, combined with other climate-related ocean stressors, can have widespread &
significant effects on marine ecosystems + food webs subsequently impacting society, especially ocean
dependent nations. There is an urgent need for international collaboration promoting mitigation of, and
adaptation to these stressors in policy, regulations and funding streams. To address & adapt to OA
society needs to measure it & project its future progress in the global ocean and coastal seas, but there
is a scarcity of long-term observations. Panellists discuss latest observations, Pacific case studies,
projections, upcoming initiatives & recommendations for sustainable development. Challenges &
opportunities in designing ocean observing networks needed to monitor impacts & inform adaptation
will be explored.

Chair: Carol Turley (PML, UK)

1. Steve Widdicombe, Global OA Observing Network & PML - Introduction to ocean acidification and
international collaboration in observing ocean acidification

2. Yassir Eddebbar, Scripps, USA: Ocean deoxygenation and warming with implications for small
island nations

3. Sylvia Goyet, Director, Climate Change and Environmental Sustainability, Pacific Community:
Pacific Community initiatives on ocean monitoring

4. Tomohiko Tsunoda, Ocean Policy Research Institute—-SPF, Japan: Establishing a west Pacific region
expert network

5. Cliff Law, National Institute of Water and Atmospheric Research, NZ: New Zealand action on ocean
acidification in the Pacific

6. Sophie Seeyave, Partnership for Observation of the Global Oceans: Ocean observations & the UN
Decade of Ocean Science
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What is Marine Crisis Watch?

Ocean acidification is a problem referred to in recent years as "The Other Carbon Dioxide Problem," as along with global
warming it is an environmental impact factor on a global scale. This led in 2015 to its being one of the targets of the UN
Sustainable Development Goals (SDGs), which call for efforts to "Minimize and address the impacts of ocean acidification.”
The Fifth Assessment Report of IPCC points out that if emission reduction measures of carbon dioxide aren't sufficient,
ocean acidification might pose a serious risk to marine ecosystems. There are also predictive studies which indicate that
areas suitable for reef-building coral will disappear from the seas around Japan by the 2040s due to the rise of water
temperature and ocean acidification. At the same time, the predictions do contain uncertainties, so better understanding of
the progress of ocean acidification and its impacts on marine creatures and marine ecosystems are urgent issues.

Taking these current situations into consideration, this website “Marine Crisis Watch” was launched to raise awareness on
ocean warming and acidification and disseminate future prediction data and observation data to the public.
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Subtropical region
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Chla(mili mol/m*3) in SUMMER in 165E line
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©@ F R ZZAOWEEE OB
INFETOTFRETNVORRTIE, EFEOAR—Y ZHHIZBWTEHE L EHWEYD
T hrORAEIHED, FHELLEWpHAECCLE >MESRAH -7 (K3—17),
ETNVOLBEZENRLT T, RETOT N X AOUBEEZEETH N L —H—F
TIDOEFNIARBEENH D Z ENDLNY, ZTNEEBIELTE A, HEFHR—V 71
WZBWTC, W77 7 b, pH EBICTIEREREOND L 22T, Fl2Z Dk
BICHWZ DM OIRKRARER /ST A —Z DIEIC b ENRD b (XITEW),

pH_T=ingitu O {m) AUG2001 pH_T=insitu 0 {m) AUGZ01S

T. 2 g1 3 i3 .8 iy E] E B 1 8.2

3—7 BPKRICRITOERE ol OKFEST (£ ETFNVHEREAL £ : RRK)

@  FEIEE OB

Yasunaka et al (2013) %, HBRBIOREE & 2REE (DIC) ORIEMEEIERT D &
E BT, EEM L T L CAENT 5 DIC OFFRSIZE) (K38 ¢, e) Z{EK
Lz M6137 7 A X =450 X 0 s8I E 40T (K 3—8 a), FEICEE (3-8 c,
e) HIRERIITRLTWD, @fEERIE EREBROFHEZE IR E <, iz iTA0#E 50
EORE TIX., B4 A0S E 9 Al THEEIX 24 mmol/m* 235 11 mmol/m® ®
B2 U, AFREASICE D O 2872 REN TS (K 3-8 c), DIC b A
BRICEREEIZ A > TEBNRRELS o TEY , LA LN OETHR L REWVEFT
125 mmol/m’ FRE S H 5 (K 3-8 e), MAFBIIREREENZ L b, KEH
OZEENE, 1 mmol/m* LT TH Y . DIC DB IES 25 mmol /m* FREE & 72> T 5,

X 3—9 1%, X 3—8 alZfY T DMEERIIHIT HBULFRIET L OREH & DIC O
A Z & OFHIZER) (RIATEENS DIC OYIHIE D SET RIS B 72 FEBRFER) 2=,
BET VOFE TIE, FAOLNIIEHEHENTEME LY b/hSv, 20720, L0
BENRFEHETZHBRTE D L) IEREEBRET VDONT A —Z 21T o0,
(L ORERIL, GIZFIR)
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(Yasunaka et al. 2014 £V 5|H) (a) 7 FAZ—pIIC L W RESINW-ERZRT,
FEIRDOEIT () (o) DEERFIDBITHIRT B,

25

20

DIN (mil mol/m**3)

20N 30N 40N SON 2200 20N 30N 40N SON
P % e
s T M, e e JI 1 ol
e &
H
*g 2100
=
£
3, HE
™ 90
TR N P E =
A EE e | o e |
1950 Ln Ereonad 0,

J F

M A A S o N D

™ I{/Ionijh

JFMAMMJASOND
onth

X 3—9 &% 165 ERICBIT AEHET NVITEIT 5 DIN & DIC DFEEEEIDOH,
(KRB CTREIR T % DIC #IHAET — #Z OWERTOERER) SHROBITEE IR
L. dbk& 20 EiZv° 7, 30 BEiXE. 40 BEIXER,. 50 EIIR TR,

@ DIC MIMfET — & DUGE

W 7 v 7 kRO BIR ORI A # =
PIHME L Yasunaka et al.
(K 3—9) THHZ ENSh o7, Yasunaka et al.

AT BRI,
(2013) TR ENAHEEEITEE~ 100 mmol /m® 1F E KV ME

DIC ddbk 50 FELIdb o E

(2013) 1%, FexN&EIT L

Goyet et al. (2000) & Key et al. (2004) 12kt~ HEOHLDT —H TiIH BN, T
— 2 HH 71900 OB R T — & EiRDTE L, ABOKIEEAEER L T\ 5 (2002
D 2008 FEE TOH T8 OKMEAE) . Goyet et al. (2000) & Key et al. (2004) A3
VERR LT ARSI, P CREE S TR Y ABIORERIZI N, £72, T — XA

DI =

M HE % T, Goyet et al. (2000) & Key et al.
TEETFT—ZDHERRENST-Z L RHERIN D, Yasunaka et al.

(2004) DYERL L 7= 5
(2013) 2ME

R LUTEREET — 21X, 727 TABENTEY (http://soop. jp/index. html), A
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http://soop.jp/index.html

FARE T 072, T T, 2017 EEEIARRL LTz DIC OWIWHERE 7 — 4 % . Yasunaka
et al. (2013) TYERE E&4U72 2002 4E7 5 2008 4ED H Z & OKAGEAE O FAEIZ AR
Z. AZ LD DICYIHET — & ZHiT-I/ER LIE L7z, K3—10 1%, SRATE %O 1
H®DIC BT AIEZ R, B S Ci%EH, BAE, 47— 7 # T DICEA
B ELAT & HS, 50 mmol/m* FRED K EVMEZ RT X 51T/ o7, MEEEREY + v FIC
AT pH THAEIX, AT —% 1 228 & TPHA 2 A OEF 3 Ao TRIET LD
HAENPOHEEB LTINS, ZHE T, DICIHFERIEE LOFIZAL RS20, D
A SEEZBRE L CH R CAIMIMEZ 6 2 DIAMCEHE FER 2 Do T2y, 5 5% O
FRFHEIZBWC, FHEBMGH O DIC KBEEA I E LTHES Z & L ARETH Y,
FHIFEE D) BN 5 Z il T- (BUETER),

dicelim (micro mol/1) Om

G0N - BOM 1

sov] sond

4ON{ 7 - 4ON{ -

JCN A 30M 1

Z0N 20M

110E 120E 130E 140E 150E 180E 170E 180

B 3—10 VYasunaka et al. (2014) DR/ DIC KEEEZET AR EBDEF N1
RoOPHE (& : SGTHl. F : BGETH)

® KRR E, PIHIME & ERBR /ST A — X FFTHEEL OfE R
RAEET — 2 O R A2 BT, DIN, DIP, DIC, 7 /v U EEOBIILE T 2T
AN TV D EMEAEFER O EIZMEN H Y . K 3—9 d K 9 72 DIN, DIP, DIC, 7 /v 4
U EOEMEMNBREICLS, hELBoTLEIREREZH TV I BT,
DIN, DIP, DIC, 7 /v U EEDORFILBGFERITIE, LT O &L 9 2K EEFI O,
A2>TWN5H,

d(DIN)

= —Phtosynthesis (DIN, DIP, P) + Respiration (P) + Excertion(Z)

+ Decomposition (D) — Clim_Damp (DIN)

d(DIP) _ 1 d(DIN)

— Clim_Damp (DIP)

dt RP:N
d(DIC)_d(DIP) o d(CaCOL) (i pans (dicy
dt dt dt
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d(ALK):_d(DIN)_RALK.N Y d(CaCo,)

dt dt dt

— Clim_Damp (ALK).

Z ZCD Clim_damp(DIN, DIP, DIC, ALK)IX,

Clim _Damp (DIN) =y(DIN - DIN ,,.,),
Clim _Damp (DIP) = y(DIP - DIP,;;.,),
Clim _Damp (DIC) =y(DIC-DIC,,,,),

Clim_Damp (ALK) = »(ALK - ALK ,,.),

L2 DIN.giny DIPeri DICerin, ALKcrinlE. THLEIURR E 72 55056 ME (F1 21X, X
3—10 AKX 2T,

TIVE TR, RO A EEMOxE E L, y=1 H &) BRI R 7 —L
THEML T2z, ZEEHEEBNHHTLE-> TV, 2O, Ak LzEBD
DIC IZ DWW TIEAEHRUEEZ A O EOYIIME, B XOMoxRLToL L
2. FEROFR A r— L&y = 30 BICEFE L, KUEEEMEZEDLZ L L, -
7L, TABYEIZONTIE, ABOKIEOFREIZ/ER L Tz, 1 ADK
Al 2 AR LEEH LT 5,

® Zwvwv=z g, DIN, DIC, 74 U EDOFM

B 3—11, X3—12, M3—141c, Zmua 7 ¢/, DIN, DIC Of&EBIIEE-1TK
Befil & [ R 2 PRI LT e 7 AN LD RBKESHREZ RS, Z7ra 7 )L
EICB L T, BT /VEOHEMET A R < 20 A, BB RITBLFER 22 &8N & 722
S TW% (®3—11), DIN & DICIZRH L Cid&fEf & K< —& T A HE I TV
RS (X 3—12, X 3—13, X 3—14), HHE 165 EHRICE T DA5EEICE
JHENENOMEEHTH, DIN, DIC (X 3—13) 22\ T, #EEEICFEHEE DK
T INRR DT, AHEOELZMHRITE 5 X0 RO RIERFINEHEIN TN D
RT3 05, 7aua 7 o UEICBI LTk (K3—13), Jbf 40 B, 50 ik TOMEN
K&, bk 40 ETEHBHTORINTWVNDAX T E—7 RFBLI L TWD N, K
NPTV D, b 50 FEIZRI L Tk, ¥ 7V E— 7 RFBEINTELT, EENEK
HLRENW TN E—=TICR>TNDZ ENbhD,

TNF Y EEIZB LTI, BT WA T & 2 H BIOBLIIED & 15 6 v 7 Ui
7272 (Goyet et al. 2000, Key et al. 2004, Takatani et al. 2014). 7K FH)
TRBIE (REE) O & I TE vy, ED X9 RESEHAE Z Lo T
LMERET D72 DET MEDO KR LT (¥ 3—15), 4bf# 40 EERbICBW T, B
T NI Y ERE S TWNDZ ENGnole, ZTOEZFEOT VA EORIL, REED
N DOERRIE (CaC0s) BB TND Z ERH LN ET> TS (RITERE) .,
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MODIS AQUA Chlorophvll-a

IS0 1S0E | I70E MIOE
MODEL Chlorophyll-a
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] 1 7 3 4 5 3 (gnlg-" H‘ 3 )

X 3—11 #EF—ZICIvEEENTZZ7ae740 (ER) EE2FAVHAIDI 0
07 4 NVORBKESH (FR), 1H. 4H. 7TH, 10 ADAEHEEZRT,

Climatology
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X 3—12 DIN DRMEME (b)) LEFTNVHADEBAESHK (FX), 1 H. 4
A. 7TAH. 10 A0 AEHEEZ T,
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0N — 0N — 50N

MODIS Aqua chlorophyll-a data in 165E Line Model outputs of surface chlorophyll-a data in 165E Line
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B 3—13 JEH% 165 FRUTIIT B2 aw 7 ¢4, DIN, DIC, DIN D& DERF
2RT, M3-llaidffR 7 vz V5 —4%, ®3-1lc, dit. KEME, X 3-11b,
d, e, fiX. ETNMHE, EMROBIIBET T —! ZHICHELONY THA, IR
L. dbik& 20 Eix v 7, 30 EEiXE. 40 BEidEERk. 50 B3R TRT,
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Climatolog
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Model outputs
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X3—15 EFNVHARELDZTAL Y EORBAKESHARK (FR), 1 H, 4. 7
A. 10 ADAEHEEZRT,

@ pH (Bi¥5 pH, pH25) &7 7 I 4 NAZFIE OFHAM

PH &7 7 FF 4 MaFEZ, 7 VHIEOKE, %5, DIC &7 B Y EBE
Hansd, K3—161%, ZNOOMEEM > TEE L7285 pH, pHes &7 7 G5 A MMa
FEDOREAK V5279, B pl (K 3—16 a—d) 1%, AR CIILNLEIC
DT T8 1—8. 16 RETHY, ENRHIK 8.0—8.05 IC FNV, FKIZ/2dD L& BT
LM Z AT, W T, AN RHIKS 7.9-7.95 ODERILA Y . BiZmhoT
EHL, 8081 DENBZA L TWD, W HHETIE, BIL NS kb E <, 8.25
—8.30DEERT EZALDH D,

PHys D434 (¥ 3—16 e—h) (. B3 pH & 135872 0 2@ EEE N S < (8.0
—8.2 Off) . AR M- TKL 72D, AR —Y 7 kDA ZRITE HARUME & 72
D, 7.5—7.7 %7,

7T a4 MAFEE (K316 i—1) (X, pls D530 & [FIER, WHFEITHOD | HHEL
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A R b < EREEIROMR Y, VIR OOME T 3.5—4.5 BREDE CEN KL &
<720, EHEVEAEIE 1. 0—2. 0 OfE CTHEVEIR & [FEk, Bl bEWEEZRT,

4 3—17 IZHURE 165 BEFRIZIS1T 2 MR ICH1T B pH. plas. 77 T A M
T DR RINK Zmd, Bl pH (X, MEEHICL > TESHN R | — LA
IR0, pllos 0T 7 T A MAFIE TIIAEN K B BRI > TN
32 &V o - EHIZBCH BRI COFMAEN i b K E WAL 7550 3558 103 A
b,
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L e
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X 3—16 EF/VHADKIE, 5. DICBLIOT ALY BN SHEISN-HE
pH (a—d) , pHy (e—h), 7FIFA MEFEG—1) OEBAESMAK, Kix, 1
A.4A. TA, 10 HADHEHEEZRT,
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Model outputs of surface pH, ;. 1 165E Line
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Model outputs of surface @__ in 165E Line
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45

Q,
N\
§

X 3—17 IR&R 165 ERRICBIT A EBERICR T DG pH (a), pHs (), 774
FA MEFE (c) DFERF, FROEITREICIHE L., db& 20 Bixv s 7| 30 B
. 40 BI3ER. 50 B3R TR,

® HHAZELKITIH T 2 BLHNE & £ 7 /VEOFHBIREL

FHDEBIZBN T, [RETOBNT —% L% L o7=b &% 11T7RT, A
(X, EEEVEER, s, BT, AR L ZhEh T TR LW (M3
—1.®3—2), INbExdHhdE, 7ua 7 e TILh)EZERIITEA DT
IZBWT, #l2 0.8 LA LA X D@V Z o T fEZET VTR L TWD Z &R
TD, &<, pHys 1B U CIEE BRI LIS CiE 0.8 DLk, 77 374 MafifE
(Qu) I L TIEATOREKT 0.98 DEAZRL TS Z Lnn, BB THIEZ BBY
ELTWELETAE LTI VEHTEDMHEEZH L TWD Z D005, X318,
B4 3—19 1%, pHys &7 7 T F A MAFE OS2 77373, 200m LLEIZIBUVN T,
WIEEE RS T THD Z EE2RL TS,
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#3— 2 FBEECRBTIRETOEAE L T NVEOHEBRE, 7y aNOEFIX
BB 0. 05 OFEERER EE,

Subtropical  Subarctic Kuroshio

Parameter . . . Japan Sea
region region extension
Chlorifhyllf 0.57 (0.07) 0.88 (0.07) 0.86 (0.12) 0.87 (0.15)
DIN 0.72 0.88 (0.12) 0.87 (0.1) 0.95 (0.11)
(0. 004) ’ ' ' ’ ' ’
DIC 0.74 (0.09) 0.87 (0.20) 0.78 (0.17) 0.92 (0.26)

Alkalinity  0.48 (0.09) 0.69 (0.20) 0.48 (0.17) 0.35 (0.26)

pHos 0.78 (0.09) 0.86 (0.20) 0.81 (0.17) 0.90 (0.26)
Qorg 0.99 (0.09) 0.98 (0.20) 0.98 (0.17) 0.99 (0.26)
(a) Subtropical region (b) Subarctic region
Lo R=0.86(r+013%;p < 005)

80 .'#. : —~ 200
78 t Xk 180
a . . .

476 - 160
[s) . .
7.4 . " L 4 140
R=0.78 (r = 0.06]; p < 0.05) . 1120
7.2
(Zc] Kuroshio-extension region (d) Japan Sea 100
8. J _80
8.0 g } =
ok £ °0
%f 7.8 at J|. o AR at i 40
w 76 . |.¢ : . o 20
0 /. o 4+
o * &, 0 (m}
74
R=0.81(r0.124;p < 0.05) R=0.90(r£0.168; p < 0.05)
?'%,2 74 76 78 80 8272 74 76 78 80 82
Sim. pH,, Sim. pH,,

X 3—18 200m LAIRIZIS 1T B pH25 ORRBTEANE & T NVEOHEBEI LA, KR
BBRT—F DEREBLEEE,
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40(3) Subtropical region (b) Subarctic region

| ;';, $ [ REogs(=d124;pkops)
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30— 24 200
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) ) ) {100
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a S & 40
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0 RE098 (1=00135;p k 0.05) R=099 (r=0/168]; p £ 0.05)
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Sim. Oarg Sim. Q.‘.'g

B 3—19 200m LIRIZEIT BT 7 T4 MEAREDOIRTERNIE L 7 VEDFEE
S, FROBPT —F ODRBRE,

© REEER —BlGpH &7 T A NI OMEIC RS 2 25 KR 43 . DIC,
TT V) OEENEIZOWTORMRE—

BUIE pH o7 7 2 MRS O R 165 ARSI DR (X 3—17) AoRT 2
HIEE S D L 91T, B pH (K 3—17 a) 1THREH = L IC 20— EMED
Roiemole, £727 7 35 A MIFIEES pHys (2B L TiX, B35 pH IZHe~ZE biT
EEORE SR 203, AR W TITEE T AICA TN R /NI BEFITREWD
EWVIEHO—AEER A SN, 2D OEBOE T, B pH R0 plys, 77 T A
N RO OB 2 R ET A %L, KR, ¥y, DIC, T v A Y BE D EE N BFHCHFT 2
IR D EREELTWDIET TH D, Ll T HEmE(kIfR D25
DB 22558 OKiE., 4y, DIC, T4 h VU E) 28, BEreEHilcB W TED X
HNCEHHETHHNZOWTHLNTIZRY, 2T, MEHDL4HOOEHDHI L, +
NENLOOEEEEETHZEICLY pH o7 7 257 MafELZHE L, £%5%0
HEMEZTIRD LWV REEBRETT- T,

BJ3—201%, T NAOHIME B pH) 226, EAZKIE (X 3—20 a—d), &
5y (¥3—20 e—h), DIC (M3—20i—1), 7/ HVUE (K3—20 m—p) DI%E—iE
e L, ZoMoEH (HEsy. DIC, 744 U E) 13X 3—16 THEH L7-E7 AH I
R L7250 UCRE L7z pH (BESFEBROME) Ltd pH (K 3—16) & DEDKI-
IR, ZDDONG, BETEY; pH OEICFHIIE L TV D 280%, Kk
EDICTHDLZ ENIND, £T RV EIZONTIEK, FEETIEHY pH 12X L
TRENIHON, EFEOWMERIL, FCAR—Y ZHFEE T LT Y v 75 E 01
THAENNEETZ LD, WAL X, @b o2 b <, B8
NNFF, FHIC L - THEENITE DS TR,
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ApH on the sensitivity experiment with assumed constant tempeature = 21°C

(' ® April "’ o July

60N

SONY

HOE  130E  150E  170E  110E  130E  I50E  170E 110E  130E IS0E  170E  T10E  130E IS0E  170E

-04 -03 =02 -01 0 01 02 03 04

X 3—20 I pH ICBIT BT /VED LREERCHE SN pl DEZFI\ W2
DRBEKFEDH, TNENREERIT. KR = 21 deg. C) (a—d) | ¥y =
34.44) (c—h). DIC (= 1995.2 umol/kg) (i—1). 7/ 4V E (= 2260.9
umol/kg) (m—p) Z—EIZLEBETIToT, KIXREEBROHNLDED 1A, 4
A. 7AH. 10 ADAEHEERT,

B 3— 21 1%, 77 TS A MIMEIZEET HIEROEEEZFTIZLOTH D,
3— 216, 77 I A MEREIZIZTKIENRORHE L TWAH M, DIC TV H Y
JEDRBPBEIT DY REWD LN D, HMTBE L ik, Eim asgbis, =
[T DTZ D /NS WNWEDIEE A EEEL TR0,

INDDOFRERING | 72 B pH OFEIEE) N7 — U PREEEICER D | pHys T 7
TF A MAFIEDFFHEB) NZ — U PEER TR LR > TV D NI HOWT O
BELRTDHZLNTED, Bl pH OFHEB DL Z LICRR DI, ANBHRIC
DT TUEFEARRITIKIR & DIC DA RE =T 20, BIZiE, dIERkD B 7 7
UEDRBEMLS ZIT DL IR DDTHD, —J7, pHs ODFEELBDFEEM T —
B2 DL, KA 25 EOBRAITER L TWAH7=H, pH OMEIZK L TKIRDEE )R 72
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7Y BFRICHEFBTT VA EORENG HI2T T, ZDIX)OfEIE DIC D
HDEBEEZ T DO ThD, 773 A MIFEICEH L TYH, &b PET 2850
DIC LT NHVETHDLN, WFEICOEVEERTEDLLT DICOFGNT VH Y E
DF5% EAlo>Tn5 728, BEIEEN X — U NEE Z LB L LW Tk A H)
72> TV D LRINTE B,

AL on the sensitivity experiment on the assumed tempeature (= 21°C)
b) April

(a) January

Aurg on the sensitivity experim
(e) January _. '

(2) July
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20N #5
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I
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X 3— 21 77354 MaFE (Qu) ICHTIETNVENLBRERRCTHEAEIL
7e7 7374 MEFEDOEE 5\ EDRBKEST, THENREERIL. KR
(= 21 deg. C) (a—d) . #4> (= 34.44) (c—h), DIC (= 1995.2 umol/kg) (i—
. 7VHYEE (= 2260.9 umol/kg) (m—p) Z—EIZL7HA TITolz. BIIRE
EROT T IF A MEFMENLDOED 1A, 48, TH, 10 HDOAEHEERT,

BN S DOIE - 7= BT IR O Kt

LRI 2B b OFELZET 5720, TRERE LT 2014 F25 2016
T CORELZFEMR L7, K3— 22, X3— 231, HER 137 B L OV165 i
BUFDHpHys &7 7 T A MAFIED 2016 42 A 1 HOME D 2014 ORI H D7, B
KW pHes &7 7 FF 4 MaFE, ZNENOEOWHKZRL TS, Zhbidhb
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&L R 13T FERS IOV 165 JE & BT, pH25 07 T I A MR E OMEIXIZIER UoAh

(K3— 22b—c, M3— 23e—1f) RLTWD, 7272 UFEEITITHRE 137 EAFELL
.5 & Ak 30 FEEAFT TIE 500m BATR, Abk& 20 FETIE 200m LAGE T pHos, 77 T F A
ORI & H1Z 2014 FITEE, 2016 FOEAFIIEN/NS K 2o TND Z ENGND

(M3— 22 a,d. XI3— 23a,d), HF 165 FETH pHys ITEE, ZEDIEA DOIEFUIE A
KEW, ALk 40 2D 30 FEIZ[-> TEOREWEFTN AL D, bk 25 E T
500mE L D BIRWBIZADENR A B D (K3— 23 a,d), Ziud, &g ToOmME

DB R Z T T2 KWNEEZDY T X 72 a b (W) fBRICE-> T, RETO
FRLIRFEDELY IAH DR IRNBIEITN TV DT 2R L TV D AREMER H 5,
Lth. O EMOBEIZIDDIE>THHOERZEZD, EO X eRRIcL>TZ
DE D RFAEDECTODENICON TR EED, ONCTDHERD D,

137TEER
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(a) ApHFebl, 2016-2014 (b) pH Feb 1, 2014 (c) DH Feb 1, 2016
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B 3— 23 BEAX 165 ERRITIIT B pHs & 7 F T4 MEFIED 2014 55 2016 4E
2 A 1 BOZEOKEX (a, d)&ZNENDE (a—b,e—1), (a, d) 2016 FEDfED
b 2014 FEDEZ BN EERT,

H
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2
Depth(m)
Dﬂpmtm)
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4. BFET— X OUSE - BB - fiF#hT - T
4.1 BSHEEET VAHALLKEE (CMIP5)

B TIE T L OFREFRITIN 2., 100 FFREESE & C OBV AR 2 M farE ™ +
v FTaryrFryy e UUEHT 2720, 5 5 WikE&T7 VA A EHE (CMIP5) 12
FBUNT, JAMSTEC 23B%8 L 7= R &£ 7 /L TMIROC_ESM) (Watanabe et al. 2011)
N LIET =2 % AF UM LTz, DIC, T/h VE, KR, ST =205 pH B
FO7 T aF 4 MIFE (Qua) ZEFE L. BEL 100 E?‘ﬁ@& 01— LA D&
%%&\:V%yyﬁ$<&ﬁ>Kﬁwﬂﬂkomw(%é%?w“Aw@7u/l
7 RN) O, CMIPS O, E#I&EE 7 /L MIROC_ESM O MIROC_ESM O #E 5
[ZOWTCHEE L7z, CMIPS D2 F U A bt SR b BUEL 100 £ O
i pH &7 7 A A MaFEOS (X 4—1) Z ik L7z =T COoy HEH#mH] @E%ﬁ
IZOWTEKL LTS, MIROC_ESM (28155 pH &7 7 251 N afnfE o FEL:l
WTCHERT 5 728, JCOPE_EC & [A] UfEiskZ 351 5 MIROC_ESM o Hi /)% JCOPE_EC &
Dbl CHER U7 81HME 2 F A L Criz L, MIROC_ESM THi /) & 415 Btk b T O fif
DFREERFEE AT - 72,
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77 A MEFIEE 2018 Im

7 7 IF A FEFE 2100 1m RCP2.6 77 =4 FMEFIE 2100 Im RCP8.5

60E  120E 180  120W  60W g ] / / 3 T

o 05 1 15 2 25 3 35 4 45 s

X 4—1 MIROC_ESM TEH Iz 2018 FEHAE L 2100 FEDLIRT 7 I+ A MafE
(Qareg) PEBAKESM T BB IOHFBRIINEICT T T4 MEFEN1 & 2.3 DZHE
BERT, (£ :2018 4EHIE, "R : RCP2.6, 4 : RCP8.5)

@ JCOPE_EC & [A] Ust&efEtakiz 3517 % MIROC_ESM @ pH Il

B 4—2 (X, JCOPE_EC & [A] UkIGArIk(C 331 5 MIROC_ESM O ELY; pH B8 L OV 7 =
F A MEFEOE A RT, X 3—16 ¢ JCOPE_EC THI /& 7=Hi8, pH Z Ll 4 5 &,
JCOPE_EC (21t~ MIROC_ESM (T HEZEHI oA R — Y 7 M TIXeem O OEAEH S
TWALZ N0 Dh, 77304 MAFEICE L TATH, IHR—Y 70 LT ¥
> IHFIROVOFIRTIE, 0.5 EOFmVMENEH SN TND Z ERnnhd,

Bl pH °7 7 TF A MR EOMIZEERT 2 KR, HE5 DICeT A Y A B D
&, JCOPE_EC Tl flE-oxEfE (X 3—14, [X] 3—15) 2k, MIROC_ESM CiX
IR BIp DM THD Z LRy hnoT, BlxiX, DIC 1%, &l (X 3—14) 1%, i
Tl 1880-2000 pmol/kg, HEZEHI TIE 2040-2120 pmol/kg T/RL TWA,
MIROC_ESM Gl ik, diFEHIkOEi 5 ¢, 2080 umol/kg LA EDfEIZ/2> TV 5

(X 4—3), 7/ hVEIZBLTH, JCOPE_EC TIHXEEAMICAGEIR OfEIZ 2200-2300
pmol/kg T 5 (K 3—15) 75, MIROC_ESM Tl HIZEHIE TlT 2250-2300 nmol/kg.
Hi BN TIE 2400 pmol /kg BA B & 372 0 BVME & 7o > T D (K4—3), KiRIZEIL
ClX. MIROC_ESM X v # JCOPE_EC @jﬂb‘i FAR— 7 Ehk, EESTIX 12 CIK
B, AR Tl 1—2°CEnd DO, Hiyid, MIEHHE CIIm B FIG A B2 Ml S ¢
B, #HEVIR TIX JOPE_EC @jﬂj: 1 &Nﬁ%u\m‘ﬁ:r% AL TN D,

JCOPE_EC & MIROC_ESM THiJ1 () S /KiE, ¥4y, DIC, 7BV ED I
HOEW T, B pH °7 7 I 4 MafIEOEIZKRE S EET LD, ZAULNH
KITH 3—16 &K 4—2 THOLIIZL D RWHEET /ML B HIMEOE WA T TL
5 X9 THDH, MIROC_ESM ABAZE 7= DiL. 2000 Z£1KH¥ (Watanabe et al. 2009)
Th V.| KIEFRNT A =25 L THaRIERARER Yy N U — 27 BRI TWR)
STl bd 0 EHINTERBEE S 0 R EN 2D o TR R A ER & LTHE
ZBivbH, —J JCOPE_EC 1, BHMEDL L VWEEZEZONDIAEMEEZMEELFHE L TV
L7280, KOFEND LWELE, pH 07 7 254 MafiEZ PRI TETWAH I Rz
WO BN E ol 72720, AR — 7B AR, WL Tix, +
IR T — & s b R AR z’)%ﬁiéﬂﬂ\é EITEWVEEN D FRIZ Z D 3 D OEK
IZOWT X VIS L HEET 572 D121E, 2015 ELIS D EDOBLHIT — & 245 1
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1978 4E) 5 2009 A FE TO pH 7 — % OFRPEBEA AT L, #fESEH L E ST
U2 HARID B OB EAL ORI A B B I Uie, UAFZENA 2w L L CCR)
SEERICHR RS LB, EFE NS, T X OEEMEICOWTHRIEL, B TE 557 —4
EIEPILTZ D 2T, fRERET_NE LW EREZ -, £ 2T, 2018 M54
PEDENRERSNT — & 2385 L, BT 21T o 7=, FEMENT Cl. pH O KAEIZEAR
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\ZIZADOFE, pH OF/MEIZEOfE E LTHIA I b Ly REFHE Lz, LI TiE, 518
TELT—H DR GERLRICENLDEHETE RRINT —Z b BN E
STEAERAKIZEIT S pH MLy ROFEREZLL NIRRT, 2O OWETR, EHid )
O AEHKOT —2Z0H 0N, pH b Ly RERTITIIFBEICRIT 5O TIEARWN
N2 EWOEMEZTEED, KVELWT =X RIREFEI TV, TRH0E- 7
HRT—2ZFHALCBERREZELOTNDLEZATH D,

O ANEHADT —F OEEHEIC OV TOBRE

FEHTCE 27— 2%+ 25 (Q0) 7o, WORKAEZFRIT-, O1978 F:125 2009
FEFETO pH T—FNBNZEAH>TNDHI L, @%\EFODT ENBFLNTEHEEZS &
. ZFOVEEEN DEERZUNOT — X2 DR ERFEFLTND &, OB THDE=H
V> 7RA Y MTEIT 2 pH OFRFERIIN 13 b HFEEERZ L D REWEEERF 2O pH
DIEZ TR T 2052 & ORITIERS 2 &, OlF, FROELENIHEE), AZH), F
EENCL DT X LT —DBEZ T TWNWAHEEZLND -0, BIURERNLED
NHpH hLU RIZINGDT X AT T —NEX DEBETEXLHETMA 5720
D ATz,

T OBESRM e T AW AT 1481 @ 302 L& Ae D 302 sUCKILTCRHL
PR CEHME SN TKIEE pH OB 5 R L fFRTOTNLDOMEA[HA LT, tHEEG
B9 52 LT, fha L OB DITfET — % OFENEE A Lz, ZORFR, ITfF
RO 5 kmPINTHIVUL, 1ZEAEDORTHENEETHLENE (r = 0.367; p <
0.05) Zyl7cLCWAZ EnnRane (K4—6), X OUGETHTIE, ARSI
polefF L LI, KT —FITR T LB ZFE T A - TV 2 FEFT TN
LD ANBHT T —IZONTORETbE O (2017 FEREFESR),
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© QIR ANSLHRLNDHR/ME L RRMEIZH T D pH FL R

EHEMED DERINT — 2 DR EMEH LT, R/MEE RKIET —ZI123817% pH b L
Y ROHBEEITO, TNHEE AN T AIRLE (K4—T), HETERAI Sz pl
b Ly IR TR L2 STy (Bates 2007; Midorikawa 2010), LAsL
Fox MR AERAKEZ, BT R U REEBICEFHEBLHD Z L E2RLTND,
ZD XD oAk, O TR QC DR TT — 2 BLSMIR S 5 KT R 5
N2 holc, EA N T ATIHETERICHY O 5 EHSMI RS, ZHH0 b
Ly RO E TS & pH i/ MEE LT-0.0009+0. 0026 yr', pH KMl & L
T 002520. 0033 yr ' OMENF O, THUIAFEOFBEZEL Y $ pH BME T3 HH
MR DZEaER LTS, EEFELEAZETO pH b Ly ROBWITEITHIZE THIE
ENTWD (B ZiE Midorikawa et al. 2010), ZDOFECiX, EBLIC K 2 EENS
AU HFHIEOZSLEMIEBORMN e FGNREEL TV DHEEX LTV,
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pH FL > ROSHiEi#~5 & (K4-8), f/MET — % bR KET — % DGAE T
bOMEHEITH EVED O oTc, —T7, Tl 26 OHEAS 50 kmLAPN O EL#
HIOEHEREICH -7 LTHRICEED h L > REZR L TWD EIXRG T, TfFA
THIEEL2ER D o7z, QZORRITI bW & UM TEEEIZE > TER D,
WP NIED pH OF/IMET — 2 DGR T & EF-OmMEFR0m L Tnb—F, i
KT MEA N Z W3 A BT, JWNPEEHER CIHK MMM 2% Th 5
23, REMEW 2R T LRI R ERIIC pH O KE, f/MEDOSE & b IR UHLE 0%
BNEhoT,

93



a) Acidification for minimum pH data (b) Alkalization for minimum pH data
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FWREO pH MLy FOFEEE (K 4—9) 6. BAROVER O I B3 LB
£V BEE R TEAARD Dz, KEUTIEAANC HFEEFRIO A3, IR L 57K
O EFEPRENT LERE LTS, Bl pH IUKIRICAEL END 70, KRR
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AL DA
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tml) LEALTWD, Fox WIEHT L7z A KD pH ZBUAETH Y . K&HP D o,
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T 4 VR JE DS HLEES s D TR RIS [ o TELS RO FAFHTE L L0112k -
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N5,

AFEFEICE L OB AT AZFH S TWAHE T /Ui, DIN, DIP, DIC, 7 /v
71V FE O FE AU R A 77— /L 30 A TRUIBIEREFI OB A > TN D, Z D12,
ARETVOFERITIT, JBEMEFEMPRKE S FHLTWD, REFEERD A T =X L%l
RE7OIE, 4%, BV AT A THERT 2R T WISz, KU1 % bR
V72 NPZDC &7 LV DBASE 21D 5 BN 5,

2015 =721F T <L 2014 4R D 2016 AR/ T, PRIET V&@LU CE L, B8
PEAE/RT A —Z DEAUIZ DN TRz, FHEBIMIE 3 FMTH 223, 500m LAE TOH
JECTOMMALORBELEZ SND T —RNA B, “BRLREDRE TORY AL
MWEFEOYT X7 vay EREBRIZO > TEDEVE F TEIXNL TV D ATREME DN R
SNz, ZTNHORE TORMELOFEL I GIZHRFTT2121E, L0 EMRORHEZ
1179 & bz, B LOFEBOEREIZE TEIIND A =X LEZRFTHLERD D,

B P RET VO RZHED 2012017 L, EMTRIREEE TV (JAMSTEC BH¥E D
MIROC_ESM) OfEFRZ AT L, BHoNi=T — X N OIEEERIEORE L 725 pH B L O
TNAFA MIRMEZFE LT, fHET =X IT7— 2N LETW, V=74 b g
ek v F) TarT o YRIHERTWD, RO—#Z a7 Y REChH R
0 bz, FeFEx OB TRIET L (JCOPE_EC) & Z A L 7= &l %
MIROC_ESM D HME GRS N DB pH, 77 27 A MafnE L ik Lz, b
DLEIZ XY JCOPE_EC (2 X BERMEAL/RT A — %%, MIROC_ESM [ZEE~_E D S L
VMEZFBLLTWD Z EAURB I N,

2016 £ X 0 fRHT 24T > T DA K TR &7z pH OfFFTIZ WL, T —
Z DAFFEPEIZ DWW T OMFT Z F72 AT o 7o, BT E 57 — & LIl S vz ALK
T Z Tl o TR 24TV, 45 ORE RITHRSCRFFEEIC&F Lz, SNFED pH @
BUICIHR TR O BB HE S TWDR, AHKDOT —2 1%, pHIK T & pH E5-
O HFmED MLy REE bz, —H, 2TO Ry REFEHT L EAETHRE S
TWAHRRED pH AR FEM B Sz, BRIEETH 5 & PRI 5 A% pH AR T M
DHFRRKESHTEY . [RETOEIN 2 KEZ(LOBSENLHEE SN D pH Z{bD
WRBLELSL NS EBZ LN, 272U, Fox BMRIT L7 A3EHKO pH 1385 E
THY., KREAFOC2RE EHIZX D 0\bwwd TEEmMEL) 12z, BUEKEDE
BNZLD pH BB BATNWD Z LICEHEETHMEND D, il h B Lk, &
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Wa | EWOEREZTTE, LVE LW T —XEIREFEIT, 2106 D5 - 7R
T2 EFHLT, MREEELEDILERSD EEZTND,
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1) ECCWO-2018 4" International Symposium
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A marine carbon model coupled with an operational ocean model product for
ocean acidification studies in the North Western Pacific

[38%#] Ishizu Miho, Miyazawa Yasumasa, Tsunoda Tomohiko, Xinyu Guo

[k JOER O]

ECCWO-2018 %5 4 RIEBREFICSIN L, IR KIS K OWFEIC B3 2 i dudE % H
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