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The Intergovernmental Panel on Climate Change (IPCC) has launched the Special Report on The
Ocean and Cryosphere in a Changing Climate (SROCC) at its 51st Session (September 20-23,
2019 in Monaco). The Ocean Policy Research Institute of the Sasakawa Peace Foundation (OPRI-
SPF) hosts a public symposium in order to demonstrate the significance of the messages indicated
in the SROCC and disseminate them domestically and abroad. In the symposium, an IPCC Co-
chair and several Japanese and Asian authors of SROCC will make presentations on the latest
scientific findings indicated in the report. In the latter part of the symposium, panelists will review
and discuss the scientific findings and policy implications of the SROCC, given that
UNFCCC/COP25 (drawing attention as the “Blue COP™) will be held in Chile in early December.

Time Speakers
13:00-13:10  Opening Remarks  Dr. Atsushi Sunami, President, The Ocean Policy Research
/Special Remarks Institute, Sasakawa Peace Foundation(OPRI-SPF)

Mr. Tamaki Tsukada, Director-General for Global Issues/
Assistant Minister, Ministry of Foreign Affairs of Japan

Part | Presentations

13:10-13:40  Keynote Speech Dr. Hans-Otto Portner,
Co-Chair, Working Group Il, IPCC/Professor, Head of the
Department of Integrative Ecophysiology at the Alfred
Wegener Institute

13:40-14:55  Presentations Dr. Hiroyuki Enomoto, Vice Director, Arctic Environment
Research Center (AERC) of National Institute of Polar
Research (NIPR) (LA, Chapter 1)
Dr. Yukiko Hirabayashi, Professor, Shibaura Institute of
Technology(LA, Chapter 2)
Dr. Rongshuo Cai, Deputy Director, Third Institute of
Oceanography, State Oceanic Administration of China (LA,
Chapter4)
Dr. Toshio Suga, Professor, Tohoku University
(LA, Chapter 5)
Dr. Raden Dwi Susanto, Senior Research Scientist,
University of Maryland (LA, Chapter 6)

Part I Discussion

15:10-16:30  Panel Discussion ~ Moderator:
Dr. Yoshihisa Shirayama, Associate Executive Director,
Japan Agency for Marine-Earth Science and Technology
Panelists:
Speakers at Part I,
Ms. Keiko Yoshikawa, Director, Office of Global
Environment and Decarbonizing Innovation Research,
Global Environment Bureau, Ministry of the Environment
Dr. Miko Maekawa, Senior Research Fellow, OPRI-SPF

16:30-17:00 Q&A

17:00 Closing
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Keynote Speech

“The Ocean and Cryosphere in a Changing Climate”

Hans-Otto Portner
Co-Chair, Working Group II, IPCC
IPCC %8 2 fEE A FFEERE

[Biography]
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“Chapter 1 introduces Framing and Context of the Report”

Hiroyuki Enomoto
Arctic Environment Research Center (AERC) of National Institute of Polar Research (NIPR)

AR Z
FESZARHAFTERT TR/ E BRI T 2 v & —

[Biography]

Hiroyuki Enomoto is the Vice-director General of National Institute of Polar Research
(NIPR) in Japan, and member of the Arctic Environment Research Center at NIPR. He is a
professor of the Graduate University for Advanced Studies. His research area is climatological
investigations of sea ice, snow, glacier and ice sheet, worked in the polar and cold regions. He
is currently leading Japanese Arctic research Project (Arctic Challenge for Sustainability:
ArCS) as sub-project director and looking for useful knowledge of environmental change for

society. He is also working with many international frameworks.

[Abstract]

This special report assesses new knowledge since the IPCC 5th Assessment Report (AR5) and
the Special Report on Global Warming of 1.5° C (SR1.5) on how the ocean and cryosphere
have and are expected to change with ongoing global warming, the risks and opportunities
these changes bring to ecosystems and people, and mitigation, adaptation and governance

options for reducing future risks. This chapter introduces, why this special report?



Presentations (2

“Changing Cryosphere in High Mountains”

Yukiko Hirabayashi

Department of Civil Engineering, Shibaura Institute of Technology
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[Biography]
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[Abstract]
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“The Sea Level Rise and Implications for Low Lying Islands, Coasts and Communities”

Rongshuo Cai
Third Institute of Oceanography,

Ministry of Natural Resources, China

[Biography]

Prof. Dr. Rongshuo Cai is a Research Professor and Deputy Director of Research Center for
Marine Resources, Environment Management, and Sustainable Development, Third Institute
of Oceanography, Ministry of Natural Resources, China. He holds a Ph.D. degree from the
Graduate University of Chinese Academy of Sciences.

Due to his specific research experiences in the impacts of and adaptation to Climate
Change in the marginal seas such as the coastal China seas, including marine environment and
dynamics, air-sea interaction of marginal seas, climate forcing and marine ecosystem responses
in the western Pacific Ocean, he was selected as a Coordinating Lead Author (CLA) of the
Ocean of the Working Group II contribution to the Intergovernmental Panel on Climate
Change Fifth Assessment Report (IPCC-AR5), a Lead Author (LA) of the IPCC Special
Report on the Ocean and the Cryosphere in a changing climate during [IPCC ARG6 cycle.

He is a member of (1) National Science and Technology Expert of China, (2) National
Science and Technology Awards Review Expert of China, (3) Atmospheric Science Teaching
Guidance Committee, Ministry of Education of China, (4) Marine Scientific Expert
Committee on Climate Change, State Oceanic Administration (SOA) of China, (5) Marine
Project Environmental Impact Assessment Expert, State Oceanic Administration (SOA) of
China, (6) Editorial Committee of Chinese Journal of Atmospheric Sciences, (7) Editorial

Committee of Journal of Advances in Climate Change Research.

[ Abstract]

He firstly will present the key points on the global, regional and extreme sea level (ESL)
changes including observation and projections and the associated impacts and risks to low-
lying coastal areas, particular the consequences for ESL during this century. Meanwhile,he
will also address the current acceleration of sea-level rise and its dominant sources, and the
consequences for ESL during this century. Finally, following the core concepts of [PCC WGQI],
how to reduce the exposure and vulnerability of coastal social-ecological systems and manage

the compound risks will be discussed as well as challenges.



“Chapter 5: Changing Ocean, Marine Ecosystems,and Dependent Communities”

Toshio Suga

Department of Geophysics, Graduate School of Science, Tohoku University, Japan
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[Biography]

Dr. Toshio Suga is a Professor of Physical Oceanography at Tohoku University and a
Visiting Senior Scientist at Japan Agency for Marine-Earth Science and Technology
(JAMSTEC). His research interests include ventilation of upper/intermediate ocean, water
mass formation/spreading processes, physical-biogeochemical-biological processes and the
role of the oceans in climate and climate variability. He has been leading the Japan Argo
program as an executive member of the International Argo Steering Team (AST) since 2008
and currently serves as a Co-chair of AST (2018-). He has been active in coordinating ocean
observing systems, serving as a member of GCOS-GOOS-WCRP Ocean Observations
Panel for Climate (OOPC) (2007-2012), a Co-chair of OOPC (2013-2015), a sci & tech
expert member of Global Ocean Observing System (GOOS) Steering Committee (2016-)
and a member of Global Climate Observing System (GCOS) Steering Committee (2018-).
Also active in a number of international and national scientific programs/organizations, he
has been a member of the Japanese committee for WCRP/CLIVAR since 2003, a committee
which he chaired from 2003-2005, served as a member of CLIVAR Pacific Panel (2005-
2011) and served as a Vice President of the Oceanographic Society of Japan (JOS) (2013-
2015). He was awarded the Okada Prize of JOS in 1997 and the JOS Prize (the Prize of the
Oceanographic Society of Japan) in 2017 for his outstanding scientific achievements in
oceanography.

[Abstract]
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“Chapter 6: Extremes, Abrupt Changes and Managing Risks”

Raden Dwi Susanto
Senior Research Scientist, Department of Atmospheric and Oceanic Science, University of
Maryland (LA, Chapter 6)

[Biography]
(i) Academic Appointments

e July 1, 2013 — present, Senior Research Scientist, University of Maryland, College Park, MD
20742. Visiting Professor, Chinese University of Hong Kong, Fall Semester 2015;

* Research Scientist (senior member) at Lamont-Doherty Earth Observatory of Columbia
University, July 2010 - June 30, 2013

* Senior Staff Associate/Director Indonesian Research Coordination at Lamont-Doherty
Earth Observatory of Columbia University, July 2005 — June 2010.

* Doherty Associate Research Scientist at Lamont-Doherty Earth Observatory of Columbia
University, May 1999 — June 30, 2005.

* Research Scientist of the Agency for Assessment and Application of Technology (BPPT),
Jakarta, Indonesia, June 1, 1986 - 1999.

(i1) Other Professional Appointments
* Adjunct Professor, Chinese University of Hong Kong, 2016-present.
* Adjunct Professor, Bandung Institute of Technology, Indonesia, May 2017-present.

[ Abstracts]

This chapter assesses extremes and abrupt or irreversible changes in the ocean and cryosphere
in a changing climate, to identify regional hot spots, cascading effects, their impacts on human
and natural systems, and sustainable and resilient risk management strategies.

* Anthropogenic climate change has increased precipitation, winds and extreme sea level
events associated with a number of observed tropical- and extra-tropical cyclones.

* Marine heatwaves, periods of extremely high ocean temperatures, have negatively impacted
marine organisms and ecosystems in all ocean basins over the last two decades.

* Both paleoclimate and modern observations suggest that the strongest El Nifio and La Nifia
events since the pre-industrial have occurred during the last fifty years and are likely to occur
more frequently and intensify with global warming.

* The ratio between risk reduction investment and reduction of damages of extreme events
varies. Investing in preparation and prevention against the impacts from extreme events is
very likely less than the cost of impacts and recovery.

* Climate change adaptation and disaster risk reduction require capacity building and an
integrated approach.
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Panel Discussion

Moderator:
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[Biography]
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Raden Dwi Susanto A ) — 7 v FR¥EWISEE (Research Scientist)
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(2Q)ETHRIETTOEF-EKEICRET S IPCC HAlREE
BEREBMITELN (SPM) DB (NYRSAURT—RAVE)
(REE KR GEIRAR) )

Section A. OBSERVED CHANGES AND IMPACTS
€27 va v A BHElEhB KRR

Observed Physical Changes /8Ll & #1172 H$A D (physical 7) Z1k

Al. Over the last decades, global warming has led to widespread shrinking of the cryosphere, with mass loss from ice sheets
and glaciers (very high confidence), reductions in snow cover (high confidence) and Arctic sea ice extent and thickness
(very high confidence), and increased permafrost temperature (very high confidence).

Al BOREHFIC D 72 o T HIBRIRBEL X FHOKE 0 JRH I R SR %2 b 72 5 L. Z KRR KMo B oMk (fEfS
FERIER ICE ), MEWE O WEEE1E ) MR 0K O PR S 0Dy (HEEEAIER @), I
KA IS BT 2IED BA FEEEAIER ICE ) 25,

A2. Tt is virtually certain that the global ocean has warmed unabated since 1970 and has taken up more than 90% of the
excess heat in the climate system (high confidence). Since 1993, the rate of ocean warming has more than doubled (likely).
Marine heatwaves have very likely doubled in frequency since 1982 and are increasing in intensity (very high confidence).
By absorbing more CO2, the ocean has undergone increasing surface acidification (virtually certain). A loss of oxygen has
occurred from the surface to 1000 m (medium confidence).

A2, HREEROWEEIL. 12ITHERIC 1970 FXVHET 2 FHRLTEY ., [UES 27 LICE T 2 /RFED 90%%
B2 2B YALTE . (WEFEAR). 1993 F£X Y MHFEOFREL T 2 HF2BLTIEL T2 (ATREMES S
V) WBEEEMBE, 1982 D, SRS 2 fFICHIR L 2 ATREMEAIER ICE . Z ORI L w2 (FEEEAIER
ISR HHER L DS D CO2 ZWINT 3 2 &I X o T, il GRENEK) OBEMELAETL T2 (1ZIEHER). ##
2> H/KEE 1000m ¥ CHERDOBEMIEE T 5 (EEEAPRE),

A3. Global mean sea level (GMSL) is rising, with acceleration in recent decades due to increasing rates of ice loss from the
Greenland and Antarctic ice sheets (very high confidence), as well as continued glacier mass loss and ocean thermal
expansion. Increases in tropical cyclone winds and rainfall, and increases in extreme waves, combined with relative sea level
rise, exacerbate extreme sea level events and coastal hazards (high confidence).

A3, HFCFERHKAL(GMSL) 12, 77 ) — v 7 v F ROFRD KK 2> 5K 23K 3 % 35 OB (FEF 23 IEH 1)
K DG B DMK K FEOBNZROMFIC X V.  ZHEDETEMELL CEAL T3,

BV SRR IC X 2 U OB D 3K 3l NI A 7o S O SEINIE L AR 2Kz 0 B & A G D X o T, MR 2 i I
IKELDBHR B RO - F 2L s 5 (EEEREW),

Observed Impacts on Ecosystems /AEBE R 1% 3~ 2 B & L7 522

A4. Cryosphere and associated hydrological changes have impacted terrestrial and freshwater species and ecosystems in
high mountain and polar regions, through the appearance of land previously covered by ice, changes in snow cover, and
thawing permafrost. These changes have contributed to changing the seasonal activities, abundance and distribution of
ecologically, culturally, and economically important plant and animal species, ecological disturbances, and ecosystem
functioning. (high confidence)

A4, KB R OBE T 2 KGR 02k, BENOKICED N Tz o B, BEWE 02, I IR AR L o g
12 X o TR IR ORI IC 35 1 2 (Sl UK o AN NIC AR BE R IS B R 5 2 T & T, 2B 02 K S TED,
AREZERY . SUALRY B RS Y 1 RS 7 BRI o ([ (R 5 S O A, AR RE“ARBEEL, M0 ONIC AR R R DB REME D 2 L IcE 5. L
T& 7, (EEEE:)

A5. Since about 1950 many marine species across various groups have undergone shifts in geographical range and seasonal
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activities in response to ocean warming, sea ice change and biogeochemical changes, such as oxygen loss, to their habitats
(high confidence). This has resulted in shifts in species composition, abundance and biomass production of ecosystems,
from the equator to the poles. Altered interactions between species have caused cascading impacts on ecosystem structure
and functioning (medium confidence). In some marine ecosystems, species are impacted by both the effects of fishing and
climate changes (medium confidence).

A5.1950 X Y % < DIFFEEYRED, LEOMIIChz > T, HFEOFR., koZtk

A EHLICR T 2 iR D580 7 & O AYHERIL A1 72 2 IS L MR 2 0 s o B8 (&) R OFHi{TE o &1k
ERECV 2 (EEEEG), ZHEREs S CLk - B Jicbh 7 o TR, MEBKRTERRO N4 4=
A (EYE) EFEOENE b 725 LT\ 5, FOROHAIEH OZAIc X o THERER OWEE& OBRAETE (< BBy 70 722 03
bbb INTD (MEEESHRE), MO ERR Tk, BITEENCRREET O 08 %2 T w5 (S
FED AR

AG. Coastal ecosystems are affected by ocean warming, including intensified marine heatwaves, acidification, loss of oxygen,
salinity intrusion and sea level rise, in combination with adverse effects from human activities on ocean and land (high
confidence). Impacts are already observed on habitat area and biodiversity, as well as ecosystem functioning and services
(high confidence).
A6, IR O ERER L, M ol BT L. BER oIk, HAKER AR BRIKGLD EA % & Uil o im0 g8
EZF 5L LI ABNRIGENC X o TIFER R LICD 72 6 TS 2R (ER) o0& % 21F 2 (EEERE V),
[N bolFEE, AEMOmBR CEYLERE, W ICARBROBEER - ICBwTTCBlllEhTn?
(TEAS EE D3R

Observed Impacts on People and Ecosystem Services / A4 K OERER ¥ — v 23 2 Bl X 72 2

A7. Since the mid-20th century, the shrinking cryosphere in the Arctic and high-mountain areas has led to predominantly
negative impacts on food security, water resources, water quality, livelihoods, health and wellbeing, infrastructure,
transportation, tourism and recreation, as well as culture of human societies, particularly for Indigenous peoples (high
confidence). Costs and benefits have been unequally distributed across populations and regions. Adaptation efforts have
benefited from the inclusion of Indigenous knowledge and local knowledge (high confidence).

A7.20 PRI XY LR L O LIRS 35 10 2 TOKIE OfiR 13, BRFR R, KEER, KE, EEE S Rk,
Av7 I 38 Btk L) z—va v, RCARttaoX tic, FICADEE 252 T ) ZHTRICEERD A4
CHTIEE DL WEEEAE), 2R PROERFIE, A2 RTHIRIC D o TRPEFICHH L T2, SBEROHEKA S
HIHOHFRZ ED C L ILBEICOEICE W THIIEEZ D726 LT &7 FEGERE W),

A8. Changes in the ocean have impacted marine ecosystems and ecosystem services with regionally diverse outcomes,

challenging their governance (high confidence). Both positive and negative impacts result for food security through fisheries

(mediumconfidence), local cultures and livelihoods (medium confidence), and tourism and recreation (medium confidence).
The impacts on ecosystem services have negative consequences for health and well-being (medium confidence), and for
Indigenous peoples and local communities dependent on fisheries (high confidence).

AB. MFEICEIT 2L, WHEERRKRVAERR Y — CRIEELY 5 2 CE P, ZofRIIHEEICE LY, TNF Y

ACHREE R L CE 2 (EEEIE), ¥ FEGESHRE) . Mo Stk 0 4sE FEERESHRE) ., i Bl

"L 7Y xz—vay (FREEPPRE) X, FANHOREL ARLR2RECS 203, EEBRI— v x~08 L,

fREE M Ot (FEE SRR W NCHEEEIRE T 2 RO AA ROz I 2 =T 4 i L T, B8 L2 b 725

T (FEEE ),

A9. Coastal communities are exposed to multiple climate-related hazards, including tropical cyclones, extreme sea levels
and flooding, marine heatwaves, sea ice loss, and permafrost thaw (high confidence). A diversity of responses has been
implemented worldwide, mostly after extreme events, but also some in anticipation of future sea level rise, e.g., in the case

of large infrastructure.
A9 RO 2 T2 =T 4 1F, BVEHRSUE. R T KAL O b5 R ONIK . WEEEEL. WK O I 2K KON ABR oD gl A
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EED, EEOSKIEICEET 2 - FICBZEINTV 23 FEEERE ), SEEAXIGS., FICHBIRHEAPEZ - 2%
ICHREHCEME LT 232, —EoRIs (Flz X, KEEZRA v 7 705674 L) REko#EmK O 7% AL
TEEE LT,

Section B. PROJECTED CHANGES AND RISKS
€27vavB. FHIEhIEMRTY X2

Projected Physical Changes / Vil 2 B @ (physical 7&) Z5fk

B1. Global-scale glacier mass loss, permafrost thaw, and decline in snow cover and Arctic sea ice extent are projected to
continue in the near-term (2031-2050) due to surface air temperature increases (high confidence), with unavoidable
consequences for river runoff, and local hazards (high confidence). The Greenland and Antarctic Ice Sheets are projected
to lose mass at an increasing rate throughout the 21st century and beyond (high confidence).The rates and magnitudes of
these cryospheric changes are projected to increase further in the second half of the 21st century in a high greenhouse gas
emissions scenario (high confidence). Strong reductions in greenhouse gas emissions in the coming decades are projected
to reduce further changes after 2050 (high confidence).

Bl. R L~ COKMOEB DL, KAE T ORE, 3 IR T & A o ok Rk o b 13, ERRED
EFc X o TR (2031-2050 ) IcHkBi S 2 & FHII N2 A (EREFEDSE ) 2 AU B O i) 75~ 3 —
FICATEED#E R A b 72 b3 FEEEME ), 77V — v 7 ¥ FRUBBOKIKIL, 21 #idicbz o T 2 UKD,
IHICEL CHEDOWAPEG L FTHII NS EEEAE ), b DTIKE DL OME K ML, WmERFR A
ADEHH Y F ) e B nT, 21 #HIREBPICI SR T 2 L FRlI N (FEGEERE ), SBETHFICE T 2RMEL
RAZDPH RO KIGZLHIKIC X > T, 2050 FELIED & 7% 2 Z{LAMRIR S 1D & FHIE D (FERBEEAE ),

B2. Over the 21st century, the ocean is projected to transition to unprecedented conditions with increased temperatures
(virtually certain), greater upper ocean stratification (very likely), further acidification (virtually certain), oxygen decline
(medium confidence) and altered net primary production (low confidence). Marine heatwaves (very high confidence) and
extreme El Nifio and La Nina events (medium confidence) are projected to become more frequent. The Atlantic Meridional
Overturning Circulation (AMOC) is projected to weaken (very likely). The rates and magnitudes of these changes will be
smaller under scenarios with low greenhouse gas emissions (very likely).

B2. 21 {fEic b7z o TR, Ko B (21X, #iE LEEC S T 2 U8 0l (TREMED @) BRIEL i
7 (13151 FE), BEOWD (REENPREE) RUH—XAEEOEN (FEGEEIMEWV) & o TR0 W iREBICBET
T3 e THlE NG, R FEGEIER IR V) RO = v = — = a IR KV T = — = v BIG (FEEE A PREE)
E. I ICHEICEC 2 X5 ek e PHlE NG, RIEETFHERAMOC) 1355F 2 & Flld g (ATREMEIIEH 10 &
Wo TNH OO CHEIL, BENRIZOPEHEMEVL L F Y FICBWTLY/NS D (TR IER IC

B,

B3. Sea level continues to rise at an increasing rate. Extreme sea level events that are historically rare (once per century in
the recent past) are projected to occur frequently (once per year or more often at many locations) by 2050 in all RCP
scenarios, especially in tropical regions (high confidence). The increasing frequency of high water levels can have severe
impacts in many locations depending on exposure (high confidence). Sea level rise is projected to continue beyond 2100 in
all RCP scenarios. For a high emissions scenario (RCP8.5), projections of global sea level rise by 2100 are larger than in
AR5 due to a larger contribution from the Antarctic ice sheet (medium confidence). In coming centuries under RCP8.5,
sea-level rise is projected to exceed rates of several centimeters per year resulting in multi-metre rise (medium confidence),
while for RCP2.6 sea level rise is projected to be limited to around 1m in 2300 (low confidence). Extreme sea levels and
coastal hazards will be exacerbated by projected increases in tropical cyclone intensity and precipitation (high confidence).
Projected changes in waves and tides vary locally in whether they simplify or ameliorate these hazards (medium confidence).
B3. #gisKAL D EFIFAE L THE T %o BELIICHi 7 (RIEDMBRICIE T 100 4RI L) HiK A OMRIHE R A

&TDORCP +7 VU AT, BHICEAHICEH VT, 2050 F£F CICHEEIC (B DBFTIcE VT 1 Fic—ElE) BzzLF
MWz WEEEIE), EKMICRZHEOHMRICLY, BBEOEENICX o T, L DG CRALEELE5 XS
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%2, (MEEAFE), BEHAMD EFIZ, £TD RCP ¥+ U Atk T, 2100 FELREb kT2 & Pllah s, =k
HeF U4+ (RCP85) Tix, MOKKDOZFGA ARS X W K& a2 eFilldns iz FEGEEAHRE), 2100 4%
TICTHI & 3 HRSEDOHIEKDO EFA, AR5 & HNTKE W, SHBEMIKICHZ o T, RCP8.5 @ F T, iFH
IKOLIF AR v F 2B 2HE T ER L, Z0#RSBEMLICOz o THRA- MV ER T2 L Tl 2 (EEEH
AR 25, RCP2.6 TIiHE/KAZD EF 2 2300 4Fic 1m BEICHIZ 5Nn 3 FEEEME), W 22 i KA O
B DAY — Fid, B EKEOME R, KUK X > TET 3 FEEEIE ), BRPEWIcE»
TTFMENZZBR N DAY= FEREMLE 2 ZWET 2085 0003, BFNICEL S (EEESPRE),

Projected Risks for Ecosystems /Tl I 2 A HERICNFT 2 U 27

B4. Future land cryosphere changes will continue to alter terrestrial and freshwater ecosystems in high-mountain and polar
regions with major shifts in species distributions resulting in changes in ecosystem structure and functioning, and eventual
loss of globally unique biodiversity (medium confidence). Wildfire is projected to increase significantly for the rest of this
century across most tundra and boreal regions, and also some mountain regions (medium confidence).

B4. FRiE C 2 B O KB 0 ZALIE, AR Ok CRetE & (L% b 72 b TR0 /3 O KRB 288 (&), %
LCxoiickZ 2 ALK CEAE OEYLIRIEDIER 2 o T, il R CRRIEIC 3515 2 BRI KD R RER %
WA LT 5 (FEFEEL PR, KK (wildfire) 1, AL DIR Y OMfIc B W T, —HoIEEEZ &EDIZ LAY
DYV F 7 ROLTHROMIKIC D7z > T, KIBICHINT 2 & Flldn s (EEE»PRE),

B5. A decrease in global biomass of marine animal communities, their production, and fisheries catch potential, and a shift
in species composition are projected over the 215 century in ocean ecosystems from the surface to the deep seafloor under
all emission scenarios (medium confidence). The rate and magnitude of decline are projected to be highest in the tropics
(high confidence), whereas impacts remain diverse in polar regions (medium confidence) and increase for high emission
scenarios. Ocean acidification (medium confidence), oxygen loss (medium confidence) and reduced sea ice extent (medium
confidence) as well as non-climatic human activities (medium confidence) have the potential to exacerbate these warming-
induced ecosystem impacts.

B5. &2 Tty F U e, BFEEYORROMBEEKD AL A~ (EYR) O, £ DA M OTBTERE
BoOWAD, WO DZALH, 21 MICITD 7o o T2 O O HIKIC 1 TFEEER TS WTREZ 5 & Tl
AN FEEESHRE), B oME R UEER, Bikics v TRA FEEEFE) &2 3T, BEREEIC
BOTKAL LTHMTH Y (BEEIPRE). [PERIGHHEY SV AcswTiRERT 2 L PHlI N5, HERRNE
b (MEEETRE), MEOME HEEEHLPEE) I OHKIE O (HEEEAPRE) Wi K gL o Ao
(SRR BB L IC X > THIZR I I N NS DERZ~ DB 2 Bl X & 2 BERNREE 26T 5.,

B6. Risks of severe impacts on biodiversity, structure and function of coastal ecosystems are projected to be higher for
elevated temperatures under high compared to low emissions scenarios in the 21st century and beyond. Projected ecosystem
responses include losses of species habitat and diversity, and degradation of ecosystem functions. The capacity of organisms
and ecosystems to adjust and adapt is higher at lower emissions scenarios (high confidence). For sensitive ecosystems such
as seagrass meadows and kelp forests, high risks are projected if global warming exceeds 2° C above pre-industrial
temperature, combined with other climate-related hazards (high confidence). Warm- water corals are at high risk already
and are projected to transition to very high risk even if global warming is limited to 1.5° C (very high confidence).

B6. iFARER DAY LM, [ERER O MG X OBEAREIC A 3~ 2 AN 7B o U XA 7103, 21 DA, EPEH S 5 ) A
L ymhs F VA s TR LEZARICECT, HICERT25ROLD, L@l aseFllldhns, Fllzh
AR DIGEICIE, MOEEM K EYLREDER, W ICERBRREBROSLAE TN S, EY R AR OB
Q@GS 2REM X, KRS F Y A e BT V2 d (EEEE ) WL E O #ES 7s & OBUR 2 A8 R I
BT SURICBE S 2 ftho ¥ — F & & bic, MERRRLS TRLUATOSIR L U 2°CRA LA, Mw) 27
BFHENTHE WEEESE ). BKES v T3 T TIcHEw Y A7 X Tl Y | EREEL A 15°Cicill 2 b7z
ELTHIFFICE Y A7 1B 2 L FHII N2 (HEEEAIER ICE ),
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Projected Risks for People and Ecosystem Services /Tl 415 A4 M OVEREZR P —v RICxd 25 ) 22

B7. Future cryosphere changes on land are projected to affect water resources and their uses, such as hydropower (high
confidence) and irrigated agriculture in and downstream of high-mountain areas (medium confidence), as well as livelihoods
in the Arctic (medium confidence). Changes in floods, avalanches, landslides, and ground destabilization, are projected to
increase risk for infrastructure, cultural, tourism, and recreational assets (medium confidence).

B7. BEIC BT 2 Fk D EoKE 02 LIk, KEIR[ORI] & KNFE @EEEIE) KO & 2 o Fitliic s
SR (GRS ARED) . W Nicdbisio 25 (FEGEEShREEE) 5, ZofHRcwE L5252 L Filldh
%, Pk, HHE. MU O ROHAOARTENICHF2ZEIE. 4 v 7 F7, b, Bt USL 27V 2 —v a vO&ERICH 7%=
bANBYV A EERIEEETFHEING (BEEIPEE),

B8. Future shifts in fish distribution and decreases in their abundance and fisheries catch potential due to climate change
are projected to affect income, livelihoods, and food security of marine resource-dependent communities (medium
confidence). Long-term loss and degradation of marine ecosystems compromises the ocean’s role in cultural, recreational,
and intrinsic values important for human identity and wellbeing (medium confidence).

B8. SUREZEIC X 2 ko SO OBE) (ZE{b). W NIC 2 OEEE CEE R RER O 1k, IEERICKE T 2
22274 DRA, AR UOERZEREICEEL5 22 L THII N EEEATRERE), WEAERER ORI 725
RROFHRICE >T ANDT A 77 4 7 4 ROREHEIC & o TEE A, UYbeL 27 ) == a vICB T 3 REI 7 flifE
ICBWT, EME S HEI2 R b D (EEESTRE),

B9. Increased mean and extreme sea level, alongside ocean warming and acidification, are projected to exacerbate risks for
human communities in low-lying coastal areas (high confidence). In Arctic human communities without rapid land uplift,
and in urban atoll islands, risks are projected to be moderate to high even under a low emissions scenario (RCP2.6) (medium
confidence), including reaching adaptation limits (high confidence). Under a high emissions scenario (RCP8.5), delta
regions and resource rich coastal cities are projected to experience moderate to high risk levels after 2050 under current
adaptation (medium confidence). Ambitious adaptation including transformative governance is expected to reduce risk
(high confidence), but with context-specific benefits.

BO. PYig T KA S OB 7 MBI KAL IS WD AR & BEPEL 2 fF - TP IO A2 T2 =7 1 icdb b33
YR EHRIEZ LTINS (EELE ), 2k TMoERO 2 WIkiigo Al a 3 2 =7 4 JO#EdiLL 72
B ClE, P VA (RCP2.6) TX 2 b, WEORFIGET 3 (MEEEAE ) Zezdn, U R27H [
B~ T@e] ickhz e Plldn g (HEEEAPRED. @ikl F )4 (RCP8.5) Tix, =AMk CE A E 7«
AR I, 2050 FELUBIREOHEIG CTIIFRELLE WY 27 2T 2 & Pl N2 FEEESPRE), B8NS
NFVREEGUIHONREICICE > T, VAIZPMEREN D 2 LR IN D FEGERE V) 28, 5 Eikidzhzh
DINRICFFHTH 5,
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Section C. IMPLEMENTING RESPONSES TO OCEAN AND CRYOSPHERE CHANGE
7 ¥ av C BERVSKEOLEMITNS 2 MED L

Challenges /FHH

C1. Impacts of climate-related changes in the ocean and cryosphere increasingly challenge current governance efforts to
develop and implement adaptation responses from local to global scales, and in some cases pushing them to their limits.
People with the highest exposure and vulnerability are often those with lowest capacity to respond (high confidence).
Cl. i CEKBIC B 1T 5 K ICBE 3 2 2 L D2 BIC X o T, AT 3 B 2> o ALY e BB I 5 C L IR IC X B
WIS % FE LEMT 2BEDOH A F v AW Y MR, i~ WEEicR Y, JAIC Lo Tk ZoRAE TiBVIAE NS, &
bBROEA VI E L 2o AL 1T, WIS 2REN R B MOAL TH S T L 3%\ (G ).

Strengthening Response Options /¥ it D &R D 51k

C2. The far-reaching services and options provided by ocean and cryosphere-related ecosystems can be supported by
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protection, restoration, precautionary ecosystem-based management of renewable resource use, and the reduction of
pollution and other stressors (high confidence). Integrated water management (medium confidence) and ecosystem-based
adaptation (high confidence) approaches lower climate risks locally and provide multiple societal benefits. However,
ecological, financial, institutional and governance constraints for such actions exist (high confidence), and in many contexts
ecosystem-based adaptation will only be effective under the lowest levels of warming (high confidence).

C2. e R VEKEICBRE S 2 A2 B8R IC X o TIRAE I L 5 JRHIIC By — v A ROOGEIRIBOIL, IRFE, FEAE. FHAETTREZ:
EFRAA O PR e R~ — ZAOEH, W CHRERVZ OO R+ L ARROHIRIC X > Tz 6N ) 5 (HEFLD
F). AN ZEKER (FEGEAPRE) KERRR—20#IG (BEENE) 07 7r—FiF, SZE) 227 %2R
FITINICARIR L . Ot ER 2R3 2, LA L. 2056 OXIGIC D W CTERYERN, BEeW, HIENR A NF v 2
LRI HFTEL FEEEAE ). % OXRICE T, EERR—20@IGITR D KO FIROBEICE W TOHRER)
THb (MEEEIE),

C3. Coastal communities face challenging choices in crafting context-specific and integrated responses to sea level rise that
balance costs, benefits and trade-offs of available options and that can be adjusted over time (high confidence). All types of
options, including protection, accommodation, ecosystem-based adaptation, coastal advance and retreat, wherever possible,
can play important roles in such integrated responses (high confidence).
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C4. Enabling climate resilience and sustainable development depends critically on urgent and ambitious emissions
reductions coupled with coordinated sustained and increasingly ambitious adaptation actions (very high confidence). Key
enablers for implementing effective responses to climate-related changes in the ocean and cryosphere include intensifying
cooperation and coordination among governing authorities across spatial scales and planning horizons. Education and
climate literacy, monitoring and forecasting use of all available knowledge sources, sharing of data, information and
knowledge, finance, addressing social vulnerability and equity, and institutional support are also essential. Such investments
enable capacity-building, social learning, and participation in context-specific adaptation, as well as the negotiation of trade-
offs and realisation of co-benefits in reducing short-term risks and building long-term resilience and sustainability. (high
confidence) This report reflects the state of science for ocean and cryosphere for low levels of global warming (1.5° C), as
also assessed in earlier IPCC and IPBES reports.

Ch. J[fE~DL V) TV AR OFHGEATRE R BAFE 2 WRE L 372 2 & 13, P I N2 FirlRE C© X O ICH.O M ) S T8 &2
HAAbE7z, BRTHONRPEHENIRICKE KIS 2 (FEEEAIER IS WE L EOKBIC B 1T 5 &k ic B
L 72 SR 7 3G % RS 5 720 O F LKW ERIC L, Ho3F v 2 %75 YR OB O ZEM R 7 — v K OFHEHAR I )
NP EEND, BERCLREY) 77—, BRI TRE, 2 CoMMRRAEEOMA, 7— . HHKX
CHIFBROIE ., B, itk CHEFE~ OIS, WRICHIERN 2B HEETH 2, 20 X5 2HEIL. 6
BFe. tha 2. URICER OBISE~D S, W b L — FF 7 ORE~OSINKR N ) 2 7 ROERRZL Y
YTy RLFERATREEDOMED a2~ 4 7 4 v P OFEREAREICT 2 (MEE G ), AEE T, %7325 IPCC LU
IPBES 0¥ © 3 5l S 7z & 5 1o, RWREOHBRRIE(L (1.5°C) 1313 2 M O EOKEICEE 3 2 Rt o Bk &
R332,

22



Q@) ELTEATET TOEF-EKEICET S IPCC HAMEE

BRI )P0 P BOR BT FERT KR

Figure SPM.1
BFETKBEIDIREEREKICHISEL

BELISED (BHIENG. H20EETICIOTHESNE) BED(LERCP2.6ELURCPB.5O T TOFI

e EmsEmie @am 0 \BEXe (EFLE  —— FHE(RCP26) FAHE(RCPS.5)
57 (a)eERTigRRR J -8
4- 1986E~20052F19 & OLE '
31 - (hiEEREO pHE - 8.0
9] J =
2 1 ]’ EEsteE 79 =
14 BOBEE
0- - 5 T - 18
-1 T I 1 1 ' 1 I 1
5 (b)eRTEEREKE I 1 e
4- 19865F~20055Fi9& o LB
2 1 "
¥ 2 - 1 =
9 - ] | () BROBEBECKR100~600m) »
| T — . 19865~ 2005 T4 & @ I3k
-1 1 ¥ 1 1 I i I 1 -6
0 —_— 1 - 50
()@ FROBH
19864 ~20055 T4 & D H 8
8 "% 1 0
ﬁ% 10- #
¥ e T ()EEKEROR) =
19865~ 20055 T4 & @ Ib2E
31 1 i - 1 = i T T 100
T (d) ¥ 2hE & (kiR0~2000m) o
BLUALT S BEER (EH) ;
P 19864 ~20055 T4 &2 D HH
51600 - -028
2 3
= 800- ~ 01
(KEDETEHE6A)
0 0 19864 ~2005 5 F4 & i HLak
I T T 1 T 1 L i T r =100
1950 2000 2050 2100 K L so
year
03 _fﬂh—“:ﬁ% 0
(e)# U —x 5 FREDHE : Ed
0.2- HLT2EEHLRTET
ﬁ 19865 ~2005 5 P49 & DL 1 -50
£ 0.1 B () tRihEm kAR LER
' 19865 ~2005F 49 & @ L
| 1 1 ' r =100
01 T 1950 2000 2050 2100
0-33 Ll 1 I7 vear
(D WEOKFEDEER I
0.2- %72 EELRTET 5
g 19864 ~20055 F# & o8
B — —REER B
o ___4
o) ] -4
03- - b Wl B
(kA DHE (m} 2RFIFEAKT L1 |
02. MHETsEELRCER 0.84m 19865 ~20055F49 & 0 [L2E L i B
w o 1986 F ~ 20052 F49 & D HE - e==r] E
£ 0.43m |1 L B
go1 L
it el Y |
| | S |- [t
' T T 1 et r
1950 2000 2050 2100 P *
year y, L 1
_—‘-/
-0
I T 1 T T 1 T T T 1 1 I I 1
1950 2000 2050 2100 2150 2200 2250 2300
year

23



Figure SPM.2
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Figure SPM.3
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Figure SPM.4
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Figure SPM.5
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