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Predicting the long-term mass loss of the
Antarctic and Greenland ice sheets

Ice sheets and climate

The ice sheets of Antarctica and Greenland (Fig. 1)
are the largest potential contributors to future sea-level
rise caused by global warming because of their enor-
mous volumes. These amount to 57.9 + 0.9 m SLE (sea-
level equivalent) for the Antarctic ice sheet (AIS) and
7.42 + 0.05 m SLE for the Greenland ice sheet (GrIS).
Observations revealed that both ice sheets have been
losing substantial amounts of mass since the 1990s. For
the period 2012—-2017, the international IMBIE (Ice sheet
Mass Balance Inter-comparison Exercise) team reported
a mass loss of 219 + 43 Gt/a for the AIS, most of which
originates from the West Antarctic ice sheet (WAIS),
and they reported a loss of 244 + 28 Gt/a for the GrlS.
Therefore, the recent absolute losses are of similar size
(likely somewhat larger for the GrlS), whereas the rela-
tive loss (compared to the total mass) is approximately
10 times smaller for the AIS compared to the GrIS. For
both ice sheets, changes in the surface mass balance
(SMB) as well as dynamic changes contribute to the
mass loss.

=1000 km

Figure 1: Rendering of the present-day Antarctic ice sheet (AIS) and
Greenland ice sheet (GrIS) from topographical data, approximately to
scale. Image credit: Dave Pape, NASA (public domain).

ISMIP6 project

Assessing the future contribution of the AIS and GrIS
to sea-level rise by computer modelling is of major so-
cietal relevance. To achieve this for the period from the
year 2015 until the end of 2100, the Ice Sheet Model In-

Frontier Ice and Snow Science Division Ralf Greve

tercomparison Project for CMIP6 (ISMIP6) was devised.
It is part of the Coupled Model Intercomparison Project
Phase 6 (CMIP6), a collaborative, international frame-
work designed to improve knowledge of climate change.
ISMIP6 received 16 sets of simulation results from 13
modelling groups worldwide for the AIS, and 21 sets
of results from 14 groups for the GrlS. These results
served as input for the recently (late 2021) published
Sixth Assessment Report (AR6) of the Intergovernmen-
tal Panel on Climate Change (IPCC) (see www.ipcc.ch/
report/aré/wg1).

We carried out the full suite of ISMIP6 experiments
with our ice-sheet model SICOPOLIS (“Simulation
COde for POLythermal Ice Sheets”, www.sicopolis.
net), as documented in detail in two technical reports
(Zenodo, doi: 10.5281/zen0do.3971232, doi: 10.5281/
zen0do.3971251; both published in September 2020).
SICOPOLIS requires climate forcings (surface mass
balance, surface temperature, ocean temperature) as
input, and computes three-dimensionally the evolution
(ice area, thickness, flow speed, ice temperature) of
the ice sheet in question (Fig. 2). Climate forcings for
two different pathways were considered: The unabated
warming (“business as usual’) pathway RCP8.5/SSP5-
8.5, and the reduced emissions pathway RCP2.6/SSP1-
2.6. Here, “RCP” is
the terminology from
the older CMIP5
global climate mod-
els (GCMs) and
means “Representa- <5

Climate model

Surface mass balance,
surface temperature,
ocean temperature

tive Concentration

lce-sheet model

Ice area, thickness,
flow speed, ice temperature

Pathway”, while
“SSP” is the latest

terminology for the

CMIP6 GCMs and Figure 2: Schematics of Fhe modelling
approach. The ISMIP6 climate models
means “Shared So-  geliver the climatic forcings for the

cioeconomic Path- experiments. These are used to drive our
ice-sheet model (SICOPOLIS), which then
computes the evolution of the ice sheet
between RCPs and into the future for the given scenario.

way”. The difference



SSPs is that RCPs merely describe different levels of
greenhouse gas concentrations in the future, while SSPs
place this in a wider context of societal and economic
narratives. For our purpose, the distinction is not impor-
tant, though. Results for the AIS revealed a non-uniform
response of the Antarctic ice sheet: for both employed
future climate scenarios (RCP8.5/SSP5-8.5, RCP2.6/
SSP1-2.6), mass losses and gains occur, depending on
the specific climate forcing. This is due to the counter-
acting effects of increasing ocean temperature (leading
to a loss) and increasing precipitation (leading to a gain).
By contrast, the picture was clearer for the GrlS, which
reacts in all cases with a mass loss, significantly more
so for RCP8.5/SSP5-8.5 than for RCP2.6/SSP1-2.6.

Long-term projections until the year 3000
Due to their size, ice sheets have a response time of
the order of thousands to tens of thousands of years. It
is thus clear that the full impact of 21st-century climate
change on the Earth’s ice sheets cannot be revealed by
simulations that cover only the 21st century. Therefore,
we carried out additional projections until the end of
3000 for both the AIS and the GrIS. From 2015 until the
end of 2100, they are identical to the original ISMIP6
simulations. Beyond 2100, for each experiment the cli-
mate forcing is kept fixed at late-21st-century conditions;
in other words, no further warming trend is applied. We
analysed the results of the simulations with respect to
the total mass change of the ice sheets, regional chang-
es, and also the different contributors to mass change,
which are the surface mass balance, basal mass bal-
ance and calving (release of icebergs) at the ice fronts.
The simulated mass loss of the AIS, as shown in
Figure 3, reveals a substantially different picture for
the entire 3rd millennium compared to the 21st century
(the original ISMIP6 period). An unequivocal distinction
between the responses to the unabated warming and
reduced emissions pathways arises. By the year 3000,
the unabated warming pathway produces as much as
3.5 (1.5 to 5.4) m SLE, while for the reduced emissions
pathway only 0.25 (0.13 to 0.32) m SLE are found. This
demonstrates clearly that the impact of 21st-century
climate change on the Antarctic ice sheet extends well
beyond the 21st century itself, and the most severe con-

sequences — multi-metre contribution to sea-level rise
— will likely only be seen later. Efficient climate change
mitigation in the next decades will be crucial for prevent-
ing such a disastrous long-term development.

The main reason for the decay under the unabated
warming pathway is the collapse of the WAIS through
a process known as marine-ice-sheet instability. The
possibility of this process has been discussed in the
scientific literature for decades. It is made possible by
the fact that the WAIS is grounded on a bed mostly well
below the sea level. The trigger is increased basal melt-
ing under the surrounding ice shelves due to a warm-
ing ocean, resulting in a runaway ice discharge. The
sequence of map-view plots in the figure shows, for one
example simulation, that the instability can lead to a
near-complete deglaciation of West Antarctica within a
few centuries. East Antarctica is affected less severely,
and in the interior ice sheet even some thickening is
seen due to increased precipitation.
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Figure 3: Simulated mass loss of the AIS until the end of the year 3000
expressed as sea-level contribution: Fourteen experiments for the
unabated warming pathway (RCP8.5/SSP5-8.5), three experiments
for the reduced emissions pathway (RCP2.6/SSP1-2.6), a historical
run (‘hist’) for 1990-2015 and a control run for a constant 1995-2014
climate (‘ctrl_proj’) under which the ice sheet is essentially stable. The
uncertainty of the sensitivity to oceanic forcing is sampled with three
RCP8.5 experiments, represented by the green line (standard, “medium”
sensitivity) and the upper and lower limits of the green-shaded area
(“high” and “low” sensitivities, respectively). The red and blue boxes to
the right show the means for RCP8.5/SSP5-8.5 and RCP2.6/SSP1-2.6,
respectively; the whiskers show the full ranges. Phase 1 is the original
ISMIP6 period until 2100. Phases 2-4 are valid for RCP8.5/SSP5-8.5 and
show an accelerated mass loss (phase 2), the main instability of the West
Antarctic ice sheet (phase 3) and a final phase 4 where the mass loss
levels out. Map-view plots below are ice surface elevation differences
relative to 2015 (in metres; blue means thickening, red/brown means
thinning) for the simulation forced by MIROC-ESM-CHEM/RCP8.5.



The simulated mass loss of the GrlS is shown in
Figure 4. Like for the AIS, we find a clear distinction be-
tween the responses to the two different pathways. By
the year 3000, the unabated warming pathway produces
1.79 (0.71 to 3.54) m SLE, while for the reduced emis-
sions pathway the loss is only 0.28 (0.16 to 0.40) m SLE.
These numbers are much larger than for the 21st centu-
ry. The melting and retreat of the GrlS affects all regions
from the far north to the south, and it occurs gradually
over time. Even though the loss can be as large as 50%
of the entire ice volume, it does not develop as a sudden
instability because of the lack of extended bed areas
below sea level. This contrasts strongly with the AIS, for
which a large part of the mass loss is due to the instabil-
ity of the WAIS. The mechanisms are thus different, but
for both the AIS and GrlS, the impact on the long-term
sea-level rise can be damaging.

Future work

The results reported here, described in more detail in
two recent articles in the Journal of Glaciology (Cham-
bers, Greve and 3 others, doi: 10.1017/jog.2021.124;
Greve and Chambers, doi: 10.1017/jog.2022.9) were ob-
tained under the simplifying assumption of the constant
late-21st-century climate. Further, only a single ice-sheet
model (SICOPOLIS) was used. Within the international
cooperation of the ISMIP6 community, it is planned to
conduct simulations with more realistic future climate
scenarios beyond 2100, encompassing the full range
from ongoing, extended warming (pessimistic pathway)
to a reduction below 21st-century extremes (optimistic
pathway) (tinyurl.com/ismip6-ais-2300). Further, other
working groups will contribute results obtained with dif-
ferent ice-sheet models. This will provide a more com-
plete picture of the expected long-term mass loss of the
Earth’s ice sheets, including qualified uncertainty as-
sessments.
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Figure 4: Simulated mass loss of the GrlS until the end of the year 3000
expressed as sea-level contribution: Twelve experiments for the unabated
warming pathway (RCP8.5/SSP5-8.5), two experiments for the reduced
emissions pathway (RCP2.6/SSP1-2.6), a historical run (‘hist’) for 1990—
2015 and a control run for a constant 1960—-1989 climate (‘ctrl_proj’)
under which the ice sheet is essentially stable. The uncertainty of the
sensitivity to oceanic forcing is sampled with three RCP8.5 experiments,
represented by the olive line (standard, “medium” sensitivity) and
the upper and lower limits of the olive-shaded area ("high” and “low”
sensitivities, respectively). The red and blue boxes to the right show the
means (+ 1 standard deviation) for RCP8.5/SSP5-8.5 and RCP2.6/SSP1-
2.6, respectively; the whiskers show the full ranges. The original ISMIP6
period is until 2100. Map-view plots below are ice thicknesses for the
years 2015 and the end of 3000 (= 3001) for the simulation forced by
MIROC5/RCP8.5.
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WX Z 1 bJL : Soluble salts in deserts as a source of sulfate aerosols in an Antarctic ice core during the
last glacial period
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H1 EHEREHE  BEREORTKE RCBBTIRES SESEREANO L,
W2 BRI ABE E REEOBEAEICL ST LBEICHEOVER SN IERPRE EDREICEALNE
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[GRXEKRDOBE]
S % : Fate of dissolved black carbon in the deep Pacific Ocean (KT ERBICTEET 2 83GFEAKE
DITH)
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MEREEEEOEELHMREE & DHRFMREF — LT, FBEEI000FEF TOFEBKKDEHICDOVNTYI 1
L—23 22TV HEERIEORMMN G RZEBICDOVWTEHANE L X,

ChET AMEF—LHSET ZKRETNVEREEHEETOY 17 b(ISMIP6™) 3. SIZEENICRT 3
BAFRE/ X%V (IPCC) DEE 6 REMMAHRES ICHRAR ERE L LD, ZOKKEESEISEE2100F %
TTUREAMRETIE, FAB2100F £ THREAOTIETEI T — & 2{ERA L. Z DRFEEI000FE £ T21H#2EH
DREPERT D EVIREDS &, NEERILET] BEES F U F T14OEEREER. [HILEE(EH XFEE
DHIB] DR F ) F T3 DODOBIEXRBRE TN ZhiTOE L. ZDBR. KDBKREBEKE LA (ICHE
T3& BRBBETDLF U TIEREEBEI000FEELETHDT B> TIVFHT, 35mICEN £ L% BiE
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AR R G, 21HEFISBREP—BETLTLE D & A Z DEBRLETIP21 TR CELEL 2 &
U TH21HERRLIEICE C 2 HBEFORMIBKRDFBR EBKELFICAZ(HEL. TOXBERAICES
CEERLTVWET,

B HARMERE L. 2021 FE12H22H (k) AR DJournal of Glaciologyz5ICBE S h % L 7=,

B35
¥ ISMIP6 : KRETFIIVERLESEMEE 7O = 7 b (https://www.ipcc.ch/report/ar6/wg1/)

[AXRERKRDOBE]

s % - Mass loss of the Antarctic ice sheet until the year 3000 under a sustained late-21st-century
climate (2142 EF DOFHER 4 TUETICH 1 23000F F TOREMKKRDEEEK)

Z %% : Christopher Chambers'. Ralf Greve'?. /NRABEF", BEELHE N T (1 tEBEAREERE
RZEFR. 2 AtBERZHBEME L > 22— 3 RRAFZATBEMEN. 4 BFMEFEEE)
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EBEAREBERFHARFAOMBZ MBI, £RKFFMA T « TRIK > 5 — DEBEIERBER 5> O
RIINW—TE KPKFTHRETZEIC. ZORACKBERD—DFEENVEBENICEES L. LUBVEEE
MR LENPSBRT B EERRLE LA —MRICHEEOERRIZZORAICHTF - BEFIBRICEAEL ),
PF -BFRT—IVOEEEEDEFSETLE T, ZNICH L. REROKORETIE. —HFEEDRDE
BHEKDERICE > TEL ZBRDOLBPBNICHEAE SRR, —2—D2D—DFEENPBENERTEH
WEESTRICAEY . LWVBWEREEZEDCEPBHLPICENE LA DL REE(XT v 7)) DECHEE
BRI [XT v TNF U IREE] ELTHSATVWET LA LBRRE " EFFISh 2 BB ORUED
5DERBREXTR A ETHREINTOELEAT U LAMREI KDL SKANEVI RS ERELFMERER
WCBEWTZXT Y TN F U ITREEAEDFRET 22 & 2 RERMICEAR L =800 TORE TY o

SO CHDBEKTEHEL ATy TP EAMP SERTIIET. EENLESBANZ -V ERHEHT I
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L L BEREARICES ZT7y TSNS RERREFETISHAOKRREFEXIBO TL=-ITHN . ZD
BIE % EEER L ORARARI IO TTT,

APRETHESNAMBIE BERRREVOIRD V> TIVEBRERRFNDOERIIERR 2R D 5 EREFIC. M
fa - BSOS RRETCREESIKBRRFEC. SSLCEEBEFER LD ETIE0E - SHREDRE
EEMEIORS - BREHCE W FH LB E L2 2 e HFIhET,

He. AREKRIE. 2022F381 8 () AR D Proceedings of National Academy of Science, USA i
CF T B/EEINEL

GBS0
*1 BUREE - BHBEORMRD SER - KR A BERERR 2 BT RE-EFEBE b1 5,

[GRXEKRDOBE]

s % : Step bunching instability of growing interfaces between ice and supercooled water 7K — 7Kk &
REICHFTDRT Y TN F L TRREM)

EE5%  HEFE—R EBRER EPHRKRS FELRE RIB &' £l T (1 dBEARHERRERRR. 2
SRREZMA T« PRIt 52—, 3 BMIERFERAE L 2—-)
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EEERHREFFZMEFRIELTMRE (MRYUE ] RRAFZAKEFEMRER ARE) OfE/IE2AK
ERKERFAMBAID=ZFELRPUR. KEMR - WERBKEERMEPMORA KT IV— TR, RRAF
KLBFEMEBFORBE—IUR. BFEAREREBEOXR L EXEMRESOMR T IV — T3, BHBHREIRE
BEGR/BEOERTH 2 ICATEBTEE " OWKIBIE & BEER T 1 PBAOREN FEFF A4 A
WTHBAL £ U 7=

HADORBIDILAZI0EFHEICHIRICED 2 ALK FBITHEE G, BB ERBOKIRS & - 1245805
KIBPHR I N BBET T COBITHEEBE. BESRBIRICH PP DS THEMNEL CRENFEELIEDL D
BEERERICESTHFRETHY BBOTRINIENPLBTT S5 ZOBETOBAEKELSE L., &
BEOATRERICAZ(FETIZELOP O TETVET, LY L. BTEETOREE - #EKk0OEHIEZ
NETHRICIFIEBRINTEZEE LA TULAMETIE. BEK - FEKIPBITHEBO S £ BRI L

RIS K o THX - BB T3 FErRIE L. BITTEBOMBBIE MR L % U /2. % /2. BITHEEANERH
KPERINZ DL ANDEBEEER D (=R) PEELEEERLLTVWAZEEBELLICLE LA,

HH, ARAEREIE. 2021FE10818H (B) AFD Progress in Oceanography (Z4 > 51 iBE# I h &

L7

(FRERSI]

* 1 BTHEE - BERGEREBEFEROERATH Y. SESELBHKCEBEECHAKIESNED 2 & THER
BKRETR T B BHG CBERGTE RSB ERLT,

* 2 RENFBHFE - EEOERICREBNFEEE L. RNADISED SHNFOEE 2 HE UEBHT 2 FEKEEE> HEE
BIANFIBE. BB & & 2 DI 2 HiEE BT FEH &S,

[BAXRERDOBE]

s & : Surface water pathways in the subtropical-subarctic frontal zone of the western North Pacific (At
EAFEDHE#HS & BEG & R CREDBKEEZE)

EEL g oa' =FEK2 m1fm R FEE—" ) B REIIANC, £ E°. £F 12° Ren-Chieh
Lien” (1 REAZASEFEMRRAN. 2 LBERAEBERFZMEH. 3 KERR - WERBKESE
RIRZCRN ((R%) . 4 KEMT - WEBEKEERMERR (FB). b BEMEEEEET7 7 r—2 3
IR, 6 BAEMEREREES OMRE/RR. 7 72> b KF)

M55 © Progress in Oceanography
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AFA : 2021%F10818H(R)
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IEERFAABIEA T £ 2— DR R E AR, RAFRIFGRETFREOEMBE AR 7R, RIKE
M ERTONISE AR, BEEAFOME S2EHER (FEMEIRIBEM ) SOMEF—LIL, /XFVZyy
SO/NBIPM2 5 —"" % 1E#L -, RS TOBEREREBELZBSH R OIEHN MREL BB ERIFHRI Ry 7 X
ZRARLELE (LUIT. PM25EITERERE), EARMEERICHITEENEMRES - I EERX. &R - BEE75XH
TORMELRAIC LS, FHDOFRIL/-PM2 58U T — 2 EB BRI 1T E TIERBICEABIRER, HFMAKDLS
LEEREPM25RIETICHVTOPM25RIEICH, FIRLZREN + D RAN THE LamaBLE L7,

HBE T3, EERMANKEDSLETEDTEBIRICLIATIEL T, BELBELTPM25DRIEHKDHS
hTWETH ., ChETIIEZEADOERID IER (CHHE TL - AR CRRELA-ESHAEIROPM2 5EITEEEL. BE
ILMO—F—DREREL)DUEC DL, BRI E—2—CHETEDSN., MBI BETHREEPM2.5E
Y—EERIBICR DI ED TES/20. KFEXRRFE TERALIGAT CPM2. 58RI R TED DML TITOZED RIREIC V)
Y%7 BRERTIE. BiKT77 L2 E@EN LB THIIEN ) EL 7, ALBE XK BRI Z R D—
25 CHOIEEEEERClE, E—2—PIEFE(ICEMEL. BAO2DDEG TCARDREIRIELZ T I X AR DIEN TEDIE
BIERLEL=. 35S, 2019 2RICItIBmERZ T2HE F CEBIE1TV. RIBAERRB [ELIR] TAEShE
PM2.5M185EHME (FETEE) DEEIELEEL/-ECAH. AATRDOPM2.SHITEFERD1 BB FIEETBHI AW THD
ZEBRERRCEEL s, 2019F6ENSIE. T IADKFET TN T AR (UAF) EREALIBEMZE 42— (IARC) (C[F]
PM25AIEREBEREL. EZE(6-78) 77 XD DFMN KD BEPM2.5EEN 4R A DI EICRIILELT

Stk REIEBIEDTIZDRT) TR EEQIBE K U miRE S B FE TR A LB T, TEICPM2.50D
fRTELRIZITOC ED RIREEAY). PM2.SRITED 8 M BE DI COERBIRRA, KWCHRFIhET,

LH. AMERRIE. 2022F3H10H (K) AR DJournal of Environmental Management &&(Ci8#ah %L 7=,

G0

*1  INFYZyTEONEIPM2. 5 — - REBD T ERE—2—T LR FHEIE). ER 625nmOLEDKAERL CRiAmF ORI T4t %
THEAF—RIRHER TIRE L PM2. 52 EN B E § 5 (B A OMIEREII SHER:R/IV FA&H Y 1 X130.3um) (Nakayama
et al.,, 2018). 7. /\FV v IR S SEARRA BRFEIN TVL\3D R ADEHD LR/ N F I 1 XIER A S,

*¥2  PM2.5 - EI(Z2.5um (1um=0.001mm) £H)/NE VR 2 B A TUE R T OMIR (BEBICIE, BIERFCR R NEEN2.5um T
3R 50%hBATIELEMAL T D)

%3  JHBEOEEHMANKPOKF[EBOUEBHMRICLIATESR - HBEITIE. ESHMAK (eg., Yasunar et al,, 2018,
2021 ; BEDTLAVY—ZHSHB) X, KETEDWEEBTBIEICEREPM2 54N AT IES (e.g., Tran and Molders, 2011)
D RONBZEN ThETHDMENSHRESN TS,

[GRAXHEERDBIE]

£ % - Developing an insulation box with automatic temperature control
for PM2.5 measurements in cold regions (E4AH#(C$ 17 2PM2.5
BIERD BB EFIEEE AR v 7 X DESE)

EEL TREFC BEMRAS FFRYE) . AR 2% figEA° (1dtmEx
FAMBME > 24—, 2 B EXRZLEEBESXEMRE L 2 —.
3 tBEAFAZRIFR. 4 BHEAFFHMIKIRIEMZEA. 5
L E AR R %)
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IBEAFZAZREHBIRIERIZ TR O LA E B3R & RERARIZMER OB EHEHIRIE. BE40005F
BoAEEILBDOTEEILEET L. X EBEDEBDZ A I LI NRIRE(LEEAI ZEEBALNPICLE L

SBEZEP ANBHRICE A PHEEIRMRT 52 3 ORBIEOETICH D ABHEOREFALAY R
BEHOHSANDHEBEHZEMUAN TILTHECEETTABEIR 1 HERTH, 519 T, FRIRE
YAEDAOBEDSWHEHI L EFEVEH SIFR L T R THRHE A T T8 LIE. SiEH
HEXPEICE A -HEPRRINTEE LA BEICE. TN EET 5 DIC+H SEERKE £ D
HRIEREDS B D 02O . SETRIESINTVWERATL

RTBROBEEDOA R —Y XL DEAANDILA G BB RDFE L ERBRDEFICL Y 57 &g
LERBEICEELAERBICBZ s 22 &b ) E L, 1MIHEZADF KR —Y VLD ERIIMNBERKR
V' ZDERDREBRDBILICHIS L TWE U fo—H T RER OFEAE L™ X L™, 7 1 X 32{L™*
NDZEEHTHIE. FEILDBPBEARIICEBEHTIHO0, LBEEICEEF Y T L XEBEDOIGIEF A -V
IXAEDBEEIC. miR I RAEROREIBENICHIE U TRIEMUEDOIRROBENICHRFI S h TV AL ICAHAZE
g0

HH. ARERERRIE. 2022F3H12H (£) A D Geophysical Research Letters 54 > 7 1 158 &
0720

(FREmERL]

*1 FR-—VYIXE - SHEIEH SISHILE TAA -V VBAREEHLE T 2ABEILERE. HX BTENABMICRKA L
BFBRREREOMALEZ I BFERICEDR LU BRI, BREICKT

* 2 AL - fCoTHT 3 HACEDY SATITR 7 HATIC A 1 T ALBE £ D ICR A RBER DL,

* 3 B - THIZI B H 5 1SHITICH 1 T ALEE £ RDICR A -ABER DL,

* 4 TA XL - 131HAE S A (CALEE THEIL & h =31k,

[AXRERROBE]

$&X & - Impact of climate change on hunter-fisher-gatherer cultures in northern Japan over the past
4400 years (REZ(EPALBARDIESE 4400 FOFHABHEEXLICE Z /1-57E)

EEL  IUAEMZ B £ (1 EBEARZAZRMKIREMNEMER. 2 tBEAFAFRRER L.
3 timE KR AR BRI FATERN)

M52  Geophysical Research Letters (MiFkFHZEDEFIEE)
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BERAEBREREFROI L —R - S ITEBEF T2 N—-R - 71) X b7 7 —1EL I3 FEEI000E
EFCDTN -2 ROKEKRDEFHICOWTS I alb—2 3> %70, 21HIEDERIEN S 25 T REIR
BREBIZDODVWTHRANE LU 7

INET, AMRRF—LHBSET ZKRETNEBHEETO T 7 ~(ISMIP6™) F. [IEZEEICET S H
FFRE/¥ %L (IPCC*?) D5 6 KEHMEMES ICMERB ERE L TE F LD, Z OKKEZEEEEISFEE2100
FFETTULAAMRECTIE. BE2100FELIFITBERIEDERICEIED» TV EDREDH &, FBEI000F T
NDYI2Lb—=23 2 &fT0E L, NRBIGET] BB 7 U F T1205ERER. [HBGERLH XHBEHED
B DRI F U A TR 2DODEREZNZNITVE L, NRBIBETIO D F U A Tl KDIBRDER
JKAIARY (SLE) 12, 12DFEEEDT7 > H > TIVFHT1.8mIcE £ L7, [HXBEHEBHIBID S F 1) 4 Tli.
KDEKIE. 2 DODEEDT > > TIVFHT0256mSLEICE T2 2 &nbhh ) % Ui

AMEDER TIFRBAEIR. - & A2THIERIGETIEL L2 & L TH RN L TURT BB IS
N OBRY . ZOBRBBEFICHEEN T U -T2 FOKKENDZEYX V) AN GCBEALAIC OGN ZERE
RELTWET,

AHRIE. 2022538148 (B) AR Journal of Glaciology #ICA > T 1 iB# I hE L 7=,

(FHREREE]
%1 ISMIP6 -+ )KERETFIVEEEBARE 70 = 7 b (https://tinyurl.com/ismip6-wiki-gris)
%2 IPCC - SURZEHICEA T 2 BT/ Y%L (https://www.ipce.ch/report/ar6/wgl/)

[BAXRERDOBE]

#X % : Mass loss of the Greenland ice sheet until the year 3000. under a sustained late-21st-century
climate (C1HIEEFOEHZEHNETIETICHEIB3000FEETNDT ) —>F > RKKRDEEELK)

#EE% : Ralf Greve'?, Christopher Chambers' (1 dt/BBEAZELERIZMER. 2 tiEBERFIEHAE
)
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BZRL TVWBZEILTN DE FFEE L TRET S L EHICBEIS0FEROAT T ZBILRFEED
TEEBAS,PICLE L

ARP_ELRFRIHEKDOTIEERET 2EERTF CIT A RDBEILE TR T 25 AT _BIExEIB
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& . FEBOKEHEEI L (THEOSNAETARATICEETNDIHREDPHTEIIETHLOPICSNTEE LM
TI—Td N2 HIVEHIBNICE £ h ZENERIREFBORFBRMALY BEDATF _BILkFRELEH &
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SMICBEVNELE LD L. FEMSI00AFRTL Y HRIDEBE - 2K TCOBEIRRL TELIE LD -

cZEerbh)E U EA. 100 FERILY BAIOBR TR, ZBExFIPELKKRELD) BRELEHLTY
=D L. SO ERTL W ADERTIHELKKRNI ZBERFLN HBRLEH L W EZEDDAPYEL
Ve

LHH AHERRIE. 2022F481H (£) ARD Nature Geoscience ICH > T4 U BH I E L7

GBS
* 1 RERMGHL - REGEREI12E 130RERMIHLE 6.

[FAXFEXROBE]

X % : Increased interglacial atmospheric CO2 levels followed the mid-Pleistocene Transition (3#&4)
FOETY 7 AD5HB5N - BE146FFEROATH BT IERE DLR)

EEL WAEM 71 —T-C- 7L 422 F LEETF ARYUM). IV -7 7 LA KREKRS
FIEFT° (1 EBEAFAZRBIKRERFZMER. 2 777 K%, 3 tEmBEXFEEREH
T, 4 ALBEAFRERIRIBHFER. SRRAFATEFMER)

5% : Nature Geoscience (MERFEIZNDEPIFE)
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310
AR : 202244818 (£) . TARATICLBERE =
_ . (Bereiter et al., 2015) ¢ .
B S 5 BEITIC L A1ETE 3 <
(>4 > AR) = RHFR) w &
g_ 250 & 1 g &
% 230 ” Q
8 2 12
201 3 B o
190 -
-20
150 100 50 0
FR (R RE
AR DEIER

33



34

Press Release

(2022/4/27)
RREEADP S BEFOEERBRIERESEITANT2RE
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(ARERDBIE]

IEBEAREBRFMR RO AIBRAELIR B RRAEREOS TR LEATE ANAKFKFERIE
FHRRENDERMEIIR. RIAKZAZREZMEROT)EFEZUE S ORI IV — T I3 REOKBERY
BTHHIRFGEAEL 5. 2 TOEMDDNA - RNAILEE N BBBIERSE (I TV Vb FI T
T JT7Z)IRTOREEHICHRATHIO TRIILE L 7=

ERREROBFEEHEETED LD ICRIDEGPREL2DD, EVIBRZICE T ZRIEOKICDNT,
REGEACEE L EWIRAMEIC L > THIAS W ZBREEMP ZTOME E Lo E VWS FHPIRIBE N T
WE T, LD L, EADEEHERE % 18 5 DNARRNADIER R 2 #ZBIRE(Z DL\ TSR E H 5 DI&H 5]
Hoh L WERETOMEN L BEMEDO D FIBRCERMEE 2 EOBERRH T OSHMICEHT 2 ERE
RIS BTFMEREICEEEF>TVE L,

AMETR BEICHRE L -ERELBIEEMMFEEREL v —FV BAEY2X Yy a2 L1 78
AL ESBDERFREBAD SHIEMNEEETOERME & 2BIEESBINTEEC18EHEDKEIEE
HEWBNICHRE T3 EICHRTHMO THRINL £ L Z h SIBIEROBECEFEEDOAHICL Y DB
CEHZD—EIIABRERAOEBAFEEWIREBETCER L ZJREEMN REN T LA ARRICL - T
EMEERIIC O SR EMBIEREI IR EICHIRSh TV A2 EPRRE S h, IBENAE S TEICH W
BERADECHERROBIEERABCRICLED CHEFESATVET,
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