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Investigation of key elements in future projections
of East Antarctic Ice Sheet using ice sheet model
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Holtt, 2014358 HA #2559 2d 4y Hte s

Ho] WAEH7E JHEIEHI oem om EHIPIERIEE ARSE FE Y=
=o] W3 ot (Favier et al. 2014; Joughin et al. 2014; Rignot et al. 2014;
Paolo et al. 2015; Feldmann and Levermann 2015; DeConto and Pollard 2016). Rignot et al.
(20192 HA ASARE BT 239 AV1H oz &6 IAFHL A= AdS ERE oyt
=9 Wek &8 I HADT HEFEt ol FF WHIE FRIF s AT E
ekt =3 IPCC sy 2 WA EERIAQIIDANNE A= ofZAlRHAmundsen Sea
Embayment) X ¥3 34 Hd¢= Ya~aq;=(Wikes land) A FoA Wate 49 2 ZE7L
7}&38lEo] dlHe] FFES Fa ot RSt ole] sd= A9 Wk v Wl

EG Fo8 ol4® $2ER ok

¢

Contribution to sea level Global mean sea levelrise projection
(1993-2008 average) (relative to 1986-2005)
, Ocean thermal Ice discharge o (elative to 1986-1005) o
, _expansion from glacier —_—
-E-;-s 15 E;
E 12 i &
30 04 i
Ecs ; _H:E“‘
= bi=- ;-.:g
lﬁ-\:‘d EK
0 0 —T—T T T
o 0 250 210
Thermal expansion Land-based Ice Tear
(22! 1] 1993-2008'4 H#4x tid| HX|F (12 2] 198620054 Hogk el X
fm HEo eold A s s olefo = Aot
(Church et al. 2011)) (IPCC 5&t HII2 1M, 2013)
ol AN WAFAtRd AzHe st TG Wi AF- &= wWE
AZ4e Anstes Ae FAY v o= A P AU 24U Wyl ohiel, At

A]
=
s Asfel Az tiF B AZFAA A WA FHe AMHE A G

A7 FHAfFHe Ad 110d37H1901~2010) ¢F 19cm =olbd=d, vt A=
19890 e 2017d7k4 A 2047k ol 2.9mm A5 ES Bel A FFol wls) cha wE

ds FAE Hola ow AHHomE= AFFIWUddmm)o] ZHE wiL F3KE.70mm),
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3l oH2.41mm), A&IQH2.07mm) o2 YESTE (srdal =AY, 2018). A Y dl4d HE S
W] He A, A 2d3E 3 el wEk 30% 8= HWAE JHAL yErUYA g5 (PCC
s 2 5 HaA, 2019). 53] At 2HHS de FHye A7 R A - AAH
NEEE TANYE W FAY ) ME N4 PO WASE AAAF 5 AAG
tgol oz dFriee FrsH A& 2 uE 3ol 7Hed Aoty =3 ol
71eel gRE A4z #37|e7]2A 8, A2k w7 A st A, A3At AT EEAE
ZI2A g A AR 71FEE ths A AERAZ"E 75 5 A=E 15 Avg e side
neel B Aot Uobrh % AZE W4t AdEE Tu ARG AN e
Ho7 2AE ATHe Y AdDA BHas Aaol SoiT ¢ AT AR AREY
1000 T 4 T X B East -41.6 Gtjyr -29.4 Gtyr/decade
- S BEASRRERES L) I RLSEEREERN RERELAE:
500 500 |-
C
= ] of
5 "
w L.
s e =
= I C
1000 [—
T100 ' wé;qt .n;\nr-z-;lrn:;tic.a 1| s
_2000::l.l_':'|.._-II':II:‘I..,"___, ...l... 1;'30” ||||1|gi90||\||||2|00(|)| |||1|240i161
1995 2000 2005 2010 -
Year ) i )
(0% 3] SH3, M3 d2eln oy | 28 4 A 4S8 AZ2ds S (2d
212 ®AT S Mol sloiste Wz war | SR ERTITIIL), deRS(T,
AlA A (Shepherd 2012) | )élaok( 2h AlAd ngn t et al 019)

RLP 26

RCPAES

=12 =10 -0& =06 =04 -0 00 02 04 06 08 10 17
Regional mean séa level change (m)

4B aE | = O
00 01 02 03 Q4 S-cheneim

I
TH WIS XY9x Fx [18! 6] Yoldd MX|Z s HES XAH
5l |
o
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|62 A3 V=g WFetA Xt e dRol RuFHon, WARde] n sjd
e dF 2FdE4S =olv Fo didolgtn JEHIY oF H=mH} fFHES FAHCE

SeaRISE(Sea-level Response to Ice Sheet Evolution, Nowiki et al. 2013), ice2sea,
COMBINE(Comprehensive Modelling of the Earth System for Better Climate Prediction and
Projection) 5¢ TAFEATE B3t THTHAARDAS o] &3 JdHA= F= W3 &
e d5H Wzl oS Adgo] AMAFCRE FYPH Yt 53 EF5S HS WA (BT
|3tH HAF FHES 56.6m G e T o &
© ALz AAF oY FHI AFZAFd st Adse WAEFol THEstEe fEold
Qi AFAZH ol2ee AuEE =Fo| T WESY
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) slE W oF dgo] AfHol 20229 E3+E IPCC AR6 RIuAE 918 CMIP62]
THL84E AHEAT (Nowiki et al. 2016). HZoll= YUY A7 F& olw2 tiFHd
uet et Ar|A AR Ha Buk oyt WA AANA T =8 A S0l
=S FE= MISMIP+(Marine Ice Sheet MIP third phase), MISOMIP(Marine Ice Sheet-Ocean

Model Intercomparison Project) 52| W59 s ndd A 35AT7F 138 Fo|th
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dddez  FHr] A% WAEEst  mdeol  J4ddo]  Algsit. oo H|=
NASA(F-F&3=)S FF 100~200d HAF si+H s AF54H Fde AT HL

FARd gl Yg-sig HIERD A 2 A dAFE FIEAdst ok 579 Zd
slo A CISM(Community Ice Sheet Model), ISSM(Ice Sheet System Model), PISM(Parallel Ice
Sheet Model) & to] WAsAst mdo] JfdEAom WA-ai, W75 HAgnd=

g A Folth

Global mean sea level projections considering uncertainties from AIS

i : 5 95% range, RCPE.S 15 =
L WAIS worst case —RCP2.6 =3
~ - — RCP4.5 Sea
= E‘ID —RCPB.5 1.05+0.30m ; ci}
E~ 32 o ®»=
2 L o 049020 m
- —#_._ﬂ_._‘
¢ 011011 m
o - : : : 2000 2020 2040 2060 2080 2100
o000 200 2040 goso  goso  2io0 [Bakketeral, 2017] Year
Year [DeCanto and Pollavd, 2016]
O e v e Ao Uncertainties el i
..... Sy aghat il e e 1 V58 A AT ol PO b g from AIS from AIS
. 8 % an o 1] -—A.*—-I———A——_
3§ >
. w =3 2 '
i. !]I ;: SR = 30 = 7
i -4 o 14 .'Z P T ]
: b I E 1 B
f "’ *I e 10 5,
. /--’ i 10 \— a3 3
e [Nauels etal, 2017] Y e N T

[LeBars et al, 20177

_’IO_



. — RCP2.6 scaledto AT=15K

. — RCP2.6

= 41 — RCP26scaledto AT=2.0K

i — RCP45

o — RCP6.0 f"‘

E ,| —RCP8S

% it

G}

0 4
b
2 )
© g
8~ @
=4l
T 5 —~ 3
Sw ol
o = L_<‘ (7]
g D L&
e E — D
o E =
o == Q
‘B (0]
5 B
G o
c
w 300 - 100 o
2 o
E Q.
W 250 @
§ ] - 80 %
= E 200 - - 3
g = -60 @
F 150 >
40

2000 2020 2040
Year

2060 2080 2100

(22 11] CMIPS 22 ZEl2 25 AFEE RCP AlLtz| 20| w2 M| 3 25 &2k &4
Azl o & 2 AZE (Marzeion et al. 2018)

L s ol

ATHEL]

-y

W o (keb

L
S0

_‘I‘I_

WP B0 i

o



AH (cmvyear)
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(23 13] &5 7|8t 4= w5t 2ol ost si5+H AS ZAHZZIE (Larour et al. 2017)
21 CMIP6-Endorsed MIPs CMIP &
m o W
el i Simulations & Analysis
o CMIPG-Endersed MIP Experiments
- :
EMIPE Wi torfoal Simlations
.Dt'!l'f.!ammrnu
P .-..-u....._'i ETETITET T rr T 3
% o 1 Qveruiew paper o the Cha 3 (ediEstien
'lu\ -1_'31\ "ip\ ol the CMEPE ensemble and MIP e udts 'ln']p
Eyring of af . GMD 2016
[O3& 14] CMIP6 T4 Uy
[T
o what!
i
( ASL )
Thwaltes
Glacier

ee shalt

(323 15] &= off & &2

(Scambos et al. 2017)
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(22 16] o 2relak 2 sftele] Eoty 21
ZAE ( Conto and Pollard, 2016)
#++ WCRP(World Climate Research Program)ollA €-§ g2 AXF& g3 2 2
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AAsg om, IPCCoAAE sk 2 W EW K 374 (SROCC, Special Report on the Ocean and
Cryosphere in a Changing Climate)E 2019\ wzheldth olgst d=Hst #Id HAl

AFAI Hof gEo] FYTYAA R FEHuA7rF g5FE = [PCC 63 BiA &3 o]|%
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M 3 & A7l HE 2 4

A 12 ISSM Qg F AR A2

-

% 8 g

L WaEdsted Axd 75

B Ao A= NASA/JPL# UCIlA &% 72= ISSMdce Sheet System Model,
Larour et al. 2012) W59 =2dS &3t U HAAAz"Ho WAFYggnd
HES F=53Y. o] mdle 23 2B 7FA-(Q2-D shallow shelf approximation,

23l 2~EZ=A(Stokes) WA S o]4tE s
2

A 2
macAyeal, 1993) 7]¥WF HILAHS A}

Zojlth #5H ZEA A BAEE O

4 | )

1S5M

Mesh generation Governing
s equations
Mesh
Input data I:> = :
i i generation
lce geometry I
Ice velocity

Y
Physical
parameterization

Surface mass balance
Floating ice melting rate

e G Cowthicient : P 1~|_:1‘ 1200 ok diz ==
- ¥ i e 1000 g - )
-9 ; o E - 3 =
o B e iy e )
N i Fﬁcuonl:oeff T «f

‘ 00 150 »no
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Scel
O 17] 750 S459ed Axy DAL

ggol Jted wEs AR 7A FZ fAE BHEZEHE HojHE
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By oA oA s 2 dolu= Pie R dse Fe2s AP AFL wa

Bay)2 "l&¥ s 53 AFH E4e 298 7N 5 dAHH o2 FASL o TEA
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2000; Wuite et al. 2009). AdTFA4dAAE 20149 o= FF3] A A GAE F33+H
skon, HTol= HlolHE el & 9 AW RIS JFHoRE FFEHA A
Holv = HWil-=gtol 22y WAL e 2d Jde Iy 163 ol
AR 2l AxEsE AL B8-S Eo|7] A5t W&o wWME A oA = 450 m,
“d AYdgAME 8 km 7HA AARL A AV|7F WHEstE A -$W(adaptive mesh) AR}
AAA7IHe Z1akste] FAEJT 53] tAE7F F2% WA spAAE 49 450 m
T EE AAR dAsH EFEST RS o

st olAYH AAdE 2 G WA AR Jj= 59,0007H o)t

VI (muyr)
o0
150
Dr ygalski

lee Tangue i3

L%

-I.ﬂ.l:ﬂl- 1500 M0

(28 18] 7 ERIXIY 9% ¥ HA

(Mouglnot et al, 2

=29 wd RACMO(Regional Climate ModeDollA Ab=" FH A ZF=A|(surface mass
balance), A g< T HA A7 FRFYPow, ApRES #Zoz2RE WESHFEEE A
grsty, durrgo=zm gyl AEEE Bedmap2 ZIAAH

FEARog AANI MY Ao FFyPoly #=owREH stFH HA JNAXNEYE A=

BedMachine(Morlighem et al. 2020)& =A@ &S 53 &1}

it
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Scenarios or
Forcings/Changes

G * Convertto the surface temperature, surface mass balance (i.e.
precipitation minus ablation), basal sliding, basal temperature anomalies

Ice-Sheet Model
* Surface mass balance (SMB)

Spin-up or losses, can be converted as
Assimilation DyTatca| =ore ‘ e S
* Discharge of ice into the ocean

G ﬁ& Framework through marine-terminating
glaciers
Initial Physicall
conditions E> | Parameterization| E> SealevelRise

. i ¢ '
Gineratlo? of'a c'ontrolllrsn. Framework * Aloss of 4.01014m3 of ice
where no forcing is applied, ce lost'ab (above flotation) equates
captures thatmeodel's Infrastructure and totalice lostis small.

toa 1m rise in mean global
sea level, and all plots use
a consistent VAF unit of
toMmi.

continuing equilibration and
removes the systematic biases.
helvesare often

narios and

ﬁ because large
removed in th
* Mean annual surface temperature,

because the T
Ice thickness, Accumulation, Ice BoundarY s,
surface elevation, Bed topography, conditions T
Bathymetry, Basalheat flux, o
Thickness mask, Surface velocity
(horizental components only),
Surface balance velocity, Time rate

of change of ice-sheet surface
height, Land cover mask, etc.

(12 20] YArES 2Y AAY AT o HBEE BE 225

il A=
EHIE REMA (Howat et al, 2018)
gl Mouginot et al (2012)
EHAEEX RACMO2.3 (Lenaerts et al, 2012)
tho|2E Cosimo (2000)
N Shapiro et al. (2004)
ZAPSPNE-:PNE-S Fretwell et a/ (2013), Morlighem et al (2020)

g

BZSHA e #ol7] WEd 53 2d W&o EAASTE HAS = 94Hinversion)
2ds o]§ste WA Agkete  AFE3H] otk olF 4tE" 7| AwpRA e}
AU S AWsled wdS FEIEAN THAZFFEAe} HEU & §vl(sub-ice shelf
melting) 5= FAECE HWstH AFREHZ 7|0 58 Aol sED(mass transport
model) oA ZAAHEC deo HFEH AzALsH WES AEsA "t
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A 2d WEEds Ede &t FdE= vHHEs AddelA

WAsds wdof F8 945 79837 95t e JRAAH dg 9=
Ago] FaElojx gom (Huybrechts and Payne, 1996; Payne et al. 2000, Bindschadler

et al. 2013; Parizek et al. 2013; Eyring et al. 2016), 7 A= EAFH o2 AHw3}357]
A% 7IHER MdE o o (MacAyel, 1993; Lin et al., 2012)
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Whole-ice- sheet and basin-scale elevation differences
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Sea levelrise : NASA-GISS.GISS-E2-R/IPSL.IPSL-CM5A-MR/IPSL.IPSL-CM5A-LR
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Fidelity of CGCMs: Climatological errors of precipitable water
from historical runs (Agosta et al., 2015)
Sealevelrise : NASA-GISS. GISS—EZ-RJ’IPSL IPSL-CM5A-MR/IPSL.IPSL-CM5A-LR

" %
MIROC-ESH | M- ESM - LI MP - - MR
s
_ V.. >
; L e
(AR | g
—a— e
MRL-CGOMT CUEME CE=SMI ~HGL

Summer precipitable water inrespect
to ERA-Interim 1980-2004 (inkgm?)

|'I 0
Ii &)
105

1 EEA-Tnterim

GIFDL= M GFRL-ESM2G CESMIE-CAMS

= 2 i i)
IRA-00 MERRA=v1 NCEP-NCAR=%] NCEP~DOE—vZ NODAA-ZOCR-—v2
1

25 =15 =05 05 .15 25
Sunsmer precipitable ||1 o error in respoct to ERA-INTERIM (980-2004 (Kkg/m2)

[12! 50] CMIP5 S A7 = M ARHOM 2t ofE HAF 2ol =2 2ol M5 (Agosta et al. 2015)

_35_



Snowfall rate (mm year") for 1986-2005
for Antarctica
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Contribution of Antarctic precipitation changes
to sea level between 2006-2099
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* Increasing 55T in Southern Ocean around Antarctica
induces sea ice melting and then increase snowfallin
Antarcticafor future RCP projections in general.

As aresult, the ice mass changes in Antarctica
contributeto decrease global sea level rise under
global warming conditions.

Note thatnone of CMIP5 CGCMsinclude the
interactive ice sheet mode component.

2 oj2fo= Z 2 (Palermo et al. 2017)
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International Thwaites Glacier Collaboration

Wider ice-
sheet

Key Processes

Modelling

Historical context

(28 57] ITGColl Zoi5t= ZpA

0z
fol
izl
x
H
ihd
H1

International Thwaites Glacier Collaboration (ITGC)

Pine Island WESt .
Glaciér Antarctic
GHC Ice Sheet
TlsE Thwaites
Glacier
MELT GHOST .:‘:V:ﬁ.i;.‘f’ DIVIDE
THOR. _
Ck PROPHET o3YRD

i ST TARSAN ® ®
'\%‘__\?‘\ L. e % .

Lt DOMINOS

Coordination by SCO

[2& 58] ITGCOl &Ooist= Mol 7 X

A8, 4AE, 2ol WA

o
ol

¢
l"“

o W -e A=A I olsfE FXIskaL ISSM WAFS S

=

o
)

Azdel AAZD B BAR AAAD, YRHREEE @ AT EY vz Adeles
Adgosn d% 59 wd Azde] AAEE FFADL MddZe] AR Anse

e HERE Stk a8y HF 42
I 7FE et AT A Aol VA= dFS ek, 2dol= Wt 3o

%_
e A AT sied s dS A g AAD Aot

v
i

Az 290z Waie FHoE AWGFAY Wale =
}

=

_4‘]_



AWS/AMIGOS | GPS/Satellite | Airborne Radar | ApRES | Seismometer | osp |

ind Ice velocity/
; P Surface elevation/ Bed geometry/ Basal melting icequake/ Bottom
T Mass change/ Hydrology rate Crust structure pressure
(SmB) Bedrock ;

, | [ | l
1B
Validation
Subglacial
hudrology
model,

1B
Validation |

Ice Sheet
Model <::I

Global Impact sed Level Rise | -

Earth Sustem
Model

1JBC
Validation Validation

_ Ocean T,5,U Wﬂidpmﬁb
Basal melting time series/ of T, 5, U/
rate Ocean heat Turbulence
transport ng ratio
s CTD/ADCP/
ApRES |  Mooring | "o |

(12 50] YAISE DH AAMS B8 A90|x Ush-d|4H HE AT A

BE-EHA K= & MES TRI2E [ 27} MEE iF ans

[ ¥, Py -~
(5 Y=1 : ] Hye 2212 CHASEA
Yy 88 Ezﬁg-g

CHASE-E

e
=
L
=) Yy gl
S
@ Yo US WY U
i 71X el T
D wet S iz
"@ LR H4H S o5
Uxs 4sy
@
@
S | SenE
80| vz gsoisaens SR
(27 60] CHEIRI ISl MBS A%0lx Wa-s50 HE AT AT

_42_



H78 dnes

—

TP FRAY, 2018 AFE WE FYEA D ] Z103D

Arthern, R. J., Winebrenner, D. P., & Vaughan, D. G. (2006). Antarctic snow accumulation
mapped using polarization of 4.3-cm wavelength microwave emission. Journal of

Geophysical Research Atmospheres, 111(6), 1-10

Bakker, A. M. R., Wong, T. E., Ruckert, K. L., & Keller, K. (2017). Sea-level projections
representing the deeply uncertain contribution of the West Antarctic ice sheet. Scientific

Reports, 7, 3880. https://doi.org/10.1038/s41598-017-04134-5

Bindschadler, R. A., S. Nowicki, A. Abe-Ouchi, A. Aschwanden, H. Choi, J. Fastook, G.
Granzow, R. Greve, G. Gutowski, U. Herzfeld, C. Jackson, J. Johnson, C. Kroulev, A.
Levermann, W. Lipsomb, M. Martin, M. Morlighem, B. Parizek, D. Pollard, S. Price, D.
Ren, F. Saito, T Sato, H. Seddik, H. Seroussi, K. Takahashi, R. Walker and W. L. Wang
(2013) Ice-sheet model sensitivities to environmental forcing and their use in projecting

future sea level (the SeaRISE project). Journal of Glaciology 59 (214), 195-224

Church, J. A., P.U. Clark, A. Cazenave, JM. Gregory, S. Jevrejeva, A. Levermann, M.A.
Merrifield, G.A. Milne, R.S. Nerem, P.D. Nunn, A.J. Payne, W.T. Pfeffer, D. Stammer,
A.S. Unnikrishnan (2013) Sea-level rise by 2100, Science, 342 (6165), 1445-1445

Comiso JC (2000) Variability and trends in Antarctic surface temperatures from in situ and
satellite infrared measurements. VA Climate, 13(10), 1674-1696
(doi:10.1175/1520-0442(2000)013<1674:VATIAS>2.0.CO;2)

DeConto, R. M. and D. Pollard (2016) Contribution of Antarctica to past and future sea-level
rise. Nature volume 531, pages 591-597 (31 March 2016) doi:10.1038/naturel7145

Eyring, V., Bony, S., Meehl, G. A., Senior, C. A., Stevens, B., Stouffer, R. J.,, and Taylor, K.
E.: Overview of the Coupled Model Intercomparison Project Phase 6 (CMIP6)
experimental design and organization (2016) Geosci. Model Dev., 9, 1937-1958,
https://doi.org/10.5194/gmd-9-1937-2016

Favier, L., Durand, G., Cornford, S., Gudmundsson, G., Gagliardini, O., Gillet-Chaulet, F., ...
Le Brocg, A. (2014). Retreat of Pine Island glaciercontrolled by marine ice-sheet

instability. Nature Climate Change, 4(2), 117-121.

_43_



Feldmann, Johannes and Anders Levermann (2015) Collapse of the West Antarctic Ice Sheet
after local destabilization of the Amundsen Basin. Proceedings of the National Academy

of Sciences Nov 2015, 112 (46) 14191-14196; DOI: 10.1073/pnas.1512482112

Fogwill, C. J.,, C. S. M. Turney, N. R. Golledge, D. M. Etheridge, M. Rubino, D. P. Thornton,
A. Baker, J. Woodward, K. Winter, T. D. van Ommen, A. D. Moy, M. A. J. Curran, S.
M. Davies, M. E. Weber, M. I. Bird, N. C. Munksgaard, L. Menviel, C. M. Rootes, B.
Ellis, H. Millman, J. Vohra, A. Rivera and A. Cooper (2017) Antarctic ice sheet discharge
driven by atmosphere-ocean feedbacks at the Last Glacial Termination. Scientific

Reports volume 7, Article number: 39979 (2017) doi:10.1038/srep39979

Fretwell P, and 9 others (2013) Bedmap2: improved ice bed, surface and thickness datasets
for Antarctica. Cryosphere, 7(1), 375-393

Frezzotti, M., and M. C. G. Mabin (1994) 20th century behavior of Drygalski Ice Tongue, Ross
Sea, Antarctica, Ann. Glaciol., 20, 397-400

Furst JJ, and 6 others (2016) The safety band of Antarctic ice shelves. Nat. Clim. Change,
6(5), 479-482

Howat, 1., Morin, P., Porter, C., & Noh, M.-J. (2018). The Reference Elevation Model of

Antarctica, V1. The Cryosphere, (November), 1-16.

Huybrechts, P., & Payne, T. (1996) The EISMINT benchmarks for testing ice-sheet models.
Annals of Glaciology, 23, 1-12. doi:10.3189/50260305500013197

[PCC (2013) Summary for policymakers. In: Climate Change 2013: The Physical Science Basis.
Contribution of Working Group [ to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change (eds Stocker TF, Qin D, Plattner GK,
Tignor M, Allen SK, Boschung J, Nauels A, Xia Y, Bex V, Midgley PM), pp. 3- 29.
Cambridge University Press, Cambridge, UK and New York, NY, USA.

IPCC (2019) Summary for Policymakers. In: [PCC Special Report on the Ocean and Cryosphere
in a Changing Climate [H.O. Portner, D.C. Roberts, V. Masson-Delmotte, P. Zhai, M.
Tignor, E. Poloczanska, K. Mintenbeck, M. Nicolai, A. Okem, J. Petzold, B. Rama, N.
Weyer (eds.)]. In press.

Joughin, 1., Smith, B. E., & Medley, B. (2014). Marine ice sheet collapse potentially under way
for the Thwaites glacier basin, west Antarctica.Science, 344(6185), 735-738.

- 44 -



Larour, E., Ivins, E. R., & Adhikari, S. (2017). Should coastal planners have concern over

where land ice is melting?. Science Advances, 3(11), e1700537

Larour E, Seroussi H, Morlighem M and Rignot E (2012) Continental scale, high order, high
spatial resolution, ice sheet modeling using the Ice Sheet System Model (ISSM).
Geophy. Res.. Earth Surface, 117(F1)

Le Bars D, Drijfhout S, de Vries H (2017) A high-end sea level rise probabilistic projection
including rapid Antarctic ice sheet mass loss. Environl Res Lett 12(4):044013

Lenaerts, J. T. M., Broeke, M. R. Van Den, Dery, S. J., Meijgaard, E. Van, Berg, W. J. Van
De, Palm, S. P., & Rodrigo, J. S. (2012). Modeling drifting snow in Antarctica with a
regional climate model : 1 . Methods and model evaluation. Journal of Geophysical

Research: Atmospheres, 117, 1-17

Lin, Guang, Engel, David W., & Eslinger, Paul W. (2012) Survey and Evaluate Uncertainty
Quantification Methodologies. United States. doi:10.2172/1035732

MacAyeal, D. (1993) A tutorial on the use of control methods in ice-sheet modeling. Journal

of Glaciology, 39(13D), 91-98. doi:10.3189/S0022143000015744

Marzeion, B., Kaser, G., Maussion, F., & Champollion, N. (2018). Limited influence of climate

change mitigation on short-term glacier mass loss. Nature Climate Change, 8(4), 305

Martin, M. A., A. Levermann, and R. Winkelmann (2015), Comparing ice discharge through
West Antarctic Gateways: Weddell vs Amundsen Sea warming, Cryosphere Discuss., 9(2),

1705-1733

Meehl, G. A., Arblaster, J. M., Bitz, C., Chung, C. T. Y. & Teng, H., 2016: Antarctic sea-ice
expansion between 2000 and 2014 driven by tropical Pacific decadal climate variability,

Nat. Geosci., 9, 590-595

Morlighem, M., Rignot, E., Binder, T. et al. (2020) Deep glacial troughs and stabilizing ridges
unveiled beneath the margins of the Antarctic ice sheet, Nat. Geosci. 13, 132-137.

https://doi.org/10.1038/s41561-019-0510-8

Mouginot, J., Scheuchl, B., & Rignot, E. (2012). Mapping of ice motion in Antarctica using
synthetic-aperture radar data. Remote Sensing, 4(9), 2753-2767

Nauels, A., Rogelj, J., Schleussner, C.-F., Meinshausen, M., & Mengel, M. (2017). Linking sea

level rise and socioeconomic indicators underthe shared socioeconomic

_45_



pathways.Environmental Research Letters,12(11), 114,002

Nowicki, S. M. J., and Coauthors (2016) Ice Sheet Model Intercomparison Project (ISMIP6)
contribution to CMIP6, Geoscl. Model Dev., 9, 4521-4545

Nowicki, S., R. Bindschadler, A. Abe-Ouchi, A. Aschwanden, E. Bueler, H. Choi, J. Fastook, G.
Granzow, R. Greve, G. Gutowski, U. Herzfeld, C. Jackson, J. Johnson, C. Kroulev, E.
Larour, A. Levermann, W. Lipsomb, M. Martin, M. Morlighem, B. Parizek, D. Pollard, S.
Price, E. Rignot, D. Ren, F. Saito, T Sato, H. Seddik, H. Seroussi, K. Takahashi, R.
Walker and W. L. Wang (2013) Insights into spatial sensitivities of ice mass response to
environmental change from the SeaRISE ice sheet modeling project 1. Antarctica. Journal

of Geophysical Research: Earth Surface 118 (2), 1002-1024
Oppenheimer M, Alley R. B. (2016) How high will the seas rise? Science, 354, 1375-77

Palerme, C., Genthon, C., Claud, C., Kay, J. E., Wood, N. B, & L’ Ecuyer, T. (2017).
Evaluation of current and projected Antarctic precipitation in CMIP5 models. Climate

dynamics, 48(1-2), 225-239.

Paolo, F. S., Fricker, H. A., & Padman, L. (2015). Volume loss from Antarctic ice shelves is
accelerating. Science, 348( 6232), 327- 331. https://doi.org/10.1126/science.aaa0940

Parizek, B. R., K. Christianson, S. Anandakrishnan, R. B. Alley, R. T. Walker, R. A. Edwards,
D. S. Wolfe, G. T. Bertini, S. K. Rinehart, R. A. Bindschadler and S. M. J. Nowicki
(2013) Dynamic (in)stability of 2=¢lo]= Glacier, West Antarctica. Journal of Geophysical

Research: Earth Surface 118 (2), 638-655.

Payne AJ, Holland PR, Shepherd AP, Rutt IC, Jenkins A and Joughin I (2007) Numerical
modeling of ocean-ice interactions under Pine Island Bay’ s ice shelf. J Geophys. Res.,

112(C10), C10019 (doi: 10.1029/2006JC003733)

Payne, A., Huybrechts, P., Abe-Ouchi, A., Calov, R., Fastook, J., Greve, R., . . . Thomassen,
M. (20000 Results from the EISMINT model intercomparison: The effects of
thermomechanical coupling. Journal of Glaciology, 46(153), 227-238.
doi:10.3189/172756500781832891

Price, S. F., Hoffman, M. J., Bonin, J. A., Howat, [. M., Neumann, T., Saba, J., et al. (2017).
An ice sheet model validation framework for the Greenland ice sheet. Geoscientific

Model Development, 10(1), 255-270. https://doi.org/10.5194/gmd-10-255-2017

_46_



Rignot, E., Mouginot, J., Morlighem, M., Seroussi, H., & Scheuchl, B. (2014). Widespread, rapid
grounding line retreat of Pine Island, Thwaites, smith, and Kohler glaciers, west

Antarctica, from 1992 to 2011. Geophysical Research Letters, 41, 3502-3509

Rignot, E., Mouginot, J., Scheuchl, B., van den Broeke, M., van Wessem, M. J., & Morlighem,
M. (2019). Four decades of Antarctic Ice Sheet mass balance from 1979-2017.
Proceedings of the National Academy of Sciences, 116(4), 1095-1103.

Scambos, T. A., Bell, R. E., Alley, R. B., Anandakrishnan, S., Bromwich, D. H., Brunt, K., ...
Yager, P. L. (2017). How much, how fast?: A sciencereview and outlook for research on
the instability of Antarctica’ s Thwaites glacier in the 2Ist century. Global and

Planetary Change, 153,16-34.

Seroussi H, Morlighem M, Larour E, Rignot E and Khazendar A (2014a) Hydrostatic grounding

line parameterization in ice sheet models. Cryosphere, 8(6), 2075-2087

Seroussi H and 6 others (2014b) Sensitivity of the dynamics of Pine Island Glacier, West
Antarctica, to climate forcing for the next 50 years. Cryosphere, 8(5), 1699-1710 (doi:
10.5194/tc-8-1699-2014)

Shapiro NM and Ritzwoller MH (2004) Inferring surface heat flux distributions guided by a
global seismic model: particular application to Antarctica. Earth Planet. Sci. Lett., 233(1-

2), 213-224

Shepherd, A., Ivins, E. R., Geruo, A., Barletta, V. R., Bentley, M. J., Bettadpur, S., ... &
Horwath, M. (2012). A reconciled estimate of ice-sheet mass balance. Science, 338(6111),

1183-1189

Slangen, A. B. A.,, M. Carson, C. A. Katsman, R. S. W. van de Wal, A. Kohl, L. L. A.
Vermeersen, and D. Stammer (2014) Projecting twenty-first century regional sea-level

changes. Climatic Change, 124, 317-332, doi:10.1007/s10584-014-1080-9

Tabacco, E., C. Bianchi, M. Chiappini, A. Zirizzotti, E. Zuccheretti (2000) Analysis of bottom
morphology of the David Glacier-Drygalski Ice Tongue, East Antarctica, Ann. Glaciol.,

30, 47-51

Wuite J, Jezek K, Wu X, Farness K and Carande R (2009). The velocity field and flow regime
of David Glacier and Drygalski Ice Tongue, Antarctica. Polar Geogr., 32(3/4), 111-127
doi: 10.1080/10889370902815499

_47_



Yuan, X. (2004a) ENSO-related impacts on Antarctic sea ice: A synthesis of phenomenon and

mechanisms, Antarct. Sci., 16(4), 415-425

Yuan, X., and D. G. Martinson (2000) Antarctic sea ice extent variability and its global

connectivity. J. Climate, 13, 1697-1717

_48_



601-

A}3

kg

=)
=

WA HAY 3 AHHIA FrEeA

24

pd

BEBEE

.?_

B

<A

[e>

|

st wegast

AUele AE0] 8 824 FPHARIHE: PEI9410)

2019.04.01. ~ 2019.12.31.

bRt Avele A

AT7IZE

SER IR

1

o

B

—

e

~
ﬁo

@

o3 A

I8

H
gl

HZE AdEaM FrreA

ol
=

A7 4

T

oy

Fo A7

A =

0
G

L

&

Iz

AN g, A4

(1) A

‘_Ir”
HO

o

(2) #

AL
o°

fre)

H] 1

28lo] =

o7t Aad

2
Hr

A

<

o

B

~

T

(]

7o)z

[e]

=]

A 28

9

@) AF AgRuA Hriod WY A

of &l

K0
N
<
2
(@)
~
0,
M
P T+
T o
& o
J e
o
-
oo
o] R
o
=" e
p o
0
T
X 9
w.A.O
oy
‘_._No
o of
- e
B A
— ~
0
A
— o
Tx
<R
3T
.HL —_
o
Mo =
N
=

1 7l€ 22

[

PE gl o

R

AT A RGO 2 David Glacier

e}

_49_

A o5 1A E 1)

=
L




* =

ol RaAE FAATLAA £l EATAGY AFARETAYY
oh.

col BIA L wEd g MEA IAATLAN FHF ATHYA
Al ATAAY S Fajof Gtk

CEAREIE A ERA Bad e HYgHos B £E FsA
Ae < "By

_50_




