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We conducted future-climate simulations for the Greenland ice sheet with the

SICOPOLIS model, driven by atmospheric and oceanic forcings produced by an ensemble of global
climate models (including MIROC). The simulated sea-level contribution of the Greenland ice sheet
for the period 2015&#8211;2100 is 133.0 + 40.7 mm for the RCP8.5/SSP5-8.5 pathway that represents
continued emissions of greenhouse gases, and it is 48.6 + 6.2 mm for the RCP2.6/SSP1-2.6 pathway
that represents ambitious emissions reductions. Further, we constructed a new geothermal heal flux
map for Greenland, simulated the impact of an observed basal mega-canyon on subglacial water flow,
and investigated the local dynamics of Bowdoin Glacier and the NEEM ice core.



65m 58m 7.4m

CryoSat-2 2011 2014
75
30
SeaRISE Sealevel Response to Ice Sheet
Evolution 2009 2013
IPCC Intergovernmental Panel on Climate Change 5 ARS: Fifth
Assessment Report SeaRISE R8 IPCC
RCP Representative Concentration Pathway 8.5 2100
500
21
22cm 8cm 500 2m 15m
SeaRISE
ArCS Arctic Challenge for
Sustainability www.nipr.ac.jp/arcs, 2015-2020
MIROC
SICOPOLIS Slmulation COde for POLythermal Ice Sheets,
www.sicopolis.net 3
0) 1990
(i)
21
(iii)
SeaRISE ISMIP6 Ice Sheet Modeling
Intercomparison Project for CMIP6 [CMIP6: Coupled Model Intercomparison Project Phase 6],
www.climate-cryosphere.org/mips/ismip6 ISMIP6 2014
2015 CMIP6 ISMIP6

(i) (i)
NEEM
ArCS



SICOPOLIS

25
www.sicopolis.net/publ
DEM
1990
IMBIE 20
1990 2015 2015 2100
ISMI1P6 CMIP5  CMIP6
PCP8.5/SSP5-8.5 RCP2.6/SSP1-2.6
1960 1989
ArCS
Elmer/Ice
elmerice.elmerfem.org
NEEM
5180
Dorthe Dahl-Jensen, personal communication 2017 1
Surface velocity (m/a)
. : N 1000
(% 720 L NEGIS N :
» E Il %
A g 4% 300
NEGIS : 100
30
Jakobshavn Helheim 10
Kangerdlugssuaq
13
{1
SIgORLIS 3 (18555;%‘35? 103
9000 v 4 g (Joughip+ 2046, 2918) {| |

1990



GRIP Camp Century Dye3 NGRIP NEEM

Petermann
ISMIP6 1990 2015
MIROC5-RCP8.5
hist 1990
2015 2100
1960 1989
ctrl_p
2015 2100
RCP8.5/SSP5-8.5 RCP2.6/SSP1-2.6
2100 RCP8.5/SSP5-8.5 133.0
+40.7 mm ( + ) RCP2.6/SSP1-2.6 48.6 £ 6.2 mm
CMIP5
SSP5-8.5 and SSP1-2.6 pathways CMIP6 SSP5-8.5 and SSP1-
2.6 pathways
MIROC5-RCP8.5
SICOPOLIS
ISSM
220 | I I I T T T T T T T
MIRQCS5-rep85 {Ocnmed/high/low)
200 H NorESM1-rep85
HadGEM2-ES-rcp85
180 H IPSL-CM5-MR-rcp85
CSIRO-Mk3.6-rcp85
ACCESS1.3-rep85
160 [——CNRM-CMB-55p585 3
— —— UKESM1-CM6-85p585 'g)
£ 140 CESM2-3sp585 R
£ —— CNRM-ESM2-55p565 oo G
= 120 H——MIROCS-rcp26 S35
2 —— CNRM-CMB-s8p126 %
2 —— hist {(MIROC5-rcp85) o
"'E 100 ctrl_p
§ 80 _—— —asmb l .
7 9
60 l&, §
a0l g
[nv]
20 - o
. I

1990 2000 2010 2020 2030

Year (CE)
SICOPOLIS ISMI1P6
SL  hist ctrl_p
asmb
RCP8.5/SSP5-8.5 RCP2.6/SSP1-2.6

Elmer/lce



1/3

Basal friction coefficient KPama o
‘ . : . 14 g 401
Y Piece-wise
1162} 12 E 30} M linear fit for £
1.0 £ I |
o
-1164 20+
E 0.8 E ‘
= &
> 1166 06 z 10 |
o
0.4 v l IR N
1168 02 1400 1600 1800 2000 2200 2400
Depth (m)
-666 -656 00
NEEM 1150 m
E
E
310
E
E=1
NEEM
1000

40

Vaughan et a., 2013. In: Climate Change 2013: The Physical Science Basis, pp. 317-382. Cambridge

University Press.
341, 266-270.

195-224.

64, 1-11.

Van den Broeke et a., 2009. Science 326, 984-986. Rignot et al., 2013. Science
Helmet a., 2014. Cryosphere 8, 1539-1559.

Bindschadler et al., 2013. J. Glaciol. 59,

Morlighem et al., 2017. Geophys. Res. Lett. 44, 11051-11061.  Zwally et al., 2012. GSFC
Cryospheric Sciences Laboratory, at tinyurl.com/zwally2012drainage.  Joughin et a., 2018. J. Glaciol.

Bamber et al., 2013. Science 341, 997-999.



22 16 18 22

Tsutaki, S., S. Sugiyama, D. Sakakibara and T. Sawagaki 62
Surface elevation changes during 2007-2013 on Bowdoin and Tugto Glaciers, northwestern 2016
Greenland
Journal of Glaciology 1083-1092
DOl
10.1017/jog.2016.106
Nowicki, S. M. J., A. Payne, E. Larour, H. Seroussi, H. Goelzer, W. Lipscomb, J. Gregory, A. 9
Abe-Ouchi and A. Shepherd
Ice Sheet Model Intercomparison Project (ISMIP6) contribution to CMIP6 2016
Geoscientific Model Development 4521-4545
DOl
10.5194/gmd-9-4521-2016
Bernales, J., l. Rogozhina, R. Greve and M. Thomas 11
Comparison of hybrid schemes for the combination of shallow approximations in numerical 2017
simulations of the Antarctic Ice Sheet
The Cryosphere 247-265
DOl
10.5194/cp-10-393-2014
Greve, R., R. Calov and U. C. Herzfeld 75
Projecting the response of the Greenland ice sheet to future climate change with the ice sheet 2017
model SICOPOLIS
(Low Temperature Science) 117-129

Dol
10.14943/1owtemsci .75.117




Jouvet, G., Y. Weidmann, J. Seguinot, M. Funk, T. Abe, D. Sakakibara, H. Seddik and S. Sugiyama 11

Initiation of a major calving event on Bowdoin Glacier captured by UAV photogrammetry 2017

The Cryosphere 911-921
DOl

10.5194/tc-11-911-2017

Tsutaki, S., S. Sugiyama and D. Sakakibara 1

Surface elevations on Qaanaaq and Bowdoin Glaciers in northwestern Greenland as measured by a 2017

kinematic GPS survey from 2012-2016

Polar Data Journal 1-16
DOl

10.20575/00000001

Sakakibara, D. and S. Sugiyama 64

Ice front and flow speed variations of marine-terminating outlet glaciers along the coast of 2018

Prudhoe Land, northwestern Greenland

Journal of Glaciology 300-310
DOl

10.1017/jog.2018.20

Goelzer, H., and 30 others (including A. Abe-Ouchi as 5th author, R. Greve as 12th author, F. 12

Saito as 25th author)

Design and results of the ice sheet model initialisation experiments initMIP-Greenland: an 2018

ISMIP6 intercomparison

The Cryosphere 1433-1460

DOl
10.5194/tc-12-1433-2018




Calov, R., S. Beyer, R. Greve, J. Beckmann, M. Willeit, T. Kleiner, M. Rueckamp, A. Humbert and 12

A. Ganopolski

Simulation of the future sea level contribution of Greenland with a new glacial system model 2018

The Cryosphere 3097-3121
DOl

10.5194/tc-12-3097-2018

Greve, R. 3

Geothermal heat flux distribution for the Greenland ice sheet, derived by combining a global 2019

representation and information from deep ice cores

Polar Data Journal 22-36
DOl

10.20575/00000006

Seddik, H., R. Greve, D. Sakakibara, S. Tsutaki, M. Minowa and S. Sugiyama 65

Response of the flow dynamics of Bowdoin Glacier, northwestern Greenland, to basal lubrication 2019

and tidal forcing

Journal of Glaciology 225-238
DOl

10.1017/jog-2018.106

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre 2019

On the possibility of a long subglacial river under the north Greenland ice sheet 2019

The Cryosphere Discussions 1-21

DOl
10.5194/tc-2019-141




Rueckamp, M., R. Greve and A. Humbert

21

Comparative simulations of the evolution of the Greenland ice sheet under simplified Paris 2019

Agreement scenarios with the models SICOPOLIS and ISSM

Polar Science 14-25
DOl

10.1016/j .polar.2018.12.003

Rezvanbehbahani, S., L. A. Stearns, C. J. van der Veen, G. K. A. Oswald and R. Greve 65

Constraining the geothermal heat flux in Greenland at regions of radar-detected basal water 2019

Journal of Glaciology 1023-1034
DOl

10.1017/j0g.2019.79

Goelzer, H. and 41 others (including A. Abe-Ouchi as 8th author, C. Chambers as 16th author, R. 2020

Greve as 24th author)

The future sea-level contribution of the Greenland ice sheet: a multi-model ensemble study of 2020

1SMIP6

The Cryosphere Discussions 1-43
DOl

10.5194/tc-2019-319

Nowicki, S. and 29 others (including A. Abe-Ouchi as 6th author) 2020

Experimental protocol for sea level projections from ISMIP6 standalone ice sheet models 2020

The Cryosphere Discussions 1-40

DOl
10.5194/tc-2019-322




van Dongen, E., G. Jouvet, A. Walter, J. Todd, T. Zwinger, l. Asaji, S. Sugiyama, F. Walter and 66
M. Funk

Tides modulate crevasse opening prior to a major calving event at Bowdoin Glacier, Northwest 2020

Greenland

Journal of Glaciology 113-123
DOl

10.1017/jog.2019.89

37 4 19

Sugiyama, S.

The ice sheet-glacier-ocean interaction in Greenland

Arctic Circle Assembly 2016

2016

Greve, R. and R. Calov

InitMIP-Greenland experiments with the ice sheet model SICOPOLIS

Seventh Symposium on Polar Science, National Institute of Polar Research

2016

Sugiyama, S., S. Tsutaki, D. Sakakibara, J. Saito, Y. Ohashi, M. Maruyama, N. Katayama, E. Podolskiy, M. Minowa, S. Matsuno,
T. Sawagaki, S. Matoba, M. Funk, R. Genco and H. Enomoto

Recent ice mass loss of outlet glaciers and ice caps in the Qaanaaq region, northwestern Greenland

AGU Fall Meeting

2016




Seddik, H., R. Greve, S. Sugiyama, D. Sakakibara, S. Tsutaki and M. Minowa

Modeling the flow dynamics of Bowdoin Glacier, Qaanaaq region, northwestern Greenland

1GS-1ACS-CIHiC International Symposium on the Cryosphere in a Changing Climate

2017

Greve, R.

InitMIP-Greenland experiments with the ice sheet model SICOPOLIS

NIPR Workshop , National Institute of Polar Research

2017

Greve, R. and R. Calov

InitMIP-Greenland experiments with the ice sheet model SICOPOLIS

JpGU-AGU Joint Meeting

2017

Greve, R., D. Dahl-Jensen and C. S. Hvidberg

Connection between climatic state and ice softness derived from deformation measurements of the Greenlandic NEEM borehole

2017




Greve, R.

Ice sheets, global warming and sea level

Chitose International Forum on Photonics Science & Technology

2017

Greve, R., D. Dahl-Jensen and C. S. Hvidberg

Connection between climatic state and ice softness derived from deformation measurements of the Greenlandic NEEM borehole

AGU Fall Meeting

2017

Greve, R., M. Rueckamp and A. Humbert

Simulations of the evolution of the Greenland ice sheet under Paris Agreement warming scenarios

Fifth International Symposium on Arctic Research (ISAR-5)

2018

Chambers, C. and R. Greve

Simulating the effect on ice flow from a geothermal hot spot under the north-east Greenland ice sheet

NIPR Workshop , National Institute of Polar
Research

2018




Greve, R., M. Rueckamp and A. Humbert

Simulations of the evolution of the Greenland ice sheet under Paris Agreement warming scenarios

NIPR Workshop , National Institute of Polar
Research

2018

Chambers, C. and R. Greve

The riddle of the North-East Greenland Ice Stream; simulations testing if a large ancient volcanic area, under 3 km of ice,
triggers the greatest flow of ice on Greenland

2018

2018

Greve, R.

Geothermal heat flux distribution for the Greenland ice sheet, derived by combining a global representation and information
from deep ice cores

IGS Nordic Branch Meeting

2018

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

Effects on SICOPOLIS Greenland ice sheet simulations of a hot spot and large basal river, two proposed geographic features
hidden at the base of the ice

Ninth Symposium on Polar Science, National Institute of Polar Research

2018




Greve, R.

Geothermal heat flux distribution for the Greenland ice sheet, derived by combining a global representation and information
from deep ice cores

Ninth Symposium on Polar Science, National Institute of Polar Research

2018

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

Hot spots and large basal rivers? Effects on Greenland ice sheet simulations of proposed geographic features hidden at the
base of the ice

AGU Fall Meeting

2018

Sugiyama, S.

Glacier change, ice-ocean interaction, and their impacts on human society in Qaanaaq, northwestern Greenland

IASC Workshop on the Dynamics and Mass Budget of Arctic Glaciers and Mass Budget of Arctic Glaciers & Proglacial Marine
Ecosystems

2019

Abe-Ouchi, A.

Introduction: Cryosphere and climate interactions from past to future

EGU General Assembly

2019




Rueckamp, M., R. Greve, and A. Humbert

Comparative simulations of the evolution of the Greenland ice sheet under simplified Paris Agreement scenarios with the
models SICOPOLIS and ISSM

EGU General Assembly

2019

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

An investigation into a potential long subglacial river beneath the Greenland ice sheet using SICOPOLIS simulations

2019

2019

Greve, R.

History and Japanese contribution to the International Association of Cryospheric Sciences IACS

2019

2019

Greve, R., C. Chambers, T. Obase, F. Saito, S. Tsutaki and A. Abe-Ouchi

Optimizing basal sliding in spin-up simulations of the Greenland and Antarctic ice sheets with the model SICOPOLIS

IUGG General Assembly

2019




Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

On the possibility of a long subglacial river under the north Greenland ice sheet

2019

Greve, R., C. Chambers, R. Calov, T. Obase, F. Saito, S. Tsutaki and A. Abe-Ouchi

ISMIP6 future projections for Greenland and Antarctica with the ice sheet model SICOPOLIS

2019

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

On the possibility of a long subglacial river under the north Greenland ice sheet

Tenth Symposium on Polar Science, National Institute of Polar Research

2019

Greve, R., C. Chambers, R. Calov, T. Obase, F. Saito, S. Tsutaki and A. Abe-Ouchi

ISMIP6 future projections for Greenland and Antarctica with the ice sheet model SICOPOLIS

Tenth Symposium on Polar Science, National Institute of Polar Research

2019




Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

On the possibility of a long subglacial river under the north Greenland ice sheet

AGU Fall Meeting

2019

Greve, R., C. Chambers, R. Calov, T. Obase, F. Saito, S. Tsutaki and A. Abe-Ouchi

ISMIP6 future projections for Greenland and Antarctica with the ice sheet model SICOPOLIS

AGU Fall Meeting

2019

Sugiyama, S., S. Tsutaki, D. Sakakibara and I. Asaji

Short-term ice speed variations near the calving front of Bowdoin Glacier, northwestern Greenland

Workshop on the Dynamics and Mass Budget of Arctic Glaciers & IASC Network on Arctic Glaciology Annual Meeting

2020

Chambers, C., R. Greve, B. Altena and P.-M. Lefeuvre

On the possibility of a long subglacial river under the North Greenland ice sheet

Sixth International Symposium on Arctic Research (ISAR-6 online meeting)

2020




Rueckamp, M., R. Greve, C. Chambers, R. Calov and A. Humbert

ISMIP6 future projections for the Greenland ice sheet with the models SICOPOLIS and ISSM

Sixth International Symposium on Arctic Research (ISAR-6 online meeting)

2020

Ralf Greve®s homepage

http://wwwice. lowtem.hokudai .ac.jp/~greve/

Project homepage

http://wwwice. lowtem.hokudai .ac. jp/~greve/progris/

(Abe-Ouchi Ayako)

(30272537) (12601)

(Sugiyama Shin)

(20421951) (10101)

(Saito Fuyuki)

(60396942) (82706)




(Enomoto Hiroyuki)

(00213562) (62611)
(Goto-Azuma Kumiko)
(80202620) (62611)

2017 3
(Seddik Hakime)
(10507172) (10101)




