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Modelling the future mass loss of the Greenland ice sheet due to atmospheric and oceanic changes

R. Greve, C. Chambers, A. Abe-Ouchi, F. Saito, A. Humbert

The Greenland ice sheet is one of the largest contributors to global mean sea-level rise today, and it is
expected to continue losing mass under increasing Arctic warming. Mass loss in the future is caused by the
thinning and retreat of marine-terminating outlet glaciers, and to a larger extent by decreasing surface mass
balance (SMB) due to increased surface meltwater runoff.

We continued modelling work done within the Ice Sheet Model Intercomparison Project for CMIP6 (ISMIP6),
using the three-dimensional, dynamic/thermodynamic ice-sheet model SICOPOLIS (www.sicopolis.net). For
the 21st century, we investigated the relative importance of changes in SMB (atmospheric forcing) and outlet
glacier retreat (oceanic forcing) for the mass loss of the ice sheet. For the high-forcing scenario RCP85 and
an ensemble of three global climate models (GCMs), we found that (a) atmospheric forcing has a ~ 1.5 times
larger impact on the mass loss of the ice sheet than ocean forcing, and (b) a compensation between the two
processes renders the sea-level contribution from the full-forcing experiments ~ 4.7% lower than the sum of
the single forcing experiments.

The response time of ice sheets to external changes is of the order of 1000s of years. Therefore, we carried
out extended versions of the ISMIP6 future climate experiments for the Greenland ice sheet until the year
3000 under the assumption of a constant, late-21st-century climate. For the high-forcing, ‘business as usual’
scenario RCP8.5/SSP5-8.5, the ice sheet suffers a massive mass loss of ~ 1.7 m SLE (metres of sea-level
equivalent) for the ensemble mean of twelve GCMs, and ~ 3.5 m SLE for the most sensitive experiment. For
the low-forcing scenario RCP2.6/SSP1-2.6, the mass loss of the ice sheet is limited to a two-experiment mean
of ~0.26 m SLE. Climate-change mitigation during the next decades will therefore be an efficient means for
limiting the contribution of the Greenland ice sheet to sea-level rise in the long term.

We already presented the findings of this project at three international symposia and one domestic
conference. A publication for a peer-reviewed scientific journal is currently in preparation.
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In-situ observation of quasi-liquid layer on ice surface that reappeared at low temperature

K. Nagashima, K. Murata, G. Sazaki
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Towards a functional identification of diverse heterodisulfide reductase

T. Watanabe
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To facilitate and accelerate the joint research projects between research groups within and outside ILTS,
the Joint Research Division was set up on October 1, 2008. This division functions as a community center
for supporting low temperature science and organizes "Program", "Joint Research and Collaboration", and
"Technical Services Section". This center currently coordinates following six programs: “Antarctic Cryosphere-
Ocean System” by S. Aoki, “Arctic Glacier and Ice Sheet Change” by S. Sugiyama, “Low-temperature nano-
material science” by Y. Kimura, “Photosynthesis under low temperature conditions” by R. Tanaka, “The
role of Pacific marginal seas in linking adjacent lands with oceans” J. Nishioka, and “International Antarctic
Institute Program” by S. Sugiyama and S. Aoki. This center is operated mainly by full-time faculty members
and is supported in every way by the three research sections and the Pan-Okhotsk Research Center.
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Continuous ocean profiling by SEASAW buoy in the Cape Darnley Polynya, East Antarctica
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Validation for ice flow velocity of Shirase Glacier derived from PALSAR-2 image correlation
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Wintering habitat of Weddell seals along the continental shelf off Enderby Land, East Antarctica

D. Hirano, M. Vigan, S. Aoki, N. Kokubun, A. Takahashi, T. Tamura
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Arctic Coastal Change and Its Impact on Society
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Discovery of high-density water at an interface between water and high-pressure ices

Y. Kimura, T. Yamazaki, T. Hama, A. Kouchi, H. Nada, H. Niinomi
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Reproduction experiment of silicate cosmic dust under microgravity condition
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Regulation of photosynthesis in over-wintering evergreen trees
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The role of Pacific marginal seas in linking adjacent land with ocean

J. Nishioka, H. Mitsudera, T. Shiraiwa, T. Nakamura, S. Matoba, N. Ebuchi, T. Toyota, K. Ohshima, O. Seki
BEMEAG & 2 AT A 707 T A OWEBO—BR & L TAE AR [ R FH O #efl & 2 FIH L20214F 1 H26H
WHFR S TR Y AT AOH—< VF A7 — Vit L e i Bg—] 29 L 72 KifedEaTid,
Pedd, [ —Aqn e, BInE - e - B, Bl - YNEIOBEHMOEM A —VvERN R E LR v — T
. THETICHE UBEEE S Y AT 4 GERNEDR)N—ERE—ERE—E) 28588 LTHRYVHAT
EWGECR D £ & D7z, BERNE L LT BISERFNN T IO R E. [RE 2 5 E#E - aine
T COBEFERY ORITRERHOMFETEIREOZ L, Fa—r2HW/mll7a » MEIEE., EREICs
FLEFNY T T 27 b TI— A D5EE A S = XL BEMBROFEHZL, BRI OO REE
A BB B BT A WIS L) 7)) 2 — LB RE, BRSO S EE A X 5285812
WIS 23R ST MBI N, £, A S—V 7EA T — VOMZEREE LTIE, Th
FCHEG L TEXBMT— 5 O Z D, Fh—v Z7ilEr ot S ns au (4 FEOBEFA YDA B
T LTE L CHTPOERBMXICEELZBXEZL LI L, /2. H2aF ¥ Y PEELLRUTH
NARDS, R TFEOHEFTHRERICHEL S 2. IO REYE LA MG T2 L CHEELEE LR
TWAZ ELREZHOENI Lz, S5, RIEMIF v VS AN TE L TWAREEFEIFEE X D mJH I
B 5 2 HMEONTIIREAMWICET52HA 2D £ &£ o7z, 20204E 1%, RILFEHEAL T T 7T 2 12E
WL FEE LT 9KROMER IO EEREICER SN, BEmC3 . BBEFES 410, BNFES P vRY
7 A0 DFEEN B o 72,

EEEBAFE7077 4

iz mILE, #E2ER HEAK, Bdx O REE—R. dEEdx Sux5E. B SHEUE.

¥ mE AN Bi#Ee T

International Antarctic Institute Program
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Water and material cycles on the earth surface are essential components of earth system and climate
sciences. In this division we conduct the physical and chemical studies on the atmosphere, ocean and
land surfaces in the high latitudes from various standpoints such as meteorology, physical oceanography,
geochemistry, hydrology, glaciology and paleoclimatology. Main targets are atmosphere, ocean, clouds, sea
ice, snow, glacier, soils, vegetation, ecosystems, and sediments. Our approaches include field observation,
laboratory experiment, chemical analysis, remote sensing and modeling.

Research projects advanced in 2019 include the following.

(a) We estimated net community production based on the increasing oxygen rate observed by profiling
floats in the Sea of Okhotsk, and clarified that a large spring bloom is caused by sea-ice melt. (b) Our latest
hydrographic observations reveal that the long-lasting freshening trend has reversed broadly over the
continental slope of the Australia-Antarctic Basin in the late 2010s, suggesting intensification of the bottom
water formation. (¢) We developed a lattice Boltzmann model for the scalar dispersion in turbulent flows
within and above plant canopies. (d) A new index was proposed to show that the amount of organic matter in
sea spray aerosols is closely linked with senescent algal cells in surface seawater over the western subarctic
Pacific. (e) We compared “C/"“C ratios of amino acids between prey and predator species, and illustrated
a “C/*C discrimination associated with preferential forming of “C and enzyme during decarboxylation in
metabolisms.
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Freshening of Antarctic Bottom Water off Cape Darnley, East Antarctica
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The Frontier Ice and Snow Science Section pursues comprehensive understanding of planetary and
terrestrial phenomena on the basis of ice and snow sciences. This section opens the way for new innovative
research fields on environmental, physical and chemical issues related to the ice and snow. The section is
constructed by four specialized research groups: Glacier and Ice Sheet Research Group, Phase Transition
Dynamics Group, Ice and Planetary Science Group, and Astrophysical Chemistry Group. Research topics
include various Interesting aspects related to the dynamics of glacier and ice sheet actuation, the physical-
chemical aspects of ice cores, the phase transition dynamics of snow and ice, the biological aspects of ice,
the physical processes of ice and related materials under the low-temperature environment in space, and the
physical properties of condensed matters under the very low-temperature conditions. The most significant
achievements in 2020 are as follows.

We carried out integrated research on the Greenland/Antarctic ice sheets and mountain glaciers by
numerical modeling, glacier and ocean/lake observations, and ice core analysis. Under the framework of
the international ice sheet model intercomparison project ISMIP6, we carried out future climate simulations
for both ice sheets for the 21st century and beyond, which led to three community papers and a press
release. Further, we published a paper and press release on modelling the potential water flow in a mega-
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canyon beneath the Greenland ice sheet. Field and satellite data were processed to investigate glaciers in
northwestern Greenland, East Antarctica and Patagonian Icefield. Papers were published and press releases
issued on Greenland research: iron/nutrient distributions in a glacial fjord, direct observation of glacial plume,
and flooding of a glacial stream. We also published a paper on seasonal fluctuation of dust flux in southeast
Greenland during 1960-2014.

Recently, we discovered step bunching instability (SBI) on ice-water interfaces. SBI is a self-organization
phenomenon of elementary steps on ice interfaces. This phenomenon exhibits unique patterns of step trains
on the interface due to the self-organization of elementary steps. We quantitatively discussed the origin of
the SBI, including the effect of step-step interactions, by detailed image analysis of the self-organized pattern.
In addition, under atmospheric-concentration HCl gas (10*-10”Pa), we found that droplets of an HCl aqueous
solution are formed on ice basal faces at temperatures below -10 C. The HCI droplets pin the lateral growth
of elementary steps and then form bunched steps, resulting in the embedding of the HCI droplets in the
ice crystals by the further growth of the bunched steps. Furthermore, we developed and improved a new
reflection-type phase contrast microscope and succeeded in visualizing elementary steps on ice basal faces.
This microscope has about 100-times-higher time resolution than a laser confocal microscope combined with a
differential interference microscope while keeping the same height resolution. Now we are further developing
a new quantitative phase imaging technique based on this microscope.

We performed laboratory and computational studies on the behavior of hydroxy radicals (OH) on interstellar
icy grains and found that OH on ices can desorb into the gas phase by visible lights and plays a vital role for
the delivery of electrons in ices upon exposure to electrons and UV at low temperatures. Phosphine, one of the
representative interstellar phosphorus-bearing species, was released into the gas phase after reactions with
hydrogen atoms on icy surfaces at very low temperatures. Hexamethylenetetramine (HMT) was detected in
carbonaceous meteorites. We strongly expect that HMT would be an important precursor for major complex
organic molecules in meteorites.

REFEBE AR - CURRENT RESEARCH PROGRAMS

KRBSLOBEDEICLDZ T -2 T2 NKEKRDFRODEEEX
HIZ L —XR IV 7. FiE FroN—2RA ZY A NT 7 —. FEET CGERUKZ., #i9%) .
TERRAR (HEVENTZCR sehsbE . Fefliige8) . 75—~ 72U 4 (AWI Bremerhaven. t#-EFZE8)
Future mass loss of the Greenland ice sheet due to atmospheric and oceanic changes
R. Greve, C. Chambers, A. Abe-Ouchi (Univ. Tokyo), F. Saito (JAMSTEC), A. Humbert (AWI Bremerhaven)
We carried out future climate simulations for the Greenland ice sheet with the ice-sheet model SICOPOLIS,

driven by output from climate models. For the 21st century, this was done within ISMIP6 (Ice Sheet Model
Intercomparison Project for CMIP6) and led to three community publications (one published, one accepted for
Nature, one still in review) as well as a press release by Hokkaido University. We continued these simulations
until the year 3000 under the assumption of a constant, late-21st-century climate. Under the business as
usual RCP85/SSP5-85 pathway, this leads to a massive mass loss of up to 3.5 metres sea-level equivalent.
Efficient climate change mitigation can limit this amount significantly. A publication of this work is currently
in preparation.

<P, $£18% > Network of Linux PCs “rironnet”
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Modelling the Antarctic ice sheet system to predict its future changes

R. Greve, C. Chambers, A. Abe-Ouchi (Univ. Tokyo), T. Obase (Univ. Tokyo), F. Saito (JAMSTEC)

For the Antarctic ice sheet, including its attached ice shelves, we conducted and analysed future climate
simulations with the SICOPOLIS model. Within ISMIP6 (Ice Sheet Model Intercomparison Project for CMIP6),
the focus was on the 21st century, for which a large uncertainty of the expected contribution to sea level
change was found. A further study looked into the ice sheet response to the extreme case of sudden and
sustained ice-shelf collapse over 500 years, which leads to a multi-metre sea-level rise. These works led to four
community publications (two published, one accepted for Nature, one still in review) and a press release by
Hokkaido University. We started extending the ISMIP6 simulations until the year 3000. Initial results show
that the rather inconclusive response of the ice sheet during the 21st century gives way to a large mass loss
in the longer term. The work will be continued.

B9k, 218 % > Network of Linux PCs “rironnet”
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Frontal processes of calving glaciers in Patagonia

S. Sugiyama, S. Aoki, S. Hata
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Hot water drilling at Langhovde Glacier, East Antarctica

S. Sugiyama, S. Aoki, K. Kondo
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Paleocenvironmental reconstruction from an ice core drilled on southeastern Greenland.

Y. lizuka, S. Matoba, O. Seki, K. Kawakami, A. Watari, M. Otsuka
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Paleoenvironmental reconstruction by using micro particles from Dome Fuji ice core, Antarctica.

Y. lizuka
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Analysis of impurities in refrozen ice layers of ice cores

Y. lizuka, K. Kawakami, S. Matoba
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Statistical analysis of cloud nucleation ability of past aerosols

Y. lizuka, A. Watari
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Development of ice-nucleation measurement system for ice core samples

Y. lizuka, M. Otsuka, Y. Miyazaki, S. Mori
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Physical and chemical analyses of an ice core drilled on Langtang, Nepal.

Y. lizuka, S. Matoba, T. Saito, K. Kawakami, A. Watari, M. Otsuka
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Surface melting of polycrystalline ice

J. Chen, G. Sazaki, K. Nagashima, K. Murata
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In-situ observation of ice crystal surfaces under a wide range of temperature from -150 to O °C

F. Saito, S. Mori, G. Sazaki
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Effects of atmospheric-concentration HCI gas on ice surfaces grown from water vapor
K. Nagashima, G. Sazaki, K. Murata
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Step bunching instability of ice-water growing interfaces

K. Murata, K. Nagashima, G. Sazaki
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In situ observations of ice crysyal surfaces by high-sensitive reflection phase contrast microscopy

K. Murata, K. Nagashima, G. Sazaki
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Chemical desorption of PH; from interstellar dust

T. Nguyen, Y. Oba, T. Shimonishi, A. Kouchi, N. Watanabe
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UV-induced negative charge delivery in ice via proton-hole transfer

N. Watanabe, K. Kitajima, W.M.C. Sameera, H. Hidaka, A. Kouchi, Y. Nakai, M. Tsuge
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CH;0 radical binding on hexagonal water ice and amorphous solid water

W.M.C. Sameera, H. Hidaka, A. Kouchi, N. Watanabe
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Monitoring of OH radicals on ice with a highly sensitive ion pick-up method

A. Ishibashi, H. Hidaka, Y. Oba, A. Kouchi, N. Watanabe
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Development of gplus sensor with the super sharp tip

T. Tomaru, H. Hidaka, A. Kouchi, N. Watanabe

M7 BEREE (AFM) C#EHEH SN Agplust v —Dtipllid, &@fid oy F o FREMEIC L -
THRBAL L 7-STMHOIEE D H 6N A . T OHSF O MAI) 7tz X 20nmEE TH ) . Finm D> 5 10nmAE
FEDIFE T SEH O M 2 2T 5 IIEEBHEIAN T+ TH L, — . BTIXKAFMTHWSLNASI ¥ F
Lox—id, fiEPEE2nmbl 20 & 7 AT PHOEGRH L, €2 T, B/NDSIH »F LoN— DD D
Awaplust I —12FHEH L. »oEEME T MR L 728 gplust v —D#EER T o7z, BIEL /2L V=28
BEFE D b DI HART RIEIZ il 22 RIETZIR OB E AT HEIC %2 o T D Z & 2R T & 720 Z OEEFM DT
A Si Y F LN ICHEBE SN TV Ak A 2 (R 2 tpZIRCHFED 5 F T S N TV 545) ZH-D
et 2 qplus~EH L. %N T 27 4 —ICEAZMENTERICR 5 2 L2 EERT 5,

<P, RE S > M AR EAR T 0 — TR

55



V . HEHRE

KEBELICHETSX /A CORBRDERK
B FANR. FEDE MRCHEL. RRORY BRI PSTW. RJALKRSF B SiREIE.
RGUHRAL RS dEBGR AR, Bk BhEC TIURE. dEBdR O RIEEIA. dEBR RFEA
AoTERT HEBIR BEFE—. R IIERY dEEIR RO, 3K B \ilEwER,
EVRXH FEDE SRER, Bax ERBEE
Formation of chiral CO crystal on icy interstellar grains
A. Kouchi, M. Tsuge, T. Hama, H. Niinomi, N. Nakatani, T. Shimonishi, Y. Oba, Y. Kimura, S. Sirono,
S. Okuzumi, M. Momose, K. Furuya, N. Watanabe
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Detection of hexamethylenetetramine in carbonaceous meteorites

Y. Oba, Y. Takano, H. Naraoka, Y. Furukawa, D. P. Glavin, J. P. Dworkin, S. Tachibana
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Analytical development on the analysis of dipeptides by LC/MS

Y. Takano, Y. Oba, S. Furota, H. Naraoka, N. O. Ogawa, T. M. Blattman, N. Ohkouchi
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ENVIRONMENTAL BIOLOGY SECTION
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: FACULTY MEMBERS
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: PROFESSORS
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YAMAGUCHI, Yoshifumi/ Ph.D./ Molecular hibernation biology, Molecular physiology and developmental biology
I & B - R RE

FUKUI, Manabu/ Dr.Sc./ Microbial Ecology

FE#FZ : SPECIALLY APPOINTED PROFESSOR

HEHAZ

JBREE - B - YRR
HARA, Toshihiko/ D.Sc./ Plant Ecology

: ASSOCIATE PROFESSORS

(Fe) W sg— - BloAg: - fEY AR

TANAKA, Ryouichi/D.Sc./Plant Physiology

SR RRER - L (RS - UEWERES S T AMAEY

KASAHARA, Yasuhiro/ D.Agr./ Microbial Ecology; Genome Microbiology
%o RN - o - A fbsr s

OCHIAI Masanori/ D.Sc./ Biochemistry and Molecular Biology

: ASSISTANT PROFESSORS
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ONO, Kiyomi/ Ph.D./ Plant Ecophysiology
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TAKABAYASHI,Atsushi/ Ph.D./ Plant Physiology
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ITO, Hisashi/ D. Sc./ Plant Physiology

ANES AR - (B - A AR TR
KOJIMA, Hisaya/ D.Sc./ Microbial Ecology
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WATANABE, Tomohiro/ Ph.D./ Microbial Ecology
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OHDACH]I, Satoshi D./ D.Sc./ Ecology; Zoology; Animals in culture & history
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57



V . HEHRE

IRZEMIEE - OUTLINE of RESEARCH
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The Environmental Biology Section pursues a comprehensive understanding of the bidirectional interactions
between organisms and their surrounding environments in cold regions. This section also engages in the
analysis of biodiversity and the adaptation mechanisms of organisms in these regions. The organisms on this
planet have diversified through long evolutionary processes and adapted to various environments. In order
to clarify these processes, various topics have been targeted with different approaches in this section. These
topics include biodiversity, microbial ecology, plant communities and photosynthesis, interactions between
insects and environments, and mammalian hibernation.

REFEBEE AR | CURRENT RESEARCH PROGRAMS
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Leaf development and leaf shedding in evergreen Quercus species under controlled growth condition

K. Ono
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Responses of evergreen coniferous species to different climatic conditions in Hokkaido

N. Ochi, N. Nishimura, Y. Ohno, A. Sumida, K. Ono, T. Hara
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Analysis of the OHP1 protein complexes involved in the assembly of photosystem 2

R. Tanaka, A. Takabayashi, F. Myouga (Riken), K. Shinozaki (Riken), S. Ozawa (Okayama Univ), Y. Taka-

hashi (Okayama Univ) , S. Akimoto (Kobe Univ)
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Evolution of photosynthesis from green algae to land plants

A Takabayashi, R Tanaka
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W% P, dEFOE HWst—. RIEPTZEE  Chen Ying

Degradation of the photosystem Il core complex is independent of chlorophyll degradation mediated by Mg
dechelatase

H. Ito, R. Tanaka, Y. Chen
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Isolation and characterization of novel microorganisms from natural environments

M. Yamaguchi, A. Takahashi, T. Miyadera, M. Kanda, D. Fujita, T. Yabe, S. Hayashi, A. Shinohara,

H. Kojima, T. Watanabe, M. Fukui
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Phylogenetic and Physiological characterization of a novel sulfur-disproportionating bacterium isolated from
Jozankei hot spring.

K. Umezawa, H. Kojima, M. Fukui
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Structural biochemistry of methane monooxygenases

H. Ogata, S. Shima, A. Miura
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Ecophysiological characterization of novel Chloroflexi to probe the evolution of photosynthesis

J. Tsuji, M. Fukui
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Functional analysis of novel phosphate deficiency-inducible gene clusters.

Y. Kasahara
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Molecular mechanism of non-self recognition in insect defense system

M. Ochiai
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Inspection for the distribution of sika deer on southern Kuril islands (the Northern Territories)

S. Ohdachi, A. A. Kisleiko, K. Kawai, T. Fukuda
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Investigation on the cold resistance of a mammalian hibernator

Y. Yamaguchi, M. Sone, R. Otsuka, M. Miura
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Study of mechanisms enabling mammalian hibernation Y. Yamaguchi

Y. Yamaguchi, , M. Sone, S. Nakagawa, R. Otsuka, S. Enjyu, K. Sone
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The Sea of Okhotsk is surrounded by peculiar climatic zones such as a boreal climate of Siberia and
subarctic climate in the North Pacific. Recently, the global warming proceeds rapidly in this area, and its
influence emerges as the decrease in the sea-ice coverage and warming of the intermediate layer in the Sea
of Okhotsk as clearly as aerial changes in the terrestrial cryosphere. Pan-Okhotsk Research Center was
established in April, 2004, attached to the Institute of Low Temperature Science (ILTS), to elucidate roles of
the region in the global climate system, as well as to evaluate impacts of the global change to the region. In
order to capture these changes, we utilize HF radars, satellite and in-situ observations in the Pan-Okhotsk
region. We have also developed international research networks with various countries including Russia.

In the 2020 fiscal year, international activities were restricted due to the influence of the COVID-19
pandemic, even though, research activities including some international collaborations were promoted. In
collaboration with Russia, we have published the analysis of seasonal fluctuation of iron concentration in river
in permafrost area, Russian Far East. We also conducted a project to obtain a better understanding on the
effects of freshwater flux from the Kamchatka Peninsula on the thermohaline/material circulation. Together
with high-resolution numerical model developments and data analysis, we have been capturing a novel view
on the thermohaline circulation and materials circulation in the North Pacific. The oceanographic observed
data, which has been obtained from the pan-Okhotsk region through collaboration with Russian institute, has
been compiled and published. A field observation was conducted in Greenland to investigate the effects of
ocean freezing on atmospheric aerosols.

Additionally, we have prepared to launch new research project which will monitor ocean and sea-ice in the
southern Okhotsk Sea. Relevant to this research, oceanographic observations off the coast of Shiretoko in the
southern Okhotsk Sea were carried out using the R/V Hakuho Maru. In addition, a new joint research " Land-
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Ocean linkage: stoichiometry of nutrients that control the biological production of coastal areas"' was prepared,
and the research will start from April 2021.

While promoting these research activities, we have made contributions for understanding the nature
and environmental conservation in the Okhotsk region, which is being promoted by the national and local
governments such as the "Shiretoko Science Committee".

REFEBE AR - CURRENT RESEARCH PROGRAMS
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Ice and ocean prediction in the southern region of the Sea of Okhotsk

H. Mitsudera, T. Nakamura, J. Nishioka, T. Shiraiwa, S. Matoba, T. Toyota, R. Saiki
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High-resolution modeling of materials circulation in the North Pacific
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