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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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Crospheric and oceanographic researches in the Indian-Pacific Ocean sectors, East Antarctica, during 60th
Japanese Antarctic Research Expedition

S. Aoki, D. Hirano, S. Sugiyama, K. I. Ohshima, Y. Fukamachi, K. Ono
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Ice sheet/glacier - ocean interaction in Greenland

S. Sugiyama, Y. Fukamachi, J. Nishioka, S. Aoki, Y. lizuka, S. Matoba, N. Kanna, D. Sakakibara, T. Ando,
I. Asaji, K. Kondo, Y. Fujishi
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In-situ observation of natural snow crystals

Y. Kimura, T. Yamazaki, Y. Furukawa
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In-situ observation of crystallization processes from a solution

Y. Kimura, T. Yamazaki, A.E.S. Van Driessche
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In-situ observation of nucleation processes

Y. Kimura, T. Yamazaki, A. Kouchi, N. Watanabe, T. Hama, |. Shinnosuke, Y. Inatomi
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Analysis of the biological mechanism to protect photosynthetic machinery under drought conditions.

R. Tanaka, M. Yokono (Nippon Flour Mills), A. Takabayashi, A. Tanaka, T. Hara, S. Akimoto (Kobe Univ),

M. Oliveira (Universidade Nova de Lisboa), H. Sapeta (Universidade Nova de Lisboa)
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Analysis of the biological mechanism to protect photosynthetic machinery in overwintering evergreen trees.

R. Tanaka, M. Yokono (Nippon Flour Mills), A. Takabayashi, H. Ito, H. Hara, A. Tanaka
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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
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International Antarctic Institute Program
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WATER AND MATERIAL CYCLES DIVISION
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#  $ : PROFESSORS
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EBUCHI, Naoto/D.Sc./Physical oceanography, Remote sensing of the ocean surface
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SEKI, Osamu/ Ph.D. Env. Sci./Organic Geochemistry - Paleoclimatology , Climate Change
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HIRANO, Daisuke/Doctor (Marine Science)/Physical Oceanography, Ice-Ocean Coupled System
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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 2018 include the following. (a) We succeeded in time series observation with
the world's first marine profile buoy in Cape Dunley Polynya, Antarctica. (b) The comprehensive hydrographic
observations in Lutzow-Holm Bay and coupled ocean-sea ice-ice shelf model demonstrate a year-round basal
melting of Shirase Glacier Tongue with a clear seasonal variability. (c) Drastic changes were found in chemical
composition of biologically-derived organic matter in sea spray aerosol in the ocean-atmosphere interface
over the subarctic western North Pacific, which can control ice nucleation activity of particles in the marine
atmosphere. (d) Consumption process of methane by anaerobic methanotrophy in seafloor was revealed by
BC/*C amino acid and “C/*C ANME cell analysis. (e) Herbivorous gastropod-specific compression of trophic
discrimination in "N/"N within amino acids was revealed.
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Seasonal changes of circulation in the Kuril Basin of the Sea of Okhotsk

K. I. Ohshima, V. Mensah

RFEHEO K (KFE200-800mIzdH 2 KBE) 13, FF—V 7HEIHEVAATEY) ., TEEZTERKS N
B A R—2 7 HEKIIZDOREKE 2> TWDH, BRI, 7a774) 7 7a— MEENZEDY, 7—%
MIEAE LD SRLAFTLEDOTEH T THEREINKE - 5 - kT — 7 2 iMICET L. +h—v 7T
B OWRFEEER & Z OFHABII N T 28 2 K& (D720 BAERIIZIE, £FImibd 2 R0V EICE S
NFNROBEZENE, HlT 52 SFAEHEROFEHEE), 48—V 7 P EREROFEHAET. 2 E2WH LI
L7z

FRERBKT —FICEDVWLEHEY AV OBEEHETOEKET VI X LORKRIE LR R

g REEBE—RR. #d% @R, M2 (BN spisesr SEmses) |

HATE S (E SR ZERT HEH0%)

Evaluation and improvement of thin ice thickness algorithm for satellite passive microwave from a mooring-
based observation

K. I. Ohshima, Y. Fukamachi, H. Kashiwase, T. Tamura
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Coincidental occurrence of frazil ice and high biomass off Antarctic Ice Shelf in late summer
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Mooring measurement of ice and ocean in a coastal polynya in the Chukchi Sea

Y. Fukamachi, K. I. Ohshima, D. Hirano, M. Ito, T. Takatsuka, H. Eicken, A. R. Mahoney
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Development of a central-moments-based LBM-LES model
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Measurements of ground freeze-thaw depth by large numbers of temperature sensors

T.Sone, S.Mori
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Energetic and functional ecology in biogeochemical cycles, viewed via compound- and position-specific iso-
tope analyses
Y. Chikaraishi, Y. Takizawa, B. Choi, R. Fan, S. A. Steffan, P. S. Dharampal
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Trophic declines and decadal scale foraging segregation in pelagic seabirds

Y. Chikaraishi, P. H. Ostrom, A. E. Wiley, H. F. James
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Compression of trophic discrimination in ">°N/'*N within amino acids for herbivorous gastropods

Y. Chikaraishi, Y. Takizawa, B. Choi
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Insight into anaerobic methanotrophy from '*C/'?C- amino acids and '*C/'?C-ANME cells in seafloor micro-
bial ecology.

Y. Chikaraishi, S.Takano
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Compound-specific isotope analysis of benthic foraminifer amino acids suggests microhabitat variability in
rocky-shore environments

Y. Chikaraishi, M. Tsuchiya
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IHZEBIEE - OUTLINE of RESEARCH
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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 five specialized research groups: Glacier and Ice Sheet Research Group, Phase Transition
Dynamics Group, Ice and Planetary Science Group, Astrophysical Chemistry Group, and Theoretical Planetary
Science Group. Research topics include various interesting aspects related to the dynamics of glacier and ice
sheet fluctuation, 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 temperatures
conditions. Most significant achievements in 2018 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. Ice sheet initialization and
future climate simulations were carried out, partly under the framework of an international ice sheet model
intercomparison project (ISMIP6). In-situ and satellite observations were performed near the front of calving
glaciers in Greenland and Patagonia to improve our understanding of glacier-ocean/lake interactions. We
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published a paper and press release on the underwater ice geometry discovered at the front of Glaciar Grey
in Patagonia. We also reconstructed past aerosol concentration and composition preserved in polar ice cores.

On ice basal faces grown in vapor, we directly observed the generation processes of screw dislocations and
the subsequent spiral growth of elementary steps. We also revealed that the growth kinetics of elementary
steps beneath quasi-liquid layers (QLLs) fully obeys the Wilson-Frenkel law, demonstrating for the first time
that ice basal faces show the layer-by-layer growth even at the interfaces between ice crystals and their own
melt (QLLs). In addition, we found that HCI droplets induced by the presence of HCl gas are embedded in ice
crystals, suggesting the importance of the bulk of ice crystals for the uptake of HClL. Furthermore, we found
that QLLs on polycrystalline ice surfaces can stably exist under significantly lower temperature than those on
single-ice-crystal surfaces, implying that grain boundaries and lattice defects play an important role in surface
melting.

Simulating a heating process of interstellar organic materials experimentally, we found that liquid water and
crude-oil like liquid are produced simultaneously at around 300 degree C. This finding causes stir in a hitherto
known hypothesis for the origin of water in terrestrial planets. Activation energy for hydrogen atom diffusion
on a solid CO as a cosmic dust analogue has been determined experimentally. It would improve theoretical
models for molecular formation on cosmic dust. Nucleation from gaseous aluminum oxide was observed under
the microgravity circumstances in a rocket. It was found that particle nucleation occurs through a liquid
phase but not directly from a gas phase. Laboratory experiment clarified that the stage of liquid phase affects
the structure of finally produced solid particle.

REFEBE AR | CURRENT RESEARCH PROGRAMS

ARBEETIVICEBIREZE D FUAERVET ) =252 RKEDL S ORETFE

iz V-~ F)u7, #EEBE IE, EEMER T N—-X ZYA T 7 —,

FESR1 OREORSGE, #d%) WA GRENTZER s, Salista) |

WAET (EHMIZERT. #3%) . Vavh 7T v~—74 >~ (AWI Bremerhaven, 178 8)
Projecting discharge from the Greenland ice sheet using climatic forcings derived from atmosphere-ocean
models

R. Greve, S. Sugiyama, C. R. S. Chambers, A. Abe-Ouchi (Univ. Tokyo), F. Saito (JAMSTEC), K. Goto-

Azuma (NIPR), Martin Rickamp (AWI Bremerhaven)

We carried out future climate simulations for the Greenland ice sheet to investigate the response of the ice

sheet to simplified warming scenarios based on RCP2.6 projections from climate models, which are in line with
the limit of global warming negotiated for the Paris Agreement. Across the two used models (SICOPOLIS,
ISSM) and scenarios, the projected mass loss by 2300 is ~62-88 mm sea level equivalent, much less than the
impact of more severe, RCP8.5-based scenarios. We also constructed a new geothermal heat flux map for the
Greenland ice sheet by combining a global representation and information from deep ice cores, and improved
the numerical techniques in the SICOPOLIS model to improve its usability for further studies.

<BHiEfER% . 2EES%> Network of Linux PCs  “rironnet”
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Modelling the Antarctic ice sheet system to analyze its recent condition and predict its future changes:
R. Greve, A. Abe-Ouchi (Univ. Tokyo), T. Obase (Univ. Tokyo), F. Saito (JAMSTEC), S. Tsutaki (Univ. To-
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kyo)

We carried out paleoclimatic spin-ups and simplified future climate simulations for the Antarctic ice sheet
with the SICOPOLIS model within the framework of the international Ice Sheet Model Intercomparison for
CMIP6 (ISMIP6, tinyurl.com/clic-ismip6). Results showed that projections of ice sheet response to future
climate scenarios depend significantly on the modelled initial state of the ice sheet. In an extreme future
climate scenario, assuming that all floating ice disappears due to intense ocean warming, the ice sheet shows a
very pronounced response with a loss of several metres of sea level equivalent after 100 years. This highlights
the great importance of the ice sheet to changing conditions of the surrounding ocean.
<BEifa%. #EESE> Network of Linux PCs  “rironnet”
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Interaction of calving glaciers and lakes in Patagonia

S. Sugiyvama, Y. Fukamachi, S. Hata
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Hot water drilling at Langhovde Glacier, East Antarctica

S. Sugiyama, S. Aoki, M. Ito, S. Yamane
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Paleo-environmental reconstruction from an ice core in south eastern dome of Greenland

Y.lizuka, S.Matoba, 0.Seki, F. Palvin, T.Ando, T.Amino, M.Shibata
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Paleo-environmental reconstruction by using micro inclusions in Dome Fuji ice core

Y.lizuka, D.Hasegawa
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Surface melting of polycrystalline ice
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In-situ observation of the distribution of crystallographic orientationsorien in single and polycrystalline ice
crystals

G. Sazaki, K. Tsukamoto
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Effects of acidic gases on ice surfaces grown from water vapor

K. Nagashima, G. Sazaki, T. Hama, K. Murata, Y. Furukawa
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Investigating quasi-liquid layers on ice surfaces by non-contact atomic force microscopy

K. Nagashima, Y. Miyato, M. Abe
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Step dynamics and the bunching instability of ice-water growing interface
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Determination of activation energy for OH-radical diffusion on ice at very low temperatures

A. Miyazaki, N. Watanabe, T. Hama, H. Hidaka, A. Kouchi
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Monitoring the behavior of hydrogen atoms on cryogenic diamond-like carbon surface

M. Tsuge, T. Hama, Y. Kimura, A. Kouchi, N. Watanabe
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Determination of adsorption energies of radicals on ice
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Formation of forsterite crystal induced by ultraviolet irradiation of water ice on amorphous Mg,SiO, particles
A. Kouchi, Y. Kimura, Y. Oba, T. Hama, N. Watanabe, S. Tachibana, A. Tsuchiyama, S. Enju, T. Ootsubo
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Interstellar organic matter origin of Earth’s water

H. Nakano, N. Hirakawa, Y. Matsubara, S. Yamashita, T. Okuchi, K. Asahina, R. Tanaka, N. Suzuki,

H. Naraoka, Y. Takano, S. Tachibana, T. Hama, Y. Oba, N. Watanabe, A. Kouchi
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The ortho-to-para ratio of water desorbed from ice made from para-water monomers

T. Hama, A. Kouchi, N. Watanabe
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The structural analysis of the intact plant cuticle at the molecular-level using polarization modulation-
infrared reflection-absorption spectroscopy

T. Hama, K. Seki, A. Ishibashi, A. Miyazaki, A. Kouchi, N. Watanabe, T. Shimoaka, T. Hasegawa
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Chemical desorption of methanol by hydrogen atoms exposure of solid methanol on ASW at 10K

Y. Yarnall, H. Hidaka, A. Kouchi, N. Watanabe
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Introduction of the low-temperature scanning probe microscope cooled by pulse tube refrigerator

H. Hidaka, A. Kouchi, N. Watanabe
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Physico-chemical behavior of hydrogen sulfide on interstellar icy grains induced by reactions with H and D
atoms

Y. Oba, A. Kouchi, N. Watanabe
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Development on the method for the identification of a specific complex molecule in interstellar organic
analogues by using high-performance liquid chromatography

Y. Oba, Y. Takano, N. Naraoka
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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, interactions between insects and
environments and photosynthesis.

fRERRE AR - CURRENT RESEARCH PROGRAMS
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Mechanisms of biodiversity in cold-region terrestrial ecosystems

N. Nishimura, N. Tomaru, K. Sakamoto, A. Haraguchi, M. Yokozawa, H. Ishii, W. Ishizuka, S. Suzuki,
A. Suzuki, S. Hasegawa, K. Ono, A. Sumida, T. Hara
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Examination of the accuracy of measurements of diameters of a tree using a laser-equipped caliper

Z. Li, A. Sumida
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Reexamination of patterns of sunlight absorption in a tree crown using the diode tree.

A. Sumida, S. Mori, T. Chigai, Y. Hirata, Y. Sato, F. Saito, Y. Kato, K. Ono
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Analysis of the biological mechanism to protect photosynthetic machinery under drought conditions.

R. Tanaka, M. Yokono (Nippon Flour Mills), A. Takabayashi, A. Tanaka, T. Hara, S. Akimoto (Kobe Univ),

M. Oliveira (Universidade Nova de Lisboa), H. Sapeta (Universidade Nova de Lisboa)
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Toward the understanding of leaf nitrogen metabolism.:

A. Takabayashi, A. Tanaka
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Relationship between Snowball earth and biological evolution

A. Takabayashi, A. Tanaka
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The function of Mg-dechelatase of Chlamydomonas

H. Ito, A. Tanaka
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A comprehensive reclassification of spore-forming sulfate-reducing bacteria Desulfotomaculum species

M.Watanabe, H.Kojima, M.Fukui
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Functional analysis and genomics of a novel sulfur-disproportionating bacterium belonging to Nitrospirota

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

H. Ogata, S. Shima, R.Tokizawa
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Transition analysis of the phylogenetic structure of forest soil microbes by burning.

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

M. Ochiai

BHAERIMEOXHIML 72546, BETMRHEB L-META T = MR %, BEEATO X7 = VIEE
IAEW RS T A AHEARBHS D 1 D& ENTWED, HEIZL S AT = ALIEMEMDPHEEL Z2WiGE
THERIY ., ZO5TREEIAHZ Z L% v BRIANIY B L7207 A4 TR O EALFFENT 2T 728 2 A,
RMOFIOEETHEID Y NV EBRE LG TEERNTEL I EPHL PG o720 ZOEAHI
EATZVIRRICEGTA2RFOLREL 2005 FTNTBY ., BRENKDHEIZEL2EFOEEIEA RS
W END, MAEMREIZELEZATZVIERE TR L UMEETHEEA 7 U TETWL I EPVREN
725

63



V . HEHE

EEE N XXIABOTEFAADEL

W% REEEE
The difference in space use among 4 species of soricine shrews in Hokkaido

S. Ohdachi
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Ecological investigation of endangered Hispaniolan solenodons

S. Ohdachi
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Visualization and regulation of various types of cell death during mammalian development
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IRZEMBIEE - OUTLINE of RESEARCH
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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 fiscal year 2018, we had a Russian cruise in the western Bering Sea and the Gulf of Anadyr from July
to September, collaborating with the Far Eastern Hydrometeorological Research Institute, Russia. Researchers
from more than 10 universities and research organizations participated in the cruise. We also initiated a
project to obtain a better understanding on the effects of freshwater flux from the Kamchatka Peninsula on
the thermohaline/material circulation. An in-situ investigation was conducted in July for this project. Together
with high-resolution numerical model developments, we have been capturing a novel view on the thermohaline
circulation and materials circulation in the North Pacific. Further, observations of the iron transport from
the permafrost upstream in the Amur River Basin were conducted, and the activities on the Amur-Okhotsk
consortium were promoted. Ice cores collected from the Greenland Ice Sheet were also analyzed to evaluate
environmental changes of the Northern Hemisphere. International collaborations are essential to proceed
these activities. Further, a research program “the role of Pacific marginal seas in linking adjacent lands with
oceans  was launched from 2015 under the Joint Research Division in ILTS, in which we have taken initiative
to elucidate the Pan-Okhotsk land-ocean system that spans Amur-Okhotsk-Kamchatka-Bering regions. In 2018,
we conducted a collaborative project “Land-Ocean linkage” as a part of the research program, in which 10
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universities and research organizations participated.

iHREREE E AR - CURRENT RESEARCH PROGRAMS
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Impacts of freshwater flux from the Kamchatka Peninsula on the thermohaline circulation in the North Pacific

H. Mitsudera, T. Shiraiwa, S. Matoba, N. Tomohiro, J. Nishioka, H. Nishikawa
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High-resolution modeling of materials circulation in the North Pacific

H. Mitsudera, H. Nishikawa, T. Nakamura, J. Nishioka
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Studies on the dynamics of the quasi-stationary jets deriving from the Kuroshio

H. Mitsudera, H. Nishikawa, T. Nakamura
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Studies on haloclines on the globe

H. Mitsudera
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Water exchange prosses between the Akkeshi Bay and the Akkeshi Lagoon

H. Mitsudera, T. Nakamura
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Studies on the Brazil/Malvinas Confluence Zone
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Studies on mechanisms of the ice band formation in marginal ice zones

H. Mitsudera, T. Nakamura, T. Toyota
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Mixing and biogeochemical processes in the Sea of Okhotsk and the Bering Sea
J. Nishioka, K. Ono, F. Mitsudera
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Dynamics of trace metals in sea ice
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Iron speciation in the North Pacific Intermediate water

J. Nishioka
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Study on biogeochemical linkage between polar and subarctic ocean

J. Nishioka, T. Toyota
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Study on biogeochemical linkage between polar and subarctic ocean
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Hydrological cycles in a boreal tidal river
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Observation on permafrost and concentration of dissolved iron in river waters in the Tyrma river basin, Russia
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Estimation of freshwater discharge from Kamchatka Peninsula to the surrounding ocean

T. Shiraiwa, H. Mitsudera H.Nishikawa, M. Shi

F AR =0 7 OO FREN S22 50 5F v HLEDPSOWITHAKOZEL TR, ay 7
IR RS - WBEEAR2PS L-mlgE T — 7 2 e Cl2mloEMiEs BB L, 2oT75—5 &%
NZNOIBO I HEE2? B oRE* & N L, ColRE 2 BlfTTbIThiwnwh AF v i
BOSMINCHEHAT2 2 LIk o T, FHoOEMIEEE RED o720 ZO/RER. AT vV HEEILITE
1282k’ D IR K DS I IR STV B E W) BEEE 255 2 L I2RS L7z,

B EREBRDEEER

AR AT IS

Interaction of eddies and internal waves
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Reconstruct of environmental changes from SIGMA-A ice core, northwestern Greenland.
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