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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. Aoki and S. Sugiyama. 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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Development of realtime monitoring buoy system for the polar oceans: winter field experiment

S. Aoki, K.I. Ohshima, Y. Fukamachi, K. Ono
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Designing a large-diameter hot water drill and its field experiment

S. Sugiyama, K. Ono
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Ice mass loss in the northwestern Greenland

S. Sugiyama, M. Sumito, S. Tsutaki, E. Podolskiy, D. Sakakibara, M. Minowa, Y. Ohashi, N. Katayama
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Elucidation of singular phenomena of low-temperature nanoparticles by nucleation experiments of ice and
related materials

Y. Kimura, H. Hidaka, K. Nagashima, A. Kouchi, N. Watanabe, K. Chigai
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Activity of chlorophyll biosynthesis under low temperature

Xueyun Hu, A. Tanaka, R. 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. I. Ohshima,
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IFZEMIEE - OUTLINE of RESEARCH
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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, soil,
vegetation, and sediments. Our approaches include field observation, laboratory experiment, chemical analysis,
remote sensing and modeling.

Research projects advanced in 2015 include the following. (a) The impact of the ice-ocean albedo feedback
on the recent decline in Arctic summer sea-ice extent was quantified by means of satellite observations and a
simplified ice-ocean coupled model. (b) The dispersion relation for deep water waves was accurately reproduced
by a non-hydrostatic ocean model equipped with a new free-surface scheme. (c) After the Mertz Glacier calving,
reduction of sea-ice production, increase in Ice Shelf Water volume and decrease in sea-water oxygen isotope
ratio (increase in land ice melt) were observed off Adelie Land Coast, Antarctica. (d) SST records for the last
10 million years reconstructed from marine sediment cores indicated that the global cooling preceded the
onset of the Northern Hemisphere Glaciation. (e) Field observation revealed that the advection of sulfates and
reactive nitrogen oxides enhanced the production of organic aerosols in a forest canopy even when the emission
of biogenic volatile organic compounds was not significant. (f) Co-existence of turbulence and sub-mesoscale
meandering motions in the nocturnal stable boundary layer was successfully visualized by the PIV technique.
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Ice-ocean albedo feedback in the Arctic Ocean shifting to seasonal ice zone

K. I. Ohshima, H. Kashiwase, S. Nihashi
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Global view of sea-ice production and its linkage with deep/intermediate water formation
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Mooring measurement of ice and ocean in a coastal polynya in the Chukchi Sea
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DRI EET R =Y OhTIE, 7IAAMNT—=MOF v 7 FilinEE) =% (Hkid) T
WKEENPB N LN, BRIV —TOHEET =Y AV kEEEDOY Yy E X ZTIZE ) RENTW A,
Z DOWEET 2009 4E 20 & FEhiti L T Bk - WHEO MR B 2 Ak L. 2015 4F 8 AR A 2 R0 EIE FagiE
EMLZZ, THUIXD . OB 5K - BEORRIIT— ¥ OEEIL6Fn Loz TNHDT—
FIZEDSE, TORER) Z VYO - MEFHITEK S N72MKA R & ORI X 5 M ENOEEIZT Tk L,
FUMHEDRIZL > THEALZPEOERKIZE > THRENTWLZEFHO NI L2, T2, HHEOR
RHNT =8 2 Bld, WEHEREY Ok~ O JAH O] GEYE R R O Fh & A%EK THE D 1L 5 R iR A3
WIZE 2B T E bR I NIz, (4 L RERIARE GHEEN - ILNZEFH)

EEEr—74 2 L—mICE T 38K - HEDORBEHA
fEFGT  EETHE, #dx KREE—RS. Bi#E S8 #IE, BEaEMBRE B EW., E8d% FARK.
AR (BN BETZeRT B0 . EARKE (BN BiT7esr  FHEadiEmM g)

Mooring measurement of ice and ocean off Cape Darnley, Antarctica
Y. Fukamachi, K. I. Ohshima, Y. Matsumura, K. Ono, S. Aoki, T. Tamura, D. Simizu
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Development of an advanced numerical model for coupled ocean-sea ice system

Yoshimasa Matsumura
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Observation of the Soya Warm Current using HF radar
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Drift ice detection by HF ocean radar off Mombetsu
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Evaluation of marine surface vector winds observed by spaceborne scatterometers:
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Evaluation of marine surface wind speed observed by AMSR2 on GCOM-W1
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Ocean-ice shelf interaction revealed in watermass regime shift off Adelie Land Coast, Antarctica

S. Aoki
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Hydrographic experiment on the bottom water off Cape Darnley, Antarctica
S. Aoki, K.I. Ohshima, Y. Fukamachi, Y. Matsumura
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Study on wave-sea ice interaction in the marginal sea ice zone and its relation with the floe size distribution

T. Toyota, A. Fraser
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On the extraordinary snow on the sea ice off East Antarctica in late winter, 2012

T. Toyota, D. Nomura, A. Fraser
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Variability of the fast ice properties near the Antarctic Syowa station

T. Toyota, D. Nomura
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Effects of melting-induced cooling on the formation of rainbands
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M. Kawashima
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In situ glider observations of spatial and temporal variability of air quality

Y. Fujiyoshi
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Global cooling event in the late Cenozoic

Associate Prof. Osamu SEKI, JAMSTEC senior researcher Jonaotaro ONODERA
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Change in organic aerosol during the period from the Medieval Climate Anomaly to Little Ice Age

Associate Prof. Osamu SEKI, Prof. Kimitaka KAWAMURA
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Controlling factors for the formation of atmospheric organic aerosols in cool-temperate forests

Y. Miyazaki, T. Mochizuki, K. Kawamura, A. Tani
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Formation of atmospheric organic aerosols originated from sea surface

Y. Miyazaki

EREREEZ 3 L CRRADBSIEL R A IR L2 0 2 W BR (B % 5 2 B2l E KA 7 0 VOV IS
DWTIE, BRI DA A S H R T 2 AR OBEEE SR SN Tnwb, EKEFEICBITA 27O
WEE IR ZFNARI & ERALEMOBEEN LN 206 . BEEERRICEE LS 2 2/NERT 7 0V IV ORR
ELTC, KT OBRFREARYOSEGF LR T, 7OV IVHEE (7)) a— %) BREOFR R RIFIRE
b EEHONPIILz, SHIHER, WERBEFREL LTEZOLNTE XY Ak Y IROAEKIL,
ARITONVOEELRAREELILTLL) Y7 LI VRS,

EBAEARFHERLBICE T BNA F 7 AREORE 13 £ROKTER

FREsdZ AT SR, HEEFZEE Santosh Kumar Verma. #ME S E#HIZ  Pingqging Fu
Thirteen years of observation of biomass-burning organic tracers over Chichijima Island in the western North
Pacific: An outflow region of Asian aerosols

K. Kawamura, S. K. Verma, P. Fu
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Evaluation of carbon dynamics in terrestrial ecosystems using a stable oxygen isotope

T. Watanabe
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Microclimate model for terrestrial ecosystems suffering from temporary flooding

T. Watanabe
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In situ observation of spatial structure of air temperature in the atmospheric boundary layer using Unmanned
Aerial Vehicle

K. Shimoyama, T. Watanabe
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Spatial structures of atmospheric turbulence in the surface boundary layer based on field observation

K. Shimoyama, T. Watanabe
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Verification of rain simulation experiments by the multi-dimensional water transport model

Y. Ishii, H. Hirashima, S. Yamaguchi
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Liquid water movement in a snowpack under the heavy rainfall event

Y. Ishii, S. Nakatsubo, S. Mori, T. Takatsuka, T. Chigai, K. Ono
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Permafrost environment in the Daisetsu Mountains

T. Sone
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Monitoring instruments for freeze-thaw depth

T.Sone, S.Mori
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IFZEMIEE - 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 2015 are as follows. Numerical simulations and field measurements on the
Antarctic and Greenland ice sheets demonstrated the significance of ice-ocean interaction and surface albedo
for the mass balance of ice sheets. Further, we investigated the applicability of different thermodynamics
solvers in order to model the thermal structure of polythermal ice sheets accurately. We drilled a new ice
core in southeastern Greenland, and analyzed the NEEM ice core to reconstruct the atmospheric environment
over the last 110,000 years.

We have succeeded in explaining the appearances of two types of quasi-liquid layers (thin layers and
droplets) from the viewpoint of physics of wetting, only assuming the existence of one liquid phase. We
also found that HCI gas significantly induces the appearance of a liquid phase on an ice surface under the
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temperature range in which surface melting never occurs in the absence of HCI gas. These two phenomena
are highly interesting from the viewpoint of fundamental science.

A key observable related to interstellar water chemistry is the abundance ratio of nuclear spin isomers
(the ortho-to-para ratio, OPR). The OPR of H,O in a comet has been considered a cosmogonic indicator that
gives the past formation temperature (30 K) of the ice nucleus in the solar nebula some 4.6 billion years ago.
However, we experimentally disprove the conventional assumption of OPR’ s relation to the ice formation
temperature. Reinterpretation of previous observations is now necessary and will improve our understanding
of interstellar chemistry, and the formation of the solar system and comets.

Homogeneous nucleation from water vapor was reproduced using large-scale molecular dynamics
simulations. For the first time in the world, a molecular dynamics simulation has been used to reproduce
water nucleation to achieve low nucleation rates seen in laboratory experiments. A new theoretical model
that satisfactorily reproduces all the data on water vapor nucleation rates obtained from molecular dynamics
simulations and from previous laboratory experiments was also proposed. These data extend over 30 orders
of magnitude.

R AR - CURRENT RESEARCH PROGRAMS

J1) =23 > FKEK Qaanaaq B D HZHIEEICEET 5 T IVEH & BEFRER

¥ 7L V7 NEARENERE 71 v NFodEEE BIERERE (ERBRERAR)

MEKE., EREE  dEk. PR GRS, dEHER) . A (EEERTZei e . Ffriise 8)
Model development and numerical experiments on the flow dynamics of the Greenlandic Qaanaaq drainage
basin

R. Greve, H. Seddik, S. Sugiyama, D. Sakakibara, S. Tsutaki, A. Abe-Ouchi (Univ. Tokyo),

F. Saito (JAMSTEC)

We set up the full Stokes model Elmer/Ice for Bowdoin Glacier, a fjord-terminating outlet glacier of the Qa-

anaaq drainage basin in north-western Greenland. Using the available observational data, we modeled the gla-
cier flow and investigated its sensitivity to external forcing. We found that the flow is sensitive to moderately
increased basal lubrication, which can originate from rapid short-term variations in air temperature and pre-
cipitation. Further, our results demonstrate that the flow near the glacier front accelerates significantly with
falling sea tides and decelerates with rising tides.

< B fERE. #E% > Network of Linux PCs “rironnet”
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Bz 7L—~xZV7, NEINEBWISER 74 v 7 NEFA
Development and application of a GPU-accelerated ice sheet model

R. Greve, H. Seddik

We started developing the new, object-oriented, GPU-accelerated finite element model Sainou. Sainou is a
fork of the full Stokes model Elmer/Ice running on GPUs (graphics processing units), which are highly parallel
processors that allow for fine-grained parallelization of the full Stokes problem. Sainou uses a greedy coloring
algorithm to partition the finite element mesh such that elements with the same color but with distinct nodes
are assembled in parallel on the GPU. The preliminary implementation was tested by solving the conductive
heat transfer problem on a rectangular domain.
< PAEiFE. $ES > Network of Linux PCs “rironnet”
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Direct measurement of submarine melting at the front of calving glaciers

S. Sugiyama, M. Minowa
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Hot water drilling at Johnsons Glacier on Livingston Island, Antarctic Peninsula

S. Sugiyama, M. Minowa
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Glacier changes and their mechanism in the Asia highland

S. Sugiyama, N. Morimoto

A=V e TV EIE TONRMEBZHS 22T 5720, NLEEBSREHWTMT YN K ORI E
FEZAL 2 ME L7ze £ ORER. 1980 F 2 5 BTEICE L KM OB R EEBEPHO 2k 572, S HITKMD
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Shallow ice core project of South-East Dome, Greenland

Y. lizuka, S. Matoba, O. Seki
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KIBRDBEZXT v TORERE EERD € DHEHA
et BRsh. #d% kW o, Bk RIE &), Bh¥% AHERR. FHEEEE HIEEH
In-situ measurements of kinetics and inter-step distances of spiral steps on ice crystal surfaces
M. Inomata, G. Sazaki, K. Nagashima, K. Murata, Y. Furukawa
BEFKERPORET 5K (F) FHRoOBKRIE, BEMKT T 5 & & S ITHRRHIRSBIR—-1K & 21b
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Effects of antifreeze protein type Il on melt growth kinetics of ice crystals

D. A. Vorontsov, G. Sazaki, Y. Furukawa
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Liquid layers on ice basal faces induced by hydrogen chloride gas

K. Nagashima, G. Sazaki, T. Hama, K. Murata, Y. Furukawa
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Nano measurement of ice surface by non-contact atomic force microscopy

K. Nagashima, G. Sazaki, Y. Furukawa, M. Abe

EEBUEIT RO - B8 2 X — A & LKRHOBE 23 ATV D5, K& g7 2 ETIIKOE,
AFE, A AR E T L v EOKKE SRR O LB X0 R EOD SN EIEHESINTLE ),
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DVEREATH T I Lze — . Bk & IZdb R38R 2 H5 LN BIER TR EMEZ X— A & L7z
KFHM O L FEIIFE Z HEAEF CTH 5o BX N TIREEBOHFELIC L 2 AT 7 ARSI MFHFETEX 5720, Lk -
BRAMFDA) v k- XYy hEEBLRPSMIEZED TV 5,

BhRRD S R AKOREFRRE

B MHEEE. AR (MEEE BiEo. B RIBE&. #Zdz &I, #8ds Figc
A simple physical model of surface melting on ice crystal surfaces

K. Murata, H. Asakawa, K. Nagashima, Y. Furukawa, G. Sazaki
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Hierarchical dynamics at crystal-melt interfaces

K. Murata, H. Asakawa, K. Nagashima, Y. Furukawa, G. Sazaki
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Formation of high-density amorphous ice by matrix sublimation method

A. Kouchi, T. Hama, Y. Kimura, H. Hidaka, R. Escribano, N. Watanabe
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Low-energy ion-irradiation of olivine plate: characterizing how incident ions move in/on the sample

T. Matsumoto, A. Takigawa, A. Tsuchiyama, A.Kouchi, N.Watanabe
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Exposure of Cgysolid to hydrogen atoms at low temperatures

Y. Nakai, Y. Oba, N. Watanabe
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Synthesis experiment of organic molecules by catalytic reaction

Y. Kimura, A. Kouchi, N. Watanabe, T. Hama, R. Satoh, H. Hidaka

FEBO R AM OB L L CifEE S Tw b 100500 K. 10%-10° Pa OB F ¢, T 4 A MER LT
Fischer-Tropsch # Ot KIS 12 & 2 G ORI 2 R 5 FEERZ AT o 720 ARAEFET, &\ BER) R 23]
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In-situ observation of nucleation processes

Y. Kimura, T. Yamazaki, A. Kouchi, N. Watanabe, T. Hama
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The observation of amorphous-ice surface by a low-temperature ultrahigh-vacuum atomic force microscope:
Dependence of formation methods in the ice morphology

H. Hidaka, Y. Sugimoto, N. Watanabe, A. Kouchi
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Formation of chiral glycine through surface reactions at low temperatures
Y. Oba, N. Watanabe, A. Kouchi, Y. Osamura
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Quantum tunneling observed without its large kinetic isotope effect

T. Hama, H. Ueta, A. Kouchi, N. Watanabe

w21 b AVRIRIL, BIREICD 2 b O TR L CHETLFERIED A D = AL & L TEEREEHZ R/ L
TWwh, 1 M AIVRIRITEEAVNESWITIETEEIC 2 5720, FUCEEIZRKE ZRVAERLBHNT L2 &
NET b AVERROGEEE LTHRbLs 2 NS, LML, TELVT 7 AEKERXCEr~0KFE (H) - &
K#E (D) HFOET Y ANVEMBIBIZBWTIE, RO 2 RAILFAHE BRI 2 25613, Blllsh
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Statistical nuclear-spin isomer ratio of water desorbed from ice

T. Hama, A. Kouchi, N. Watanabe
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Optical model of dust aggregates in planet-forming disks

H. Tanaka, K. Wada, S. Okuzumi, K. Murakawa, R. Tazaki
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Molecular dynamics simulation of homogeneous nucleation

H. Tanaka, K. Tanaka, J. Diemand, R. Angelil
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Gap structure formed by a giant planet in a protoplanetary disks

H. Tanaka, K. Kanagawa, T. Muto, M. Momose, T. Tanigawa
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IRZEMIEE - OUTLINE of RESEARCH
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OB IS & L DOWIGE R & ik 7T T —F 2 ATV D FFICRFEEIZ, Tt L) et R S
B7zo OILHHRIZBIT 28 5 S SO KERICE T 5 BEF QST EB RO NA v A B L UE
MR O BEHAE) & EAREIRE &L OEIZOWTOMROT 71 =V~ VBTEOH O KR EAED /Ny — V|2
M3 278D 7 v A4 FHOEOBR LA OFEEALONLF R DH L Wik DR ROFEKME IR 7 7 A
¥ — BRI 5 ¥ 237 H SufBCD OREBENT DI L2 2 D& E BHIBEICEDL S ¥ v 7 B EEKD
FEEL L [ E@IFH B R A HHEEOMPDA ) — R — )7 — A (LBREH) L AGEICET 55807 o
07 4 )V b 5RO GERBE I BT 2 % EQH 72 2 n B B L R 0 53-8 & B8 Sulfurihabdas O3EMEQIK B BREE
75 e L 72 A O SRR 3 & BRRERATW Pseudomonas putida F1 O T3 R EB &= T HOBHERK T
FERTOR IR SRR B LM 7~ 4 7 0 — 5 O A PR BEFFIT O F K h OB - R L NI 7)) T OK#E
HAEWS v FE~E Y FlEEELOFEREY v a7 A X I ORBOHARVEIZBIT A=K VA X I DR
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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.

REFEBE KR | CURRENT RESEARCH PROGRAMS
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Species characteristics of trunk diameter growth of three dominant conifers in a boreal forest

T. HARA, A. SUMIDA, S. HASEGAWA, K. ONO
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Molecular mechanism of non-self recognition in insect defense system
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Pan-Okhotsk Research Center was established in April, 2004, attached to the Institute of Low
Temperature Science (ILTS). This center was founded to foster development of the environmental research
of the Pan-Okhotsk region by elucidating roles of the region in global climate, as well as by evaluating
impacts of the global change to the region. The Sea of Okhotsk is surrounded by peculiar climatic zones
such as a boreal climate of Siberia and subarctic climate in the North Pacific; the Pan-Okhotsk region
is located at a crossroad of these climatic zones. 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. In order to capture
these changes and to elucidate their mechanisms, we have conducted long-term monitoring and in-situ
observations of environmental parameters of atmosphere, ocean, sea-ice, rivers and vegetation, which
control environment and climate in the Pan-Okhotsk area. To monitor these changes, an observation
system including an ocean HF radar and a Doppler radar was installed along the Okhotsk Sea of the coast
of Hokkaido, enabling us to observe atmospheric and oceanic fields simultaneously. We have also developed
an international research network with various countries including Russia.

In the fiscal year 2015, a new view on the material circulation in the North Pacific Ocean was emerging
by analyzing data that were collected off the east coast of the Kamchatka Peninsula collaborating with a
Russian institute. The activities on the Amur-Okhotsk consortium has been promoted, and observation
of the iron transport from the permafrost upstream in the Amur River Basin were commenced. Further,
ice cores were collected from the Greenland Ice Sheet to evaluate environmental changes of the Northern
Hemisphere.
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Another important task of the center is to integrate these observations and predict regional impacts
of the global change on the Pan-Okhotsk environment. In this fiscal year, a high resolution ocean
circulation model was coupled with a material cycle model to evaluate impacts of the Sea of Okhotsk to
the biogeochemical cycles in the western North Pacific. Further, we conducted high resolution simulations
around Hokkaido, including the Soya Warm Current, aiming coastal ocean predictions.

In the fiscal year 2015, a new research program “The role of Pacific marginal seas in linking adjacent
lands with oceans” was launched under Joint Research Division in ILTS, and the Pan-Okhotsk Research
Center organizes the research program. Based on this program, “Land-Ocean Linkage System” was published
as vol.74 of “Low Temperature Science”.

REEBE AR - CURRENT RESEARCH PROGRAMS
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Numerical study on the overturning circulation in the Sea of Okhotsk and the North Pacific Ocean
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Studies on the dynamics of the subarctic gyre and the guasi-stationary jets
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Studies on mechanisms of the ice band formation in marginal ice zones
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Mixing and biogeochemical processes in the Sea of Okhotsk and the Bering Sea
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