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Ocean heat transport is a possible important factor for recent sea ice decline, especially in the
western Arctic Ocean. It has been indicated that vertical hydrographic profiles in the Canada Basin
were characterized by three temperature maxima. The near-surface temperature maximum was the
shallowest one arising from summer solar heat absorption and subsequent autumn Ekman downwelling.
The subsurface temperature maximum reflected intrusion of Pacific summer water. The deepest maximum
was located in the Atlantic layer. Substantial parts of upper ocean heat would eventually affect
sea ice freezing/melting. However, spatial and temporal variabilities of these warm layers still
remain uncertainties. Recently, year-long moorings in Chukchi Abyssal Plain detected mid-winter
subsurface warming, plausibly caused by lateral advection of shelf-origin water. In this study, a
pan-Arctic sea ice-ocean modeling was performed to address overwinter transport of subsurface warm
water. The horizontal grid size was approximately 5 km to resolve mesoscale eddies and narrow jets.
The interannual experiment from 2001 to 2014 demonstrated that Barrow Canyon throughflow and
westward shelf-break jet established primary pathways of subsurface heat transport toward Chukchi
Borderland. Shelf-break heat was partly lost by event-like wind mixing but remained under highly
stratified surface layer until mid-winter.
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The monthly dynamic ocean topography (DOT) of the Arctic Ocean was successfully estimated .by using
the sea surface height measured by the SAR / Interferometric Radar Altimeter (SIRAL) on board
CryoSat-2 (CS-2). The (S-2 monthly DOT showed the interannual and monthly variability of the
Beaufort Gyre (BG) during winter between 2010/2011 and 2014/2015. Estimated BG in the Pacific
Sector of the Arctic Ocean indicates that the northward flow at the western edge of the BG was
primarily estimated over the Chukchi Borderland (CBL). However, in the winter of 2012/2013, the BG
extended across the (BL (see figure). Our analyses revealed a significantly variable BG in response
to changes in the sea surface stress field. Our analysis suggests that 1) sea ice motion, driven by
wind fields, acts as a driving force for the BG when sea ice motion was intensified during winter
and 2) sea ice motion can also act as an inhibiting force for the BG when sea ice motion is
weakened during winter. In addition, the relationship between the DOT, steric height and ocean
bottom pressure implied that the DOT during winter responded to varying wind stresses through
baroclinic and also barotropic adjustments. According to a tracer experiment based on our monthly
(S-2 DOT and derived geostrophic velocity field, we inferred that in the winter of 2012/2013, the
Pacific-origin water carried into the BG through the Barrow Canyon was transported to the northern
shelf and shelf break of the Chukchi Sea rather than the (BL, which is where the Pacific-origin
water had been transported in the other years of the observation period.
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INTRODUCTION

The summer Arctic sea-ice extent has decreased in this several decades. This reduction has
accelerated maritime transport using the Arctic sea route. Sea ice prediction is essential to
realize safe and sustainable use of the route. Especially, medium-term forecast looking several
months ahead is necessary to determine whether or not the shipping route through the Arctic will be
navigable.

The Arctic Ocean is nearly fully covered by sea ice until April or May, after which time
interannual differences in ice area become noticeable. One possible cause of the interannual
difference of ice retreat is ice thickness in spring before the start of melting. However,
observations of ice thickness are insufficient in their spatial and temporal coverage, observation
period or their accuracy to resolve the interannual difference of the thickness. Recently,
Krishfield et al. (2014) shows the way to derive the daily sea ice thickness from the satellite
microwave data.

To estimate the spatial distribution of spring ice thickness, we focus on the winter ice motion and
redistribution. Our prediction is basing on the relationship between the ice thickness in spring
and ice area in the following summer. We predict the summer ice area based on this relation.

DATA

We prepare a daily ice-velocity product on a 60 km resolution grid for 2003-2015, calculated from
data of the satellite microwave sensors Advanced Microwave Scanning Radiometer-Earth Observing
System (AMSR-E) and AMSR2. The procedure for detecting ice motion is based on the maximum cross
correlation method (Kimura et al., 2013). Ice thickness is calculated from AMSR-E and AMSR2 images
using the algorithm by Krishfield et al. (2014). This study also uses satellite derived daily ice
concentration on a 10 km resolution grid, distributed by Arctic Data archive System
(https://ads.nipr.ac.jp/index.html).

METHOD OF ICE PREDICTION

To investigate the dynamic redistribution of sea ice during winter, movement of particles spread
over the ice area is calculated. About 20000 particles having initial ice thickness are arranged at
an interval of 30 km over the ice area on December 1 of each year. Daily displacement of the
particles is calculated from the satellite derived ice velocity on one-day time steps up to April
30.

Provisional ice thickness on April 30 is estimated by 1) particle density only, 2) particle density
multiplied by the initial ice thickness, 3) particle density multiplied by the initial ice
thickness only in the thick-ice (>1.5m) area. We found the highest correlation between the spring
ice thickness and summer ice cover in the case of 3. We can predict the summer ice area based on
the relationship between the provisional ice thickness and summer ice area. Based on the analysis,
first report of the summer ice prediction showing the ice concentration map for July 1 to September
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11 is released in May on our website.
The medium-term forecast looking several months ahead should be useful for safe and efficient use
of the Arctic sea route. As a next step, we are trying to predict the ice thickness distribution.
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In February 2015, the Arctic air outbreak caused extreme cold events and heavy snowfall over the
mid latitude, in particular over the North America. During the winter, special radiosonde
observations were made on the Norwegian RV Lance around the north of Svalbard under the N-ICE2015
project. We investigated the impact of the radiosonde data on forecasting of a cold extreme event
over the eastern North America using the AFES-LETKF experimental ensemble reanalysis version2
(ALERA2) data set. ALERA2 was used as the reference reanalysis (CTL) while the observing-system
experiment (OSE) assimilated the same observational data set, except for the radiosonde data
obtained by the RV Lance. Using these two reanalysis data as initial values, ensemble forecasting
experiments were conducted. Comparing these ensemble forecasts, there were large differences in the
position and depth of a predicted polar vortex. The CTL forecast well predicted the southward
intrusion of the polar vortex which pushed a cold air over the eastern North America from the
Canadian Archipelago. In the OSE forecast, in contrast, the trough associated with southward
intrusion of the polar vortex was weak, which prevented a cold outbreak from Arctic. This result
suggested that the radiosonde observations over the central Arctic would improve the skill of
weather forecasts during winter.
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Integration of research in the arts (humanities) and science is the focus of attention, both in
academia and the media. However, little attention has been given to the fundamental differences in
methodology and research posture between the two. This difference can, and often does hinder
productive cooperation, as well as becoming the grounds of distrust in research results. Based upon
personal experience as an Arctic anthropologist, I discuss instances of success and failure in
cooperative research. As a contribution to further cooperation, I conduct natural scientists on a
journey into the mysteries and pitfalls of anthropological field research.
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Land air temperature over the Arctic had warmed by about 1.5C during the early twentieth century
(20C). We examine a remote forcing of tropical oceans on the early 20C warming over the Arctic,
analyzing new sea surface temperature (SST) products and comparing SST-forced atmospheric general
circulation model (AGCM) simulations. The new SST products feature a significant warming in the
equatorial Pacific during the early 20C while conventional ones exhibit a broad warming over the
tropics and subtropics. Only AGCM simulation forced with the new SST product successfully
reproduces the observed Arctic warming and atmospheric teleconnection patterns triggered by the
equatorial Pacific warming. They effectively transport heat from the subtropics to the higher
latitude, contributing to the Arctic warming during the early 20C.
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*&E% BN XA EX. mE B

*Masakazu Yoshimori'?, Ryouta 0'ishi**, Ayako Abe-Ouchi’

1. A6EERFE XL GRS AR, 2. 0B XZIHAET Y 5 — 3. RRAZKIEFAR

Fr. 4. EXZEERSSAT

1.Faculty of Environmental Earth Science, Hokkaido University, 2.Arctic Research Center, Hokkaido
University, 3.Atmosphere and Ocean Research Institute, The University of Tokyo, 4.National
Institute of Polar Research

It is well known that the Arctic climate is sensitive to the external radiative forcing and its
response is generally larger than the rest of the world. Observations show that the Arctic is
indeed warming at about twice the speed of the global average, and climate model simulations also
projects that the Arctic warming amplification continues to the future. Various physical processes
have been listed as important contributors to the amplification, but the feedback effect of
vegetation distribution change in response to the climate change is not always taken into account.
Here, we extend the study of 0'ishi and Abe-Ouchi (2009) in which the vegetation change is
internally predicted in a coupled climate-dynamic vegetation model. In the current study, a
calibration for the model’s systematic bias against present-day observations is added. This is
important as the present-day vegetation distribution impacts on how the vegetation changes under
the perturbed climate, and that the vegetation responds to the temperature itself and not to the
temperature anomaly. Detailed energy transport and energy balance analysis are conducted for the
doubled and quadrupled (0, equilibrium experiments.

In the experiment of atmospheric (0, increase, much of the current tundra area is replaced by the
boreal forest, and the temperate forest expands as the boreal forest migrates to the north. Arctic
land surface warms the most in spring due to albedo increase through vegetation-type changes and
earlier snow melting. The effect of vegetation feedback is, however, not confined to the land
warming. The large warming occurs in the Arctic Ocean in winter. Part of the excessive energy over
land is cancelled by the increased evaporative cooling and part of it is transported to the Arctic
Ocean in spring. This transport is accomplished by the mean meridional circulation (polar cell) in
the atmosphere. This increased heat transport induces sea ice albedo feedback in summer and large
heat release from the ocean in winter, causing the Arctic warming amplification.
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Comparison of (0, fluxes estimated by top-down and bottom-up methods -- a case study at
Yakutsk, Siberia --
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(NBP) [CHH T BRIBNZEBETRE LT, YO—VYIOTOEZRS D—HACEDW0, 75V I XE. BEHE
BEFILDO, 75y D IEEE. SEFETIVICES T —Y I EIB500knIHT500C0,7 5w T IHEFEMEIC DL
T 1980FENS201NFEOHFIHETLEER U T (5T —881(32004-20114F) ,
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Weather Conditions During Large-Scale Widespread Forest Fires in Alaska
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ITvERROAKETHEBTICHSEBFORTELUZ, LB (500hPa) OERBEIOvIEKEMNRZSIC. F
B (1000hPa) OEKE(FIEAEZ, COEHSDIELADEREDNETDAEIC. 20U VWANEKREFENE
C. BAIOKRY LR Y LHS)E—DDE2FBHDHSE—DQ (A—XEEBFTIEIEX. @>0) ABENT,
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InSAR detection of thermokarst after a tundra wildfire, using ALOS-PALSAR

*&1E B WE 28 wLz0O #'. EVXYY SU-
*Go Iwahana', Masao Uchida’, Tsutomu Yamanokuchi®, Larry Hinzman'

1. 7S5 XNKE - BFRIUBEMAFE Y S —. 2.EMRBHAER. 3. —RUEEAVE—~ - TV IV IEMit
-

1.International Arctic Research Center, University of Alaska, 2.National Institute for
Environmental Studies, 3.Remote Sensing Technology Center of Japan

Through the subsidence of ice-rich permafrost upon thaw (thermokarst), the consequences of
permafrost degradation for surface ecology, landscape evolution, and hydrological processes have
been of great scientific interest and social concern. Part of a tundra patch affected by wildfire
in northern Alaska (27.5 km2) was investigated here, using remote sensing and in-situ survey to
understand permafrost thaw dynamics after surface disturbances. L-band InSAR with spatial
resolution of less than ten meters detected ground subsidence triggered by the tundra fire. We
introduced a calibration procedure comparing burned and unburned areas for InSAR subsidence signals
to remove the noise from seasonal surface movement. In the first year after the fire, an average
surface subsidence rate of 6.2 cm/year (vertical) was measured. Subsidence in the burned area
continued over the following two years with decreased rates. These results suggest that this
InSAR-measured ground subsidence is caused by the thaw of ice-rich permafrost (thermokarst), a
feature supported by surface change observations from high-resolution optical images and in-situ
ground level surveys. InSAR analysis clearly showed spatial variation in thermokarst subsidence at
fine scale, enabling us to investigate dynamics of thermokarst processes and quantify permafrost
degradation, and leading to accurate estimates of ground ice loss upon permafrost thaw.
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Scanning Electron Microscopy (SEM) analysis of Black Carbon in Arctic snow
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PEWMERROER, 7S IXNSLUMROEZE Y Y FILICE, WTFNEEE~60 nmDEY 1 X DERFRIF T
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ISy ON—RVKIFDOBEE (e.g. Buseck et al., 2012) ([CHHERIIAVBEMTHI NS, ARETER
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Concentrations and depositions of black carbon and insoluble particles in Alaskan snows
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nic. BFEEED/NS VR Z#ERL, FHEBCEREXMcL .3, SRANRPDOFIBCEE DFR EE
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Bond et al. (2013): J. Geophys. Res., Atmos., 118, 5380-5552
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The sources of nitrogen and its effect on microbes on glacial snow and ice in the
northwest Greenland
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DTHD. PVILREDETIE, EIOKKRRADEKICEEINZIAMMICLOTEITRECINZIZEADNDT
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F—O—R:DU—VUSYUR, #EY. BE

Keywords: Greenland, microbe, nitrogen

©2016. Japan Geoscience Union. A1l Right Reserved. - ACG24-16 -



ACG24-17 HAMERSER S EA2016EAS

V=S Y REERSICH TS BFERRACADRIRLE & RENEE DZEZ1L
Seasonal variations in frontal positions and flow speeds of marine terminating outlet
glaciers in northwestern Greenland
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Greenland ice sheet is losing mass due to increase in surface melting and ice discharge from marine
terminating outlet glaciers. The mass loss from the Greenland ice sheet accounts for a substantial
part of global sea level rise over the last several decades. To accurately include the contribution
of marine terminating outlet glaciers in the future projection of global sea level rise, better
understanding of mechanisms controlling the glacier dynamics is required. Thus, it is important to
study changes of marine terminating outlet glaciers in connection with atmospheric and the ocean
conditions. For this purpose, we analysed Landsat images to measure frontal positions and flow
speeds of marine terminating outlet glaciers along the coast of the Prudhoe Land, northwestern
Greenland between 1987 and 2015. Relationships among frontal position, flow speed, sea ice
condition in front of glacier terminus, and air temperature were investigated with special focus on
seasonal variations.

A1l of studied 19 glaciers retreated from the 1980s to 2014. Among those, Heilprin, Tracy,
Farquhar, Melville, Bowdoin, and Diebitsch Glaciers retreated by more than 1 km. Most of the
studied glaciers began retreat around 2000, as demonstrated by the increase in the mean retreat
rate from -1 m a' in 1980s-1999 to 66 m a ' in 2000-2014. A possible driver of the rapid retreat
since 2000 is atmospheric warming because the rapid retreat followed the onset of summer
temperature increase in northwestern Greenland. Within 5 km from the studied fronts, ice speed
ranged between 14 and 1814 m a'. Many of the studied glaciers accelerated in the early 2000s.
Magnitude of the acceleration was correlated with the retreat rate as demonstrated by rapid retreat
and flow acceleration at Heilprin, Tracy, Farquhar, Bowdoin and Diebitsch Glaciers. The
acceleration was greater near the front, suggesting the change in the flow regime enhanced
stretching of ice along the glacier and induced dynamic thinning. These results indicate that ice
thinning due to flow acceleration was the driver of the rapid frontal retreat of the sutdied
glaciers.

In general, studied glaciers advanced from spring to early summer, which was followed by retreat in
late summer. Then, the front stayed at the retreated positions throughout the following fall.
Magnitude of the seasonal front variations ranged in 50-40@ m. The timing of the seasonal retreat
agreed with the disappearance of sea ice in front of the glacier terminus. Many of the glaciers
indicated speedup from spring to mid-summer and deceleration in late summer. Magnitude of the
seasonal variations in ice speed was between 80 and 440 m a”'. Because the speed changes were
correlated with air temperature in summer season, the seasonal speedups were probably due to
enhanced basal sliding driven by meltwater input to the bed.
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Mechanisms and Predictability for Arctic Sea-Ice Variability with the MIROC Climate Model
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The Arctic environment has markedly changed due to the rapid decline of sea ice in summer Arctic
Ocean. The retreat of sea-ice cover could be associated with the Arctic amplification and an
increase in the frequency of severe cold winters in the Northern Hemisphere mid-latitudes. Accurate
predictions of sea-ice variability on seasonal to decadal time-scales and its mechanisms would be
useful for further progress in science as well as socio-economic activity. To examine the
mechanisms and predictability for Arctic sea-ice variability, we analyze the control simulations
from the Arctic Predictability and Prediction On Seasonal to Inter-annual Timescales (APPOSITE)
project. The model used for the APPOSITE is the climate model MIROC 5.2 in which external forcing
is fixed in 2005. The time evolution in sea-ice extent and volume shows that an extreme reduction
event occurs one or two for a century even without the global warming trend. The spatial feature in
sea-ice distribution and its reduction mechanisms resemble those in 2007. This suggests that an
anomalous sea-ice loss could be caused by only natural variability. We have currently investigated
the key factors closely related to the sea-ice variability.
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Interannual variability of sea ice production in the Barrow Coastal Polynya off Barrow,
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Recently, it has been proposed that the Barrow Coastal Polynya (BCP), previously considered to be a
latent heat polynya, is a “wind-driven” hybrid latent/sensible heat polynya, with both features
caused by the same northeasterly wind (Hirano et al., 2016). In this study, we examine the
interannual variability of sea ice production in the BCP from 2002/03 to 2010/11 during AMSR-E
operation period, with focus on the northeasterly wind that characterizes the BCP as a hybrid
coastal polynya. Throughout the ice-growth season (November-May), sea ice production was the
highest in 2003/04 and the lowest in 201@/11. In 2003/04, amount of the suppressed sea ice
production was also highest, when ~30% of the BCP ice production was suppressed by the ocean heat
transport associated with warm water upwelling. Wind pattern around the BCP region varies from year
to year, and frequency and magnitude of the northeasterly wind correlate well with sea level
pressure difference between the Beaufort High and Aleutian Low. Compared with climatology, the
northeasterly wind in the BCP was more frequent and stronger in 2003/04 due to strengthening of the
Beaufort High. In contrast, it was less frequent and weaker in 201@/11 due to weakening of both the
Beaufort High and Aleutian Low. Frequency and magnitude of the northeasterly wind, mainly regulated
by variabilities of the Beaufort High and Aleutian Low, are considered to be major factors of the
interannual variability of sea ice production in the BCP.

FoD— RN\ T Uy PR ERRY T, KR, REDE
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A modeling study on water modification and its interannual variability in the Barents Sea
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The sea ice is not found in the southern half of the Barent Sea even in winter due to the warm
Atlantic Water inflow through the Barents Sea Opening. Recent several studies have shown the
significant relationship between sea ice extent in the Barents Sea and winter air temperature in
some mid latitude regions of northern hemisphere. Therefore, it is important to investigate the
inflow and modification of the Atlantic Water in the Barents Sea for getting a better understanding
of climate change in mid-latitude regions. In this study, we utilize a high resolution
realistically configured ice-ocean general circulation model to examine the mechanism of water
modification and its interannual variability.

The modeled routes of the Atlantic Water are affected by the oceanic bottom topography and
consistent with observations and previous modeling studies. The cooling and freshening of the
Atlantic Water by the atmosphere and sea ice melting, respectively, are also well simulated.
Calculated heat flux at the Barents Sea Opening is ~ 87TW (1 TW = 10 " Watt) is in range of
observational estimates (73-103TW). The sea ice formation at the coastal polynya, which contributes
the increasing of salinity in the Barents Sea, is slightly underestimated compared with satellite
observation. The interannual variability of Atlantic Water modification and its mechanism are
currently under investigation.

F—O—RINALYVYE CBXK-BFABRETIL. BEBRIOSYIX
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Change in persistent extratropical regimes under an Arctic amplified climate

*H EAL GBS #E. AKX EF'

*Masato Mori', Masahiro Watanabe', Masahide Kimoto'

1. RRKZKREBFATTRR

1.Atmosphere and Ocean Research Institute, University of Tokyo

The Arctic surface air temperature has warmed more than twice as fast as the global average (e.g.,
Cohen et al. 2014), which is known as Arctic Amplification (AA). A1l the fifth Coupled Model
Intercomparison Project (CMIP5) model projects that the warming become more and more conspicuous
toward the end of this century, which is one of the most robust climate change signal projected by
the models. Therefore, it is important to clarify the extent to which the AA influences the
Northern Hemisphere mid-latitudes extreme events, especially recurrent and persistent circulation
pattern which causes the heat wave and cold spell.

Here we use a 100-member ensemble of historical simulations and future projections with a
hi-resolution atmospheric general circulation model to show that as a result of change in the
climatological atmospheric flow induced by the AA, the probability of occurrence of a specific
circulation anomaly pattern will increase in future. This circulation pattern is strongly tied to
winter cold spell over the Northern Hemisphere mid-latitudes in present climate, but not
necessarily in the Arctic amplified future climate. This is because a reduced climatological
meridional temperature gradient in lower troposphere acts to weaken the variance of surface
temperature.

F—O—R . LERRGIEE. RES
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Changes in precipitation over the Arctic projected by global atmospheric models with 20-km
and 60-km grid sizes
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A set of global warming projections was conducted using global atmospheric models with
high-horizontal resolution of 20-km (MRI-AGCM3.2S, the 20-km model) and 60-km (MRI-AGCM3.2H, the
60-km mode) grid sizes. For the present-day climate (1983-2003, 21 years), models were forced with
observed historical sea surface temperatures (SST). For the future climate (2079-2099, 21 years,
RCP8.5), models were forced with future SST distributions projected by the models of the Fifth
phase of Couple Model Intercomparison Project (CMIP5). The uncertainty of projection was evaluated
by ensemble simulations for four different SST distributions and three different cumulus convection
schemes.

The annual mean precipitation (PAVE), the simple daily precipitation intensity index (SDII), and
the maximum 5-day precipitation total (R5d) averaged over the Arctic increased in the end of the
21st century. The increases in PAVE, SDII, and R5d can be partly attributed to an increase in water
vapor associated with increasing temperatures, and to an increase in the horizontal transport of
water vapor from low to high latitudes. These results are consistent with Kusunoki et al. (2015).

F—OU—F UEE. MEKER(IEFR. EXRAKETIL. BKE
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Simulation on low pressure systems over the Arctic Ocean using a cloud-resolving model
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A Comparison between the mid-Holocene and the future in the Arctic warming mechanism

K oL BHHE EN
*Marina Suzuki', Masakazu Yoshimori’’

1.46BEXE XFERERNER. 2.08E8XTE KZRMIKRIERIZMER. 3.0EEXE biligmEt Y
9_

1.Graduate School of Environmental Science, Hokkaido University, 2.Faculty of Environmental Earth
Science, Hokkaido University, 3.Arctic Research Center, Hokkaido University

BRAEEN S, MFEOMEKBR/LIIIBIFH TBEETH D, e, [MEETILOIY=ZaL—T3a VERMS, 16
RIFOBRER (IIIRS S (CHEDEFRAINTH D, FEZOHERBEEORIEADEENEZINTUL
%, LWL, FRSINZBRIEDEEFIMZETIVICKIDEED 2. FEEUNRS D,

Shmidt et al.(2013)Tl3. BELDILBHNEBR CTH >EBEDEREFNB L. SRFADAREEMHERD A
EMETREBLIE. UH L. ZHOASEEESETIVICHIIIHEREYZ 2L —Ta VOBREIGRKEDY
SaL—YavVEROESDFICH LU THREANEEERL TUBIDH T, MEDIERBIEA N Z X ACHE
MRBDIMIDVWTIFERTINTUEL,, LIZA> T IRFRDAESRMEERICRATESRLI+2TE
AR

ZCCAMRETE. BEENTROIEERILX D Z X LOLEM. BEEE AR, BEOKIRE BUISKF
BIOAREEMHERDAREMECDVWTERIZCEEBNET S, AL LTIE. 2HOXRKSEBEESETIVIC
HFBIAKO0,BEEMBICB LU LEZRETHIEPHEROBRE. EXEMAIOMEY =1L —Ya VidRE
HEX L THRI D, . THHPHHES L Z6000FERDIFHLT. MEROMBEERDZ(CKDBEE A
TIBHEMBREBCTH > Iz EMDH > TV,

FTF. FER(CHFBIWBERILICDOVT., RAIRILVF—INZICEDVWTZOXENTOCIZRAX, Z
DBR. EKPE. KESR. BEHKERICEBUZ, ZORBR. AEREEIIC. E(CE(CIBBE(C AT NITBEER
HIRIF—FEEXRKIEEROHDIDICIFTEAEFEONT, BKEMNITDICEONZD., BEICIRRINEX
SNTHH. BWHARBICEEULENBKNSBARETINS C & TIHBREBRIENS TR INhTLSC L
B> fc. TTZENITHEDSEK. B KBEKOELEHBL CUZ, DFD. EFHPHHEIIREIELDR
RICKDIBERIEANBI TR INTUVBIN. ZOXNZXLICIEIHEUNZ BE5NS,

RIT, MEC0,RERETHHPARERICH (T IMREREEDETIVEDES DRI FTOCLINES
. TNTNORBICOVTHSMNC U, MEC0,EBRTEIEFIREDE S DE(CIIMRETILAR
TJ1—RNvI, 10~NAFTEEDORIS DI ICETBFNSORBENRETES L TL\z, RHIEEAERT
FEESNHEANEBENRESDEFICH U TCEBRBO TASTREBHNOEFESNRATH >zt FFITEED
(E5DFICHUTEMREAZILRR T v —RNNw D, 10~1NAFETBEEDES DEFICH L TIETEEN S DIEL
ENEFS5EHRMNAETL . BEMCEBETH >lto XTI 7 VYRILY Y YDERICELD, HMRERE it E
SR, DEDTETEEBHGEBEODVTUVD O, MOTOCIEERICRBETCETNE. RFCEXE
D TAZTRERANOAEREDFIWEIHFIND, Leh> T, THiTHEPERBOIRERIEANEE L <BRER
TETLNE, MRETZILARR I v —RNvIRBENDIXILF—RETOCLINORBICH T IEBBUHEAEF
D, ARCYRFACHIFIZIENSOTOLIOXRBICHT I EBEESTIZIEEZI SN,

U ENSESNEIRERBIEX D Z X LDBREE(C. THttPHEOIRER/LICAT S HRERRE. 9K
DIRBRE FRIDAEEME(CE > TERELDERERIND,

F—O—F ! [/URETIL. ERE. SERFHE
Keywords: Climate models, Paleoclimate, Future projections

©2016. Japan Geoscience Union. A1l Right Reserved. - ACG24-P07 -



ACG24-P08 HAMERSER S EA2016EAS

REASKEGSNT—INSES IN-ILNIVEEZ—FILXY - OV I1 v —EYVDORIRZEAL
Climate changes in Ny-ﬂlesund and Longyearbyen, Svalbard based on long-term meteorological
and terrestrial dataset
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Revisiting impacts of spring Eurasian snow cover change on the East Asian summer
precipitation
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The Eurasian snow cover extent (SCE) anomaly in spring has been considered as one of the important
factors affecting East Asian summer monsoon (e.g. Wu and Kirtman, 2007; Wu et al., 2009; Yim et
al., 2010). In these studies, the authors analyzed traditional SCE dataset of National Oceanic and
Atmospheric Administration (NOAA). Recently, Japan Aerospace Exploration Agency (JAXA) has
developed a new long-term SCE product using Advanced Very High Resolution Radiometer (AVHRR) and
Moderate Resolution Imaging Spectroradiometer (MODIS) data spanning from 1980's to 2014. This new
product (JAXA/SCE) has higher spatial resolution and smaller commission error compared with
NOAA/SCE. Continuity of the algorithm is another strong point in JAXA/SCE. Here, we revisit impacts
of spring Eurasian snow cover change on the East Asian summer precipitation by using the new
JAXA/SCE dataset. Climatological mean fields of spring SCE is not largely different from each
other. On the other hand, interannual variability of spring SCE has somewhat different spatial
distribution over the Eurasian region (45°N-70°N, 20°E-14@°E); NOAA/SCE shows a dipole pattern but
JAXA/SCE shows monopole pattern. We will present analyzed results on relationships between spring
SCE anomaly over the Eurasia and the East Asian summer rainfall anomaly.
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Endurance of larch forest ecosystems in eastern Siberia under warming trends
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The larch (Larix spp.) forest in eastern Siberia is the world’s largest coniferous forest. Its
existence is considered to be depending on near-surface permafrost, which increases water
availability for trees, and the boundary of the forest closely follows the permafrost zone.
Therefore, the degradation of near-surface permafrost due to forecasted warming trends during the
21st century is expected to affect the larch forest in Siberia. However, predictions of how warming
trends will affect this forest vary greatly, and many uncertainties remain about land-atmospheric
interactions within the ecosystem.

We developed an integrated land surface model to analyze how the Siberian larch forest will react
to current warming trends. This model analyzed interactions between vegetation dynamics and
thermo-hydrology and showed that, under climatic conditions predicted by the IPCC's RCP scenarios
2.6 and 8.5, annual larch net primary production (NPP) increased about 2 and 3 times, respectively,
by the end of 21st century compared with that in the 20th century. Soil water content during larch
growing season showed no obvious trend, even after decay of surface permafrost and accompanying
sub-surface runoff. A sensitivity test showed that the forecasted warming and pluvial trends
extended leafing days of larches and reduced water shortages during the growing season, thereby
increasing productivity.
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Tree-ring and modeling estimates for tree response to climate change over circurmpolar
forest ecosystems

BN 2R BEFL R R WNE BRER. K® R K (ZES & XL Maximov Trofim®?
*Shunsuke Tei'?, Atsuko Sugimoto’, Maochang Liang®, Yojiro Matsuura®, Akira Osawa’, Hitoshi Yonenobu
®, Hisashi Sato’, Trofim Maximov®’®

1. BB, 2. 0E8XE. 3.RIKZE. 4. BRMBEARA. 5. REKRZ. 6.IBFHBEKRZE. 7.8FMH
KRRAREE. 8.0V 7PRIZE7HFT=— IBPC. 9.LEEHKZE

1.National Institute of Polar Research, 2.Hokkaido University, 3.Yangtze University, 4.Forestry and
Forest Products Research Institute, 5.Kyoto University, 6.Naruto University of Education, 7.Japan
Agency for Marine-Earth Science and Technology, 8.Institute for Biological Problem of
Cryolithozone, 9.North-Eastern Federal University

Arctic and boreal ecosystems are exposed to rapid and strong increases in temperature and related
environmental changes under Arctic amplification. Yet, there is uncertainty how trees in these
ecosystems respond to the changes due to an insufficiency of such long term records and this is
where tree-rings can provide an advantage. Early dendrochronological studies in the region focused
on the positive growth of trees to warmth (D'Arrigo and Jacoby, 1993, Clim. Change). However, A
number of more recent studies have demonstrated a reduced sensitivity of tree growth to rising
temperatures (now referred to as "divergence problem")at least since the 1960s (e.g.,Wilson et al.,
2007, J. Geophys. Res). Although several studies (e.g., Barber et al., 2000, Nature) suggested that
temperature-induced drought may limit tree growth under the limited availability of soil moisture,
the underlying processes for the phenomenon are not well understood.

We here investigated past tree response to climate changes, especially to warming, using
retrospective analyses from tree-ring width and carbon isotope ratios (delta-'°C) of three genera (
Larix, Picea and Pinus) in 6 forest sites with a strong gradient of temperature and precipitation,
reaching from northern Europe to northern America; Kalina (59N, 27E), Yakutsk (62N, 129E), Ust'Maya
(60N, 133E), Chokurdakh (70N, 148E), Inuvik (68N, 133W) and Fort Smith (60N, 112W). The results
suggest that tree response to past climate changes have varied with regions. The tree responses to
warming are negative in eastern Siberia forests, resulting in decreasing trend of tree growth over
past 60 years. On the other hand, the negative effect of warming is not seen in European and
Canadian forests, where no decrease trend of growth is observed. The results then have been used in
testing a dynamic global vegetation model (SEIB-DGVM, Sato et al., 2007, Ecol. Model). The
simulated annual net primary productions (NPP) show no decreasing trend over the study period and
discrepancy from tree-ring based long-term (more than half-decadal) growth variations in eastern
Siberian forests, although relatively better reproductions of the model for the variations are
obtained in European and Canadian forests.

The observed discrepancy in eastern Siberian forest may become more severe for future projection.
We developed a climate-driven statistical growth equation that uses regional climate variables to
model tree-ring width values for each site and then applied these growth models to predict how tree
growth will respond to twenty-first-century climate change (RCP8.5 scenario). Although caution
should be taken when extrapolating past relationships with climate into the future, we observed
future continues reduction of the growth in central part of eastern Siberia, which is opposite
trend from the DGVM based estimate. Our results imply that the negative effect of warming override
the expected positive effects i.e., warming-induced lengthened growing season and increase in
photosynthetic ratio, in arid region such as eastern Siberia, suggesting further reduction of tree
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growth by future warming, and no reproduction of the negative effect in the DGVM seems to be a
cause for the observed discrepancy between tree-ring and DGVM estimates. The negative effect of
warming for tree growth is a key process for accurate future projection of ecosystem functions and
therefore further field and modeling investigations are essential to deep understanding of the
underlying processes for the phenomenon.
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Spatial distribution pattern of willows in Indigirka river lowland of northeast Siberian
Arctic
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Arctic wetlands are significant sources of atmospheric methane and the observed accelerated warming
of the arctic causes increased methane formation in water-saturated tundra soil with deepened
permafrost thawing. Methane oxidation is the key process to regulate methane emission from
wetlands. In this study we determined the potential methane oxidation rate of the wetland soils of
a Taiga-Tundra transition zone in Northeastern Siberia. Peat soil samples were collected in the
summer from depressions that were covered with tussocks of sedges and Sphagnum spp. and from mounds
vegetated with moss and larch trees. The potential methane oxidation rate was estimated by a bottle
incubation experiment in which homogenized soil samples were incubated with methane at the initial
concentration of 0.5-0.8 %v/v. Soil samples collected from depressions in the moss- and
sedge-dominated zones exhibited active methane oxidation with no lag. The potential methane
oxidation rates at 15 °C ranged from 270 to 190 nmol h™' g dw. Methane oxidation was active over
the depths including the water-saturated anoxic layers. The maximum methane oxidation rate was
recorded in the layer above the water-saturated layer: the surface (0-2cm) layer in the
sedge-dominated zone and in the middle (4-6 cm) layer in the moss-dominated zone. The methane
oxidation rate was temperature-dependent and the threshold temperature of methane oxidation was
estimated to be -4 to -11 2C, which suggested methane oxidation at subzero temperatures. Soil
samples collected from the frozen layer of Sphagnum peat also showed immediate methane consumption
when incubated at 15 2C. The present results suggest that methane oxidizing bacteria keep their
activity in the wetland soils even under anoxic and frozen conditions and immediately utilize
methane when the conditions become favorable. On the other hand, difluoromethane, the inhibitor of
methane oxidation, did not alter the methane flux from the sedge and moss vegetation, indicating
the undetectable levels of methane oxidation associated with the peat plants.
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Multi-year response of CH, efflux to wetting at Indigirka Lowland in Northeastern Siberia
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Under the amplified Arctic warming climatic response of CH, emission from the wetlands needs to be
understood and predicted because of possible influence to the global climate. Indigirka Lowland in
Northeastern Siberia has wetlands in a taiga-tundra boundary on permafrost, whose ecosystem are
possibly sensitive to the climate change. Though environmental controls on CH, efflux have been
found such as water level (soil moisture), soil temperature and vegetation, the quantitative
relationship between the controls and CH, efflux are still unclear, which depends on region and
timescale (Olefeldt et al., 2013, Global Change Biol.; Treat et al., 2007, JGR). One difficulty is
that CH, emission is composed of 3 processes, i.e. CH, production, oxidation and transport; they
can respond to environmental controls and affect (H, efflux in different ways. These processes are
reflected by stable isotope ratios of CH, (delta-'"’C-CH,, delta-D-CH,), which can associate field
observation and knowledge from laboratory incubation experiments on CH, production and on
oxidation.

In this study we assessed interannual variation in chamber CH, efflux and in delta-'"’C-, delta-D-CH,
near Chokurdakh (70.62 N, 147.90 E) over summers of 2009-2013 to understand relationship between CH
, efflux and environmental factors based on the 3 processes of (H,.

CH, efflux was around the detection limit at dry tree mounds through the observation period, while
large interannual variation was observed at wet areas of sphagnum moss and sedges. Wet event
concurrent with the highest precipitation occurred in 2011 and CH, efflux increased at wet areas in
the same year. Although water level decreased from 2011 to 2013, large CH, emission continued.
Moreover, dissolved CH, concentration in soil pore water (at 10-15 cm depth) increased by 1 order
of magnitude from 2011 to 2012 and kept high till 2013. CH, isotopes implies that CH, oxidation was
depressed in 2012 after the wetting in 2011, suggesting soil reduction induced by the wetting
proceeded over multiple years, which may have affected dissolved CH, concentration and CH, efflux.
Such variation in CH, efflux and in dissolved CH, concentration will be discussed in relation to
the 3 processes in this presentation.
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Occurrence frequency of ice and snow accretion in the boreal forest regions, Fairbanks and
Yakutsk
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Generally snow covers the ground, even if the ground type is different in such as tundra and taiga.
Erosion/deposition of the snow cover and growth/decay of ice and snow accretion to vegetation
occasionally occur, and the surface albedo changes and will affect the atmosphere. Previous
research has demonstrated the high variations of the surface albedo in winter/spring in
snow-covered forest regions in various global climate models. In this study, we focused on the
surface albedo over snow-covered forest regions, and carried out field observations to verify the
occurrence frequency of ice and snow accretion in the boreal forest regions. Using interval cameras
installed on the observation tower at the site located to the north of Fairbanks (USA) and on the
observation tower at the site located to the north of Yakutsk (Russia), ice and snow accretion in
the boreal regions were monitored. It was found that the boreal forest at the Yakutsk site is
covered with snow in comparison with the boreal forest at the Fairbanks site for a long term. After
calculating using a one-dimensional mathematics model about the energy flow including atmospheric
multiple scattering, it was shown that the mean surface temperature rises approximately 0.5 [K]
when the boreal forest is not covered with snow. In this presentation, the snow albedo
parameterization and the one-dimensional mathematics model are discussed to contribute to a better
understanding of the role of snow in the climate system.
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Vegetaion masking effect on snow albedo feedback in Siberia during future global warming
simulated by MIROC-ESM
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We have investigated future change in snow amount and vegetaion masking effect on snow albedo
feedback (SAF) in Siberia, boreal forests region of the northern Eurasia, in the futute climate
change simulation by Earth System Model, MIROC-ESM. Under the future scenario, RCP8.5, snow amount
during fall-spring over the northern Eurasia decreases due to global warming. The significant
reduction of snow amount is found in western Eurasia during fall-spring. On the other hand,
although reduction of snow amount over Siberia in fall and spring occurs, winter snow amount over
Siberia increases due to increasing snow fall, which is attributable to more water vapor with
higher air temperature. Relating to such snow changes, then, surface air temperature (SAT) changes
are enhanced through SAF. During spring, particularly, future SAT increases largely over Siberia,
boreal forest region, although snow cover decreases less than that in western Eurasia. The dominant
increase in SAT over Siberia is attributed to strong SAF which is caused by both reduced
snow-covered surface albedo and reduced snow cover fraction. Further, to evaluate an effect of
future LAI change on the surface albedo reduction, we have conducted an additional future climate
change simulation, in which change in LAI is not included. The comparison between the future
climate changes with and without the LAI changes suggests growing vegetation in the future may be a
potential factor of the future strong warming through the vegetation masking effect on snow-covered
surface albedo change.
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Snow cover properties observed in Indigirka lowland near Chokurdakh, Northeastern Siberia
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Quantifying the spatial and temporal variations in snow depth, density, and snow water equivalent
(SWE) is essential for many applications in hydrology and ecology. Snow survey including
observation on the water isotope ratios of snow was conducted in Indigirka lowland near Chokurdakh
(70.62 N, 147.90 E), Northeastern Siberia. Isotopic composition of water is powerful tool for
investigation of hydrological processes such as discerning of source water for river discharge,
ground ice, etc. The purposes of this study are (1) to know the spatial variations in snow depth,
density, SWE and stable isotopic composition in this area, and (2) to estimate SWE in areal or
reginal scale, by scaling-up based on topographic and vegetative controls on SWE.

Snow survey was conducted in April 2014 and April 2015. Two transects from Chokurdakh to south and
southwest, which are approximately 40 km and 20 km in length respectively, were set, and
observation and sampling were made at 7 points and 4 points in 2014, respectively, and 12 points on
the 40 km transect in 2015. In addition, snow survey was conducted at 25 points in 2014 (24 points
in 2015) in total in the area measured approximately 1.2 km east to west at site K where various
observations are conducted for taiga-tundra boundary ecosystem. The ranges of snow depth, density,
SWE and 6'°0 in this area observed in 2014 were 30 to 90 cm, 0.137 to 0.318 g/cm’, 70 to 200 mm and
-36.5 to -22.9%, respectively, whereas those observed in 2015 were 12 to 83 cm, 0.131 to 0.325 g/cm
5,20 to 160 mm and -31.2 to -22.8%, respectively. Although the values and the ranges were slightly
different between 2014 and 2015, observed snow cover properties depended on vegetation type and
showed consistencies: snow cover was the deepest at the site covered by dense and tall shrub, while
snow density was the highest on ice over a lake. The SWE was the highest at shrub site, whereas
that was the lowest at the site of sedge and/or sphagnum wetland. Spatial variation in delta-values
of snow was observed, however there was no correlation with vegetation type, snow depth and snow
density. Since clear relationship between SWE and vegetation type, SWE was estimated using a data
on fraction of each vegetation obtained from a vegetation map drawn with high resolution satellite
data (world view 2) and in situ observation (Morozumi et al., in preparation). The local average
SWE values in observation area (10 x10 km) were estimated to be 100 mm in 2014 and 78 mm in 2015.
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Surface elevation change of outlet glaciers in northwestern Greenland
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Ice discharge from calving glaciers has been increasing in the Greenland ice sheet (GrIS) since
2000s. This increase plays important roles in the volume change of GrIS and its contribution to sea
level rise. To investigate the mass loss of GrIS calving glaciers, ice surface elevation change has
been studied by differencing digital elevation models (DEMs) derived by satellite remote-sensing.
Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) images of Advanced Land Observing
Satellite (ALOS) have a spatial resolution of 2.5 m, which is fine enough to measure several meters
of elevation change on glaciers. The large spatial coverage of the images (1225 km’) is suitable
for studying glaciers distributed over a large area.

In this study, we measured surface elevation change of 14 outlet glaciers near Inglefield Bredning
in northwestern Greenland (77°47°-78°10°N, 65°00°-72°47°W). These glaciers flow into the ocean
except for two land-terminating glaciers. We processed stereo pair ALOS PRISM images acquired in
summer 2007 and 2010 with a digital map plotting instrument (Leica Photogrammetry Suite) to
generate DEMs with a 25 m grid mesh. Elevation data from ALOS DEMs were calibrated on ice-free
terrain, and compared to calculate ice surface elevation change between 2007 and 2010.

The surface elevation of all the studied glaciers decreased and the magnitude of the elevation
change increases downglacier. The mean elevation change rate ranged from -0.4 to -4.9 m a .
Marine-terminating Tracy and Bowdoin Glaciers thinned at rates of -4.9 and -4.1 m a”', which were
larger than those at other glaciers. The rate at Tugto Glacier, a land-terminating glacier located
near Bowdoin Glacier, was -2.8 m a . This result confirms that recent thinning of GrIS outlet
glaciers is more significant at marine-terminating glaciers as compared to land-terminating
glaciers. Rapid thinning of marine-terminating outlet glaciers observed in this study suggests the
importance of ice dynamics and/or ice-ocean interaction in the mass loss of GrIS.
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Water properties and circulation in front of tidewater glaciers in northwestern Greenland
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Tidewater glaciers in Greenland are rapidly retreating, and it contributed global sea-level rise
during the twentieth century. Studies have been carried out to understand the mechanisms of the
glacier retreat. Previous studies suggested the importance of submarine melting, but physical
processes relevant to submarine melting (e.g. heat source of the melting, water circulation and
bathymetry) are not understood well. This is because in-situ observations are difficult in front of
a glacier where icebergs usually cover the ocean. In addition to this, there is no hydrographical
observation in front of tidewater glacier in northwestern Greenland. To better understand the
ice-ocean interaction, we measured ocean temperature, salinity, turbidity, chlorophyll, dissolved
oxygen, 60, d-excess and bathymetry in front of Bowdoin and Sun Glaciers, tidewater glaciers in
northwestern Greenland, in 2014 and 2015 summer. We also performed high spatial (2560x1920 pixel)
and temporal (10 s) time-lapse photography in front of Bowdoin Glacier in 2015 July.Below the
depths of 280 m (2014) and 250 m (2015) in the Bowdoin Fjord, we observed Atlantic Water (AW),
which is believed as the heat source of submarine melting. The mean temperature and salinity within
the layer of AW was 1.2°C and 34.4 g kg™ in 2014, and 1.1°C and 34.5 g kg™ in 2015. The results
suggested that warm water flows into the Bowdoin Fjord from the open ocean. Contrasting to these
observations at Bowdoin, AW was missing in front of Sun Glacier and relatively fresh and cold water
mass was found. It was suggested that relatively shallow bathymetry (~100-m deep) and existence of
sill (~10-m deep) inhibited entering warm water from the open ocean. Near the surface in the
vicinity of plume of Sun Glacier (~200 m away from the front), water mass properties were
completely different from those in the open ocean. Water was highly turbid, fresh and cold,
suggesting subglacial discharge of meltwater as the origin of the water.The time-lapse photographs
revealed fjord circulation near the ice-ocean interface. It was clear that the circulation was
driven by buoyant plume, which was generated subglacial discharge and/or submarine melt. In early
July, waters emerged by buoyant plume was always visible along the surface approximately 5 km from
the front, but it was only visible near the front in late July. The change from early July to late
July may be explained by amount of subglacial discharge and the stability of stratification near
the ocean surface as reported by recent modelling studies.Our observations water mass structures
and circulation in the fjord in front of the tidewater glaciers in northwestern Greenland, which
are important properties to calculate submarine melting rate in two different types of tidewater
glaciers.
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Mass balance fluctuation of Qaanaaq Ice Caps and its vicinity in northeastern Greenland

“HE BF. FiE E. tul REsl 2l &

*Keiko Konya', Jun Saito?, Mihiro Maruyama?, Shin Sugiyama’

1BFRRRAREE MIXREBVERBRMESE. 2.J08BXE (EERZMHEHR
1.DEGCR, Japan Agency for Marine-Earth Science and Technology, 2.Institue of Low Temperature
Science, Hokkaido University

Many of glaciers and ice caps (GICs) exist at the margin of the Greenland. The contribution of GICs
mass loss to sea level rise under recent warming is large. The northeastern Greenland is one of the
areas, which experienced large mass change and has little in-situ mass balance observation. Bolch
et al. (2013) estimated that the surface elevation change of ice caps in northeastern Greenland
from 2003 to 2008 was -0.6 m a”'. Saito et al. (2015) revealed that the mean surface level change
of six ice caps in northeastern Greenland from 2006 to 2010 was -1.1m a’'.

We have estimated surface mass balance of five ice caps in northern Greenland by a mass balance
model constructed by Hock (1999). The model takes temperature index method for calculating
ablation. The model computes spatial variation of surface mass balance for the ice caps. The 100m -
gridded DEM and surface condition of the ice cap, derived from modified ALOS (Advanced Land
Observing Satellite) data, were used for the model calculation. The climate data as input of the
model was air temperature and precipitation at Thule climate station (TCS, 77.2N, 68.4W), which is
one of the long-term running climate stations in Greenland situated about 100 km south to Qaanaaq.
The air temperature at TCS has been increasing after 1990.

The calculation has been done for Qaanaaq Ice Cap (QIC) since 1980s. The mass balance of QIC has
been negative since 1980s. The mass balance calculation by the model has been done for other four
ice caps for 2006 -2009 and compared with the surface elevation change reported by Saito et al.
(2015). Ice caps situated in coastal area show less negative mass balance than those situated
inland. The ice caps situated in coastal area show higher albedo (Saito, et al., 2015), which is
possibly because higher fraction of precipitation falls as snow.
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Access analysis of data visualization web service for polar region
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