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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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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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AKEDZERDEFPHEDZ(TARES CEEA—BORERD—DELTERXSND, 5T—EATITEE
F - BREZEELEDRBENESKRFZMEENIGURNEPOZEFMRRSNDI M. EFTILTIRIHTLEZNS DR
MEXSNTULEL,. CNSEM[ERICHABL CT—B - A—BOREREBESHNCIT S ECED. (0UZDAHE
EMDEBL TOS CEMRTES,

F—O—R ! (02XX%. BEME. by TITVEKRERNLT v TFE 50—

Keywords: C02 balance, boreal forest region, topdown and bottomup hethod, tower observation

©2016. Japan Geoscience Union. A1l Right Reserved. - ACG24-11 -



ACG24-12 HAMERSER S EA2016EAS

7S XN DORBEFRMN KRR DR[/REM
Weather Conditions During Large-Scale Widespread Forest Fires in Alaska
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BHEER(S. B ERADER CI26,700km’. 20154 (358 F2EE T20,900kn' T o lzo T D2IEDBHESERE
[E. 7SI BDABERO$0.5%(CHEYT D,

AHAETE. EFEOBLUVWAKEHBOEAHDNERREE DL, MBNSREMEE. B8 (500hPa) H K
UO'FE (1000hPa) DASBEOWNT —I&EFE>TH LI, XRBEAHTT —5 (CEDHBBNXSNE. [IED
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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.

©2016. Japan Geoscience Union. A1l Right Reserved. - ACG24-13 -



ACG24-14 HAMERSER S EA2016EAS

EERBFRMERE (SEM) ZRVCHBHOBE(CEINSBEBREDTEHR

Scanning Electron Microscopy (SEM) analysis of Black Carbon in Arctic snow
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Concentrations and depositions of black carbon and insoluble particles in Alaskan snows
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IFERZENESTULS(Bond et al., 2013). COI7OYVILATKEAD7ILRRICEXZFEEZTMIT S L

S, BXKPOKIRXET 7OVILDEECHEEZ ERICIBIEITSCENREETHS. ULHLIRETOEX
D YIRINIER FEE CEBENSREOERIREHIE, WHTRESNTUSD. T T HAIIGRENEILERS R
ZEAREBEDOET & THBIH(CH (T BBEEFBCE BERHMAI FOREE - MEEEHSHICT B, ILBLET
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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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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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