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Preliminary analysis of interannual variation in snow physical parameters retrieved from
MODIS over northwest Greenland

KUCHIKI, Katsuyuki1∗, AOKI, Teruo1, MOTOYOSHI Hiroki2, NIWANO, Masashi1, TANIKAWA Tomonori3, HORI, Masahiro3,
STAMNES, Knut4, LI, Wei4, SHIMADA, Rigen5

1Meteorological Research Institute,2Snow and Ice Research Center, NIED,3Earth Observation Research Center, Japan Aerospace
Exploration Agency,4Stevens Institute of Technology,5Chiba University

Snow and ice in the Arctic have drastically changed in recent decades. The Greenland ice sheet mass loss has rapidly increased
from the late 1990s. Possible causes are qualitative change of snow surface conditions including snow grain size and impurities,
and the resulting change of snow albedo. An increase in snow grain size reduces the near-infrared albedo and that in light absorb-
ing impurities reduces the visible albedo. The latter effect is larger for large snow grains. Therefore, light absorbing impurities
enhance the absorption of solar radiation and speed up grain growth, causing further albedo reduction in a positive feedback. To
detect the qualitative change of snow conditions which affect the albedo, we retrieved snow grain size and mass concentration of
impurities from Terra/MODIS and preliminary analyzed the interannual variations over the Greenland ice sheet.

The target parameters were snow grain sizes in different snow layers (surface, top and bottom layer) and mass concentrations
of light absorbing impurities optically equivalent to soot, which were retrieved from MODIS single scene data over northwest
region of Greenland from late July to early August in each year from 2001 to 2011. The snow grain sizes were larger in the coastal
region and smaller in the inland area. The wet snow areas where the surface grain size is large were widely varied from year
to year, implying that the seasonal variations in snow grain size are greatly different during each year. The surface snow grain
size was the smallest, and the top and bottom layer grain sizes are comparable. This result indicates that the snow grain size was
almost vertically homogeneous except for the surface. The retrieved grain sizes were roughly within the range of the preliminary
validation measurement in August 2011. On the other hand, the soot concentrations were generally under the lower detection
limit (0.001ppmw) in the early period, which was consistent with previous ground measurements. However, they exceeded the
limit and around 0.01 ppmw in the last several years, which were overestimated compared with the validation measurement in
August 2011. This might be possibly caused by a change in the sensitivity of MODIS sensor.
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Review of previous study and observation plan for mass balance of No. 31 glacier, Siberia

KONYA, Keiko1∗, Kadota Tsutomu1, Hironori Yabuki1, Konosuke Sugiura1, Shuhei Takahashi2, Tatsuo Shirakawa2, Tetsuo
Ohata1

1Japan Agency for Mari-Earth Science and Technology,2Kitami Institute of Technology

There are 182 glaciers in Suntar Khayata mountain range, east Siberia. The little ice age was in 1800s in this region. Twice of
warm and cold period were seen since 1500 A.D.

Glacier research has done at no. 31 glacier during IGY years in 1957-1959 and profile of mass balance have observed.
We have started glacier research at no.31 glacier in September 2011. The instruments of Automatic Weather Station (AWS),

stakes, interval cameras, snow depth sensor, rain gauge were set near and on the glacier. Air temperature, relative humidity,
atmospheric pressure, solar radiation, wind speed, wind direction and precipitation are measured at the AWS. Stakes network
and meteorological observation network will be expanded next season.

Previous mass balance study has been done by Koreisya (1991) and Ananicheva et al (2010). We have calculated pass mass
balance by the method of Koreisya (1911). However, the result did not match to Ananicheva et al (2010). The observation in next
year will be used to reconstruct mass balance of no.31.
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Glacier environment in DeLong islands, Siberian arctic

KONYA, Keiko1∗, Kadota Tsutomu1, Yabuki Hironori1, Ohata Tetsuo1

1JAMSTEC

There are many glaciers in Russian arctic. De Long Islands in Siberian arctic are composed of three islands and 50 % of the
area is covered by glaciers (Kadota et al., in prep). Bennett Island, one of DeLong Islands, is of 30km long and 10km wide.
There are three icecaps on the island. The altitude of each icecap is 384m, 426m and 200m, respectively (World Atlas of Snow
and Ice Resources). Mass balance of Toll glacier, which is the largest glacier in Bennett Island, in 1986/87 was -0.303 m w.e.
(Verkulich et al., 1992) and during 1956-1972 was -0.10 w.e. (Jania and Hagen, 1996). Glacier area shrinkage revealed by satellite
images are 20 % in 1951-2010 for Bennett Island and 40-50% for the other two islands in De Long Islands (Yabuki, personal
communication).

Meteorological observation is continued at Ostrov Kotelnj (76.0N, 137.9E) in New Siberian Island since 1937. Air temperature
in 1960s was lowest since 1930’s. The warming in 1990s was rapid and the warming trend is continued after 2000.

Siberian arctic is the area where the largest sea-ice-area change was seen. Although the sea ice came across to the continent
even in September until 1996, sea ice in September was apart far from the coast since 2004. In 2007, in which the sea ice was in
minimum, most of Siberian arctic was free from sea ice except for a small part. Southern most position of sea ice in September
is plotted for the range of 135-155 East during 1979-2010 with SSMI data. The southern-most position was correlated to annual
and monthly mean temperature in September.
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Research related to seasonal snow cover in the Arctic Climate Change Project as one of
GRENE programs

SUGIURA, Konosuke1∗, ENOMOTO, Hiroyuki2

1Japan Agency for Marine-Earth Science and Technology,2National Institute of Polar Research

The Arctic Climate Change Project as one of Green Network of Excellence (GRENE) programs in collaboration with various
research communities has started since 2011.

Seasonal snow cover will be significantly affected by climate change, and changes in seasonal snow cover can affect climate
through various feedback mechanisms. Towards a better understanding of the role of seasonal snow cover in the Arctic, research
related to seasonal snow cover is mainly dealt with in a research theme entitled ”Role of snow, glacier and ice sheet in the Arctic
under global warming” to contribute to GRENE goals such as 1) Elucidation of Polar Amplification mechanism on warming in
the Arctic region, and 2) Elucidation of role of the Arctic region in global climate change and its prediction. This presentation
will describe the outline and progress of the plan.

Keywords: seasonal snow cover, the Arctic, climate change
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Observation of melting signal from Arctic cryosphere

ALIMASI, Nuerasimuguli1∗, ENOMOTO, Hiroyuki2, TAKAHASHI, Shuhei1

1Kitami Institute of Technology,2national institute of Polar Research

Melting of glacier, Ice Sheet and snow cover area were analyzed by satellite microwave observations. This study discuss
melting timeing and area for field observation sites in the Arctic cryosphere reserach project.
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Uncertainties in steady-state and short-term responses of Greenland ice sheet simulation

SAITO, Fuyuki1∗, ABE-OUCHI, Ayako2, Kunio TAKAHASHI1

1Japan Agency for Marine-Earth Science and Technology,2AORI, Univ. of Tokyo

We present a series of numerical experiments of Greenland ice
sheet to global warming and uniform warming using Ice sheet model
for Integrated Earth system Studies (IcIES) to describe the model
characteristics and its sensitivity.
Various uncertainties in the model result due to several factors
such as parameterization schemes (physical aspects) as well as
numerical aspects in the model are discussed.

Keywords: Greenland ice sheet, Ice sheet model
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The 2010 draining episode of an ice-dammed lake in West Greenland: Further evidence
for accelerated melting?

FURUYA, Masato1∗, LIU, Lin2, KHAN, Abbas Shfaqat3, WAHR, John4

1Hokkaido University, Graduate School of Science,2Stanford university,3Technical University of Denmark,4Univeristy of
Colorado at Boulder

Furuya and Wahr (2005, GRL) detected unloading deformation signals around Lake Tiningnilik in West Greenland, an ice-
dammed lake located ˜40 km to the south of Jakobshavn Isbrae. We associated the signal with a draining episode of the ice-
dammed lake in 1993 and 2003, and explained the rate and pattern of the signal, assuming 7.5 meter/year increase in water level
over an elastic body.

Previous field-based observation indicate that the draining episode takes place every 10 years (Braithwaite and Thomsen, 1984;
Bogglid, personal communication, 2004), and thus we thought the next draining would happen around 2013. However, it turns
out that the latest event occurred in 2010, which is 3 years earlier. Recent studies based on InSAR and GRACE indicate an
accelerating loss of ice at Greenland. Our very localized observation may be a further evidence for the recent accelerated melting
in Greenland.

We also detectged accelerated flow velocities in the nearby glacier. The acceleration was probably caused by the sudden
increase of subglacial water flow from the ice-dammed lake.

Keywords: Greenland, ice-dammed lake, Jokulhaups, Synthetic Aperture Radar, glacier flow
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The GreenLand Ice Sheet monitoring Network (GLISN)

KANAO, Masaki1∗, TSUBOI, Seiji2, TONO, Yoko2, TOYOKUNI, Genti3, HIMENO, Tetsuto1

1National Institute of Polar Research,2JAMSTEC,3Graduate School of Science, Tohoku University

The Greenland Ice Sheet and its response to climate change have potentially a great impact upon mankind, both through long-
term sea level rise and through modulation of fresh water input to the oceans. Internationally monitoring the dynamic response of
the Greenland Ice Sheet to climate change is a fundamental component of long-term observational efforts for monitoring climate
change. Glacial earthquakes have been observed along the edges of Greenland with strong seasonality and increasing frequency
since 2002 (Ekstrom et al, 2003, 2006) by continuously monitoring data from the Global Seismographic Network (GSN). These
glacial earthquakes in the magnitude range 4.6-5.1 may be modeled as a large glacial ice mass sliding downhill several meters
on its basal surface over duration of 30 to 60 seconds. The detection, enumeration, and characterization of smaller glacial earth-
quakes are limited by the propagation distance to globally distributed seismic stations, i.e., the Global Seismographic Network
(GSN) with the International Federation of Digital Seismograph Networks (FDSN). Glacial earthquakes have been observed at
seismic stations within Greenland (Larsen et al, 2006), but the current coverage is very sparse. In order to define the fine structure
and detailed mechanisms of glacial earthquakes within the Greenland Ice Sheet, a broadband, real-time seismic network needs
to be installed throughout Greenland’s Ice Sheet and perimeter. The International Polar Year 2007-2008 was a good chance to
initiate this program with international collaboration. All of the partners are committed to free, unrestricted, open access to
all data from The GreenLand Ice Sheet monitoring Network (GLISN) in real-time. In this presentation, seismicity around the
Greenland region, including glacial related signals are presented with discussion associated with recent global warming.
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SEASONAL CYCLE AND VARIABILITY OF ARCTIC SEA ICE

TATEYAMA, Kazutaka2∗, SHIBATA, Hiroki2, TANAKA, Yasuhiro2, ALIMASI, Nuerasimuguli2

1National Institute of Polar Research,2Kitami Institute of Technology

Seasonal cycle is a very principal variation of sea ice change and has been studied for basic understanding of sea ice study.
Recently many satellite data became available and strong variation has been reported. In the seasonal cycle, Arctic summer sea
ice minimum is strong concern. This shows largest interannual variations in the annual cycle. In May and November, Arctic sea
ice shows least interannual variations. There are some important turning points of ice conditions in the annual cycle. We tried to
summaries resent understanding and unsolved problems, and discussed again the fundamental seasonal cycle.

Keywords: Arctic, sea ice, seasonal cycle
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Transfer of momentum from Atmosphere into the ocean via sea ice

YOSHIZAWA, Eri1∗, SHIMADA. Koji 1, MIZOBATA. Kohei1

1Graduate School of Marine Science and Technology

Recent rapid sea ice reduction (SIR) gives us an image that the Arctic climate sub-system is vulnerable to global warming. By
the end of this century, IPCC AR4 climate models show that substantial warming in surface temperature occurred in the Arctic
Ocean where the sea surface was covered by sea ice in late of last century. This implies the warming in the Arctic Ocean was not
only caused by global warming but by some positive feedback mechanism to accelerate SIR in the Arctic climate sub-system.
Current numerical models cannot predict the variation of sea ice extent and spatial pattern of sea ice retreat. To understand the
fate of the Arctic sea ice will contribute to reduce the uncertainty of future prediction of global climate.

Our scientific goal is to clarify actual mechanism of catastrophic SIR and to suggest the viewpoint to improve the current mod-
els from real observational and dynamical research. A quantification of a hypothesis on ”Positive feedback mechanism (Shimada
et al., 2006)” that accelerates SIR is our main stream toward the goal. This Positive feedback mechanism hypothesis consists
of sequential phenomena just like as domino; (1) activations of sea ice motion (SIM) associated with SIR, (2) strengthening of
upper ocean circulation (UOC), (3) upper oceanic warming, (4) less sea ice formation, (5) imbalance between sea ice melt and
formation. These phenomena compose a positive feedback loop to induce further SIR. This hypothesis well explains pattern of
SIR from Pacific sector, however, the conceptual idea is insufficient to improve the current climate models. Development of the
qualitative and conceptual research into more quantitative and practical one is required. Here, we focus (1) and (2) among the
feedback system toward quantitative understandings.

(1) Mechanism of increase in SIM associated with changes in sea ice properties; There are large discrepancies of SIM between
actual data and model results. In particular, recent activations of SIM do not linearly respond to the surface winds stress. Then,
we examine relationships between winds and SIM dependent on sea ice properties. Basically, SIM in the first-year ice area is
much faster than that in the multi-year ice area, under almost the same strength of wind stresses. Additionally, in the area of large
divergence of SIM, the efficiency of momentum transfer increases regardless of the sea ice type. In both cases, strengthening of
SIM is owing to dissipations of internal stresses dependent on changes in sea ice properties and motion. Therefore, the sea ice
type and divergence/convergence of SIM are useful parameter to improve parameterizations of momentum exchange between
atmosphere and sea ice.

(2) Dynamics of UOC pattern and its inter-annual variation; Strength of UOC has been speculated that it linearly respond to
that of Ekman pumping/suction (EP/S) caused by sea surface stresses. However, in some area there is an inconsistency between
the spatial distribution of EP/S and depth of main pycnocline that is a kind of proxy of strength of UOC. This inconsistency is
found in the region where bottom slope is greater than some critical value. The variation of SIM, that is the main driving force
of UOC, has a power spectrum peak near annual time scale. This time scale disturbance is significant to argue the inter-annual
variation of UOC. In this timescale, in the region with flat seafloor topography, an induced baroclinic structure cannot propagate
due to small value of planetary beta effect. While in the region where the slope is greater than some critical value, baroclinic
structures can propagate as topographic Rossby waves and the depression structure is radiated. This basic dynamics is crucial to
understand the observed spatial pattern of UOC. In the flat deep Basin, UOC is identified by satellite derived surface data, but in
the slope region such surface data is not sufficient to understand the actual pattern.

Keywords: Arctic Ocean, sea ice reduction, climate change, global warming
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Long-term hydrometeorological, ecological and dendrochronological monitoring at larch
forests on permafrost of Mongolia

MIYAZAKI, Shin 1∗, ISHIKAWA, Mamoru1, Nanzand BILEGBAATAR2, Nachin BAATARBILEG2, Sodov DAMDINSUREN2,
Yamkhin JAMBALJAV3

1Hokkaido University,2National University of Mongolia,3Institute of Geography, MAS

1. Introduction
The larch forest of Mongolia is located at the southern edge of Siberian Taiga forest. The 80% of forested area of Mongolia

is dominated by larch forest (Larix sibirica). In Mongolia, the forest is dominant on north-faced slope where the permafrost is
located underground while the steppe grassland is dominant on south-faced slope area without permafrost. The disturbances on
the forest such as fire, logging and pest out break are important factor for predicting future change of forest. The climate change
becomes remarkable such as increase of the air temperature (1.8 degrees in recent 60 years) and change of precipitation (7.5%
decrease in summer and 9% increase in winter) in Mongolia. These changes of climate condition and human impacts might affect
the ecosystem of Mongolia especially for forest distribution.

The purpose of our study is to investigate the heat, water and carbon exchange process, and dynamics by comprehensive
approach. In this paper, we show the observation method, data and preliminary results.

2. Observation method and data
We have started long term monitoring of hydro-meteorological, ecological and dendro-chronological observations at the

25-m height tower and forest around the tower in the Udleg (48 15 43.7 N, 106 50 56.6 E, altitude 1264m) over the larch forest
in Research Forest of National University of Mongolia in Udleg village, Batsumber district, Tuv province of northern Mongolia
since 2009. As for the hydrometeorlogical observation, we have been observing the air temperature, relative humidity (at 2m and
25m), air pressure (25m), wind speed and direction (25m), precipitation (25m), snow depth, short wave and long wave radiation
(5m, 25m), photosynthesis active radiation (PAR; 5m, 25m), soil temperature (0, -0.2, -0.4, -0.8, -1, -2, -3, -4, -6, -8, -10m) and
soil moisture (-0.1, -0.3, -0.5, -0.7, -0.9, -1.3, -1.8, -2m) and sensible heat, latent heat, momentum and carbon dioxide fluxes
(by eddy-covariance method using sonic-anemometer-thermometer and infrared gas analyzer at 27.5m). As for the ecological
observation, we have carried out the growth of diameter at breast height (DBH using dendrometer), sap flow (Granier method),
vegetation and surface condition measurements. The dendro-chronological observation has been carried out for the age of each
tree, growth rate, drought and fire histories. The average height and DBH of larch tree were 18.3m and 33.2cm, respectively.

3. Results
The annual range of air temperature and annual mean air temperature were about 60 degree C (+25 to 27 degree C in June

and July as the annual maximum, and about -30 degree C in January and December as the annual minimum) and -1 degree C,
respectively. The annual precipitation was about 250 mm with about 90% of it from May to September. According to the image
analysis of in situ camera, we clarified the seasonal variation of surface condition and phenology of larch forest. From January
to March, November and December, there was continuous snow cover on the surface when the surface albedo was about 0.2 to
0.3. In early May the leaf of larch emerged and attained the mature growth in July, and then the leaf senescence occurred in early
October. The PAR albedo shows abrupt decrease in early May and abrupt increase in early October that coincides with the image
analysis. The soil moisture at 10 cm depth was less than 10% before April, then it gradually increase in May to 20% in August,
after that it decreases to less than 10% from October. The temporal variation of soil moisture matched to the variation of rainfall.
The soil temperature below 3m was about -0.2 degree C in all year round that suggests that there is the permafrost.

Keywords: Mongolia, Larch forest, Heat, water and carbon balance, Soil moisture, Permafrost
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Isotopic composition of atmospheric water vapor and its source and transport in the taiga
forest, eastern Siberia

UETA, Akihiro1∗, SUGIMOTO, Atsuko2

1Graduate School of Environmental Science, Hokkaido University,2Faculty of Environmental Earth Science, Hokkaido Univer-
sity

The boreal forest in eastern Siberia prevails on the continuous permafrost under continental arid climate. Plant transpiration
process in the forest plays an important role in the water cycle in eastern Siberia. In this study, the isotopic composition of atmo-
spheric water vapor in a time scale of a few weeks was observed in eastern Siberian taiga in the mid to late summer periods in
2006, 2007, and 2008, with the isotope ratios of precipitation, plant sap water, soil water, and the water in organic layer in order
to clarify how the forest transpiration works in the water cycle. The factors controlling the isotopic variation were examined,
by comparing the isotope data with meteorological parameters. During these years, soil moisture content was increase and the
condition was extremely wet in 2007, because of heavy rainfall and winter snowfall.

The delta-18O values of atmospheric water vapor correlated positively with atmospheric mixing ratio in 2006 and 2008 (R2

= 0.99 and 0.88, respectively). This was elucidated by two sources of the water vapor: one has high delta-18O from plant tran-
spiration and the other has low delta-18O which was affected by rain events. On the other hand, no significant correlation was
observed in 2007 when soil was extremely wet. This indicated that the evaporation from wet land surface was more remarkable
than the plant transpiration in 2007.

A region with 500 km x 500 km in size was set around the observational site and horizontal water vapor fluxes at each bound-
ary of the region were calculated using reanalysis data to compare with the isotope data. No significant correlation was observed
between directions and delta-18O values. Back trajectory analysis (HYSPLIT4 model) was made to know the source area of
water vapor. The water vapor with high delta-18O value was observed in the air advected from forest area where air temperature
was relatively high, whereas the water vapor with low delta-18O value was observed in the air advected from the area where
air temperature was low and occasionally precipitation occurred. Contribution of two sources, transpired water vapor and water
vapor affected by rain events, may control the isotopic variation of atmospheric water vapor.

These results revealed the significant role of the transpired water vapor with relatively high delta values generated from taiga
in the water cycle in eastern Siberia. These results are useful for further investigation of water cycle including various model
works.

Keywords: stable isotope of atmospheric water vapor, eastern Siberia, taiga, plant transpiration, precipitation
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Recent Large Forest and Tundra Fires in Alaska

HAYASAKA, Hiroshi1∗

1Graduate School of Hokkaido University

Around 120,000 lightning flashes a year, or 3 times more than average, started around 300 fires in each year of 2004, 2005 and
2007 in Alaska. But each burnt area of these three years differed considerably. Burnt areas in 2004 and 2005 were the largest and
third largest burnt area of last 55 years (1956-2010) respectively. But burnt area in 2007 was a little bit smaller than the average
even though one largest tundra fire occurred. To explain backgrounds of two large burnt areas in 2004 and 2005, and one small
burnt area in 2007, various fire characteristics were considered. Firstly, various fire characteristics such as fire distribution, fire
size, fire duration, ignition by lightning, fatal fire day, detected date of fire, and number of live fires, were extracted from fire data
by NASA and AFS (Alaska Fire Service). Secondly, an effect of weather condition on lightning and fire activity was examined
by comparing hotspot data with daily precipitation, and with air temperature.

Comprehensive understanding for active forest fire occurrences in active lightning years in Alaska were made based on various
fire characteristics with the help of statistics. Finally, various fire characteristics used in this paper cleared that after active
lightning ignited whole Alaska forest in June and July, most large fires in 2004 and 2005 started and lasted until August. Number
of daily live fires in each year reached 100 and many of them lasted until September except 2007. As large number of live fires,
more than 80, in 2004 and 2005 could become active under occurrence of drought and high air temperature condition, very large
burnt area in 2004 was achieved. In 2005, nevertheless continuous rainfall started from June, large burnt area was also made by
a very active forest fire period occurred in August. On the contrarily, burnt area in 2007 was not so large due to lack of lightning
occurrence in June, continuous rainfall from the top of June, and small number of live fires, less than 60.

Keywords: live fire, fire duration, hotspot, lightning, drought, precipitation
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Distribution of biogenic volatile organic compounds over the Arctic Ocean

YOKOUCHI, Yoko1∗, Jun Inoue2

1National Institute for Environmental Studies,2Japan Marine Science and Technology Center

There are a variety of biogenic volatile organic compounds (BVOCs) in the atmosphere. They are believed to be playing an
important role in the global environment through aerosol formation, ozone depletion, etc. We studied spatial/temporal distribu-
tion of selected BVOCs in the atmosphere over the Arctic Ocean, and found that their concentrations were likely to be affected
by sea-ice type.

Air samples were collected during an Arctic cruise conducted by the R/V Mirai from 30 August to 21 October. Sampling
was done with stainless steel canisters on board at the front of the uppermost deck, forward of potential contamination from
stack. After transport to the laboratory, the samples were analyzed using a pre-concentration/capillary gas chromatograph - mass
spectrometry (GC-MS).

Methyl iodide (CH3I) is the most abundant organic iodine compound in the atmosphere, which is mostly emitted from the
ocean. Methyl chloride (CH3Cl) is the most abundant chlorine compound in the atmosphere, which is mostly emitted from trop-
ical forests followed by warm ocean and biomass burning on a global scale. Both of them showed gradual decrease with latitude,
but they showed quite different variation in the marginal ice zone. CH3Cl concentration was higher at the sites surrounded by sea
ice than at the open sea near the ice edge, while CH3I concentration decreased over/near the sea ice. This finding would suggest
CH3Cl is absorbed by the cold seawater, but CH3I is emitted even from the cold water. Among the other BVOCs, methyl bromide
(CH3Br) was similar to CH3Cl in the relationship to sea ice. Bromoform (CHBr3), which is mainly emitted from macroalgae,
showed the third pattern: lowest over thin (new) sea ice and highest over thick (old) sea ice. This would be consistent with that
ice-algae usually grow on the old sea ice.

Keywords: volatile organic compounds, Arctic, methyl iodide, methyl chloride, bromoform
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Methane flux and its stable isotope ratios in a taiga-tundra ecotone in East Siberia

SHINGUBARA, Ryo1∗, IWAHANA, Go2, TAKANO, Shinya1, NAKAMURA, Megumi1, MAXIMOV, Trofim C.3, SUGI-
MOTO, Atsuko2

1Graduate School of Environmental Science, Hokkaido University,2Faculty of Environmental Earth Science, Hokkaido Univer-
sity, 3Institute for Biological Problems of Cryolithozone, Siberian Branch, Russian Acacemy of Science

One of the major sources of CH4 is natural wetland and CH4 is partly absorbed into forest soil. These CH4 exchange between
soil and the atmosphere is known to be spatially variable to great extent (Sachs et al., 2010). Wetland is broadly distributed in
the Arctic (Aselmann & Crutzen, 1989) and taiga-tundra ecotone (low and high shrub tundra) also covers significant area in the
region (Kaplan & New, 2006). The vegetation in the taiga-tundra ecotone might be changed by climate change such as enhanced
warming in the Arctic (Walker et al., 2006) and eventually CH4 flux as well, which is a strong greenhouse gas. In order to es-
timate CH4 emission from a region in the taiga-tundra ecotone, it is necessary to observe CH4 flux not only at a typical tundra
site but also at multiple sites including taiga area. Such observation had been carried out in other region such as West Siberia
(Flessa et al., 2008), but not yet in East Siberia. The objective of this study is (1) to establish new observation sites in a taiga-
tundra ecotone in East Siberia and observe CH4 flux at each vegetation landscape and (2) to clarify the controls of CH4 flux in
the ecosystem.

We observed CH4 flux by closed chamber method in Jul 2009-2011 at 4 new sites (separated for tens of km) with different veg-
etation in the taiga-tundra boundary of Indigirka lowland near Chokurdakh (70N, 148E), Russia. The region has a typical tundra
station, where CH4 flux had been observed since 2004 (van Huissteden et al., 2005). We set new sites denoted as V (taiga-like),
K (typical boundary), B (tundra-like), where tree mounds with moss cover (Sphagnum spp.) and with larch, wet area with sedges
(or Sphagnum) and frequently with surface water were distributed in a patchy way. We also set site F (floodplain) in 2010.
Along with flux observation, we measured oxidation reduction potential (ORP), soil temperature, soil moisture, and thaw depth
as potential controls of CH4 flux. In 2011, we also measured CH4 concentration in surface water and in soil pore (at ca. 15 cm) in
wet areas, and delta-13C and delta-D of these dissolved CH4 and emitted CH4 to clarify the production, transport, and oxidation
process. GC-FID was used to analyze CH4 concentration and GC/GC/C(TC)/IRMS for delta-13C and delta-D of CH4.

The observed CH4 flux was -0.23˜7.0 mgC m−2 h−1 and different among vegetation types. At tree mounds and river terrace
(F site), the soil was drier with relatively higher ORP than wet areas and CH4 emission wasn’t observed. At K wet area (sphag-
num/sedge), where dead larch with flat Sphagnum cover on ground could be seen and regarded vegetation succession was taking
place, small CH4 emission was observed (2.1 mgC m−2 h−1 at maximum). At V, B sedge wet area, the largest emission was
observed (0.05˜7.0 mgC m−2 h−1). CH4 flux didn’t correspond with CH4 concentration in surface water, but the flux was large
when CH4 concentration in soil pore was high, indicating that the contribution of CH4 diffusion throughout surface water is
small and that CH4 could be emitted from soil through vascular plants. CH4 flux was positively correlated with soil temperature
at wet areas, as well as CH4 concentration in soil pore. CH4 flux at K sedge wet area, however, was almost constant and had
no correlation with CH4 concentration in soil pore. In 2011, when the water level of the river system was remarkably high and
the soil was wet, the largest CH4 flux was observed with low ORP. The observed delta-13C of CH4 in soil pore was extremely
high (-59˜-47 per mil), which indicates the delta value was affected by diffusion or oxidation in the soil. Delta-D-delta-13C plot
supported the CH4 transportation by plants. To estimate CH4 flux of the region, it’s necessary to consider not only tree mound
and sedge wet area but also vegetation succession. If vegetation changes from tree mound to succession area, or from succession
area to sedge wet area, regional CH4 flux might increase and cause positive feedback on climate.

Keywords: methane, taiga-tundra ecotone, East Siberia, Arctic, carbon isotope ratio, hydrogen isotope ratio
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The intensity distribution of snowfall in the cold regions

HIRASAWA, Naohiko1∗, Hiroyuki Konishi2

1National Institute of Polar Research,2Osaka Kyoiku University

In climate changes, such as global warming, a water cycle also causes a global change. In polar region, when change of snowfall
changes a area of snow cover and a period, work of ice-albedo feedback process is affected. In order to study the present condition
of the water cycle of polar region, or the influence on the future climate, we have to observe snowfall correctly. However, in the
snowfall observation using the raingauge currently performed all over the world, the capture rate is 50% or less in many cases.
This is intensively called on for improvement in observation accuracy. According to the low-temperature condition in the polar
region, many snowfall events have the little amounts in total and they are frequently constructed with weak intensity, which we
have to catch in observation. We have been carried out the observation in Niigata Prefecture and Hokkaido until now using some
instruments in order to solve such a problem. Our presentation will clarify the snowfall events from the viewpoint of the intensity
based on the domestic snowfall data mainly observed by a snow particle counter. Moreover, we would like to comment also about
use of ceilometer observation.

Keywords: snowfall amount observation, polar region, cold region, snow particle counter, ceilometer
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Anthropogenic impact on spring precipitation over Eurasian continent in the late 20th
century

NOZAWA, Toru1∗, KAWASE Hiroaki2

1National Institute for Environmental Studies,2Japan Agency for Marine-earth Science and Technology

Global warming due to anthropogenic greenhouse gases (GHGs) causes an increase in mean and extreme precipitation. It also
causes a decrease in snow cover duration and snow water equivalent (SWE) in mid-latitude and lower altitudinal area, whereas
it causes an increase in SWE in high-latitude and high altitudinal area. On the other hand, anthropogenic emissions of aerosols
have decreased over European countries, the U.S., Japan, etc., although they are still increasing in China, India, and developing
countries. Changes in the anthropogenic aerosols alter the surface radiation fluxes through the scattering and absorbing processes
of aerosols. These changes in surface radiation fluxes affect the surface energy budget; that is latent and sensible heat fluxes.
Recently, it is pointed out that ’dimming and brightening’ associated with aerosol changes affect regional and global climate
changes. Decrease in anthropogenic aerosols induces brightening over Europe, which resulting in an increase in evaporation. The
increase in evaporation contributed to the increase in precipitation via the water budget relationship.

Here, we investigate the impact of changes in GHGs and aerosols on precipitation over the Eurasian continent in the late 20th
century using historical simulations performed by a coupled general circulation model generally known as the medium-resolution
version of the Model for Interdisciplinary Research On Climate (MIROC). The atmospheric component of MIROC includes an
explicit representation of the first and second kinds of indirect effects induced by soluble aerosols as well as the direct effects of
all aerosols. We look into the relative contribution of individual anthropogenic forcing factors by analyzing datasets of several
experiments forced with different combinations of external climate forcing factors. We focus on the changes in surface radiation
and heat budgets which affect the evaporation and precipitation statically.

The historical simulation by MIROC can simulate the observed precipitation trend over high-latitudinal area in the late 20th
century. Significant increase in precipitation was observed and simulated during spring. Moistening trends are significant over
the western part of Eurasia (Europe) during all season. The annual drying trend can not be simulated over the eastern parts of
Eurasian continent. According to an analysis using an approximated atmospheric moisture budget equation, we find that the
increase in precipitation is caused by the increase in evaporation and advection over the western and eastern parts of Eurasian
continent, respectively. The change in evaporation is thought to be related to the surface radiation changes, hence, we investigate
the changes in surface shortwave and longwave radiation. Change in net surface shortwave radiation (SSR) controlled the changes
in net radiation. The net SSR increases over central and western parts of Eurasian continent not only in the all-sky situation but
also in the clear-sky situation. The downward SSR shows an increase over Europe. In contrast, the upward SSR shows a decrease,
which means the increase in net radiation at the surface, over the central part of Eurasia. According to an analysis of several
experiments forced with individual forcing factors, it is speculated the change in downward SSR is associated with the changes
in aerosols, while the changes in upward SSR is associated with the snow cover change. The increase in downward SSR over
Europe was caused by the decreases in aerosols. The decrease in upward SSR over the central part of Eurasian continent was
caused by the increasing concentrations of GHGs; the decrease in upward SSR is strongly associated with the surface albedo
reduction which is caused by the decrease in snow cover due to global warming.

Keywords: global warming, anthropogenic, greenhouse gases, aerosols
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