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Sinking fluxes of siliceous phytoplankton in the Northwind Abyssal Plain, Oct. 2010-Sep.

2012
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Time-series sinking fluxes of siliceous phytoplankton (diatom, silicoflagellate, chrysophyte cyst, endoskeletal dinoflagellate
Actiniscus, and edridian) were studied at Station NAPt in seasonal sea-ice area of the Northwind Abyssal Plain (75N 162W
1975m water depth) from 4 Oct. 2010 through 18 Sep. 2012. Total of 51 sediment trap samples obtained at 180m water dept
were applied in this study. Sinking flux of total mass (mainly composed of lithogenic materials) was relatively high in Nov.-
Dec. 2010, July-Aug. 2011, and Nov.-Dec. 2011. However, total mass and siliceous phytoplankton fluxes in summer 2012
were relatively low compared to those in 2011. High diatom flux was observed in early winter (Nov.-Dec.) and Aug.-Sep.
2011. The diatom sinking flora except for Aug.-Sep. 2011 was mainly compos@Htasftocerospp., their resting spores, and
Thalassionema nitzschioideghis flora is similar to the diatom assemblage in the Canada Basin. The diatom sinking flora in
Aug.-Sep. 2011 was mainly composedAaissula arcticand Fragilariopsis oceanicdn this period, abundant gelatinous house
of Appendicularia was also contained in the samples. The high abundan€essafia Fragilariopsis and Appendicularia were
not observed in summer 2012. Silicoflagellate flux showed maxima in early winter and summer both 2011 and 2012. Based o
the comparison of diatom sinking flora around the study area, the absence of diatom flux peak in summer 2012 is probably du
to significant influence of Beaufort Gyre waters rather than shelf waters. Chrysophyte cysts and heterotrophic siliceous dinoflag
ellate genudActiniscuswere observed throughout the sampled duration. The sinking flux of ebifithaa tripartita which is
mainly observed in the outer continental shelf of Chukchi Sea, increased in Nov. 2010. The high biogenic flux in early winter did
not reflect the high primary production at Station NAPt due to limited light condition in polar night. The large portion of high
total mass flux in every early winter is probably explained by lateral particle transportation into the Northwind Abyssal Plain
from the Chukchi Sea shelf.
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An Intense Arctic Cyclone in August 2012: A Transition Mechanism to Arctic Cyclone
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An intense arctic cyclone in August 2012 is investigated in this study. Especially, we analyzed i) three dimensional structures
and ii) mechanisms of the development focused on a transition process to arctic cyclone from extratropical cyclone.
The center pressure of the arctic cyclone decreases to 965 hPa, which is an all-time minimum in August arctic cyclones
In the early phase, the arctic cyclone is a shallow baroclinic cyclone originated with an arctic front of 60 degree north. Then
the baroclinic cyclone undergoes the transition process of the arctic cyclone due to the merger with a relatively weak (99(
hPa) preceding arctic cyclone. The shallow baroclinic cyclone becomes a deeper and wider barotropic cyclone with a couple ¢
stratospheric warm core and tropospheric cold core. Analyses show that the transition to arctic cyclone plays some important rol
in the development of the arctic cyclone.
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The finding that surface warming over the Arctic exceeds that over the rest of the world under global warming is a robust
feature among general circulation models (GCMs). While various mechanisms have been proposed, quantifying their relativ
contributions is an important task in order to understand model behavior and operating mechanisms. Here we apply a recent
proposed feedback analysis technique to a GCM under different external forcings including elevated and loweretc€®
trations, and increased solar irradiance. First, the contribution of feedbacks to Arctic temperature change is investigated. Surfac
air temperature response in the Arctic is amplified by albedo, water vapor, and large-scale condensation feedbacks from th.
without a feedback although a part of it is suppressed by evaporative cooling feedback. Second, the contribution of feedbacks
Arctic amplification (AA) relative to global average is investigated. Under the positive radiative forcings, the albedo feedback
contributes to AA predominantly through warming the Arctic more than the low latitudes while the evaporative cooling feedback
contributes to AA predominantly by cooling the low latitudes more than the Arctic. Their relative effects vary with the applied
forcing, however, and the latter dominates over the former in the increased solar irradiance and loweesgéetitnents. The
large-scale condensation plus evaporative cooling feedback and the dynamical feedback contribute positively and negatively
AA, respectively. These results are consistent with an increase and a decrease of latent heat and dry-static energy transpc
respectively, into the Arctic under the positive radiative forcings. An important contribution is thus made via changes in hydro-
logical cycle and not via the ‘dry’ heat transport process. A larger response near the surface than aloft in the Arctic is maintainec
by the albedo, water vapor, and dynamical feedbacks, in which the albedo and water vapor feedbacks contribute through warmir
the surface more than aloft, and the dynamical feedback contributes by cooling aloft more than the surface. In our experiment:
ocean and sea ice dynamics play a secondary role. It is shown that a different magnitugeér@&se introduces a latitudinal
and seasonal difference into the feedbacks.
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Possible effects of snow grain size and snow impurity concentration on the albedo mes

sured at SIGMA-A in Greenland
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Snow and ice in the Arctic are presently undergoing drastic changes. The snow surface albedo strongly depends on snow gre
size and mass concentration of light absorbing impurities. To clarify the contributions of light absorbing snow impurities to recent
abrupt melting of snowl/ice in Greenland, intensive observations of meteorological and snow parameters have carried out at tt
site SIGMA-A (7803'N, 67°38'W, 1,490 m a.s.l.) on northwestern Greenland ice sheet during the intensive observation period
(IOP) from June 26 to July 16, 2012. We installed automatic weather station to measure the meteorological elements, radiatio
budget, snow temperatures, and relative snow height. We have also performed snow pit work and snow samplings for light ak
sorbing snow impurities. During the IOP no precipitation was observed in the first two weeks and a large amount of rainfall
with remarkable lowering of snow surface was observed in the middle of July, when a melting event of surface snow/ice over
97% of Greenland ice sheet occurred. Snow grain shapes observed from snow pit work for snow layer of about 80 cm (annuz
accumulation) changed from melt forms for upper layer and depth hoar beneath that to melt forms for all layers during the IOP
Light absorbing snow impurities found from snow samples were black carbon (BC) and mineral dust, whose concentrations a
surface were both increased from 0.9 ppbw to 4.9 ppbw and from 102 ppbw to 1327 ppbw during the IOP, respectively. We
calculated the possible albedo reduction by the measured snow impurity concentrations using a physically based snow albe
model. The maximum albedo reduction due even to EC of 4.9 ppbw is less than 0.01 for typical grain size of melt forms, while
it could be enhanced by the effect of dust of 1327 ppbw. BC equivalent total impurity concentration is estimated to be about 1-
ppbw (albedo reduction -0.015). This result was consitent with the albedos measured during the IOP. The particle size of minere
dust found in surface snow during the latter half period of IOP was larger than 5 micrometers. This indicates a possible transpol
of mineral dust onto ice sheet surface. Mineral dust is important as nutrient salt for glacial microbial activities, which reduce the
albedo in ablation area and could accelerate the melting of ice sheet.
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It is reported that extreme surface (or near surface) melt occurred on the Greenland Ice Sheet (GrlS) across 98.6 % of if
entire extent on around 12 July 2012. At the site SIGMA-A°@BN, 67°38'W, 1,490 m a.s.l.), which locates on northwest part
of GrIS, we also observed near-surface melt, and accompanying rapid surface lowering especially during the latter half of ou
intensive field observation carried out from 26 June to 16 July. In this study we focus extreme near-surface melt occurred durin
10 to 13 July at SIGMA-A. During the period average air temperature rose noticeably compared to the first half of the expedi-
tion period (30 June to 9 July) by about @, and we encountered heavy rain on snow event. Furthermore, near-surface mass
concentrations of snow impurities (black carbon and dust) slightly increased to about 4.9 ppbw and 1327 ppbw, respectively.

In order to understand the detailed mechanism of the extreme near-surface melt, we employed a physically based 1-D sno\
pack model named Snow Metamorphism and Albedo Process (SMAP) forced by in-situ meteorological and snow data, an
performed numerical sensitivity tests to assess relative contributions of temperature rise (Test-I), rain fall (Test-11), and snow
impurities (Test-111), which can heat near-surface snowpack. SMAP with the default setting (CTL) was already tested using these
data and we obtained reasonable results (root mean square errors for shortwave albedo and snow surface temperature were 0.
and 0.373C, respectively) during 30 June to 14 July. In the Test-I input air temperature was reduced’lyahé downward
longwave radiant flux was also modulated accordingly. For the Test-1l we input no precipitation. Finally, in the Test-IIl we per-
formed "pure snow” run where no snow impurities were input to drive SMAP.

Comparing each result by these sensitivity tests (Test-I, Test-1l, Test-1ll) against that by CTL, and found average reductions ir
shortwave albedo (0.000, -0.003, and -0.013) and average increases in snow surface temperattfe, @A@& C, and 0.002
°C) due to temperature rise, precipitation, and snow impurities, respectively during 10 to 13 July at SIGMA-A. These results
indicate that albedo reduction is mainly caused by snow impurities, however, its extent is not sufficiently large to modulate sur-
face energy balance dramatically. Instead, temperature rise increases net longwave radiant flux and sensible heat flux at the sn
surface and heat the surface significantly, suggesting that temperature rise played an important role in the extreme surface m
at SIGMA-A during 10 to 13 July.
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It is very important to determine the temporal variation of meltwater volume and the spatial extent of ice sheets in late Qua-
ternary for studying past and future climate changes and for constraining mantle rheology. Most of the melting histories of ice
sheets from Last Glacial Maximum have been inferred on the basis of geophysical and geological constraints (e.g., Peltier, 200
using the glacial isostatic adjustment (GIA) modelling. However, such reconstructions have ice thickness that is unconstrained i
regions from which the required geophysical data are unavailable and furthermore insufficient constraint that might support ther
to be glaciologically self-consistent. And also there are some difficulties in the geophysical reconstructions that are the ambiguit
between ice load magnitude and the timing of ice load removal.

On the other hand, three-dimensional ice-sheet modelling (e.g., Abe-Ouchi et al. 2007) produces physically self-consistent ic
sheet which further constrains the history and spatial variations of the load, but have difficulties due to their high sensitivity to the
various climate forcing as well as from uncertainties associated with basal processes. However, it is clear that the combination «
these two approaches would be expected to lead to a much more highly constrained reconstruction of ice sheet history.

In this study, we try to combine the two methodologies based on the three-dimensional thermo-mechanically coupled ice-she
model and the bedrock deformation derived from GIA model. As a first step, we evaluate the crustal deformation in Greenlanc
based on the ice models deduced by ICIES (Ice sheet model for Integrated Earth system Studies: Abe-Ouchi et al., 2007). Crus
deformation includes vertical uplift and subsidence, geoid height variations, and regional sea level variations along the coasts
Greenland. We compare the sensitivity of the adoption of ice sheet histories. In particular, we clarify the effect of Laurentide ice
sheet on crustal deformation in Greenland.
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Estimation of biomass change by multi-temporal airborne laser profiling along S-N 750
km transect in northwestern Canada
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Multi-temporal airborne laser profiling missions over S-N 750 km transect along the Dempster highway from Dawson (64.0
degrees N, 138.8 degrees W), Yukon Territory to Inuvik (68.3 degrees N, 133.5 degrees W), Northwest Territories in Canada wer
conducted in summer of 2003 and 2011 for estimating terrestrial biomass change and monitoring how northern plants respon
to possible global warming. By processing original surface profiles of the term-head and end missions, vegetation profiles wer
obtained as a difference between surface and ground profiles. Then standing stock, and aboveground biomass every 100 m alc
transect at the term-head and end were obtained by applying equation those vital indices measured at 80 sample plots on grou
against average laser vegetation height. Average vegetation height, standing stock and biomass entire 750 km transect were
creased from 0.51 m, 15%ha and 9.0 ton d.m./ha in 2003 to 0.81 m, 2¥na and 14.0 ton d.m./ha in 2011 as average annual
increment of 0.037 m, 1.1 #fha and 0.64 ton d.m./ha. Biomass increment was much larger in forest dominated section (0-70
km from Dawson; nearly 2 ton d.m./ha/year) than tundra dominated section (450-550 km from Dawson; 0.1 ton d.m./hal/year)
Air temperature and warmth index in recent 25 years have been rising 0.34 degrees and 1.2 degrees-month (more than 0 degr
Celsius in mean monthly temperature) in Dawson, 0.63 and 0.3 in Eagle plains (the middle point of transect), and 0.78 anc
1.9 in Inuvik respectively and which supports soil temperature should have also been rising in this area. Both the air and soi
temperature rising causes the releasing growth limitation of plants in this region. However, biomass carbon loss from forest fire
seems not significant at least along the laser transect from year 2003 to 2011 from the combination of analysis of multi-tempore
airborne laser profiling data set, fire history map from Yukon Territory, and observation from the air and ground.
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Keywords: Canadian boreal forest, circumpolar, global warming, biomass change, airborne laser altimetry, multi-temporal mea
surement
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Dev. Discuss., 4, 1063?1128, 2011
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Global climate change scenarios predict an increase in average global precipitation in the present century and this change w
be most pronounced in high latitudes [IPCC, 2007]. Previous studies reported that decrease in precipitation with global warmin
cause quite severe drought stress and consequently significant reduction of tree growth [e.g. Barber et al., 2000; Sarris et &
2007]. However, it is not clear whether increase in precipitation causes better tree growth even under global warming, especiall
in dry region like as eastern Siberia. Here, we report an analysis of larch tree-ring width and delta-13C over the past 150 years i
eastern Siberian.

Radial growth and delta-13C of larch tree rings were measured at two larch dominated forests; Yakutsk (YK; 62N, 129E) anc
Elgeeii (EG; 60N, 133E) in eastern Siberia.

Negative responses of larch tree growth to summer temperature were observed in YK for the past 100 years, which may b
explained as temperature-induced drought stress [Barber et al., 2000]. On the other hand, larch trees in EG had shown no ne
ative response to summer temperature probably due to large summer precipitation until 1990. However, the negative respon:
with rapid temperature rise was observed after 1990 even in EG. Since 1990, higher tree ring delta-13C reveled iWUE (intrinsic
water-use efficiency) improvements at both two sites sharply. These results indicate that higher temperature after 1990 cau:
more severe drought resulting in great improvement of iWUE and reduction of tree growth, suggesting that the improvement o
iIWUE seem to be insufficient to compensate for the negative effects of the increasing water limitation on growth.

Therefore, even if precipitation increases, reduction of larch tree growth and in consequence the fall of the carbon assimilatio!
of a forest in eastern Siberia under global warming might is expected.
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The fraction of absorbed photosynthetically active radiation (FAPAR) is a ratio of absorbed PAR to incident PAR in plant
canopies and is an important vegetation parameter and is widely used for the gross primary production estimation. The absorb:
PAR and incident PAR are both spheradiances (actinic fluxes). The FAPAR definition that ignores the horizontally incident PAR
component (FAPAR1d) results in unrealistic FAPAR estimates in heterogeneous forest when looking at high spatial resolution
We investigated the spatial-scale dependence of the relationship between FAPAR1d and the normalized difference vegetatic
index (NDVI) in highly heterogeneous Alaskan black spruce forest. We collected most of the necessary forest structural datase
used for three-dimensional radiative transfer simulation. At high spatial resolutions (0.1 m), FAPAR1d reaches 6. As the pixels
are merged, it converges on the domain-average values. To estimate a domain-average FAPAR from satellite data, 5-meter
coarser resolution is required in sparse forests, depending on the canopy structural conditions and solar geometry.
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Satellite remote-sensing is an useful tool to detect seasonal and interannual variations in sub- and Arctic terrestrial ecosyster
with a high spatio-temporal resolution. However, from thesitu ecological research view point, the satellite remote-sensing
approach has not been sufficiently tested and validated by ground-truthing. We examined the relationships between seasonal p
terns of camera-based canopy surface indices, eddy-covariance-based gross primarily productivity (GPP) and satellite-observ
vegetation indices at a daily time step by performing field studies in an open canopy black $piocgzenfarianaforest in
Alaska. The ratio of the green digital number to the total digital number, green-excess index, hue (in the hue, saturation, and in
tensity colour model), GPP, satellite-observed normalized difference vegetation index (NDVI), enhanced vegetation index (EVI)
and green-red vegetation index (GRVI) showed bell-shaped seasonal patterns (increasing in spring and decreasing in autun
and their correlations were detected. Although the upper layer of forest is fully covered by evergreen black spruce, canopy sul
face images mainly detected seasonal changes in forest-floor vege@ibaghunmoss and shrubs) and snow cover on the
forest floor. These facts suggest the importance of the seasonal patterns of forest canopy and floor status for the observations
satellite-remote sensing in sparse boreal forest in Alaska. Further consideration of parameters such as the degree of canopy op
ness and the seasonal changes in forest-floor vegetation will therefore be required to accurately detect the intra- and interannt
phenological changes in sub- and Arctic ecosystems by using the satellite remote-sensing approach.
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Interannual and regional variations of GRENE Arctic observation sites by Satellite
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Large-scale analysis on long-term changes in the energy-water balance in the Arctic
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Diagnostic analysis of temperature changes in the Arctic region
Diagnostic analysis of temperature changes in the Arctic region

Alexandre Lainé*, Abe-Ouchi Ayakd
Alexandre Lain&*, Abe-Ouchi Ayakd

LAORI, University of Tokyo
LAORI, University of Tokyo

The Arctic region is experiencing one of the greatest warming on Earth and is expected to continue doing so in the near future
Because of the specificities of its climate, especially in terms of snow and sea-ice cover, the mechanisms associated with th
warming are partly different from the ones of other regions in the world. One obvious contribution comes from albedo effect due
to sea-ice retreat, but other specific mechanisms are possibly linked with this specific thermal response, e.g. in terms of clou
cover changes.

In this study, we decompose the surface energetic fluxes locally in order to consider the different factors influencing the
temperature changes at the surface. The relative role of the different factors is considered for the Arctic region and for the whol
globe separately in order to highlight the specificities of the Arctic warming.

000 00: Arctic, Surface energetics, climate warming, temperature change
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Influences of the sea ice concentration and sea surface temperature to the atmosphere

0000 0002
Koji Terasaki*, Hiroshi Tanaka

!0pDDoDD0O0O00,200000000000000
INational Institute of Polar ReseardGenter for Computational Sciences, University of Tsukuba

Since 1980s the sea ice extent in the Arctic Ocean has been decreasing. It is important for the climatology in the Arctic whethe
the sea ice exists or not. The purpose of this study is to investigate the differences of the influences to the atmosphere due to t
different conditions in sea ice concentration and sea surface temperature with global atmospheric model NICAM (Nonhydrostati
ICosahedral Atmospheric Model).

Two experiments will be carried out. One is that the monthly climatology of the sea ice concentration and sea surface tem:
perature is used as the boundary condition (normal year), and the other is that the monthly data of them in 2007 is used (less s
ice year). The time integration will be conducted for 50 years for each experiment. The sea ice concentration, sea ice mass al
sea surface temperature are fixed within each month during the integration. The horizontal resolution is 112 km (glevel-6) ant
40 points are taken for the vertical grid. The experiment is now in progress.

Surface air temperature over the Arctic Ocean on 2007 Experiment is much higher than that on climatological experiment
especially in winter. The difference in horizontal distribution of the surface air temperature in summer season is very small
compared to in winter season. The maximum difference locates where the sea ice does not exist on September but on Janue
The strong warming over the Arctic Ocean occurs, the difference is more than 10 degree Celsius. It is found that difference:
of the sea level pressure in September and January between 2007 experiment and climatological experiment shows positive /£
(Arctic Oscillation) distribution, which indicates positive anomaly in mid-latitudes and negative anomaly in Arctic region.
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Freshwater and nutrient distribution of the western Arctic Ocean
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Sumilations of interannual variations in Arctic sea ice t
vertical thermodynamic model
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Recently, Arctic sea-ice in summer decreases and the rate of decrease increases. The decrease of Arctic sea-ice affects
the climate not only in Arctic region but also in mid-latitudes, such as Japan. We have investigated the factors affecting on
the interannual variations in sea ice thickness around Arctic sea ice by means of numerical experiments with a one-dimension
vertical thermodynamic model, introduced by Bitz and Lipscomb (1999). The model needs four surface flux inputs to calculate the
temporal variations of sea ice thickness: downward shortwave radiation, downward longwave radiation, sensible heat, and late
heat. These four inputs are generated from the daily Japanese 25-year Reanalysis (JRA-25) and JMA Climate Data Assimilatic
System (JCDAS) from 1979 to the present, averaging over the area of 75-90N and 135-225E. The influences of each surfac
flux input on the interannual variations in sea ice thickness have been examined by conducting numerical experiments with somr
inputs for some seasons replaced by their 33-year daily climatology. The interannual variability and trend of the sea ice thicknes
in the control experiment, with all four inputs having interannual variability in all times, are in reasonable correspondence with
those of the observed sea ice extent in the area. It is found that this correspondence is mainly attributed to the interannu
variations in summertime longwave radiation, and that the interannual variations in summertime shortwave radiation play a role
in suppressing the influences of longwave radiation. The recent decrease in sea ice extent brings the increase in upward sensi
and latent heat flux from the ocean, and promotes the formation of thick sea ice in cold seasons. However, the promotion is almo
canceled by the simultaneous increase in downward longwave radiation, presumably owing to the increase in air temperature al
water vapor content. The results obtained with the model exhibits a strong sensitivity of the interannual variations in sea ice
thickness to summertime (June and July) downward radiations.
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Recent temporal change of Greenland ice sheet surface temperature and reflectance

rived from MODIS data
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Rapid Arctic climate changes are reported in recent decades. Greenland ice sheet holds approximately 10% of the fresh wat
on earth. If it melts all, sea level rises about 7.2meter. It is reported that mass of Greenland ice sheet is decreasing with ten
perature rising of climate change. However many climate models aren’t able to simulate the recent melting of snow and ice ir
the Arctic including Greenland. One of the possible causes is albedo reduction of snow and ice surface by light absorbing sno
impurities such as black carbon and dust and by glacial microorganisms. In addition, there are reports that the dark region darl
ened with glacial microorganisms has emerged in the southwestern part of Greenland (Wientjes and Oerleman., 2010). Howev
there are few researches for effect of glacial microorganisms in wide area. So it is important to clarify the impact of glacial
microorganisms in wide area.

The goal of this study is to clarify the effect of microorganism on Greenland ice sheet surface temperature change using
satellite images and observation carried out in northwestern Greenland.

In this paper, we show the temporal change of monthly average ice sheet surface temperature derived from MODIS/Aqua Jul
in recent years, from 2002 to 2010.

We use MODIS LST Product as ice sheet surface temperature. It estimates land surface temperature using Land Surface Te
perature Algorithm based on split window method (Wan et al., 1996). We analyzed surface temperature on dark region (68.45N
49W), downstream of dark region (68.45N, 50W) and upstream of dark region (68.45N, 48W).

Monthly average ice sheet surface temperature is falling in recent years around dark region. The rate of temperature chan
on downstream is -0.08 degree Celsius per year and the rate of temperature change on upstream is -0.07 degree Celsius pery
The rate of temperature change on dark region is -0.007 degree Celsius per year, it shows less change than the other area
is considered that low surface reflectance advances solar radiation absorption caused by glacial microorganism. Cooling on tl
other area seems to be caused by appearance of low temperature ice body under the snow cover especially downstream of d
region. Low temperature ice body controls glacial microorganism growth. Cooling trend on downstream of dark region is causec
by suppression of glacial microorganism.

In the future, in order to clarify the relationship between temperature change and glacial microorganism, we will develop
product to determine the quantity of glacial microorganism by satellite images.
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