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Exploration of basal condition in winter by numerical glacier hydrological model
-Preliminary results-
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Ice surface speed is a combination of ice deformation and basal sliding (including sediment
deformation under the glacier). Well-known spring/summer speed-up cannot be explained by ice
deformation and can only be induced by basal sliding. Faster basal sliding is attributed to higher
basal water pressure, which reduces the effective pressure (ice-overburden pressure minus basal
water pressure) and lubricates the interface between ice and bed. Many observations and modeling
have been performed so far, and basal condition plays a key role in driving seasonal changes in ice
speed.

Applying offset tracking method to satellite radar images, we found winter speed-up signals of
surge-type glaciers at two distinct setting, Yukon Territory in Canada (Abe and Furuya, 2015) and
West Kunlun Shan, in Northwestern Tibet (Yasuda and Furuya, 2015). In Yukon, the winter speed-up
from fall to winter was seen at many surge-type glaciers during their quiescent phases. In West
Kunlun Shan, seasonal modulations were identified at two active surging glaciers, which are faster
from fall to winter and slower from spring to summer. These findings tell us that we have to
consider some mechanisms that can increase basal water pressure even at low water flux in winter.
Werder et al (2013) developed the 2D subglacial drainage system model (GlaDS), which consists of
R-channel conduit and distributed cavity system. Using this model, we have examined how the
drainage system evolves from spring to summer, and how it does in the following winter, as well as
effective pressure changes. We could show that the effective pressure drops at the same time as the
onset of meltwater input. After that, the subglacial drainage system evolves and reaches a steady
state. Immediately after the onset of the melting season, spring/summer speed-up event occurs. At
the end of the season, when meltwater input ceases, the effective pressure remains a high value in
winter. This is because there is no water input and the channels close due to creep closure.

In our presentation, we will show the time evolution of the drainage system during melting season,
and discuss how it does in winter with some assumptions.
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The regions of high-mountains are frequently called ‘‘water towers’’ for the lowlands and a precise
knowledge of the characteristics is required for their proper management. The glaciers provide
water by melt down not only to the people living close to the mountains but also contribute runoff
to the lowlands and recharge the river fed aquifers and finally effect the global sea level change.
After Alaska and Arctic regions, the Karakorum-Himalaya (K-H) area constitutes the second largest
glacial cover of the Earth. The Karakoram glaciers are fed by precipitation and avalanche. Based on
previous studies, surges and slight gain in the mass of central Karakorum glaciers has been
reported. The surges of individual glaciers are generally out of phase, indicating a limited
climatic control on their dynamics. In the present research, the focus is to observe the effect of
seasons and earthquake events on the glacial dynamics, in this region.
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Remote sensing observations for a catastrophic avalanche collapse in Langtang induced by
the Gorkha, Nepal earthquake
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Characteristics of cryoconite on the Lewis Glacier in Mt.Kenya Africa
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The cell morphology and pigment composition of red snow algae in Japanese and Alaskan
mountain ranges
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Can snow impurities be detected on Greenland ice sheet by satellite remote sensing?
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Warren (2013) pointed out that attempts to use satellite remote sensing to estimate the black
carbon (BC) content of snow are unlikely to be successful, except in highly polluted industrial
regions, with the reasons as follows. The possible albedo reductions for the shortwave and visible
wavelengths due to the typical concentration of BC (3-30 ppbw) in remote areas of the Northern
Hemisphere are 0-1 % and 0-2 %, respectively for cold fine-grained snow, and 0-3% and 1-6%,
respectively for melting snow. Compareing to these small albedo reductions typical errors in
surface albedo inferred from satellite measurements are comparable (a few percent), which are
attributed to uncertainties of undetected thin clouds, atmospheric aerosols, vertical profile of
snow grain size, surface roughness, and subpixel heterogeneity of the thin and patchy snow cover as
well as satellite sensor calibaration and bidirectional reflectance distribution function (BRDF)
model of snow surface used in the retrieval algorithm.

We are challenging to develop the satellite remote sensing algorithm to retrieve snow impurities on
Greenland ice sheet (GrIS) to estimate the possible contribution to the recent albedo reduction.
The algorithm is based on look-up table method in which BRDFs are tabled as functions of solar and
satellite zenith angles and relative azimuth angle, snow impurity concentration and snow grain
size. Our algorithm employed a two-snow layer model by which the effect of vertical inhomogeneity
of the snow parameters is taken into account. To examin the possibility of satellite remote sensing
of snow impurities with our algorithm on GrIS, we estimated the albedo reduction due to BC on GrIS
with physically based snow albedo model (Aoki et al., 2011). The albedo reduction for melting snow
for the BC concentration range previously measured (0.55-20 ppbw) on GrIS is 0.02-2.6% and
0.03-4.8% for the shortwave and visible wavelengths, respectively. On GrIS there are no
uncertainties of subpixel heterogeneity of the thin and patchy snow cover. The surface roughness is
also very small in summer season over acculuration area on the ice sheet. The atmospheric aerosols
effect are generally small. Hence, the major uncertainties are satellite sensor calibaration, thin
cloud effect, and BRDF model used in the algorithm. These issues were improved by employing the
latest MODIS (6 data set, new cloud detection algorithm (Chen et al., 2014), and Voronoi snow shape
model for BRDF calculation in our algorithm. The retrieval results of monthly mean BC-equivalent
concentration of snow impurities from 2000 to 2015 on GrIS in summer season were 8-34 ppbw which
are same or somewhat higher than the previous in-situ measurements (0.55-20 ppbw). However, those
in spring reason were too high (29-383 ppbw) compared to the in-situ measurements. The inter-annual
trend of the concentration in summer was small increase of 10-30%/decade. From this result, there
is a possibility to detect snow impurity on GrIS in summer season by satellite remote sensing.
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Metamorphism of layered firn at Dome Fuji, Antarctica: Evolution of relations between
Near-infrared reflectivity and the other textural/chemical properties
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Comparison of thermodynamics solvers in the polythermal ice sheet model SICOPOLIS
*Ralf Greve', Heinz Blatter'’

1.Institute of Low Temperature Science, Hokkaido University, 2.Institute for Atmospheric and
Climate Science, ETH Zurich, Switzerland

In order to model the thermal structure of polythermal ice sheets accurately, energy-conserving
schemes and correct tracking of the cold-temperate transition surface (CTS) are necessary. We
compare four different thermodynamics solvers in the ice sheet model SICOPOLIS (www.sicopolis.net).
Two exist already, namely a two-layer polythermal scheme (POLY) and a single-phase cold-ice scheme
(COLD), while the other two are newly-implemented, one-layer enthalpy schemes, namely a
conventional scheme (ENTC) and a melting-CTS scheme (ENTM) (Blatter and Greve, 2015, Polar Sci. 9,
196-207). The comparison uses two scenarios of the EISMINT Phase 2 Simplified Geometry Experiments
(Payne and others, 2000, J. Glaciol. 46, 227-238), one with no-slip conditions at the base and one
with basal sliding. In terms of temperate ice layer thickness, CTS positioning and smoothness of
temperature profiles across the CTS (a requirement for the assumed case of melting conditions), the
POLY scheme performs best, and thus its results are used as a reference against which the
performance of the other schemes is tested. Both the COLD scheme and the ENTC scheme fail to
produce a continuous temperature gradient across the (TS, and both overpredict temperate ice layer
thicknesses to some extent (the COLD scheme more). In the ENTM scheme, a continuous temperature
gradient is explicitly enforced. This scheme is more precise than ENTC for determining the position
of the (TS, while the performance of both schemes is good for the temperature/water-content
profiles in the entire ice column. Therefore, the one-layer enthalpy schemes ENTC and ENTM are
viable, easier implementable alternatives to the POLY scheme with its need to handle two different
numerical domains for cold and temperate ice.

Keywords: Ice sheet, Thermodynamics, Polythermal ice, Enthalpy method, Modeling
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Accuracy of the SMAP model-simulated snow density, temperature, and grain shapes at
Sapporo, Japan
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A multi-layered physical snowpack model has a special feature that it can calculate temporal
evolution of detailed snow internal stratigraphy. This characteristic is a considerable advantage
of such a model, because it is impossible for a typical land surface model to simulate realistic
layer structure of the snowpack. In the present study, we evaluated a 1-D multilayered physical
snowpack model SMAP (Snow Metamorphism and Albedo Process) in terms of snow density, temperature
and grain shapes using in-situ data obtained at Sapporo (43°@5'N, 141°21'E, 15 m a.s.1.), Japan
from the 2005 to 2015 winters (November to April). The model was driven by quality controlled
30-min averaged data for air temperature, relative humidity, wind speed, surface pressure, snow
depth, liquid precipitation, downward and upward shortwave radiant flux, downward longwave radiant
flux, and ground surface soil heat flux measured with an AWS installed at Sapporo.

Before investigating accuracy of the model-simulated snow internal physical properties, the SMAP
model was evaluated in terms of column-integrated snow water equivalent (SWE) and snow surface
temperature in order to check the mass and surface energy balances are calculated adequately. At
Sapporo, SWE data was obtained by snow pit measurements, while snow surface temperature was
observed with the AWS. Comparison of observed and simulated column-integrated SWE revealed that the
model tended to underestimate SWE (mean error; ME was -19 mm); however, root mean square error
(RMSE) was 34 mm, and these scores are better than those for simulations driven by not snow depth
but precipitation (ME was less than -25 mm and RMSE was more than 4@ mm). It suggests that the
correction technique for precipitation measurements considering catch efficiency of a rain gauge is
still insufficient. As for snow surface temperature simulated by the SMAP model, systematic
overestimation nor underestimation was not found (ME = ©.4 2C), and obtained RMSE was also in a
sufficiently low (1.6 2C). Overall, these results assure that the mass and surface energy balances
of the snowpack at Sapporo were modeled and calculated reasonable enough by the SMAP model.

In the model validation in terms of snow internal physical properties, accuracy of the
model-simulated snow density and temperature were investigated first using the in-situ measured
data from snow pit works. Validation results indicated that the model tended to underestimate snow
density (ME = -51 kg m>) and overestimate snow temperature (ME = 0.4 2C); however, RMSE for both
properties were sufficiently small (88 kg m™ and 1.6 C, respectively). In order to permit higher
precision of the model, it would be necessary to develop physically based schemes for new snow
density and effective thermal conductivity of the snowpack. Next, snow grain shapes simulated by
the SMAP model was evaluated using the manually measured data obtained from snow pit works. During
accumulation period (November to February), precipitation particles, decomposing and fragmented
precipitation particles, rounded grains, and melt forms were mainly observed at Sapporo. Generally,
they were stratified from the surface to the bottom of the snowpack. On the other hand, during
ablation period (March and April), melt forms were principally observed in the snowpack every
winter period. Basically, these above mentioned features could be reproduced by the model; however,
faceted crystals and depth hoar, which are generally developed through the temperature gradient
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metamorphisms, were not simulated by the model at all. It suggests that improving physical
processes under the temperature gradient metamorphism, and reconsidering the method to diagnose
snow grain shape from snow physical properties such as geometric grain size and water content are
quite necessary.

F—"T—K : the SMAP model. FEEZXRE. BEYES
Keywords: the SMAP model, snow metamorphism, snow internal physical properties
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Measurements of the coefficient of dynamic friction for Cross-country skiing
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Development of snow algorithm based on the microwave radiative transfer model for multiple
layers and various land surface parameters
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DOEEDRIMBALSNTULZTZ®IC. BEROBEINIEERBEELNENER TS EMTEE

ol T TARMETIE. CNFITHLITULZDense Media Radiative Transfer model (DMRT;

Tsang,1992) &4-Stream fast model(Liu, 1988)MiESEF JUICAdvanced Integral Equation Model (AIEM;
Chen,2001)&EMNX. TEDOMKXEREMRETFMIDICENDTETEIRMMCHRE L, SSHICEBBETH >R
ERLCITEDZELLERD. ZNENDET/IASA—IFEFMIDICENTEDILSICHR Uz, HEEICEE
L TI3. S. Paloscia, and P. Pampaloni(1988)#RERTLIC K DHESE /KPP EZE KTz LT Jacson and

Schmugge (1991)#ZEE T (C K DIBE DHZEMES %K. w-model(Mo et al., 1982)(CKDEFFM LTz, S 5I(CD.
M. Dobson et al.(1985)#FRRINICKEBREMR CHEOHRBETHAETET DL SICHEB LU, REICKLDAHESE
HEBIDFES T Tzoh(C. RIMOREREBRZT o LT, TEORBERKREE - 3KF - KkpE. BB, BECHT
DEEBIBH(LAL) - EEREEREI/ISA—FELR, COXIICHRBURIMERVT. BERE/ISX—S5I(C
WG9 SLookup table(AT. LUT)ZEETE L. AMSR2/AMSR-EV ¥ 0 CIRER SR (18.7GHz(v) /36.5GHz(v) ) 'S
EEROLUBBEDBEE/NSA—IFZHEIT D7V IV ILEZERFKE UL, ZILIVUILICH ITREEENE
KFHY - X(E. SRFBREETIVU(Sturm and Benson, 1977)[CKDHEEL ., FREEEE

(E. Richard(2003)#2ERT0Z FHU\AMSREEEE (18.7(v), 23.8(v), 36.5(h),89.0(v) GHZ)ICA\SEEL. FR
ARZEAVCRETOD 7 rILEE LR, TSICEBEE/IASX—F(CHILT 3RBERT—5 & L TUUTE
Uz, KBRS —5(C DU TIE. ISLSCPRERTN (RBRZE= 1-[d/2.65])) ZE ALV TIAEZEE (d, Harmonized
World Soil Database)MSMEBRFRZEE L e, TERME(EINSIDC Permafrost/Ground ice maplc KD HIEL

fco EBKTBAKDT I B LUFTELEIE. GLDAS-CIMCEDETEE Uz, LAIZEKT—5 & L TIEMODIS
LAIF—SZEAL. REREETS53 5T —5I(E. ESA Glob CoverT—Htw RCEDZTEELZ, 20124
108 H 52013 2B OHARE. /A" 74813 (N55-65°, E125-135°) (CEFENBGESD10RXFT—/ 3 2V FH KSAMSR2/
RNY FREEY 1 LENRICTIVT Y T LDMEEZEIRIE L 2558, MAE(Mean Absolute

Error):9cm - Bias:1.5cm - RMSE: 14cmDBEEERER L Tzo

F-O—R I BEE VIOORVE-—~EYIVI, PIVTVRIL
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A 30-year trend of snow cover duration in the Northern Hemisphere derived from
satellite-borne optical sensors
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Snow cover extent (SCE) has been an important observation target from space for weather prediction
since 1960's. The National Oceanic and Atmospheric Administration (NOAA) has produced a historic
record of weekly SCE charts in the Northern Hemisphere over three decades. The NOAA SCE has been
widely used for climate studies. However, the production method of SCE has not been unified during
the long-term operations. Thus, the accuracies of SCE detection are considered changeable. As an
alternative product, a 30@-year long SCE was derived in this study from radiances acquired with
optical sensors onboard polar orbiting satellites by employing an objective analysis method. That
is, only five spectral channels which are available during the whole analysis period were used for
SCE detection. In addition to SCE, snow melt date (SMD), first snow date (FSD), and snow cover
duration (SCD) were also derived from the SCE. The derived SCE exhibits negative trends in all
seasons, which is partly inconsistent with those derived from NOAA SCE. The causes of the
inconsistency are considered due to the coarser spatial resolution of NOAA SCE (i.e., pixel size is
approximately 190 km whereas this study’s SCE has 5km spatial resolution) and also due to the
changeable snow detection accuracy. The trend of the derived SCD exhibits spatially asymmetric
pattern over the Northern Hemisphere. That is, significant shortening occurs in western part of
Eurasian Continent (EC), whereas weak shortening or even lengthening occurs in eastern EC and
western North America Continents. From the comparison with SMD and FSD, the significant shortening
in western EC is considered to be caused mainly by the delay of FSD toward later dates in autumn
and partly by the advancement of SMD toward earlier dates in spring. The long-term SCE dataset will
be used as a climatological baseline for a Japanese satellite mission named “Global Change
Observation Mission-Climate” (GCOM-C) to be launched in 2017.

F-O—R I BEE BERBHE. VE-—~TEYIVT KRR MIRKREZESSI=vI Y

Keywords: Snow Cover, Snow Cover Duration, Remote Sensing, Climate, GCOM
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Movement analysis of curling stone
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Development of a simple snow load gauge using plastic bottles (part 2)
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Monitoring of snow albedo and ice surface temperature in the North-West Greenland using
MODIS data
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Much works in the Greenland ice sheet (GrIS) have reported recent Arctic warming. The GrIS has been
experiencing extensive melt. The surface melt extent can be seen especially in northwestern
Greenland. Such an event results in increasing the ice surface temperature as well as decreasing
the snow surface albedo. It makes a large contribution to the ice-albedo feedback in the total melt
energy. Thus, the monitoring of snow surface albedo and the ice surface temperature in the
northwestern GrIS by using NASA's optical sensor MODIS data are important. We developed algorithms
to retrieve the snow surface albedo and the ice surface temperature based on the radiative transfer
model of atmosphere-snow system. We employed the MODIS (Collection 6) images to show temporal and
spatial variation in more detail. We built monthly composite MODIS images by collecting clear day
(cloud-free) pixels, and then estimated the snow surface albedo and the ice surface temperature
from 2002 to 2014. Results show that the edge of the ice sheet was confirmed to be both low visible
and near-infrared albedo through May to September in common. This implies that there are a dark
region and a surrounding blue ice area. These low-albedo areas were gradually expanded toward the
inland during recent 13 years. For the ice surface temperature, the edge of the ice sheet was
measured to be almost melting point, and these areas were also gradually expanding toward the
inland. This means that there is a potential of melting the ice sheet and increasing snow grain
size over a wide area, resulting in the accelerate near-infrared albedo reduction more rather now.
At SIGMA-A site (N78203'06"/W67237'42"; 1490 m a.s.l.) where an automate weather station was
installed in 2012, a significant negative trend in both visible and near-infrared albedo reduction
can be seen in the melting season. Both albedo reduction was largest in August. As corresponding to
albedo changes, the positive trend of the ice surface temperature can be seen in the melting
season. Comparison between SIGMA-A site and NEEM (N77230'08"/ W58204'22"; 2454 m a.s.l.) site shows
that the positive (negative) trends for the near-infrared albedo (ice surface temperature) were
common each other while that for the visible albedo were different. In NEEM site, small positive
trends can be seen in the visible albedo. If major surface melt events such as 2012 summer and
increasing the ice surface temperature trend will be measured in the near future, it may cause the
expansion of the melting snow area toward the inland, and thereby decreasing the snow surface
albedo can be observed in the NEEM site as well after increasing the snow grain size. So, we will
continue to focus on these areas to monitor snow physical parameters. In addition we will attempt
to use a Japanese satellite mission named "Global Change Observation Mission-Climate (GCOM-C)" to
be launched in 2017 which may help to be aimed at a more temporal/spatial detailed monitoring of
these parameters.

F—O—R I BE7ILRRE, KEXKEEE. JJ—-YSVUR, UE—rtEYIVT
Keywords: Snow albedo, Ice surface temperature, Greenland, Remote sensing
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Spatial distribution of mountain permafrost in northern Tien Shan, Central Asia
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Estimation of sulfur source contribution to sulfate aerosol in surface snow in East
Antarctica using sulfur isotope analysis
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Downwasting of debris-covered ablation area of Lirung Glacier in Langtang Valley, Nepal
Himalayas since 1979
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Larger number of glacier system in Himalayas plays important role to water supply in surrounded
country and global sea level rise. Extensive glacier mass change have been measured in various
scale/method (ex. laser altimetry and stereo photogrammetry) and projected using model with climate
gridded data. However, extensive measurement without field-based validation has uncertainty
inherent with sensors. And information about behavior of debris-covered glacier is not enough for
incorporating extensive model projection. Here we present detail investigation about recent mass
balance of debris-covered type glacier of Lirung Glacier in Langtang Valley, Nepal Himalayas, from
elevation change by remotely sensed multi-temporal digital elevation models calibrated by field
measurement and surface flow velocity by phase only correlation. Surface lowering (-1.3--1.8 m a”
) are observed all over ablation area of Lirung Glacier. From mass balance calculation by
continuity equation reveals it mainly caused by ablation. In upper ablation area, recent
accelerated decrease of emergence velocity (+0.3 and 0.0 m a' before and after 2000 respectively)
also contributes to the surface lowering. Energy mass balance model using gridded climate datasets
and weather observation. The calculated decrease of emergence velocity could caused by delayed
response to accumulation decreasing from 1980s to 1990s. In this context, upper ablation area will
accelerated downwasting due to positive feedback between surface lowering and flow velocity
decelerating.

F—O—R VST, XK. DEM
Keywords: Himalaya, Glacier, DEM

©2016. Japan Geoscience Union. A1l Right Reserved. - ACC20-P@8 -



ACC20-P@9 HAMERSER S EA2016EAS

EKEXRSRERREESRICH T 7 VY Y TV FRREL DB REMEEOBE
Ensemble forecast error covariance and correlation structures in coupled land-atmosphere
modeling systems
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Coupled numerical models address interactions between processes in the atmosphere, ocean, land
surface, biosphere, chemistry, cryosphere, and hydrology. Including the interactions between such
processes can potentially extend the predictability and eventually help in reducing the uncertainty
of the prediction. Coupled data assimilation is a branch of data assimilation that deals with
coupled modeling systems. In this article the fundamentals of coupled data assimilation are first
described through a mathematical example of a model including two coupled components. Then, through
a series of single observation experiments, we analyze the forecast error covariance and
correlation structures using the Maximum Likelihood Ensemble Filter (MLEF) data assimilation system
with coupled atmosphere-land surface Weather Research and Forecasting (WRF) model . The atmospheric
WRF component has been coupled with two land surface models: Noah and Noah-MP. Two observation
locations with different precipitation regimes have been considered. Through this study, we found
that error covariance and correlation were dependent on both location and land surface scheme. Snow
precipitation likely caused more complex structures in error covariances and correlations compared
to the precipitation-free site. The employment of a more realistic snow model was found to reduce
the error covariance and error correlation between the atmosphere and the soil in the coupled
system. We also have demonstrated, for the first time in a data assimilation study, that
correlation structures can be useful in understanding the physical meaning of the forecast error
covariance and as a basis for selecting the most important forecast error covariance components for
the coupled data assimilation system. Overall, the complexity and structure of ensemble-based
forecast error covariance appears to be meaningful, which is encouraging for the future
applications of coupled atmosphere -land surface data assimilation.

F—O—R 7YY VTILT-IEIL. BEETIL. BE. B—HAXRR
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Differences of physical and chemical conditions between green and red algal snow appeared
in mountain regions in Japan
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Snow algae are photosynthetic microbes inhabiting alpine and polar snow fields. They usually bloom
on melting snow surface and change its color to green or red. The color of snow is determined by
pigment composition in the algal cells and is associated with taxa of algae, the stages of algal
life cycle, and/or response to the environment conditions. Green or red algal snow appears widely
in mountain regions in Japan. However, physical and chemical conditions of the appearance of green
or red algal snow is still unknown.

The purpose of this study is to describe the algal community and environment conditions of green
and red algal snow appeared in mountain regions in Japan. We collected the colored snow samples in
the melting season of 2015 in Mt. Gassan (green snow) in Yamagata prefecture and in Mt. Tateyama
(red snow) in Toyama prefecture, Japan. We analyzed microscopic morphology and abundance of snow
algal cells, chlorophyll-a concentrations, absorption spectrum of their pigments, and soluble
chemical composition in the snow samples. Both green and red snow samples contained abundant snow
algal cells. The depth of the snow at the study sites was more than 120 cm. The vertical
distribution of algal cells in the snow pack showed that they were abundant at the surface layers.
There were significant differences in ammonium and phosphate concentrations in the surface snow
between green and red snows. This suggest that nutrient condition is one of the factors to
determine the color of algal snow.

F—O—R I BKEE Al
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Chemical characteristics of glacial melt water in Tienshan Mountains in the central Asia
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Influence of snow characteristics on the water movement through the snow cover
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It is important to understand the water movement through the snow cover. However, the relationship
between the movement of water and snow characteristics is not known well, particularly, in an
unsaturated condition, since the process of water movement is so complicated.

In this study we carried out the experiment to reveal how the unsaturated hydraulic conductivity
changes with the snow characteristics and compared with the van Genuchten -Mualem model that is a
standard model to describe the unsaturated hydraulic conductivity of soil.

Further, the water retention curve (WRC), which shows the relationship between the volumetric water
content (Bv) and the suction (h), was obtained with the gravity drainage column experiments, and
the effect of Black Carbon (BC) in the snow cover on WRC was examined.

F—O—F B BEENESOKBE. KOFIERR
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Features of energy balance for snowmelt during rain-on-snow events in central Japan
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