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Terrestrial environmental change in eastern Siberia in relation to Arctic climate change

Yoshihiro lijimal, Hotaek Park! and Alexander N. Fedorov?
Unstitute of Arctic Climate and Environment Research, JAMSTEC
2Melnikov Permafrost Institute, SD RAS

In eastern Siberia, the abrupt soil warming within upper permafrost layer has observed under wet hydro-climatic conditions
during the warming period after 2000s. According to climatological analyses, the large positive anomalies of both rainfall and
snow accumulation in eastern Siberia are caused by strengthened cyclonic pattern in these years which induce more water
vapor advection. These anomalies are more enhanced than those before 1990s. The precipitation increase in the last decade led
to deepening active layer accompanying with remarkable increase in soil moisture. The perennially waterlogged conditions had
exacerbated the boreal forest habitat; that is, larch trees had widely withered and died in eastern Siberia detected by field
observation and satellite (ALOS-PALSAR) remote sensing analyses. The change in hydro-thermal regime could have
important consequences on permafrost degradation with ecosystem and landscape changes in eastern Siberia.
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Arctic and boreal ecosystems are exposed to rapid and strong increases in temperature and related environmental
changes under Arctic amplification. Yet, there is uncertainty how trees in these ecosystems respond to the changes due to
an insufficiency of such long term records and this is where tree-rings can provide an advantage. Early
dendrochronological studies in the region focused on the positive growth of trees to warmth (D" Arrigo and Jacoby,
1993). However, A number of more recent studies have demonstrated a reduced sensitivity of tree growth to rising
temperatures (now referred to as “ divergence problem ) at least since the 1960s (e.g.,Wilson et al., 2007). Although
several studies (e.g., Barber et al., 2000) suggested that temperature-induced drought may limit tree growth under the
limited availability of soil moisture, the underlying processes for the phenomenon are not well understood.

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

The observed discrepancy in eastern Siberian forest may become more severe for future projection. We developed a
climate-driven statistical growth equation that uses regional climate variables to model tree-ring width values for each
site and then applied these growth models to predict how tree growth will respond to twenty-first-century climate change
(RCP8.5 scenario). Although caution should be taken when extrapolating past relationships with climate into the future,
we observed future continues reduction of the growth in central part of eastern Siberia, which is opposite trend from the
DGVM based estimate. Our results imply that the negative effect of warming override the expected positive effects i.e.,
warming-induced lengthened growing season and increase in photosynthetic ratio, in arid region such as eastern Siberia,
suggesting further reduction of tree growth by future warming, and no reproduction of the negative effect in the DGVM
seems to be a cause for the observed discrepancy between tree-ring and DGVM estimates. The negative effect of
warming for tree growth is a key process for accurate future projection of ecosystem functions and therefore further field
and modeling investigations are essential to deep understanding of the underlying processes for the phenomenon.


AERC7842
タイプライターテキスト

AERC7842
タイプライターテキスト
O03-02_Tei.Shunsuke


003-02 Tei .Shunsuke

References

Barber, V. A., G. P. Juday and B. P. Finney, Reduced growth of Alaskan white spruce in the twentieth century from
temperature-induced drought stress, Nature 405, 668-673, 2000.

Darrigo, R. D. and G. C., Jacoby, Secular trends in high northern latitude temperature reconstructions based on tree-rings,
Clim. Change 25, 163-177,1993.

Sato, H., A. Itoh and T. Kohyama, SEIB-DGVM: a new dynamic global vegetation model using a spatially explicit individual
based approach. Ecol. Model. 200, 279-307, 2007.

Wilson, R., R. D'Arrigo, B. Buckley, U. Buntgen, J. Esper, D. Frank, B. Luckman, S. Payette, R. Vose and D. Youngblut, A
matter of divergence: Tracking recent warming at hemispheric scales using tree ring data. J. Geophys. Res. 112,
doi:10.1029/2006JD008318, 2007.


AERC7842
タイプライターテキスト
O03-02_Tei.Shunsuke


004-02 Saito.Kazuyuki

TF )V -EHEE GTMIP OER L ZRizmiT T

FHEFIZ Y FRVE7 2, CERELS, WTRJKF A, (LR G, GRS, REVHE? GTMIP Zv—7
VTR B R, D iR ERT, 2 = o (), P HEIEKR, P REAS

Outcomes of and outlook from the Modeling-Field Collaboration GTMIP
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As part of the terrestrial branch of the Arctic Climate Change Research Project (GRENE-TEA), which aims to clarify the role
and function of the terrestrial Arctic in the climate system and assess the influence of its changes on a global scale, this model
intercomparison project (GTMIP) is designed to a) enhance communication and understanding between the modeling and field
scientists (cf. Fig 1), and b) assess the uncertainty and variations stemming from variability in model implementation/design
and in model outputs using climatic and historical conditions in the Arctic terrestrial regions (Miyazaki et al. 2015). GTMIP
consists of two stages. The stage 1 is site simulations for the last 3 decades driven by statistically fitted data created through
modelfield collaborations with use of the observation data for four GRENE-TEA sites of different eco-climate background
(i.e., Fairbanks, Kevo, Tiksi, and Yakutsk) (Sueyoshi et al. 2016). The stage 2 is 0.5°x0.5° circum-Arctic simulations for 1850
to 2100 driven by outputs of the MIROC-ESM simulations for IPCC AR5 (historical and RCP8.5 scenarios), with bias-
corrected by Reanalysis data. The target metrics for the model evaluation cover key processes in both physics and
biogeochemistry, including energy and water budget, snow, permafrost, phenology, and carbon budget.

Figure 1. Collaborative schematic before and after the GTMIP. Figure 2. Sites for stage 1. Figure 3. Participating models.

19 models of different complexity and disciplinal characteristics, ranging from detailed processes physical models to GCM-
compatible land surface models to versatile physical-biogeochemical models, submitted the simulated results for the stage 1
(fig 3), and 5 models (namely, Biome-BGC, SEIB-Noah, MATSIRO-permafrost, MATSIRO-ssnowd and VISIT) for the stage
2, as of early January, 2016. Energy and water budget analysis for the stage 1 showed that latent heat flux (Qle) had smaller
inter-model differences than other energy fluxes—e.g., sensible (Qh), and net radiation (Rn)—did (fig 4 shows an example for
Fairbanks). Storage of water within the top 1-m soil was almost in balance, with slight increase (wetting) for Fairbanks, Kevo,
and Tiksi, while small decrease (drying) for Yakutsuk.

Reproducibility of snow depth largely correlates with the complexity of the physics and numbers of snow layers implemented,
although no model succeeded in reproducing wind crust in Tiksi. With respect to subsurface thermal regime, importance of the
snow insulation process, which was found strongly associated with realistic snow density dynamics (and hence, snow
compaction processes), was demonstrated. Carbon budget was larger for the taiga sites while they are limited for the tundra
site. Relative inter-model variations in the carbon budget components—especially those for exchanges between the atmosphere,
i.e., gross primary production (GPP), and auto- and heterotrophic respirations (RA and RH, respectively) —were smallest for
the Yakutsk site, primarily owing to at the site (fig 5). Since all of the participating ecosystem models assign only one plant
function type that is dominant at a site, this is speculated to owe to the site’s characteristics that one vegetation type (larch in
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this case) dominates the budget. Net ecosystem production (NEP) largely showed positive values (sink for CO,), but individual
values varied even for the sign.

Figure 4. Energy budget Figure 5. Carbon
(Fairbanks; W/m?). SR budget  (Yakutsk;
and LR are Short- and KgC/m?year). NPP,
longwave radiation, and LFb, RE are net
suffices d and u denote primary production,
down- and upward. Qg* litter  fall, total
is heat flux to the ground respiration, total
obtained as residual. respiration.

Despite a simple seesaw pattern in temperature and precipitation increase projected under the RCP8.5 scenario between the
Atlantic and Pacific sectors in the circum-Arctic (fig 6a-b), the terrestrial hydrological response, revealed by
evapotranspiration and soil water storage, showed more complex spatial patterns influenced by regional to local geography and
topography; drier in the continental interiors while wetter along the coastal (fig 6c-d).

a) b) c) d)

Figure 6. Projected changes in a) temperature, b) wetness index, defined as precipitation divided by the potential evaporation, c)
evapotranspiration efficiency, defined by latent heat flux divided by the potential evaporation, and d) soil water storage in the upper 1-m
layer for 2071-2100. Changes are shown in terms of difference from the baseline (the 1981-2010 average) for a) and d), while shown in
terms of ratio to the baseline for b) and c).

Other than the scientific outcomes mentioned above, the GTMIP brought qualitative and transformative progresses on the
following five aspects; i) establishment of communications and a common community between domestic modeling and field
scientists working on the terrestrial Arctic, ii) deepening mutual understanding among modeling scientists, bridging different
disciplines (physics, biogeochemistry, and ecosystem) and scales (plot/local to regional to global) of interest, iii) conduct of
collaborations between the above two communities as a team, iv) creation of observation-fitted, quality-controlled, open-
access common forcing data through the collaboration, and v) creation of standardized, ready-to-use validation data sets
compiled from different sources that had followed different protocol and conventions among sites, research groups and
disciplines.

It is an apparent trend in the international Arctic research that groups and projects consisting of the modeling and field science
communities of different domains (e.g., disciplines or geographical locations) collaborate together to produce substantial
outcomes. This GTMIP activity has been one of the forerunners in the area of terrestrial research with distinct scope in target
and unique range of participants. This momentum is being inherited to the currently conducted and/or planned activities, not
limited to the Arctic.
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Temporal variations of atmospheric greenhouse gases and related constituents
in Ny-Alesund, Svalbard and Churchill, Canada
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Table 1. Observed components and frequencies at Ny-Alesund and Churchill

Site Components Observation Frequency
CO,, CH,, CO, O,/N, ratio continuous
Ny-Alesund
CO,, CH,, CO, N,0O, SFg, Oz/Nz ratio, weekl
Ar/N, ratio, Isotopes (CO,, CHy) y
continuous

CO,, CH, (by Meteorol. Service Canada)

Churchill
Isotopes (CH,) twice a week
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Variability of carbon dioxide and methane in surface layer of the Chukchi Sea and Canada Basin
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% (Sawa et al., 2015) ., AO@VNADIEITXIEE DZELR THDH Z &%, EOMEITKERETHDH Z & a2Rd, Bt
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ST, XHRE O CH, BEIL OH T P H/0 & DRIGIZ L » THE BABE TIZEFRITEL 72 2B R FHL B 2 R7 T8,
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Figure 1. 2012 4E 4 A5 2014 4 3 AISH T TAMEE 22D S0 Fika & T EthkE E CE S hr-(a) CO, R, (b) CH, R,
() NLO REE. (d) SFeiREDKFRF, AOEVIERE O OIRMAZ KT, FRITTNENORMAEDT —Z 125 L TE#R L
PR CRN R’ T 4 v T4 T LTI b D,

References
Sawa, Y., T. Machida, H. Matsueda, Y. Niwa, K. Tsuboi, S. Murayama, S. Morimoto, and S. Aoki (2015), Seasonal changes
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Modelling of greenhouse gases and related species in the Arctic environment
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*National Institute for Environmental Studies (NIES), Tsukuba, Japan
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Numerical modelling of greenhouse gases (GHGs) has become an integral part for understanding amplitude and variability in
their concentrations and sources/sinks, atmospheric transport and climate implication. Carbon dioxide (CO,), methane (CHy)
and nitrous oxide (N,O) are the three major species studied in the Arctic Green Network of Excellence (GRENE), a
programme funded by the Ministry of Education, Culture, Sports, Science and Technology-Japan (MEXT). In addition some of
the ozone depleting substances, e.g., methyl chloroform (CH3;CCls), have provided strong constrain on the global mean
abundance of hydroxyl (OH) radical and its relative abundance in the northern and southern hemispheres (NH/SH OH ratio;
Patra et al., 2014). Being the main destroyer of many of the GHGs (e.g., CH,4, hydrofluorocarbons), accurate quantification of
OH was needed for estimation of CH, sink in the troposphere, and thus the sources on the Earth’s surface by inverse modelling
(Patra et al., 2016). OH is also contributes to chemical production of CO,, up to ~50% of land/ocean sink. The modellers are
also required to verify the accuracy of model transport using tracers of short (e.g., ??Rn with 3.8 days) and long (SFs with
3200 yrs) lifetimes. For understanding of the carbon cycle science, analyses of oxygen (O,/N;) variability are also conducted.
List of chemistry-transport models (CTMs) participating in the Arctic GRENE programme are given Table 1.

Table 1. Summary of atmospheric models participated in the Arctic-GRENE project (v'denotes forward simulation of concentrations, and
M denotes both forward simulations and regional sources/sinks inverse modeling using the model).

Model Name™ Institution Chemical species simulated for carbon, nitrogen cycle studies and atmospheric transport

CO, 0,/N;, CH, N,O SFe CH3CCl, “”Rn
ACTM JAMSTEC M v ] 4} v v v
JMA-CDTM MRI/JMA M v v
NICAM-TM MRI M v v v
NIES-TMi8 NIES M v M v v
STAG AIST M v v v
MJ98-CDTM MRIJJMA M v v

“Detailed description of models can be found in Patra et al. (2014) for ACTM, Maki et al. (2013) for IMA-CDTM, Niwa et al. (2012) for
NICAM-TM, Belikov et al. (2013) for NIES-TMi8, Taguchi et al. (2013) for STAG, Deushi and Shibata for MJ98-CDTM.
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Figure 1. Examples of recent changes in GHGs and related species concentrations; left (a): observed CO, seasonal cycle amplitude change

since the International Geophysical Year (from Graven et al., 2013; copyright Science), center (b): model - observation comparison of CH,

over the past 100 years (Ghosh et al., 2015), right (c): simulation of observed CH;CCl; decay for estimation OH in troposphere (Patra et al.,

2014; copyright Nature). The detailed modelling capabilities of different participating groups are listed in Table 1.

Figure 1 shows examples of observed and model simulated concentrations of CO,, CH, and CH3CCls. Using the direct CO,

measurements at the surface sites and aircrafts in the lower-middle troposphere during 1958 and 2011, an increase in seasonal amplitude of

CO, throughout the troposphere is detected (Graven et al., 2013). The detection of longterm trends in GHGs is key to track the changes in
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biospheric and anthropogenic activities on the Earth’s surface, and it is suggested that the CO, seasonal amplitude increase with time is
mainly caused by greater carbon assimilation in the summer months over the boreal latitudes. Using model simulations and analysis of *C
isotopic fractionation in atmospheric CH,4 over the past 100 years (Fig. 1b), the fastest increase rate during 1955-1990 is attributed to
enhanced biomass burning (Ghosh et al., 2015). For modelling of atmospheric CHy, the transport and chemistry in ACTM have been
evaluated using SFg and CH3CCl3 (Patra et al., 2014). We are continuing to collaborate with various observational groups in Japan for further
elucidating the variations in GHGs in the Arctic region, e.g., model results are being used for analysis of the observational data collected as a
part of the Arctic GRENE project; e.g., O,/N, (Goto et al.; Ishidoya et al., in prep.), CH,4 on the ship cruises (Tohjima et al., 2016).

Several inverse modeling schemes are also being developed using forward transport models developed in AIST, JAMSTEC, JMA, MRI
and NIES. Figure 2b shows examples of CO, fluxes estimated for the arctic region in comparison with the global total fluxes for the land and
ocean regions as estimated by ACTM in JAMSTEC. Analyses of CO, fluxes for different parts of the globe suggest that the difference
between winter release and summer uptake is increasing in the boreal regions (Fig. 2c using NICAM-TM at MRI; Niwa et al., 2012, updated)
and that the flux amplitude change is mainly governed by the summer uptake increase (Welp et al., 2016). A multi-model analysis of CO,
inversion fluxes using the flux tower measurements at Yakutsuk, in Siberia and biogeochemical cycle models is being conducted for
understanding the trends in CO, fluxes due to climate variations (Takata et al., 2015, also in prep.).

b Arctic and global CO, fluxes

~ Arctic Global Coo
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< | =omEEE ACTM (2000-2009)
! IPCC ARS (2000-2009)
RECCAP inversions.

a. Arctic region: shaded

Figure 2. Distribution of CO, sources and sinks around the Arctic region (a) compared to the global totals as simulated by ACTM (b; middle
panel), and CO, flux amplitude change for 4 major regions in the Northern Hemisphere by NICAM-TM (c: right panel).
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Glacier Change in the Arctic and Connection to Climate
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HYOGA &5 IV ORGE A 1T 72 - 12 (Fig.2),

In this project, Observations of glacier in Greenland and Siberia are focused, then analysis are is expanded to the wide
Arctic regions by using world glacier inventory data. Although glacier ablation increases by warming of summer, increase of
winter snow fall accumulate glaciers. Since enough observation information was not expected in the mountainous region
around glacier, climate model data and regional climate model data around the glacier regions are used for projection of future
glacier change. Greenland ice sheet has accelerating ice mass loss condition. Research of ice change dynamics was required for
understanding and forecasting change.

Mountain glaciers on the Arctic are small but their number is large. As the mountain glacier are sensitive to reduce the ice
mass by change of climate, this project used world glacier inventory data for monitoring glacier change in the entire Arctic
region and focused detailed change patterns in Siberia and Altai mountains. The field research revealed glaciers in the Sunar-
Khayata region is reducing ice mass in the last decades. Terminus of Glacier No. 31 retreated 500~600m between 1940s and
2012. Model calculation by HYOGA model estimated ca.20m w.e. of ice loss was occurred since IGY. The reduction of ice
mass has occurred intensively after 1990s.

The field observation revealed, currently the entire part of glacier is dominated by melting. It causes to accelerate ice mass
loss of glacier in in Siberia in the present climate.

Future projection of glacier mass change and melt water discharge from glacier area in Altai shows possibility of large
variability, as the change is very sensitive to the summer temperature and winter precipitation which are expected to increase
by warming climate.
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Fig. 1
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Glaciers monitored by the World Glacier Inventory,
and focused area of Greenland, Siberia and Altai area
in this project.

Fig.2

21 At OXUEZEAL T (RCP45 35 L 1085) IZxtd 25 XD
TV E A HIR DK OF R T8I (Zhang et al., Climate
Dynamics, in press)
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Projected annual surface mass balance (a), changes in glacier area
relative to the 2005 ice area (b), meltwater discharge (c), and
meltwater discharge with an assumption of no change in glacier
area (d) for RCP4.5 and RCP8.5. Shading in (a) and (c) and
vertical hatching in (b) denote standard deviation.

Zhang, Y., Enomoto, H., Ohata, T., Kitabata, H., Kadota, T., Hirabayashi, Y., (2016): Future projection of glacier mass balance in the Altai

Mountains for the RCP climate scenarios. Climate Dynamics. (in press).
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Ice mass loss from outlet glaciers in northwestern Greenland
Shun Tsutaki'?, Shin Sugiyama®, Naoki Katayama®, Daiki Sakakibara® and Takanobu Sawagaki®
'Arctic Environment Research Center, National Institute of Polar Research
?Institute of Low Temperature Science, Hokkaido University
3Graduate School of Environmental Science, Hokkaido University
*Fuculty of Social Science, Hosei University

Ice discharge from calving glaciers has increased in the Greenland ice sheet (GrIS). This increase plays important roles in the
volume change of GrIS and its contribution to sea level rise (van den Broeke et al., 2009). To investigate the mass loss of GrIS
calving glaciers, ice surface elevation change has been studied by differencing digital elevation models (DEMs) derived by
satellite remote-sensing. Advanced Land Observing Satellite (ALOS), Panchromatic Remote-sensing Instrument for Stereo
Mapping (PRISM) images have a spatial resolution of 2.5 m, which is fine enough to measure several meters of elevation
change on glaciers (Sawagaki et al., 2012). The large spatial coverage of the images (1225 km?) is suitable for studying
glaciers distributed over a large area.

In this study, we measured surface elevation change of 17 outlet glaciers near Inglefield Bredning in northwestern Greenland
(77°47'=78°10'N, 65°00'-72°47'W). These glaciers flow into the ocean except for two land-terminating glaciers. We processed
stereo pair of ALOS PRISM images acquired in summer 2007 and 2010 with a digital map plotting instrument (Leica
Photogrammetry Suite) to generate DEMs with a 25 m grid mesh. Elevation data from ALOS DEMs were calibrated on ice-
free terrain, and compared to calculate ice surface elevation change between 2007 and 2010.

The surface elevation of all the studied glaciers decreased and the rate of the elevation change increases downglacier. The
mean elevation change rate ranged from —0.4 to —4.9 m a”'. Marine-terminating Tracy and Bowdoin Glaciers thinned at rates
of —4.9 and —4.1 m a”', which were larger than those at other glaciers. The rate at Tugto Glacier, a land-terminating glacier
located near Bowdoin Glacier, was —2.8 m a '. This result confirms that recent thinning of GrIS outlet glaciers is more
significant at marine-terminating glaciers as compared to land-terminating glaciers. Rapid thinning of marine-terminating
outlet glaciers observed in this study suggests the importance of ice dynamics and/or ice-ocean interaction in the mass loss of
GrlS.
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Historical Climatology Network-Daily (GHCND) (Menne et al., 2012) 7 — Z [T SN T2 Ml EFHAI S - fEE
W OESIE 25 aonll LA FEEA Y, HEERIE 25CL L2 BEAY LHE) 2V, 72, BHEICERE
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Figure 1. Spatial distribution of (a) 30-year averaged snow cover duration, (b) snow cover duration trend, (c) snow melt date trend, and (d)
first snow date trend in the Northern Hemisphere.

Figure 2. Year to year variations of snow cover durations at Kevo, Finland derived from satellite data (white bar) and in-situ snow depth
(red solid line). Those of wet snow cover duration are also plotted as blue bars.
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Studies on black carbon and dust in the Arctic snow
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Black carbon aerosols and cloud microphysics in the Arctic
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Study of interaction between Arctic cloud properties and sea-ice

Hajime Okamoto®, Kaori Sato®, Kenta Tanaka’, Jinro Ukita?, Katsushi Iwamoto? Masataka Shiobara®, Masanori Yabuki®,
Toshiaki Takano®, Makoto Koike®
Kyushu University, Fukuoka, Japan
*Niigata University, Niigata, Japan
®National Institute of Polar Research, Tachikawa, Japan
*Kyoto University, Kyoto, Japan
*Chiba University,Chiba, Japan
SUniversity of Tokyo, Tokyo, Japan

We examined relationship between vertical structure of cloud properties and sea-ice in the Arctic. Cloud frequency of
occurrence and phase were derived by the analysis of CloudSat radar and CALIPSO lidar data for four years from June 2006 to
December 2010. We first applied cloud mask scheme (KU-mask) to determine cloud three-dimensional location [Hagihara et
al., 2010]. Then cloud particle classification scheme (KU-type) was applied to distinguish cloud water and ice from CALIPSO
[Yoshida et al., 2010]. Ice microphysics was also examined by the ice microphysics algorithm (KU-micro) [Okamoto et al.,
2010]. Water vapor and temperature were retrieve by infrared sounder AIRS on Aqua [Ishimoto et al., 2014]. For the sea-ice
extent, JAXA-L2 product of sea-ice concentration from microwave radiometer AMSR-E on Aqua was used to derive sea-ice
pixels in Arctic regions. When sea-ice concentration is larger than 15%, the sea ice is assigned for the latitude >65N. We found
the total cloud cover has a local maximum in May, local minimum in July and local maximum in September to October
periods. Cloud particle type classification showed that water cloud cover exceeded between May and October than that of ice
clouds and ice cloud cover exceeded between November and March than that of water clouds. The maximum of cloud cover
corresponds to the minimum of sea-ice area. Analysis of vertical structure of water clouds indicated that cloud cover at low-
level was the largest among the three height categories and low level clouds was smallest in July and largest in September and
October. Therefore it was suggested that the decrease of water cloud cover at low-level increased of solar radiation at the
surface, leading to decline the sea-ice extent in September due to the accumulation of surface heating. And the open water
might help generation of water clouds. We recently introduced a method to estimate ice super-saturation inside clouds by
combined use of ice water content retrieved from CloudSat and CALIPSO and water vapor amount from AIRS. In summer,
RHcr was as large as 120% over Arctic regions and the values were generally higher than other regions except for some land
areas, e.g., over west part of United States, near west part of south Africa and east part of Asia. Higher values of RHcr were
also found in the Arctic than other regions in DJF periods.

Ground-based 95GHz cloud radar (Falcon-A, developed by Chiba University) and micro pulse polarization lidar observations
have been conducted to investigate the cloud generation mechanism and cloud life time. Analysis of cloud particle type based
on the lidar depolarization ratio and attenuation with cloud radar signals showed the super-cooled water cloud layers often
persisted for more than several hours and were accompanied ice precipitation below. The horizontally oriented ice particles
were also frequently identified, which was consistent with the analysis of CALIPSO [Yoshida et al., 2010, Hirakata et al.,
2014]. Radar reflectivity factor showed very large values (>0dBZe) and the retrieval effective radius by radar-lidar algorithm
adapted from CloudSat-CALIPSO one was very large (exceeded 200um), which was unexpected.
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Impact of Arctic sea-ice decline on mid-latitude climate and troposphere-stratosphere coupling
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This study examines the possible linkage between the recent Arctic sea-ice decline and the winter climate in mid-latitudes,
especially, the Arctic Oscillation (AO). Observational analyses reveal that a reduced sea-ice area in late autumn leads to more
negative phase of the AO in winter. A high-top atmospheric general circulation model (AGCM for Earth Simulator, AFES
version 4.1) is used to simulate the atmospheric response to observed sea-ice anomalies. The results from the simulation reveal
that the recent Arctic sea-ice reduction results in cold winters in mid-latitude continental regions, which are linked to an
anomalous circulation pattern similar to the negative phase of AO with an increased frequency of large negative AO events by
a factor of over two. Associated with this negative AO phase, cold air advection from the Arctic to the mid-latitude increases.
We found that the stationary Rossby wave response to the sea-ice reduction in the Barents Sea region induces this anomalous
circulation. We also found a positive feedback mechanism resulting from the anomalous meridional circulation that cools the
mid-latitudes and warms the Arctic. This feedback adds an extra heating to the Arctic air column equivalent to about 60% of
the direct surface heat release from the sea-ice reduction.

The results from this high-top model experiment also suggest a crucial role of the stratosphere in affecting the tropospheric AO
in winter through stratosphere-troposphere coupling. Although other recent studies also suggest the stratospheric role, the exact
role remains elusive. With additional experiments in which the stratospheric wave-mean interaction is artificially weakened, it
is clearly shown that the tropospheric AO response caused by the Arctic sea-ice reduction largely disappears. The results
confirm a crucial role of the stratosphere in the sea-ice impacts on the mid-latitudes, particularly by interaction between the
stratospheric polar vortex and planetary-scale waves and by resultant change in the zonal wind in the lower stratosphere. They
also imply that realistic representation of both Arctic surface boundary conditions and stratospheric processes are critical for
improving predictions of weather and climate in the mid-latitudes across sub-seasonal to decadal time scales.

STV O LR DMK D & PR O &, Rl bR ED(Arctic Oscillation: AO) & D OB 2§~ 2%, #l
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The improvement of GCM land surface temperature bias by the introduction of new snow
processes
First Author!, Times New Roman 10pt? and Third Author?
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The atmosphere-ocean general circulation model MIROC has been developed by the Atmosphere and Ocean Research Institute, the
University of Tokyo, national Institute for Environmental Studies and Japan Agency for Marine-Earth and Technology. The result of global
warming experiment by MIROC contributed to the Intergovernmental Panel on Climate Change. However, MIROC still has biases due to
many reasons and improvement of biases is necessary for accuracy of future projection. In the present study, we introduce two new snow
schemes into the land submodel of MIROC to reduce the temperature bias on the land. One is a sub-grid snow distribution model (SNOWD;
Liston 2003) which improves snow cover area and seasonality in MIROC. The warm bias in middle and high latitude land is reduced in
autumn, winter and spring due to the introduction of SSNOWD. On the other hand, summer warm bias is slightly amplified. Then we
introduced the other new process, a simple wetland scheme (Nitta et al. 2015), which represents a temporal pool of snow melt water. This
effect increase soil wetness and sensible heat, cooling in middle and high latitudes in summer. These two new processes are introduced to the
latest version of MIROC which is to contribute to the next IPCC report.
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Reproducibility of summer precipitation over northern Eurasia in CMIP5 multi-climate models
Nagio Hirota', Yukari N. Takayabu® and Atsushi Hamada®
! National Institute of Polar Research
2 Atmosphere and Ocean Research Institute, The University of Tokyo

Reproducibility of summer precipitation over northern Eurasia in the Coupled Model Intercomparison Project Phase 5
(CMIP5) climate models is evaluated in comparison with several observational and reanalysis datasets. All CMIP5 models
under- and over-estimate precipitation over western and eastern Eurasia, respectively, and the reproducibility measured using
the Taylor skill score is largely determined by the severity of these west—east precipitation biases. The following are the two
possible causes for the precipitation biases: very little cloud cover and very strong local evaporation-precipitation coupling.
The models underestimate cloud cover over Eurasia, allowing too much sunshine and leading to a warm bias at the surface.
The associated cyclonic circulation biases in the lower troposphere weaken the modeled moisture transport from the Atlantic to
western Eurasia and enhance the northward moisture flux along the eastern coast. Once the dry west and wet east biases appear
in the models, they amplify because of stronger evaporation-precipitation coupling. The CMIP5 models reproduce
precipitation events well over a time scale of several days, including the associated low-pressure systems and local convection.
However, the modeled precipitation events are relatively smaller over western Eurasia and larger over eastern Eurasia
compared to the observations, and these are consistent with the biases found in the seasonal average fields.
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Seasonal evolution of surface temperature changes over the Arctic Ocean
under global warming in CMIP5 models

Alexandre Lainé'?, Masakazu Yoshimori®?, Ayako Abe-Ouchi?'4
! National Institute of Polar Research (NIPR), Tokyo
2 Atmosphere and Ocean Research Institute (AORI), University of Tokyo
3 Faculty of Environmental Earth Science, Hokkaido University, Sapporo
4 Japan Agency for Marine-Earth Science and Technology (JAMSTEC), Yokohama

We present some results of Lainé et al. (under review). It consists of a decomposition of multi-model ensemble mean surface
temperature changes from 32 CMIP5 models, after 100 years of global warming under the rcp4.5 scenario. The decomposition
derives from a surface energy budget analysis from which the radiative part is decomposed based on the radiative kernel method
of Soden et al. (2008). The original article is considering different regional domains separately (land and oceanic domains for
tropical and different Arctic sub-regions), whereas we present only the results for the Arctic Ocean (North of 60°N, excluding
Greenland-Island-Norwegian-Labrador Seas).

We show that many different factors contribute to the Arctic Ocean surface temperature change and its seasonality (Fig. 1).

K Contributions to surface temperature changes over the Arctic Ocean

15 Surf. warming [ | Imposed

12 sensitivity GHGs
9 M surf. albedo I surf. latent
5 Barotropic M surf. sensible
3

warmin
g M Other surf.
B Non-barotropic offects
0 warming
L ddl 0 TP iLIE NN W crnel
3 . - Water Vapor residual
J J A

Clouds [ | Synergy

J F M A M S 0] N D
Fig.1: Contributions (color bars) to surface temperature changes (black line) for the Arctic Ocean. Striped bars indicate contributions for which
the sign of the ensemble mean is not statistically robust among models.

Going beyond the analysis by Lainé et al. (under review), we show that the next step for better understanding the seasonal
evolution of surface temperature changes over the Arctic Ocean would be to perform a similar surface temperature change
analysis but for sea-ice and open-ocean portions of the grid cells separately.
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Estimation of mechanical increase in sea ice thickness due to sea ice rafting using AMSR-E and
AMSR?2 derived sea ice velocity data

Eri Yoshizawa, Koji Shimada
Graduate School of Tokyo University of Marine Science and Technology

In recent years, the zonal ice band formed by rafted sea ice has often remained in coastal regions in the Arctic Ocean,
even in the end of summer and blocks the Arctic Sea Route. In the present study, we assumed that mechanical increase in sea
ice thickness due to sea ice rafting caused by convergence of sea ice motions is an key factor of the formation mechanism of
such heavy sea ice bands, and developed a method to estimate the mechanical increase in sea ice thickness using satellite-
derived sea ice velocities calculated from AMSR-E and AMSR2 data in 200-2011 and in 2013-2015. We also examined
influences of mechanical increases in sea ice thickness on sea ice conditions in spring, which is an essential precondition of sea
ice variations in the subsequent summer.

Mechanical increases in sea ice thickness due to sea ice rafting were estimated along Lagrangian sea ice trajectories
that were tracked backward from 1 May to 1 November in the preceding year. Once sea ice rafting is caused by convergent sea
ice motions, the increased sea ice thickness does not decrease even under influences of divergent sea ice motions. To take into
account such non fluid-like properties of sea ice motions, in our estimation method, we assumed that mechanical increases
occur in the case that the following two conditions were satisfied: (1) sea ice concentration (SIC) after a time interval of about
1 day exceeded 100 % due to the convergence of sea ice motions. (2) A parameter calculated from satellite-measured
brightness temperature, a proxy of the sea ice type, fell below the threshold. Along Lagrangian sea ice trajectories, the amount
of SIC that exceeded 100 % was integrated as the mechanical increase in sea ice thickness. The second condition enables us to
estimate mechanical increases of only relatively thick sea ice such as multi-year ice by excluding the convergence of new ice
that does not contribute to mechanical increase in sea ice thickness from the integration.

As a result, spring sea ice with large mechanical increases in sea ice thickness during winter tended to distribute in the
subsequent spring in the following regions: the Alaskan coastal region, the East Siberian Sea near the Wrangel and New
Siberian Islands and the region around the Franz Josef Land, which are known as choke-point of the Arctic Sea Route. With
decreasing in advections of multi-year ice that traveled from the northern Canada Basin to the Atlantic sector along the sea ice
Beaufort Gyre and the Transpolar drift stream, the amount of rafted sea ice in spring decreased around the Franz Josef Land.
On the other hand, in the Pacific sector, spring sea ice thickness with large sea ice rafting during the preceding winter
distributed in the Alaskan coastal region near Pt. Barrow and the East Siberian Sea even in the AMSR2 period during 2013 to
2015. These results suggest that spring sea ice conditions in these coastal regions was preconditioned by both sea ice rafting
and redistributions of multi-year ice during the preceding winter.
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A wind-driven, hybrid latent and sensible heat coastal polynya off Barrow, Alaska

Daisuke Hirano', Yasushi Fukamachi?, Eiji Watanabe?, Kay 1. Ohshima?, Katsushi Iwamoto®*, Andrew Mahoney®, Hajo
Eicken’, Daisuke Simizu!, and Takeshi Tamura'
'National Institute of Polar Research
2Institute of Low Temperature Science, Hokkaido University, 2Japan Agency for Marine-Earth Science and Technology,
4Mombetsu City, SUniversity of Alaska Fairbanks

The nature of the Barrow Coastal Polynya (BCP), which forms episodically off the Alaska coast in winter, is examined using
mooring data, atmospheric re-analysis data, satellite-derived sea-ice concentration and production data, and results from tracer
experiments by pan-Arctic ice-ocean model. We focus on oceanographic conditions such as water mass distribution and ocean
current structure beneath the BCP. Two moorings were deployed off Barrow, Alaska in the northeastern Chukchi Sea from
August 2009 to July 2010. For sea-ice season from December to May, a characteristic sequence of five events associated with
the BCP has been identified (Figure 1); (1) dominant northeasterly wind parallel to the Barrow Canyon, with an offshore
component off Barrow, (2) high sea-ice production, (3) upwelling of warm and saline Atlantic Water beneath the BCP, (4)
strong up-canyon shear flow associated with displaced density surfaces due to the upwelling, and (5) sudden suppression of ice
growth. A baroclinic current structure, established after the upwelling, caused enhanced vertical shear and corresponding
vertical mixing. The mixing event and open water formation occurred simultaneously, once sea-ice production had stopped.
Thus, mixing events accompanied by ocean heat flux from the upwelled warm water into the surface layer played an important
role in formation/maintenance of the open water area (i.e., sensible heat polynya). The transition from a latent to a sensible
heat polynya is well reproduced by a high-resolution pan-Arctic ice-ocean model. We propose that the BCP, previously
considered to be a latent heat polynya, is a wind-driven hybrid latent and sensible heat polynya, with both features caused by
the same northeasterly wind.

Figure 1
Schematics of “wind-driven hybrid latent and sensible heat polynya system® off Barrow. (a) Broad and (b) detailed views for the BCP
system (Hirano et al., 2016, in press).
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Development of monitoring technique for sea ice thickness along the Arctic sea route

Kazutaka Tateyama®, Yasuhiro Tanaka?, Seia Hoshino? and Yasuyuki Tokudome?
! Kitami Institute of Technology
Z Graduate school of Engineering, Kitami Institute of Technology

Algorithms which estimate sea ice thickness and melt pond fraction from the satellite passive microwave radiometers such as
AMSR-E and AMSR2 had been developed based on the in-situ ice thickness derived from ice profiling sonars moored in the
Canada basin during 2002-2015. This study validated these algorithms by comparing with another in-situ ice thickness data
which derived from ice mass balance buoys and other satellite sensor.
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NEL BT AWK TIZE LWESZHEET A Z LN TE R, - T, ZOWKEHEEFIETIE, 5B
& LK _Ed Melt Pond OE|4 (MPF: Melt Pond Fraction) ZH#EE L, 1CO 23 80%LL 2> MPF 73 20%LL T O
Kz L7z (Figl) . %5 B L LT, B Z2MZ7- NASA Team 7 /L= U XA (Cavarielietal, ) ZfifH L
T—FKESFNKICHIA LT, BIEBBEIL, BT A OEMPKIET —Z & TB 2Lk L <, —FKimiKkt (PR:
Polarization Ratio) , Z4E/KILEH% . (GR: Radiation Ratio) % V= ok EHR XA Z N CHBR%E L=, 2002 4E7)»
5 2014 FFEIT/NT TR 9 A 10 H O bk 2R Ok R 3 LN MPF O34 X % Fig.2 127 .

2. T XLHEEREE OMRGE & R
ARFGEITIOK IR OHEEREE ZFRFET D728, MPF OFEE % rIHEIT RIS FH MODIS 7 & 3k 8 7o ECEE it 7 A

(IMB: Ice Mass Balance buoy) T & % F2HIfE, #KEOHEEREILE U < IMB I X 5 32HIfE & CryoSat-2 D L— 4
—EEHNSEONTKEME & il Lz, X 31X IMB OFHIRE & AMSR-E TReb72 MPF & O H#S:, X4 1%
IMB OFEETR LOKIEDFERIE & AMSR-E IZ X D HEEKE & D2 22 & LTS, MPF 23 21%LL o & &
N H IMB OFHIEEN OCLLEZRT L& ERW—FE/R Lz, #KEIZOWTIE AMSR-E OHEEE L IMB O
FHIME L b/ SVMEZ R IEE 2 7 572, IMB X° CryoSat-2 DIKJET — & L g4 5 = & T AMSR-E/AMSR2
DOHEEKIEDORFHCUHR OBV L HAELZFM L, 74TV XLADOEBRIZOW TR L
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Figure 2. Distributions of ice thickness using AMSR-E/AMSR2 for every
10th of September during 2002 - 2014.

Figure 1. Distribution of MPF during 2002-2014 calculated
from AMSR-E and AMSR2.

Figure 3. IMB surface temperature (red line) and AMSR-E MPF Figure 4. IMB snow (light orange area) and ice thickness (light blue
(blue bar) in 2008 summer. area), melting (green bar) and AMSR-E thickness (red line)
in 2008 summer.
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Fx 7 FHIZRT DR | ERICBITDRIDKRIRI N T LR

NEEFRL MR, HoHfE 2
Wy
2 T E T P

MR, WEEEREPE(LIC X 0 AN IR I V> 7 ARBAFNZ /2 HYFEE L THIBNTWD, FTHT ¥ 7 T
JEix, BEREAAYEEIC LEENRERERTALONTEY, BIELOREENGRSSNTWD, & 2 TAIFZE
TliE., F¥ 7 FEOIERBIZBIT 5B OEREZHLNIT 5720, 2012 FKOL BNV LI 2013 FHIEDEB L
I AT X BHEBLIA 21TV, EJEAKDREE A V> 7 MMAFIE &2 ~72, ZORE, 2012 FFKICIETF ¥ 7 TR
JE OB R OFELL ETT T I A FREFL, 455D 1 THAYA MREFITH -7, —J7 2013 FEHE O [RIVEHR
DOHEBANZ BV T, REafREBKTIE<BBI SN2 oT-, BEEOEE., RED /LY T LRI IIKIE., .
WAL BN H 0 . 2012 FFKITITERBEKICEBIT 2MBIREDIEF IR En b, EEBIZBIT 26D
SR LV IRIFIERERENEL . ZORBOEEN I AL T AMAMEL KEIEFLTWEZ ERH LN E 25
775

WA, ESEKRDREE T V> D AEFNE KR - 5y - IWFBEOE O L Z L ZRA L, KBV T M
FE DA OHEE ZFT > 1=, BREBBNTEHONIAKIE - | - BHFEBEOT —2 05, 2 FEMICh- 5 REED
N MRS AR U RER, KE& 2o, By AU EOEMICHI > TT 734 FREfITHD Z &
D BN E o T, NBRIE LR FEIC X DWERE LS E T T, REFIORH 72 6 NI A 2 5 Z
ERTREIND, ZOZ L, Ty FBEBOAIKICENIRKE 2B EE RIFTHREERS D EEZDND,
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KB IZ T EBAEEDOILNE

%&

BRI JE. ERRE A 8K ek d LisaEisner', 7HEF AN FgHh R A4 ERC
L TR 22 G T
2 JETEE KK F Bk BE B IEE
3 JETERE KK B R B 5 L
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et DU KR TIX, FBENDERIIOT COWKBIBIC - CHEERBRREILL, FABEEZELTHK
WO 77 27 N IS KB IOKER T NV — A& 27, B HBEFESCHEKICE - T, AF0REMEENZIE
% LW IERE Tl BE. EFEOEMAEN R OWMEAERBROEERERE L2 2 EEREE 2 FFo,
LU B, AT OWKIEA LUK LB I OB i, EMAFEDIF S L 72 D EBAEEORAOX A IV T %
B, ENE2FAHAT L0 BROAEWAFEITEET L2 ENRBEIN TS, L LR s, JbiiEEics
T AEBAEESCHY T T 7 N BT DRI ERIRIC B 72 b ON S < WOKEENI M D A EOE
b, WO XA IV TN T T 7 F DY A X FEMROZEIZ O TOMBLIZE S TS, £ T,
AREETIIBGEHN EHEBN, BXOETVERZEMA L, EICKFEAHCEERS W C, WKES) (HHE, %
IREFH], BRBOKEHIE 22 P o2 k) & EFROBEEICOWT, Bix ek - BTN, 22T MET X
BLOBUGBINC L - TR, WKkt 2 14 X v 7 OB BB AEE ICRIZTRBIC O TR LW AT
DK T %,

AFEECTHELEZZNOLOT 3 Y XA (Fujiwara et al., 2011, Hirawake et al., 2012) #FIH L. FEM D44
DB LR DBREFETN—LDHORM T T 7 bV A KRR, KBRS A L 7 OREE(LELKIZED XD
WZED DO, 16 FEMOMET — % & AWV CEMBEFICEEE Lz, MOKEEY 4 IV I RRVRIR Y BF7
N— LD RO 7T 7 b U N R REZES LT WVIBEEEN R S, BT 7 7 b rhicd
O HRBEY 7T 7 kv (RRKIEE Sum LU E) OFIGBNEMNT 52 L 2R L7 (Figure 1) . 512, Hifgko
EMERAEERI LAWY T 7 o7 b ORERTEERay b —VERK RS TW i, 2L ORI R, b
WD FIRIC L D WoKF RO RHULIC > T, KB REZ T L — M BRERENMUG SN Z L 2R T 5
LOTHY, FIZENICRTIEBEEZEOIGEDO —ERTHLOTHY, 5%, BEYVHEEN LIS REM O
FHAR0 20 A 2L D BRI R ~ D E MRS HIFE X5 (Fujiwara et al., in-press),

—J. Fx 7 FHOILEMERIKICE N TH, WKBICHT 20T 7 7 N O EREOIRE %, 2008
2010 FEOBMCHONIANY T T 7 N RO T T AKX —fEFTIZ L 0 G L 72, 2008 1% 2009 43 L OY 2010
FE L BUEKEIRORREIAN 1-2 7~ A B< | 2008 1T T7 FEEAE S LTV -0izx L, 2009 436 L8 2010 4%
WA E e 77 > 7 EEEMME S LTz (Figure 2) . 2008 4RIZH1T 287 R EREEOMEE Hi%, WKRIBA RS |
TR THlHAKENS EA LTV ERREREEZOND, RERIT, 4%, EFOWKZIBMHNEL
WX, W77 7 N OREBENEL L, BEREESAY (L FRRICEEE EX D LB RBTHH O
T % (Fujiwara et al. 2014),

e O WE K IE— R AR B AMERNT R TE ST, X—U » FYEO X D 1A FO R RS IME R & 2 S i
bbb, —HEOMIEIL, WoKDAME ERBEAFEER OEM —RIEE ER&T 22 LT, fEROMFEREICHT S
WEAERRRDINEDO RO —B 72 b 2 ERMRFE NS,

Figure 1. % 27 FE~~— U » kel 37 2ok s 4 X v 7

(Julian-day) & HFEZFT7V— MO RENEY 7 Z 7 KoY A XONERLFE B
1A, AOFBITEKREAE B OBtV FEET L — AT K
O T 77 bUREMT 22 L 2RT, MRERO 7 FlowE TR
REAOFE (18%D¥HE THE @ Khkf) &R L7z,
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Figure 2. 5+ 7 FEALERMERIRICR T D, 8-9 AOEEHEY 77 v 7 U Bt L | WEKEES A v 7 (BT —s3—) Zfi
™(a)2008, (b)2009, (c)2010 4= LL#EZ[X, 2008 4Fi% 1-2 » H B WHEKEARIZ X 0 mnEBKENBRI S -, BEaar ¥ —iX
KGEE AT,
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Fate of transported Pacific plankton in the Arctic Ocean

Kohei Matsuno', Atsushi Yamaguchiz, Takashi Kikuchi®
'National Institute of Polar Research
Hokkaido University, Graduate School of Fisheries Sciences, > JAMSTEC

Zooplankton has an important role in energy transport from primary production to higher trophic organisms in marine
ecosystem. Within the zooplankton community of the Arctic Ocean, copepods are the most dominant taxa. Copepod fauna
is varied with the three oceans around Arctic Ocean (Atlantic, Arctic and Pacific Oceans). In the Arctic Ocean, Calanus
glacialis (4 mm in total length) is dominated, while larger copepods (Neocalanus cristatus, N. flemingeri, N. plumchrus and
Eucalanus bungii, all species are 5-9 mm in total length) are dominated in the Pacific Ocean. In the Chukchi Sea, Pacific
sector of the Arctic Ocean, transported Pacific copepods have increased with the recent drastic sea-ice reduction (Matsuno et al.
2011). 1If this expatriated species can maintain their population in the Arctic Ocean, it induces greater changes in lower
trophic levels of marine ecosystem. However, little information is available for probability of this change. In this study, we
made ship-board incubation of Pacific copepods, which collected in the Chukchi Sea, revealed their reproduction, and discuss
the probability of their immigration in the Arctic Ocean.

During September 2013, fresh zooplankton samples were collected by vertical hauls with ring net (mesh size: 0.33
mm) in the Chukchi Sea. From the fresh samples, live adult females of Pacific copepod N. flemingeri were sorted, and
incubated at ambient temperature (0°C) in the dark. The presence of eggs was checked every day, and egg numbers were
counted. The eggs were also incubated separately and checked daily for hatching during maximum ten days.

The abundance of adult females of N. flemingeri in the different samples ranged from 0 to 1.40 ind. m > (mean: 0.16
ind. m™). It is notable that no adult males were detected throughout the study period. Through 100-day incubation,
spawning was observed for all of the specimens (19 individuals) (Figure 1a-c), and nearly half (10/19) produced four or more
clutches during the experiments. Spawning intervals were 11.5+5.6 days, which were longer than reported interval in Pacific
Ocean because of low incubation temperature. The maximum clutch size was 1,005 eggs clutch™ (mean£SD: 377+79 eggs
clutch™), and the clutch size decreased after 20 days of incubation (Figure 1d). The maximum number of clutches for a
single specimen was ten. The total fecundity was 960+316 eggs female™' (meantSD), and this range was similar with
reported value in the Pacific Ocean. However, hatching success was 7.5+8.7%, which is extremely low compared with 93%
in the Pacific Ocean. Low hatching success is considered to be caused by failures of fertilization. In the typical life cycle of
N. flemingeri in the North Pacific and Bering Sea, mating and spawning both occur below a 250 m depth. Because the
spawning adult females in the Chukchi Sea were collected at 0—49 m, they presumably had either matured prior to being
transported by Pacific waters into the Chukchi Sea or they could not descend to a deeper layer because of the shallowness (ca.
50 m) of the Chukchi Sea in comparison to the Pacific Ocean. These abnormal conditions may affect the mating and
reproduction of N. flemingeri, resulting in low hatching success. Concerning to the potential recruitment numbers (=female
abundance [females m 2] x fecundity [eggs female '] x hatching success [nauplii eggs']), 1,591,841 nauplii m > for the Pacific
Ocean, while 1,852 nauplii m > of the Arctic Ocean in this study, which is about 1/800 of the Pacific Ocean. The potential
recruitment number for N. flemingeri suggests that it is unlikely to establish expatriate Arctic population in the near future
(Matsuno et al. 2015).

77 o Nk, WHEARRRIZBWTHY 77 MK A —REREE, SR EORBRREICZIT
EST&REEZH S TWD, ko 77 7 M TRES T2 0BEEIVA T VETH D, IA T VO
FRRITAAREZ D <5 3 KIFE R, dbiiEds KOKEE) BICR>Tnd, JEMEICIZA2E T 4 mm & Hg
H)/NRU 72 Calanus glacialis DME ST 503, AEREFESRCR—V VU 7WETIZAEERE 5-9 mm & K7 Neocalanus cristatus.,
N. flemingeri, N. plumchrus 3 X O Eucalanus bungii 238 595, XEFHEAALRIEICALE 35 T ¥ 7 FHETIL, ITF
DOWEKFIRITLE . KOFEEED DB ST E 2 ARPHEPEREME M L TV 5 (Matsuno et al. 2011), Z DA T 5K
VR b LA IS E S UL, MERRARRBEOUE L b T 2 &IC2 DD, EOREMEIC SOV
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TIERERAZRED L, KIFRIT, T 7 FHIZEB O TERE SN K EHEERIZOW TR E TREFEBREZITV,
ZOBAEFEIZOWTH LML, EEDARIEICONTEREITo72bDTH D,

20134E 9 HIZ, Fx 7 FHIZBWT, U7 %y b (BEAV0.33 mm) (&L DAMGEHRELAIT - 72, e
DAEE T RFEREN A T A N. flemingeri DMRA%E Y — h L, BidG7KIRO 0°C THIHE L7z, & HEIN O 28
2L, EINAONTEBRICITINE A G L7z, INERLERE L, BEOAEICOWTHER, &KE 10 HREOBIEA
1T-7.

FHEEAMI IS HER LT N, flemingeri OMERE AL, 0-1.40 ind. m™ (4T 0.16 ind. m™) T o725, HERMAITE
SHBLL o Tz, F v 7 FilF TR SN2 A TOMERR (19 8{K) 12T, PEIRDMERR S 7z (Figure la-c),
BEEZFSOMEK (10 EAR19 EA) 1%, FEBRPIZ 4 B EOEIIZIT -7, PEIRRHIMREIL 11.5£5.6 days TH Y |
ZHUTEAKIE D 72 DAL R ETE TORE R L LR TR - 72, BRPEIIEIE 1,005 eggs clutch ' (FH) + HEHE(R % -
377+79 eges clutch™) TH Y | FERLAN D 20 BZICHA SR S (Figure 1d), —EE S 72 0 OF K EINEIEL
W10 B TH o 72, AVEFEIIEIT. 960+316 eggs female ' (V¥ LIEWE(RE) T, ZHITALKFEEEDBESROME & R
FETholz, LaL, FEERIT 7.5£8.7%& LR FEHFED 93%ITHATIEFITE N o 7o, T DOIEFITRWIE LRI,
IIRKIREOEEFEIFESNTNDTZD B2 BIND, LRKFFESCR—Y » TWIZEBIT D N. flemingeri D@ D AENE
T, RRBFEINIKEE 250 m IR TR 6D, AWFIETEINZIT o 7o MERARIE 0-49 m & W F v 7 FilF TH
EINTWED, HHERRL A LD BIZKFEEKIZE > TTF v 7 FlICHESNTE R, HOVIETF ¥
7 FWENRACKFFE & T 50 m &S T e OICRIBICIEN R o TR ThH D L E2 bD, ZD XD 7@k
DOERBBRRE L IIRE S BRDRUN, N. flemingeri DA & FHAEICEEL H 2, ZORERE LTI EENMED -
eBEZLND, BALHEED 0 O WA E A (= A H BB (A5 [females m™] X AEJEFEIIEL [eges
female™'] XL [nauplii eggs ') ZFHH L7z 2 A, JEAFEETIE 1,591,841 nauplii m > Tdh o 7= D% L, AHF
72T 1,852 nauplii m > & ALKTEFED 800 0D 1 Th-o72Z LG, BIRLS TR, ALMIHEN T A PREERI TR AR
ZFEET. SR L TVDH EE X HILDH (Matsuno et al. 2015),

Figure 1. Adult female (a), reproduced egg (b) and nauplius (c) of Neocalanus flemingeri in the Chukchi Sea. Temporal changes in the

clutch size of N. flemingeri during the incubation period (d). Solid lines indicate eye-fitted line.
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FEMIE X K E BN T DR E N R & <, HiER B ftho Mk 2 Je BRI CHIERIREEAL O BN BRE [CHN D & 5
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’ﬁ%#é’kﬁﬁ%f%é
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Endz. ZORERIEN (BB T—% ELEAENTHY, MK & FRZEMBBR OIS D O BIR B
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EROTURE KR PFEE T RICE (T 2 LB DR EN D EZA

MAZT L BRI, HEER S, AR HFAEE S, mEARTFe
VIHEE K K FBEIERBESEFL FABE 2 IR - FAFFFHTERL S BB - HAFIFFR. BT -
[FBRIEPEIRIE T > 50— ¥ LK F: « KFBEPEFIHIERY. O [ELIREEHTIT - HERERBE I > 5 —

eIk CIE R 2R IRBRAL ST LTV A2, 1B, fliA, Tk, KR, WEOKFESLAK, T L TZRAXF—IEER
MEDLIICEN L, ELTRERKIZTZ 4 — KNy 7550, BHOREES 2 800 REEEEDRD TRE W,
GRENE HEBS HEE 2 (Txt L, KX - WHEICHB T DIREDR AT A BHRO LRI LOFES - KT - KIKROBLH, K
R T RUFX R T AT E L bIC, BT AR ABRE 1 ~5 TEM L, EREETLELTINET
FEHNCh 28I SN CE MR oBlT — X 12 ES% SEZ B2 CET LB OEELZED, ©F
JVRIRGERE R O & BT VB E T O RH 25 Lz, 2D ORI L 0 Ik CBIEE D X 9
PREAEHETT L RIS EE RIETONND LT OTHESH L0 E N> TE 7z, ko B LA 2ERIC R IE
TREL LT, REMER., BEEEH), B, K - KIKOZE(RIZH T THRRTn L,

F9, EEERTIIRR CO, BEIIREX RFBMAEBZRTZENMONTND, ZOFEFHE(LORIBITIITHFER X
7o TND Z DD EFEEERD CO, WINMNIRE > TS Z ENRIBINTWD, S5 OKA CO, OB
LA R=Va T, BIORE2DEETD CO, 77 v 7 ABRIOFRIX, bR —F o 7 keI H
£ CO, DWIJERE LTHREL TWAH Z & &R LTS, —FH T, ZOZEbMEmITHIsfEIZ R 5 TR & 2
Lo,

e A % R A CIR S 5 AR O B BER L, KA O s K OVRIE-CRE A S Hs A 1S B 70 5, Ry O B BB
AT COp, DWIUT K EZ I BENZH - TN D EB X LD EREERMRAERRIT, BIARFEIROMITIC L ViBEDAER
HWEOELERZMD Z LN TE DL, BERENBHEZ IR LY A hDO > b, F—a v OHME, ZoxU 7
AATTHR2 A b, IRV T XA T RIER, D EHMHE L/ BT D 6 %4 N OBAKOF gL
BowE 50 FOEEAIL, I—a v (ZAR=T) EHFTIHBERY U RTTEER, oY 7 TIHET%
R LT, EEME T 2R L2 _ U 7 OHKEO 2 S T, KEDNE W EBIRD AR NEL 22 D 25
L. TEORBLICEVBADAEENMEFT LTS Z EE2R LTS (Tei et al, 2013) , —JF. ZH5 6 YA k
OEAENEEE T /L (SEIB-DGVM) (2 X %ilE 50 M OFHERRIL, = A F=T L FH /KR > KT TlakA
ERRIE O & AR, BIAROM —RAEEEIX LM 2 FHE L2, HXU 7O A Moxt LTk, A%
e & KIRIC R SN2 B OB %2 FEBLTX 72/ -7, ITRDB (The International Tree-Ring Data Bank) D4 #iiliE 7 — %
ZZAWTERILB A Z BT, MBEICRER RO, RV T | TIRAA, BT XONERTEREDKT
BRI,

CMIP5 F 3k I %EBR D MIROC D H 11 % WA BhEE 5L (SEIB-DGVM) ™ 2100 D TS H I, ALk
BT —KAPE (NPP) 13N E 757223, — 7 CMER & S &I CIINT 5720, K& E LTHE IS CO;,
W B Cd D ERER—IRAFE (NEP) (XALBER & ALKVPEELCA (CO i) &7ro7, IR 7 OFME Tl Rk E
IRAEFEROHINA T Z I, NEP HHINT 5 LW I FHRFER o7y, T TR L 512, /e~ U 7k,
BEE S OE TV TRIE EFIC LD NPP O FAHFH TE TV Wl ©h 5, BT CIRdbidg g si s 13 co, o
WP & U TREBE L TV A DY, Z OMREDS IR L, IR E U COMEENTTE D AlRetEn H 5, H_Y T
TR BT, T TITNPP DI F M E > TV 5,

IRFBUZ DO FHAE S 0 ZREEUE L TOWZDIIXET VO EN AR R Th 5, Mz I HEE L 72 GTMIP
(Miyazaki et al., 2015) (GRENE-TEA Model Inter-comparison Project)iZ &4 2 AR ET /L R 5 D KEA 73—
T a VET D NEP O FEERZBEA— =V A N THDLIYI =V I DT T v 7 AFRGRER i L=, ARl
DETINDT W TIVEENIBERBIIE & —F L=, A V3= 3 VBTV TIIARIC CO, Dl & 7a v 4R
MMM RS bivie, FARRRET VIXBR R CHAEDIXHEREY O SROEH o E B LT
B SITEY . AN EET 2 EHFIIRTE OTT AN, TN A 3 2 K2R T%E 0T 7 A 0Bl
RAERBSHEALEZ, LOrLAEnG, NEPEZHEL QW EDIZEELL0 e 2380 TH D,
COLITRWCTHERREZE TH D A X 2 id, 2000 FERIZA> TREAFORED EFA1EF - TW7=23, 2006 4
ENSHO LN EE -7, BEEFICHED, KEA Y CORBENASEME T 2R L2 EnE, ZORE L
FAPBHEOHINZ LD EFHIE BHNLDAZ ORI ENERLTIZZ L 2R L TWD, /e, AFonm
7 ARV A DR ERF OIREZE L IREILOBERE D, OH Z UV WMVRENZNETEZ LN TV b O LITHRY |
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FFALEERMCIZIERI U TH A L W IO BENE LN (Patraetal, 2014) . ZOfERIZ. A X U HTEEOKREX X2 H
ETDHNENDDZ EERLTWND,

FEOKFEETIX, MODIS & AVHRR Z W THESEE L BEEHFEOT —FX vy b2ERT S Z LISk Lz, =D
A 1982~2013 FEORBHFE O Ly RIZHIRIC L 0 ey | =—F o7 O -0 TS WM o BEZE 72 FHiE
DA LMNE ST, FRlca—nr v/ Tk, 14 HEL EOREES IR O mHE S L 53 2 HUB S RN > T b, TSR
DOFEMIERIMOIERE 2 6 7= 5T AREMEN & 5, ITRDB OERT — #1323 — 1 v SO JKWEEFRICBIARD AR N
BL 7o Tt AR R - T D, %< OHBE CH ORBKE & FRMIEREENS EOMBEZ R L, EORBRKENZ L
ERVBEWEWVWSIEENRAOND, —FH, BEOKIEEOBFREZRS L, 3~5 ADORIRE L EOMHEZRLTEY,
ZOZEF MEOREVPAEEZRELZREMEEZ RIE L TV 5,

AL DB LN RERIC KT HEO—2 L LT, REKROBUNAEEDOEN D D, THEEEH D D EfEE g~ D )
i, M 1 ORI DR SN L 912, AMBRIBIEBR (LSRN O—>TH Y | ITHFEZ OBRE SN L
TW5, #RE 3 OATRE B1%. 80 4Ef7H~ 5 2000 AEAICHIIN L =Bk d, &8 (BH) oy 0w ny gt <
HHZEERLTND, o, FE 70 BB T 2FEM OB EIL, L2 R L, TOLEIER « Wl
IR ER Sy DEENZ K B Z 3 bhoT-, ©DF 0, bW OERLIX, KES EF T2 2 720 iz, |’
BEAIZ K> CTREIEERG DAL T D 2 & TREROBUPEHEEEZ LI ETNWDEEx D, 2O LX) R KRRIERY
DOEANIIHBR R ORI S 72 V155720, ARERICH K& BB EZ KT L, REJMR 2 (LS T TRERICHE
T N TRREED B B,

IR DA - KK AR I KR LR X G L E 26N D, ZTNE T, BN E TN SO ILE K O
R L DU N EETH DL Z ENRINLTWEN, TFEZ Y —2 T > FKKROFRIZ X 52860 Zilinb
S7TW% (IPCC,2013) , Z'U—2F v RKIROEAD H 6, RN L < Do THORVIKIERIEDO I — v
ZNZoNWT, BT — 2 OWE L ETNVOREEIT -T2, £72. KIKFE ORMR 2 213 5 Ry AEm O #l
B biThhiz, 7V —rT 2 RKKRET LVOEERICHE SN LT,
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Towards understanding of the Arctic-mid-latitudes climate linkage
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AR, ek & R OREY 7 OBFERIER A TH S, Zhid, LMo BREEAS), & A
DK & P DR G - [AEORICHEA B EOWEREfRA & 5 F4 X3 (Honda et al., 2009, Jaiser
etal., 2012, 2016, Cohen et al. 2014, King et al., 2015, Nakamura et al., 2015, 2016) , HAKAIZIZ, B SRKICoT Tk
MR Z S N L Y= FWEOWKB DI & | i< AFIT, BARZEDWR - 2—F o7 TEL - RENLVME
MDD & S DITITHREEREE D ILWHEIFE T b MR R OEMN R 6N D F R ERDho TETWD, A%
T, Zoduhik & PREEROKEEY 71OV T, ZOMEERNOIEFILHT, AVrY=Z FTEDLD
IRRRIEDMTONT= D, ETATNS o> T, IR ZNNLOFEE L TEINTHNDNIZOWNTIRRS, #H, =
DAFFEFEFR TITHEME HEE 3a 0 THEMdsIZ 3817 2 BREEAE A B ARJEL O KGRI KT T RBEOFM) (B3 258N
KaARIZE EF ST TRE SRR < HERT 5,
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Ecosystem Studies of the Arctic Ocean with declining Sea ice (ECOARCYS)

Takashi Kikuchi *, and members of GRENE/Arctic research project No.6
!Japan Agency for Marine Earth Science and Technology (JAMSTEC)

The recent drastic decrease in Arctic sea ice causes various changes in the Arctic climate and ecosystems. For instance,
melting of sea ice improves light environment for phytoplankton growth but at the same time it increases surface stratification
to suppress nutrient supply from lower layer. The benthic organisms are also threatened by changes in Arctic environments.
Currently, they feed on the ice-edge bloom of phytoplankton that sinks to the seafloor (Pelagic-Benthic type). However,
warming of the Arctic Ocean may increase the population of zooplanktons and fishes, which will feed on phytoplankton at the
ice-edge (Pelagic-Pelagic type). Furthermore, reduction of sea ice also changes habitat distributions for species in the Arctic
and sub-Arctic seas. For better understanding changes in Arctic marine ecosystems, we conduct multi-disciplinary studies
examining not only biological but also physical and chemical aspects of the drastically changing Arctic environments.

The research project No. 6, “Ecosystem studies on the Arctic Ocean with declining sea ice (ECOARCS)”, was initiated in
2011 under the GRENE Arctic Climate Change Research Project in Japan as well as other GRENE/Arctic research projects.
In the ECOARCS project, we mainly focus on the Pacific sector of the Arctic and sub-Arctic seas (Pacific Arctic region: PAR),
where various environmental changes have already accompanied the sea ice reduction. Hydrographic surveys by R/V Mirai
(JAMSTEC), TS Oshoro Maru (Hokkaido University), and various ice-breakers under international collaboration were carried
out. We also conducted year-round mooring observations that are useful for obtaining hydrographic, chemical and biological
data even in winter time. To clarify the feeding behavior of higher trophic levels, we use the techniques of bio-logging and
monitor large areas of the Arctic Ocean via satellite throughout the year. Furthermore, we are developing sea ice and marine
ecosystem models for the Arctic Ocean that can diagnose in detail the ongoing changes in the Arctic marine ecosystem and
may predict its future.

Under the project, many scientific results have already published and more will be published soon. Nishino et al. (2011,
2013) shows responses of sea ice reduction to distribution of nutrients, biological pump and primary production in the PAR.
Whereas enhanced Beaufort Gyre due to sea ice reduction and accumulated freshwater prevent biological production in the
Canada Basin, nutrient supply from shelves and greater light penetration enhanced biological pump outside the Beaufort Gyre,
i.e., western Canada Basin and Makarov Basin. First observational evidence of ocean acidification, which is described as
aragonite under-saturation, was found in the surface layer in the Canada Basin of the Arctic Ocean due to melting of sea ice
[Yamamoto-Kawai et al., 2009], and such aragonite under-saturation has continued with changes in ocean conditions.
Mooring observation data in the southern Chukchi Sea suggests that bottom water was also under-saturated with respect to
aragonite over half a year [Yamamoto-Kawai et al., 2015].

Figure 1.  Schematics of marine ecosystem in the Pacific sector of the Arctic Ocean in summer (left) and winter (right).
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There are clear evidences of linkage between recent sea ice reduction and increase in primary production in the PAR (e.g.,
Arctic Report Card 2014). Timing of sea ice retreat (TSR) is also one of the key factors to determine distribution, size, and
community structure of phytoplankton. Fujiwara et al. (2015) examined influence of TSR on phytoplankton size during the
period of marginal ice zone bloom.  For example, earlier sea-ice retreat was associated with a dominance of larger
phytoplankton in the period. Sea ice ecosystem model with ice algae was newly incorporated into the lower-trophic marine
ecosystem model, which was previously coupled with a high-resolution general ocean circulation model. Using this model,
Watanabe et al. (2015) examined seasonal and interannual variability of ice algal production and biomass in the PAR.

Regarding a change of dominant spices in the PAR, some of observational evidences were reported. Fujiwara et al.
(2014) showed a statistically significant difference in temperature between the haptophyte-dominated cluster and the other
clusters, suggested that the change in the phytoplankton communities was related to TSR and the corollary increase in sea
surface temperature.  Northward shifts of distributions on the zooplankton community in the PAR were shown from results of
TS Oshoro-maru 2008 cruises, which suggested that sea ice reduction would have a negative (positive) influence to Arctic
(Pacific) species (e.g., Matsuno et al., 2011; Sasaki et al., 2015). Polar cod, Boreogadus saida, is a key species in the Arctic
Ocean food web. Kono et al. (2015) examined the distribution pattern of B. saida and other fish larvae in relation to
environmental conditions in the northern Bering and Chukchi seas. The result assumed that the spatial differences of B. saida
observed across the study region reflect the temporal changes in abundance and size of them at a given location following ice
retreat. Nakano et al. (2015) investigated trophic responses of Polar cod, B. saida, to changes in zooplankton and benthic
invertebrate communities (prey) in the PAR. Yoon et al. (2015) suggested from results of bioenergetic model for chum
salmon with 3-D marine ecosystem model that potential habitat which is an area where chum salmon could grow will expand
northward into the PAR and may shrink regionally south of 71 N because the water temperature exceeded the optimal
condition.

Under ECOARCS project, public symposium was held in Tokyo on November 9, 2015. In this presentation, we would
like to introduce the outcome of the symposium as well as some highlights of our scientific results.
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U X LD EITV, BB OZRIRIEMEIT I 2D D VAT AOWEEEIT- T2, & 52, ALHIEHTEHITH
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EHNRICEDRENREINZLEW LN Lz, TOM, —HFKEDWEHIE LI ANV PR FTIE, AV b
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Outcomes from the 5-year GRENE Arctic Climate Change Research Project

Takashi Yamanouchi (Project Manager)" 2 and Kumiko Takata (Coordinator) > %4

'National Institute of Polar Research; Graduate University for Advanced Studies (SOKENDAI);
*National Institute for Environmental Studies; *JAMSTEC

J)—r e Xy hU—2 «F7 =/ A (GRENE) dtiSEESNE T 0y =r b [AET 5
VAT LR O ORI IR BEOKRAIIMER ) X, 2011~2015 FEE D 5 B EIZH Tz > TEi Sz, DB EHID,
EPRENT, B - ET ARG, A ATy NI X D IMREN R TH D IE [FEOMERE ) ), Hh
POk, BRALAR DR 2 22350 CRURIZS FEHE S 72130, FRITCE 7 M K DFERED bivlz, 26 o'l - 58
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Comparison of carbon fluxes estimated by top-down and bottom-up methods
-- a case study at Yakutsk, Siberia --
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DOH DA R THEHEDOEK DO 7 nt AR—2E7 /L (BEBREET L) X5 RVFX— K- RET T v 7 ADH
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& FEhE LT\ 5, 4 lEllENet Ecosystem Production (NEP) % 7= 1% Net Biome Productivity (NBP) (2412495 (R FEIN L
BEXMNRE LT, Y7/ =V 7 OV —BRIIISCO,7 T v 7 AMi, BHEHIERET VDC0,7 T v 7 A
EAE, WA T M X DY 7 — Y 7 JE0500kmPU 5 DCO, 7 T v 7 AHEEEIZ OV T, 1980470 5201245 D A -
PIECHEE L7z (¥ U —#11132004-20114F)
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WRENXENTH L7720, LFOWEMOIEXLOENKREL, FRELZOREBLEZT-EZ2 005, EFT
PIBEOF 2 8L, %ONOET VTR E BB 5E0 bius 2, —8 - A —BOFRREIZO W TIE, Bix ke
JRK 2DV . FE—I2iE, TNENOHETIENRIHEE T HKFEAT—LOENREZ LD, Gk, BRRKED
ETICET HWN G0, RIEE - @R & ORI e [RG5S L OxtIn 72 E 2 HBNCTAET 5 2 & D35,
—H A —HORKEH SN2 L, COM K DARHEEMEDIRI = DIZMETH D,

Carbon balance of the forested ecosystem is widely recognized as an important component in climate change research, and is
also as uncertain at the same time. Some attempts have been made, recently, to understand the origin of the uncertainty by
comparing estimates of carbon budget with bottom-up and top-down methods. In the Arctic Climate Change Research Project
in the GRENE Program (hereafter as, GRENE Arctic project), the terrestrial and atmospheric observations are conducted in the
Acrctic regions, where observational data were not available, e.g., Siberia. At the same time, numerical studies are carried out to
estimate COz fluxes with process-based models and inversion models as a part of the GRENE Arctic project.

In the terrestrial sub-program of the GRENE Arctic project, observation on energy-water-carbon balances are conducted in the
Circum-Arectic, and the fluxes are estimated by a suite of terrestrial ecosystem models at the four super-sites (GTMIP)
(Miyazaki et al., 2015). In the greenhouse gas sub-program, atmospheric CO2 concentration is measured at high accuracy using
aircrafts and at surface stations and top-down/inverse modeling is performed for estimating regional COz2 fluxes. We have
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compared the COz2 fluxes estimated from tower observation at Yakutsk, Siberia with the COz2 flux estimates by the land-surface
models for Yakutsk and CO2 surface fluxes estimated by inverse models around the Yakutsk region (area ~500 x 500 km?).
The Net Ecosystem Production (NEP) or Net Biome Production (NBP) are considered for this analysis at monthly time
intervals over the period of 1980 - 2012 (from 2004 - 2011 for flux observation).

We find that the seasonal cycle of COz2 flux consists of a large drawdown in June-August from the atmosphere, and weaker
emissions or absorptions in other months. This result agrees well among the models and observation. As for the long-term
changes, the model variation is smaller in summer (June-August) than for the annual values. That is because respiration takes a
dominant part of COz2 flux in winter, that would have large uncertainty both for the observation and the model estimation. Thus
the large uncertainty in CO2-flux estimates in winter would affect the large fluctuation for the annual values. The year-to-year
variations in summer by some models agree, at least in part, with the observation, but the reasons for the
agreement/disagreement should carefully be investigated. At first, the difference in the horizontal scale assumed in each
method should be considered. Besides, the treatment of forest fire in the models is identified as one of the possible causes for
model-to-model differences. Making thorough examination of the relation between the NEP/NBP variations and the extreme
climate, such as very humid or hot-and-dry summer, is required to identify the causal process of the disagreements and to
reduce the uncertainty in COz2 balance.

References
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Dominant factors that determine seasonality and magnitude of Arctic warming amplification in the
future projections
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! Faculty of Environmental Earth Science, Hokkaido University, Sapporo, Japan
2 National Institute of Polar Research, Tokyo, Japan
3 Atmosphere and Ocean Research Institute, The University of Tokyo, Kashiwa, Japan

Response of the climate system to imposed perturbations is often formulated in terms of forcing and feedbacks. As the
feedback processes interact each other, it is necessary to evaluate their individual contributions by either energy flux
diagnostics or process-on/off experiments. During the GRENE project, we primarily have taken the former approach although
the hybrid use of the two was also accomplished. The feedback analysis based on the energy flux quantifies the contribution of
individual processes to climate change so that the sum of every contributions approximately recovers the actual change. The
approach has a benefit of identifying the important processes and the comparison between simulations and observations is in
principle possible.

The surface energy flux analysis was applied to the CMIP5 multi-model RCP4.5 simulations, and the energy flux analysis at
the surface and individual atmospheric levels (CFRAM-Climate Feedback-Response Analysis Method) was applied to the
MIROC5 model RCP4.5 simulation. In both methods, the mechanism of warming (or warming amplification) is distinct
between Arctic Ocean, Greenland-Norwegian-Iceland Seas, Greenland, and ice-free Arctic land.

Although the albedo feedback on the ocean due to sea ice melting has the most significant influence in July, when the solar
radiation is strong, the actual increase in temperature is considerably suppressed, because most of its energy is absorbed by the
ocean or expended on melting snow and ice. However, the energy absorbed by the ocean is released in the period from autumn
to winter (with the reduced sea ice cover and exposure of sea surface), and the increase in temperature is confined near the
surface because of the strong influence of atmospheric stratification. In addition, the greenhouse effects due to cloud cover
causes an increase in temperature in the period from October to January. These factors contribute to the significant increase in

temperature.

On the land, the effect of melting (albedo feedback) appears with the highest strength in spring, and becomes small in
summer. The amplitude of the temperature increase remains relatively flat throughout the year because, unlike the ocean, there
is almost no delay effect in the heat absorption and release on the land. Just like the case of the ocean, however, the
temperature increase is affected by the influence of atmospheric stratification and the greenhouse effect of clouds to a large
extent in autumn, after October, to winter.
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Spatial variation of snow cover in Indigirka lowland observed in spring 2014/2015
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FNENMHEN RO o7, WAEZA T T LD SWE EHE S, FHEEG O K Morozumi et al., in
preparation) Z AV CTFHAEHIIEE (10 km X 10 km) D) SWE ZHH L, 2014 4 & 2015 FECTENFH 100 mm & T8 78 mm
EWVOERE BT, 2O SWE XA O KN - LK EEZ T 5 ECIERICEERMA L7 5,
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Inter-annual variation in CH, efflux and its underlying processes
with reference to & *C-, & D-CHj at the Lowland of Indigirka River in Northeastern Siberia
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LHRIE N AT Al 5 O CH, ikiE, [REBE~DOEE/L 7 1 — Ry 7D 1 5ThHV, 2D X 57 CH, i
DREICHK T 2IE B L TRITO2LERH D, BHNASLO CH, il 7 7 v 7 A%, KA (B8RS - i
I HAESOBRERTFICE > THRENSA (Olefeldt et al., 2013) . 7T v 7 A & BREER T 0 & B 72 BRI T Hiusk
SO A &7 — U AZHEAE L (Turetsky et al., 2014; Treat et al., 2007) . AR TH D, ZDEIND 1 1%, CH, DSt
23 CHy ARk - Bl - Bk 3 DO o A TR S L, &7 mE AREER T ICx L TEADINEZT 5 Z LT
k%, CH,OZERMIRK (6 °C-CHy, § D-CHy) 1XZD 3 >0 7 ut 2% KBl (Chanton, 2005 %) . HIRSEA:
TENT D LN TE D,

WL RYT AT 4 FNTNHERIE, KA L EICX AT - RIERINERNL L, EERD KL B %}
LBURIC IS AT DA REMEN H 5, Fx T Z OO F a 704 (70.62 N, 147.90 E) FBIZHBNT, Fv o _3—ik
WCEBEZE CH A 7 T v 7 ADHE2ZE8) (2009-2013 4E) & §°C-, 6 D-CH, 28I L., CH 7 T v 7 A LB
BT OBRE LF 3 oDk RACESWTHEHWET 5 2 L2 AL Lz,

NIV DOEBT LB LI~ RTIE CHy 77 v 7 ANFITHRHEIRFSHETH -7l L, I X7
ARG U R AT OWMTIIRE RE2 BTN BIH ST, BUIEIRO 55 2011 FICZEH LBk EZ f - 72 1RiH
(B Z 0 | AR CHy 7 7 v 7 AR Lz, 2011 &35 2013 4E1200F TRALIZAE F L7223y, & ORE
F7¢ CHy ORI HERE LTz, S 612 HEERIBUKEET CHL IREE (10-15 cm ) 23 2011 405D 2012 A2 EH L,
2013 b mIRE MR- LTz, —F CHy OFRIAHRL 6 . 1Mk L7z 2011 2 L 0 & 2012 412 CHy OFR LA S
e Z EDURBR S, EEZICE 2 5 HEORTHFE LN THEIT L, IEF CHy IRESS CHy 77 v 7 ATEE
L7CATREME DS B %, HMERITBWT, ZOXI7 CHy 77 v 7 AB L OWFE CHy IREDOEE L, Eil 3 >0
22 L DBEURIZOWTRET 5,
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Ecology of willow in the Arctic for reconstruction of Indigirka river condition and its tributaries

Rong FAN!, Shinya TAKANO!, Tomoki MOROZUMI!, Ryo SHINGUBARA!, Shunsuke Tei'%, Trofim C. MAXIMOV?>#
and Atsuko SUGIMOTOQ'
'Graduate School of Environmental Science, Hokkaido University
INational Institute of Polar Research
3Institute for Biological Problem of Cryolithozone, Siberian Division of Russian Academy of Science
“North-Eastern Federal University
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Rapid and strong increases in temperature have been observed in Arctic region (Serreze and Barry, 2011) and further warming
is expected to occur in next 50-100 years (ACIA, 2004; IPCC, 2013). It has been pointed out that boreal forest may expand
northward (A J Hansen, et al, 2001). Taiga-tundra boundary ecosystem may potentially develop into either forest or tundra, and
two ecosystems play important roles in cycling of materials and the global climate system. In Arctic region of northeastern
Siberia, there is a large area of Yana-Indigirka-Kolyma lowland. River clearly links to reginal climate and shapes surrounding
ecosystem through a change in river water level. And these changes definitely control plant community composition, carbon
allocation, nutrient cycles and then material cycling.

From vegetation map around Indigirka river (Morozumi, 2015), one sixth of area covered by willow, and unlike larch trees,
willow as a kind of shrub can stand disturbance and high soil moisture, therefore fields of willow cover large area along Indigirka
mainstream and its tributaries. For this particular character, willow growing along the rivers can be good records of river
condition.

Carbon and Nitrogen stable isotope ratios of plants are known as integrated indicators of environment: plant 3'3C is controlled
by environmental factors like aridity and solar radiation, while 3'°N is depending on N sources. Plant §'30 is expected to record
source water isotope ratio. River water §'®0 values of Indigirka and its tributaries show seasonal variation, and usually
mainstream had lower 3'0 than tributaries. However, in 2011, tributary river water had the same 5'80 value as mainstream
(Takano, personal communication). This condition was caused by flowing of main stream water into the tributary because of a
high water level of mainstream. Therefore, in this study, it is hypothesized that the difference in §'0 of river water between
mainstream and tributary indicates the relative water level between mainstream and tributaries. If the difference in d'80 between
mainstream and tributary can be estimated from that of willow tree ring, it can be used to know Indigirka river water level.

Therefore using stable isotope ratios of willow, reconstruction of river water level will be challenged. Investigation of river
condition will be also conducted in this study. Better understanding of characteristics of willow contribute to know the lowland
ecosystem in this region.

Purposes of this study is to know:

1) current environment of river for willow (controlling factor of willow distribution and production) using willow 3'*C and
3N and other parameters.

2) relationship between river water and willow 30, and confirm that it can be used to reconstruct water level differences
between mainstream and tributaries.

3) water level reconstruction of the past by tree ring analysis.

The research site is near Chokurdakh (70.63°N, 147.91°E), Yakutia, Russian Federation, located in taiga-tundra ecosystem
along Indigirka river. In this work, there are two steps. The first step is to use current year shoot to figure out the relationship
between plant stable isotope and distance to river and to confirm spatial distribution. The second step is tree ring analysis. At the
first step, three sites in total were set up, one of them is along Indigirka mainstream and two other sites are along tributary. At
each site, three points along a transection from river to land. Samples were collected every 4 days totally 5 times from July 11"
to August 1%, 2015. The samples including river water, soil water, willow stem, willow current year shoot. MAT253 was used
for 3'80 analysis and Delta V was used for 3'*C and 8'°N analysis.

Observed willow foliar 3'*C and 8'°N apparently showed differences between water logging and no water logging points. This
means these parameters may be useful to know the environment of growing sites of willow. From §'*C and 3'°N of willows along
the transection from river to land, sites of water logging range (water level) will be estimated. In summer of 2015, the §'30 value
of mainstream was also different from tributaries, which indicates the tributary had different water supplies from mainstream
(mainstream water level lower than tributaries). In addition, soil water 8'30 at the nearest location of river was affected by river
water. Stem water of willow was confirmed to reflect soil water 5'%0.
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The 8'3C and 8N of willow leaves at various site with different distance from the river will be analyzed to know the
environment of each site. After deciding pretreatment method of samples and checking seasonal variability in growing season,
3'%0 of willow will be analyzed to confirm that it reflects river water 8'%0. This research will turn to tree-ring studies to
reconstruct water level and the water level differences between mainstream and its tributaries.
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High resolution vegetation mapping for GRENE-TEA observation sites
and Estimation of CH,4 emission in Taiga-Tundra boundary

Tomoki Morozumil, Ryo Shingubaral, Rong Fan!, Shinya Takanol, Shunsuke Teiz, Trofim C. Maxim0V3, Hideki Kobayashi4,
Rikie Suzuki* and Atsuko Sugimoto'’
'Graduate School of Environmental Science Hokkaido University
“National Institute of Polar Research Japan
3Institute for Biological Problems of Cryolithozone SB RAS
4Japan Agency for Marine-Earth Science Technology
* Faculty of Environmental Earth Science Hokkaido University

Taiga-Tundra boundary ecosystem covers large area in Arctic region in eastern Siberia, and it is not easy to know its’
complex structure due to heterogeneous surface conditions. Although it is believed that the tree line may shift northward in
Taiga-Tundra boundary, there are still uncertainties about changes in vegetation and biogeochemical cycle. Wetland in the
arctic lowland is one of the main sources of methane (CH,4) which is an efficient greenhouse gas. The CH, is produced in
anoxic soil in wetlands, while CH, is oxidized by microbes in forest soil. Therefore, spatial variability of emission and
absorption of CH, depend on the difference in vegetation types. Intensive field observations have been conducted at several
sites in GRENE-TEA project in Taiga-Tundra boundary in Eastern Siberian arctic (e.g. Liang et al., 2014). However, no
coincident vegetation map is available. Vegetation map is essential to know the roles of terrestrial ecosystem by scaling the
observation results, therefore, we conducted vegetation mapping by high resolution satellite image and estimated local scale
CH, emission in the Taiga-Tundra boundary ecosystem.

Field observation of vegetation and CH,4 flux were mainly conducted in summer from 2013 to 2015. To produce a vegetation
map (10 x 10km), we conducted an in-situ visual and spectral observation, and then conducted up-scaling by remote sensing
approach with satellite images. High resolution multispectral satellite image (WorldView-2, July 9, 2013, DigitalGlobe) were
classified. Using the field data on vegetation compositions, aerial photographs and spectral reflectance for supervising,
vegetation was classified into 8§ classes taking various aspects into consideration such as dominant species, soil moisture and
reflectance feature. Methane flux was observed by chamber method in growing season, July 2009-2015 (Shingubara et al., in
preparation). River water level, soil moisture, oxidation-reduction potential and CH, flux in riverside vegetation were also
observed in July 2015. Using coverage ratio of vegetation classes, local CH, emission was calculated on the basis of the
observed data. Our result shows that cotton sedge (Eriophorum spp.) dominated wetland vegetation contributes to 3/4 of total
CH, emission in this local area around the observation site.
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(CH)D FE IR T D, CHy 1T HOBRKAY 72 LHEp CAR S 4L, Hol U 7o SEHUGR R D & oA TR 3 ¢l
b ST\ 5b, T7205 CHy B « IO ZEMIZEALITRE A DOEWNITKHIG LTV D, ABRRERS <Y 7 & A
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Methane Oxidation Potential of Arctic Wetland Soil of a Taiga-Tundra Ecotone in Northeastern
Siberia

Jun Murase?!, Atsuko Sugimoto®® Ryo Shingubara®, Trofim C. Maximov* ®
!Grad. Sch. Bioagr. Sci., Nagoya Univ., Nagoya,
2Fac. Earth Environ. Sci., Hokkaido Univ., Sapporo, 3Grad. Sch. Environ. Sci., Hokkaido Univ., Sapporo
, “Inst. for Biol. Problems of Cryolithozone SB RAS, Yakutsk, Russia, SBEST center, NEFU, Yakutsk, Russia

Arctic wetlands are significant sources of atmospheric methane and the observed accelerated warming of the arctic causes
increased methane formation in water-saturated tundra soil with deepened permafrost thawing. Methane oxidation is the key
process to regulate methane emission from wetlands. In this study we determined the potential methane oxidation rate of the
wetland soils of a Taiga-Tundra transition zone in Northeastern Siberia. Peat soil samples were collected in the summer from
depressions that were covered with tussocks of sedges and Sphagnum spp. and from mounds vegetated with moss and larch
trees. The potential methane oxidation rate was estimated by a bottle incubation experiment in which homogenized soil
samples were incubated with methane at the initial concentration of 0.5-0.8 %v/v. Soil samples collected from depressions in
the moss- and sedge-dominated zones exhibited active methane oxidation with no lag. The potential methane oxidation rates at
15 °C ranged from 270 to 190 nmol h* g dw. Methane oxidation was active over the depths including the water-saturated
anoxic layers. The maximum methane oxidation rate was recorded in the layer above the water-saturated layer: the surface (0-
2cm) layer in the sedge-dominated zone and in the middle (4-6 cm) layer in the moss-dominated zone. The methane oxidation
rate was temperature-dependent and the threshold temperature of methane oxidation was estimated to be -4 to -11 °C, which
suggested methane oxidation at subzero temperatures. Soil samples collected from the frozen layer of Sphagnum peat also
showed immediate methane consumption when incubated at 15 °C. The present results suggest that methane oxidizing bacteria
keep their activity in the wetland soils even under anoxic and frozen conditions and immediately utilize methane when the
conditions become favorable. Treatment with inorganic nutrients and black carbon did not affect the potential methane
oxidation rate. In contrast with the results of the bottle incubation experiment, the inhibitor of methane oxidation did not affect
the methane flux from the sedge and moss zones, which indicated the undetectable levels of methane oxidation associated with
the peat plants.
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BIAME & OZ XA X MR L TEY, ZOEED I~ VRBICHKRTLI VI v I/ AEEZDE, LB
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Comparative study on forest soil properties among circumpolar regions

Yojiro Matsuura', Kenji Ono?, Kazumichi Fujii*, Kyotaro Noguchi®, Naoki Makita*, Tomoaki Morishita®, Jumpei Toriyama®
'Bureau of International Partnership, Forestry and Forest Products Research Institute (FFPRI)
*Tohoku Research Center, FFPRI, *Department of Forest Site Environment, FFPRI
, “Kansai Research Center, FFPRI, *Shikoku Research Center, FFPRI,  Kyushu Research Center, FFPRI

We estimated soil organic carbon (SOC) storage and analyzed the relationship between SOC and C/N ratio in circumpolar
forest ecosystem soils (Fig.1). Broad patterns of SOC and C/N were regulated by past geological processes and the
origin/nature of soil parent materials. The combinations of forest type and permafrost condition were i) larch (deciduous
conifer) dominant forest on continuous permafrost, ii) black spruce dominant forests on continuous/discontinuous permafrost,
iii) pine/spruce dominant forests on sporadic/non-permafrost regions. iv) pine/spruce forests on permafrost-free regions,
including peatland forests. Estimated SOC and CN ratio were varied among regions. SOC storage regime in larch forests on
continuous permafrost in eastern and central Siberia is larger than those of other regions. The lacking of glacier ice sheet in
Pleistocene era and development of deep permafrost may be critical environmental condition to affect forest dominant type and
SOC storage regime. Upland soils derived from weathered rock fragment have higher C/N than those of deposit origin soils in

plain topography.

JEARRIBAZ 5345 L TV D ARMAERER O HHEIC DWW T, HIEAHRFE (SOC) OFEMELHEE L, SOC & 18 CN
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Fig.1. SOC-CN ratio diagram among circumpolar
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Photos. Typical soil profiles among circumpolar forest ecosystems.
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Distribution and growth rate of Hylocomium splendens on forest floor in circumpolar regions
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*Graduate School of Agriculture, Kyoto University, Japan
3University of Alaska Fairbanks, USA
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Effects of cryoturbation and drainage on organic matter storage in Canadian permafrost soil
Kazumichi Fujii', Yojiro Matsuura', Koh Yasue®, Akira Osawa’
'Forestry and Forest Products Research Institute
2Shinshu University
*Kyoto University

Introduction and objectives: Permafrost soils store the large amounts of organic matter. The soil organic C (SOC) storage
can be enhanced by cold climate, flooding, and input of recalcitrant litters. In black spruce forests, cryoturbation of Mackenzie
area can typically develop mounds and troughs called hummocky micro-topography. This process is hypothesized to play roles
in enhancing SOC storage, however, history and functions of hummock soils in SOC accumulation are still unclear.
Development of hummock soil structure could induce tree tilting, as black spruce trees typically grow on the shoulder of
hummocky soil. Tree rings could record tilting and soil hummock dynamics (Fig. 1). Using tree ring analyses and litter
decomposition experiments, we attempted to reconstruct hummocky soil dynamics and their effects on SOC storage.

Materials and methods: To analyze environmental factors regulating SOC storage, we compared soil C stocks in BSF black
spruce forest (BSF) with those in tundra (TND) on fluvial sediments and white spruce forest (WSF) on the upland soil derived
from glaciofluvial sands in Northwest Territories, Canada. The following environmental parameters were also measured: soil
temperature and moisture, aeration index [Eh, reducible iron (Fe) oxides] of soils, and the decomposition rates of litters (lichen,
moss, and root litters) buried in the soils. To reconstruct the history of soil hummock formation, tree ring widths were
measured year by year. The magnitude of tree tilting was calculated by the maximum tree ring width dividing by the minimum
tree ring width.

Results and Discussion: The BSF exhibited the larger SOC stocks than TND and WSF. The annual mass loss rates of lichen
and moss litters were consistently small at all sites. The development of hummocky soil micro-topography resulted in
accumulation of sparingly-decomposable lichen litters in mounds and accumulation of moss litters in troughs. Tree ring
analyses suggested that hummock soils were formed through freeze-thaw cycles over 200 years. The thick layers of lichen and
moss litters in BSF appeared to limit deep melting of permafrost soil during summer. Soil water dynamics indicated that
seasonal flooding events caused by spring snowmelt and permafrost melting in summer. Rapid snowmelt and water percolation
enhanced aeration in sandy WSF soil, while BSF soils were saturated by water flooding on impermeable permafrost table. The
redox cycles of iron were recorded as accumulation of oxalate-extractable Fe oxides. The SOC stocks in BSF and TND soils
were significantly (p < 0.05) greater than in WSF soil. There was a positive correlation between SOC stocks and free Fe oxides.
Cold climate and poor drainage, which are imposed by hummock soil structure, contribute to the largest SOC stocks in black
spruce forests.

Conclusion: Tree ring analyses suggested that the hummocky
soil micro-topography could be formed by freeze-thaw cycles
over 200 years. Development of hummocky micro-topography
accumulates lichen and moss litters. The oxalate-extractable Fe
oxides in the soil can be a proxy of poor drainage on shallow
permafrost table and high SOC storage in permafrost soils of
black spruce forests.

Figure 1. Tree ring of black spruce
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Spatial variation in development of organic layer and its controlling factor under black spruce
stands in Interior Alaska

Jumpei Toriyama®, Ayumi Tanaka-Oda?, Tomoaki Morishita® and Yojiro Matsuura®
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Responses of both vegetation and soil to changing climate are key processes to estimate the future effect of warming climate
on forest ecosystems in circumpolar region. In discontinuous permafrost region, distribution of different forest types and tree
growth rate are affected by spatial variation in active layer depth. Meanwhile, soil biogeochemical process that controls
greenhouse gas emission and removals may also be affected by the development of organic layer in forest floor. We focused
on moss and lichen that form thick organic layer in subarctic forests and investigated spatial variation in thickness of organic
layer and its controlling factor within a watershed. Study site is Caribou-Poker Creeks Research Watershed (CPCRW) in
Interior Alaska, The Bonanza Creek Long Term Ecological Research sites. In CPCRW, black spruce (Picea mariana) is
dominated especially in north-facing slope and lower slope position where active layer is shallow. We set a plot of 600 m x
600 m and 49 grid points of 100m intervals in a northeast-facing slope with altitude of 250-350 m in July 2015 (Figure 1). In
each grid point, we investigated coverage ratio of forest floor (leaf litter, moss, lichen and soil), thickness of organic layer,
density of individuals of moss (5 cm x 5 cm), temperature (5 cm below from surface), tree density within 2 m of moss census
point, diameter of breast height (DBH) of each tree. Moss species in study site were mainly Hylocomium splendens and
Pleurozium schreberi. The thickness of organic layer ranged 6 to 41 cm. Thick organic layer (>20 cm) was obtained grid point
where tree size was relatively small (DBH <11 cm, Figure 2). The grid point with thick organic layer was also characterized by
the absence of coverage of leaf litter in forest flower (Figure 3). The relationship between temperature and thickness of organic
layer was not clear, while organic layer was thick in north-facing slope and upper slope position. Accordingly, thick organic
layer might be formed in the north-facing slope where tree and canopy size are small and there is no inhibition of moss growth
by leaf litter. Additional advantage for moss growth by longer duration of daylight is offered in the upper slope position and it
might also contribute to the forming of thick organic layer.
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BeW g DI ERLE, FRICHEEHOE I OEMEAER . ZOBEREZAONCT LI EHAMNE T 5, BIHEREILY 7
A J WEEERICALE 35 Bonanza Creek FHIAREEIFZEY 1 b D—>T&H D Caribou—Poker Creeks Research
Watershed TAT-7z, R CTIIIEEEE O /N S WIbRHaR L ORI FEIC 7 v Ut (Picea mariana) 75 &5
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&

Figure 1. Study site and topography
Contour lines are at 10m intervals in elevation. The number is elevation (m). Closed points are grid point for tree and moss census. The
figure is illustrated based on Digital Elevation Model (DEM) of CPCRW (Chapin and Hollingsworth, 2010).
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Fine root biomass in two black spruce stands with different active layer depths in interior Alaska

Kyotaro Noguchit, Yojiro Matsuura?, Stephen D. Sparrow?® and Larry D. Hinzman*
!Department of Forest Site Environment, Forestry and Forest Products Research Institute
2Bureau of International Partnership, Forestry and Forest Products Research Institute
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“International Arctic Research Center, University of Alaska Fairbanks

Fine roots (roots < 2 mm in diameter) are a key component of carbon dynamics in forest ecosystems. To understand effects of
different permafrost conditions on fine roots, we examined fine root biomass in two black spruce (Picea mariana) stands with
different soil active layer depths (thawing mineral soil depth during growing season), which are located on a same north-facing
slope in interior Alaska (Figure 1). Fine root biomass of black spruce trees in the plot with shallower active layer (ca. 70 cm; S
plot) were smaller than in the plot with deeper active layer (ca. 110 cm; D plot) significantly (711 + 68 vs. 1097 + 91 g m?). In
contrast, fine-root/aboveground biomass ratio was greater in the S plot than in the D plot. On the other hand, fine root biomass
of understory shrubs were significantly greater in the S plot than in the D plot (311 + 24 vs. 164 + 23 g m2), whereas their
aboveground biomass was similar in both the plot (122 vs. 113 g m). These results suggested that black spruce trees and
understory shrubs could increase biomass allocation to fine roots in sites with shallower active layer to acquire limited below-
ground resources from colder environment (Noguchi et al. 2016).

BIAOMR (B2 mmLLFOMR) 1%, HHAEEROREHEOREELERO—2>ThDH, AW TIE, RipdHK
DO S SR IC MIE T REBIC O W THFET 5720, [FHEE LE HEomRE) oRns/7u vk

(Picea mariana) #k 2 My &2 FHAM & LC, MRBGFREICOVWTHE Lz, TOME, HBEEDOKEZ WIS (D
K) 28578 by b OMRBEARIT, WHEEO/NI WK (S K) LR L THRIS/NShotz, —J, #
IROPFEARFUNZOWTIE, H EEBAFARENS S X & D KTHEKCTHS7-DIZR L, S KOMBEFEEILID KLV A
BIZREDhoTe, TNHOERIZ, 7 v hU b EMRROFEAREN, IHBEEDO/NS WS TR O - FE O
Ky« B EDHRLLIEBT D0, HIIRA~DO AR <~ 2R EHEINESETWD 2 EE2RIEBL TN D,

Figure 1. Photographs of the study plots and fine roots of black spruce. Left, D plot; Center, S plot; Right, Fine roots of black spruce.
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Relationship between tree growth and leaf 8"°N values of black spruce in Interior Alaska

Ayumi Tanaka-Oda', Tanaka Kenzo', Jumpei Toriyama®, Kyotaro Noguchi' and Yojiro Matsuura'
'Forestry and Forest Products Research Institute
* Kyushu Research Center, Forestry and Forest Products Research Institute

Nitrogen is one of the most limiting nutrients on plant growth in Interior Alaska. Foliage stable nitrogen isotope ratio (8'°N)
reflects patterns of soil-plant nitrogen uptake. We analyzed foliage and roots 3'"°N values of black spruce (Picea mariana)
grown in different position of northeast facing slope, in which tree size significantly differed. We established four plots in
Caribou Poker Creek Research Watershed (CPCRW) and measured above ground biomass (AGB) of black spruce, foliage
8"°N values, active layer depth and soil characteristics. We also set two transects (one along a slope gradient, and a second on a
north to east axis at a fixed elevation) of 1.6 kilometer length across the plots. We collected foliage and root samples and
measured their current shoot growth, 3'°N signatures and N contents. The AGB and shoot growth varied widely across the
gradient: 12.5 t ha™ in lower slope position to 85.7 t ha™ in upper slope position. Tree growth rate was strongly affected by
elevation and aspects of slope; growth rate at lower elevation with shallow active layer in growing season was lower than
higher elevation with deeper active layer, and was also limited in northeast facing slope. Foliage 5'°N values varied between
2.9 to 13.1%o and had positive correlation with tree growth rate. These results indicated that nitrogen utilization of black spruce
significantly varied with slope position. On the lower slope, where the soil active layer was shallow, black spruce growth was
reduced by the low availability of inorganic N and an elevated dependency on mycorrhizae for N uptake.

T T A T NS OO AE e K AR T M CIE RS O E 2 HIRT 5 FEK TH 5, HWIROERFENIRL
@EPN)E, HEN S ~OERWI GHAERRE S, AEREFZEOWI: &) & KK L CTEbT 5720, EHHIR
T O D EEFZRIPRCAR O ILAE T O FEE & 72 B (Mayor et al. 2012, Tanaka-Oda et al. 2016, Kenzo et al. 2016),

T T AT NEEER DK A+ EICE LS5 7 v kv b (Piceamariana)ix, [ —#HH ETHRERBICENH D Z &M
HBITWS, 71 byt OE & TEREL OERWINOBREH LN T 5720, 77 AN T =T N7 A
MHDOH Y THR—=T—2 J—27 75 —H—3—)L K(CPCRW) IZH D Hpm EIcAEBTT 2270 by ez,
B D EHZRIMIRL 2T 72, FHEIL 2012 £ & 2014 F2fTV0, F—fE LICESORRD 4 o O7 vy b &
FOTvay Nt 78 FERELEK D, Yoy hCEEHETe 7y AV E2EKL, Z7r v EeD
M EHREE S EOERRMALEZRE L, P77 PTIE2m I &7 by OELBE2EREIL, BRI
RSN T CTEFRRE & RMRLZ 2 ENHE LT, OSSR, BB EITRnALEIC X D@ WA RE

<. B E#EC 857 tha, Bl FESTIX 12,5 tha! & [A—R&f ET7 OB WAH Y (X 2), Hi EMBFR L 25
FINARLGIIZEDME R H o772, FT7 o7 P EIIBITA 70 FU b ORERE L EDOERIBE L RMAKLIC S
EQMHBERH 7=, 2 SIFROBRFRNIRLD S RO T-EFRRIUZ IS 1T 2 AR E ~DIRITE L BRNH - 72,
B T CIEAEBTRIMIC T 2 K AR LO@IEESE < . R B L 0 TERE MRV AW O B LA
EZDIZ< W, 2O X ) REE CIFIARERZE U TERRINEIT O 12, FHRIZ X 5 ZERENAR 5 (Mayor et al.
2012, Tanaka-Oda et al. 2016)iZ & W RRLED ERFMALLNME T L TWD EE 2 bhiz, UbENhD, 7 hoED
1 EEEAFECRE IR R EN T HEZRINOE MLV BN RE L, 5%, BB ERERE T2 LR
EENDBARDORF L FIET AN E 2 b,
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B 137 v s oMK

NO-N3 (7' b %, old¥ o 7wtk Lok z &9
7T AARFHP EIZARR STV % CPCRW @ Digital
Elevation Model (DEM)IZ & ¥ {Ef%(Chapin and Hollingsworth,
2010).

Figure 1. Locations of the two transect lines. NO-N3, sample plots
(10 x 10 m). Circular symbols indicate sampled individuals.

The figure was created by author based on Digital Elevation Model
(DEM) of CPCRW (Chapin and Hollingsworth, 2010).

2 RHE _EENO: )& TEBIN3: )7 7 vk OMAHDOFEN
Figure 2. Differences tree size and density between upper (NO)
and lower (N3) plots on the northeast facing slope in CPCRW.
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Leaf functional traits of different life forms of various broadleaf woody plants in the Alaskan
interior
Tanaka Kenzo', Ayumi Tanaka-Oda’ Yojiro Matsuura® and Larry D. Hinzman?
! Forestry and Forest Products Research Institute
2 University of Alaska Fairbanks

The morphological and physicochemical traits of leaves are important in terms of plant adaptation to various growth
environments, because such traits play central roles in various functions including photosynthesis. We measured the toughness,
mass per unit area (LMA), nitrogen content, and "N levels of the leaves of different life forms of 39 broadleaf woody plants
in interior Alaska. The plants were divided into three life forms based on the maximum height of adult plants: understory (<1
m), small (=1 m to <5 m), and canopy (>5m). Evergreen species accounted for a large proportion of understory woody plants
(44%), whereas most small (87%) and canopy (100%) trees were deciduous. Higher LMA, increased toughness, and higher
C/N ratios prolonged leaf lifespan in evergreen species. We also evaluated the presence/absence of bundle-sheath extensions
(BSEs), which contribute to the mechanical support of leaves and enhance photosynthetic ability by improving hydraulic
properties. In total, 11 species (28%) had homobaric leaves (BSEs were absent) and 28 species (72%) had heterobaric leaves;
these proportions are similar to those of woody plants of other temperate deciduous forests. The 5"°N values reflected the
presence of root symbionts such as ericoid mycorrhiza or Frankia sp. Our results suggest that leaf traits may affect both the life
form of the host plants and leaf longevity in both evergreen and deciduous species. Those results have been published in
Kenzo et al. (2016).

ORI E L7 K OMBERNEE X, Ak EAFAREECHEY OBREEIGHE ) L BH#ICEBE L TV 5,
T, EOBREMNIEEIZ OV TOMRN T — 2 X—2 bAoA F— A TOKRS, HEET L~DJS
M2 ER T Tnd, Fxld, 77 AN O ISTER &2 R, HFxREERETED LS ICEDE N R
RHDONH ST HT0IT, 39 ARSI, EOME, ERFEYZY OEE (LMA) | KFLEEEGHR, K
FEERLBERNIKREZ TN, £z, ENOHEROFEFICHET HHEERPIEES (BSE) OAMIZHAEHL
Too MERIDAFIET HHEIXERELE (heterobaric leaf) | F7E L7 WEIXZEEZE (homobaric leaf) & FFEIL TV 5,
ORI, ERFEEE TR VBHMHELE O SR Dm0, EEARICHE T EBHREREN T XY
MRS T & LIRS A& 5 (Fig 1, Terashima 1992) , ¥BEHI TH Z DOEMLN T 7 A4 N—Dfk72 B % L.
BERNEHA~OHFBRITENLDOZ L0, BWVIEKEEEZFFD . EOMERILICEIRT 2 2 & 72 ERRx RO FEN
B S 0MZ 7> T3 (Inoue et al. 2015) , ATEBIIARAROBEBNIAFEA Gm LIE) | KA (1~5 m) . AR
(Im A0H) 120, E-ERS S BWERSICHOWTH ENFNX S LIEST L7- (Kenzo et al. 2016) .

BIARDATEROM B - WIEME L OB IIXBE BB A b iz, MIEKITIZE BN < 4% % 57203,
A TIE 13%., HEATIE 0% CEENEEMTH -7 (Fig2) ., £7-. HMERICHAHERITEREEDE SN
mnote (Fig2) . WKIEBNIENZERBENE <. BSE ZFoREHERBTEN 80%iUr< -7 (Table 1) . FEIHE
PR | 2 R BERHRRL I LA RBE IS BN 2 BN TE Y (Inoue et al. 2015) . ARG EHERET DRV ERET I
EETDHWHEERT, BFEZRDEOERREL®ODL 2 L THWABTHMICHE VA RAEEEZTT (Kenzo et al.
2006) Ffn7pEEORLEa A N A EHF TEIL L TW5 & 2 57- (Chabot and Hicks 1982) , —J7. MK K
WEREEICZ WV RN L, LMA REOFRENEIEM O 2 5L EH Y | RFWRESL CIN LB EWNZ £ 6 (Table 1) |
BEORETRILICIRE L, BHEEMEN DA RITIEN A (Kenzo et al. 2006, 2015) HEdm A EITT = & TED
flik o 2 N 2 EWIE RIS B EIE 2 B> T\ D & #E 2 B 7= (Chabot and Hicks 1982) . F7=. Fkkis 3K 5
N BSE ZFFZ/WEEHETH o7, DIEWVIELZFFOREEIL, BENO T AEEIRTIA & <. LA RMPHIR SN D
WANE, SRR T AYEHERE L 70 5 BSE 2 /K< 2O RN % 725 L& 2 - (Terashima 1992) . 4
[ 7 T A D EHENRTHLNZ REEMEOEI AT 72% T, I E TR B ARDOELER 2 8 53 2 MR T4
HALTfE (75~90%) LIZEFRI U ThoTo, —H. EEE EROBRRA > B THE ST fEIE 35~57% & 172
DK< (Wylie 1952, Kenzo et al. 2011, 2007) | 4 [EIf5 & V7= ks o RIFIEBFE OEIS (56%) L IXIEFR LT,
REG7fHR & —F LTz, Zeds. AR O —#BI Kenzo etal. (2016) TR#E L7z,
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Table 1. Ratio of heterobaric tree species, leaf mass per area (LMA), leaf toughness, nitrogen and carbon contents, C/N ratio,
and stable carbon (5'3C) and nitrogen (5'°N) isotope ratios of deciduous and evergreen leaves. Asterisks indicate significant differences.

Leaf habit Heterobaric LMA Toughness Nitrogen Carbon CIN R(© 3N
species (%) (g m?) (N cm?) (%) (%) (%o0) (%)

Deciduous e 59.9+3.1"  20.4+25" 2.04+0.1°  52.8+0.5"  30+#3"  -29.3+0.2"™ -0.65+0.5"

Evergreen 56" 123+12.4°  66.6+7.5" 1.10+0.9°  57.0+1.4°  55+#5"  -30.0+04" -4.10+0.7"

Figure 1. Transmission micrographs of surface and
transverse sections of leaves. Arrows indicate bundle
sheathes. (A) A heterobaric leaf from a canopy woody
plant (Populus tremuloides), (B) A heterobaric leaf from a
canopy woody plant (Populus balsamifera), (C, D) A
homobaric leaf from an understory woody plant
(Vaccinium vitis-idaea)

(A) O Heterobaric M Homobaric (B) O Deciduous M Evergreen

Canopy (8) .
sma 1 N |
Figure 2. The percentages of trees with heterobaric and

Understory (16) - - homobaric leaves (A), deciduous and evergreen species

(B) among different life forms. The numbers in
0%  25%  50%  75%  100% 0%  25%  50%  75% {00  Parentheses are the numbers of species analyzed.
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Effect of the thawing permafrost on methane flux from lakes in the Alaskan Arctic Zone
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BRI ZRFTRNA E LCIE, Yo KT (77 A7 AciifE) (=i A EHds) oiE 2 o,
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Fig.2 Correlations between lake size (4) and dissolved
methane concentrations (D)

Fig.1 Observation stations and study regions
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bhote. TIANERLOFY~AT7 T v 7 ZHE (m*%40) 135 1.57 gCH,m” yr' ThH A, (LG ZETey
v RT I (ERRE) 1359 0.61 gCH,m™> yr! Th 7. T D L~ULiF A 7 = —F (Bastiviken et al., 2004), 7 1 >
Z > R(Juutinen et al., 2009)72 £ JLEK D 7K A L A3FAE L7 il & 148 (0.78~0.92 g CHym? yr') TH V. L%
V7T 2 A AR B TRAR LIRS A 2 75 v 7 A RIETHRFDFIIRD b o7,

Fig. 3 Seasonal change in methane flux
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A, WEBEOY v RIRARITL DA A, WIE FO talik T KA O @EEE 13D T/hE <, YR K
FDMIZEE L)oo ZEDNRB SN, L LAXA THIEFEOWMBETY > KT X0 L FEIZE LV DM 2358
DO, Sk ZIE OWNAR &R EOIRDL,  FREFIF Y thermokarst lakes (27 H U CEIHIT 2L ERH 5.

WEE . ORBFROERIL, BUEUIRE (#24656132) O—BRE L TEMLIZLDOTHS.
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Recent Severe Forest Fire in Alaska and Weather Conditions

Hiroshi Hayasaka®, Hiroshi L. Tanaka’ and Peter A. Bieniek®
! NPO Hokkaido Institute of Hydro-climate, Sapporo, 002-8006 Japan
Z Center for Computational Sciences, University of Tsukuba, Tsukuba, 305-8577 Japan
® International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, AK 99775, USA

Recent concurrent widespread fires in Alaska are evaluated to assess their associated synoptic-scale weather conditions.
Several severe fire-periods from 2002 to 2015 were extracted using Moderate Resolution Imaging Spectroradiometer (MODIS)
hotspot data by considering the number of daily hotspots and their continuity. Fire weather conditions during the top six severe
fire-periods in the fire years of 2004, 2005, 2009, and 2015 were analyzed using upper level (500hPa) and near surface level
(1000hPa) pressure atmospheric reanalysis data. The top four fire-periods occurred under similar unique high-pressure fire
weather conditions related to Rossby wave breaking (RWB). Following the ignition of wildfires, fire weather conditions
related to RWB events typically result in two daily hotspot peaks occurring before and after high-pressure systems move from
south to north across Alaska. A ridge in the Gulf of Alaska resulted in the first hotspot peak under south-westerly wind. After
the high-pressure system moved north under RWB conditions, the Beaufort Sea High developed and resulted in a second
(largest) hotspot peak during each fire period under relatively strong easterly wind in Interior Alaska. Low-pressure-related fire
weather conditions occurred under cyclogenesis in the Arctic and resulted in a single large hotspot peak under south-westerly
wind.

1. Fire History in Alaska - Burnt area from 1956

Fire data provided by the Alaska Interagency Coordination

Center (AICC) for 1956-2015 was analyzed to identify annual

total burnt area and number of fires, and burnt area of each fire.

The annual burnt area due to forest fires for 1956-2015 are

ranked in descending order and are displayed in Fig.1. From

Fig.1, the top 12 years (burnt area >6,000 km?) stand out among

the remaining years (burnt area <6,000 km?). We will call them

“fire years”. The total burnt area of the top 12 fire years is about

169,300 km? and 2.3 times lager than that of the other 48 years

combined (about 72,400 km?, years of 13th to 60th).

The table inset in Fig.1 shows three different average burnt values: (1) the last 60 years average (DAve. 1956-2015 in Fig.2) is
4,029km?, (2) the 41 year average from 1956 to 1996 (@Ave. 1956-1996 in Fig.2) is 2,885km2 and (3) the most recent 19 year
average from 1997 to 2015 (@Ave. 1997-2015 in Fig.2) is 6,498km? (year of 1997 is chosen just because for comparison with
the summer Beaufort Sea High (BSH) activities from late 1990s (Moore 2012)). The ratios of (@Ave./(DAve. and @Ave./D
Ave. are 0.71 and 1.61 respectively. The ratio of QAve./@Auve. is 2.25. These large ratios suggest that there is a trend to
larger fire years in the most recent 19 years that started around 1997.

2. Recent fire trend by MODIS hotspot data from 2002

The MODIS hotspot data during 2002-2015 were obtained from NASA
FIRMS (Fire Information for Resource Management System). MODIS
hotspot data contains various information such as latitude, longitude,
brightness, acquisition date and time, satellite name, confidence, etc. We
used only the spatial and temporal hotspot data in this study. The number
of daily hotspots was used to identify fire periods, i.e. periods of days
when numerous fires occurred, and to identify the important dates of
major hotspot peaks during the fire periods. The MODIS hotspot data over
the entire Alaska domain except Juneau region were used. Hotspots near,
but beyond, the border (i.e. 141°W) with Canada to 140°W were also
included to identify large fire areas that extended into Canada. Each
detection day and time of hotspot data were converted to Alaska local time
using UTC (-8 hours) for a consistency.
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In Fig.2, the hotspot data for the top four fire years of 2004, 2005, 2009 and 2015 (see Fig.1) are represented by four different
color dots (blue for 2004, red for 2005, green for 2009, and gray for 2015) to show the large-scale widespread fires. The center
point of fire activity for each year was defined by averaging the longitude and latitude of each hotspot data area.

3. Severe fire periods and their hotspot peaks

The number of daily hotspots was used to find active fire-
periods during fire season of each year. The active fire-
period was extracted by considering the succession of active
fire days. The fire-period was defined as the consecutive fire
days when the number of daily hotspots was greater than
300. This definition allowed us to extract several severe fire
periods over the MODIS hotspot record.

The number of daily hotspots during the four “fire
years” of 2004, 2005, 2009, and 2015 are plotted in Figs.3.
Mark of H and a circle are putted when high-pressure
system movement from south to north occurs (H stands for
high-pressure and a circle in Figs.3 shows exact date of
occurrence). Four high-pressure system movements were
checked by weather maps at 1000hPa. This movement is
discussed in the latter part of paper (weather maps for 2005
in Fig.7). Totally seven severe fire periods are found during
four fire years and ranked by total number of hotspots of
each fire period.

For major hotspot peaks in four fire years in Figs.3,
average wind directions in western and eastern side of
Alaska found in the satellite imagery was putted like “S,E”.
“S” and “E” stand for southerly wind and easterly wind. In
addition to wind directions, mark of (D and @ are putted
for specified hotspot peaks of seven severe fire periods in
Figs.3. O and @ stand for first and second largest
hotspot peaks of each fire periods (except “2. Late Aug.”).
Only top four severe fire period has both mark of (D and
2. For other three fire periods, (D or @ is putted for first or second largest hotspot peak. These wind directions and marks
are used to classify each severe fire period.

4. Conclusions

This study focused on the synoptic-scale fire weather conditions that occurred during several widespread fire-periods in 2004,
2005, 2009, to 2015. Analysis results showed that there are two types of fire weather conditions or high- and low-pressure
weather types. High-pressure fire weather conditions occurred under unique weather phenomena related to RWB. After the
onset of a large meandering of Jet stream near Alaska, a blocking high was formed over Alaska at upper air levels (500hPa)
and the high-pressure system then moved from south to north across Alaska at the lower level (1000hPa). Along with the high-
pressure system movement, the wind direction changed from southerly and westerly (SW) to easterly (E) within a several days
in Interior Alaska. The switch from SW and E winds occurred with two distinctive hotspot peaks. The largest hotspot peak
during each fire-period occurred only in E wind conditions under the Beaufort Sea High. Because E wind from BSH was
stronger than the SW wind and blew continuously day and night (from our preliminary analysis results of Caribou Peak
weather station data). Under low-pressure weather type, SW wind made one large hotspot peak. This wind condition was made
by large pressure difference between low-pressure system in the Arctic Ocean and high-pressure system in the Bering Sea. The
onset of two types of severe fire weather conditions for Alaska may be predictable. This study suggest two weather
phenomena: (1) onset of large meandering of Jet stream in the west of Alaska for the high-pressure weather type, (2) onset of
low-pressure system development (cyclogenesis) in the Arctic Sea and high-pressure system in the Bering Sea for the low-
pressure weather type. This study also suggest there is a wind passage (corridor) in the central Alaska made by terrain of
Alaska (between the two mountain ranges). The above-mentioned E and SW wind actually blew through this wind passage.
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52 OO ERBUREIC L DT FXDORBINCIA~ORE GEERAE & RFEFM) ICEFR L, BRYEEED RFEINE A HE
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FT, RENTREREBROTDICFHATomRERE (FRE+HRESAE) IR ENEENMZE L CRMET S
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Accurate detection of year-to-year variability of growing season in a boreal forest in eastern Siberia
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*Graduate School of Bioagricultural Sciences, Nagoya University
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Accurate detection of spatio-temporal variability of growing season in boreal forests is important to evaluate that of ecosystem
functioning under rapid climate changes in the Pan-Arctic region. Towards this aim, satellite remote-sensing is useful but, from
the ecological research view point, validation has not yet been sufficiently conducted. Here, (1) we have installed camera
system in a larch forest in eastern Siberia (Spasskaya Pad site) in 2013 and then obtained daily canopy surface images. (2)
Based on the ground truthing, we evaluated the spatio-temporal variability of the timing of growing season by analysing the
Terra/Aqua MODIS-observed daily green-red vegetation index (GRVI) in eastern Siberia during 2003 and 2014. We found
that (1) the timing of leaf-flushing and leaf-colouring of understory vegetation (birch) was about 1 week later and earlier than
that of overstory vegetation (larch), respectively; (2) GRVI=0 showed the timing of leaf-flushing and leaf-colouring,
respectively; and (3) the year-to-year variability of the timing of start of growing season detected by the tower-flux-based net
ecosystem exchange (NEE) correlated with that by satellite-observed GRVI.
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Pelk Bl -7 VEHE: GTMIP stage 1 AJJ - BRFIEAT —Z > b (Kevo * Tiksi)
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GTMIP stage 1: Driver and validation dataset at Kevo and Tiksi derived from
GRENE-TEA Collaborative Observational Studies

Hirokazu Machiya® 2, Junko Mori® 2, Atushi Sato®, Yoshihiro lijima?, Hironori Yabuki?, Yuji Kodama®,
Hazuki Arakida®, Takeshi Ise®, Shin Miyazaki® and Kazuyuki Saito
! National Institute of Polar Research, 2Japan Agency for Marine-Earth Science and Technology, *National Research Institute
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As part of the terrestrial branch of the Japan-funded Arctic Climate Change Research Project (GRENETEA), which aims to
clarify the role and function of the terrestrial Arctic in the climate system and assess the influence of its changes on a global
scale, this model intercomparison project (GTMIP) has been designed and conducted. Sets of forcing and calibration data for
Land Surface Models (including both physical and biogeochemical models; LSMs) was constructed for the 35 year period
from 1979 to 2013 with site-observation data to derive site-fitted data for LSMs with realistic yet continuous entries (i.e.
without missing data). Four observational sites in the pan-Arctic region (Fairbanks, Tiksi, Yakutsk, and Kevo) were selected
for overall GTMIP Stage 1 dataset, of which this paper reports the processes and results for Tiksi and Kevo sites.

GRENE dtfirm =2 ho—B & LT, dehibiikicis i 2 8lECE 7 VL2 W7 L O A TR
itk & 7 L AH AL bl 7" 1 o = 7 b (GRENE-TEA Model Intercomparison Project: GTMIP; Miyazaki et al. 2015)] %47
o7z, GTMIP OHEMEIZ 872V, GRENE 2 BARICHEEEH T 5 e &8« F (A—"—=H A ) | TH
LT EE - AR OT— 2ty b (Bl -7 viE#ET — % & >~ b, Sueyoshi et al. 2016) O, Trb b,
ReIBICERE LT ET VAT T — 2 ER DI OKRET — 2% L, 7 VI - REET DT — % O
BHAMELIRD . ARERTIE. GTMIP A FD S5, U+ LT 47 UTONTT 2 7B T — 21220V TR
HTD.

T4 TR o (Kevo. dbfE 69° 45, EEE 27° 00, FEm 100m. X 4, ZEEiEt) 1% 1995 £k v, 7=
0y 7 - T 4 7Y (Tiksi. dbf& 71° 357, HER 128° 46 , 1E@& 40m. Y RZ, KABE) 1T 1997 4 X 0 ki
MZRBRRERS N TRBY, Eit -7 viEET—%2y b ZEKLTE 4 ¥4 DI LD 2 DThD.

Stagel (Z v 7z 1980~2013 4E & M & 32 7 Vol 7 — Z (Lv)IX, KT, EWHAS, SUR, Feim, 5 R,

Bk, BUHO 7HBEIZOWTHENT T — 2 EORBET — X 3 IZ Lz L-~r 0 (Lv0) EBT —% L & thifg -
FHIE L CTHERR L 7=,

F MEHIE (Obs) & KAEBENTT — % ERA-Interim (ERA) , GPCP & ZAENZEE)I6 L OMREZ B OV T ELiE
LA, Tiksi T, BHEOFENZEEIL GPCP |2, RELHIX ERA LV ir<, Kevo TIFHEN/MREL HIZE
X ERA IZUTWVAY, Z Ot &1 3ERESHM LI v BRTH- 7.
ARETIIMOKRGERZIZOWVWTREBROEFER 2 HRET D & L b, FFICESHMICET2ET7 v, Bith
B, HrEBE O E ORI OFRERICONTHIET 5.
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GRENE-TEA model intercomparison (GTMIP) stage 1
- Comparison of the reproducibility of snowpack, frozen ground and soil water contents —
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Tethered balloon-borne cloud measurements with Cloud Particle Microscope sonde in Ny-Alesund

Hiroshi Kobayashi', Masataka Shiobara’, Kazutoshi Sato?, Kosei Ohora®, Makoto Koike*, Toshiaki Takano®,

Kengo Uno®, and Jinro Ukita®

YUniversity of Yamanashi, ?National Institute of Polar Research, *Tokyo Gakukei University,
“University of Tokyo, >Chiba University, ®Niigata University

Tethered balloon-borne cloud measurements with Cloud Particle Microscope(CPM) sonde to measure cloud microphysics in
Ny-Alesund (78.9N, 11.9E), Svalvard. The number-size distributions of clouds were measured in clouds directly. The mesured

mode diameter was varied with altitude or observation date.
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Figure 1. Measured size distribution of
cloud droplet particles in each altitude.

HIEE 1 AWIRIE TGRENE iU Z@hptsr e ) O—BREe L THEBEE NI,
YUchiyama A.,A. Yamazaki, M. Shiobara, H. Kobayashi, Microphysical properties of boundary layer mixed-phase cloud observed
at Ny-Alesund, Svalbard: Observed cloud microphysics and calculated optical properties, Polar Science, 8, 57-72, 2014.
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Measurement of refractory black carbon mass concentrations in falling and
deposited snow in the Arctic

P.R. Sinha'?, Y.Kondo?, M. Koike', S. Ohata! N. Moteki!, T. Mori!,
K. Azuma?, and Y. Tsukagawa?

!Department of Earth and Planetary Science, Graduate School of Science, The University of Tokyo,
Tokyo, 113-0033, Japan

2National Institute of Polar Research, Tachikawa-shi, Tokyo 190-8518, Japan

3Balloon Facility, Tata Institute of Fundamental Research, Hyderabad, 500 062, India

Abstract

Deposition of black carbon aerosol (BC) on snow (i.e. wet deposition) is considered to lower snow
albedo and accelerate melting of snow. The wet deposition estimates have increased attention for the
last decades due to it’s positive feedback (warming) in the Arctic climate, in particular. However, the
measurements of the BC deposition in the Arctic are very limited. In this study, we present a novel
approach to compare the measured BC mass concentrations in falling and deposited snow samples
(Cge) at different depths in Glacier and City sites in Ny-Alesund in the Arctic. The snow samples in the
City and Glacier sites in Ny-Alesund were collected on 16 and 17 April 2013, respectively. Cac is
measured using a SP2 combined with a nebulizer. Accumulated precipitation corresponding to each
day measurement of Cgc in falling snow samples is normalized with the water mass flux measured as
function of snow depths and scaled the date (back in time from the date of sampling) with an error of
+1 day. Cgc and BC flux (Fgc) are then compared between falling snow and deposited snow samples
for the scaled period of 24" September 2012 to 17™ April 2013 (or 16" April 2013 for City). This
comparison shows a well correspondence in regard to Cgc and Fgc between falling and deposited snow
for Glacier. Surprisingly, Cgc in city snow samples do not show any correspondence neither with Cgc
in deposited snow in Glacier nor with Cgc in falling snow samples. The ambient BC mass
concentrations (Mgc) show a good agreement with Cgc for both City and Glacier deposited snow
samples during the period of 24" September 2012 to 17" April 2013. Interestingly, the BC mass size
distributions do not show any significant variations in deposited and falling snow samples and are
represented by lognormal function with a mass median diameter of about 200 nm for deposited snow
(for both Glacier and City sites) and about 200-300 nm for majority of the falling snow samples.
Detailed results will be presented in the meeting.
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Three Dimensional Structures of the Arctic Cyclones

Takuro AIZAWA'? and Hiroshi L. TANAKA®
'Life and Environmental Sciences, University of Tsukuba
*Center for Computational Sciences, University of Tsukuba
3National Institute of Polar Research

Arctic cyclones are unique low pressure systems appearing in the Arctic, which are different from the tropical cyclones and the
mid-latitude cyclones. Three typical Arctic cyclones having longer duration in summer were analyzed by Tanaka et al. (2012).
They provided a new insight that the surface Arctic cyclone connects to an upper polar vortex producing a deep barotropic
vortex. They also noted that the characteristic thermal and the vortical structures are maintained throughout a life cycle.
Aizawa et al. (2014) analyzed the same thermal structure and a deep wide-spread tropopause folding just over the cyclone
center related to the intensification of the polar vortex. But, the three dimensional stereoscopic structure of the Arctic cyclones
was not investigated by their studies. The purpose of this study is to show the three dimensional structure of the typical Arctic
cyclones.

The Arctic cyclones chosen in this study (Aizawa and Tanaka 2016) are cases of June 2008 (Tanaka et al. 2012,
Aizawa et al. 2014) and August 2012 (Simmonds and Rudeva 2012). The original data used this study are the reanalysis data
of JRA-25/JCDAS (Japan 25year Reanalysis/JMA Climate Data Assimilation System; JMA: Japan Meteorological Agency).
The case 2008 appeared above the Arctic Ocean at 00Z 10 June 2008, roamed around the Arctic Ocean for more than two
weeks. The minimum pressure in the life cycle is 977 hPa. The case 2012 arose above the Central Siberian at 18Z 2 August
2012, and moved to the Arctic Ocean showing a development in the central pressure. The minimum pressure in the life cycle is
965 hPa. To investigated the three dimensional structure of the Arctic cyclones, we converted the meteorological data from a
latitude/longitude coordinate system into the cylindrical coordinate system around the cyclone center using a bi-cubic spline
interpolation. The resolution of the cylindrical data is 10 km in a radial direction with 1 degree in deflection angle.

Since the cyclone of case 2008 had a steady structure, we calculated the space-time averaging through the life cycle to
extract the typical structure of the Arctic cyclone. The figures are time average during 00Z 10 June 2008 to 18Z 26 June 2008
(for 17days). Figure 1 shows the lifetime mean potential vorticity (PVU, 10°m’s'kg"'K), geopotential height (m) at 250 hPa
and 500hPa, and sea level pressure (hPa) of the Arctic cyclone. We find from Fig. 1 (a) that there is an isolated potential
vorticity anomaly, associating with the intense upper polar vortex having symmetric circulation at lower stratosphere. This
stratospheric vortex vertically binds to the tropospheric vortex tightly (Fig. 1b), indicating cyclonic potential vorticity anomaly.
The surface cyclone appears just under the upper polar vortex in the high potential vorticity region at 850 hPa (Fig. 1c). The
horizontal scale of cyclone showing symmetricity from lower and upper altitude is 1500 km in radius.

Figure 2 illustrates the radius-height cross section of azimuthally averaged tangential wind, radial wind, vertical
velocity, relative vorticity and temperature deviation from the environmental mean for the case 2008. The dynamical
tropopause (2 PVU surface) is also shown in Fig. 2 by the bold contours. The snapshot figures during the life cycle show the
same structures as the Fig. 2 (not shown), although there are some fluctuations for the intensities of the secondary circulation
in time. The upper jet locates at 300 hPa, in radius of 400-1000 km, and its maximum is over 20 m/s. The cyclonic wind
covers the whole length of graphic, exceeds
a radius of 1500 km in radius. This huge
cyclonic circulation with the jet is related
to the upper polar vortex. The Arctic
cyclone is a wide-scale vortex of a deep
cyclonic primary circulation from the
surface up to the stratosphere. There is a
secondary circulation within the vortex of

the cyclone. The outflow at the upper
troposphere (200 -500 hPa) I.S .Seen 1.n Fig. Fig.1 Time averaged potential vorticity (PVU) at (a) 250 hPa, (b) 500hPa and (c) 850
2(b). In the boundary layer, it is an inflow  hPa, geopotential height (m) at (a) 250 hPa, (b) 500hPa and (c) sea level pressure
(Fig. 2d). It shows updraft within the 1000 (hPa) for the case 2008. The figures are time average Quring Fh.e life cycle (00Z 10
June — 18Z 26 June, 2008). The shades show the potential vorticity, and the contours
show the geopotential height and sea level pressure. The contour interval in (a), (b)
locates at 500 hPa level of a cyclone center.  and (c) is 20 (m/s) and 2 hPa, respectively.

km radius, the region of peak intensity
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On the other hand, the figure shows the
downward current outside the 1000 km radius.
Note that it shows a downdraft at the lower
stratosphere (70-250 hPa) around the cyclone
center. The positive relative vorticity related to
the deep cyclonic circulation stretches up to
stratosphere from the surface. The temperature
deviation indicates a cold core in the troposphere
and a warm core in the stratosphere as seen in Fig.
2(f). The center of the warm core locates at 300
hPa in agreement with the previous study by
Tanaka et al. (2012) and Aizawa et al (2014). The
tropopause at the cyclone center descends from
300hPa to 500 hPa associating with the potential
vorticity anomaly at the lower stratosphere.\ The
tropopause folding above the cyclone center
implies the upper polar vortex. The sustained
downward airflows at the lower stratosphere are
able to intensify the warm core by the adiabatic
heating process. This effect has the potential to

maintain the upper air and surface cyclones, Fig.2 Radius-height cross sections of azimuthal mean (a) tangential wind

causing the adiabatic cooling by the ascent flows  speed (m/s), (b) radial wind speed (m/s), (c) vertical velocity (cnv/s), (d)
enlarged plot of (b) near the surface (m/s), (e) relative vorticity (10°s™") and
; (f) temperature deviation (‘C) for the case 2008. The figures are time average
Ekman pumping. during the life cycle (00Z 10 June — 18Z 26 June, 2008). The bold contours

Note that the cyclone of June 2008 show the dynamical tropopouse (2 PVU surface). The solid lines and the
dashed lines indicate positive and negative values. The intervals of the dashed
. . line in (c), (b, d) and (e) are 0.03 (cm/s), 0.5 (m/s) and 1 (107s™),
circulations at the surface level. The cyclone of  regpectively.

in the troposphere through the boundary layer

appears  showing  axisymmetric  cyclonic

2012 is characterized by the structure change
from the cold core to the warm core at the lower
stratosphere, indicating a shift from the ordinary
baroclinic cyclone to the typical Arctic cyclone (not shown).

Tropopause polar vortices are often found on the tropopause in the Arctic. Cavallo and Hakim (2010) provided the
structure of the tropopause polar cyclones. Compared with their results, though the basic structure of the Arctic cyclones is
similar to the tropopause polar cyclone, the scale and the intensity of the Arctic cyclones are significantly larger than that. The
major difference in the Arctic cyclone is found in the vertical structure producing the surface cyclonic circulation while it is
absent in the tropopause polar vortex. It is found that the Arctic cyclone is characterized as one of the tropopause polar vortices,
but it is connected with the polar vortex of all the stratosphere, and the cyclonic circulation reaches to the ground, generating a
secondary circulation which produces the cold core in the troposphere by the updraft from the surface level. Although
additional studies are needed, a schematic diagram of the Arctic cyclone is proposed in this study.
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bR D B REE A HFER T — O ERIBENC RIETEEIZ OV TOHZ

A S50, HR 2
B ASE A IR
WA BRIt 5 —

f5 - BRY

AEHERA IR T 2 KD KR b Hll L2 A B & L CIUMRIRE) (Arctic Oscillation: AO)23d 5. AO (XAbi&E 60 i 2 £
Ao CrA B Mg I B 1E AU (SLP) A3 A B % 7k 8152 C(Thompson and Wallace 1998), AO (Zf£ 5 SLP {72/ % — 1%
AR R & AR, TZI0 BT X OIS E REFEICBR AR DX ) RIERAEL > TEBY, £t
AO IZfE O L ERIER AN E — 137 U — 0 T v MR TRRAE, U 76 3 —r vy 2t T LK TER
ZED. 0L X EIMIEEERAODNIETH S LW\, ADERIIREDHE SNETHITRD. —JF, ITHFE
IRENEH A DHEI 7 & NEBEIFIC X 5 MERAE COEB LR L 72> T D (IPCC 2013). ZHTHHICKE
D HAZRTT COAeiRk TR bBIFICBEN TH Y, JEIRICH T 2 KR EARITRECES & TR 2 fFRE
W Z O BLGT Ab i B AL HE 08 (Arctic Amplification: AA) & PRI 4L T U % (Serreze and Francis 2006). Nagato and
Tanaka (2012)TiZdbié 20 LLAE DA Z=(DIF) D #_EA&IRIZ ST EOF #4247 9 &, EOF-1 1213 AO /S % — 1,
EOF-2 |Zi3dbMils & sl & 2 RIE(L X2 — 2 Th D AA /37 — Ul &4, A0 /X% — X BREE LY,
AA RE = NI NBRIFEE RS LRI, TREALNCT2IEELRN -7, —J, Alexeev and
Jackson (2012) TiL, 2-Box Energy Balance Model (Langen and Alexeev 2007) % ffi H L T AA (2% 9 2% K& D Edgk &
RIS IZ I D IR 7 7 LN R ORI 21T, BUEOXIE FIZEB W T AA IZIFHIRE DT VX FT 4 — Ry
ITIMRKRESEBLTCNDZ EER L. ZOHERIRELDONT 2 HFRAZ AW ET WIS L0 ek E50R
DR EB 2 BT 5 &, 1 ® X 9272 % (Tanaka and Tamura 2015). CO, DFEEN2WGE (X 1, A TS H
FRIBIFHAFEA T — AV CEBARER Z LD, AREERCEM ESURIZAAREB R SIC L > TEHB L TWDH Z &
PRI STV D, HIERIEREOHEGUTIT AA ODRERESEN TN D 2 L, £ AA OFEHAUTB VL TERA L
Uiy D FEP TN S 2 B G LT i DT VSN RNEBR T L 72> TV D Z e b, R EICET 27 L R
TREY =T N RN)PEERERZ R LTS, ABFE T, Nagato and Tanaka (2012) Tik <X 54172 AO & AA
DOIBEORERZFRGET 52 &, FLEBORKUIIBIT LT 73F U =T AR EH EXIREBOREKREZR A~
ZEEHMETS.

FRNT

AHFFETIL CO, DFE b Lo R NARIFEZS S & 60E L, BUFIC X0 # EXIEO N & EIRZE 85y % i
L7z, &7, M EXEOEEN S NBEREBK D %72 Lol W% ARET Y L e L, AL IC
DWW EOF it &4T1-o7-. S OICALFEREH B L OV RY TR T T 324V —T LR RE#) 2RO THERREH
L OMBEZR~Z. Z 2 THEM L7727 — %1% NOAA @ Mauna Loa J ) CO,, JRA-55 BHENTT — % D A -8 2m
i EARUR, 2 ot ELESESEO KK Bl B & ER S T T 7 A ROKRE B T & N 7 7 v 2 AT
HARIX 4T 1958/59 4E~2011/12 4-(DIF) TH 5. AMFIE TIERE b B & A & K& i T & B i o
thETIREZY—=TARRE LTH-T-

FER LD

CO, DFIE b Lo & EXURICENG U2 R, Abfillz s & U7z BRI DRI b3 & — 3 i S vz,
Z DRy B M BRI EN ) B 5 T2 HARE B RS2 oW C EOF #2175 &, EOF-1 121X AO /"¥ — (K 2, /5),
EOF-2 |ZiF L VDR, KEOFEML T —2 ThHDH NV U HEE— R(X 2, A)D3EIL, AA ¥ —0%
Berolz., ZhE D AA RZ =13 COy b L2 RITHED NBEIREK T THDH I &, AO XX —r L
VHEE— RIZHAREBHR Y E L TEERAY - THDL 2 ERNMENIO LN, £72, A0 ¥ — 2Ol IR H)
ZRICEE T 5 LIFIE 0 &2 0 ALK O FSRIREE~ORBIT/NINE NS T ERBZXHNDL. N UVEE
— ROSEECEE-0.16K £ 720, F£723L Y #EE— KO b L2 Rid 2-Box Energy Balance Model % Fi\ ) CHHL &
NTAREERTES M FRIBEB & L<HERP LD Lo TWD Z e, Ny YiEE— RBAALEEROH# EXIE
OHAREBR Y E L TEER Y= THLIENEZLND.

EHIALEER R LT T 322 V=T AR REE(K 3)NI AN VT — ROEBH LIFFRIIN LB TNDE Z L,
FIIRYTIEY LT T3Z V=T AR RNEET AOI LHFERVIN LB TCWD Z Enbholz. Zh kb
KoM EXIBEIIFIANL U VEE— RRRESEELTCEY, ZRET T3 XY =T AR RIREREICER LT
WA EEZBND. FTEAO NRNZ— NI R TR EOMERIBEE#HCT T 2LV —TA_XRFEEBELTNDE I L
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LLETAATANRRKT 4 — KNy IR L TWE DT TIERWnWZ End, EOT7 41— KXy 77 EhoER|IC
X274 —F Ry 7 0BEBEENHITF SN D. 72 ERA-Interim, NCEP/NCAR FfEHTT — & % H\ T [RIEE Ot %
ITWAHEICHEST D &, JRA-55 & ERA-Interim D77 XX U =T VX RKEEO L L BTz, 2oz
EMD, AR THLNIZT 732 Y —T VX RNICET HFRD JRASS KA DO H DO TRWZ L3N b,

B 1 AE-ERE B SRIR O R JE 125 B [ 2 Hi SR 0 E SR B Sy O EOF-1(Z8) & EOF-2(49)
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The moisture updrafts on the cold pool captured by the continuously radiosonde observation
passing through the marginal ice zone in Laptev Sea

Kensuke K. Komatsu', Yoshihiro Tachibana' and Vladimir Alexeev’
'Mie University, Tsu, Japan
? University of Alaska Fairbanks, Fairbanks, United States

In summer 2013, we conducted 6 hourly radiosonde observation between off-ice and on-ice by Russian icebreaker “Akademik
Fedorov” passing through the marginal ice-zone in Laptev Sea during NABOS project (Nansen and Amundsen Basins
Obsevational System). During observation period, the warmer and humid air mass was advected by southeasterly wind from
Siberia to Laptev sea because the low-pressure system was passing The temperature profiles bellow 600 m was maintaining the
cold pool associated with a sea ice and the inversion layer formed above it. The humidity profiles were, however, not trapped
until the height of inversion layer, they reached at higher levels (< 5000 m). These observational evidences implied that the
humid air from Siberia was lifted on the cold pool maintained by sea ice and this process could transport the moisture to upper
level in the arctic region. To verify these processes and examine the impact of the existence of sea ice, we conducted the
numerical experiment by WRF. Three boundary conditions were adopted to simulation; present sea ice, removed all sea ice,
and increased sea ice area. As primary results, the trajectories of air parcel from Siberia was rising to upper level with released
the latent heat due to the condensation of humid air. The case of present sea ice transported much moisture vertically in the
arctic region than other two cases. More detail results will be reported on the day. The process of the vertical moisture lifting
due to the cold pool could contribute to the heat transport from the mid-latitude surface to the upper level in the arctic.
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MAD BRI EE 5 2 2 RXER & AR OMHEEAKEDOFHE

LR BER L2, R HE 3. STAE | 3. /SR OHUE LA [uly IR L2
V S HKFEK A B IR TEFY
2 [F N HFFET
Sv= poNASE
YE AT
S JEvEE K7

A0 RO EE R R KIE R TIEIEE) (A0) LR (WP) NF—rThD., —iAIZ AO - WP IE (£)

RE—2DEEVRYT, HTU7, BAREE (KR FECRD. LrL, BABOKE (FiE) WA
AO - WP IE (&) OME (WA BRI - 7. HBEIRENT CIX A RS &R (KR WZED & X HADN IR
(IRIR) WZEC2%. 2F D, HAOKIRIZKEAKRIGER & RIS/ MBI OKIRICEEBIND Z EPREB I
DGR L 72 -7~ (Andoetal. 2015) .

L72>L, Andoetal. (2015) 1% 2012/13 ELADEFIENT TH D72, —KHNZE L OWEN HARDOKIRICHE L2 5 2
HEVWOIRERESD Z LIXTE V. —ROREREED2OITIE, WEREN, 2%, BAOKIE L JEU

OWEAKIR E OMBEAZFHHETHILERHSH. LrL, KRAKMEERIXHAROKIR & JE L OWAKIEO MW T2 % 5 2
D, MAZAEREMEND 2 DITUROERTHS. LEn-T, TEHEIZ) B OWEKIED? HARKDOSKIRIZS
R DWBEFRRLTOITE, [IREHN O REKIEROEEZRET OILERSHDH. £, FHIICL Y HARICE
BHZDREMEERITR AL D70, BEOKRKMEBREEEZ A VDT T2 ORI EBRICEEL 5 2 5 KGR
ERZDIEFTERY. BAFIRKIEROFEH LA ZEUNIIEZ, SHICEORKMEEROZBEZRET HHT
HEEBR LU, AR T, BEUOWEKENHARAOUNLDORIBICHEE 5250, TOFEEHEE Z OFFHIZR
FTREEAOCTHLCTDZ L 2MZEAM LT 5.

AT OFER, HAOKIRICEELZ 52 5 KEMERIZ 11 A FAE 12 A FRTRERFHEMLSH D Z ENH LD
Lotz —F, MIAOAARBDOWEKIBIZIRKEEROFELZHREL CLAANELAEREMEBETH-Z. 20
KR EBIRNT TH D Ando et al. (2015) LA TH S, KEIBGEROFEITRND, HAMEOKIEL HADKIR
(BRSBTS 5 Z L RFHIC R SN D AER L e o 72
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The role of the cold Okhotsk Sea in the strengthening the Pacific subtropical high and Baiu
precipitation

K. Kawasaki', Y. Tachibana!, T. Nakamura®?, K. Yamazaki'*?, and K. Kodera'*
1: Weather and Climate Dynamics Laboratory, Mie University, Japan
2: Faculty of Environmental Earth Science, Hokkaido University, Japan
3: National Institute of Polar Research, Japan
4: Nagoya University, Japan

It is commonly known that the formation of a stationery precipitation zone in association with the Baiu front is influenced by the
existence of the warm Tibetan Plateau. Some GCM studies in which the Tibetan Plateau is removed pointed out that without the
Tibetan Plateau, the Baiu front wound not appear. The cold Okhotsk Sea, which is located to the north of Japan, is also important
in forming cold air for the Bai front. This study focused on the role of the Okhotsk Sea in the formation of the Baiu front by
using an atmospheric GCM. One GCM is executed without the Okhotsk Sea, in which was changed to an eastern part of the
Eurasian continent as if the Okhotsk Sea was totally landfilled (land run). The other (sea run) is a control run under the boundary
condition of climatic seasonal changes of the SST over the globe. The comparison of the land run with the sea run showed that
precipitation over Japan would weaken in the Baiu season without the Okhotsk Sea, indicating that the existence of the Okhotsk
Sea has an impact on the increase in precipitation (Fig.1). The precipitation increase in the sea run is directly accounted by the
strengthening of southeast wind in association with the strengthening of the subtropical high located over the Pacific Ocean (Fig.
2). The westerly jet, which is located at the northern part of the subtropical high, was also accelerated in the sea run. The
subtropical high in association with the accelerated jet was strengthened by meridional atmospheric thermal gradient caused by
underlying cold Okhotsk Sea and the warm Pacific Ocean. The strengthened thermal gradient also activated the storm track that
extends zonally over the Okhotsk Sea, and the activated storm track further strengthened the jet and subtropical high by wave-
mean flow feedback. This feedback loop could further strengthen the Baiu precipitation. In consequence, the Okhotsk plays a
significant role in the strengthening the subtropical high and its associated Baiu precipitation.

Figure 1. Difference in May-June mean in Figure 2. Difference in May-June mean in Sea level
precipitation [mm/day] between sea-run and land-run pressure [hPa] between sea-run and land-run (color
(color shading). Significance levels above 90% based shading). Significance levels above 90% based on t-

on t-test are hatched. test are hatched.
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AR, LTI B2 BB EIT L TV D, ZOEKRO—2L L TRKRUD L DM~ T F L F —iik D%
{EARIE S LTV D (Serreze et al. 2007), & DMEEMIZ LV ER I N KREEOME GEEM) (28T 5= xr/LF¥
— (BHE\, UAFRT vy Lz xFX— BE EBoxLX—0fM) 22 ComILAOETHDL =R F— -
T AT XXMk LTERT D, SHIC, ZTOTFRALX— 7T 97 AEMIBICHRTDH L. B
LAy EHERESY. FAPEEER Y. BRI D 4 DD S (Oort 1971), ZAub D 95 5| ik
DEEEALR L. A A — /L CORBFEY) HEEY), hEEAMF SR Licmlem s, 2 s AikO#IEL
THoTZF VX —DHE, 2FV AN T —ERTLOMELTETZENHKD, BT — X 0 8IET 5 LUEITO Z
A UTBINC X BEETIX, R 3 EEH LFALRRE L /NS EMBEORKIZL Y EEHRF
DBLENSZOMEN0ICR D EIRESN TN, LA LARRL, BTy — 2 885 % b ERBZE LR IZ5ICER Y
Whn IV,

bk 70° BT D= XX — - T T v 7 ZADOFENFEEMEITK LT 43%FH 5T 2 8E T T » 7 Z(Overland et al.
1994) D'E &AL 7 DIFRI 2L Z 2 5 &

Cp({[TIHPI})" = Cp{[T} {01} + Cp{[TIH{ 0]}’

L%, ZZT{ANTIH AWERE A TS BTk 3 Y, T IXAIR. v s db R A R, dbik 70° miC
BOWCTEXOAEDOFE 2 HOIEINHE 1L HLY ~HRKEWZ ENbnd, 2F 0., dbkk 70° ma S b~ & i
AT HHART T v 7 ZAOBEMZEICKH LT, BEOM LU LG, BAdLEDO Ly FOHFRD A L HEET
bHDHEEZLND, TR TIEEMN T — 206, bk 70° moOmLEIZ SOV TOFFHLES), FL v R,
SRELEH O _ES O Y 512 KX D EAERFIEIZ DWW T, T2, ZodbiE 70° mizki 5 3 mEIEY L= db)E
WFAb#E 70° Db REAEICHA . E-EMET A RKOER, DEVHEBEY T v I/ AFDOLDERLTND, K
ST, HrT—2 2RV 5B, dbfE 70° DAL RGO EEORGFEZFHMT N & 2 £ THHTE TV 50305
L, 22 TAE 707 DAL O AR E [EOFHIAR), L v RIZ oW THal~ T,

- T =X

AWFSETlE ECMWEF Interim reanalysis (ERA-Interim) 1979 45 1 A 75 2010 4F 12 A % CTo 32 EM D A ¥ 7 —
Z & o, ORI 0.75° X 0.75° | $REJEHIE 1000hPa 225 1hPa £ TO 37 J8 & A FHHERERZIETH D,
b 700 1TIF 7 ) = T U FEDEROREWHIENREENLHD T, HBAZBEL TR ENTHLERD D,
2T, AEHHERRELVIROKQEOSRERICE EN LT —ZIF3HER Lz, £ 2 oAbt 700 L
Ab D MK 1 UE O SRS 2 BRI b MU O B A R 5 721 HERR T % %12 975hPa DL FORJEIX~ A 27 20T
TT—4# bR LT,
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B2 72 dekg70° i, 32 4FERNCEI L CEREEA X EHO BiE A x ., 3EFH LZEIR, Erbzheh
Hi#~50nPa, HiF~30hPa, HiF~20hPa, HiF~10hPa, HiF~1hPa =T A5 : Atk 70° DAk, 32 4ERTICBIL
THEEOEY) LI RIS EOSFEME (8 . 1979~1988 4EM D) (FifR) . 2000~2010 4EF D) (B

B . TRENOFEZLE) (975hPa LLTF OMIERRILEILT — & 1 HHERR)

- WIS R

FHEARER L L CiE, dbiE 70° o> 3 B L AL EUTAER] 208 L CAemia & 2ok U, 32 4E[ (1979 4F 1 A ~
2010 4 12 H) OKEMEIE 2 B ICARAME 0.13m/s, 7 A IZMV/IME 0.02m/s 8D | 4EfFE41% 0.07Tmis THh -7 (X
15) .

3 HEWH L =F AL AT DT 1979~1988 A H[E] & 2001~2010 £EOHIE A g4 5 &, 2 AT LTIt 0.11m/s,
B 0.15m/s [ZHGE L., F£729 AICBI L TiX 0.01m/s 725 0.07m/s (ZHE (X1 7/£) . & AIZBIT 5 32 FERoEYE
A7 12 ISR KME 0.06m/s Z7r L, 7 HICiEf/ M 0.02m/s Zr L7z (K1 47) .

T2, SEEALME YO BAEEZ CEFEAEITHI &, 1 AT B S 50hPa £ TTEY LEEAIEL 0.16m/s,
—7J7 1hPa ETTYH LI-HEAIT 043mis Zor L7z (M2 ) . ZHUXFECH oESERZ:E (K 14) OFSRET
bol-, bz, i 70° Lk 32 4FR] (1979~2010 4F) . 1979~1988 4- 10 4Efi], 2001~2010 F 10 4-fH
VW2 BE9 2 MR i &UE O SR AR LT,

Lk

O PR — % (RAB5) % IV THE B & FHO E% %2 THEET, AHOMKE L 0% 1T
VS BIcHkE 700 EICHT 5 3 WTH L pALR L bk 70° BUEO PR E AR & OBRICOVN TS T
ﬁ_i“(:‘% %)O
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1979 SRR TOEFBINMB M E - CLARE, bk Craukikb N EE Th 5, Z DR, Arctic Oscillation
(AO) & North Atlantic Oscillation (NAO) 2BSE DM\ & 720 . dLPEERPEEOKE/LICHF S LTS Z 05
nTCW% (Nakamura et al., 2015), Z OFALER O 22X, x> O OBER A REoMb, gk <o
W NR) 2R 2Mimogb, O 7T ADOFHBERHEE WS, EEE T LIZIRERETbd, b2, F
\Z Barents-Kara (BK) #EOUEKIEE DN Z D070 AZITEETHHZ L biEM SN TV A (Kim et al., 2014),
LvL, ZOBREEO EHEBERED LD 21 A B = XA TS O NEH HMNIC/2 5 TV, # 2 TA
RS0 CITEE R & BT T — 2 6, EEK O EHERMRIGICET 2 /1R L | £ ORpZEMEE 2 T~ 7,

AWFFENAE A U 7o Bl EZHR R 1T, GRENE JEiSEAB 7 n Y= 7 ML o TEMINTZHDTH S (FEhER
EDOFEMIX Nakamura et al., 2015), KK KfEERTET /L AGCM for the Earth Simulator (AFES, Ohfuchi et al.,
2004) % MV, pfEE2fE 2 T 57201 E TV BiE R 60km & L TW5, dLPEERMEKIRO S R S: D 03—
FrRmLTELRD 22507 (CNTL : 1979-83 ¥, NICE : 2005-09 5)) 2 A v 7 DO#%IZ 60 ERIE S
., EFEOWKIEEN L O REIERG OISEIZE BT DIl miAzL & > T 217 -7 (NICE-CNTL),

AZRIIBIT DINEOFHNETE LT, 1 AopJEE Y - Efg c8li bk o m et mzE (X 1a) 23R &
FEIC T EIET 2 2 & T, 2 AxiE O AO/NAO /<% — U IERICE 5 LTz (RIFER) ., £721 AlcB T
1. BK i EOEREMERZEN S N T EORKEERZE~OE R 2 2 E—KOEFERRHGEIZ B W TR b (X
1b). & bipkfEE btk o @R EMRZE~ B « AL F~OEHFER R oz (K lac), Z OFHEN e ER 2
A ORI WA LI L ComREMERZE (800 RKEURZE & XS I2oWnW T, 2O Sz
K % R 2 7o o (AR B LA DS VT (Vs AR EEE, T @ &UR., 0 & CORE Y %) % 100hPa i ¢
b o7, 20 40°N DAL CTOFEECEAEIZIB W T, 1 AICBEE R EmAN L oh, fEEY - FETcoRiE—
B2 RER 7 DT & RN A TH > 12, 2. F DAKESA & LTI BRTER & ALK EE TH 0 (K 2a) .
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2T, MK TCOERERRERZH S22 572912, Nishii et al. (2009) (2 L3 FEZHFAWT VTHRZE R
AT DX D IR g LTz,
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2T, cl3AAYS (CNTL). a XK 2 5 w722 (NICE-CNTL), [] 1X604FHe L, £z, A
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PRI i LT K EO T 53R %2 BAED o 72, BK #ICE WL, AUF—H, FH, FHOFGRENT
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P CIEIVATHED K 6 Hl1%2 56, IERBETH 5[V Tl HOF HIXREIK TH > 72,

V*T* ERZARIZHR S FhE L O ZNFIVRIBIEIZOW T, RIZEDRA B = X L EFH~ -, BKUFKIZE
WT [V TR, &R R ORIRIRICALRUR 2283 0T 5 2 L TR SN TWD Z En3bnd (K 2b), EiF
FEAEERECHE L TR ENS R, ZolEURZE L A PF 7 B FOBEREZ (X 2b) 137 ORI
TOHEREMEREER., £ 0., BK # COWEKIEREAIC L W R EN D EmEREMRES EE T8 £ THElid 5 2 &
EXE LTS (M 1e), *F L CTIER RO [Ve*Ta* [ I DV Cid, &85035 00 /e R AE IR R IR AR 7253 57
FidDHIETHRENTNWDZ ERDND (M 20), ZO@IRMEZAETEKEMERZZ > CTILAERE O g B 4
JECTEHELTEY (¥ lc). BK #ELOEKEMERZEND VY 7 EOBKRKIENFRZEEZ N L BRI ~MaET 508
WoAE—FIGEIC L DI - b ST e, ZHIRRAES OBIEREE L LESNTHL, 20, ZOER
0 A B S O R JEE A~ DIRIRIZ L > TRZAG DR S v, T OfER, BK ik - ALK FHEBICB W TR AR &K
BRSO BRI L0 VFT* N800 L= E TR O59 b2 b 7= b LIZEN S o7,

PLEDOFEFIZOWTBIT — % L O b7 o 72, KRA~DA 237 FOKREWYILIZE T 5 BK R OWEKIER
EENZER L, 11, 12 H¥EH L7 BK ##(15-90°F, 70-85°N) THE L) L 7= MK BB DEE RSN, #i< XD KRR
L EnlgE Lz (W& D b Ly RBRER), TR 1979 005 2015 & Lz, TORER., InEDO—HDZF
HIWNHEITIZT T2 <L VAT R 2 Z BIERIC iR LT S EO 54 L TR ERIZOW T HIER ICBEEN R 257,
Ko TARMIZRICE Y, KO ICPE S MR EHEHFOMBIE Y v AR RB Sz,
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i~ 1% Nakamura et al. (2015) (23T, i & BUEDOWK A & KK KIGERET /L (AFES version 4.1) Ozt
Gl L CHZ T EERD G | AekiiE oKD 23 AL E) (Arctic Oscillation: AO) % K W A DAIFHIZ T 7 K
SHLZEERLE, ZOLEWKBDICEVEIESND T 7352 ) —OEENEE O EZ 5, D
TN~ & T HERT 2 A=A LNEETHHH %2~ L7- (Nakamura et al.,, 2016) ., — 5T, fko=—
T T REEOEEBRZCHEY 7T 32 ) — O EE 288 H L TAH A0 ONAIZEZET HFENfER S
(Fletcher et al., 2007; Peings et al., 2012) . —/L.=—== #§ 5 #KHE) (El Nifio-Southern Oscillation: ENSO) ZftFE =1
L EGE O ZKIE  (Sea surface temperature: SST) Z8 ) & Al g BB AR & ot < P~ B Z FFOFEN R I D
(Scaife et al., 2005; Manzini et al., 2006) , F7=f%/EE%E " F4£E) (Quasi Biennial Oscillation: QBO) ™ X 5 72 f%)E
BEIZNTET 2 IR B8R0, gEA Y VIREORMIZEENIC X > THMR\OR S CREME - REITEE 2=
ol EZLND, REEEZN LAY A0 OEENCOWTIE RTIA BT 74— A L R0 L% DEFIZHOWN
THEMPA SN TWNDLI DD, TNENOEZFLPMHEEH L TWDL D0, ML THDL OO0, £ DREITH
MICHIER 2 BRSO, MBI TH D00, H—r7RBFITHEA THZR0,
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voa v HENEFEER (Control run) & L. #EKOA 1980-1999 MM A 527220 A > /X—D¥ I ab—va %
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AWFFEIE GRENE Abiis e R F O 4 ulTRE S, 5l &k E ArCS Jbiigf e 7' n o = 7 MMC
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Atmospheric response to anomalous sea ice in the Sea of Okhotsk
Kazuaki Nishii*, Hisashi Nakamura® and Tetsu Nakamura®®
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“National Institute for Polar Research
*Hokkaido University

Atmospheric response to sea ice reduction in the Sea of Okhotsk is investigated by conducting two atmospheric general
circulation model (AGCM) experiments, whose boundary conditions do not have interannual variability, and differ only in sea
ice over the Sea of Okhotsk between the two experiments. In winter, enhanced surface sensible and latent heat fluxes due to
the reduction of sea ice moistens and warms surface air just over the Sea of Okhotsk, which results in their suppression just
downstream over the western North Pacific. The surface air warming over the Sea of Okhotsk makes sea level pressure lower
there. Around late winter, when the prescribed sea ice reduction is the largest, an anticyclonic height response appears over the
sea of Okhotsk in the middle and upper troposphere connecting to an anticyclonic anomaly over the Bering Sea in the
lowermost atmosphere. A linear baroclinic model experiment reveals that those responses in the AGCM can be considered as
linear response to diabatic heating anomaly due to the enhanced sea surface heat fluxes. The observed response is similar to the
dominant interannual variability over the western North Pacific both in the AGCM and a reanalysis data set, which suggests
that the sea ice reduction triggers atmospheric internal variability there.
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Nakamura et al. (2015) |, &2 & BUIEDWOK A % KK KIGERET /L (AFES verson 4.1) OFERGEMELE L TE
ALEH 60 57 OBUERE /7 % 1T\, AbkifE O ek 23 btk E)  (Arctic Oscillation: AO) % X W & OfZFHIZ S 7 B
SHHZ LERLIE, ZhiE, MKNELS 2o THBENSBNT- G COELIRE T 7 v 7 AOHEMMA, EFa AL
—H O AR L, EEN O EERS B S AL, PREEIR A AE, bk A BT s Z Lok D, L,
EO AT =D/ S RBURBEEN 2 EOZEIZL Y, BRBEOKIRIZE D X 5 Rt 288 %2 KE T 73
TRV,

ZHNET, MEEROBL L ZNITHE S RIB~OREIL, BIEAA 7 —FHHEK (TEM) RIZBIT S 2 Koooks
THEBRZACCHEm SN TE, LML, TEM R CEHEEERSCKRIBLTORERGFEZ#RT DN T
X, T, 3 WILOWIREY 7 7 v 7 A L ZIUCHIET 5 3 WItFEZEREDH I EX L S (Kinoshita and
Sato, 2013a, b) | EELONARTEHZ RN 21 DO 5 O TR BRSO XIR DR AR R A A idam 9 5 2 & 23 Al RE
Lo TElZ, ZTZTAISETIE, 2o ZHWTHKEBICERT 5 3 WtOEIFECHEERO L Lz~ £
DOFERL Z 2 R RIELE S 2 EREMICHO NI T L2 2R A D, ZOFECEY, ZhETHTLL AW
TR o7z 3 WITOPTEB DZEAL & IR AETEEROZE b, B L ORATH 2R KURZ L O K FBILR RIS 22 5 & HIfF
S5,
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Greenland Ice Sheet Dynamics and Glacial Earthquake Activities

Masaki Kanao', Seiji Tsuboi?, Tetsuto Himeno®, Genchi Toyokuni*, Yoko. Tono? and Kent Anderson®
! National Institute of Polar Research
2 Japan Agency for Marine-Earth Science and Technology
®Tohoku University
“Shiga University
® Incorporated Research Institutions for Seismology

The Greenland ice sheet and its response to climate change have potentially a great impact upon mankind,
both through sea-level rise and modulation of fresh water input to the oceans. Monitoring a dynamic
response of the Greenland ice sheet to climate change is a fundamental component of long-term
observations in global science. “Glacial earthquakes” have been observed along the edges of Greenland
with strong seasonality and increasing frequency in this 21% century by the data from Global Seismographic
Network (GSN). During the period of 1993-2006, more than 200 glacial earthquakes were detected, but
more than 95% have occurred on Greenland, with the remaining events in Antarctica. Greenland glacial
earthquakes are considered to be closely associated with major outlet glaciers at the margins of the
continental ice sheet. Temporal patterns of these earthquakes indicate a clear seasonal change and a
significant increase in frequency after 2002. These patterns are positively correlated with seasonal
hydrologic variations, significantly increased flow speeds, calving-front retreat, and thinning at many outlet
glaciers. These long-period surface waves generated by glacial earthquakes are incompatible with standard
earthquake models for tectonic stress release, but the amplitude and phase of the radiated waves can be
explained by a landslide source model. The seismicity around Greenland including tectonic/volcanic events
was investigated by applying a statistical model to the globally accumulated data. Calculated b values, the
Magnitude-frequency-dependence parameter, indicated a slight increase from 0.7 to 0.8 in 1968-2007,
implying that the seismicity including glacial events around Greenland become slightly higher during the
last four decades. The detection, enumeration, and characterization of smaller glacial earthquakes were
limited by the propagation distance to globally distributed stations of the GSN. Glacial earthquakes have
been observed at stations within Greenland, but the coverage has been very sparse. In order to define the
fine structure and detailed mechanisms of glacial earthquakes, a broadband, real-time network needs to be
established throughout the ice sheet and perimeter. The International Polar Year (IPY 2007-2008) was a
good opportunity to initiate the program with international collaboration. Then, the “Greenland Ice Sheet
Monitoring Network (GLISN)” was initiated for the purpose of identifying the dynamic response of the
Greenland ice sheet to climate change. This presentation introduce the summarization of seimic
investigation regarding statistic seismicity around Greenland, waveform propagation modelling in the ice
sheet by using the GLISN retreived data.
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Ambient noise cross-correlation analysis using broadband continuous seismic waveform data from
the Greenland ice sheet

Genti Toyokuni', Hiroshi Takenaka®, Masaki Kanao®, Seiji Tsuboi*, and Yoko Tono’
'RCPEVE, Graduate School of Science, Tohoku University, Sendai, Japan
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SMEXT, Tokyo, Japan

The GLISN (GreenLand Ice Sheet monitoring Network) is an international project to seismologically monitor changes in
the Greenland ice sheet, by deploying a large broadband seismograph network in and around Greenland. This project is
currently managed through joint collaboration by 11 countries for operating 32 seismic stations, although only four of them are
on the ice sheet. Japan is a partner country from when the project was launched, and has been sending a field team every year
since 2011. A joint USA and Japanese GLISN team has ever serviced three stations on ice sheet (station code: ICESG, DY2G,
and NEEM) and also three stations on bedrock at the coastal area (NUUK, SOEG, and DBG), which indicates a great effort of
this team among the whole GLISN committee. Especially in 2015, the joint team succeeded in relocating a seismometer at
ICESG station, by excavation from 5 m depth below the snow surface.

The GLISN broad-band seismic data (20 sps) is available in realtime via the Iridium satellite network. The data is also
open to the public at the IRIS Data Management Center (http://www.iris.edu/ds/nodes/dmc/). In this work, we detected the
Rayleigh wave by the ambient noise cross-correlation analysis of the GLISN data, to investigate shallow structure including
both ice sheet and bedrock in Greenland.

We used the vertical-component records during Jan. 1, 2015 — Apr. 20, 2015 from four GLISN stations on ice sheet
(ICESG, DY2G, NEEM, SUMG). Daily cross-correlation functions (CCFs) for all possible pairs of stations are computed by
the following procedure. First, we divide the continuous records into 600-s-long segments with 450-s overlap. Second, we
correct the instrument response, eliminate segments with event data or error values, and apply the whitening in frequency
domain and banalization in time domain. After that we calculate the daily CCFs by stacking CCFs for each segment (e.g.,
Shapiro & Campillo, 2004; Takagi & Okada, 2012). The final CCFs can be obtained by stacking all daily CCFs for the whole
analysis range.

We found, for example, nearly constant Rayleigh wave group velocity of 2.8 km/s, for the period range of 2-14 s, on the
CCF of the NEEM-SUMG pair. We also found that the ambient-noise sources are well corresponded to a known source of
microseisms located at the southern tip of Greenland.
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Melt water runoff from ice sheet to ocean in northwestern Greenland
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& & KR & #5404 1L ASTER & SPOT-5 (The Greenland Ice Mapping Project) (Z4E-5 < 5@ 7 — & % VW THENT L 7=,
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5 1000-1100 ma.s.LIZiROmfEZ RO Z Lo Te, Fiz, BIHEBNIZ X > TE LTI T v 7 K DFRIER
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Seasonal variations in frontal positions and flow speeds of marine terminating outlet glaciers in
northwestern Greenland
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Greenland ice sheet is losing mass as a result of increase in surface melting and ice discharge from marine terminating outlet
glaciers (e.g. Enderlin et al., 2014). This mass loss from the Greenland ice sheet significantly contributes to the recent sea level
rise. To accurately include the contribution of the marine terminating outlet glaciers to the future projection of the sea level rise,
mechanisms controlling the glacier dynamics should be better understood. To this end, we analysed Landsat images to measure
ice front positions and ice speeds of marine terminating outlet glaciers along the coast of the Prudhoe Land, northwestern
Greenland between 1987 and 2015. The results were utilized to investigate relationships among frontal position, flow speed,
and air temperature with special attention on seasonal variations.

All of studied glaciers retreated from the 1980s to 2014 by a distance between 5.34 and 0.23 km. Most of the glaciers began
retreat around 2000, as demonstrated by the increase in the mean retreat rate from 5 ma ' in 198051999 to 60 m a~' in 2000—
2014. A possible driver of the more rapid retreat since 2000 is atmospheric warming because significant increase in the
summer temperature was observed in the late 1990s. The studied glaciers flowed at a rate between 10 and 1800 m a ', and
many of them accelerated in the early 2000s. The magnitude of the acceleration was correlated with the retreat rate as
represented by rapid retreat and acceleration at Heilprin, Tracy, Farquhar, Bowdoin and Diebitsch Glaciers. Because the
acceleration was greater near the front, the change in the flow regime enhanced stretching of ice along the glacier and induced
dynamic thinning. These results suggest that thinning due to flow acceleration was the driver of the rapid retreat.

In general, studied glaciers advanced from spring to early summer, which was followed by retreat in late summer. Then, the
front remained at the retreated positions throughout the following fall. Magnitude of seasonal front variations ranged in 50—400
m. The timing of the retreat agreed with the disappearance of sea ice / ice mélange in front of the terminus. Many of the
studied glaciers accelerated from spring to mid-summer and then decelerated in late summer. Magnitude of the seasonal
variations in ice speed was between 80 and 440 m a ', Because the speed variations were correlated with air temperature, the
seasonal speedups were probably due to enhanced basal sliding driven by meltwater input to the bed.
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Spatial and temporal variations in high turbidity surface water off the Thule region, northwestern

Greenland
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Glacial meltwater discharge from the Greenland ice sheet and ice caps forms high turbidity water off the Greenland coast.

Although the timing and magnitude of high turbidity water export affect the marine biological productivity (e.g. Arendt et al.,

2011), little is known about the characteristics of high turbidity water. We therefore report on the spatial and temporal variations

in high turbidity water off the Thule region in northwestern Greenland (76°—78°N, 65°-75°W; Fig. 1), based on remote sensing
data analyses. We defined high turbidity area by high remote sensing reflectance at the wavelength of 555 nm (Rrs555 > 0.0070
st ') (e.g. Caballero et al., 2014) and the extent of high turbidity area was determined from 2002 to 2014. The high turbidity area
was generally distributed near the coast, where many outlet glaciers terminate in the ocean and on land. The extent of high

turbidity area exhibited substantial seasonal and interannual variability, and temporal variations in high turbidity area was

correlated with changes in air temperature at Thule Air Base (R > 0.6, p < 0.05). Assuming a linear relationship between the

high turbidity area and summer temperature, annual maximum extent increases under the influence of increasing glacial

meltwater discharge, as can be inferred from present and predicted future warming trends.
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Water properties and circulation in front of tidewater glaciers in northwestern Greenland

Minowa Masahiro® %, Shin Sugiyama®, Yoshihiko Ohashi® %, Takanobu Sawagaki®, Shun Tsutaki® *, Daiki Sakakibara®?,
Shigeru Aoki', Podolskiy Evgeny® and Yvo Weidmann®
YInstitute of Low Temperature Science, Hokkaido University, Sapporo, Japan
*Graduate School of Environmental Science, Hokkaido University, Sapporo, Japan
*Faculty of Social Science, Hosei University, Tokyo, Japan
“Arctic Environment Research Center, National Institute of Polar Research, Tokyo, Japan
*Arctic Research Center, Hokkaido University, Sapporo, Japan
®The Laboratory of Hydraulics, Hydrology and Glaciology, ETH, Zurich, Switzerland

Tidewater glaciers in Greenland are rapidly retreating, and it contributed global sea-level rise during the twentieth century (e.g.
Kjeldsen et al., 2015). Studies have been carried out to understand the mechanisms of the glacier retreat (e.g. Rignot et al.,
2010). Previous studies suggested the importance of submarine melting, but physical processes relevant to submarine melting
(e.g. heat source of the melting, water circulation and bathymetry) are not understood well. This is because in-situ observations
are difficult in front of a glacier where icebergs usually cover the ocean. In addition to this, there is no hydrographical
observation in front of tidewater glacier in northwestern Greenland. To better understand the ice-ocean interaction, we
measured ocean temperature, salinity, turbidity, chlorophyll, dissolved oxygen, 5'°0, d-excess and bathymetry in front of
Bowdoin and Sun Glaciers, tidewater glaciers in northwestern Greenland, in 2014 and 2015 summer. We also performed high
spatial (2560%1920 pixel) and temporal (10 s) time-lapse photography in front of Bowdoin Glacier in 2015 July.

Below the depths of 280 m (2014) and 250 m (2015) in the Bowdoin Fjord, we observed Atlantic Water (AW), which
is believed as the heat source of submarine melting. The mean temperature and salinity within the layer of AW was 1.2°C and
34.4 g kgt in 2014, and 1.1°C and 34.5 g kg * in 2015. The results suggested that warm water flows into the Bowdoin Fjord
from the open ocean. Contrasting to these observations at Bowdoin, AW was missing in front of Sun Glacier and relatively
fresh and cold water mass was found. It was suggested that relatively shallow bathymetry (~100-m deep) and existence of sill
(~10-m deep) inhibited entering warm water from the open ocean. Near the surface in the vicinity of plume of Sun Glacier
(~200 m away from the front), water mass properties were completely different from those in the open ocean. Water was
highly turbid, fresh and cold, suggesting subglacial discharge of meltwater as the origin of the water.

The time-lapse photographs revealed fjord circulation near the ice-ocean interface. It was clear that the circulation
was driven by buoyant plume, which was generated subglacial discharge and/or submarine melt. In early July, waters emerged
by buoyant plume was always visible along the surface approximately 5 km from the front, but it was only visible near the
front in late July. The change from early July to late July may be explained by amount of subglacial discharge and the stability
of stratification near the ocean surface as reported by recent modelling studies (e.g. Sciascia et al., 2013).

Our observations water mass structures and circulation in the fjord in front of the tidewater glaciers in northwestern
Greenland, which are important properties to calculate submarine melting rate in two different types of tidewater glaciers.
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Short-term variations in the dynamics of Bowdoin Glacier in northwestern Greenland
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Tidewater glaciers in Greenland ice sheet are rapidly retreating by under the influence of changes in ice dynamics (e.g. Nick et
al., 2009). For example, Bowdoin Glacier began rapid retreat in 2008, which was accompanied by significant acceleration near
the glacier front (Sugiyama et al., 2015). Submarine melting and ice-mélange weakening are suspected as triggering
mechanisms of the rapid retreat of tidewater glaciers in the Greenland ice sheet (e.g. Straneo et al., 2013), but details of
processes at the ice-ocean interface are poorly understood. To better understand these processes, we measured ice-front
position of Bowdoin Glacier in northwestern Greenland and glacier/ice-mélange movement in front of the glacier. The
glacier/ice-mélange measurement was performed by processing 3-hourly photographs taken by a time-lapse camera operated
over two years since July 2013. We also operated a dual-frequency GPS at 3 km from the calving front to measure ice speed
from May to July in 2014 and 2015.

The image analysis revealed clear seasonal variations in the ice-front position with an amplitude of ~200 m. Seasonal
changes were also observed in ice speed along the center of the glacier (amplitude ~50%). During summer, the ice-front
position was relatively stable, but retreated occasionally by large calving events. These events occurred near upwelling of
subglacial discharge, where a large submarine melt rate is expected. The glacier began to advance in September approximately
when daily mean air temperature dropped below 0°C. The glacier advanced the most in winter when the fjord was covered by
ice-mélange. After winter, extended portion of the glacier rapidly disintegrated by a few calving events. Such event coincided
with onset of ice-mélange movement in front of the glacier. This movement occurs when air temperature above 0°C and high
wind speed were observed, suggesting the calving event was due to decrease in the mechanical support from the ice-mélange.

These results indicate both ice-mélange and submarine melting play roles in seasonal advance and retreat of Bowdoin
Glacier. Moreover, the onset of glacier advance (retreat) coincided with the changes from positive to negative (negative to
positive) temperatures, implying that air temperature is an indirect indicator of the ice-front position change.
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Seismic emissions from a tide-water calving glacier
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For cryogenic microseismicity to be used as an indicator of dynamic changes, it must have a clear connection with glacier
dynamics (including calving, basal sliding, strain, and melt). There is currently much speculation and disagreement about these
connections, particularly, with respect to the relationship between tide-modulated seismicity and glacier dynamics. Here we
analyze records from an on-ice seismometer placed 250 m from the calving front of Bowdoin Glacier, Greenland. We find that
the overall microseismic activity of this glacier is at least an order of magnitude larger than previously reported (more than
100,000 events within 2 weeks and up to 600 events per hour) and that it is positively correlated with falling tide velocity.
Using high-resolution surface displacement measurements, we show for the first time that the correlation is relayed through
strain-rate variations. The strain-rate corresponds with longitudinal stretching of the glacial surface, in response to higher melt
rates and falling tide, both of which accelerate glacier movement and enhance the stretching flow regime. Previous proposals
to use icequakes as a proxy for grounding line migration need to be reconsidered because Bowdoin Glacier is grounded, with
no tide-induced vertical bending of the near-floating tongue, and yet always exhibits microseismic activity due to continuous
longitudinal stretching. Our results demonstrate a potential of microseismicity to be used for studying detailed response of
calving glacier dynamics to small perturbations.
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Spatiotemporal variations of snow accumulation condition in the northwestern Greenland Ice Sheet
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We conducted glaciological observations in the northwestern Greenland Ice Sheet to elucidate spatiotemporal variations of
snow accumulation conditions under the projects of GRENE-Arctic and SIGMA (snow impurity and glacial microbe effects on
abrupt warming in the Arctic) since 2011. Annual mass balance at 1500 m of elevation site (SIGMA-A) decreased since 2000
suggesting the run off of melt water have occurred since 2000 below 1500 m elevation. Annual mass balance at upstream area
of Heilprin glacier (SIGMA-D) has not varied since 1660s. We also measured flow velocity around SIGMA-D site and
installed an automated weather station at the SIMGA-D site.

1. ILHIZ

W, 7V =T 0 RKROBEENED L, ZORDEPIEHIZHEM L TWD Z EnHEInTnd, Bl
ET VIR R BLIIIZEIE. BIEOE 8O (TR i fF R OB LKLy BEE O A FRFEE7Z L LT
%o 7V —2F v RALEEN i\ 7 —2Z v RHEE L OIS TOKROBONRE L 2L, 5%, b=
DEEMT 5 2 ENFREINDD, ALTEE M ORI b TR — 2 372, Z OHigk o/ 2 B BN OB
%%ﬁ%?étbm\H$ﬁ£%¢620®k@ﬁ%ﬁﬁbhtoGmmEt@%ﬁ%ﬁﬁ%$¥®ﬁ?£méh
tﬁu—yinﬁwMﬁﬁEy7*ﬂ®ﬁ4+‘7xtﬁj*E®E%Wi®@%’ SIGMA (FEETH G LY
EXRWBAEM NI OBREEEENCKIETEE) TPz 7 ME, BEEREO KL L FKIFYC L D KKFHE T
N RO EOKIRFEERFE OB, T ZNEAZE\V 7 (Sugiyama et al., 2014, 2015; Aoki et al., 2014;
Yamaguchi etal., 2014) , AFZEDOHANEL, —HoD 7V =7 FOETY Y —2 T2 RKEILTEHOBEERIZB N
TEK - [RBU % FEhE L, ﬁﬁhﬁ®ﬁ CHMAEERT L TH D,

2. WFZExrG i & BN E

B 1 BT 2”7, SIGMA-A (78.052°N, 67.628°W, h=1490m a.s.l) TiE 2012-14 #EIZFEE OB 21T - 7=,
2012 ££42 19m OE K 2 7 ZERH L 72, SIGMA-A2 (78.10°N, 64.08°W, h=1800m a.s.l.) Ti. 2013 H (B ATV,
6.5m DEKAT HRBM L7z, TNHDOFEKa TITHEM THEYE v F A — VIO L CRlfiE S v, HARICR DR
> TS %24T 272, SIGMA-D (77.636°N, 59.120°W, h=2100m a.s.l.) TiZ 2014 EICBLAI 21TV, B A =%
JVRY LT 2225m OT A AaT7 2R LTz, 7TA A7 3HM T et o F A — MUY L CRlff S,
FVIIHHM THARIZFE OIS TH A ATV, (LFoTE21T 572, SIGMA-A, SIGMA-A2 [3OKIK D R EITAr
& L. SIGMA-D X Z o Hiliil KD I — & > kil O —->Tdh 5 Heilprin Kl O _EFREOSITALE LTV 5,

3. AEMEEE R L AR R O 22 A

FTRTCOER T HOKRENEIIZAB 2/ LB 2R Lz, ZOFHEHNOERBEZFREEL, LXICHEY T2
ADY—7 BWOEEN SEMOBEEEZRD, £72. SIGMA-D 74 A3 71X 1963 4FED b U F 7 LAY —7 &R
YL L THEBEHR LT, 21285V A FOBKaT7T b ETT SN ERE &I ORBBZELZ 7577, SIGMA-
A DF 2000 FLAE, FRE BB L TWH BRI N7, SIGMA-A Tk, 20m FiiE-20 EThH H EHf
DORMEK P EERET 572D FRWVIEE TH 528, 2011 4, 2012 FOE I i%@&@ﬂ% CHERE LT
ORENOEETERL, ¥I7AZM LA ERBIHI N, DF D, 2000 4L, #2575 1500m L 0 Ky Bl
I, AR OPEHIZ X o TEENS DB LT TetEnE 2 6 b,


Inoue
タイプライターテキスト
P04-047_Matoba.Sumito


P04-047 Matoba.Sumito

4. FEREENZOEHME® L BEORGIRRE=F ) T

SIGMA-D Zok =77 222.5m 1, BURFR T 112m F THENT 238 T LT\ %, 112m T 1660 412 HHY L7, 1660 4F
75 BUE £ TOYHERE BRI IE 0.25m w.eq. yry T, ANKEITHI SEAEIC) T TREREHZ RS R o1,
DF DAL B Heilprin KT ~D KOS EIT/IOKHIN G BFEICNT T—ETh D LV Z BRI T,

X 312, GPS Tl L 7= SIGMA-D #f Hil 1550 O i85 2 7k 97, Rl Tiiic - T, 2.43myr' o
ECHBEI LT D, KIEE —E & AGE LIREIEE 2> HHEE L72 SIGMA-D 7 A 227 ORE L FRORBERIL, 74
AT OKFENARLENSRIE LR EIEIT B L2 & n, EHIHUS OFRENS & /KN B BAEITHT TR
S L TWRWZ ERFREEND,

SIGMA-D #1213, BERSGBIHEE 23 E L, KR, A mEGE, WA, SN, HiR, MEEAHE LT
W5, IET—# 1%, ADS (Arctic Data System) (ZCABL T\ %,

4 SIMGA-A

04]
03]
021
~01]

T T T T T T T T 1
g 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

£ ~, 1SIMGA-A2

&) M
c

& 024

©

@013

T T T T T T T T 1
= 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

2 055 SIMGA-D

0.34
Figure 1. Location of observation sites 0.1

0
T T T T T T T T 1
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015

Year (AD)

Figure 2. Variations of annual mass balance at
SIGMA-A, SIGMA-A2 and SIGMA-D sites
reconstructed with seasonal variations of
water isotopes.

Figure 3. Surface elevation measured by this study at contour intervals of 1 m, and
locations of the flow velocity measurements (solid circles) and horizontal velocity
vectors (arrows). Coordinates are in UTM zone 20N (km).
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Recent ice mass loss in northwestern Greenland
— Results of the GRENE Greenland project and overview of the ArCS —
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The Greenland ice sheet and peripheral ice caps are rapidly losing ice mass (e.g. Khan and others, 2015). The mass loss is
driven by two key processes, melt increase due to warming climate and accelerated ice discharge from tidewater glaciers.
Overview of the mass change is relatively well understood by satellite remote sensing, but more detailed investigations are
necessary to understand spatial and temporal variations, and mechanism of the ice loss. Recently, mass loss is increasing
particularly in northwestern Greenland (e.g. Enderlin and others, 2014). Despite its importance, in-situ data are sparse in the
northern area of Greenland. To quantify current ice mass loss in northwestern Greenland and predict its future, we studied ice
caps and calving glaciers in the Qaanaaq region (Figure 1), as a part of GRENE Arctic Climate Change Research Project. Field
and satellite observations were performed to quantify the ice mass loss of the ice sheet, outlet glaciers and ice caps. We also
studied detailed processes occurring near the front of outlet glaciers to better understand ice-ocean interaction. These studies
include mass balance monitoring on Qaanaaq Ice Cap since 2012, integrated field observations near the front of Bowdoin
Glacier since 2013 (Figure 2), and ocean measurements in fjord in the region. In this contribution, we present the results of the
GRENE Greenland project, and introduce the overview of the next project planned under the framework of ArCS (Arctic
Challenge for Sustainability Project).
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Biotic darkening processes and its impact on surface melting of the Arctic glaciers and ice sheet

Nozomu Takeuchi', Yuta Fujisawa®, Sota Tanaka®, Yukihiko Onuma’, Rigen Shimada®, Naoko Nagatsuka? and Jun Uetake?
Chiba University
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AL E OOK TR TR FEREDO T VX RO T, Wb oAl nlfE S Tnws. REOKA{kX, H
HEOWINZHEL L, ZKORMEZIED 2R NH 5720, KO —R & L TRBEICI2KE A& &b
WHEH SN TWD. K OFOKIE OB AL O ERFRIE, BEORMD ORI L2 DT, Rl EER
RO L A R DIED, K EICERT 2EKEYHROFHY L& END. FRICTFORREEIZ L DKIN#R
OB, (LFRIRMFEDOEIE, SREVOEIRICZE LA lEZ5 S Z L TWDHHK & 722> TV 5 aTREME
Wé%. GRENE 7'm=Z7 b (2011-2015) T, foOFE 7w =2 b & & biZ, JUHRE OIKFDKK EOfA
WiEEh O FERe L £ DK Al KLU~ DREZH LN T 222 AN, 7 —r 7 FEEEHBB LT
FETEES, U7, AN—ANL, 77xﬁ£®mﬂfﬁ§%ﬁot

A 2 AT o 7= KRR O FOK B H 2%, 1.0 - 150 g m2 O A0 [EJE A A3 HafS L Cu 7= (Takeuchi et al.,
2014) . A ORERAIT, HEHLT 03 - 15%XN AW T, XY BEMKLF T o 7. KR E O A &ITK
HOBFTIC L > TEB L, £ < OKFETIERIET LY SKATHIRE CHEBMENZ S k2B H 7. Z0
A DZER 3 AL, AR D FER Sy T DIRLAF 7Y, BIZ KR B~ G Sz b o TIER <, KK
WWEENTOWELORREICBHNTELDOTHLIEERLTEY, RAOAMPEDO —DODJFRE E LT, Ko
DR REDBEZ DND. AW OBEBBIBREORR, £ OKFTHIWRLT, FRREME, L OR6
0)7%1%%%0)*% (7 VA aF A bhL) THESNTWD ZEBRP NIRRT, 2O TKIREO T LN FET

BT DHERMIE, XU 7 ORI TIE, BEREOEFEZ S - 72 FKESH Ancylonema nordensholdii T 5 2

ENRH BN o7 (Takeuchi et al., 2015) . JK{ER A O KE =T, S eEE EITHBEN 2> T-DITkt L,
Ancylonema nordensholdii @ /XA A~ X L IFAOFHE R H -T2, —F, TV —r T ROXWETIE, 7 VA=A
MR M B KT OB EALIZEE L TWDH D ThoTo. 7 UV dat A MRiE, SROTT 237 7 U 7 s guiks
FEHEEEODLZLIZE o TSN TWZZ LG, KRR DR EAIITIRLF DR L & bizy T /A
T VT OBFBEADL> TNHEBEZXOND. SHIZ7 VA at A ML, KIREIZTE/NS RN (7 U F
aFA A=) ICEBLZY, ROPREL GIOKMRICBOIE>720 T2 e n8bholc. ZOZ &7 VA
aF A MAR—IVDOERLAEL, KO E(LIZED > TS Z L E2RBLTND. A= LK Tl
KA JEDC SRR IE TR A © > T M D3 040 L, SRR OEIRIC K » TR O FReE S R 2 Z L 65
N7 o7z

WY T OKIT, KIMREOT VN R XORIBMEHE (PDDF) 28I X Rkdi-& 25, TANF
AR (XA OAEBERMBEN D D 2 E B BN -T2, RO 72\ KT 1H > PDDF (%, 3.00 mm w.e." day’
Lozt U, AHid & teokil#£iE TiE, &Kk 855 mm we ™t dayt Lo, Tz Lk, R X o TREliE
WEEIIRR 2.6 15 CEH1847) IIEENTWS Z LA R LTV,

U EDOFERN G, IRBITFE > TH X TOKIEN D b Ok 13 KO I > TR L 7R Ko7 2 8
7 U7, HITHEkEE Ancylonema nordensholdii MESHE 7 U A a) A NAR—VOREREDTnERIZL->T, b
MR ORI R AL TWD EB 2 bz, ZUbOERIE, 4% DOIRBEIZE > TE HITIEVWGLFH TR 4 K
EALT D ATREMED B D, KD T iR I B A BT T NV E A > T, A1k OIKIDKIR O B AR Rl i & o FEAG
BT TOET.
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Modeling of microbial growth and its albedo effect on snow surface in north-west Greenland
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FOKEEHA L 1%, FEEOKI BICBSH T 52 G BREEICHEIGC LIRS AEN Th 5. SOKEBEEOBHITE kK i
DEEESHE, TAXE (KHF) #IKFEED. FRkREHOT LR RIPMMETF T2 & REGEEOWILE ML,
EOKOBMENMEE S ND. TOD, FKEENED L O RBRE CBMT 500%E 85 MiZ #é S, b
DME~DOEBLYEZ L L TEHECTHD. M T, MEORSEZ2 EMICFRTRIT 27201320 X 5 725K
BH OB EZBE LT VR ROETUVERLETHDLEZEZLND. L LEND, %m@ DEIHE B L
T NANRXRYBET VT L AL, HE EOBBEOBME BB T 54EMET LV HBRS TIIFAE LR, 51

FOK BRI S P CIHIERMAOKO R TEHET 5 Z L RO TN DA, BHHIC R b B LY 5 2 5 BRI ) ii
t%%ﬁbﬁofwﬁw 2 CARMIZENE, ALRE 7Y — T o RAREEIC S D 0 F v 7 OKilE EOREEITHE W T,
BH O BLAGE B2 IO KEEOBIE 2 HH T 5EMET LB LY, ZOEMET VEMATZT AN RpfEEs
WEER, MAETAHZ EE2HME Lz,

AW TIE, 2014 F0 6 A LA G 8 A ERICHT T U —»Z » RIEBEE O F > Z7kilE (N 77° , E 69° )
DOFEE TR ZIT o 72, IRV A MIMESE LICREBR MR Iz 2 #is (Site-A 550m a.s.l, Site-B 950m a.s.l)
L, 1 EMMBECESRENOIEI 2 cm BLU2 - 10ecm ©2ET, FH o7 VOEBEBNEZ 2-6 (ST T
Tolz. BMULIZBY T Annb, SEBEMEIC X MO ¥ v N EITV, FOKEEED NA A4~ 2 %71l L
7o Flo, FRRCHESHOHEWE, BERE (BC) , BEXSEE, pH STHO 7V EBRL o217 7.
EOKEIEORAE L BIEOERBERNZH LN TE L E, TAXRKNYHRETLEZHWET AR NOHREEZITH 2
WIZ, [DBEB LI OESWHBIHEZIT 7. KB TIE, Site-A, B L [AHLSICH 5 HEKSAIERZ VT 1
TEICRIRE BEERE L. BEEWEEINTIE, U7 VEBREBIRC Site-A, B THIfE, B, SRR EEEIC
HIE L=,

WSEEB R OR R, EADOYHN 213 £ 23 um THDHERIEOREIEN, Site-A, B & HI127 H»nS 8 HICHRRL-
ETOXRRMBEY > 7V TELEELE L THRBINE. Zo®EIX, A4 XEBRBETCWEZ LD
Chlamydomonas nivalis & & % b=, = OEHE| ﬂ%EﬁLﬁﬁ%ﬁ{EU@F%i D, RREVREKLTWDEZZ BN,
Z OEFEOMIAEEE IR R AR m T L LTz, WY b, EEMAIE 6 A FAEICIZUD TH LI, FD%RE
W%Tifhﬁ%@m_%ML,%@ﬁ@%&@éﬂ?@ﬂgsﬂ_ JC 1 ELL R oA R Ls. HilEiR
FE DR RAEIE, Site-A @ 8/2 T3.5X 107 cells m?, Site-B @ 8/3 T 3.0X10° cells m? & 720, HEEOENY A TR
L pole. BITROT-EHORMZENEZ, v AT v 27 J#3 (e.g. Qiwu and Lawson, 1982) # W TET
MELTZ. ZOFETNAD/NRT A —X T2 EKRBEEOBIMBEMEREOMIBERE (RIHMERE) CHm=Es, 8
FEROBIEEIR I SR 7Z. Site-A & B OXIHIHIIRIEE & BMRIZZNEH, 695 cells m? & 0.42 day’, 13
cells m? & 038 day”' & 72 ~7=. WIHIMIIEIREE A A MBI TR >7201F, BIANIC KA b i s S 5
DRIFEOBENDOZDEEZ NS, R L KAPLHE SN DEERmOLEWRFOERICH, FERRAER
EZNDoT=Z L, TOZLEXFFL TS, HINEL YA NETEWRH 720, TOKEENKALLT TIE%
JEL7RNWZ LA EB L THEMREFHRELZE 25, 042 - 045 day”’ OFPHTHWICITVME S 22 >7-. BE, @lig
KO, pH &V o B EOMOEDEREEIE, BINR X2 BERRALNRN-T-Z E0vh, b 05X
WINRIZEE LW E B2 NS, BT AGRMEBINFHERA R LI 2 A, WEREK R 1L, Site-A, B TZih
1 0.64, 099 L7 ol=. LLEOFENS, BT EOBEOBINL, 1l AT v 7 FERZE AW CHI e E
EAIRLDEIMENLHETHZ LN TH Y, FIHMIEREIIRK T 209 &2 5 & L, Chlamydomonas
nivalis DMK DT AEZ D Z 212X~ T, BIHELAOELOEEREICHICHT LI LN TELEE X
b,
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WHORETIE, FHMDRELZZE LT L RYEE T /L PBSAM (Aoki et al., 2011) S {ERR L7-AMET L%
MAGDOETCT AN REZHEL, ZORAEMKREORE EHMIELIT) TETHD.
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Inter-annual variability of snow and ice algal community on glaciers in Arctic

Sota Tanaka', Nozomu Takeuchi', Masaya Miyairil, Yuta Fuj isawal, Tsutomu Kadotaz, Tatsuo Shirakawa® , Ryo Kusaka3,
Shuhei Takahashi®, Hiroyuki Enomoto*, Tetsuo Ohata?, Hironori Yabuki®, Keiko Konyaz, Alexander Fedorov’,
Pavel Konstantinov’

! Chiba University
2 Japan Agency for Marine-Earth Science and Technology
® Kitami Institute of Technology
* National Institute of Polar Research
® Melnikov Permafrost Institute

EOKFEFE & IR R RIS L2 B RMAEM Th 5, FKBEBIIOKRHE O T AR RE2K T S8 KO
Rl 2 RHET 23, R~ DO T OEEWITBEREDOERC A A~ AT Lo TR 5, TOKEHEOBHIZIX
FEEMECRIAKE L WO TmBRBESRIENEEL 525 B2 6N TE Y ITF O LHE O K288 A3 K o #e
HMEZZLSE TV D AR L H D, AFFETIEZ Y —0 T RER Y T OXKE2 2012 005 2014 HF0O
SHEMIT Oz - THIM L, ALWEDKI O EoKEFEREE OREL B ZH 5 LT,

WY _RYT DA HANY ZOKF OFEFENSA A~ A%, B OKIEICH G L CEBICRELZHTHZ &0
SN -T2, HEFET TRORIENE -T2 2012 FEOFIE NS A~ 2 (1.91 ml m2) 1%, & bKIENMED-
7EOfE (017 ml m2) O 105 Th o7z, REROFERIZT U —2F7 » RIEBEE O BT > 7 KT H8lEE S i,
BOHRIERNE -T2 2012 FFDNA A~ A0 0.35 ml m2 THH-DIK L, & HRIEDMED > 72 2013 D3 A
A< A1% 0.40X102 ml m2, 2014 FEDONA A~ R FEOTREEL 725 0.02 ml m2 Thot-, LLEDZ i,
AR E KT O EFAREE N A A~ A X, FAFEORRE OZIRIZHIE L TRESBRELEHTHEVI/FE R H D Z &
DR SN, ZOL D RRRAFEERBOJRIKIE, WK @4 58 5FECTHh 5 Ancylonema nordenskioldii D AREIZ
bHEBEZ BN, 2012 FRA L FNANAYZHIETOBRFER G, ZOREOMEIIFEEOERESREORE T %
AR LTS EEZBND, EHLDOHIETY 2012 FIZEFOFELHKIEN 0°CZ LA S B AMhoE X v
HZ <, THITERBEOZHYMNELS b Z L2 BWT 5, 7o, HATHIIZ L - T, KR & WF O bR E DK
FICIHE, 7 VA2 A MAR— L ORFEEFEE DS L COKIIR I ZOKEBEEN LT 25034 < 725 (McIntyre,
1984) Z &R0, KORMRIZ X - TG S 2R BIEEHINT 5 (Hawkings et. al., 2015) Z & 50T
TWD, TNHDOZ DL, [RIBDOEN-T- 2012 FITEEASAA A~ AIREREERLEZOELEE 2T, A
nordenskioldii 738 5 L. F72kif FI2Z VA aF A RAR—ANBNFEETDH LW DIE, o JbRRIE KT8 —i%EY
BRSO RE TH D, 4% b ALHRE IR O M 23 FRFe 770X, BREHEE 2 AL EDK I O @i 12 5-2 5
LM o T L,
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Consideration on Characteristics of Glacier Variation of No. 31 Glacier in the
Suntar-Khayata Mountain Range, Eastern Siberia

Tetsuo Ohata', Tsutomu Kadotaz, Tatsuo Shirakawa® Yong Zhang1 , Alexander Fedorov*
and Hiroyuki Enomoto'
1 : National Institute of Polar Research
2 : Former affiliation, Japan Agency for Marine-Earth Science and Technology
3 : Kitami Institute of Technology

4:Meliniov Institute of Permafrost, Russian Academy of Sciences

This paper will present the consideration on the long-term glacier variation of No. 31 Glacier in
the Suntar-Khayata Mountain Range in East Siberia, based on new data from the GRENE Project
(2011-15). By referring to the several past studies in this region, the glacier variation will be up-dated and
also their cause will be discussed. The difference of glacier variation with other Arctic Region will also
be shown.

GRENEF ] (2011~20154F) TH U T HULET D A 2 X b Z LR O KA S &
UMM SR 24T > T & T 2 OHII O K] & (34 O AR HIIEIZ LR TE Wb T TR W03, bkl
HE AR D ORI ZE BN BN S D RRRIERAE 2 %0 5 LTI R v ZEal s ShbhTnb
HIRTH D, FZOHRIT, YREHBOKBEEEFHEICET W E 2D, H4EMICOIEY B
BoBMFA (2011~2014) 238 UKW OBRIGE, 8 LOFE L — 72 EORTEMRST 2170,
FRNHMMBL YN L TND 2 ENh o TE, £ LT, FlOKER) Y I = L—
VarEFEmL, MENSOEE ST TEHEENIE AR TE T,

AFRTIE, BEOEREOR LS NA L AN X OREHKITH HNo. 31 K]
(B LT, GRENE THEG LK ORFTOHFHZ AN T, BERIATONI KON IEL 5]
ML 5, 20tfddig (1 GYH) 225 OKMEBICE LIKOFHIZHOWTERT D,

(1) JKiORu, B, REh, J& S 72 & OB O R,
(2) Z OHIEDKINAEE) & Ik oK BB O Lok & 7257,
(3) E#ha b7 b 5ERT & Dk,
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1. ILwic
WY RY T o« AU H )T XK Tl
1957/58 @ IGY HIZIH V3# | ié@ﬂﬁMWﬁb
v, KB N E RIS ER S
(Koreisha,1963) , & D] 5> & et fid 2 % 7=
2012/13/14 @ 3 DMFEITHT-V . GRENE b4 fis
ZEVMFE RO FEIRE THIEKIRRELIZB T 5
ALAGEE DFESE - K] « KIKOKEE) O—B & L
T, BRL o 7R OB Z EM L=, K#
HETIE, 209 bRGBIRITHE LT ERARE
IZOWTHET D,
2. AN
ARFGED E/RHINILL T D 3 8 TH D,
JEHE > Y T HUEOK I O BLE O T A7)
ZsR . K E TOKMEBEZE L E B
D RBEGITPE O FkE RS 5,

BUE DKL 2 AR S 572012, R K1 FRETIVT GRIRUT « AU Z Y ZOKI)

SR, OKIMTREE &I, MEEE, K EOHE, SKEYREEEZITI,
KPR RN E 7 K OREEOBEVIKIET VDT A—2 L LT,

IKITHUVERR, IKIERE 21T 9,

ZOBRMEERT DD, 2011 FEDOTER, 2012 E~2014 4ED 3 DMEIZ 7= o TEHUZ THTEBLRIZ EHE L7,

IGY 4 Wf & [ kR . 7 8L xF 2 1% No3l JK i (K ¥
62°36'19.5"N ,140°51'16.4"E, X 1) & L7-,

3. ERpE

Z 2 TCIEKIRB K OHEBEROHERIZOWTEL T, Y BB
FERICONWTHHRET D, [EFMEEIEO 2D KT LI AWS
(HERENE) | REHBIOA v X — L AT E2RE L, 8
%ﬁﬂ%ﬁotomﬂLﬁW®NomZXT 27 (2446m as.l.) fF
Lm%LtAWSﬁ@F%%IZ_TT
mﬂﬂ37~fy@¥@%ﬁﬁ\M%maﬂ%ﬁ?&%@\ﬁ%
AR I%-46.0°C % 308k L 7=, ¥T480 Oymyakon THUEI &S i=F —
2Lt 5 L 10 H~5 HOKIRIX 10CRES W2 ERbhoTz,
(2) MEEROHR

K BEICERE LT 2 BDOA X — )V ATk
2012/13 ¥ — X OEBEN SEBROHES ZH I L=, BEEIXLD
WO LD OFRFHNZER L, RRXESETWTLS 2013 £ 5 A
(ZFEEk S AU, 2446m as.| M TlE 158cm A Fidk L=, KR O
BRN—ETHLHHIL, £DOLEE LTCREKIEDRKER OB AL T
FTWp EEX NS, SEIOBLHKERIL. WEIZFE I 7-8LH
FER L FBROMECH -7, ITAFD Oymyakon THEUH S =7 —#
TS L K EOEEHMMITN 3 »r HREWZ Ebhot,
References
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X2 AWS ZHIFER (2012/13, 2446mas.l.)

(in English), English translation by S.A. Tchoumithev, English version prepared by T. Kameda, T. Shiraiwa, T. Yamada, S.

Takahashi. In Report for the JSPS Grant (B)” by S. Takahashi (16403006), 91-183, 2008.
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Snowfall observations at Yakutsk in East Siberia and at Poker Flat Research Range in Alaska

Naohiko Hirasawa?, Konosuke Sugiura?, Masahiro Hosaka® and Trofim Maximov*
!National Institute of Polar Research
2Toyama University/JAMSTEC, *Meteorological Research Institute,
and “Institute for Biological problems of Cryolithozone (SB RAS)

In association with global warming, the moisture circulation in cryosphere will change. In particular, the change in snow cover
extent and snow cover period will drive so-called the ice-albedo feedback process. When we intend to understand the feedback
process and the evolution of climatic system in the real cryosphere and to study the trajectory of the polar climate system
toward the future, precipitation is one of the key valuables to be measured. However, in spite of the development in accurate
measurement for air temperature, pressure, wind speed and direction, the accuracy of precipitation measurement, especially
that of snowfall, is not sufficiently high. The measurement by gauge, currently generally deployed at observatories of the
world, frequently captures only a portion less than 50% of the true amount of snowfall. The loss in measurement will be
amplified in the polar region because of the lower-temperature condition. Consequently, we have to apply some corrections for
current snowfall data set, and, nevertheless, it is not necessarily sufficient to use for detecting precipitation events, validation
of numerical model, etc. The purpose of this activity is to measure snowfall amount in the Arctic region more accurately to
study precipitation mechanism and climatic change, and to validate numerical models. During the GRENE project, we have
started with the field measurements by disdrometer (LPM manufactured by Thies) at Yakutsk in East Siberia and at Poker Flat
Research Range in Alaska. This presentation will show the time series of the snowfall amount and intensity, and the
characteristics of the snowfall at both the sites.

HIERIR AL I B L CTRIROKEER LB T 5, ZKEOEBHSLEEHNEHOLENITT A A - T ALK -7 1 —
RNy 7 %825 L END, ZOLIRT 4 — KNy 7 ORI Z G D TRIRO X 2 iz >0 T, BT
—HIZHESWTHFL LY &35 L&, BAKTEERBHT —%D—>ThHsb, LrL, ZHET, Kk, KE,
B\ 7 & OBIREE DS EA L CTE 22 ST, K, FRCBRSOBIIREEITE LKW, F—VIC L oBERE
BHICIX, BEICHAST 50% L FORE LGS N/WnZ En37a v, FHNOMB/ NG ORE X, L %EH
REETICH DI CTITHEIE SN TWAEEA 9, fERE LT, BAIIBRTET — X O IE % i3 24 A
HY, INETICHEFEORENEINTETCND, TNTHRE, BEA XY FORHSEMEET VOMRIET
—ZREZIEFF TRV ERH D, ZOMREO BT, bk T, ZHETEY mWEE CRKEDBNT —
2 EEE L, BRSSO, K OHUEET MW RGEEZ1T9 2 & ThdH, GRENE r ¥ =7 FNOMIC,
W RV TOY I —Y 7 LT 7 AHO PFRR IZBWTT 4 A R A—% (LPM, Thies t:%) %M 7-BEEEIHI%
Bt L7z, Z OFETIXmHAICZE T 2BEE&ECEREREORRY], BSOS ER~T,
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ERBIAIC X ZUEFTHROBEEKRPRRCKIET R

KiliseEs B 12, KIFHE 2 K3 %, Hajo Eicken®, Trofim Maximov’
LE A
2 TBEERTF 52 B 7 1
3T G RY KT = TN X [F BRI > £ —
Yo TR T 0TS — AL A R R

—RICFE T T, SRR S V) O ICHIEOWBRIEICEV R H - TH, HMEEZES LOICKEVEDL VB
End, BEE LT, #E & & HICHETOHFSCHERE N E L., &2 WITHAE~DBE KRS ORESCHEEN AT T, H#
REOT IV KENEL L, KRICEREE 5252 12khD, T, FEOKEETT VICLDH-ER T VR ROZE
b2 D & FICHEEHRRIRTET VI RERBENAONTWD, F 7 HERBIIG R 1 X 2T M
DREEIX, WABENE L ROIBHRIETIHENZ ERmon T 5,

F TR TR, BEERMILOT 7 A H (JIS BRIV A D Poker Flat Research Range) B LU 7 (IBPC
BLAIY A R SpasskayaPad) OBT A MZEBWTA VX =2 A T HANWTEHERA~DEFKDOFERELZ T,
MNWTHEONTET—2% b L, EHTHRA~DEZT KOG LD RKRKA~OREM 2 R AT O THRET 5,
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Airborne passive microwave observation of snow covered area in Alaska

Nuerasimuguli Alimasi'?, Hiroyuki Enomoto'* and Takao Kameda®
1, 2 National Institute of Polar Research, Tokyo, Japan
? Kitami Institute of Technology, Hok kaido, Japan
* The Graduate University for Advanced Studies

This study reports the air-borne microwave observation over Alaska and ground measurement at Fairbanks and Poker Flat
research range, and satellite observations. Ice-Albedo feedback system is the main mechanism of Arctic rapid warming. Spring
is the timing of activating this system as snow and sun shine both exist in the Arctic. Climate model has uncertainty in the
snow melting season. For the terrestrial ecosystem studies, end of snow cover and melt water supply are important conditions.
Therefore, snow melting is important information on climate studies. There are many research works of snow survey; however
the observation coverage is not enough in the Arctic to describe spatial patterns and temporal changes. Satellite remote sensing
is available for obtaining snow cover information at the continental scale. At the end before the snow disappears. Diurnal
amplitude variations (DAV) were used to analyses the melting starts. The data was compared with other satellite observations.

eI T, MEMOFAREIZT A AT AR KT 4 — KRy 7 1Lk RERELEZTOERSA TS,
F7o. BEIIKSCERRBICBWTEETH D, ORI OTFKRE(ITE S BRI RS20 0BT/ E Y €
— MU IBENTH D, FEREEROFKE OB TIE, ANELE LS TREOEELZ TR\~ 71
W L 2B T CTE -, MEOBIE 7 /O PITIZLERMEBEIREEN AN D2, Bk s o
FEATIIFYE., WL EORBEEZDZNERD D, L0 EMHZREKEROBIFIIIES NSO
T OHETEDHELHEMND DEELEEBTLLEND D,

Z OWFE TR E TOBRISCEEIEBRINIT 2 5 /iR~ A 7 o lEHEAFHZ L2 FO T T 2 71 O FARLW O it 22
BB 21T 72 > 7=, Fig. 1 1 3BLHIL O #1[ & FRIT/L— b Z2oRd, B Clg el o540 & 20, Bk LT
HICIX, EHIEDNLTWTH 6.9GHz OHEEREITE LK T T2 2 ERMREINT, o, BHABEL L
BSETCIIMEE R (XM L7z, FROBMBRIIE, MR OBEE MR A SN T, 2 s OB R S IKSE
WD~ A 7 a BN b 7= & @R O RSB rT e 2 M 5,

References

Chang, A. T. C., P. Gloersen, T. Schmugge,

T. T. Wilheit, and H. J. Zwally, Microwave

emission from snow and glacier ice, Journal <

of Glaciol, 16, 23-39, 1976. <

Derksen, C. , A. Walker, and B. Goodison,

Evaluation of passive microwave snow | . {

water equivalent retrievals across the boreal

forest/tundra transition of western Canada,

Remote Sens. Environ., vol. 96, No. 3/4, gy A "/v

315-327, 2005. L.~ 0 250500 km — ‘\
. IS E—

Derksen., C., A. W?llker,.B. Goodison, Figure 1. MR & BRI — |

Evaluation of passive microwave snow

water equivalent retrievals across the boreal forest/tundra transition of western Canada, Remote Sensing of Environment, 96,
315-327,2005.


Inoue
タイプライターテキスト
P04-056_Nuerasimuguli.Alimasi

Inoue
タイプライターテキスト


P04-057 Nagatsuka.Naoko

Sr-Nd Rl Z AW BB EF X X b DR IRHEE

KEHT L, BIERY HART L, BWEss ] AR e
[ AT I T
2 Fuik
R T

Variations in Sr and Nd isotopic ratios of mineral dust in Arctic snow

Naoko NAGATSUKA!, Yoshimi OGAWA-TSUKAGAWA', Kumiko GOTO-AZUMA?, Konozuke SUGIURA?,
Hiroyuki ENOMOTO" and Takanori NAKANO?
National Institute of Polar Research
*Toyama University
®Research Institute for Humanity and Nature

Snow and ice in the Arctic contain various atmospheric aerosols, such as soot and mineral dust. These light-absorbing
impurities can reduce surface albedo and affect melting of seasonal snow cover and glaciers. Thus, it is important to
understand how these impurities were supplied to snow deposited in the Arctic.

Stable isotopic ratios of strontium (Sr) and neodymium (Nd) provide a means of identifying sources of substances and have
been commonly used in loess or sediment studiesl. In this study, we analyzed Sr and Nd isotopic ratio of the mineral dust
collected from snow in several Arctic regions (Siberia, Mongol, Alaska, and Greenland).

The Sr and Nd isotopic ratios of mineral dust in Arctic snow showed geographical variations among the sampling sites. The
dust collected from snow in Mongol showed higher Sr and lower Nd values, while those in Greenland showed higher Sr and
lower Nd values. This suggests that origins of mineral dust in snow are substantially different among the regions. Compared
with the isotopic ratios of loess, desert sand, soil, and moraine reported over the regions, those of the dust from Mongolia and
Greenland were close to those of respective regions. This result indicates that mineral dust in snow from the two sampling sites
were mainly derived from surrounding regions. On the other hand, the isotopic ratios of dust in Alaskan snow were close to
those of deserts in Kazakhstan and Taklamakan Desert, suggesting that the mineral dust was transported from such distant
deserts to Alaska.
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Surface mass balance of Arctic glaciers: past and future trends

Yong Zhang', Hiroyuki Enomoto', Tetsuo Ohata', Hideyuki Kitabata?, Tsutomu Kadota?, Yukiko Hirabayashi®
! Arctic Environment Research Center, National Institute of Polar Research, Tokyo 190-8518, Japan
2 Japan Agency for Marin-Earth Science and Technology, Yokohama 237-0061, Japan
3 Institute of Engineering Innovation, The University of Tokyo, Tokyo 113-8656, Japan

Glaciers and ice caps, one of the main components of the Arctic cryosphere, cover an area of 439 617 km? (about half of the
world’s glaciers and ice caps; Figure 1). These glaciers and ice caps are a major contributor to the eustatic component of global
sea level rise, and have impacts on water supplies, water quality, hydroelectric power generation, flood hazards, and ocean
circulation patterns. Note that most of the current mass loss from the Arctic glaciers is probably attributable to a change in the
surface mass balance. These mass losses are expected to increase in the future, as these glaciers are located in the region of
highest predicted air temperature increase during the coming decades. Hence, for better understanding what past and future
fluctuations of glacier behavior imply for their atmospheric forcing on multi-decadal scale and impact on sea level rise, there is
an urgent need for the assessment of past and future glacier mass balance in the Arctic region. In this study, we attempt to
estimate the past and future variations in glacier mass balance using daily near-surface air temperature and precipitation
from12 Global Climate Models in combination with a surface mass balance model. Then, the study attempts to analyze the
response of Arctic glaciers to climate change, the role of these glaciers in the Arctic climate system, and the contribution of
glaciers to global sea level rise. Through such work, we can well understand the Arctic glacier behavior and the role of these
glaciers in the Arctic climate system, and fill the major knowledge gaps in quantifying rates of glacier wastage, future trends
and its impacts.

Figure 1 Map of Arctic glaciers and ice caps.
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Application of a distributed surface mass balance model to ice caps in northwestern Greenland

Keiko Konya®, Jun Saito?, Mihiro Maruyama? and Shin Sugiyama®
LJapan Agency of Marine-Earth Science and Technology
?Institute of Low Temperature Science, Hokkaido University

Background

Ice caps and glaciers (GICs) existing along the coastal margin of Greenland are losing ice under the influence of recent
atmospheric warming, resulting in significant contribution to sea level rise. Northwestern Greenland is one of the areas that
experienced large amount of ice mass loss over the last decades. The surface ice loss has been accelerated in recent years
(Khan et al., 2010). Bolch el al., (2013) estimated with satellite images of ICESat that surface mass balance of the coastal GICs
in northwestern Greenland was - 0.60 m a™ and that of all coastal GICs was — 0.45 m a™ from 2003 to 2008. Saito et al.,
(submitted) examined the surface level change of some ice caps in northwestern Greenland more precisely with satellite
images by ALOS (Advanced Land Observing Satellite) PRISM and found that the surface change of some ice caps in
northwestern Greenland was — 1.1 m a™*. We have estimated annual mass balance of some ice caps in northwestern Greenland.

Study site

The studied area is near Qaanaaq (77°28’N, 69°13’W). The studied five ice caps are the Qaanaaq Ice Cap (QIC), the Hurlbut
Ice Cap (HIC), the Five Glacier Dal Ice Cap (FGDIC), the Kiatak Ice Cap (KIC) and Steensby Land Ice Cap (SLIC) in
northwestern Greenland. The Equilibrium line altitude (ELA) of QIC was 819 - 864 m a.s.l. in 2012 - 2014 (Maruyama, 2015).
Thule climate station (77.2N, 68.4W, hereafter TCS), which is one of the long-term running climate stations in Greenland,
situates about 100 km south to Qaanaag. It is near the Qaanaaq air base and at the altitude of 59 m a.s.l.. The weather station,
called sigma-b, was installed on QIC in 2012 (Aoki et al., 2014). The stakes observation was conducted on the outlet glacier of
QIC during 2012 - 2015 (Sugiyama et al., 2014; Maruyama, 2015).

Climate of the region

Air temperature at TCS has been increasing gradually. The increasing rate of air temperature, obtained from linear
approximation, is + 0.08 °C a™ from 1980 to 2014. Mean air temperature at TCS during 1980 — 2014 was -10.7 °C. Air
temperature lapse rate between TCS and sigma-b was — 4.8 and — 4.9 °C Km'* for summer 2012 and 2013, respectively.
Annual precipitation does not show a wide change since 1980. July and August are months of high precipitation revealed by
the monthly precipitation from 2000 to 2014 at TCS. The mean annual precipitation at TCS during 1982 — 2014 was 163.7 mm

al.

Mass balance model

The mass balance was calculated with the mass balance model of Distributed Enhanced Temperature-Index Model (DeTIM)
(Hock, 1999). The model is able to compute spatial variations of surface mass balance for the ice caps. We used a 500 m
gridded digital elevation model and surface condition of snow or ice of the ice caps derived from Advanced Land Observing
Satellite (ALOS) PRISM data (Saito et al., submitted). Air temperature with lapse rate and precipitation at TCS were used as
input of the model. The model was tuned with in-situ stakes data obtained on the Qaanaaq ice cap in 2012-2015.

Result and discussion

Annual mass balance of QIC was consistently negative from 2000 to 2015. The mass balance for the whole area agreed with
the satellite data (Saito et al., submitted) for QIC, FGDIC and HIC. However, the model calculation overestimated the satellite
data for KIC and SLIC. The surface of KIC and SLIC are covered with fresh snow. Therefore, the surface albedo of KIC and
SLIC are higher than other ice caps (Saito et al., submitted). Since KIC and SLIC exist near the coast, KIC and SLIC are
probably under maritime climate more than QIC, FGDIC and HIC.

Conclusion
The mass balance of ice caps in northwestern Greenland was estimated with a mass balance model. The tuning factors for
ablation require higher value than typical value, which shows that the ice cap experienced high ablation recently. The result of
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the calculation shows similar spatial variation to the observed data with stakes. On the other hand, the model results show large
variety among ice caps. The reason of difference between the ice caps is possibly due to albedo difference.
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Modeling the flow dynamics of Bowdoin Glacier, Qaanaaq region, northwestern Greenland

Hakime Seddik?®, Ralf Greve?, Shin Sugiyama?, Daiki Sakakibaral? and Shun Tsutaki®®
!nstitute of Low Temperature Science, Hokkaido University, Sapporo, Japan
2Graduate School of Environmental Science, Hokkaido University, Sapporo, Japan
SArctic Environment Research Center, National Institute of Polar Research, Tokyo, Japan

The Greenland ice sheet is losing mass at a rate increasing over the last decades. In this mass loss a predominant role is played
by surface melt and ice discharge from accelerating marine-terminating outlet glaciers. It is thus essential to better understand
the dynamics of these outlet glaciers. Located 30 km northeast of Qaanaaq in northwestern Greenland, Bowdoin Glacier (77°41'N,
68°35'W) is a fjord-terminating glacier which was intensively surveyed in the GRENE field campaigns in summer 2013, 2014
and 2015. Complementary to this work, we used the three-dimensional, full Stokes model Elmer/ice (Gagliardini and others,
2013; elmerice.elmerfem.org) to investigate the flow dynamics of Bowdoin Glacier. Bowdoin Glacier was relatively stable for
more than 20 years before 2008. Since then it has been retreating rapidly and its speed has fluctuated frequently. Using the
available observational data, we modeled the glacier flow and investigated its sensitivity to external forcing. We applied a control
inverse method to infer the present-day spatial distribution of the basal friction coefficient from the measured surface velocities
(Sugiyama and others, 2015). We performed sensitivity experiments by applying basal perturbations, i.e., increased basal
lubrication, and by changing the sea level at the glacier front. Glacier ice flow was sensitive to moderate basal perturbations
(10% decrease in the basal friction coefficient). This suggests that ice flow is affected by rapid short-term variations in air
temperature and precipitation. More interestingly, glacier ice flow near the glacier front varies significantly with sea tides. Flow
accelerates with falling tides and slows with rising tides. Investigation of the stress regime driving ice deformation revealed a
complex combination of lateral shearing that supports the glacier and longitudinal stress (glacier ice extension) that interacts
with the hydrostatic pressure acting on the calving front. We therefore demonstrated that the dynamics of Bowdoin Glacier is
sensitive to small perturbations occurring at the glacier base and at the calving front.
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Structural Uncertainties in Simulated Projection of Greenland ice sheet

SAITO Fuyuki', Ayako ABE-OUCHI?** and Kunio TAKAHASHI*
1Japan Agency for Marine-Earth Science and Technology
Atmosphere Ocean Research Institute, University of Tokyo

One of the major uncertainties in the numerical simulation of ice-sheets is the way to describe the basal sliding because of
difficulty in its observation. Recently more and more modeling studies use a technique to adjust the coefficients of their basal
sliding parameterization to obtain particular data fields, such as geometry and/or surface velocity, which are acceptably close
to the observation. Although there may be a certain limit of its application, such methods to optimize the present-day
simulation will be more an important technique, especially for a short-term (century-scale) future projection of the Greenland
ice sheet.

There have been several techniques to “inverse' the basal sliding coefficients field. Pollard and DeConto (2012) present a
general and simple method to deduce spatial distribution of basal sliding coefficients to reduce the errors in simulated surface
topography that can be applied to any type of ice sheet model. In this method, the model is run forward in time, and the basal
sliding coefficient at each grid point is periodically adjusted depending on the amount of error in the ice surface elevation
compared to the observation.

This study revisits the future surface-climate experiments of Greenland ice sheet proposed by the SeaRISE (Bindschadler et al,
2013). Series of the sensitivity experiments are reexamined using an ice-sheet model ICIES with replacing the spatially
uniform basal sliding coefficients to a field obtained by the optimization following Pollard and DeConto (2012). Results will
be presented in comparison to the impact on the simulation due to other uncertainties such as initialization methods, surface
mass balance methods and so on.
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Impacts of future climate change on the carbon budget of northern
high-latitude terrestrial ecosystems: an analysis using ISI-MIP data

Akihiko Ito %, Kazuya Nishina * and Hibiki M. Noda *
! National Institute for Environmental Studies
2 Japan Agency for Marine-Earth Science and Technology

This study assesses future changes in the carbon budgets of northern terrestrial ecosystems (above 60°N) using data from the
Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP). By analyzing simulations from seven biome models driven by
five climate scenarios under two representative concentration pathways (RCP2.6 and RCP8.5), the range of responses and their
uncertainty in the 21st century was evaluated. The biome models consistently simulated a gradual increase in vegetation
productivity driven by an elevated atmospheric CO, concentration and a longer growing period. By the 2090s, most
simulations showed average net carbon uptake into the northern terrestrial ecosystems of +27 Pg C for RCP2.6 and +48 Pg C
for RCP8.5. These estimates showed a wide range of variability among simulations, especially for soil carbon stocks. Even
under low greenhouse gas concentrations (RCP2.6), most simulations indicated that vegetation productivity and biomass
would change by more than 10%, implying that it will be difficult to completely prevent climatic impacts in northern regions.
Simulated spatial patterns and seasonality in the carbon budget can be used to identify sensitive areas and seasons, allowing for
improved monitoring. Further research combining observations and modeling will be required to reduce estimation uncertainty
and devise ecosystem management options.
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High-resolution CO, flux inversion model for regional study in Siberia
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We develop and test an iterative inversion framework that is designed for estimating surface CO, fluxes at
a high spatial resolution using a Lagrangian-Eulerian coupled tracer transport model and atmospheric CO2
data collected by the global in-situ network and satellite observations. In our inverse modeling system, we
employ the Lagrangian particle dispersion model FLEXPART that was coupled to the Eulerian atmospheric
tracer transport model (NIES-TM). We also derived an adjoint of the coupled model. Weekly corrections to
prior fluxes are calculated at a spatial resolution of the FLEXPART-simulated surface flux responses (0.1
degree). To obtain a best fit to the observations we tested a set of optimization algorithms, including quasi-
Newtonian algorithms and implicitly restarted Lanczos method. The square root of covariance matrix for
surface fluxes is implemented as implicit diffusion operator, while the adjoint of it is derived using
automatic code differentiation tool. The prior flux uncertainty for terrestrial biosphere is scaled
proportionally to monthly mean GPP by MODIS product MOD17. The model was applied to assimilating
one year of Obspack data, and produced satisfactory flux correction results. Regional version of the model
was applied to inverse model analysis of the CO, flux distribution in West Siberia using continuous CO2
observation data by tower observation network JR-Station.
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Simulation of CO;, and CHy, in the subarctic using coupled Eulerian-Lagrangian model
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“National Institute for Environmental Studies, Tsukuba, Japan
*Tomsk State University, Tomsk, Russia
*Central Aerological Observatory, Dolgoprudny, Russia
*Tohoku University, Sendai, Japan

The subarctic is a region in the Northern Hemisphere south of the Arctic and covering much of Alaska, Canada, Iceland, the
north of Scandinavia, Siberia, and the Shetland Islands. Generally, subarctic regions fall between 50°N and 70°N latitude,
depending on local climates. The subarctic regions contain large amounts of plant biomass and soil organic carbon, so these
regions are the largest carbon reservoirs in the world with a substantial source and sink of CO, and CH,4. The magnitude and
distribution of CO, and CH, fluxes are still uncertain, so accurate estimation of carbon fluxes and study of CO, and CH,
seasonal cycles in the subarctic regions are essential.

In this work, we use forward simulation employing the Global Eulerian—Lagrangian Coupled Atmospheric (GELCA; Ganshin
et al. 2012) model in order to estimate CO, and CH, seasonal cycles in the subarctic. GELCA consists of an Eulerian National
Institute for Environmental Studies global Transport Model (NIES-TM; Belikov et al., 2011) and a Lagrangian particle
dispersion model (FLEXPART; Stohl et al., 2005). This approach utilizes the accurate transport of the Lagrangian model to
calculate the signal near to the receptors, and efficient calculation of background concentrations using the Eulerian global
transport model.

We setup a long simulation period to obtain a better understanding of the role of emissions (using a set of CO, and CHy
emissions scenarios), and transport model characteristics, such as the stratosphere/troposphere exchange and tracers
concentration variations in the troposphere. We also analyzed modeled and observed long and short-term trend, seasonal cycle
of CO, and CH,.

Model results were compared with observations from the World Data Centre for Greenhouse Gases (WDCGG 2015) and the
Siberian observations obtained by the Center for Global Environmental Research (CGER) of the National Institute for
Environmental Studies (NIES) and the Russian Academy of Science (RAS), from six tower sites (JR-STATION) as described
by Sasakawa et al. (2010).

The analyses have shown that CELGA is effective in capturing the seasonal variability of atmospheric tracer at observation
sites strongly influenced by local emissions and global transport at the same time.
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Assessment of ACTM global model performance using CONTRAIL aircraft observations of
greenhouse gases
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Concentrations of greenhouse gases in the upper troposphere are influenced by surface fluxes, vertical mixing in the
troposphere, stratosphere-troposphere exchange (STE) and their chemical losses. This study presents an analysis of the
measurements of Carbon dioxide (CO,), Methane (CHy), Nitrous Oxide (N,O) and Sulfur hexafluoride (SF¢) from CONTRAIL
aircraft observations over western pacific and northern Eurasia regions in the upper troposphere for the period during 2012-
2014 compared with the simulations by JAMSTEC’s atmospheric chemistry-transport model (ACTM). Air sample collections
onboard the Japan Airlines (JAL) aircrafts have been carried out using the Automatic air Sampling Equipment (ASE)
(Machida et al., 2008; Matsueda et al., 2008) and the Manual air Sampling Equipment (MSE). In this study we used observed
results from the flights between Narita (NRT), Japan to Sydney (SYD) and between Paris (France) and Haneda (Japan), and
only from February and May in 2013 between Moscow (Russia) and Narita (Japan). We used the ACTM for forward
simulations is run with horizontal resolution of T42 (~2.8 x 2.8°), 67 sigma-pressure vertical levels for CO,, CHy, N,O and
SFe (Patra et al., 2011; Patra et al, 2016, Ishijima et al., 2010; Patra et al., 2009).

Figures 1 shows the latitudinal annual averages calculated at latitude of 6° bin for the period 2012-2014. It is clear that the
higher values of concentrations of these gases were observed in the northern hemisphere as compared to the southern
hemisphere, which are well reproduced by the global model simulations. But there are some model-observation mismatches
observed in the extra tropics in both hemispheres. These are likely to be due to the stratosphere—troposphere exchange or
north-south emission balance of these gases in the model. Lower concentrations are observed for all species around 30°N,
which the model overestimates slightly due to uncertainties in transport around the tropopause modelled by ACTM.

Figure 1: Latitudinal distributions of annual average of the concentrations of greenhouse gases over CONTRAIL aircraft observations along
with the model comparisons for the period 2012-2014. Blue lines shows observations and red represents ACTM model

The north-south gradient (mean of values north of 20°N — mean of values south of 20°S) of CO, is 1.3ppm in observations
and ~1pm in model, for CH, that is 30 and 45 ppb, respectively, for observations and model, gradient for N,O are 0.6ppb and
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1ppb, respectively, and SFs, gradients are 0.17ppt for both the model and observation. In order to understand the relationship
between model and observations correlation coefficients are calculated at each latitude bin having the higher correlations for
CO, and SF¢ with nearly ~0.9, and for N,O it is nearly ~0.8 where as in the case of CH, correlation at each latitude band is
variable with minimum correlations among all the species with nearly ~0.6. The analysis of greenhouse gases over northern
mid-latitudes observed the higher mixing ratios along with the higher variabilities in all the species. The model reproduces the
observed variations relatively well, especially for the timing of the high and lower values of the mixing ratios but sometimes
with weaker amplitudes
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Analysis of atmospheric methane from Siberian tower observation using chemistry transport model
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Atmospheric methane (CHy) is a strong greenhouse gas and short-lived climate forcer (SLCF), which is present naturally in the
Earth’s atmosphere, but the amount in the atmosphere has been dramatically increased due to anthropogenic sources especially
after industrialization in the 18th century. Such coexistence of both natural and anthropogenic sources at the present make it
difficult to quantitatively understand CH4 cycles on the globe. For example, CH4 concentration was increasing in 1990s,
became stable in 2000s, and began to increase again from 2007, but discussions on what caused the inter-decadal variations
remain intriguing. On the other hand, it is well known that wetlands are the largest natural source of CH4. Wetlands in Arctic
regions have been recently receiving remarkable attention, because high-latitude regions are more sensitive to global warming
than low-latitudes, possibly enhancing CH4 emissions there. West Siberian wetlands alone are estimated to contribute 2% at a
maximum to the global CH4 budget.

In order to monitor atmospheric CHy variability, continuous measurements of CH4 concentration from an expanded network of
towers (JR-STATION: Japan—Russia Siberian Tall Tower Inland Observation Network; Sasakawa et al., 2010) have been
conducted mainly in West Siberia since 2004. A previous study on the measurements has revealed that CH4 concentration has
large diurnal and seasonal variability, which are driven by seasonally varying wetlands and fossil fuel emissions as well as by
significant diurnal and seasonal variations of planetary boundary layer height (PBLH). Chemistry transport model can be a
useful tool to understand atmospheric CH4 variations, but model simulation for the JR-STATION seems to be slightly
challenging, since the stations are significantly affected by local sources and PBLH variability (Sasakawa et al., 2010), which
in some cases need higher horizontal and vertical resolutions of the model to simulate.
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Figure 1. Monthly mean CH4 of JR-STATION observation (obs) and the ACTM simulations for the period 2004-2013. 9 stations in the
upper rows and others represent the results for the JR-STATION and for coastal stations, respectively. Model results are obtained as follows;
Ctl-LR&HR: simulated by normal (LR) and high (HR) resolution ACTM with emissions by Patra et al (2011), Optl1&2: emissions by two

different types of source balance optimization, Inv: emissions estimated by regional inversion (Patra et al., 2016).
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In this study, we compare results simulated by the CCSR/NIES/FRCGC Atmospheric General Circulation Model based
Chemistry Transport Model (ACTM; Patra et al., 2009; 2011) with several types of CH4 emission inventories including the
estimations by a process-based biogeochemical model (Ito and Inatomi, 2012) and by atmospheric inversions (Patra et al.,
2016), and try to understand the driving factors for observed atmospheric CH4 variations. Diurnal cycles are generally
reproduced by ACTM, but, in summer, when the amplitudes are maximized by enhanced wetland emission and by large
planetary boundary layer variability driven by large diurnal temperature change, disagreement for the amplitude and maximum
timing between model and observation are found especially at stations located near wetlands (BRZ, KRS, IGR, NOY, and
DEM). Seasonal cycles are compared using monthly means of daytime data (Fig.1). General tendency of observation of
minimum in summer and maximum in winter is reproduced by model. However, wetland emission signals in summer at
stations in wetter areas (KRS, NOY, and DEN) are missed by model cases of Optl and Inv. Also local anthropogenic
emissions are underestimated at stations, less affected by the wetland emissions (IGR and SVV).
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High-precision continuous measurements of the atmospheric oxygen/nitrogen ratio and
atmospheric potential oxygen at Ny-Alesund, Svalbard
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Simultaneous observations of atmospheric O, (defined as O,/N; ratio) and CO, concentrations provide valuable
information for understanding the global carbon cycle. Atmospheric Potential Oxygen (APO) defined as APO=0,+1.1XCO,
(O, and CO; represent the O,/N, ratio and the CO, concentration, respectively), which is conservative for land biospheric
activities but variable by ocean-atmosphere O, exchange, can also be used to evaluate the air-sea O, flux. Therefore, several
laboratories have developed precise measurement systems for the O,/N, ratio and carried out systematic observations since the
early 1990s. To elucidate the role of the Arctic region in the global carbon cycle in terms of atmospheric O,, we developed a
continuous measurement system using a differential fuel-cell O, analyzer, and initiated systematic observation at Ny-Alesund
(78°55°N, 11°56°E), Svalbard in November 2012 for the first continuous operation in the Arctic region. We report the results
obtained from the first two years of measurement.

The 0,/N, ratio observed at Ny-Alesund shows a clear seasonal cycle with peak-to-peak amplitude of about 140 per meg,
which reaches a minimum in late March to early April and a maximum in August. The CO, concentration also varies
seasonally, showing the amplitude of 17 ppm, but the phase is opposite to the O,/N, ratio. APO shows the clear seasonal cycle
similar to the O,/N; ratio, and the amplitude is 55 per meg. In addition to the seasonal cycle, short-term variations on a
timescale of several hours to several days are clearly observed. In spring and early summer, the O,/N; ratio shows irregular
fluctuations with the amplitude of 30-70 per meg (approximately corresponding to 6-15 ppm in mole fraction). Similar
fluctuations are also found for the CO; concentration, but the phase is opposite to the O,/N; ratio, and their amplitudes are 5
ppm at most. Irregular fluctuations of APO indicate the amplitude to be 20-50 per meg. From the comparison of backward
trajectories of air parcels, as well as of the results of the tagged-tracer experiments using an atmospheric transport model, with
the distribution of marine biological net primary production (NPP), it is suggested that such fluctuations of APO are closely
related to O, emissions due to marine biological activities in the Norwegian Sea, the Greenland Sea and/or the Barents Sea.
Sea-to-air O, flux is roughly estimated to be 1.4x10° umol m™ day™ based on a fluctuation event of APO observed on June
17-19, 2013. The net community production (NCP) expected from the estimated O, flux is estimated to be 1.2x10* mgC m™
day™, which is in good agreement with satellite-derived NPP within an order of magnitude. This suggests that in-situ
continuous observation of APO at Ny-Alesund is useful for estimating NCP and/or for validating the satellite-derived NPP
data.
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Variations in atmospheric CO,, CH,4, CO and BC on Rishiri Island, northern Japan
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Continuous measurements of atmospheric CO,, CH,, and CO were made using a Cavity Ring-Down Spectrometer (CRDS
analyzer G1401, Picarro, USA) along with the measurements of equivalent black carbon (eBC), 222Rn, and Oj; in the seasonal
snowpack area in northern Japan (Rishiri Island, 45°07'N, 141°11'E, 40 m asl) since December 2012. Atmospheric CO,
varied from diurnal to inter-annual time scales. During a diurnal variation atmsopheric CO, is positively correlated with ***Rn,
indicating CO, and ***Rn emission into the nocturnal boundary layer. On the basis of positive relationship between CO, and
222Rn and **Rn exhalation rate from Rishiri Island, CO, flux from ecosystem was estimated to be low in winter (less than 1
umol m” s™) and high in summer (larger than 4 pmol m” s™) (Q;¢=3.0, H Yoshikawa-Inoue and Zhu, 2013). Seasonally, the
maximum CO, mixing ratio appeared in the beginning of April, and the minimum in the middle of August. This seasonal
variation implied the natural cycle of terrestrial biological activities of the boreal forest, mostly in the east Eurasia (Zhu et al.,
2015). During the diurnal variation, we found a good negative relationship between CO, and CH, throughout the year,
suggesting CH, uptake by the surface. And we also found a good negative relationship between CO, and CO in spring. In
summer CO remained fairly constant against the increases in CO, mixing ratio.These results suggest decomposition process
caused by the biological activities and the (thermal) production of CO. Over a few days, atmospheric CO, sometimes showed a
positive correlation with CH4, CO, and eBC. High concentration events lasting over hours are caused by the long-range
transport of air mass contaminated over the Eurasia continent. Back trajectory analysis indicates that air mass originated from
latitudinal zones of Eurasia continent equal to or lower than Rishiri Island or moved from northwest over Eurasia continent to
Rishiri Island. The former could be caused by the anthropogenic sources and the latter at least partially by biomass burning
over Siberia (Zhu et al., 2014). It is necessary to measure these greenhouse gases and eBC to examine variations in sources in
mid- to high- latitudes.

2012 4F 12 A X0 FEEHKRCTH HAbmEF S (45°07'N, 141°11'E, 40 m asl) (ZBWT, ¥ tET7 44U 74
7 AT RV HTEE (CRDS analyzer G1401, Picarro, USA) # W T RK&AH O “ffbik#E (CO,) . A X
(CHy) MO —BALRFB(CO)DREEZ, 7T v 7 1—R> (equivalent BC) . 7 F(*Rn), > (05) &&b
(AR AT » C&E T2y, KA D COy IZAMBIELICE LR Ay — /L CEE LTZ, HlziE, AZLOBICITR
KD CO, EEEIL *PRn BELEOMMBARLANLEH L, 20 L%, KEOBEMEL R ~0 11 LA
I2k % CO, & R O AR LTS, HZERICEIT S CO, & *Rn OREOIEDOFRE & R B2 5 0 *Rn it
7T v 7 AN E SN\ T, BEEAERER LD CO, 7T v 7 AFEAFEITEL (<1 pmol m? s, EFEICHE N (>4
pmol m? s Z & 23R E472(Q10=3.0 H, Yoshikawa-Inoue and Zhu, 2013), K& T D CO, #EI% 4 A WAICHK, 8 H
HAICH/NE R L, ZTOREOFEL &I FIC2—TF 7 KEoke ALY Xl Tz (Zhu et al,
2015) . HZALD72)>T CHy IXZTFEMAZE LT CO, LADHBEA R LTz, 2O Z LiX, FIEOMFEEL CH,
DI ThHhHIEERLTNWD, ZO—JT CO ITHEZFEIZ CO, L OADFEENIIZRD b bEHmNH -7
D, BRIZIZEF-Z 0 & LHEMITA N oTz, ZRHDOZ &%, N7 T U TIZL D CHy D4 fiF & BVl CO
ARBREOTFEICL AT EE LN, £72, Pl & bHEFHOM,. K&KH o Co, 1%, CH,, CO, £L T
eBC L IEOMBEZRTHAND 72, IO > TR T2 2 9 LERBEEA XV ML, 22— v T KET
B D B A Z T - BSMOREHRSIC L > ol &R aND LS ND, %ITRPRIENTIC L, miEE
AR MR LRI, = — T 7 K RICRIRE &R UaMROEE R ICER A A3 556 (N&EFREE
) LA LRRBICBET 50 b o7, BEITDVRL L —IT N THRMAKORELZ T T
EBZBND, BRORMBEEACITHE D FAEROZERP), B2 b Z I TWS ZEREETH S,
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ALRBIRIZ 1T D K& H NLO isotopocule D BFZ2 [ 45 4f

B POORPE T MTHEES 2 mIEEHEE 2. ARAET] S, Doug Worthy*, 7 RS °, & AL
LR T AR T
2 [F] S BRI
S HIE AP
b Y BRI AT
> EIERFZE B TS HE%
S H T AHERA AT

—Hfk —ZHE (N,O) (IXTEE T CO, DI 220 fi5 DI 2 & DML RAUA, pE & TiE CFC DMk
BHEERTY VEMENE L LTS5 TS (Ravishankara et al., 2009) ., SEREHHEEE X 2011 4EHAE TR
324 ppb (nmol mol™)T&% Y | 0.73 ppb yr* THIML TV % (IPCC, 2013) . N,O (ZIEH58, ¥Eifre & RIRDIE AR &
BE NA T RRBE7 EONBRERPMONTEY , ZOSL BMAEDRRE L Bbo Tna, ERERELT
BB 3BT DRSS TH D,

N,O 1XIERFR Dy -1 (NNO) Z & 27, 3 FIHNOD PN A b BET 5 & flix ORI IKE STy 1-F

(isotopocule) MTFET 5, ZiL5 isotopocule D BIRTFIELLIT N,O OEJFRCARK « THIEGEAR OWEI TS U T
#4252 &b, RERICKOHEICHEDRBETH D, ZHETIC 10-30 FERREFES T - EiE KR REHOM
W7 vy (JIFEE) PIRFEINZIRE 100 FIZBLSKKOS, 5 WIHEEERKRE=42 ) 7Ic &
v isotopocule HLDFRAEZAL AN EE SHL. MN ICETe T8V NO Z 4 2 38 420HAY N,O S DN %5 LT
WD ZERPLNTR o7, LavL, RRFITET Dilkkery 2 @BRIEHIR 5 T\ %,

HIVOIUE 1999 S Il - BRI S, 2005 FEN LT RY T - SRV ENL RS EZEIZEBWTREEE R
L T N,O isotopocule DM 217> CWvA28, GRENE 7Y =7 hTIXEBICHFTF « Fy—F /L CHREENT=
HFRZRAE OSSP BB L, AU 28 A TIRIESFHRONEICH D ALMmE o 2 #is (Figure 1) (231 2811 %
179 & Ebiz, WEZBEMEL THotrozh=:1tk - @kELE X >7-, /AT E/LAZ(B5 N, 83° E)TIEH 1 [H],
L 2EHE 2 VT 500m 38 KO8 7000m D KRR A H T ABEITIMERRE L [ENZBREEHF T N,O % & T FiiEpk
Sy DPRFESHT 24T - 72tk BT RIZT isotopocule p#ricfli L7z, ¥ —F L (59° N, 94° W) TiIh X EREEH
WRGEATIC L Vi 2 EOMERY 7 7 L KFEERR D ORE ST ITHOINTWAER, 209 bIRET 1 &R k%
BATH T ARGTTELT A Y FARX =2 VBT LT,

JRTENA T GE 500m & F - —F D N,O REBID
isotopocule FEDORRAEZALITIFIE—F L, JREAH 0.8 ppbv yrt
THEML7Z0WER L, N7 EHERAEL (BN
14N14N160 &:;d..é—é 14N15N160 IFSJ:U“ 15N14N160 O)ﬁﬁtt@qz
%) 1349 0.04%0 yrt TR Lz, —J. EEEREMIAL (8%0) |
BN-site preference (SP, “NY“N*0 (zxt4 % “NPN™O F L
BNUNYO DFEER D7) OREME(LIZIEF IS/ NS otz
SN DI ME T b b OB RN BT 2B 7 1 v
YHEDMOHE TOMIEE MR-, BERLEDOALHK
HEROFGENEES>TVD I ERMHEEND LN, L, /
MY ENAZ TIEEEICKDHAERNA B, 500m Ti 2014
AELARES N oo Ji /B 81 2350 3 B IR BE DS B LTz, KRB
ETFNVICLED Y I 2 b—va VR L DR BTV OO Z D
JRIN % #aim T 5.

Ocean Dita View

180°E
Figure 1. ARBFEOFEHR LA
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ARRIEIZ BT DEFEA Z L BLO—BLZERDIRE & isotopocule D53AA

Bmget, TREEAGE L Florian Breider', fliAm AL IWHEER Y FHIMEL M2, B 3. vz 3 GHEHES 3,
EINAGES, ARzt FIREE Y mEESEA S, NER°, FNHEEE®
o W
2 T A IERA B
S S LF
b JEA B R B
S R TE R A FE %

A B (CHy) & —Mfb—%F (N,O) IFREHRKETHY ., N,O ITRERETHLAY U EYE L L CEE,
L& TH D (IPCC, 2013; Ravishankara et al., 2009) . CH; & N,O O K& AR IO FHR T (b
Berp EONAREFRLEEZ LN TVEN, ZHOHRMKITEDBRRETH AR « Mk LiEEZ &0 4« O3 AR
HNTEY, BRI ARMEEENEZ SN TS, JEE TIEW < D0 OWIRICB W TEEAT O CH, & N0
MREUK L CRATFI TIHREL TWA Z ERHE I TV A A (Kitidis et al., 2010 and references therein) . Z D4
RSP R~ D IR & L C oAb O BARIZHE A TV RV, KIFZE T, N—U 7B L OF ¥ 7 FHEIC
B DT CHy & N,O DR LOSRE DA 2B 65 0c T 5 & & b, isotopocule (**CH4, CH3D, "NNO, N*NO,
and NN'O ® L 5 (2D 2 R ERINLAR TR SN2 1) OIFEEICE SN T IS DR - EHoETe & it 4
HT EEHME LT,

HEKEEHT 2012-2015 4FD 8-9 HIZ GRENE ' v = 7 h D F& 5 WMt (MR12-E03, MR13-06, MR14-05, MR-15-
03) ZFH L CENETN 14-22 P CEREE = (Figure 1) , #5122 2012 FEiZF v T 4 Vo 7 F o 046k %2
W2 CHy IRE O BIGHAEBLR & O ik 51T 5 72 IR
HiPHTHEE EITKE 5m B A 8K EITo T2,

A1F CH, D2 1X GC-FID, isotopocule thiZ A7 m
~ N7 T 7-[Ef R E & ER (GC- IRMS) %
WIE N,O X2 isotopocule ft& $1Z GC-IRMS %
HAWTHRIE LTz,

2012 35 LU0 2013 B S 72 CHy & NO O

FEIXZENF 05-485 nmol/kg.  9.3-49.0 nmol/kg &

#HHICH D, 1T E A EDORETREITH L iR

Tholo, mOHBENED - ZDIE 2013 4 Kt

DEVVEIE(72.7°N, 168.2°W) T, CH, & N,O DEIF

EiXZEn<ih 1281%, 306% TH Y., Z i FE Tt
WCTHESNTEEY bE2o72, CHy & NO O
FERRRITAKBDOTENAEORBE-ITHEEBTH A

DTN, MRERDEEIILT LS B Lo

7o THUHDFERIT, CHy & N,O AR AN i [ HEFE

WHIZT TR <L KETHRE TS Z L &RRT gy 1. ABFEOREHRIILA, 7 & IZBHT LT
%, isotopocule AT HIX, NO OEJENSEWVE] 3. @Aa-TCWBE L5 5,
MREBRBONHRTIXR D Z LR EnT,
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Atmospheric CH4 distributions observed during Arctic cruises of R/V Mirai in 2012-2015
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Several researches pointed out the concern that methane emissions in the Arctic region would increase in near future due to
global warming. To investigate the CH4 potential sources in the Arctic region, continuous measurements of the atmospheric
CH4 were conducted onboard a R/V Mirai during 4 Arctic cruises: MR12-E03 (Sep. 3-Oct. 17, 2012), MR13-06 (Aug. 28-Oct.
17,2013), MR14-05 (Aug. 31-Oct.10, 2014), MR15-03(Aug. 23-Oct. 5, 2015). The onboard measurements of the atmospheric
CHa, carbon dioxide (CO,) and carbon monoxide (CO) were carried out by using a cavity ring-down spectroscopy (CRDS)
analyzer (Picarro, G2401). The estimated analytical precisions were about 0.02 ppm (CO,), 0.3 ppb (CH4), and 1 ppb (CO) for
the 5-min averages when the CRDS analyzer was in good condition. However, the precisions were considerably worse for CO
during MR 13-06 cruise, CO, and CO during MR15-03 cruise, and CH4 during the latter half of the MR15-03 cruise because of
malfunctions of the CRDS analyzer. It should be noted that the CO, and CO mixing ratios were sometimes contaminated by
the own exhaust fumes while there was no significant influence from the exhaust fumes on the CH4 mixing ratio. Such
pollution events are easily distinguishable by the characteristics of the relative wind direction, the tight correlation of CO vs.
CO,, and large short-term (~a few second) variability of CO,.

From these Arctic cruises, distribution of the atmospheric CH4 in the Bering Sea, the Chukchi Sea, and the Canada
Basin of the Arctic Ocean in September were mainly observed. For the individual cruises, relatively elevated CHs mixing
ratios of several tens ppb were observed in the Bering Strait, Chukchi Sea, and off the northern Alaskan coast (Fig. 1). Since
these elevated CH4 peaks were generally associated with similar CO; peaks but not with CO peaks, it’s unlikely that the ocean
or combustion processes were the sources of the elevated CHs. To examine the relationship between the CH4 variations and the
air mass transport, 3-day backward trajectories along the cruise tracks are computed by using the METEX (METeorological

data Explorer, http://db.cger.nies.go.jp/metex/) developed by Zeng et al. (2003).The backward trajectory analysis suggests that
the elevated CH4 are associated with the air mass transport from Alaska or East Siberia, especially North Slope of Alaska (Fig.
2). Simulated CH4 variations based on an atmospheric transport model and reported CHs flux map well capture the observed
CHy, variations, also suggesting that the most of elevated CH4 were derived from the land sources. However, the amplitudes of
the elevations are not necessarily reproduced well. These results suggest that the observed CH4 spatiotemporal variations could
be used to improve the CH4 emissions from the Arctic regions.

) o ) Fig. 2. 3-day backward trajectories along the cruise track
Fig. 1. CHa distribution along the track of the MR14-05 cruise. for 4-day period during the MR14-05 Arctic cruise.

References Inserted figure shows time series of CH4 mixing ratio.
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Mapping of the air-sea CO, flux in the Arctic Ocean and its surrounding seas:
Basin-wide distribution and seasonal to interannual variability

Sayaka Yasunaka™?, Akihiko Murata®?, Eiji Watanabe?®, Melissa Chierici®**, Agneta Fransson®, Steven van Heuven®, Mario
Hoppema’, Masao Ishii®, Truls Johannessen®, Naohiro Kosugi®, Siv K. Lauvset™, Jeremy T. Mathis**, Shigeto Nishino?,
Abdirahman M. Omar®, Are Olsen®, Daisuke Sasano®, Taro Takahashi*®, Rik Wanninkhof*
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We produced 204 monthly maps of the air-sea CO, flux in the Arctic Ocean and its adjacent seas (north of 60°N) from January
1997 to December 2013, using the partial pressure of CO, in surface water (pCO,,) estimates by a self-organizing map
technique. The pCO,, data were measured by shipboard underway measurements and calculated from alkalinity and total
inorganic carbon of surface water samples. Subsequently, we investigated the basin-wide distribution and seasonal to
interannual variability of the CO2 fluxes. The pCO,,, undersaturation combined with less ice-cover and strong winds drives a
flux of CO, into the Greenland/Norwegian, Barents and Chukchi seas, averaging 11 + 3 mmol m™, 10 + 4 mmol m™ day ™, and
4 + 4 mmol m™ day™, respectively, over the 17 year period. Annual CO, uptake of the Arctic Ocean was estimated to be 152 +
173 TgC yr™. The seasonal variability of the CO, flux depends mainly on wind variability, and partly on sea-ice coverage. In
winter, the CO, influx was large in the Greenland/Norwegian Sea because of strong winds, but small in the Chukchi Sea
because of sea ice. In contrast, interannual variability was mostly related to the air-sea pCO, differences and partly to wind
speed and sea-ice changes. In recent years, the CO, uptake in the Greenland/Norwegian Sea has increased and that in the
southern part of the Barents Sea decreased due to increased and decreased air-sea pCO, differences, respectively.

Figure 1. CO2 flux [mmol m-2 day-1] from December to May (left) and from June to November (right.). Darker shades show values in
grids where values were smaller than the uncertainty.
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Shipboard Observations of Atmospheric Potential Oxygen and air-sea O flux in the northern
North Pacific and the Arctic Ocean
Shigeyuki Ishidoya®, Hiroshi Uchida?, Daisuke Sasano®, Naohiro Kosugi®, Shoichi Taguchi', Sohiko Kameyama®, Masao Ishii?,
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Simultaneous observations of Atmospheric Potential Oxygen (APO = 0,+1.1xCO,) and air-sea O, flux were carried out
onboard a research vessel MIRAI in the northern North Pacific and the Arctic Ocean in the autumns of 2012-2015. Air
samples to measure the atmospheric 3(0,/N,) and CO, concentration to derive APO were collected on average once per day
for the period September 5 — October 15, 2012, August 29 — October 6, 2013, September 1 — October 9, 2014 and August 27 —
October 5, 2015. Dissolved oxygen concentration in the near-surface water was also measured continuously during these
cruises, and converted to air-sea O, flux (Fo, obs). The relationships of (O,/N;) and simultaneously-measured §13C with CO,
concentration indicated that terrestrial biospheric activities and the air-sea O, flux are the main contributors to the observed
variations in CO, concentration and APO, respectively. To compare the observed APO values with those simulated using the
monthly air-sea O, flux climatology taken from the TransCom experimental protocol (Fo; i), a simulation of APO using a 3-
dimensional atmospheric transport model forced by Fo, ¢ was also carried out. The observed APO showed larger short-term
variations than the simulated APO, and Fo, o5 also showed larger variation than Fo, ¢;. A simple calculation indicated that the
short-term variations in APO produced by using Fo, s Were comparable in magnitude to the observed, and the characteristics
of the temporal variations in the observed APO were relatively well reproduced by the calculated APO. These results strongly
suggest that the short-term variations seen in the observed APO is attributable to the short-term variations in the air-sea O, flux
around the observation area. The Fo, o5 Values were systematically higher than the Fo, ¢; values in all cruises, with an average
difference of about 0.3 pmolm™s™. By uniformly mixing the sea-to-air O, flux of 0.3 pmolm™s™ from the northern hemisphere
ocean into the overlying atmosphere during the fall season, it was possible to explain the discrepancy between the observed
and simulated seasonal APO cycles seen at Ny-Alesund, Svalbard and Sendai, Japan in the fall season. These findings show
that simultaneous ship observations of APO and Fo; o are useful to validate regional air-sea O, fluxes in detail (Ishidoya et al.,
submitted).
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Water mass characteristics and their temporal changes in a biological hotspot
in the southern Chukchi Sea

Shigeto Nishino', Takashi Kikuchi', Amane Fujiwara®, Toru Hirawake?, and Michio Aoyama®*
YInstitute of Arctic Climate and Environment Research, Japan Agency for Marine-Earth Science and Technology
*Faculty of Fisheries Sciences, Hokkaido University
*Research and Development Center for Global Change, Japan Agency for Marine-Earth Science and Technology
*Institute of Environmental Radioactivity, Fukushima University

We analysed mooring and ship-based hydrographic and biogeochemical data obtained from a Hope Valley biological hotspot
in the southern Chukchi Sea. The moorings were deployed from 16 July 2012 to 19 July 2014, and data were captured during
spring and fall blooms with high chlorophyll a concentrations. Turbidity increased and dissolved oxygen decreased in the
bottom water at the mooring site before the fall bloom, suggesting an accumulation of particulate organic matter and its
decomposition (nutrient regeneration) at the bottom. This event may have been a trigger for the fall bloom at this site. The
bloom was maintained for 1 month in 2012 and for 2 months in 2013. The maintenance mechanism for the fall bloom was also
studied by hydrographic and biogeochemical surveys in late summer to fall 2012 and 2013. Nutrient-rich water from the
Bering Sea supplied nutrients to Hope Valley, although a reduction in nutrients may have occurred in 2012 by mixing of
lower-nutrient water that would have remained on the Chukchi Sea shelf. In addition, nutrient regeneration at the bottom of
Hope Valley could have increased nutrient concentrations and explained 60% of its nutrient content in the bottom water in fall
2012. The high nutrient content with the dome-like structure of the bottom water may have maintained the high primary
productivity via the vertical nutrient supply from the bottom water, which is likely caused by wind-induced mixing at this site
during the fall bloom. Primary productivity was 0.3 g C m2 d* in September 2012 and 1.6 g C m 2 d * in September 2013.
The lower productivity in 2012 was related to strong stratification caused by the high fraction of surface sea ice meltwater.
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Wintertime variability of the Beaufort Gyre in the Arctic Ocean derived from
CryoSat-2/SIRAL observations
Kohei Mizobata’, Eiji Watanabe? and Noriaki Kimura®
Graduate School of Marine Science and Technology, Tokyo University of Marine Science and Technology
%Institute of Arctic Climate and Environment Research, Japan Agency for Marine-Earth Science and Technology
*National Institute of Polar Research

The variability of the Beaufort Gyre (BG) and its various impacts were previously documented. McPhee (2013) demonstrated
that the geostrophic currents on the periphery of the BG between 2003 and 2011 were intensified relative to the climatological
value. Proshutinsky et al. (2002) proposed a hypothesis that the BG accumulated freshwater mechanically because of Ekman
convergence and the associated downwelling, and Proshutinsky et al. (2009) used long-term in situ measurements to provide
observational evidence for that hypothesis. Morison et al. (2012) investigated in situ measurements and satellite data and
concluded that the spatial and temporal variability of freshwater in the Arctic Ocean was caused by changes in the pathways of
river runoff that are modulated by the Arctic Oscillation rather than the strength of the wind-driven BG circulation (i.e.,
deepening/shallowing of isohaline surface). In either case, determining the spatial and temporal variability of the BG and
surrounding oceanic circulation patterns is crucial for understanding the freshwater content in the Arctic Ocean.

We processed the sea surface height measured by the SAR (Synthetic Aperture Radar) / Interferometric Radar Altimeter on
board the CryoSat-2 (CS-2) and successfully estimated the monthly dynamic ocean topography (DOT) of the Arctic Ocean.
The CS-2 monthly DOT showed the interannual and monthly variability of the BG during winter between 2010/2011 and
2014/2015. The northward flow at the western edge of the BG was primarily estimated over the Chukchi Borderland (CBL).
However, the BG extended across the CBL, and the northward flow was estimated over the Mendeleev Ridge in the winter of
2012/2013. Our analyses revealed a significantly variable BG in response to changes in the sea surface stress field. Our
analysis indicated that 1) sea ice motion acts as a driving force for the BG when sea ice motion was intensified during winter
and 2) sea ice motion can also acts as an inhibiting force for the BG when sea ice motion is weakened during winter. In
addition, the relationship between the DOT, steric height and ocean bottom pressure implied that the DOT during winter
responded to varying wind stresses through baroclinic and barotropic adjustments. According to a tracer experiment, we
inferred that in the winter of 2012/2013, the Pacific-origin water carried into the BG through the Barrow Canyon was
transported to the northern shelf and shelf break of the Chukchi Sea rather than the CBL, which is where the Pacific-origin
water had been transported in the other years of the target period.
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A role of sea ice melt water on iron supply to surface water in the polar and the sub-polar Ocean

Naoya Kanna' and Jun Nishioka'
YInstitute of Low Temperature Sciences, Hokkaido University, Sapporo, 060-0819, Japan

Massive utilization of nitrate in the surface layer in summer in the polar ocean in the Northern Hemisphere indicates sufficient
supply of bioavailable iron into surface water. To reveal iron supply processes in the Arctic ocean and the sub-polar marginal
sea, the Okhotsk Sea, in the early stage of biological increase, we investigated a roles of sea ice melt water on iron supply to
surface phytoplankton community. First, we conducted surface towed fish clean sampling from the Bering sea shelf area, thorugh
the Bering strait, and around sea ice edge in the Chukchi Sea. Alkalinity was measured as tracer which can be used for classify
the sources of fresh water, river discharge or sea ice melting. Judging from the potential alkalinity, sea ice melt water was clearly
distributed around edge of the sea ice. Dissolved iron and total dissolvable iron concentration well correlated with a fraction of
sea ice melt water, and iron concentration increased with increasing of the fraction. On the other hand, area of Alaskan coastal
current (ACC), west coast of Alaska, both of river water and sea ice melt water existed and iron concentrations correlated with
fraction of sum of river water and sea ice melt waters. Our estimate from the slope of the correlation indicate that the sea ice
melt water have comparable impact on iron supply as river discarge. Second, we also conducted winter observation in the sea
ice area of the southern Okhotsk Sea. Hydrographic observations were carried out at a station in deep basin (>900 m) of the
southern Okhotsk Sea in late-November 2013 (absence of sea ice) and in mid-February 2014 (presence of sea ice). We observed
a striking temporal change in surface mixed-layer Fe concentrations, from ~6.5 nM for total dissolvable iron and ~0.96 nM for
dissolved iron in November, to ~62.5 nM for total dissolvable iron and ~3.37 nM for dissolved iron in February. The increases
of the mixed-layer Fe concentrations in February coincided with a decrease in seawater salinity. A three-component mixing
scheme of seawater, sea ice melt water, and Amur River water using relationship between alkalinity and salinity revealed that
the low seawater salinity observed in the mixed-layer was affected by the sea ice melt water, not the Amur River water. The
inventory which is released Fe to the mixed-layer from sea ice is estimated using the Fe profiles in November and February as
the inventory of 7407 pmol m2 for total dissolvable iron and 375 pmol m™ for dissolved iron, quantitatively. These observational
studies clearly indicate that sea ice melting is one of significant process for deliver micro-nutrient, iron, to the surface water in
the seasonal ice zone.
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Transport of trace metals (Mn, Fe, Ni, Zn and Cd) in the western Arctic Ocean
(Chukchi Sea and Canada Basin) in summer 2012

Yoshiko Kondo 2, Hajime Obata®, Nanako Hioki*, Atsushi Ooki*, Shigeto Nishino®, Takashi Kikuchi® and Kenshi Kuma*
National Institute of Polar Research

*Graduate School of Fisheries Sciences and Environmental Studies, Nagasaki University
Atmosphere and Ocean Research Institute, The University of Tokyo
*Faculty of Fisheries Sciences, Hokkaido University, Hokkaido University

*Japan Agency for Marine-Earth Science and Technology

Trace metals such as Fe, Mn, Ni, Zn and Cd are involved in numerous processes in the metabolisms for phytoplankton growth.
In the Arctic Ocean, the continental shelf area comprises roughly one-third of its total area and accounts for approximately
one-fifth of that of the world’s ocean. Previous studies have revealed that the maximum of Fe concentration existed in the
halocline waters with nutrients and dissolved organic matters, suggesting that the formation of cold and dense water in the
halocline layer and the input from the continental shelf play the significant roles for Fe transport in the western Arctic Ocean
(e.g., Hioki et al., 2014). On the other hand, there are only few data about the distributions of Zn, Cd, Ni and Mn in this
region. In this study, distributions of dissolved and total dissolvable trace metals (Mn, Fe, Ni, Zn and Cd) were investigated
in the western Arctic (Chukchi Sea and Canada Basin) in 2012 September to elucidate the mechanism of the transport of these
metals in this region. We found concentration maxima not only of Fe, but also of the other trace metals in the halocline
and/or near bottom waters with respect to both dissolved and total dissolvable fractions in the western Arctic Ocean. The
distribution patterns were generally similar between dissolved and total dissolvable fractions for all trace metals. However,
especially high concentration was observed in the near bottom water in the Chukchi Sea shelf with respect to total dissolvable
Fe and Mn. On the other hand, Ni, Zn and Cd mainly existed as dissolved form. In this study area, the shelf sediments,
melting sea-ice and river discharge are expected as the sources of trace metals as well as remineralization of organic matters.
Among these potential sources, the remineralization is the common source for all metals measured in this study. Considering
the maximum concentrations for Fe and Mn were found in the near bottom water in the Chukchi Sea shelf region, extra input
such as sediments could be important.  The relationship between the distance from sea-shelf and concentrations of dissolved
trace metals showed that dissolved Fe and Mn in the halocline waters tended to decrease with distance logarithmically
(especially in the lower halocline water), suggesting that distributions of dissolved Fe and Mn were mainly controlled by
diffusion and mixing. Distributions of dissolved Cd and Zn were correlated well with phosphate concentration, suggesting
that Zn and Cd were also transported to offshore via halocline water like as nutrients and dissolved organic matter. Since
dissolved Ni concentration tended to be high in the surface mixed layer in this study area, the correlation with phosphate was
poor. These results suggested the importance of the halocline water for the transport of Mn, Ni, Zn and Cd as well as Fe in
the western Arctic during summer.
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Distributions of volatile organic iodine compounds in the western Arctic Ocean
(Chukchi Sea and Canada Basin) in summer 2012 —a possibility of production in relation to the
degradation of organic matter

Atsushi Ooki', Shuho Kawasaki', Shigeto Nishino”, Takashi Kikuchi” and Kenshi Kuma'

'Faculty of Fisheries Sciences, Hokkaido University
?Institute of Arctic Climate and Environment Research, Japan Agency for Marine-Earth Science and Technology

We conducted a shipboard observation over the Chukchi Sea and the Canada Basin in the western Arctic Ocean in September
and October 2012 to obtain vertical distributions of four volatile organic iodine compounds (VOIs) in seawater. The VOIs
observed in this study were iodomethane (CH;l), iodoethane (C,H;sl), diiodomethane (CH,l,), and chloroiodomethane
(CH,CII). Maximum concentrations of the four VOIs were found in the bottom layer water over the Chukchi Sea shelf, in
which layer the maximum concentration of ammonium (NH,") also occurred. A significant correlation was observed between
C,HsI and NH," (correlation coefficient R = 0.93, P < 0.01, n = 64) and between CH;I and NH,” (R = 0.77, P <0.01, n = 64),
suggesting that the production of these VOIs increased with the degradation of organic matter. Over the northern Chukchi Sea
shelf—slope area, concentration maxima of CH,I,, CH,ClI, and CH;I were found in the subsurface cold, dense water (CDW). A
large nitrogen deficit (N deficit = NH," + NO, + NO; —16PO;) occurred simultaneously in this water, suggesting the
production of the three VOIs in the sediment or the bottom layer water over the shelf, probably in association with the
degradation of organic matter. We conclude that VOI production over the Chukchi Sea shelf can be largely attributed to the
degradation of organic matter that is produced in the highly productive shelf water. High concentrations of CH,CII were also
found in the Alaskan Coastal Water (ACW) from the Bering Strait to the surface of the northern Chukchi slope. The VOIs that
originated at the Chukchi Sea shelf are expected to be laterally transported to the Arctic Ocean basin through the CDW and the
surface ACW. The Chukchi Sea shelf was found to have the largest sea-to-air flux of CH,CII in the global ocean from tropical
— polar ocean areas. Degradation of organic matter over the shallow continental shelf would have a great impact on iodine flux
to the air, which might affect atmospheric ozone level.
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Strong wind events resulted in enhanced bacterial production in the Chukchi Shelf, western Arctic
Ocean

Mario Uchimiya® 3, Shigeto Nishino?, Hiroshi Ogawa® and Toshi Nagata®
!National Institute of Polar Research
2 Japan Agency for Marine-Earth Science and Technology
Atmospher and Ocean Research Institute, the University of Tokyo

Recent studies have indicated that autumnal phytoplankton bloom is becoming more common in most of the Arctic regions
because of the receding of sea-ice pack, which may allow more light penetration and vertical mixing driven by atmospheric
forcing. However, it remains unclear how these changes in physical forcing may influence patterns in carbon fluxes mediated
by the microbial loop in Arctic waters. This study examined temporal changes (time resolution, 6-24 hours) in heterotrophic
bacterial production and abundance in the Chukchi Shelf, western Arctic Ocean, during the fixed-point observation conducted
between 10 and 25 of September 2013. During this investigation period, strong wind events were followed by the occurrence
of an autumnal phytoplankton bloom, which was presumably triggered by the enhanced upward nutrient fluxes induced by
physical disturbances. In the layer above the pycnocline (<20-30 m), bacterial production and abundance increased with the
increase of chlorophyll a concentration (Pearson’s r = 0.73-0.87, p < 0.05). Bacterial production to primary production ratios
were relatively high and constant throughout the observation period (average + SD, 0.13 + 0.02; n = 8). Despite dynamic
changes in phytoplankton and bacteria parameters, dissolved free (DFAA) and combined amino acid (DCAA) concentrations
remained low (DFAA, 9.8 + 4.7 nmol L™, DCAA, 236 + 32 nmol L™). These results suggest that there was a tightly coupled
flow of labile dissolved organic matter from phytoplankton to bacteria, which fueled high bacterial production during the
bloom period. In the layer near the seafloor (56 m), enhanced bacterial production and abundance, which was accompanied by
low transmittance, were observed following strong wind events (wind speed, >12 m s™). This indicates that wind-related
turbulence near the seafloor caused bottom sediment resuspension, which in turn enhanced bacterial production. Taken
together, our data demonstrate that, in both the upper and deeper layers, bacteria responded dynamically to autumnal strong
wind events in the Chukchi Shelf, indicating that bacterially mediated flows of carbon and other bioelements represent a key
component of biogeochemical cycles during the autumnal phytoplankton bloom in the Arctic regions.
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Ecosystem studies of the Arctic Ocean declining Sea ice:
Report on research cruise of T/S Oshoro Maru in the Bering and Chukchi Seas

Toru Hirawake®, Yutaka Watanuki', Takashi Kikuchi? and co-researchers
'Faculty of Fisheries Sciences, Hokkaido University
2Japan Agency for Marine-Earth Science and Technology (JAMSTEC)

As a part of research project 'Ecosystem studies of the Arctic ocean declining Sea ice (ECOARCS)' under the GRENE
Arctic Climate Change Research Project, research cruise by T/S Oshoro Maru of Hokkaido University in the Bering and
Chukchi Seas was conducted in June and July 2013. CTD observations and water collections at 75 stations were carried out
and biological and chemical parameters of the waters were analyzed. We also successfully operated sediment sampling, fish
larvae collection, plankton collection, bottom trawl, ROV, dredge, and bio-optical measurements for satellite oceanography.
The sea bird and mammal sighting surveys were also conducted from the upper bridge. The cruise has been completed almost
of what we planed.

During the cruise, we investigated gradations in physical and chemical environments together with planktons and demersal
fishes from open water to sea ice edge. We will report details of the observations and preliminary results from the cruise.
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Figure 1. Map of sampling stations of
cruise of T/S Oshoro Maru in the Bering
and Chukchi Seas.
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KB IZ T EBAEEDOILNE

%&

BRI JE. ERRE A 8K ek d LisaEisner', 7HEF AN FgHh R A4 ERC
L TR 22 G T
2 JETEE KK F Bk BE B IEE
3 JETERE KK B R B 5 L
*NOAA-Fisheries, Alaska Fisheries Science Center

et DU KR TIX, FBENDERIIOT COWKBIBIC - CHEERBRREILL, FABEEZELTHK
WO 77 27 N IS KB IOKER T NV — A& 27, B HBEFESCHEKICE - T, AF0REMEENZIE
% LW IERE Tl BE. EFEOEMAEN R OWMEAERBROEERERE L2 2 EEREE 2 FFo,
LU B, AT OWKIEA LUK LB I OB i, EMAFEDIF S L 72 D EBAEEORAOX A IV T %
B, ENE2FAHAT L0 BROAEWAFEITEET L2 ENRBEIN TS, L LR s, JbiiEEics
T AEBAEESCHY T T 7 N BT DRI ERIRIC B 72 b ON S < WOKEENI M D A EOE
b, WO XA IV TN T T 7 F DY A X FEMROZEIZ O TOMBLIZE S TS, £ T,
AREETIIBGEHN EHEBN, BXOETVERZEMA L, EICKFEAHCEERS W C, WKES) (HHE, %
IREFH], BRBOKEHIE 22 P o2 k) & EFROBEEICOWT, Bix ek - BTN, 22T MET X
BLOBUGBINC L - TR, WKkt 2 14 X v 7 OB BB AEE ICRIZTRBIC O TR LW AT
DK T %,

AFEECTHELEZZNOLOT 3 Y XA (Fujiwara et al., 2011, Hirawake et al., 2012) #FIH L. FEM D44
DB LR DBREFETN—LDHORM T T 7 bV A KRR, KBRS A L 7 OREE(LELKIZED XD
WZED DO, 16 FEMOMET — % & AWV CEMBEFICEEE Lz, MOKEEY 4 IV I RRVRIR Y BF7
N— LD RO 7T 7 b U N R REZES LT WVIBEEEN R S, BT 7 7 b rhicd
O HRBEY 7T 7 kv (RRKIEE Sum LU E) OFIGBNEMNT 52 L 2R L7 (Figure 1) . 512, Hifgko
EMERAEERI LAWY T 7 o7 b ORERTEERay b —VERK RS TW i, 2L ORI R, b
WD FIRIC L D WoKF RO RHULIC > T, KB REZ T L — M BRERENMUG SN Z L 2R T 5
LOTHY, FIZENICRTIEBEEZEOIGEDO —ERTHLOTHY, 5%, BEYVHEEN LIS REM O
FHAR0 20 A 2L D BRI R ~ D E MRS HIFE X5 (Fujiwara et al., in-press),

—J. Fx 7 FHOILEMERIKICE N TH, WKBICHT 20T 7 7 N O EREOIRE %, 2008
2010 FEOBMCHONIANY T T 7 N RO T T AKX —fEFTIZ L 0 G L 72, 2008 1% 2009 43 L OY 2010
FE L BUEKEIRORREIAN 1-2 7~ A B< | 2008 1T T7 FEEAE S LTV -0izx L, 2009 436 L8 2010 4%
WA E e 77 > 7 EEEMME S LTz (Figure 2) . 2008 4RIZH1T 287 R EREEOMEE Hi%, WKRIBA RS |
TR THlHAKENS EA LTV ERREREEZOND, RERIT, 4%, EFOWKZIBMHNEL
WX, W77 7 N OREBENEL L, BEREESAY (L FRRICEEE EX D LB RBTHH O
T % (Fujiwara et al. 2014),

e O WE K IE— R AR B AMERNT R TE ST, X—U » FYEO X D 1A FO R RS IME R & 2 S i
bbb, —HEOMIEIL, WoKDAME ERBEAFEER OEM —RIEE ER&T 22 LT, fEROMFEREICHT S
WEAERRRDINEDO RO —B 72 b 2 ERMRFE NS,

Figure 1. % 27 FE~~— U » kel 37 2ok s 4 X v 7

(Julian-day) & HFEZFT7V— MO RENEY 7 Z 7 KoY A XONERLFE B
1A, AOFBITEKREAE B OBtV FEET L — AT K
O T 77 bUREMT 22 L 2RT, MRERO 7 FlowE TR
REAOFE (18%D¥HE THE @ Khkf) &R L7z,
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Figure 2. 5+ 7 FEALERMERIRICR T D, 8-9 AOEEHEY 77 v 7 U Bt L | WEKEES A v 7 (BT —s3—) Zfi
™(a)2008, (b)2009, (c)2010 4= LL#EZ[X, 2008 4Fi% 1-2 » H B WHEKEARIZ X 0 mnEBKENBRI S -, BEaar ¥ —iX
KGEE AT,
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Distributional shifts in size structure of phytoplankton community

Hisatomo Waga®, Toru Hirawake', Amane Fujiwara?, Shigeto Nishino?, Takashi Kikuchi?,
Koji Suzuki®, Shintaro Takao® and Sei-Ichi Saitoh*
Faculty/Graduate School of Fisheries Sciences, Hokkaido University, 2JAMSTEC
*Faculty/Graduate School of Earth Environment Sciences, Hokkaido University,
*Arctic Research Center, Hokkaido University

Species distribution is changing with various rate and direction in response to global warming (Poloczanska et al., 2013).
Climate velocity, which is derived as the ratio of temporal trend to spatial gradient of sea surface temperature (SST), predicts
species migration and persistence as an expectation how species track their thermal niches (Burrows et al., 2011). However,
past studies exposed independent changes in species distribution from climate velocity due to the complexity of biological in-
teractions (e.g., Philippart et al., 2011). In this study, we estimated the velocity of shifts in phytoplankton size structure using
remote sensing data to predict species distributional shifts through spatiotemporal changes in food web structure. Chlorophyll
Size Distribution (CSD) model was developed by quantitating the relationships between size structure of phytoplankton com-
munity and spectral feature of phytoplankton absorption coefficient (ax(A)) (Wang et al., 2015), and validation results sug-
gested that the exponent of CSD (CSD slope) which describes synoptic size structure of phytoplankton community was de-
rived with sufficient accuracy (RMSE = 26.6%). When comparing the velocities of CSD slope and SST, interesting differences
in rate and direction were found. For instance, latitudinal patterns showed high velocities at high and low latitudes in both CSD
slope and SST, while the median rate of velocity of CSD slope (92.1 km decade™) was approximately six times higher than
that of SST (13.4 km decade™). In addition, direction of shifts suggest that species are required to shift their distribution toward
not limited to simple pole-ward migration, and some regions exhibit opposite direction between the velocity of CSD slope and
SST. These findings imply that combined approach, both together the velocity of phytoplankton size structure and that of SST,
may produce more accurate prediction of species distributional shifts than existing studies which considering only variations in
specie thermal niches. Our results could contribute to generate global and regional maps of the expected rate and directions of
species distribution now and future.
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shape of light absorption, Opt. Express, 23(8), 10301-10318, doi:10.1364/0E.23.010301, 2015.


airc7841
タイプライターテキスト
P06-087_Waga.Hisatomo

airc7841
タイプライターテキスト


P06-088 Kitamura.Minoru

F ¥ 7 FHBEHIZBT2E8M ST 7 b BOFEEE)

BEEMRR Y HHIFS 2 BN Y fauhpE
LA P R
2 RO

AR IZ F 1T DUEKIBAD 70 & OBRBEZAVITIE MR IC R E R B2 5 2, EERIC, EREAEEOHM, ~
N ABEE D ANA A~ R LM DOZEA, SRR O B Rl & U CAbiRE 2RI 32 2 v FEEE DI
RENTTITME SN TWD, WFEATRREZMRT Dk % 0 BRICE R BN TV D FE L, b O s
BRLRELZEMHL TS, HONEABRELSEAT LI EEZTREBL TS, JLBYER I 2 A RE
ROFFEIS, FEBEEEEDOIZE A ERKEFRTHE SN D Z & BIRIZIEE L, X MAHEOAEL X Z
T\ 5 Pelagic-benthic coupling 73% %, % L CZ ® coupling 1X, ~<— VU > Z7dbii<eF v 7 T CHRICHRE CTH 5
EEZLNTE L, ZHIBKIET OB 7T 7 s VBIFEODRIICHERT 228, dbiglcBs T 2877
7 ORI IR TR, 5% OB TS 7 N CEREE THIT A 720121, BUlko@gm S5 7 B
NZBET B IR e Y - AR RO EENLE TH D, KR TIE, A 4~ ZAOFELBFEZ B 600
L. 8777 b UBBICEE % 5 2 9 HEREEEK & BLIR O Pelagic-benthic coupling (2 2\ THEL LTz,

BB EAT 5 a—% 7% — (Acoustic Zooplankton Fish Profiler, AZFP, ASL Environmental Sciences
Inc.) %F v 7 FHErEH (67°42°N, 168°50°W, /K4 50m % 7213 68°02°N, 168°50°W, /K% 59m) (2 2012457 A 16 H
225 201447 A 19 HETO 2 F[M, MK E Tm I BRI & IR LERT — 2 20k Lz, o7 v 7Rl
F0%2 0Mm., BERIZIX05 £7/201302m TH D, AZFP X 4 D JEWE (125, 200, 455, 769 kHz) % ff - 7= )&
NHEETH L, BRI EANH - 72720 455 5 LN 769 kHz 1368 2 72~ 7=, F£72. 10m LLIEITIRIRICEED
KRIARCFHIMK DB E L ZIF T\, TICH > TTF— % & e o7=, 125 8 L1200 kHz =2
NEROCTER S N BFET — 200, REELRE (Sv) BLOZNEZSNEF A L mfEiELEE (Sa)
ZHEM L7, Sa &5WE Sv BN EL 52 5 DREHERNAEZBLET 572012, AZFP OREH 7 L— A&t
Y —Z RO AT TERBICR T DKIR - 5y - BWHERRRE - WE - Jue T o VENOREEE & 2B
OWPKERE L REKREE=4— LT, EHIT, HREROEIL - FREMER (7, 9, 10 H) 2. R S5
TTT 7 hrxy b (AR 80cm, HALV 0.33mm) OFERE 21TV, BET — X 2RI 570 %
ASNZ LT,

Fy NRBFZ o 7oA A~ AR B . ARBMHEIC sk L S EHELICF 5T 201304 T VB EA X T I
ThHHZ NP LNC o7, R LIZEOEROKE - 7 A7 b (E/BE) BLOBEOEELL « &
b WEARCEES () AHEERTT VIS TS, BELRINZE R E ¥ —7 Yy b A ML T AOBEGREMRE LTz
&2 A, 200kHz & 125 kHz @ Sv =0 B/ NEMW) 7 Z 7 b U (IRE 3mm f2EE, >5dB), KEEMW 77 b
(1&F 7mm 2L k. 0~5dB). AfEfa(<0dB). SJa(<-5dB) D4 FICHEETE D 2 LOVRIBENLT-, D SvEL{H
ST, KEIIKBEM T T 7 hom, AFB~FZR/NEM T Z 7 bUneE L, AT EE LTE,
HRKICT THELL TWeb D EB 2 bz, AT EMWT 707 N4 A< ADIEE L 725 Sa OFHIZKIL,
KEICRbEL, BRICRKEZ S L, WEIC5 AR, Sa &EE/KIRIZFER LT R Lz, Miokatfis X
Wruaa 7 g )VEEmo¥ 4 78 Sa EFIZREM Lehotz, ZOREMW 77> 7 F ot BREBITT
JEIZ% < A L CHBESREBBIZ1T-> T 6T, RETIIRIERBOEREE(L OKR L) RN&E ohiF TEiy~
FU 7 FUDIEEREED . N A A EFITHEROWTAREBERSH D, W7 T 7 N OFEFET )V— AT 5~
6 HIZHBO LN, Z O Sa (X F 28BNz U213 TIEBEL . EiRo@Y FEICE < oM LTz,
INHX, TA—LMIZIEEW T T 7 N DR T T 7 N AR DB S . SRR AR PEPEY) O K
HFTOMBEIMENbL D EEZ BN, ~—1Y 7 HFED Pelagic-benthic coupling IZUT4EFIE > TV DR, HFEEE
WCIIRTEHETH D EME SN TN D, AFROFERIL. VT XL EERERICT v 7 FEREETIZB N TH
Pelagic-benthic coupling I35& < BT\ 5 Z & Z/RE L TV 5,


airc7841
タイプライターテキスト
P06-088_Kitamura.Minoru

airc7841
タイプライターテキスト

airc7841
タイプライターテキスト

airc7841
タイプライターテキスト


P06-089 Matsuno.Kohei

Characteristics of the summer decapod larvae community through Bering and Chukchi Seas

Jose M. Landeiral, Kohei Matsuno2, Atsushi Yamaguchil, Toru Hirawakel, Takashi Kikuchi®
'Graduate School of Fisheries Science, Hokkaido University
*National Institute of Polar Research
3Japan Agency for Marine-Earth Science and Technology

Arctic Pacific is experiencing profound ecosystem changes due to human (direct and indirect) pressure, including global
warming and exploitation of marine resources. In this sense, warming and reduction of summer sea-ice cover have large
implications for the ecosystem functioning, likely related with alterations in growth, abundance, distribution and phenology of
marine organisms. Moreover, Bering and Chukchi Seas are among the most productive ecosystems and sustain one of the
largest fisheries industry. The overfishing has led to the collapse of crab fisheries in the southeastern Bering Sea since early
1980s, closing most of the stocks for harvesting. The new scenario of warming and sea-ice retreat open new fishery
perspective, since northern unexploited areas are now more accessible to the fishing vessels. Therefore, it is necessary to study
the current state of the Arctic populations to predict ongoing changes related with both global warming and fishing pressure
and so, be able to make decisions for ecosystem management. Most studies in this region are mainly based on benthic adult
populations while little is known for planktonic larval stages. During the larval phase the highest mortality rate (90%) of the
life cycle occurs, so it is a key issue to understand the population dynamics for the fisheries management. Recently, reduction
of the ice-covered area during summer become pronounced and its effects on mesozooplankton community has already been
reported, while no information is available about how the decapod larvae response to such drastic environmental changes.
This study analyzes zooplankton samples from Bering Sea to Chukchi Sea during the consecutive summers of 2007 and 2008
to evaluate changes in decapod larvae community in this region.

Zooplankton samples were collected by vertical tows of NORPAC net (mesh size: 315 pm) at 138 stations in the Bering
and Chukchi Seas from 20 July to 13 August of 2007 and from 4 June to 13 July of 2008. Bottom trawls were made at 15
stations covering the same area. At each station, CTD casts were made and chlorophyll concentrations were measured using
the water from Niskin bottle samples. Plankton samples were preserved with 5% formalin seawater immediately after
collection. Bottom trawl samples were sorted, identified and weighed to calculate the CPUE (kg h™"). In the land laboratory,
all decapod larvae were sorted and identified to species level from plankton samples. To compute larval abundance, all counts
were converted to total number of individuals per square meter of sea surface area (ind. m ). For the numerically dominant
species: snow crab (Chionocetes opilio), the carapace length of zoea I, II, and megalopa (ZI, ZII, M) were measured by
eyepiece micrometer.

In total, 8 families, 11 genera, and 18 species were identified. For both years, the most dominant species/taxa were the
hermit crabs Pagurus spp., followed by the spider crab Hyas spp., and the commercially important tanner crab (Chionoecetes
bairdi) and snow crab (C. opilio) were also dominant. For most of the species, the abundances were greater during 2008 than
2007 (mean abundance was 90 ind. m™ in 2008 while 49 ind. m™in 2007). Species diversity was also higher in 2008. Most of
the species occurred throughout the region, while C. bairdi was restricted to the southeastern Bering Sea shelf. During 2008,
larval abundance of most decapod species were higher in the Chukchi Sea. Regarding larval stages, C. bairdi, C. opilio, and
Hyas spp. dominated by earlier development stages in 2008 larval stages than those of 2007 (p < 0.01, U-test). The body size
of C. opilio showed a significant latitudinal pattern, in which larger carapace length occurred at higher latitudes for ZI, ZII, M.
The analysis of environmental parameters showed that ZI had highly significant negative correlation with temperature (p <
0.001), ZII had no correlation with temperature while had positive correlation with chlorophyll a (p < 0.05), whereas M had no
correlation with any of these environmental parameters. Concerning benthic adults collected by bottom trawl, C. bairdi
dominated the catches in the southeastern Bering Sea shelf, C. opilio were particularly abundant around St. Lawrence Islands
and hermit crabs dominated the samples in the Chukchi Sea. In general, the distribution and composition of benthic adults
corresponded with those of planktonic larvae.

Annual changes in abundance and developmental stage structure of planktonic larvae seem to be related to the one-month
delay in sampling period (thus, July-August in 2007 while June-July in 2008) and not determined by the contrast
environmental conditions observed in both years. In fact, the results suggest a similar seasonal timing of larval release for both
years. To detect phenological changes in response to climate change, a larger time-series sampling is needed in the future.
However, it seems clear that changes in temperature conditions can modify the body size of early larvae (ZI) at higher latitudes,
and hence their swimming, foraging and predator avoidance in the planktonic phase.
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HX—Y) U THEBLIOF ¥ 7 FBIIBITS
CABYEE « KEHEEIA T VEHOSHEFDREIZOV

<

T

Ve RERT 220 ISBPZE V20 BRIRUR S RAEENG Y, PSR, RERVRRK . MEE . sgHs
Y [ R T T [ B AR SR BE R 7 > 5 —
2 JEEE KK Bk BEFL PRI
3 VTR B 1
 AEHEE K PR B BREEFL b

VEEBALARME Tk, MoK ORiR & ~— 1 & TN HIRAT 2 KEFERKB A T VEHDO M BEL HEZ D &%
Z BTV S (Matsuno etal. 2011) , A 7 FULENERO BEMHREICB W TIEFICEE THLH2H, L DR
DOFBEERAL, FFRORKBEEBNICHTII0EEZHONITH2HERD D, T I CARETIE, LE—1
YIWMBIOT X I TFMIIB T LA T VESAEMERREE OBRBRER LN T A ENE LT, WA T
VHRB X OBREE T — 21X, ARRE KK EE I R AR E iR L x AHLo> 2007, 2008 4, 2013 4 E ZFE DML CES
ENTbOEMEMA L, NORPAC F v b CTEREESNT=h A 7 U8 & ALl e KRR, AbMRifEpE/NVERE &b KOV pE
FRIZB L, R ZFE L. 2y MUY 7 LRSS Sz CTD Bl X vy, KR, BELS,
HIRAKLZmra 7 oV a REZRDE, ~A 7 aEfHREY E— e v 700870 B PR EBEE LD,
P T T PT O R OWPK R A &R ® 7%, 1991-2013 FOWKEFE RIS 27 7~V —& R L=,
IR O K BRAEE 2 TR D 72012, SWE SN OBEARN R KICRDIEEZRD, O EFTKIR, By, 78
07 v a REAVEHLE, S5, RREEALR, ETEOKEEESD S5 SOEEE R TERD DN E21T
W, RO AKBME R T 3OO0 RN LB, 2D 350 FEMRS OkBikEE PC1-3) &, WKkEfREAT 2~V —
(@TSR). EFEDZ7vm > ¢/v a R (Chlyp * Chlgor) . /K¥ (Bdepth) ZFLEAZE, %4 4 7 HOMEELE A
ISEEE LT BLIMEET A EHNTAE S v NETVEZEE LT, RMEHRERELZ AV CREET VO
BIRZATo/2L 2 A, RTCORMOREET /VCHPOKRERER T /7~ U —, KSEMEE, TeZee 7 o0 a RE, K
ERFHIHA S E L GRIRE N (Table 1) . AuAife e KA OE RIS L 0o T R o KBRS 1., TS EE
OB (Anadyr Water 72 &) 2d 5, T2 ERBICIIRERE > 0K GEoKEfEK) « TRICIKIE S 2 0K

(Anadyr Water <> Bering Shelf Anadyr Water) OfiAdbtTh-o7o, £z, dbiifgiE/ NUREOEIREN L0 - -
S OKBEREE L, FBICEIRSES Ok (Bering Shelf water 72 &) | FRBICIKIESE Y KDOMAEDE TH -
Too —H T KFEFEERN Lo To R O KBRS E X BB IC @RS o O KB, T8 ITAKIR & 55 D 7K B D 2
EbE¥Tholz, £/, KIENENHAIZH AT, BWHEDO TN A 7 VORI NS o7, 717 4
Voa REITARTORDRIEE T L CTERIRE TV, BfERBIIER Doz, KRR NRL o7t
MR TR TOROMEMBEN L\ MEF S S, 2 AUTMKEAE O B8 b3 B A 7 OB IBRESE M D72 R’ 5
EWVWIHZEERLTWND EZZOND, ZRET, 2THILEEWMT T 7 N OnAh &85 L OBROMIIZIT,
7T AL — AL SN HEERE NS W S C& 72 (Eisner et al., 2013; Ershova et al., 2015) , L2ZL72R 5, 7 T A X
—LENMETIE, ETVEHOCCERMNRMNT 2T 5 Z L3 LV, RFEETIE, 7Y o G oKED
MAGDEEEMLT D2 LT, AT VHEOER A L KSIEE L OBRE ER(LTHZ N TE 2, £,
ABFZEIL, WoKEE B O RHUER T A T I OEIREBIEINZ SR8 % L) 2 & 2 EEAIIR LT,

Table 1. xi#EET /v

Observed vs.

A it e 7 v Eﬁgﬂﬁ%'——%fL—‘
AehimifgEE KRB s(aTSR)+ s(PCL)+s(PC2)+s(PC3)+s(Chl.aypp)+s(Chl.agor)+s(Bdepth)+ & 92.4 0.94
AetiifE g/ VRFE  s(@TSR)+ s(PCL)+s(PC3)+s(Chl.aypp)+s(Chl.agor)+s(Bdepth)+ & 89.9 0.88
KPR $(aTSR)+ s(PC1)+s(PC2)+s(PC3)+s(Chl.agor)+s(Bdepth)+ ¢ 75.3 0.38
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=V 7 - Fx 7 FBIZBITS
v X a2 X5 (Boreogadussaida) fFHR DA & BERE & 0B

LS SN N SN It SN JUICRNNIIEN AN Sie S &
Y L KK Bk BERL
2 [E] T AT IE P [E B AL AR B Tt > 5 —
‘ARt 2= X
VPRI B A
S HEEKF AT EYIE 7 1 — b RS 2 5 —

Aw ¥ a2z %7 (Boreogadus saida) 1%, ¥ 7RO R TR OEMRMEICHEIS L TS, AFEITEHED L,
BT o bl E., VR HEA B CORBREICH L b, dbiEiE L FORBEICRITAEETH D
EEDI TS (Hop et al. 2013) , F7=, AFEITWEOK FTCEINL, WOKERELE &L bICSHMbT 22 LN TE
» (Rass 1968) . MEKITIKTE LImHAEEEITR D, Ko CARMOWMIAE LT K E BELRBEBERAH DL Z LN T
WENDD, EBEOFEFER CTONMALCYHERIZONWTIEHLMZ SN TRV, £ 2 TARIFIE T, A
DOBET TONARND DI HERE EOBBREFRD Z L2 HME Lz, TICHWER Yy a7 X T 1av
T, ACHEE R FOKEEE M IS L X AALAY 2008 4, 2013 AED B FITILEAN— U o ZifE - F v 7 FIICTTR
yaExy b (AR07m, HAWOSmm) ZHWTEE L, FAaNGM L T KEOREEZRR 57D, 7
FAERAEH S CIT CTD Bl &2 i L, KiR - OO E 717 7 A4 L X 0 REKIR - #5r (SST - SSS) 8 L UUKAE
DIKIR - Mo mesaE (Ftemp - Fsal) ZRw7z, S 52, A EWOKEESY 4 I 7 & DR EZFRR D720, i
BT — % % W CERAEH R OMKEAE H 2> 6 ofki B (dSRT) ZFi~7-, SEHRIZ L > T, AEOEENK
< B 5Tz (0.0—70.0 inds. m?) 7@, 4.9 inds. m2 & B L L CRIMELLF O AR S H S BIE
Pl zmm B L Uiz, [R5 ST Norton Sound 38 & U8 St. Lawrence Island FFERIC. &8 E HUSIETF v
7 FUEALE R DR E LT e (Figure 1) RS FEHI AT & @28 FE S O WEPEBR B % bRl U 7= 5 9. SST - SSS
DPMELS, dSRT MEVHIETAR v F a 7 X ZHENE <. HIZ SST » SSS Am <, dSRT NEWHIS TR v ¥ a7
I HEEDMENER AR 57 (p < 0.05) o KHEOBEREIIIFFIZRZZT R o720 S EHUS S FEL T
oML Ftemp MR 572 (-2.0-05 °C) . EBIT, Ay Fa s X7 LHKOBGREFEL D &, dSRT 234
WHELR TR EMELS . ROVHLE TIEEERE W E WD 55 WA OF BRI (r=-0.49,p<0.01) AHHiTz, Fiz,
ASRT BN HLA TIHAEN/NE <. BVHE TIFAREAKZ 29 IEOHBIBUR( = 0.55, p <0.01)b & 5 = & 78
Honicholc, ZNBIE, Ay Fa 7 X IRRKEZOWFHRTHILL TWDHZ 2R LTS, £, K
TTHELTWD Z b, RBOBRENAKEOGMIZZZEL THD NS TS, LrLRRL, @mED
BNEBROERLY, Ryxa 7 X7 0Ow#KIEIZ05°C LT (Sakurai et al. 1998) L SbinTEY ., AFFEDOR v
Xa /X7 EmEEMAD SST OFPITHEKIROHAZ KE B A T\, —FH T, MEEHAD Ftemp OHIFHIX
FENEROMELITWED, AyF a7 X IFAITRBLUIMNCE M L. SAICIEIKERERORENEZEEL TV
LEZLND,

Figurel. AR TRy MIRLVEEINTZA v F a7 ¥ F{FRADSHTM. a) 20084 b) 2013 4. MWDK E SITHEEZRT,
References

Hop H, Gjgseter H (2013) Polar cod (Boreogadus saida) and capelin (Mallotus villosus) as key species in marine food webs of
the Arctic and the Barents Sea. Mar Biol Res 9:878-894

Rass T (1968) Spawning and development of polar cod. Rapp PV Reun Cons Perm Int Explor Mer 158:135-137

Sakurai Y, Ishii K, Nakatani T, Yamaguchi H, Anma G, Jin M (1998) Reproductive Characteristics and Effects of
Temperature and Salinity on the Development and Survival of Eggs and Larvae of Arctic Cod (Boreogadus saida). Memories
Of The Faculty Of Fisheries Hokkaido University 45:77-89


airc7841
タイプライターテキスト

airc7841
タイプライターテキスト
P06-091_Kohno.Yui

airc7841
タイプライターテキスト


P06-092 Nishizawa.Bungo

BHEAERBRONXEEELREBRNORD

MREE L VEIRE !, MBS 2 (UASE T 2, C.E. Meathrel’, P.N. Trathan*
VIS K F A K EERL S, 2 [ REEIERT, Y 7 b 2 — Tk R

Seabirds as indicators of changing marine food webs and pollution

Yutaka Watanuki', Bungo Nishizawa!, Kohei Matsuno?, Takashi Yamamoto?, C.E. Meathrel®, P.N. Trathan*
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Diets and body condition of polar cod (Boreogadus saida)
in the northern Bering Sea and Chukchi Sea

Tsubasa Nakano!, Kohei Matsuno?, Bungo Nishizawa!, Yuka Iwahara?, Yoko Mitani®, Jun Yamamoto®,
Yasunori Sakurai', Yutaka Watanuki!
!Graduate School of Fisheries Sciences, Hokkaido University, 2National Institute of Polar Research
3Field Science Center for Northern Biosphere, Hokkaido University

To understand trophic responses of polar cod Boreogadus saida (a key species in Arctic food webs) to changes in zooplankton
and benthic invertebrate communities (prey), we compared its stomach contents and body condition between three regions
with different environments: the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). Polar
cod were sampled using a bottom trawl, and their potential prey species in the environment were sampled using a plankton net
and a surface sediment sampler. Polar cod fed mainly on appendicularians in the NB and SC where copepods were the most
abundant in the environment, while they fed on copepods, euphausiids, and gammarids in the CC where barnacle larvae were
the most abundant species in plankton samples on average. The stomach fullness index of polar cod was higher in the NB and
SC than CC, while their body condition index did not differ between these regions. The lower lipid content of appendicularians

compared to other prey species is the most plausible explanation for this inconsistency.
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Fig. 1 Fig. 2

Fig. 1 Sampling stations (St) and abundance of polar cod (catch per unit effort as number of fish per km2 of area swept by bottom trawl) in

the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). No fish were collected at St03

Fig. 2 The percentage composition of prey taxa, shown by the index of relative importance (%IRI), found in the stomachs of polar cod
collected in the northern Bering Sea (NB), southern Chukchi Sea (SC), and central Chukchi Sea (CC). Sample sizes (number of stomachs)

are shown at the top of bars
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Foraging ecology of thick-billed murres in the Bering Sea:
variability in relation to ocean thermal structure

Nobuo Kokubun®? T. Yamamoto® ®, D. Kikuchi?, N. Sato?, Y. Watanuki®, A. S. Kitaysky*, A. Takahashi® 2
!National Institute of Polar Research, Japan , “Department of Polar Science, Graduate University for Advanced Studies,
*Graduate School of Fisheries Sciences, Hokkaido University,*University of Alaska Fairbanks

Southeastern Bering Sea is one of the most productive areas in the world where huge amount of predators inhabit. During
recent decades, the area has experienced series of warm and cold regimes that lead abrupt changes in plankton and nekton
community (Coyle et al. 2011). In this context, potential impacts of changes in the ocean thermal structure on apex predators
have attracted ecologist’s attention. The aim of this study was to reveal how variability in ocean thermal structure affects the
foraging ecology of thick-billed murres (a representative seabird species in the Bering Sea). The field study was conducted on
Saint George Island, Bering Sea, in 2004, 2006, 2007, 2013, 2014 and 2015 covering a series of warm and cold regimes. Small
accelerometers were attached on chick-rearing thick-billed murres, and behavioral data was obtained from 12, 5, 4, 9, 12and 7
birds successfully in the 6 years. Trip and flight durations, dive depth, Sea Surface Temperature (SST), thermocline depth and
intensity, temperature at depth (>40m) in the foraging area were analysed with the acceleration, depth and temperature records
(Kokubun et al. 2010). Prey species were also observed. Assuming the temperature at depth (>40m) as an indicator of the
annual thermal condition, 2015 (6.5+0.9°C) was the warmest year followed by 2004 (5.4+0.8°C), 2014 (4.9+1.0°C), 2006
(4.5+1.0°C), 2013 (3.7+0.9°C), 2007 (2.4+1.2°C). Thermocline detected in the foraging area was most intense in 2007
(6.0£1.5°C) followed by 2014 (5.4+1.4°C), 2013 (4.9£1.4°C), 2004 (4.3+1.2°C), 2015 (3.7+0.9°C) and 2006 (3.6+1.2°C). In
the years with intense thermocline (2007, 2014 and 2015), birds spent more time foraging in stratified waters (87-97%),
whereas the birds also used mixed waters (11-28%) in 2006, 2015 and 2004 with less intense thermocline. In all years there
was a peak of dive depth near thermocline depth (17-54% of dives), but in the coldest year 2007, there was another prominent
peak (36% of dives) in deeper depths (>50m). Annual breeding success of the birds were positively correlated with
thermocline intensity (r = 0.864) and negatively correlated with temperature at depth (r = -0.819). In summer, small fishes such
as age-0 walleye pollock aggregate near thermocline depth, whereas recruitment of larger fishes including age-1 pollock
increases during cold years. Intense summer thermocline is caused by cold previous winter when production of sea ice and
cold pool is enhanced, and/or increased heating of sea surface during summer. Intense thermocline under such environmental
conditions may lead high feeding efficiency of the birds through aggregation of small fishes. Especially in the colder years,
large fishes with presumably slow swim speed may be available in addition to the small fished around thermocline. We will
discuss further on underwater foraging behavior of the birds in relation to thermal conditions by adding acceleration data.

FRAR— U o 7RI R G B oS AEERK TH Y . 2L ORKBEENALT 5, FWRCIEFE, HEMICH
72o The < IEBM-ZEAHAERA I N TEY, TS TEESETET70 7 N RRAORMB AT 52 &b
7o TE 7= (Coyle et al. 2011), Z D K 9 ZR/KIEMEE DL, WHFAERBROREOHRNAZE L T, MKHEEIZE
DEIREBEEZRIFLTWAENNER SN TWS, F 2 CAMZE T, RO MRFI R EKIEDIEE T 5N
VT NI AT AOREAITEN A EEEICDI D EHT S 2 L T WEOKIEREE OZL m IR A ORI RE
ICEIEELTWOIPHLNIT LI EE2EME Lz, R & Emi42 £7-< 2004 45, 2006 4, 2007 4%,

2013 4, 2014 4F, 2015 SEOHM, _R—VU L JfEDO®v L F P a =V BT, NV T Y BT AN E R R
ZED A, s 12 [k, 5 ER, 4R, 9 fEk, 12 R, 7 EE SITEIRRER A ST, IR - RS
FlEAEHWT, BO N v IR EFRATRR, BKERE., SO Y 7 OREAIR(SST), BB ORE, R
(RERRE T OFEKIEZ)., HROIERE (>40m) D)7k IR %2 438 L (Kokubun et al. 2010), & HIZBDOFFHIF - 726
DOFEFZ P~ T, BOREET Y 7 TORWEEDOKIRZFREE L 325 &, 2015 4:(6.5+0.9°C), 2004 4(5.4+0.8°C),

2014 4£(4.9+1.0°C). 2006 4(4.5+1.0°C), 2013 4£(3.7£0.9°C). 2007 4F(2.4+1.2°C)DIE T/KIREREZ I LIRES ~ 7=, BED
BREE— ) 7 CRONTIRERERE X, 2007 43(6.0£1.5°C), mu&%4ﬂrq 2013 4E(4.9+1.4°C), 2004 4(4.3+1.2°C),
2015 4(3.740.9°C), 2006 4*(3.6+1.2°C)DIEIZ i A>Tz, Z D K 9 /KRB EFE OEVIBE LT, SREATENC bigEwn
DR ONT-, AR O5R - 3 4E[1(2007 4E. 2014 4F, 2015 4F)ICi. BITIRERERE O H AR A2 A+ 5
BB E - 72(87-97%)— J7,  FLlAYIRE HEJE D59\ V(2006 4F, 2015 4F, 2004 4F) I IR B OO 7o W iR F
LTV 72(11-28%), & DEIC b BB ITICIEKIERE DO ' — 27 SR O NT-RN(EEAKD 17-54 %), KRG 7=
2007 AEIZiE, 50m DLHEDIEWIEEIZH 95 1 DDOEKDO E— 27 N ST (KD 36%), &40 & OBFH i 1X
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T 1 BAaREDL Y REAOMANEZ %5, EMNCEERREOME 55003, ai&HINEL T, koA L
WKDEAAIRNEL 0D 2 &, FREEMCKENISBEDENDZ ETHY, D L5 REIZITIATT b
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The jellyfish buffet: jellyfish enhance seabird foraging opportunities by concentrating prey
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2 National Institute of Polar Research, Tokyo, Japan
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The rapid increase in jellyfish biomass and its impact on marine ecosystems is of great concern for the world’s oceans. Jelly fish
are generally thought to have indirect negative impacts on higher trophic level predators, through changes in lower trophic
pathways. However, high densities of jellyfish in the water column may affect the foraging behaviour of marine predators more
directly, and the effects may not always be negative. Here, we present novel observations of a diving seabird, the thick-billed
murre, feeding on fish aggregating among the long tentacles of large jellyfish, by using small video loggers attached to the birds.
We show that the birds encountered large jellyfish, Chrysaora melanaster, during most of their dives, commonly fed on fish
associated with jellyfish (Figure 1), and appeared to specifically target jellyfish with a high number of fish aggregating in their
tentacles, suggesting the use of jellyfish may provide significant energetic benefits to foraging murres. We conclude that jellyfish
provide feeding opportunities for diving seabirds by concentrating forage fish, and that the impacts of jellyfish on marine

ecosystems are more complex than previously anticipated and may be beneficial to seabirds.

Figure 1. Young age fish were aggregated among tentacles of a large jellyfish.
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Arctic NEMURO &5 /LD BH% & MK AR RIS ~DH
W WAL MR MR mm B4R A st

LTI BRI A > 5 —
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SHHAG AR
VI AR

VEE AR 2 — A D ¢ FEREER Station NAP IZERE S L7t T 1 A v b T v FIRERIZ K 5 e RAIBLHIRE
o, WEBEED 10 A DIBEISHEE 2GR 00 % 2 < GRILRERLF BEMK I 2 b Tl Y KiED
BV EEMIER D & DKL & ORI R I N TS, BERE HILINE T, ARSIk % RIS Uz ok i
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WTF ¥ 7 FEEMIK AN S v — R DO A THARR S IVZEHFERIC K > Tk Sh D e AREEY 77 7 b oD
ARBREN B > THETHD Z 2B 62T L TE - [Watanabe et al., 2014],

[A U< Station NAP &7 4 A b 7 v 7 THIESNTZEFZORBHIEE T2 &, 2011 FIZIET A AT VY —
MK ET D) 22 < GBI EMASMEZ DR TWD—F T, B4ED 2012 FIXILRERI - BN 2K
BN T A STV S [Onodera et al., 2015], & Z CTAMZE T, FitORKIELEARERE T MTHTT2
T A AT N —aE ek AR Z M AIAZ (Arctic NEMURO & fin4s) . WHEEBRZSE & x4 5 4R
IR DUNTIRENT 24T - 72 [Watanabe et al., 2015], #EEFEZ XI5 L Lo FHATEROME RN, 2012 FI34F
DILEIRZET K » THR—7 + — MERWE OB REZ KB EIMNCHEA 5 Z & T, Station NAP JEIZIZIBWTT A
AT N —DIMEATE L FITHE I RIS IR SN EBHL N E o T, FHTAATAYU—IZET S
SRR« RBIEEGA R « FiRTE « RRHE R E 2 2L S8 D E ER ATV, MKAERE R AN ELE T O A Wy 85
OMERRICKFETEEBICOVWTHERNZRAME L 217072, < OWHTIZRB N TT A AT LY — DA Ak
APERIXIFIEMAE Y 7 Z 7 h o L0 DTy EHIRNICERICHITE T 5 Z & T, FRlOokEEk iz T 7 v
7 N OAETER EBEERBRN D D, WKL I —RKICIERET D 2 LT, KR O bk E 2 B RE
WZRREET S TR 7] L LTO@ENEE TE RV, TA AT VY — BT 2 BGEIIIEIEF IR b T
LN, WEKBRAEZBEB L3S ICARRETV 7T 4 A b bT v PRI EDEE LR S BHE VI
BL TV 2 ET, mREREZ GO AR AR ORI R BfRIC SR 5 2 LB S D,

AW TIANETICHRBE L CEARRET VTR, A8 - S - BAEWLEZOLOEFHENG L IX LR
D, JLx DRBIRERDLENEN T T 7 b OERERMET D2EZENDH L, TOIGHMBIE LT, AT r L F—
ETNVERWE e OFEAREIZITHOL TV D [Yoon et al., 2015], A=A F—FT VE, vat s 1 E
K720 OFER (IKEEY) & TS - A3 - toBRRIcE SV THET S Lo T, MRaXofEB X
OUKIRIZ LR oA B LR R S A ET VO N &2 5 2 T\ b, HERIRR LT TV ik > = ZEA#HERO
FERNDIT, Ty 7 FEMRICE T KB ER SEHEEOHMCEY, vadroARFHRER (KEE >0 TE
%) MR T B —05, =V > ZUER R Tl EomE KRS 2B 2 D FIRIC K > THEOA R TRk te L
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BN Z MO T 5L L i, BMEHARENORRDIMLENH Y | KRBT ZOHL 2D D TH D,
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Prediction System for the Pan-Arctic sea ice with the MIROC Climate Model
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LJapan Agency for Marine-Earth Science and Technology
2Meteorological Research Institute, Japan Meteorological Agency

Under the GRENE project, we have developed the prediction system for the Pan-Arctic sea ice with the climate model
MIROCS (Watanabe et al., 2010) that has an improved sea ice module (Komuro et al., 2012). So far we have conducted a
series of assimilation experiments and prediction experiments. Here we present the newest experiments and discuss their
results. We performed assimilation experiments from 1975 to 2011 using the MIROC5 whose the atmosphere component has a
resolution of T42 and L40 and the ocean component has a resolution of 1.4°x 0.5° - 1.4° and 50 levels. The method used for
the assimilation is a simplified version of an incremental analysis update (Tatebe et al., 2012). The data used for the
assimilation are ocean temperature, salinity, and sea-ice (Ishii and Kimoto, 2009), and air-temperature and wind from the ERA
and ERA-Interim. Further, we carried out ensemble prediction experiments with 8 members, which were initialized by the
assimilation experiments. These experiments were started from initial state of January, April, July, and October. We compared
the reproducibility of sea ice in September and investigated the predictability. The assimilation followed the observed trend
and inter-annual variations in sea ice well. In contrast, the prediction started from July captures well the observed features
except for 2007 (Fig. 1a), but not for January, April, and October cases (not shown). Anomaly correlation coefficient (ACC) at
three month lead time is 0.78 for detrended SIE anomaly, which is good skill. ACC for July start experiment is high until five
month lead time (Fig. 1b). RMSE increases during summer season due to the ice-edge error (not shown). In addition to above
experiments, we have participated in the Arctic Predictability and Prediction On Seasonal to Inter-annual Timescales
(APPOSITE) project and performed control simulation and ensemble predictions with MIROC 5.2, following the APPOSITE
protocol, to investigate the Arctic sea-ice predictability. It was found, from lagged correlation analysis using our APPOSITE
control-run data, that the potential predictability were 1-2 and 2-3 years for sea-ice extent and volume (not shown), as in the
previous studies (Blanchard-Wrigglesworth et al., 2011a). Furthermore, two re-emergence features can be seen in the sea-ice
extent, which is attributed to the memory of ocean temperatures and sea-ice thickness. We have currently been developing the
sea ice assimilation system with the Ensemble Kalman Filter and also examined the further key processes for improving the
Pan-Arctic sea ice prediction system, which will be discussed during the poster presentation.

a b

Figure 1. (a) Time series of September SIE anomaly in the Northern Hemisphere from 1980 to 2012, for observation (OBSE), assimilation
(ASSI), historical-run (HIST), prediction of three months lead time (LT03). Anomaly correlation coefficient (ACC) at three month lead time
is 0.78 for detrended SIE anomaly, which is good skill. (b) Lead-time dependence of SIE ACC for January (purple), April (blue), July (red),
and October (cyan).
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Short-term sea ice prediction for ice navigation in the Arctic sea routes using TIGGE data

Liyanarachchi Waruna Arampath De Silva®? Dulini Yasara Mudunkotuwa’ and Hajime Yamaguchi?
National Institute of Polar Research, Japan
“The University of Tokyo, Japan

Introduction

Recent rapid decrease in the summer Arctic sea ice extent, together with climate model predictions of additional ice reduction
in the future, have attract the interest of Arctic shipping routes. However, the precise prediction of ice distribution is crucial for
safe and efficient navigation in the Arctic Ocean. In general, however, most of the available numerical models have exhibited
significant uncertainties in short-term and narrow-area predictions. Ensemble predictions of short-term sea-ice conditions
along the ASR have been carried out using a high-resolution (2.5km) ice—ocean coupled model that explicitly treats ice floe
collisions in marginal ice zones. In this study, the ensembles are constructed by using forecasted atmospheric forcing data sets
from THORPEX Interactive Grand Global Ensemble (TIGGE)) project in 2015 and the ice and ocean conditions estimated by
the model (De Silva et al., 2015). The correlation score of ice edge error and sea ice concentration distribution quantifies
forecast skill. Skill scores are computed from 5-days ensemble forecasts initialized in each month between May 2015 to
October 2015. Comparison of different ensemble atmospheric forecasts, using different months initial data sets, revealed that
our ice-POM numerical model skillfully predicts the ice distribution during the NSR operational period and NSR opening and
closing dates.

Model description

A high-resolution (about 2.5km) ice—ocean coupled model used in this study is based on the model developed by De Silva et al.
(2015). The ocean model is based on generalized coordinates, the Message Passing Interface version of the Princeton Ocean
Model (POM; Mellor et al. 2002). The ice thermodynamics model is based on the zero-layer thermodynamic model proposed
by Semtner (1976). The ice rheological model is based on the elastic—viscous—plastic (EVP) rheology proposed by Hunke
(2001) and is modified to take ice floe collisions into account, following Sagawa & Yamaguchi (2006). Model domain is
constructed using Earth Topography one-minute Gridded Elevation Dataset (ETOPO1). High-resolution computations are
initialized using interpolated whole-Arctic model results and AMSR2 sea-ice concentration as described in De Silva et al.,
(2015). The atmospheric forcing are given by the TIGGE (Bougeault et al. 2010) dataset, which has been developed as part of
THORPEX. TIGGE provides operational medium-range ensemble forecast data for non-commercial research purposes through
its data portals. The seven operational ensemble prediction systems used here include the China Meteorological Administration
(CMA), the Canadian Meteorological Center (CMC), the European Centre for Medium-range Weather Forecasts (ECMWF),
the Japan Meteorological Agency (JMA), the France Metrological Office (FMO), the United Kingdom Meteorological Office
(UKMO), and the US National Centers for Environmental Prediction (NCEP), as of July 2015.

Discussion

To evaluate the different atmospheric datasets we used the correlation score of ice edge error and sea ice concentration
distribution. The ice edge error is defined as follows. First, the difference in the ice areas between the models predictions and
AMSR2 satellite observations are calculated. Note that area covered with ice concentration more than 15% is taken into
comparison. Next, dividing the length of the model predicted contour of the ice concentration of 15%, we obtain the ice edge
error with the dimension of length. The results of the 5days (20 to 25 July 2015) forecasted ice edge error and the hindcast
(ERA) using ERA-Interim data is shown in Fig. 1.

Figure 1. Ice edge error between different forecasted datasets and AMSR2
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There were no significant differences of ice edge error between different forecasted datasets and ERA-interim hindcast data.
Within 5 days average ice edge among seven-forecasted dataset is 9.28+2.44 km. During the computation period the IMA
showed best ice edge error prediction of 8.89+2.57km and the UKMO shows worst ice edge error prediction of 10+3.41 km. In
addition to the quantitative comparisons of ice edge error, we compared the sea-ice concentration distribution qualitatively. Fig.
2 shows the difference between the model and AMSR2 sea-ice concentrations after the 5™ day of computation (25 July 2015).

Figure 2. Difference between model-predicted ice concentration and AMSR2 (model - AMSR2)

Southern part of the domain, difference in sea ice concentration is higher compared to the other regions. This discrepancy
could be due to the under estimation of heat transfer process between ice and ocean. However, sea ice spatial distribution
between different datasets has no significant difference.

Conclusion

Sea ice forecasted skill of different dataset (TIGGE) is evaluated in the study. Average forecast skill of ice-POM model is
9.28+2.44 km that is in good agreement with the requirement of operational ice navigation system (10 km). The current study
partly includes the preliminary results of the melting season. To improve the model forecast accuracy, the further studies
would be necessary in freezing season.
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Numerical Estimation of Ice Forces and Ship Performance in Ice-covered Water

Junji SAWAMURA!
!Naval Architecture and Ocean Engineering, Graduate School of Engineering, Osaka University

The commercial use of Northern Sea route (NSR) has been increased with developing offshore oil and gas in North Sea and
transporting them from Europe to Asia. The improvement of ship performance both of ship structural safety and
maneuverability in ice-covered water have been strongly desired with increase in the number of voyages and volume of
cargoes transiting the NSR. In order to improve the structural safety and maneuverability of ice-going vessels, it is vital issue
to estimate the ice force distributions acting on the ship. This study develops a numerical model for simulation of ice
clearances and/or ice breaking when a ship is advancing into ice-covered waters. The ice force distributions around ship are
calculated by the developed model. Figure 1 shows numerical results of ice clearance and ice breaking when an icebreaker is
advancing into pack ice. The ice floes are broken or eliminated by the icebreaker, depending on the size of ice floes. The
numerical results of ice force distributions are used for calculations of a structural response of ship hull and a ship motion
under the ice loads. Finally, the structural safety and maneuverability of ship in an ice sea can be evaluated by using the
numerical results.
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(a) Ice clearance and ice breaking of icebreaker in pack ice (b) Ice force in surge
Figure 1. Numerical simulation of ship advancing in pack ice.
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Study of Sea Spray Characteristics, Predictor and Anti-icing Method of Sea Spray Icing on Vessel
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WKFIAREKITBG DN EHET, a0 Ba—F T Ia
L— 3 HM 2 IROTTIR ~ DA K & 3HR L 72
%1 (] 21 E Horjen, 2013) 3% 5 & DD, EELDOARMAIC 0 B elative Wind Velociff (mf:}'
AT 2ITIEE > T, HRAIZITE KD EE W
BoRTEKIEE PR 2R HRD, HNDZ 0%
U (Overland, 1990),
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Figure 1 Correlation diagram of the amount of seawater spray
measured by the SPC and relative wind velocity.
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PR = Ws(Tf_Ta)
1—0.3(TW—Tf)

(1)

ZITC, W ERGE, T, Tp. T, EEREAKIE. ROKEE, WKIETHD, L. ()RR CIEEKEE
MLSEEICL S T—FBITRED LW OIREEHWTEE 0.3 ZHNTHY | HFARIRICEKFE L THENT2 2
EEFET DLWV & 5 (Makkonen et al., 1991) . FEKIREICITWEAK TIE, 9RZ2 1 & L TH-oTHELX
AIRNDT, ZZTREW(Ty — T,) OAMEZHITE LT, MRRAEK & BHEAT B ISR 2 AR RAAE K IR O
BB THDLOT, R TIIBEIRORE LK 4 m DITEZLIEN X T TA & — Ui LG a v, &
KOBR ERRDOBDOBRIZONWTIHANTZ, [T —FITRET A X A (KRGT) OKUR., BUH, A % b
WEEOMEICHE L CH W, g7 —% L LOfEEKER (KET) #2R LT, WKORIKEEIX-1.9C%E
v iz, Figure 2 (CHEKBIEAEOMMNE & W(Tr — T,) & OBIMRER LTz, W(T; —T,) O¥INE & bICE KB
FITHFNMT DR & o7, RIKBEKIL, RIRDOFAE, FRIKORK, fTHEOHIEE, FKFE (B2 L)
BB LTEDORREEZRDOD LEZDOND, W(Ty —T,) 1FEKEZRO L —DDEZTHLHEET T v 7 A
BE T 5D T, FHKITITBEEA T 7 v 7 AOEENRKEI N LR ST,

T & AT 3 2 MM & o T M KRTRIRAE K D FEBRAY 7B R EEE K OB R THh D, ZhE TITH R
FEBGIEFA, ALY, FRIMRFIC LD —T 4 7, REMILIC K 28EK, EBRABRK, BRCIREIC X 28R
K 7 EAMRE & 41U (Ryerson, 2008) . ZEDTEHMR b — & — M THEORATRORZIRIC K B0k, AT TO UK
Pilb A7 EEH SN THND D E & 50, RERRIIRITRVIRIIC® D, ABFZE TIRIREFE O E KT L
EKv— b, Bl EOFBRMEOVLERIGANIEmE — 2 &R W—FR A M EREL,

WK DG EITHEARNED 272 & FTHKMEOM BT H &

KON FEL <K T3 5 (Ozeki et al., 2012), L7223 -
T, 2 O — MEFFGT (PTFE & ERLF & > DN
A7V M7 g b EiEKME) | SCC (kT & v
T4 v b EBUKNE) S OBAKS— b (R H
fbe =1 BEAKM) ZHELZ, ZOREK, FCT &
SCC 1IN ERHP > — FDOER TEKEZHRH N T Z &
DEG ThoTz, LIEN-T, a—TFT 471255
HEBEARMEICMZ T — bOEREAND Z L THRK
HREATO ZEWMENTHD Z &R gmoTz,

— . b= I REREBAELLELTHOT
IR 2 DT BER TRV, B LD
BEEREIIZ ISR > DIXBRTH D, &

R — N EfEE LAY I —ARx A MMIEiark

DRWZ LMz, @mBETH VIR ~DOIS S A

BT, RAROTELEL R LN, AHOE—

F TR L LTS TH DL L bhoT, Figure 2 Relati_onship between predictor_ (product of air tem-
perature and wind speed) and cross-sectional growth rate.
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Examination of risk assessment method on collision between a ship and a bergy bit

Tatsuya Shigihara' Akihisa Konno®
' Graduate School of Kogakuin University
*Kogakuin University

1. BB

EFFR DK DWW L0, @A ABIEHKICEA LT < 2o TV D — 5T, Ml D4k 7
U= T 0 Rig EON S BEDL U 72 BAR DIZK A ALARATIE (S HEIN L TV 2 72, S@H O OKSRICE 2T 5
URZAZ13Ee LAIML TW D, MfaAvoKSE & 28 SRt L, UV A7 Z3Hli T 2 Z&REE L. L
LZDO XS RUOFZEFNIIR S, EERT — 2 Ot OFA LT3 45y LIZE W, £ 2 TABFZETIE, b
FROORIREIC B & BB AT O W dE A B fTe. 2 E CTOMFZE T/ OBRERBRE E 2 FR L, A
EOKR L DERFBRZ FEMT D & & BT, FRORMETHMN &K B E2ES 5 EATE CORIOEIEMST L, A
WL =BT R A5, AR CTIIEMRr — VO 2 EM L, F7- 2z A= S o m & E F
B RET 5.

2. WEFE

AWFZETIE, BEOHFZENE R UM Z F VoD, LA VXL 70— R EM & FEEOMEICERE L CTEM
WZAY 3 D BUERAT 21T 5 . EUERRIT I, EEDRIARENT Y 7 b U =7 STAR-CCM+v8 & HV 7o, B AET IS
K DOFRBUZ VOF %, #vfin & K OB A — N—1 v bk, JKOEENZIE DFBI &2 W T 217 - 7.

Fio, AR TITEREEFOMEO RS D FIEZLLTFO L ITRET 5.

Lo Bt 2 v Tiifia LOKSEOFRXEE 2155 .

2. EBERFZ AW TEERORELZRD S, I 2 TEHEIITZEIEMMEER L T 5.

mgUs + m;v;
mgvs + miv; = (Mg +myv o v=s—————
mg + m;

ZIT, mdIMoOEE, mITKOER, v, v XERERTOMEKOEELTS.
3. HEHOMELZHNTUTO LI ICEHEICLDIZ R VX —HEELZRDD.

1 1 1 1 1 1
AE = -mgv? + -mv;? — E(ms +m)v? = -mev® + -my? — E(ms + m;) (

mevs + mivi)z
2 2 2 2

mg +m;

4. RO FAXF—MEEE VT Daley and KimPOFEN Tk L 0 LU FOR IS0 D EZ KD 5.
_d(i+ex)
E, = Pyf, 1+ AE(d(1 + ex) + 1)\d(+ex)+1
n 0/a Pofa(1+ex)

ZIT, fu dA/EZEROKOIBRICEVIREDERTHD. Py, exIiTKOTREIZL 2 BN, AR5
Tld Daley and KimP@ & [F] UfE& W 5.

3. MR KR O

L IZEREFTE COMZE B0 G I OB OB+ 277 KT CIE, MoOEEIXS /7 v N ERE
L7z, X2 28T M OLRD S OFEEERT O 27T, EMOBERTIZ L 0 HE22ERTOK T O E X
0.812m/s (AR D 31.6%) (272> 7=. STAR-CCM+v8 [TTEZEH T 2 72\ T2 O & K 7 3 ur -5 < & AT 3 5E 12
LFD. ZORFEOMEKOMOIEEIIRN 1.8m 1278 o 7.
Daley and Kim2I DT F1E L 0 i ~DOELZFHET 5. TOBRICHWS/XT A —4 % Tablel (2777
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Table 1. Example vessel and ice parameters

Parameter value unit
Mass of the ship M 150 kT
Ice pressure term Py 3.0 MPa
Exponent on pressure-area function ex -0.1

Pyramidal angle ) 150 deg.
Representative length of the ice 20 m
Density of the ice 0 900 kg/m’

AR T, L—F TRDT D Z ENREEZKIL L OEEEZTBEL TN 5. %®t@*ﬁ@p@%mm&ﬁm
L. ifakﬂ)ﬁiiﬁ%ﬂzfzkbf), ELET DEEHNF D, MEPKE LD EHE SN D DEET D55y
%ﬁ@%%;@%%m##éﬁ@i%MNf&w,%MN itz 55 L D IERET 5 Z &1 X - TEAL 20m
DK EELE L THLEETHD.

KOERERTOMWE %2, FLOMEEZEAT L TENEIZO D 59 31.6% E RKED EEL, ME 10/ v hETO
HiPH CHE SR D i KT E 2 RO 725 R % Fig. 3 12”7, Daley and Kim2 T3t D F Kiitfar & 2 3.40MN & RAE S
STNWDLDTINEEHT 5 &, AL TIIOKTR HE D e Rt ar 8 4 8 2 72 WO o 1.2m/s(2.3 7 > R &7z o
7-.

ARV IATIAMYE 2 M &OKBL OB 2N & D 2R A B & U - fEHT IR LT <.

4. BEIXW
1. Shigihara T, Ishibashi D, Konno A (2015) Experimental and Numerical Investigation of a Model-Scale Ship and Ice
Floe (Second report). Proc 23 Int Conf Port and Ocean Engineering under Arctic Conditions.

2. Daley C, Kim H (2010) Ice Collision Forces Considering Structural Deformation. 29" Int Conf Ocean, Offshore and
Arctic Eng 4:817-825. doi:10.1115/OMAE2010-20657

Ship Bergy bit Solution Time 5.30s

— /

0s
1.0s

2.0s
Fig2. Simulation results of just before the collision, starboard

side view
3.0s

4.0s
5.0s

5.3s
3.40MN

Figl. Simulation resuts, top view

Fig3. Calculated maximum normal force vs. ship speed
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Ice navigation according to the ability of the icebreaker using vessel radar images

Toshiyuki Takagi', and Kazutaka Tateyama?
'Department of Electrical Engineering, National Institute of Technology, Kushiro College
Department of Civil and Engineering, Faculty of Engineering, Kitami Institute of Technology

The sea ice has caused significant damage to vessels in the Arctic. There have been over 200 reported
damage events over the past 25 years. It is important to avoid the collision with the sea ice, and to select
the route to save the fuel and time safety. However, it is not easy to select the best sea route promptly and
safely because the shape and the distribution of the sea ice are very complex. In this paper, the selection of the
sea route on the ice sea is formulated as the find-path problem. The path between the start and the goal is decided by using the
Dijkstra's algorithm as a query. Our system is introducing not only the distance between the start and the goal but also the ice
consternation as a cost function. Experimental results show the effectiveness of the proposed method.

1. [ZC®HIZ

AC R B (Xl 25 B HIRSC B IR S DR K 7p &R & 2R 2h R & i
TUTHIRICH 6T Z ENEEINTWS, L, KifFEDMaDE
W\ T, WK & OEZEABET, B I~ OBENCE T 5 PR &
Hif LT iE7e b2, 61T, WoKOEZRICI VA EE L,
D ZIVUT KB R BB ORI S H 0 |, ALERIENITT I 5 IO MR O
WEIZEEARMETH S, EHEHIXZ 0L D KIEICRIT DK D%EIR %
MBS AR R & L CE 2, MR a— K~y B2y, BIE#NS
HRHE TOE A 7 2 b TFIEIC L > OKEBMKE A2 BIRT 5 FELZER L
72. LU, #okfibon s 7 22k > Tk, %9 LT TOYKEmREE
E LTS D MENIELS | IRORKRE NN U T ZIRES D, £ 2

T, AT, WKAFEEY L U CBMoKE & 0B, BRI E CoE 5————?%M
Bl 2 K B |2 5k % M A S B AR\ N % S A MR SRS B ik A '
BET5.

Figurel. Aradar image

2. KRVAT A

Fig.1 1% 2012 4= 8 A 1 ¥ IhF R ORI A - S-rm—T

N Ko TR 79° 57,236, PEAR 142° 31,540 TEER S ALl —

X% T %. Fig.2 1% Fig.1 © L — & W{g(% LT, 10pixel OHHN O
BEEEMEOFLME, T 726 48 117.4m NOWKERE 2 55 miIx <
RLTEbDTHD, WOKBHEEORE SIX, BIRICE-TRLDINT

W%, Fig.3 OMKEHEE LEROBRZ R LTS, RIZHRINT

WD LI, EAKRFOREEREN 15 / v b EHEN S 4v, WK OEHEE

D 30% M BANENRAD LTS Z EARINTNWD, £ T, ik

O/ — Rii & jREEEE dij) & Lz & X A0iE j I2B8 T DMKERE

WZxr T o MdEE fG) 35 &. — REOFHMHBEEIIR AU L - TRE

ns, 0 3.0 NM

s, ) =d@N/fU)
Figure2. A contour map
of sea ice concentration

f() 2 oK AR DK FFEICKHE S5 2 LI K- T, WoKE LI %f
T OV OMOKEENNIE CToMS 2 RE T 5 2 L ATREIC 2 5,
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Figure3. Relation between ship speed

ice concentration (%)

and sea ice concentration
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3. VIal—Ta iR

Fig.4 ® 7 7 71X Fig. 3 OWRKERE & yiE 0 BIR & oK W o il
CRIREZR YK FE & AT RBE 7R MoK FE % $2ke L 72 3 D DX 3T iR
L 72 KRB BRI C I 9~ 5 2 &1 X » THREOKIR Ok FrtE 2 38 L T
W5, Fig.4 @ (a)~ () IZIB\W\T, BEEEOEME 20 372 H K
BEHEIEIN 7. 8% £ CTHKF DOIEAHERF T & | HBKBIE DOROKIRA %2
23%~4T% %L SHT= I 2 L— g VEEREZ T, POkl

<o
P oo 0%Beo, Jo%000 KRR & 23% & LT2 Fig. 4(a) T, ISR HEE OV EM T
R B L, WK B ORI BICHTEE 2R ST 5, BifE 2 R g
J Lo % L= OHul b AR E T OME L 5613m Th D, —K . AT
‘ & ‘ FIREZR MK BE & 31%IT38E L 7= Fig. 4(b) TiE. Fig. 4(a) & B2 %
10 20 30 40

W& SR X4, WK ERREIT 3810m EEfME S TWA, 2D X 91T
Wi AT RE 2R VK BEHEEE SN B 1o T, UEIZEARR IS X Ak IR
HENER SN TW5,

216 £16 fwo--mmmmmmmmmmmmmmmn B 16 Rgommmmmmmmmooooooo- £
: H H E
o el B Lo N L _____ =3
3 o §= B
= = = = 0=
ZI 20 60 200 255 ZI 200 255 A 20 100 200 255 n 20 120 200 255
Intensity (concentration) (23%) Intensity (concentration) (31%) Intensity (concentration) (39%) Intensity (concentration) (47%)
start start tart
° ° i a start
°
3870m
5613m 3612m 3200m
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° o o °
(a) (b) (c) (d)
Figure4. Simulation Results
5. BbvIZ

AR TIT, WK ZFEEY & L CRBoKE & B3, HAVH E TORBHIMKE S & ik o BIfR 2 FHl B % &
MNA L AROK A DUFKEE T E 5T D HOKRENNTIS CTo i 2 PRR T 0 Fik 2R R L.

References

[1] Takagi,T., Tateyama,K. and Ishiyama,T., Obstacle Avoidance and Path Planning in Ice Sea using Probabilistic Roadmap

Method, 22rd IAHR International Symposium on Ice, 2014

[2] EAREE, #HIL—2F, BoKMORINTIE CfERin — R~ v 7 Ea AWK 1 DMK, 5 30 [H

FEHHL AT > AR Y T A, 2014

[3] Dijkstra, E. W., A note on two problems in connexion with graphs. Numerische Mathematik 1: 269-271,1959.

[4] Ono,J. , Numerical study on a short-term sea-ice prediction for the Northern Sea Route and Northwest Passage, the 22nd
IAHR international Symposium on Ice, Singapore,2014

[5] Takagi,T., Tateyama,K. and T.Ishiyama,Obstacle Avoidance and Path Planning in Ice Sea using Probabilistic Roadmap
Method, , the 22nd IAHR international Symposium on Ice, Singapore,2014

[6] Minjoo Choi, Yamaguchi,H. and Nakagawa,K. Arctic sea route path planning based on an uncertain ice prediction model,
Cold Regions Science and Technology 61-69, 2005


airc7841
タイプライターテキスト
P07-104_Takagi.Toshiyuki


P07-105 Sagawa.Genki

IERBHEH B RO DN DWKEROBEL BRE

eIl
HARH T = —=2—X

Sea ice information needed on NSR navigation
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EBHEHE T 1T 5 RBEHBERRITE Y 2 A5

AFF siEk . hm — 1t B ffEk
YRTKFKFE BRI PR IERE TR 55
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Study of route optimization for the Northern Sea Route

1. Fim

AL XA 0K TIZIT R 2B b 5 3, HERIEEE
BIZPEVY . E TN R A A 23 AT T & 213 Sk
BORT 2, 224, AT X H O BEAAHT R 0O
(bR A L 7 AL AR (NSR, Northern Sea Route)(Z
HEHMEE > T D, NSR IZBEFMIEE & B TRIN, T
VT M OEREA 30-40%EMET D, FHIC K VIREHEE £ B
EZ TIRELREN Z DU SR80 | HIERIERE LB 1R
LEMCE 2, MK L KE < B UMK OFET
H Y. Figure 1[ANI R THERMAT IR S A7 LA OHEEN L
R ORI 7= 0 EEARIE L 725,

Choi et al.(2015)[2] CITMKBUEE T VIC K 27 o
VEFERE R D MO RN S % 58 LT Rl g 5% %
FTotn, % 2 TR % B & KJEIC il 5 B 22 IR TRFEL L 72, WPEFQ015)[3] THEL [2]%& X — A 12K
WMEMDT A AT T A%V EODEMTHET lce Index[3] & V9 FEEEZ VT X W B HEZR KL /PR L 72 s BB
KXEZEHL, EF0 NSR ICBIT D REMBEIEREZIT T2, £12. ENITT —F L OB Z{T> T DA%
Rt LEbiC, WKkEMTHT —2 %AW TIEAAOREREIC OV TER L,

Figure 1. Schema of navigation support system[1].

2. HHT—%. BEFIE

T — 213K - WPEEMET T /L Ice-POM(Princeton Ocean Model)lZ L 2 FH5ME. A LIS X D HEkB8LIHT
— 4 NSR EMATT — %, WKEMTHT—XD4->CTH%, Ice-POM i De Silva et al.[4]\Z X DK - WELEHE
ETNTHY | AW TIEZ OALMEEIE 7 /v OREAHEE 25km, 233X274 #%7) 12X 5, 2011 4 9 Hnb
10 A D 2 » HEICHOW TR B E O Z £10% T L ST 3L [ 7 o 7 A PRIGHRE 217 > T2/ R %
MAni, NLEET — XX, EMITME LR T 2 REMBEREZITOLDOO~ A 7 2 4§ Advanced
Microwave Scanning Radiometer 2(AMSR2)IZ L % K MG L 10km Dok 5345 7 — % Z 72 [5], NSR FEfiAT7 —
SR LOKPUZ DWW CTRET T 2 7280, LFAFEH Th H AL A RIS 2 L 7 o MERSHE[6] 0 KR K ok
12 &5 HEMRAREDIZEE Automatic Identification System (AIS)D T — % % W 7=, lce Index<15 O#LFH T Ice Index
ERRERIK T EROBIfR A Figure 2 1287, FEHATT — X RO TIFIZ AT DONTWER, TN TH 0.718 OAHEMRE
NELNTVWDS, BEHTFHIT — 2 I32EkEETT VOO E > TH S MIROCS (Model for Interdisciplinary Research On
Climate, ver. 5) (Watanabe et al. (2010)[7]) T Lk DFFRFE R Z Vo, EoREHRRRICEE L, A*7 L3 X L%
VISR R 21T 5, KL D OFEHETE 21T Ice Index 5%

ELALE
3. MR

F4. lce-POM 12 L 5T ¥ v 7L PRI ER 42 VT
AT PRSR 24T > 72, K 0.6 m £ CROKATAES L, 2011 \
10 A 15 HIZF =27 FlEHEHB L TAD VT ETHRED

& BIETHEE L L, Ice Index=18 DIFIMKAM DT A 22—
MNEZITDbDE Lie, 7o TAGHERE RN D Ul IEM

AT EARE LT HKIERHOKEE ) 8 2 TR R DR % K

B (failurerate) & L CENZEZBE L TLEEMEOE WKL

BHE L7, BROBOFMEZKIXWICLZ, w,=1w, = Figure 2 Relationship between ship-speed reduction rate
100, w; = 1,000,000 & L T 5 7= #5584 Figure 3 1279, and lce Index.
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cost function = w; X(distance [nm])
+ w, X (time [hours]) (1)
+ wy X (failure rate)
4. fiwm. £&®

AT TR T — & LHKIRI A BE ST, T g KIcE
ZEOACEATEMAT I3 T D I EMIS IR R FIEL B Lz, £
7o EWATT — X L OB I OEMTHIT — 212 L DRkt
DOiET AT o1, UTICRREE L DD,

Ice Index V£% W CTEMATOMBT — X 28 L | Ml OHEE
AT o7,

FH IR 2 BR K T B (R D I RIS BT 5 2 & TRMVRLIC &
DIV 24T > 72, Ice Index 23 15-20 O#iFHIZ B TId AT
T7 — X ORT DX PN KE W EEEACEE G

(INSROP, International Northern Sea Route Programme) T{T44L

TWFFERGR[8] 2 2 L 72, Ice Index 7% 15 LAFICH W TIH L Figure 3 Optimized route (light blue: independent,
IS VERR R Z R LT AIS T — X 25425 2 L ¢, EHE blue: escorted by icebreaker) Color indicates mean ice
A thickness [m] on Oct. 24, 2011.

A*T LT AN E W RO R R PR A ML L, 7
TN THRIZE D THRAFERDONT DX BT LI MEER 1T 72,

A*T LT Y X5 TR RN & Fai k& FFOMURIRRE 21T 5 FIEE % Lz, WKEMROMOKRE ) Z 8 2
TLEIMETHOIRMEZZRTHZ LT, BORESFOHEMED NN T OZT ORI VIR AZ BT L0V LR
A RRE TE T,

BT — & & VW CEMAT & 7 U IR R 21TV, i A 1T -7,

AlS |2 X5 3EDMMDEMITT — & LHRIC K 2 REMBE O ZIT 7o, IBETHKDEL, e TIFs
THRWEEAICHAIZIVHEZEL Z bbb o7en, BBULAEMATE DV A REET L N TE, HifT
FEMEITA) 5-15%., MUATREMIEHR 10-30% & FEMIAT L 0 M SN DR ESTZ, Fo, FEOWBEZE D 2 & & iiiil
THZELARET., HOILEZ MWD D O EZE D 0%, EEOMB LT T HERMATIE S AT L L LT
fnwotEZoN5,

BERFEETT VICE D EMTRIT — % %2 AWV CREROUATRE O 2L & # L7z,

WATHEM O EMIN L 274 2 & T, Ml & L CORRORFEIMICER T 57 — & 2157,

A% HEKIR DG /N Z f5e 1T B DITEE - T, NSR GBI 202 FERIE 10-20%0 42 & & &I T Al RERIR 23 A K
THRIABRHY . AT XIEFRHBEORE MK T H2EMMETHE L T b0 EBE 2 b b, ALl o
KIZREET VO TR Z KIEICHEZ THAD ZHT T, 5% HF CTEFITITEKOEELZ T 2 WK ERE
(Wi 5 Trans-polar route) 7232k 2D K 927 b AlRetE b & 2,

5. 4%

R TIEE % wi~wy DRI DO E D ZE T & Z U fE S Mo 28k, #Hi7=iZw, (money[USD])Z & A L .
PREREE & OBRMEIZOWTHEHR LT, F7o, Ml EXOMAUC X 5720 ice index 15 & AR KAE L 72K
PHEE AW S5 2 & TH-AREHEE 21T 9.
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Navigability and Economic Feasibility of the Northern Sea Route

Natsuhiko OTSUKA' ,Hiroshi MORISHITA?, Kazutaka TATEY AMA’
'North Japan Port Consultants Co., Ltd.
’Graduate School of the KITAMI Institute of Technology
The KITAMI Institute of Technology

Feasibility of the Northern Sea route is examined in terms of navigability and shipping cost. Parameter which multiplying sea
ice concentration by sea ice thickness along the Northern Sea Route showed good relationship between actual ship speed that
detected by satellite AIS. And shipping cost of iron ore, liquid bulk, finished car, LNG and container via the Northern Sea
Route is analyzed and compared with existing shipping route scenarios.

1. ILwic

e O KR AT 72 05, 2010 4ELIK, ALRRMEMTEE 2 FH L72BRN - 7 27 Mo KRG PRI L OB
HEYOEENERM S5 L 212780 2013 I 71 i, 136 IO EMREE SN D ETITH R L, Lo
L 2014 4E~2015 4E 135, LA 2 50 U 72/ « 7 2 7 OB 38 L7, 2 iUk, dbksvEit 23 pg A
LR & L CRIE ORI 232 0 72l TldZe <, 7O T IO RREIRTE, 72 5 ONTAnkEr « KEREIR - 7
T&M%@L%%ﬁﬁﬁ%@T@%\ﬁu/Tﬁ%%ﬁ%m%ﬁ%ot_&ﬁ&@itbttb&%z%ﬂéo
— 1 Z ORI, B EMATICE T 52 < OFRCRBPAEEIND L L I, REER &7 OfATE B B
HHEH S, ACRRIEHTEIIRER « RAOFE TIX e 2o T& 72, RiRTIE, B OEBEOMAITREE S L OVEK
WA S EATACRIERTIE OMATEEZ B 520 U, ALK IS 31T DKM T O EATRIEEME 2 MFt L7z, S 61T,
AR 2 R 2 K MEMEE L, ZO®EEI A MIOWT, BEERE Y B X 282 A b & sy
Br&4TV . AU OB E A ERM: 72 & NTEBL AT REMEIC DWW TEZE LT,

2. ACHRHEHTIE OMAT

T, AL O B OMITIZ 6 HR~11 ARKDOKI 5 » AL 72> TW\Wb, 72, 2010 HLLREO AL 2
FEMT U7 g O - HR B 1, 8 A LARRIZA 10kn, MK AR E72mE LV 6~7 AIIMHE R BN L < 72> TV DD,
8 HLUIKRIXZE L CHI 10 A OMATHEE CHEWMi I T2352 T LT\ % (Figurel) .
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Figure 1. JLABEMERIERTAIT B 4K Figure 2 [ZHE XOKIE] & vl o BEfR

EF DT 2014 05 ALY 2 MiAT T DA O EEEOMATILE L O 2 H R AIS ICTHRGLTEz, 20
25 2014 A 6~8 A KN 10 AIZEBIT D 19 EOHATEHNZOWT, MATIEIZIS 1T DK & OOKIE & fifT
HEDOBREZ SN LTc, T 210, WOoKEEE I T6 B H~ A 7 v U F AMSR2 BLHIT — & % J512 JAXA A3l
9% 10km X 10km FEE D H -7 — 2 2R M, #oKEIIHEER (R, A. Krishfield, 2014) % TR U< AMSR2 @
BEFREIREE N DR Uiz, WOKEHE LOKEEZ R U7 A —% L BEHOMEO MR Z 745 F % Figure 2 12
KT, TAAZ T A PCA O, KB H > THEMZROBEMMAITT HRE03H 0 . ZOFFHIOH CIIoKHIC &
59 10kn FREE A M 2 5 CHUT T DBERA R OND, —FH, TA4 A7 T A PC6~T DvlE, MACKRILY Bk Lb\iE'
BlIa v T OROKMEZEEZ =I5 Z L2250, MATHEIIOKR S ELL 25 LoﬂffRTﬁ“éﬁ@z’Nﬁﬁmh
H(RZIFD, 2015), 29 LIIEMEER - o752 L1280, FUEETVICEDMITI I 21— 3 /k/\zb
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e

BT, BMMUATIE NS oK S8 TORATICE L, ZRICHITTEZ 2RASLDEMICHAT TE 2HER L2 E
HIZFHE » PHIT D2 EBAREL D TH A D,

3. ALREREATES IC X DEEE =2 A R DT

AEHRHET IS OO K & 2B E. BRMNALER D FEHk & 7 27 Tk L OB OIHEEEN 30~40% M SN5 L Th D,

Z 2 ORI B QLR & /T 7 O Tl SING LB E LT, B A. I VY | SERCEBIEL, LNG, =
YT ERY B, W RS R N OB AT o7, SREA K ONRIR SV 7 ignk 1 X EE R L E R IR O 1 %f 1
DEEL 720 B UEMEEEM THILUE, EEEOE WAL @ EIT. RIME ORI RN K& < FEH L,

Nz CHaee B BEME S XD A0 o0 JFUIE B B o i B B OB B Ao v . A XYE] 24l O BEAEMUIS L 0 bk o
Z NMIERERD, 2L, a7 ORI ERN A XEMEERRBETCHALAIZ N RkObND, F7-. B
AMBEN KA T2 2 MEER > T, TN ERISEEORE A FRNEBTE 5, SREBEOSES, ik
AR MIED DMEEREOFIENRKE R | BB 72T T2 Bk B EHIRIC K> Ta 2 MHIEAESL T &
% (Nagakawa et al., 2015.), LNG (ZZDMHMAN S HIZKEL 8D, LI > T, %I CEEIND T~ L
LNG O7 V7 Hilli~offit 2 A I, LNG ¥ > I —0NEWHB THETE 2089 ML > T, HEER DT NI
WO HE LNG Offiik 2 A kLA TE 5008 E S Th A ) (Otsuka et al., 2015),

— 3T TRV CIE, AL A T AT RE AR AL oML & L C 4000TEU #& DI KA 2 48E L. E IXdb M,
ANE A o R A 3 D AR T L. AT AWK IC O W TIEBATHE O #(9,000~19,000TEU)) A B ¥V 1-1F T
FfL72, ZORER. 4000TEU [Pk = > 7 S K D FERTIEL, 9,000TEU #RARIT K 2 A o= XTE FI) R & [F) 552
EoWxa A Nleote, LoLIEHE, 77 « BRNAEEIZIE 20,000TEU #OBREHBEA Sz, Z 0
HRRAR T, EMMATEHEZ T TRk LA L @ RO= o DAk ka2 FZBIIC T2 50
Eleote, T, ALMUEHHIEIC L5 2> 7 Fkix, 4% OW e OREHRIC L - T, BRESEE
BEED D D0 RENN & 7e > T D (Table 2) (7T« KEE, 2015)

Table 1. JLABEMERIZ & BEhHET X MO HT

#5471 (USD/ton) &,V 7 (USD/ton) SEk H B #(USD/car) LNG(USD/m?) =1 > ) (USD/TEU)
vFY NSR BEAE NSR | ==X NSR [ ==X NSR B NSR | z=x
7 ek~ B A 773V VEE RN~ A A R~ B A Ye~HA AR RN~ H A
kA 17 9000TEU
\FFJ 3

i 7.5 77 DWT | 25 J7 DWT 10 J7 DWT 3800CEU | 6500CEU 5 14777 m® | 4000TEU | /00 o
B 6,135NM 12,694NM | 8125NM | 12,337NM | 7,107NM | 11,617NM | 5084NM | 6,670NM | 7356NM | 11,417NM

#iEan 14.6 13.5 18.3 27.1 330 389 237 17.5 1,186 1;%29

Mo T Tk a A o EEBET 9,000TEU i, T B 20,000TEU fi D & 0

4. FEH

ACHBHEML IS DKL & WIAT RTREME D BIRICOW T O AR EE S L 212720 | FHEMICHIT X 2 AlgetEn T
7o REORATERELEMT 2EMICH Y, EMITLEITHITIN T\ D, dLHEMEERDE = 2 N O Tk,
PNV ZEYMTO A MBEUERER CTE 72, 512, TN OEFEEWIZ OV T, FAH TR Z R L7,
2T HALMRIEE LNG (X, 7 27 KON A~OIBFR ARG T & o> Tnd, ZORFEEMETIE, b
TOMATHEENEE D Z LN, ka2 NACTORENEEZREDDLZLE2R LT, R LaryTFiconTi, it
Roar7 GOk E TCRKRESGEENEDLIRNTH D, T-VTHLOEHEFICBNTYH, bk
WERLE DRIATRE S % E BRI L UG M T~ DS BB AR B L 72 B
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PRIk 2 SR & LTHR T — & A Web ¥ — B2 DBR%E & AT
B ML R ORI R 4R 12
! [E SRR AT
2 HEEIITE R T

BIE, B 5 HHFIE B CRUAIEEE SRS RN OB O T —Z BIdEKIZR > T D, BEIIZE AT A
MEROT —2 EEIY Wb Fiude b7 BRBIFOSBHIZIBNT, BET — X BRI O FIELH S
T = F BT T E DRHIOREN AR TH S, T TIKEOHHESNE TIL NOAA 12X % NODC & o7 —
YU —PNFELTREY, E0HOTFT— 2L LT —2RZ20OP LN EE ZH T, BiLWT — X i
BrEf OB TERTE HITOIL TV D, WX HHT DRET — % 240 9D 1223 T — X OWEZ T TIEe, 7—4% 0
FIFH &N ED D 7O DB R AR TH D,

ENZARHAFZE AT Cld, ABRBIRIC BT 57 — &% O— i 72 IUEE - EHb - ABZITWV., MREE~T — X ZEiToin
LM Z BEE L C THUMRET — 27— 4 72 27 &) (LL'F, ADS : Arctic Data archive System) SRS % e
HTWDH, BIFE, ADS TiX, DX 972 3 D —ERZHFEM L TW5DH, DIIBHISEICEE D 2t o7 — X
DI AEJREEZ EHT 5 KIWA, HET — 4 BIOET VA RO ) v RTF—2 %77 v ECaltiil « i@t
9% VISION, 3)iek@LHlfE 27— &% 25 H L7 7 = 7 %« ~ VISHOP, AAMfF7E3E 5 Tl VISHOP (2 Xk 5
BRET —X2 OWEY T )VH A4 ALY — B R EFBI Lz,

VISHOP(Visualization Service of Horizontal scale Observations at Polar region) (%, HERBIHIMEIC K-> TH O - fi
BT — XMWY TN A LTRHLEITD Web y—ERXATHD, HAEHFINHIMET —H X, JAXA XV ADS
NREEIND, BBk INZT— X ORI L OFR%E ADS O — 13— ETIiTo T 5, AR LS iz fed O
T — 413 ADS O Web 1 b (https://ads.nipracjp \o7 78 AT 5 & THERT HZ ENTE D, DX 72l
T — & Z AL 2 FL D Web Y— B R ITMESN OB K> TIThi D Z & 3% o 7273, GRENE FEH[H
iz, ERTHHEEOY—EANRZEO LD L D2/ oTz, AA4FIE LT, NICT IZX->TGEAEN TS
OFbHY 8 FUTIHAL Web| BFET D, ZOXITHRETIEAILSNZT —XOREV—EADOEE
PERFEE > TS, ADS @ VISHOP TiE, fET —X 721 Tld/e <, BAEKFILOAZEE L 1ttt S - dbinig
WK A FIRSPUBKTREN G 7 S UZ DN T B REEIT> T D, Web H—E 2 %18 U T & B OB F
D HHE DB EBRRFIZIT 5 2 & B AfREIZ 72 o 72,

ZDIFNIT b ERX TRBERE D EEEDMTON T WD, v U AEIED B TIT 2 D EHE DILRME/ N DI TR T = A —
a VOEIERE T H D, 2D LT Web LRI — B RIX, $ix eREAL 595 2 & THIEE T O
VER SR &0 S ISR O AR b A T & 72,

VISHOP (ZH—E ABtE G, K2 FE2 x5, P—E RGNS I E CORBEE L ZICHES 77 & A iR
FrOFEFITH T LTz, £72 Web Hh— B R %208 UM EB SHRICOWTOBRE LTV, S%IFFEINDLIT —X
OHREIC O W TR &21T 9,

1: VISHOP kv IFR—
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T =2 EMHORTBILEZEERNE LI A4 VT 7Y r—3 3 > VISION O BEH

AT, BRORfRES L Rnka il 2
Y [E] LR
2 WA T BN TE P T K

Fer ik, WIBIFEICET 27 — 2 ZIUE - &6 - KT 272007 — 2L LT T —4 7 — 47
A7 . (ADS : Arctic Data archive System)*DIEEZ{T-> TS, ZOT AT AL, BT =207, B
T2 HT—4%, HHWVITETNHERBRE Voo 0T — X 2 RFHICRE - B L, &M< —
Aty NOMAERMMEMEICEDS Z L2 BE LTS,

L L b, BIEESFHOT —2HERMILS £ VISRIITOTIXWRY., F—2HAEFHNERLSH
W—REE LT, T—FONENMEREARANLIMITEMRL S W EWHIEHERETOND. T72bb, T—4WN
DIEROFEEE B ITHIETE L VAT LA BETENE, ENHOT7T—22HHALT 20, sFHTOT
— XM ERAOREZ SRR D EEZLND. 2D, ADS TiX, T—FX—R 2L DT —X DA T
<, TAMAERNHEZRET 72O DOERIIES AT L EZBET L L HEMO 2L LTS

T =X ORMEEHRET 5720121, T FAHRIXE T HEDRFIETHDS. LI LR s, 7—Z Atk
WIXIEME AR BN L 72 5 Z &% <, BURCTEASICHATE 2R EIZFVWEHW. flx X, 7—%D7 7
ANT =~y MIMEREFIZ L o> T2 RIBERZEHA L TWa 0, a7 7 r—2a VB Rz 5677407
=<y MIBRBOLNTEY, 74—~y NOEWMELELTIHENE . £z, AT 7V r—2a U i3fE
WENLTWRWSE D ThoTemd, VT OEBRIITFE X N 2ET D,

ZOXEIRAHIZE T D a XA PR REVWKE, RKEICEHELNTERNLYHERNE LTWEEREEY LW )
GEICHRSEBTD. B, B LIEWERREENLIT —FPFETE TWRNEE, ThbbTr—47—
AATRENBIERETG LI2WGEICIE, BRET2ERPEENDL T —F 2 TR L7295 2 TRIHMBIEE AT
DT LB, Linl, ZOWBEHREIVEONTERPHENE LTV DO TIE o E, 7—F Dl
BOOHESCYVETLENSD. 20X, 7—FOaFLICIEZ OFEERLETH Y, BRAREM & 557
EETHZENZ.

Hxlx, TNOORHIBICE D EMRIEEELRBMT 22 ML L, AT/ AT 7V r—va v
“VISION” DBHHZ1T-> T D. AKERTIE, BUEOBRBRN LEELBN T2 TFETHD.

Figure 1. Visualization result of AMSR2 36GHz Horizontal Brightness Temperature using VISION.
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