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Northern Hemisphere atmospheric blocking in 228-year ensemble simulation with the
MRI-AGCM3.2
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In this study, we conducted 228-year ensemble integration using a 60-km-mesh MRI-AGCM (TL319L64). Model integration
was conducted for the period 1872-2099 using observed and prescribed, interannually varying SSTs as lower boundary conc
tions. The prescribed SST was estimated by the CMIP3 multi-model ensemble mean to which the detrended interannual variatior
in HadISST have been added. The IPCC SRES A1B scenario was assumed for future emissions of greenhouse gases. We focu
on Euro-Atlantic (EA) and Pacific (PA) atmospheric blockings in winter (November-February) and summer (May-August).

The TL319L64 AGCM performs well in simulating the blocking frequency and duration throughout the year, compared with
the NCEP/NCAR reanalysis data for the period 1950-2005. It is known that there are significant relationships between PA block
ing and the EI Nino(EL)/La Nina(LA) conditions: wintertime western PA blocking is observed more frequently during the LA
condition than during the EL condition, whereas wintertime eastern PA and summertime PA blockings are observed more fre
quently during the EL condition than during the LA conditions. The relationships between the PA blocking and the EL/LA
conditions are well simulated for the period 1950-2005. No apparent relationships between EA blocking and the EL/LA condi-
tions are observed and simulated for the period 1950-2005.

In terms of the timeseries of simulated areal-mean blocking frequency for the period 1872-2099, the wintertime EA blocking
frequencies show the most remarkable decreasing trend, whereas the summertime EA blocking frequencies show a decres
trend mainly in the 21st Century. Given that EL condition is predicted to be preferable in the future climate and that there are
no possible relationships between the EA blocking and the EL/LA conditions, the reduction in the EA blocking frequency might
result from other possible reasons. On the other hand, the wintertime western and eastern PA blocking frequencies show decre:
ing and increasing trends for the period 1872-2099, respectively. The trends in the PA blocking frequency might be related tc
preferable EL condition in the future climate, unlike that in the EA blocking frequency.
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Cimate - ice-sheet - vegetation system in the Arctic region during the mid-Pliocene warm

period
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Modification of the Baroclinic Instability associated with AO Index: A Theoretical Proof

of the Positive Feedback
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The modification of the baroclinic instability associated with positive and negative Arctic Oscillation Index (AOI) is theoreti-
cally investigated using a linearized 3D spectral primitive equation model.

According to the observational analysis, the AOI tends to be positive due to the enhanced northward eddy momentum flux b
the transient baroclinic waves which intensify the polar jet in high latitudes and weaken the subtropical jet. Conversely, the AOI
tends to be negative when the eddy momentum flux becomes southward in high latitudes causing weaker polar jet and strong
subtropical jet.

In this study the baroclinic instability problem is solved for zonal mean basic states for AOI positive and negative cases by
adding and subtracting AO patterns of the zonal mean winds onto the normal basic state. The linear instability analysis show
that the most unstable Charney mode hanges its structure to intensify or weaken the polar jet by the eddy momentum flux
associated with the positive or negative AOI. More importantly, the meridionally dipole Charney modamddified into the
monopole Charney mode Msee Tanaka and Tokinaga 2002) to transport eddy momentum flux northward under the positive
AOI condition. It is found that this modification is essential to intensify the polar jet during the AOI positive phase. Hence, we
have theoretically confirmed that there are positive feedbacks between the baroclinic instability waves and the Arctic Oscillatior
characterized by the intensity of the polar jet.
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Response of Greenland ice sheet to global warming simulated by a high-resolution ic
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We present numerical experiments of Greenland ice sheet to global warming using Ice sheet model for Integrated Earth syste
Studies (IcIES). A high resolution (until around 5km horizontally) is chosen in order to better resolve locally high velocity
regions of ice-stream. The ice sheet model is forced by the results of global warming experiments simulated by climate models
Effect of ice-sheet dynamics on changes in the ice sheet volume will be compared with that of that of climate condition such a:
changes in melting and accumulation due to the global warming. Uncertainties in the model result due to the horizontal resolu
tion are also compared with those to several factors such as parameterization schemes in the model.
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High Arctic glacier foreland
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Photosynthetic characteristics of vascular plants were investigated to know initial colonization and establishment after deglacic
tion in High Arctic. The study area was located in the deglaciated area of Austre Broggerbreen, Ny-Alesund in Kongsfjorden,
Svalbard, Norway. Two sites that represented different stages of succession after glacier retreat in this area were selected: transi
stage and late stage. These sites were separated by a floodplain. Leaf photosynthetic characteristics were measured for the f
vascular plantsalix polaris, Saxifraga oppositifolia, Silene uralensis, and Cerastium ardtigtithe two sites corresponding
to different stages of succession in mid-July 2038lix polarisand Saxifraga oppositifoliaare common pioneers in the transient
stage of succession, on the other ha®ikne uralensisnd Cerastium arcticunare rare in the transient stage but common in the
late stage. All of the measurements were performed at the peak bloom period of the each plant because the photosynthetic r:
varies depending on the leaf age (Muraoka et al. 2002). Light - rETR (relative electron transport rate) curves were determine
using a PAM fluorometer (PAM-2100), Walz) with control and analysis software under seven stepwise actinic light intensities
and saturating pulse. The photosynthetic rate was expressed as the rETR, and rETRmax (maximum rETR) was calculated by t
fitting equations as described by Eilers & Peeters (1988).

The maximum yield of PSII (photosystem Il; PSII yields under no actinic light) indicated that the four vascular plants were
in the healthy non-stressed condition in both the transient and late stages of succession. However, ETRmax obtained by the me
surements of light-photosynthesis curve were different between the common pioneerddirtpdlaris, Saxifraga oppositifolja
and otherwise $ilene uralensis, Cerastium arcticudepending on the stages of succession. The common pioneer plants were
measured at the almost same rETRmax in the both transient and late stages, but the value of the other two plants were lower
the transient stage than in the late stage.
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High Arctic
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In accordance with GCM predictions, average Arctic temperatures have increased rapidly, at almost twice the global averag
rate in the past 100 years. It has been predicted that the climate change will influence not only plant but plant pathogen. Howeve
little is known about ecophysiological characteristics of plant pathogen and effect of pathogen on plant in the Arctic terrestrial
ecosystem. In this study, we aimed to clarify the effect of plant disease on net production of vascular plant in the Arctic ecosys:
tem.

Study site was situated in polar semi desert in Ny-Alesund, Spitsbergen Island, Norway. In summer of 2009 and 2010, dis
tribution, incidence, growth rate of a pathogen (tar spot disease) and ecophysiological characteristics of a vascular plant (Sali
polaris) were investigated. In order to know effect of the disease on net production of S. polaris, we estimated the net productio
of the infected and uninfected leaves using a model.

Distribution of tar spot was widespread but the incidence was very low. Tar spot symptom emerged after the leaves attaine
full size. The symptom extended its area for a month and finally covered 16-58% (average 25%) of a leaf. There was no sig
nificant difference between the photosynthetic activity of infected leaf and uninfected leaf. Tar spot covered area in itself hac
no photosynthetic activity. In contrast, photosynthetic activity of green part of infected leaf was similar level with the activity
of uninfected leaf. It was calculated that net production per leaf decreased about 5-13% (average 7%) by infection of tar spc
disease.

In leaf level, it was estimated that small but significant effect of the disease on the net production of S. polaris. However, in
community level, the effect would be negligible because of low incidence of the disease.
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North Eastern Eurasia is covered by permafrost which is the largest and the deepest in the world, and taiga forest (deciduo
conifer larch) exists on it. It is expected that northern edge of taiga (taiga-tundra boundary) is greatly affected by global warm-
ing, and change in vegetation may cause greenhouse gas emission. Northward expansion of taiga forest ecosystem or expans
of tundra ecosystem may affect greenhouse emission opposite direction. Therefore, it is very important to know the vegetatiol
change and its controlling factors.

Field observation on photosynthesis of larch and C and N isotope ratios of plants were carried out in taiga-tundra boundar
ecosystem at Chokurdakh in 2008, 2009 and 2010 to investigate the response of the photosynthesis on various environmen
factors. Observed rate of photosynthesis changed with PAR, and decreased when the chamber temperature was more than
centigrade. N content and N and C isotope ratios of larch needles varied among years and also among the sites. Needle de
C-13 was higher in 2009 than in 2008 and 2010, and needles N content was negatively consistent with delta C-13. No significar
difference in larch needle delta N-15 was found between 2009 and 2010. Larch trees are generally found on tree mound whic
consists of sphagnum, however several trees were found growing at wet area where landscape was similar to wetland. Lart
needle delta C-13 at wet area was lower than the trees at the other sites, so were the needle delta N-15 and N content. Nee
delta C-13 value would usually increase with N content among the larch trees growing sites, however, needle delta C-13 valu
decreased with N content changed from 2008 to 2010 within the same growing site. Needle delta N-15 value would usually
increase with N content among the larch trees growing sites. Within the same growing site, delta N-15 usually did not change
with N content observed from 2008 to 2010. To compare morphological difference of the larch trees growing at tree mound are:
and wet area, the needle length showed that the average needle length was significantly shorter at tree wet area than in mot
area.
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