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Response of the north polar vortex and its evolution to solar activity using chemistry-

climate model and reanalysis data
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How do environments affect the size of tropical cyclones?
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Along-standing issue on how environments affect the size of tropical cyclones is studied through a series of numerical experi
ments using the cloud-resolving tropical cyclone model, TCM4, and the global cloud-system-resolving model, NICAM. To first
order, the primary circulation of a tropical cyclone can be considered as a warm-cored, quasi-axisymmetric vortex in gradien
wind and hydrostatic balance. As a tropical cyclone evolves slowly while its primary circulation remains in gradient wind and
hydrostatic balance, the secondary circulation (radial and vertical circulation) can be considered as a result of the response
both diabatic heating and momentum forcing including surface friction. The secondary circulation transports high absolute an
gular momentum inward to spin up the tropical cyclone primary circulation. This spin-up process can be well described by the
Sawyer-Eliassen equation following the classic work of Eliassen (1952).

The balanced contribution to the intensification of a tropical cyclone simulated in TCM4, in particular the size of the cyclonic
circulation, is investigated by solving the Sawyer-Eliassen equation and by computing terms in the azimuthal-mean tangen
tial wind tendency equation. Results demonstrate that the azimuthal-mean secondary circulation and the spin-up of the mic
tropospheric outer circulation in the simulated tropical cyclone are well captured by balance dynamics. The mid-tropospheric
inflow develops in response to diabatic heating in mid-upper tropospheric stratiform (anvil) clouds outside the eyewall in active
spiral rainbands and transports absolute angular momentum inward to spin up the outer circulation. Although the azimuthal-mea
diabatic heating rate in the eyewall is the largest, its contribution to radial winds and thus the spin-up of outer core circulation in
the mid-troposphere is rather weak. This is because the high inertial stability in the inner core region resists the radial inflow in
the mid-troposphere, limiting the inward transport of absolute angular momentum. The result thus suggests that diabatic heatir
in mid-upper tropospheric stratiform clouds is the key to the continued growth of the storm scale circulation.

The 7-km run using NICAM successfully simulated tropical cyclones that formed in three months from 1June to 31August
2004. A multi-scale interaction between tropical cyclones and environment has been investigated. It is clear that the size c
tropical cyclones was sensitive to the environmental relative humidity. In a relatively moist environment, the tropical cyclone
developed considerable precipitation (and thus diabatic heating) outside the core accompanied by significant outward expansi
of the wind field and increase in size of tropical cyclones.
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Meteorological influence of the solar wind ? Strong correlation of the temperature and the
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The effects of sudden insolation change on the air temperature during a total solar eclips

over Dome Fuji, Antarctica
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The Moon cast a long shadow over Antarctica on 23 November 2003 in a total solar eclipse. The eclipse was observed ¢
Dome Fuji Station, located at the highest point of East Dronning Maud Land, Antarctica, and lasted 1 h 41 min 37 s in a
cloudless condition, during which the Sun was completely obscured for 1 min 43 s. This was the first total solar eclipse to be
observed in the Antarctic ice sheet. During the eclipse at Dome Fuji, the air temperature at 1.5 m above the snow surface and t
subsurface snow temperature decreased by 3.0 K and 1.8 K, respectively. Estimated surface snow temperatures decreased by
K. Atmospheric pressure and wind direction did not change, but the wind speed possibly decreased by 0.3 m/s with decreasir
air temperature; natural variations in wind speed before and after the eclipse made it difficult to identify a true effect of the solar
eclipse. Variations of energy components (net shortwave and longwave radiations, sensible and latent heat fluxes, and geotherr
heat) during the eclipse were investigated. The total loss of global solar radiation during the eclipse was 0.60 MJ m-2, equalin
1.6% of the total daily global solar radiation. Regional effects of the eclipse due to a reduction of global solar radiation for air
temperature and snow temperature ranged from 0.015 to 0.020 K (W m-2)-1. We additionally examined the relation betweel
eclipse obscuration (the fraction of the Sun’s surface area occulted by the Moon) and the reduction of global solar radiation fron
the first to second contacts. The eclipse was also observed from space by the Moderate Resolution Imaging Spectroradiome
(MODIS) sensors onboard NASA's Terra and Aqua satellites. The observational results of this study will contribute to detailed
model calculations for clarifying the meteorological effects of eclipses.
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Estimation of solar ultraviolet radiation derived from analyses of solar imaging data
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Climatic cooling caused by a major weakening of the geomagnetic field
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Simulation study on bi-stability of cloud-rain system and cosmic ray influence on climate
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Climate change induced by changes in cloud droplet radius

000 Y% 000032000032,00003%,00000Y,0000200000400002%2%0000°1°
OHFUCHI, Watard*, CHIKARAISHI, Yusuke?, SUZUKI, ryohe?, KUSANO, Kanya, Bunmei TagucHi, KATAOKA, Ryuho?,
MIYAHARA, Hiroko 4, MARUYAMA, Shigenor?, HAMANO, Yozo!

lJooooOooo,?2000000,°00000,40000
1Japan Agency for Marine-Earth Science and TechnolbEykyo Institute of Technology,Nagoya University! The University
of Tokyo

gboooooooooobooboboboobooooooboboboboooboooobobobOoboboobooobooon
ocooooooooooooooo0ooooobD1n1ooooo0ogooooooooooDObooooooobogooo
boboooOobobobooooboobooboboooooooboobOoboboobooboOobOobOobooooooon
bobooooboobobooooobooboboboooooobooboboboobooooboOobobooboooooboOon
gooooooooboobooboooooobobooooboooobDobobooboboooDobDobOobDobboooOoo
gooooooooobobobobooooooobobooooooboboboobooboooDobOobOobooD
gooooOoO@OOOoOOOOOOOOOOO

1/1



Japan Geoscience Union Meeting 2012 @ ;«
(May 20-25 2012 at Makuhari, Chiba, Japan) °
©2012. Japan Geoscience Union. All Rights Reserved. ]“ pen

Geoscience
Union

MIS26-09 0 0:203 00:50 230 16:15-16:30

000000000000000000 00000000000
An isotopic view on ionising radiation as a source of sulphuric acid
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Sulphuric acid is an important factor in aerosol nucleation and growth. It has been shown that ions enhance the formation o
sulphuric acid aerosols, but the exact mechanism remains undetermined. Furthermore some studies have found a deficiency in
sulphuric acid budget, suggesting a missing source. In this study the production of sulphuric acid from SO2 through a number o
different pathways is investigated. The production methods are standard gas phase oxidation by OH radicals produced by ozol
photolysis by UV light, liquid phase oxidation by ozone, and gas phase oxidation initiated by gamma rays. The distributions of
stable sulphur isotopes in the products and substrate were measured using isotope ratio mass spectrometry. All methods produ
sulphate enriched in 34S and we find a

34S value of 8.7 permil for the OH reaction. Only UV light (Hg emission at 253.65 nm) produced a clear nonmass-dependent
excess of 33S of around 0.3 permil. The pattern of isotopic enrichment produced by gamma rays is similar,but not equal, tc
that produced by agueous oxidation of SO2 by ozone. This, combined with the relative yields of the experiments, suggests
mechanism in which ionising radiation may lead to hydrated ion clusters that serve as nanoreactors for S(IV) to S(VI) conversion
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Possible influence of 27 day cosmic-ray variations on tropical cloud activity
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Galactic cosmic rays (GCRs) are one of the possible mediators of Sun-climate connection; however, the detailed mechanis
of their influence has not been solved. In order to trace the influence of cosmic rays on climate system, we analyzed the dail
data of outgoing long-wave radiation (OLR) for AD1979-2004 and the data obtained from International Satellite Cloud Clima-
tology Project (ISCCP), and compared them with neutron monitor data obtained at Oulu University. We find that high altitude
cloud around the tropical regions shows a similar time profile with the variations of cosmic rays at around the time scale of solai
rotations. At this time scale, the depletions of cosmic rays occur associated with solar flares and current sheet passages.
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Upper atmospheric variation inferred from the long-term trend in the geomagnetic solat
quiet daily variation
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[1] Kleidon, A., Lorenz, R.D. (2004) Entropy production by Earth system processes. In: Kleidon, A., Lorenz, R.D. (Eds.),
Non-equilibrium thermodynamics and the production of entropy: life, Earth, and beyond. Springer Verlag, Heidelberg, Germany,
pp 1-20.

[2] Reis, A.H., Bejan, A (2006) Constructal theory of global circulation and climate. Int. J. Heat Mass Transfer. 49:1857-1875.

[3] Kleidon, A. (2010). Life, hierarchy, and the thermodynamic machinery of planet Earth. Physics of Life Reviews 7:424-460.
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The Maunder Minimum (A.D. 1645-1715) is a useful period to investigate possible sun-climate linkages as sunspots becam
exceedingly rare and the characteristics of solar cycles were different from those of today. We have previously reported tha
climate (the rainy-season humidity in central Japan, the winter temperature in Greenland, and the mean annual temperatu
in the Northern Hemisphere) responded significantly to the characteristic solar magnetic cycles during the Maunder Minimurnr
(Miyahara et al. 2008 EPSL; Yamaguchi et al. 2010 PNAS). At the solar cycle minima of negative polarity, we observed wet
climate in Japan, and cold climate in Greenland and in the Northern Hemisphere. Here, we further examine climate response
to the solar cycles for wider areas including the Southern Hemisphere using the records of paleoclimate obtained from previou
studies. We will discuss the spatial distribution of responses and its possible mechanism.
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(2011). High variability of Greenland surface temperature over the past 4000 years estimated from trapped air in an ice core
Geophysical Research Letters 38:L21501.
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