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Generation and development of a polar low under the influence of a vortex aloft
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A case study on the meso-scale disturbances causing the severe snowstorm in Niiga
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We have been developing an atmospheric general circulation model (GCM) aiming at investigating general circulation of plan-
etary atmospheres, such as the Mars, the Earth, the Venus, and ideal planets which may have some characteristics of exoplan
Purposes of the model development are to enable us to investigate, with a common dynamical framework, possible varieties
general circulations of planetary atmospheres, and to understand underlying mechanisms that realize the varieties of circulatio
to extend our knowledge on planetary atmospheres. In the followings, the model which is being developed is described, and son
preliminary results of experiments for the Earth- and Mars-like planetary atmospheres are presented.

An atmospheric GCM, dcpam (http://www.gfd-dennou.org/library/dcpam/index.htm.en), is developed with the basis of the
Geophysical Fluid Dynamics (GFD) Dennou Club atmospheric GCM (http://www.gfd-dennou.org/library/agcm5/index.htm.en).
Dynamical core of dcpam solves the primitive equation system by using spectral transform method with the finite difference
method in vertical direction. The included physical processes are the radiative, the turbulent mixing, and the surface processe
Further, simple condensation scheme of CO2, which does not consider mass change due to condensation, is included for Me
experiment. The radiation models currently implemented in the model are those for Mars’ and the Earth’s atmospheres. Thi
radiation model for grey atmosphere is also prepared for experiments for ideal planets. In addition, the simple forcing for the
dynamical core test of Held and Suarez (1994) and for an experiment of Venus-like atmosphere following Yamamoto and Taka
hashi (2003) are also implemented.

By the use of this model, several experiments have been performed. In the followings, preliminary results of sequential exper
iments from an Earth-like to a Mars-like planet are presented. Following six sequential experiments are performed: () the Eartt
experiment, in which Earth’s topography and land-ocean contrast are used and planetary radius and length of day in a year a
Earth’s values, (Il) same as (l) but without orographic variation, (l1) same as (1) but without ozone heating, (IV) same as (lll)
but without water/moist processes in the system, (V) same as (IV) but with planetary radius of Mars’ value, and (VI) same as
(V) but with length of days in a year of Mars’ value (669 days). In the experiments (I)-(l1l), the Earth’s land-ocean distribution
is used and the climatological sea surface temperature is prescribed on the ocean grid point. Those experiments are performnr
with the horizontal resolution of T42 and 16 vertical levels. The horizontal resolution of T42 is equivalent to about 2.8 degrees
longitude-latitude grid. Under these conditions, the model is integrated for 20 years from an initial condition of isothermal atmo-
sphere at rest. The result during last 10 years is analyzed.

In this study, we focus on the structure of Hadley circulation at solstitial seasons when the structure is asymmetric with respec
to the equator. The results show that one of the most important differences in Hadley circulation is caused by existence or absen
of water in the system, as expected. It affects intensity and vertical extent of Hadley circulation significantly. This is qualitatively
interpreted by the difference in moist and dry adiabatic lapse rate, if the surface temperature does not change significantly. |
addition, the difference in planetary radius appears to have some influence on the latitudinal width of Hadley circulation. An
additional experiment with quarter of Earth’s radius shows that the latitudinal width of Hadley circulation is larger than that in
the experiment with Mars’ radius. In the presentation, these features will be discussed with showing results of additional experi
ments.

googo:obobo,go,0bo,0bobobooboo
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1.Introduction

Variations of upstream KE jet exhibits two flow patterns (Qui and Chen, 2005). The first pattern is quasi-stationary meanders
of two bumps with intensive southern recirculation gyre (first mode). Another flow pattern is unstable and shows high-amplitude
meanders with a weakened southern recirculation gyre (second mode). The upstream KE jet varies between the first mode a
the second mode with decadal time scales.

Many studies have pointed out the importance of nonlinearity in the ocean by itself to induce the decadal time scale change
(Primeau and Newman 2008, Shimokawa and Matsuura 2011), which is main topic of this study. Firstly, using self-organaizatior
map (SOM) analysis we examine the variations of upstream KE jet in more detail and variation pattern were sorted out. Secondly
we make a reconstruction of attractor of Sea-Surface Hight (SSH) to reveal whether this phenomenon is the chaotic one or not

Moreover, we investigate this phenomenon by simulating an OGCM (MOM3) of the North Pacific Ocean forced by seasonal
climatological winds for 30 years.

2.Used data and methods

SSH data of MOVE/MRI.COM-WNP were used to analyze the characteristics of KE jet. The used data are averaged ovel
10 days from early January 1993 to late December 2005. The domain of MOVE/MRI.COM-WNP covers over the sea areas o
117E - 160W, 15N - 65N in the North Pacific. The horizontal resolution is 0.1x 0.1.

SSH are extracted in the ocean area of 141E - 153E , 30N - 40N to carry out SOM analysis and to estimate the mean streng
of the upstream KE jet. The size of SOM in our analysis is 169, that is 13 x 13 matrix. We make a reconstruction of attractor of
the time series of SSH anomalies by transforming observed time series into delayed time series.

Moreover, we simulated the North Pacifoc Ocean to confirm the long-term variations of the upstream KE based on self-
organized dynamic modes. The OGCM used in this study is the GFDL Modular Ocean Model version 3 (MOM3). Computational
domain covers the North Pacific (110E-75W, 20S-60N). The model has a horizontal resolution varying from 1/12 around Japat
(125E-160E, 20N-50N) to 1/2. The model topography is based on 1/12 ETOPO5 data.

3. Result

The time series of strength of upstream KE jet obtained from ocean data assimilation corresponds well to Topex/Poseido
altimeter results of Qiu and Chen (2005). The upstream KE jet was strong in 1993-94, weakened to 1997 , and strengthened
2004 again.

SOM analysis revealed two long-term disparate variation patterns. The first is the stable pattern with strengthening south
ern recirculation. The second is the unstable pattern with weak southern recirculation. Patterns in 1993-94 and 2002-2005 we
sorted out as the stable pattern and pattern in 1996-2001 was sorted out as the unstable pattern.

As a result of a reconstruction of attractor, an obtained pattern could not be recognized as the strange attractor completel
However, it was spatially divided into two parts.

The interannual variability appeared in SSH data obtained from a simulation of the OGCM (MOM3). In particular, the
variability in the simulation showed strengthening/weakening of southern recirculation and north-south shift of upstream KE jet
axis which confirmed by analyzing MOVE/MRI.COM-WNP.

4. Discussion

It is clear that the variability in strength of upstream KE jet corresponds to the variability in stable-unstable pattern. In
particular, when upstream KE jet is stable (unstable), the strength of upstream KE jet is strong (weak). Obtained attractor whicl
was spatially divided into two parts indicates that the time series of strength of upstream KE jet is not completely random, but
it possess certain unique behavior. The results of OGCM simulation indicate that the nonlinearity in the ocean itself affects or
variations between stable and unstable of the upstream KE jet and north-south shifts of KE jet axis.



attractor of §5H

18nonlag

te20




Japan Geoscience Union Meeting 2011
(May 22-27 2011 at Makubhari, Chiba, Japan)

©2011. Japan Geoscience Union. All Rights Reserved. " p'a i
JGet_)science
e
MIS021-13 0 0:202 00:50 220 12:15-12:30

0000000000000 D0pNo0oooDpoooooooo _
Thermal convection in low Prandtl number fluids: generation of oscillatory phenomena

by numerical simulations

oooox,ooo?%,0000Y%oooot
Takatoshi Yanagisaws, Ataru Sakurabj Yasuko Yamagishi Yozo Hamané

l0pooO0oo0O0o0000O00O00000000,20000000000000
HFREE, JAMSTEC2School of Science, Univ. of Tokyo

The study on the nature of thermal convection in low Prandtl number (Pr) fluids is essential for the dynamics of the Earth’s
outer core, and the difference of the flow behavior from Pr™1 fluids like water and air is very important. In lower Pr fluids, the
two-dimensional steady roll structure emerging at the onset of convective flow easily becomes time-dependent just above th
critical Rayleigh number (Ra), and theoretical studies propose oscillatory instability such as "traveling-wave convection” in the
direction of the roll axis. Transition to turbulence with increases in Ra in low Pr fluids occurs at much lower Ra than water or air,
and large-scale flow is also expected to emerge easily.

Our laboratory experiments on thermal convection with liquid metal by using an ultrasonic velocity profile measurements
visualized the flow pattern in a gallium layer with simultaneous measurements of the temperature fluctuations, from 10 to 20(
times above the critical Ra (Yanagisawa et al., 2010). In those experiments, the presence of a roll-like structure with oscilla:
tory behavior was established, even in the Ra range where the power spectrum of the temperature fluctuation shows featur
of developed turbulence. The flow structure was interpreted as a continuously developed one from the oscillatory instability of
two-dimensional roll convection around the critical Ra. It was shown that both the velocity of the flows and the frequency of the
oscillation increase proportional to the square root of Ra, and that the oscillation time of the roll structure is comparable to the
time to complete one circulation of the flow.

We made up a code for numerical simulation of thermal convection to compare with the results obtained by the laboratory ex:
periments. Furthermore, we analyzed the fine scale structure and short time variation relating to turbulence, those are difficult t
obtain by laboratory experiments due to the limitation of measurements. The numerical simulation is performed for three dimen:
sional rectangular box, with no-slip boundary conditions at all boundaries, fixed temperature at the top and bottom, and insulatin
at side walls. The range of Ra for numerical simulations is from critical value to 200 times above it. The material properties of
the working fluid are those of liquid gallium and Pr=0.025. We used enough grid points to resolve the small-scale behavior
without any assumption for the turbulence. Our numerical result reproduced oscillatory convection patterns as observed in th
experiments. Statistical values, such as the relation of the circulation time and oscillation period, Rayleigh number dependenc
of the mean velocity and the oscillation frequency, are good agreement in both laboratory and numerical studies. This confirm
that both of our laboratory experiment and numerical simulation are reliable ones. The series of numerical simulations with the
increase in Ra revealed the onset point of oscillatory convection and subsequent transition to turbulence. The power spectru
densities calculated from the velocity and temperature dataset clearly indicate the feature of low Pr fluid, that is, temperature i
more diffusive than momentum and the corner frequency is higher for velocity spectrum in the region of developed turbulence.
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Deformation of water surface rotating in a cylindrical tank
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