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Discovery of monsoon and Hadley circulations
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Geofluid motion = Vortex <+ Convection
Global atmosphere Typhoon
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Solar heating on earth with revolution and rotation
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Two limited cases of seasonal cycle forcing

‘Uranus’ ‘a type of extra-solar planet’
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“Planetological” Monsoon
Axi-Symmetric Meridional Circulation due to Differential Solar Heating

"Terrestrial” Monsoon
Sea-Land Breeze Analogue
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Mechanism of Seasonal and Diurnal Cycles

Sea-Land Breeze circulation

Strong solar radiation with cloud “sprinkler” effect

in the morning of
“rainy season”
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Land-Sea planet Earth “Aqua-Planet”
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Quasi-2D Boussinesq equations

Momentum, entropy & mass conservation laws: (6/0x =0, but u #0)
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Horizontal Convection Equations

Zonal mean equations for zonal flow u, meridional stream function y and potential temperature 0
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(at least inertially stable: Erte’s PV P =(Vxu+ f)eMiust have the same sign as f)
(ii) Linear problem for MC [d( , )/0(y,z)=0 ], substituting (3a,c) intod(3b)/0t:  (deleting u,0)
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[Quasi-geostrophic case: Replacing (3b) by (4) yields a diagnostic (“omega’) equation]

No viscosity (K=K’=0) yields “inertio-gravity wave”-like solutions:

Y o Re [exp {i(ly + mz — o1)}] 0)2(12+mz)zlzN2+mzf2 (5)
(0w and m may be complex for including transient and vertically decaying solutions)

(i11) Nonlinear cases = Multiple equilibrium problem (Lorenz).



equator or coastline

Horizontal convection
or waves trapped along

—

=
>
| |
- - B
-
B
‘__ \.....1 ST . -

— )
L [ Yoy |
[ LA
R B
- -
L N
- ..1|||||‘|||||,. _
- P - L
/ ._..-...... lllll S
[ N L
4 ’
1 ~ A
N ,...r..r”, lllll Il.l..... -
~-.llzToooIie - 4
\ultnnnnmﬂ.uun-; |
- -
- ——_————— w
Fx [ Ty B
LY -
N .,......r T Li\ - il
W Tma e
- —— o7
- IIIIIIIo-- -,
- - =
LT T 4
| . 1 =
- s
ot Theme -

—
—— _
e T T T T B
rT =
i \ B
5 -~ o
/.... ....J..r ||||| 1.1\ |
| -——_ Tt T - | o
——— _
PR I L
- —_—————— -
~ -
A p——— ] L
[ Y R R
oy \, | o
T I Io_q
N - ¢
'R
Vo __....J.r 1..\ r -
» - -
5 el e L
. _——
e ....\ -
- L
J.I'ul of

’ R N
Fi \\.l. .
L —mm—a
P R
_\ \\-.-1|.I I.-IJ.
i \\\ Lemmal NN |
Pt hf . M ,_
!
___ { !
I | ] |
Ll s S N
N -
! Y fr n r|11._.\_ / |
N /.....r:.JJJ.r.rI Ill.-.\. -
W el - -
|-a|..A--|m y
amemTIIIIITIe
P mwTIIIIze-
x.l\xw....... - N
Pt s T
Pty oy !
vyt i !
Py _, ; !
by b I ! I
vorao s i
___z/.,. .. \.\\\ i
LY .f.; J.I'q.. - 7
I T
Y !r. a
b e =
N #
,.,..r -

EEU%E\N

E\sml___ai\m

(Matsuno, 1966, for equatorial
nonzero zonal wavenumber case)

Equator or coastlone



d Rosshy waves

in an
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Trade wind zones are separated in the both sides of ITCZ.



Diurnal Variation
Planetary motion Rotation

Diffrential (Longitudinal/LT)
Solar heating Land-Sea, Mt-Valley

(Thermal Tides)
Horiz. Conv. Land-Sea Breezes
(Waves) (Gravity waves)
L1 1
Cloud Evening shower
Variety Sea-wind only, etc.
Variability Day-to-day

(imbalance) Intraseasonal




Diurnal-cycle induced “Tsunami”-like river flow hypothesis

Diurnal-cycle precipitating cloud
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Conclusion & scope for further studies

® [and (including anthropogenic)-sea contrast & astronomical forcing
® Horizontal convection as a pair of waves; oceanic & river forcing
® Continental oversea interactions & paleoclimatological application
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