3. Atmospheric vertical structure
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Vertical distribution of pressure

Hydrostatic equation:

dp
dz 9P
Rewriting p by the ideal gas equation (Boyle-Charles law): p = RpT
dp g 1dp g 1 287 [J K~1kg1] - 250 [K]
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Pressure upward exponential decrease (Hydrostatic equilibrium)
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1-dimensional climate: Radiative-convective equilibrium

® Radiative equilibrium 4
Q =0/0z [S+IT—I¥Y] =0
(S~O0 for z #0, ozone layer)
= 0/0p [0T*] ~S/p,
= —0T/0z increases downward
® Convective equilibrium (adjustment) tropopause
00/0z = 0
= (dry) adiabatic lapse rate:
—0T/0z =g/Cp =10 K/km
® Separation of stratosphere (radiative)

and troposphere (convective) T



Joseph-Michel Montgolfier (1740 — 1810)
Jacques-Etienne Montgolfier (1745 — 1799) Jacques Alexandre César Charles
(1746 — 1823)

R ] a5 7T

Charliere (light gas type) balloon
(at Paris in December 1, 1783)

Montgolfiere (hot air type) balloon
(at Annonay in June 4, 1783)
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Balloon observation of Solar eclipse
(11 June 1983; Watukosek, JaTim; ISAS, NAO, LAPAN)
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Vertical profile of zonal wind velocity
(Yamanaka et al., Oct 1983; MSJ)
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Vertical structure of atmosphere
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Equivalent potential temperature

tropopause
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“Paradox” of conditional instability:
- Convection generated spontaneously only when cloud appears.
- Cloud becomes most active when convection 1s developed.

= Forced motions (waves, circulations), or CISK
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(Dry) Adiabatic process:
Thermodynamic equation (5)
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Moist(Pseudo-)adiabatic
process:
(5) and moisture eq. (6):

Dfe
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