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Vertical distribution of pressure

• Hydrostatic equation: 
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• Differentiation of logarithmic function: 
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• Integration: 
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• Exponential function: 
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• Bottom boundary condition: 
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• Meaning of the “scale height” 𝐻:  
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Pressure upward exponential decrease (Hydrostatic equilibrium)

Gravity of upper layer 

(Stull, 2015)

Pressure of lower layer
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1-dimensional climate: Radiative-convective equilibrium 

 Radiative equilibrium 
Q ＝∂/∂z [S＋I↑－I↓] ＝0 
(S～0  for z ≠0, ozone layer) 

⇒ ∂/∂p [σT4] ～S/p1 

⇒－∂T/∂z increases downward
 Convective equilibrium (adjustment)

∂Θ/∂z ＝ 0 
⇒ (dry) adiabatic lapse rate: 

－∂T/∂z ＝g/Cp ≒10 K/km  
 Separation of stratosphere (radiative) 

and troposphere (convective) 

Z

tropopause

T



Balloons, vertical observations

Montgolfière (hot air type) balloon
(at Annonay in June 4, 1783)

Joseph-Michel Montgolfier (1740 – 1810)
Jacques-Étienne Montgolfier (1745 – 1799)

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

Jacques Alexandre César Charles 
(1746 – 1823)

Leon Philippe Teisserenc de Bort 
(1855 – 1913)
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van Bemmelen (1913, 1922)

06-24 LT hourly for May-Nov; 
08, 14,  19 LT for Dec-Apr
during 1905-15 



(11 June 1983;  Watukosek, JaTim;  ISAS, NAO, LAPAN)

(Yamanaka et al., Oct 1983; MSJ)
Vertical profile of zonal wind velocity 

Balloon observation of Solar eclipse

Watukosek , Jawa Timur ሺ7.6°S, 112.7 ° Eሻ



Vertical structure of atmosphere

‘Troposphere’
Convective equilibrium
∂lnT/∂lnp＝R/Cp

≒2/5, 2/7, 1/4

‘Stratosphere’
Radiative equilibrium
（including mist, dust and ozone
layers absorbing solar radiation）

‘Thermosphere’
Diffusive equilibrium
(Dissociation, ionization)
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Equivalent potential temperature
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“Paradox” of conditional instability: 
- Convection generated spontaneously only when cloud appears. 
- Cloud becomes most active when convection is developed.
⇒ Forced motions (waves, circulations), or CISK   

Moist(Pseudo-)adiabatic 
process:
(5) and moisture eq. (6): 
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(Dry) Adiabatic process:
Thermodynamic equation (5)
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