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The energy density per unit volume of the atmosphere is the sum of
internal, potential, and kinetic energies: p(C,T + gz + v?/2).

Internal and potential energies are closely coupled. When air in a
hydrostatic atmosphere is heated, it expands, doing work against the
local pressure, and converting some of the heat into potential energy.
Raising the temperature of a parcel by 071 requires C,01 of internal
energy and RJT of work. The sum (C, + R)dT = C,0T is called the
enthalpy.

The quantity which is conserved by a parcel moving in a hydrostatic
atmosphere is the dry static energy. It includes the enthalpy rather
than the internal energy. The energy flux is the product of the dry static
energy and the velocity vector: p(C,T + gz + 3v?)0.

The conservation law for atmospheric energy density says that the
rate of change of energy in a volume plus the flux out of the volume
equals the diabatic heating rate @)
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Energy budget of the Earth and conversion of heat in different forms.
The greenhouse effect of the atmosphere is due to its particular
radiative properties: almost transparent for solar radiation, but almost

opaque for the infrared terrestre radiation.
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Radiative budget at the top of the atmosphere

Solar radiation (ERBE 1985/1990) annudl

ERBE radiative budget (W/m2)

50N
40N 3304
30N ‘ ‘ ‘
20N 304
10N
£Q o704 S N
10S
208 os0d g~
308
40S 210 o*
508

R radiation (ERBE 1985/1990) annudl B0 Ry
60N =] : : : : : : : : : : :
50N g 120
40N '-; ) 9 . f : . . . . . . ' ' ‘ :
30N =2 ~ /7 S0 904
20N 2’ 7 a— > A28 S 60S 50S 40S 305 20S 10S EQ 10N 20N 30N 40N 50N 60N

10N
N

ol (S5 0B 10 ' V27 oo
fos ;%%\ ( ) ERBE radiative budget (W/m?2)
;‘w,h-_: =59 5 : : : : : : : : : : :

250740 o
40S
508 @!Emgm 60
60S An
120€ 180 1200 0 4o

Net radiation (ERBE 1985/1990) annudl |
60N 0 ~ 20
50N
40N 01
30N
20N —20
10N
EQ —40+
108
20S
308 —601
408
50S -80 T T T T T . , : : - ;
60S 60S 50S 40S 30S 20S 10S EQ 10N 20N 30N 40N 50N 60N

0 60E 120E 180 120W 60W 0



L. Li (LMD/CNRS): Energy page 4

Zonally and annually averaged of vT’
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Vertical integration of v'I’, annual average

Northward transport vT (e12 Kkg/s)
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Zomnally and annually averaged of vZ
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Vertical integration of vZ, annual average
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Zonally and annually averaged of vq
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Vertical integration of vg, annual average

Northward water vapor transport (e8 kg/s)
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Zonally and annually averaged of vE
Northward VE transp. (total) (J/kg m/s) Northward VE transp. (trans) (J/kg m/s)
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Vertical integration of vFE, annual average

Northward energy transport (PetaW)
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Vertical integration of I/ transport, annual average
(Total) Zonal E transport (e7 J/m/s) (Total) Meridional E transport (e7 J/m/s)
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Vertical integration of ¢ transport, annual average
(Total) Zonal Q transport (kg/m/s) (Total) Meridional Q transport (kg/m/s)
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Divergence of E transport and q transg)ort, annual average
(Total) E transport divergence (W/m2) (Total) Q transport diverg. (e—5kg/m2/s)
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