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Energy balance at
surface. R is net ab-
sorbed radiation, H
is the sensible heat
flux, LE is the la-
tent heat flux. G is
the heat flux into the

ground.

R=H+LE+G.
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Observations of sur-
face energy fluxes
starting from 0 Z,
June 7, 1999 at the
Oklahoma

mesonet site.

Norman,

R=S|(1—ay)+elF | —oTh.

4:  Standard bulk aerodynamic formulas used in models:

H = c,pCyU, [Ts — To(2)]

= pCgU, [ (Zr)]



For certain surfaces — an ocean surface, or a dry
unvegetated soil — the coefficients are well known.

Consider a dry sand with oy = 0.35, € = 0.9, and
Cy=2x 1073.

Example calculation:

Assume S |=400 Wm™2, G =0, F |=300 W m~2,
T,=20C, p=12kgm™3 and U, = 10 m s~L.

Find Ty in R=H + LE + G or:

S1(1—ay)+elF | —oT) = c,pCrU, [Ty — Tu(z,)]

(The sand is dry so ¢s = ¢u(2,) and E = 0.)

The answer is Ty = 25.2 C, which is 5.2 C greater than

the air temperature.
With U, =1 m s™ T, = 38.97 C.
Also changing to e =1, T, = 36.39 C.

Thus our calculations seem to tolerate errors, or lack of
knowledge, of the precise value of € when compared with
the big changes in T caused by the the natural
variability in the wind speed. If you are contemplating
walking across the pavement barefoot, you should be
more concerned about knowledge of the wind speed,

rather than the emissivity.

Radiative heating rates in the atmosphere

Let F be a net vertical irradiance:

F=F1-F|

The convergence of this flux will cause a heating:

- (T __dr
P\t ) up  dz

(dT> _9dF
dt Jpap G dp

or



Convective heating rates in a model atmosphere

Suppose

T2 T2 — T1 dT
[— < —_
29 — 21 dz

crit

Find AT such that T3V = TQOId—O—AT
and 77V = TlOld — AT makes

’I’1 Tg—TlidiT
O

crit

Suppose the adjustment process produces AT in a time
step At, the convective heating rate is:

dT AT

dt Jeon At

In radiative equilibrium,

10:
dT
- =0
dt ) gap
In radiative-convective equilibrium,

dT dT

- - =0

dt J gap dt ) cox
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Fi6. 8c. Vertical distributions of the radiative heat balance
components for the thermal equilibrium of a clear atmosphere.
Refer to Fig. 6b for further explanation.



Taste 5. Change of equilibrium temperature of the earth's
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F16. 16. Vertical distributions of temperature in radiative con-
vective equilibrium for various values of CO; content.

TasLE 5. Change of equilibrium temperature of the earth’s
surface corresponding to various changes of COs content of the
atmosphere.

Chan Fixed absolute Fixed relative
of COs humidity humidity
content Average Average
14 (ppm) cloudiness  Clear cloudiness  Clear
300 — 150 -125 —130 —-228  —280

300 — 600 +1.33 +1.36 -+2.36 292




