
0.1 Non-adiabatio Heating

In the thermodynamic energy equation (4.3.3),^ 

which represents the source of heat due to radiation

(c«M )
and condensation, may he expressed as
e o O
q.=q.T+q.c

© a
where <\^ is the heating due to radiation and is

the heating due to condensation.

0.1.1 Heating due to radiation

The heating due , to radiation

ted into two components as 
oo o
% - %s +

Cwhere is the heating due to
0solar radiation and v that due 

radiation.

o may he separa. 

(C* 12)

the absorption of 

to long wave

Heating due to solar radiation s Heating due to 

solar radiation consists of two components; one due to 

the absorption of direct solar radiation ( )»

and the other due to the absorption of the reflected 

(diffused) radiation ( )•
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The heating due to direct solar radiation is
obtained by
o JL
‘’fSd “ whole day

fi / «'* Va (y0$ec% ) (c<\‘4)

<3where a is the amount of absorption of solar radiation 
as a function of optical depth ( y ) and £ is the 
mean zenith angle of the sun, which is defined as

cos§

/d «y time, 
COS £ dt

w

/ej«y tiwe
dt

(C=i. 5)

The heating due to reflected solar radiation is 
given by
o Rg ^
%rSir ~ ~ ^ S Ci (M • € 6 y*.) (c. I * 6 )

where y is the total optical depth from the surface to, 
a given S-level. S is the solar constant (r 2 ly win1)

and Pe is the amount of reflected solar radiation.

Let <*, 1= o-2) ; and *^3 C- °‘7) be the
reflectives and 3 7\m and be the amounts of
high, medium, and low cluuds respectively. The amount 
of solar energy reflected by these clouds . is
Rc = whole day h+ ‘ h)0^+ (i-°<2.^»n)ntj

^C> !• /)
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Since Rc does not contribute to heat up the earth's 

surface, it is assumed that Rc is reflected at the 
earth's surface and not at the top of each cloud. Hence, 

the total reflection at the earth's surface may he 

written as

c“?^«[s-aT(yc,*secO] fr.i.8)

where is the effective albedo defined by

In the above, is the reflectivity of the earth's

surface, yc<rJ< is the optical depth from the top to 

the bottom of the atmosphere and cl is the sum 

absorption due to water vapour, narbon dioxide,and ozone. 

The net solar radiation absorbed at the surface is

S -aWec,?)] <?■ .•<«»>
Heating due to long wave radiation: in (c.1.2) may

be computed from

q _ J_ a ?^ ~ 3<r
where the superscript stands for water vapour (W) 

of carbon dioxide (C ), or ozone ( O ). The net flux F
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is the difference between the upward and downward fluxes.

(C.M2)

For water vapour, the upward and downward fluxes 
of radiation at any level are computed by (Godbole 
et al, 1970)

B<r
/TB0^(ye>Tc)-y^(y0iT)7TdB-J^(y/r)7TdB (c-i* 13)

B0 i

and 0
lT - 7TB* -/^ tVjT)7TdB (c ■ I ■ 14)

where
eO

B4t) = Jsvir)^ =■ (C> 1.15)

o

is the black body radiation of frequency '*3 and 
temperature!"; B(TC), B* - B Cl^ a-nd

where » 220® K, T» is the temperature at <S"= ©, T^- 

is the temperature at any given level , and T^. is 

the temperature of the earth's surface.

X-jMr-M/l , I u«r - u I

where is the optical depth measured from the top of 

the atmosphere to any level <f .
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The mean slab emissivity and the mean
slab absorptivity oy. C^/T) are defined as (Yamamoto, 

1952)
,,T)* /WT)['- (CM7)

eAu,

aO

Q fMX)—1_ /4M I - ^i£^u)]£,u <fe-'-<e)
114,1 /-jo/.— / A'T L4 lM/ ' ' "dS/clT / 41

O

oo_ / 4B>jc|B / «4B>j i _ '
where -/ ~^pp e,|v*^is the transmission function of 

the slab, and is the absorption coefficient corres­

ponding to frequency i> .

Carbon dioxide and ozone have, relatively narrow 
absorption bands at 15^ and 9*6respectively,and 
hence the dependence of 48v/cJ'y’ upon •>> may be 

neglected. Under these conditions, the mean slab absorp­

tivity in respect of these two gases may be defined 

as (Manabe et al, 1961)
I 'Ux

Ef(W,T) = ^757(c-M9)

where T" is equal to 218° K for carbon dioxide and 293® K

for ozone. The downward and upward fluxes in respect of

carbon dioxide and ozone take the form
to

= n b0E, (v.,t) - j %(yJr') 7r db
ttf-

(c. b'zo)
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6U® c 7Tb* -J ei CxT) THJb (c. t.2Lt)
b«r

where “0*.t(T> = / B» (T) (c.1.22)

Optical depth : The optical depth for any absorbing 
gas in a layer of thickness Acf is obtained by

AUs | (nf) f A<r (c. i.23>
where = 1000 mb. The values of fc used for water16 ...
vapour, carbon .dioxide, and ozone are 0.6, 0.86,and 
0.3 respectively (Manabe et al, 1961).

0.1.2 Condensation and convection

Dry convective adjustment : The required temperature
change &T is obtained by the following two conditions.

A 6 (T+ST, <r) :D (c, 1.24)b<r
tff3

~q~ fe* / &T-<4<S* = 0 (C.I ZS)
*T

where. 8 is the potential temperature, and &T and 
represent the values of & at the top and the bottom of 
the unstable layer respectively.
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Wetv convective adjustment : The required change in 
temperature &T and mixing ratio Sr is obtained by 

satisfying the conditions

±eJr+ir,f+st,ff)^
OP
r+$r = ys(t+ST, tf) 

^ti/(ST+iS0dtf

o

o

(C* 1.26 )

Cc• i.ar)

(C.t.28)

where 8-e is the equivalent potential temperature*

Son-convective adjustment : The required change in mixing 
ratio Sv may be obtained as
Sr = 0 ~ R-H*> *(§|) ST (C.1.29)

where E.H. is the relative humidity and \ dT/$

represents the rate of change of fs with respect to T 

at constant pressure. The temperature change due to 

release of condensation heat is expressed as
— ^ L* gf (c-1*30)

CJ*
The amount of precipitation due to both convective 

and non-convective condensation is computed from the 

relationship

C =~y/


