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1. INTRODUCTLON

A radiative heating and cooling algorithi has been developed for
use in the dynamical model of the middle atmosphere written by J. R. Holtom
(Holton and Wehrbein, 1979; Holton and Wehrbein, 1980). A Curtis matrix
is used to compute coolirg by the 154 and 10y bands of carbon dioxide.
Escape of radiation to space and exchange with the lower boundary are
used for the 9.6y band of ozone. Voigt line shape, vibratirual relaxation,
line overlap, and the temperature dependence of line strength distributions
and transmigssion functions are incorporated into the Curtis matrices,
Properties of this algorithm have been outlined in Wehrbein and Leovy (1981).
This report is a more detailed description of its development.

Section 2 discusses the distributions of the atmospheric constituents
included in this algoritnm. Section 3 describes the method used to compute
the Curtis matrices. Cooling or heating by the 9.6y band of ozone is
discussed in section 4. A description of the FORTRAN programs and sub~-
routines that have been developed in this study 1is given in section 5.

Listings of these routines are found in the appendix.
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2. ATMOSPHERIC CONSTITUENTS

With the exception of molecular oxygen, which absorbs solar radiation
in the upper mesosphere, the atmospheric constituents that determine the
thermal siructure of the middle atmosphere are exceedingly minor constituents.
A discuszion of the contributions of each gas 1s found in London (1980). In
the present work we shall consider only carbon dioxide (15u and 1Op bands),
and ozon: (9.6py band and solar absorption), and molecular oxygen (solar
absorption). A more sophisticatsd algorithm might include the overlap of
carbon dioxide and ozone bands with each other, and with the bands of
tropospheric water vapor when computing radiative exchange with the ground

(e.g., Ramanathan, 1976),.

2.1 Zarbon dioxide

Carbon dioxide 1is, for our purposns, mixed throughout the atmosphere
with volume mixing ratio of 0.33 x 10"3. Therefore the amount of 002 between
any two pressure levels is always the same, and the transmission between two

pressure levels depends only on the temperature of the intervening material.

2.2 Ozone

Both the local density and the column abundances of ozone and mo.ecular
oxygen are required to compute the radiative heating due to absorption of
solar radiation. The specific ozone density Q3 = n3/nSTP where Ngrp ™

2.6869 x 10'9 ca~3 and ng is the number density of ozone. The mass mixing
ratio (in grams/gram) is given by w3 - p3/pa, where Py and p, are the mass
densities of ozone and air, respectively. The specific density is related to

the mass mixing ratio by

4
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Q3 I I S (2.1)

R.T myncrp

where p and T are local pressurz and temperature, Ra is the gas constant for

air, and m, 1s the mass of a single ozone molecule, ﬂ

\
~ q.c

The specific¢ column abundance (in cm at STP) is given as

® P
1 . g
Ny ™ J Q,(z')dz' = _*——-ﬂ*f W, (p')dp' (2.2) {
3 . 3 M40y7p8 3 ;

Above a certain altitude z, (pressure level p1 ) we assume that ozone is

distributed with a conntant scale height H3 so that
Ma(z,) = —2 jm n(z)—(z—zlwﬂ:’ Q. (z,)H
z,) ™ —— e -
IMY Derp 1 37173
z
Below p; the mean value of W, in each layer s used to obtain
J-1

n(p)a»fn(p)+-——1-—z~l-[w(p)+w(p )1(p - py)
3*rg KALS | WaRep8 = 2 "3y 3*Fj+1 3+l 3

For arbitrary p Nq is interpolated linearly between levels:

P-P
v (1 - . -
ny(p)= ny(p )y + (1 Y)ny(py,,) where Y LS (2.3)

for p, s p < Piep °



2.3 Molecular oxygen

Assume that the mixing ratio of oxygen in air is 0.2095 up to 155 km,

(3.645 x 10™? atmospheres), above which nxygen follows the profile

-/
nz(z) =1 x10'7 e z/30km

Below 155 km nz(z) = 0,2095 p/kBT where kB is Bolczmann's constant.

The ¢olumn abundance below 155 km is therefore given ° y

z
n, = j ny(z')dz' = 1.711 x 10'° + 9—;72—‘8)—9—5— (p - 3.645 x 107 p) (2.4
0 a

pressure, and n, is given in molecules cm™2,
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3. DERIVATION OF CURTIY MATRIX ELEMENTS

The net upward flus cf thermal radiation at wavenumber V is given

by
1 o
F (1) = 2wJ( dy ]Jt(t)e_lt-TI/u djt -]
o [+]
1 an
- 2r [du fJ‘(t)e'l""T'/“ dle~t| , (3.1)
o o

(Goody, 1964, p. 49 )

where 4 1s the absolute value of the ¢c¢sine of the zenith angle, and the

optical depth 18 defined as

P
T =1(p) = %’I k,(p*"delp'Ddp'' , (3.2)
)

where kv is the absorption coefficient and ¢ the concentration of the
absorbing gas. The source function Jv is assumed to be isotropic in the
upper (+) and lower (-) hemispheres. Changing the variable of integration

to pressure yields

1 Pq P' '
- + - _C_‘,_d_P_'__ _C; L)
Fv(p) 27 J du J Jv(p) exp { J kv 2l } kv 2 dp
0 P P
1 @ p'
+ - .c_d.P_:_'. c '
+ 27 J du J I (p,) exp { J k, ol } k,, . dp
0 pg P
1 0 P
- d Te
- 27 J du J J(p") exp {— J k,, 9—5%—} ky, g 4P, (3.3)
0 P p'
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where p' is the surface pressure. The second term, arising from the surface,
can be integrated over p' directly.

Conaider the flux of radiation integrated over a frequency interval Av
sufficiently small that {f can be approximstad by mean values over frequency

JX Then changing the order of integration gives

P 1 p'
s (]
- 7Y et J J - edp''l €
J dvFv(p) ZTTJ dp'J (p')| M d\)exp{ J K, o k\)g
Av P 0 Av P
+ : P cdp'”!
+ 2m3" (p,) j dy ¥ J dv exp {- J ky, MEﬁ"“}
0 Av P
0 ! P '
- tY (! - CdE c
21 J dp'J (p") f du J exp { I kv " } kv p . (3.4
1% 0 Av p'

Note that each of the integrals in the exponents are non-negative.

Define the flux equivalent width

1
e(p,p') = f dy p J dv[1-T (pyp',W)]
0 Av
where
p'
T,(p,sp",1) = exp {- J k /8 dp"} . (3.5)
P

Function e(p,p') 1is simply one minus the transmission function between p and

p' weighted by u integrated over one hemisphere. Clearly e(p,p) = 0, and

7l
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1 ~pi k ¢ 1 'y
de | | {_ K 921:{} O B 3.6
3p" J @j dvexpi ” Ky . YL}_ p'<p. (3.6)
0 Av p "

Changing variables frow p to e, the expression for the integrated flux

becomes
e(p,p,)
[ e, = o j *ehaemen + 206 B - ety
Av 0
0
+ 2n J J7(p")de(p,p') . (3.7)
e(p,0)

Define the upward flux

e(p.ps)
F+(p) = 27 J J+(p'>de(p.p') + 2ﬂ3+(ps) [%; - e(p,ps)]
0
and the downward flux
e(p,0)
F(p) = 2 I I (p")de(pp) - (3.8)

(o]

Assume the socurce function is isotropic over all directions J+ = J , and
define a nondimensional "temperature" 8 = J/B, where B is the Planck function

in Av evaluated at some reference temperature. We have

e(P)Ps)

[ ar e = F@) - £ (o) = 27 3(p" de(p,p")
Av 0
. e(p,0)
+ 27B t%? - e(p,ps)] - 2B J B(p')de(p,p') . (3.9)
0
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3.1 Vertical grid

Divide the atmosii*are into N layers (see Fig. 1), The pressure at ¢1
is zero, and ¢N+1 is at the ground. Pressure and temperature evaluated at

levels within layers are denoted with carets. To simplify notation, let

e(pyipy) = &y e(pi.gj) - 3“ e(PyrPg) = €y -

For the simplest case § 1s treated as a constant throughout each layer. Then

N
+ — ~ — _A_\_)_ _ ) ~
Fy = 2nB 2 (ei,j+1 - eij)ej + 2“( T " ey ) Ovn
i=1
N+L
= 27B z (ei,j+l - e“)ej where ey N#2 g AV/2 (3.10)
=1

and

1-1
¥ = - 218 2‘1 (ei,j+l - ey, )ej
&

The convergence of radiant flux in layer {1 is given by

+ - + -
AF = Fiyy ~ Fypq ~ Py + Fy

N+1
= 2B z (ei+l’j+1 ey et eij)ej . (3.11)
j=1

The change in temperature in layer 1 resulting from the corvergence of

radiant flux is




N+l _
- ) . 2mBg _ 3 |
9 - :E; kuef where Rij Apicp (et+1,j+1 ei+1,j ei,j+1 + eij) » (3.12)
3=
where Ap1 is the pressure difference across layer {.

A more complex integration scheme results if we assume that temperature

varies linearly in log pressure from layer midpoint to layer midpoint:
- ~ _ A fal < < Y
8(4) = v, 8, + (L - 70 by S¢S0

where vy, = (4n $ - &n ¢1—l)/(2n ¢, - fn ¢1_l). Above ¢, the atmosphere is
agsumed to be isothermal at 61, and below @N the temperature 1s extrapolated
from level ¢N-l to a temperature discontinuity at the surface. The expression
for the Curtis matrix elements becomes

- 2mBg_ /¢ - e - e '
13 " e (ef+1,941 ~ ®i41,5 " Sh,gn oy ),

\ ' - . ! ]
where eij eij + cij and correction term c1j is given by

[o, 1£ 4 =1
. ®13
EE ‘I Yyde, 254 <N-1
€1,3-1
c,y =4 (3.13)
& €4, N41
V"i,N""l - ei,N - 1 YNde’ j a N
€4 ,N-1 .
| 0, 1£ § = N+ 1 or N + 2

The integrals in (3.13)have been performed anumerically using the trapezoidal

rule.
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3,2 The cverlap of spectral lines

Below about 30 km pressufe-broadened line widths may be sufficierntly
large to cause significant overlapping of individual rotational lines. The
entire band (550-800 cm~!) is divided into ten equal spectral subintervals,
and spectral lines are assumed to be randomly distributed in position within

each subinterval. Eqn. (3.5) can be written

1 10
l 1 et )
E(pi,pj) = Ay [—2- - f dy | XY 2 (S\Jk Tk] . (3.14)
0 k=1

where Ek = E%— J dvTv 18 the mean transmission function over subinterval k.
k
Gvk
The assumption of random distribution implies (Goody, 1964, p. 154)

Tk exp {— dvk WR] , (3.15)
wvhere Wz is the equivalent line width of the lth line in subinterval k.

3.3 Line shapes

Through much of the region of interest the shape of the individual
spectral lines 1s given by the Voigt profile, a convolution of the simpler
Doppler and Lorentz shapes. The equivalent width of a Voigt line can be
adequately approximated with a formula that interpolates between the
equivalent line widths given by the Doppler and Lorentz profiles {Rodgers

and Williams, 1974)

Wipg Py = (W2 + W5 - W2 WE/52u?)1/2 (3.16)

LR PN TLri i isl 1
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where
wL - wau/u’S(Tij),(IL(PinTiJ)]
and

Wy = Wplu/u,S(T, )]

VL is the Lorentz equivilent line width given by an accurate approximation
due to Goldman (1968). WD is the Doppler equivalent line width given by a
series approximation or a large Su approximation (Goody, 1964, p. 136).
S(iij) is the linc strength evaluated at the Curtis-Godson temperature Tij
between pressure levels Py and pj and u is the amount of absorber <COZ)

between levels Py and ps, The Lorentz line width aL(Sij’Tij) is given by

~

) = 0.148 cm‘%i&i)(g“%g__&)ih

PyisT

where the Curtis-Godson parameters are

:pl - 1
11 -—--—-——~'{ T(p) dp and Py i) ('pi +p,)

, i
Py

For a given temperatuve profile the Curtis-Godson temperature was computed

for every pair of levels and stored for future reference as a two~dimensional

array.

3.4 Variation of line strength with temperature

There are nearly 17,000 CO, lines tabulated between 350 and 800 cm™!

2
on the AFGL Atmospheric Absorption Line Parameter Compilation (''McClatchey
tape"). Rather than sum over all these lines in (3.15), the lines in each

subinierval were divided into groups according to line strengths, and a

mean line strength was used to represent the strength of all the lines in
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that group. Working with one subinterval at a time, the strangth of each
line was computed at seven temperatures between 150 K and 296 K with the

formula

(3.17)

TT

S(TS)QV(TS)Qt(TS) exp ‘1.4398"(T—T&1}
S

S(T) =
Q,(T)Q, (T)

where Qv and Qr are the vibrational and rotational partition functions
interpolated from the table in McClatchey et al. (1973). Tg is a reference
temperature, and E'' is “ne energy of the lower state of the vibrational-

rotational trapgition expressed in em~t. s is expressed in the units cm™

1
(cm STP)“I. At each temperature the lines were sorted into 50 groups
representing equal increments of log,;S. The resulting histograms of line
strengths for one subinterval are shown in Fig. 2. The histograms were
represented approximately by dividing the lines into two categories: a set
of temperature-independent strong lines, and a larger set of weaker lines
which follow the distribution function

(3.18)

ni(x) =m [x - x.,]% for x <x

Oi] o1 '’

where x = log;3S. Here X9 * 1og1080i where SOi is the strength corresponding
to the empty bin of lines just stronger than the strongest temperature
dependent lines in subinterval 1. Factor m was determined for each tempera-

ture in each subinterval, but was found to be adequately represented by

a universal function

m(T) = aT + b, a = 0.001615, b = -0.2066 , (3.19)

e

b S
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where a and b acve evaluated by regression. The mean strength in each group
is given by

E& = exp(2.303 ;5) where ;5 -./ﬁxn(x)x(/axn(x) , (3.20a)

and the number of lines having this strength is
Fy - fdxn(x) : (3.20b)

The number and mean strength of the strong lines in each subinterval was
evaluated directly. These strong lines, together with weak lines evaluated
from (3.207 were used to compute mean transmission functions, flux
equivalent widths, and finally, the Curtis matrix elements for a standard

temperature profile.

3.5 Non-LTE source function (this section follows Houghton, 1977, p. 58ff)

Above about 65 km the frequency of collisions s insufficient to
maintain a population of excited vibrational states consistent with the
local kinetic temperature. The source function for a particular transition
is no longer identical to the Planck function, but is given by

E- + €B
Y v

vITT¥e (3.21)

where € = C/A is the ratio of the rate of collisional deactivation to the
rate of spontaneous radiative deactivation of the excited state. Assuming
Jv and Bvare constant over the frequency band, and using the equation of

radiative transfer to eliminate the mean radiance f; gives

J =B+ q cp/4nceS (3.22)

b »

FEEYIREEE 2 3 TR PR
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where ¢ is the concentration of the absorber, and Sb and q are the local
band strength and radiative hev. 18 of the particular tramsition. Eqn. (3.12)

must be modified to

z

q = 1RM(JJ/K) : (3.23)

ey
L}

Using matrix notation, (3.22) and (3.23) can be combined into

. - RE)TIR (3.24)

and

]

E,, = [ c_/4nBce,$s ] 8

13

Sb 1 and €, are the band strength and LTE factor evaluated in the ith layer.
’

In the present calculation all lines are considered part of the funda-
mental band with Einstein coefficient A = 0.74s™! and collision frequency

C ~ 0.67 x 10° s~ at standard pressure and an assumed mesopause temperature

of 180K. The band strength Sb N is evaluated as

10
Sy 'Z(zpkjgkj + FZSi) , (3.25)
=1 T

where ij and gkj are given by (3.20) and F® and S° refer to the strong

lines in subinterval k.

3.6 Temperature dependence of transmission function

Since the flux equivalent widths depend on the temperature of the

intervening material, the Curtis matrix elements are functions of the
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atmospheric temperature profile. The flux equivalent width is related to
the transmission function, so we have adapted the interpolation method of

Fels and Schwarzkopf (1981).

2 is the absorption coeffi-

cient of the Lth 1ine in 6v. tLet T(p'') = To(p") + ST(r'') where To(k")

Let kv(p") -ng(v,l‘(p"),p"] where f

is the standard temperature profile. To first order in &T

Tyt = ""“’"‘f Z[ (o1 <P">,p")+%fi‘~ . n‘ST(p")]—C’%E-'—Ll
o

o f

exP{ pr”

Assume ST(p'') is small and expand the second exponent

ST (p !!)EQR_M

p’ 'y
= - 1y ) edp'
exp[ J'p El fl<v,To(p )P ) 2

o p' afl

1 - ' - —

T\)(p,p yH) Tv(Pvp ’ )l J‘p 2 3T |T
A

where

11
sT(p' )R | |
o gH

p'
0 d
T,pyp'Hu) = exp,~f E fﬂ(v,To(p'')m"}g~
P R

Equ. (3.5) becomes

e(p,p') = fldu “J- [1 - Tg(p,p',u)‘
0 Av

p' vy 1
‘f EQLJ du jdv ™ (p,p' ,u)z
o B aT

L‘3T(p")
0 av
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1
Now define e’(p,p') = j dy J‘dvll - Tg(p,p',p% and

t df
Se(p,p',p'") _ _ ¢ 0 ' & INTTOIRE
’61’ - gj dy I dv T (p,p's1)) 37 (v,T(p'"),p'"] T’
0 Av

80

P ooty
e(pup’) = O(p,p) + [ apr SBELEL) gr(pry
|4

Consider the functional derivative Se/§T. Suppose it can be factored

(and in several approximations it can) as

6 L] Tt
e(Pyngp ) = F(p’pl>G(p! ')’

then

[

P' ' 1 p
se(p,p’) = [ dpt Se(p:R 4R'T) sp(prry = [ 4" FG,pEG TR
P P

8T

]

P
= F(p,p") j dp''G(p'")ST(p"'")
P

If we let e+(p,p') represent the flux equivalent width for a temperature
profile everywhere warmer than To by a constant amount A, and similarly

for ¢ (p,p'), then from a Taylor series we have for any constant temperature

deviation &T

+ 1y _ o '
e(p,p') = eO(p,p') + ={R2p) =€ (R:R) o
24

[ + 0 -
= ( . l) - 2 ( , ! + R '
. 2[e PsP e’(p,p') + e (p,p ZJ

(8)?

(8T)2 . (3.26)

gyt ORI o tudsatald
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Now define the weighted temperature deviation

!

p' p'
Alp, P'") -f dp"G(p")sT(p")/f dp''G(p'') . (3.27)
p P

We will assume that for variable temperature deviations (3.26) holds
with A(p,p') replacing 8T. The best choice for weighting function G(p)

and for A have been determined by Fels and Schwarzkopf as
¢(p) = p+% {1 + (p/p )0"8) (3.28)

where p_ = 30 mb, and D = 25K.

Therefore the procedure adopted has been to compute a matrix of e,

m 1
nLTE for each of three temperature profiles. Each gnLEE is then

"unraveled" using (3.12) to obtain a matrix gnLTE. This can be accomplished

R, and R

because there are "boundary conditions" e,, = 0 and e a4 = AV/2. Beginni
y nst eqy 1, N+2 gilnning

with the lowest level, successive layers of e, can be computed from (3.12),

ij
first on the lower side of the diagonal (j > 1), and then on the upper (j < i).

These three arrays are stored as data for the dynamical model. When the

nLLTE

radiative algorithm is called, e (T) is ccmputed by (3.26) for the appro-

priate temperature profile, then RnLTE

(T) is computed from (3.12).
The Curtis matrix for the 10p band of CO; 18 computed using the same
procedure, The only difference is that the 10y band was not divided into

subintervals to compute the mean transmission functions of (3.14).

§ongt ﬁf\}‘(_[{’ IS bW Iy 1
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4. TINFRARED COOLING BY OZONE

The version of the algorithm currently incorporated in the dynamical
model uses & cool-to-space plus cool-to-ground approximation utilizing the
band absorption formula of Ramanathan (1976). 1In this section we shall
develop a more general method from which the above approximation can be
easily derived.

Several empirical and semiempirical formulae (e.g., Walshaw, 1957,
Aida, 1975), have been developed for the integrated absorption A of the

9,6y band of ozone where

A= J dvAV = J dv(l - Tv)

(4.1)
Av Av

These formulae may be used to compute flux equivalent width and Curtis
matrix elements frow (3.5) and (3.12). The procedure outlined in sectiomn 3
may be greatly simplified. IR cooling (or heating) by ozome is significant
only below about 60 km, so non-LTE effects can be ignored. The contribution
of the 9.6y band to the total cooling is small enough that variations of
the transmission function with temperature profile can be neglected. However
since the vertical distribution of ozorne varies, in general, with latitude
and time, a new Curtis matrix must be computed for every ozone profile.

Use of the Curtis matrix method facilitates the identification of the

various components of the radiative interactions. The radiative cooling is

giveu by

N
q = }__ Ris9y
i=1

F oalt s KNP e . a
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where N+l is the ground. If the atmosphere is ilsothermal, and the ground
is at the same temperature, then radiation exchanged with the atmosphere

and ground provides no net cooling and there is orly cooling to space. So

N+1 N+1
CTS - -8c3 . 4.2
a - Z Ry48y 0, Z Ry, 8,0, (4.2)
=1 =1

If the ground is at a different temperature, there can be cooling to both space

and ground. Then

N+1 N
crs , CT6 _ . 2: 9
ot T >LJ RegBy 7 8 L, Ray ¥ Puwwn
4=l i=1
- 8 ‘ - g
8,0y + (8gy; - 8,)CF (4.3)
8.
where Ci Ri,N+1'
A further approximation can te introduced for 6. The "temperature" is
given by
e -1
g = where u = hv/kT = 4,988 for T = 300K,
uTy/ o o
e -1
Hence, el -1z " and for T ¢ To we have e uTo/T -1z euTO/T,

and e e-uTo/T_:_e-u

i

1

So qirs + quG e“c: &I /T eucg(e—uTo/Ts _ e—uTo/Ti)

-1496/T

13

146.6 C; e + 146.6 c§<e'1“96/Ts - e HASITyy iy
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where T is given in Kelvins. The radiative cooling of the 9.6y band for
the U.S. Standard ozone and temperature profiles computed with the Curtis
matrix method employing Aida's parameterization is compared with the cool-

to-space plus cool-to-ground approximation in Fig. 3.
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5. PROGRAMS AND SUBROUTINES

5.1 Routines used to obtain line strength distributions

The 16899 lines attributed to carbon dioxide between 550 and 800 em™!
have teen sorted into eight sets according to the energy of the lower
state of the transition, Each set is uritten on an element file of the
fileset CO2SET. The description of each element set is as follows ('"normal"

refers to 12¢l180,):

File Lower Number Type

name level of lines of CO,

FU626 0 153 "normal"
H0626 vy 546 "normal"
HT626 v ¥2v, 159 "normal"
HD626 2vy 691 "normal"
HF626 Iv, 564 "normal"
HC626 24v, 3805 "normal"
FUISO 0 1269 isotopic
HTISO 2 v, 9712 isotopilc

Program BINS sorts all of these lines into bins according to strength
wichout regard to band of origin. The entire band is divided into ten
equal subintervals and the strength of each line 1s coaputed at seven
different temperatures. The width of each bin 1s 0.25 in units of log S,
where S 1s expressed in (cm~!) (cm 5TP)~)!. An example of the resulting
histograms is shown in Fig. 2. If the McClatchey tape is used as the input
for program BINS, then DO loop 12 should be replaced with IB = 8, the two
IF statements after statement number 98 should be activated, and LMAX must

be set equal to or greater than 16899.
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Program FIT fits each of the seventy histograms produced by BINS
with a second order ~olynomial, according to (3.18). The only free
parameter is the coefficient m,

Graphs of m vs. T for each of the ten subintervals are shown in
Fig. 4.. It is sufficiently accurate to assume a universal function
m(T) = aT + b for all subintervals. Program REGRESS provides the least
square values for a and b,

Spectral lines associated with the fundamental have no vibrational
temperature dependence and are usually strong. They can be identified on
the histograms because they rise above the generally parabolic shape of the
line strength distribution profile (see Fig. 2). Program RESID subtracts
the fitted line strength distribution from the actual distribution, and
computes the number of strong lines and thelr mean strepgth in each bin, and
then consolidates each four bins to give the number of strong lines and their
mean strength in each strength decade, From this information one character-
istlc strong line number and strength is chosen for each subinterval, and

specified in program CURTEL in arrays FS$ and SS.

5.2 Routines used to obtain Curtis matrices

Program CURTEL computes the Curtis matrix elements for the 15u band
of carbon dioxide. Wave numbers are expressed in units of the Doppler
width at 300K.

The computation of the non-LTE Curtis matrix begins with the evaluation
of the total band strength by summing all the mean strengths weighted by the
number of lines at that strength over all strength decades and subintervals.

VMULFM and LINV1F are IMSL routines for matrix multiplication and inversion.
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Subroutine FLUXEL calculates the equivalent band widths, First the
pressure levels (PHI) and layer midpoints (PHIH) are computed, The Curtis-
Godson tempezature (TCG) between any two levels is computed and stored.

The correction terms c13 (see (3.13)] ar¢ evaluated by the trapezoidal
rule with the interval divided into M1 vanels for the diagonal terms,

M panels for the nondiagonal terms, and 34M/2 panels for the terms at the
top of the atmosphere.

In subroutine EFUNC thére is an opportunity to use the integrated absorp-
cion parameterizations of Pollack et al. (1981) or Rodgers and Walshaw (1966)
instead of the line strength distributions that have been derived. If the
integrated absorption parameterizations are not chosen, the Curtis-Godson
temperature and pressure are evaluated and the line strength distribution
parameter (m iy (3.18), called A2 in this subroutine] is calculated,

Subroutine W performs the summation in (3.14), evaluating the mean
tranemission function for the entire band. The line strength distribution
parameter is used to compute the number of lines and mean strengths in
nine decades of line strength for each of the ten subintervals, This
synthetic line distribution 18 cut off at the low strength end so that
the total number of lines in each subinterval is the same for the synthetic
and real distributions.

After the set of non-LTE Curtis matrices have been produced for the
three temperature profiles and for both 10y and 15y bands, program EQWD
inverts (3.12) to obtain a set of equivalent band widths. The set of six
arrays of enLTZ are used by subroutine CURT to compute the temperature-

dependent Curtis matrix eleuents.
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There are, unfortunately, two different conventions for the labeling
of the layers of the model, In the dynamical model (JRH) the lowest
stratospheric layer 1is Jenoted j = 1, and the highest layer is j = JML
({.e., 16). In the radiation algorithm (CBL) the highest laye. is
denoted j' = 1, the lowest stratospheric layer is j' = JML, the tropo-
sphere 18 j'= JML + 1, and the ground 1is j' = JML + 2 (i.e., 18),
Comment cards in the listing noting the shift of conventions will hopefull,

prevent confusion.

5.3 Routines used for ozone and oxygen

Program OZPRO produces the arrays needed to compute the radiative
heating and cooling due to ozone, given the czone mixing ratio and
temperature profiles. Subroutine COLOZ computes the specific density and
column abundarnce of ozone. Subroutine CMOZ96 computes a Curtis matrix
for the 9.6 band, and from it cool-to-space and ¢ocl-to-ground coeffi-
cients are derived. Two different parameterizations (Aida, 1975 and
Walshaw, ,957) of the integrated absorption of the 9.6y band are offered
in function 0Z96A.

Subroutine OXY computes the density and column abundance of molecular
oxyger:.

Function O2UV computes the solar energy absorbed per molecule of 0,
from the parameterization by Strobel (1978).

Function OZUV computes the derivative of the fraction of total solar
flux absorbed with respect to ozone column abundance from the parameteriza-

tion of Lacis and Hansen (1974).

w2t 5% K O Pee
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5.4 Routines used in the dynamical model

Subroutine HEAT computes the diabatic heating term for the dynamical
equations. The earth-sua geometry factors and the set of Curtis matrices
are computed once per day. The static stability is computed once, during
the initi-l time step of the run, The zonal mean heating is introduced
{into the dynamical equations gradually with a growth time (GTIME) of two
days.

Subroutine RADEQU computes tha global vadiative equilibrium tempervature
profile (i.e., the temperature profile such that the radiative heating
integrated over the entire globe is zero at each level),

Function DELT computes the individual tevmas of the net radlative heating.
The parameterization of Lacis and Haunsen (1974) is uged to compute the
radiative heating due to absorption of solar visible and UV vadiation by
ozone., Values of the various parvameters describing the shortwave planetary
albedo are taken from the program of Ramanathan (private communication),

The parvameterization of Strobel (1978) is used for the absorption of solar

radiation by molecular oxygen.

5.5 Changes in main program WAVE2

The flux equivalent width arrays are read in first for 10p, then L5y,
in the order minus, zero, plus. KAP is the Newtonian cooling coefficient
(day~!) derived from the present algorithm, assuming a U.S, Standard tempera-
ture profile and the ozone profile (based on Krueger and Minzner, 1976)
currently used in the dynamical model. The coefficients have beer computed
for a "boxcar' perturbation of vertical scale 25 km. TZO is on input the

U.S5. Standard asmosphere temperature prcofile. Array PRS contalns the Fourler

LTI e TN YA T 8 e
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decomposition of the observed U at the lower boundary. QOG and QO are
Q3(ground) and Q3 of (2.1). QOZSG and Q0ZS are nj(ground) and ng(pk)
of (2.2), CTS is -146.6C" and GG is 146.6CB , defined in (4.4).
Subroutine HEAT is called every IRCT time steps; IRAD is used as
a counter,
Tropospheric and ground temperatures are computed with simple equations

that fit the climatological temperatures to within & few degrees.
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Figure 1: Vertical structure of atmospheric model.
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Figure 2:

Histogr:zms of line strength distribution at three different
temperatures for subinterval 650 £ Vv < 675 cm™!., Increments of
log S are 0.25. Strength S expressed in units of cm™!(cm STP)™!.
Lines under bracket are '"strong lines", whose temperature

dependence has been neglected.
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Comparison of cool-to-space plus cool~to-ground approximation
(broken line) with Curtis matrix method (solid line) for
radiative cooling by the 9.6y band of oczone. Temperature and
ozone profiles are from the 1976 U.S. Standard Atmosphere.
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Weak line distribution parameter m vs temperature. Solid lines
connect values for the same subinterval, identified on right
(e.g., subinterval 1 is 550 s v < 575 em™!). Broken line is
best fit for all subintervals.
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APPENDIX

FORTRAN Code




OO0

oD

(g}

PRUGRAN SIHSUINPUT,OUTPUT, TAPEL, TAPEL, TAPED, TAPEL, TAPES
$oTAPCOTAPET)TAPLOTAPSY)

SUBRGUTINE TO SURT LTINES ACCOROING TO STRENGTH
(TAPES 1 THAOUGH 8 aRc ELLMENT FILES OF CO2SET)

5
4

3
9
11
S

99

98

27

c

C

3
v

7

101

12
25

15

L}

DIRENSION N(LiN, 7,300

LOIRENSION TP(7),0V(T)

INTEGER US : ,

UATA TP/715040179452U004520%4925069275+»2968,/

UATA OV/1,0U8)1.0095,440192,140327)1,u502,1.0719,1,0931/
159296, $ QVSe«l,.0901 s Rlel,
0STPel.0Ub9E19
FRM QUIPUT APRAYS

00 )} 1Se=i,s10

DO 9 1Tel,7

D0 3 11,50

NE1S,IT,1)e0

CONTINUE

CUNTINUE

CONTINUE
OhT EACH BANO

vO 12 1B,

15e})

UrLIN=575,

FEAULIB,15) LMAX

LLe0 ,
LLelLe*1

IFILL LGT. LMAXY GO TD 10}
RELDCGIU,B) FREU)S,)ALPHASELS)US)LS,RUT,DATE; [SO,NO0LC
iF(FRLQ LT, 550.) GO TO 9@

IF{NMOLC JNE. 2) GO TO 98

IF{FREQ .GT. UPLINHY GO TO 101

CORTINUE

LU 7 1T=1,7

To7P(1T)

CFOEXE (Ll R2TOELSO(T=TSI/(T$TS))
STeYoEFeQVS/uv(ITieT/TS)ee(~RY)
XPYRFESS STRENGTH IN UNITS (un ATH)=-1 CH-1

MNEMAL 14

SLT=ALOGIO(ST)
HGOSE CORKECT BIN

1Ge%50

00 31 [e1,49 :
#ef=20 3 RL=1.25¢0/4,

IF(SLT +GTe RL) IGmS0~1

CAONTINUE
OUNT L1ukS IN EACH BLIN AND STUKE PARAMETERS
NOIS, LT lu)eN{LSH»IT,IG)¢1

CONTINUE

GO 1O 99

CONT.NUE

DL=UPLIN-25.

WRITE(9,35) vl,urLln

00 8 [Te1,7

WRITE(Y,45) TP(IT)

00 & 191,20

NNeN(LS,1T7,1)

IF(NY Eds 0) GO TO 4

WRITE{9,25) I,KN

CONTINUE

iPel1

WRITE(9,29) 1P

CONTINUE

UPLINsUPLIN®2S5,

1Se(Se} :

AF(UPLIN .GT, BOU.Y GO 10D 12

00 1N 97

CONTINUE

PURMAT(L10X,216,E15.2)

FORMAT(F L0003, C1063,F53)F1063,112,3%,112,A7,44)A04)2X%,11)
FURMAT (10X, 15)

FORMAT(® SPECTPAL INTERVAL®,F5,U,* TO*,F%,0)
FORMAT(LOX,® TcMPERATURE®S,F5,0)

END
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PROGRAN FITCINPUT,QUTFUT, TAPEL, TAPE2)
SUBPOUTINE 10 FIT HISTNGRAMY WiTH PARAJULAS
(TAPEL (S uUIPUT OF PROGKAA BINS)

DINENSIOM NiSL),LCU10)
UATA LC/1659,85,350,1,5,59501,516/
LC I3 8 NUMdek OF WEAKEST EMPTY BIN [N EACH SURINTERVAL
00 & 154,10
REAVD(1,45) nux
VO 3 IT7e1,7
READ(),9) T
Pel,
Tave0,
00 1 I=~1,3%1
NilleO
1 CONTIAUE
VO 2 1e1,51
KEAVCL,15) LI,NQID)
IFULIL +EQ. 21) GO TO &
THeN(LL)
TOT«TNT+TIN
TFOTN JLT. Py GU YO 2
NCeil
P=TN
2 CONTINUE
6 IFITUT +£Q. 0.) GO TO 3
IFINC «GT. 40) NCwéO
JC1sLC(LS)
NPeNC~1C141L
S1=52e0.
00 7 lsi,NP
SIsSIeN(LCIol=2)0(1=-1)0(¢1I=1)
SZ2eS24{1~1)2e4
7 CONTINUE
KMeS1/52
WRETE(2,25) IS,LCUIS),T,NC, TOT,RN
3 CONTINUE
MRITE(2,35)

4 CONTINUE
S FORNAT(23IX,FS.0)
25 FURMAT(Z2TI5,F10.i0[5,FL0.1,2F10,%,E10.4)
3% FORNGAT (/)
4% FORAAT(10A6)
15 FOPMAT(L0X»216,E15:95)
END
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PROGRAN REGRESH (INPUT,UUTPUT,TAPEL)
SUBRUUTINE TU CORPUTE o€ST VALUES FOR UNIVERSAL FITY
(VAPEL 13 QUTPUT OF PRUGKAN FIT)

REAL MoN
SHeST22SHTa3Te0,
NeO.
un 2 1=1,10
00 3 1Vei,7
READ(1,3) ToN
FRINT 95 TeN
heNel,
STesTef
SnTeSnleneT
SHeSHN
5V2sS5T120T01

3 CUNTINUE
READ(L,15) OUNM
hEAULL1,15) OUA

2 CONTINUE
DeNeST2=-STresST
Ae{NéinT=548T)/0
Re(SMeST2~5MTSS5T)/0
PRINT 25, A

5 FORAAT(LUN,FLl041,15X,F10.5)

15 FURMATI10AS)

29 EUEHAT(' A%, E15.5,10X,0 B°0,E15.5)
END

BT . =~
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SURROUTIHE 10 COMPUTE RISIOUAL STRONG LinES IN 13 MICRON B8AND

PROGRARM RESIOD(INPUY,OLTPUT, TAPEL)

{1APEL 1a UUTFUT OF PROCRAY BINS)

> N

OLMENSION N€1027s90), X24100 A 0T7)»SK(TI,SSUTI,RIT)
DATA X2/16 9-'0';3s50g01g;5q;9o;1&.}légl
U0 & ISe1,10 . . .

READ(1,65) OUM

00 3 IT=),7

READ(1,3) 7

00 1 I=1,51

N(loslTal)m=0.

CONTINUE

A(1T)*0,00198997~0,2017

(0 2 11,51

READ(L 15) LI NELS,AT,1T)

1F(IL .EQ. 951) GO TO 3

CONTINVE

CONTINUE

CONTINUE

Ui 6 I1S+1,10

PRINT 29

ReSIOUES FUR STROWGEST OeCAUE OF LINL STRENGTHS

16

14

DU 14 tT=L1,7

KReN(I5,10T7,1)

S5{IT)=0

R(IT)e0,

IF(L JLE, X2{IS)) GO TO 16
ROITY=RR=A{IT)® (1 ~X2(TS))ee2
SRUIT)=R(LT)
Ee=0+25%(1e~5.5%)

$=10¢¢E

JF(KR W EQ, 00, $+0,
SS(IT)esS

COnTiRUE

PPINT 233, (SRILT) 171,77
PRINT 45, (SS(IT)sITs1,7)

RE>IVUCS FOR SEVEN MDRc DcCADES OF LIME STRENGTHS

12

13

11

17

00 9 Kel,?

00 12 J=1,7

SR(J)eSS(J)e0,

CONTINUE

00 9 JDlpﬁ

Teqe¢(K-1)¢J¢)

Rls]

00 11 ITe1,7?

KReN(IS, 1T, 1)

REIT)=0.

IF(RI «LE. X2(1S)) GO TQ 13
ROIT)sRR-A(LIT)®(RI-XZ(IS))se2
SRUIT)eSQ(IT)eR{IT)
E"OoZﬁ‘(R"5o5,

SelOss
SSCIT)IeSS(IT)HSOR(ITY)
CONTINUE

PRINT 25, I,(R(II),11°1,7)
CONTINUE

DO 17 ITel,?7

IF(SRUIT) .EQ. Q5) GD TO 17
SSULIT)oSSUIT)/SRALT)
CONTINVE

MEAN FOR FUUR BINS (ONE DECADE)

PRINT 32, (SR(IT)»1Tel,?)
PRINT 45, 4SS(L1),1Te],7)
CONRTINVE

CONTINUE
FORMAT(IS5,7F10.1)
FORARAT(T7F1L.1)
FORMAS(TELS:D)
FORMAT(LIO0X,216,E15,5)
FORMAT(1HY)
FORMAT(23X,F5.0)
FORAAT(10A6)

END

Y kA 2
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PROGRAR CURTELUINPUT, QUTPUT»TAPES,TAPET)

COMMON//5410; ,0)»F(100L0),0ELNU,ALPHOL,ELL4L1,40),E(41,40)
$,PHI(40),PHIH(40),TCG(20,20),1T(21)

DIMENSION T(21),%(41,40),0(20),CT5(20),THETA(20)

OIMcHNSION H(21,20),U20,20)2U1(20,20),uK(20),RR(20,21),Q0(20)
OIMENSION FS(10),55(10)

REAL NUZ,KB,MASS
DATA NoA,)NY,L,)0ELTYANU/1T54,16,3,2%0./
UAVA FS/Z"O.;20-:9.:22.17.. ~,°u,
DAYA 55/2.00}0005) zot 5. 5! ‘nZ;#‘O./
OATA T/10741520086499293.2,20146,210.4,221:0,234.7,248.4,263.9,
$¢T0eT9258.:0,263029229:09224029)219¢6921667523104,288.2,3¢0,/
Pled 1415926
SPIeSGRT(?T)
HPeb,6237E-27
AVGeb.0225€423
MASSedé /AVG
Cel2.5979E+10
KBel,36058=-16
CPel E07
GRAVe9E],
112300,
PARAMCTERS FOR 15 MICRON BAND
NULZesb7,379
DesEXP (HPoCONUZ/(XB*T2) Y=, .
BBAAS #HFO{CONUL)**3/(C*D)
CUNSTa2,4P]oBBAPSGRAV/CP
ALPHDZ=NUZ*SURT(2.*KB*T2/NASS)/C
DELNU®DELTANU

NleNe]
00 2 1e],10
FOLol)eFSHT) 3 SUI1,1)0eS8S1)/7ALPHDL
D3 27 Je2,10
Fil,d)=S(1,d)m0,
27 CONTIRJE
2 COnTiINUE
DU 26 I=]1,N1
TY(I)eT{I)
26 CUNTINUE
PRINT 101y NoM)M1sL,O0ELNV
CALL FLUXEL(N,M,M1, L)
DO 13 1+1,10
DO 14 JelylO
S{I,J)aS(1,J)eALPHOTL
14 CONTINVE
WRITE(O, 103D C(F (L0408 L sul)rdel,)0)
13 CONTIKUE

COMPUTE LTE CURTIS MATRIX
DO 20 I=1,N
CTS{I)=0.
OPel, UL3E+D6®(PHI(I*1)=PHI(1))
DU 21 Jel,N1
RUJyD)e BELLI®L, I4L)4EL(J, 1)=ELLJeL, 1I=EL(J,rT*1)
K{Jr)1)e (CONST/OPISR(J,1)®86400,
CIS(L)I=CTSLIIOR(I, 1)
21 CONTINUE
20 CONTINUE

WRITE(S5,100)((R{J,1),Jm1l,N1},T0l,N)
WRITE(G,100)(T(L)s1e1,N1)
WRITE(A,L02)

WARITE(H,100) (CTS(L))I=1nN)
WRITE(6,102) '

COMPUTE TEMPELRATURE THETA = 8/8(REF)
V2erdPoCeNUL/ (KBOTZ)
00 16 J=1)Nl
VeHPeCoNUZ/ (KB®T(J))
THETA{I) @ (EXPIVZI=14 ) /(EXP(V)=1.)
lo CONTINUE

AR A et L
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C

C

COMPUTE HEATING RATES

y
10

DO 10 lel,N

Q{l)e=C.

0U 9 JelyN) .
QIL)Q(I)eR(JPLIIOTHETA(J)
CONT INUE

WRITE(S,109) QL)
CONTINUE

COMPUTE NON-LTE CURTIS HATRIX

CAeQ0.0¢033%44,/28,9608
SOANDen,

CONMPUYE TUTAL BANO SYRENGTH FRCM DISTRIBUTION

[4)
23

00 23 11,10

00 24 Je1,10
SOANDeSBANDCF (L, 8)105(1,J)
CONTINUE

CONTLNUE

SBANO=SBAND® 22414, /44,

PERFURN MATRIX ALGEBRA

00 6 Je=),N1
00 7 Kel,N
H{J»X)e0,

EPS o CCLLISIUN RATE/SPUNTANEQUS ENISSION RATE

19

18
17

EPS*0.T74*PHIRIKI/1.5C~09

JF(Y EQy K) HUJ )K)oCP/ (4, ¢PIeCHOSBANDOCEPSOABAR®B4400,)
CONT[NUE

CONTINVE

CALL VAULFH(P,H,NL1sNy)Ny&1,21,U,20,1ER)
PRINT 101, IER

00 8 1=1,N

DO 11 Jel)N

UlI»Jd)==Uil,4)

1FCL JEQs J) Ull,d)=Uil,d)0,
CONTINUE

CONTINUE

CALL LINVIF(UIN,20,Ul1,0,¥WKy 1ER)
PRINT 101, lER

00 17 1e),N

DU 18 Krl,H}

SUH‘O.

D0 19 Jel,N
SUMNsSUMeUTI LI, JI®RIK,J)

CONTINUE

RR{K,1)aSUN

CONTINUE

CONTINUVE

WRITEL6,102)

NON LYE CURTIS MATRIX

WRITE(6,100)((RR(J,1)pJe)i,N1),101,N)
WRITECT) 100 ((RR(J) L) pJol, N1, T10),H)

COMPUTE HEATING RATE FOR NON-LTE CURTILIS MATRIX

15
12

103
103
102
100
101

00 3 I=1,N

cat1)=0.

CU & Jel,M
QQE1)=QQ(II+RR(J, 1O THETALY)
CONTINUE

WRITE(65105) QQ(I)

CUNTINUVE

DO 12 Is1,N

CTS(I1e0.

00 15 JeiyN1
CTSELI=CTS(IN4RR(J, T)

CONT INUE

CONTINUE

WRITE(6,100) (CTS(I))Tal,N)
FORMAT(EL0.3)
FORNAT(10E12.4) ,
FORMAT (/)
FORMAT(9FB,3/9€8,3)
FORMAT(413,F6.1)

sTop

END

e et .
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C

15

C
(¢
30

9

35

¢

26

23

22

4

<

SUARDUTENE FLUXELIN,M,M1,L)

SURRQUTINE FOR CALCULATING FLUX EQUIVALENT BAND WIDTHS
CCHAONS/SLLUL10)0F(10,10) )OELNUSALPHOZ,EL(41,40),E(4L,40)
S,PHILR0) ,PHIN(S0),TVCG120,20),T121)

UIMENSION Ct41,40)

NleNel

IFLLEY

OELe DEiLNU/2,

LEC(L +€Q. 2) OEL=8Y,

00 149 I=1,N

PHICI)e PFUNCUIsN)

PRIRUI)SPHFUNCEL, N)

PHItNL)= §,

PHIM(N)=SERT(O4Y) .
PHIH(NL) =), *
OMPUTE CURTIS-GOOSON TEMPERATURE FOR EACH PALR OF LEVELS
DO 22 1=1,N1

00 23 J=1I,N}

TCGUL )T (D)

IFLL «£Q, J) GO TO 23

SUM»0,

JMlej=]

LU0 26 L=1,JM1
SUMsSUMSITIL)OTILOL))C(PHINIL*L)=PHINIL))
CONTINUE

TCGUIsd ) N 5oSUN/(PHINM(J)I=PHIHL(L))
TLGHI,1)9TCGLT, )

CONTINUE

PRINT 101, (TCG(T,J0,Je1,N1)

CONTINUE

0Q 70 I=1,H1
DU 50 Je=1,N
1F {JeEQ.l) GC TO 46
IF (J,EQ.1) GO TO 30
IF (J.GE.N) GQ TO «0

€ldsrate EFUNCIPHI(JI,PHI(ID L)

COR»0.

ORPUTE KONDIAGONAL TERM

00 15 Kel,N

EKleK=1

EKeK

PHIK® ((R=EKL1)/N)ISPHIN(JI=1)¢{EXI/MIPPHIH{Y)

PHIKLe {({H-EK)/MI®PHIH(J=-L)¢(ER/HI®PHIHIY)

CORe COR¢(GFUNCIPHIK, FHIHIJ)y PHIH(J=1)I+GFUNC(PHIRY,PHIH{J}
JoPHIHGI=1) ) ) CEFUNCHPHIKY,PHE(I) pLI-EFUNCIPHIK,PHI{1), L))

CCJpl)e EFUNCIPHIHUJ) »PHICI)WL)~E(Js1)-COR/2,
G0 70 >0

ORPUTE DIAGONAL TERM
CORDN=O,
CORUPeQ,
E(1,1)=0.

00 35 Ke=1,M1

EKleK~1

EXeK

PHIKs ((ML1=EKTI)/MI)OPHINCTI~1 )4 (EXL/ML1)OPHI(T)

PHIKLs (/ML-EKI/NLI®PHIH(I-L)¢(EK/HL)*PHI(T)

CORDNe CORONSIGFUNC(PHIK, PHIHLI),PHIHLI-1))+GFUNCIPHIKY,PHIHII),
IPHIMAI=1 ) IO (EFUNCUPHIK) PHALT )L )=EFUNCLIPHIKL,PHIt(I), L))

PHLIK® ((NL-EKLY}/MLISPHI(T)#(cKL/HL)PPHIHLIL)
PHIKIo({M1-EX)/ML)®PHI{T)¢{EK/ML)®PHIHIT)

CORUPe CORUPHIGFUNCI(PHIK)PHIH(T),PHEH(TI~1))+CFUNC(PHINK],

1PHIHCL s PHIHCI=1) DI CEFUNCUPHIRYPHLCLISLI-EFUNCIPHIK, PHI(LI) L))

ClI,I0m EFUNCIPHINCI),PHICI),L)¢ (CORDN=CORUPY /2,
60 10 350




c CUNPUTE NONDIAGONAL VERM AT TOP
46 Cllrl)e0.
€EC1,10e EFUNCLOG,PHILD) L)
60 10 50

40 E{NsTde EFUNCIPHI(N),PHI(I),L) :
E(NYs1)= EFUNCLPHI(NL),PHILLIDHL) ,
COR=0.,
n2e 3on/2
00 49 Kel,)N2
EXleK~]
EKsi
PHIKe ((M2-EK1)/B2)OPHIH(N-L1)¢(EKL/M2)OPHTI(NL)
PHIKLI® ((M2-EX)/H2) ¢PHIHIN-L1)+(EV/H2)OPHT(NL)
49 COR = COR®(GFUMC(PHIK PHIH(N)pPHIH(N=1))1¢GFUNC(PHIK], PHIHINY}
LoPHIHIN=1) D) (EFUNCIPHIKL,PHICLI) s LI-EFUNL(PHIK,PHI(I),L))
CiNyI)e E(NL,I)=E(NsL)=COR/2,

50 E1(Jrl)es€E(drT)eC(dr])

E1INL, I)EFUNCC(PHIINLI,PHI(L}, L)
70 E1(NZ,1)= DEL

RETURN
END

FUNRCTIUN PFUNC (I, 1)

Rdtnd =N

PFULC SO, 1 EXPIRIN®I/TS)

[F(J e€de 1) PFUNCED, !
KETURN

END ’

FUNCTIOM PHFUNC(J,N)
C THIS SURBRUUTINE CUMPUTES PREDSURE KALF LEVELS
PHFUNCYURTUPFUNCIJINIPPFUNC(J¢1,N))
IF(J +EQ. 1) PHFUNC=0.,5*PFUNC(2,N)
RETURN
C END
FUNCTION GFUNC(A,0,C)
C PLANCK FUNCTION LINEARLY INTERPOLATED IN LOG PRESSURE.
GFUNCe ALOGLA/C)/ALOGID/C)
RETURN
ENO
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FUNCTION EFUNCLA,B,L)
COMNON//S(10s10)»FL10s10),0rLIU,ALPHOZ,EL(41,40),E(4],40)
$)PHI(40),PHIHL40), TCG(20,20),T1T(21)

DIRENSION Y(2)

OATA Y/0.2113,0.76867/

RLEVEX)®T./5.¢AL0GL20 0K D417,

IF(L «EQ. 1) GO TO 10

IFLL +kQe 2) GU TN 20

IF4L «EQ. 3) GU TO 230

POLLACK 15 MICKON BAND,SLP=1000MB,Ce.00033,

10 EFUNCo0e55¢AL0G Le¢1e138b0((9¢6443%A0S(A-3))%20,566)
10((AeB)eey,323))
G0 10 80

RODGERS~WAL SHAW 15 MICRON BAND,SLPe1000M3,C=,00033 BY VOLUNE
EVALUATED AT 200K
20 EFUNCeO,
UsA3S(A-8)
iF(YU LEQ. 0.) GO TO 80O
Pe(A®B) /2.
TRAN®O,
00 21 J=1,2
UPeU/Y(J)
TRANCTRANGO . SOY (J)PEXP(=200,30UP/5ART{1.4541.3%UP/P))
21 CONTINUE
EFUNCOL1T70.,%(0.5-TRAN)
G0 70 80 ‘

DOPPLEP-LORENTZ LINE
30 GRAVeyBY,
EFUNC‘O.
COMPUTE PATH LENGTH
Us (B~A)*]).013E406%0.00033%422414./(GRAV*26,966)
U=ABS (V)
1F (U .EQ. 0.) GO 10 30
Y1=300.
CURTI5-GOUSON APPROXIMATION
1Ael
IF(A s2vs de) GO TN 2
JAsRLEV (A
EPeRLEVIA)I-1A
1F(EP +GEe 0o¢5) 1A=]As]
2 18e)
IF(d +EQ. 0.,) GO TO 3
18=RLEV(B)
EP=RLEV(B)-]8
IF(EP .G, 0.5) lB-IB‘I
3 IF(IA .GT. 18) [A=18
IFLI8 .GY, 18) 1BeiB8
TeTCG(IA,18)
COMPUTE WwEAK LINE OISTKRIBUTION PARAMETER
SL=0.00161%
BINTe~0,20066
A2eSLeT+RINT
PelA+3) /2,
Pl=1,
ALe0,08/ALPHDL®P/PLI*T /T
TWO POINT GAUSSIAN QUADRATURE OVER ANGLES
TRANeO,
DO 22 Je=1,2
TRAN=TRAN®O,50Y (J)*W{U/Y(J),AL,A2)
22 CONT{NUE
LFUNCoDELNUS{0,5-TRAN)

80 CUNTINUE
RETURN
END

ke g, S
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FUNCTION WU, A,A2)

C THIS SUBROUTINE COMPUTES MEAN TRANSHISSIUN FUNCTION
COMHMON/Z/3410,10),FtiU,10),DELNU,ALPHDZ,ELi4),40),E(41,40?
DIMENSION X2(10),N(Y0)

UATA X1/71660905Bes35500s10p5:5905114p164/
OATA N/683, 40T, 10876,2640,3724,23609191¢01270,7345493/

C N 1S TOTAL NUMBER GF LINES IN EACH SUBINTERVAL

(4 X 1S ONE LESS THAN NUMBER OF FILIRST OCCUPLEDL BIN
Pleld 1415926
SPI=SQRT(P])

Wel.
DNUsDELNY /10,

< VEN SPECTRAL INTERVALS
00 o 121,10
XMoXZCLIe(3,oNCI)/A2)%8(L./3.)

< XMW NORMALIZES CNNTINUGUS DISTRISUTION FUNCTION TO N
Ulesl{XM=%.0)74.

U2eiX2(1)-9.9)/4,

00 8 J=2,10

pat-4

1F(R GT, UY) GO TO ©

IF(R LT, U2) 6O TO &

VUed,0R¢9,5 .
IF(XM JLYe VUY VUeXN

Vie4,*R95,%

FFEXTAL) «6Fa VL) VLeXZ(I)

¢ COMPUTC NUNBEK OF LINES IN STRENGTH DECAOE
FULp ) wA2/3,0((VU~XL(TI))®ed3-(VL-X1(]))0e3)
C ESTIRATE MEAN STRENGTH IN DECADE
XHN® O, 250A20 ((VU=XZ (1 ))eea—(VL=XT(I)}®®4)}/F(1,J)eX2(1)
SU{1,3)2100¢ (=0, 250 (XMN=-5,%)}
S{LsdreSCLJd)/ALPHOL
B8 CONTINUE
T COUNTINUE
WNe0,
C SUM OVER LINE STRENGTH CECADES
DO & Jel,10
1FLSt1,d) EQ, 04) 6O TO 4
SUes(I,d)eU
(% GOLUMAN APPRUOXIMATION FUR LORENTZ LINE EQUIVALENT WIDTHM
WLoSU/Z(Llee(0,25¢SU/A)®®1,25)000,4

1£(SU .GV, 4.) GU YO 2

¢ SERIES APPROXINATVION FOR DOPPLER LINE EQUIVALENT WIDTH
WD=Wbl(SU/SPI)
G0 70 3

C LARKBL SU APPROXIMATION FOR DUPPLER LINE EQUIVALENT WIDTH
2 U2sSART{ALOGISU/SPID)
WDe2., 0 (UL00,20896/U2~041335/U299340,0070/U2¢¢5)
C INTERPOLATION FOx VOIGT LINE
3 WVeSQRTIWLPWLOWOPWO-HLIWL*WDPWO/ (SUSSY))
WWsWHeF(1,d)ewy
4 CONTINUE
RISEXP(~WACALPHOZ /ONU)
WelWewWl*DNY
6 CONTINUE
WeW/DELNUY
RETURN
END




I Do

FUNCTION wO1l(W)
(4 THIS SUBROUTINE COMPUTES DOPPLER LINE EGUIVALENT WIOVH FROM SERIES
P1e3.14159265
SPLsSQRT(P])
Nfe)
SUN=0,
00 2 N¢l,6
RheN
NFeNFoN
Re=NF
SUNsSUMS (=W)IPeN/(ReSQAKT(RN))
2 CONTINUE
W0le-SP1e5UN
1F(W01 JLlce O4) WODLel,
KETURN
END
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PRUGRAN cUWOCINPUT,UUTPUT, TAPES »TAPES)

THES SUdRJUTIte COnPUTEL EGUIYALINT SANO WiJUTH FROM CURTIS MATRICES
VIBENSION KEL00LTDoPHILLO)pE(L1/s00)aC3T(L2)s0NC2)
KEAL AB,NUL(R)

Ple3.i415926

HPobe6237c=27

C22.9979€+10

Aeml. 38U% 106

CPel,.C007

GRAY=941,

T4=300, . '
OMNL2) =250, s ONLlL)p2%8,

NULZ(2)ob8b67.379

NUZ(L1) =979,

FOR L0 AND 13 MICROM dAMNDS
DO ) A=1,2
UeEA? (HPOeUONUL{AV/ (KBOTZ) )=,
BELAS2,0HPOLC*NULIN))S®3/4CeD)
CUNSTe2,4P [*BBARSORAV/CP
CSTUR)sCUNDST

1 COnTiNnUE
Nel? $ Nishel S N2siyel 3 tHMeN-]

CBL VERTICAL GRID
U 19 [*1l,N
PHLCL)sPFUNC(I,N)

10 CONTINUE
Pril(NLl)=l,

CALCULATE FUNCTION E FUR SIX CURTIS> MATRICESH

K={1lU)pRO(LOIah®(LUI»R=([5),RO(L2),Ke(19)
D0 2 Li=*1ls0
CONST=CHT(1) $ DelNU=UNCL)
iFiLL oLTe &) GU TU 3
CUNSTsCST(2) $ DelnUsDNLZ)

3 CONTInmUE
KEAD(9225) (L (RUI) 1D ydalpNL)slmty ND
00 20 (=1,N
0Pl .OL3Ee0bO(PHI(L*L)=PHI(I))

00 21 Je=l,N1
ROJpLIoQPORLU,IN/(CONSTPcLAIV,)
21 CUNTINUE
20 CUNTINULE
00 9 [=},N}

ECL,D) 0.
9 CONTLINUE

00 4 I=1,N1
c (e, 1) =DELNU/ 2,
& CUNTINUE

00 7 JislsaN1
Jen2-JdJ
ALENESY
COo ¥ Il=1,JN
IEFES ¥
ECd LI sREIPII=ECJOL, T 1D*E SO Ls [ PE(JLT*L)
8 CUNTINUE
7 CONTINUE
VU li KKel,N
KsKK=~1
NKoN~K
00 12 Lel,HK
Loitd=-L
Jelek
Eddplelio=RUIJSLICECINL, T ool E)~ECdelsl)
12 CONTINUE
1l CONTINUVE
WRLITECO,S) C(E(I L) dmL,N2)sLlml, NL)
00 30 [=1,N
OPs ), OLIEYQOO(PHILL®L)=PHI(]))
LU Zi Je=lsN1
RUdalPOELIOY, (LI b, 1)~ (JrLs I)=E(Jslel)
Kldr L )eREJHLISCONSTPB6400,/0P
31 CORTINUE '
3O CUNTINUE

T



€ PRINT R TJ CHICA PROGRAM
PEINT 255 ((RUJ2LDod=isd8)yCaleald
2, CUNTINUE
5 FURAAT(I(5E20.13/))4E20.13)
25 FURRAT(9F6.3)
ENO'
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~ SUBROQUTINE CURTUIT,KNoT5T,k)
SUBAUUTINE TO COMPUIE TEAPERATURZ ~0kPULNOLNT CURTILS MATRICES

(TY &S ACTUAL TeHPeRATURe PROFIL™» T3T 1o SIANUARD T&HPERATURE
PRUFLLE)D

COMMIN/CURTIS/PALILa)sPHIHC U)o GLILT)IU2(L8)2ELH,19,10)
boCUPNAT(30,1T,18)
DIAENSIUN TLLl8), T5(L6),Che2oava laddsTTLLA)»TSTULIN)SR(2510517))
s8€ld,10),ulibrlul,,uliln)
REAL KB,NUL(2)
ANLoAN-] $ KPesAhv) b A2e(i{e2
CONVERT TQ Cdl VERTICAL CUQRDINATE CUNVENTION .
DO 2 Rel,KhL
TS(K) =TS T{KN=KA)
T(K)eTT(RN=K}
2 CJUNT{NUE
00 8 KedN)KP
TS(K) = TaT(K)
T(K)oTTIKD
8 CONT.rUE
COMPUTE TERPERATURE DEVIATIUN FRIM >TANDARD
uld L [el,AP
OT(Ly ol (1)-TSULI)
UilsidedT(LY
Bl(lrl)el,
1 CUNTINUE
CIMPUIE wclGHTEU DeVIATIUN
Ul 3 [9i,KN
[pele]}
VO & Je[P,KP
DLy d)=OTUL)eGLUL) 0TI )OG2(Y)
siled)eulil)eG2(J)
IFid oEde AP DUT)JIs0i1»dJrU02 s {OTIRPI~UTIRNI JSGI{KND}
Lisle} $ L2sd-1i
TFGLL «6T. L2Y GO TO 7
03 6 L=Ll,L2
DL )s0Cl,dl oDV L) ®(Li(LIOL2L))
BULlad )mB(loJd)*GL(L)*G2(L)
CUNTIhUE
CONTINVE
CONTINUE
CUNTINUE
OKMALIZE DEVIATIUW
0J 9 1(=i,AN
[Peie]}
0O 1L JeIlP,KP
DU sl )oDllrd)nD(1,3)/8(10d)
11 CONTINUE
9 CINTINUE
CUMPUTE TEMPERATURE=DEPENOLMT EQUIVALENT (dAND) WIDTHS
Ul 12 del,¢
vl 13 [=1,KpP
00 19 ¢=1,K2
CE(M U L) mc(3em=1,0, 1) ¢ (E(30M,Jd,1)=t(3¢d=2,J4,1))8D(J,1) /5049
$Le®(CEl3ON, L) ¢L(I0M~Lydsl)~2s0E(30M=LsJd)s[))00(is])"
sU(Jdsl)/0dde ‘
164 CONTIHUE .
13 CUNTINUE ‘
{2 CunhTiNUE ’
COMPUTE CUKTIS MATRICES
Pled.14159¢bh
HPeGL 6237k -27
Ce2.,9977€¢10
Kdels3BUbE=-10
CPel,E¢07
LRAVe981L.,
1L.300,
NUL(2)#0bT.379
NUL(L) =380,
VU 19 Ha1,2
UDOSEXP(HPOCONUL (M) /(K39 T2)) =1,
VAR, OHP S (LOoNULIN) )83/ (CoUD)
CUNST®2,9P1*BBALPGRAV/CP

¢

T warNeo

curty
curr

cuat
CURT
CURY
curr
curry
cury
Cunt
CuRt
FER:
FEB)
FEB)
FEB)
FEBY
FEBY
FEBD
FESD
CURT
CURT
CURT
CURT
CURY
CURT
CURT
CURT
CURT
CURY
CURT
CURT
CURT
CURT
CURT
CURY
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURTY
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT
CURT



aOOno0

0 17 l=l,KN
OPe1e0Ll3€s000trl(liol)=PrAL(L))
DU 13 Jel,Kp
ReAsdal)obblfpdols Lrl) B AR, J)l )=EE(MIdt) L )=~EE(H)daT01)
R{Msdp Lo (CONST/OPI*RIN, 11985 400,
18 COMTINUE
17 CONTINW
19 CONTLINVE
RETUKN
ENO

SUBRJUTINE G(KN)

SUSKUOUTING TO COMPUTE WdelGHTIHNG FUliCTLIUN FOR T;M?cRATURE~
OErENUENT CUKTLS MATRIX CALCUCATIUN

COMMUN/CURTIS/PHICLID )PHIH(.B)» 0l (17)»02(L8),E(6,19,18)
S,R(35,17,14)
GGUPLIPL)®5:/0,0(P200(64/B,)=2100(04/5.))¢(PlepP2~-P1%P1)/0,12098
ANL®AN-1 3 KM2=Ki~-2
Col VeXTICAL CUCRDINATE LASEL CUIVENTION
PHICL)=Qu,
VO 1 A=2,KNM
KJiieK=KN
PHI(K )sQ,1PEXP(KJIN®S54/T4)
1 CUNT(HUE
PHI(AH* L) PHIH(KK¢L) =L,
PHIH(L)=0.5PHI(Z)
LU 2 K=z, KN
PHIH(K) sSURT(PHL(K)*PHI(K+1))
2 CUNTINUE
uld 3 K=l,KN .
GLIR) oG PAIH(KI,PHI(K*Y))
G2(K)2GLIPHI(K) ) PHIHIK )
3 COnTINUEe
V2{AN®L)=0,
Re TUKN
END

CURTY
CURT
CURT
CuRry
cury
CURTY
CURY
CURT
cury
CURY

OO OO NNCOROOONOOONOOGOOOaD
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PROGRAN CIPRO(INPUT,OUTPUT, TAPEL,TAPER)
CORMON//ELLAL,40),E(41,40)
$,PHI(40))PHINH(40),TCGI20,20),0(18))025(18)
DIMENSION GUG{L16),Q0(18,17),;Q003G(18),Q0235(18,17),CTS(18,17),
$CTG(18,17)
OCIMENIION WE18),CS{17),C0(1T)
JHe=19 $ KNel?
JHALe IN~1 3 KNLe*KN-1
KNPeXNO]
[ CUNPUTc UIONE PARAMETERS FIR EACH LATIYUOE 20NE
00 2 Jd=}l5i
READ(1,9)(Wi(K),Kel,KNP)
PEADLL, L5 (T (K, Kal,KliP)
C W lY MASy MIXING RATIO IN G/G AT PRESSURE MHALF LEVELS
< NURJERED O7JWhWARD FROM TOP OF ATHOSPHGRE. T IS TENPERATURE AT SAME L EVELS
CALL GLUJC (KN, WsT,C5,CG)
UG (J)eQ(RNP)
CUZIGLJI ) =QISIKNP)
QUIJ,KN) =Q{KN) *
QOZS(J)AN)=QLS(KN)
CIStJrKN)=CS(XN)
CTGCJIKN)=CG{KN)
OU 3 Kel,KNL
Q0(J,K)eQ(KN=-K)
QOZS(JsR)=Q2S{KN~K) '
CTS(J)K)sCS{KN=K)
CTG(JpK)oCGIKN=K)
C/INTINUE
¢ CONTINUE
WRITE(2,195)(00G(Jd),Jd=tyuNl)
WRITE(2,195)(COU{J,KN),Jdml,dNL)
WRITE(Z,)195){{QN(JdsK) pJdel, ML) )Ka)l, KNL)
WRITE(Z,19%)(QUISG(d)ruxi,dML)
WPITE(Z2)19Y5)(QOIS(J,KN)pd=1,JMNL)
wPATE(2,195) ((QALZS(J)K)pJelypJHL),Ke1l,KNL)
WRITE(Zo»i951T(CTO(JLKN)dol, UML)
WRITE(2,195)4{CIS(J,K)pdml,dhL) oK1, KNL)
WRITE(2,195)(CTGIJIKN)su"],)JNL)
WPITcl2,198)({CTG (U, K)pdwlsdNL),Ka),KNL)
195 FORAAT(9€10.))
5 FORAAT(EY,.2)
13 FORMAT(F9.2)

END

L

SUBROUTINE GLOBE(KN,w,T,CTS,CTH)
CIMEMS TUN ‘(lB)JCH(51»40):3()5)1CTS(ZO’)CTG(ZO’
CURMON//EL(&1,4D),E(41,40)
$,PHI(40Q), PHXH(QO))YCG(zOIZO))QO(IG’IQUZS‘15)
KNPsKN¢l
0O 70 I=1,KN
PHICA)® PFUNCITISKN)
70 CONTINUE
PHI(KNP)® 1,
DO 71 1=1,KN
PHIACT)=PHFUNC(I,PHI)
71 CONTINUE
PHIH{(KNP )e1,
CALL COLUZ(XKN,W,T)
00 72 Le1,KNP
PRINT 23, PHICL),PHIHIL),W(L),00(L},Q02S5¢L)
72 CONTINUE
CALL CMO296(KN,CM,CTS,CTG)
25 FORMAT(3EL1S5.9)
5 FORMAT(ED.2)
1% FOPHAT(9FE.I)
RETURNMN
END

At KL B



SUDRDUTINE COLOZ(KN, M, T)
CORNON//E1(41,40),E(4)1,40)
dpPHI(GU) ) PHIH(40), TCG(20,20),Q00(13),9025(18)
OLMecnSION w{l8),T(18)

KEAL MRI,RALR

KNPeKine)

HAIR«208,.9066
AVGe6,0222€¢2)
Kaoh,3143E°0T/NALR
0ST1Pe2,60869E¢19
AT40S=1,013€406

Ge981,

ASSUME OLONE SCALE HEIGHT IS H ABOVE YOP HALF LEVEL
Hedo 3E4093
GOCL)oPHINHCL)I®ATHOSOW (1) / ({MISOSTPORAST(L))
NOTS{1)eQN(Ll)oH '
OU 2 Ke2,KNP ’
QUIK)oPHIH(K)®AIROSOW(K)/(HISDSTPORAST(K))

ASSUME w VARIES LINcARLY WITH PRESSURE
CUIS(R)®Q0LS(K=L) 2045 /(NICDSTPOG)IG(W(K=1)¢N(K))O(PHIHI(K)=-

SrHIH{K=1))*ATHOS

2 CONTINUE
RETURN
END

FUNCTION PFUNC(J,N)
THIS SUBRUUTINE COMPUTES PRESSURE LEVELS
RJINeJ-N
PFUNCe0 . LoEXP(RJIN®S./7.)
1F(J +EQs 1) PFUNCeO.
KETURN
ENO

FUNCTION PHFUNCUJ,PHI)

THIS SUBRUUTINe CUMPUTES PRESSUKE HALF LEVELS
UTHcNS LGN PHI(1S)
PHEUNCOSQRT(PHI(S)oPHI(Jd¢1))

TF(J +cQs 1) PHFUNCHO0,5*PHI(2)
KETURN
END

FUNCTLION GFUNC(A,8,C)

FLAMCK FUNCTIUN LINEARLY INTERPOLATED IN LOG PRESSURE,
GFUNC= ALOG(A/C)/ALOG(B/C)

KETURN ' °

END -
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SUBAQUTINE CHOZ96({N,R,CS,CG)

DIMENSTINN TI21)4R(41)40),0(20),CT5(20), THETA(20),C5(20),€G(20)
$,CT5(29),56120)

CORSON//EL(&1,40),E(41,40)

$,PHILR0),PHIHILG), TCG120,20),20018),Q025(18)

KLAL NUZ,K8,FHASS

UGATA hpyNL/1, 17

UATA T/7187.1)100¢9s19342,202469210642221.0/234.7,248.4,2613,9,

§27o.7l2550°)2‘3|£)22906D22602i21906,216071Z3lo‘)28392)3‘°0/
thRkBcIN ANEIONRENTS

Pleldsl415020
SPLeSQRT(PT)
HPebbE5TE~27
hieNel
AVGeb,0225E42)
haSS5e44./4V6 '
Co2 ,¥5T79€+10
Kfel:3d05¢-10
CPel €407
GRAVeSHL,
fl-JOD.

PARAMCTEAS FOR 9.6 MICRON BAND

HUZs1040.

DeRXP(HPOCONUL/ (KAOTL)}=1,
BBARec, ¢HP o {CPHUL) 493 /(CeD)
COLSTe2,oPI9HUARPYGRAV/CP

COMPUTE CUKTIS-GODSUN TEMPERATURE FOR EACH PAIR OF LEVELS

To

73

T2

00 12 11N

Uu 73 Jel,N1

TCoiTsdderi )

IF{L +tQ. J) GO TO 73

SU“'OO

JuleJ~1]

LO 76 Lel,JNl

SUMSSUNS LTILIATILAL) IS IPHIHIL L) =-PHIN(L))
CONTINHUE

TCOLird ) 20 .58 SUN/(PHIHII)=PHIH{TL})
[eG(drl)eTCGIlL,d)

CONTINUE

FRINT 1Q0,{TCG(I,d)pd=l,; N1}

CONT INUE

PRINT 101, M,M)

CALL FLUXEL(N,N,M1)

COMPUTE LTE CURTIS MATRIX

21

D0 20 I=1,N

CS54l)=0,

UPel.0L3Ev06*(PHIIT#L)=PHILT))

DU 21 J=1,N1

Ridrlde EL(J41, 10100 0d,l)=Eildel, 1I=EL(J,101)
R(J,L)e(CONST/OP)*RtI,1)*Bb400,
LS{L)eCSUIeREJ, 1D

CONTINUE

CONTINUE

PRIAT 100, ((R(Js1)sJeisNL)sIel,N)
PRINT 102

PRIMT 100,(T{1),Lel,NL1}

PRINY Y02

PRINF 10U, (CSUI)plel, N}

PRINT 102

COMPUTE GCOOLING RATES

16

VIeHPSCONUZ/(KBOTZ)

00 16 Je=1,N1 v
VeRPeToHUL/ (KROTLI))

THETA(J) = (EXP(VZI=14) FLEXPEVI=14)
CONTINUE

PRINT 105, (THETA(J),Jel,N1)
PPINT 102

00 L1 Jel,N

CTS(JICSUIIOTHETALS}

CGLd)oR (N1, )

CT1G(II=CGIII® (THETAINLY=THETLI D)




n

10

99
1nes
105
103
199
1o

ralal

102
¢ 107
100
‘08
101

[a ¥ 9]

15

33

1PHIAUI) o PHINLE L)) ) ®LLFUNCUPHLKI

ekt ot D i o Attt ettt antean

Co e TN TR RS T

SGLJ)sCTSLINIOCTGEID
CS(1)e(DoY1.DOCSLID
CGll)o(Do2.)OCGHLID

CGhT INUE

00 10 1s)1,N

CGil)e0,

NI 9 Jel,NL
CGLL)eQUEYORIJHLIOTHETALSY
GCUNTLNUE

PRINT 100, CTS(1),CTG(ID,S8G(I) QM)
CUNTY UNUE

CONTINUE

FNPYATLIFG.1)
FORNAT(ELO.D)
FORNATLO(2X0EL044,2X,E10.4,8X))
FUAIIATIBF6.0)
FORMAT(8F0.])

FORAAT(IS)

FORKAT(Z)

FORNAT(9ELOLTI)
FUPMAT(9FH.3/9F8.3)
FOKMAT(YELU.3/B8E10.3)
FURMAT(413,F6,.1)

RE TURN

ENOD

SUBROUTINE FLUXEL(N,M,M1)

SUBROQUTINE FOR CALCULATING CURTLIS CUEFFICIENTS FOR NET UPWARD FLUX
LIRENSINN CL41;40)

CURAON//EL(41,40),E(41,40)

$,PHI{40),PHIN(40),TCGL20,20),Q0(18),00.5(18)
NlesN¢1

NZeN¢2

00 70 1=1,N1
00 50 Je=1,N
IfF (J.EQ.1) GO 1D 30
LF (JJULELN) GO TO 48

E(drIde EFUNCLPHI(J),PHILT)?}
COR=0Q,

DU 15 Kel,N

EXleK=1

EKeK

PHIKs ((M-EKY)/M)OPHIH(I=1) o (EKI/H)¢PHIN(J)
PHIKLe ( (M-l ) /M) PPHIH(I=1) ¢ (cK/M)OPHIH(J)

CuR® CORP(GFUNC(PATK,) FHIH I PHIALI=~1) ) +GFUNCIPHIKL,,PHIH(J)
LyPrlaA(d=1)) )¢ (cFUNCIPHIKE,PHICL ) )=cFUNC({PHIR, PH. {T)))

CldpIde EFUNCIPHIH(J),PHI(I))=E(J,1)-COR/2,
G0 10 51

CORONeO,
CURUP=0,
E(l,1)=0.

00 33 Ksl,NM1
EKleK~]
Enen
PHIKe((M1=EKL)/HL)®PHIHEI=L) o LEKL/ML)*PHI(T)
PHIKLO{ (M1=cK)/AL)OPHIH(I=1 )¢ (EK/RI)*PHI(T)
COhORe COADUC(GFUNCIPHIK)PHIHII} PHIH{I-1))*GFUNCIPHIKYI,PHIHI(T),
1PHIHUT=1) ) ) * (EFUNL (PHIK)PHI (1)) ~cFUNCIPUIKY,PHI(I)))
FHIK® ((N1=EXL)/ALICPHLI(I)¢(ERL/HLISPHIN(L)
PHIK e CORL=EK) /ML) OPHI{L)¢(EK/ML)OPHIH(T)

CORUP» CORUP'(GFUNC(PHIK;PH!N(L)pPHIH(l-l))OGFUNC(PHlKlo

PHILT) Y ~EFUNHC(PHIK, PHI(TY))
Clti,l)w EFUNC(TTHOL) yPHICL)) ¢ (CORDN=CORUP) /2,
GO 11 %1
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‘o Ctl,1)e0,

E(isb)e ErUNCIO.,PHICTD)
Gu 10 91

48 CANsT)e EFUNCIPHI(NM) S PHIC(T))

[g¥ o]

Lilvdslde EFUNC(PHI(NLI,PHI(L))

CORen,

h2e 3ON/2

00 49 Kel,NM2

tAleK~-}

EKeX

Phike (CH2-EKL)/H2)9PHIHIN=-1)¢(EKL/P2I4PHIINL)

PHIKLe ((M2=-EK)/H2YOPHIH(N=1)¢(EXK/H2)*PHTI(NL)

COK o CORP{GEUNCIPHIK,PHIHIN)pPHIHIN=1))eGFUNC(PHIKL,PHIN(N)

Lo lH(H~a) ) )¢ LEFUNCUPHIKL,PHLILY) )= FUNCA{PHIK, PHI(TI)))
ClHolde EC(HNL, U)=E(H)1)=-CON/ 2.

51 EL(JrI)ectdrl)eCtd, 1)
50 CONTINUE

ELINY, L) EFUNCIPHIINL),PHI(I))
EL(HZ2, 1)e EFUNC(-Lessr=1.)
70 CONTINUE

PRINY 102 g
PRINT 101s ((E(J)1)sdo NI EL(NL,I)EY(N2,1))Inl,N1)
101 FUPYAT(Y+Bed/10F8.3)
PRINT 102
100 FURMAT(L10EL10.3)
102 FORAAT (/)
RETURN
ENO

FUNCTION EFUNC(A,B)
THlS SUBROUTINE CuNPUTES FLUX EQUIVALENT WIDTH
NUTE fHAT HAME OF ABSORPTION FUNLTION APPEARS TWICE
DIMENSION Y(2)
CGHMIN//ELLS),40),E(41,40)
$,PHICL0) ) PHINLA0),TCG(20,20),00(18),Q015(18)
UATA Y/0.2113,0.7887/
EFUNC=0,
IF(A .GE. 0s) GO YO 4
th“CIOZQbA(‘lilOQ)OQ,
AETURN
4 CONTINUE
IA 1S PRESSURE LEVEL CILOSESY TG A, AU IS LEVEL JUST ABCVE A
IAelTAA)
LAU=TU(AY}
SIMILARLY FOR I8 AND ISU
Io=17(8)
1AUetULB)

AUSQOZS{L1AU) ¢ (A=-PHIH{TAU) )/ (PHINHI
séulsilau))

BUQOZ3(IBUI+(B=PHIHLIBUI )/ (PHIH(IBU+L)I=PHIH(IBYU))I*(QOZS{IBU+L)~
SLQZ5(18U))
UrARS (AU-BU)
1FLU .EQ. 0.) GO TO 80
CUPT15-GOOSUIN APPRUXIMATICN
T=TCG(1A,18)
Pel(AeBI/ 2,
QUADKATURE DVER ANGLES
TWU POINT GAUSSIAN
00 22 L=1,2
EFUNCEFUNC*0.5¢Y(L)%0Z96ACU/YIL)Y,T,P}
22 CONTINUE

LAUS L) =PHIH(LAU))I*(QOZS(TAULL )=

t0 CONTINUE
RETURN
END
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FUNCTION (U{X) '
THIS SUBRUUTINE COMPUTES HALF LEVEL NUKBER JUST ABOVE PRESSURE X
fUel
IF(X «LEs O+) RETURN
IF(X «uT, 041) GU TO 2
TUST./5.%AL0G(10./).42920X)¢17,
1FLIV «LT. 1) LUe}
RETURN
2 1U=1®
IF(X «GT. 0,31623) IUe17
RETURN
END

FUNCTION IT7(X)
THIS SUBRUUTINE COAPUTES HALF LEVEL NUMBER NEARCST PRESSURE X
FOR CURTVIS~GODSCN TULMPERATURE APPROXIMATION
ITe}
IF(X +LE. O.) RETURN
IF(X .GT, 0,1) GO TO 2
Re7e/9¢¢ALLGLLOA/1462020X}017,
1TeR
Eef-1Y
1F(c «GT. 0,97 [TelT¥el
JFOLT oiTe 1) 1Tel
2 TU-17
1F(X «GT, 0.,5623) 1Teld
RETURN
ENOD
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FUNCTION QI96A(U»T,P)
THIS SUBROUTINE COMPUTES INTEGRATEO ABSORPYION OF 9.4 MICRON
QIUME dAKOD US1IHG FORAMULA OF AIDA (1975) JQSRT 45, PP, 389-403,

IF(VU .GE. 0.) GO TO &
029%aA«2604/2,
RETURN '

6 CONTINHUE
P1e3, 140292654
S8°393,.4

ChA=1 CMATM-1 AT 293.,2 K
Aesfieq,
082260,
XeS8eU/08
Ge0.076%P¢(T/293,)00(-0.7)
0+0.1
BTe2,4P[¢G/0
Yo2.0x/87
EoX/SQAFT(1s¢Y)
0l9cA=DR*(l.-EXP(~E))

1°ALOG10(X/2,82)

MODIFICATION TG FORMULA BY WMV
2eA3S(2)
FeALOGLO(P)
IF(U 6T 24) GO YO 1
AeQ.165244F00490,486230F%¢340,54604¢F992-0,11218%F+0.04140
As10%04
Ba(=0,004129F¢93-0,00904%F%9240,141689F)#2-0,04420%F493-0,06262¢
$F90240,501589F+2.1600
60 10 2

1 Ae=0.020979F99340,111800F492-0,21613+4F+0,21748
Y IT LAY
Be-0,48004F*2+1,720

2 Ce-0,012659F904-0,072224F443-0,107184F#92+0,04269¢F+0,55000

CFal ~CPEXP(=(Z9%*B)/A)
D296A«0296A¢CF
RETURN

ENTRY 0NZ96W

THIS SUBROUTINE COMPUTES INTEGRATED ABSCORPTION JF 9.6 MICRON
OZCNE BANO USING FURMULA OF WALSHAW (1957) QuRMS 83, PP, 315-321
IF(U .GE« O.) GO TO 7
0Le96Ae138,/2,
RETURN
T CONTINUE
Xoiiev0.1025¢0)/(1.¢1.61%U)
IF(U LE. 0.1) GO TO &
Xa0.,984%10%*(-U,53¢U)
IF(U JLEes 044) GU TO 4
X*Ce317%U®e(=-0,74)
6 Ae2,11
GeUs(X**A)/{T760,%P)
GL=ALOG10(G)

TABULATED FUNCTION FITTED WITH STRAIGHT LINE SEGMENTS
E=l,
IF(GL «LTe =4.2) GO TO 3
Ee-0,0176%(GL+3.8)+40,992
IF(GL +LT7. -2.8) GO 70 3
E*40.13488(GL+3,0)¢0,9648
3 Fel 1B65/3QRT(1e4734,0G)E
Ci96A=138.%(1l.=1008(=~UsXSF))
KETURNMN
END

URIGINAL PA.G_E”}S
OF POOR DUALATY
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SUBRNUTINE OXY(T,KN)
UBRQUTINE TO COMPUTE DENSITY AND COLUMN ABUNDANCE OF

MOLECULAR UXYGEN

A

SSUNE N(D2)20.2N93¢N(TOTAL) 10 153 KAy AND N(D2)e).E#1T79EXP(~-2

$/730 KN) AROVE 155 KA
CONHON/O2/002¢07),C0200 )

DIMRENSION TH{L1T)

REAL KB

KNLeKN-1

KBe),3800E-16

DU 2 Jel XN

RINs)~)

PoO0,UOF9LSEXPI(RINGS, /7))

R1Ne)-KNL

IFtd «cQ¢ KNL) PenN.5¢0,10EXP(RIN®S,/T,)
1F{J «€EQ, KN) PaSORTL(O0.))
D02(J)20,20950).013F¢CHOP/(KROT(J))
CA2(3)8) T E®Y504.49bE+24¢(P-3,045E-09)

2 CONTINUE

3
P

S

3
3

7
S

RETURN
END

FUNCTION 02LVIU)

UBROUTEN: §J CALCULATE SULAR ENIRGY AuSURBcD oY MOLECULAR OXYGEN
ARAMETERKIZATIun BY STRUBLL (L9973 ) J widPAYS RES B3 PP, 6H225-6230
CHUNANN=RUNGE CONTINUUM, 1250-1320 A

LX1e0,

Ele=leE-170U

1F(EL (LT. ~100.) GO TU 3

LAl XPLEL)

QlsloaE~17¢(X])
CHUNARN=AUNGE CONTINUUN, 1520-1750 A
EXL*D.

kde=d s 9E=-ivV OV

IF(EZ LV, '1000’ GO TO 4
EXLeEAP{EZ)

£EX3sd,

tde-}) ,54E~18e0U

JF(ed LT, ~1U0.} GO TO 6
EXISEXP(ED)

X490,

tde=L,1€-17sy

{Fikesd JLYT. -100:) GO TO !
EAGscXPIES)
Ud=(3,630(0X2=-2,008%EX3~1,354EX4) /U
CHUMANN=RUNGE JANDS

U3=9,03E~1Y .

[FEU LT, Le€¢}1d) GO TO 2
Qinle/(0.143¢U®Y,64C00USSIRTILY)
JeUVruleu2eQl

RETURN

(1

FUNCTION QIUV LYY

SUBKUUTINE 10 CALCULATE SOLAKk ENERGY ABSORBED 8Y OZONE
DERIVITIVE OF LACIS~HANSEN EXPRESSION)

Fl ® 1,00(0.06020U004(3,23E~4¢(y%¢2,0))

FZ © (0.,0212/F1)8 12, 0~({U/FLI®(0.042408,46E~-42UY)))

Fl » 1,00(138.b6%Y)

F2 » F2+4(1,082/(F14%0,80%))2(1.,0~((138,670,805%U)/F

Fl » 1,0¢((103,6%0)%03,0) o

OlUY * FZ4((0.0658/F1)%(1,0-(3.00(Fi~1.00/F1}))
RETURN

END

- X0
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oxy
oxXy
oxy
oxy
oxy
oxy
oxy
oxy
oxy
oxy
oxyY
oxy
oxy
oxy
oxy

T oXY

oxy
oxy
oxy
oxy
oxy
axy

g2uv
q2uy
Qauv
g2Uuv
J2uy
o220V
Jeuy
02uv
Q2uv
B2uv
y2uy
J2uUv
J2uv
u2uv
q2yv
a2uv
y2uv
J2UVv
J2UV
J2UY
J2uy
J2uyv
J2uv
Q2Uv
J2uy
Qauy
J2uy
p2uy
Q2uy
J2Uuy
a2y

nruy
0LUV
cIuy
o1uy
01Uy
ozuy
o1uy
oIuy
gzuy
01UV
azuv
0zuv
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SUBROUTINE HcAT(TIME,GBV,PB, T2, Q8,)RHIJ0ENS,OZ)JR)KN)T20,BVF,SHIPLs
$STRUAY,OELT N ,PHO)

COMMUN/BUNLEG/TG(LB)»TROPIL1B),PRS(T,19),0Q06
$(18),QU(13,17),C0ZSC(1d),0N25(18,17),CS(18,17)sCHL{L18,1T7)sIN(18),
SAINILE) ) FUCLLB)pCZTLL ), SLTLL9,17),CO0TL19,1T) '

CUMMON/CURTIS/PJI(L10) pPHIN(d)»GLE17)»02(l0)sE(6,19,18)
$,R(36,17,18)

OLMENSLUN GBVIKN)» PBUJM)KN), TBUJIA:KND) QB(JM/KN), DENS(KN), TI0
S(KNI, TP L18), TX(L8),CN{2,18,17)

OATA TS/216e75219:60,22602+229405263.2/258.0,27047,20345,248.4,
‘d3~t7 ZZl.OleO.ﬁp201-bp193.2:166.9:167.1;231-5:205.2/

JRL = yn-]

KNL = KN-1

KNPeKN¢L $ KN2e=KN+2

J2eJNL/2

CORPUTE IUNAL MEAN TEMPERATURE (DEVIATION FRGM GLOBAL AVERAGE)
00U o% Je=1,JML

00 &% Kel,KNL *

65 TBIJ)K)oRHI®(PBLJ, KoL )SDENS(K41)=PB(J,K)®DENS(K))/DT

00 66 Je}l,J ML
DD ol Kel,Knt
TP(K)=sTBLI,K)*TLO(K)

67 CONTINUVE

CHUOSE APPRUPRIATE TROPCSPHERIC TEMPeRATURE
TP(KN)=TROP(J)
TP(KN)=TZOURN)
IP(KNP)TG(J)
COMPUTE SulAR GeOMETRY rACTCRS
DAY o TIME/(23.%00.%60.)
I10AYeDAY+U.U0D
RES o UAY-1DAY
EPS®Q.TODELTIN/ (244%50.%60.)
IF{RcS +GT. EPS) GO TO b0
COUMPUTATION UF EARTH=-SUN DISTANCE (BLRGER, 19749t J. ATMOS. SCI.
35 PPL2362=-2367) .
£C*0,016722
BETA®SQRT(1.-tC*EC)
CH3e(101.,21972+1b0.)¢P1/180.,
KLAMBIo=2 @ ((EC/2.¢(ELP*1)/B.)¢(1.¢BETA)ISSIN(-ONS)
$~ECOPEC/4,¢ (0, 54BETA)SIN(=-2,%0MB)
$+(EC®93) /B8 ,%{1./3.+BETA)*SIN(=-3,%0M48))
RLAMBZ IS LONGITUDINAL PUSITION AT 21 MaRCH (VERNAL EGUINOX)
ONE YEAR HAS 2360 DAYS
RLAHBMeRLAMBI4DAY /360 .%2,#P1
RLAMBSRLAMBM®(2.9EC~V.23¢EC»*3)*SIN(RLANBN=ONB)
$445./6, )P COoLCPSIN(2.*RLANAN=-2.20N8)
$4(L12./12.)%ECO*3eS N(I,*RLAMEN=-3,%0MB)
Vehi AHB=-0OMB
RHO & (1.=-EC*EC)/(1.+EC*COS{V))
SEASONAL VARIATION OF SuULAR HEATING (COGLEY AND BORUCKI (1976)
Jo ATAOS. SCL. 33 PP, 1347-1356, APPRUXIMATION 1)
VDELTA=SOLAR DECLINATION
DELTA = 0.4093196%SIN{2.*PI*(STROAY+DAY~-40,)/360.)
DU 30 Le=l,JNML
PHDe (J24i=-L)*1V-9
PHLI*TERRESTRIAL LATITUDE
bl = PHDePI/ 189,
TSTARsTLME OF LUMOET (CR NEGATIVE TIME UF SUNRISE)
IEN=AYcRAGL VALUE UF COS(SZA) BETAEEN -TSTAR AND TSTAR
SUN = TAN(DELTA)®TAN(PHI)
ISUN = SUN
{F (ISUN) 10,15,20
TSTAR = Q.
ZEN = COS(DELTA-PHI)
Gy TO 25 *

TSTAR = (12./P1}*ACOS(-SUN) .

IEN o STN(DZLTA)*SINC(PHII®(12./(PI®TSTAR))IPCOSIOELTAI*CUS(PHI)®
$ SIN(PLIeTSTAR/L12.)

GO0 70 25

ToTAQ « 12,
LEN = SIN(DELTA)SHIN(PHI)
CONTINUE

HE MY
FEBD
HEAY
HE AY
HEAT
HT AT
HE MY
HEAT
HEAT
HEAT
HE AT
HEAT
HEAY
HE AT
HEAY
HEAY
HEAT
HEAT
HEAY
Hu AY
HEAT
hEAT
HEAY
HE AT
HEAT
HEAT
HEAT
HE AT
HEAT
HEAT
HEAT
HE AT
HEST
HEAT
HE AT
HKEAT
HEAT
HEATY
HEAT
HEATY
HE MY
HE AT
HEATY
HEAT
HEAT
HEAT
HEAT
HE AT
HEATY
HEAT
He AT
HEATY
HEAT
HEMTY
HE AT
HEAT
HEAT
HEAT
HE AT
HEAT
HEAT
HE AT
HEAT
HE AT
HERY
HEAT
HEAT
HEATY
HE AT
HEAY
HEAT
He AT
HEAT




HEAT

AZEN = 35,/SORT(L1L26.,9LENCTIENSL,) HEAT
FOAY o TSTAR/12, HEMT
IN(L) = 2EN HEAT
AIN(L) = AZEN HEMT
FOY(L) o FDAY HEAT
30  CONTINUE, ) . HEAT
€ COMPUTE TEMFLRATURE~CORRECTED CURTIS MATRICES FOR EACH ZONE HEAT
CALL CURT(TP,KN,TS,CN) HE AT
C CONVERT TO JRH VERTICAL COORDINATE LABEL HEAT
00 68 JJes1,KNP : HEAY
00 69 Ilel,KNL HE AT |
RUJIEI,JJDoCHEL,KN2=JJ,KN=11) HEAT :
R(JedMLaTLsdd)aCM{2, KN2=dusKN=T1) HEAT 3
69 CONTLINUE HEST g
R{JsaN,JJ)oCAILKN2Z=JJ)KN) HEAT |
ROJISALIAN, JI)oCM(2,KN2=3Jd,KN) HEAT
68 CONTINUE HEAT
, 66 CONTINUE HE 47
, C CUMPUTE GLUBAL RADIATIVE EUGUILIBRIUM TEMPERATURC HEAT
CALL RADEQU{TZO,RHO,JMKN) HEAT
IfF (TINE.GT.0.) GO TO 75 HE AT
c COMPUTE STATIC STABLLITY FRCH T20 HEAT
N e KNL-1 HE AT
‘ DO 70 K22,N HEAT ¥
70 GBVIK) o BVFORHZ/(24/7.%TZ0(K)/SH*CTZO(K*1)=TZ0(K=1))/(2.9DZ)) HE AT w
GBVIl) = GBV(2) HEAT
GUVIKNL) = GBV(N) HEAT
WPITE(6,105)0(GBVII),1al, KAL) HEAY
79 CONTINUE HE AT
60 CONTINUE HE&T

< CORPUTE HEATING RATE HEAT
0G 35 Lel,JML He AT

0G 40 J=1l,KNL HEAT
Triv)=T8(L,J)¢T20(J) HEAT

40 CONTINUE HEAT

00 4> Isl,KNL HE AT

QBLL, L) =UelTHATPLL»1)RHO,KN) HEAT

45 CONTInUE

HE AT
35 CONTINUE HEAT
GTINMC = L.73€+406 Hz AT
D0 90 Kel,KNL HEAT
DO 85 L=1l,JNL HEAY
QI (L)K)aGBILIK)/(B6L00,*RHI*DENS(K) )*D2Z HEAY
$%(1le-EXP(~TINE/GTIKE)) HE AT
35 CONTLINUE HE AT
90 CONTINUVE HEAT
105 FORPAAT (5X,8E15.3) HEAT
RETUARN HE AT

END

HEAT
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25
30

35

40

45

63

70
75

ST T TR

SUBRUUTINE RADEQUITIO,RHO,»JIN)KN)
DIMENSION TI0(17),A3(2)
UCATA I7QT,07,EPS/200041,041/
JAL=JNK-1 $  KNLeKN=-]
Pless141592654 '
L0 40 1T=1,1707
UM e 0,
IAAX 1S KNL FOR CLLIMATOLOGICAL TRUPUSPHERIC TEMPERATURE,

KN FOR KADIATIVE EQUILIBRIUM TROPOSPHERIC TEMPERATURE
INAX=KNL

00 35 le), IMNAX
TIOUL) » TZG(1)e2,.007
00 3u Jel,2
TI0¢(1) = TI0(1)=-DT
A3(J) « O,
D0 25 Le=l,JML
THETA = 175=-fL=-1)*10
THeTA = THETA®PI/160.
W os SIN(THETA)*P! /30,
AJCJ)=AB(J)*DELT(TLO0, LI, RHO,AN) ®Y
CONTILUE
CONTIKUE
03 = (A3(1)-43(2))/0T7
O[FF = A3{2)/0Q
IN o TIO(L)=0LFF
OTP e DIiFF
IF (DTP.G6T.20.) DIP = (0.
IF (DTP.LVe=20.) CT® = =29,
TN & TIGLT)=DTP
DIFF » LBS(OIFF)
IF (ULIFF.GT.SUK) UM & DIFF
TI10(1) = TN
CONTINJUE
I (SUMJLTLEPS) GO 1O &5
CONTINUE .
PrhinT 45, 17107
sT0P 1
PRINT 70, IY

WRITE(6»T75) VIO(KN),(TZO0(K),Kel,KNL)
RETURN

FORAAT (5X,*TEMPERATURE PROFILE FAILED TO CONVERGE AFTERe, I3,
$¢ [TERATIONS®)

FORMAT (5X, *TEMPERATURE CONVcKGED AFTER #,12,* ITERATIONS#)
FOKNAT (1X,18F7.2)
END

RADEQU
RADEZY
RAQEVU
AA0ECGU
RACECU
haOECU
RACECU
RADECU
fADECY
RADECY
RACLCY
RACECU
RADECU
FACECU
kKADECQU
rADECY
xADECU
RADECU
RACEGU
KADECU
k&CEQU
KADECU
RADECU
RADECU
FACECU
RADEQU
RADECU
RACECU
RACECU
RACECU
FADECU
RACEQU
RADEQU
RADECU
RADECU
RADECU
RACECQU
RADEQU
KA DE QU
RADECU
RAOECU
RACEGUY

KaLECU
RACECU
RACECU
RADEQU



2 Xzl

(s X aXal

FUNCTINN DELY(TP,L, 1sRHO,KN)

CONMOIN/BUNRLEG/TGLLB)» TRUPILE),PRS(T,19),0Q06
$(18),00018,17),Q0U2SGllb)s0025(1ad,47)sCS(L8,17),C0(18,17),2IN(18),
SAIN(LB),FOYA(L8),C2ZT(1S» 470327 0L9)27),C0TL19,17)

COMMUN/CURTIS/PHI(1B) yPHIH(L) 2G4 LT),0L(18))E(0,19,18)
$;RI3us17,18)

CUMMUN/D2/002(1T7),CA2¢LT)

DIMENSION TP(17),7D(18)

KHLoKN=-1 % KNPeKN+l

JAlLelb

Whw ANENORENTS, 20 OCTOGER, 1980
VeHr®CPWUN/KY

V15e959,94 $ V10%) 409,64

CLb'ClO'O.

CHOUSe + /KUPRIAJE TROPGSPHERIC TEMPERATURE

TO(1)=TGEL)

TO(2)sTRUP(L)

TDiI2)=TP(KN) '

LG 4 Je3,KNP

TDtJ )P (d=2)

4 CONTINVE

DU 3 Jel,KNP

TT=TD{J)

THLO(EXP(VLI5/300.)=X )}/ (EXP(VLIS/TT)=14)

TH10o (SEXPIV3IO/300e)=14)/(EXP(VIO/TT)=1,}

ClSeC1S54RK(L+JHLILH)J)OTHLS

ClO=CLlO+R (L, I,J)¢TH10

3 CUnTiNUE

CCo2eClY¢Cl0O

COT(L,»I)eCCO2 =

CTSe=C5{L,l)%EXP{=13500./TP(1})

CTGoLG(L, L)P(EXP(=150C4/TGIL))=EXP(~1500,/TP(1)))

COIZNNRECTS+CTG

CIT(L,I) = CUOZONE

DELTsCCU2+COZ0ONE

S0.0.

ST (LsT12eSO

ZEN=ZN(L)

ALENSAZIN(L)

FOAY=FDY{L)

IF(FOAY +LT. 0.0001) GO YO 25

DZ = 5000,

SH s 7000,

Z = ([-1)%D2

AIKDEN®L.,Ql3E¢00%0,00996%LXP(~Z/SH)/(2.8T7E+06¢TP(I))

IFCL ecQe KN) AIRDEN®L.103E406%0,3162/(2.87E+060T0(2))

TAU = 10, ’

CLOUD » 04440

RG L4 015

ICLUUD=KN 4

HEATING BY THE AdSURPIION OF SOULAR RADIAT.ON BY OZONE

FrOM LACIS AND HANSEN, J ATMNOS SCI 31 118-133

CLEAR >KY

RAB & 0,219/(1s%0.,8169%2EN)

kOB o U,144

kel » RAB*(l.,~RAB)®*(1.~RDOB)*RG/(1.~RDB*RG)

KB = RB1

CLOUDY SKY

KAB » 0.13%TAU/(Ll.+0.,12¢TAU)

R0O8 = RAD .

RB1 » RAD+{1s=RAB)*(1,~RDB)*RG/(1.~ROB*RG)

LT & AZEN®QUZIS(L,ICLOUD)*)1.9*(Q0ZS{L,ICLOUD)I=QOLS(L,Y))

Al = QZUVIUT)

UT » AZENYQUOZSG(L)+Ll,9¢(QO2SH(LI=N0LS(L,1))

A2 « OZUVIUT)

it & AZEN®QOIS(L,I)

AY » QZUV(V)Y

CPel.t*07 & SOLFLX=041365E¢07

SCIvFDAY*BL400,*SOLFLX*ZENSQO(L,L)/(CPOAIRDEN)I®(AZEN? AT+
SCLOUD®L1 9*RBLIO*AL*{1.~CLOUD)®1.9%RB®A2)

Yol

) o
ORI AL, P afsr O

OF PN ot

yoge

DELT
DELY
OELTY
peELTY
CFLY
DeLY
oeLr
Delv
DELTY
OELTY
CELY
DELT
DELT
DELY
CELT
DELY
CELT
DELY
DELT
DELTY
DELT
DELT
RELT
DELT
DZLYT
CELY
DELY
DELTY
DELY
DELT
DELTY
DELTY
CELY
DELT
OELT
DELY
DELT
DeELT
DELY
DELT
DELY
DELT
DELY
DELT
DelLY
DELT
CELT
DELT
DELY
DELT
DELT
OELT
DELTY
DeELT
DELTY
DELT
DELTY
oeLY
DELTY
DELY
Cely
DELT
DELT
DELY
CELY
DELTY
DELT
DELT
CELT
DELTY

I . — ¥



23

UeALENCA2(T)

AeD2ZUV{U)

Su2eA*D02(L)*85400.9FDAY/ (AIRDENOCP)
50e(503¢502)/(RHJI*RKO)

SITIL, 1) =50

PELY=DcL7¢50

RETURN

ENO

OELY
DELT
OELY
DELT
DeLY
DELY
OELT
DELY

o ene

L m e



(Changes in main program)

READ(25193) CLLFIM s T) o dolsKNZ)p 1o KNP) s Hels0)
193 FORMATUI(SER0.33/7)04EL20C.13)
READ(Z, L. A)(KAP(I), Te1l,XN)
READI2,200) TLO(KNI,(TZ0(Lis o), KNL)
191 FORMAT(FT7.4)
READ (2,180) ((PRS(Lsd)slelsb),del,l9)
READ(2,195) QOG, (QUCLIKN)sLods JHL)S ({J0(L K)ol JHLipKel, KNL)
READ(2,195) 9NZ5G, (QOZSCL KN »Lols JHLI» {(QOISIL,K))Lo1,dNL),
$Ke), KNL)
READ(2, 493D (CTSILIKNY s Lo dp JMLI» L(CTS(LoK)pLol ML), Ke]l ) KNL)

READ(2,195){CotLakRI L1, JHL)» (ICGULIKIsL=2pJHL),Kel,KNL)
1860 FOKMAT (4F135.4)

195 FOGRMAY (9£10.3) '
200 FORMAT (SF1043)

00 20 Ke=1,KN
.
.

.
iF (K+GT+KKL) GO 7O 20
C NEWYOMNIAM COOLING CIZFFICIEHTS FOR EODIES
KAPIK)sKAP(K)ODT/Bb40LY,
20 CONTINUE

IRAD « O
IRCTe}2

C  COMPUTE ZONAL MEAN TEMPERATURE (DEVIATION FROM GLOBAL AVERAGE)
DO 64 Jul, INL
DG 64 K=l,KNL ,
64 TB(J)K) sRHZ*(PBIJ,K+1)*DENS(K+1)~PB(J,K)®DENS(K))/OL
DU 66 Jal,JHL ’
DO 67 Ks1,KNL
TP(K)=TALJI,KI+TZO(K)
67 CONTINUE
C  CHOOSE APPRIPRIATE TRIPNSFHERIC TEMPERATURE
TP(KN) s TRUP( )
4 TPUOKN) »T ZULKN)
TP(KNP) = TG (J)
CLUMPUTe TEMPZRATURE~CNRRECTED CURTIS MATRICES FOR €ACH ZONE
CALL CURT(TP,KNs TS,CHAT)
CONVERT TO JPH VERTICAL CUNKOINATE LABEL
00 68 JJ=1,KNP
D0 69 Ilel,Kht
CURMAT (J, 11,0 )oCHAT(L,KN2Z=JJpKN=1T)
CURMATUJ#IML, L1, JJ)eCHATI2,AN2Z=dJsKN=1T1)
67 CONTINUE
CURMAT (J, KNy JJ ) CAAT I Lo KH2=dJs KN
CURMATCJ ¢ JML KNy JUDmCHAT (2, KN2=JJ,KN)
68 CONTINUE
66 CONTINUE
190 FORMAT (4F15.4)
195 FORMAT (9E10.3)
200 FORMAT {$F10.3)

o O

WAVE2
WAVER
WAVE2
WAVF2
VAVF2
VAVER
WAVE2
WAVE2
WAVE2
WAVE2
WAVE?
WAVE2
VAVE2
VAVE2

WAVE2

HAVER
WAVER
WAVE2
WAVE2

WAVE2
FEB)

WAVER
WAVE?2
WAVE2
WAVE2
WAVER
WAVE2
WAVE2
WAVE2
WAVER
WAVER
WAVEQ
WAVER
VAVER
WAVE2
WAVE2
WAVEQ
WAVE2
WAVER2
WAVED
WAVEZ
WAVE2
WAVE2
WAVE?2
WAVE2
WAVER
WAVER
WAVE2



C COMPUTE INITIAL TROPOSPHERIC ANHO GROUND TEMPERATURES WAVF2

J2ednL/2 wAve2
00 $6 Le1,42 VAVE2
PHO=LO1U-3 WAVE2
TANPe (0, 4750PHD-44) /2. . WAVER
ARGe2.9P1/360,* (STRNAY~186,) WAVEQ
TEQX®54,05¢(COSIPHDOPI/1B0,)=us22)=15, VAVE2
T6(J2ed=L)eTEQXITANPISGS (ARG) VAVE2
TG(J2ed=L)eTG(J2oa=L) 4275016 WAVE2
TG(L4J2) *TEQX~TARP4CTS (ARG) WAVE2
TG(LeJ2)eTGILIJ2) 4273416 VAVE2
TANP oy . 3514 (PHD-04) /20 WAVE2
TF(PHD .GT. 43.) TANPes, VAVE2
ARG*2.0P 1/360. ¢ (STROAY=110.,) VAVEL
TEQXe2be13¢(COS(PHNOPI/1AUL)=0.26) =54, WAVE?
IFIPHD LT, 3u.) TEQXe-32, WAVE2
TROP(J241=L) oTEQX4TAHPOCOS (ARG) WAVER
. TRUP(J241-L) sTROP(J2Z4.1-L)9273416 WAVER
TRUP (J2+L) TG X=TAN? + 205 (ARG) NAVE2

TROP(J2+L)=TROP(J2¢L)*27D.106 WAVE2
96 CONTINUVE WAVE2
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