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1. In troduct ion

This report summarizes the implementation and further development

of the Chlorine Model Study Program (CMSP) performed by Environmental

Research ~ Tech nology , Inc . (ERT) under the sponsorship of the Electronic

Systems Division , U.S.A.F. Systems Command , Hanscom AFB , Massachusetts.

The CMSP is an advanced state-of-the-art computer code which models

the trace gas composition of the atmosphere from the surface to 80 km

employing over sixty chemical reactions in addition to allowing for ver-

tica l transport parameter ized by a selected set of eddy diffusion coeff i-

cients. In its original formulation , the model only computed photolysis

for the one-way passage of solar radiation through the atmosphere (absorp-

tion only). In the present version the effects of multiple scattering

and surface reflection have been incorporated into the radiative transfer

section of the program thus allow ing for more real i stic simula tion of the

effec ts of injected pollutants into the atmosphere.

The text which follows constitutes a bas ic program descr ip t ion ,

documentation , and users guide . Section 2 discusses the theoretical

basis of the model including the governing continuity and flux equations

for the steady-state version in addition to the chemical system adopted .

Section 3 provides a description of the development of the radiative

transfer section including the technique employed to perform the multi ple

scattering calculation and some representative results (Appendix C).

Section 4 constitutes a comprehensive program description utilizing a

complete program listing (Appendix A) and a flow chart (Appendix B) to

aid in the exposition of the detailed calculation . Finally, Section 5

is included as a basic users guide containing instructions for program

implementation and execution.

4
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2. Theoretical Basis

2.1 Governing Model Equations

The CMSP program is a 1-dimensiona l (vertical dependence), steady

state (no time dependence) mathematical model of the trace gas chemical

compos ition of the ~tmosphere from the surface to 80 km. Specifically,

the species dealt with include odd oxygen (0003). odd hydrogen (H , OH ,

HO2, H202), odd nitrogen (NO , NO2, HNO
3), and odd chlor ine (C L, HCL ,

CtO). Physical processes which determine the local abundances of these

and other minor spec ies include chemical kinetics , photochemis try , and

turbulent transport . Radiative transfer is indirectly involved since it

determines the number of photons available for photodissociation . (See

Section 3).

The model is similar to those of Wofsy, McElroy and Sze (1975) and

Sze and McElroy (1975) with several modifications . The governing con-

tinuity and diffusion equations are :

= P. - L.Nf . (2-1)3. 1 1

and 
= i/KN (2-2)

where O. is the vertical flux (cm
2 sec ’), N the atmospheric total number

densi ty (cm 3
), K the eddy coeff icien ts (cm2 sec~~) and P . and L. are

respectively the local produc tion (cm~
3 sec~~) and loss frequency (sec~~),

i deno tes the ~th species , and f . is the mixing ratio (v/v). Distinctions

between long lived species (e.g. N2
O, CH4, CF

2
CP.2) and sho rt l ived spec ies

(e.g. CL , OH , NO) lead to enormous simplica tion in calcu lations .

For Instance , the time constants for apportionment of CLX among various

forms of odd chlorine (CL , CLO , HCL , CLOO , CL
2) are rapid compared to the

time constant for vertical motion. Densities of Individual CLX species

S
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can be calculated with the equations of photochemical eau ilibrium , i .e.

- L.Nf. = 0 for each species (2-3)

Likewise, photochemical equilibrium can be applied to the short lived

hydrogen species (H, OH, HO2, H202) ,  to NO (NO , NO
2
, HNO

3
), to O( 3P)

and to O( 1D). On the contrary, vertical flow is allowed for long-lived

spec ies such as CH
4
, N

2
0, CO. CF

2
CL2, CFCL 3, and 0

3 
(below 30 km) and

the total family concen tra tions for HO , NO , and Cix. In this case,

equations (2-1 , 2-2) must be solved simultaneously.

Equations (2-1) and (2-2) are coupled differential equations with

two point boundary conditions. They are usually solved by using the

conventional finite difference method or the shooting method. However,

more efficient schemes have recently been developed to improve computa-

tional efficiency . The numerical approach utilized is based on a Riccati

scheme developed by Sze (1973) and subsequently applied to investigations

relating to the Venus (Sze and McElroy, 1975) and Earth’s atmosphere.

In essence , the Riccati scheme transforms (2-1) and (2-2) into a non-

coupled systen with a one point boundary condition . This technique greatly

reduces the computational complexity of the problem and facilitates

numerical solutions of differential equations of the type described here .

In the one-dimensional model , the crucial transport parameter is

the vertical eddy diffusion coefficient K . In the current model threezz
options exist to vary the assumed 

~~ 
profile to simulate measured data

and perform sensitivity analyses. (See Section 4.3.2). The neutral atmos-

phere used in the calculation is summarized in Table 2-1 (a particular

eddy diffusion profile is demonstrated). Photolysis processes for aero-

nomically significant molecules are summarized in Table 2-2. Computations

of photodissociation rates (or J-values) are accomplished (See Section 3-1)

6
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TABLE 2- 1

ATMOSPHERIC MODEL

Eddy Diffusion Number
Altitude Coefficient Density Temperature

(km)  (cm 2 Sec 1 ) (cm 3 ) ( ° K)

0 l.4000E OS 2.4llOE 19 304.58
2 1 .4000E OS 2.IOSOF 19 289.56
4 1.4000fl OS 1 .6510L 19 .77.87
6 l .4000F. 05 1.3400L 19 266.52
8 1.4000E 05 1.0880E 19 252.41
10 4. 2000E 04 8.7330E 18 38.39
11 4 . 2000E 04 6.9l30I~ 18 .~~. 1.42
14 4.2000E 04 5.9310E 18 210.50
16 3.6400E 03 4.1030E 18 .~03.l5
18 4 .6200E 03 2.8240E 18 207.38

S.8800P 03 2.0000E 18 211.75
22 7 .4200E 03 l.4290E 18 215.94
24 9.2400E 03 1.0320E 18 219.21)
26 1.1620E 04 7.4450E 17 223.84
28 1 . 4140E 04 5.42301i 17 227.83
30 l. 8200E 04 3.9700E 17 231.79
32 2. 2400E 04 2.92401i 17 235.74
34 2.8700E 04 2.15901i 17 .40.40
36 3.5700E 04 1.6040E 17 245.14
38 4.4800E 04 1.1980E 17 249.88
40 5.6000E 04 8.9990E 16 54.62
42 7 .0000E 04 6.7980E 16 259.35
44 8.9600E 04 S.1610E 16 264.08
46 l .1200E 05 3.9390E 16 268.80
48 l.4000E 05 3.0350E 16 272.15
SO l . 7920E 05 2.3720L 16 272.15
52 2.2400E 05 l.8600E 16 271 .14

54 2.B000E 05 l .4710E 16 267 .21
56 3.5000E 05 1.1590E1 16 263.28
58 4.3300E 05 9.1OSOE 15 259 .36
60 5.3200E 05 7.1440E 15 254.79
62 7.0000E 05 5.6360E 15 247.35
64 8.6800E 05 4.4160E 15 239.91
66 l.0500E 06 3.4350E 15 232 .47
68 l.3440E 06 2.6620E 15 225 .04
70 1.6800E 06 2.0260E 15 217 .61
72 2.1000E 06 1.5350E 15 210.19
74 2.6600E 06 1. 1520E 15 202.77
76 3.3600E 06 8.5540E 14 195.36
78 4.2000E 06 6.2810E 14 187 .95
80 5.3200E 06 4.5560E 14 180.54

7
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TABLE 2 -2

PIIOTOLYSIS PROCESSES (soc~~~)

02 
+ h u  2 0

03 + hu  -. 0(
1 1)) +

03 + by 0(~ P) + ()

.1
4 H,O + hv II + Oil

N 20 + hu N 2 + 0

0~I4 
+ by CU~ + j~

CH 3CI + h u CI1 . + CI

CFCL + h \  CFC I , + C l

CF 2C1 , + by * CF,C1 + Cl

Cd 4 
+ hv CCI .. + Cl

U C I + hv ~ + C I

J1, NO
2 

+ hu NO + 1)

13 NO3 
+ by  • NO + (1 )

‘~ l4 NO
3 

+ h \ - NO , + 0

J 15 N 2 0~ + hv -. N0 + NO ,

J 16 UNO3 + by  OH + NO ,

NO + hv -‘ N + 0

J 18 H,02 
+ h-. -

~ 20 11

~ l9 HO2 + hv H + 
~ 2

i.,0 ClO + by Cl + 0

‘ 2 l HOCI + hu ~~ Oil + Cl

~ 22 CIONO., + hv -~ d O  + NO ,

~1 23 U 2C0 + h~ II
~ 

+ co
H1CO + h~ ~ii + IICO

S
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using solar flux data obtained from the Handbook of Geophysics and Space
0

Environments (1965). For the spectra ’ region between 1750-3000A flux
0

measurements were adopted from Detwiler , et. al. (1961). Below 1750A ,

the more recent data by Widing , et. al. (1970) are utilized . Computations

are made using either a 2$-hour averaged value of the solar flux or a

single solar zenith angle (specifieJ by ISWIT, Section 4.4). Table 2-3

contains the reactions and adopted rate constants for the relevant odd

oxygen , hydrogen , nitrogen , and chlorine species . These rates are

referenced to 80 km. Temperature dependence of the rate constants as a

function of the temperature profile is given .

2.2 Summary of Relevant Stratospheric Chemistry

This section provides a brief review of the critical atmospheric species

handled by the CMSP program .

The chemistry of atmospheric ozone was formulated by Chapman

(1930). Chapman ’s model consists of four reactions involving only

oxygen chemistry . lie proposed that ozone is initiated by photolysis
0

of 0
2 

in the Herzberg continuum below 2400 A , as

0, + hv -
~ 20 (2—4)

follow ed by the three body reaction

O + O ,+ M  -
~ 0

3
+ M  (2-5)

Ozone may be recycled by

03 + h v  -

~ 
02 + 0  (2-6)

followed by (2-5). Odd oxygen (0. 03
) is removed by

0 + 0
3 

-

~ 
202 ( 2-7)

Using reactions (2-4) to (2-7), and assuming photochem ical equi l ibr ium

cond itions , ozone concentration may be expressed in a simple analytic form :

,~ 

1/2 k 1/2
[031 = (

~
) ( 2 )  

[02 ] [M) 112 (2-8)

9
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TABLE 2-3

KI:ACT ION KATI
(AS -‘ 3-UNCI I ON 0,~ ALT 11(303 • 2) A

• LXI’ ( K/ rLMI’ (Z 1)

Nt, . KI ACTION A II

I (MI • CII3CI . CIl2 ~ I. • 1120 1 . w.,I — I l  - 1(37 1)
2 1121) 0( ‘ I ) )  2011 2 .  3!,I - 30 1) .

(:114 • 0) ‘I ) )  — ( I I .~ + 011 1 . 4 ( 3 3 . — t O
4 I l l  • 0 ( ’l ) ) • Oil • II  3 . 00 3  — 1 0  0.
S Ii • 01 * N • 1102 • N 1.801 - 3 2  .140 .
C’ II • 01 • 031 • 02 2 . 6 1 W — i l  0.
• OH • 03 • 1102 + 01 2 .  ~oI - 1 2  — I l l S .
M OIl • 3202  • 332 0 + 1102 I .OO L — Ii .

9 1102 03 • Oi l • 202 I. OOE— 13 — I  .2!~
3 0  1102 • 0 • Oil • 02 I .0 0 k — t O  — 2 5 0 .
I I  1101 • NO • Oil 802 1. 10k— i I — 31 ) 3 ) 0 .
Il 1102 • (:1,0 • IIC LO • 02 0.0 0
I 3 1102 • 1102 11202 • 02 5. 00k - 12 - 500 .
1-3 3102 • OIl  • 1120 • 02 2. 001—11 0.
I S 1102 • CL • lIC t. • 02 3 . 0 0 1 : — I l  U .
36 Ii  • 110 2 • Ill • 02 1 . 0 0 k — I  I 0.
V II  • 1102 • 203 3 4 .203—10 -9!,)).
18 OIl • Co II • C02 2 .lOk—1 3 -1 35 .
19 OIl • 1) II • 02 1 . 0 0 1 — 1 0  —2:0 ) .
2 0 OH + 111:1, • 3320 • Ci. 2. 00 k— 3 2  — 3 1 1 .
21  011 • ( ) 3 4  • 1120 • CII.1 2 . 361:— 12 — I ’  10.
13 OI l • UNO3 • 1120 • N03 1 .00k-Il -t00.
1-1 OIl • Oil • 1120 • Ci 3 . 7 0 k — l I  0.
25 Oil • Ill • 1120 • ii 6,  7 0 k — I l  — 2 0 3 0 .
Ic’ CI. + II: • liC k • II 5 . 7 0 k — I l  —24 00
27 Ci  • 11202 — liC k + 1102 6 .OOii - 13 0.
28 C LO • 802 • N • CLN O3 • N 3 .80E-33 1055.
2’) Ci.~~~O3 • C L O . 0 2  2 .703. - I l  - 2 Y .
30 C l • (:114 • uci. • C113 7.291:-lI -3 2 6 0 .
11 ( ‘ IA ) • (1 • CI.  • 02 I . 0 7 1 : — t O  - 2 2 $ .
32 C l O  • NO • Ci. • N02 2 .0 0 k — l i  0 .
.s ; o • lu, • Oil • CL 0 .0 0.
1.3 () • 02 • N 03 • N 1 .053 3 .3 S2() .
35 0 • 03 • 202 1.30 k— Il — 2 3 4 0 .

N02 + 803 • N205 I . 0 0 k — l I  0 .
38 N205 • N * 8205 + N 3 . 7 0 k - l i  0 .
19 N20~ • N — N205 • N 9. 0Ok—06 - 970 ( 3

-30 NI) • (33 N02 •o2 1. JON — 1 2  —

-II  N02 • aS N03 • 02 I • 203 . - 13 - 2 - l ! 0 .
.32 802 • I) — NO • 02 9 . 1 1 3 - 3 1  0.
4 3 Nb + 0 ( ’ I ) )  • NI • 02 5.00k— Il 0.
13 N 21) • 0( ‘ I) )  • 2N0 7. OOij — I I  0

N • NO • NI • 0 .!.O0E-lI 0.
46 N • 02 — NO • 0 5.50k- I l  -3200.

• CkCLJ ~ROflUCTS 3.000—lU 0.
.38 0( In) • CEICI.3 • PR000CTS 3 . 0 0 k — t O  0.

3 ’) 0 ‘1) 1 ~
- CII 3CL — OIl • CII2CI. 1) .0 0.

O( ‘1)) • :( l.4 — I’ROULJCTS 0.0 0.
~ 1 O( l ) )  • N • 0 8 2.001. — I l  3 0 ’

I ( I ’ .It  t I O h 3~~ Wh ,+~e I)~. tc ’~ Ar .’ ( ca l ~- ii I cat cd By 1) 1 fforent kormu l cae Ar c

22 OIl • NI)2 • N • I~NO3 • N K • 2.  l I — I  3 I  \C($80./leInII . ( . ‘ ) , (2 . 6 1  1$ • N(.: 1)
N205 • N02 • N03 K • 1. 03 •8aM (L)/12. (,1I94N(~ )) • 1.0 1

10 
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where and are  the photolysis rates for reaction (2-4) and (2-5) and

k
2 

and k4 are the rate constants for reactions (2-5) and (2-7), respect ively .

Equation (2-8) gives a good first order model of the vertical distribu-

tion of atmospheric ozone . It successfully predicts the ozone peak at

around 25 km. However , it predicts too much ozone at all altitudes above

22 km, and it overestimates the total ozone abundance by about a factor

of 2. F urthermore , Chapman ’s s imple model does not include atmospher ic

transport processes and cannot account for the observed latitudinal dis-

tribution of ozone - low values at low latitudes and high values at high

l a t i t udes .

Bates and Nicolet (1950) first attempted to remove the discrepancies

between observations and Chapman ’s theory by introduc ing ca ta ly ti c hydrogen

chemistry . (the HO family) . Catalysis of odd oxygen recombination by

hydrogen spec ies (H , OH , 1102) may take place either through

II + 0
3 

OIl + 0, (2-9)

followed by

Oil + 0 + 0., + I I ;  (2-10)

or throug h

Ii + 02 + M - 130 ,, + H (2- 11)

followed by

110
2 

+ 0 OIl + 02 ( 2 1 2 ’)

These reac t ions are impor tan t above 50 km , and account for a reduc tion

by about a factor of 2 to 3 in the concentration of ozone calculated by

Equation (2-8)

Atmospher ic odd hydrogen (H , OH , I1O2~ 
11
2
0,) is ma inly formed by

reactions involving 11
2
0 molecules ;

~2
0 + O( 1D) - 2 011 (2-13)

~~~~~~~~~~~~~ ~~~~~~~~~~ ~~ ~~~~~~~~ -.~~~ -- _____



‘~~~‘ ‘  ~ 
- 

~~~~~~~~~ - ---
~~ 

- -n--—— 
~~~~~~~~ ~~~~~~~ 

-
~~

---— — .  
~~~~~~ 

-- ~~~~~~~ - ,;-

and

11
2
0 + hv -

~~ OH + H (2-14)

They are mainly removed by reactions

OH + HO2 H~0 + 0
2 

(2-15)

and

OH + 11202 
- 1102 + H 20 (2- 16)

For a given 11
2
0 concentration, the abundance of odd hydrogen is

mainly controlled by reactions (2-13) to (2-16). Reaction (2-15) is the

dominant loss process for odd hydrogen above 35 km.

The principal stratospheric sink for 03 was not identified until

1970 when Crutzen (1970) and Johnston (1971) suggested that nitric oxide

(NO) can catalytically recombine 0 and 0
3 through the reaction

NO + 0
3 

-
~~ NO

2 
+ 0

2 (2-17)

followed by

NO
2 
+ 0 -P NO + 0

2 (2-18)

Oxides of ni trogen , NO (NO , NO 2 , NO
3
, N

2
0
5
, HNO

3
) are formed in

the stratosphere by photochemical decomposition of N2
0 (McElroy and

McConnell , 1971) :

N
2

O + O(’D) 2NO (2-19)

Nitrous oxide (N
20) is mainly produced in soil as a by-product of

the denitrification process, with some contribution from high temperature

combustion processes.

The possible importance of chlorine chemistry in the stratosphere

was noted by Wofsy and McElroy (1974) and by Stolarski and Cicerone

(1974). They suggested that free chlorine may play a role similar to NO
~

in the recombination of 0 and 03 through the reactions

CL + 0
3 

-, CLO + 02 (2-20)

12 
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followed by

CQ,0 + 0 -‘~ CL + 0
2 (2- 21)

A source of stratospheric Ct was not identified until Molina and

Rowland (1974) suggested the photolysis of flourocarbons (F-il, F-l2)

through the reactions

CFCt
3 

+ hv CFCL2 
+ Ct (2-22)

and

CF2C2.2 + h~ ÷ CF
2

CL ~ Ct (2-23)

These reactions constitute the basis of the C2.X family of the CMSP program.

Theoretical model calculations [Wofsy et. al. (1975) , Crutzen (1974)1

have shown that continued release of flourocarbons (CFMs) at 1973 production

rates might lead to approximately 7 to 12 percent ozone reduction in the

year 2200. These re~ults have led to the current concern regarding the

effects of CFMs on stratospheric ozone.

Prior to 1976, it was thought that HCL was the only inert form of

odd chlorine species . The chemistry of chlorine nitrate , CtONO 2, was

ignored un ti l Rowland et . a l .  (1976) measured the absorption cross section

of CLONO
2
, which suggested its appreciable l ife time (‘v. 1 day) in the

-
‘ mid-stratosphere . Chlorine nitrate is formed by a three body reaction

CtO + NO
2 

+ M -~ CtONO 2 +M (2-24)

wi th  a rate constant

k24 = 5.1 x l0~~~ exp(-900/T)

Formation of CLONO2 would tie up the active Ct and NO~ -species, and

could lower the catalytic efficiency of both the CtX and NO cycles .

13 
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3. Development of the Radiative Transfer Section

3.1 Discussion

In the basic version of the CMSP program only the most elementary

radiative t rans fer process , that of absorption by molecular oxygen and

ozone, is incorporated within the calculation of photodissociation rates.

However, surface reflection and atmospheric multiple scattering of m ci-

dent solar radiation by molecules and aerosols can significantly enhance

the photolysis rates of certain stratospheric species (Luther and Gelinas,

1976) and may have an appreciable effect on stratospheric photochemistry

(Sze and Tripp, 1977) .

The photod issociation rate (sec 1
) of species i at altitude z is

given by:
J
i(t,z) = J1TFA (t,z) °A • •A • dA (31)

where . . . . 2
= absorption cross section of species i at wavelength A (cm )

= quantum yield of species i at wavelength A (dimensionless)

wF
~
(tz) = flux at level z available for photodissociations 

:
at a time t (photons cm sec A ) .

In the pure absorption model, the available photons are calculated based on

attenuation of the direct solar beam by 02 and 0
3 

or:

~F3 (t,z) = iiF exp [-t(z)/~~] (3-2)
where 0

= unattenuated solar flux
0

— = cosine of the solar zenith angle

‘r(z) = 
~ 
0i,a 

n
1 (z) dz (3-3)

z

absorption cross section of species i. (cm 2)

nj: local nujnber of density of species i. (cm~
’3)

14 - 
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The flux depends on time through variation of the solar zenith angle with

t ime of day :

= cos e cos 6 cos ( t \ + sin e sin 6 (3-4)
0 k240)

where

0 = latitude (deg.)

6 = solar declin ation angle (deg.)

t = local time (sec)

The single solar zenith angle photolysis rate is given by (3-1).

The 24 hour averaged photolysis rate is g iven by:

86400
T. (z) = 

86400 J.(t,z) dt (3-5)

In order to account for the effects of mul tiple scattering , the

rad iative transfer equa tion :

dI (t,ii) 
= I (t ,p) — S(t ,p ) (3-6)

must be solved at each level of the atmosphere for each frequency.

The flux available for photodissociation vF is then given by:

+1
F( t )  = 2 f  I (r ,~c) dii (3 7)

—l

In Eqn (3-6), S(t,ii) is the source function which obeys the integral equa-

tion :

0)0(T)S(t)  = 
~~ 

F 0 • exp (-t/ ~i0)

+ ~0 (t) f  S( t )E 1( t t - T l ) d t
2 0

1*
~ + 2 • ~o. (t) •R’ E

2(t
*_T) I S(t) E2

( r *_t)dt (3-8)
2 0

15
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+ 
0)0 (t ) p0 . F 0 . R . L2

(T *_ T )  • exp (_ t */p 0 )
2

where

1

E~ (x) = j exp (-x/p ) ~ 
(n-l) 4~.

R = ground reflectivity

= (total) optical depth = Z a~ n
~

(z) dz
6 i

and = single scattering albedo

E a  . n .  (z)
s , 1 1

w (z) = __________________________0 a . n (z) + E a . n . ( z )s ,i I . ‘ a ,ii.

In Eqn (3-8) the optical depth t is computed using the extinction cross

section (a~ = + °a,i) where is the scattering cross section of

speci es i as compared with the absorption cross section only in EQn (3-3)

Sources of scattering opacity include both atmospheric gases (Rayleigh

scattering) and polydisperse aerosol distributions (Mie scattering).

Evaluation of the Rayleigh scattering cross section at each level is

accomplished using (McCla tchey , et. al., 1972)

(z) = (9.807 x 10 25
v 4.0117) 

N(z~=0) (3.9)

where: v = frequency in wave numbers (cm
1
)

N(z) = total number density at level z (cm
3)

Aerosol models have been adopted from Shettle and Fenn (1976) which provides

the wavelength dependence of the absorption and extinction cross sections

for four characteristic aerosol models: maritime , urban , rura l , and tropospheric.

The first three are, strictly speaking, boundary layer models whi le  the

tropospheric model is more characteristic of the atmosphere above the boundary
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layer. The altitude variation of the aerosol number densities (Table 3-1)

is assumed to be the same for all models and is taken from Elterman (1968).

The surface is assumed to be Lambertian . The reflect ivi ty (R) is

defined as the ratio between the incoming and outgoing fluxes at the surface

and the reflection is isotropic (i.e. no angle preference for the outgoing

radiance). The reflected intensity at surface I(r~ ,p) can be written as

I (t~~,p )  = 2 • R f  S(t) E2 (t*~t)dt (3-10)

3.2 Implementation of the Variational-Iterative (VI) Technique

Once equation (3-8) is solved for the source function, the total

flux available for photodissociation irF(t) in the fully scatering case

is given by:

1*

F(t) = F exp ( -. r /p ) + 2 J  S(t)E 1( I t - t I )  dt

+ 2 p F R E 2 (t *_ t)  exp( _ r */p 0)

+ 4 R - E2(r*
_t) J S(t) E2( r *_t) dt (3-11)

0

The physical meaning of each term in Equation (3-11) is as follows:

1) the first term represents the attenuated direct beam . (This is
the only term used in a pure absorption model) .

2) the second term represents the diffuse radiation in the atmos-
phere due to scatt er ing of the di rect beam;

3) the third term represents the attenuated direct beam reflected
from the surface with reflectivity R;

4) the fourth term represents the diffuse radiation due to scatter-
ing of the reflected beam.

This may be substituted into (3-i) to evaluate the photodissociation

rates.
17
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TABLE 3-1

ALTITUDE VAR IATION OF AE ROSOL N UMBER DENSITIES

Aerosol Aerosol
Number Number

Alt itude Density Altitude Den9ty
(kin) (cm- ) (km) (cm- )

0 2.8280E+03 42 7.9600E-02

2 5.371013+02 44 5.7040E-02

4 l.l920E+02 46 2.8290E-02

6 6.3370E+Ol 48 2.0990E-02

8 6.7690E+0l 50 l.0780E-02

10 5.6750E+Ol 52 5.5800E-03

12 5.5850E+0l 54 4.ll4OE-03

14 5.1480E+Ol 56 2.0780E-03

- - 16 4.SllOE+0i 58 l,4950E-03

18 4.3140E+Ol 60 7.7350E-04
20 2.6670E+Ol 62 4.0030E-04

22 1.455513+01 64 2.8800E-04

24 8.l260E+00 66 l.4900E-04

26 5.706013+00 68 l.0720E-04

28 3.5740E+00 70 5.5500E-05

30 2.2380E+O0 72 2.1440E-05

32 i.1480E+0O 74 1.332013-05

34 8.2230E-0l 76 5.l440E-06

36 4.219013-01 78 3.1960E-06
38 3.0220E-Ol 80 1.2340E-06

40 1.550013-01

18
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To solve the integra l equation , (3-8), the variational-interative

technique introduced by S:e (1976) was used . This method , in essence ,

prov ides a d irec t way for cons tructing an approx imate source func ti on

for equation (3-8) and allows for arbitrary inhomogeneity in the atmos-

phere. It has been shown by Burke and Sze (1977) that the variational-

iterat ive approach requires relatively little computational time to

achieve satisfactory accuracy in comparison to other standard methods.

In the v a r i a t i o n a l - i t e r a t i v e  technique , the approximated source

func t ion can be expre ssed as:

S (T) = [1 (r) ,4u (T)  , (3-12)

where

IJ (’r ) = E.C. V.(-r) 
( 3 — 13 )

and V (t) is trial function for the ith layer.

The total optical depth t~~ is divided into (N-i) layers with an

average single scattering albedo assigned to each layer j .  The simple st

piece-wise continuous trial functions are the step functions defined by

- ( 1 1. < t < T .
= I — + I

- 

(3-14)
lo c < t .; - t  >
I
’

I t can be shown (Sze , 1976) that the C~ are solutions to the following

set of Linear algebraic equations :

N
Z H . .  C. = f .  . (3-15)

j=l ‘~~ ~ 
1

I ~) 

~~~~~~~~~~~~~~~~~~
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The H .  are s imply given by

/0). 0).

N . .  = ~~ M. - ~ + ‘ B~ (v )  dr , (3-16)

where

(1 for i=j

6 . .  =
1J

0 for ij ~j ,

B~ (t)  = E.  ( I t - t i )  dt

and f. is
1

Ff .  = o ~ /— [exp(-T~/ p )  - exp (— t
1~~1./ p

0
) ]

The smoothed approximated source function including the ground reflection

can be wri tten as .

, -

~~ (i) w ( t )N— l
S1 (t)  = ~~~~ F0 exp (-tip ) + 2 .

~~~ 
C . B . ( r )

j= 1
N-i

+ 

w
0~~t) . R E 2 (t *_ t )  [2 j~~l 

C~~’~~ D~ + p 0exp (~ r *hp 0 ) ]  (3-17)

where

(
t
i + 1

D. = J ~2 (t *_ t )  dt

t j

21.)
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subsequent iterations

p1*
Sn+i (T) 

= 

W () F exp (-tip ) + 

0)o (t ) E 1( I T - t I )  S ( t )  dt

0
1
*

+ 

0)
o(T) 

R E2(T
*~ t)[2 J E~ (t~ -t) Sn (t) dt + p exp (~ T*/p )}

° (3-18)
would bring the source function to the desired accuracy .

3.3 Resu l t s

The r esu l t s  of two relevant calculations using the models described

i n the  previous sections are contained in Appendix C. (A complete des-

cription of the outpu t format is given in Section 4.5.) The first set

of profiles is for an absorption only model where net fluxes are calcu—

lated using Eqn . (3-2). The second set is for a complete multi ple scat-

tering calculation [us ing  equation (3-11)1 where a surface reflectivit y

of 0.2 is assumed . Both ca lcula t ions  use a s ingle  solar  :enith ang le

given by cos 1 ( . 707).

Several comparisons can be made between the calculations . In par-

ticular , the effect of multi ple scattering and surface reflection on the

photod issocia tion ra te of 03 he seen . Figure 3-1 illustrates the percent

increase in the value of CJO3 for the two cases cited . A second curve

(for a surface r e f l e c t i v i t y  of 0.8) indicates that highly reflecting sur-

faces and/or large expanses of cloud deck may have a significant impact

on stratospheric photochemistry . 
—
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Solar Zenith Angle = cos 1 .707

I Surface Reflectivity:
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4. Program Description

4.1 Summary

The Chlorine Model Study Program (CMSP) computer code consists of a

main program (MAIN), forty subroutines , function subprogr ams , and a sub-

program Block Data of init ial ization and model parame ters . The pr imary

fun ction of the main program is to select one of two operational modes

determined by “keywords” read from the input set (see Section 5). Speci-

fication of the keyword PARAMETER calls subroutine INPARN which establishes

the initial constants for each case. The keyword “RUN” directs the main

program to cal l  subro ut ine PHOCHM wh ich conduc ts the actual photochemica l

calculation for each case. A keyword of “ENDJOB” causes the program to

terminate.

Since the sequence of program logic is somewhat complex due to the

nature of the problem , this section provides a narrative description

including considerable detail within many of the relevant subroutines.

For cla rity, housekeeping subroutines found in the program listing (Appendix A)

are ne ither inc luded in the flow char t (Append ix B) nor d iscussed further

in this section . (These subroutines such as INPUT , PAGE , LINE , DAY , ERRM ,

etc. perform such functions as page turning and reading , line count , date

writing , and error flagging.) The reader is urged to utilize the program

list ing and flow chart in following through this program description .

Table 4-i provides a schematic view of the CMSP logic which may be help-

ful. Here the most important subroutines are listed according to their

call ing order and priority within the program . Priority is designated

by levels : Level 0 is assigned to the MAIN program , while numer ically

higher levels are more distant from the MAIN program . A level 3 subroutine ,

for example , will return to a level 2 subroutine and may call a level 4

subroutine . The overall function of each block of coding is designated

23 
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TA1ILF 4-1

SCHEMATIC PRESENTATION OF ThE CHLORINE

MODE L STUDY PROGRAM COMPUTER CODE
Level 0 Level 1 Level 2 Level 3 Level 4 Function

MAIN
ALTGEN
INPARM

WE I GIlT

Qscdvrr Ini tial ize
(31111

SETUP
EDC 1 /EDC 2

RCONST
PHOCHM

SETUP 2
R.JITLR

COL1)I3N

COMPJ Compute 3 Va I tics
COMTAU
OMEGA
VIM

IN I TAL —

PC LOX
PN0X

QUAD “Short-Lived” Sp ec i es
SOLVE

JACOB
QUAD

LINEQN

PNOX
CF LOW

RINT E R
CSPEC

CXL
COE F
TRIDIA “Long-l.ived Species

REPCN
PNOX
PC LOX

R IN TE R

L 

~4 SETUP 2

~ 
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at the right of the table. For example , PIIOCHM (Level 1) cal ls  RJITER

(Level 2) and its higher level subroutines which compute photodissocia-

tion rates (so-called “J” values).

4.2 Initialization~ BLOCK DATA

Al though not contained explicitly within the flow chart, the B LOCK

DATA section constitutes a significant source of input data and contains

many of the run parameters which are required for model calculations .

These data are introduced by DATA statements which are made accessible

to the user subroutines by means of labeled COMMON statements.

Table 4-2 lists the important model variables contained within BLOCK

DATA including species mixing ratio or number density profiles , ra te

constant data , photodissociation cross section and rate values, and

model atmosphere . Additionally, the corresponding labeled COMMON name

is given . Values are compiled into their respective array locations

based on their dependence on altitude or wavelength . Quantities

characterizing the atmospheric model such as temperature (TEMP) and

mixing ratios (H ,011, etc.) are given as level values at 2 km intervals

from the surface to 80 km. Wavelength dependent quantities such as the

solar flux (FL) and photod issoc iation cross sections (QO2 , Q03 etc.) are

digitized at wavelengths given by the array WL such that WL (l) is the

wavelength at which the cross section of 0
2 

is Q02( 1),  etc.

In addition to vertical profiles and wavelength dependent spectra ,

BLOCK DATA also contains a large number of default values for branching

parameters and other initial conditions specifiable for a particular case

such as the boundary cond it ions on the fluxes or mixing ra tios of cer tain

species. These BLOCK DATA default values may be changed by utilizing

the NAMELIST $INPUT (see Section 4.3.2) if desired , otherwise the

default values are used . A complete description of these data is given

in Section 5 .2 .

_ _ _ _  
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TABLE 4-2

BLOCK DATA SUPPLIED VALUES AND LABELED COMMON NAMES

Labeled Common Name Variable Name Identity Uni ts

MODEL TEMP temperature °K

11*4 total number density cm~
3

DID O( 1D) number density cm 3

DA2 3 aerosol number density cm 3

3n -lRATES RA first rate constant cm sec
RB second rate constant

RLOW RN2O mixing ratio of N.,O at bottom v/v
-2 -lRNOX flux of NO at bottom cm secx

RCH4 mixing ratio of CH at bottom V/V

RF 11 flux of flourocarbon 11 cm sec
RFI2 flux of flourocarbon 12 cm

2sec 1

RCH3C mixing ratio of cH
3Cl at bottom v/v

RCLX mixing ratio of Clx at bottom v/v

RCCL4 flux of Cd
4 
at bottom cm 2sec 1

R03 mixing ratio of 0
3 at bottom v/v

SOLCON WL wavelength A
FL solar fl ux cm

_2
sec _ 1

Q02 photodissociation cross section 0
2 cm2

Q03 photodissociation cross section 0
3 cm2

SOLCN1 QCF2 photodissociation cross section CF Cl cm22 2  2QCF3 photodissociation cross section CFC1
3 

cm

QCCL4 photodissociation cross section CC1
4 

cm2

QCH3C photodissociation cross section cH~Cl cm2

QCLNO3 photodissociation cross section C1ONO
2 cm

QN2O photodissociation cross section N20 cm2

QHNO3 photodissociation cross section HNO3 cm2

QH202 photodissociation cross section H202 cm2

QN205 photodissociation cross section N205 cm2

QHCL photodissociation cross section HCI cm

QHOCL photodissociation cross section HOd

QNO2 photodissociation cross section NO
2 

cm2

QFI2O photodissociation cross section H20 cm2

2~

.1
- 
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TABLE 4-2 (Continued)

BLOCK DATA SUPPLIED VALUES AND LABELED COMMON NAMES

Labeled Common Name Variable Name Identity Units

-3
SPEC iE LI H number density cm

OH OH number density cm

H02 HO2 number density cm

H202 H202 number density 
cm

03 0
3 

number density cm

O 0 number density cm

NO NO number densi ty cm

N02 NO number dens ity cm
2

1-1N03 11N03 number density 
cm

- 
- NOX NO mixing ratio v/vx

CO CO mixing ratio v/v

C1-14 CH
4 
mixing ratio V/v

1120 1120 mixing ratio V/V

112 H
2 mixing ratio v/v

CLX Clx mixing ratio v/v

PF1RAT 1~ JHCL photod issociation rate HC1 sec~~
JCH4 photod issoc iation rate CH4 sec 1

JN2Q photodissociation rate N
2

O sec 1

JN 205 pho todissoc iation rate N
2
0
5 sec 1

JUN03 photodissociation rate HNO
2 

sec ’

JH202 photodissociatjon rate 11
202 sec ’

JNO2 photodissociation rate NO
2 sec 1

JCF2 photodissociation rate CF 2C12 sec 1

JCF3 photodissociation rate CFC1
3 

sec 1

JI120 photodissocia-tion rate H
2O sec 1

J03 photodissociation rate 03 sec
J02 photodissociation rate 0

2 
sec 1

JHOCL photodissociation rate HOC~ sec

27
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4.3 Initialization Subroutines: ALTGEN , INPA RM

4.3.1 Subroutine ALTGEN

Upon entering the MAIN program , subroutine ALTGEN is called . The

pr imary function of this code is to fill the array ALT which is contained

in labeled COMMON , MODEL and gives the altitude of each level in 2 km

(2.0 x 10~ cm) increments from 0.0 to 80.0 km. However, ALTGEN also

provides revised solar flux data (overiding the values specified in BLOCK

DATA) in the 1900 to 2250k wavelength region and photodissociation cross

sections for chlorine nitrate. Additionally, the aerosol model number

density distribution with height is specified by the parameter IAERO[= 0 (3 km)

or 1 (5 km)] and the integrated total number density of molocules [)MINT,

and aerosols DAINT are computed above a given level. These integrated

densities are later used in the evaluation of optical depth. After ALTGEN

is called control is returned to MAIN.

4.3.2 Subroutine INPARN

The keyword PARAMETERS read from the input set directs the program

to call subroutine INPARM . INPARN establishes the basic input parameters

required to run the model calculation. This is accomplished both by direct

modifica tion of previously stored values in BLOCK DATA and by calling higher

leve l subroutines to perform additional computations on the basic input set .

A NAMELIST statement is provided which may be used (see Section 5) to change

the values of any of the formatted parameters from the default values.

For example , ISWIT which determines whether a single sun angle

(=0) or a 24 hour average (l) is used in the J-value computation may

be changed from the default value (1) to zero by using the NAMELIST $INPUT.

The subroutine listing (Appendix A) illustrates which parameters may be

changed .
II

28
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Certain basic calculations are performed by calling subroutines

WEIGHT , QSCATT , CPHI 1 , SETUP , and RCONST .

Subroutine WEIGHT computes the length of tne aay using tne para-

meters LAT and DEL. The day is then divided into twelve equal time

intervals (one hour at equinox) and the cosine of the solar zenith angle

is computed at the midpoint of these intervals. Six values (those on

either side of noon are equal) of the reci procal of the cos ine of the

solar zenith angle are stored in array A. These are used to compute

the 24 hour average model in subroutine COMTAU (Section 4.4.1).

Subroutine QSCATT computes the Rayleigh scattering coefficient

QRAY , aerosol extinction coefficient QAE, and aerosol absorption coeff icien t

QAA at the surface (z=tfl as a function of wavelength . A particular

aerosol size distribution is specified by the parameter ISIZE whic~

selec ts one of four g iven mod el s or a user ’s own model. (See Section 5.3).

These values are later used in subroutine OMEGA to compute optical depth

and the single scattering albedo profile when multiple scattering is con-

sidered .

Subroutine CPHII allows a quantum yield PHIl to be introduced into

the evaluation of the photodissociation rate for C1ONO
2. Furthermore,

it may be given one value P11 for wavelengths WL (l) to WL(Il), inclusive ,

and a second value P2 2 from WL(ll+l) to the upper wavelenQth limit.

Defa u l t values in BLOCK DATA are I i = 59, P1 1 = P22 = 1 .0, so that the

quantum yield is unity.

Subrou tine SETUP establishes the eddy coeffic ient model to be used

and operates on the basic 41 level model atmosphere data . Upon entering

the subroutine , Hunten ’s eddy coefficients are read into array EK by a

DATA statement . If NEDDY is zero, these values are used .
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I NEDDY is either one or two, subroutine EDC1 or EDC2, respectively, is

called which substitutes either Chang ’s or an analytic form for these

values. NEDDY has a default value of zero and may be changed in the

NAMELIST $INPUT. A factor FKK (default value - 1.0) may be specified

to multiply any of these profiles by a constant value. The basic model

atmosphere data (ThMP , DM, and EK) are then interpola ted to produce

arrays (CTEMP, CD*4, and CEK) of 81 levels of 1 km thickness from the

data arrays containing 41 levels of 2 km thickness. These results are

printed out at 2 km intervals.

Subroutine RCONST calculates the reaction rates of each of the

chemical reactions as a function of temperature at the 81 levels of the

atmosphere. The required input consists of the model atmosphere tempera-

ture profile and the first and second Arrhenius rate constants RA and RB

from BLOCK DATA or NAMELIST $ INPU T For each reaction I and atmospheric

level J the reaction rate RATE is given by :

RATE (I ,J) = RA( I )  * EXP(R B(I )/ CTE M P (J))

Rates are computed explicitly for reactions which do not obey the above

relation . A table of reactions and rate constant information is printed .

(see listing , Append ix A). After execution of RCONST control reverts to

IN PARM wh ich returns to MAI N.

4 .4  Ma in Calcula ti on: PHOCHM

As ind icated in the flow chart the keyword RUN cal ls  the subrou tine

PI-IOCHM . PHOCHM controls the remainder of the calculation for a particular

case and may be considered as the main program for most purposes.

As PHOCHM is entered the steady state version is selected by specify-

ing FT = 0., FA = 2 ., FB = 0. and FM = 0. (these values will be used by sub-

routine COEF in performing the long-lived species calculations . (see 4.4.3).

-so
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The functions performed within PHOGIM may be divided into three areas :

(a) computation of photodissociation rates; (b) calculat ions for short-

l ived species (no diffusion); and (c) calculations for long-lived species

(vertical diffusion). Most evaluations are made external to PI-IOCHM by

call ing appropriate higher level subroutines.

4.4.1 Subroutine RJITER: Computation of Photodissociation Rates

Subroutine RJ ITER functions as a cal l in g program to facil itate the

calculation of photodissociation rates at each atmospheric level. Its

two arguments ISWIT and ISCATT are carried in COMMON to PHOCHM and

spec ify the nature of the time averag ing (s ingle solar zen ith angle vs.  24 hour

average) and whether mul tiple scatter ing is cons idered , respectively. The

upper limit for the wavelength integration IU is set in RJITER. For
0

the absorption only model , the integration stops at 4025A and the con-

tributions to the dissociation of 0
3 from the visible are included as a

constant factor PJO3 . (set in BLOCK DATA). When multi ple scattering is

considered , however , the integration is extended through the visible

region.

RJITER calls subroutine COLDEN which computes the column densities

of ozone from a given level to the top of the atmosphere . These values ,

DO3INT , are used in the compu tation of optical dep th.

Subroutine COMPJ called from RJITER performs the actual wavelength

integration . The specific details of the calculation depend on the

parame ters ISWIT and ISCATT . For the simples t case ISW IT = 0, ISCATT = 0,

a fixed solar zenith angle GMU = .707 is used and the number of pho tons

cm 2sec~~ available for photodissociation at a Particular level is based

on simple attenuation of the d irec t solar beam by 0
2 and 0

3 above the

level. That is , optical depth TAU is computed as:

TAU = Q03 * DO3INT + * DMINT * p02) and DMINT is the integra ted

total number density.
31
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J values are then computed in a straightforward manner by taking the

product of available flux (= FL * EXP (-TAU/GMU)), cross section (Q02,

Q03, QHC1, etc.), and quantum yield if required (PHIl) at a given

wavelength and integrating over the wavelength interval. Flux is reduced

by a factor of 0.5 (RDF) for the single angle calculation to account for

night and day .

When ISWIT = 1 and a 24 hour average model is required , the trans-

missivity from the top of the atmosphere to a given level is weighted

by call ing a subroutine COMTAU which uses the array of coefficients A

computed by WEIGHT to simulate the variation of solar zenith angle over

a day . The subroutine COL’VfAU essentially performs the calculation :

TRAN (24 hr average) = EXP (-TAU * A (I))

1=1

When a mul tipl e scattering calculation is desired ( 1SCATT = 1) two

addi tional subroutines OMEGA and VIM are uti l ized . (see Section 3 for

details of the scattering model). OMEGA computes optical depth from a

given level to space as the sum of both attenuation (molecular and

aerosol and scattering (aerosol and Rayleigh). Aerosol absorption and

ex tinction and Rayle igh scattering coefficients QAA , QAE , QRAY are

carried in COMMON from subroutine QSCATT. Additionally, a single scatter-

ing albedo profile as a function of level is computed . An interpolation

scheme creates a single scattering albedo profile as a function of optical

depth which is input to subroutine VIM which performs a variational-itera-

tive method mul tiple scattering calculation and returns the net flux

available for photodissociation at a given optical depth normalized to

the solar flux . This mean intensity includes contributions from the

attenuated direct solar beam (absorption only case) and diffuse contribu-

tions reflected from the surface and scattered by molecules and aerosol

particles. The surface reflectivity REF is contained in NAMELIST.
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Subroutine OMEGA uses its knowledge of the altitude variation of optical

depth to reinterpolate the net flux vs. optical depth profile to a

net flux at altitude level profile. These values are placed in 
-

array F and returned to COMPJ for integration into the J value calcula- 
-

tion . Subroutine VIM calls its own family of higher order subroutines

which function somewhat independently of the overall CMSP code. A schematic

presentation of the VIM subroutine heirarchy is presented in Table 4-3 -

in relation to the total CMSP sequence. 
-

In order to account for the desired time averaging, OMEGA must he 
-

ca lled for each GMU des ired . Therefore , if a 24 hour average model is -

required (I SWIT = 1), OMEGA is called for each GMU using the solar zen ith

angle s compu ted by WEIGHT (= 1/A) and averagin g over 24 hours as was done

for the absorption only case.

4 .4 . 2 Subroutines INITA L, SOLVE: Short-lived Species -

After photodissociation rateS based on the first guess ozone con-

cen tra tions are returned to PHOCHM by RJITER , calculations of the spec ies

concentration profiles begin. As noted in Table 4.1 the PHOCI-IM code -

sequence from this point can be divided into segments handling the short-

l ived species and the long-lived species. An iteration counter I is

incremented by statement 10 in PHOCI-IM after initialization to zero. This

index keeps acc ount of the number of times the program is executed to

reach convergence. An upper limit of 50 iterations is assigned . For all

itera tions af ter the f irst the old OH and 0
3 profiles (OLDOH ,003) are

saved for convergence testing before being recomputed . The computed

photod issoc iation ra tes of 02, O3~ HNO3, H202, and N
2
O
5 are substituted

for the BLOCK DATA values at each level and the concentration profile of

.
_, .-~ 
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TABLE 4-3 SCHEMATIC PRESENTATION OF SUBROUTINE VIM SEQUENCE

MA IN
PILOCMM

RJITE R
COMPJ

OMEGA
VIM

RMATR I
LINEQ N
SG
Si’
SE
Si NT
E
i~2
E3
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DID , is computed based on equilibrium between the reactions;

+ 1w 0 7 + 0(
1
1)) J = t2JO3l

O ( [)) + H 0 + N k = RATE (Si )

t h i s  y i e l d s  the  r e l a t i o n s h i p :

1)1 1) = CJO31 *() 3/RATE(Sl ) * DM

at each level.

The c a l c u l a t i o n  cont inues  w i t h  a 1)0 1001) from statement 60 to state-

ment 100 in P 1IOCUM . For each l eve l  in the atmosphere concentrat i ons of

the s h o r t — i  ived species are computed using the IN I TAL and SOLV E subrou t ines .

At a given lev e l  , I N  I I ’AL sets  up a non— linear sys t em of s imul taneous

equat tons in four v a r i a b l e s :  Y(l) = II , Y ( 2 )  = OIl , 1(3) = 1102, and Y(4) = 03.

The Y array g i’~ es the concentration of these four species at a given level.

(Note: 0 is short-lived above 30 km and long-lived below 30 km.)

Initial concentrations of CO. 02, H2, Q14~ Cix , NO , H9O , OH, and 1102 are

first evaluated from input profiles . On subsequent iterations the computed

values are used. For example, mixing ratio is converted to number density

by multiplying by the total number density. An iteration counter (J) is

set to monitor convergence and subroutine PCLOX is called.

Subrout inc PCLOX computes the level concentrations of CL , CLO , and

1IC L by assuming e q u i l i b r i u m  of production and loss mechanisms . The fol low-

ing ra t ios  are computed :

R RCI = CLO/ CI - I
RRC 2 = lid /CL I I
RRC 3A = CLN O3/CLO I I I

RRC3B = CLNO3/CL = RRC3A * RRC 1

the corresponding reaction schemes assuming steady state at each level  arc :

CI + 0 . fiO + 0, k = RATE (29 )
ClO + 0 • + °2 

K = RATE (31)

ClO + NO • Ci + NO , K = RATLi(32)

- ~~T~~-~ -- - _ _ _ _ _ _ _
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Q + H C 1 -.- O H + C l  k=RATE (33)

HC1 + hv -* H + C l  J JHCL

Cl + CH4 ~ UC 1 + CH
3 

k RATE (30)
Cl + H 2 ~~ HC1 + i-I k = RATE(26) II

Cl + H
2
0
2 

- 1-IC1 . HO
2 

k = RA TE (27)
HO

2 
+ Cl -

~ IlCl + 0
2 

k = RATE(15)

OH + HC1 -

~ 
11
2
0 + Cl k = RATE(2 0)

C1ONO
2 

+ hv + C1O + NO
2 

J = CJC1O3

C l O + N 0
2

+ M  -.- C1ONO
2

+ M  k=RATE(2 8) III

Af ter PCLO X returns to INITAL , PNOX is called and an anologous computa-

tion of the level values of NO, N02, HNO3, NO3, N205, and CLNO 3 is made.

The fol lowing ra tios are computed:

RR1 = NO/N 02 I
RR2 = HNO3/N02 II

RR3 = N03/N02 III

RR4 = N205/N02 * N02 IV
RR9 = CLNO3/N02 V

Reaction schemes determining these ratios assuming steady state at each
leve l of the atmosphere are:

N02
+hv -* N 0 + O  J = C J N O 2

N0 2 + O  -
~ N O + O , k=RATE(42)

d O  + NO ÷ Cl + NO
2 K = RATE(32) I

NO + 03 
-
~ NO, + 02 k = RATE(4 0)

O H + N 02
+ M  HNO

3
+ M  k=RATE(22 )

HNO3 + h-# -
~ OH + NO

2 J = JHNO 3 II
OH + 1*103 

- H20 + NO3 K = RATE(2 3)

NO2 + 03 -‘ NO
3 
+ 0

2 k = RA TE(4 l) I I I
NO
3 

+ hv -
~ NO + 0

2 
J = JNO3

N
2
0
5 

* + M N 205 + H K = RATE(38)
N105 

* • NO2 
+ NO

3 k = RATE (37)
N
2
0
5 

+ h~ NO2 + NO
3 

J = JN2 OS IV
N
2
0
5 

+ M -‘- N,O5 + M K = RATE (39)
NO2 + NO

3 
N
2
O5 * K = RATE(3 6)

36
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C1ONO
2 

+ 1w -÷ d O  + NO
2 

J = CJCLO3
d O  + NO

2 
+ H C1ONO 2 + M K = RATE(28)

In the course of its calculation PNOX calls subroutine QUAD which solves

the quadratic equation. PNOX returns control to INITAL where a convergence

test is made based on comparison of the old and new values of NO , N02, and

HNO3. If convergence occurs (within approximately 0.5%), INITAL is ex ited

and returns to PIIO CHM .

PHOCI-IM calls subroutine SOLVE which organizes the solution of the

chemical system for the short-lived species concentrations at a given

level . Basically, the quantities V (N), N = 1 ,4 are solved for using

the convergen t val ues returned from PNOX and PCLOX for the odd nitrogen

and odd chlorine species, respectively. An iteraction counter KK is

established and the previous values of H, OH , HO2, and 03 are saved for

convergence testing . Subroutine SOLVE calls subroutine JACOB which

organizes the coefficients of the system of chemical equations and calcu-

lates certain relevant production and loss terms. Production and loss

terms are designated by double alphabetic variable names with a single

subscript , while system coefficients to be solved by LINEQN are stored

in the doubly subscripted array , A. Total production terms for a given

species are subscripted variables PP while loss (sink) terms are sub-

scripted variables SS. Table 4.4 presents a key to the variables defined

in JACOB , identifying each by the corresponding reactions . Note that

below 30 km 0
3 is treated as a long-lived species , while at or above 30 km

its equilibrium chemistry is treated explicitly. Subroutine JACOB returns

to SOLVE where the net imbalance:

B (J ,4) = PP(J) - SS(J)

is computed for H , OH, and 1102 in addition to the cumulative error: 

~~1—



FAB LE 4 -4

CHEMICAL oR R;IN OF VARIABLES DESCRIBE~) IN suBRoir r iNE .J ACOI3

Variable Definition Reaction

ALP 0/03 
0 + 0, + N -e 0

3 
+ N K RATE 34)

+ hv ÷ 0 , + 0 .1 .103

AA( 1) I’roduc t ion of Ii II , + 0(11)) — Oil + II K RATE(4 )

1120 • hv Oil + H .1 .11120

AA (2) Oil + 0 ii + 0 , K = RATF(19’I

AA (3) Oil + CO • II + do , K RArF(lS)

AA (4) Oil + Cl-I
4 

-
~ 11 ,0 + Cu 3 K RATF(21)

AA(5) Oil + II , -e 11 20 + i-I K — RATE(25)

PP(l) AA ( 1) + AA(2) + AA( 3) M(4) + AA(5)

[113(1) loss of ii 11 + 0, + N -
~~ 

1102 + H K RATE(S)
RB (2) ii + 03 — Oil + 0~ K RA TE ((~)

1313(3) ii + 110 2 — 11 2 
0, K = RATE ( 1( 1)

2011 K RATE ( F)

SS(1) = 813(1) + 1313(2) + 1313(3)

CC ( 1 Product ion of Oi l II~0 + 0(
11)) -

~~ 2011 K RATE ( 2 )
CC (2) CI 1

4 
+ 0( 14) CII.. + Oil k RATE (3)

CC (3) 0 + Ito , • Oil + 0 , K — RA Il 1 0)

CC(4)  1102 + 0
3 

- • Oil + 20 , K RATE(~
))

CC(S) NO + 110, — NO , + Oil K • RXIE( 11)

CC(6) 11 ,0 ., + ~~ 2011 .1

CC(7) it + 0
3 

-
~ 0 , + Oil K — RAT 1 (~~)

CC(8) IINO .1 + h v ÷ NO , OIl .1 .IllN O3
CC (9) II + i10~ — 2011 K RAIl I ~)

(:C(1o) AA(1 )

P P ( 2 )  = CC (1) + CC(2) + CC(3~ + CC( 4 ) + CC(S) + CC((~) + C C ( 7 )

CC(8) CC(9) + (:c(lo)

F41 ) ( I )  l,oss of Oil Oil + 0
3 

- •  0 , + 110 2 K — RATE
D D ( 2 )  11 202 + Oil -

~~ 
11 10 + Ito , K • RATE(S)

I)1)(3) 110
2 

+ Oil - • II ,() + 

~~ 
K RATE ( 1.1 )

P11(4) • AA ( 3 )
IM) (5) — AA ( 2) 

— T - . -~~~~~~i~~TIITt~~
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TABLE 4-4 (Continued)

Ch EMICAL ORIGIN OF VARIABLES DESCRIBED IN SUBROUTINE JACOB

Var iable Defin ition Reac tion

DD(6) 011 + HC1 + H
2

O + dl k = RA TE(2 0)

DE)(7) Oil + CU 4 
÷ Cu

3 
+ il

2
O K = RATE(21)

00(8) O il +NO ,+ M - e HNO
3

+ M k = R A T E (22)

00(9) HNO3 
+ OH ~~- 11

2
0 + NO

3 
K = RATE ( 23)

D[)(l0) Oil + OH ÷ H20 + 0 K = RATE (24)

D D ( l l )  Oi l + 112 
÷ 1120 + H K = RATE (25 )

SS(2) = DD( l )  + DD (2) + P0(3) + DD (4 ) + DD( 5) + DD(6) + [)I)(7) +

DD(8) + DD(9) + 00(10) + D D ( l l )

EE (l) Production of 110, H + 02 + M 1102 
+ M K = RATE(S)

E E ( 2 )  OH + 0
3 

110, + 02 
K = RATE(7)

EE (3) Cl + H~0~ + ClO + H
2
0 k = RA TE (27 )

EE( 4) = DD(2)

PP( 3) = E E ( l )  + EE( 2) + EE( 3) + EE(4)

GG(1) Loss of itO
? 

110
2 

+ 0
3 

011 + 20 , k = RATE (9)
GG(2) = CC(3)

- - 
GG( 3) = CC(S)

GG(4) (:10 + 110, — U CI O + 0, K = RATE (i2)

GG(5) 1102 + 1102 ÷ il ,O, + 02 K = RATE (13)

GG(6) = DD(3)

GG(7) Cl + 1102 -e ilCi + 0
2 

K = RAT E ( lS )
- I GG( 8) = BB( 3)

SS(3) = GG(1) + GG(2) + GG(3) + GG(4) + CC (S) + GG (6) + (C(7) +

GG( 8)
PP(4)  Produc tion of 0 + hv -e 20 J = J02

1111(1) = BB(2)  Loss of Odd 0
1111(2) = 00(1)

1111(3) = CC(4)

1111 (4) = CC( 3)

~ HIt(S) A.A(2)

1111(6) NO2 + 0 — NO + 02 k = RATE (42)
1111(7) C1O + 0 -e Cl + 0, K = RAT F(3 1)

1111(8) 0 + 0
3 

-
~

- 20 2 K = RATF(35)
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TABLE 4-4 (Con tinued)

CHEMICAL ORIGIN OF VAR iABLES DESCRIBED IN SUBROUTINE JACOB

Variable Definition Reaction

SS(4) = 1-114(1) + 1411(2) + 111-1(3) + 1414(4) + 1111(5) + 1411(6) + HH (7)  +

1111(8)

COEF FICIENTS OF SYSTEM OF EQUATIONS

A(l , l) - SS( 1)/y ( l)

A( l ,2) = (AA(2) + AA( 3) + AA(4) + AA (5) ) / y (2 )

A( l ,3) = -BB(3)/y(3)

A( 2 ,I )  = (CC(7) + CC( 9)/~-(i)
A(2,,2) = -(SS(2) + DD(lO))/y(2)

A(2,3) = (CC(3) + CC(4) + CC(S) + CC(9) -DD(3))/y(3)

A(3,i) (EE(l) -GG (8))/v(l)

A(3,2) = (EE( 2) + 11 (4) — G G ( 6 ) ) / y ( 2 )
A(3,3) = -(SS(3) + GG(5))/y(3)

H
At levels < 30 km y

~~
4) = 03(k)

At levels > 30 km:

Tl Loss of 0 NO2 + 0 ~ NO + 02 K = RA TE (42 )

12 011 + 0 + 0
2 

+ H K = RAT E ( 19)
T3 110

2 
+ 0 — 011 + 0

2 
K = RATE ( 10)

14 0 + cia ci + 0
2 K = RAT E (3l )

f T1’l = (Ti +T2 + T3 + T4) ALP

T5 Loss of 0
3 

Il + 0
3 

+ OH + °2 
K = RAT U(b)

014 + 0
3 

+ 1402 
+ 0

2 
K = RA T E (7 )

17 1402 + 03 — Oil + 20
2 

K = RA TEi 9)
18 NO

2 
+ 0

3 
NO
3 

+ 02 K RATE (41)

T12 - IS + Tb T7 + TB

01= 11 1 ÷ ‘fl’2

It)
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ERR = 
PP(N) - SS(N)

N=I ~ 
SS(N)

Logical function LINEQN is called to solve the system of equations

B where B(J ,I) for J ,I = 1,3 are the A( I ,J) computed in JACOB using

Gaussian elimination . If the matrix of coefficients is singular , values

of i-I, OH . and 1102 are scaled by a factor of 0.9 to remove the singularity

and the calc u la tion is repea ted from the call to subrout ine JACOB in

statemen t 1 (Th is is perm itted up to three times) . If the parameter

ERR is not less than l0~~ the concen tra tions are corrected by the magni-

tude of the net imbalance and the calculation is repeated from state-

ment 1. (A maximum of 20 iterations are permitted.) If neither of the

above error conditions occurs, the equilibrium concentrations of

ii , 011, 1102 and 03 have been found . The 0 concentration is computed

using the parameter ALP from JACOB and the 1-1202 concentration follows

from the set of reactions :

1102 + 1102 — 1120 , + 02 K = RATE( 13)

OH + 11
2
0
2 

-e 11
2
0 + I

~
1O

2 
K = RATE(l8)

11202 + bU — 2011 J = JH202

11202 = RATE( 13) * 1102 * 1102/(RATE(8) *011 + JH202)

Subroutines PNOX and PCLOX are cal led to compu te the appor tionmen t of

n itrogen and chlor ine specie s . F ina l ly , the old and new values of H , 011,

1102, and 03 are compared . If the solutions do not compare within 1/2%,

the calculation is repeated . If the solution is found , however , subroutine

JACOB is called again to recompute the production and loss terms given

by its coefficients (for printing purposes at final solution). Subroutine

SOLVE then returns the PIIOCIIM . This sequence is repeated for each 2 km

level in the atmos phere .

. 1!
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4.4.3 Subroutine CFLOW : Long-lived Species

At this stage in the calculation , concentration profiles have been

computed for the short-lived species , that is the individual members of

the HO , NO and C1X fam ilies , which are consistent with calculated J-valuesx x
and input profiles for the long-lived species. Upon returning to PHOCHM,

the values of 03 are saved for comparison and subroutine CFLOW is called

to accomp l ish the evaluation of profiles for the long-lived species : N
2
0, HO ,

NO , C 1X , CH4, and 0
3 below 30 km. In these cases (as discussed in

Section 2) it is not adequa te to equate production and loss processes

at each level. These species , on the contrary , have longer chemical

l ifetimes and their profiles must be consistent both wi th chem ical sources

and sinks at each level and the gradient of vertical flux parameterized in

terms of the eddy diffusion coefficient profile. The resultant equation

which must be solved for the mixing ratio f~ as a function of z is of second

order with coefficients given by the vertical profiles of both l)roduction

and loss and the eddy coefficients. Therefore, boundary cond itions at

the top (designated U) and at the bottom (designated L) of the atmosphere

must be specified. Certain basic coefficients are evaluated in entrY SETUP 2

of subroutine SETUP (Section 4.3.2) which is called at the beginning of

PHOCHM. These arrays are essentially the produc t NK which appears in the

definition of vertical flux (equation2.2)or in coding : CEK(I) * CDM(I).

Also , at the beginning of PHOCHM are definitions for the factors PPL , PPU ,

and QQU which are used to specify lower and upper boundary conditions.

The program offers the versa til ity of specif ying either flux (proportional

to df 1 or mixing ratio (i.e. ~ 
boundary conditions, the basic relation-

ship being in the form :

~L,U 
cff~ + 

~L,U ~1 
RL U

dz
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where f . is the mixing ratio of the ith species at the lower CL) or upper (U)

boundary . For example , if a fixed mixing ratio is to be specified at both

boundaries , th en = 0, = 1 and f1 = R
L ,.~ 

where RL U  is the mixing

ratio of the ith species at the lower and upper boundaries, respectively.

All of the cases in the program (subroutine CFLOW) use: = ~~~ 
~LJ = * XL(N) ,

= 0. where QQU = 6.OE + 05/CEK(N) * CDM(N), XL(N) is the loss frequency of

level N , and N - 81 is the uppermost level or:

df . =

dz
for the upper boundary condition . The corresponding lower boundary condition

is given by spec ify ing R
L 
as either mixing ratio or flux :

(a) R L ( f lux) : 
~L = O~~ 

~L 
= PPL -CEK(l )  * CDM(l) :

P
L

dfi = R .
~

(b) R
L 

(mixing ratio) : = 1, 
~L 

= 0:

f. = R
i. L

After CFLOW is called by PHOCHM, a ser ies of layer interpolations is

accomplished using subroutine RINTER for the spec ies : DID, OH , H02, N02,

NO , 03, CLO, CL , H, and H20 and photodissociation rates: CJN2O , CJCF 3,

CJCF2, CJCH3C , CJO2 , CJO3, and CJCCL4. RINTER increases the vertical reso-

lution from 2 km to 1 km using square root interpolation . The next sequence

in CFLOW is a series of subroutine calls to CSPEC , each of which prov ides

the calculation of the flow dependent (but time independent) vertical profile

of a particular spec ies. A test on the magnitude of the specif ied lower

boundary cond ition (g iven in BLOCK DATA or namelis t ; see Sec tion 4.2 , TABLE 4. 2

LABELLED COMMON: RLOW) determines whether flux or mixing ratio has been

specified (i.e. a value greater than 1.0 is a flux while one less than 1.0

is a mixing ratio.) The appropriate boundary condition parameter is then

set (Q = 0. for flux ; Q = 1. for mixinQ ratio) for the CSPF.C c~ 1ciilat ion



~~~~~~~1 -- - -  
-

The order in which the individual long-lived species are handled is as follows :

N
2
0, NO , CH

4
, Fll, F12 , CH

3
C1, Cd 4 , C1X , and H

2
. The arguments of subroutine

CSPEC (see program listing, Appendix A) relate to the previous boundary con-

ditions discussion and are in order : ~1~~’ 
~~~~~ ~L

’ ~L’ RLOW , DFP, XL , CXL) .

As noted above, the upper boundary conditions require P
U 

= 1. and R.0 = 0.

As can be seen from the listing, the first two arguments are 1. and 0.,

respectively. The quantity 
~L 

is set equal to PPL (defined in (a) above)

and CSPEC changes this to zero if 
~L 

is equal to one (for fixed lower

boundary mixing ratio). The next argument is the lower boundary condition

value (either flux or mixing ratio as given by 
~~ 

The term DFP is the

time dependent term which is set equal to zero for the steady state case

(in each CXL subroutine). XL is the loss frequency returned and CXL is

a family of subroutines (CXL1, CXL2 , etc.) which computes the level-by-level

production PR and loss frequency and returns these values to CSPEC. As a

reference, Table 4.5 identifies the particular species dependent reaction

schemes relevant to each CXL subroutine. Next, CSPEC calls subroutine

COEF which utilizes the level production and loss frequency data and the

particular type of boundary condit ions spec ified to compute the necessary

coefficients to solve the system of equations resulting for a given species.

The arrays AA (I) and T(I) used here can be found in SETUP2. Once, the

relevant coefficients are evaluated , the system is solved by subroutine

TRIDIA which computes the mixing ratio (X
i
) prof ile for each species i .

Finally, CSPEC calculates the net production and loss and returns this

value (XL) to CFLOW :

XL = PR - XL~~ X

— 
This procedure is carried out for each long-lived species with two

exceptions. There is a convergence test for the solution of the NOx profile
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TABLE 4-5

SUBROUTINE FAMILY CXL

Subroutine Species Production Loss

Cxli N,0 From Surface N
2

O + O( 1D) ÷ N
2 
+ 0

2
+ 2N0

N20 + h v  + N, + O

CXL2 NO
x N20 + O(

1D) + 2N0 NO + hv + N + 0

N + N O  ÷ 14
2 + 0

CXL3 cH
4 From Surface CH

4 
+ O( 1D) ÷ Cl-I

3 
+ OH

CH
4 

+ OH — CH
3 

+ CH 3 
+ H

2
0

CH4 + Cl + CU
3 
+ HC 1

CXL4 CFC 1
3 From Surface CFC 1

3 
+ hv -+ CFC 1, Cl

CFC 1
3 
+ 0( 1

D) -e PRODUCTS

CXLS CF
2
C12 From Surface CF

2
C1

2 
÷hv + CF

2
C1 + Cl

CF
2

C1
2 
+ O( D) -.- PRODUCTS

CXL6 CH
3C1 From Surface CH

3
C1 + by ÷ Cl-I

3 
+ Cl

CH
3

C1 + OH + CH
2

C 1 + 11
20

CXL7 C 1X CFC 1
3 

+ hv CFC1
2 
+ Cl

CF
2
C1
2 

-e hu + CF
2

C1 + Cl
CI-I
3
Cl + hv -e CH

3 
+ Cl

Cd
4 

+ hu ÷ Cd 3 
+ Cl

CXL8 0
3 0

2 + hv + 20 HO
2 
+ 0

3 
÷ OH + 20

2
1402 

+ NO OH + NO
2 OH + 0

3 
÷ 110

2 
+ 02

N0
2
+ O  ÷ N O + O

2
110

2
+ 0  + 0 11+ 0

2
O H + O  ÷ H + 0

2
C l O + O  + C l + O ,
0 + 0

3 
— 20

2
NO

2 
+ 0

3 
-e NO

3 
+ 02

CXL9 CC1
4 From Surface cci4 

+ by ÷ Cd
3 
+ Cl

CXL11 H
2 1120 + 0(

1
0) + 2014 Cl + H

2 
-e HC 1 + H

H .110
2 

+ 14
2
+ 0

2 0 1 4 + 1 4
2 

+ 11
20 + 1 1

11
2
+0 (10) + 0 1 1 + 1 4
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above level 40 (39 kin) where the mixing ratio profile for N0
~ 

is given

by X2. Additionally, the calculations for 03 are limited to the region

from the surface to 30 km above which it is considered short-lived . There

is also a convergence test for 03 whose mixing ratio prof ile is given by

X8. If convergence is reached , subroutine REPCN is called which repeats

the calculation of NO
~ 

and C1X apportionment using the new 03 values below

30 km by calling PNOX and PCIOX . The values of ClO and N02 are compared

and if they have not converged , the 03 computations are repeated using the

new Clx , NOX values. If convergence is reached , the values of the con-

centration profiles are computed from the resultant mixing ratios for

NOX. CH4, CLX , H2 , and 03 (z < 30 km), and control is returned to PHOCIIM.

4.4.4 Final Convergence Testing

After return from CFLOW , the calculation is complete except

for final verification of convergence . First , the previous 03 values from

the short-lived calculation and those resulting from the long-lived calcula-

tion are averaged for a new profile. This is to help quicker convergence.

Second , previous J values are saved since new ones (consistent with the new

species profiles) will be computed for comparison. RJITER is called to

accomplish this.

The final comparison is made level by level between previous and new

J03 and OH values . An accuracy of 1/10% is accepted in the latter. If not

achieved, the program is directed back to statement 10 in PHOCHM which

increments the iteration index by one and restarts the calculation. After

successful accomplishment of the desired accuracy, the program computes

the integrated 03 dens ity (O 3INT) and the integrated odd 0 loss from levels

9-3b (by calling O3LINT). Finally, the major output subroutine PRINIX is

called before the program is terminated .
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4.5 Subroutine PRINTX: Output Profiles

Before terminating a particular run PHOCHM calls subrout ine PRINTX .

For each ease run, thirteen pages of results are generated . (There are

also a few pages of input parameters to identify the case printed out.

See sample test cases Appendix C.) The beginning of the output is identi-

fiable by the keyword RUN printed on a separate page.

Pages 1 and 2 of the output print J-values used in the final iteration

of PHOCHM . They are headed with the note: “LAST ITERATION = I” where I is the

final iteration index from PHOCHM. Page 1 gives the vertical profiles

of the J val ues: CJO2 , CJO3, CJCF2, CJCF3, CJO31 and in addition gives

the 03 number density, integrated 03. 
integrated total number density, and

the 01-I number density for the previous iteration . Page 2 gives the profiles

of the J values: CJCLO3, CJN2O , CJ1 INO3, CJH2O2 , CJN2OS , CHCCL4, and CJCII3CL.

Pages 3-4 labelled “LAST ITERATION + 1” refer to results for the

computation of J values using the final program results. Page 5 contains

number densities of 14,011, 1102,14202, 0, C , and 0( 1D) in addition to the

integrated 0
3 density 

([lOX and odd oxygen families). Page 6 contains number

dens it ies of NO , N02, HNO3, NO3, N205, and NOX (NOX family) . Page 7 con-

tains number densities and mixing ratios for CL , CLO , IICL , C LNO3, and CLX

(CLX fami ly) .

Beginning on page 8 are level prof i les of production and loss rates

for particular reactions defined in PHOCHM and subroutine JACOB . (ref.

Table 4-4). Page 8 in particular describes processes concei-~ned with

production and loss of odd oxygen . At the bottom of the page the ntegrated

values of these rates are presented (they were calculated by O3LINT in PHOCI-IM).

Page 9 gives the rates for reac tives producing odd hydrogen in addition to

the reac tion Cl + CH
4. Page 10 gives the complementary losses of odd

hyd rogen .

-17 
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Page 11 contains a listing of mixing ratio profiles for N20, NOX ,

CH4, FC11, FC12 , cH3C , CLX and CCL4 and H2. At the bottom of this page

integrated fluxes for these long-lived species are provided by integrating

the net production and loss terms from subroutines CXL using by a trapezoidal

rule (subroutine TRAP). These should not differ substantially from the

initial flux lower boundary conditions . Page 12 gives the mixing ratio

of oxygen and the number dens ities of FC11, FC 12 , CH3CL , CCL4 , and CLX .

Page 13 continues with N20, NOX , and CH4.

If the keyword PARAMETERS appears next in the input stream to initialize

constants for the next case to continue , the program is entered and the

calculation repeated for the new case. However, the keyword ENDJOB wi l l

cause the program to print “NORMAL JOB END” and it will then terminate.
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5. Users Gu ide

5 .1 Program In it iation

The input deck required to initiate a model calculation using the

CMSP program is rela tively simple due to its modular , self-contained

nature . As discussed in Section 4.2, the basic vertical profiles, wave-

length dependent spectra, and rate constants required for the calculation

are incorporated with in BLOCK DATA and , consequently , need not be specified

for each case (unless a change is desired.) Table 5-1 illustrates the

configuration of the input deck which consists for the most part of key-

words spec if ication and a title to identif y the output for the case run.

For added versatility, however, the user can take advantage of the NAMEL IST

prov ision of subroutine INPAR M in order to modify any of the listed

(Table 5.2) variables for a particular case. For a single model run

inc luding one card of NAMELIST changes , a total of eight input cards are

necessary . Note that multiple cases may be run by stacking cards 3-6 for

each new case before the ENDJOB card . 
. -

5.2 Defaul t Parameter Values

In addition to listing the parameters which may be changed during

inpu t by the NAMEL IST provision , Table 5-2 provides the current BLOCK

DATA provided default values and subroutine location of primary utiliza-

tion for each variable. Generally, these parameters may be divided into

two subgroups: (1) branching parameters which control the type of calcu-

lation being made, and (2) run variables which are input data to the

calculation.

The primary branching parameters are: INSWIT, ISCATI’, NEDDY , and

ISIZE. These have been discussed in Section 4 under the headings of

their respective subroutines.
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The var ious run variables include rate constants (RA , RB) , prof i le

multiplicative constants (FCL, FH2O , etc.), boundary cond ition data

(RN2O , RF11, etc.), and multiple scattering factors (=1.0, they are

not used )

5 . 3  Aerosol Model Specification

As discussed in Section 3.1, the user may select one of four internal

aerosol models by specifying the parameter ISIZE which chooses a set of

optical constants (extinction and absorption coefficients) in subroutine

QSCATT (Section 4.3.2). An additional provision allows the user to sub-

stitute another size distribution by using ISIZE = 5 and adding the

necessary extinction QE(5,J) and absorption QA(5,J) coefficients as a

function of wavelength ALAM(J) within the subroutine. The height dis-

tribution specified ‘by 1AERO (Table 3-1) will be utilized for either

IAERO = 0 (23 km visibility) or IAERO = 1 (5 km visibility). This para-

meter is set in subroutine ALTGEN (Section 4.3.1). The height distribution

may be changed by amending the BLOCK DATA array DA23.

St_I
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TABLE 5-1

CMSP INPUT DECK CONFIGURATION

Card Number Description Column s Used

1 the word TITLE 1— S

2 any title desired 1-80

3 the word PARAMETERS 1-10

4 $ INPUT beg inn ing in column 2

4a as many cards as
4b necessary to input,

in NANELTST form at
any cons tants which
differ from the de-
fault values set in
BLOCK DATA

5 $ END beginning in column 2

6 the work RUN 1-3

(cards 3-6 may be repeated for any number of
runs with changed constants)

Last Card the word ENDJOB 1-6
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TABI,F ~ - 2

PARAMETERS Wh iC h MAY BE SPECIFIED iN NAM E L I ST

BLOCK DATA Defaul t Subrou t Inc
Name Va lue _____ - - 

Used 
- -

FCL. 1.0 IN1TAL
l:CLNO 3 1 .0 I’NOX
I~Il2O 1.0 INI1AL
ENO 1.0 (not used)
IK K 1 .0 SI T(JP
11 59 (i’ll!!
I’ll 1 .0 CPIII 1

1.0 (:i’hII I
l’.J03 1 .80 x l() .JACOLI

1.0  CXI ,
F.JFC 1.0 CX I.
TI, 3.15 ~ 10 CXI.
RN 2O 2 . 50  X iO ;() t~~h 1 (
RN OX 2 .00  x 10 CSI ’FC
RCII4 1 .S0 x I 0
Rh I ‘) . 3() \ I 0, (S I’l- (
R1-12 1.30 x 10~~ CSl , I _ C
RCII 3C 1 . SO ~ it) C SI’I - C
RCI,x 1 .00 ~ 10 1 ) CSI~I:C
RCCL4 1 .30 x 10 CSPI C
N EI )h ) Y 1) SI I IIP
R03 3.00 x io 

8

SCNO 2 1.0 PNO X
SCCLO3 1 .0 COMP.)
SC1I.’02 1 .0 X)MP.I
SCN20S 1 .0 (‘OMPJ
[‘1120 0 cxiii —

R112 .00 x 10 CSh’l C
LAT 30. WE I GIIT
DEL 0. , wEI(;IIT —

JNO3 1.3 x 10 I’NO X
RA ) BLOCK DATA RCONST
1111 ARRAY RCONST
I S W I I  I RJ I TER
1S1 1, 4 QSCAI1
I SCATE 1 ILl I 1’ER
RIF 0.2 V I M  
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PROG RA M HAIN(I$PUT,OUTPUT ,TA PE5’ INPUT ,T APE6’ OUTPUT ) 000100
~~~ C 

__________ 
000 120

~~~~~~~~~~~~~~~~~~~~~ MODEL STU DY PROGRA M — V~~R STON c
C 0Jc1’0
t.....MA TN ~‘U TI~~~,.RE*DS K~YW 3 ’~OS, Ct~L.LS SUBROIITP4FC 0J~ 15(a

03 1. 1~~aC.,.,.VE -A STCP I .I LEVEL 7?lOu t 03 (i7~
N .D.SZ t., N.T~ I°P , P.6. ISAICS , U ,lc. IIIRKE 03t 1R0

r. JJ01°LI
0~i0 ’~ u

S S I • S S S •• • • •s  . S I I • I S • •~ S • • S • • I  . e I... S • I I  I • . S I e  I S S I • I S  I I I I • S S 5 . 5  • • • I  ...300 ~,J 0
000220

°~~ i rr~ Lc1n, TIrLE(6)
T~4TE ~~F~ Y . Y S ( 1 0 ) ,  X T ( j ~~)Cr) i’iOW i.~rA ) l  TIT1E, ICOflE ,VERc ,L~~4FL ,OA TW ,IRI tN ,1PA f ,NLO~ 00025u

flAT A k~ Y~ /t 4TTTL ,J9~ UN~
C 00 (2~ 0

ICOflF :117 00C2~ U
~IE ,(C: 5~ ~LrV t L :7 ? LJ0L  01 ) OJLO
‘~~U DAY 000320

000330.....RE~ O KE Y WO ~ )S 
- 0003 1.0

000350
i0~ ~~~ _ L  P4 EY3 1t0 1IC .IFORh,X T 1 (W N), RE~~UqNSt~9.9j -_ - 000360

GO TO (200, ’50,700) , KWN 000370
-  -- 000330

.....TITLE — TITLE FOR OUTPUT — 1P,ITLALIZE ~UN 000330
- - - - - — — - 

0001.00
200 READ (1C ,t ) TI lL 000~ t0

- 
WPI TE (6,p. flTL - 

0001.20
CA.... ALT GE II 0001.30
GO TO 100 - — - 000 1.1.0

0001.50
~.....STEAOY—STAT Z CALC ULATIONS - - 0001.60
C 0001.70

250 CA ..L PH OCH M . - 
0001.30

GO TO 100 000h~~0
0 0 0 5 0 0

700 GO 10 too  o o o s t o
- -  - 

000520
9j 9 W R IT E  (6 ,1.) - - - - 

0 0 0 5 3 0
____________________________ _____ 

00051.0
ST) P 0 0 0 5 5 0
FO~ MA • T~~~0~~~P -

3 rO~ MA T (/ ,T10,10A.)  0 0 0 5 7 0
I. FO~~N*T (/ /T t 0 Lø 

~~~~~*L I~ 8 Et4~.~ I 000530
0 005 3 0

E’IO 000610
SU3RO UTIME AL TG E N 000! i2 0

C 00051.0

~ ............. CNLORIME NOOEL SEUD Y PR)GRA ~ 0 0 0 6 50
_______________________________________— — -— —— -  _ _ _ _ _ _ _- . -  000s6o___

~.....SU0R0UT1NE ILIG EN — FILLS UP A L 1 ( — )  ARRAY 000 5 70
- _ ___________ 

- -  --  - 000610

~~~~~~~~~~~~~~ 1..0 LEVE L 770211. 0 0 0 5 3 0
C!..I.E.~.f.nINC ._ L.PEkkV. N.,T!1~P. 0 0 0 7 0 0
C 0 0 07 10
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C O I M O N  / I N TO E N/ D O S I N T t 4 I ) , D N T N I  (1 .t ) ,OA INT ( 1.t )  0 0 0 7 3 0
COMMON INDOFL~ ALT (1.t),TEI4P (4t),DM(1.i),DItJ(l.1),0A23 (l,1) 00071.0
C O M M O N  /~ OC~~O’4 , W L ( 100 ) , FL( 100) ,QOi (100) , f)03 ( t O0) 0 0 0 7 5 0
C O M M O N  /SOL~~P4t! Q C F 2 ( i O O ) , Q CF3~ i 9 O ) ,QC CL1 . ( t 0 0 ) ,Q CH3 (j 0 0 ) , 0 0 0 7 6 0

X QC LN OS( 100 ) ,0 N 2 0 ( 1 0 0 ) , Q H N O 3 ( t 0 o ) , Q i 2 0 2 ( t Q o l ,Q N2Q5 ( 130 ) ,  0 0 0 7 7 0
‘V O1 L ( 1 0 0 ) ,~~H)t ~. ( t 0 0 ) ,QN O2( i 00 ) , I~P4 2 O ( t 0 0 )  0 0 0 ’ 3 0
~E*L DAO5 (3) 

- 
0 0 0 T g o

oar * OAOS /1. 378E01.,t.8I.k 0 3 ,2.1.53E02/ 000300

- - — - - 000320
A L I( t ) 0.0 

- - 

0 0 03 3 0
30 10 Iz2, l.i 

______ 00031.0
10 ALI (I) :ALT (t—1 ) ,2.0E5 000350 H-

- - - — - - — .-- 000360
FL(2q) = i .09E+t2 000370
F L ( 3 0 )  2• I.Or+i2 

- 000330
FL. (3j) 3 . 7 5 E + 1 2  

- 

0003~~032) 5. 7 0 E4 1 2  
- —  - - - - - - 000 01)

FL(3 3 ) = 1.1.7E+13 0 0 0 3 1 0
~) ?~~~ ±iL _

~~ ~~~~~~~~~~~~  
000320

~L (35) 2.59~ +t3 000)30
= 3.20~ +i3    00031.0

000350
- 
DC.N03(33) ‘ .1.8E—18 000)60
~C.. NO3 (3k) 3.75E—18 000370
~C_ NO 3 (35) : 3.!SE—13  010 30
)C..N03(36) = 3 .O7E— t6 000330
-3C..N0 3C37) 2 .3tE—1 8 

-  -  0010 00
3C N03 (38) : t.5OE— t8 001010
1C_ N03(39) = i .18E— 18 001020
OC ..N03 (l.0) 3.51.E—1 9 001030
JC_ N 03 (1.t) 6.5?E—1 9 ooio. n
(A C.. P403(1,2) 5 .09E—19  001050
~C_ MO 3 (1.3) 

~~~~~~~~~~ 
001060

3C_ N03 (1.1.) 1..O7E—t 9 001070
~ç_ No 3 (l.5) 3.28E—19  O O t O O t ’
7CLNO3 (1.6) 2.61E—19 0010)0- t IC_ P403 (1.7) :2.02E 19 

- 
o o u o o

3C_ N03 (’.8) = 1.1.5E—19 001110
~C_ NQ 3 (1.9) :1.05E—19 001120
DCLNO3( 50) T.31.E—20 001130
‘~C..NO3 (51) : 5 .10E—20  

- 00111.0
QC_ N03 (52) 3.YOE— 20 001150
]C_ NO3 (53~~~~ 2.S9E—20 — —  -— 001160
3C N03 (51.) = 2 .02E—20 

— 
001 170

3C_ N03 (55) = i.1.9E—20 001130
~C_ N O3 (56) 1 .07E—20 001190

__ 1 Z.~4~
3(
~~~

) S . O O E — 2 1  
________________ D01! 00

‘~C . .N O3 ( 58 )  ,. 10E— 2 1 0012 10
~C_ P4O 3 ( 59 )  = 1. .eoE—2t 001220
QC~.NO3 (60) 3 .IOE—21 

- 

001230
]C .N03 (61) = 3 .20E — 21 0012 1.0
3CL N03(62 )  = 2 .90 E— 2t  001 2 50
IC. N0 3 (6 3)  2 .60 E—21 0012 60 
~C NO3(61. ) = 2.30E-2 1 0 0 1 2 7 0
OC_ N03(65) ? . IOE—21 00 12 30
)CL NO3 (66) = 1 .90E—2 1 0012 )0
DC.. r403 (67 )  i .70E 21 

- - -  001300

~C.NO 3(66)  = 1.50E-2t 001310
J C .N03(6 9) : 1 .30 E— 2 1 001320 
~CL NO3 (70) ‘ i . IOE— 2 1 001330
)C. P40 3 ( 7t )  = - - - - - - - 0013 1.0
OC.. N03(7 2) = 1..0E—2 t 05 1350

001360
&ER O~ OL HET NI MODE L IA ERO O ( 23K M ) ,  z 1(5KM ) 00137 0
COM Pt)TF TNT~ G 3ATF0 AEk OSO L DEN SITY n ni ~~*n
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________- 
. — -- -- - -

~~~~~~~
- — - ---- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~

IA ROa D  OOiS)O
1F (IAERO.r~.o GO T~ 6 _ _  -  

oo i~ o o 
-—

00 15 J~~1, 3 0 0 1 1 . 10
15 DA ’ 3 (J ) a 0A 0 5 (J )  

-— -  
00 11 . 2 0

~~_
‘. 16 NT ~ 1.1 

-  

001 1.30
DA ( NT ( N T ) a O A 2 3 ( M T ) ’ 3 . 7 5 E 0 5  

- _________ — 
0011.1.0

NTIII z NT — 1 001 1 .50
* 2.0E05  0011.60

OMINT (NT) OPUNT) ‘ 5.0E05 
-  

0011.70
00 20 .1 a t ,NTMI -~~ 001 1 .3 0

= PIT — j  00 11.90
IPt = I • j  001500
DA I NT ( I )a D A t Nt (T P 1 ) , ( D A 2 3 ( I P 1) , D A 2 3 U) ) ~~OELZ~~.5 00151 0

20 OMI NT ( I)  a DMI NT( IPt ) • (DIi (IPI) • O M ( I ) )  • DE LZ .c 001 520
001530

CA..L PAGE 00151.0 
001550

W R ITE (6 ,601) _____— 001560
WR ITE (6 ,602) (J , WL ( J) ,F L ( J ) , Q O 2 (J ) , Q D 3 ( J ) , ~ CF2IJ ) ,~~~F 3(J ) ,  00 1 5 7 0

I QCCL ~~C J , q CI-43 CCj ,Ja t , 9~~ 0 0 1 5 3 0
CA.... PAGE 001530
W~ CT F (6,603)  001500
W RITE (6,601.) (J ,W L(J) ,FL (J) ,QCLNO 3 (J),ON 2 O (J) ,Q141403(J) ,Q$232(J), 001610

QN 2~ 5 (J ) , Jz 1.99) - _ _~~~~~~ - -  001320
001630

601 FO~ M*T ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 9x, oo is~.o
1 •~~CF3’, öX ,’QCCL1.’, oX ,’QCH3C’/) 001~,50

602 FORMA T (IN ,15,IPOEI 3.1.) - 001660
603 FO~ M *T (1H 0 ,12X ,’WL ’,lIX ,’FL’, 1X , QCLNO3 ’, 0X ,’QN!)’, IX,’QN 202’,00l,70
• _ t SX .’~ P42p5’/) 001550
60~ FOR M AT (IN ,TS ,IP7EI3.1.) 0016)0

001700
R E T U R N  001710
END 001720
SU 9ROUT INE TN ~ A RM 001730

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
001750

C...~~.CN301. — CiILORINE MODEL STU0Y PR3GR~~ 001760
001770...~~~SU3RDUTINE ~A RM - READS AND WUTES RUN VA R IABLE S 0 0 1 7 3 0

C 001750
.....VE~ SION 1..0 LEVEL 77021’. 

____ ____ 
001 3 00

.....E.R.1.,INC. N. IRIPP 
- 

001510
0 0 1 3 2 0

•I SI  • I I S S I S I I 5 S •  IS  I S S S S S S S S S S S 5 I S I •5  S I  S S S•  I S S I S•  S S S S S S S 5 5 5  5 S S5  S~~~ I S S I S S I  ~ 00 1 3 3 0C - — - - -  - 00131.0
COMMON 1EDOY/ Fkk,It, P1t ,P22,NE)OY 0 0 1 3 5 0

• - - 
Q I ~ .Q~ /M SC * T # $CNO2.S C1.Q~ .SCH2p21~SC11?Q~... - - 001350
~0P$MON /M O_ 4V 0 / X N(81I ,XH 2O (8 1) , PH2O,~~M 2 , X I L (8 1 )  0 0 1 9 7 0
çOMMOPI /PARj (~ I~ WI T ,TSTEp,TSTOP ,T~ OQP ,ZTPRNi,ZSIZ(,I$GA Il 001330
PEA L. JNO3 0 0 1 3 9 0
COMMON / R A T E S I  RA T E ( 5 5 15t ) ,~~A I 6 ) ,RB(65 ) ,J N33 ,PJ D3 0 0 1 ) 0 0
C O M M O N  /SFACT ~ FCL, F1120 ,FCLNO3 , N0 001 310
~9~ NON ~ RL3 W / RPI2O,RNOX.RCH1.,K F11.RF12.RC$3~ .RCLX. R CL1.. RQ3 - -  051920
COMMON /SPE OMf FJ, FJFC, TL 0 0 1 3 3 0
NEAL LA T 0 5 1 31 . 0
COMMON INTl A ( b ) , O L , L A T ,D EL  

— 
001 50

C0M~ ON / PA R~ / t~~ ,NNPt ,RE! - 
0 0 1 3 5 0

C 001)70
_____ 

PIA M EL ISI ~j MPIJ T~ rc L,Fc LNo3 ,r l2a .F No. FKK .II,pt1 ,P2!~~ Jos 1IswL T , 0 0 1 3 5 0  -
1 FJ ,FJFC , T.. ,~~N2O ,AN OX ,RCH 1.,RFL1 PRF12 ,RCM3 C, RC LX ,R C~ L1., 0 0 1 ) 3 0
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,JMO3,RA,RB 002000
3 ,ISIZE,!SCATF, REF 002010

R E A D  (S1IPIPIJT) 
- - - 

007070
00203 0

CAL L PAGE 00201.fl
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— ~-- -. —----- -

IF (IS WIT.EO.0) WRIIE (6,510) ISWU 002060
510 ~OR M&T (1H0,3X , ’FiXEL~ S~~~~ N G L E_ N ODE~~~— 15411CM =~~,L2) 002050

IF ( ISW IT .E~~.1) W RITE 1S,5 11)  ISWIT 0 0 2 0 7 0
511 FO R MAT ( 1$A,3~~~~2l,_P40U R A VERAGE ) NO)~ L —  IS4IT C H ~‘ L? ) 0 0 2 0 8 0

C 002030
CALL WEIGHT 002 100
WRIT E (6,511.) LAT, DEL ,A ,O1 002110

61’. FO R MA T (tHQ,~~~’CONTAu FAcTo~S FOR iHI5 RUNS~~//~ X, ’F) R LATITUDE a ’ 00 2 12 t9
1, F 5 .t , ~ I SOLAR DECLINATION *‘ ,F6, I ,3X ,~~AI’ S x ’ ,6(F8.’ .,’ ,’)~ 002130
2 5~ X~ ’DL - ~~~~~~~~~~~~ C S S  -- - - -  00211.0

IFUSCA T T . E 1 . f l ) G O  13 10 002150
- - 

_ W R IIE( 6 ,520)IS CATT  002160
52 0 CORMAT (IHO / ,1.E,eNULTIPLE SCATTE RING CALC UL Ar ION , ISCAIT z ’,12) 002170

CA _ L PAGE 002150
CA L L QSCATT 002190

10 CO’IIINU E 
- - - - - - -- - - 

002200
C 002210

WRITE (f~,~5Q ’.) —- 002220 — -
60’. ~O R M ~ T (1M 0~ 4(,~~F1UXE S AND  IIIXT’I G RATIOS FOR TillS RJIt~~) 002230

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 00221.0
506 FU~ MAT (IHO ,3I(,’RN2O =‘,1PE9.2,!X ,’RNOX ~~,E9.2,2X, ‘RC HI.’ z’,E9.2,002250

I 2X 1’RfI l =~~1E9.e1~~X 1~~~Ft2 =‘,E9.2,2X,’RCl13C = ,E9.2,002260
2 2X ,’RCLX =~~,E9.2l ‘.X,’RCCL4 ‘,E9.2,2~ ,~~R35 •,E9.2,002270
3 2X ,’R112 =f  ,E9.2) 

-~~~~~ 002’S 0 - —
WRITE (6,505) JNO3, PJO3,PI420 0022)0

505 ~~~~~~~~~~~ (~~MQ ,/’.X,aJP4~~3 = 1 1PE9.2,1.X, PJ0 3 ~~,E 9.2,1.t,’~~H2O ~~,E9.2)002300
C 002310

w R I T E  (6 p 5 0 0 )  
- — - 002320

500 ORN * T (1H0~ 1.~~,~~S—FA C TO RS FOR TIIS ~U PIs~ 002330
- -  

WRITE (6,501) FCL ,FCLN O3 ,FH2U ,F~I O -~~~ —- -- 00231.0
501 FOR M*T (t H 0 ,1X ,IFCL z’ ,F5 .2 ,2X ,’C LNO3 a~~,F 5.2,2X ,~~Fl!O a ’,~ 5.2, 002350

1 ?~~ ‘FN0 =‘~~F 5 . 2 )  
- - - -  - - - 0023 60

C 00237 0
4~Rt r E  (6~ 51?) - - 0023 90

“1? FO RMA T (Ip I0/ ,4X ,~~M U L T~ PLE ScATT ERIN G ~ACT OR FOR 1113 PUll) ’) 0023 90
W R t T E (~~2513) SCNO2, SCC LO3 , SCH2 ,S~~~~~~_ _  - — - 0021.00

513 ~O RMA T (1H0 ,3(,’SCN 32 =~~,F5.2,2~ ,’SCC_ 33 =~ ,F 5.2,2K,~~SCI12O2 =~~~, 0021.10
I F5 .2 ,2X ,’S~ N2O5 = ‘,F5.2) - 0021.20

C 0021.30
C A L L  CPHII (P1I ,P2a ,1I) 0021.1.0

0021.50
- 

c A L L  SETUP (SIE) ,S1) 0021.60
C 0 0 2 1 . 7 0

C A L L  R CONS I 
- 0 0 2 1 . 3 0

R ETURN 0021.90
EN) 

- - 002500
SU3RO UT INE SETU P (SIEP,N) 002510

• C 002530
C. . . . .C 14S03 — CHL O RINE M3OE L STUDY P )GRA I 

- - 00251.0
C 0 0 2 5 5 0
C SUBROUT INE SETUP 10 TRA NSFER RAW DATA WITH 1.1 L EV E LS T O A SE~ OF 002560
C NEW (A ATA MXIII 81 LEVELS 

- 

0 0 2 5 7 0
C ENTRY SETUPZ TO COMPUTE CER TA IN BAS IC C3EFF ICIEITS 002580
C 

- - 
0 0 2 5 ) 0

C.....~~ER STO N 3.2 
- 

L E V E L  7612 22~ 0 0 2 6 0 0
C.....F.R.T.,INC. W .O.SZE , N .TRI’P 002610
C 0 02 6 2 0
.. ..SSSSSIS..S...SSS.S...Is....II...SSSI.....I.SI.S.S..SIS ..SSISS..S..S002630

C _____________________________________ _____ - - —— 
0026 1.0  

- —- - 
CUMM ON ICOEFIIAA (8I),BB (81) ,CC (31) ,DL (lt) ,UU (3i ) ,U (St) 00 2650
COMMON / E DOY/ FK~~~~~p P1t~f 22 jNE) DY 

- - 0 0 2 6 6 0
COMMO N IP(O3FLf ALT RI) ,TFNP ( 1 .1 l ,OM ( ’.t ) ,O ID( ’ .t ) ,DA !3R1)  002 57 0
COMMON ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 2 6 3 0
COMMON / TF CIR#  FT, FA, F8,FM 0 0 2 5 9 0
R EAL F K ( 1 . 1 ) . F ( 3 1 )  0 0 7 7 0 0
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C NUNT EI’ S EDDY DIFFUSION COEFFICIENTS (MODIFIE D) — UP 13 50 KMS. 002710
DATA Ek/105_00 ,10.00 ,10.00,10.00,_t0.00, 3.00i3.0!,3.0G ,O.Z6,0.3~., 00272 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 3.20,1..00,5.00,6.1.0, 002730

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 2 7 1 . 0
396. 00 ,120 .00 , 150.00 , 190 .0 ( ,240 .00 ,3 0 0 . 0 0 , 380. I0/  0 0 2 7 5 0
IF (PIEO DY .E~ . t )  CALL EDCI (EK) 0 0 ? 7 6 f l
IF (NEDDY .E~3.2 )  CAL.. EDC2 (EK) 0 0 2 7 7 0
0 O 1~0 ~~~~~~~~ - 

002780
. J 2 ~~I~~1 0 02 7)0
C E K ( J ) a EK( I)~~1.0E 1.’FKK ________ 0 0 2 3 0 0
CD M(J ) =DM(I 002 31 0
C DA ( J ) z 0 A 2 3 ( I )  _ - 002320

10 CT !MP(J)aTEIP I) 002330
00 . 5 1=1, 1.0 _____ - -- 00231.0
J 2’t 002 3 50
IP1:I,1 

______ 002360
cE Ic (J)=sapr c~~K (1)lEK (IP i))’1.oEl.~ FKK 002970

— -  
CDI(J ) = SQ R T ( D l ( I ) ’ D N ( IP I ) )  

- -- — _002L80
CD* (J ) = S Q R T ( 0 A 2 3 ( I ) ’ 0 A 2 3 ( I P I ) )  002 3 )0

15 C T E M P (J ) z S~ RT ( T EM P ( _I) ’TE MP( IPI) )  0 0 2 ) 0 0
CALL PAGE 002)10
IF_ ( Q ~ ,~~~~~) W RITE (S,60) FK ( 

—~~ - -  002)20
IF (PIEDDY .E~ .1) W R IIE (6,61) FK< 002330
IF (NEDOY .E2 .’) WR ITE (6.62) FK( —________________ 

-  - 002)1.0
WRITE (6,65) 002)50

~RUE (6,65) (t, A L T(l) ,~~~K (2 I—1) ,C)M(2’I—I),CTEMP (2’I— 1) , 002)60
1 CDA (2’I—I) ,l=l,%I) 002)70

60 ~ O~~I1AT (1HO ,~~!,~~FKK :~~,F5.2 , ,  FACT3 ~ MULTIPLYING M JM T E N S EDDY 0100233 0
IFFJSION COEFFICIENTS ’) 002 990

u_ FO RMA T (1H 0,9K, ’F~ K =‘,FS.2,’, FAC TOR MULT I ’LYIN G ~~~~~~~~~~~~~~~~~~~~~~~
1FF JSION COEFFIC IENTS ’) 003010

62 ~O RMA T (1HQ~9X. F~~K ’ LF5.2,’,~~~ACT0R M ULT I3LYI N G CiA ~~G ‘S EDDY 01003020
IFFJSTON COEFFICIENTS ’) 003030

65 FO RM AT _ (iH 0~ t0X ,’4LT’ ,10~~~~EK ,jjX ,’UM ~ ,jtX ,’TEMP’,I 3X ,’DA’/) 00301.0
66 FOR MA T (2X,12 ,0PF11 .0,1P2E15.4,OPF 1.I.2, IPEI5.l.) 003050
- P~ TJRN -______ — 003060

C 003070
ENTRY SETUP2 003030
NM1:N—1 003090
PIM 2 M— 2 

_______ 003100
(A T=3.15576E7’STEP 003110
j~O 3 . 1 t ,N 

- — - —   — _ 003120
E( I)=CfK (I)’COPl (I) 003130

32 ~~~~~~~~~~~~~~~~~~~~~~~~~~  0031 1.0
00 33 1=2 ,1111 003150

33 CC (I)=SQRT (~~(I~~t)’E(I)) 003160
DO 31. 1 2,N12 0 0 3 17 0

3~~!~~J+i)aCC(I) - 003150
6 B (2 ) = S Q R T( E(2 ) ’ E ( i ) )  003190
00 35 I:2,M it  — - -  

003200
35 *4(I)=CC (I).R3(T) 003210

- 00 1.0 1*2,1111  003220
O L ( I )= U ( I ) ’ B B ( I ) ’ F A  

- -   

003230
1.0 OU (I)=U(I )’CC (I)’FA 

- —  00321.0
RETURN 003750
EN) 003’bO
SU9 ROUT INE W EIG H T 003270

C 003290
C.....C$303 — CH~.0RIME MODEL STUDY PR3GRAPI 0033 0~ - - -

C 0 0 3 3 1 0.....~ ERSI ON 3.3 LEVEL 770201 003320
N.D.SZE, N .TRI’P 003330

F C - - - - - - 
00331.0

C .... ..... ... ...... ......,.......... ... ........,....., ,,... ....I........ .003360
C fl fl~ 360

60 
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-

REAL LAT 003370
C O M M ON IWTF A (6),OL,LAT ,DEL 0033 30

~ t M~~ ftoN r~~i 
- — - - 

0035)0
DATA (iTq~~p R1OD/ .017b5329,57.29579/ 0031.00

C 0031.10
1*1 — LA T • 010 k 

—~~~~ — - -  
0 0 3 1 . 20

DEL = DEL • OTOR 0031.30
xi  * cos (LA r ) • COS OEL 

_____________________ 
003 1.1.0

X 2 i S 1 N ( L A f l~~’ SIPI(0E1) 003 1.50
a ACOS (-TA PI(LA f )’TAPI (DEL )) 

- 
003 1.60

DDL i 21.0. ‘ DOL • P 5 00 0031.70
01 a 0031.80 

- -
00 10 ~ = 1,6 0031.90
1 (1) x DT/2. • (I—1)’OT 

______ 
003500

III) = ( T ( I ) / 2 1. 0. )  ‘ OTOR 003510
C O S A P I c ,  = X1’C 3S (TU )) • X2 

_____ 003520
to 1 (1) = 1 .0/CO SA PIG 003530

DL = 2. OOL 00351.0
LA T = LAT • RroG 003550
DEL = DEL • RTOO 

_____________________ 003560
RETURN 003570
END 

________ 003580
SU3ROU TINE CPIII (P it , P22, I1)  0 0 3 5 9 0
COMMON /PH5 S/ PHIt (100)  _ 003600 - —

C 0 0 3 6 10
DO i D i  a_j,~~t - -- -- - - 0 0 36 2 0

10 PHI1 (J) = P11 0 0 3,3 0
0 

_____ 00361.0
111 = II • I 

- 

003550
- - -  

00 20 J lll~~72 -- 003 6 6 0
20 P1111 (J) = P22 003670

0 003580
~ETJRN 003590
EN) 003700
S U3R O U TINE !DCt (E K ) - - - - -  — 

003 7 10
0 _____________________________________ 003720
C ANA _ Y T I C  EDDY DIFFUSION COEFFICIENTS (‘ I.E—h ) 003730

DIM ENSION (((1.1) 00371.0
00 10 1 1 ,5 0 0 3 7 5 0

10 EK(fl j~~, -- - -— - -  003760
E K ( 6 ) =3. 0 0 3 7 7 0
E K( 7 ) a 3 ,  003780
E K ( 8 ) 3. 0 0 3 7 3 0
)0 20 1 9 ,I.t 

- -- 003300
20 EK (I) .35’EXP ((2’(I—t)—th)/9.55) 003310

RE TURN 003 3 20
END 003330

— 
SUB ROUTINE E 0 2  ( EK ) 

- —  - - - - 
00331.0

C 003350
C CHAN G’ S EDDY DIFFUSION COEFF iCIENT S_ — li P TO 50 KMS.(’ I.E— I.) 003360
0 00337 0

DIMENSION E(c1 .uLc~
c ( 1. 1)  

- -  — -  - 0033 80
DA TA CK/ 6’30. , 

-- - —— 

0 0 3 3 3 0
I t.8,t.2,.97,.7’.,16O,.50,.1.2,539,.3T,,37,.39~~.42,s5I,.6.1.i,8o~ —- 

003900
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2,17.,29. 1.9.,90.,155.,9’231.l 003310

0 003320
00 10 ~ = 1, 

- — -- 0 0 3 ) 3 0
10 EK (t) CK (T) 00391.0

RETJ PP4 
- - - - 

00 33 S0
END 

______________________________________________________- ——  ~S3360- —  
SU!ROUTINE R COM ST 003)70

C 
-— - _______________ - - 

0 0 3 13 0
C.....CMS O h — CHLORINE MODEL STUD Y PR3GRAM 001.000
C 001.010
C . . . . .S U B R DUTIN€ RC O PI S T — CALCULATES ~EA C 1lDN RATES FOR PP3G~ A M 001.020
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C 
- 

001.030
C . . . . . VER SZON 4.0 L E V E L 770211. 

- -  - 
001.01.0

C.....E.R.T.,IPIC. - - - - 

N.D.SZE, N.TRIPP 00 1 . 050
C 004060

~~lIl) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
C 001.030

COMMON /NDA I*/ CEK (81),COM (ei ) ,CTENP (81) ,CDA (81) 001.090
REAL JNO3  001.100
COMMON /RATES / RATE (65 ,at),RA (6;),RB (55 ),J14O3 ,PJ03 001.110
DiME ION REACTI (7,9),REACT2(7,3!jREACTL (7,9),_ 001.120

1 REAC th (7,9) ,REA CT5 (7 ,9),RE*CT 6 (7,9),kEACTS(?,63) 004130
_ _ _ _ EQJ IVA L EN CE (REACTS (1, t) ,REACT I (1p t)), 001.11.0

1 (REA CTS (j ,I0),REA CT2 (1 ,t)), 001.150
2 

-~~~~~~ (REA CTS (t ~ t9) ,REA CT 3U ,t)),  — 
001.160

3 (REACTS (j,28),FEACT 1.it ,j)) , 004170
I. EACT S( t ,37) ,~ EACT (i,I)), 004130
5 (REA CTS (t , 46),REACT S (1 ,I)) 004190
041* REACT 1/1.IOK 6,1.11 C113,1.HCL ~I,I1 = ,1.l1 0142,hIIC.. 1~~ 1.14 1120, 001.200 

-- - —
2 4111120 ,114+ O (,’.pI’D) .1.14 a~~114 2014,1.11 , 4.H , 001.210
3 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 001.220
1. 1.i1142 6,1.14 0 ( ’ ,4HO) .414 a ,414 )Il .1.14+ 1 ,I.il , 004230
5 

- - - 1.II~~ + O2~~A
l
~H M _,1.H * ,1.II ) 3 ~~,1.H~~ 4~~1.11 , 001.21.0

S 41111 • ,¼110 3 ,I.H ,1.li a ,IpH 311 p 1 . 1 14  32,1.11 p 004250
7 ‘.P4 O11 4 ,411 03 11.11 1414 ,414 102.1.11 + 3,1.112- ~ —- ~04?608 411011 4,4H 1120 ,4.112 ,4H =~~4H 120,1.11 • 1,1.1132 , 0 0 4 2 7 0
9 ~~~~~~~~~~~~~~~~~~~~~ H .1.H1~La411l~_2), 1iH2 I 00 1.2 3 0
DATA REACT 2~ l,Hll02 ,4H+ 3 ,I.H ,‘.H a,k11 )H ,l,H. 32, 1.11 • 001.2)0

2 1.111102 ,4il. 140 ,411 - ,4H_ , 1.$ 311 ,4H+ 43, 1.112 , 001.300
3 411402 ,1.H+ CL,4H O ,l.H = ,4H ICL,414O • ,41102 , 004310
4. 4111102 .1.11+ 11O,4H2 ,4.H ,I.H 120,’.H2 + ~I.P432 ,  0 04 3 2 0
5 1.~lHO 2 ,1.l4+ D H ,1.H p 1.11 = p l.H 120.1.11 4 3,1.12 , 0 04 3 3 0
6 4i41102 , 414 

~~‘
, ~,1.H IICL,4H • 3, 1.11? , 0 0 4 3 4 0

7 1.1411 • ,4111402 ,411 ,4H ,411 42 ,44. 32,411 , 0 04 3 5 0

~~~~~~~~~~~~~~ •j~~HHO2 ,4H ,1.lI ,1.H 2OH t~H ~~~ , 0 0 4 3 6 0
9 ‘.POH 4,411 CD .411 .1.11 ,4H 4 4 ,414 C)2,4H / 004370

- - -  OAI A REA CT 3’4~IC)11 4 ,411 p ,414 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ , 0 0 4 3 8  0
7 411DM 4~ 1.11 11CL ,’.H ,4 1 4  = ,4H I2O,l.H • C,1.HL , 001.330
3 411011_ +,1.11ç ,4 H ’ = ~~4H 120 ,’.H • C, 1.’l’lS , 001.1.00
4. 1.1011 •,‘.P4 1102,411 + 1,411 z~~4.p4 1110 .4143 4 ,I.HM • 0041.10
5 4110 1.~_~~~ ,k~~__ ,’.R ~,4H i2O1 4H • 4,4 H 0 3 , 00 1.1 .70
6 1.~40H 4,1.11 011 ,4H ,4H = ,I.H 120,411 • 3, 411 , 001.1.30

1.11011 4 ,4) 4 112 ,4H ,4H = ,1.H 12Q,1 . H 4 4~~I,II , 001.1.1.0
8 4ICL 6,1.14 112 ,411 ,1.H - p 1.11 ICL, I,H 4 4,411 , 0041.50
9 - - ‘.PICt. 4,~~~~ ~~~2 ~~ ‘.1$ 11CL14.11 # l,411U2 / 001.1.60
DATA REACT1.~ 1 .ICLO ,1.14+ P4O,(.H2 6 ,4HI = ,411 CLN , I.11O3 4 p 4ll N p 0 0 4 4 7 0

2 _ _  _ _ _  L i~~~~~!~~t4il - -  
,1.H - _~ 1~~H~ C4~O,hH • ), h12 , 0041.80

3 4HCL 4,411 C114,411 .411 a ,4H ICL,4H + 0, 1.1411 3 , 004430
4 4I CL O 1.H+ p ,4H ‘~~~~ _~~~~ i~~~~~~!s t4~ )?, 4H -  00 1.50 0
5 4ICLO p1.11+ M O p 4H p411 z,1.11 L ,4H+ 43,1.112 p 0 04 5 1 0
6 - 

414 0 11.HHCL ,‘~Pl ,4H ~~t
1pH 3 14 ,hl4+ CL , I.H , 0 0 4 5 2 0

7 ‘.110 + .1.1102 + ,4H N , i.H • ,414 )3 ,411+ 4 ,411 , 001.530
- - - Q LL!I~OI 1’.H _,l _.~~,9i ?0?,4H .44 , 001.5 1.0

9 4 4 1402 ~l11+ )lO,4H3 ~I,)4 - ,4.I4 420,4145’ .1.4 ,‘ 001.550
_____ - D A T A  REACT5’4414205,Sll’ ,4t1 .t.ll .Ii$ 402 ,1.14 4 4,1.1433 , 00~~56f l~~~~~~ — —

2 4111205,411’ • ,4HPI ,4H — p414 420,1.115 • ,1.HM , 0 0 4 5 7 0  

~~~~~~~~!I~~~ • ~~~~, 
_~~t kIt -- ~~~~~~~ 2O ,4H5’ •~~l~14 II , 004530

1.4110 4,1.14 03 ,1.K ,4H ‘phIl 402,1.11 • )p 1.112 , 001.590 
4 i¼ O3~ 1.H - ,I.H - ‘~~1.)l 403 ,1.11 4 )~~4 142 p 0 0 4 6 0 0

6 4’lMDZ ,1.114 3 ,4H p411  a~~I~H 40 ,I.l1+ 32 , 4 1 1  p 001.610
7 1.111120 ,1.11+ O (,4H’O) .411 .I.H 42 a1.11+ )~~~~~~~~~~~~~~~~ _ ,~~~~~_ 0 0 4 5 2 0
8 4141120 ,114+ D(,4M’D) .414 — ,1.H 2140,414 .1.14 , 0 0 46 3 0
9 

- —~~~~ ____

~

H N +

~~~~~~

p 1~~~ ~~~ ~~~~ l 4 2  ~~H• ) ,Iil I 00 1.6 1 . 0
D A T A  REA CT6 ’ l.IPI • p1.14 02 ,1.P4 ,1.14 ‘.411 ‘ID p1.11. 3 p hI p 004650

2 
- ____ 

4~lO(’O ,414) a ,1.HCFC ,4s 3 a ~ a.pi RO1s,sDl~~1,I.14S , 00 1.660
3 4H O( ’ O ,1 .H )  • ,4HCF2C,411L 3 p 411 PRO, 1.NDUCT,1.HS , 004670
4 4lO(’D.414) a .b$C$3 .b$L a~ 414 311 .1,144 0 4.1 . 1 4 ?C .  • 004580

L— 

1-~ —
,

-
~~~~~~- :  _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _  _ _ _ _  _ _ _



- - -

5 4I40 ( ’O, 1.H) • ,4HCCL ’ .,4H ~44 ‘RQ; 1.140J 1;4PI S 0 0 4 6 3 0
6 (.140 D!1.pi ) • ,4P4~~_ ,1.Pj _~~~~4l4 ) 4,1.14 N p l.14 p 00 4 7 0 0
A 2j ’ i ) 4  / 004710

O 
_________________ ___________________ 

00 1.720
C SET U’ RATES A R RAY FOR 65 REACTIONS 004730

- _  
DO 10 1 a 1, 65 

— - 
_~~O4.7j.0

DO 10 J a 1,81 004750
10 R a rE (I,J) * ~A ( 1 ) ’ E X P ( R B ( 1) ICTE11 P(J ) ) 

_ _~~~~~ 004760
O 004770
C RE—CALC ULATE RATE CONSTANT S THAT 00 NOT FIT AR)~~E FORMJLA 004780

00 20 J = 1,81 0047) 0
— -  

RA I E (2 2 ,J )  2. 3 E — 13 ’ E X P( 8 8 0 ./ CT E N P (J ) ) f (2 .5 E 4 6 , C O N (J ) )  
- -  oO 4ffl O O~~RA IE( 37,J) a t.0E408’CDM (J)/(2.SEI94CDI4 (J)) + i.0t7 004310

20 CO~41TNUE ______ 001.320
C 004330
C PRI’IT OUT ALL R E A C T I O N S  AND RATE CONSTANTS A I B 0043 1.0

CA. L PA G E  
- — - 

004550
WRITE (6,600 )

600 FORMAT (I11D,3~ ,’REACTI 0N RATE (~ S A FUPICTIOI OF ALT ITUDE ,Z) = A ‘ 001.570
j,t1~~,’EXP(3/TEMP(fl)’/l4X,’NO.’,15X ,’REACT [ON’,t7t,’A’,t~ x,’B’~) 004380

C 004390
30 30 1 =  l

~~
2_
~
i__ - —  -~~~~~~ 001.300

30 WR (TE (6,601) t, (REACTS(N,I) ,N=t, 7),R4(I),R3(II 004910
_ _60i  F O R MA T  (111 ,15,4X,TAI.,IPE13.2,O’Ft1.0) 

— 
DO 40 1 = 23,36 004)30

40 WR I TE (6 ,60 1) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 001.940
00 50 I = 33 ,51 - 004350

SO W R (TE ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 004360
O 004370
C PR INT EXCEPTI04 A ~ CASES —_______ 004330

W R I T E  (6,602) ( R E A C T S ( P I ,22) ,N=1, 7) 0 0 1 . 3 9 0
- -_( R EA CTS ( N ,37) ,N 1 ,7) 

-- - - - - 0 0 5 0 0 0
60? FO RMA T ( 1H0 , 3X , ’ REA CT IO NS WHOSE RATES ARE CALCULATE ) BY DIFFERENT 005010

l~~ORMLJ LAE AP!*’~ / 
_______ 0050?0

2 ‘.g ,’22’,4X ,7*4,5x,’R = 2.3E—13’,tll’, 005030
3 • E X P(8 8 o ./ r E lp (z ) / (2 . 6 E 1 8  4 NU))’~ 005 01. 0
I. 4g ,’ 37’ ,4.x , 7*4 ,5x , ’ R i .O E+8’ ,14’ , 005050
5 ‘l(Z)/ (2.SEI)+M(Z)) 4 t.OE7’) 005060
RETURN 005070
EN) 

- - - - 005080
SU3~~ UT INE P113C HM 005090

C 
O 005110
C .CH LORIME MODEL STUDY_PR)GRAI VERSION 4. 005120
C 

- -- - — 
005130

.....SUBROUTINE ~I43CI1M 
________ 005 11.0

O 005t50
C VF~ S 1ON 4 .0 LEVEL  7702 14 

__________ ____ 005 160
N. 0. SZE , N .TtIPP 005170

C 
______ _____ 005130 

• . .. •.. ... . . . ... .. . . .. . . .. .. . .. .. .. •.. • •,  •,  , • • •  , • •  • .. _ •  • • • .005 (90
O 00 5 2 00

DIMENSION Y (10) 005210
— COMMON /INT 0EN~ D03LNT(1.t),DNINT (4t),0*INT(41) - 005220 - - .

CO MMON /JVA./ CJO2 (50)pCJO3 (50)pCJCF2 (50)pCJCF3 (50)pCJC LI.(50), 005230
I cJCH 3cc5o) cAcLo3c3o )tciN20 (~!i,cJl4No3(5o) 005240
2, C J14 2 0 2 ( 5 0 1 , 0 J 0 3 t ( 5 0 ) , CJ 11205(53 ) 005 2 50
COM MON /NOOEL /ALT (I.t TENP (4t),~ M (4t) ,flU (4ti 1UA23 (1.L ) - 

005250
COMMON IN0ArA I  CE K (8t) ,COM (St) ,CTEM P ($t) ,COA (81) 005270
COMMO N /NET PR0~ PP( 4),SS (l.) 

— - 
_O05?i~~~.

COM MON /OLO/ 0J02 (1.t),OJO2 (1.t),)JCF2 (4t),OJCF3 (41),DJCCL1. (1.I), 005290
I 0J0143C (4I),OJC LO3 (1.tI,OJN2O (1.t),0J141433 (A1 )10J11202 (1,t),0J031(1.1), 005300
2 0JN205 (41),0.DOH (41),003INT (41),003 (ht) 005310

CO M MON /PAR *t/ STEP ,QQU ,PPL ,PPU, N 1~ _______—- 00 53 2 0
C OMMON /PARM / ISWIT ,TSTEP ,TSTOP, T LOOP,ITPRNr ,ISIZE,ISCATT 006330
RE A L JO?. J)3. JH?0. JNO 2. JN2D . JN?0S. JHN)3. JCH1.. JCF~~. flflS 31. fl

63
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X JCF3 , J IICL, J112)2 ,J I4OCL 0 0 5 3 5 0
C OM MON _/PHRATE / kOA (4t) ,JO 3(4t),JN20 (1.1),JN32 (1.1),~~ 23 (4L),_ 005350

X J4205(41),JHNO3 (4ji~~jCH4(4j) ,JCF2 (41),JCF3RI),JIICL(4t) ,-J11202 (4t)005370
____________ —- - 00535 0

COMMON /PRO~ ATE/ AA U0),BBU0),CC(10),00(11 ,EE (i0),~~G (j0 ,HH(io 005330
- 

-- REA L JNO3 0051.00 
- -

COM M ON /RA T~ S/ RATE (65,8j),RA (bfl p RB (65),JND3 ,PJO 3 005410
COMMON_/SOL~ O4IWL (100),FL(j~fl,JO2jjJO),QO3(t00) - - -  0051.20
R EA L NO,N02 ,110X ,N03, p4205 005 1 .30

- - cOMMON /SPECIE/ 14(41),O11 (41hHO !1JI~t41t,Q$ 1J,Qi~fltN O i.t,0051.40
I N02(4 L ) , 1 1 1 4 3 3 ( 4 1 ) , M O X ( 4 t ) ,CO (4 .j I , 02 ( 1 . t 3,C44.(1 .j ) ,H2O(4j ) , 112(l,t ) , 005 1.50

- — 2 CL (41) .CL3(4. f l~~)4 C L ( 4 j ) . C L X (4j ) , D C L x ( 1 .j ) , N p 3 ( 1 .j ) , N 2) H 4 i ) , .  ___  0051.60
3 CL PIO3(bt ) 0 0 5 1 . 7 0
_~~!14ON / PROOSF Pp 0OH (7 ,4 . t ) .S0O l ( 9 ,4 t ) , p Tj~~j ,J~.~~j l4 ( 4 1) , 0 0 5 1 . 9 0
1 Y Y ( 9 ) ,HHH( ) ,41)  0 0 5 1 . 9 0

D I M E N S I ON 3 ( 1 . t )  —________ _____  005500
O 005510

COMMON /TFCTR F FT ,FA,F8, FN
C S.S. ~T a0,  FA = ? , FBa 0, FH=0 : T .o . FT—I ,  FA’ t ,  FB =1, FMSI 005530
O 

________________ 
005540

LO ICA L NEXT 0 0 5 5 5 0
- - D A A T S E , /  - - 

-
~~~~~~~~~~ 0 0 5 5 6 0

cT * fl• 0 0 5 5 7 0
FA = 2.  0055~ U

a 0. 005590
FM = 0. 

_________ 005600
Mi = 31 o o s s i n
LL. = 1 0 0 5 62 0
LU :41 

-

~~~~~~~ 

- -   -  
005630

— 
14 81 0 0 5 5 4 0
STEP a j• oos ~ sn
M : t  _~~~~~~~~~~~~~~~~~ _.______ - - - 005660
sAX a 6.OE4S 0 0 5 6 7 0
(P5 = .001 005 650
(PSI a .01 0 0 5 6 9 0
CA~ L SETUP? (STEP .MI - — - -    005700
OQJ ~~~~~~~~~~~~~~~~~ 0 0 5 710 - 

-
PP —CEK(1) ‘CDM (t) _______ 0 05~~2 l!-
PPJ = —CEK (4)’CDM (N) 005730
c~~~~~~~~i _iiswiT,IScAi1 ..~~ _______ 

- 005740
0 0 0 5 7 5 0

—~~~~~~~ 1 0 
- 

0 0 5 7 6 0  
—

10 1 a 
~ • ~ 00~~77 0

IF (!.GT.50) GO TO 501 005730
IF (I.EQ.t) GD TO 30 005730
)0 12 J a LLL ,LLU 005500
DL DOK ( J )  = 311 (J )  0 0 5 3 1 0
003(J ) = 03(J )   

- _______ -— - 0053?U
I? CON TINUE 005530
30 DO 40 J * LLL ,LLU 

- - - - 005340
- 2’J — 1 005350

J02(J) = CJ32(J) 005360
J03(J) = C333 (J) 005370

_____- JH103 (J) a CJ IN33(J ) ~q5$jo~~ _ - —-
J$1202(J) = CJ 1202(J ) 0 0 5 3 9 0
~~~~ 5 ( J )  — J M2OS ( J )  

- - - — —_____ -- - - 005100 
—

01)4 1) = CJ 33t (J )~~O 3 (J ) F( R A T E ( 5 1 , L ) ’ D 1 1 (J ) )  005 91 0
l.a COMTINUE 

-_______________ -  ~~~ _ _.  - .105920
60 DO 100 K a LLL,LLU 005 930

L 2’k — 0 0 5 3 4 0
CALL INITAL (K,Y,I,MExf) 005)5 0
CALL SOL VE (K,ALP ,V ,N t) 

—~~~~~  -~~~~ .0059 50 -
DO 300 J 1,3 005)70

300 IP$pUJ,K) • 1414 (J) 
- 00 595 0

M1114(9,K) a PP (4) 005)90
AA (1)’2.

L 

64
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- - --~~ - - -- -—--- - - - -~---------——-----~ ---~~-- -..

DO3OM ( 2 ,K )  CC C I )   006010
PO)D11(3t~i ‘ CC~ 2) _ 

- - -  -- - -  0 0 6 02 0
PO)DH (l.,K) = CC (8~ 

- — 
006030

P03011 (5 , K a A A ( 3 )  —____________ — -  
00601.0

PO3DM (b,K) ‘ CC (S) 006050
P0)354 (7, K) ‘ CC (S) Q P ! ~ O _ _~CLCII1.(K) = R A 1 E ( 3 0 , L )  CL (K ) ‘ CP4 1.(K) 006070
SO)Ol1 (t ,K) 30 (2 )  ‘ 2. 

_____ 
0 0 6 0 5 0

S030H42,K) = D D ( 3 ) ’ 2 .  0 0 6 0 9 0
00 305  J — ____________________ -  

006100
30 5 S03011 (J ,K )  O O (J +3) 006110

S000H (8,k) = 2.0 ‘ RA T E ( t S , L )  • 11(K) ‘ I1O2~~ ) 00612 0 
- —SO ) D l4 ( 9 , K) = ~~ (7) 006130

100 CO NT INUE 
_____ ________ 

006 (4 0
0 06 1 5 0

- ~~~~~~~~~~~~~~~~~~~~~~~~~ 006160
108 00)3(K) = 03(r) 006170

CALL CFLOW (141,1) ___
~!~

18J
~~~~~~

_
00 110 K = LLL,LLLJ 0061 30

110 33 (K) ‘ (03(K) + 0003(K))/2. 006200
0062 1 0

DO 20 J L L L1LLU - ____. ____ - - -- —  0 0 6 2 2 0
O J ) ? ( J )  = CJO2 (J) 006?30

— 
DJ ) 3 (J )  = 0J03 (J) 

- ______

DJCF2(J) = CJ F2(J) 006250
)JCF 3(J ) CJC F3 (J) 

______ 006250
OJCCL 4.( J ) = CJCCL44J ) 005270
)JCI3C (J ) = CJC )4 3C (J )  

_____ 0 0 6 2 3 0
OJCLO3 (J ) = CJCLO3(J) 006290

= CJ M 2 O ( J )  0 0 6 3 0 0
0J11N03 (J) = CJ)4NO3 (J) 006310
3J11232 (J) a CJII2O2 (J) 0 0 6 3 2 0
0J331 (J) = 0J031(J) 006330
3J4205 (J) a CJM?05 (J) 

- - - -   
00631.0

003114T (J) DO3TNT (J) 006350
20 CONTINUE 006360

CA L L RJITER (!SWIT ,ISCATT)  0 0 6 3 7 0
IF ( I .EQ. l )  GO TO 10 0 0 6 3 5 0

C 

- —  -  

0063)0
DQ_ ~~~~J L~~~,j.LU 

- -  . - .  006400
E = ABS ((CJ)3(J) — 0J03(J))/CJO3 J)) 0061.10
IF (E.GE.EPS) GO TO 10  0061.20
El = A8S (C0H (J) — O LO O I I ( J ) ) / O 14(J ) )  006 1.30
IF (E 1.GE.E’St) GO TO tO 0061.40

50 CON TINUE 0061.50
502 CON TI NUE 

_____ 00 64 60- 
CALL 0311141 (41111,YY ,9,36) 0061.70
031N1 (LLU) = )3 ( L L U) ’ 5 .0 E 5   

- 006 1.80
LLUML = LU — ILL 0061.90

- - 
3j Q  K I, LLJML 

—- - -— 0 0 6 5 0 0
J L L U  — K 0065 1 0
JPI = J • 1 

_____________ 0 0 6 3 2 0
310 D3I NT (J) )3INT (JPI) 4 (03 (JPI) # 33 (J))’I.E5 006530

CA LL PRINIX (I,LLL,L.LU) __ 0065’.O
NEXT : .TRUE. oos;so
RETURN 

______ 0 0 6 5 6 0
C 006570

501 I — I — 1 
______ _________ 

006580
WRITE (6 ,601) 1  0065)0

601 FO~ MA T ( lH0/10X ,’DID NOT CONVEK ( IN ,I4,’ IIERAT IONS ) 006600
GO TO 50 2 — -

~~~~ b OSSlO 
- -

~~~~~

0 
- — _ _ _ _ _ _  _ _ _ _  _ _ _ _ _  - - 

006620
EN) 006630
SU9 R3U TI NE RJ ITE R ( ISWI T , ISCATT ) 

- 
00661.0

C flOM.F.fl

65
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_  ~~~~~ - -~~~~~~~~~--  -- - -
~~~~~~~ 

- --- -- ------ - ---- 

— CHLORINE MODEL STUD Y PR)GRAM 006670
C 

- -  - - - - —~~~~~ 00533!)
O.....VE~ SXON 3.3 

- 

LEVEL 770201 006690
N.O.SZf1 N.TRI~P -~~~~ 0 0 6 7 0 0

C 0 0 6 7 1 0
- 
_ ... .......... e........ ... ... ... .• ...... S•~~~•~~~~•~~~•fl•~~

CO MMON F RAT ~~S/R ATE ( S5 ,8 1) , RA ( 6S ) , R B ( 65 ) ,JNO3 ,PJO3 00 67 30
O 0 0 5 7 4 0

NT a 41 
- - 

006750
N A~ • 5.0(05 006760
IL — 0 0 6 7 7 0
IU • 72 

________ 006780
IF ( ISCATT .E0. I I IU ’ 99  0 0 6 7 3 0
~F (ISCATT.E1.j)PjO3’Q,o  — — 00630 0

s 
-- - 

006510
IF USW IT .E LO ROF = 0.5  — — 0 0 6 5 2 0
GM J  a .707 00653 0
CALL COL OEM (MT , HAV) 

_________

CALL COM PJ (IL,1U,GMU,R D F ,N1,tS~~I1,ISCATT ) 00 6550

- -  RETURN - 006350
END 00 6570
SUBROUTINE O~ DFNU4T1HAV ) - 006330

C OO b S3 0
THIS ROUTINE COMPUTES COLLMN 0E~SIT1ES OF UFONE —_  - 00~~3 0 Q

C O05~ 1n
C Mt IS TtiE. I10E N QU TM~ . tUf
C PIA~ IS THE AVERAGE SCALE HExGHr OF TOP LAY R O06~~3flC - - 00b~ 1.3

R E A L  NO,NO?,NOX ,N03,N205 006350
COMMON /SPECIE/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

I NO2 (41),11N33(1.1),NOX (1.t),CO(41),02(4j),CH1.(ht),1123(4j),p12(4j), 006370
2 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 006350
3 CL P4O 3(41) 006fl0

00700!)
COMMON /TNI)EM/DO 3INT (1.1) ,DMIN T (1.1),DA INT~~1.t) 00701 0

_____________ _______ - OOTL’O
14Th = NT — 1 0 0 7 0 3 0
OE_ Z a 2 .0E05 

- 0 0 7 0 4 0
UO3 INT ( NT)  = 0 3 ( NT )  • Sl AV 0 0 7 0 5 0
)0 10 J • *, NF M~ — — 0 0 7 0 6 0
I = WT — J 0 0 7 0 7 0

* 1 • 1  ______ - - O0 70~~
10 OO3INT (I) = O)3INT(IPI) + ( 03 (IPI) 4 03( 1) ) O EL Z ’ .S 0 07 0 9 0

RET U RN 0 0 7 1 0 0
END 00711 0
SUS UTIPIE OOIPJ (I~ i U a ~~MU,ROF ,P41iISWIT ,IS~ A IT )  0071? t I

_____________________________ ________ - -  007140
C.....CMSO3 — CHLORINE MODEL STUDY PR)GRAM 007150
O 007160.....~ ERSION 3.3 LEVEL 77020 1  0 0 7 1 7 0
C.....E.R.T.,INC. -— N.O.S~ E , N,TRI’P 007150
C 007(90

C 007210
- C TNIS ROUTIN ! COMPUTES J—VALUES , IL • 4 OW E R ,INIT , g~~ - U PPER L I MI T 0O??? 0

C GP4 J • SOLAR ZENItH ANGLE 007230
C ROF FLUX REDUCTION FACTOR 0 0 7 2 1 . 0
C MT a INDEX MU~ BEP OF TOP LAYER 0 0 7 2 5 0
~ _ JSWIT a SWITCH USED IN C OM PUTIN T RA M FROM IA ) )
O ISCA T T • SWIT CH FOR ABSORBING OR SCATTERIN G MODEL 007270

COMMON /HOOZL lALT 41)pTENP 4P ,)NC 4t tUIO~~4)jO*Z3 (pt 00778 0
CO MMON /INIDEMI 0031N 1 (4t) ,DN IN I (41) ,OA INT (b1 ) 0072 90

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 7 3 0 0
I ~J~ i i3 C(50 ) ,CJ C L O3 (S0) ,CJ $2O (5 ) ) ,CJ HH 33( S I )  0 0 7 3 1 0
2. CJ 54 2 0 2 ( S 0 ) . 0J 0 3 1 ( 5 0 ) . C J N 2 O S (5 0 )  0 0 7 3 7 0
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0M140N /NSCATI SCMO2 ,SCCLO3 ,SCHZD2,SCN?0 5 007330
CO M MON ~P54I5~ P1411(1 00) 

- -  - - 
00731.0

RE~ CJO2,JO 3,~~~IO,JNO2 ,JN 2O ,JN235 ,JHNO3,~~ Hb ,JC~ 2, 
- 

007350
- 

X J F 3 ,JHCL ,J14202 ,JHOCL 
- - 

007360
COMMON /PKRA TE/ JOZ(4t),JO 3 (4t),JH2O (ki),JN)2Cl,t),JI~ 3(4t,), 007370

X JN2DSI41 ) ,JNNO 3 (4j),JCH4 (1.j),J F2(4t),JCF3 (41),JHCL (1.j), _____ - -  0073 5 0
Y J54202 (41),J543CL(1.t) 0075)0
COMMON ISOLCOMF WL (t00),FL(iOO),QO2(tOO),Q03(100) O07~ O0
COPINON IS0LCNt~ 2CF2(100),QCF3(100),QCCL4 (100),QCHS (100), 007410

- 
- 

X QCLNO3(t00)~~QN2O (100),QHNO3 (10~ ),Q42OZ(t00)1 QN2O5(13O)~ - — 0071.20- 
Y QlCL(tO0),)N3CL (t00),QNO2(l00),(~H2O(100) 

- - 
0071.30

REAL LAT  00T1.1.0__ —
COMMON /W TI A( 6),OL,LAT,DEL 0i71.50
CO MMO N /SCA ITAU INT (t00 ),F(41 ,tO 0),FAV(1.t,100),FLUX(4t , 007460
OTM ENS ION P111 (100) 

- - -- - -  
007470

C 
_________ __________ 

0071.80
C COMPUTE COLJ?414 DENSITIES, STORE) IN DD 3INT ,)MINT, 0071.90
C COMPUTED IN SUBR OUTINE COLDEM 007500
C IF ISNITCH TH EN FIX GNU FOR INTEGRAL ELSE CALL CON PIRU 007510

-
- C IF ISCATT DO MULTIPLE SCATTERI)G CALCULATIOM AND _____— 007520

C WEIGHT FLUX FAC TORS IF ISW IT -  
007530

PO2~~ 0.21 
—- -  0075 1 . 0

IF(ISCATT.E~~.0)G0 TO 50 007550
tF (ISWIT.EQ.0)GO 10 60 ____________ 

_
~1?!~i_ _ _  -

- - 00 65 I=t, P4T 007570
— - 00 66 J I L ,IU  — — . 007550

FAV(f ,J)=0 .O 007530
F (I1J)=0 .O 007600

66 CONTINUE 0076t0
65 CONT INUE 007 5 20

00 70 KK =i, S 007 6 3 0
~NU l ./A (KK) 

_____ 007640
C A L L  OM EGA (M T ,!L,IU ,GMU ) 007550
00 8 O I I ,~4!  - - 007660
DO 90 J=IL ,IU 007670
FAJ (I ,J)=FA J ([,J )4F (I ,J ) ____ - 00761 0

90 CONTINUE 007590
SB CON TINUE 007700
7 0  CONTINUE 007710

DO 75 1=1 , 141 
——  - - — — 007720

00 76 J 1L,IU 007730
— 

F (I,J) =F AV ( I, J) ‘DL’ 2 .11036800 . - -  - - 
00771.0

76 CON T INUE 0 0 7 7 5 0
75 CONT INUE 

- - - - - - - 0 0 7 7 6 0
GO T O 50 

- 

0 0 7 7 7 0
60  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — __ _ _ - - - 00 7 7 8 0
50 CON TINUE 0 0 7 7 9 0

DO 10 I t,M1 - - - — - — -  - -  o0__7~_ 00
TE1P2 * 0.0 007510
TEM P3 = 0.0 

_____ 007520
TEIP4 a 0.0 0 07 5 3 0
TE’A PS z 0.0 0 0 7 5 4 0
TEIPB a 0.0 00 7 85 0

— 
T(14P7 = 0.0 __________________________________ 0 0 75 60  

- -

TEIPO a 0. 007570
l E A P) = 0. 007380
TEIPI O a 

~ • 007590
TEM PI I 0. 00 7)00
t ElPt 2 ~ 0. 

- 
007 3 10

—~~~~ TE MPI3 O. 007)20
TEMP1I.s 0. 00 1)30
TE $ P 15 a 0 .  007 9 5 .0

- 
t~~ P16aO. 

- -  - 0 0 7 ) 5 0
00 20 J = I. IL) 

_____________________ 
007 )60

7 
- 

007)70
TA .) - 003(J)’OO3INT (I) • Q02(J)’OMINT (I)’PO’ 007980

67
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- IF ([SWIT.GT.0) GO TO 100 007~ )U
TA LJ a — TAU~ 3M U 

- 
008000

IF (TAU.GE .— t5O. Gô Tô T 
—  - — -- 

008010
TRA M — 0. _____ - -  

0 0 3 0 2 0____ — -  
_ 

008030
5 TRA M a EXP (TAU ) 

- 
008040

GO TO S 0 0 8 0 6 0
t O O  C A L L  COMTAU (TAU,TRAN ) 

- - 
0 0 8 0 6 0

TRAM a TRAN’(DL~~t036e00.) 008070
GO TO ~ 008030

7 TRAN’F(I,J) 0080)0
—- 6 TEIP? TEMP2 • FL (J)’Q02 (J)’TRA N -— — - 0 0 0 1 0 0

TEIP3 a TENR 3 4 FL (J)’QO3(J)~~TRAN 008110
T EMP a TEMP4 + FLj~j9 QCFZ(J) ’TRAM 00 81 20
TE ’4P5 • TENP5 + FL (J)’QCF3 (J) • TRAM 008130
TE NPS a TEM PS + FL (J ) ’ Q C CL 1.CJ ) ’  T RAM — •~~~~~__  -  00 8 1 1.0
TE MPT a TEMPT • FL (J ) ’ QC H3C(J ) ’  TRAM 008 150
T ENP3 a TEM PS • FL (J ) ’~ CL NO3(J ) ’ T RAM ’ Pl I1 (J )  —— .. i ~~ *J ’0 —
TEMP) — TEMP 9 + FL (J ) ’ Q N20 (J ) ’ T RAN 00 8 170
TE~4P10 =TE p4P10 . FL(J ) ’ QslNO3 (J )~~T RAt4 ____ - 008130
TEIPII a TEIPII • FL (J)’0H2O2 (J)’IRAN 0081)0

. 1EI4!ILaJEAPIZ_•fLIJ)’QNeOS(J)’IRAN _~~~_ _  - 008200
ENPI 3 TENPI 3 + FL(J)’QHCL(J) ’TRAN 008210

.._ !EM PI4ZTEMPI4 • FL (J)’QHOCL (J)’TRAN _ DOO ’? O
EMP I 5— TENPI 5 4 FL(J)~~QNO?(J) ’TRAb 008230

- IEM!*6ZTEMPIS • FL(J)’~ 542O (J)’TRAN  008240
20 CONTINUE 008750

CJO2 ( I) — T~ M’2’RDF ________ ____ 0 0 8 2 6 ! )
CJO 3(I) • T~~MP3’ ROF 0 0 8 2 7 0

- 
CJCF?(I) = TEMP5.’RDF 0 0 8 2 5 0
CJCF3(I) • TEMP 5’ROF 008290
CJCCL4 (I) = TEMP6’RDF 008300
CJCLISC(L) TEMPT’RUF 

— 

008310
_ c ~IcLo 3u) a TEMP8’ROF’SCCLO3 00832 )

CJ~ 2O (II a IEIP)’RDF 008330
CJHNO 3(I) = TEMPIO’RDF 008340
CJ11202(I) - TENPI1’RDF’SCII?02 008350

- CJM Z OS( I )  = TEHP1Z’RDF’~ çN2O5 — _ _~~~  008360
JHCL (I) TEM PI 3’ROF 008370
JHDCL (I)zTEMP I’.’RDF 008350
JN )2 (I) TEIPI5’ROF 0083)0

- -  -— JH2 0 (T)=TEMPI (•ROF  006400 —
10 CONTINUE 008410

PHI(5 3 )  a •7 0081.20
P111 (54) • .05 0081.31
DO 3 O 1 z~~~NT -  008440
TEM P3I • 0. 008450
00 40 J a IL.55. -— 0051.60
IF ( ISCATT. EQ .t )  GO TO 110 0 0 8 1 . 7 0
TAJ •~~ O? (J)’ONINT( !)’PO~ 008450
IF (ISNIT .GT. 0) GO TO 25 0081.90
TAU-—TAU IGMJ______________ 008500

-- 

!F (T*U .GE. —150.) GO TO 24 008510
— -  - 

TRAN aO. 003520
GO TO 27 008530

24 TRA NaEXP (TA%J ) 
_____ 00855.0

GO TO 27 008560
25 CALL CONTAU (TAU ,TRAN) _ _ _ ~~ _ 008560

TRAM • TRAN’(OL/1036800.) 008570
GO T O 27 — -  -_________ jJJ58 0 — - -

110 TRA NzF (1,J) 0 0 8 5 9 0
27 F~~~~.GT.5 2)_j jq~~~~ ____ 0 0 8 6 0 0

PHE(J) • 1.0 0 085 1 0
• 

~ O TEMP 3t TE iP3I • FL (J ’PHI J)’3~ 3 jfl’1RAtj _____- -   0 0 8 6 2 0
30 CJ3 31(I) • rFMPSI’ Ro F 0 0 8 5 3 0

(.LL I flftA6i.fl

(8 
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o c n
W RIT E 6,~~~~1) 

- - _ — --  0 0 86 6 0
W R ITF (6,602) (ALT (J) ,CJO2(J),CJ03 (J),CJCF 2(J),CJCFJ(J),CJ331(J), 008670

I JHCL(J) , JHOCt~~~~,JMO2j~~ ,JHipc J), J’LLL, LLU ) 008630
WRITE (6,1603) 0086)0
WRIT E (6,604) (ALT(J) ,CJCLO3 (JhCJN2O (J) ,CJ INO3 (J! ,CJH2Q .’(J), 008700

1 CJN2 05 (J),CJ CL 4 (J),CJCH 3C (J),J LLL ,LLU ) 008710
1601 FO~ NAT (

~~ 15~ i’_LA~!1T E R AT I 4 f J ~_ II ,X,’ALT’~ 6X ,’CJO 2’, 7X ,00e7?fl
1 ‘CJO 3’, 6X ,’CJCF2’, 6X ,’CJCF3’,6X , CJO 3I’,3X ,’ JM L’,SX , 008730
2 ‘ JNoCL’1~~1’JNO2~ 56x.~~~ JH2o’/F) - 008740

60? FO~ MAT (111 ,ODF .0, IPO9E1I .3) 008761
- 
1603 FO RMAT (t116,5X ,’LAST ITERATION • 1’~~ — 008760

A SX ,’A L T’ ,SX ,’CJCLO3 ’ ,5X , “CJN2O’ , 0 0 8 7 7 0
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 008790

60’. FO RM A T (111 ,OPF9 .0 , IP07EII.3) 0087~~0
RETU PN 008300
EN) 

_ 
0 0 8 3 1 0

SUB ROUTINE CO ITAU (T A U , T R A N )  0p 85? fl 
-

C 
_____ ______ _________________  00891.0

O.....CMSO1 — CHLORINE MODEL STUDY PR)GRAI 008350
C _____________ 008360
- .VERS1 ON 3.3 LEVEL 770201 008370
C. ....F.R.T.,INC. N.O.SZE, N.TRIRP _ 00835fl
C 0083)0C . ... .... .. •~~. • •
c 008310

~E* L _~~~~~~~ 
008320

COMMON / W T/ 4 ( 6 ) . D L , LA T , DEL 0 0 8 9 3 0
-- TF (IAU.GT .1.E—3) D TO 10 ______ _____ - -  006940

IRA N = 01/3600. 008)50
RETURN 

-    
008)60

O 008370
10 T R A M  = n.e 

— -- -- 008980
IF (TAU.GT .50.0) RETURN 0083)0
T =  —T AO ‘ 4 ( 1 )  0 0 9 0 0 ! )

C TEST FOR (JN)ERFLO W 009010
IF (T.LT.—100.0) RETURN - 009020
IRA N EXP (I) ‘ 2.0 009030
T —TAO • 4(2)  009040
If (T.LT.—100.0) RETURN 009050
TRA M = T RAN • 2.0 ‘ EXP(T~ _________________  009060

— TAU ‘ 4 ( 3 )  0 0 9 0 7 0
IF ( T . L T . — i 0 O . )  R E I J R N  

- - • 009050
TR A M TRAM 6 2.0 ‘ EX P ( T )  0 0 9 0 ) 0
I — T A O  ‘ 0(4) 009100
IF (T.IT.—tOO .) RFTJRP4 009110

- -  - 
TRAM = TRAN • 2.0 • EXP (T)  009 120
I • —TAU ‘ A ( S )  00913 0
IF (T . LT .— t O O . )  RETURN 00914 0
TR A M - TRAM • 2 .0  ‘ EX P ( T )  oo q i s o
T = —T*U • 0 ( 6 )  

- -- —  009 160
IF (T.LT. —tOO .) RETURN 009170

- 
TRA M = TRAM 6 2.0 ‘ EXP(T ) 

— 009130
RETURN 0091)0
EN ) 009’00
SUBROUTINE INtflL (X,Y ,II,NEXt)  009210

O 009 ’ 2 0
D IMENSION Y t i O ) ,RR ( 3 )  -  

0 0 9 2 30
R E A L  NO,N02,NO X ,N03 ,N205   00925.0
COMMON /SPE IE/ H(kt) ,OH (l.1),HO!(41),11202 (1.1),03(41).D (1.t),N0 4t),009250

1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 0 92 5 0
2 CL (41),CL3 (1.t),HCL (4t),CLX(41),OCLX (1.t),N03(l.t),N?35(5.1)-, 009’70
3 C.N03(4t) 

- - - - - - —-  009250
CO MMON / H O O E L / A L T (4 t ) ,T E H P(4 1 ) , ) M (4 1 ) , O I O ( 5 . t ) , 0 A 2 3 ( h t )  0 0 9 2 9 0
COMMON /SFACT ~ cCL .ci4?o.cr.LNo~.~~P lo f l f l~~ fln

69



_____ - ~~~~~~

LOGICAL NEXT 
- .  

009510
0 009320

IF (NE XT ) GO 1) 10 009330
IF (II.GT.1) GO TO 10 009340
FC) • 1.0 0 0 9 3 5 0
CO( K) a CO(K ) • 011(K) • FCO —-_ _ _ _ _ _  ____ -  009360
02 (K) — 0.2 • DN(K) 009370
42(K) = 0.5E s OM (K) 009350
CHAlK ) = CH4 (K) ‘ 011(K) 0093)0
DCLK (K) = CLX (K) • FCL 

_______ 0091.00
CLXIX ) = CLX (X ) ‘011(K) ‘ FCL 0091.10
1120 (K) = 1420(K) 011(K) • FH~ O  0091.70
NOX (K) a 113X (K) 011(K) 0091.30
011(K) = 011(K) • 1.1 009440
1107 ( X )  = 1132(K) • 1.1 009450

10 Y(t) = 11(K) 
- - -  - 

_  0091.60
~~2) a 0111K ) 0091.70
Y (3) = 1102(X) 

_________________ _______ _____ 
009430

Y (1.) 03 (K) 0091.90
009500

20 J=J+t 009510
IF(J.GT.I0~GO TO 50 ____ 009520
TNO ’MO (K) 009530

- - — TNO2= N02 (K) -— -— 00955.0
T HNO3=HN O3 ( K )  00q 5 50
CAL L ~~~~ ~jç~ _ ______ -  009560
CALL PNOX(X) 009570
PR(1) =TN Q~~~~(() 0 0 9 5 3 0
RR(2 )aTP4O2~~ O~~(K) 009530

_ RR( 3)=T HNO 3FMN O 3(~~) 009300
00 25 Mz1 ,3 009610
IFI RR (PO.GT.1.005.OR.RR (PU.LT.0.995 G0 TO 20 009620

25 CONTINU E 009630
RETJRN 

____ 009640
50 Ja J— t 009660
-- RTjj (6,650)J ________________ _ 0 0 9 6 6 0
650 FOR MAT( IHO ,5X, ’DIO NOl CONVERGE IN IN ITAL II ‘,13,’ TIMES’) 009670

ST)P 009 5 30
EN) 009690
SUBROUT INE PCLOX (K) 

- .  009700
0 009710

- - 
_C~ MMON /JVA../ CJO2(50),CJ03(50),CJCF2 (50) ,CJCF3(50) .JCQ~~4(50), 009720
1 CJCH3C(50),CJCLO3(50),CJM2O (511),CJHN3S (50) 009730
2 , C J 5 02(50 ,0J031(50),CJN2OS (50) -- 00975. 0
COMMON ,NODrL,ALT I.1),TENP 4U,DN 4U,010 1.H,0A23(1.t) 009750

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ JC11~. JCF2, 009760
X JCF 3, JHCL , JH2)2,JHOCL 059770

4 - COMMO N /PP~~ATE1 JO2(41).JO3(4t1iJH2O (4i).Jt43~ jSU,J~j~~~(l.V). 009730
X JM 205(4 t ) , iH40 3 (4 t ) ,J CH4 (41 ) ,J GF2(5.1 ) , JCF3(41),J IIC.I1.1) , J 4 2 O 2 ( 4 1 ) 0 0 9 7 9 0
Y ,J HOCL (~~1! _~~~~~~~ 009300
REAL JNO 3 009310
COMMON /RAT~ S/ RAT g 65,~~~~~RA (~ ;),~~B (65 ,JN)3 ,pJO3 009320
COMMON /SF*CT~ FCL ,F1120,FCLNO3, NO 009930

- - ~E.!L_NQ .NO2 ,NOK.NO3 .N2O5 _ ____ _ 009540
COMMON fSPECI!/ $(41),0H (41),HO’(41),14202(4t),03(4t),O (1.t),NO (41),009550

1 N)2 (41),HN33 (4I),M OX (~ 1),CO (’.j) ,02~~ 1t,CH~(~~i),H2O (1.l),112(4t), 0093 60
2 CL (1.1),CLO ( 1.t),HCL(41),CLX (41),DCLXRI) ,NO3RI) ,N PD (1.1), 009370
3 C N03 (41) 

- - _ 009580
O 0095)!)

t. — ? K  — 1 _________ 009900
C RRC I a (CLO )f (CL) 009 910

R R I  = RA TE (293 L)’33 (K)~~(RATE (3t ,L)’Q(K) 6 RA TF (32 ,L I’NO (K) ) 009)20
C RRC 2 • (HCL )/(CL) 

_ - 
009)30

R R 2  =(RAT E(3 O tL!~~CH5. (K)~~~~RATE (26,U~~pl2 (K ) • RATE (t ,L)’HD2 (X) • 00991.0
1 RA TF (2 7,L)’11202(K))F (RATE(20,L)’OH (KI • R* T E ( 3 3 , L e ’ 3 1 K )  •JHCL (K )1009950

C RR C IA = (CLNO3)/ (CLO) no q; 60

70
I

_____ _____ - -~~~~~~~~~ -- -- - — _
~~ 

- — - - -  
~~~~~~~~
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C RRC3B — (CL S103)’(CL ) 009)70
RRC 3A= RATE(2 3 ,L)’P40? (K) ’FCLNO 3’OM (IOICJCLOS (K ) 009)30
11R 39 = RRC3A ‘ RRC I 009990

C CL X = CL • L) + MCL 010000
CL (K) — CLX (K)/ (t. 6 RRCI • R RC! • RRC3B) 010010
CLD (K) = RRCI’CL(K) 010020
IC. (K) ‘RRC2’CL(K) 010030
RETURN 

- - - - 01005.0
END 0 1 0 0 5 0
SUB ROUT INE PNOX (K) 010060

0 010070
-- — -  

COMMON / JVAL/ CJO2(50),CJO3(50),CJCF2 (50),CJCF3 (501,Q)CCL4 (ce), 010050
I CJCH3C (50),CJCLO3 (50),CJN2O(50) ,CJHND3 (50) 010090
2, CJH2O2 (50)1 ~31(50~~ CJN 2O5(53) _ 010100
COMMON /NOO!LIALT(4t),TEMP (41),)M(4t) ,DID(l.1),DA23 (1.tb 010110
COMMON /NSCAII SCNO2,SCCLO3,SC112Q~~SCN2O5 - - 01012 0
REAL JO?, J33, JH2O, JNO2, JN2O, JN2OS, JHN33 , JCH1., JCF ?, 010130

X JCF3, JHCL, J11202,JHOCL -- - 
01015.0

C O M M O N  /PHRATE ~ JO 2 (5.t),JO3 (41),JH20 (1.l),JN 32 (4t) ,JM2O(~~t), 010150
X JM205(1.1), JHMO3 (5.1) ,JCp 14 (4t),J F2(41),JCF3(4t),JHC_ (1.j),J .i202(4t)010160
Y ,JHDCL (

~4) 010 170
R E A L  JNO 3 

________ 010180
COMMON /~~A T~ S~ RAT E 6s ,8j ) , R~~ 6; ,RB(65 ) ,JNo3 ,PJo3 0101 90

_ COMHON /SFACT I FCL,F1120,FCLNO 3,:NO _____ —~~~~~~~ 0102 00
REAL NO,NO2,NOX ,N03,N205 010210
COMMON /SPE~~IE/ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~1 ND2 (41) ,11M03(41) ,NOX (4I ) ,CO(41) ,02(41) ,CH’,(4t),H23(bt),112(1.1), OtO’Jfl
2 CL (’.t),cLo (’.t),4CL(41)_, cLx (l.t). cLx (’.t),No3(’.1),N?)5~ 1.1I~ 010740
3 C.N03(41) 010250

C ____________________________________________________ 0107 60
- = 2’K — 1 0 102 7 0

C QR1 = (NO)/(M32) 
- 0 1 0 2 5 0

C J N O 2  = JND?(() • SCNO2 010290
PRI = (CJNO2.RATE (’.2,~u’o (K)),UATE (32~j.)~~C_ D (K) •RArE (1.o,u’o3 (s())ojo3on

O RR? = (111103)/(N02) 010311
-- - -  RR2 RA T F ( 2 2 , L ) ’ 0 H ( K ) ’ p N( x ) / ( J P N 3 3 ( K ) .~~ J~j~ 3 ,l. ) !Q~~(Kj J 0 10 3 2 0

RR3 = (N03)/(M02) 010550
RR3 = RA T~~~~~~~)’O! JNO3 - ~~~~~~~~~~~~ 0 10 340

C RR~ (N205)/(N02 )”2 010350
RR6 = RATE (33 ,L)~~DM (K)/CRATE (37,L)+RATE (38,,)’OM (K)) 010360
RR 7 RATE (37 ,L) ,(RA TEC 37 ,L)+RArE (38 , L)’D)AR)) 0103 70

_ .__ ~~R1. = RATE (3b ,L)’RR 6/(RR7 ’RAi~j39,L)6JN2O5(Kfl _ ..~~ - 010380
RR ’. RR 3’RRI. 01039!)

O RR9 (CLNO 3 )F(M0 2 ) 0101.00
= RATE( ’8 ,L)’CLO (K)’FCLNO3 ’)M (K)/CJCLO3(K) 010410

A = ?.O RR4 - _ _ 0 1 04 2 0
B 1. + RRI ~ RR2 • kR3 • RR9 0101.30
C MOX (I() 01045.0
CLL QUA D (A ,B ,C,X) 010450
N 02 (K) X 

- - - _ 0105.60
MO( K) a X ‘ R U  0101.70
PANO S(K) = X ~~~~~~~~~~~ - - 

010450
NO3 (K) = X ‘ RR3 010490
N 205 (K) = X ’X RR1. _________-________  -- - 010~ 00CLMO3 (K) = X ‘ RR 9 01051 0

10 RETURN 
—— 010520

EMO 010530
SU9 ROUT INE ~~~~(A ,B,C,X) _ 010%! )

C SO..V F F13 . 4 ,X ,X •9 X = C 010650
OO 1..’A’C/(B~ 9) ___________ 010560
IF (00 .GT. .01) GO TO tO  010570
X = B ’ ( .5 00— .t 25’OD’ DD) 0 1 0 5 9 0
X~~ F (2.’A) 010690
R E T U R N  

_____ - 010600
10 Ka —8G$QRT (B’3+4.’A’C) 010610

0 1 0 6 7 0

7 1

- —~~~~~~~~~~~~~ -- - - -~~~~~~~~~ ~~~~~~~~~ -~~~~~~ - -—
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RETURN 010630
END 

____ 
010640

SU3ROUTINE SOLVE (k,ALP ,Y,N1) 010650

4.) C 
-   -  

010570
- _C.....CMS O4 — CHLORINE NOOEL STUDY PR3GRAM _ 0t06$0

O 010690
C.....SU3 ROUT INE SOL~1E — ORGANIZES SOLUTION OF CHEMICAL SYSTEM 010700
C 010710
O.....VUSION ~.0 LEVEL 7702t~ —____ 010720
C.....E.R.T.,INC. N. 0. SZE , N. TRIPP 010730
C ______________________________________________________________ 01075.0
C. .. . .. .. .. ........ . .......... . . ........ .......... ....... ... ...‘.. ..... . • 010750
C ______ _________________________ 010760

REAL B 010770
COMMON /11A IQIX~ B (20,2t) ______- — 01073 0
O$MON /NET PR3/ PP (4),SS(4) 0107)0

R E A L J02, J03, JHZO, JN02, JN20, JNZO5 , JHN33. JCH4~ JCF 2. - 010300
X JCF 3, JMCL , JH2fl ,JHOCL 010510
CO 1MON /PHR*TE~_ JO2 (4I),JO 3 (41),JH23fljJ,JN)2 (4t),~~~2O [1.LJ, 010320

X JM205(41),JHNO3 (4j),JCH4 (4j) ,J;F2(4t),JCF 3 (41),JHC_ (41),J1202 (4j)oto ,30
Y 1jH~ ç~,j~~~ - - -  010340
REAL JNO 3 010850
COMMON /RAT~ S~ RATE( 65 ,8i)1RA (65).RB (65).JNO3.PJO3 _ .jjO06~ - -  — - -

REAL NO ,N02,MOX ,N03,N?05 010570
COMMON /SPECTE/ H(41),O11(4i),HO?(4U,14~ Q2(4tj,O3(1.i),O~~~t),NO(4t),0t0350I N)2(41),pft433(5.1),NOX(41),CO(5.1),32(41),CH4(I,1),N2O(4j),$2(%j), 0108)0

2 CL (~~1),CLO(S.1),NCL(5.i),CLX (5.j),DCLX(4t),NO3(l.1liN2)5 (41), 010)00
3 C~ P4 O3 ( k 1) 010 9 10

DIMENSION Y ( 1 0 ) ,  Y O ( 10b  
- 0 109 20

LOGICAL LINEQM 010330
0 0 10)5.0

L 2’K — 1 010)50
WASH = t .6S E—6 ________________________ 010960
IF (K.GE .9) W*S11 — 0.0 010)70

= 0 0 10990
XX = 1 0 10 )90
N = 3 

__________________ __________ 011000
MP I  • N + 1 0 1 10 1 0

- -  ~~.DQ iL~ft _~A,M~ 1 - - - 011020
10 Y O ( J )  — Y(J) 011030

-- - = I
O 011050

I C A L L  JA C O B _( K , A ~~~,Y t~~~~~~~~  - 011060
ER R = 0. 0 11070

- DO 20 J = 1,Pl ____________——_____ 0 11050
B(J,MPI) • PP(J) — SS ( J )  0110 90

= ERR • (B(J .NPI)/SS (J))”Z _______ 01t~ 00
20 CON TINUE 011110

C 011120
IF (LINE QN(P4)) GO TO 50 011130
IF (ABS((~~).LE .1.f—Q 5) GO To too 011140
00 55 J a 1,N 011150

~ _ ._~~5 Y (J ) = Y(J) — O(J ,MPI) 011160
I • I ê 1 011170
IF (t.GT .20) GO TO 101 011130
GO TO 1 011190

O 011200
100 CONTINUE 

- 
011210

—- —- 
X X  a XX • 1 0)1?2~
M( () a Y(1) 011!30
011(K) a Y(?) 01125.0
4 0 ’ CK )  — Y(5) 011260
03 (K) a VI I.) 

______ 
011260

0 (K) a AL P Y(1.) 011270
14232(X) a QATE (13 .U’Y (3)’Y (3)/ (RATE (5.L)’Y (2),JH~ O~~(K).W*SM ) flh 1 ’ t f l

72
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CALL PCLOX (K) 0112)0
CALL PNOX(K) 011300
IF (KX .GE .50) ~b~~~o i~~ 011310
00 75 II = 1,1. 011320
IF UYO(II)FY (II)).LT.0.995 ) GO T3 5 011330
IF ((YO (II)/Y(II)).GT.t. 0 05) GO TO 5  011340

75 CONTINUE 011350
CA L L JACOB (K ,ALP ,!t Nt) ___________-- --  

011360
RETI~RN —- ________ ___________ 

011370
O 

______ 
011380

15.5 WR IT! (6 ,151) 011390
151 FORMAT (I,’ XX EQUAL TO 50 - SUBROUTINE SOLVE’I) 0111.00

RETURN 0114 10
50 WR ITE (

~ i155 )~~~~~ _____ ____ _ _ _  011420
155 FORMA T 1/ ,’ MATRIX SINGULAR LEVEL z •,I3 ,~~) 0111.30

XXX = KKK • i ____________  011440
IF (KKX .GE. 3) RETURN 011450
oo so t  j = j,~ _ •_ 0~~1~.6e _

501 Y(J ) = 0.9’V (J) 0111.70
GO TO 1 

_______________________ _____ 011430
1.01 WRITE (6,152) 011490
15? ~p~~ A _~~~~~9ES~~N0~ CONVERGE — SUBROUTINE ~O~~j~fl 011500

RFrJRN 01151 0
EN) 0115?Q _ ._
SUBROUTINE J 4009 (K,ALP ,Y,N1) 011530

0~~~~~~ . f f ~~~~! ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ..
C 011550
C.....CMSO4 — CHL ORIPIE. MODEL S TUDY PR)GRA M - - - 01 1560
O 011570
O.....SU3ROUTINE JACOB — FORMS JACOBIAN OF C4EMICAL SYSTEM 0t~~590 - -  — -

C 0115)0
C VERSION_4.0 LEVEL 770214 011600

N. 0. S i! , N. TRIPP 011610
C 

________ ________ 0 11620
C ..............................................................I... .. . . .0 I1530
O _____________________________________________________________ 01165.0

DIMENSION Y(10) 011650
R EAL A 

— ______ ______________ 011660
COMMON /MA TRIX / A (20,21 011570
COMMON /MO DEL~~AL T ( I .1) ,TEMP(4t )  (4t ! ,D I D ( kjj ,D A 23 ( 4 t )  01163 0
COMMON /NETPRO~ PP(4),SS(l.) 01169 0
REAL J02, J)3, J1120, JNO2, JN2O, JN205, JHN33, JCH4. j çf~~, -- 011700

X JCF 3 , JHCL , J112)2,JMO CL 011710
COMMON /PHRATE/_JO2(41),JO3(4t),J112O(5.tJ,4~~ 2(I.t),J~ 2O(I.L), 011720

• X JM 2)5(i.iTi~j1111O3(41),JC115.(41),JCF2(5.j),JCF3(4t),J$C_ (5.1) ,J4202 (I.1)01173t)
Y 1JHOCL(I.t) -- —  01175.0
COMMON /PRORAIE/ AA( 1 0),BB(10),CC(t0),DO (II),EE (10),~~G(1fl),HH(t0) 011750
R E A L  JNO 3 -_____ 011760 

-- -— 
COMMON /RA T ES/  R A T E ( b S , 8 1 ) , R A ( 6 5 ) , R B ( 6 5 ) , J N O 3 , PJ 0 3  0 1177 0
~E4L~~~~~4O2~ NOX 1NO3,N2O 5 

— 011750
COMMO N /SPECI!~ H ( 1 . t ) , O H ( 1.I), HO!(41 ) , 14202( I.1),O 3 ( I .j ) , Q (4 t ) ,NO (4j ) ,01 I7 ) f l

I N32 (l.1),11No3 (I.1),NO~~v.1)1ço(5.u~~~2(4t)~~cH4(5.1),H2,(~~t),H2(41), 011800
2 CL (5.t),CL3 (41),I~v E.1),CLX (I.j),OCLX (4 1),N03 (4j),N235 (I,t), 0113 10
3 C. N03(41) 

___________________________________ _ 011920
C 011330

L = 2’K — I 011540
AL ) = ( J 03(() • PJ~3,t aT~Ui,,.)’o2(K)’öWCci) 0 11350
A A ( 1 )  a RATE (1. ,L)’DIO (K)’112 (K) ~ JH20(k) 112)(K) 011360
AA( 2) = RA T E ( 1 9 , i . ) ’A L P ’Y ( A )~ V ( ? )   0 11370
AA(3) = RA TE (1e,LI~~Y (2)~~CO (X ) 011390

— A A ( 4 )  RAT E(2 t , L ) ’ C M I. ( K ) ’ Y ( 2) 0 11990 
- -

AA ( 5) a RATE (?5 ,L)’Y (2)’H2 (K) 
- — 0 11300

5 PP(1) = * A ( t )  • AA (2 ) + AA (3) • AA( 1.) • AAli) 011)10
B8(t )  ~ RATr 5 ,L).02 1K) .O P( K) .Y 1) 

— -  - — - - -  -- 011)20
4 80(2) — RATE (6,L)’Y(1.)’Y(t) 011)30

RB(3) = (RATE (16.L) • RATF (17.LH’Y (31’Y (t1

73
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9 SS (1) z 88(1) + 88(2) • 88(3)  0t1 50
10 A(I,1~~~~~~(I!!’V !tj_ -- -  -  011)60
11 A (1,?) • (AA (2) + AA (3) 6 AA( 5.) 6 AA(5)) IV( ’) 011)70
12 

~!L,_
3) — — B !!)’!~!L ._ . — 

0 11980
4,~ ) CCXI ) • 2.0’RATE (P,L)’DID (K)~ H2)(K) 011390

CC (2) • 2.0’RATE (3,L )’OIO(K)’CHA~ K) 012000
CC (3) • RATE (t0 ,L)’V( 4)’ALP~Y (3) 012010
CC (4)_~~ R A 1 E U 1L)’Y (4)’Y(3) -—  012020
CC( 5) a RATF (1t ,L)’NO (K)~~Y(3) 012030

19 CC (6) = 2.O’J11202(K)’11202 (X) 01205.0
CC (7) a RATE(S,L)’Y(1)’Y (4) 012050

-
~ - -- 21 CC(S) = JHMO3 (K ) ‘ 111103 (K) - 012060 -

CC(9) a ?.0’RATE (t7,L)’V (1)~~Y (3) 012070
10) A A C I I  —_______________ __  - 012030

23 PP(2) • CCCI)+CC(2)+CC(3)4CC(I.DCC(5).CC (6).CC (7).C018).CC (9) 0120)0
I 4CC (10)  012100
00(t) RATE (7,L)~~Y (4IaY(2) 012110
00(2) a RA TF (3,L)’11202(X)’Y (2) ~~.__ ~.flI2120
00(3) = RAT !(t1.,L)6Y ( 3)~~Y (2) 012130

27 DD (1.) = *A (3)
_ _ _ _ _ _ _   012140

28 00(5) = AA(2 ) 012150
- - ATE (?0,L) HCLI~.1’YI2)

_ 
- - — - -  - 0 12160

00(7) = RA TE (2t,L )~~CH 4CK )~~Y (2) 012170
00(8) 2 RATE(22 .L)’MO2 (K)’DM (K)’Y (2) _ _01zJ.50
00( 9) = RATE(23 ,L)’HNO3 (K)’Y (2) 0121)0

- D OL1IL a 2.0’RATEXZ5..L)’Y(2)’V(!)_.~~~~~~ - _____ — 0~ Z~0000(11) = 4 4 ( 5 )  012210
34 SS (2)a00(1)•DD (?)6DU (3)+OD (I.)+O) (5).pcHbI6D0 (7)+Op (3).OO (9).DQ~ t0)0t22?0

I •) D( t t )  012’31)
35 4 (2.1) a ( C C C ? )  + G C ( 9 ) ) / Y ( i )  

- _012240
36 A l? ,?) =— (SS (2) 6 DO (10))/Y(2) 0t2’60
37 k(?i!L~~ (CC ( 3),CC(4)+CC (5)+CC (9)—OD (3) )~~YW  - 012’bfl
39 EE (I) = 08(1) 012’70
4~ EE 2) a 00(1) —- - - -  - - — - -  012230

EE (3) • RA T E ( 2 7 , L ) ’ C L ( K ) ’ H2 0 2 ( K )  0 1 2 7 9 0
EE(4) a 00(2) - —- 012300

42 PP(3) = EE (t) + EE (2) • EE (3) + EE (1.) 012310
43 GG (1) a CC (4)

_ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _  _ _ _ _ _ _  012320
• 44 GG (2) a CC (S) 012330

45 GG (3) * CC (5) _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _ _ _ _  012340

~~ (5.) = RA TE (t2 ,L)’CLO (K) Y (3) 012350
~~(5) — 2 .O’RATECI 3 ,L)’Y (3)’Y(3) 012360

48 GG(6) = 0 0 ( 5 )  012370
- - ~ccy~ = RATE(j~!iL)’CL(K)’Y(3) - 012380

• 50 GG(e)  = 80(3)
- -  

51 j~~(3) a GGU)+GG (2)+GG(3)+GG(4)’GG (5)+&G(4DGG17)4~~ U) 0121.00
52 4 ( 3 ,1) = (EE(t )  — GG(8))/Y (t) 012410

• 
— -  j~ 4(3.2) = (EE (2) + EE ( I . )  — GG (bfl #Y (2) -____ 0121.20

54 A (3 ,3) = — (SS (3) 6 GG (5))IY (3) 0125.30
• Sb - PP(’.) •2,~~~J32CX )’O2(K) ~~~~~~~~~~~~~~ _ __ ~~~~~~~~ - 01241.0

57 1111(1) 88(2) 0121.50
58 1111(2) a 00(1) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  012460
5~ 1411( 3) = CCC’.) 012470
60 1111(4) — CCC3 ) - — -  _ A 1 ~ 1.50
62 1111 (5) = AA (2) 0121.9 0

HH(6) = ~~0’ A !EJ.,~L)’NO2(K)’Y(5.)6ALP _ 012500
1411(7) = 2 .0’R*TE (3t,L)’CLO (K)~~ALP ’Yl4) 012510
HPI( 5) • 2.O’A .P’RATE( 35,L)’Y(5.)’YL (.L 

—- 012520
65 SS (l.) = HH (I)6HH (2)+11H13)+HH (5.)ItlH(5)+HH (6).HH(7),NN (6) 01253 0

— -  ‘411 • (Nt—li/i —— 01251.0
IF (K .LE .N11) GO TO 80 012550
Ti —- 2.o ’ RAr !(~~~~L )•No 2 ( K )  012560
f ia  RATE (13,L)’Y (2) 017570
T3 • RAT E( t ~~ L) ’Y (3 )  ____ - -- 012550
T4 = 2 .0 ’ *A I E( 3 1 , L ) ’ C L O (X )  

-- -- 
0126)0

TTI— (T 1 .T2+T36Th)’ALP 0126 00

74
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~~~~~~~~ ---- - 

—

~~~~ 

--

1

T5 = RATE (6,L)•Y(1) 012610
T6 • RATE( 7 2L)’V (?) 

- 
017620

17 • RA E(9,L)~~Y(3) 012630
Ta ~ .O’ RA TFç I - I ,L ~~t K) _~~ - -  

012640
fT’=TS.T6.T7.1e 012650
BIaTTI.TT? 01266 0
A l ‘ 2.o~ RAr Ec 3s,LI’A Lp 012670
C1’PP (4) 01269 0
CALL QUAO (A1,B1,Ct,XX ) 012630
Y (5.).XX 012700
O (() = ALP • XX 

- - — - 

012710
— 

70 RETURN ____________ - 012720 
-

80 V (4) = 03(K) 012730
RETURN 

- 01275.0
END 

- - - - - 

012750
SUB RO IN! CFLOW (N I 2 MITER) - - - -  

012760
o 0 12770
C FLOW PROGRA M FOR VAR IOUS SPECIES S 

- _____ 0 1 2 7 3 0  
-C SPI = N20, SP 2 MD X , SP 3 = C114 012 7 ) 0

- - 
SP~. z FCj~~~ S ’S— F  012 

—- - -- 01 25 0 0
C SP6 = CH3CL , SPT = C L X  , SP8 = 33, 5P9 a CCL1., SPIO • CD 012910
C TI ME_ )EPENOENT TERM FO~ EACH SPECIES IS 0 P _ 012920
C (S14OULD ALL BE SET = 0. FOP STEADY—STA lE CA E) 012930
C 012940

COMMON /CHLORI XCL(81) 012550
COMM~~~~~~ pE~~~f A ( 81~~,~~C ~~ C~~~~~~f~~~~)Jjç (8jj_ 012360
C O M M O N  / i N T 5 1~ XOH (8t),XOIO(SI),XJN2O(51),XJCF3 (SI),XJCF2(3t), 012570

1 XJC143C (81),XJQ?(8I),XJO3 (b1!LX1O? (~ t)~ XNO2 (3j),X03 (3j)  0123 3 0
2,XJCCL1. (51),XCLO(31),XNO (8j) 012390
COMMON u TERI KKK 012900 —
COMMON ~ JVAL / CJO2 (50),CJO 3 (50),CJCF2 (50),CJCF3 (50),OJCCLI.(50), 012)10

1 _ CJCH3C 5~ ! cJCLO~~ 50) .CJN2 Q u 1 Hpl~~3(5o)  012920
2, OJ14202 (S0),CJO31(50),CJ11205 (50) 012330

C O M M O N _/MOOEL~ ALT (41),TENP~~fl,~~M(4U,DIO(4t),QA23 (~~~) — 012)40
COMMON /MOLIY )/ XH(91),XH2O (81). P H 2O ,R112,X11(81) 012)50
COMMON /NOA1A ~ CEK (81),COl (81).CTEMP(Sj).CQj Jj _ _ __ -- Q12960
COMMON /PARAII STEP,QQU ,PPL,PPU,N ,M 0 12 ) 7 0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 012)60
REA L NO ,NO2,113X,1103,N205 012)90

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,D I.1i ,N0141 ,013000
I N)2(4t),KN)3(5.1),’43X(5.1),CO(4j),O2(1.1),C114(4j),1123(hj),,42(5.1), 013010
2 CL (1.1),CLO(kt),pICL (I.1),CLX (41),OCLX (41),N03(41),Ni)5(I,1)f, 01302
3 CLNO3 (4I) 013030
COM MON /SPF O~ / f~,f~tc1 TL ______— 

- - - -- -  - - 013040
• COMMON /XLS/ (Lt (8I),XL2 (81),iL3UI),KL4 (SII ,X15 (81),KL6L8L), 013050
• I X_ 7(81~~,!Le(St)~~XL 9 ( 8 I ) ,X L10( 8L) 

______  013060
COMMON /XXE,/ X1(81),X2(81),X3 (S1) ,X5. (81) ,X (81),XSUI),X7181), 013070

1 X8 (81),X9( j),X10(81) 013090 --
DIMENSION PRI (81) ,PR2(81) ,PR3 (81),PR4 (6 II ,PR5(81),PRSCSI ) ,PRT(61),0t30)0

I 8c61~~,PQ9c3~~!.,P~ I0$_t )  
-  013100

UIME NS ION DrP 1(8I) ,0FP2 (81),OFPS (8I),DFPI .(81) ,OFPS ( 91) ,DFPS(ej) , 013110
i DF P? (61)~~~~P~~(0t)~~DF P9 (8t)~~ fPIO(81 )  013120

DIMENSION P~ 11 (8I) ,XL 1t (8j) ,OFPII (6t) 013130
—- 

COMMON /TRA ’H2f XL II --  013140
L O G I C A L  CON J ,OKPO 3 013150
ExTERNAL cX L1 ,CXL 2,CXL3 ,CxL 4,cx. 5,C(L6,CXL 7,CKi8 ,cl),cXL10 ,cxLtl 013160
CALL RINTER (DTD,XDTD) 013170
CA~.L. RINTEQ (OH~ XD~$) - -  013130
CALL RINTE R ( JN2 0,XJN2 O ) 0131)0
CAL L R INTER (CJCF 3,XJCF3 ) O I3~ 00
CALL RINTER (CJCF2,XJCF2 ) 013210
CALL RINTER (CJCH 3CJ~~JC113C) - -   

0t3’20
CALL RINTER (CJO? ,XJO2) 013730
CALL RINTER (OJO_3  01325.0
C A L L  RIiiYEk (11O2 ,XH02) 

— 

013’SO
CALL RINT FR (NO?.XNO?) 013~ 60

75

- - — ---—- —- - -==~
- - ---~~~~ -~~~~~~~~~~~~~~~~~ -— - — • _
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-

CALL MINTER (NO,XNO) 0i3~ 70
CALL M INTER (03,X03) 

- -__________ - 013230
CALL M INTER (CJCCL4,*JCGLI.) 

- 
0132 90

k~_!i~T!L(LO.XCL O) 
______ - - 

013300
U CALL MINTER (CL ,XCL.) 

— — - - -  
013310

• 
-- CALL MINTER (N,XH ) 0 13 3 20

CALL M INTER (11ZO, X11? O) 013330
IF (RN2O.GT.1.0) 01.1 s 0. 013340
IF (RNZO.LE .1.0) QL1 • 1. 013350

_ CA LL CSPEC(t ., 0., PPL pQLt ,RN2O ,PR1 ,Q!Pj1XkI1~~jj) 013360
00 1 1 = 1,9 013370

— —  I XIII ) a XI! )
CO~U = .FALSE. 013390
IF OX.GT,1,Q) 01.2 a a. _ _~~~_ _ _ . — - - - -•  0 13400
IF (RNOX.LE.t.0) 0L2 1. 0135.10

-  0131.20
IF (NITER.Gl.1) Xl 2 0131.30
00 206 XXX a <1,25 Q11~1~ 0
CALL CSPEC(1.,0.,PPL ,QL2 ,RNOX ,PR2 ,0fP2 ,XL2 ,~ XL2) 0131.50
EPIA X a 0. 

_______ _____ 013460
00 202 1 = 1.0,61 0 13 4 7 0  
EI ZAB S ((X2 (I)_ X(t ))/X (L)) ______ — 0131.80
IF (E I .GT.E PIAX ) FP(A X = El 0131.30

202 CONTINU E 1L350 0
IF (E MAX.L f.0.05 )CONv a .TRUE. 013510

- 
—  IF (CONy) GO TO 20’. • - --   013520

IF (KKK.EQ.I) GO TO 204 013530

~Q 203 I • 1,9  _____ •~~~  0 13540
203 X2 (I) (X2 (I) + X ( I ) ) / 2 .  013550

O TO 206  013560
204 00 205 I = t ,~4 0 13570
205 X2 (I) a X( I)  013550

IF (CONV) GD TO 2 0135)0
206 CONTINUE ____ 01360 0

GO T O 500 013610
2 CQNTINUE — U1~~~20

IF (RCHI..G1.1.0) 01.3 = 0. 0 13630
~~IF (RCH4.LE .1.0) 1~L3 = I. ________ 01365.0

CA~ 1. CSPEC (1., 0.,PPL,QL3,RCHI.,PR3,OFP3,XL3, XL3) 013650
- -  - -  0 3 I • 1,4 

-— ________ -________ - — 013660
3 x3 (T) a XCI ) 013670

IF (RFII .GT .I.0) OL’. a 0. 01365 0
IF (RFII.LE.t.0) QL1. = 1. 0136)0

- -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ____ 013700
00 1. 1 = 1,N 013710__ 5. XIe ( I) * X (I) 

- -   
01372.0

IF (RFI2.GT.t. 0) 015 = 0. 013730
Jf (RFIZ.LE . 1.0) 01.5 a j • 1L374Q _ . .  —
CA.L CSPEC ( t . ,0 . ,PPL, Q LS ,RF I2, PR5 ,OFPS ,XL 5 ,0XL5 )  0 13750

—— - DO S J = 1,14 _ ______ _ _ .  013760
5 X5 (I) = XII ) 01 3770

IF ( RC M3C. GT.1 .)  01.6 = 0. 01378 0
IF (RCH 3C.LE.1.) OLS a t.o 013790
CA_ L CSPEC(j.,0.,PPL,0L6.RCpi3C,’R6,OFP6,XLS.CXL6) 013380
00 6 I a 1,14 013310

• 6 X6(1) • XII) 
- -  — _________ __~~~~~ __  0*38~~0 -

IF (RCCL I..Gl.t.) 019 a 0. 013330
IF (RCCL4.LE.t,) ~

(.) • 1.0 _ _  -
CA.L CSPEC(t.,0.,PPL ,0L9,RCCL4,’R9,OFP9,XL9,CXL9) 013350
00 9 I — 1,9 013860

9 X 9 ( T )  XC!) 013370
- IF (RC ~ X .GT.i.0) OL? a

~~~ . —__________ 013980
IF (RCLX.LE .t.0) 01.7 = 1.0 013990

-~~~ _ ç ~~ L_ CSPEC(t .,0.,PPL ,QL7 ,RCLx,pR7 1DFP7,I~ 7,~j c L~~~~~~~~  013)00
00 7 1 • 1,14 013)10

7 171!) • XI I )  0 ) 3 3 7 0

7()

_______ ____ -- --—~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~ -— - - - — - -—rn----- . -—
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- ----- ---- -----——--- 

— —
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IF IRI4Z.GT.I.0) OL II * 0. 0 13330
IF IRM?.LE.t .0) 0111 • 1. 013)1.0
CAL L ~S~~cTr ,O ~P Qi1,RH2,PRt1,orPtt üi~~X~ 1tT - 

0 13950
- 09_ Il I • 1,N 

— ______________________ - 
013160

11 xtt(IT z XCI ) 0 13370
600 ‘4 1 Ml 

— - 0t3980 —
00 801 1 a 1 ,14 0131)0

601 16( 1) a X 0 3 ( I )/ CON ( I )   - —  011.050
- 

CONV X .FALSE. 
-  - 

014010
RU)3 • X03 (141)/CDN(Nt ) 

-__________________ _ _ _ _ _ - -  - 0140 20
IF (

~ O3. GT. l.0) 018 • 0. 
- _____ - -— — -  - - 

015.830
- — - IF (R03.LE.1.0) 018 • 1. _ _ It4!~~0

00 806 XX = 1,25 014050
C A L  CSPEC (0.,RUO3,PPL,QL8,R03, —__PR8,)FP8~~ LeL:XL6 014060
E MAX = 0. 0 14070
OP 602 a 1,N 

_____ 015.030
El = A B S ( I X O ( I ) — X ( I ) ) / X ( I ) )  014090
IF ( EI .GT .Eø5AX ) EMA X El JI1.t00

802 CONTINUE 015.110
IF (ENAX.Ll. 0.01)COMV • .TRUE . 014120

80’. 00 605 I = 1,9 014130
805 18( 1) — XCI) 

_____________ 01411.0
IF (CONy ) GO 10 6 014150

— 806 CO14T !NUE ______

GO 10 501 014170
8 CONTINUE 

__________ 014150
OXPO 3 a .FALSE. 014190
CA L L RFPCN (NI,0KP03) 

________  - - 014200
IF (0K P03) ~O TO 50 014210
CALL RINT IR (CLO , XC LO) 

_____

CALL . M INTER (NO2 ,XN0 2) 014230
GO TO 60 0  

_______________________ 
01425.0

50 ‘4 = 8 1  014250
C AI.L SETUP2 (SFEP ,N) __________ — 

011.260
C 0 14 2 7 0

1412 = (NI • 1)~~2 0 1 42 5 0
DO 100 J = 1,1.1 Ot4’90
I • Z’J — I 0 14300
NOX(J) = X2(I ) • COM (1) 011.310
CH1.(J) X 3 (I) ‘ CDM(I) 014320
C L X (J )  X 7 11 )  • CDMU) 014330

• P 4 2 ( J)  z X11(I) COM (I) 014340
IF (J.~~T .NI2) GO TO 100 - 

014350
• 33 (J) = 18(1) • CONCI ) 01436 0

100 CoN TINUE 014370
RETURN 014380

• 0 
- -

~~~ 0 11. 3 90
500 WRITE (6,600) 0I l .400 

- — -• 600 FO~ MA T (1110,’ 12 DOES NOT CONV ERGE IN 25 IIERA TIO IS — CFI.)W’) 0145.10
ST)P 

_____________________ 0141.20
501 WRI TE (6,601) 011.1.30
601 FO RMA T ( 1H0~’ XI DOES NOT C0NV~ RG! 111 25_ITERATIOU—C FL 3W’) 0141.1.0

ST) P 0145.50
EN) 01k’.60
SUBROUT I NE RI’I TER (XX ,XXX) 011.470
)IIEM SION X* (S 0),*XX(8 t) 015.1.30
DO tUT~~~ 1 [  - - - - 

0145.90
J • 2’! — 1 

__________ 
014500

10 X X X ( J )  a XX (I) 015.510
O 015.520

00 20 1 * 1,1.0 011.530
4 a 2’I ___________ ____ __________________________ 0t’.s’.o
IPI — I • 1 814560

20 ~XX(J) = SORT (XXU ) • X X C IPI )) 
-- _____ - - 014560

- 
RETURN 

— 

014570
EN) ni~~c~ n

- •_  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -
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SUSROUT !NE OSPEC (UP,LiR,P,Q,R,PR,OFP,XL,CXL 0t(.5~~00 FOR FIXED ~ IXi~~~!AIIQ AI TOP — ‘U * 0, QU • 1. ~~~~lJ~ T_ 3E SPECIFIOI460 0
COMMON IBC.’ PJ ,QU, RU, PL ,QL, RL(1000) 015.610
COMM ON j~Q!~~2’ A (3 j 1LB (j j),C( 81) IF ($1) .X(tj j . 015.620
COMMON /PAR&1 / STEP ,00U,PPL ,PPU,N,N 015.630
DIMENSION P~ (31),DFP (o1),XL (8j) 01’.640

= 014650
RU a LJR 01466 0
P1 a P 014670

______ - -- - -- 014680
IF I0.EQ.1. ) Pt . = 0. 014690
RL(1) — R Q1..Too - -

CAL L CXL (PR ,OFP ,XL,N) 015.710
= 1.0 

_____ _________________ 014720
IF (PU.EQ..0.) GO TO 10 014730
0U • XL(N ) ’~~~~I _____ __________ -- 

014740
10 CAL L COE F (

~~R,XL , DFP) 014760
CAL L TRIVIA (4) 0tl.!60 _
00 20 1 a 1,11 014770

20 ~i1I) !~~ &UJ _
~~ XL (I)’XUj _____________

~~~~~~~~~

_ __ - 014750
RETURN 014790

- _ • _  ________ - 0 1 4 3 0 0
SUBROUTI NE X .I (PRI ,DFPI ,XLt ,N ) 014510
COMMON /INTSI/ X0l4(Ii ) .XOI0(81) .XJN20(R1).XJ CF3(81I.KJ~ F2 (91). .._ fttI.320

1 XJCM 3C( 81 ) ,XJO2 (81) ,xJ 33 (ID,x102 (e1),XNO2 (et) ,XOSUI) 014330
Z, XJC CL 4 (A1 ) ,XC L D(a1 ) ,XNO(81) - ~~ __ __- - - - 014 91.0

COMMON / NOA T A~ 0(1(81) ,COM( 81) ,CTEMP(81 ) ,COA(H) 014350
~E&L ._4NQL __________—— - - - -  014360
COM MON /RATES/ RATE(65,81),RA (6),RB(6S),JNO3,PJO 3 014370
COMMON ISPECOM I FJ.FJF CITL __fl1’.I0 0
COMMON /SPL OSS/ SPLI( 81) ,SPL4(8t),S)L5(lt),3P16 (61).SPL9 (81) 014 5 30
DL M~ NS1ON Pk1 (S1).DFP 1 (e1)~Xk1jj1J __ _~~._ _ _ _  

— 0149 00
00 15 1 * t ,~4 01431 0 - - ,

fEIii) a _________________________ _

DF’l (T) = 0. 014 3 3 0
__jj.1(I) • (c u r E(43 .I)  + RATE (44.LI)’XOIDII) + XJN2D(flL!_ C D ~3 (Z) - 014340

SP ..l(I) = RAT E (’.4,I) ‘ XO ID C I) ‘ CDM (II 015.350
J O C ~~~T1J4U! ________ _ __  014 9 60

RE TURN 01 49 70
__________ ________ -  014980

SUB ROU TINE C X L 2  (PR2,DFP 2 ,XL 2, N~ 01 5 .990
COMMON /ITER~ XXX 

- 01SOO Q __
COMMON / 1NTSI/ X O N( 0 1 ) ,X D I D ( 8 1 ) , XJ N2OCII1 ,XJ C F3(81 ) ,1J C F2(51 ) ,  015010

• 
- I X JC I3C (I1),XJ02(81),XJO3 (8t),X1O2 (31),XMO2U1) ,XO3 (9)~ 015020

2,XJCCL4 (81) ,XCLO( 8l) ,XNO (81) 015030
__~~~OP4MON /NDATAI  C( K (61 ) ,CQf l (8 t ) .C f ( NP(61 ) .C DA(a i )  _ _~~~~~~~~~~~~~ _ _   0 1 5 0 40

REAL JM0 3 016050
• COMMON /RATES/ RATE (65.81).RA(6,) .R8 (65).JN)3.PJO3 QL50~~0COMMON /SPE O 1 4 ~ FJ, FJFC , TI. 015070

- - ~O~J1Q~t /SPLOSS/ SPLI( 81) .SPL1.(811 m SPL5 (8i).SPL6jLjI,3~j9(~j 015030
COMMON /XXES / X 1 (Sl),X2 (81),X3 (31),X1.C81) ,X ,(8j),X6(3j),X7(8t), 0150)0

1 XS (8I),19 ($1),Xj0(81) 015100
DIMENSION PR2( 61),DFP?Ie1),XL2 (5t) ,XL 2T (It) 015110

______jf (XKK.GT .1) GD TO 8 015120
00 5 I = 1,7 015130

~ C)M (I)~~(7.’I.64E5.) _ _  015140
5 *1.2 (1) = XL?T (1) 015150

• D~ 
S I =  lilt -~~~ 015160

XL2T (t) = CO N( I)/ ( l 0 . ’e.65.E4) 015170
— 

6 11.2(I) a Xj .2T (t) _ _ _JI~UA .
00 7 I a 12,81 015190

- - 
KL2 T (I)

__
a 0.0 

-__________ -  015 200
7 XL2 ( I) * N~2T ( T )  015210

• 8 00 10 I ~j~~M 
_________ _____—  

015270
OF’2 (I) * 0. 015230
PR2(I) • 2.0’SPLI(L)’XICI) 015240

78 
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IF (KKk .EQ .1) GO TO 10 015250
X J14O • 4•OE—S’EXP ((I—8 1)/7 .fl) 

- - -—  - 
015260

xi2CI i~~ o IRATEi 7ri .xJNo , RirE (l .6,z)..?l ).CoM(z)’K2(t) ,xL2TTo l527o
10 CONTINU E 

_____ _____ 
015230

RETURN 015290
— -  

EN) 
_________ 015300

SUB ROUT INE 0*1.3 CPR3 ,OFP3 ,XL 3,N I 015~ 10
COMMON /CHLORI XCL(&1) 015320
COMM ON /INTSI/ XOHCII ) ,X0tO( 8l),*JN2O (81) ,XJCF3 (et), (JCF2 (9I), 015330

I XJC ~ 3C (81)~~~JD? (8t),XJO 3 (81),XMO2(8l)1~~~O2 (St),X O3C 3t) 015340
2 ,XJCCL4 (81) ,X LO (5t) ,*NO (81) 015350

- -  
COMMON /NOAT A~ CEK (81),C 0N(a1),CTEMP ( 31),COA (81) 

- 015360
REAL JNO3 015370
COMMON /RATES~_RATE (65,8i~~ RA (65),RB(6~~ ,JN O3 tPJO 3 - 015330
COMMON /SPECO 14/ FJ,FJFC,T1 015330
DIMENSION_PR3(81)1~ fP3(8t),X13(3l) - 0151.00
00 10 1 = 1,11 0151.10
PR3 (I) = 0. 0151.20
DF°3( 1)  = 0. 0151.30

-— - *13( I) = (RAT !(3 ,I)’XDID (I) • RATE(Z t , I ) ’X O P4( I) ) ’ O)M( I)  _ __  01545.0
XL 3 II ) = *.3(I) • RATE (30,I)’XCL (I)’COM (I) 0151.50

10 CONTINUE __________________________ _______ _____ 0151.60
RETJ~ N 0151.711
EN) J1~ ”~~L - - — -

SUBROUTINE CXL ’. (PR’.,DFP4,X14,NI 0151.90
COMMON /JNTSII XQH(81),XDID (81),XJN2O(8t1,XiCF3 (~~j1XJCF2C~ 1), 015500

1 XJC PI 3C (81),XJO?(31) ,XJO3(81),X102 (SI),XNO2 (81),X03 (31) 015610
2,X JCCL1. ( 8 t~ ,X CLO ( 81 )_,XN O(81) ~ _ _ __ _~~~~~~~~~~~ - - - 

015520
COMMON /NoArA I C (K (31),COM(8t),CTEMP(6t),CDA(81) 015530

-—  REAL J1103 _____ . 015540
COMMON /RA TES/ RATE (65 ,8i) ,RA (65),R9 (65),JWO3,PJO 3 015550 

N /SPECOMI FJ ,FJFC ,TL _________ 015550
COMMON /SPLDSS/ SPL 1 (81),SPL4C8I),SPL5(8t),$PL6(lt),SPL9(61 ) 015570
DIM EN SION PR’.(81),OFP4UI),XL5. (31) - - 015550
00 10 1 = t ,M 015590

— 0. -— Q15600 -

DF’4(1) = 0. 015610
XL 1. (i) = (FJ’1J0F3(I) + 1./TI + RATE (5.7,I)’*OIO (flj’~~~~M II) .015620
S P L4 ( I)  = *L4 (I) 015630

10 CONTINUE _________ 01561.0
RE IUMN 01565 0
END  015~ S0
SUI3 ROU T I N E ~XL5 (PR5,DFP5 , XL5 ,N) 016670
COMMON /INT 31~ XOll(81 ),X0I0(81),X JN2O (b1 ),XJCF 3 (81),KJCF !(St) , 01565 0

• I XJC PI3C (61),XJO2 (81) ,XJO3 (81),X402 (b1),*NO2 (81),X03 (B1) 0155)0
2 ,X JCCL 4 ( 8 1) ,XC L O ( 8 1 ) ,X N O ( 8 1 )  _ _ 0 1 5 7 0 0

COMMON / N0A1 A ~ C E K ( 8 t ) , C O M ( 8 1 ) ,C T EMP(61 ) ,COA ( 8 l )  015710
RE A L JNO 3 -__________________________ 015720

• COMMON /RAT ES / RATE (65,81),RA (65),R9(65),JNO3,PJO 3 015730
• COMMON /SPE OM~ FJ ,FJFC ,TL - _______ _ 015740

COMMON /SPLOSSI SPLI C 8I),SPLI.(81),SPLS (8L),SPL6 (81),SPL9 (81) 015750
- 

DIMENSION P~ 5 (lt),OFP 5 (81),XL5(3i ) -~~~~~  
015760

00 10 I = 1,11 015770

— 
PR5(I) a _ 015730 . __ _
OF’5(I) = 0. 0157)0
*15 (1) a (FJ’KJCF2 (1) + 1./IL • RAT E(5.I,I)~~*OI0Ufl ‘ c010U  0 15800

* XLS (1) 015310
10_ CONTINUE __________________________________ 015520- - 

RETURN 015930
EN) 015540
SUBROUTINE CXL 6 (PR6,OFP6,XL6,N) 015850
COMMON /INTIIF XOHC81 ),XOI0 (81),X JN2O (l1),XJCF 3C8i !,~~JCF? (St) , 015360- 1 XJCN3C (81),XJ 02C81), XJD 3(81),X4O2 (81),XNO2(Sl),103 (gt)  015370
2,XJCCL5.(8t),XCLO (8t),XNO (61) 

-~~~  0t6~ 30
- 
COPIPION ,NOAtAI CEX(81) ,COM(81),CTEMP(S1I ,COA(51) 015390
REAL. JNO3 015300
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COMMON / RATES/  ~A T E(65 ,8u ,RA(65) ,R6 (65 ) ,JNQ3 ,PJO3 016310
CO P4MON /SP!OO14~_FJ,FJFj,!4 - - -  - -  0t 5 ?tI
COMMO N ISPLDSS/ SPLI (bt),SPL5. (11),SPLS($t),5PL6 (II),SPL9(81) 015330

• DIMENSION P~6 (ot) ,OFP 6(et ,~ L69t) 015340
00 18 I — 1,N 015)50

• ___ _ PRS II) a 5, 
_____________________-  

015)60
DF’6(I) = 0. 016970
116(1 ) (FJ’kLC ,43C11) 4 RA (t,J LfXOH (Z)) ‘ CDN (I) 015930
SPL 6(I) * *1.6(1) 0 15990

10 CONTINUE 016800
RETURN 016010

— FN) _________ . ___ _  016028
SUBROUTINE CX L? (PRT ,DFP7 ,X L 7,NP 016030
COMM ON / I~ T S1~ *OH.(~~~~,XUIp_(a1) ,XJJC?Qj6 1), XJ Or$ (e 1p, *JCF2(f l ) , 0 16040 —

I XJC)4 3C (81),XJ02(8j) ,XJO 3 (b1),X4O2(31),*N02111),103(S1) 0 16050
2,XJCCL 4(811 ,XCLO (au,xj4.O(e1) - - _ 016060
COMMON /NOA IA/ CEK (8t),COM (81) ,CTENP (a1) ,COA (61) 016070
_COMMO N /SPECO 14/ FJ1 FJFCJ TL ._ _ _ •__  016030
COMMON /SPLOSS/ SPL 1 (81),SPL’.(5L),SPL5 (61),5~~L6(8j), PL9 (8j) 016090
COMMON /XXE / X 1UI),X2 (81~~~~3 (S1)..X.4(t4),X (51 J!1~fl),X7 (ij), 016100

1 X8 (lt) ,X9(31) ,X10(81 ) 016110
____ _ 016120

00 10 I • 1,7 016130
10 XLFII) • C0M( 1)# ( 7 . ’8.64(4) — QI6t~~fl . — -

00 20 I a 8,11 016150
20  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~  • - -~~~ 016160

DO 30 I — 12,81 016170
30 XL7 !~~~~

z.!,j_  _   016150
DO 5.0 I • 1,11 016 190
DF~~7( I) = 0.0  - _ .  0~ 6!00
~R7(I) a 3.O’SPL4II)’X4(I) + 2.O’SPL5 (I)’XS(I) + SPLS(1) ’XS (I) 016210

1 ~~~~~~~~~~~~~~~~~~~~~~~ - — 0t6’21)
1.0 CONTINU E 016230

RETURN  01625.0
FM) 0 162 50

— -  - - ~Lj3 ROUTINE CXLI(PRI.OFP8 .XLI.N) - •~~~~~_ _ •  - 016260
C O M M O N  /IN T 81~ X O H ( 8 i ) ,X DID(8i) ,X JN 2 O C61 ) , XJ CF3(81) ,*JCF~~(31), 0162 70
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 016’30
2 ,XJCC L5 . i 8 1) ,XCLO(81) ,XNO(81) 0 (6 2 9 0
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 16 3 0 0
REAl . J~ O3 016310

- —  COMMON / R A T E S/  RAT((65,~~1),RA (65),R0(65),JNO3,PJp~ I.163?0
COMMON / SFAO T ~ FCL ,FH2O, FCL NO3, N0 016330
CQM~ pjj _~~ gj/ X1 (8t),x2(aI),x3($t 1X’.lU1X5Ui ,x~ C3;~~ x7u1 , 0 16 3 4 0

1 X 8 (8 i ) , X 9(31) ,X 10(81) 0 16350
- • oIM€N~toN P~8(j~~~pFPoge1)1xL8(gt),xx (ejj 0 16360

(10 10 1 — 1,11 016370
- - A) . P (XJO3 (TP • PJO3)/(RAT ((35..I)’.21’COM (1)”2)  016330

11(1) • XCLO (T )’ALP 016390
ELI — RA T€( 9, !)’X11 02 (I) _ _ __ 016400
r~~-g • R A TEU ,I)’1op4U) 016410

- . Z.0’RIT~~45.2,~~) *t4O24l~ eAI.’  0 (6470
• RI T ’11~~.f).tP.1~P (I)’AL P 0161.30
• ~*~ 4j  1j~’*J J~~p~~4 f _  _______ _______ 0164 40
• .0’’IV (31, !) ’l ll 1 )  0165.60

816 1.60
• ‘ ~‘‘E’~~~I.(s•v~~I’l!’ 8161.70

P $ *.i •..~ - .u~~Ø .s ) f ii f. I~~.b•: :OW(()
• • .s , •  I . - •  ~~• •• $ . -

- 

~m’ , ~~~~~~~~~~ 
• +11 I1’ I0

• . - • .— • ‘  t• .. ‘ • • ~~~~~ I I  ~~~~~~ I
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•4 a 0~~$
•i  I ~~4
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COMMON /1NT5 1~ XOM (81),XD iO (61),XJN2O( 6t),XJCF3($tI ,*JCF? (51) , 016570
1 X JCM 3C (81),X JO 2(81),XJO 3(81),X 102(31),xN02 (61)1103 (11  016580
2,XJ CCL 4(IU,X LO (ej) ,XNO(8j) 016590

COMMON ~NOAT A F C~ 8p,COM (81) ,CTEMPcs1 )~ cp~~,I!!.__ ~~~~~ _ 016600- 

~OMM0N ~SPECO4F FJ,FJFC ,TL 016610
— 

COMMO N ~SPLO SS~ SPLICI ,SPL5.(8L),SPL5 ($1),SPL6(bt),SPLI(ltj _ 016620
DIMENSION P~ 9 (e1),OFP9(81) ,XL9(51 ) 016630
00 10 I • 1,11  01664 0

— —  
016650

DF’9(I) a 0.  016660
• *19(1) = FJ~X JCCL 4 (I)’COM(I) 01667 0

SPL 9(I) • XL 9(I) —_____________  01668 0
10 CONTINUE 016630

RETURN 
- - -  - ~~~~~~~~~~~~~~~~ -  016700

EN)  016710

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -- . . • 
016720

COMMON /CI1LOR~ XCL (81) 016730
- COMMON /INTSII *011(81) ,X QI0(81) ,  XJ P42Q (81 )  .XJC F3 (81 )  .*JCF!(S1L, - - .Jt 67 ½ 0  - -

I XJC)4 3C(8i),xJ32 (81) ,XJ03 (8j),X132(9j),xtdO2(8j),103 (II) 016750

~~X JCC1.5. (8t ) , X~ L~O(5 t ) ,X NO (81)  
--  0 1 6 76 0

COMMON /~~Q 4 ~ )~ X M(81 ) , XH 2 O (81) ,P1120,RH2 ,X 11(81) 0 16 770
- - 

COP ON / NDA IAF CEK 811,çDN(81~,CTEMP ( 3~~) ,coa (~~1) 016750
REAL JM03 016790
COMMON /RATES~ RATE(65,81).RA(b5) .RB(65).JN33.PJO3 - ________

C O M M O N  /SPEOO~I/ FJ ,FJFC ,TI 016310
-— _O~~~!~I.0N_P~~t 1(8 t ) , p F P 1j ( 8t ) ,~~L ( 1(e t )  _~~~~~~~~~~~~~~~~ _ 0 16320

00 10 I = 1,14 0 1653 0
- 

PRII(I) a R4TE (16,j)’XH (t)4XM02(I)+RATE(2 ,jjIxDTO(I) !XH?O( I) !PH2O 016 34 0
*111(1) = (RA tE (2 6 ,I)~~XCL (I) • ~ATE (25,I)~~X)H(I) 0l68~~fl

—- I + RlTE (1.hI)’XDID (I)) ‘ CO M (1) - R16360 
tO CONTINUE 016570

RETU RN 
________________ _____ _____ 016380

EN) 0163)0
SUB ROUTINE _C0EF _~f~~~~~~Df~~~~___  ______

~~~~~~~~~~

_

~~~ 

- -  -~~~~~~~~~~ - — 016900
0 016910
C sueROurIsE COEF TO COMPUTE ALL NEED ED VALUES FO~ TRIDIA 016320
O S.S. F1=0 ,FA= 2,FB=0 ,FP~~D; T.D. FI=1,FA= 1,FB=1,Fl= 1 016)30
C EK=EODV COEF ,OM=A IR OENS~~~~~0F= IN ITtAL MIXING RATIO,N sNO.OF LAYERS 01691.0
C THE ~A. UFS OF 9(1) AND C(s) ARE SPECIFIED BUT NOT USFO 016)50
c _____ ____________ _____ _____ 0 1 695 0

COMMON /SC/ PJ,QU,RU ,PL,QL, RL( 1IJ00) 0 16 970 
- 

-

C O M M O N  /C0E I /A A ( Bt ) , UB( 8 1) ,C C ( it ) , 0 L 4 8 1) , QJ ( 8j ) , U(3 L )
- - COMMON /COE~~2~ A (81),3(81),C(Ij),F(81),X(8I) 016390

CO MMON /ND AIAF CEXc C DM(8 1) ,CTEMP (8 i ) , CDA (8 i )  
— -  0 1 7 0 0 0

COMMON /PARA 1~ STEP,00U ,PPL ,PPU,N,M 017010
- 

C O M M O N  /TFCTR/ FT,FA ,FB ,F~ ~~~~~~~~~~ _ _ _ ~~ _____  -  
017020

REA l PR (81),X.(lj),DFP(6j),T(81),00(81j,00R(81),S(St) 017030
IF (FT.EQ.1.)GO TO 5  017~~ .0 - —

• 00 2 I 1,M 0 17050
• 2 OF~~(1) = 0. 

_____ 0170 60
5 )Z’i.OE+OS 0 1 7 0 7 0

DT= 3. I5576E?’STEP 
____ 0 17 050

11(1) * 2 .0’CFK(t ) ’CDM(l)  017090
TT A A ( t ) J(1) 0i?1!0 -—N IIIaN—l 017110
00 10 1=1,11 017 120

10 T C t ~~~0.5~ XLC II OT/ C DMCI*  017130
00 50 I=2 ,N MI 

_____ ____ 
01711.0

~~~~~~~~~~~~~~~~~~~~~~ 017150
DDU )~~(— (FT +1 (I)+UC I)’AA (I)))’~ A 017t6O_

SO OOR (Z)= (—Ft,T(l)+U (L)’*A(I))’FB 017170
IF (*BS (PL).L(.1.E—60)GO TO 60 

___________ 
017(5 0

~~uxrs IRE SPFC!FIED 8OTN AT TOP AND BOTTOM 017190
1(1)z2.O RL (M)’OZFPL. 

- - -  - —  017200
00 (1) — — (F T / T V  • T(1) /TT I t.I)’FA 0 (7210



—5---- — -
~~

----- - -n” - -

ODk(1) = (—CTFT T • 1(1)/T I • t . t ) ’ FB 0 t 7 2 3 0
F(j)aODR W~ D!P(j)_Ou(1)*pFp(Z).s(!j 01725.0
GO 13 70 017250

C FLUX At OPJ$ ECIfJEO MIXING RATIO J1I~T1D!L._ - - 017260
60 S(1).RL(1) 017270

- —- - 0O(I$ *.S4FA 017280
DU(1) O.’FA 017290
DD~~(1)~~~.5.rB _____ 017300
F (1)aDDR11)$D~ P(j),S(1) 017310

70 IF (A .BS (QU).LE .1.E—S0)G0_TO 71 _ _  --  - 017320
IF (ABS (P U).LE.1.E—60)GO TO 72 017330
S (M)aO. ______ __________ _ _. .  017340
DD(N)*u.+QIj. z)eFA 017150

_______ _______________ 0 1 7 3 6 0
DDR (N )——DO (M )’FB 017370
GO t O 73 0 17380

C FL UX SPECIFIED At  TOP 
- 

017395
— 

71 5 (N) 2,Q~ RU’OZ/PiJ _ 017400
00(N) a I.O’FA 0171.10
DL U4) = ~~~~~~~ ___________ 0175.20
0O~~(N) a —1 .O’FB 0171.30

- -  ~~~~ TO 73 —_____________________ .~~~~~~~~~~~~~~~~~~ _ _ ~~ - 017440
C MI X ING RATIO S’ECIFIED AT TOP 017450

72 S (I )  = RU — L1.bI_
DO(S) • 0.5’FA 017470

- - ~~~~~ = 0. _________ —  0171.80
0D~~(N) = —.5’~ B 0171.90

73 DO ~0 I~ 2,NMI ____- —  — — 017500
IMt I—1 017510

— IPI:I,1 Q17~2 0 . - -

80 F (I)a—OL (I)’OFP (INI ),00R (I)’OFP (I)—DU (I)*OF’(Ipj)—S (1) 017530
- 

_F_( p ~ Qp’0~P (N— t) .ODR (N).OFp(N) +S (N) 017545
00 90 1-1,14 017550

-  90 1fl 00(I) 017560
00 91 1a2,N 01757 0
_______________________________________________________ — 017580
DO 92 I—1,NI1 017590

92 C( I)=DU(1) 
_____ 017600

B (1)—1 .0 01761 11
__________________________________________ ______ 0 17620

0L(1) 1. 
—  

017630
• )U(N)=t. 017640

RETURN 017650
EN) ______________________________ _____ 017660
SUBROUTINE rR IDIA (14) 01767 0

- C SUBROUTINE TRIDIA TO COMPUTE MIXING RATIO 
____ _____ 01763 0

COMMON /C 0E~ 2~ A (81),B(81),C(81) ,F(51),X(811 017630
REAL AL PNA (8t ) .GAMMA (6t),G(8I) ~t.7.7J0
IF (A(i).EO. 0.0) GO TO 100 017710 
AL.~~LAit) A U ) .  017720
GAlMA(1 )~~C (t)F*LPHA (1) 017730

- 
!P(laM— 1 _____ -- -   017740
DO 10 1a1,NMI 0(7750
IF (ALPHA ( I)  .EQ.O.0) GO 10 100
, A 4 P 4 A ( j ) C( I) ,ALP H~~( j )  0 (7 7 70  
1~ L=I•t —___________ _ - - - 017780

10 A LP tI A ( I P I )Z A ( I P I )— B ( I P I ) ’ GA M M A ( I )  0 17790
-• G (1)aF(1)/A LPHA (1) 

- 
01 7500

• 00 35 1=2 ,5 0 175 10
- •  30 G(I)— (F (I)—B (I)’G (I—l))/ALPHA (I) 

~~~~~~~~~~ 1118~J~.
X ( N ) G( N) 0 (7 53 0
00 40 1 1,NM I 01795.0

017350
5.0 X ( J ) — G (J )—G A N4A ( J 1’ K(J , j )  0 1796 0

GO TO 101 017870
100 WRITE (6,105) 1

- -
-
- - - - -



105 FO~ NA T (i,2K ,’SIMG ULAR MATRIX — I —‘ ,IS /)  01789 0
101 RETURN ___________________________ —- -- 

017300
EN) 017)10

- 
- 

SUBROUTINE REDCN (N1,0KP03) 
- 

017320
LO ICAL OKP33 017330

• COMMON /JVA L / CJO2 (5 0),CJO3 (50),CJCF2(50),CJCF 3(50,,;JCCL~~(50), 017940
I CJC II3C(50) ,CJCLO3(50),CJ1420 (5D),CJHNO3 (50) 017950
2) CJII ?02(50),CJO 3I(50),CJN205 (50) — —  _ _ _ ~~~~~~~_. 017360

COlI$ON / ,q OOEL lA LT (41) ,TEN p(41) ,Q5(41 ) ,oIbi ~j ) ,oAe3 (1 . t )  017 9 70
R E A L  JN O 3 

______ 017980
- COMMON /RATESI RITE (65,e1),RA (65),RB (65),JN33,pJ03 017390

REAL NO, N02,NOX,N03, N205 
-_______________ —- 018800 — -

COMMON /SPECIF/ H (41),OH (41),HO!(41),112O 2(I,j),O3 (41),3(5.U,P40 (41),0180j0
• I N)2 (5..~~,HM3 3(4t) ,M 3X (41),CO (~~I),O2(1.I),CH’.(z.1),H23(5.j),42(41), 018020

2 CL(1.L),CLD(41),HO.. (41),CLX (5.j),OCLX(’.1),N03(5.j) ,N!35 (4t)’, 018030
3 CLNO3 (5.1) 

____________________ 018040
CO M MON ~XXES/ Xt (81),X2(*1),X3(3j),X6(81),x;(8j),xs(5j),~~7(81), 018050

1 X8 (61),X9(5I),X1 0(81) ___ ._ 118060
REAL CL0I( 41),N021(1.1) 018070

- • 0  018050— -— - 
411 = (NI — 11/2 

—— 
0 1809 0

- 
E1 4A X = 0. 

____________ ______  018100
(211* — 0. 018110

—- DO 10 1 = 1,1411 - __ ____Jjet2 ~~~1. • 2’I — 1 018 130
— CLOI (I) = CLO (I) _____  - 0 18(40

14021 (I) a 1402 (1) 018150
ALP : (CJO 3 (1) +~~ JO 3)/(RATE (34,L )e .2j’Q I ~~~~~L - - 0 18160
33( I) = X8 (?’I — 1) ‘ ON (I) 018170

— 
0(I) ALP ‘ 33(1)
C LX ( I)  = X7 (L)’OM (I) 018130
1401 (1) = X2(L ) ’ DPI( I )  

______ ____  018200
CALL P140* (1) 018210
CALL PCLOXU) 018720
El • A O S ( ( C D( I)  — CLOI(I))/CLOI (I)) 018230
IF (E1,GT.EIMAX) E1MAX = El __.01~~240(2 — A 8 S ( ( N 3 2( I )  — 1102t( I))/ N02 1(I))  018250

- IF ( E2 .GT.E 2 MA X )  E2MAX E2 
________  0 1 8 2 6 0

CLD (I) — (CLO(I) 4 CLOI(Ifl12. 018270
- 1402 (1) = (1432(1) 4 1 4 02 1 ( 1 ) ) / 2 .  018250

10 CONTINUE 018290
IF (E1NAX.Lr..oto .Ap40.E251x.LT..olo) OKPO S • •TRUE• ._ 01830Q - - -~~~~~~~~~~

• 
— —  

RETURN 0 183 10
• (NO 

_____ _________  018320
• SUBROUT INE O3L INT (X ,Y ,IL,IU) 018330

— -  
DIM ENSION X(9,’.1),Y (9) 0183 1.11

• C 018350
• IF ( IU.LE.k0) GO T3 5 01e360 - -  - -• WR ( TE (6,600) IU 018370
- 

- 
600 FO~ M&T (1)45, ’ IN SUBROUTINE O~ LI_MTLJ_tL!.~,I3,’ — T HtG l~~ OR INtE01 835O

- IGRA ND A RRAY’) 0 ( 8 5 9 0
ST3P 

______ 0181.00
0 0181.10

5 00 10 I 1.9 jj$’.20 - - - —
Y(I) = 0. 0181.30
00 10 J a IL ,EU 

__________ 0181.1.0
10 Y ( I) = Y (1) + (X (1, J) + X (I,J+1) ) ‘t.ES 0181.50

- C  
- ________  ____ 0181.60

• RETURN 0181.70
END 01~~~9 0
SUBROUTI NE PR IM TX (I ,LLL ,LLU) 0181.90

• COMMON /INtDEN/00 31N1(411,OMZNI (4t),OA INT(t.tI 
- -  - 018500- — 

COMMON /JVA L / CJO2(5 0),CJO3(50),CJCF2 (50),CJCF3 (50) ,CJCCL5. (55), 018510
• CJCM3C (50),cJcIo3(q~,cJN2o (5a),cJHNo3(5o) 018520

2, 0J1 202 (50), J031(5 0),CJN2OS(58) 018530
COMMON / M O O E L / A L T ( 5 . 1 ) .T E N P( 5 . t ) , ) M ( 5 . t ) . D I f l ( 1 . 1 ) . O A ? 3b % )  01161.0

_ _ _  -
•
~~~~~~

--------- -
~~~~

- - - ---—
~~~

- - - ~--v :~~~~~~~~~~~ —_



- 5-—- - - 
-—-5 - - __•____ 5-J_~

____
~

_ _ _  
- --5-- -•--— —

~~~~
--—-

~~~~~~~~~~~~~~
•-—

- —•—---•-—- - ~
--•

~~~
--- - - ~—••-- - - - — --

COMMON /NOLIYD# XM(St).XN2O ($t),P1423,R$2,X11 (II) 018550
- — COMMON /NOAI A I CEK (81),CON(8t),GTENP (It),CO& (8t) 

- 018560
COMMON /013/ OJO2(4t),OJO3(6j),3JCr2(41),OJ~F3(4j),3JCCL5.’(5.1), 016570

i OJC )43C(5.t),OJCLO3 4p ,OJN2O 5.1),QJ4NG3(4u~~3JHZO?~1.jj,OJO31 (~~u , 0185802 OJN2OS (41),OLDDH(1.t),003INT(411,003 (4t) 01859 0
• COMMON /PRODSI P000H(7,5.U ,S000N(9,41),O3INT (41),CLCH5. (41), 018600

I YV (9),HHN~~ ,4t) 01861 0
- RE* L NO ,N02,NDX,p403,N205 __ _ _ _ _ _ _ _ _ __ _ _

~~

-_ -- 018620
COMMON ~SPECIE/ H(5.1),OH(5.I),NOU41),ll2O2(~ 1),O3R1l ,O(4U,NO (5.t),S16630

I NG2 (4t!.,$~33(4t),NOX(4U,co(41, ,~~~(4t) ,CM1. (1.t~~~ l~~~ !1ij3.~(4*), 01851.0
2 CL (1.1),CL3 (5.j),HCL(4t),cLX(41),OC1*(5.1),No3(5.1),Nt35 (4t), 018650

— -  3 CL NO3 (4t) O%6 660
DIMENS ION *111 (61) 818670
CO TRA~ H2/ *111 - - — - 01666 0
COMMON FXLS / ELj (51),XL2 (6I),XL3(3t~ ,X ~.4 ($1I,xL5j6$),xL 6(6t), 018690

I X 7(8t)~, f~jj,~~~9 (81),X1I0Iet) __ __ ._ . - -- - 018700
COMMON /XXESF X 1(81) ,*2 (81),X3 (51) ,X4(I1),13(81),X6($t),*7(81), 018710

1 *8 (81) ,X9(8l) ,Xt0 (81) 01872!
DIMENSION Ct(41),C4(4I),C5(5.1),C6(5.t),C9(5.I) 018730
Rc*~

_ 1 L ~~~~~~~jo(5.1),MNcL(41),McLNo3 (4t),~~~~sJ_ ... — —  018740
o 018750

CAL L PAGE 
___________ _______ 018760

W R I TE (6 ,601) 1 
— 

018770
WR ITE (6,602) (ALT (J),0J02 (J) ,0J03(J),QJCF2 (J).0JCF3 (J) .pJp3j (J) , 1iI!J0.

1 003 (J) ,00318T (J),0MINT (J) ,OLO)N(J),Ju~.p .L ,LLU) 018790
CA _ I PAGE 01830 11
WRITE (6,603) I 018310
W R ITE (6,605.) (ALT (J),OJCj~~~~4) OJNZO (J),O JlNO3 (J).3Jl2Q~jJ)1 018320

1 OJN 2OS (J),DJ CL4(J) ,OJCH3c (J) ,J LLL ,LLu) 016330
C _ _ • 01831.0 —

CALL PAGE 018850
-- W R T  (6.1601) 

_______________ ___________ — — - - - - 
018360

WRITE (6,602) (ALT (J) ,CJOZ (J) ,CJO3(J) ,CJCF!(J),CJCfl(J),CJ331 (Jb , 018370
—  O3 (J),003INT (J),)NINT (J) , )H(J).J LLI.,j.j..W_ - - 018380

CALL PAGE 016390
WRITE (6.1603) ——______ 018900
WRITE (6,604) (ALT(J),CJCLO3 (J) ,CJN?D (J),CJINO3 (J),CJ142O?(J), 018910 

1 CJNZOS(J) ,CJCCL4 (J) ,CJCN3C (J),JaLLL ,LLU) _ - — 016920
0 018330

-— - ~~ _~~~~10 J a LLL,LLU — - 018340
MC L(J) * CL(J)~~0N (J) 018)50

• 
— MC. 0(J) = C..O(J)/DM(J) J~ 8360

NHCL(J )  a 4L(J)FD N(i) 016970
• MCL NO 3 (J) * CLNO3 (J)/DM(J) 

_______ 018980
10 CO~IT1NUE 018990

- -  
-  NL INE = ILU — LIt. + ~ __________ - 0 19000

CA_ I PAGE 019010
CALL LINES (3+NL INE) .RETURNS(315) __ 019.020

315 WRITE (6,605) 019030 
~~~X TE (6,6O6) (K,ALT(*),PI(K),Op4 (~~~,HO 2 (*),p$232(K),Q ((),p3(k1 , 

- 01901.0
• 1 031M1 (K),D !D(K) ,K-LLL ,LLU) 019050 

CALL LINES (3+$IINE ),RETURNS (320 ) 
- 019060

320 WR IT! (6,607) 019070
—- WRIT E (6.608l (~~.ALT (k).NO (K).N02 (K).HNO3(X).14O3(K).142D5 (~~).MO~~~ p Q $9Q~ q

I K LLL,L LU ) 019090
CALL LIMES (3+NLINE ) ,RETURPIS (325) 

_____ - - 019100 .,
325 WRITE (6,609) 019110

N 6,615) (K ,ALT (X ),CL (X),M L (K),CLp(K ) ,MCLQ(~j.lpLJ;), 019120
1 M IICL (K) ,CLNO3 (k),)4CLNO3(X),OCLE (K),K .LLL ,LLU ) 019130

- C
- 

CALL LINES (7+NL INE) ,RETURNS (330 ) 019150
- - 330 WRtTE (6,611.) ._ _ _ 019160

WRITE 46,615) (~ ,ALt(K), (NNH(J ,(),Js1,9),k L1L,LLU ) 019170
WRITE (6,715.3 —-- 5-- — — 019180
WRITE (6,715) (YV (J) ,JaI,9) 01919 0
CALL LINES (J.NL TNE),RETURN$ (335$

- -



— 
- 

5-: ~~~‘~ - -
•

• 335 WRITE (6,616) 
- - - 

019210
- - 

_~~R~TE (6,606) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 019220
CAL L LINES (3 .NLINE ),RETURNS (34.0) 019’30

340 WRITE (6,618) 
- --  — 019’40

WRITE (6,61~ ) (X ,ALT (K),(S000N(J,k) ,JaI,9),(wLLL,LLJ) 019250
• C 

~~~~~~~~~~CALL PRINT9 (*1,X?,X3 ,X 5.,X5,X6,*7,X9,Xj1,~ NN2O ,5.N143* ,4IIC45. , 
— 

019270
1 5.P4FC1I,5.HFC17,4)4CN3C,4$CLX ,4HCCL5.,5.P4 H? ) 

- — 019280
C COMPUTE FLU X At BOTTOM 

- — 
019290

CALL TRA P (ELI, FN ?O,1,e1) 
-~~~ - 019300- 

~ AL L TRAP (XL2, F PIOX, 1,81) - 

019310
- 

CALL TRAP (*L 3,FCHI,,1,81) 019320
CAL L. TRAP (XL5.,FF1I ,t,61) 019330
CALL TRAP (XLS ,FF12,I,81) 

- -  - 
01935.0

C A L L  TRA P (XLS, FCH 3C ,1,ej) 
- 

019350
CALL TRAP ( X L T ,FCLX ,1,61) 

_____ - 019360
CALL TRA P (1L9,FCCL4.,I,5j) 019370
CALL TRAP (XLII,F112,1,6I) ___ M 93~3O

_ 
—

WRITE (6,70) FN2O,F NOX ,FCH 4,FFII,FFI2,FCH 3C, F CL X ,FC L1.,F92 019390
o _____ ___________________________________ 0191.00

00 100 J — LLL,LLU 019410
2’J — 1 ______ 0191.20

0 4(J )  = X4(() ‘ COM (K) 0191.30
C5 (-J) = *5(K) ‘ CDM (K) ~~~0t9~JLO - _ .~~~~~~~~~~~
C6 (J) a *6(0 ‘ CDM(k) 0(91.50
C9JJ) = *9 ( K)  ‘ CDM(Ic) _______ _____ - - 0191.60
C1 (J) = X1(() • CDM(K) 0191.70
148(J) = 03 (J)/DM (J) 

—— 0191.80
[I 100 CONTINUE 0191.90

CAL L PAGE - 0j950 O__ —~~~
WRITE (6,611) 019510

- 
_~~~~1TE (6,608) ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 019620
I CLX (K),K LLI,LLU) 019530
CALL PAGE  01961.0
WRITE (6,61!) 019550
WRITE (6,613) (K,AL I (K) , C1 (K),40X (K) .CM4(K ,k—LL L.. _ U - __ _ 019~~ .RETURN 0(9570

o 
______ __________ 01958 0

70 F ORM AT (IHO, 3X ,’FN2O ‘,1P(13.5,5.X,’FNOX *‘,E13.5 ,1.K, 019630
~~~~~~~~~~~~~ !tE13.it~!,’FF11 ~~~~~~~~

. 5L5.X ,‘FF1 2” ,El 3,5~ /  019600
2 41,’FCH 3C :I,E13 .5 ,4X ,’FCL X ‘,E13.5 ,5.X,’F~CL 4 •‘,E13.5 , 0195(0

• 3 %X,’F142 ‘,E1 3.5) 01j~~ O - -
• 601 FORMAT (tHO ,5*,’LAST ITERATION =‘,I3 // SX, ’ALT’,6*,’CJ32’, ?X ,O19D30
• 

- - 1~~ C J~ ~~t’~~Jcf ?~ ,_ 6X, ‘C~!c~i!~ bX L!~JO3T!J~~ $’PRE!33’ a_ St . 01961.0
2 ‘DO31NT’ ,5X ,’0MINT ’,6X ,’PRE~lOH’//) 019550

•• 602 FORMA T (IN ,0~ F9.0, IPO9EII.3) 01966 0
• 603 FOR MAT ( 1H0,5X ,’LASl ITERATION •‘,13 II 019670

A 6X.’ALT’ I5X~’CJCLO 3’.5X .’CJN 2O’I _~j96~ 0
I 6(,’CJHN O3’,5X ,’CJ14202’, 6X,’CJN2OS’,5X ,’CJ CL 4’,5.*,’CJC II3CL’F/) 019690

604 FORMAT (1)4 ,0PF~~ia_ iPa7ElL.3) 019700
605 FORMAT (1H0,2X ,’K’,7*,’ALT’, 9X,’N~ ,12X ,~ OH’,12X, ’lI3?’,1tX, ’H2O2’,0t9710
-~~~~~ 1 t1X, ’O’,13*,’O3’,10X ,’O3I$T~ ,9*,’O(~ ’0) _ _ _ 019720
606 FORMAT (IN , 13,OPFII .0,IPIEI5..5.) 019’30
607 FORMA T (1H0,2X, ’X’,71,’ALT4 , 9X,’NO’,13X, *N3?’,t2X,’4P403’,IIX, 0t~~~~~_ _ _~_

I ‘403’,IZX,’N?D5’,IOX ,’ NOX’/) 019750
608 FORMAT (IN , I3 p OPF1I .O ,1P6E15.1.) 

- _____ —  
019760

• 
- - 

619 TORNAT (1H0,IX ,’1C4,7X ,’ALT’,15X,’CL’,23X,’CLO’,flX,’I4CL’,22X , 01977 0
I •CLNO 3’,LSX ,’OCLX’/) 

—_______ -  
019785

• 
-

~~~ 610 FOR MA l (IN , I3 ,OPF LI.0,IPSEIS.1.) 019790
• 611 FOR MAT (IHO,2X, ’k’,71,’ALT’,OX,’MR 33 ,11X ,’FCIL’ ,IIX, FC1 2’,10X, 019300

1 •CH3CL’ ,I1X ,’CCL5.’,IiX ,’CLX’/) 019310
612 FOR MA T (1110,2X,’K’,7X,’AL T’, 9X,’N20’,~~2X,’40X4 pj2*,’~~HI,’~~ - -  

_ _ _ 0 19S2 0
613 FOR MA T (IN ,I3,0PF11.0,IP3EIS .4) 119630

• _ 614 FORMAT (tI40,IX.~ K’,7X,’ALT’,6X,’ll • O3’,?X,’0)4 • O3’~ 5X, 01931.0
1 1402 4 03’,6K ,’W02 • O’,bX, ’OH + O’,7X ,’NO2 • O’,6(,’CL O • 0’, 019350

— 2 6(,’O • OP. 7X .’32 + NV ’I)

.4
- 

- • -



5- - ~~~~ -_-- 
5- -

615 FOR MA T (IH ,Z2, OPFtI.0,IP9EI3.4) 0t9870
616 FOR MA T (jH0,2*,’X’,7X ,’*I.T’,6X,’H2p • 4V ’.bK ,’N?p ‘ ~~~~~~~~~ 019830

1 •C )$4 • O10’,5X,’14N03 + H iI’,SX ,’CO + 0N’,TX ,’NO + 432’,SX, 019390
- 2 ‘JN2O2+N202’ ,5X, ’CL cit~

!/) ____—  019900
617 FORMA T (IN , 13,0PF11.0,1P7(I5.5.) 0 (9910

• 618 FORMA T (1H0,2X,’k’,?X ,’A$.T’,5x.’11202 + OHS ,?.X,1H02 • OH ,SX , O~ 9 7 0I MCL • OH’,SK ,’CHl, • O14’,SX ,’O14 + N02’,5X ,’OH • H133’,5* , 019)30
2 ‘WI • O H~jSX j~~I4 ~~~~~~~~~~~~~~~ H02’fL __ 

- _ - 81991.0
714 FOR MAT (INS ,’ INTEGRATED LOSS F)R OZONE’S) 0(9950
715 FORMA T (1H ,13X,IPOEI3,4 ) ~~~~_ _~~~~~~~~~~~ _ • 019360

• 1601 FORMAT (IHO,5* ,’LAST ITERATION + 1’ ~# 6X ,’ALT’,6X ,’CJO2’, ?X ,019)7 0
1 ‘0J 33’, 6X.’CJCF2’. 6X.’CJCF 3’.61.’CJD 3I’.SX.’PREIO5’.5X. ØJ9~ 302 •003114T’,5*,’DNINT’,61,’PREVO)4P//) 019990

1603 FORMAT (IHO.5*, ’LASI ITERATION + l’IL__ _ 
- 020000

A SX ,’ALT ’,5X ,’CJcL O3’,5X,’CJ$2o’, 020010
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 020020

C 020030
EN) 02001.0
SUBROUTINE IRAP (*X ,X X X ,NI,N2) 020050

- 
__ P1~(ENS ION X 1 (01) ______ • 020060

XXX — (XX(Nt) + XX (142))’.S 020070
- _ !i131 = N 1 +  t _________   • 020030

142141 a 142 — 1 020090
00 10 I = N1P1 .PI2MI 020100_ ______

10 XX X — XXX • *1(1) 020(10
• - !XL~~~XXX’I.0E5 • ___ _~~~~~~~~~~~~~_~~~~~~~~~ _ _  020120

RETURN 020130
_________ — - _ __ _ __ _  • 020140

SUBROUTIN E PRINT’) (X(,X2 , X3 ,X4,X5,16,X 7 ,X8,X9 ,HDI ,lD’,I4D1,404,I4DS ,520(50
1 H06.1407.H08.109) _ 02.~1SL _ - - —

DIMENSION X I (31) ,X2 (81), X3(81) ,*5. (81),X5 (811 ,X6(81),E7 (8U,X8(81),020170
I X9 (61) — —  — _____  020180
COMMON /MOOEL FALT (41) ,TEMP( 41) ,)M (4I ) ,OIO (41) ,0A23(1.1) 020190

600 FORMAT (1H0,6X.’ALT’,2X,9(6X,A4,3X)/) - —  020200
601 FO~MAT (iX,0P 11.0,1P9E13,4) 020210

- _ 603 FORMA T (IHO.5X.’NIXING RAT IOS $~~ ) • ___________

0 020230
CAL L PAGE ______ 02021.0
WRIT ! (6,603) 020!50

- 
- - 

_~~ITE (6,600) HDt ,14Q2,1403,$O4,)435,H06,p(O7,H38,H09 — -  —  _ 02 026 0
00 60 I — 1,41 020270

60 WRITE (6.601) AL.T (I),X1 (2*I—1).X2 (2’I—t).XS(?’I—I).Kl.(Z’I—t). i?Ji~0 _ _
1 ~5(2’I—1),X 6(?’I—I),X7 (2’I—I),X 8(?’I— 1),X)(2’I—1) 020290
RETU RN

______ _________ __________ _______ 020300
EN~ 0 2 0 3 10

- I~~~~ UT INE INPUT (kEYS,N IC,1FORN.IITLE.K),R~TURNS (A)  020320
• • 020333

REAL NAME _____ —__02a340

~~~~~

_ _

INTEGER KEYS (14),TITLE (13),K (YWU ) ,KEY (3),B LA NK 820350
- 

- O A T A  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,.  020360
I NA P4E~ 5HINPJT/ 020370

o ____________________________________ 020380
10 RE*O (5,5010)KEY ,IC ,IFORM,TITLE,JF 020390

50 (0 FORMAT (3A4,!3 ,13 ,2X,I2AI,,2A2) ______ -_ - -  -

IF (EOF (5))800,I5 0201.10
- • 15 !FiIC)?0,49,22 0205.20

20 IC’—IC 0201.30
REW IN O IC 

______ 
02045.0

22 CAL L PAGE 0201.50
CALL LINES (1.),RETURNS( 25) 020~~!_ _

25 WRITE (6,60?5)IC ,TIfL( 020470
6!?5_ FOR_MAT( /T2I, ’TAPE ’,I2 ,T 3I,’LA 8E~~~ ,42A4IA2 /’J _ _ _ - - 0201.80

IF (JF.NE.BLANK ) CALI. INE (IC ,.TRUE .) 0201.90
R(AO (IC ,5Qj0)ICEY,K,IFORP4,TITLE ,JF
IF (EOF (IC))800,50 020510

49 IC’S 020 S ?f l

8b

- - 5- - - 
__4
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~

-

~~~~~~~

- - -

~~~

----

~

--- —----

50 DO 60 K 1,S 020530
tF (KEY (I).(Q.(EYW(K !)GO TO (100,200,l0,5.0 !,jj),~

( 020540
60 CONTINUE 020550

00 68 K 1,N _____________________ ____________ — — —  
020 560

• 
- - - 

IF(K EY(1) .E~ .KE Y S (~~)) GO TO 90 - 

020570
60 CONTINUE 

— 020580 -—
CAL L ERRX (80,NAME ) 020590

• 90 IF(IC.E0.5)CALL PAGE 020600- —  
WRITE (6,6090)(EY ,TITLE,IC 020610

6090 !~~~~~~~~T2,3Ak ,T21,t2_ a _ A2,T$1,’ 1 ’ ,12,!1’,) 020620
• CALL LTNES (3),RETURN S (95) 020630

95 RETURN _~~_ fl20540
100 CALL IMPARM 020650

GO TO tO 
_____  020650

200 CALL INE(IC,.TRUE.) 020570
GO TO 10 _____ 020580

800 CALL ERRM (800,NA IIE),RETURNS (400) 020630
1.00 R E T U R N  A o~~~po__

END 020710
- 

SUBROUTINE PAGE  020720
C
C PITS PAGE_H EADER AND KEEPS TRICK OF ~~NE COUNT 020740
C VERSION 1.0 LEVEL 711122 020750

_; ,.••..•.••,..••.•.•.,.•e..•,.••.......•.••.,.•.....,•• “!: ~!~~ 0Z0TkQ._ _ ——
ZNIE6ER ICO3E ,IRUN,PIPA E 020770

- - REA L. TITLE(S) 020730
COMM ON /H (AD/ TTTLE, ICODE ,VE RS,LEVEL,DAT , IRIJN ,NPA GE,NL DG 020790
cQM M!P~!IINUM /LIN ~ ~~_ — —_ - - —  - - 020500

0 020310
LIPIE 4 

-

NPAGE=NPAGE+1 020530
_ _ ITE (6,2030) ICOOE,1RUN,TITLE,VER5,LEV N~A L   020340

2030 FORNAT ( ’ 1’ ,13 ,I6 ,5X ,6A 8 , ’ VERSION • ,F5.1, ’ (‘ ,I6, ’)’ , t t X ,  0 2 0 5 5 0
_ _ _ _ X A10 ,IOX,’PAGE •,I3/1X ,I27(’—’))_~~ _• 0 2 0 16 0

RErURN 020370
• END _~~~~~~~_ _ 0~2O5~J — -

SUBROUTINE LINES (N),RETURNS (A ) 020390
o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - 

JE~ SION 1.0 LEVEL 760921 020)1 0
C 

____________ ________________

REAL TITLE (6) 020330
• INrEGER ICO)E,!RUN ,NPA&E,LCT 

~~~~~~~•  COMMON /HEAD/ TTTLE ,ICOOE ,JERS,LE,EL,UATE,IRUN,NPAGE,NLOr, 020350
• CO IMON/L X NtJM/ ZNE 

—~~ _________________  020960- 
DATA LCT /611 

— 

020370
0 020~ 30

• L INE LINE +N 020990
IF (LINE .LT.~~C1) RETURN _ _0fl000

• LINE N+1. 021010
- 

- 
30 NPAGE NPAGEIt 

______ 021020
- 

-— 
WRITE (6,2030) ICODE ,IRJN ,TITLE ,4ERS ,LE4EL ,D~ TE ,NPAG ~ 021030

- ?0!!_FORNAT(’1’.I 3,Ib, 5X,6A~, VERSI ON ~~~~~~~~~~~~~~~~~~~~~~~~~ 02101.0
X A 1 0,IOX, ’PAGE ‘.13/IX ,127(’—’)) 021050
RETURN A 021060 _ _  -—
END 021070
SUBROUTINE INE (IC ,PRINT) 021030

0
- • C VERSION I LEVEL 720602 

_____ 021(00
0 READS AND PRI N TS COMMENTS CARDS 021110
c ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

REAL NAME 021130
LOGICAL PRINT 

_____ 021140- 
INT EGER XFORN,IF (3),COM (13) ,81AP4 K 021150
D A T A  IF/ IN ,IHO. IHiI,NANE/3NINE/,B LA NKF IH_L__ 02 1160

o ——021170
10 R(4D (IC.50i0) IFORM. COM.J F

87

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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~~~~~~~
— 

—_________ _______________

5010 FORMAT( j4X ;I1 ,SKp I2A4 ;*2 ,A2) 021190
- IF (.NOT.PRINT) GO TO 50 _ ___ .  - 021200

00 20 1—1 ,3 021210
- -  

IFI FORN.E0.IF(I)) GO TO (30.3I,41)tI 
_____ 021220

20 CONTINUE 021230
• 

— CALL ERRX(20 .NAM E) O2I~ 4 O
30 CALL LINES (!),*ETURMS(32) 021250
32 WRITE(S, 6032) IF (I),CON - -  _~~~~~~~~~~~~~~~~~~~~~~ _ 021?60

6032 FORMAT (A I,f21 ,12A4,A2) 021270
GO 10 30 021280

40 C A L  PAGE 021290
— 1*2

GO TO 30 021310
50 IF(JF.NE.BLAN~~ GO TO 10 ____ - - - 021320 •

RETURN 021330
EN) 

— __________________ 02 (31.0
SUBROUTINE 3AY 02t~ 50

--
o VERSION 1.0 LEVEL 760921 021370
o ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0

REA L TIT LE(S) 021390
C OMM O P4~~ HEA3/ TITLE,ICODE,VERS,..EVEL ,OAliIRJNINPAGE,.J~k OG - - 0211.00

o ———021410
DAT • OATEO ) _•0~j4~ Q• - — -
RETURN 0215.30
EN) 

_________ 0211.1.0
SUBROUTINE ERRX (N ,NAME) 021450

C __________________________________________
0 VERSION 2 LEVEL 720421 0211.70
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -

INT EGER P4 021490
R EAL NA M E 

_____________________________ 021500
C 021510

WRITE (6,6000) N,NANE 
- __________ - - 02t520

6000 FOR MAT( ’OEXECJTION TERMINATED DiE TO ERROR 40. ‘.11.,’ TN ‘,A8) 021530
-— S T P  _ O?1 540

END 021550
- 

- - SUBROUTINE ERRM (N,$AME) 021560

• . 0 • V~ 3JION 1.0 LEVEL 760921 021530
c

• INTEGER N 1216JC — -
— • REAL NAME 021610• C — — — ———021620

WRITE (6,6IOO ) N ,NA M E 021630
~j 00 ~ORMA T (’0ERROR NO. ‘.14.’ IN ‘.86/) 021640

RETURN 021650
END _ J21i~L_ —
SUBROUT INE )SCATT 02167 0

C. ............ ..,..,...... ..,.. ........ ......,.,, .......,... ,.... .... .021660
— C 021690

CHLORINE MODEL STUDY PROGRAM 021700
C 821 710
C _•JJ1!~1..C SUBRO UTIN~ )SCATT COMPUTES AE ROSOL AND M 0 .ECULAR EX TINCT ION 021730
C - C O E F F I C I E N T S  

- 02175.0
C IRAY (J)— RAYLEIGH SCATTER ING COEFF ICIENT 021750

-• C Q A E ( J ) z  AEROSOL EXTINC T ION COEFFICIENT 021760
C ~AA(J) — A !R3SOL A9SOR BTION COEFF ICINT 021770

___________________________________________________________-— lit tLL __ 
-

C SIZE OISIRIBUTION PARAMETER I IZE. I (RURA L) FROM SF161 El AL 021730
C - _________- 2 (MARITIME) 

- -  
_ (t9!~I 0 21300

C 3 ((1*8814) 021310
C 4 (TROP OSPHERE ) — — -  021320
C S (SPECIAL ) 0215 30
C TO INPUT SPECIAL MODEL OTME NS ION AL AMII ) A N D OE(S) .SA (S)

88
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 

-

C 4 I OF WAVELENGTH INT ERVALS ~EROSO L DATA DIGITI ZE ) 02i850
• C ALA M ARRA Y OF WAVELENGTH VAL UES CORRESPO~(DING TO DIGITIZAT ION 021 860

C OMM ON ~SCA )ARfl~RAY (t00 ), QAE~j0G),QAA (I00) 
-  021580

COMMON FSOLCO 4/ WL (100),FL(I00),202 (I0S),003 (tOO) 021890
- 

COMMON /PARM / XSW IT,lSTEP ,TSTOP ,TLOOP,LTPRNT ,ZSZZ~ a_ !SCAfr 021 300
O IMEN SION ALA4 (8) ,QE (5,6),QA(5,3) 021910
o A r A a L A M / . 2 o o , . 2 S o ,.3a0 ,.4o0,.1.s6,.~~ j ,.s91.~ .e60, 021)20
DATA IL,IU,N/t,99,?l 021)30

0 
_______________ _______ _______ 

021 ) 1.0
• 

C SPECIFY AEROSOL MODEL 021)50
—~~~~~ GO TO (I,2 ,3,4,5USIZE 

• 
021)60

C R U R A L  021970
• I QE(I ,1) ,38223 021380

DE (I,2)= .32979 021990
- 
DE(t , 3)= .28540 022000
DE (t ,4)= .22025 022010

- _~~~~~ E( t t SP .L7989 022020
DE (1,6)= .15800 022030
DE(tjiir.12064 022040
DE(t,6)= .09I51 022050
~~ C 1 tt) .07945 _____--______  - 022050
OA (t,2)= .03661 022070
QA(1, 3)— .02i1O _ Q 2 703 0 __ 

•
OA ( 1,4)=.01317 022090
)A(t ,5)s ,Ot t t 4 ______— - — 022100
~A ( 1,6) = .0i095 022110
DA( 1,7)= .00963 _____ - _~~~~~~~~~~~~ __ ~~~~~~~~  022120
)A (l,6)= .0I058 022130
GO 10 20 

_____ 02211.0
C MARITIME 022150
2 )E(?pl )— .20332 _____________—-_____  022160

)E (2,2)= .19518 022170
OE (2,3)= .tO1.79 022180
DE (2,4)= .17032 022190
~E (2,5)’.1621 3 122200
)E (2,6)=~~l5300 022210 

(2~~7) .t5 00t _________________________________ 
_______ - - 022220

)E(2,6)= .14412 022230
- - OA (?,A)= .02051. _____________ — - 0 2225.0

OA (2,2)= .00664 022250 - 
-

— 
DA (2 .3)= .p05.42 022250
DA (2,4)= .00243 022270
.OA ( 2,5) .00193 

________________ 
~~~~~~~~~~~~~~~~~~~ _ - 022? 60

OA(2, 6)=.0016 6 022290 
_ )At2 ,7)= ,00155 

___________ - 022300
3A (2,8)= .00171 022310
0 TO 20 022320

C JRBAN 022330
3 - - — QE ($, i) .3t030 __________ _______________ _____-- - 02231.0

OE (3,2)= .28’.16 022350
- — 

IE(3,3)— .25805 
______ _____ _ _ _ _ _——  - -  - 022350- 

2E (3,4)= .20167 022370
OE (3.5)a .17631 ~2~~J1_ -
DE( 3,6)— .t5300 022390

• 
- 
)E(3,7)s.12601 

_____________ - 
022~ 00

QE (3,5)=.IOOTI 0221.10
• • OA (3 ,I)a .18692 022420
- 

- - - - 
OA (3,2)’.0$649 

— 
0221.30

OA (3.3)..01511
022450

• 
- 

OA (3,5)a.05&?l, 
- - - 0221.60

• 
— - 

OA (3,6)— .05262 0221.70
• JA ( 3,7)a .04526 0221.80

GA ( 3 , 8 ) — .08022 0225.90
GO TO 20

89



•~~ :- . T J ~~~ T~~~~~~~~~ ~ TI:t T  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~

C TROPOSP 4ERE 022510
1. OE (5..j~~.~ O2I2 _________________— - 022520

OE (4,2)s.34505 022530
• !E(413).29674 ____ ______ - 02254 0

SE(4,4)— .22585 022550
- 0E(4,5)— .18167 022560

QE(4,S)z.15800 022570

~E(~~,7)a.tt722 — -  - 022580
OE( 5.,6)=.085 37 

— 

022590
- ~A~~~~1)’ .03042 — - 022600
OA (4,2)= .031.SI 022610
)A (4,3)_ ,01767 - - 0?26~ fl
DA( 4,4)= .011971 022630
9At 4,5)— .0077?  _ 022640

022650
- 

~A c 4 , r J~~. 00619 _____-- _ _  _______ - -  - 022660
022670

~O TO 20 
- - 022630

5 CONTINUE - 022690
0 I U T SPECI L MODEL • 

022700
20 00 40 J 11,IU 022710

WLltCs~~~4)fj,0E4 -— - - - 022720
DRAY (J)= (9.307E—20)’ (t.OEA/WLM1C) ”1. .0117 022730
DRAY (J) QRAY (i)’i.E—S —_________ - 02271.0
IF(WL $IC.LT.0.2)GO 10 35 022750

______________________- -- - 022760
022770

F LMI C, AMI~hAND. W LN1C,~~~~4k!~~!~f UIiO JQ 3[ 02278 0
30 CONTINU E 022790
31 X D— W L $ IC— A LAM (K ) O~ 23~~fl

022310
I Q~~(ISIZE ,K) 

_______ - - - - 022520
022330

_~~~~~ AA( J) (GA(ISIZE.KPl )—OA (IS17E~~ ) +xD / IA LA M K pu~~A LA M K))I!~ _ -- 02251.0 —

I Q8 (TSTZE,K) 022550
—- ~A I (J)—QAA (J)’j .E—5 

—- 022360
GO TO 1.0 022370

35 OAE(J)—0.0 
_________ ________ 022580

QAA( J)= 0 .0 022590
- 1.0 CONTINUE 022900

-- WRITE(6,101)TSUE 022310
• 101 FORMIT(’ AEROSOL MODEL ‘,I4) ~~~~ 32O~~~

W R ITE (6,105) 022930
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 022940

00 50 J—I L, IIJ 022950
-• W R ITE (6,102)J,WL (J),ORAY( J) ,QAE( J) ,2AA(J ) 

— ______ 022960
102 FORMA T(14 ,1.EI5.4) 022970

- 50 CONTINU E

F - RETURN 022990
_ __ _ _____~~~~~) - -_______ 0230Q0

- -  SUBROUTI NE OMEGA (NT, IL ,IU ,GMU ) 023010

C SUBROUTINE OMEGA COMPUTES SINGLE SCATTERING ALPEDO ‘ROFILE AND 023030
C OPTICA L DEPTH AS A FUNCTION OF ALTITUDE __Qfl.!1_O___

- -  C SINGLE SCATTERING ALBEDO PROFILE AS A FUNCTION OF TIJ COMPUTED 023050
- 

- - 
F0~ INPUT T 3 VIM 

_______ ______ 023860
C - 023070

- C MEAN INTENS ITY RETURNED AS A FUNCTION OF TAJ RE IN TERPOLATED 023080
0 

- 
FOR ALTITUDE LEVELS 

- -  
023090

-• C 0~~~~~•__ ~ -C RETURN TO CONPJ 023110

CO MMON /SCADAR/QRAY (I0G),QAE(I00),QAA (100) 
- 

023130
- 

- -- 
COMMON /SOLCOI/WL (t0S),FL(t00),202(t$0) ,003(too) 02311.0- 
COM MON /INTOEN/0031N1 (41),ONINT(41),OAINT(41 ) 023150
COMMO N /NODELIALT (4tI,TEMP (41).ON(4t),DID(41),0A23(5.L) 023160

90

— —  ~~~~~~~~~~~~~~~~~~~~~~~~ 
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• 
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C OMMON /SPE IE/H (5.l),0H 41),HO2 (41),H2OZ (411 ,03 (41),)(41)I ,NO (41), 023170
• I NO2 (4t),HNO3 (41),MOX(41),CO (411,02(5.t),CH5.(41 !,H20(5.1),H2(41), 023180

2 CL(1.1),CLO(4(),NcL (1.t),CLX U,t),OcLx(41) ,N03(1.1),N?3564I,, 023130
- -  

3 CL NO3 (41) 
— - _ _ _ _ .  023200

C O M M O N  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 023210
• CONM ONI SCAF TA JIN T (1O 0),F (41,100),FAVRt,10op ,FLux (~ 1)  023?~~fl _ 

- 
-

- COMMON /PARA / U0,N,NI,N2 ,NN ,NNPL ,REF 023230
DI NS~ O~~_ IM ! Oj 4 ~~(10 0),IX(41) 

- —  -— - - — 023240
O 023250

- 
- C CO M P U TE OPTICAL DEPTH AND ALBEOD AS A fU~ciLP!_Pf_ 023260

- C WAiS ELENGTH FOR EACH LEVEL  023270
P02=0.21 023280 -
J0*GMU 023290
00 20 1=1,141 

_____ _________ 023300
00 tO J 1L,IU 023310
T zq,J)=c~)3(J)’oo3INT(I).oo (H’Po ’o NT (I).QqMJ’oMI~T (T) 023320

1 /DM (t)+QAE (J)’DA INT (I)F0A23( I) 023330
~

. A M SCA ~QRAY(J)’DM (I)/DM( t).fflAE (J)—0AA (J))’DA23 (I),)823 (t) 02331.0 - —
GAM EX T z QAE(J)’0A23 (1)F0A23 (1),QRAY(J)’DM (I)IDM (I).533(J)e 023350

1 O3 (I)’Q02 (J)’PO2’DM (I) 
_____ 

023360
OME GA Z (I,J) :GAM SCA /GAM EXT 023370 —

IF (I.NE .NT) O TO 10 
_____ 023390

TZ TAUZ(1 ,J) 0233 90 
Q231.Q0 —~~~_____

IF (N.LT.3)14=3 0231.10
- - 

IF (N.GT .21)9=21  0231.20
IN(J) N 023430
NN (M—1)’2 

_____ _______ 0231.1.0
IF (TZ .LE .1.)NM I0 0231.50
IF (Tl.GT.t..Ar4D.Tl.t_ E.3.)NN (N—1)’5 - 0231.60 _ 

-
IF(lZ.GT.3..A*4D.TZ.LE .5. )NN (N— 1)’S 0231.70

- - 
INM(J ) NN _______________ 0231.80
TAUINT (J )= TZ /NN 0231.90

10 CONTINUE 023500
20 CONTINUE 023510
C COIPUTE SIM~ L E SCATTERING ALB E D O VS TAU AT E2UAL TAI J INL~ AL$~~__Q23~iL00 50 J IL,EU 023530

- Np 4SIp 4N (J) 
_________ ___________ 02351.0

NNP I NN+1 023550
II(1) t ____ 023560

- II (NNPI) ZNT 023570
• TAU (t)X TAU ZC 1,i)
• TALI (NNPI)= 0.0 023590
- 

- - - - 

_ OM E GAT ( 1)—OIF A Z (1,J) 
-— 023600

• 
- - 

OME GAT(NNP I)=DPIEG*Z (NT,J) 023610
DO 1.0 Kz2 ,NN _ - 023620

- KK :NNP I—K 023630
- TA U (K)=TAUINT (J)’I( K 02351.0 

________

DO 30 1=1,141 023650
- IM I I— 1 

— —  023660-~~ - 
DEL TA U=TAU (() — TAU Z ( 1, J) 023670

- • IF(DELTAU)30,35 ,35 _~~~~~_~~0236 80
30 CON TINUE 0236 90

• GO TO 40 023700 _______
35 OPIEG AT (K )— (OMEGA Z (IMI ,J)—ONE G *Z(I ,J))’DELIAU /(TAIJZIIM I ,.J 023710

____ 
I — TA IJZ (I,J)).DMEGAZ (I,J) 023720
II(K) I 023730

• -. 1.0 CONTINUE 02375.0
- 

— 
NN :IMN (J) 023750

- NNPI NN+1 Q~)76fl _______

- N IM(J) 023770
14j:14—j 

__________________ - - 023790— N2:N— 2 023790
• DO 85 I=1,Mr 

_____ _____ - o~~ s oo 
IF (OMEGAZ (I,J).GT.. 05)GO TO 68 

—_____ 
- -  

023510 
- —

85 CONTINU E

91



00 86 1 1,M1 023830
ERs O . 

_______ _______________ - - -  -- 
023840

I F ( — TA U Z ( 1 , n, Gp ( u . L r . —7a .)Go TO 87 023350
- _F!~~~ u’2.’tEF’E2~ TA~~~(l,J)—1AUZ(I.J)j~~~ fc—TAuz (11Ju;MU)- 023560

87 F(I,J)’FR 
— 

023370
• IF (—IAUZ( I ,J)IGMU. if .— T 0.)GO TO 86 __ •!35R 0 _ _

F(I ,J)ZEXP (—TAI JZ ( I,J)/GMU ) +FR 023990
V6 CONTINU E 023300

GO TO 50 023910
• 88 CAL L VIM 

____ ____ 
023920

• 0 CONVERT FLUX ~ROM 1A U TO 2 LEVELS FOR COMPJ 023330
F( t,J)— FLUX (j) __ ~~ •~___ _  02391.0
F(41,J)=FLLJX (NP4PII 02fl50

• 00 70 K 2,NM 
________  - - 023960

IK..=I!(K) 023970
IKU II(K.I) 

____________________ _____ _____ - - - 
0 2 39 5 0

IF (IKL.EQ .IKU IGO TO 70 023990
IKU IKU—1 024000
DO 60 I IKL,TKU 024010
XPI K+1 

______________ ________ 024020
TAUEXP=T AU(~O—TALJ l(T,J) 024030
T*UEXP .TAUEXP/T*U INT (J) 

______ 024040
FU,J)=(FLUX (KPt)”1AUExP) ’ (FLu ((K)~ ’(j.—TA JExp) ) 021.050

jfl. CONTINUE .• ~~~L40.60
_ _

70 CONTINUE 024070
50 CONTINUE 

_____ _____________ ________ 
024050

RETURN 024090
EN D 

________ 
024100

SUBROUTI NE V IM 024110
;.....e............................•........................ •...........0241?fl - -

o VA R IA TIONAL ITERATIVE METHOD CALCULATES ATM)SPHER !C MU LI F PLE 024130
C SC*TT~ RING AND SURFACE REFLECTJ3N EFFE~TS W~4IpH AFF! 1 PHOTO— 02411.0
C DISSOCIAT ION RATES 024150
0 _______________________________ _____ _____ 021.150
C INPUT INFORMATION INCLUDES SURFACE REFLECT ION COEFFICIENT , 024170

— SINGLE SCATTEkING *LBEOO AND OPUCAL DEPTH PROFILES - 0241 30 -

C RESULTANT FLU X ADJUSTMENT PROFILE RETURNS TO OMEGA 024190
C - 

___________________________________________ 
— ____ - 024 ’00

O ADA PTED FROM I. K. BURKE , E.R .T.,TNC . 1977 024210

.O~ ICAL LLNE~~4 021.230
— 

REAL N .MIN ,INT _ J2421.0
• COMMON /PARA/U 0,N,Nj,N2,NN ,NNPI,REF 024’50

OMN ON /SCA /TAJIN T (t00),0(41,1O0p .FA ~u4j,I0Q).FLUx (5.1 , - - - 024260
COMMON /VRP /TAUZ( %1,I00),OMEGAZ (l.1,I00) ,TAU (4I) ,OMEGAT(5.L) 021.270
COMMON /MATRI*FN (2 0,21) 

- 
02l.~ BU

COMMON /MES 4/ T (21),G(101),W( 2I) 021.290
• COMMON ~EFUN / E3T (2I).EeT(ioI).zsrr (IoLI~~Esrt (Iot).E2rr(i:oI, _ Q?4jfl

COM M O N ~COEFFF A(20 ),AA (20) 021.310
— DIMENSION S1(I0J),T1(101),S0(jOI)  024~20DIMENSION SS2 (I01),F (101),F0(10t),Ft (101),F2 (101) 024330
_~1!fNSION GG (IOI).FFI2I).WW(tOI) ——  02431.0
DIMENSION U (50),INT (50) ,GA(101) 024350
DIM ENSION F3(1pj ).E k (jOl.) 0Z41~ 0

• I. FORMAT (/’1’,61,’MA TRIX ELEMENTS, WL•’,I4) 024370
- - 

S FORMAT( 4X.1PIIE1I.3) 
- - - -  025.350

— 6 FOR MAT (/ / ,9X , ‘TA ’ ,U ,‘A (J)’ ,IOX, ‘A A (J ) ’ )  021.390
• 

- ?!O~MU( 6X ,E9.3,2E16.6) _ 524400
9 FORMAT ( * 1~4GULAR MATRIX’) 0241.10

11 FOV44T (’1’.3X.’T1’.9X.’IST flER*TIDN’,SX,’OIEGA’I 021.420 --

12 FOR M *T ( SX ,F9.3,SX,Etl..6,SX ,E14.6) 021.1.30
- 

- 13 FOR MAT(///,SX. ITER*TION ‘aI5.~ .9X.’TI’,9Xi ’NtW 11EkA ’~j~~!~~*ST 025.5.1.0
IITERA’ ,gX ,’)EL’) 0241.50

• 1$, FORM*T ( SX,E9.3.3(SX .Et4.6)) —______ - 0241.50
IS FOR M*T (//,5*,’NOT CONVE *~ E’) 021.1.70
17 FORMIT (1.X.F?.3 .5 (5K .Et4 .6)) 025.5.50
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T

18 FORMAT (//~,7X,~ 1*,tOX ,eF* ,j9X ,*~ 0*,18x,*c 1., lO X ,’ F2’,18X,PF3’) 0241.0
o _______________________________________ _______ 024500
C OEFIIE?TTI ANO NW SUCH THAT K~ t CORRESPON D S T O TOP OF AIMGS’MERE, 024510 

—

C ~-WNPI IS BOTTOM OF ATMOSPHERE 
-- ______- - 024520

• 024530
- 00 lIt K 1 , NNPI

- 14K:NNP1~ K41 024550
• TICK) *TAIJ(NK) -____________________________ - - •  024560

111 WW (K)— ONE~~ 1 (4K) 
— - 

024570
00 1.5 K-s I,NNPI 

________ - - 
024580
024590

— 
E 3r1 K —E 3 TI Kn - !24600 -- - -  - -

024610
E 3TT(K)=E3 (11 (NNPI)— Tt (K)) 024620
Ex(K)=EXP(—TI(IO/ uo) 024630

45 CON TINUE 0246 1.0
DT= 11 (NNPI)/NI 024650
K= 0 024660
L= PIN/N I+.1 024670

C ______________________________________________ - - 024680
C COIPLJTE T AND N PROFILES 024690
C 

_____ _______ ______ 021.700
T(~l)=OT’Ni 024710

— 
E3 TC N ) E 3CT( N)) •i~~L20DO 10 J I , Nt 024730
T(J)=DT ’ (J—I) 

_____ 02471.0
E3r cJ)=E3 (r (J)) 024750
SUI 0. __________ _____________ _________ 024760
00 15 KK=I, L 024770

024750
SUM SUM+WW( ’ () 024790

15 W(J ) SUM /L 
__________ _____ 024800

10 CONT INUE 024510
-- p~~~~~~K=1,14NP1 _______ • ______ • - 0243?0

S 0 ( K) = .5 ’WW ( K~ ’(E2t1(K)’Ua’REF,.5) ’EXtK) 024530
_~~~~ CONTINUE O_243~~QCAL L RMATRI 024350

00 20 J I,Nt ______ •_  - 024550
FF(J)=M (J,N) 024570

20 CONTINUE 
_________________________________ 021.550

- IF (LINEQN (M—1 )) GO 10 100 024390
- 00 25 J 1.Nt 

_______

• TA =(TCJ).T(J.t))’0.5 0249(0
• 0 __________________________________________ 024320
• C THIS IS 1 A V E R A G E  FOR EA C H LAYER 021.930

C _________________________________________________
• A( J )~~M(J ,N) 024950
• C 0 4~ i~L _ . . —
• C TtiIS IS SOLUTION TO MATRIX EON 021.970

C _______ ______________________________________________ 021.950
- AA(J ) —SQRT (W (i))’A (J) 024990
- _____________________________________________________ - _____ 025000 

- -C TH IS IS A VERAGE SOURCE IN THE INTERVAL 025010
025020

- 25 CONTI NUE 025030
O TO 200 

- _____________________________ ____ -- 
02501.0

- -  

1~O WR ITE (6,9) 
- •  

025050 
-_

-- GO TO 1.00 025060
• 

- 
200 S2 0. 025870
- DO 5.0 J I,N1 025!

— JPI J*1 025098
- 

- SS2 (J) AA CJ )’(E3 (T(N )—t (JP1))—E3 (T (N )— TCJ))) 
— 025100- - 

S2 S2•SS2 (J) 
- - 

02511$
• 1.0 CONTINUE 

- - - 
82512$

00 30 K 1 ,NN PI 125131
XaT t IK )

93

— -  5 - —  
— --— — -

~~



—-

P’ AD—A 053 2814 ENVIRONMENTAL RESEARCH AND TECWICLOGY INC CONCORD MASS F/S *~1
DEVELOPMENT OF THE RADIATIVE TRANSFER PORTION OF A 1—0 PIIQTOC*t—ET C(U)
MAR 78 R S ISAACS . H K BURKE. N TRIPP fl9628—77—c—OO7e
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S1(I(IzStt (XI 025150

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ... — 02516 0
30 CONTINU E 025170

_______ ______________ 02518 0
C RESULT OF 1ST !TE~ *T1O)I 025190
C .025200

II ~ 2 02 5210
300 ~~~. _______ 025220

CALL COMP(S5) 
- 

025230
DO 35 K•1,NMPI 

- 02 52~,eGG(K)zG(K) 025’So
—- 

G (K)~~SS(k)..S’WW (K)’S1NT (Ic),.5~WW(IQ’REpE2ff(K)øS;’2 o2526e.~ .
DEL :ABS 1 l G G 1 I u — G C K )  ) / G ( g ) )  025’70
wRI r ç6 ,1.~) r1~ K),G(K),GG(x),DEL _~~~~~~~~~~~~ • 025280

35 OIFFzOIFF,DEL 025290
If (~~I!F .1) GO TO 410 025~ 0011:1141 025310
IF ( I I  .LT. 10.) GO To 300 .025320 —

400 CONTINUE 025330
Yx EXP (—T (N)~ Ij~) —____ -~~ -- 025340
CALL COMP(S~ ) 025350

_____________________  025360
F0(K)=EX (K) 025370
F i ( K )~~2.~~SI 4 f ( K )
X=Z.’QEF’E2TT(I() 025390

_________________________________ - 025400
F3(K)zX UO’Y 025410
F(k).F0(k).~ t(K).F2(K).F3J~ç~~ __________

~~~~~~~ 

_.~~~~ ____  025420
50 CONTINUE 025430

00 333 K~~1.NMPjNKZP4WPI—K 4j 025450
333 FLJX (k)ZF(N () 

______ ________ 025460
END 025470

- . .~ . ..S!LBR3UTINE RM *TR I  - 025480
N 025490

COMMON ~MAT~ IX~ M (20,21) - - - 025500
COMMON /PAR*/U 0,N,Nt,N2,NN,NNPI,REF 025510
CO~ NON m E S h T(2t),G(t0t),W (21) 

_____ 02552 0
COMMON /EFU~1/ E3T(21) ,E2T(i01),E3TT(10t),E3f1(101),~~?IT(L01) 025530
D I MENS I ON D’l(21) 025540
DIMENSION TJ(21) 025550

• 
— 

00 10 J~~~ Nj
JPI:J•1 025570

- 
DH(J) T (JP1)—TCJ) 

- . 025550
• N(J,J)xOH (J)—W (J)’(QN(J) +E3(DPUI))—.5) 025590

10 CONTINUE - .~~ - .  
025600

IF (N .EQ. 3) GO TO 100 025610
• 00 20 I*1.N2

IPI :141 025630
• 

•~~~ ~.Q 20 J~ IP1.M1 - - .025640 -
JPI.J41 025650

_ EEa E3(T(J)—f (I))—E3 (T(J)—T(IPL))—E3 (.T (JP1)—T (I)).!3(I~JPt)— - 025660 -IT(IPI)) 025670
M (I.J)s .54SQRT (W(I)ew(J))~ EE _______

20 M (j,I)zpI(1,J) 025690
GO To 200 025700

100 N(t,2)z.5’S~~ T(W(1)’W (2))~~(E3(DM(1)),E3(OH(2))—E3(Dl(j),0M(2))—.5)O257to
PS 12,I)~ N (I,! ) • • .  .. .~02572 0

200 00 30 J21,N1 025730
• TU(J)~~T (J) 025740

TU(J,t)*T(J41J 025750
30 M(J ,N) •25’U0~~(EXP (—TU (J )/U0)—EXP(—TJ (J+1)~ U0))’(U(J))”.5 — -— 02575 0i

• ~ETURN 025770
- 
EN) ___________________________________________________ 025780— [~~TcAL FUN TION LINEQM(N) 025790

~ GAUSSIAN ELIMINATION NET$OD IS USED O2SAOO
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COMN0Nfl4ATRIX~ A (20,21) 025510
IF (N .GT. 1) GD TO 10 

__________ 
025320

IF (*(1,1).EO .0.) ~O TO 500 025330
- •.~~!i,~~

)sA (1,?) IA (t , 1)  __________-

~  

02531.0
GO 10 1.20

• 10 SU1~ 0.
DO 20 I~~t,M 025370

_______________________ 025550
20 SUM’SUN+A~~ (*(t,J)) S25350

• !~pi._ER.(sUN,rLo*T(rn”z)’i.r—1s 02590 0
1112W— I 025310
NPISN4I 9~ 5920 --

00 300 K’1,~lt 025)30
____ ____  02531.0

ITE~~P~ K 025 5n
KPI’K41 

________ 025360
00 100 IxKPt,4 025970
IF(*B$(A (I,()).L€.TEIIP) 60 TO ISO _..~~~~~~ 4Z5il1_~~._...
TENP~ *6S(*(I,’()) 025990
IT~ NPaI ______ _____ 02 6 00 0

too CONTINUE 026010
IF (TEMP .LE. TOLER) GO To 500 

_____ 026020
IF (ITEMP .EQ. K) GO TO 200 026030
30 110 I’K. iPI
TEIPs*(K ,I) 026050
* (~~tI)~~*( ITENP ,I) -— —_______ 026060

110 £ ( ITEMP,I)’TENP 026070
200 ~O 210 I.XP1,~ — 02603 0

026050
30 210 J*KPI.NPI 0~ bt 0 0

210 *(1,J)zA (I,J)—*(I,K)~~A (K,J) 026110
3 0 0  •ç~~ TINII[~ _____ ____ 0 26(20

IF C*BS (A (N,NI) •LE. IDLER) GO ID 500 026 130
_______________________ ______________ 02611.0

Do ‘.to i*t,~~i 026(50
-- K ’4—I _____ Q2k.160 -.

DO 1.00 J’I,T 026170
LxlPt— J 

_______  _____  026150
1.00 *(( ,MPt ) zA ( K p 4 P I )— A ( K , L )~~A(L,NPt ) 026(90
‘.10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ______

~~~~~~~~~~ 

0?b ’OO
1.20 LINEON’.F*LSE. 0262(0

• 
— GO T O 60 0 O~ 6~~!500 LINEONz .TRUE. 026’30

600 RETURN 
_______ _______ ______ 026’1.0

• END 026250
FUNC TION E2 (X )  026260

• T~ (K •LE. i . O E — 6 )  GO T O 1 026270
• E 2 ’ E X P ( — X ) — X ’ E ( X )
• RETURN 

— 

026230
1 EZ’i.O ________ 0 26300
RETURN 026310
END _________ 026320
FUNCTION E3(X) 026330
IF (X. LE.1.OE—b) GO TO I 02631.0
E3x (EXP(—X )—X’ (EXP(—X)—X’EIX)))’O.S 026350

• RETURN 
___________ 026360

I E3’ .5 526370
RETURN _______________________________________ 0 26330
END 026390
FUNCT ION EC K )  0261.00 —
IF (X.GE.10.) GO TO 200 0261.10

• 
- 

IF (X.GE.1.0) GD TO 100 0261.20
O U s-  .57721566 0261.30

• _ *(. •99999193 _____ 
0261.1.0

* 2’— .21.991055 0261.50
*3. .05619965
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•- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~ ~~~~~~~~~~ :~~~

— 
~~~~~~~~ 

— 
— --c.—

*1.’— .00976001. 0261.70
- *5. .00107557 •__ 026430

• X I SK  0261.90
• 12’X ’Xt _____________ ______ 

026500
X3z X~ X 2 026510

• 
• X l.S X’X3
• X 5’X’ X1. 026530
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 02651.0

RET URN 026550
• 

- 100 *ts6.5733287 1.0100 - 026560
• *2:18.059016973000 026570

*3.8.631.760392530 02b5iO~~ - — —
• *l.= .267773731.300 026590

51! k57332231.51.00 ______________ • - 026600
82= 25.6329 5611.8609 02661 0

• 83~ ?1.L996503327OL~~ • — _ • _ • ~~~~~~ ~~~ •• ._ • 026620
3’.=3.958%96922800 026630

— 
Xi :X 02661.0
X2 =X ’X l  026650
X3 :X ’ X? 

______________ • 026660
X 1.zX ’X 3 026670
F I ( X 41 X3+ *2 ’X2 . *3IK 1.A4 ) / (x~~~B1~~x3.32’x2.53~ xj ,j~ ) 026630

0266 9 0
RETURN 0267QJ~ _____

200 *1=1.. 0361.0 026710
*2.1.15198 - ___________ • - •  • 026720
51:5.03637 026730
O2~4.I916O _______ ____ • 02671.0
K1:X 026750
X2~ X’Xt _ 02.~L60 — •

~:( X2•AI~ X1~ A2) /(X2+81’XI•82) 026770
______ ___________ ________ 02673 0

RE TURN 0267 90
____________________________ _____________ 026300

SUS RO UT INE ~O11P(SG) 026910
• — COMMON / ME SHF T (2 t ) . G( iO i) . w(2 1 )  _____ - 026320

~OM M0N IEF%.JM/ E3T(21),E2T(10t),E3TT (t0i),E3r1(iot),E!TT(LO1) 026330
CQ~ $ 4 1 ~~~~j~!LiN,N1.N2 .NN.NNP1,EEF 02631.0
O lIENSION 61(101) 026350

________________________________ • • 026$60
• 00 10 K 1,NM 026 3 70

• KPI’( +I 
_______

0 2 6 3 9 0
• 

-• IO sUN:SUN,G.l(K)’(E3TT(KP1)—E3TT (K)) — -• 0 2 69 0 0
SG SUN’ .S 026) 10
RETURN •~~~~~~~~~~ -- •~~~~~~~ 026320

• END 026930
• FUNCTION S l iCk)
• CO4 P40N / COEFF/ A ( 2 0 ) ,A * (2 0 )  026950
• CO MMON /PA~ */J0,N.M1.N2,NN,NNP1,REF 026960

S11:0. 026 3 70
_qp iO Jau Nt 026)50

10 SI IaSII+AA (J) ’SECJ , X ) 026390
RETURN — 027000
EN) 027010

• ~UMG~TION SE(J ,X ) 027020
• COMMON IM ESII I T(2 1) ,G( 10i),w ( 2 1 027030
- 

- COMMON / PA~ */J0,$,M1, N2,NN,NNp1.REF 0?70~~0IF(J.EO.1) ~O TO 100 027050
IF(J.EO.N—I) ~O TO 200 02706 0
IF(X.LE.T(J)) GO TO 300 027070
LFCX .GE .TCJ+1)) GO 10 1.00 — — - •  - -
SE’2.0—E2 (X—TCJ))—E2 (T (J,1)—xI 027090
RETURN 

•
300 SEz E? 11(J)—I ) — E2 IT ( J +1 ) — X )  0271 10

RrT LJRN
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1.00 SEZE2(K—T (Jlt))—t2(X—T(J)) 027130
RETURN 

______________  
0 2711.0

100 If(i.Gf.T(2) ) GD £0 500 — 
027150

SEe2.—12(X)—E2 (T (?)—XI 
- —  027160

RETURN 
• 

027170
• 500 SE.E2(X—T(2))—E2 (K) 

- -
• 

— 
RETURN 027190

200 IF(X .GE.T(M-1)) O TO 600 
________ 

027200• tEit~i T i ~ K — ~2u~ o —x )  0272 10
• RETURN 

_______ _____ — ______ 027220
600 SEa2,0~ E2(K—T(N— t))~~E2 (T(N)~~K) 027230

RETURN 02721.0
ENO 027250
FUNCTION_ S14 I( I)  ______ - 

02726 0
DIMENSION GM (10t) 027270
CO M MON ~NESI~ T (2 t ) , G (t 0 1 ) , W (21 ) -_____ • 0272 30
COMMON /EFUM~ E3T(21),E2T(10IJ ,!37T(101),E311(101),!!fI(L01) 0272)0
COMM ON /PAR*lJO.j I.N1,N2,NN.$NPI.REF J2 7300 .
SUIIO_ 027310
SUM 2.0.  

________________________ 
027320

00 10 K:t,Nl 027330
KPt.~ +1 ________ 027340

10 M( K)zG ( K) +G (kPt )  027 350
IFII.Eg.l) 0 TO 100 

___
~~~~~~~~~0 •

11:1—1 027370
DO 20 Ka1,It 0 2 7 3 3 0

20 SUI1:SUMI,GM(K)I(E21 (I—K )—E2T (T~ K,li ) 027390
IF (Z.EU.NNPI ) GO TO 20~~_~~ ______ -— _ 0271.00

100 00 30 K’ f,NN 0271.10
30 SUI2.SUM?•Gl (k) (E2T (K—I+2)—(2T(K—I4j)) 0271.20

200 S1ITa(SUMI_ SU42 ). .5 0271.31)
RETURN 

—~~~~~ _________ • - • 
0271.1.0

END 0271.50
GLOCIC DATA 

_______ _________ 
0271.60

~ ... ... ...... CHLORINE MODEL STUDY PR)GRAII — VERSION I. 0271.70
____________________________________________________________ 0271.30

. .. ..BLDCK DA TA 027 1.90
_______ _____ _______ ________ 0 2 7 5 0 0

~~~~~~~~~~~~~~~ 8.0 LEVEL 7702 11. 027510
. . .. .E.R.T.LI NC. L. PE R ~~Y ._ N. TRI3P ~~~~~~~~~~~~~~~~~~~ • , • 027520

027530
_~~~~..•.•..•.••..••... ••..,,. •.••..•...... •• .•• •.............. ...I..~~,...,,O2751.O_ 

•• • _ J
~F*L TITLE(S) 027550

- - _______  ~~~~ • •  Q27560
C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •+++••••4+ +,+,,,,,,++,$,,,,++++402757 0

• 
- CO MM ON I I IEA) I  TI1LE.T COOE.JERl iLE~(L,OATE. I RQN,t~~~g .NLOJ 027550

• COM MON /EOOY~ Fkk,It,Pti ,P22,NE3OY 0275)0
• COMMON /MODEL/ ALT (1.1).TENP(41).DM(1.i1.Ia~ 3(1.i).D*23(b1)• COMMON /NOLIYG/ XH(81),XH2O (81),P12),R12,XIL (51) 027510
• COMMON #MSCATF SCN021SCC~~03.SCHep2,SCM2O5 02762 0
• U*L JO?, 133, JHPO, JWO2, JN?O, JN2OS, JHN)3, JCN1., JCF2, 027630

JCF3, JIICL, JH232,JlQQ~ _______  02761.0
COMMON ~PARM~ ISWIT,ISTEP,TSTQP.ILOOP ,ITPRNJ ,!SXZE,!SCATT 027650
COMMON_~P)**TEF_JOZ(1.1),JO3(1.I)1JM2 81).JN3Z(4t),J~ 2D (1.I). ________• K J~l 2O5(4I),JNNO3 (81),JCH1.(1.1),JF2(4t),JCF3(8t),JHC_Rt),JM 2O?(41)0?7STOY ,J’IOCL (8I) 

______  
0276 30

REIL JNO 3 • 0276)0
• COMMON ~RA1ES~ R*IE(651$U,R*(63),18(65),JNQS,PJ0S 027700

• COMMON / RLON~ RN2O,RNOX,RCH8,RFt1,RFj 2,RcW3~,RCLx,R~~ L4, RO3 0 27710
COMMON ~SF*CT/ FCL,FMZO,FCLNO3.’$Q
COMMON /SOL O’4~ WL (100),FL (100),002(100),Q03(100t 027730

• 
____ 

COMMON ~SOLCNt~ qCF2(1oa ),QCr3(to0)1~~ccL1.(tso),gcH3:(Ioo),  02771.0
— 

X~~~ LNO3u0nI ,oN?ouoo ,QssOuIooi ,QH2o2u0oI ,QN2Osu0o), 027T50
• 

— 
Y QlCLC100),~~H)CL (t00),QMO2(l00),~~pI23(100) 027760
REAL NO,NO?,NOX,1103,N205 027770
COMMON /SP~~ TF1 H(1.i) .OH(1.t).HO’(ht).I4~ Q7(1.1) .03(1.11 ,D(1.11.Nfl (1.1) .l)~ 77~~fl
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_ _ _

~~~~~~~

:• L T ~~~ 
-

~~~~~~~~

I NO 2(4l) ,HMO3(1.I) ,NOX (4 l )  ,CO(1.1) .02(1.1) ,CI4l.(1.1),N20(b1),H2(1.I) , 027790
2 

~~
(1.&itc~~~~~i ks 1i~~cLX(4i DCLx 1).sOs (kutN n~ila • U~ 3 0 0

3 CL NO3(l.1) 027810
02 73 20

REAL LAY 027330
COMMON /WT~ *(6),DL,LAT1 QEL
COMMON IXXES/ I1(81),x2(81),X3(3l) ,K1.($1),X5(31),XI(I1),17(OU, 027950

I 1
~~~~~,~~~ 811L1!! ~~ j • _ _ _ _ _ _ 027360

C 0 2 7 3 3 0
DATA TITLE#SHCHLORINE,SH MODEL S,8NTUDY PRO, ’.HGRA PI,tl .1W a’, 027330

K DATE/lW ~,NI,OG/9lpflUN#I~ ,$P*GEfS~ — - 027900DATA JNO 3II.3E—2 / 027)10
DA T A FCL1FC~.ND3,FN2D/ i.0,t.oo,t.0~~,F~ O/J,o/ 027920
DA T A  RN2O,R.IDX ,RCHI.,RFI1, RF12,R~Il3C,RCLX ,RC~ L4/?.5S E—7,2. ’00 E10, 027330
I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 02731.0
DATA R03/3.00E—08/ 027950
DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ __ O?7)~~0~~DAT A I1,P11,P22F59,1.0,1.0~ ,PJO3/1.SE—1.~~,LAf,DELl 3S.,0.a’ 027)70

027380
0* 1* Rt12,PH2O/5.E—7,0./ 027 30
DATA X2/81’O.l 028000

C 028010
DATA RA/t.66E—12 .?.35E—I0~~i.1.E—t0.i .0E—i0.t.8E—32 .?.6E—1t.2.3 j~ ,0~ 5Q2j  • -

A 1. OE—lt,1.OE—13,t. OE—10,i.IE—1l,O.,5.0t—12,2.OE— 11,3.o(—jt , 028030
B ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0280 1.0
C 1. 7E— 12,6.7E—12 ,5.TE—11,6.0E— l3 ,3.8 E—33 ,2 .TE— 1t ,  7.23E—t2, 025 050
0 1, 0?E— tJ qj—n.., ~ i -3~~ ~

,jfrjjjI,0E—t2~ 5.,3.tE~ t~ .9. If—6, 025060
E 2.30 E— t 2,1.2E—l 3 ,9.j 2 E— l2,5.OE—1j ,7.OE—1t,2,SE—I 1,5.5E—1z, 0 2 6 0 7 0
F 3. OE—l0 ,3 .OE—i0.2 ’0 . 2.0E—i1.11.’e./ • 0~ 005L

DA T A  R8/—t 0?0. , 3’S,, 340.,0.,—l1?5.,— 7 S0. , —j 525 . , — 250 , , —10O0. , 0., 026 0)0
• K —500 ,, 3~ O., —950., —115., 250.~ • 0261 00

A — 313.,—1710.,0.,—600 .,0.,— 201Q.,—21.00.,O.’,tOSS., 028110
B ?5!., l260., 2?4.,2’~Qjjj~ 0._i Z l1.O.a3’Ot. )? O , ~ j~ SQ., 21.5O,, 026 120
C 4~ 0.,— 3200.,1.’0. ,t07.,l4’O./ 028130

C 02811.0
DAr A WL/937.8,91.9.7,970.0,972.5,977.0,1009,0,991,5,10?6.t,1035.o , 028150

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 028160
31’.00.0,1450.0,1500.0,1550.O,1600.0,1650.0,1?00.U,1750.0,1800,0, 026171)

• 4185O. 0~ i9!0!0,19SI.0.200I, !!! ~!,21!i.0.2150.0,2t00. 0,2250. 0, 026130
• c?300 .o,2350.o,2400.o,2 1.5o.o,2500.o,2 550.o,2575.o,2s?5.0,26,5.o, 0281)0
• 62725.0,2775.O.2625,Q,2375,0.?925,fl,2975,Q,3025.5.397%,Q,3125.O, 028700

73175.0,3225.0,3275.O,3325.0,3375.0,31.25.0,3b75.0,3;?5,0,1575.O, 028210
8362 5. 0.3675. G,!?25.i,j775. 0, 3125.~~,~ 9 75.0, 3125.0, 3~75. 0, 1.’0?5. 0, 028220
91.1QO.0,4Z0O ,Q,k3Of l ,0 ,44OQ,O , 1.50O.0,460l,5,4750.0 ,4$09.0,~~900.0, 028730
A 50flO.0,5100.0,5200.0,53O0.D,5I.00.O,5500,0,560p,0.57~ S.p. 5~ Oo ,0, 02821.0
859 00.O, 6000 .0,62 00.0, 61,00.0, 6600.0,6800.Q,7000.0,7200.0,7300.O/ 02625 0 

~~~~~~~~~~~~~ -

D A T A  FL/2.2000E’05 ,3.9Oo0EeO8,6.1000E+G$ ,3.00QoE.u8,4,~~00o(,09, 0282 70
j - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

33.3000E+09,6.5000E,09,1.1?OOE.lO,2.?000E+11,2.6000EUO,t.1510f,10,028290

52.0600f.i1,2.5$00E,jj,4.3000E~ 11,9,1000E.1j,1.310OE,12,2.25ooE,12,0253I5
— 63.3 O0OE+1Z.5.SO0OE•I2.8.7O00E+ i2.I.1.1.S0f~ 13.2.38uUEtL3.3.I1600E41J,Q2t32Q_ - -

73.8300E’13,3.8300E,13,3.5400E+13,3.6800E•13, 1..6300E,13,1..I5100E,13,0?8330
• 8?.t600E+i3,1..0500E,t3 ,t.I?00E~j~ ,j.5t00E.14._l.6200j~$k,i.j6 1O0E.11.,0283 1.o

92.0600 E+1l,,3.IIOOE,I1.,l.. 2400E,11.,1..6400E,14,1..8700E,t1.,S.I31.00E,i1.,028350
A b.2200E+t 520OE•11.,6.9SoQE+u1.,9,33Q0E~ j4,9.59e0j•j~,~~.s30oEe11.,ozes6o83.9 000E,11.,9.)100E,1I.,1.1t00E~ 1S,1.0200E,L5,1.I100E.15,1.l3uooE,t5,s2e3?o

• C1.l7S0E615.t,3300E•15.1.l40QE•13,1.I6U0E+t5.I.t6SIE~ L5.1.V00E,l5,92333e
0I.9SOff•lS,2.3900t+lS,4.O100[+l5, 3.9500E.1S,1..23001,15,1..Io700Eej5,028390

~1..9700!+15,5. 0500E+15,5. 2000E+15,4.9100E$ .5.0100E’jj,~~.!990!E+i5,0231.00F1..8600( •I5,5. 1000t•15,5. 3I00E.1S,5.3800E+15,5.3200Ee15, .~31.00E.I5,0?81.10
GS.1.0!0E+15,5.1.200E•15,5.1.4O0E+15,l.9GI0E+j6,1.I7p0~~j$,t4~3OIE•16,0281.20Ht.0300t,t6,t.0t00~ ,j6,9.9300E,15,4.9000E ,I5l 0281.30

C
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DA T A  Q02/5.2000E—I8 , S .90 30E— 18 ,5.S000 E—16,1.. 0000E—17 ,2 .0900E— I6 , 028 1.50
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
31.. 0000E—19,3.6000E—19 .6.6 ObOE—IS , 1.0000E—?0,1. 5000E—18,5.I5000(—19,02$4?0
1.1..0000E—t8,1 .0000E—l 7,1.oo0oE—17,l.00OU— 17 ,$,~~ooo E~ te ,6.3ooo E— te, o?e ’ .8o
51..3000E—le,8.8000E—19,2.7oOOE—l3,6.000fl(—?1,5.50QgE—U,(.~oo00E—2j,o2e 1.90

• 62.0000E—23,1.3000E—23,t.0000E—23,8.S000E—21.,6,S000E-?1.,S.1090 (—21.,028500 
-• - •

71..0000E—21.,3.0000E—21.,1.6100(—21.,1.0000(—24,7.00101—25,3.0001E—25 ,028511
81.2000(—25,30’O./ 

-- - - 026520
C — — —~~~

— 025530
• 

— 
DA T A QO3F21.’S.,8.3500E—I9,$,35Q~f—19, 7.419OE—tq1b.I67o(— t9, 0285 1.0

• 2 1..?000(—t9,1. .071.0E—19,2.963oE— 13,3.3330E—19,5.gThoE—19,I.05011—t6,026550
• 31.8600 (—16,2 .9000E—18,1..4000E—j$,6.20O0t—1p,3,1oooE.Ie,9,9ooo~~j.(1o2e56o • - •

1.1.1000(—17, 1. 1300E—17,t. I000E—1T, 1.0001E—17,8.6000E—10,6.Il.000E—I8,026570
51..SOOOE—j,~~.?00OE—t8,1.bO00E—1,,1.000SE—t8, 1.,iI9!f—t9,2.I6000E—t9, 02855O
61.6000 E—19,6 .8000E— 20 ,3.6000 E— 20,j .3000E— 20 ,7.7000E — 2j ,a ..j 000(—21 ,02&590

• 7 ? s O 0 O 0 E— 21,6 .9000E—~ ?t 1,._0O00E—?2,?, 5p00E~ 2 j ~0.O,0 0 0 0 0 ,2.c,000 E~ 23,0 2 8 6 0 0
81. .0000E— 23,6.S000 E—23,1,?500E—?2, 1.TI OOE—22 ,3.5700E-22 ,6.,0500E— 22 ,0286I0
97.1000E—22,3.3000E—22,l,2000E—2j,1,6pQOE—2l,t,9upQ(-?t,2.:5QpoE—2~,j.~j62 _
A 2 . ) 0 0 0 E — 2t , 3 .2 000 t — 2 1,3.S000E—2 1,6.7000(—2j ,1. .6000(—?1,1..I4000(—7j ,028630

• 9’,.) 000( 21,3. 9000 E 21, 2. 7000 E 2~ 12 4000( 21, I~~~~~~~~ 21 ,9 .t0O0~~ ??,028S1.0
CS . 1.000E—22 , 5 . 1000E— 2 2/ 02865 1)  

028660
DA TA TEMP/3.01.SBE.02, 2.6936E.02, 2.7767E,02,2.6652(’02,2,521.1F.02, 02 867 0

— 2? .3539E+02 .2. 2E+02.2. 1O5 0~ +02.2. ,315E+02 12.OT36 E.02 .2.’1175 ±QZ ,J246~~O
3?. 1591.E+02,2. 1920E+02 ,2. 238 kEG02,2.2763E~~02, 2.3179E,02 ,2.13571.E,02,028690
1.2..01.0E+02,2.1.5t1.E+Q2,~~,1.985E+Q2,2.~~~~~~~~~,1,~935E.92,~,I61.I5E,02,02870U5?.6630E+02,2.72t5E+02,2.7215E+02 ,2.Tti1.E+02,2.672jE~ 02,2.’6328E,02,02e7Io

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7?.176 1E• 0 2,2 .1019E+02, 2. 0277E+02 ,1.9536 EG02, I.8795E~ 02 ,t.I8051.E,02/02873O 
~~~~~~~~~~~

DA TA DN/2. 1.tI0E4 I9,2.tO50E,t9 ,1.6510EGt9,j .3400(~~t9, t .Q650E,t9,  02 8750
23.73 30E +16,S.9 130E+t8, 5. c)31aE,1t~,,jO3OE,t 8,~~,52~~gE,t1,?.ooo0E,I8, o2e76n
31.1.290E.18,1.0320E,18,7.4l.50E +I7,5.l.230E,17,3.9700E, 17 ,2.I92l.OE,t7 ,o 28770
1.?.t59O E+t7 1I.601.0E+t7,1.I980E+~~~~J~9j9qE,l6,6.79$0E.~~6,5. t6t0E,t6 ,0 2 8 T 3 O
53.9 330(4 16, 3.0350(416,2. 3720E+1I~,1.8600E,16,t.47t0(,t6,j.j59OE.I6,O2879069 . I05O E+t5, 7,t1.1.0E+l5i5.G36OE+j 5 ,4,1.j 5O(, j5,3 ,~~~~~~~t5.2.6s~~qE+t5, e2~ 3 a o  •

72 .O2 S O E+t5 ,I.535OE+15 ,I.IS2OE +I~ ,8.55 1.0E4t4,6.25I0E~ t 1.,1..5560E.t4/02831O
• C — — — — 028320

DATA 03/6.2500E+t1,6.13 0E+jI,’i. 3100E+11,4.7800E+tt,l..4900E+11, 028330
2l .I60OE+ ,5.25O0E+11,6.52O0E+U ,2.S?0OE~4~,3.71.QOEIL2,l..470OE.12,O26S60
31..6O00E,t2,1..S70OE.t2,1..1.7OOE+I~!,3.91O0E,t2,3.25O0E,t2,2.!S7QO(,12,O283so

— —  
4t.)200E+12,i.3800E+12,9.6600E+jl ,6.6200E+t1,Z..4310E,ti,2.I6SOOE.t1,028360
51.SIOOE.11,t.t1.00E.tt,7.’.600€.Io, l..9300E,t0 ,3. ’.000 E#to,2. 3200( .1o,028570

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 71.3700E,09,3.5600(+08,S.0700E+O3,3.t700E,18,2.0300E106,1.!3200E,08/0?859fl
C — -  — - — — - — — — 028 ) 0 0

DATA OW/1 .6I00E+06,t.2600E+06,1.0600E+ O6,1.OIOO(+56,7.3700E.05, 0283(1)
• 2h.)600 E+05,3. l.10O E.0S,i,9~.00 E.O5,2,0000E.05.2,7000 E#0 5 ,3 .41.00E.O5,jj ~~~?O • • ——
• 3 1 . .3300E4 05,5.5600 E+05,7.12 00E+O5,9 .3200E+05 ,1.2600E +06,1.17300E.06 ,028 )3 0

- ‘.2.1.300E+0b,3.3800E+06, 4 .5900t+Q6 ,5.9800(+06,1.2600E406,e.0000E,06 ,o28) 1.o
57.3600E406,?.1.000t~~O5,6.73O0E+II6,6.OtO0E4 06,5.350Q(+O6,’,..76O0(+0f,o25)50

- 
61..t800E606,3.STOOE+OS ,3. 1600E+0S,2.6700E406, 2.3l.00 0~~,~ .1000E406 ,028)607t.)200E+06,I.7000E4O6,1.S5OOE +0~,1.28OaE406,9.6900E,05,7.IO5OOE,O5~ 028370

C 028380
DATA OI2.0900E403,2.8900E+03,3. 4600E+03,3.6300E+03,1.. 6100(403, 028)90

• 25.9800(#03,t.01.OOE.06,1.5OOOE.O6,l.t50OE.05 ,3.6l.00E,i5,~~.Z9O0E,05,029OO0
32.1t00E+06,(..l.200E+06,8.6700E+06,1.1000E407, 2.8600E407,1..16600E407,029010

- • 
43 .I700(+07,1.3500E+O8 ,2 .210OE+03, 3.6500 EI 08,6.0800E*0~~,9.I8300 E,O8~ 0 29 02 O
51.6 700(409, 2. 0000(409 ,2.5500E,09 3. 1200E409, 3. 69001409 ,1..’2500E, 09,0 290 30

• 61..8100E+09,5.33001+09,5.9200E+03,6.5100(+09, 6 .8300E4S9 ,6.I9100E!~~,029 0~~0 
- _________

• 76.5300E#09,6.9610E+O9,6.8400E#O3,7.2800E+09,5.0900(*09,9.I60001409/029050
• • 029060

-- 
WA1* M#I.2100E—01,8.80001— 02,8.15001—02,8.0001E— 0?,5.91111E—02, 029070

• 2I,.I500E—02,?.8700t~ 02 ,1.5l,00E~ 02,1.1.000 (~ 0?.,?.t!00E_S2,3.2TO0E~ 02,029030• - 
3 .7700E-02,I.1500(—O1,2.S800E—ot , 6.2700E—01,1.6800E+00,5.IO300E+0O,029090
1.1.7 00 O(• 01. 5. 11 00E~ O 1, 2. 27001.02, 8.33001’ 0?. 2.9000~ 403.I.I90OflE4Q3. o2q t no
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•1

S2.2700(+04, 6 .SSOO E.O1.,9, 09001+O1.,t.58 OOE+05,2.5800E#0 5 ,6.’0900(+05 ,02911 0
66 .320 01.0S,9.5800(.O5 ,I.38001.O5 ,l.95001.06,?.7bOOE.Ob ,3.9900 E,06 ,0291?o
75.3900E’06,$.S9SOE.06,l. 3100E e07,i.9200E.07,2.75001.S7,3.181001.07/0?5130

C 025160
J D *T A Ô2#2.62001.ü t.7600E+Qe,t.310 Oi,t.250014 $,8.t5001407, 029150

• 
• 25.0.00E.0 7,3.1500(.O7 ,j,8jOQ(.Q,,I,55001,07.t.7900E.07,2.0405E .071029j6o

32.2900(4 S7,2.54001.O7,2.6700E’OT ,Z.TflOOE+ 07. 2.58001+07,2.I3000E407,0291?0

56.)200E+06,5.1100E+06,1..5500140 6,3.9600(,06,3.4600(ee6,3.0500E+06,oZqj9e
6~ .5~ 00E.06,2.23oD(.o6,1.87ooEe0S, 1.540J1fr061 1.33!OE±06,~ ,1901F.06,0?9!O071.0b00E+06,3.5200E+05,8.67OO(.o5 ,7.Q50fl(.Q5,5,~ 5QOE .95,3.I5500(,Q5~029!(oC —

DA TA H202/2.1000(.tO,2.S000(4tO,1.5000E,10,j,2010(,la,l.13000(,10,029230
25.3000E.09,1..5000E.09,1,4000t.09.9.9400E.07,2.!,1O QE,DL,3,9400E.117,02 9?4o
31..4200E.07,4.1500E.07 ,3.55001+Q?,3.0100(.5 7,2.6SIQE,o7,2.t27001.07,a 29750

67.9800E.05,5.?400E.05,3,8600E.0 5,2,4spD1.05,I.7100(.05,l.2300(.O5,029200
79.59001.01.,7.73001.O1.,5.93001.O4,3,8300E.o6,2.O500E.3’,,9.102001.03F029?90

C 029300
DATA JHCL/I.3676E—?9,j.7155(—26,t.0596(—23,3.50?3(—?1,6.32591—19, 02931 0

26.71t t j 7,3.II83 E— 35 ,8,7227 E— 1,5(59(—jz.j . j~~ -~ j ,5,’.,~9 IE—t t , 0 2 9 3 2 o
33.63 t51—10,1.23271—09,3.4O’.?E—03 ,7,931S E—03 ,j .5998E-fl5,2 .I8’ ,371—06 ,02933o

- M.501.9t—08.6.4398E—pe,5.4k8j(—O5.1.0523E—p7.1.24ipE-O7.t.~4e4~~ —p 7.p293~~e_51.51.60E—07,1.6726E—07,t.7994E— 07,I.93391—o7,2,o849E-07,2,25851—07,029350
• 62.1.5bOE—07,2,67401—O7,? . 9 O69~—O T ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~7’,.00351—07 ,4.3648 1— 07 ,4.79tj E—O 7 ,5.2 863 E—0 7,5.8180 E—0 7 ,6.’3504 E—07 F02937 o

C 0 2 9350
DATA JCH1./25’0.,1.02891—27, 3.23691—23,1. 15071—19,7.521.SE—17, 029390

33.0 1061—08,7. 91051—06 ,l.68591—0P , 3.0672E—fl?, 4. 8I0 21—07,6.I79591—07/0?96IO
C 0291.20

DATA 010/2. 92?$E—03,3.39191—03,3.86111—03,4. 3966E—03,5.1697E—03, 0291.30
26,j9191—03,1.tIO75E—02.l, 5O63E—0?,9.?719E~ 3 2 L39OtE-I4.5,~1St2E— 0t,O2941.031.0496E.00,2.0626E.O0,3.8613E.00,5.8855E.OO,1.1820E.S1,t.IS2dSE.01,0291.5O

• _ J,t,98t 9E+0I.1..31.66E ’01p5.I222(’0Ii8.45p8E’02,J.,j~55 j2,j~~67~~ +Q2,029’,605I.6955E.02,1.79191.02.1.8142E.O2,1.7690E.0?,1 .71151.02,1.,6057E.02,0291.To

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~76.? 2591+01,5.59161+01,1.. 1.58 OE+0t, 3.50821.01, 3. 3875(401 ,3.Itt 081+01/0291.90
C 0 29 500

DATA JN20/3.3115E—j0,3.37761—lO,3.4402(—jO,3.69651—t0,3.5*.96E—1O, 029510
-- 23,59ggE—up.3.s561E—Io.3 .7295E— 1) ,3.97p4 (—IO.4.6762E—[I.s.~~3~Jg~JoJ?952o -•

31.2303E—09,2.32561—09,6.5720E—03,t.41961—O6,2.7762E—S8,1..18067E—08,O?953fl
• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~52.5 0331—07,3.03021—07,3.23031—07,3.l,13131— O7,3.58681—O7,3.17595E—O7,07955O

.93491—07,4.tj4l.E—07t4.2175E—OT ,*..4513(—07tl.,j,727E—07,4.eSOSE—07 ,0?9560
75,0771.E—07,5.32591—07,5.6308E—07,6.ool.51— 07,6.4.319E.17,6.ora5 —e7/029570

- — ~~~_ -
— 0?95~ O•

DATA J$2O5/I.28O7E—O5,1.286~.(—O5,j.29j5E—O5,t,2%5(—05,1.3Oj0E—05,0?959fl

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~31.50571— 05, 1. 6326 1—05 , 1. 8306E—05, 2.14041—05 , 2. 63 ?OE—05 ,3.13719E—05 , 029611)
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41.31301—05.1.1690E—05.2.46711—05.3.1t30(— U5. 3.7362E-05.1..3095E—05,429?0O - •
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• - 66.79S1.E—05.7.020aE—05~ 7.232kE—05,7.l.349E—05.T.6237L~Jj,T.T1’.bE—95,ugP2o

C 02971.0
DAT A J11202/I.357I1—D6,j.36b31—06,1.37511—16,j.3$?$(-05,I.139001—06,029750

100



p.r ~~
- .~~

-
~~~ •- - •~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘—-~~~~~~~ —~~~~~~~~~~~~~~~~~~~ ‘~~~~~~~~~~

31.7219( 06;1.)206E 06 ;2 ,22041 — 06 ;2 .67551 — O6,3.3541( 0b ;’,.45271.0 5 ;0 2 9 T 7 0
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 029350
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C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 029 99 0
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3t.34E•09,1.35E•O9,t.3~ Et09 k t.23~ •O~,t.22E+0~~~I.j5EG03,1.R7E+O9 , 030700
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~
—07.O303

~i •_65 .0000E—07, 5 .0 0001—07 ,1.0000E — ao,t.60011— 06,2.2000 1—o6,2. ;9000 1—06, o3037r1
—• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0303 9 0
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41..6101.(—03,4.6S601—03,1.. 6596E—o3 ,4.6810E—03;4.6999E•o3,4.nsgE—03,o3o1.Jn
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31.5095E—0 q,5 • 12181-Qj, 1. 4. 2661—Oj, 3.35571—08, b.G392E-4(,J .i?~ 69 E—07 ,o3o5oo
1.1.95761—07,2.81271—07,3. 7010E—07,6 .61091—07 , 5.l,4.4iE— D7,6.16351—07 ,030510

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
61.06931—06,t.t6621—O5 ,t. 26621—05, 1.3715E—I6 , 1.68311—16,I.151521—06, 030530
?).66S5E— 06,I.7735(—Q6,l,8Sp6E—p6,l,9(53E—p6,1,9t93[—p5d.IpZ9pE—,b,o1Q5~~oC 0 3 0 5 5 0

DA I A J C F 3 / 2 . 4 6 5 4 E — 2 7 , 3~ Q229E—24 , 1 8E—2 1,3 ,~~~~9E~ 1hS, 06 56 E— 17 , 0 3 0 5 6 0
26.30301—IS,t.5292E—13 ,6,6025E—12,7.0755E—1j,6.0305(—to ,3.32I4(—09,030570

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
1.i.5762E~ O6,2.2816E_06,3.0398E_0 ,3.8l.63E_06,1..5932E_Q6,5.21.S1E_06,03059fl
5S.7977E—06,6.2725E—06.6,6595E—05,7,069t~ —fl 6. 7.4259E-c16,?.7337[—O6,03060_0 
66.1’.05(—OS,5. O1b1—06 ,8.8656E—05,9.2?S’,E—o6,9,5901,(-ob,9.191971—o6 ,030610

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ 05, t.l165 E-05 ,14 ?9 7E— o5/0 3o620
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OA I.A - M2 0/2 .27 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0306 1.0
24 .0
3’ ..?0001—06.I..2000 E—06.6.  2000E—0S.S. 2 000 E—0 6 .’ . 2000 E-06 .6~i20O0 E—06 103 0660
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
6’. 2 0 0 0 E — O 6 ,4.20001—O6 ,3 .6000E—Oi ,2.S000E—05 ,2 .S000 (— os ,2 . 13000 (—o6 ,03069r )

C 030710
DarA JH2O/5.i306E—b7,O.1pO6E— 67~ 2.27t2E—3t,3.j934.~ —~ T,7.63’,6(—2l,,~ 0 3 0
2’..7ISO(—2j,6.6966F—19,4.4976E—17,j.3713(—t5,j.8280(—jt,,1.14238E—13 ,030730
37.5 3;2E—131~~ 3626E—i2 ,1.1~~76E—I1 ,3.0933E—tt,7.o234E-11 ,t.l364gE—1o ,o3o7’,o
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05, 030901)
23.09601—05,3.1279E—O5 ,3.1€86E—05 ,3.28911—05,3.55Of,E-05,3.9544(—05,030910

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~• 42.0226E—0I.,2.S 193E—Ol.,3.9934E—0’.,6,7774(—04 ,5,5549(~ Oh ,j.25t5E~ 03,O3O33O
5t.7333E—03,2.2?39E—03,2.6766E—0313.087?E—03.3.4l94E-O3,3.6993E—~~ ,03o~ 4o
65. )3 ’ .’ ,E—03 ,’ . . I?30E—03,4 .27091—03 ,4. 3859E—0 3 , 1..4706E-03,4.IS289E— 03 ,0 3 0 3 5 0

• 71..56SU-03,~~.5906(-O3 ,4.60~~~~~~~~~~~~~~~-~~3 ,62O 6E-03,4.’6242E—03/030SS0
C 0 3 0 3 7 0

0A!IA • JO_?~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 030 15 0
• 21.7903(—19,6 .571.4E—18,1.4.9591—I,,2.13571—t5,1.7354E-1l.,9.2769E—t1.,030990

33,70731—13,1. 21051— 12. 3.3 061E—I2. 1. 784 3E—LZ. 1.625i1—11. .3.~O57lE~J.1.,Q301QQ•
1.5 .2363E—j 1,8 .23 76 E—11 ,t ,20 38F—t3,j .6697E—10 ,2.1567(—tO ,2.!7155(—j 0 ,0309 10
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 03 0 9 2 0
66.68571—10,7.671.31—10,8.8054.E—13 ,1.00751—09,1.1568E—09,1..133i01—09,030930
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C 0 3 0 ) 5 0
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• DA TA ac ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 3 1 0 0 0

I ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 031010
• DATA ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 111 021 — • -
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 03 1100

3 3.O E—20 ,4 .0F—20 ,7 .0 E—20 , 9.0E—20, I.t E—19,1.tE—19,t. DE—19,b.0E— 20 , 031110
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3 t.95E—20,1.9’.E—2O,I .90E—20,l.SOE—20, 1.63E—2~~,j.~~OE—2 0,1.IflE—20, 031160
1. 5.7?E—21,6.31.E—21,l,.26E—2I,2.75E—21,t.681—2i,q.501-22,4.I7oE—?2, 031170

• 5 i.80(—2!,j!0O 1—22 ,t .OO E—23 ,1.001—24,l .00E—26 ,13’O.! - 031130
DATA QH202F26’e.,1.51—18,j.2E—jl,7.5(—j9,6.2E—jg,4..91—1),4,31—19, 031190
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3 8. 1.E—20,6.51—2fl,5.31—20,3.5(—20, 3.OE—20,?.31—2$,1.SE— 20,j.1.E—20, 031210
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DA T A  QN2OS/ 32’0.,’..71—t8, 3,?E—t 8,  2 .O(—16,1. 3E—I5 ,9.5E— 19,7.5f— 19, 031’5fl

?S.OE~~tS,4.5(—l9 , J .?[—l9,3.IE—19,2.S(—t9 ,2.I(—19,1.7E—19p(,5F— ~j~ 0S 1’SO - — •  —
39.)E—20 ,5.11—20,l..2E—20,3.3E—20, 2.5E—20,t.9!—2Q,1.3~ — 20,L.O3f—20, 031270
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~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 2 -21, 6.3F—22, 0311.00
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46.56 E—19,8.66 E—j 9L — -  ______— 031 1.60

C 03 11.70
DA TA CLX Fi.IE—~,5.7 E—i Q , 3.lE—40, t .?E—10, i.?E—10 ,8.’ .E—1I,t:.1E—10 , 0311.50

11.3E—10,2.4F— 10 ,S.OE—10,9. 5 1—1O,1 .31— ) ,1.SE—3, i .SE—9,2.OE— 9 ,  03 11.90
-~~ _ 22.2E— 9,2.31 9,2.31 9,2.4E—9.?.4E—9,2.4E—),2.4E—9,2.l.{~9, 03150 0

3’.41— 9,2.1.1 5,2.1.1 9,2.4E—9, !.1.E—9 ,2 .4 E—9, 2 .4 E—9,2 .1 . E—9,  031510
1.2.1.E- 9,2.’.E- 9,2.1.1 9~~2.4.E—9,~~.1.E—9,2.l.E-),g.6E—9,2.4E—9, 031520
52.41— 9,2.1.1 9/ 031530

C — 03151.0
DATA 0A23/2.828E03,5.371E02,I.192E02,6.337E)i,6.069!01, 031550

_ 4 5.575E01,5.535EO1.5.04.5EQI, 4..5UE01,4.314EQ1,2,667~ Q1,1.I. 5(Oj, 031560
2 o. 826100,5.706100,3.574E00,2.238E00, 1. 148E00,8.223E—0i,h.2t91—O1,031570
3 3. 022~ — 0 t ,j~~5So E—oi ,y.96a E—o2 ,5.70kE—0 2,2. ;29E—o2 ,2.oq9F—o2, 031550
4 1. 078(—02,5.580E—03,4.Oj4(—03,2.0781—03,1.’,951—03,7,7351—O4, 031530
5 ~.!03E—04,2.880E—04..1 .490!—Afta.t~j12E~ 04,5.550E—05,2.166E—05, 031600
S j .332E—0 5 ,5.i44E—06,3.19~ E—o5, I.2 34E—o6 ~ 031610

C ______________________________________________________________________ 031620
(NO 031630

LIBRARY (L101!EW) • _ - • 031650
ADD (4,MAIN,ALzI) 031660
AOD (’,LG 3) 

-—  031670
~INISP4.  

• 

03 1680
ENORUN. 031690 

- —

OX OX IOK I//I END OF LIST // /~•••••~~~ U~ ~~ OX T DX I//I END OF LIS1~~~~/, 
—
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CMSP Chlorine Model Study Program

Read TI TLE keyword card
Start Read data card with Ti t I~ nI run

Call

Subroutine ALTEGEN
to init ialize run

• Return

read keyword card

Is it

ENDJOB Yes 
EOJ

No

PARAMETERS = Keyword RUN

Call Call

A B

Subroutine Subroutine
INPARM II PHOCHM

to establish II to perform
initial const ants calculations

for each case for each case

Return Return

• 105
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A• Subroutine INPARM

Enter

• 
Jf~ RE~AD NAMELIST $ INPUT

to change any constants
from the default values

1 established~ y BLOCK DATA

Callj

Subroutine WEIGHT
to compute the constants of
array A used in COMTAU

Call Return

Subroutine CPHI1
to compute constants of

array PHIl used in COMPJ

Call Return • 
-

Subroutine SETUP
to select a set of eddy diffusion coefficients

and to create arrays of 81 levels - from
the original data at 41 levels - of these
coefficients , and temperature and M

Call Return

Subroutine RCONST
• to compute the array of reaction rates

at 81 levels for each of 51 reactions

• Return

Return

‘4
• ‘4

0
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Bi. Subroutine PHOCHM (I Enter

I
Initialize constants

for steady-state case
I — 0 • iteration counter

Call

Subroutine RJITER
to calculate J-values using

firstguess at ozone concentrations

• Return

10 1 = 1 + 1
Calculate 0( 1 D) concentrations for very level

~ 
Yes WRITE 502 p. B-2

• ‘not converge’ message

No

(~~~~~~~C

DO for each layer in atmosphere,
every 2 km. 0 -80 km.

calculate concentrations of the
short-lived species

(ozone calculated only at and above 30 km
100 

CalI~~ r
Subroutine CF LOW

to calculate concentrations of the
long-lived species

using I-km layers , 0 - 80 km
(ozone only below 30 km)

Return

Up to 30 kms, replace ozone values by
average of present and previous results

(for faster convergence)
Save previous J-values

Call

[Subroutine RJITER - to recalculate J-values,
using present ozone concentrations

Return

49

p. B-2

‘4
‘a0
‘40p.
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82. Subroutine PHOCHM (conti~u.d)

49

Yes Test J-03 and OH concentrations No
for convergence at every level 10 r. B i

502 Print results •

Return

I
108 
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Cl. Subroutine INITAL - Short-lived Species

Start I)
Call

subroutine INITAL

Enter

Calculate initial concentrations
from f i rst -quess mixing-ratios ,

using scaling factors

0.$

Initialize variables for the
system of simultaneous equations:

10 Y 1 — H  and set

\‘2 ’OH Y4 -03

— ‘ Call

Subrouttne PCLOX
to calculate concentrations of

CL , CLO, and HCL

Return Call

Subroutine PNOX
to calculate concentrations of

N02, NO, HNO3. N03, N205, and CLNO3
Return

• No Do concentrations of Yes 
RNO, N02, and HNO3 converge ? eturn

More
No than Ye,

Stop
10 iters.

7

p.
‘42
2

• 109
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C2. Subroutine SOLVE - Short-lived Species
p- C-i

Call

Subroutine SOLV E - us.; Newton’s method

Enter

KK I - iteration counter

KKK - 0 - singul.rity counter

( : —~ 
Set YO(N) Y (N ) for N - 1,4

~~~~ c 11
Subroutine JACOB

Form Jacobian BIN N) for N - 1,3
Form PP(~I) & SSIIJ)(

~
) Solve for 03 V4 above 30 bms

B(N ,.4) - PP(N) - SS(N) for N 1,3

~ IBIN,.4)’\2
ERR -~~. L

N 1  \SSIrii)

I
Function LINEON - rises Gaussian elimination
Solve for B(N ,4 ) ,N - 1 ,3

Matrix yes KK K no
Singular YIN) — .9 • YIN)

N- l ,3

no yes

Return
Yes

ERR ~~l,E-5 00 p.C3
1

no

YIN) - YIN) - B(N,4) ,N - 1,3

no 1>20
Return

a
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C3. Subroutine SOLVE (continued)

p C-2

Calculate concentrations of
H = Y(1) . OH = Y(2), H02 = Y(3), 03 Y(4)
also 0. H202,

100 Call PC LOX for CL, CLO, and HCL
Call PNOX for NO2, NO, HN O3. N03, N205,
and CLNO3
KK = KK + 1

YesK K ? 50 Return
7

No

Call JACOB
to compute production

5 Is YO(N) 
~ i. for all N and loss terms for

YIN) printing
p. C- 2 also 03 and 02

above 30 km

Return

I[ Save production and loss terms
for printing

~~~~~ 
Con~ nue

a
‘40
a
0p.

111
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Dl Subroutine CFLOW - Long-lived Species

~ 
Enter~~~~~

For necessary species, sot up arrays
of concentrations at each of 81 1-km levels

from 41 2-km levels, hy interpalation
using subroutine RINTER

For each species in order:
N20, NOX , CH4 , FC1I , FC12, CH3CL, CCL4 ,
CLX . H2

Call CSPEC (p. 0-2)
to calculated the 81-level array of

mixing ratios_I_
For 03. call ~SPEC to calculate
mixing ratios for 31 k-km levels

• up to and including 30 km

No Call REPCN - have species CLO and N02 Yes
converged in region 30 km and below?

Calculate concentrations of
NOX , CH4, CLX , H2 to 80 km

and 03 30 km

c::i— Return
I~~

p

LIE~. 

11•~
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02. Subroutine CSPEC

~~~~~~Enter 
~~~~

• 
_ _ _ _ _

Set boundary conditions
according to input

I
Call CXLi (for species i) to compute
the 81-level arrays: production PR ,

loss frequencr~. XL , initial mixing
ratio DFP (aIway~ O• for steady-state)

Call COEF to compute the coefficients
for the 81-level tridiagonal system

of simultaneous equations

Call TRIDIA to solve the system
of equations for the array X of

mixing ratios at each level

Compute 81-leve l array of net
production or loss and store in arr ay XL

ie , X L= P R - X L .X
(These arrays are used in subroutine

PRINTX where the flux of each species
is calculated by trapezoidal integration

and result printed)

• 

_ _

~~~~~~~~ 

Return~~~~~

a
N
0a
0p.
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APPENDIX C

SAMPLE TEST CASES

Case 1 Absorption Only (ISCATT = 0)
(all default values)*

Case 2 Multiple Scattering (ISCATT = 1)
(all default values)*

Surface Reflectivity 0.2

*Exceptions: ISWITCH = 0 (fixed sun angle)
RF11 8.30 E • 05
RF12 1.13 E + 06

114
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