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1. INTRODUCTION

The JVALUE program was developed to calculate photodissociation
rates as a function of time , geographical location and altitude and
is part of ANMAR , the ASL Numerical Model of Atmospheric Radiation ,
Composition and Dynamics. The photodissociation rates are used as
input data for ASA , the chemical kinetic modeling program , also part
of ANMAR. Altitude and time dependent solar flux intensities are
predIcte~ ~1so. The computational technique has been reported pre-
viously .

The software package is comprised of a single FORTRAN program
to compute instantaneous rates. Because of the way in which ASA
utilizes the photodissociation rates , only the noon, or maximum values
need be calculated . If mean rates, averaged over sever.al solar zenith
angles are desired , a second FORTRAN program , MEAN, is available for
the averaging. MEAN, and several other internally documented auxil—
iãry program s, are listed and their respective functions briefly
described in Appendix A.

Logical parameters within the program allow the selection of
card , tape or FASTRAND output for the photodissociation rates. Solar
flux intensities are stored on magnetic tape .

Card Input to the program includes program control parameters ,
latitude and time for the calculation of solar zenith angles, wave—
length intervals, quantum efficiencies, identification of the specific
photodissociation processes considered , and density profiles for the
set of absorbers. Experimental profiles are used when available, and
other densities are predicted by ASA . In addition to the card input ,
a direct access file containing the absorption coefficients and the
solar flux data must be supplied . All input data is described in
more detail in the following sections.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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2. PROGR.AM INPUT
A. CARD INPUT

Card Type 1

COL . NAME FORMAT DESCRIPTION

2—5 $NL~7 !Jnformated Defines narnelist to fol low.

6—n JAY S If JAY S • FALSE~ , the subrout ine
to sum the individual photodisso—
ciation rates will not be called .

PCH If PCH = .TRIJE., rates will be
punched on cards In ASA format.

ITAPE If ITAPE = •TRUE~ , rates will be
written on Unit 9 (tape or FASTRAND )
in ASA format for storage , plotting ,
etc.

IPHI If IPHI = TRUE , NSPEC factors will
be read in to modify SIGMA , the total
absorption coefficient , and SSI’~’A,
the photodissociation coefficient , or
to mod ify the density profiles.

DEN If DEN — •TRUE~ , the input density
profiles will be written out for
each absorber.

DATA If DATA — ~TRUE., input solar flux
and absorption data will be written
out. This should be invoked only
for debugging or the examination of
a small absorbing interval because
more than 600,000 values , many of
them zero, could be written out.

SSUMIT If SSUMIT •TRUE., program will sum
photoabsorption rates (from output
FASTRAND file 8) only. This option
prevents loss of the calculated
values in case of machine error. It
may also be used to examine the con-
tribution from various absorbing in-
tervals for a given specie.

~~~~~~~~~~ -_ - -—-. ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ .
~~~~~~ ~~~ - ~~~~~~~~~~~~~~~ 
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Card Type I (con td . )

COL . NAME FORMAT DESCRIPTION

NFIL The size of the input direct access
file of absorption coefficients must
be supp lied . This value mus t be at
least as large as IVAL2 , the final
w a v e l e n g t h .

l as t5
Columns V$END T e r m i n a t e s  n am e l i s t .

Note: All logical parameters are set to false in the program with
the exception of JAYS , which is true . The n am e l i s t  card is used to
invoke  the  o the r  op tions  when desired and t o  f ur n i s h  NFIL.

Card Type 2

1—5 MON 15 Month of year ,

6—10 MDAY [5 day of mont h ,

11—15 NI-hOUR 15 t ime’ in hours

16—20 MIN 15 and minute ’s (M ST) , for which photo—
dissociation rates are to he calcu—
1:1 t ed.

21— 25 l”C 15 l ime’ 1 f l c ie n i~~I1t in minutes if more
1)ari one Zen it ii angl e - is to be cal—

cciI at ed

Card Typ e 3

1—15 (LA(l) , 315 Latitude in degrees , min utes and
1=1 ,3) seconds.

1—15 (1N(I) 315 Longitude in degrees , minutes  and
r=l ,3) seconds.

Card Type 4

1—72 (TITLE(I), 12A6 Alphanumeric i den t i f i ca t ion  of the
1=1 , 12 ) run .

— 
~~~~~~~~ J
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Car d Type 5

COL. NAME FORMAT DESCRIPTION

1—5 IVAL1 IS First

6—10 IVAL2 15 ,.nd last wavelength to be considered
in the calcula t ion

11—15 MSPEC 15 The number of attenuating species .
If all of the chemical absorbers are to
be used to calculate the amount of
solar flux transmitted , MSPEC = NSPEC ,
the number for wh [ch photodissociation
rates are to be calculated .

16—20 NPOS1 15 Number of solar flux values to skip
so that t h e  in p u t  t~~j•Ie Wi 11 he
positioned at IVAL1.

21—25 NPOS2* 15 Key to control printed output .
0 wri tes ou t only final ouput —— the

ra tes as a f unction of altitude
p lus the card , FASTRAND , and/or
tape output as specified .

1 writes out all computed flux values .
< 0 wri tes  out all individual contri-

butions to the photodissociation
rates .

> 1 writes out all of the above .

26—30 ISKIP 15 Number of layers for which photodisso—
ciation rates will not be calculated.

*Note: This is primarily for  debugg ing since wri ting out all da ta
in a normal sized run would take many hundreds of pages.
To examine the calculated solar flux values , the SOLPLT or
the RADPLT program would be preferab le . Exam ination of
the per—interva l  contribution to photodissociation rates
is better handled throug h input data to subroutine SUNIT
and the logical option SSUMIT.

Card Type 6

1—5 NSPEC 15 Total number of species which photo—
d i s soc i a t e .

6—10 ~THETA 15 Up to twe1v~ solar zenith angles may
be computed but due to the very large

4 ~, ~~~~~— _—*~ ~ _- _~~~ t___~~~~~~~~~~~~ ~~- —~ --
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Card Type 6 (con t’d.)

COL . NAME FORMAT DESCRIPTION

output file 8 required (about 400
tracks/ zen ith ang l e ) ,  onl y one
angle at a time is recommended .

11—15 NTOP IS Highest altitude to calculate (km).

16—20 NLAYER IS Number of altitudes to calculate
( inc lading N IOF ’ )

21—25 NWAVE IS NWAV E = 100, the maximum number ofwaveleng ths per cycle , where NCYCLE=
(IVAL2—IVAL1)/lOO. Due to storage
requirements , the computation is
d’vided into NCYCLE intervals.

26—35 DZ E]5.5 The depth of each mod~ 1 layer in cm ,
currently set to 5x1(Y cm (5km).

Card Type 7

1—42 (LAYER(I), 1413 NLAYE R e lt i t u d e s  to  c a l c u l a t e.
1=1 ,14)

Card T ype 8

1--la SrtB A6 ,4x Chemical symbol for absorber (right—
j u s t i f i e d ) .

11—40 (N(K,J) , 615 Uavt- lc’ngt hs w h i ch  d c l  i n c  t he th resho lds
J=l ,6) 1nr up to f i v e  p h o t o d i s s o~- iat  ion p r oc ess—

es f o r  th€ Kt h  s pe c i e  (of  N SPFT spec ics)
‘
~( K , I ‘I w i l l  a lwavs he set to I VA ) I 

, 
the

i n i t i al  w ave l e ng th  I-or ex amp le , t he ’ 5t h
;ihsorhier in ~j i , - set of  ( - o c f l i c i ( n t s  is
NI)~~. N ( 5 , 2~ — N ( i ,l)  d e f i ne s  the ~a ve—
length i n t i - r va  I for t he reac t  inn

NO -4 h - NI) + Q() I))
and (NI -

‘ 

, 
i — N ( S 

, 
.~ 

) + 1) d & f  Inc’s
NM + h N) -4- 0.

Note: There are NSPEC cards of type 8.

~ _~~-~~~ ;1~ :~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - 
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Card Type 9

COL . NAM E FORMAT DESCRIPTION

1—5 NEQ 15 Total number of plio todissociation reac—
t ion rat  ,~~ - t c~ be a I cu 1 at e l

Card T ype 10

1—5 NS (I) 15 Tth photodissociation process for
a specie. (See note on Card Type 7.)

6—10 NE(I) 15 NE(I) is t h e number of t h e chemical
reaction in ASA ~‘Ii icIi corresponds to
the NS(ith) photodissociation rate.

11—15 NR(I) 15 The number of the specie in the set
of chemical absorbers (contained in the
direc t access file) .

16—20 FACTOR(l) F5.1 Quantum efficiency.

20—66 (EON(I ,J), 6r\6 Th e alphan umer ic repre sen tat ion of
J=1 ,6) th e chemical reaction and absorbing

interval for identification purposes .

Note: There are NSPEC cards of type 10. To clarify th is type
card , an examp le is given:

3 1 11.000 0: + h ’ - ( I + 0 17 5 9 — 2 5 0 0  X
F’ I c 1  d I spec iii c’s that  I h is  is  the t i l l e d  phot (01 issociat ion pro—
( L O S  b r  m o l e c u l a r  o x v~- t - i i , f i e l d  -~ shows that it is reaction I
in t he (-urren t c he- rn Ic a I k i n e t  i c sc he’ rne , and I I e Id 3 shows that
oxvgcl l  is the f i r st  absorber  in the- Sc t I ahsorpt  ion da ta .
F’ i c  Id  4 shows a qu an  t urn v I - I d  ol  1 .000 , .i nd t h e  balance of the

i d e n t i f i e s  the p h o t o d i s s ’ - i a t  ion rc - - u t ion

Ca rd t rpe 11

1—12 EN(J ,L) E 12 .6  The average number density of the
Jth specie at the center of the
Lth layer.

13—24 Sr’B(,!) 6x,A6 The chemical symbol of the Jth specie.

25—34 LAYER (L) 6x ,13 The altitude of the Lth interval.

-
~~~~~~~~

---
~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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Card Type 11 (contd.)

COL NAME FORMAT DESCRIPTION

Note: There are NLAYER cards for each of the NSPEC chemical
species. The first card for each specie is the column
density above the model .

Card Type 12

1—5 PHIl (I) F5.2 If IPHI = .TRLT ., constant factors may
be read in to adjust the entire set of

6—10 PHI (I) F5.2 total and photodissociation coefficie nts. for each chemical absorber in the set
. These constant factors also may he used

to adjust the density profiles for given
absorbe-

Note: PHIl and P1-Il values for each of the NSPEC absorbers are
contained on consecutive cards , eight sets to each card .

Since there is so much card input , most or all of this data is
usually stored in an F,LT element within the program file. This data
may then be referenced with the ADD Furpur. A sample of input data is
given in Section 6.

B. INPUT DATA FILES

(1) An input tape of solar flux values must be supplied to the
program. The following sets are available in the UNIVAC
1108 Computer B Tape Library :

File 1 Brinkman—Thakaekara3’~ 26-7500 A
composite data

File 2 Ackerman5 1176—727k A
File 3 File 1 with 26—7500 A

Broadfood 6 data u~ ed
in the 2000—3100 A
inter -al

- 
These solar flux values have been averaged in units of photons—

cm 2 sec_ 1~~
1 in 5(F10.2,E15.5) format.

(2) The direct access file of absorption coefficients , refer-
enced internally as KFILE, contains data averaged over 1 A
intervals for up to 18 absorbers. The file—handling sub-
routines, LOADUA and DACESS , deliver NCYCLE sets of N~AVE

E~L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~
—

. 

—
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(100) total and dissocia tion absorption coefficients for
each of the NSPEC species . The following relationships
exist between the absorption coefficients and the ‘ross—sections:

k. ( A .) = n 2 .  ( k ) ,
°

k . C-.) = n -
~~~-1

0 ° 1D

and

~ (‘) = ( \ ~ ( .)

wIle r e

- . - ( ) = T o t a l  ah s o r p t  ion  c r o s s— s e c t  ion t o r  t he  i t h i
specie (cnY ) -

k , ()~) = Total absorption coefficient for tu e ithi
1 specie ( :m -

k . ( )  = D i ss o c i a t io n  c o e f f i c i e n t  for tile itli
su e d e (cm ~~~) .

= Lo sc l lmi dt ’ s number  (n—c ’ m ) .

C- ) = , uanturn vLeld for a given pliotodissociation
pr o c e s s  01 t u c  it i l  so e c i c .

°~ 
( - )  = ~lie dissociation cross—section of the it Ii specie.

D

Ver ; -seldom are variabl e quantuir yields known ; th er -~ orc- , -

~~~ 

(
~~) and

i t - o a~~
- cij i a ~or most speci es . Constant qu -ntu rn vi elcis are

best  a p n l i e d  in su t
~r o u t i n e  ~L’~~~T

At present , data for fourteen absorbers are contained in one 270
track direct access  f i le , C0I ,L 1N~~~COEFF . A second f i l e , COLLINS*COEFF 1.
contains alternat e data for several species . Additional data for eleven
spec i e -s  r io t  c o n s i d e r e d  in A~ A are stored in C0LLTNS~ C0EFF2. Initially ,

~n extensive lit e rat u re ‘~c a r e 1 i ~ V -mS made for absorntion data and all
- ( I I ~~‘ ‘ 5 (  c ( - n - r l t e d  ‘v r I A - c -  r:~~,-s ‘L ~~jnM -in in’ r n o l , t t  ion proeram

l e d  I I . ~ ,- ru-r1t  I a o l  r i ~~i n - i l  ri - i t 1 s e t s  were  p l o t t e d  to
I S  ‘ - r t ; i i i l  i i  e r r - )  ions L -: - r - 1 p i i r e - l  I c  c i i f l t .l ln  the if lte~ r i t v  of t he

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~~~~~~.
.
~~~~~~~~T~~~~~~~~~~~~~~~~~~~
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9

maxima and minima . Usuall y sets of two— and f o u r — p o i n t  i n t e r p o l a t i o n s
of the data were blended wi th  o r ig ina l  da ta  to give a “best set .”
Where two or more sets of da ta  were combined , i t  was o f t e n  necessary

4 to smooth data at the position of overlap. Backup tapes 01 these
“best sets” are stored in the UNIVAC 1108 Computer  B Tape L ib r a r y  w i t h
alternate sets stored for some species — p r i m a r i l y molecu la r  oxyge~1,
ozone, nitrogen dioxide and nitrous oxide .

These data also are stored im a (36 x N) array in the FASTRAN I)
direct access f i l e , wi th  N set by the number of t r acks  chosen when t he
f i l e  is created . The program de l ivers  (NSPEC x 100) values  of t I i ~
total and photodissociation coefficients from the direct access til e ’

- to the main subroutine for (IVAL2—IVAL1) cycles for each layer
calculated. Identi2ying wavelengths are also provided . (This file is
more comp letely described in the internal documentation of Program
DA.) All of the various data stored on mass storage in the UN I VAC
1108 system and Tape Library have been t abu l a t ed  and i d e n t i f i e d  in ri
notebook which is under the control  of Harold Bal la rd , C o n t r act  M o n i t o r .

~~~~~~~~
‘

- - 4
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3. EXECUTION SET-UP (EXEC — C CONTROL CARDS)

Program execution requi res  the fol lowing sequence of control cards:

@QUAL COLLINS

@ASG ,T l.,T, (tape id) The tape id is the Ui’1VM~
Computer B Library number.
This tape will be released
af ter the f irs t layer unless
mult ip le zen i th  angles are
computed .

@NSG,W BKIO1U PAN 8150 (user id) The W optl~on on the MSC~ card
signals the computer operator to
label the BK library tape with
the label the user desires as
i d e n t i f i c a t i o n .

@ASG ,T 3. ,T,BK1O1U Output tape for solar flux data.

@ASG ,T 7 .,F,SCRTCH Temporary storage for intermedi-
ate solar flux values.

@DELETE,C *JAY . File to store individual
@ASG ,UP *JAY.,F2/ O/ T ~J(/ contribut ions to tile

400 photodissociation rates .
@USE 8.,*JAY .

@DELETE ,C *12SEp . File to store photodissociation
@ASG ,UP *12SEP .,F rates. Required if
@U SE 9 . , *12SEP . ITAPE= .TPUE.

@ENABLE ,C *COEFF . This assi gns the  d i r e c t
@ASG ,A *COEFF . access f i l e  conta in ing
@IJSE KFILE.,*COEFF . the absorption coefficients.
@ENABLE ,C *JVALUE .
@ASG ,A *JVAL IJE .
@XQT *JVALUE

Input cards types 1— 11
@F IN

Note:  File 8 may be assigned as a temporary  f i l e ;  however , if
there  is d i f f i c u l t y  wi th  the machine when the program is
near completion , all da ta  w i l l  be los t .  Tills f i l e  should
be deleted after the successful termination of a job un—
less the user plans to use the SSUNIT option to look at
contributions over various intervals . The @ENABLE ,C and

~
dE ETI-:.c cards are added to  al low one to use tile rerun

cp t i o n  in case the j o b  is lost  due to m a c h i n e  e r ro r .

- - . 
~~~~~ ;

_

~~~~ ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .. ~~-. -,
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When a data set fo r  a g iven set of absorbers at a given la t i tude
has been assembled , one may use tile ELI processer to diminish the card
input fo r  each run .

@ELT ,IS *JVALUE.CDATA
Inp ut cards types 5—11

Then to execute:

@XQT *JVALUE
Input data cards 1—4

@ADD,PE *JVALUE.CDATA

A samp le of the program ou tpu t  may he found in  S e c t i o n  7.

~~~~ ~~~~~~~~~~~~~~~~~~~~ 
••- 
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4. LOGICAL FLOW

Subroutine MAIN in i t i a l ly reads the logical paramete rs  which
specif y the amounts and types of input/output data and the required
i npu t/ ou tpu t  tape and FASTRAND f i l e s .  The other card input data
then is read into storage .

Subroutine ZEN , called by MAIN , calculates the specified number
of solar zenith angles for the time of year and latitude. At this
time , subroutines LOADUA and DACESS check the size and open the direct
access file . A second call to these subroutines specifies the wave-
lengths to be delivered for each program cycle. (Due to the large
amounts of solar flux and absorption data required , only 100 wavelengths
are calculated in each cycle.)

The attenuation of the solar flux and the per—Angstrom contributions
to the instantaneous photodissociation rates are calculated for each
100 wavelengths . The former values are stored on a tempor lr\- magne tic
tape file until all wavelengths have been processed , at whi ch time all
solar flux values calculated for that altitude interval are dumped on
a UNIVAC 1108 Library Tape file . This file is then reposition ed and
these data become input data for the next altitude interval. The
per—Angstrom con t r ibu t ions  to the ra tes  are b locked  into a FASTRAND
f i l e .

When all a l t i tudes  have been processed , s u b r o u t i n e  SL’MIT is cal led
to sum the per—Angstrom contributions over the appropriate intervals
for each photodissociation reaction considered for the set of absorbers .
The quantum y ield , if known, is usually applied here. The rates will
be punched on cards and/or w r i t t e n  on a FASTRAN D or tape f i l e .

~ 

t 1  :~~~~~~~~~~~~~~~~
---
~~~~ 

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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5. MATHEMATICAL CALCULATIONS

The basic equation used for  the calc ulation of photodissociation

ra tes in the upper atmosphere is:
A 2

J4 (z ,t) = / c~~. ( A )  
~T 

~~ 1
T 

(z ,t ) dA (1)
J A j i A

where:

J .(z ,t) = Rate of the j t h  ph o t o d i s s o c i a t i o n  process

of the  i th specie in the wavelength in terval

— 1 — lto A
2 
(Sec molecule ),

i = index fo r  the i th  chemical  absorber .

z = altitude (cm),

t = time of day , month  and year ,

O T
( A )  = to ta l  microscop ic cross section fo r  photoal-’sorption

b y the i th  specie (cm ) ,

= quantum y ield of the i th  specie , def ined as the ra t io

of the dissociat ion cross section , ( A )  to the

total  cross sect ion , and

‘T 
(z ,t) = total intensity of the radiat ion about the interval

A
dA inc ident on the top of the layer centered at

altitude a (photons cm 2 sec~~ 0.1 nm
1).

The photodissociation ra te  fo r  a given densi ty p r o f i l e  is g iven by

R~~(z~ t)  = 
2 J

1
(z , t)  [n 1

(z , t ) J  dz (2)
zl

where

- -~~~‘~~~~~~~~~~ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-
~~~~~~~ -~~~ - - - - —— - - ——--- -
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R~ (z.t) = jth photodissociation rate (sec~~ ) of the ith

specie at altitude a and time t ,

1n~ (z ,tfldz = the total number of molecules of the ith specie

in the altitude interval from z
1 

to a
2
.

The intensity of the direct radiation incident upon the top of the

model is obtained from the Bouguer—Lambert law
7
:

I
D

(z ,t) = exp (—1 [a(A ,z,t) + ~ (A ,z,t)] sec 0 (t)dz} (3)

where

= monochromatic radiation about the interval dA

ou tside the ear th’ s atmosphere. Subsequent model

layers use the last calculated value of the solar

flux , and

c~(A ,z,t) = ZO
T 

(X)[n .(z,t)], the attenuation coefficient due
~ 

1 
—1to absorp t ion, (cm ),

32ir 3 ( — 1) 2
~ (A ,z,t) = 3E [n .(z,t )JA ~ 

the attenuat ion coeff ic ient due to

Rayleigh scattering (cm~~),
8’9’~~

= index of refraction of air ,

= wavelength (cm), and

sec O
~~
(t) solar zenith angle at time t tor a given geographic

loca t ion , calculated by the s tandard ap~ roximation
11

.

The contribution due to scattering is based on t~~ Leighton
9’1°

approx imation.

--~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~ r .—--—------ - -.- --— 
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6. SAMPLE OF INPUT

Shown in this section is a comp lete set of the required cards
needed to execute the computer code JVAL IJ E .

- ‘I

- ~~~~~~~~~ - _~~~2 ~~~~~~~~



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

SNL I T A P E .TRUE ., N F I L 5 8500 , OEN ~~.TRUE. ,IPH i . .TRUE. SEND
9 28 12 0 0 16

32
106
çEPT 32 N O R T H  C O M P O S I T E  9/28/76
976 397b ‘4 950 0 0
16 1 70 5 100 0.50 E 06
75 70 65 60 55 50 ‘45 ‘~O 35 30 25 20 15 10

02 102 6 1332 i 7 5~ 250 0
03 1990 2340 2600 3100 3340 3600
N 2  1 305

NO ? 1900 2410 2440 3985
HN O 2 3 970

• N ?OS 2050 3800
N2 O2 2000 3800
HCHO 3600
HN O3 1 900 2100 3250 3700
N2 0 1680 2550 3340
HO? 2450
N O 1217  23 00

H20 1430 1980
CH 4 800 1a~~S
C02 900 1200 i ’475 1980

N C HO 3600
24

1 1 3 1 .00 02 ~ 0 + 0 175 9= 2 42 4
1 2 2 1.00 02 ~ 0 • 010 1 3 3 2— 1 7 5 9

3 1 1. 00 02 = 0 • 015 102 6—1 332
2 6 ‘4 .001 03 z 0 • O 2 i D  310 0— 3 3 4 0
2 7 3 1.00 03 = O l D  + O 2 i D  2600? 3 100
2 8 1 0.01 03 015 • 0210 1990— 2370
2 9 2 0.05 03 z o + 02 15 23q 0— 2600
‘4 1 1  3 1.00 NO ? + M V  ~ 0 • NO 2490— 3985
‘4 12 1 0.50 N 02 • M V  — O l D  + NO 1~~00—2 41 O
‘4 12 2 0.20 N 02 • M V  O l D  • NO 2 ’4 10= 2 44 0

10 13 6 0.99 “420 + M V  010 + N2 1680-33 40
10 14 6 0.01 N2 0 • M V  ~ N + NO 1 680— 2 55 0
6 17 6 0.50 N 10S • HV = 0 + N Q 2 +NO ?

11 19 6 1.00 H02 + HV 0 • OH
7 20 6 1.00 H202 + M V  = OH + OH

IS 2i 2 1.00 CO2 + M V  ‘ 0 • CO
15 2 2 1 1.00 C02 • M V  010 • Co
1’4 23 6 0 .33 CH4 • HV H ‘ CH3
14 29 6 0.67 CM4 + M V  H2 + CM ?
8 25 6 1.00 HCHO • M V  H 4 CHO

1 6 26 6 1.00 H CNU + HV H2 + CO
5 3 1 6 1.00 HNO2 • HV z NO + OH
9 32 6 1.00 HNO 3 + HV N02 + OH 1900— 32 5 0
9 3.~ 1 0.01 HN O 3 + MV H + N O3 1 1 9~~O 2 l O O

. 11 7 00.21 02 OV E R  75 KM.

.423 00+1 5 02 70 KM.

.81900 ,15 02 65 KM.

.150 00.16 02 60 KM.

.26200+ 16 02 55 KM.
.447300 .16 02 50 KM.
.855 000+16 02 ‘45 KM.

~ 

~~~~~~~~~~~ ~~, ~~~~ ~~~ ~~~~~ - -~ ~~
., ~~~~ 

-



~ ---~ -~ --- •~~~~~ ~~~~~~~~~~~~~~

.1 74000+17 02 ‘+0 K M .  17

.37 1 0 00 +17 02 35 KM.

e 802000+1 7 02 30 KM.

.17 4600 .18 02 25 KM.

• 3 8 7 ’ + O O + Z 8  02 20 K M .
•8’48700+18 02 15 K M .

• 1 80000 .19 02 10 KM.
.10000+14 03 O V E R  75 KM.

1 . 00000+10 03 70 KM.
.1 9 1 0 0 + 1 1  03 65 KM.
.31900 .11 03 60 KM .
.704 00+11 03 55 K~~.

•800000+11 03 SO KM.
.260 000 .12 03 ‘45 KM.

•700000 .12 03 40 KM.

.15 1 8 4 0 + 1 3  03 35 KM.

•35270 0+1 3 03 30 KM.
.500600+13 03 25 KM .

.399910 .13 03 20 KM.

.22 4980 .13 03 15 KM.

.10 0 12 0+ 1 3  03 10 K M.
.43800+21 N2 O V E R  75 KM.
•15800 ,16 N ? 70 KM.
.3O SOO +1 6 N2 65 KM.
.S6000,16 N 2 60 KM.
.97800 .16 N2 SS KM.
.1 66700+ 17 N2 SO KM.

.31 92 00+1 7 N2 ‘4S KM.

•6’48800.17 1’42 40 KM.

• l37 ’400+1 8 N2 35 KM .
.299000+18 N2 30 KM .
.6S0700’18 N2 25 KM.
.144’400 .19 N2 20 KM.

• 31 63 00+ 19 N2 1S KM.
.6713 00+19 N2 10 KM.
.0 NO ? O V E R  75 KM.
.10 000.06 NO ? 70 KM.
.60000+06 N 02 65 KM.
.20S00.07 N02 60 KM.
.1 1 0 00+08 N02 55 KM.
.200000+06 N02 50 KM.

•‘400000+08 NO? ‘45 KM.

•q00000+09 NO? ‘+0 K M.
.1 69710+10 NO? 35 KM.

.253 100+ 1 0 N 02 30 KM.

.~~6i 0S0+10 N 02 25 KM.

.1 841 00+ 1 0 N 02 20 KM.

.1 64560+10 NO? 15 K M .

.1722 80+ 10 N 02 10 K M.

•0 HNO2 O V E R  75 KM.
.I 0000E— 02 HN O2 70 KM.

• 13 000E— 01 HNO2 65 KM.

• 310 00E- 01 HNO2 60 KM.
.50000E— 01 HNO2 SS KM.

•566140.06 HN O2 SO KM.

•3009 60+07 HNO 2 45 KM.

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



.1 1 1 1 60.08 HNO2 -‘U ‘H . 18

.162140+08 HNO2 35 g .M.

.137 620+08 HN O2 30 KM .

.103470+08 HNO2 25 KM.

•994620+07 HN O 2 20 KM.

.1’4 0690+08 HN O2 IS K M .

.l6’4820+O8 HNO2 10 KM.
.0 N2 05 O V E R  75 KM.
.18598—01 N 2O S 70 KM.
.90000—01 F4205 aS K M .
.17685 .03 N2 05 60 K M .
.10000.04 N2 05 55 K M .

•9070S0.O1 N2OS 50 KM.

.592 310+04 N 4OS ‘45 KM.

.17555 0+07 N205 ‘40 K M .

• ‘+82650+08 N 20S 35 KM.

.228780 .09 N205 30 KM.

•‘429510.U9 N205 25 KM.

• 325840.09 N2 05 20 KM.

.265800+09 N2 05 15 K M .

.268930+09 N 20b 10 K M.
.0 M202 OVER 75 KM.
.20000+05 H202 70 KM.
.60000.05 H202 65 KM.
.90000+05 H202 60 KM.
.20000,06 M202 55 K M .

•601700+07 H202 50 KM.

.112840,08 H202 ‘45 K M .

.1 79 8 1 0 + 0 8  M2 0 2  ‘40 KM.

.2 4 1 3 1 0+ 0 8  H202 35 KM.

.417 810 .08 M 2 02 30 KM.

.421880 .08 11202 25 KM.

•328 ’470+08 H202 20 KM.

.29732 0+08 H202 15 K M .

• 3 6 1 4 5 0 + U 8  H2 0 2  10 K M .
.0 MC H O  O V E R  75 K M .
. 1 00 0 0 + 0 6  H C M O  70 K M .
.40000.06 HCHO 65 KM.

A .2OO 0O~”CJ
S M CM O 60 KM.

~ . 3 00 0 0 + 0 S  HC HO 55 K M .
7 . 0 0 0 0 0 +0 6  HCI-I O 50 K M .
1 . 2 00 0 0 + 0 7  HC H O  ‘45 K M .
7 . 05 0 0 0+ 0 7  HC HO ‘40 K M .

~.9 O U O O . Q 7  HCHO 35 K M .
1.20000+07 MCHQ 30 KM.
q.00000’(J b HCMO 25 KM.
2 .90000~~07 NCHO 20 KM .
ç.30000+O7 HCMO 15 KM.
7 . 70 0 0 0+ 0 7  HC HO 10 K M .

.0 HNO3 O V E R  75 K M .
1 .00000+P3 HN O 3  70 K M .
e .0 0 0 0 0 + 03  HNO3 65 K M .
i.50000.04 llN03 63 KM.
1.00000+05 HNU3 55 KM .

.700000+0S HNO3 50 KM.

.204670+07 HNO 3 ‘iS K M .

~~~~~~~~~~~~~ - - -
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - ~~~--~~~~~~~~—- - --~--~---



.550000+08 HNO3 ‘40 KM. 19

.150000.09 HNO3 35 KM.

.880’iS0.09 HNO3 30 KM.

•‘466300.1O I-4N03 25 K M .

•999’+tQ .10 l4N03 20 KM.

•71 01 90+1O HNO3 iS KM.

.118550+10 HNO3 10 KM.
~ .0 N20 OV ER 75 KM.
1 .OOUOO+04 N2O 70 KM.
7.00000+04 Nb 65 KM.
3.20000+05 N20 60 KM.
4.00000+06 N20 55 KM.

.100000.04 N2O 50 KM.

•300000+U6 N20 ‘+5 KM.

•130000+09 ~‘42O ‘40 KM.

•478090.10 N20 35 KM.
• .407080+11 N20 30 KM.

•2023’40’12 N20 25 KM.

•598730+l2 N20 20 KM.
.124980+13 N20 15 KM.

.239980+13 N20 10 KM.
.0 H02 OVER 75 KM.
.18000.05 i+02 70 KM.
.3800U.Ub 1102 65 KM.
.53000+06 1102 60 KM.
.13000+07 M02 55 KM.

.116920 .08 1402 50 KM.

.168000+08 1102 ‘45 KM.

.252060+08 1402 40 KM.

•5070’4O+O8 1402 35 KM.

.896060+08 1102 30 KM.

.102280+09 1102 25 KM.

.727910+08 H02 20 KM.

.538650+08 H02 15 KM.

.486180+08 H02 10 KM.
.0 NO OVER 75 KM.
.25000+08 NO 70 KM.
.83000+08 NO 65 KM.
.27000+09 NO 60 KM.
.76000.09 NO 55 KM.

•845760+09 NO 50 KM.
.161370+10 NO ‘45 KM.

•256370.10 NO ‘40 KM.
.263490+10 NO 3S KM.

•229750.I0 NO 30 KM.

.189270+10 NO 25 KM.

.17976 0+10 NO 20 KM.

.266550+10 NO 15 KM.

•‘i 38570 .1O NO 10 KM .
.0 1120 OV ER 75 KM.
.50887+10 H2O 70 KM.
.l0000+i 1 H20 65 KM.
. 1 6 5 3 1 + 1 1  H20 60 KM.
.‘40000+1l H2O 55 KM.

.116 630+12 1120 50 KM.

.i9~~3’4O~~12 ii2 0 45 KM.

~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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.343 960 .12 - ,20 ‘*0 K M .  20
~b 7 6 1 8 0 . 12  ‘*20 35 K M .

.1~~ 4 9SO .l3 ~~~~~~ 30 K M .

.307780 . 1 3  ~iZO 2 6 K M.

.73 + 920.13 pi l l) 20 KM .

.2Q 206 O *1~ ~lO 16 K M .

.103000 ,15 rs20 10 K M .

.0 C~I’4 O V E R  75 K M .

.15 000,09 CH’4 70 K M .

.40009+09 CH’+ 65 KM.

.09’42 9 .1O CII ’, 60 K M .

.23 002 .10 C~I ’~ 56 K M .

• 59 64 60+1O 50 K M .

.1 68180 ,11 CH’4 ‘45 K M .

.‘4673’f0+il c+i’+ ‘+0 KM.

.129700 .12 CI1 ’+ 36 K M .

• 32 9 0 6 0 , 12  CH ’4 30 K M .

.809 400+1 2 cII’4 26 KM .

.189 870 .13 CH4 20 K M .

.480030 ,13 CH’4 16 K M .

.103 920 + 1 9 Ci4’ I 10 K M .
.0 C02 O V E R  75 KM.

.52100 .12 C 02 70 K M .

.10000 ,13 C02 65 KM.

.20000 .13 C02 60 KM.

.37009 ,13 C02 55 KM.

.725 870+1 3  C02 50 KM.

.1 3 9 0 1 0 + 1 4 C02 ‘45 K M .

.283020 .14 C02 ‘40 K M .

•59793 0+l4 C02 35 KM.

.130000 .15 C02 30 K M .

.283000 ,15 C02 25 KM .

.62 9000 ,15 C02 20 K M .

.138000 ,1 6 C02 15 K M .

.292000.16 C02 + 0 K M .
.0 HCHO O V E R  75 K M .
.10000.06 HCHO 70 KM.
.40000,0 6 HCHO 65 KM.

A .20000+OS HCP-4 0 60 KM.

~.300O0’0S +-4 CH O 55 K M .
7.00000.06 HC H O 50 K M .
i .20000 .07 HC HO ‘45 K M .
7 .05000+07 +I CHO ‘+0 K M .
t . 90000+07 H C M O  35 KM.
1 .20000+07 IICHO 30 K M .
9.00000+06 HCI+ Q 26 KM.
2.90000+07 HC HO 20 K M .
ç.30000 .07 HC HO 15 K M .
7 .70000+07 M C H O  10 K M .

1 .00 1 .00 1 .0 0 1 .00 1 .00 1 .00 1.00 1.00 1 0 1 .00 1 .00 1 .00 1 .00 1 .00 + .~~u

Lg .~. ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~ ~~~~~~~~ 
____ - -
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7. SAXPLE OF OUTPUT

Shown here is a sample printer output listing generated with the

input data l isted in Section 6.

.

~

. ~i ~~~~~~~~~~~~ i.~ : ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --~~~~



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

~~~~~~~~
- -

~~~~
— -~~~

LA T I T U D E  LON GITUDE
DEG M IN  SEC DEG M IN  SEC

65 Li 0 106 0 0

A T I T U 0 E  = 1.L 3 ’+ ~4 7 R A D I A N S

~ 0NG I TU U E = 1.8S005 R A D I A N S

MO NT H D ATE T 1 M t ~ INC

9 2t~ 12 . tJU 0

COSI N E = . 3 7 6 9 3

S E C A N T  = 2.65305

TM E T A  = 1.18432 R A D i A N S  OR 67.~~6j6 ’4 DL~~~E E S

S ~ L
U~~N = I

= F

I T A P E  = I

I P H I  = F

~JA YS = I

L ) A T A = F

S ç U M I T  = F

N F I L = .Su~~0

SFND

THE N L M bER OF P~~~TO O 1 S S~~C I A T 1 O N  R E A C T I O N S  C0~,S~~~E4LD IS 2~~

~ 

~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _ _ _ _  dll~



~,5 N O R T H  L A T I T U D E  — S E P t E M B E R  28 — 12 N O O N

IN T E R V A L  N C Y C L E  N P O S I  N PO S 2  I S K I P

976 397~ 30 950 0 0

N S P E C  N T i I E T A  N I O P  N L A Y E R  N~~A V E  LA Y E L R I C M )

16 1 70 K M . ~‘+ 100 .S QO~~0e.

C H E M I C A L  S Y M B O L S

02 03 RZ N 02 14N02 N205 M2 02 IICI.40 ii ’~ U 3  ~.2O ~‘ * O .’
NO H2 0 CH’4 C02 M C H O

I S K I P  • 0 IS THE N U M B E R  OF L A Y E R S  FOR A P I I C H  R A T E S  A I L L  N O T  BE C M P U T E D

M S P E C  • ‘4 15 THE N U M B E R  OF A T T E N U A T I N G  S P E C I E S  A B O VE MO LIE L
Cr~L U M N  D E N S I T I E S  A B O V E  70 K M .

.1+7000 .21 02 O V E R  70

.100000 ,14 03 O V E R  70

.438000 .21 N2 O V E R  70

.000000  N 0 2  0~~ER 70

N U M B E R  D E N S I T I E S  S P E C I E  A L T I T U D E

.42300 0+15 02 70 KM.

.819000 ,15 02 65 KM.

.t S O O o O * 1 6 02 60 K M .

.262000+16 02 S5 KM .

.398000+16 02 50 KM .

.838000.1 6 02 ~$S K M .

.180000+17 02 40 KM.

.377000+1 7 02 35 KM.

.~~36000+1 7 02 30 K M .

.177000 .1 8 02 26 K M .

.380000+1 8 02 20 KM .

.810000 .18 02 15 KM .

.178 0 0 0 + 1 9  02 10 K M .

• 1OO (iOO .1~ 03 70 KM .
• 

.1 9 1 0 0 0 . 11  03 65 K M .

• 3 1 90 0 0 .11 03 60 KM .

• 704000.1 1  03 SS K M .

.2 2 1 7 4 0 . 11  03 50 K M .

.1001 70* 12 03 ‘45 K M .

• 475800.I2 03 ‘40 K M .

.1 + 8 340 .13 03 3S K M .

.2 13 69 0 . 13  03 30 K M .

.382660 .13 03 25 K M .

•62 695 0 .13 03 20 K M .

• 3 999 ’0*13 03 15 K M .

~~~~ dr 
‘ ,‘-. 

— •

• ~— —‘----— - ~.&_j~ 
_3. -~

.
-.,- . 
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• 2 1 2~ S0 ’ 13 03 10 K M .

.15 8000+16 N2 70 KM .

•305000+16 N2 65 KM .
.560000+16 N2 60 KM.
.978000.16 N2 SS KM.

.1 42000.17 N2 50 KM.

.312000+17 N2 ‘45 KM.

.672000.17 N2 ‘40 KM.

.1 41000+18 N2 35 KM.

.312 000+18 N? 30 KM.

.661000+18 N2 25 KM.

.1 42000+19 N? 20 KM.

•302000+19 N2 15 KM.
.664000+19 N2 10 KM.

.1 00000+06 NO2 70 KM.

.600000+06 NO? 65 KM.

.205000+07 N02 60 KM.

.11 0 000+08 N02 55 KM.

.130920+08 N02 50 KM.

.722310+08 N02 4S KM.

.388110+09 N02 40 KM.

.11 4690+10 NO? 35 KM.

.2S6170+IO NO? 30 KM.

•363700+10 NO? 25 KM.
.350680.10 N02 20 KM.

•[55 680.IQ N02 15 KM.

•203900+10 l’4O2 10 KM.

.100000—0? HNO2 70 KM.

.130000— 01 HNO2 65 KM.

.310000—01 HNO2 60 KM.

•s00000—Ot HN02 S5 KM.

•438840+06 HNO2 50 KM.
.1 85250.07 HNO2 ‘4S KM.
.531230+07 HNO2 ‘40 KM.

• .127130+ 08 HNO2 35 KM.
.689250.07 HNO? 30 KM.

•‘407420+07 HNO2 25 KM.

•308240+07 HNO2 20 KM.

.1 80320+07 HNO2 15 KM.

.17 6700.07 HN02 10 KM.

.185980—01 N2O5 70 KM.

.900000—01 N2OS 65 KM.

.176850+03 N205 60 KM.

.100000+04 N2OS SS KM.

.11 4380+02 N2OS 50 KM.

.18 0820.04 N205 ‘+5 KM.

.263270,06 N206 ‘+0 KM.

.51 6550+07 N205 35 KM.

•849140+08 N2OS 30 KM.

-~~~~~~~~~~~ -~~~~~~~
‘ - 

~~~~~~~~~~~~~~~~~~~~~~~ ~~~
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.3 8 7 7 8 0 + 0 9  N205 25 KM.

.5 6 9 9 4 0 + 0 9  N205 20 KM.

.34 4 9 8 0 + 0 9  N2OS 15 KM.

• 59 55 50+ 09  N205 ~O KM.

.200000+05 41202 70 KM.

.600000.05 44202 65 KM.

~~ 0DO00,05 11202 60 KM.
.200000+06 H202 55 KM.
.183080+08 11202 50 KM.
. 6 2 9 1 1 0 + 0 8  11202 45 K M.
. 1 2 8 9 1 0 + 0 9  11202 ‘+0 KM.
• 3 5 7 9 7 0 + 0 9  11202 35 KM.
. 13 6 8 5 0 + 0 9  11202 30 KM.
.474320.08 H202 25 KM.
.2 2 3 4 0 0 + 0 8  H20 2 20 KM.
.1 68130+08 H202 15 KM.
.9 5 2 8 3 0 + 0 7  11202 10 KM.

.100000+06 HCHO 70 KM.

.400000+06 HCHO 65 KM.

.620000.06 HCHO 60 KM.

.130 000+06 PICHO 55 KM.

.99’4 ’AO ,Oa HCHO 50 KM.

.3892 00+07 HCHO ‘45 KM.

.t0:-~~9O+08 HCHO ‘40 KM.

.1’4 S000.08 HCHO 35 KM.

•13S8~~0.08 HCHO 30 KM.
.11 6880+08 HCHO 25 KM.
.1 00540+08 HCHO 20 KM.
.11 8130+08 HCHO 15 KM.
.1 4 1 1 80+08 HCH0 10 KM.

.100000,04 HNO3 70 KM.

.600000+04 H1103 65 KM.

.15 0000+05 HNO3 60 KM.

.1 00000+06 HNO3 55 KM.

•988650+O6 HNO3 50 KM.
.276050+07 H1103 ‘45 KM.

•338950+08 HNO3 40 KM.

•31 6850.09 HNO3 35 KM.
.269360+10 HNO3 30 KM.
.600160.10 HNO3 25 KM.

.130100+11 HNO3 20 KM.

.13 9930+11 HNO3 15 KM.

.302020,10-- HNO3 10 KM.

.l000O0i~O5 N20 70 KM.

•i00000,05 N20 65 KM.

•320000+06 N20 60 KM.
.q00000+07 N20 ~~ KM.

•‘+ 476’+0+05 N20 50 KM.

•333020+06 N20 ‘45 KM.

-~~— ~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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.129~~80.U9 N20 40 KM.

.478100+10 N20 3S KM.

.407080+11 N2O 30 KM.

.202340+12 N2O 25 KM.

•S98730+12 N20 20 KM.
.124980+13 N2O 15 KM.
.239980.13 N2O 10 KM.

.l8UJOO .05 +-i02 70 KM.

.380000+05 MU ? 65 KM.

.530U00.06 1102 60 KM.

. 1 3 0 0 0 0 . 0 7  -4 02 SS KM.

.208300+08 1102 50 KM.

.381010+ 08 1102 45 KM .

• .676860+08 1102 ‘40 KM .

.112 910+0 9 1102 35 KM.

.141820+09 1102 30 KM.

.104200+09 1102 25 KM.

.759600+08 1102 20 KM.

•572130+0b 1102 IS KM.

•375550+09 1102 10 KM.

.250000+08 NO 70 KM.

.830000,08 NO 65 KM.

.270000+09 NO 60 KM.

.760000.09 NO ~~ KM.

.145 610+10 NO 50 KM.

.166860,10 NO 45 KM.

•189690+10 NO ‘40 ~M.
.326b 00+1tJ NO 3S KM.
.320000,10 NO 30 KM .

•282990+10 NO 2S KM.
.205720+10 NO 20 KM.
.109270+10 NO 15 KM.
.194880,10 NO 10 KM.

- .S08870+10 H20 70 KM.
.100000,11 1120 6S KM.
.16S310 .11 4420 60 KM .

•‘+00000.11 1120 SS KM.
.7 62 ’ 4 2 0 - 1 1  1420 50 KM.
.221080+12 4-420 45 KM.
.413120 •12 H20 ‘40 KM.
.576170+12 1120 35 KM.
.12 4020+13 H?O 30 KM.
.288 (-10+13 H20 25 KM.
.705010+13 H2O 20 KM.

•1’47000+1’4 H20 15 KM.
.255000+14 H20 10 KM.

.15 0000.09 CH’4 70 KM.

• 4 0 0 09 0 + O9  CM’4 65 K M .

•942900+09 CH’4 60 KM.

~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
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. 2 3 0 0 2 0 + 1 0  (114 55 KM.
•‘+7’4770,10 (114 50 KM .
.12 4870,11 CH’4 ‘45 KM .
.3’49820+i1 CH’4 ‘40 KM.

- .100000,12 (H’+ 35 KM.
.279000+12 CN ’4 30 KM.
.760000+12 CH’4 25 KM.
.15 0000+13 CH’4 20 KM .
.348000+13 (4-44 iS KM.
.750000+13 CH’4 10 KM.

.5210 00+12 cO2 70 KM.

.1 00000+13 CO2 65 KM.

.20000 0+13 CO2 60 KM.
- .370090+13 C02 55 KM.

.S97010+13 CO2 50 KM.

.12 6000+14 C02 ‘45 KM.

.270010+1 9 (02 ‘40 KM.

.56S000,14 C02 35 KM.

.1250 00+15 (02 30 KM.

.266000+15 (02 25 KM.

•569000+15 c02 20 KM.
.121 000+16 (02 15 KM.
.267000+16 c02 10 KM.

.100000,06 11(110 70 KM.

.400000,06 HCHO 65 KM.

.620000+06 11(4-40 60 KM.

.130000,06 MCI-b 55 KM.

.99’4760+06 HCHO 50 KM.

.389200+07 44 C 1-4 0 ‘+5 KM.

.103 990+08 HCI-+0 ‘+0 KM.

.1 45000.08 HCHO 35 KM.

.135 890,08 HCHO 30 KM.

.1 1 6880+08 HCHO 25 KM.

.10 0540+08 HCHO 20 KM.

.11 8130+08 4-4(HO 15 K i’i.

.t’4i180,08 HCHO 10 KM.

çPECIE PHIl PHI

02 . 1 0 0 + 0 1  . 1 0 0 + 0 1
03 . 10 0 + 0 1  .100,0 1
4-4 2 .100+01 . 10 0 + 0 1

NO? .100+ 01 .100+01
s.~N02 . 10 0 + 0 1  • 1 Q O + 0 1
,~2OS .100 .0 1  . l~~0.01
14202 .100+01 .100+01
MCHO . 10 0 + 0 1  . 1 00 + 0 1
~NO3 . 1 0 0 + 0 4  . 1 0 0+ 0 1

1120 .100 .0 1  .1~~0+D1
44 0 2 . 1 0 0 + 0 1  . l o O + 0 1

~~
i .  

- i_~____ 
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NO . 1 0 0 + 0 1  .100.01
1120 . 1 0 0 + 0 1  . 1 0 0 + 0 1
(H4 .100+01 .100+01
(02 . 1 0 0 + 0 1  . 10 0 + 0 1

- 

wCHO .100+01 .100+ 01

4 1100EL LA YERS CENTERED AT FOLLOWIN G ALTLT(J9E5

70 65 60 SS 50 ‘+5 40 3~ 30 25 2~ 15 10

.— ~~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~_,__ __ _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -—-- - -- - -  - -
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j J  a DZ • .13 3 .0 7

MO DEL L A Y E R  2 A L T I T U D E  70 KM .  DX • . 1 3 2 7 + 0 7

MODE L LAYER 3 ALTITUD E . 65 KM. DX ~ .1327~~07

MO DEL LAYER ‘4 ALTITUDE a 60 KM . DX a .1327+07

MO DEL LAY ER * 5 ALTITUDE * SS KM. • .1327+07

MODEL LAYER 6 ALTITUD E a 50 KM . DX • .1327’07

MODE L LAYER 7 ALTITUD E * ‘45 KM . DX z .1327+07

MODEL LAYER 8 ALT ITUDE • ‘40 KM. DX = .1327.07

MODEL LAYER 9 ALTI TUDE • 35 KM. DX • •1327~~07

MOD EL LAYER 10 ALTI TUDE ~ 30 KM . DX ~ .1327~~O7

MODE L LAYER • 11 A LTI TUDE 25 KM. DX a .1327.~ Q7

MODEL LAYER a 12 ALTI TUDE = 20 KN. DX * .1327+07

MODE L LAYER = 13 ALTITUDE * 15 KM. DX .1327~~07

MODEL LAY ER • 14 ALTITUDE ‘ 10 KM. DX • .1327~~O7

- •—
•
,- ~~~~ ;~~~~~~A~~~~~—-- 
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SPECI E LQN. RATE EFF . C H E M I C A L  R E A C T I O N

1 1 3 1.000 02 • o + 0 1759— 2424
1 2 2 1 .000 02 = 0 + OlD 1332— 1759
1 3 -1 1 .000 02 • 0 + 015 1026—13 32
2 6 ‘4 0.001 03 0 + 0210 3100—3340

* 
2 7 3 1.000 03 = Ol D + 021D 2600—3100
2 8 1 .010 03 = O 1S + O2ID 1990—2370
2 9 2 .050 03 0 + O 2iS 2390—2600
‘4 11 3 1.000 N1o2 + 

~~ 0 + NO 2440—3985
‘4 12 1 .500 N02 + ~~ 

= O l D + NO 1900— 2910
‘4 12 2 .200 N 02 + Mv O lD ~ NO 2’+1O—2’4’0

10 13 6 .990 N20 • MV = O l D + N? 1680—3340
10 6 .010 N?0 + = N + NQ 1680 2550
6 17 6 .500 N2 05 + Hv = 0 + NO2 •11O2

11 19 6 1.000 1102 + Mv = 0 • OH.
7 20 6 1.000 11202 + MV = OH + OH

15 21 2 1.000 C02 + = 0 •
15 2? 1 1. 000 (02 + MV = OlD • CO
14 23 6 .330 (114 + T M v  = H + CH3
14 ~ ‘4 6 .670 (4-44 + TM V = 112 + CH2
8 2S 6 1 .000 4-4(110 • Hv = H ; (HO

16 46 6 1 .000 I-4CHO + H’~i = H2 + CO
5 31 6 1.000 HNO2 + MV = NO • OH
9 32 6 1.000 MNO 3 + H~ N02 + 011 1900 32S0
9 .3-3 1 .010 MNO 3 + 41 *,’ = H + NO .3 11900—2100

TME FO L L O A I NG A R E THE W A V E L E N G T H  INTE R V A L S
Ov ER V W H I C M  TM PER ANGSTROM C O N T R I B U T I O N S
A RE SUMMED FOR DIFFERENT P H O T O — D I S S O C I A T I O N
PoCESSES:

02 976 1332 1759 2S00 0 o
03 976 2340 2600 3100 33’40 361+ 0
N2 976 977 0 0 0 0

NO? 976 2410 2440 3975 0 0
11N02 976 977 0 0 0 o
N2OS 976 3800 0 0 0 0
11202 976 3800 0 0 0 0

976 977 0 0 0 0
11N03 976 2100 3250 3700 0 0
N2O 976 2550 3340 0 0 0
1102 976 977 0 0 0 0
NO 976 2300 0 0 0 0

1120 976 1980 0 0 0 0
C I-4 ’4 976 162S 0 0 0 o
(02 976 1200 l’475 1980 0 0

+.+CHO 976 977 0 0 0 a

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~-~~~~~-- 
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SYMB SUM ! SU M2 50113 SUMN SUMS TOTAL

~ 2 .0000 .3 4 + 1 — 1 0  .0000 .732 4=09 .0000 .7665—09
o3 .1752— 06 .1883—03 .8363—03 .1908— 02 .2198— OS .2936—02
N 2  .0000 .0000 .0000 .0000 .0000 .0000

NO2 .3142— 05 .2920— 04 •2924—02 .0000 .0000 .29S6~~02

+1N02 .1 980—03 .0000 .0000 .0000 •~~~ O0 .1980—03
P1205 .18 96—06 .1814— 03 .0000 .0000 .0000 .1 8+5—0 3
11202 .2543—06 .4881— 04 .0000 .0000 .0000 .5135—O ’ 4
I-4C110 .8960—04 .0000 .0000 .0000 .0000 .8960—O ’4
HNO3 .9026—a M .142 6—04 .l9Se— O ~ .0000 .0000 .5647— 0’4
N20 .8719— 08 .5400—06 .0000 .0000 .0000 .S~~87—o 6
1102 .2164— 0 4 .0000 .0000 .0000 .0000 .21 64— 0’4
NO .6231— 0o .13 60—OS .0000 .0000 .0000 .1 367— 0 6

1120 •1’452—0 6 .0000 .0000 .0000 .0000 .1462—0 6

CR’4 .0000 .140 9—07 .4228—07 .0000 .0000 .5ó38—0 7
C O 2  .0000 .1237—08 .0000 .0000 .0000 .1237— 0 8

HCNO .5981-0 4 .0000 .0000 .0000 .0000 .S981-0’4

A t  TIT UDE • 70 KM.

I .73 09 70 KM.
2 .10—22 70 KM.
3 .34—10 70 KM.
6 .22—08 70 KM.
7 .1 9—02 70 KM.
8 .19—05 70 KM .
9 . 4 2— 0 4  70 KM.

~ l .29—02 70 KM.

12 .15—0’4 70 KM.
+ 3 .53—0 6 70 KM.

~~ 
.64—08 70 KM.

+5 .17—02 70 KM .

16 .27—02 70 KM .
+ 7 •91—0 4 70 KM.

i~~ 
.22—04 70 KM.

70 .49—0 4 70 KM.

21 .12— 08 70 KM.
72 .10— 22 70 KM.
23 .1’4 07 70 KM.

2’4 •92—07 70 KM.

25 .90—04 70 KM.

26 .60—04 70 KM.

~ l .~~0—O 3 70 KM.

32 •66 04 70 KM.
33 . 5 6 — 0 6  70 KM.

- -
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5Y118 SUM I SUM2 SUM3 50MM SUMS TOTAL

~ 2 .0000 .9+ 5 0— 1 3  .0000 .SO8S—09 .0000 .S086—09
o3 .1272— 05 .1 6 + 1 — 0 3  .68 1 1 — 0 3  .1624—02 .1966— 05 .2969— 02
42 .0000 .0000 .0000 .0000 .0000 .000 0

NOZ .1601— 06 .2522— 09 .2707—02 .oooo .0000 .273 4—02
MNO2 .18 42—03 .0000 .0000 .0000 .0000 .4842—03
N2O S .1876—0 6 .1681— 03 .0000 .0000 .0000 .1S83—03
11202 .2 17 1—05 .927 8—04 .0000 .0000 .0000 .499S—O~
MCHO .8309— 04 .0000 .0000 .oooo .0000 .8304—09
11403 .3455—09 .1219— 04 .1776—O S .0000 .0000 .4852—09
N20 .2436—10 .4193—06 .0000 .0000 .0000 .4193— 06
1102 .1878— 0 9 .0000 .0000 .0000 .0000 .1878—ON
NO .1753—10 .1 1 9 1— O S  .0000 .0000 .0000 .1 1 9 1 —O S

1120 .43 67—07 .0000 .0000 .0000 .0000 .4367— 07
C M TM .0000 .3955— 10 .1186 C9 .0000 .0000 .1682— 09
C O 2 .0000 ,9999—Q9 .0000 .0000 .0000 .49 N 9 ~~Q9

MC H0 .5509.09 .0000 .0000 .0000 .0000 .6S04 04

A~ T I T UDE • 65 KM.

1 .51—09 65 KM.
2 .10— 22 65 KM.
3 .9 1 — 1 3  66 KM.
6 .~~0—08 66 KM.
7 .1 6—02 66 KM.
8 .16—05 65 KM.
9 .39—04 66 KM.

~ l . 27 — 0 2  66 KM.

~2 .13—0 9 66 KM.
+ 3 .42—06 65 KM.

i~~ 
.92—08 65 KM.

iS .17— 02 65 KM.

+ 6 .27—02 65 KM.
+ 7 .79—0 4 65 KM.

i9 .19— 04 65 KM.
70 .93— 0 % 65 KM.

21 .‘49 09 65 KM.
22 .10— 22 65 KM.

~3 .40—10 65 KM.

2~ .12— 09 65 KM.

76 .83 0’4 65 KM.
76 .6S 04 6S KM.
31 .18— 03 6S KM.
32 .49—0 % 6S KM.
33 .49—06 66 KM.

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
-~~~ _________
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SYM 8 SUM! 50112 SUM3 SUM TM SUMS T C T A L

02 .0000 .6797—17 .0000 .4 1 4 3—09 .0 00 0  .‘~ j 4 3 — i . 9
~ 3 .115M—0~ .142 1—03 .5213—03 •1397—02 .19~~9— O5 .2j69—02
42 .0000 .0000 .0000 .0000 .0000 .0000

NOZ .1182—OS .2302— 0 4 .2693—02 .0000 .0000 .2 7 1 7— 02
H N O 2  .183 6—03 .0000 .0000 .0000 .0000 .1 836—0 3
N2 O S .1837— 06 .1 43 1— 03 .0000 .0000 .0000 .1 i 3 3 — C 3
4202 .2043—05 .3906—04 .0000 .0000 .ooOO .M I I O — L 4
MCHO .8299—09 .0000 .0000 .0000 .0000 .8249—L 4
$4N Q3 .3216—04 .1091—0 4 •1738—0 5 .oooo .0000 .448I—: -~
420 .8581— IN .3802—06 .0000 .0000 .0o00 .3802— 06
1102 .170 1—0 % .0000 .0000 .0000 .ooOO . 1 7 0 1 — C 9
NO .2 6 1 2— 1 4  .1 1 1 1 — 0 5  .0000 .0000 •~~~00 . 1 1 1 1 - C E .
420 .2911—07 .0000 .0000 .0000 .0000 .29 1 1 — C 7
C4i~ .0000 .9906— 14 .1 4 7 2 — 1 3  .0000 .0000 .19 62— I .)
C02 .0000 .393 6—09 .0000 .0000 .0000 .~~936—O 9

HCHO .S437—0’4 .0000 .0000 .0000 .0000 .5 M3 7— O~

A t  T I T U D E  • 60 KM.

1 .41—0 9 6U KM.
2 .10— 22 60 KM.
3 .68— 17 60 KM.
6 .19—08 60 KM.
7 .1 4—02 60 KM.
B .1 4—05 60 KM.
9 •26—04 60 KM.

+ 1  .27—02 60 KM.

12 .12— 04 60 KM.
+ 3 .38—0 6 60 KM.

i~~ 
.38—08 60 KM.

i5 .17— 02 60 KM.

+ 6 .27—02 60 KM.
il .72—04 60 KM.

i~~ 
.17— 0 4 60 KM.

20 .390 4  60 KM.
21 .39—09 60 KM.
22 .10—22 60 KM.
23 .49—14 60 KM.
2~ 

.15 13 60 KM.
7S .82—04 60 KM.

26 .5’4 04 60 scM .

~ i .18— 03 60 KM.

32 .45 04 60 KM.
33 .4S 06 60 KM.

~~~~~~~~~~ 
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- SY MB SUM 1 SUM 2 50113 5 0M M  $0115 T O T A L

02 .0000 .1 65 7— 2 +  .0000 .3138— 09 .0000 .3138—09
o3 .1023—06 .1 i 7 M— 0 3 .3365— 03 . 1 1 1 1 — 0 2  .1931— 06 .1668—02
42 .0000 .0000 .0000 .0000 .0000 .0 0 0 0

4 0 2  .8083—Oo .2021—0 9 .2 677— 02 .0000 .0000 .2698—02
H NO2 .182 9— 03 .0000 .0000 .0000 .0000 .1829— 03

4 2 0 5 .177 1— 0 6 .12 4S— 03 .0000 .0000 .0000 .124 6—0 3
11202 .188 1—06 .3494—0 4 .0000 .0000 .0000 .3632— 04
41(110 .8187—09 .0000 .0000 .0000 .0000 .8187—0 9

11N03 .2928—09 .9307—0 5 .1685— 05 .0000 .0000 •4027—0~
N20 .2403—j o .33S~~— 06 .0000 .0000 .0000 .3362—0 6
4-402 .1477— 09 .0000 .0000 .0000 .0000 .1977 O~
40 .6974—19 .100 S—OS .0000 .0000 .0o00 .100S— ~~5

1120 .17S7—0 7 .0000 .0000 .0000 .0000 .A757—0 ~
(s t 4 .0000 .128 7—18 .38 6 1— 1 8  .0000 .0000 .6148—1 8
(02 .0000 .2999—09 .0000 .0000 •Q~~O0 .2949—0 9

11(110 .5351—0 4 .0000 .0000 .0000 .0000 .S3Sl— 0~

A i  T ITU DE • 65 KM.

1 .31—0 9 S6 KM.
2 .10— 22 65 KM.
3 .17— 2 1 55 KM.
6 .19—08 55 KM.
7 .11— 02 65 KM.
8 .12—06 55 KM.
9 .j7—Q4 55 K M .

+ 1  .27— 02 5S KM.
12 .10—0% 56 KM.
i3 .33—06 56 KM.

I~~ 
.34—08 56 KM.

iS .17—02 55 KM.
+ 6 .27— 02 65 KM.
j 7  .62—04 65 KM.

i 9 .15—0 4 S5 KM.

70 .34—09 55 KM.
21 .29—09 55 KM.
22 .10— 22 S5 KM.
23 .13—18 55 KM.

2~ .39— 18 55 KM.
26  .82.04 55 KM.
26  .54—04 56 KM.

~ 1 .18— 03 56 KM.
32 .40—04 55 KM.
33 . 9 0 — 0 6  56 K M .  

..T:~~~~~~~~~
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5UM1 SUM 2 5uM3 5 U M 5  ? O T A L

O~ .0000 .163 0— 2 9 .OUOO .2Io ~— L~ .0000 .2It,~~— i 9

~ 3 .8752— 06 .8130—0 4 .1314— 03 .7~~66— 03 .1 9 1 5— 0 5  .9921- :3
N 2 .0000 .000 0 .0000 .00 0 C • U[J L) 0 .0000

‘. 02  .50’t Lj— 06 .1 6 1 1 — 0 4  .2663—0 2 .uu~~O .O Lt J u
41NO2 .1827—03 .0000  .0000 .UOuc .o i-~~u .1s~~7—u ~
N 2 0 5  .1 652— 06 .9914— 04 .0000 .C J~~~- .O DUL .~~‘~30-~~~
-~2Q2 .1 671—0 5 .282 9—0 4 .0000 .C~~~ r -  .000(2
4 1 ( 4 10 .81 2 4— O N  .0 0 0 0  .0 0 0 0  . C ~1:~ .2000 ~~~~~~~~~~
-iN O3 .25 91—0 % .7122—05 .15~~—— ~~~ . .~~ . . D L — L.

N 2 0  .2364—26 .2841—06 .000: . - . ( 2 L -~i.
siO 2 . 1 1 65—ON .0000 .J(2 t2 . . 0 0 — -. . (

N O  •8863—27 .862 2—U s .uLOO .-  - - .L UU S
1120 .9809—08 .0 0 0 0  . 0 0 0 U  .~~~~. • ~~~ ~~~~~~~~~~~~~~~~~

CH~ .0000 .12 67— 2 6 ~~~~~~~~~ . 0 2 I  . U _ LJE ~
~~~ .0000 .203 2—0 9 .0000 .L .~~~~ .C L -~L .‘ C 2 ~~— U

41(110 .5225— 0-’ .0 0 0 0 .0000 • . -~L — U  .s~ :s- 
- -

A t  T I T U D • 5 - i ~~~~

+ . i — 0 ~
2 .1 ( 2— 2 2  ~~~- 

•

3 .jo-29
6 .1’- o 50
7 ./ 3— 03 50 ~~~~~.

8 .o~~— C 6 50 K M .
9 .~~ö O 5  50 KM.
1 .~~ 7 — O 2  50 K M .

; 2  . o l — O S  50 ~ Ni.
3 .28—06 50 K M .

4 . 2 8 — O ~ 50 K M .
l b  .1 7— 0g . SO K 1 .
-~~~ .~~7-~ -Z 50 K M .

50 KM.
9 .~~~~-0- ’  SC K M .

70 .c ’-—0 ~ Su K M .
2 1 •2L - 0 9 SO

~~2 . i C — 2 2  6 ( 2  K M .
73 • .i—28 SLJ

~~ . 3 5 — Z o  50 K M ..~ 1 — L ’ SO
- .52—0% 50
.1  .1+3 — 0 3

~ 2 .36—0 4 50 KM .

* 3  .35—06 Su ~~~~~.

~~~~~~ 4- .
‘- - 

-
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SYM 8 50111 SUM 2 50113 50114 50115 T O T A L

02 .0000 .0000 .0000 .1 664—09 .0000 .1 664—0 9
03 .7495—0 6 .7181—04 .9775—04 .6462— 03 .1907— 06 .8189—0 3
42 .0000 .0000 .0000 .0000 .0000 .0000

1102 .3110—0 6 .1473—ON .2668—02 .0000 .0000 .2673— 02
11N02 .1826—03 .0000 .0000 .0000 .0000 .1826—03
N2 O S .15 92— 06 .922 %—O N .0000 .0000 .0000 .92N0— 0 9

11202 .1473—05 .2674— 04 .0000 .0000 .0000 .2821—09
11(41-0 .8099—ON .0000 .0000 .0000 .0000 .8O99—O ~
IINO 3 .2305—0 4 .6592—05 .1570—05 .0000 .0000 .311 6—09
1120 .0000 .2936—06 .0000 .0000 .0000 .2435 06
1-402 .1059— 04 .0000 .0000 .0000 .0000 .1o59—c’4

40 .0000 .7787—06 .0000 .0000 .0000 .7787—06
4120 .5725—08 .0000 .0000 .0000 .0000 .5725—08
( M N  .0000 .0000 .0000 .0000 .0000 .0000
c02 .0000 .1383—09 .0000 .0000 .0000 .1383—09

4-4(110 .5182—04 .0000 .0000 .0000 .0000 .5I82_ O M

A i  T IT U D E  ‘45 c t-i .

1 .17-0 9 ‘45 K M .
2 .10—22 ‘45 KM.
3 .10—22 ‘+5 KM.
6 .19— 08 ‘+5 KM.
7 .65—03 46 KM.
8 .72—06 45 KM.
9 .49—05 ‘+5 KM.

i i  .27—02 ‘45 KM.
12  .74— 05 95 KM.
13 .24—06 45 KM.

1~ 
.2 4—08 ‘45 KM.

IS .17—02 ‘45 KM.
+6 .~~7—02 - *5 KM.
+ 7 .46—04 MS KM.

1 9 . 1 1 — O N  ‘46 KM.
20 .27—04 45 KM.
21 •1 9— 09 46 KM.
22  .10—22 45 KM.
23 . 1 0 — 2 2  45  K M .
74  . 1 0 — 2 2  45  K M .
76 .81—0 4 95 KM.
26 .S 2 — 0 ’ 4  ‘IS K M .
3 1  . 1 8 — 0 3  95 K M .
32 . .31 — 0 ’4  95 K M .
3 3 . 3 1 — 0 6  4 5  K M .

- ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -n---— — -
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SY MB 5011 1 SUM 2 50113 50414 SUM 5 T O T A L

02 .0000 .0000 .0000 .1103— 0 9 .00 0 0  .1103- : 9

o3 .S635— 06 .N’4NO—O N .2643—04 .4199—03 .1887.05 .4932— 03

42 .0000 .0000 .0000 .0000 .0000 .0000
402 .14’45—O6 .1096—04 .2695—02 .0000 .0000 .2657— 02

41402 .1823—03 .0000 .0000 .0000 .0000 .1823-03
4205 .1303— 06 .7297— 04 .0000 .0000 .0000 .73+ 0— 0~
41202 .1134—OS .2253—0 ’4 .0000 .0000 .0000 .23 66— 0~
41(110 .8019—04 .0000 .0000 .0000 .0000 .8O 1 9 — t ~~
11N 03 .183 6—O N .9884—0 5 .1961— 05 .000o .0000 .2470_ CM
420 .0000 .18 49— 06 .0000 .0000 .0000 .1 844— 06
4-4 02 .7886—OS .0000 .0000 .0000 .0000 .7886—05

N O  .0000 .6989—06 .0000 .0000 .0000 .5989—0 6
t-420 .2750— 08 .0000 .0000 .0000 .0000 .276(2-0- 8
(44 .0000 .0000 .0000 .0000 .0000 .0000
c 0 2  .0 000 .7 5 + 1 — 1 0  . 0000  . 0 0 00  .0 0 0 0  .7 5 1 1 — 1 0

44(410 .S022—04 .0000 .0000 .0000 .0000 .502 2— 04

A~ T IT UOE 40 ScM .

1 . 1 1 — 09 ‘40 KM.
2 .10—22 ‘40 KM.
3 .10—22 ‘iO KM.

6 .1 9 — 0 8  ‘40 K M .
7 .42—03 N O  K M .
8 .44—06 ‘40 KM.
9 •13—05 40 KM.

+ 1  . 2 6 — 0 2  40 K M .
1 2 .6 5 — O S  ‘40 KM.

+ 3 . 1 8 — 0 6  40 K M .
+ 4 .18—08 ‘40 KM.
jS .17—02 NO KM.
16 . 2 7 — 0 2  40 K M .
+7 .36—0’4 NO KM.
19 .79—05 ‘40 KM.

70 .23—04 ‘40 KM.
21 .76—10 40 KM.
22 .10—22 ‘40 KM.
23 .10—22 ‘40 KM.
74 . 1 0 — 2 2  NO K M .
25 .80 04 ‘40 KM.
26 .60—04 ‘40 KM.

31 .18—03 ‘40 KM.

32 .26—0 9 40 KM.
33 .26 06 40 KM.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _ _ _ _
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S Y M B  SUM I  S U M2 SUM3 SUM N S UMS T O T A L

02 .0000 .0000 .0000 .46O~~— 10 .0000 .4606— 10

~3 •301N— 0b .9083—05 .8906—07 .1’481 03 .1809—05 ,i594—Q 3
42 .0000 .0000 .0000 .0000 .OOOO .0000

4 Q 2  .3803— 07 .4244—O S .2614—02 .0000 .0000 .26+8—02
41402 •1 817— 03 .0000 .0000 .0000 .0000 .1817—03
4205 .8090-07 •397S-Q9 .0000 .0000 .0000 .3983— U’4
44202 .6160— 06 .1593— 04 .0000 .0000 .0000 .1655—O ’I
4-4(440 .7729— 09 .0000 .0000 .0000 .0000 .7729—04

~4 N O 3  . 1 0 9 5 — 0 9  .2 0 3 9 — 0 5  . 1 0 8 2 — 0 5  .0000 .0000 . 1 3 5 7 — 0 4
4 2 0  .0000 .98+7—0 7 .0000 .0000 .00~~0 .9817—0 7
4-402 .3392-Os .0000 .0000 .0000 .0000 .33N2 O5
NO .0000 .2644— 06 .0000 .0000 .0000 .26 44—06

-42 0 .9306—09 .0000 .0000 .0000 .0000 .930S—0~
(~~ M .0000 .0000 .0000 .0000 .0000 .0000
C02 .0000 .2623-10 .0000 .0000 .0000 .2623—10

MC*I O .4448—04 .0000 .0000 .0000 .0000 .4’4N8—O9

A ,  T I T UDE • 35 KM.

1 . 9 6 — 1 0  3S KM.
2 •~~O—22 3S KM.
3 .10—22 3S KM .
6 .18—08 35 KM.
7 . 1 5 — 0 3  35 K M .
8 . 9 1 — 0 7  3S KM.
9 .45—08 36 KM.

I I  .26—02 35 KM.
+2 .21—OS 35 KM.

~3 . 9 7 — 0 7  35 K M .

~ 
. 9 8 — 09 3S KM.

i S .17—02 3S KM.
+ 6  . 2 7 — 0 2  36 KM.
+ 1 .20—04 36 KM.
i 9  .33—OS 36 1cM.
20 .16 0N 35 KM.
21 .26—10 36 cM .
22 .10—22 3S KM.
23 .10—22 36 KM.
24  .10—22 36 KM.

- 25 .77—04 35 kM.
26 .44—04 35 ScM .
3+ .+8 03 35 KM.
32 • I N — 0 4  3S KM.
33 . 1 4 — 0 6  3S KM.

— - - -
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SYMB SUM ! SUM2 S U M 3  SU M M  SUM S T O T A L

02 .0000 .0000 .0000 .1 1 4 2 — 1 0  .0000 .1 1N 2 — 1 O

~~ •8 60N—07 .107 0— O S .602 7 — 1 2  .N’4 0j— ON .1636— 05 .4682-04

42 .0000 ,0000 .0000 .0000 .0000 .0000
4 0 2  .3668—08 •8360—06 .2S73—02 .0000 .0000 .2574— 02

4 - 4N0 2 .1806—03 .0000 .0000 .oooo •0000 .1806—03
4205 .27N7— 07 .1894— 04 .0000 .0000 .0000 .1897— 0’4
44202 .1802—06 .1201—0 4 .0000 .0000 .OoOO .12+ 9—0 4
HCMO .7247—04 .0000 .0000 .0000 .0000 .7247— 09
44403 .3119— 06 .4276—06 .6221— 06 .0000 .0000 .N169— 05
N20 .0000 .2780—07 .0000 .0000 .0000 .2780—07
4-4 02 .7795—06 .0000 .0000 .0000 .0000 .7799— 0 6
40 .0000 •S798—07 .0000 .0000 .0000 .S798— Q7

si20 .1588—09 .0000 .0000 .0000 .0000 .1688—0 9
(444 .0000 •000u .oooo .0000 .0000 .0000
c02 .0000 .42 1 3 — 1 1  .0000 .0000 •0000 .4 2 1 3 — t I

MC P4 O .3648—04 .0000 .0000 .0000 .0000 •3o98— O ~

A~ T I T U D E  • 30 KM.

1 . 1 1 — 1 0  30 KM.
2 .10—22 30 KM.
3 .10—22 30 KM.
6 .16—OS 30 KM .
7 .44—04 30 K K •
8 .11— 07 3~) KM.
9 .30—13 30 KM.

~ 1 .26—02 30 KM.

+ 2  .42—06 30 KM .
i3 .28—07 30 KM .
g 4 •28—09 30 KM.
+ 5 .17—02 30 KM.

1 6 .27—02 30 KM.

+ 7 .99—05 30 KM.
+9 .78—06 30 KM.
70 .12—04 30 KM.
21 .42—1 1 30 KM.
22 .10—22 30 KM .
23 .10— 22 30 KM.
24 .10—22 30 KM.

7S .72—ON 30 KM .
26 .36—04 30 K M .

31 .18— 03 30 KM.
32 .‘42—05 30 KM.
33 .92— 07 30 KM .

~~~~~~-
__-_ _ _
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- 
5 Y M B  S U M I  S UM 2  SUM .) 50444 50M 5 T O T A L

02 .0000 .0000 .0000 .1043 1 1 .0000 .10 4 3— 1 1
o3 .8226—08 .6N5 2— 07 .9845—2 1 .12 1 0— 0 9 •1368 .QS . 1 3 SM — O ~
N2 .0000 .0000 .0000 •0000 .0000 .0000

NO2 .3853—lU .6484— 07 .2930.02 .0000 .0000 .2 630—02

1-4402 .1789— 03 .0000 .0000 .0000 .0000 .1789—03
420~ .3100— 08 .1182—0 4 .0000 .0000 .0000 .1183—0w
M202 .1821— 07 .1019—0 9 .0000 .0000 .0000 .1021— 0 4

44 (4 - 40 .6723— 09 .0000 .0000 .0000 .0000 .6723—0 9

H N O 3  .3067—0 6 .3462—07 .3415—06 .000o .0000 .6828—0 6
420  .0000 .2972—0 8 .0000 .0000 .0000 .2972—0 8
440 2 .6936—07 .0000 .0000 .0000 .0000 .6936—07
NO .0000 .908N-08 .0000 .0000 .0000 .4084— 08

44 20  .7 4 3 9— l I  .0000 .0000 .0000 .0000 .74 3 9 — 1 +
(444 .0000 .0000 .0000 .0000 .0000 .0000
C02 .0000 .195 4 — 1 2  .0000 .000o .0000 .ISS N — j 2

M C H O  .2988— ON .0000 .Qooo .0000 .0000 .2988—0 4

A~ T I T UDE • 25 KM.

1 .1 0 — l I  25 K M .
2 .10—2 2 29 K M .
3 .10— 22 25 KM.
6 .1’t— 08 25 K M .
7 .12—0 4 25 K M .
8 .66—09 25 KM.
9 .49—22 25 KM.
I .25—02 25 KM.

1 2 .32— 07 25 KM.

i3 .29—08 25 K M .

1~ 
.30—10 2S K M .

~
5 . 17 — 0 2  2S KM.

1 6 .27—02 25 KM.

i 7 .59—05 25 KM.
l~~ 

.69 07 2S KM.
20 . 1 0 — O N  26 K M .
71 •1 6 1 2  25 KM.
22 .10— 22 25 K M .
23 .10—22 29 KM.

2~ .10 22 25 KM.

25 .67—04 25 KM.
76 .30— 04 26 K M .

31 .18—03 25 KM.
12 .68—06 25 KM.

13 .68— 08 2S KM.

— .L~~~~~~~ 

‘

.~~~~
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SY M 8  S U M I  SU M 2  50113 50414 SU M S  T O T A L

02 .0000 .0000 .0000 .1 2 8 3 — 1 3  .0 00 0  .12 8 3 — 1 3

o~ .1103—09 .6297— 09 .0000 .29 0 + — O S  .1004 05 .390 6 05
N2 .0000 .0000 .0000 .0000 .0000 .0000

NO2 .8713— 14 .7299—09 .2481—02 .000O .0000 .2481— 02
4-4402 .1764—03 .0000 .0000 .0000 .0000 .1769—0 3
N2OS .4161— 10 .9368—OS .0000 .0000 .0000 .9368—05
42 0 2  .2702—09 .9027—05 .0000 .000o .0000 .9027—O S
t-i(H0 .6154— 04 .0000 .0000 .0000 .0000 .61 5N— 0 M
M 403 .9140—08 .4269—09 .1838—06 .0000 .0000 .1 884-06
420 .0000 .2407—09 .0000 .000o .0000 .2407-09
4-402 .8631—09 .0000 .0000 .0000 .0000 .8631—09
NO .0000 .3702—1 0 .0000 .0000 .0000 .3702—10

-~ 4420 .4989—13 .0000 .0000 .0000 .0000 .N9 8 9—1 3
(H’4 .0000 .0000 .0000 .0000 .0000 .0000
c02 .0000 .5987— 15 .0000 .0000 .0000 .5987 + 5

~-~($-i O .2438—04 .0000 .oooa .0000 .0000 .2 938 0N

A 5 T I T UDE • 20 K M .

1 .1 3 — 1 3  20 K M .
2 .11_ 22 20 KM.
3 .10—22 20 KM.
6 .10—08 20 K M .
7 .2 9—OS 20 KM.
8 .63— 1+ 20 KM.
9 .10—22 20 K M .

I I  .25—02 20 KM.
1 2 .36—09 20 K M .

i3 .2 4— 09 20 K M .

+~~ .2 4 — I l  20 K M .
IS .j7 02 20 KM.
16 .27— 02 20 K M .
+ 7 .97—05 20 KM.
j9 .86—09 20 KM.

~O .90—OS 20 KM.
21 .60 15 20 K M .
72 .I 0— 2 i  20 K M .
73 .l0— ~~2 20 KM.
2~ .10— 2 2  20 K M .

- 25 .62—G M 20 KM.
76 .24—0 9 20 KM.
31 .18—03 20 KM.
32 .19—06 20 KM.

33 .19— 08 20 K M .  

~- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~-‘ ~-~-L1. ~~~~~~~~~~~ - -



F ~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

----

~~~~

42

SY M 8 S U M I  50412 50413 SWi M 50415 T O T A L

02 .0000 .0000 .0000 .633 6— 1  .0000 .63 3 8 — 17
03 .5490—13 .3874—1 2 .0000 .7953—06 .6677—06 .1463—05
42 .0000 .0000 .0000 .0000 .0000 .0000

4Q2 .9714—21 .4089— 12 .2435—02 .0000 .0000 .2436— 02
MNO 2 .1738—03 .0000 .0000 .0000 .0000 .1738— 03
NZOS .1 465—13 .7974—05 .0000 .0000 .0000 .797’4—05
11202 .1546—12 •8180—Q5 .0000 .0000 .0000 .6+8 0—05
44(MO .5651—ON .0000 .0000 .0000 .0000 .5651—04
M N O 3  .2072—lI .2974— 12 .1042— 0 6 .0000 .0000 •1042—06
420 .0000 .9571—10 .0000 .000o •coOo .9571—10
4-402 .4675—12 .0000 .0000 .0000 .0000 .4675—12
NO .0000 .1689— 13 .0000 .0000 .0000 .1689—13

-420 .1 9 1 1 — 1 6  .0000 .0000 .0000 .0000 .1* 4 1 1— 1 6
(44N .0000 .0000 .0000 .0000 .0000 .0000
(Q2 .0000 .1007—18 .0000 .0000 ,0000 .1007 18

44(440 .2038—0% .0000 .0000 .0000 .0000 .2038—04

A t T I T U 0 E  • 15 KM.

I .o3— 17 19 KM.
2 .10— 22 +5 KM.
3 .10— 22 IS K M .
6 .67—09 15 KM.
7 .80—06 15 K M .
8 .39— 1 4 15 K M .
9 .10—22 15 K M .

~ l .24—02 15 K M .
+ 2 .20—12 15 KM.
+ 3  .95— tO IS K M .

~N .96—12 IS K M .
i S  .17—02 15 KM.
16 .27—02 15 K M .
17 •N 0 — O S  +5 K M .
i9  .47— 12 15 K M .
70 .82—OS 15 KM.
21 .1 0 — 1 8  IS K M .
22 .10— 22 IS K M .
23 .10—22 + 6 KM.
24  .10—22 15 KM.
2S .57—04 15 K M .

26 .20—04 15 K M .
31 .17—03 IS K M .
32 .10—06 IS K M .
33 .10—08 15 KM.

~~~~~~~~~~~ ~~~____ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - --- -—‘--—~~--  .----—--—-- ---
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S YM B  5041 1 SUM 2 S UM 3  SU M N  SUM S T O TA L

4 ~ 2 .0000 .0000 .0000 .4931— 21 .0000 .4932—2+

~3 .13+ 1— 1 8 .11 2 4— IS .0000 .3622—06 .9971— 06 .8593—06
N2 .0000 .0000 .0000 .0000 .0000 .0000

NO2 .7653— 34 .7568— 16 .2908--02 .0000 .0000 .2908— 02
44 N02 .17 22— 03 .0000 .0000 .0000 .0000 .1722—03
N205 .1505— 19 .7318—OS .0000 .0000 .0000 .7318—oS
11202 .4626—18 .7750—05 .0000 .0000 .0000 .7750—05
HCMO .5371— 09 ,0000 .0000 .0000 .0000 .5371—04
11N 03 .5580—1 7 .709 6—16 .74+2—07 .000o .0000 .7912— 07
N20 .0000 .5708— 10 .0000 .0000 .0000 - .5708— 10
1102 .5 5 * 4 1 — l b  .0000 .0000 .0000 ,0000 .554 1— 1 6
NO .0000 .52 66—1 7 .0000 .0000 .0000 .5266—1 7

1120 .1994—22 .0000 .0000 .0000 .0000 .1944—22
C l-I TM .0000 .0000 .0000 .0000 .0000 .0000
C02 .0000 •9539—25 .0000 .0000 .0000 .9539—25

44(110 .18*42—09 .0000 .0000 .0000 .0000 .1842 O9

A i  TITUD E • +0 KM.

I .49—2 1 10 KM.
2 .10—22 10 KM.
3 .10—22 10 KM.
6 .50—09 10 K M .
7 .36— 06 10 K M .
8 .1 1 — 1 7  10 KM.
9 .10—22 ID K M .

i l  .29—02 10 KM.
J 2  .38—16 10 KM .
+ 3 .57—10 10 KM.
I~~ .5 7—12 10 K M .
iS .17—02 10 KM .
16 .27—02 10 KM.
jl .37 05 10 KM.
+9 .55—l b 10 KM.
20 .77—05 10 KM.
21 .95— 25 10 KM.
22 .10—22 10 KM.
23 •10—2 2 10 KM.

2~ .10—22 10 KM.
25 .54—0 *4 10 K M .
28 .18— 09 10 KM.
31 .17—03 10 K M .
32 •74 07 IC KM.
33 .7*4—09 10 K M .
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APPENDIX A: AUXILIARY PRO G RAM S AND F i LES

Several aux i l iary  programs are required for data preparation and
manipula tion and for  th e plotting of input and output data. For the
conveniences of the user , documentation and data set—up have been pro—
vided on coimnent cards at the beginning of each program ’s main routine.

Back up decks , program listings with samples of the output (in-
cluding p lots) also have been provided . These programs are briefly
identified below .

There are also numerous tape files containing absorption data as
well as three current direct access files. A list identifying these
tapes and files has been prepared for the user.

ABSPLT Produces large—scale multip le plots for the absorption
coef f ic ien ts .

DA* This file is made up of three FORTRAN elements , OPFILE ,
UPDAT E , and PRNT. Each of these become independent data—
handling programs when mapped into absolute elements with
the subroutine DACESS. Program OPFILE opens a 270 track
(tna~ be changed) FASTRAND file for the abso rp t ion  c o e f f i c i e n t s
(cm 1). This size file will contain about 36 x 8500 zeros.
UPDATE allows absorption coefficients to be read from magne—
tic tape or FASTRAND files into the desired location in the
opened direct access file. PRNT will print out all , or any
des ired por tion , of this file.

DEN Small routine to select and format ASA density data for the
JVALUE program .

JONE3 Program to average absorpt ion data over 1 A intervals . Gen—
er ally , a two—point interpolation is used for structured
data and a four—point interpolation for smooth data. It is
necessary to check the integrity of the maxima and minima
for any excep t linear interpolation since these may be off-
set. ABSPLT allows plotting of the generated and original
data on one grid. This program has an internal p lot routine
(subroutines QA and QB); however , the since—acquired COMPLOT
software is superior for purposes of comparison .

JVALU5 Uses pre—calculated solar flux values to calculate photo—
dissociation rates for species not included in ASA such as
those important to the Freon problem .

DENPLT / Generates densi ty profiles from ASA output or from JVALUE
DNPLT data.

L~~ — __ J_ -_ i~~~~~ - - - ~~~~~~~~~ 
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FLUX Program which converts solar flux intensities from units
of watts m 2nm 2 to the average number of photons_cn1

_2 .~ T
1_

sec

FMT Blocks mu l t ip le se ts of pho todissocia t ion ra tes for
comparison.

JAYPLT/ Plotter for the individual photodissociation rates and for
JYPLT2 multiple p lo tti ng of pho todissocia tion rates for  purpo ses

of comparison .

LEEPLT Individ ual plo ts of absorption coefficients with variable
grid size used to compare genera ted da ta with ori ginal
values.

MEAN Uses mul tiple FASTRAND files of photodissociation rates to
calculate mean rates.

RADPLT Program to generate large scale plots (500 ~ in tervals) of
the solar flux output from JVALUE .

SOLPLT Special purpose , small scale plotting routine for the altitude
dependent solar flux generated by JVALUE. Experimental data
points may be plotted with the line plot in version 4.

ZENITH JVALUE subroutine , modified upon request to run as an inde—
penden t program , which allows the calculation of up to 50
zenith angles at a time.

*1 wish to express my apprecia t ion to Wal ter Decker , formerly stat ioned
at White Sands Missile Range, for developing these programs .

I also wish to express my g r a t i t u d e  to Mr. Robert Lee, who recently re—
tired from ASL, for his extensive help in programm ing over the past
several years.
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