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SELECTED NEUTRAL SPECIES PROFILES , 0-100 km

1The multispecies code AIRCHEM has been used to understand and
predict the charged particle composition of the eartt3 ’~ stratosphere and
mesosphere under a variety of excitation conditions.’~ Such a code
requires profiles of neutral species concentrations as input . The major
species N2 and 0, present few problems . However, self-consistent pro-
files for most o~ the minor species were not and are not yet available.Recourse has been made to spec ific measurements , other model computa-
tions , interpolations, extrapolations and estimates. Table I and its
attendant references describe the neutral species input values that have
been used in the versions of the AIRCHEM code since 1974. No claim is
made that these are necessarily self-consistent profiles. Fortunately,
we have found that the minor species concentrations tend to be determined
more by the chemistry than the initial profiles. (However, should reliable
minor species profiles become available , they would provide additional
checks or constraints on an atmospheric model.)

It is the purpose of this document to record those values that were
and are actually used . Explanations as to why a particular set of
values was chosen are beyond its scope. The basic data of this report is
listed in Table I. The 39 accompanying profiles of each of the species
used in the AIRCHEM code were generated from Table I using the standard
CALCOMP interpolation scheme. (Note that CO listed in Table I has not
been employed in this code.) Figures 1-21 are daytime profiles and
Figures 22-39 are nighttime profiles. The initial profiles of N , N( 2D)
and O(1D) are taken to be zero at night.

‘E. L. Lortie, M. 0. Kregel and F. E. Niles , “AIRCHEM : A Computa-
tional Technique for Modeling the Chemistry of the Atmosphere ,” BRL
Report No. 1913, August 1976. (AL) #A030157)

2F E. Niles and J. M. Heimerl , “Computed Results for Disturbed
Atmospheric Conditions in the Stratosphere and Mesosphere :

N
0 

- 1011 cm 3, Q = io8 ion-pairs cm 3s~~ ,” BRL !MR No. 484,
March 1976. To be published as BRL Report .
3F. E. Niles and J. M. Heimerl , “Computed Results for [)isturbed
Atmospheric Conditions at 60 km ,” July 1976. To he published as
BRL Report .

4
j .  M. Heimerl and F. E. Niles , “Modeling of Charged P~Irt ic1e Chemistry
in the Stratosphere and Mesosphere ,” Trans. A m .  (eophys . Union 57 ,
303, 1976. 
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R E F E R L N C [ S  ‘R1 MAR ~.S FOR TA BI l I

1. Un i t ed  Sta tes  C o mm i t t c ~’ on LXt~~I1~ ion to t h C ~ StaI dard Atmosp here (COLS.\ )
US Standard -\t I!Io ~I e r , 1962 , US ~, -. v c r r c n e n t  P r i n t i n g  -u f f i : e , W a s h i n g t o n ,
DC , Dec ( 2 ;  l a t i t 1  s. ,  - i ~~ual mean va lues  rounded of f  to three
si g n i f i c a n t  f i g u r e — ~.

2 . Champior , K. S. W . ,  and R. A . Schweiri f u r th , ‘ ..\ N ew Mean Reference
• Atmosphere for 23 to 500 Km ,” IFCRL-72-0579 , .2 Oct 72 ;  The Mean

COSPAR In t e r n a t i o n al  Reference  Atmosphere  1972 ’ in COSPAR In terna t ional
Reference At~aospheres 197.2, Akademic Verlag, Berlin , 1972; DNA Reaction
Rate lLj Ii dbook , 2nd E d . ,  M . 11 . Bortner and T. Baurer , Ed.-in-Chief ,
Chap . 2 (Rev.  No . 1, Nov 19 7 2 ) .  Between .25 and 75 km , values  are for
annual mean cond i t ions  for l a t i t u d L s  near 30 ° .

3. [CO] = 1.9 x
8
10 7 

[M] at surface , 1.3 x i0~~ [M] in tro ‘- s p here (0- l i
km), 4 x 10 [M] in lower stratosphere (11-20 krt ~) ac~ ui-aing to
Reference 4, Table 17 , 036 (45 0 N. hat.); and 5 x 10 - [M] above
1~ km according to Reference 5.

4. US Standard Atmosphere , 1976, US Government Printing Office ,
Washington , DC , Oct 76.

5. Goldman , A ., 0. G. Murcray , ~~. H. Murcray, W . I. William s, J. N.
Brooks , and C. ‘1. Bradford , “Vertical Distribution of CO in the
Atmosphere ,” J. Geophys. Res., 78, 5273 (1973~ ; measurements 4 to
17 km , 18 Jan 72 , Alamogordo , NM.

6. Seiler , W ., and P. Warneck , “Decrease of the Carbon Monoxide Mixing
• Ratio at the Tropopause ,” J. Geophys . Res. 77, •~2O4 (19 72); measurc-

ments 7.5  to 12.5 km show almost identical concentrations during the
day and at night; measurements made over West France .21 , 22 Jan ‘1
and 19 Mar 71 and made over North Sea 20 M~ r 71.

7. h ays , P. B., and J. J. Olivero , “Carbon Dioxide and Monoxide Above the
Troposphere , Planet. Space Sci. 18 , 1729 (1970); calculations employ
CIRA 1965 model , mixing ratios used in Table assume maximum recomb i Ition .

8. Shimazaki , ‘I., and .\. R. Laird , ‘A Model Calcul ation of the Diurnal
Variation in Minor Neutral Constituents in the Mesosphere and Lower
Thermosphere Including Transport Effects ,~ J. {k’ophys. Res. 75 , 3221
(197(fl . Calculations for equinoctial . equatorial conditions , low
solar activity, temperature profile for 40~ S~

) km taken from CIRA-
1965 model.

9. Hunt , B . G. , ,\ Generalized Aeronomic Mode l of the ‘.-1 ’ ; s ~.phere and
Lower Thermosphere Inc ltidin ~ Ioi~osphcr i c Processes ,’’ .J . Atmos. ierre’t
Ph ys. 35, 1755 (1973) . lal cu • 5t ions for t ropical atmosphere , only
N -, distribution and temper:ItIlrc profile t hen from r 1RA—l 9o~ equi—
no cti il model.
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10. McConne l l , J . C., and M . B. M J . l r o v , ~‘Odd Nitrogen in the Armosphere ,”
.1 . •\ t i n e ~c . Sci . 30 , 1-1-oS (iO’3) ; ca l c u lat  ions use US S tandard  A t n i o n p l m r e
Supp l e m e n t s  ( l O o o }  mode l s  for average  c o n d i t i o n s  at a l a t i t u d e  of 30 ° .

11. [stimated as [11-NO ,] ~ x 10
b [\l]

12. Whit t en R . C . , and R . P . Turco , “ D i u r n a l  V a r i a t i o n s  of HOx and NO~in the  S t ra tosphere , ” 1. (i( I l ~~~~~~~s . Re s .  79 , 1302 ( 197-1 ) . C a l c u l a t i b u s
for equinoctial conditions at -1 5 ° latitud e , assuming  e q u i l i b r i u m .

13. 110 1 ni ghttime pr~~f ft of Re ference S red m ed l~ io~~ to fit with
ReFerence 12 .

1-1 . Between 20 and 60 km , [lI~ ! = 3 x 10 [MJ in accordance with
Reference 10. -

15. Between 20 and 60 kIn , [11 70] = 1 .2 x l0~~ [ M J  in accordance w i t h
Reference 10.

16. Pr~~fi1e  for NO of Refe rence  10 r a i s e d  to f i t  measurement of 2 x io lS
NI “ of Reference 17 .

17. Patel , C. K. N ., E . C . Burkh o rd t , and C. A . Lamber t , “Spec troscopic
Me a suremen ts of St ra tosp he ri c Ni tric Oxide and Water Vapor ,” Science
184 , 1173 (197-1 ) . B a l l o o n  measurements made from Palestine , Tex as ,
19 OCt 73.

18. Est i mated based on measurements of References 19 , 20 , and 2 1 .

19. Barth , C . A . , “L o ck e t  M e a su I ’ e I len t  of Nit n c  Oxide in the Upper Atmos-
phere , ‘ Planet . Space Sc) . 14 , (s2S (1 0o(~) . Measurements made from
W al lops Island , V irg inia (3~~ N. latitude), 17 Nov (3.

20. Meira , L. G. , Jr .  , “ l O c k e t  Me:m ~ur emen t s  of Upper  Atmosp heric Nitric
Oxide  and Their Lonse iuences to the Loser Ionosp here ,” .1. Gcophvs.
Res . 70 , 202 (19 71)  . Men surement made f rom W a l l o p s  I s l a n d , \ .\
(38 ° N . hit I tude) , 31 Jan 69 and (1 Feb e9 .

21 . Tisone , G . C .  , “Measurements of NO D e n s i t ie s  D u r i n g  S u n r i s e  at Kauai . “

. 1 . Geop hy s  . Re s . 7$ . 
-. 0 ( 19~~3 . Rocket m~~tmi r e,nei1t s made f r i

Kaun i , llaw t i I ( i . ~~ N . l i t  i t i l L )  , .‘) o t l v  71

22. N ) ) , p r e l ’ I ft of l t e f e r e n c e  I I )  r educ ed II . cording t o  i n c  t e se i n  NO prs l(I I c .

.2 3 .  [NO I - - N O l  + NO . [\9~ -n ~n t day  .~ s i n s  Ill stht

2 1 . Nj  = 1 . 78 H. 
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25. Constant mixing ratio assumed using upper limit of 0.01 ppm of
Reference 26.

26. Goldman , A., D. G. Murcray , F. H. Murcray , and W. J. Williams ,
“Balloon-Borne Infrared Measurements of the Vertical Distribution of
N2O in the Atmosphere ,” J. Opt. Soc. Am. 63, 843 (1973); measurements
to 19 km with mixing ratio < 0.01 ppm above 20 km; measurements made
from Alamogordo , NM , 18 Jan 72.

27. Hudson , F. P., “Modeling the Chemical Kinetics of the Stratosphere ,”
Climatic Impact Assessment Program , Proceedings of the Survey
Conference, 15-16 Feb 72 , A. E.  Barrington , Editor , DOT-TSC -OST-72-13 ,
Sep 72. Computations for an overhead sun, and for certain limiting
condit ions : downward transport of NO and 0 from the mesosphere not

• included , O~ transport not included , minimal upward transport of CO ,
- - CO2. CH4, NO and H20 is included .

28. [02 ] = 0. 21 [M] .

29. McConnell , J. C., M. B. McElroy, and S. C. Wofsy, “National Sources
of Atmospheric Ca,” Nature 233, 187 (1971). Computations employ the
US Standard Atmosphere Supplements (1966) model with an ozone prof i le
thought to be appropriate for mid-latitude conditions.

30. Evans, W. F. J., and E. J. Llewellyn , “Molecular Oxygen Emissions
in the Airglow ,” Ann . Geophys. 26, 167 (1970). Dayglow measurements
were taken at White Sands, NM (33 0 N.  Latitude) , 11 Oct 66. The
integrated intensity for this 02 (

1-t
~g) profile has been normalized

to agree with balloon observations . A .M. atmosphere temperature
profile appropriate to a fall low latitude location is used .

31. Wallace , L., and D. M. Hunter , “Dayglow of the Oxygen A. Band ,”
J. Geophys. Res. 73, 4813 (1968). Rocket measurements were made from
White Sands, NM (33 0 N. latitude), 11 Oct 66; overhead sun determina-
tion used here .
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