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a.

SECTION 1
INTRODUCTION

bt A e T

In this volume we describe the ROSCOE-IR model for the major

and minor neutral species in the ambient atmosphere and the ionized
species in the ambient ionosphere [ROSCOE Model 1].

ATMOSU provides the major neutral species and the
the general properties of the ambient atmosphere,

SPCMIN, supplemented by Subroutines OZONE, WATER,
WVOPT, and H20SVP, provides the minor neutral
species, and

IONOSU provides the ambient ionized species and the

general properties of the ionosphere.

The overall model
consists of 16 subroutines of which three are major subroutines:

The principal changes for these three routines in going from
ROSCOE-Radar to ROSCOE-IR are summarized below.

The new Subroutine ATMOSU provides for:

Replacement of the predetermined fit coefficients
for the g/Ty profile by those derived during the
initialization phase from specifying a temperature
profile and a molecular weight profile.

Use of a 0- to 120-km temperature profile for any
latitude and season, obtained in Subroutine TEMPZH
by linear interpolation of a set of latitude and
season profiles based on the U.S. Standard
Atmosphere Supplements, 1966 [US-66].

Use of a specified universal profile of the
molecular-weight function [(M,/M)-1]):=f = £ AY’
independent of latitude, season, and diurna?
variation. (The new f-function is specified by
the DD-coefficient array for an llth-degree
polynomial.) However, the nightime atomic oxygen
profile differs from the daytime profile below 90
km and is computed from a separate fit function.
The daytime atomic oxygen profile is computed from
specification of temperature and molecular-weight
profiles instead of being specified directly and
entered as data in Subroutine SPCMIN.

— -

FRECEWING Falh blaidKNOT F1.UED




d. An option for the user to specify a temperature
profile of interest to him (at altitudes
z = 0(4)120 km) instead of using the one selected
by the code as a function of latitude and season.

e. Elimination of a pressure-correction factor
employed in the original model to match the
CIRA-1965 [CI-65] conditions at 120-km altitude.

f. Season-dependent conditions at 120-km altitude (the
base altitude for the high-altitude diffusion
model) instead of constant conditions.

g. An increase of the SNI array to 30 from 6.
The new Subroutine SPCMIN provides for:

a. New altitude profilef of CO, N,0, CH,, H, OH, HO,,
N(2D), N(2P), and O('D).

b. Revised altitude profiles of 03, Hy0, N, N(AS), and NO.
The new Subroutine IONOSU provides for:

a. Replacement of the E- ang F-region generic molecular
ion Mt by NO*, N;, and 07.

b. A corresponding change in IONOUP Common.

For simplicity of presentation, we have adopted a flexible
definition of which species are major and which are minor. It is hoped
that the meaning will always be clear to the reader in the context of
the usage.

The overall inputs, some intermediate outputs, and final out-
puts for Model 1 are given in Table 1-1.

A flow diagram of the 16 subroutines, with their driver
routine for development and test problems, is given in Figure 1-1. A
brief, simplified description of the working of the 16 subroutines
follows,

The Subroutine ATMOSU is initialized on a call to ATMOSU(1,
120.) to set up needed parameters and to evaluate the solar-flux-
dependent Fourier coefficients used in computing the time-dependent
values of 1 (the variable controlling the temperature gradient at the
lower boundary (120 km) of the high-altitude model) and T_ (the

exospheric temperature). In this call the values of the time (HL,
hours), the 10.7-cm solar flux (SBAR), and the dav-or-night parameter

10




Table 1-1. Inputs, intermediate outputs, and final outputs
for major and minor neutral species and ionosphere
for ambient conditions (ROSCOE Model 1).

INPUT

Initialization

Location (geographic colatitude and longitude)
Time (year, month, day, local zone time)
*Rinetic temperature profile (< 120 km) for latitude and season

*Moisture profile (mixing ratio, humidity, or dew-point
temperature

Operation

Altitude

SOME INTERMEDIATE OUTPUTS

Time: Universal time, Julian day number, local
(apparent) time, index for day or night

Solar Properties: Solar zenith angle, solar flux at 10.7 cm

Minor Species: Fit parameters for density profiles

FINAL OUTPUTS
Neutral Species
N,, 0,, 0, Ar, He, CO,, N(*s), N(D), N(?P), NO, NO,, N,0, O,
Oz(lAg), oclpy, co, cH,, H,0, OH, HO,, H
Ionized Species (> 90 km)

e, oF not

+ o+
» 05, Ny
Atmospheric Properties

Pressure, density, density scale height, (gas) temperature,
and relative humidity

Ionospheric Properties

Electron (and Nj vibration) temperature, effective ion-pair
production rate

%
Option for user specification. e T 4
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(IDORN) are determined by a series of calls from ATMOSU to five
auxiliary subroutines (ZTTOUT, JULIAN, SOLCYC, SOLORB, and SOLZEN)
and are passed to ATMOSU through ATMOUP Common.

The working of these five auxiliary routines is as follows:

a. Subroutine ZTTOUT, receiving from TIME Common the
input parameters year (IYRS), month (IMONS), aay
(IDAYS), and zone time (ZT) at east longitude PLON,
returns to TIME Common the year, month, day, and mean
or universal time (UT) at Greenwich.

b. Subroutine JULIAN, called with the input parameters of
year (IYRS), month (IMONS), and day (IDAYS) at north
latitude PLAT, returns the Julian day number at the
first of the year (YRFJ), the Julian date for vernal
equinox (VEQJ), and the Julian day number on the day
of interest (DAYJ) through the argument list and the
fractional season-year (FYR) and the fractional summer
(FST) through TIME Common.

c. Subroutine SOLCYC, called with DAYJ, computes the
average 10.7-cm solar flux (SBAR), an input to ATMOSU
through ATMOUP Common.

d. Subroutine SOLORB, called with YRFJ, VEQJ, and DAYJ
and receiving UT from TIME Common, computes the
Greenwich apparent time GAT, placed in TIME Common,
and returns the north latitude (SOLLAT) and east
longitude (SOLLON) of the subsolar point.

e. Subroutine SOLZEN, called with SOLLAT and SOLLON and
receiving PLAT, PLON, and GAT from TIME Common,
returns to ATMOUP Common the solar zenith angle (CHI),
the day-or-night parameter (IDORN), and the local
apparent time (HL); the latter two parameters are
used by ATMOSU.

The next step in the initialization of ATMOSU is to generate

a fit function (with coefficient array AA) for the ratio g/TM.

This objective is achieved by:
a. Developing a fit function (with coefficient array DD)

by ATMOSU calling FITTER with the data-statement
values of f specified in ATMOSU,

13
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b. Evaluating g/[T(1+£f)] in ATMOSU, after calling Subroutine
TEMPZH to get a kinetic temperature profile, TZH(N).
Subroutine TEMPZH, as directed by flag TPFLAG read by
Program DRVATM and passed through ZHTEMP Common, will
either (if TPFLAG = 0.0) interpolate the data base
[US-66] for latitude and season or (if TPFLAG # 0.0)
read a tabular temperature profile TZH(N) provided by
the user.

c. Calling Subroutine FITTER to obtain the coefficient-

array AA.

After an initialization call from ATMOSU to SPCMIN(1,ZH),
fit parameters are determined for O (nighttime only) and CO2 and
several other initializations are made; eventually, an initialization
call is made to IONOSU(1l,ZH). During the initialization of SPCMIN,
13 calls to FITTER and six (direct) calls to SOLVE are made to deter-
mine the fit coefficients for the day and night profiles of the minor
species N, N(%D), NoO, Oz(lAg), CO, CH,, 05, NO,, H,0, H, OH, HO,,
0(1D), and NZO' SPCMIN also makes initializing calls to Subroutines
OZONE and (if WVFLAG = 0.0) WATER. (If the user does not want the
water profile provided by the code, his setting the flag WVFLAG # 0.0
will enable Subroutine WVOPT to read a user-provided water profile
according to one of four methods specified by the flag METHOD = 1, 2,
3, 4.)

Subroutine FITTER, called from both ATMOSU and SPCMIN with
values Y(I) of the dependent variable at NPTS values of the independent
variable X(1), the degree NO of the polynomial used as the fitting
function, an index IKIND denoting whether it is the dependent variable
itself or its natural logarithm that is to be fitted, and an index
ISIGN denoting negative or positive exponents in the polynomial, returns
the polynomial coefficients determined by the method of least squares.

Subroutine SOLVE, called from Subroutines ATMOSU, SPCMIN, and
FITTER with elements A(I1,J) of a matrix of constant coefficients,
returns the solutions of NO simultaneous linear algebraic equations.

The three major subroutines are ready for use after they have
been initialized. On subsequent calls to ATMOSU(2,ZH), with ZH the
altitude in kilometers, ATMOSU uses ATMOUP Common to return the pressure
(PP), the mass density (RHO), the temperature (TT), the number densities
of six species (SNI(I), I = 1,6), and the density scale height (HRHO).

@ae .8 . Y LI o o8

it it et it el




On subsequent calls to SPCMIN(2,ZH), ATMOUP Common is used to return
the number densities of 16 minor species (SNI(I), I = 7, 8, 13-24, 26,
and 27) and the relative humidity (SNI(25)). On subsequent calls to
IONOSU(2,2H), ATMOUP Common is used to return the number densities of
the five charged species (SNI(I1), I = 9-11, 28, 29) and the electron
(and N2 vibration) temperature (SNI(l12)) and IONOUP Common is used to
return these same quantities (with different names) and the effective
ion-production rate (QDEF).

Finally, another new routine for ROSCOE-IR, H20SVP, is avail-
able to compute the saturated vapor pressure of water vapor over a
plane surface of (1) water for the temperature range from 173.15 to
373.15°K (-100 to +100°C) and (2) ice for the temperature range from
173.15 to 273.15°K (-100 to 0°C). Values of zero are returned for the
parameters outside the indicated temperature ranges and a message is
printed if the routine is called outside the indicated range.
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SECTION 2

AMBIENT ATMOSPHERE AND MAJOR NEUTRAL SPECIES

2-1 INTRODUCTION

The main subroutine for the ambient atmosphere and the major
neutral species is ATMOSU. It is based on the Subroutine ATMOS
originally developed by R.W. Lowen [Lo-73a] and later modified for
ROSCOE-Radar [HS-75). (The reader may refer to Lo-73a or, better, to
HS-75 in which Lo-73a is reproduced with comments, revisions, and
extensions.) For the manner in which ATMOSU is used in ROSCOE-IR, see
Figure 2-1 for a simplified flow diagram and Table 2-1 for a summary
of inputs and outputs.

2-2 THE AMBIENT ATMOSPHERE MODEL FOR ROSCOE-IR

2-2.1 Background

To understand the present model, it is useful to recall that
used for ROSCOE-Radar. The ambient atmosphere model for ROSCOE-Radar
[Vol. 1l4a] consisted of a low-altitude portion (z < 120 km) and a high-
altitude portion (z > 120 km), appropriately joined at 120 km to pro-
vide a smooth transition. The overall model was based mainly on the
CIRA-1965 [CI-65] model atmosphere, but was supplemented by use of the
U.S. Standard-1962 model atmosphere since CIRA-1965 is not defined be-
low 30-km altitude. The key to the low-altitude portion was an analy-
tic specification of an altitude profile of the ratio g/Ty (where g
is the acceleration due to gravity and Ty is the molecular-scale
temperature) which permitted one to obtain the pressure (p) from an
analytic integration of the hydrostatic equation [HS-75, p. 19, Equa-
tion (3)]. One then obtained the density (o) from the perfect gas law

M
0 R Ty & )
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CLiE

Subroutine
ATMOSUV

Initialization
Call
?

No

Is

Altitude,

ZH, above

120 km
?

No

Call auxiliary routines ZTTOUT,
JULIAN, SOLCYC, SOLORB, and
SOLZEN to get HL, SBAR, IDORN,
FYR, FST, and CHI. Use (universal)
day profile of mean molecular weight
and latitude- and season-dependent
kinetic temperature profile to compute
and least-squares fit polynomial to
9/Tpm profile. Compute Fourier co-
efficients for temperature gradient
variable and the exoatmospheric
temperature, parabolic coefficients
for density scale height in 110- to
120-km transition region, coefficients
for O(night) profile, coefficients

for CO2 profile in 100- to 120-km
transition region, O at 160-km
altitude for O (1D) evaluation, end
atmospheric properties at 90-km for
IONOSU initialization.

HIGH ALTITUDE MODEL
Computes pressure, density,
temperature, density scale
height, and N3, O3, O, Ar, He,
and CO2 concentrations.

LOW ALTITUDE MODEL
Computes pressure, density,
temperature, density scale
height, and N3, O3, O, Ar, He,
and CO27 concentrations.

Figure 2-1. Flow diagram of Subroutine ATMOSU.
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Table 2-1. Input and output variables for Subroutine

ATMOSU.

INPUT VARIABLES

Argument List

ZH -
ALTODN Common
ALTKM(47) -
ONITE(18) -
C02(25) -

ATMOUP Common

JJ -

Calculation flag

1f JJ = 1: calculate initialization parameters
JJ = 2: calculate atmospheric properties.

Altitude of interest (km).

The array of altitudes at which minor species are
specified as data in SPCMIN.

The nighttime O-values specified as data in SPCMIN.

The C02-values specified as data in SPCMIN.

HL - Local time (hrs).

SBAR - Average 10.7-cm solar flux [10-22 W/(m2 Hz)].

IDORN - Parameter for day or night. If COSCHI is the cosine
of the zenith angle of the sun at point P, IDORN is
1 for daytime, i.e., IF(COSCHI.GE.0.0), and is -1
for nighttime, i.e., IF(COSCHI.LT.0.0).

TIME Common

IYRS - Number of the year in the 1900's (e.g., 1974 becomes
74) at east longitude PLON.

IMONS - Number of the month (e.g., February becomes 2) at
east longitude PLON.

IDAYS - Day of the month at east longitude PLON.

T - Zone time for the 15-degree longitude interval
containing PLON (decimal hours).

PLAT - North latitude of point P (say, grid origin)
(radians).

PLON - East longitude of point P (say, grid origin).

(Continued)
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Table 2-1. (Cont'd)

ZHTEMP Common

NZHT - The number of altitudes in the ZHT array; set in
SPCMIN to be 31

TZH(31) - The kinetic temperatures at altitudes ZHT(31);
provided by Subroutine TEMPZH
ZHT(31) - The altitudes at which the kinetic temperatures are
specified; set in Subroutine TEMPZH
L OUTPUT VARIABLES J

ALTODN Common

S3z20D - 0 density at 160-km altitude for use in evaluating
0(1D) in” SPCMIN

ATMOUP Common

PP - Pressure (dynes/cmz)
RHO - Density (g/cm3)
TT - Temperature (°K)
SNI(1) - N2 concentration (1/cm3)
i SNI(2) - O2 concentration (1/cm3)
: SNI(3) - 0 concentration (1/cm3)
{ SNI(4) - Ar concentration (1/cm3)
‘ SNI(5) - He concentration (l/cm3)
SNI(6) - €0, concentration (1/cm’)
HRHO - Density scale height (km)
FEHSEQ - Fractional error in hydrostatic equilibrium
TIME Common
RHO5KM - Mass density of dry air at 5-km altitude for use in
Subroutine WATER
i . a. 0 - -
!
]
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and the kinetic temperature (T) from

T

. M ™

where M is the mean molecular weight and M; is the value of M at sea
level (28.96 g/mole). The mean molecular weight (M) was obtained from

i = 1 = 1 (3)
M, ° T#T ° T¥M_[0]/7Lp °

where L is Avogadro's number, by specifying a (daytime) profile of the
atomic oxygen density [0]. The species densities were obtained from
the law of partial pressures and the assumption of perfect mixing.

Since there was just one specification of g/T the low-altitude por-

M)
tion of the atmosphere model was independent of latitude, season, and
" diurnal conditions. The high-altitude portion depended on both

diurnal and solar-cycle conditions.

In planning for ROSCOE-IR, we recognized the need to account
for the latitude and seasonal dependence of the atmospheric tempera-
ture below 120 km. The only data base with such information is the
U.S. Standard Atmosphere Supplements-1966 {US-66]. Thus, in the
ambient atmosphere model for ROSCOE-IR, we start with latitude- and
season-dependent (kinetic) temperature profiles and we must ultimately
obtain a latitude- and season-dependent profile of g/T,,, if we want to
exploit the main structure of the atmosphere model for ROSCOE-Radar.
However, there must be some other modifications. For example, f = fDay
will be prescribed and postulated not to have a latitude, season, or
diurnal variation. This assumption implies:

a. (M/M*)Night will be approximated by (M/M*)Day’ as
in ROSCOE-Radar,

b. [0]Day will be computed from
= = y [‘
[0)pay = 2 Lof/My = 2 n,f (4)

c. [0]Night will be computed directly from fit functionms,
as in ROSCOE-Radar.
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2-2.2

2-2.2.1

Table 2-2.

ferred temperature profile at z = 0(4)120 km, accomplished by setting
TPFLAG # 0.0 which enables Subroutine TEMPZH to read the desired data.

2-2.2.2

derive summer and winter tabular temperature profiles at the latitude

of interes

2-2.2.3

calendar d
July tempe
hemisphere

(1

diurnally-independent, are from US-66, with locations as indicated in ]

2-2a through 2-2d.

Kinetic Temperature Data and Interpolation

Temperature Data

The temperature data, dependent on latitude and season but r

The data are collated in Table 2-3 and plotted in Figures

Provision has been made for the user to read in his own pre-

Interpolation in Latitude

The procedure for interpolating the data base is, first, to i

t, according to the following rules:

LATBND Use

1 The single temperature profile for 15° latitude
for both winter and summer.

2,3,4,5 The winter and summer profiles at the two
boundaries of the latitude band and interpolate
linearly on latitude to obtain the new winter
and summer profiles.

6 The winter and summer temperature profiles for ]
75° latitude.

Interpolation in Season

If LATBND > 1, determine the temperature profile for the

ate of interest by linearly interpolating between January and
rature profiles, with proper account of northern and southern
s. To do this, we:

Determine a parameter FST where

FST = fraction of summer temperature to be used in
the linear combination of summer- and winter-
temperature profiles

= fraction of July temperature in northern latitudes.

= fraction of January temperature in southern
latitudes.

FST is evaluated in Subroutine JULIAN,




Table 2-2.

Location of temperature data.

LATBND Latitude Range

Location in US-66 for Temperature
Profile at Boundary of Band

15°N Annual [0(4)116 km]? pp. 99,101

1 0 <¢ <15
15°N Annual [0(&4)116 km]? pp. 99,101
2 15 < ¢ < 30
30°N {January [0¢4)116 km]? pp. 103,105
July [0¢4)116 km]® pp. 107,109
3 30 < ¢ < 45
45°N {January [0(4)116 km%z pp. 111,113
July [0(4)116 km pp. 115,117
4 45 < ¢ < 60
60°N {January [0(4)116 km}: pp. 123,125
July 0(4)116 km pp. 135,137
5 60 < ¢ < 75 5
J75°N Januaryv [0(4)28 km] a P 139
160°N January [32(4) 116 km]™ p. 125
$75°N July [0(4)28 km] . p. 145
160°N Julv [3.() 116 km}*© o 137
6 75 < ¢ < 90
{Same as 75 boundary!
a

120-km value obtained by extrapolation.
0-km value changed from 249.22 to 254.0°K.

28-km value changed from 207.65 to 212 .5°K.
€ 32-km value changed from 238.47 to 241.0°K.

)
re

UM

~ :
Wt iy




0L°6L¢ 0¢ gLe 0L 6Lt oL eee 0L°6L¢ og°gee 0L°6L¢E ot "f£ee 0L°6L¢ ‘071
71'%7¢e 06°L6T VASIVARY 06°L6¢ 9% 67¢ 90" 10¢ TL°Te 9% " %0¢ 28 61t ‘911
90°88¢ 8% 19¢ 90 " 88¢ 8% 19¢ 09°8.L7 6§9°89¢ 7L°692 9L°6(T 62°¢s¢ A
I RAYA £es%7¢ IR AYA €L 6one ARV EA 86 °06¢ 99" L¢€C 88 "96¢ 8L°67¢ "80T1
[A RNA ¥4 77 0¢€¢ 1 LT 727 0€2Z 70" %1¢ G9°2¢¢ 91 °60¢ 88 LETC 86 °60¢ %01
6€°061 6% 81¢ 6t 061 697" 81¢ 167061 8G°81¢C £0°06T [ AN A A 0L 061 001
L9°6L1 0L 71T L9°6LT 0L°C1¢ 96 081 06°0T¢ 66 €81 ¢L 11 LL7681 "96
167491 66602 167¢£91 66°60¢ 86 691 ¢0°107 TL7GLT 96661 06°6L1 “Z6
99° 191 £9°90¢ 99° 191 £9°907 907691 767661 I VANAA %0°161 SO0 LLT ‘88
TL°191 L7761 17191 AN 017697 68 10¢ 067 TLT 0T 161 0T LLT %8
%9°0L1 16°¢€¢C¢ %9°0L1 16°€2¢C (AT %1°01¢ 76°081 L7161 BL %81 08
107681 T6°7¢¢C 10681 16°2¢¢ 69 161 7€ "81¢C 9¢ "G61 96°¢£0¢ 1% °861 9L
1Iv°L0¢ (AR A 177 L0¢ 217 1ve 87607 %6°92¢ 61°01¢ 99°G1¢ 90°CT¢ A ;
£8°677 L6°9%C £8°6¢¢ L6°9%T 68°9¢¢ 9L %€l 70°GZ¢ LL°Lee ¢L76TT ‘89 '
97 "%yt €6 °8%C 9¢ " wwe £6°8%7 AN £€6°2%¢C 16 °6¢C 06°6¢C 076t %9
€L°79C 68 06 €L ¢9¢ 68 °06¢ 60°L6¢ LL°06T 6L %5 %0° 2S¢ 0T1°¢5¢ 09 .
66°1LC 0€ " £6¢ 66 1L 0t L6T (8°99C £9°86¢ 82°¢9¢ 87°09¢ 6t 19¢ "96
ST LLT ST1°09¢ S1°4L7 $1°09¢ 69°6LT §9°69¢ 71 1L 71°89¢ %77 69¢ 7S
{8°9L¢ 0% %S¢ {8°9.¢ 0% " %6¢ G9°6L¢ §9°69¢ ST1°¢LC ST1°69¢ G1°0LC ‘8% - *
8% CLT €S 99T 8% Tl €6 v¢ 6€°L9¢C I%7°66¢ 80 %79¢ 80°19¢ 99°79¢ w7y ~
§0°79¢ G9°%veed §0°¢9¢ G9'wEL [ DA Y4 L1 enwe 797 %6¢ ¢9°16¢ 66 €GT oY -
81°06¢ 9,L°%2¢ 81 06¢ 9.°%2¢ Ve RNAX 76°0¢¢C 7T1°6%¢C %1°T%¢ [A MRV A ‘9¢ ’
0" 1%¢ £0°81¢ L7 8¢EC €C°81¢ 18°L¢€2 707612 vLSEl 7Ll £9°9¢¢ 41
8% 6T A R [ATRA X4 90" %12 67 °67¢C 68°61¢ €8°L¢7 £8°' %7 76°LT¢ '8¢
TL°0¢€T €9°£.0¢ 96 °9¢¢ 6L°11¢C %6 £CC G1°61¢ 06°61¢ 06°971¢ €T2°61¢C 24
§1°0¢€2 $9°L0¢ S1°62¢ LT'%1T LT°61C 6T1°61¢ SLTT? ¢6°L0¢ 1£°90¢ 0¢ k
s1°0¢2 S0°01¢ GT1°6¢7¢ 967 91¢ G9°G1¢ £9°912 61°¢0¢ T6°60¢ C0°L6T ‘91
69°8¢¢ ST eI 61°62¢ S1°L1¢ VI AA 99°81¢ [A/AREA 0% 971¢ %9°¢7¢ Al
L8°6¢¢ 98°L12 8T 6¢€C 66 0ce 8C 8%¢C ¢LT1eT 8 ARAYA ce e €706 ‘8
60°79¢ 68 6¢£C £8°69¢ 18°L%¢ LS el 6L°66GZ L8 LLT %%°89¢C Y9 LLT Y
76°8LC 0° %S G% "88¢ 8¢ LS 727962 6G5°7L¢ 86 ' 70¢ {6 °88¢C 6G°70¢ 0
AInp Axenuep AInr Aaenuef AInp Aaenuep AInp Laenuef Ienuuy wy
z
No.GL= N.09 NoG¥ NoOt NoST
"99-gMn woaj eaep a1tiyoad sanijeaadwsl o1318UTY  ¢-Z °T9el

e AT BTREL el

e a—




100 — —
s 80 —
b4
w
g 60 —
=
: 150 N
<4 40 ANNUAL -

20 —

0 ' I L
150 200 250 300 350 400

TEMPERATURE, °K

Figure 2-2a. Adopted data for temperature profile at 15°N latitude.
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Figure 2-2b. Adopted data for temperature profile at 30°N latitude.
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Figure 2-2c. Adopted data for temperature profile at 45°N latitude.
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Figure 2-2d. Adopted data for temperature profile at 75°N latitude.
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(2) Compute the temperature at given altitude from

T = + (1 -F

Fsr Tsummer ST) Teinter - (5
A test of our adopted procedure for linear seasonal inter-
polation is made for the 45°N latitude data where we have compared
the average of the January and July values with the spring/fall value
given by US-66. See Table 2-4 and Figure 2-3.
Table 2-4. Comparison of the mean of the January and July

temperature profiles from US-66 with the mid-
latitude spring/fall temperature profile from

US-66.
o Midlat. o Midlat. o Midlat.
z, 45 Na Spriné/ z, 45 Na Spring/ z, 45 Na Spring/
km Mean Fall km Mean Fall km Mean Fall

0 284 .40 288.15 44 261.40 261.40 88 182.30 190. 54
4 264.68 262.17 48 270.65 270.65 92 185.50 191.44
8 240.00 236.22 52 270.65 270.65 96 195.73 197.77
12 220.48 216.65 56 262.75 263.63 100 204.54 202.73
16 216.16 216.65 60 253.91 255.77 104 223.34 213.02
20 217.16 216.65 64 243.72 243.20 108 248.50 226.75
24 219.54 220.56 68 230.82 227.53 112 273.62 241.09
28 222.67 224.53 72 217.91 214,07 116 315.26 298 .43
32 228.42 228.49 76 205.01 202.34 120 356.50 355.19
36 239.28 239.28 80 192.13 190.65

40 250.34 250.35 84 183.49 190.60

aAverage of January and July values.
bus-66, pp. 119,121,
2-2.3 Mean Molecular-Weight Profile

The mean molecular-weight profile, M, is specified by the

function
My
f ' v - 1 (68)
M*[O]
- I Day (6b)
ZLU
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taken to be independent of latitude, season, and diurnal variation.
The adopted profile, given in Table 2-5 and plotted in Figure 2-4, is
obtained as follows:

1. For z = 0(4)92 km,

a. Take [0] from data base for ROSCOE-Radar (set
as data Q€Xtement in Subroutine SPCMIN [HS-75]).

b. Take air density, o, from US-66 (pp. 119,121,
Table 5.1, 45° latitude, spring/fall).

e AR Mt N g ) g

c. Compute f from Equation (6b).

2. For z = 96(4)120 km,

FPTEIR RS

a. Take M from US-66 (p. 16, Table 2.3, spring/fall).

b. Compute f from Equation (6a).

p-

2-2.4 Molecular-Scale Temperature

For the interpolated temperature profile of interest, T,
and the value of M;/M = 1 + f derived from the fit function for f,
the molecular-scale temperature is computed from

TM = (Mg/MT
= (1 + £)T , z = 0(&)120 km N

2-2.5 The Ratio g/T”

Tabular values of the ratio

g/'I‘M , z = 0(4)120 km , (8)

are computed, followed by fitting the tabular data by the llth-degree 5
polynomial

11

£ - g.2% . 0<z<120 km . (9)
M k=

B i e o it anaet
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Table 2-5. Molecular weight function adopted for
Subroutine ATMOSU in ROSCOE-IR.

km f km f km f km f
0 1.14(-17) 32 1.59(-10) 64 3.83(-6) 96 1.05(-2)
4 1.47(-16) 36 1.12(-9) 68 6.33(-6) 100 2.40(-2)
8 5.95(-16) 40  5.90(-9) 72 1.19(-5) 104 3.65(-2)
12 3.86(-15) 44  2.61(-8) 76 3.20(-5) 108  4.78(-2)
16 3.47(-14) 48  9.14(-8) 80 8.62(-5) 112 5.85(-2)
200 2.71(-13) 52  2.76(-7) 84  2.44(-4) 116 6.82(-2)
24 2.56(-12) 56  7.24(-7) 88 7.11(-4) 120 7.66(-2)
28 2.15(-1D) 60 1.88(-6) 92  2.38(-3)
2-2.6 Computation of the Major-Species Quantities

Having obtained an analytic fit function for g/TM, one can
compute the quantities for the major species almost as they are com-
puted in HS-75, with the following exceptions:

a. Pressure will be computed from Equation (3) on p. 19 of

HS-75 and not by use of the pressure-correction factor
on p. 21 of HS-75.

b. [O]Dav, computed in HS-75 and currently from

[0]p,, = 20 (i} - 1) T2ny £po = 2n,f (10)

will now be latitude- and season-dependent because n, (the
total number density if no dissociation) is latitude- and
season-dependent. This situation differs from that in HS-75,
where [O]Day was input and used to help determine f.

90 < 120 km and is computed from a fitD?Knction for

c. [o]NighE' as in HS-75, is set equal to¢ [O] for
z < 90 km (see Table 4-2).
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SECTION 3
AUXILIARY SUBROUTINES FOR ATMOSU AND SPCMIN

3-1 INTRODUCTION

The purpose of the five auxiliary subroutines ZTTOUT,
JULIAN, SOLCYC, SOLORB, and SOLZEN is to convert inputs that are con-
venient for the user to the inputs required by ATMOSU, SPCMIN, and
IONOSU. It is assumed the user will locate his coordinate system in
space and time by stating the geographic north latitude and east
longitude, the date, and zone time (based on 15-degree intervals of
longitude) in a 24-hour system. These auxiliary routines determine
the universal time, Julian day number, local (apparent) time, the
solar zenith angle viewed from the origin, an index denoting day or
night, and the 10.7-cm solar flux.

These subroutines (except ZTTOUT) had their origin in the
AFWL WORRY code (where they were known as JULIAN, SOLCY, ORB, and
ZSOL) and were revised when they were incorporated into the early-
version ROSCOE code [LL-75]. These routines, to which ZTTOUT was
added, were further revised and laden with comment cards under the
contractual effort for the ROSCOE-Radar code [HS-75]. For ROSCOE-IR,
most of these subroutines underwent only minor changes.

Subroutine TEMPZH, a new routine for ROSCOE-IR, determines
the temperature profile used in Subroutine ATMOSU, from either a
stored data base or one supplied by the user via card input.

Subroutines FITTER and SOLVE are used in providing least-
squares polynomial fit functions,

3-2 SUBROUTINE ZZTOUT

Subroutine ZTTOUT converts a Gregorian calendar date (speci-
fied by stating the year in the 20th century (IYRS), the month (IMONS),
and the day (IDAYS)) and zone time (ZT) at a given east longitude
(PLON) to the Gregorian calendar date and mean (or universal) time
(UT) at Greenwich.
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For ROSCOE-IR we have corrected the computation of the zone
description (ZD) when ZD should be zero and revised TIME Common.

See Table 3-1 for a summary of inputs and outputs for Sub-
routine ZTTOUT.

3-3 SUBRGUTINE JULIAN

Subroutine JULIAN converts a Gregorian calendar date (speci-
fied by stating the year in the 20th century (IYRS), the month (IMONS),
and the day (IDAYS)) to Julian day number (DAYJ) for use by Subroutine
SOLORB.

In going from ROSCOE-Radar to ROSCOE-IR, we deleted the
variables KYRS, KMONS, and KDAYS from the argument list since these
variables are now supplied through TIME Common where they are known as
IYRS, IMONS, and IDAYS.

The new Subroutine JULIAN also computes, taking account of
season reversal in the southern hemisphere, (1) the variable FYR, the
fractional season-year, needed for the new water vapor and ozone models
and (2) the variable FST, the fractional summer, needed for the
seasonal interpolation between the summer and winter temperature pro-

files which are input as data for the revised low-altitude major-species
model.

See Table 3-2 for a summary of inputs and outputs for Sub-
routine JULIAN.

3-4 SUBROUTINE SOLCYC

Subroutine SOLCYC computes the 10.7-cm solar flux (SBAR), an
input to ATMOSU through ATMOUP Common, based on an assumed sinusoidal
1l-year (or 4018-day) variation. The maximum value of 250 for SBAR,
associated with Model 9 of the CIRA-65 atmosphere, has been assigned
the date of 1 June 1958. The minimum value of 65 for SBAR is associ-
ated with Model 1 of the CIRA-65 atmosphere.

See Table 3-3 for a summary of inputs and outputs for Sub-
routine SOLCYC.
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Table 3-1. Input and output variables for Subroutine ZTTOUT.

INPUT VARIABLES

Argument List

None
TIME Common
IYRS - Number of the year in the 1900's (e.g., 1974 be-
comes 74) at east longitude PLON
IMONS - Number of the month (e.g., February becomes 2) at
east longitude PLON
IDAYS - Day of the month at east longitude PLON

ZT* - Zone time for the 15-degree longitude interval con-
taining PLON (decimal hours)

PLON East longitude of point P (radians)

OUTPUT VARIABLES

Argument List

None
TIME Common
IYRS - A possibly revised value of the input parameter,
corresponding to Greenwich
IMONS - A possibly revised value of the input parameter,
corresponding to Greenwich
IDAYS - A possibly revised value of the input parameter,

corresponding to Greenwich

uT - Universal time corresponding to the zone time ZT
(decimal hours)

* A value of 24.0, treated by the code as illegal, should
be input as 0.0 on the next day.
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Table 3-2.

S AP o L S 19 g5 S gt 0 1 <eragn

Input and output variables for Subroutine
JULIAN.

INPUT VARIABLES

Argument List

None
TIME Common

IYRS

IMONS

IDAYS
PLAT -

OUTPUT VARIABLES

Argument List

YRFJ -

VEQJ -
DAYJ -

TIME Common
FYR -

FST -

Number of the year in the 1900's (e.g., 1974 be-
comes 74) in the Greenwich time zone)

Number of the month (e.g., February becomes 2)
in the Greenwich time zone

Day of the month in the Greenwich time zone
North latitude of point P (radians)

Julian day number (a half integer) at O hours
UT on January 1 of the year of interest

Julian date for vernal equinox

Julian day number (a half integer) at O hours
UT on the day of interest

Fractional season-year, being zero on 1 January
in the northern hemisphere and zero on 1 July
in the southern hemisphere

Fractional summer, being one on 1 July and zero
on 1 January in the northern hemisphere and
reversed in the southern hemisphere
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Table 3-3. Input and output variables for Subroutine
SOLCYC.

INPUT VARIABLES

Argument List

DAYJ - Julian day number (a half integer) at 0
hours UT on the day of interest
Common
None

OUTPUT VARIABLES
Argument List
None
ATMOUP Common

SBAR - Average 10.7- Em solar flux
[1. OE 22 W/ (m¢ Hz]

3-5 SUBROUTINE SOLORB

Subroutine SOLORB computes the north latitude (SOLLAT) and
east longitude (SOLLON) of the apparent (actual motion) subsolar
point, given the Julian day number at O-hours UT on 1 January of the
year of interest (YRFJ), the Julian date at which vernal equinox
occurs (VEQJ), the Julian day number at O-hours on the day of interest
(DAYJ), and the universal time (UT).

In going from ROSCOE-Radar to ROSCOE-IR, we have defined a
new variable (DELJUT) to avoid loss of significance in computing
SOLLON on a small-word machine and revised the argument in the equa-
tion-of-time, consistent with its definition.

See Table 3-4 for a summary of inputs and outputs for Sub-
routine SOLORB.




Table 3-4. 1nput and output variables for Subroutine i
SOLORB. }

INPUT VARIABLES

Argument List 3

YRJF - Julian day number (a half integer) at 0
hours UT on January 1 of the vear of
interest

VEQJ - Julian date for vernal equinox

DAYJ - Julian day number (a half integer) at O
hours UT on the day of interest
]
TIME Common 5
UT - Universal time corresponding to zone time

ZT (decimal hours)

OUTPUT VARIABLES

Argument List

SOLLAT - North latitude of subsolar point (radians)
SOLLON - East longitude of subsolar point (radians)

TIME Common

GAT - Greenwich apparent time (decimal hours)
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3-6 SUBROUTINE SOLZEN

Subroutine SOLZEN computes CHI and COSCHI, the cosine of the
solar zenith angle CHI at a point P, given the geographic north lati-
tude (PLAT) and east longitude (PLON) of the point P and the north
latitude (SOLLAT) and east longitude (SOLLON) of the subsolar point.
The day-or-night parameter IDORN is +1 for daytime, i.e., if
COSCHI > 0.0, and is -1 for nighttime. The local apparent time (HL)
is also computed from the Greenwich apparent time (GAT) and the east
longitude of the point P (PLON),

See Table 3-5 for a summary of inputs and outputs for Sub-

routine SOLZEN,.

Table 3-5. Input and output variables for Subroutine
SOLZEN.

INPUT VARIABLES

Argument List ’

SOLLAT - North latitude of subsolar point (radians)
SOLLON - East longitude of subsolar point (radians)

TIME Common
PLAT - North latitude of point P (say, grid origin) (radians)
PLON - East longitude of point P (radians)

OUTPUT VARIABLES

Argument List
None

ATMOUP Common

IDORN - Parameter for day or night. If COSCHI is the cosine
of the zenith angle of the sun at point P, IDORN is
1l for daytime, i.e., IF(COSCHI.GE.0.0), and is -1 for
nighttime, i.e., IF(COSCHI.LT.0.0)

HL - Local apparent time (decimal hours, e.g., 2230 hours
becomes 22.50 hours)

TIME Common

CHI - Zenith angle of the sun at point P (radians)
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3-7 SUBROUTINE TEMPZH

Subroutine TEMPZH determires the temperature profile (tabular,
0(4)120 km) by interpolating the data base [US-66] for latitude and
season, to be used as input to the major atmospheric species model for
the low-altitude range from 0- to 120-km altitude. The user may by-
pass the code's specification of temperature profile in the low-altitude
(0- to 120-km) region by (1) requiring the driving program to set
TPFLAG to a nonzero value, which is transferred to Subroutine TEMPZH
through ZHTEMP Common, and (2) allowing Subroutine TEMPZH to read the
user-specified profile at altitudes 0.0(4.0)120.0 km.

See Table 3-6 for a summary of inputs and outputs for Sub-
routine TEMPZH.

3-8 SUBROUTINE FITTER

A brief description of the operation of Subroutine FITTER is
given in Section 1. A summary of inputs and outputs for Subroutine
FITTER is given in Table 3-7.

3-9 SUBROUTINE SOLVE

A brief description of the operation of Subroutine SOLVE is

given in Section 1. A summary of inputs and outputs for Subroutine
SOLVE is given in Table 3-8.
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Table 3-6. Input and output variables for Subroutine
TEMIZH.
é
INPUT VARIABLES

Argument List

None £
TIME Common !

PLAT - North latitude of point P (radians)

FST - Fraction of summer temperature profile to

be used with (1.-FST) of the winter 4
temperature profile for a given day of the
year at a given latitude

ZHTEMP Common
TPFLAG - Flag for optional treatment of temperature
profile
= 0.0 normal treatment

# 0.0 optional treatment, allowing Sub-
routine TEMPZH to read the user-
.specified profile at altitudes
z = 0(4)120 km

Card Input (optional)

TZH(I), - Temperature profile specified by user at
I=1,31 altitudes z = 0(4)120 km

OUTPUT VARIABLES

Argument List
None
ZHTEMP Common

TZH(I), - Temperature profile, determined by inter-

I=1,31 polation of the data base [US-66] for
latitude and season, used as input to the
major atmospheric species model for the
low-altitude range from 0- to 120-km
altitude
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Table 3-7. 1Input and output variables for Subroutine
FITTER.

INPUT VARIABLES

Argument List

NPTS - Number of data points

X(I) - Values of the independent variable, e.g., {
altitude (km) i

Y(I) - Values of the dependent variable, e.g., i
species concentration (cm~7) :

NO -~ Degree of polynomial to be fitted

IKIND - 1Index for kind of equation to be fitted

NO
= 1 if equation is 1ln(Y) = Anx“
n=0
NO a
= 2 if equation is Y = AnX
n=V
‘ ISIGN - 1Index for sign of exponents
k
f = 1 for negative exponents
) = 2 for positive exponents
L)
, Common
None
OUTPUT VARIABLES
F Argument List
Z(J) - The least-squares fit coefficients. Z(1)
] corresponds to Ao, 2(2) to Al' etc.
Common
! None
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Table 3-8. Input and output variables for
Subroutine SOLVE.

INPUT VARIABLES
Argument List
A(I,J) - Element (I,J) of matrix of constant

coefficients for NO simultaneous
linear algebraic equations

NO - The number of equations

Common

None

OUTPUT VARIABLES

Argument List

X(K) - The least-squares fit coefficients.

These are the same as the output
Z(K) from FITTER.




SECTION &4
MINOR NEUTRAL SPECIES

4-1 SUBROUTINE SPCMIN

ROSCOE-IR requires many more neutral species than ROSCOE-
Radar and an improved description of some of those included in
ROSCOE-Radar.

The ROSCOE-IR high-altitude chemistry module [Volume 11-1]
requires the minor neutral species O, COZ’ co, N(AS), N(2D), N(ZP),
NO, NOZ’ 02(1Ag), 03, H, OH, H02, H20, and He (in practice, however,
C0,, CO, H,0, and He are nonreacting species). The ROSCOE-IR low-
altitude external chemistry module [Volume 11-1] requires the minor
neutral species 0, C0,, N(*s), N(°D), NO, NO,, Oz(lAg), 05, H, OH,
HO
requested but they are not used.) All-altitude profiles for diurnal
conditions are provided for O, COZ’ and He in Subroutine ATMOSU.
Subroutine SPCMIN provides (either directly or indirectly) the pro-

, and H,0. (The additional species CO, CH,, and N,0 were initially
2 2 4 2

files for the remairing species listed above.

The inputs and outputs for Subroutine SPCMIN are summarized
in Table 4-1. The nature of the functions used for fitting the
adopted data-base values [Volumes 14b and 1l4c] in various altitude
ranges is given in Tables 4-2 through 4-18 for O, O(lD), 02(1A ),

03, N, N(ZD), N(ZP), NO, NO,, N,0, CO,, CO, CH,, H,0, OH, HOz,gand H,
respectively.

4-2 OZONE

Our model for altitude profiles of the O3 mass-mixing ratio
has been specified as a function of latitude and season [Mv-78, Sec-
tion 3]. The altitude dependence of the O3 mass-mixing ratio
(mR(03)) is treated by using a transition boundarv at 55-km altitude.
Below 55 kr, the model accounts for the variation of mR(O3) with
altitude, latitude, and season. The model predicts:

(text continues on p. 61)
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Table 4-1.

Input and output variables for Subroutine
SPCMIN.

INPUT VARIABLES
Argument List

KK

ZH
ATMOUP Common

IDORN

TIME Common
PLAT

DATA
ALTKM(47)

ANODAY(21)
ANONIT(21)

AN/DDN(41)

AN4SDN(33)

CH4PCC

COMPCC

C02(25)

Calculation flag

= 1, calculate initialization parameters
= 2, calculate atmospheric properties
Altitude of interest (km)

Index for day or night
= +1, day
= -1, night

North latitude of point P (radians)

Altitudes (z=0(5)230 km) at which minor species
densities are specified as data

Noontime data-pase values of [NO] at altitudes
0(5)100 km at 50° latitude

Midnight data-base values of [NO] at altitudes
0(5)100 km at 50° latitude

Data-base_values of the basic component (T,(z))
of the N(ZD) densities between 125- and 206
altitude, augmented by 25 zeros below 125 km

Data-base values of the basic component (Tl(z))
of the N densities between 100- and 160-km
altitude, augmented by 20 zeros below 100 km

Factor used (3 75369008E+16) with total mass
density (g/cm3) to conyert CH, mass-mixing ratio
(ppmm)” to molecules/cm3

Factor used (2 14992030E+16) with total mass
density (g/cm3) to conyert CO mass-mixing ratio
(ppmm) to molecules/cm

Data-base values of [COZ] at altitudes 0(5)120 km
(Continued)

43




TR——

Table 4-1. (Cont'd)

DAHDAY (21)
DAHNIT(21)
DATCO(31)
DN20(12)

DOHDAY (21)
DOHNIT(21)
HO2DAY (21)
HO2NIT(21)
H20DN(21)

H20PCC

NALTMH

NALTNO
NALTO2

NALT2D

NALT4S

NDEGNO

NDEG2D

Noontime data-base values of [H] at altitudes
0(5)100 km

Midnight data-base values of [H] at altitudes i
0(5)100 km 3

Data-base values of CO mass-mixing ratio (ppmm)
at altitudes 0(5)150 km L

Selected values of N50 volume-mixing ratio
(ppbv) ar altitudes 8(5)55 km

Noontime data-base values of [OH] at altitudes
0(5)100 km

Midnight data-base values of [OH] at altitudes
0(5)100 km

Noontime data-base values of [HO,] at altitudes
0(5)100 km “

Midnight data-base values of [HOZ] at altitudes
0(5)100 km

Data-base values of H90 mass-mixing ratio (ppmm)
av altitudes 20(5)120 km

Factor used (3.34260935E+16) with total mass
density (g/cm’) to conyert H,0 mass-mixing ratio
(ppmm) to molecules/cm

Two plus the number of altitudes (NMTH=23) be-
tween 10 and 120 km used to fit CH, mass-mixing
ratios

Number of altitudes (21) between 0 and 100 km
used to fit daytime NO densities at 50° latitude

Number of altitudes (11) between 0 and 50 km
used to fit daytime 02( A ) densities

Number of altitudes (16) between 125 and 200 km
used to fit the basic component (T7(z)) of the
N(ZD) densities

Number of altitudes (13) between 100 and 160 km
used to fit the basic component (Tl(z)) of the
N densities

|

Degree of the polynomial (12) used to fit the
daytime NO densities between 0 and 100 km at
50° latitude

Degree of the polynomial (6) used_to fit the
basic component (T7(z)) of the N(ZD) densities
between 125 and 200 km

(Continued) i
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Table 4-1. (Cont'd)

NDEG4S

NDGH20

NDGMTH

NDGNO2
NDGO2D
NKMH20
NKMNO2
ONITE(18)

0z3prCC

O1DDAY(33)
02SDGD (47)
02SDGN(47)

O3DAY(26)

O3NIT(27)

PI
SMETH (25)

Degree of the polynomial (5) used to fit the
basic component (T7(z)) of the N densities be-
tween 100 and 160

Degree of the polynomial (12) used to fit the
Hy0 mass-mixing ratio (ppmm) between 20 and
120 km

Degree of the polynomial (l11) used to fit the
CH, mass-mixing ratio (ppmm) at altitudes
0(?)120 km

Degree of the polynomial (12) used to fit the
daytime NO; densities between 0 and 160 km

Degree of the polynomial (10) used to fit the
daytime Oz(lAg) densities between 0 and 50 km

Number of altitudes (21) between 20 and 120 km
used to fit H7)0 mass-mixing ratios (ppmm)

Number of altitudes (33) between 0 and 160 km
used to fit the daytime NO, densities

Midnight data-base values of [0] at altitudes
0(5)85 km

Factor used (1.25459271E+22) with total mass
density (g/cm’) to convert O3 mass-mixing ratio
(kg/kg) to molecules/cm3

Noontime data-base values of [0(1D)] at
altitudes 0(5)160 km

Noontime data-base values of [OZ(IA )] at
altitudes 0(5)230 km &

Midnight data-base values of [Oz(lAg)] at
altitudes 0(5)230 km

Noontime data-base values of 03 mass-mixing
ratio (ppmm) at altitudes 55(5?120 km, augmented
by an assigned value at 125 km to facilitate
fitting

Midnight data-base values of 04 mass-mixing
ratio (ppmm) at altitudes 55(5)120 km, augmented
by two assigned values at 125 and 130 km to
facilitate fitting

3.141592653590

Data-base values of CH, mass-mixing ratio (ppmm)
at altitudes 0(5)120 km

(Continued)
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Table 4-1. (Cont'd)

SNO2D(33)

SNO2N(33)

OUTPUT VARIABLES
Argument List
.None
ATMOUP Common

SNI(7)
SNI(8)
SNI(13)
SNI(14)
SNI(15)
SNI(16)
SNI(17)
SNI(18)
SNI(19)
i SNI(20)
| SNI(21)
f SNI(22)
N SNI(23)
SNI(24)
SNI(25)
SNI(26)
' SNI(27)

-

ALTODN Common

ALTKM(47)
ONITE(18)
C02(25)

Noontime data-base values of [NOo] at
altitudes 0(5)160 km

Midnight data-base values of [NOZ] at
altitudes 0(5)160 km

N concentration (1/cm3)
NO concentration (1/cm3)
Oz(lAg) concentration (l/cm3)
03
NO,
H,0
H
OH
HO,
co
N-O
CH,
N(4s) !
N(2D)

Relative humidity, percent
O(ID) concentration (1/cm3)
O(ZP) concentration (l/cm3)

See input
See input

See input (Note that the CO, densities from
0- to 100-km altitude are reset in Subroutine
ATMOSU by using a constant volume-mixing
ratio of 3.2 x 10-4.)

(Continued)
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Table 4-2. Fit functions for 0 density profiles.

Altitude Range,
km

Description
Day
0 - 120 ATMOSU low-altitude model
1 >120 ATMOSU high-altitude model
gi&EEa'b
0 - 60 Constant at data-point value
60 - 75 Exponential, with slope determined by data

points at 60 and 75 km

75 - 85 Exponential-like function with altitude-
dependent scale height so determined that
function passes through data points at 75, 80,

and 85 km
85 - 90 Exponential, with slope determined by data
point at 85 km and low-altitude-model value at
90 km
90 - 120 ATMOSU low-altitude model
>120 ATMOSU high-altitude model
t
4 My-75, Table 2-5.
] b Fits are made in Subroutine ATMOSU.
3
3
]
j
4
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Table 4-3. Fit functions for 0(1D) density profiles.?

Altitude Range,
km Description

Day

0 - 47 Exponential-like Iunction (lower-limited to 1.0)
with altitude-dependent scale height so determined
that function passes through data points at 25,
40, and 47 km

47 - 80 Exponential-like function with altitude-dependent
scale height so determined that function passes
through data points at 47, 65, and (assigned value
of 10 at) 80 km

80 - 100 Exponential, with slope determined by data points
at 80 and 100 km and passing through assigned
value of 10 at 80 km

100 - 120 Exponential-like function, with altitude-dependent
scale height so determined that function passes
through data points at 100, 110, and 120 km

120 - 160 Exponential, with slope determined by data points
at 129 and 160 km and passing through data point
at 120 km

>160 Proportional to 0,b
[o(lp)] = {[0(*D)1/[011,4,l0(2)]
Night

>0 Constant, at assigned value of 1.0

8 My-78, Table 9-1.
b This procedure makes [O(lD)] dependent on the time and solar
flux to the extent that [0] is dependent on these parameters.
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Table 4-4. Fit functions for Oz(lAg) density profiles.a

Altitude Range, b
km Description

10th-degree polynomial (coefficients DD) to match
data points at 0(5)50 km

Exponential, determined by data points at 50 and
75 km

Sth-degree polynomial, determined by data points
at 75(5)90 km and derivatives of 50-to-75 km fit-
function at 75 km and >90-km function at 90 km

Exponential, determined by data points at 90 and
105 km

Constant at data-point value

Exponential, determined by data points at 70 and
80 km

5th-degree polynomial, determined by data points
at 80(5)95 km and values -f daytime fit-function
and its derivative at 100 km

>100 Daytime fit-function

8 My-75, Table 3-1.
b Unchanged from HS-75, Table 14.
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Table 4-5. Fit functions for 04 mass-mixing ratio profiles.

Altitude Range,
km Description

Day or Night

0 - 55 New model, latitude- and season-dependenta

Dazb
55 - 75 5th-degree polvnomial (coefficients TO3(I)), to
match data points at 55(5)75 km and the (zero)
derivative of the 0- to 55-km fit-function at 55
km

75 - 90 5th-degree polvnomial (coefficients UO3(I)), to
x match data points at 75(5)90 km and derivatives of
55- to 75-km fit-function at 75 km and >90-km fit-
function at 90 km N

>90 Exponential, determined by data points at 90 and
105 km
Night !
55 - 70 5th-degree polvnomial (coefficients VO3(1)). to

match data points at 55(5)70 km, the (zero)
derivative of the 0- to 55-km fit-function at 55 km,
and the derivative of the 70- tc 75-km fit-function

~———

at 70 km
70 - 75 Exponential, determined by data points at 70 and
75 km

75 - 90 Sth-degree polvnomial (coefficients WO3(I)), to
{ match data points at 75(5)90 km and derivatives of
70- to 75-km fit-function at 75 km and ~90-km fit-
function at 90 km -

~90 Exponential, determined by data points at 90 and
- 105 km

a My-78, Section 3.

b My-75, Section 4.2 and HS-75, Table 15.




Table 4-6.

a

Fit function for N density profiles.

Altitude Range,

km Description j
Day or Night
z >0 Analytic expressionb dependent on altitude, local
apparent time, latitude, fractional season-vear,
and solar decimetric flux. Five factors include
an altitude-dependent basic factor (T;), lati-
tudinal factor with diurnal variation (Ty),
seasonal factor (exp(Ta)), diurnal factor with
altitudinal and latitudinal variations (exp(Tg)),
and solar-flux factor (Tg) {
Tl(:)
0 - 100 Exponential function, passing through the fit- i
function value at 100 km
L0 - 160 Sth-degree polvnomial, determined by least
squares (coefficients CC) for data points at
100(5)160 km
) - 160 Exponential function, passing through the fit-
function value at 160 km
0 Analviic expression dependent on latitude and
- local apparent time j
T3(f) i
~0 Analvtic expression dependent on fractional !
- season-year ;
|
TA(t,z,L)
~0 Analytic expression factorable into an expression
dependent on the local apparent time and the
latitude and an expression dependent on the
altitude
T, (F)
0 Analvtic expression dependent on solar decimetric
- flux
4 My-78. Section 12.
b My-78, Section 12, Equations (1) through (5).
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Table 4-7. Fit functions for N(2D) density profiles.?
Altitude Range,
km Description
Day or Night
>0 Analytic expressionb dependent on altitude,

local apparent time, and (through a dependence
on the total nitrogen atom density) on latitude, i

fractional season-year, and solar decimetric
flux

SNI(7) and Tl(z)

>0 These functions are given by the formulas for
the total nitrogen atom densities

T7(Z)

0 - 125 Exponential function, passing through the fit-
function value at 125 km

125 - 200 6th-degree polynomial, determined by least
squares (coefficients BB) for data points at
125(5)200 km

>200 Exponential function, passing through the fit-
function value at 200 km
E Tg(t)
>0 Analytic expression dependent on the local

apparent time

3 a My-78, Section 13, %

b My-78, Section 13, Equations (1) and (2).
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Table 4-8. Fit functions for N(2P) density profiles.a

Altitude Range,
km Description

Day or Night

- 2 2 -
Ropop = [N(°P)]/[N(°D)] = 0.01

_ -4 900/ z
Ropop = 2.2 x 10 P e

2P2D

Popop 0.01

2 In the absence of information on the ambient density of N(ZP),

B.F. Myers has Sffered an egitimate based on simplifying assump-
tions: (1) [N(4P)] and [N(2D)] are in steady state, (2) the
production rate of N(Z2P) is a factor Popap ¥ 0.01 times_that
for N(2D), (3) the col}isional deactivation rate of N(2P) is
the same as that for N(4D), (4) the radiative decay rate of

N(2D) is small compared with its collisional deca§ rate,
P

(5) the altitude profile of the ratio Rypyp = [N( )1/[N(2D) 1,
computed by using nominal rate coefficients, can be approxi-
mated by the expression 5.5 x 10-4 » Pyp,p x exp(900/s) for

z & 120 km, at which altitude Rypop = 6.69.




Table 4-9. Fit functions for NO density profiles.a

Altitude Range,
km

Description
Dazb
0 - 100 12th-degree polynomial, determined by least
squares (coefficients AA) for data ponts at
0(5)100 km
NightP
0 - 50 Constant at data-point value of 1.0
50 - 60 Exponential-like function (lower-limited to 1.0),
with altitude-dependent scale height so deter-
mined that function passes through data points at
50, 55, and 60 km
60 - 85 Exponential, determined by data point at 60 km and
daytime polynomial fit-function at 85 km
85 - 100 Daytime fit-function
Day or Night
>100 Analytic expression dependent on altitude, local

apparent time, latitude, and solar decimetric
flux [My-78, Section 11, Equation (6)]

a My-78, Section 11.
® For both day and night, we add to the logarithm of the NO
density a latitude-dependent term with an altitude-
dependent coefficient. Without the latitude-dependent

term, the fit functions apply to a 50" latitude. See My-78,
Section 11, Equation (8).
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Table 4-10. Fit functions for NO, density profiles.?

Altitude Range, b
km Description
Day
0 - 160 12th-degree polynomial, determined by least squares
(coefficients HH) for data points at 0(5)160 km
>160 Exponential, with slope determined by fit-function
values at 140 and 160 km, and passing through fit-
function value at 160 km
Night
0 -35 [Noz]night = [No]day + [Noz]day - [No]night
55 - 65 Exponential, with slope determined by fit function
at 55 km, and passing through data point at 65 km
65 - 82 Exponential, with slope determined by data point
at 65 km and by daytime fit-function value at
82-km altitude
;
>82 Daytime fit function |

a8 My-75, Table 7-1.
b

Unchanged from HS-75, Table 16. .
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Table 4-11.

Fit functions for N,O volume-mixing ratio profiles?

Altitude Range,
km

Description

Day or Night

b

0 - 55

>55

8th-degree polynbmial, determined by least
squares (coefficients CN20) for volume-mixing-
ratio data-points at 0(55)55 km

Constant at volume-mixing ratio data-point

4 My-78, Table 10-2.

This profile, obtaining at high latitude, must be multiplied
by a latitude-dependent factor which itself is altitude-

dependent.

Table 4-12.

See My-78, Section 10, Equation (2).

Fit functions for CO, volume-mixing ratio profiles.a

Altitude Range,

km Descriptionb
Day or Nightc
0 - 100 Constant volume-mixing ratio of 0.00032 in
ATMOSU low-altitude model
100 - 120 6th-degree polynomial, to match ATMOSU low-
altitude-model value at 100 km and data points
at 105(5)120 km and derivatives of low-altitude-
model function at 100 km and ATMOSU high-
altitude-model function at 120 km
‘ ~120 ATMOSU high-altitude model

4 My-75, Table 8-1.
b Unchanged from HS-75, Table 10.

€ Fits are made in Subroutine ATMOSU.




Table 4-13. Fit functions for CO mass-mixing ratio profiles.a

Altitude Range,
km Description

Day or Night

0 - 150 13th-degree polynomial determined by least
squares (coefficients EE) for data points at
0(5)150 km

>150 Exponential, passing through fit function at 150
km

8 My-78, Table 5-1.

Table 4-14. Fit functions for CH, mass-mixing ratio profiles.a

Altitude Range,
km Description

Day or Night

0 - 10 Constant, at fit-function value at 10 km

10 - 120 llth-degree polynomial, determined by least
squares (coefficients FF) for data points at
10(5)120 km

>120 Exponential, passing through fit function at 120
km

8 My-78, Table 4-1.
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Table 4-15. Fit functions for H,0 mass-density and mass-
mixing ratio profiles.3

\

—
Altitude Range,
km Description

Day or Night

0-5 Analytic fit _functions for water vapor mass
density (g/m”), expressed as the sum of a mean
and a seasonal term,

[HZO] = Mean(a,z) + Season(f,a,z),

where a = type of moisture region (six in total,
distributecd among 11 geographic regions),
f = fraction of season-year, and z = altitude.

5 - 14 Interpolation between natural logarithm of mass-
mixing ratio (ppmm) values at 5 and 14 km

14 - 45 Analytic fit functions for water vapor mass-
mixing ratio, expressed as the sum of a mean and
a seasonal term, |

mp = Mean(with transition at latitude L% 28°
for z ¥ 30 km)
+ Season(f,L,z % 20 km)
45 - 120 12th-degree polynomial for natural logarithm of
mass-mixing ratio (ppmm), determined by least r

squares (coefficients GG) for data points at
20(5)120 km

120 Exponential,

mR(z) = mR(lZO) exp[-0.0575(2z-120)],

where mR(l20) is determined from the fit function
from 45 to 120 km

8 My-78, Section 2.
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Table 4-16.

Fit functions for OH density profiles.a

Altitude Range,

km Description
Day or Night
0 - 80 7th-degree polynomial, determined by least
squares (coefficients CCOH) for data points at
0(5)80 km
80 - 100 Exponential, with slope determined by fit-func-
tion value at 80 km and passing through assigned
value (60 for day and 190 for night) at 100 km
>100 Analytic expression, passing through fit-function
value at 100 km
8 My-78, Table 6-1.
Table 4-17. Fit functions for HO, density profiles.a

Altitude Range,

km Description
Day or Night
0 - 65 Polynomial (6th degree for day, 7th degree for
night), determined by least squares (coefficients
CHO2) for data points at 0(5)65 km
65 - 75 Exponential, with slope determined by fit-function
value at 65 km and data-point value at 75 km
75 - 100 Product of two functions: (1) Exponential, with
slope determined by data point values at 75 and
95 km and (2) 10F (z) where F(z) is given by
.0 - 0.2 lz- ~z-8
F(r) = §1.0 - 0.2 |2-80], 75-2:85
lo , 285
Product-function passes through data-point values
at 75 and 95 km
*1G0 Exponential, passing through fit-function value
at 100 km with prescribed slope
a
My-78, Table 7-1. 59
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Table 4-18.

Fit functions for H density profiles.a

Altitude Range,

km

Description

35

40

74

86

- 100

>100

Day

Exponential (lower-limited to 1.0) with slope
determined by data points at 30 and 35 km and
passing through data point at 30 km

Exponential, with slope determined by data points
at 35 and 40 km and passing through data point
at 35 km

Exponential, with slope determined bg data point
at 40 and assigned value of 9.0 x 10/ at 86 km
and passing through data point at 40 km

Constant, at assigned value of 1.0

Exponential-like function (lower-limited to 1.0
in range below about 74,265 km), with altitude-
dependent scale height so determined that func-
tion passes through data points at 75, 80, and
86 km

Day or Night

Exponential, with slope determined by data points
at 86 and 100 km and passing through data point
at 86 km

Sum of exponential and power law, adjusted to
pass through data point at 100 km

8 My-78, Table 8-1.
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(1) An increase in the total O3 content of the atmosphere
with increasing latitude,

(2) A general increase in the maximum O3 partial pressure
with increasing latitude and an associated decrease in
the altitude of the maximum,

(3) A decrease in the 03 partial pressure above about 24 km
with increasing latitude,

(4) A seasonal dependence the variation of which is a maximum
in the altitude range between 15 and 35 km (depending on
latitude), and

(5) A variation in the seasonal maximum with changing

altitude.

Above 55 km, the model accounts for the altitude and day-to-
night variation of mR(O3), but does not (explicitly) treat seasonal or
geographical effects. (However, the major-species model (Section 2)
uses a temperature profile that is latitude- and season-dependent;
hence, there is a corresponding dependence for the total mass density
and the number density of minor species, such as 03, specified in terms
of mixing ratios.) The model does not include (small) longitudinal
variations, day-to-day fluctuations, or long-term trends.

A guide to the principal features of the ozone model is given
in Table 4-19. Figure 4-1 is a simplified flow chart of the operational
phase of the 03-portion of Subroutine SPCMIN, mainly for altitudes
above 55 km; the nature of the fit functions evaluated here is given in
Table 4-5.

Subroutine OZONE computes the latitude and season dependence
of the mass-mixing ratio of 03 for altitudes from O to 55 km by evaluat-
ing Equation (l4) and its supporting equations (principally, Equation
(11)) in Section 3 of My-78. The inputs and outputs for Subroutine OZONE

are summarized in Table 4-20.

61

i i -




[P

‘IpnatTael = 7T 2a9ym (z‘71'‘3)uoseas 4+ (ZI)uedy = dy ST uolssaidxa ayl jo wioj a3yl

"apN3TI[E® = Z puUB ‘1e34L-UOSEIS TPUOTIIDEIAY = J

——

3
£
*(%1)INS Butraandano axojaq OE\o|OH T8, Yy _ mEu\mmA:owaoE

03 (a1e wx\mo wxva oTieal ZUIXTW-SSBW WOIJ SJIIBAUOD NIWDJS 2uranoaqng 5

*3PNITITE UN{-GE PUB -G UIBMIDQ UOTIPTIBA JBUOSEIS WNWIXEJ p

"pawzojaad ST UOTIBZTITEIITUT

"NIWJdS 2urinoaqng woxy pafTed ST INOZO duTlInoaqng q

*9ouspuadep STYl 309TJ21 JTIM sanJea ainjosqe
03 01381 BUTIXTW WOIJ UOTSIDAUOD 'UOSE3S pue apniiie] uo spuadap 1apow sardads-aofey e
sax 553X 20TITY
BUTXIN 0Z1<2
[SL-£K]
s12 A NIROdS
5013y
sag JS3% BuTxIN 021>2>66
T OUOW d4VID
‘yssang 31a0t3%Y -
9L-SN sax pro5ok 552X 3uTXIN §6<2<Q q3N0Z0
adouaxayay 2pNITITY TBUINTQ  UOSEdS apnitie] a1qeTaEp Wy ‘aduey auranoaqng
o5Ed EIEQ sayqeTiep 3juspuadspug mu«uwamxm Juspuadag °pPnaITITY
‘[8/-4W] Topow auozo jo sainieag "gl-% I1qel




F

ZH -. 55

DAY OR NIGHT, ZH < 55

CALL OZONE (2, ZH, 0Z3)
SNI (14) = 023

L

556 2ZH <. 70
ZHMKM =
SNI (14} =
710~ZH~75
SNI (14) =
75 < ZH . 90
ZHMKM =
SNI (14) =

242 ZH > 90

L ssni(1a)- ———
244

DAY 55 ~ ZH ~ 75

F [ zHmKm -
ZH ~75 SNI (14) =

245 F ZHMKM =
\\’ -
ZH > 90 SNI (14) = >

T
246 ZH > 90

L———»lsm (14) = ———

247

[SNI (14) =

f 75 <. ZH . 90

Y T

Y
-
]

<

Flow chart for the 03-portinn of Subroutine

Figure 4-1.
SPCMIN during its opérational phase.
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Table 4-20. Input and output variables for Subroutine OZONE.

INPUT VARIABLES

Argument List

KK - - Calculation flag

1, calculate initialization parameters

2, calculate 03 mass-mixing ratio for 0- to 55-km
altitude

ZKM - Altitude of interest, from 0 to 55 km
TIME Common

PLAT - North latitude of point P (radians)

FYR - Fractional season-year, being 0 on 1 January in
northern hemisphere and on 1 July in southern
hemisphere

OUTPUT VARIABLE
Argument List

0Z3 - O3 mass-mixing ratio at altitude ZKM (kg/kg)




4-3 WATER

4-3.1 The Coded Model

Our model for altitude profiles of H20 density, as a function
of latitude, longitude, and season, is pgiven in Section 2 of My-78 and
may be summarized thusly. The altitude dependence of the H,0 density
is treated by using transition boundaries at 5- and l4-km altitude.

For the U- to 5-km altitude range, the Earth's surface is divided in-
to 11 geographic zones with six tvpes of quasi-homogeneous moisture
regions (a significant reduction from the NASA data-base model having
hundreds of geographic zones and 45 homogeneous moisture regions); in
each region the seasonal dependence is included. For the 5- to lé4-km
altitude region, H,0 densities are determined by interpolating the mix-
ing ratios at 5- and l4-km altitude. At and above l4-km altitude, we
include a seasonal dependence which (1) decreases with increasing
altitude and vanishes for altitudes above about 20 km, and (!) has a
latitude-dependent phase shift due to the influx of water vapor from
the tropical troposphere into the lower stratosphere. An associated
transition region at about 307 latitude vanishes for altitudes above

about 30 km where a single mixing-ratio profile obtains

Table 4-21 summarizes the geographic regions used in modeling
the 0- to 5-km altitude moisture regions. Figure 4-2 gives a simple
guide to the H,0 model, with the principal features as shown in Table
4-22,

Figure 4-3 is a simplified flow chart of the operational
phase of the H,0-portion of Subroutine SPCMIN; the nature of the fit
functions eval;ated here is given in Table 4-15.

Subroutine WATER computes the longitude, latitude, and scason
dependence of water vapor for altitudes from 0 to 45 km by evaluating
the equations in Section 2 of My-78. The inputs and outputs for Sub-

routine WATER are summari:ced in Table 4-23.

4-3.2 Option for User-Specified H,0 Profile

To supplement our H,0 densitv model, we provide to the
ROSCOE user an option whereby he can input his own profile of interest.

To implement this option the user inputs a value greater thon 0.0 for

L)
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0<z<5KM

H20' = MEAN (a, 2)
+ SEASON (f,a, 2)

a=TYPE OF MOISTURE REGION
{6, IN 11 GEOGRAPHIC ZONES)

f = FRACTION OF YEAR
z = ALTITUDE

| EQUATION (1),
[ SECTION 2 [ My 78]

5<z< 14 KM

|H20| = INTERPOLATE

EQUATIONS (3a) & (3b),
SECTION 2 [My ~78]

z - 14 KM

[H20] = MEAN (WITH BOUNDARY AT L=30° | EQUATIONS (5) & (7),

FOR z': 30 KM)
+SEASON (f, L,z < 20 KM)

| secTioN 2 (my 78]

Figure 4-2. Simple guide to the H,0 model.
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ZH =120
F

T - F CALL WVOPT (2, ZH, H20MR)
{ WVFLAG=0 )—»

SNI (16) = H20MR
25;H - F CALL WATER (2, ZH, CH20)
;T4s SNI (16) = CH20 ——>¢
262
——p{ SNI (16) = AH20FF (ZH) —tf

263
-»{ SNI (16) = H20120- EXF {-0.0575 (ZH—120)] |

264
[ SNI(16) =H20PCC- RHO- SNI (16) |
I

v

Figure 4-3. Flow chart for the Hy0O-porticn of Subroutine
SPCMIN during its operational phase.
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Table 4-23.

Input and output variables for Subroutine WATER.

INPUT VARIABLES

Argument List

KK -

ZH -
ATMOUP Common
RHO -
TIME Common
PLAT -
PLON

FYR -

RHO5KM

OUTPUT VARIABLE

Argument List

H20 -

Calculation flag
= 1, calculate initialization parameters

= 2, calculate Hy0 mass-mixing ratio for 0- to 45-km
altitude

Altitude of interest, from O to 45 km
Mass density of dry air (g/cm3)

North latitude of point P (radians)
East longitudinal of point P (radians)

Fractional season-year, being 0 on 1 January in
northern hemisphere and on 1 July in southern hemi-
sphere

Mass density of dry air at 5-km altitude (g/cm3)

Mass-mixing ratio of H,0 at altitude ZH (ppmm)
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WVFLAG. (The normal value of 1.0 is necessary for WVFLAG so that Sub-
routine SPCMIN can call Subroutine WATER during the initialization
phase.) For WVFLAG # 0.0, Subroutine WVOPT is allowed to read water
data in one of four optional forms according to METHOD = 1,2,3,4, which
we will discuss below. But first, it is anticipated that the user will
be most interested in using his own low-altitude data over the altitude
range from HH(l) = 0.0 to HH(NOP), but he must also actually read in
data over the remaining higher-altitude range from HH(NOP+l) to

HH(NZH) = 120.0. 1If the user has no personal preference for data in
the higher-altitude range, he may find it convenient to use the data in
a data statement in Subroutine SPCMIN, given at altitudes 20(5)120 km
and in units of parts per million by mass (ppmm).

In considering what options should be available, note that
Huschke [Hu-59, p. 462] states that a radiosonde measures pressure,
temperature, and humidity. (Since humidity is not further specified,
it could be any measure of the water-vapor content, such as absolute
humidity, relative humidity, specific humidity, mixing ratio, or dew-
point temperature.)

Before proceeding, we digress for the benefit of some readers
to discuss various ways of expressing the water-vapor content of moist
air. We have a need for some or possibly all of them and the conver-

sion relations.

1. Water-Vapor Number Density

[HZO] = HZO molecules/cmB.
The corresponding vapor pressure at temperature T is
b, = [Hzo]kT dyne/cm2 (la)

- 1973 [H,0kT mb . (1b)

2, Absolute Humidity

3
OHZO = (grams of HZO)/m ,

also called vapor concentration or vapor density. Note the convention
3

of using m-3 and not cm’_ The corresponding vapor pressure at tempera-

ture T is
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N

- A
Py = 10 6 pHZO(g/m3) H;—a kT dyne/cm2 (2a)
2
-6 3 R 2
= 10 ° o (g/m™) T dyne/cm (2b)
Hy0 M0

where N, = Avogadro's number, R = gas constant, and Mio= molecular
9
weight of water vapor. B

3. Mass-Mixing Ratio

r, = the dimensionless ratio of the mass of water vapor to

the mass of dry air, sometimes expressed in units of parts per million

by mass, i.e.,

T (PPm) = (guzo/m3)/(“dry air/ e (3a)
OHZO(g/m3)/odry air(g/cm3) . (3b)

4, Relative Humidity

Uw = the dimensionless ratio of the actual vapor pressure
(pw) to the saturation vapor pressure (e ), usually expressed in per-
cent, i.e.,

U, = 100 p,/e . (4)

At temperatures less than 0°C, the relative humidity is evaluated with
respect to water, not ice [Li-71, p. 348].

5. Dew Point (or dew-point temperature)

T4 = the temperature to which a given parcel of air must be
cooled at constant pressure and constant water-vapor content in order
for saturation to occur. At the dew-point temperature the saturation
vapor pressure of the parcel equals the actual vapor pressure of the
contained water vapor.

Since most of our HZO modeling is done in terms of mass-
mixing ratios, we decided that the general technique should be one in
which the user specifies tabular data in terms of either mass-mixing
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ratios or quantities from which mass-mixing ratios can be computed by

the code.

The options selected are:

Option 1. Mass-Mixing Ratio. The user reads in values of

the water-vapor mass-mixing ratio expressed in units of parts per

million by mass (ppmm). For this option no further preprocessing is

required.

the absolute humidity, oy  (grams H20/m3).

Option 2. Absolute Humidity. The user reads in values of

mixing ratio are computed”from Equation (3b).

Option 3. Relative Humidity. The user reads in values of

the relative humidity (in percent), U._. The desired values of mass-

w

mixing ratio are computed from the following steps:

a.

Compute saturated vapor pressure (over water),
ew(mb), from Subroutine H20SVP.

Compute vapor pressure from

p,(mb) = 0.01 Ue . (4a)
Compute the absolute humidity from
3 107 p_,(mb)
Py ol8/m) = ——— . (2¢)
2 (R/MHZO)T

Compute the mass-mixing ratio from Equation (3b).

Option 4. Dew Point. The user reads in values of the dew-

point temperature (Td). The desired values of the mass-mixing ratio

are computed from the following steps:

a.

Compute the vapor pressure (pw(Td))' which equals
the saturation vapor pressure (ew(T ) at the dew-
groutine H20SVP,

point temperature (Td)’ by using Su
Compute the absolute humidity from Equation (2c¢).
Compute the mass-mixing ratio from Equation (3b).

Since most of our H,0 modeling is done in terms of mass-

mixing ratio rm(ppmm), the outputs from Subroutine SPCMIN (which are
independent of the value of WVFLAG) can be derived as follows:
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Water-Vapor Number Density ([HZOJJ molecules/cm3)

Compute the number density

(1,0 = 10-6

T (PPIW) Py oy (8/0m) NpMMy 0. ()

Relative Humidity (U,,, percent)

a. Compute vapor pressure (pw(mb)), from Equation (1lb).

b. Compute saturation vapor pressure (ew(mb)) by using
Subroutine H20SVP.

c. Compute relative humidity (Uw) from Equation (4).

In the above discussion we have mentioned Subroutine H20SVP
several times. This subroutine computes the saturation vapor pressure
of water vapor over a plane surface of (1) water for the temperature
range from 173.15 to 373.15°K (-100 to +100°C) and (2) ice for the
temperature range from 173.15 to 273,15°K (-100 to 0°C). Values of
zero are returned for the parameters outside the indicated temperature
ranges and a message is printed if the routine is called outside the
indicated range.

The formula used for the water reference is a third degree
polynomial given by Wexler [We-76, Equation (16b)] as an approxima-
tion to his Equation (15) for the natural logarithm of the vapor
pressure (in Pascals) of water in the range from 0 to 100°C but used
here also in the extrapolated region from 0 to -100°C. The basic
formula for the ice reference is that given by Goff [Go-63a, Equation
(5)]. However, to simplify the computation we have fitted a sixth-
degree polynomial (EWDEI) to the ratio ew/e., where ey is the saturated
vapor pressure over ice as given by Goff [Go-63a, Equation (5)], and

compute e,

i from the expression

e; = e /EWDEL, (6)

The input and output variables for Subroutines WVOPT and
H20SVP are given in Tables 4-24 and 4-25.
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Table 4-24.

Input and output variables for Subroutine WVOPT.

INPUT VARIABLES

Argument List

JJ -

HKM -
ATMOUP Common

RHO -
TT -

VPC Common

METHOD -

DATA Read In

HH(N) -
WVC(N) -

OUTPUT VARIABLE
Argument List

H20MR -

Calculation flag
=1,
= 2, normal operation call

initialization call

Altitude of interest (km) (used only if JJ = 2)

Air density (g/cm3)
Temperature (°K)

Flag indicating one
of water vapor

= 1, data values in parts per
= 2, data values in
= 3, data values in

percent is input as 10.,
= 4, data values in dew-point

NOTE: For METHOD = 2,3,4, the
first NOP values of the
million by mass, during

relative humidity (percent;

of four options for treatment

million by mass (ppmm)

absolute humidity (g/m3)

10
not 0.10)

temperature (°K)

subroutine converts the
data into parts per
initialization.

Altitude array 0.0 to 120.0 km

HoO data using one of the four options. For N=1,NOP,
data have dimensions dictated by the option used.

For N=NOP+1,NZH, data have dimensions of parts per
million by mass. NOP=NZH is a valid input condition.

Water vapor content of moist air in units of parts
per million by mass at altitude HKM
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Table 4-25. Input and output variables for Subroutine H20SVP.

INPUT VARIABLES
Argument List
TEMP - Temperature (°K)
DATA Quantities

AA(I) - Coefficients in third-degree polynomial for
EH20 : e given by Wexler [We-76, Equation (16b)]

BB(I) - Coefficients in sixth degree polynomial for EWDEI
used to fit the ratio EH20/EICE - e, /ej, in the
range from 0 to -100"C
OUTPUT VARIABLES

Argument List

EH20 - Saturation Vgpor pressure over water (millibar =
1000 dyne/cm= = 100 Pascal)
EICE - Saturation vapor pressure over ice (mb)
4-4 PLOTS OF MINOR NEUTRAL SPECIES PROFILES

Comparisons of the fit-function values with the data-base
values [Volumes lé4c and 1l4b] of minor species densities are given in
Figures 4-4 through 4-20. Normallv, circles and triangles are used to
denote the data-base values for dav and nipht conditions, respectively.
Data-base values originallyv specified as mixing ratios [Mv-78] have
been converted to particle number densities here so that all profiles
would be in terms of number densities. Where the dav and night values
do not differ, only the circles are shown. The fit-function values,

obtained from the sample problems for which the output is given in

Section 6, are plotted as the solid curves for davtime conditions and
dashed curves for the nighttime conditions. If the davtime and night-
time values do not differ, onlyv the solid curves are shown. For those
species with dependencies on local apparent time (t), geographical
position (or latitude, L), fractional seasonal-vear (f). or solar deci-
metric flux (F), the legends normallv give the specific conditions,
taken from the sample problems in Section 6.
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SECTION 5
AMBIENT IONOSPHERE (SUBROUTINE IONOSU)

5-1 INTRODUCTION

Subroutine IONOSU provides the properties of the ambient
ionosphere required by the chemistry modules. The quantities required
for the E- and F-region ionospheric chemistry in ROSCOE-IR are ob-
tained by a natural extension of the method used for ROSCOE-Radar (see
Volume l4a, pages 67-~74). The principal change is from the generic
molecular ion M to NO+, N;, and O;. There is no change in the
requirements of the D-region chemistry module for ionospheric prop-

erties.

See Table 5-1 for a summary of inputs and outputs for Sub-
routine IONOSU.
5-2 E- AND F-REGION IONOSPHERIC PROPERTIES

The E- and F-region chemistry module requires the following

quantities:

a. q, the effective total ion-production rate that
reproduces the ambient ignosphere when used with

the chemistry model (cm~> sec-1l)
b. 0+, the positive atomic-ion density (cm'3)
c. Not, the NOt molecular-ion density (cm‘3)
d. NZ, the N; molecular-ion density (cm'3)
e. 0;, the 0; molecular-ion density (cm‘3)
£. Tx’ the electron (and N2 vibration) temperature (°K).

The E- and F-region ionospheric chemistry equations, which
are a natural extension of the pair of equations used for ROSCOE-Radar
(Volume l4a, Section 5, Equations (1) and (2)), are
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Table 5-1. Input and output variables for Subroutine

IONOSU.,
INPUT VARIABLES
Argument List
JJ - Calculation flag

1f {JJ=1: calculate initialization parameters
JJ=2: calculate ionospheric properties

ZH - Altitude of interest (km)
ATMOUP Common

IDORN - Parameter for day or night. If COSCHI is the
cosine of the zenith angle of the sun at point
P, IDORN is 1 for daytime, i.e., IF(COSCHI.GE.
0.0), and is -1 for nighttime, i.e.,
IF(COSCHI.LT.0.0)

SNI(l) - Nj concentration (l/cm3)
SNI(2) - 0, concentration (1/cm3)
% SNI(3) - O concentration (1/cm3)
SNI(7) - N concentration (1/cm3)
SNI(8) - NO concentration (1/cm3)
TT - Heavy-particle temperature (°K)

ALTODN Common

ALTKM(47)~- The array of altitudes at which minor species
are specified as data in SPCMIN

:
i
B
i
:
§
i

RATCOF Function Routine
Reaction rate coefficients for chemical ractions

DATA

HEBOTD - Altitude below which the daytime electron den-
sity decreases exponentially and above which
the logarithm of the daytime electron density ;
increases parabolically (km) :

EBOTD - Daytige electron density at altitude HEBOTD
(1/em?)

HF2MXD - Altitude at which the maximum daytime electron &
density occurs (km) ‘

(Continued)
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Table 5-1. (Cont'd)

EF2MXD
EDDSCH
F2DSCH

HEBOTN

EBOTN
HF 2MXN
EF2MXN

EDNSCH

F2NSCH

TXT120

TXT200

TXT800

DQDAY (18)

DQNIT(18)

Dayti?e electron density at altitude HF2MXD
(1/cm?)

Scale height with which the daytime electron
density decreases below altitude HEBOTD (km)

Scale height with which the daytime electron
density decreases above altitude HF2MXD

Altitude below which the nighttime electron
density decreases exponentially and above
which the logarithm of the nighttime elec-
tron density increases sinusoidally (km)

Nighttime elgctron density at altitude
HEBOTN (1/cm?)

Altitude at which the maximum nighttime
electron density occurs (km)

Nighttime elgctron density at altitude
HF2MXN (1/cm>?)

Scale height with which the nighttime elec-
tron density decreases below altitude HEBOTN
(km)

Scale height with which the nighttime elec-
tron density decreases above altitude HF2MXN

The difference between the electron tempera-
ture and the gas temperature at 120-km alti-
tude in the ambient daytime ionosphere (°K)

The difference between the electron tempera-
ture and the gas temperature at 200-km alti-
tude in the ambient daytime ionosphere (°K)

The difference between the electron tempera-
ture and the gas temperature at 800-km alti-
tude in the ambient daytime ionosphere (°K)

The effective total ion-production rate at
altitudes 0(5)85 km that reproduces the
ambient daytime D-region ionosphere when
useg with the chemistry model (ion pairs/
[em? sec])

The effective total ion-production rate at
altitudes 0(5)85 km that reproduces the
ambient nighttime D-region ionosphere when
used with the chemistry model (ion pairs/
[cm3 sec])

(Continued)
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Table 5-1. (Cont'd)

OUTPUT VARIABLES
ATMOUP Common

SNI(9)
SNI(10) -
SNI(1ll) -~
SNI(1l2) -
SNI(28) -
SNI(29) -

IONOUP Common

EFE -
EFOP -
EFNOP -
EFN2P -
EFO2P -
TX -
QDEF -

Electron concentration for ZH > 90 km (l/cm3)
0+ concentration for ZH > 90 km (1/cm3)

NOt concentration for ZH > 90 km (1/cm3d)
Electron (and N; vibration) temperature (°K)
Nﬁ concentration for ZH > 90 km (1/cm3)

90 km (1/cm3)

v

O; concentration for ZH

See SNI(9) above

See SNI(10) above
See SNI(1ll) above
See SNI(28) above
See SNI(29) above
See SNI(12) above

The effective total ion-production rate that 4
reproduces the ambient ionosphere when used
with the chemistry model
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[0*] = q; - 8y,[0"] - a,[0%][e] )
[NG*1 = q, + 8y;[0%] + By, (N3] + 8,,[07] - a,[NO*][e] (2)
[N;1 = qq - 833[N;] - a3(N7]le] (3 E
i
[03] = q + 8,,00"] - 84,0031 - a,[031(e] (%) §
!
1 ¥
[el = [0%] + [N0"] + [N}1 + [03] (5) i
¢
4 = V4 (6a) §
.
2%_Yi = 1 (6b) i
i= f
4
; Yy = Ai/i}_::1 Ag (7
A, = [0] (8a)
“ A, = 2[no] (8b)
Ay = 2[N,] (8c)
a, = 200,]1 . (84)

The assumed reactions and rate coefficients are given in Table 5-2.
The rate coefficients are supplied to Subroutine IONOSU by Function

3 RATCOF.
| In the above equations, the quantities are defined as
follows:
; [0+] = 0" atomic-ion density (cm'3)
F (No*] = NOY molecular-ion density (cm-a)
[N;] = N; molecular-ion density (cm—3)
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Table 5-2.

E- and R-region ionospheric chemistry
reactions and rate coefficients.

“ Reaction Number

Here S0-76
10 --
11 --

2a R6
2b RS
3 R3
4 R20
5 R2
6 R21
7 R4
8 R8
9 R9

Reaction Rate Coefficient“b
o* -0+ hv
of +e+e~0+e %c
Not +e < N(%) +0 3.5 x 1077 (1,/380)70-3
No* + e -~ N(%D) + 0 3.5 x 1077 (r,/380y70-3
N +e - N(*s) + nD) 2.9 x 1077 (1 _/300)"0-33
of +e -0+ (0D 2.2 x 1077 (300/1)°%-?
o +n, - Kot + NS 6 ~ 10:13 T, > 600°K

6 « 10713 (600/T,), T,<600

ot +0, ~0j+o0 2.0 x 1071} (1,/300)70-4
N +o0 -0t +nCD) 2.5 x 10710 (300/7,)0-44
0 +N(%s) » No* 40 1.8 x 10710
oj +80 =Nt 40, 6.3 » 10710

c

% is given by:

c

%1
10

11

% In units of cm3/aec for two-body reactions and cm6/sec for three-body reactions.

b From SO-76 (Strobel et al.) except for our reaction numbers 10 and 11 taken
from BLKCHM in ROSCOE-Radar.

Cjo + Cpyled + 1.5 x 1077 [e]¥/T]
radiative recombination rate coefficient for the
reaction OV + e =+ 0 + hv
4.4 x 10712 (1,/300)70- 73
collisional-radiative recombination rate coefficient for
the reaction 0t + e + e ~ 0 + ¢
-19 -5.0
1.2 = 10 (Te/300)




iy 2k

a2

%3

%4

0; molecular-ion density (cm-3)

3

total ion-production rate (cm~ sec'l)

ot-ion production rate (cm'3 sec'l)

NO+-, N;-, O;-ion production rate (cm ~ sec

CsNx1 + Cgl0y) = gy + 84y

CS[Nz]

ion-molecule interchange rate coefficient (cm3/sec)
ion-molecule charge-exchange rate coefficient (cm3/sec)
c,[0]

CS[N] + C9[NO]

Czlol = £y3
C6[02]

C, (corresponds to o, in ROSCOE-Radar)

effective two-body collisional-radiative recombination
rate coefficient for atomic ions (cm3/sec) [KJ-74b]

C,y

dissociative recombination rate _coefficient for the
reaction NO* + e + products (cm?/sec)

Cy

dissociative recombination rate coefficient for the
reaction NE + e » N(4S) + N(2D) (cm3/sec)

C4

dissociative recombination rate coefficient for the
reaction 03 +e+0+ 0D
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Assume steady-state conditions. After putting Equation (6)
into Equations (1) through (4), we have

g
Y19 - 811[0+] - “1[0+][e] = 0 (9) é
Yoq + 821[0+] + 823[N;] + 824[051 - uz[NO+][e] = 0 (10) %
v3d B 333[N;] - ot:;[l‘f;][e] = 0 (11) !
¥,a + 8,,00%] - 84,0031 - o [031[e] = O. (12)

By regarding [e] as known, we have five equations ((5), (9), (10), (11)
and (12)) in five unknowns (q, [0'1, [NO'], [N]], and [0;]). Rewrite

Equations (9) through (12) for [X+][e] and add, followed by use of
Equation (5):

[0"1le] = f{vyq - 81,0071}/
[No*1lel = (v,q + 8, (071 + 8,3INS1 + 8,,[0511/0,
[Nj1le]l = (v, - 835[NF1}/ay
|
[e]> = Aq + B°[0"] + c"[N}] + D°[0}] (13)
with
A° = Yl/al + yz/uz + y3/o3 + Ylo/aé (l4a)
. 11
B™ = -Bpyfay + Byyfup ¥ Byylay, = 821(&; - EI)
11
“rald %) e
€7 = Bp3/ay - Byz/ag T el j;> (Lhe)
2 %3
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L e R ) mbasi - i

= TSR

. i 1.1

D 8267227 Bauloy Bza(a; a4> - (14d)
* Solve Equations (ll) and (12) for [N;] and [0;] and put into Equation
3 ; (13).
E

[N;1 = y3a/{833 + aslel} (1)

; [03] = (v,a + 8,,[0%23/(8,, + o4leD) (16)
[e]? = A’q + B°[07] + C"y4a/{8y5 + aglel}

+ D {y,q + 8,,[071}/(8,, + a,le])
+ (B” + D78, 1/{8,, + a,lel) [07]. (17)

Eliminate [O+] from Equation (17) by use of [0+] from Equation (9):

[o*y = v19/{8y; + a;lel} (18)

[e]? Aq + B[0o*]

Aq + By,q/{B)y + a;le]}

g
;
i

or

L D I NACTIRETION
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e Adn e - - s et b

with

| A = A"+ C'vy/{B35 + ajlel} + D7y, /{8, + a,le]} (20)
1
] B = B” + D‘B41/{844 + aa[e]} . (21)
Solve Equation (10) for [NO+]:
+ +
N Y9a + 8510071 + 8y3[N3] + 894[07]
[(NO™] a;Te] (22)
2
* |
] Collate Equations (19), (18), (15), (16), and (22) in the order in i
which they must be evaluated. Also use
23 T B33 . By = By
2
- [e]
9 = K ¥ By,/FACTQ (23)
|
f + - qu
| [o"] = FACTQ (24)
t
! E
(N21 = xobEw (23) !
3
+
AR
[o;] = A3IDEN (26) ]
+ + +
[NO+] - Yzq + 321[0 1+ 823[N2] + 324[02] 27)
asle]
where

FACTQ = B11 + al[e]

A2DEN = 833 + a3[e]
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A3DEN Byy + ayle]

FACTA3 D /A3DEN

A A” + C'YB/AZDEN + Y, FACTA3

B” + 841 FACTA3

In Subroutine IONOSU we use Equations (19), (18), (22), (1%),
and (16) to compute q, [O+], [NO+], [N;], and [O;] after prescribing
analytic fits to nominal profiles of E- and F-region electron density
[Ri-73, Figure 1] and electron temperature [Ev-73].

The prescribed electron-density profiles in the E- and F-
region for noon and midnight conditions are shown in Figures 5-la and
5-1b. The fit functions used to obtain these profiles are described
in Table 5-3.

The prescribed electron temperature profile and the heavy-
3 particle temperature profile in the E- and F-region for noon and mid-
night conditions are shown in Figure 5-2. The fit function used to
obtain the electron temperature profile is described in Table 5-4.

For approximately mean solar-flux conditions, SBAR : S

% 149 x 10722 W m™2 Hz"!, profiles of q are shown for noon and mid-
night conditions in Figure 5-3 and the corresponding values of [o*,
(noty, [N;], and [O;] are shown in Figures 5-1la and 5-1b.

5-3 D-REGION IONOSPHERIC PROPERTIES
The D-region chemistry requires the following quantity:
q, the effective total ion-production rate that
adequately reproduces the ambient ionosnhere

when used with the chemistry model.

The modeling of q in the D-region (and lower) is offered with
reservations; it may need to be improved if experience shows that this
topic is more important than it is presently assumed to be for radar.
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Table 5-3.

Fit functions for E- and F-region
electron density profiles.@

Altitude Range,
km

Description

90 - 100

100 - 300

>300

90 - 100

100 - 360

>360

Day

Exponential, determined by data-point value
(EBOTD) at 100-km altitude (HEBOTD) and scale
height EDDSCH

Parabola, determined by data-point values EBOTD
and EF2MXD at altitudes HEBOTD and HF2MXD and
vertical slope at altitude HF2MXD

Exponential, determined by data-point value
(EF2MXD) at 300-km altitude (HF2MXD) and scale
height F2DSCH

Night

Exponential, determined by data-point value
(EBOTN) at 100-km altitude (HEBOTN) and scale
height EDNSCH

Sinusoid, determined by data-point values EBOTN
and EFZMXN at altitudes HEBOTN and HF2MXN and
vertical slope at the same altitudes

Exponential, determined by data-point value
(EF2MXN) at 360-km altitude (HF2MXN) and scale
height F2ZNSCH

,;.

.

O D

a

Based on Figure 1 in Ri-73,
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Table 5-4. Fit function for electron temperature

profile.
Altitude Range,
km Description
Day
<120 Same as heavy-particle temperature
>120 The difference between the electron temperature

(Tx) and the gas temperature (T) is prescribed
to be zero at 120-km altitude and 500°K at 200-
km altitude. The parabola
T, - T = 500[(zH - 120)/80]%
is then used.
Night

>0 Same as heavy-particle temperature
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For the D region, q is determined by specifying data points
at 30- and 60-km altitude and by requiring the fit function to be

continuous with the value of q derived from the E- and F-region model

at 90-km altitude. The fit function is extrapolated below 30-km
altitude for modeling convenience and not on a physical basis.

The data adopted are based on the calculations of Webber
[We-62] for the ion-production rate due to galactic cosmic rays.
Webber [We-62, Figure 2] presents results in the altitude range from
30 to 90 km for two geomagnetic latitudes (50° and 70°) and for sun-
spot-minimum and sunspot-maximum conditions. For the geomagnetic
latitude of 50°, Webber [We-62] finds Qax = 0.04 and 9Qin = 0.08 at
60-km altitude and pax = 2.1 and q ;= 4.5 at 30-km altitude. We
adopt solar-cycle mean values of 0.06 and 3.3 at 60- and 30-km
altitude, respectively. The interested reader may also wish to con-
sult Ra-72 (Figure 2-3) and Po-73a (Figures 2 and 3).

The profiles of q in the D and adjacent regions for noon and
midnight conditions are shown in Figure 5-4. The fit functions used

to obtain these profiles are described in Table 5-5.

Table 5-5. Fit functions for effective ion-production
rate in D and lower regions.

Altitude Range,

km Description
Day
0 - 60 Exponential, determined by data-point values at
30- and 60-km altitude
60 - 90 Exponential, determined by data-point values at

60-km altitude and daytime value of q from E- and
F-region model at 90-km altitude

0 - 60 Same as daytime

60 - 90 Exponential, determined by data-point value at 60-
altitude and nighttime value of q from E- and F-
region model at 90-km altitude
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Figure 5-4.

EFFECTIVE ION-PRODUCTION RATE q, CM—3 sgc—1

D-region effective ion-production rates. The values
shown are I0ONOSU-computed fit functions required to
pass through adopted data-base values at 30- and 60-km
altitude and to join the IONOSU E- and F-region values
at 90-km altitude. The extrapolation below 30-km
altitude is purely for modeling convenience.
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SECTION 6

PROGRAM DRVATM, LISTING OF COMPUTER
PROGRAM, AND SAMPLE PROBLEM RESULTS

A driver routine (Program DRVATM) is provided to exercise
the ATMOSU, SPCMIN, IONOSU, and associated routines. The required
input consists of the year, month, day, zone time, geographic colati-

tude and longitude of the point of interest, three digital-flags
relating to optional treatment of water vapor and temperature profiles,
a set of test altitudes, and the number of such altitudes. Input
quantities are more specifically described in Table 6-1. Program
DRVATM, after reading and writing the input, first initializes the
ATMOSU routine by the call ATMOSU (1,120.). The water vapor routine
(WVOPT) is then initialized if WVFLAG # 0.0. DRVATM next loops over
the test-altitude array, exercises the ATMOSU, SPCMIN, IONOSU, and
H20SVP routines for each altitud:, and prints the resultant atmos-

pheric and ionospheric property values.

A listing of the driver, ATMOSU, SPCMIN, IONOSU, their
associated subroutines, and outputs from two sample problems are pro-
vided.

The quantities in the output block at each altitude are
labeled in the headings. The last four entries (E, O+, M+, and N+)
in row-two of the output block at each altitude (>90 km) are computed

by Subroutine CHEMQ and are included for comparison with the quantities
E, O+, and NO+ in row-1l and N2+ and 02+ in row-4. Subroutine CHEMQ,
prepared by Knapp and Tordano (see Volume 11) for use with the NRL

Simple-Chemistry module developed for ROSCOE-Radar, computes steady-
state ionization for the E- and F-region; it is not a part of the
operational atmospheric and ionospheric module.
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Table 6-1. Input quantities to Program DRVATM.

NALTS
ALTS(I)
IYRS

IMONS

IDAYS
T

GCO
GLO

WVFLAG

METHOD

TPFLAG

Number of test altitude values
Test altitude values (km)

Number of the year in the 1900's at east longitude GLO
(e.g., 1974 becomes 74)

Number of the month at east longitude GLO (e.g., February
becomes 2)

Day of the month at east longitude GLO

Zone time for the 1l5-degree longitude interval containing
east longitude GLO

Geographic colatitude of grid origin or whatever reference
point is desired (degrees)

Geographic east longitude of grid origin or whatever
reference point is desired (degrees)

Flag for optional treatment of water vapor

= 0.0, normal treatment
# 0.0, optional treatment

Flag indicating one of four options for treatment of water

1 data values in parts per million by mgss (ppmm)

2 data values in absolute humidity (g/m?2)

3 data values in relative humidity (percent; 10
percent is input as 10., not 0.10)

4 data values in dew-point temperature (°K)

Flag for optional treatment of temperature profile

= 0.0, normal treatment
# 0.0, optional treatment

TPFLAG is transferred to Subroutine TEMPZH through ZHTEMP
Common. A nonzero value of TPFLAG allows Subroutine
TEMPZH to read the user-specified profile av altitudes

22 = 0.0(4.0)120.0 km,
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aahooanaNHTNNONMANOONANAOCOODONONOONONANNN

anaonn
[2]
n

s0NNIN/ZYPCY
COMMIB/THTE NP/

102 = PU/2.
240066 = PI/180.

PHIS RIJTING IS
RWLATED ROUTINES wHICH COMPUTE TH: PRUPERTIKS uf Tic
JUDISTURBED ATHMOSPHERZ ANV LOSOSPHEKE.
e & & & s @ «

PARAMETERS
NALTS -
ALTS(ID) -

PHOCRAN ORVATN (INPUT,OUTPUT,TAPES=INPUT,TAPcO=JUTHUT)

L ] -« * [ ] - [ ] - LJ ] * . L] ] -« - -

PROVIOED rO ORIVE AND TEST APMUSU AND THE

[ ] v ] [ ] [ - L] [ ] ] L] [ ] ] L] L]

NUNIER OF TESEP~-ALPITUDE vVALURS

TEST-ALTITUDE VALUES, KM

NUM3IEs UF TiE YEAR I¥ THE 19J0 5 AT EAST

LONZ{TUDE GLO (£.3., 1974 BECONES 74)

NUNBEX UF THE MUNTH AT EAST LONGITULE GLOD

(€.C., FEbBRUARY BECONES 2)

DAY OF THe MONTH AT EAST LONSITUDE GLD

ZUBE TINE FOR THE 15-DEGREE LUSGLTUDE JuTcHVAL

CONTAINAING pAST LINGITUDE GLD

CEOSRAPRIC COLATITUDE UF GRI) URICIN OR «HATEVLE

REFERCNCE PIINT AS D2SLKED (DEGHERS)

CEOGKAPHIC gASY LONGITUDE UF GRED UKkICIN On

WHAPEVER REFERENCE POINT 1S Deslebl (DEGREES)

FLAS FOR UPTIINAL TREATHMEAT JF oATER Varli.

«£Qs 0.0 NORMAL PREATMENT

«NE. 0.0 ODPYIONA. TREATMENT

FLAS INDICATING ONE OF FOUR JPTLIINS, FOR

OPTLONMAL TREATMENE OF wATER vAPIR.

=1 DATA VALUES IN PARTS PER MILLION BY wEEGHT

=2 DATA VALUES LN ABSULUTE HUMLDLITY,

GRAMS/MLTERS®**)

=3 DATA VALUES IN RELATIVZ HIMIOITY, PEKCENT
(10 PERCoNT IS [MPUT A5 19. ¥uT 0.10)

=4 DATA VALUES IN OEw-POINT TEMPERATURE, DEG &

FLAGC POk DPTIINAL TREATMENT IF TEMPERATURE

PROF ILE.

otQe 0.0 NURWAL TREATMENT

eNE. 0.0 OPTIONAL TREATHENT

TPPLAG [S TRANSFERRED TO SUBRUUTINE TEMPLH

THROUGH CUMMUN ZHTEMP. A NUNZENO VALUE UF TPFLAC

ALLOWS SUSRJUPINE TEMPZMH YO QEAD THe UStR-
~SPECIFLED PRIFLILE Ar ALTITUIES L2=0.0(4.0)120.

SOMMIN/ATHOUP/ HL,SBAR,LDURN,PP,RAID,TT,Sh1(I0), HRHU,FEHSEQ
cONmIB/10820P/
/seeca/
CONMON/TINRE/ LYRS,IMONS, IOAYS,ZY,PLAT,PLON,UL,CAT,FYR,PST,RHOGKN
. oCHI

EFE,EPDP,EFNOP +LEFD 2PLEPO2P, YK, uDEF
CN2,202,CNO,CH4S,CN20,C0,CNP,COP,CENE, TV, TE, TG

WYFLAC,M2P400,423120

READ 1IN TEST

UIAT LZHTLC ) LLHT (L), TZHI(I), TLH(J)),TPPLAG

JINENSION ALTS(200)
Jata PI / 3.141592653590 ¢/

ALTITUDES
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UNLVeER
Urived
Dklvix
JRAVEN
Duiven
Duivest
DRIVER
LDRIVew
URLVLEN
DRIVER
LRIVeRr
DRAVER
Diiv:in
DRIVER
DuIVEK
DulVen
ONIVER
DRivVeH
DKRIVER
DuivVen
URLYLR
DlVER
DRiVLK
DulveRr
ODR]lvek
URLVER
DRIVER
OriveRr
ORIVER
Diives
Drivek
DRlvVen
dRIVER
DriveER
DIV
DRIVENR
Dwives
ORIVex
DRIvVeR
URLVER
DRIVeK
ORIVER
KumMnd2
KOMmMO0 4
KUMMOo
KONm07
AKUMMOT
Kun40s
L HLLITY
DRIVER
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DR EVER
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READ(S,1001 )MALTS
1008 FORNAT(LS)

READ(S,1002) (ALTS(I),[=21,NALYS)
1302 FORNAY(3F1).2)

READ 1IN YEAR,NONTH,DAY,ZO0NE TINE, GLOGRAPHIC CULATITUVE AND
LOUGITJOE IUF CuiD 013N,

aONnn

1010 WAD(S,1003) LYRS,ININS,IDAYS,ZTyGCOU,CLO,NVZLAC, NETHUD, TPFLAGC
1003 FORMAT (315,4E10.4,15,E10.4)
COMVERT GLO ) THE CORQESPONDING PUSITIVE wUANTITY, 1F GLU
IS READ [N AS A MESATIVE QUANTiTY.
l'( sL) .LT. 0.0 ) GLD = GLD ¢ 350,
L SECATIVE VALUE JF VYRS IS USED TO TERMINATE EXAMPLES.
IFC LYRS.LE.O ) CALlL BLIT

e s PRINT OUT INPUT VALUGS

ann N an

dRITE(S,2001)uALYS
2000 7ORMAT(LHL,//,20H TEST VALUES READ IN,//,8H WALTS =,15,//,10K,
* 34 1 ,2K,11H ALTS(L),KN,/)
IRITE(S,2002) (I, ALES(1),1=1,NALTS)
2002 ?0amay (6(21,18,r10.2))
IRITE(6,2004) LVRS,IMONS,IDAYS,2?,GC0,GLO
2004 FORMAY (//,8H IYNS =15,10H IN0NS =15,10H IDaYS> =15/
* 8o TP <E12.4,144 diS GCO 2E12.4,14H JEC GLD =E)2.4,
¢ 44 0K3)
dRITE(6,2007) WYFLAC,METHUL,TPFLAGC
2007. FOQMAY (BH oVFLAG=,7U.2,10X,BH METHOD=,15,10K,8H TPPLAGS,FB.2)
4 CONVERT GCO AND GLO FiOM DEGREES TU RADIANS.
SC0 = GCO*RADDEG
sL0 = SLUSRADDEC
c IDENTIPY THE GRID OwIGCI¥ AS T4E POLNT P.
LAY = PID2-GCO
*LOd = CLO

® LNIRTALILE THE ATNISU KOUTINE

aon
»

dRITR(6,6020)
8023 FORRAT(//7208 IMITIALILATION CALL,//)

(]

CALL ATNOSU(1,120.)

(F( 4VPLAC.EQ.0.0 ) GO T0 2038
IMITIALLIZE SOBRIUTINE WVOPT BY [NPUTTING USEw"S OPTIOWAL DATA
FOR WATER VAPOR CONTENT, PER ONE OF POUR WoTHUIDS.

SALL w¥OPT(1,120,,420120)
ST WATER VAPOR WIKING RATIO AT 120 XM F)k USE N
EXTRAPOLATING 7O HIGHER ALTITUDES IN SUBROUTINE SPCHIN.

CALL WWIOPT(2,120.,H20120)

2003 comMTINUE

an an

(4]

dRITE(6,2000) [IYKS,IMONS,IDAYS,20,GC0,GL0
2006 PORMAT (//,8H LYRS =15,10H IMONS =15,104 LDAYS =15/
* 8N LT 2El2.4,144 HRS 3C0 =E12.4,14H RAD GLD =E12.4,
® 44 RAD)
dRITE(6,2005) IDURN,UT,CAT,PLAT,PLUN

116

AR
‘J.ngv

%,
. 1]
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DRiVen
DkivVein
URIVcEK
URIVER
uURIVER
DRIVcR
URIVeK
D iVER
DRIVER
ORIVER
LURLVER
LRIVER
Drived
DREVER
D IVER
PRAVEX
Urivew
URIVER
ORIVER
DRIVENX
DRIvVER
URIVER
DRIVER
Drivieu
DRIVER
DiAVER
DkIVER
DRIVER
DhLIVER
DRIVeRr
OrIVer
DRIVER
URIVER
Dl Ven
DRIven
DRLIVER
UNLVER
DRIVEN
DRIVER
DrlVeEk
DraveR
oRlver
DRIVER
DRIVER
Dulvew
OR1VEN
DHIVER
DRIVEK
DuiveER
DR iIVeR
URlver
DRIVER
DRIVEN
DR1VER
DRiVES
ORIVeR
DRIVER

5S¢

60
61
62
63
64
[ %)
6o
(X}
64
(3]
70
71
12
13
74
15
o0
1
78
79
80
al
82
d3
84
[+
86
87
88
89
90
91
92
9
94
9
96
91
9d
99
100
101
102
103
104
105
100
107
108
109
110
111
112
113
14




»
200> f0amuAt (//,84 100RN =[S,104 UT =el2.4,104 GAT =tlde4,10H Dniven
L4 PLAT sE12.4,104 PLON =El2.4) DklvVin
IRITE(6,2003)HL,SHAR Oxlvek

2003 PORMAT (/° ML =*F6.2" HRS (LOCAL TIME AT GRIJ URLIGLYN), SulAk PLUX LKivew
$ SOAR =0P7.2% 1.E~22 4/(% SQ HI),*/1X,*FRUN PRUGRAN DRVATN (PONMAT ULRIVER

$ 2003)*) DRIVEW

c DHIVER
C ® & LJ0P (QVER TEST ALTITUDCES Dulven
[ Drivex
SRITL(5,8002) DRl¥en

8002 PORMAT (1M0,1294 ALY a2 Ul U URivVen
* AR HE coe [ De N0 LRlvex

b DEP 110K,9(5¢ ,441/CC,3X), 2X,10HL/(CS SEC)) URLIVLK
YRITE(6,4003) DHLIVEW

8003 PORNAT (180,9X,1204 [] L]¢] Nu2 J2(SDC) Lklvesd
b 33 H2) [ Oe Mo DRIVEM

* e /10X,10(5X,441/CC,3%)) URiveR
dRITE(S, 8004) UklveR

8004 rORNAT(LHO,9X,120M PRESSURE FEHSEY VENSITY DEN SC HY LRived
. (44 4 € TENP H OH HO2 C Drlvewr

*0 /100,72H DYNES/CNe*2 GRANS/CC (] URLVER

* pgc K DEC K ,4(5K,441/CC,3X)) DRivER
dRITE(S5,8006) DWIVER

8006 PORMAT (1HO,9X,72H ¥20 CHA N (45) N (20) oRiven
. " (2°) 0 (10) ,L2(3K,THSAT. VP,2X), 224 N2e U DRIVen

20 /10K, 0(5K,4H17CC,38), 5K ,SHAATER (8K, JHECE,3K,2.5K,4H1/CC,3Lk)) Drlven

I dRITE(S5,8007) DrIveER
8007 FORMAT (1HO,B81X,12H REL. HUMID./82X,124 PERCENT ) LriveR
0 50 I=1,NALTS DkAVER

LH = ALIS(I) DRiIVER

SALL ATNOSU(2,2ZH) UREVeR

CALL SPCMIN(2,2H4) OKriveR

CALL [J8USU(2,lH) DRIVER

1PH2) = 0,0 DRIVER

FPICE = 0.0 URIVEN

(F( ¢ TF .GCEe 173.15 ) .AMD. ( TT oLEe 373.1> ) ) DKiVenr

SCALL M2DISVP(TY,VPH2D,VPICE) DrlveEx

g = 0.0 ¢ DRIVER

Jra = 0.0 Oxiven

uPQ = J.0 ORIVeER

tP( ZH.LT90. ) GI T) 4S5 DRivew

SN2 = sSKlI(1) DRIVenw

sug = Sei(2) OniVER

<0 = s$W1(d) Diivex

! 83 = Swi(9) Univen
' sH4S = SNI(T) URIVeR
SN2 = 1,0 uUNl¥Ven

ZuP = 3.0 ODRIVeK

0P = 0.0 OR1VeLR

CENE = 0.0 DRAVER

Yy = 1K Dravex

rE = 1t Unlvex

G = 110 URlvew

C SUBRIUTINE CHEMQ, #41ICH 1S NUP AN UPERATIUNAL. PAKRT UF THE AT%ISU UKLV LR
c PACKAGE, WAS PREPARED 8Y KNAP? AND JIkDAYL (KJ-T74,KJ-743) Tu Dl Vin
[ CUNPUTY THE STEANY~STAT: LUNIZATIUN PUR [He L= AND F-RaGLUN. DRIVex
[4 IS ReSULTS FUR E,uUue,Me, ANU 4¢ IN Rua-fed JFf THe JUTPUT BLLCK LkLIVER

1§
tlo
111
11y
119
120
121
122
123
124
125
12n
121
123
129
130
13t
L34
133
134
135
1o
131
134
139
140
141
142
14
144
145
1406
147
144
149
150
151
152
153
154
15>
1506
157
158
159
160
161
162
163
lod
165
loo
167
164
by
1T
1




¢

4

ARe LNCLUDED FIR COMPARISIN WiTH THe QUANTITIED £, Ut, alb
I8 d08-DNE AND N2e¢ AND J2¢ §N KOd-FOUK CIMPUTLD 8Y [3nlSU.
S4LL CHEMUCJIOEF, ENPQ,IPdreied)
ENPQ = ENcU-OPO-ENPI
SRITE(S5,98005) l”,(Sll(J),J;l;G),lSNI(J),J=!,ll),UUtP,Sil(7)l
SIl(B)aSll(l5)-Shl(lJ):SIl(liifbll(lb)cﬁladpuPdo
&MPQ,El?ﬂ,??,?h"SbJ,kuu,hNHu,rf,:ll(l!)
,(Shl(J),J=l1a2‘);SIl(l?),snl(lo),antd,VPlCE
,SlL(!G).SMl(lQ),Sll(ZS)

§005 7ORAAT (1K,0Pf9.2,1P12612.3,3(/10K,1P10e12.3)/828,1PEL2.7)
S0 COsTLlMUE

98I

GRITR(5,9057)

PORMAT(/ 7,204 END OF TEST PMOGJLEM)
30 T2 1010

tud

hU® DidViu
Nhiven
DRIVeN
Pivew
briVed
Drivew
DHIVCR
URLVLER
Drlvex
Unl¥c
DriVER
D tVes
Dxlvek
pHiveN
ORiVeR
DkiveR
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173
174
17>
174
1
17
174
140
18]
18
183
144
185
fdo
167
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SUBRIUTENE ATMOSUCIS,ZH)

ATOISU COMPUTES THE PxUPELTIES UF THE UN)AOSTJIAHED ATYISPHEKE,
GIVEN THE ALTITUDE ZH, AFTER ASSOCIATED SUuRUUTINLS CJwPUTE
fHE LOCAL APPARENT TIwg HL, SILAR PLUK S3AR, aAND DAY-DR-NIGHT
PAIAMETER JUOKN.

APMISU IS REVISION 13 (01/07/79) BY D. A. dAWMLIN AND M. K.
SCHOUNOVER UF ATMUS DLVeLJIPED BY Re. W. LJubd (5ec, AV AMUBLENT
ATHUSPAERE MODEL FPOR ROSCIE, Pe 187, Vul. 9 JF PROC. uNA 197
APNISPHERIC LFPCCTS S¢NPOSIUM, Dia 3131-3, 5 JUnd 1973.)
REVISION 02 (06/07/74) PROVIDES

1o I8 HIGH-ALTLTUDE YODEL, FOR USE OF GAF(120.) 1NSTEAD UF
GAF(O0.) = GI IN CINPUTING CAM AND (2.

2. DENSITY SCALE HEIGHY FUk BOTH LU#- AND HIGH-ALTITUOL
MUDELS, o1Td AN AU HOC PARABULIC TeANSITIUN FrUM 110~ T4
120~xM ALTITUOE T3 PROVIDE A CONTLINUUUS DeNSITY SCALE
HELGHT ACRJUSS THAE BIUNDARY BZTWErN THe ToJ MIDELS.

3. ALTERLD FORMULA POR O DENSITY ON FLRST CALL AND AT LOm
ALTITUDE SJ AS TO USE SF-FUNCTION D IxECTLY.

4. CONMENT CaaDS.

REVISIOIN 03 (10725/74) PRIVIDES

S PROVISIUN FUR DAY U NISHT VALUES JF ATUAIC JUXYGeEN
(OBYAINED FROY THE MINIR SPLCILS SUBKIUTINE SPCNEN)

FOR ALTIPUDES ReLOW 120 KM,

6. AUTOMATED PROCEDURE FOR EVALUATING CUMNSTANTS IN DEMNSITY
SCALE-HEIGHT FORMULA USED IN THE 110~ 1O 120-4kM
TRANSLTIOIN REGLIN.

Te PROCEDURE FIR LeTTING SOLAR FLOUX SdAk, AN INPUT YD
ATMOSU, BE VETERMINED BY THe AUXILLARY NOUTINE SULLIC.

3. PRUCEDURE FIR LETTING THE LUCAL (APPARLNT) TiINF ML,

AN INPUT TO ATHISU, Bc OETERMINED BY THe AUKILIARY
SUBROUTINE SOLURB.

Jdo. PRUCEDURE FPIR LETTING THE DAY OR NIGHT PARAMETER L[DJIRM

82 DETEKWLNED BY THE AUKLILLARY SUBQOUTINE SOLZEN.
REVISION 04 (12/08/74) PROVIDLS

10. CARBON DIJXIDE AS THE SIXTH SPECIES IN ATHULU, «1TH
PROFILE SPECIFIeD BY B, F. NMYLRS O 12/07/74.

Lle EVYALUATION OF DePARTURE FRUM HYDRISTATIC bQUILIUYRIOM.

12. A PLAG, ZUFLAG, TU INSURE THAT SUBRUUTINES LuNISU AND
SPCNIN ARE CALLELD AT THE SAME ALTIPUDE AT 4HICH ATMUSU
dAS LAST CALLED.

13. DAY AND NIGHT PROFILES OF ATOMIC uKYCeN SPECIFIE) BY
Be F. MYERS ON 11709/74 AND 11/23/74, HESPECTIVELY.

14, CORRECTED PROCLUURE FOR EVALUATING COMNSTANDS [N OENSITY
SCALE-HEISHY POKMULA USED KN THE 110- PTU 120-KM
TRAUSITION REGLUN.

15. CURRECTED CINSTANT IN LIw-ALTITUOE FURMULA FOR DENSITY
SCALE HElIZHT.

REVISION 05 (02/04/75) PROV1DeS

16. INTERFACE oitd SPCMLIN W{1CH NUW COVPUTES DENSITLES uf
H20, M, NI, N2, D2(SINILET DELTA 3), AND 03.

17. INTERFPACE oITH IONOSU WHICH NOW CJU4PUTeS THE cFFECTIVE
IUN PRUDUCTION RATE AT ALL ALTITUDES.

REVISION 06 (04704775) PRIVIOES

13. REVISED WMLGHT PuOFI.E OF ATUYIC OKYGem SPECLFLED 8Y
BeFo MYLRS UN 02/22/75 (MINOR CHANGE BiLUW 60 KM).

19, REVISED DAY AND NICAT PROFILES OF NITRIC LUXIDE

119

J T e I Y I VI S

ATALU 2
ATHISU 3
ATAuoU 4
ATH)SU 5
ATnoU [
ATHSU 7
ATHOSY ¥ ,
ATNLSU 9
ATHSU 10
ATHDSU 11
ATHOSU 12
ATvIaU 13
ATNSY 14
ATM0SY 15
ATNUSY 1o
ATmi U 17
ATKuSU 13
ATMuUSU 19
ATMUSU 20
ATNUSU 21
ATNUSY 22
ATMUSU 23
ATNOST 24
ATHUSU 25
ATuuUSY 26
ATHOSU 21
ATNUSU 28
ATROSU 29
ATMOSY 30
ATMYSUY 31
ATMOSU 32
ATHUSY 33
ATMDSY 34
ATuuSU 1Y
ATNOSY Jo
ATMOSU 317
ATMUSY 39
ATMOSU 39
ATMUSU 40
ATMOSU 41 ]
ATnus0 42 !
ATHUST 4
ATHYSU 44
ATMISU 45
ATMISY 40
ATHUSY 47
ATHOSY 48
IS LIVRY] 49
ATwDSY 50
ATHMSU 51
ATNSU 5
ATn)5Y 53
ATNUSU 54
ATMUSU 55
ATu0OSY 26
ATNOSY 57
ATNOSY




).

23.

25.

26.

27.

18.

3.

3.

’l.

3"
5.
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SPECIFIED 3Y 8.F. MYERS UN 04/05/73.

REVLISED DAY AwD NIGAT PROFLLES OF ATUMIC NETRUGEWM

SPECIFIED BY 3.F. MYEKS OM 04/11/7>.

REVESLION 07 (04/24/75) PRUVIDES
21 REVISLD PROCEVDURE FIR SPECIFYING AND USING DATE OF [IHe

VERNAL EQUINODX (PLR R.¥. LIJEN (02/24/15)).

REFISION 08 (05/23/75) PRUVIDES
22. REVISED PRUFILE UF 4ATER VAPOR SPECIFIED BY 8.F. MYCRS

o 05/10/175.

RaVISION 09 (06/02/75) PROVIDES

CIRRECTED FPIRMULA I¥ HIGH-ALTITUDE MuDel POR LVALUATIUN

OF DEPARTURE FROM HYDRUSTATIC EwUl.IBW[UM,

REVISIUN 10 (05/02/77) PRUVIDES
24. REPLACEMENT OF PReDETEKYINED FIT CIeFPICILNTS FuR G/TH

PRUF ILE BY [HOSEK ULERIVE)D DURING Tus LNITIALLZATLION
PHASLC FROW SPECLFYING TEMPENATURE PROFLLES AND A

MOLECULAR-WLIGHT PROFILE.
USE OF 0- tJ 120-KN TEMPERATURE PRIFILE FOR

ANY LATITUDE

AND SEASIN, OBTAINED BY LIVEAR INT2kPOLATLIN OF A S-?
J7 LATITOOE AND SeASON PRUFILES BASED JIN U.S. STANDARD

ATMOSPHERE SUPPLEMENTS, 19066.

USE OF A SPECIFLEU UNIVERSAL PRUFI.E OF Tit
dEICHT PUNCTION, (MSTAR/M-1.) = SF = SPUAF,
OF LATITUOE, SEASUN, AND DIURNAL VAHLATIUN.
FUNCTLION IS SPECLFLED BY THE DD-CUCFFICLIcNT
LITH-UEGREE PJILYNIMIAL.) HIWEVEKR, WEGHPTINL
OKYCEN PRIFILE DIFFIRS FRUM DAYTIM: PRUFILE

MULECULAR-
INDAPENDE T
(THS #td >SF
ANRAY FUR AN
ATINIC

BelJid 90 £KM

AND I35 COMPUTED PROM A SEPARATE FIf FudCTlun. DAYTI9e
ATOMIC OXYGEN PKROFILE IS COMPUTED FxuM SPECIFICATION OF
PEMPERATIRE ANDO MULECULAR-WEIwHT PROFILe INSTeAD UF
BLING SPECIPLeD DIRLCTLY AND ENTeRED AS DATA IN

SUBROUTINE SPCMIN.

JPPORTONLYY FOR USER TO SPECIPY HIS TEWPekATUKE PaJIFILL
JF INTEKEST (AT ALTITUD=S L = 0(4)120 Km) IF HE DUES
NUT CHUOSE T0 USE THE ONE ScLECTED BY THe CUDe aS A

FUNCTLON IF LATITUDE ANJ SEASON.
ELIMINATION OF A PRESSURE~CORKECTIIN PACTUN

EMPLIYED 1IN

THE ORIGINAL MODEL TU MATCH CIRA-1965 CUNDITIUNS AT

120-4KM ALTITUDE.

SEASON-DEPENDENT COWDITIUNS AT 120-KM ALTITUOE (THE BASE
ALTITUDE POR THE HISH-ALTATUDE MUDeL) INSTEAD OF

CONSTANT ZONDLTIONS.

INCREASE JF THE DIMENSIDIN OF THE Sal AdRAY FROM 6 TJ 30.

REVESION 11 (03/01/78) PRIVIDES

[NCLUSIUN OF N(2P) IN SJBRIUTINL SPCHiN.

32. REPLACEMENY OF THE GENERIC MOLECULAK 1IN We IN

SOBKOUTENE LO0MJSU RY TH: THREE MOLsCULAR IONS NJe, N2e,
AND 02e¢. (ONJUP COMMCN [5 ACCURDINGLY CHANGED.

REVISEON 12 (05/21/7748) PRIVIOES
33. OELLTION UF THE FIRST THREE VARLAR.EZS LN THE ARGUMENT

LIST IN THE CALL TO SUBRQUTINE JULLAN SINCE
VARLABLES ARE SUPPLLED THRIUGH TiMe CJUMMUN.
DELETION UF THE UNUSED ARMAY BB(1).

REVISLIE 13 (01707/79) PROVIDES

REVISED FURMAT 8001.

REVISION 14 (06/15/79) PROVIDES
36, COKRECTED SPECIFICATION OF MULECULAR GEIGHT PROPILE

THESE

AfmSy
ATMST
ATHiIG S
ATHUSY
ATMOSY
ATmi}aU
ATHi5U
ATnidU
ATRUSY
ATHOSY
ATHLSU
ATMOSD
ATHuSY
ATHULU
ATm)sU
ATal5U
ATMIU
ATMUSU
ATHUSH
ATH)SY
ATNUSL
ATHOSU
ATAUDU
ATHULGY
ATMUSY
ATnUS0
ATHUSY
ATHUDU
ATHISY
ATnuSU
ATmUOBU
ATMOSY
ATM 53U
ATHISU
Atniol
AT™)SU
ATvSY
ATw 154
ATM I5Y
ATMOONY
ATMLILY
ATH LU
ATMUSY
ATM]S S
ATMUSU
ATMISUY
ATHOSY
ATwoU
ATHUSU
ATM.SD
ATMUSY
ATMIISY
ATMUSY
ATniidY
ATHUSY
ATMISY
ATNHOSY

60
61
[. X3
63
o4
65
6o

bo
['$]
70
71
12
73
74
19
To
17
78
19
89
81
a2
L B)
[(X]
BY
86
87
&d

0
91
92
93
94
95
96
917
98
9y
100
101
102
R
104
105
106
107
108
10y
110
111
112
113
114
115
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(leEep PARAMETCR FDAY) AT ALTIPUDES LW = 96(4)120 Kn,
THESE CHANGES ARE RuLATIVELY SWALL (AJJUT 10 PERCeNT).
REVISION 1S (07/706/79) PRUVIDES
37. REVISED PLT FONCTION FOR NIGHTTLIME O DENSLITY BeTdeEn
75 AND 90 Ku.

FNPUT PARANETERS
ARGUMENT LISP
JJ - CALCULATIUN FLAG
= 1, ALCULATE INITIALIZATIUN PAKAMETLRS
= 2, CALCULATs ATYOSPHERIC PAUPEMTLES
IH - ALTITUDZ UF IMTERLST (KM)
ATHUUP CUNMUK
HL, S3AR, IDORM
TAIME CUMMON
IYRS, IMONS, IDAYS, 2T, PLAT, 2LUN
ALTOON COMMON
ALTKM(47), INITe(18), C0O2(25)
THTEMP CUMMIN
NZHT, TLH(IL), LHT(S1)
JUTPUT PARAMETERS
ATMOOP CUMMIN
PP, RHO, TT, SNI(I0), HRHO, FeiSeQ
ALTOON COMMON
$3209
TINE CUNMON
RSk
THCHEX COMMON
24PLAS, SPIFLG

COSMIN/ALTION/  ALTEN(47),0MITE(LE),T02(25),353200

COMMIN/ATMOUP/ HL,SIAR,IDORN,?P,R10,0F,5M1(30), O, PEHSEQ

COMMIN/SOLARP/  SGLLAT,SULLUN, SULIRK(10)

COMMIN/TINE/ L1YRS,INMUNS, TVAYS,2T,PLAT,PLON,UT,CAT, FYR, FOT,RHUXKN
. +CHI

Z0WNIN/THCHER) ZHPLAG,SPIFLG

CONMON/ZHTENP/ MZUT,ZHTZ(I),ZHT(IL),TZHL( 1), LZH(3)),TPFLAG

FARLABLES (N ATYdIP
HL = LUCAL TIMe, HWS

SOAR = AVER. 10.7=2M SULAR PLIX, 1.:-22 w/(N"*2 dl)

104N = INUEXK FUR DAY O« NIGHT. POR ) BElLIw 120 xw, USc
DAYTINE PRUFILE IF(IDUKN.WED) ANU NICGHTITIN:
PROFILe LF(IDJIRN.LT.O)

PP = PRESSJRE, DYNeS/Cu**Q
RHO = DENSITY, G/CH**)

TY = TeMPLRATUKNE, DECHuES KelVIN
SNLI(1) = N2, 1/Cummes (¥FxnIM ATMUSY)
SNI(2) = 02, 1/Cu%**§ (FRIM ATHUSU)
SNl(3) = 0, 1/CMee3  (FHIM ATNOSU)
SNI(4) = AN, 1/Cu*®) (FuJM ATWUSU)
SNI(Y) = HE, 1/Cmeej (FRIN ATHOSU)
SNLI(6) = Cu2, 1/Cm®e) (FkIn ATMISU)
SNI(?) = N, L/CHe®3  (FRIM 3PCH[N)
SNL(B) = Nu, L/Zu*%3 (FNIM SPCHIN)
swi(?) = &, L/7Cusog  (FRIM L0WJSY)

Sul(10) = (e, L/CHM**) (FRIM LUNUSY)

121

ATMUSY
AT MLSU
ATHOSY
ATMus"
ATHNLY
AThuLU
ATADSY
ATHNDSY
ATHUOU
ATAHUSY
ATHUSY
ATNOSY
ATNOSY
ATANSY
ATMOSU
ATMULU
ATHULU
ATHMUSH
ATMusu
ATNULU
ATnusU
ATHLSU
ATHMUDU
ATHusU
ATMUSU
ATNOSU
ATNULU
ATMUSY
ATnasU
ATNHUSU
a0MKHO1L
K(uu02
[QLIOLY
KUmMu0?
KOMMOT?
KOKu09
Kunvio0
ATNISU
ATNOSU
ATH)S)
ATHOSU
ATw )50
ATm 1Y
AT MUY
AT U
ATN LU
ATMOLY
L TR
ATM 15"
ATw.15)
ATmon
ATHY L1y
AT 4.0l
Alw. oy
Al 150
ATa o1
ATmLU

1e
n7?
114
119
120
121
122
123
124
129
126
121
128
129
130
111
132
133
134
135
130
1317
139
1y
140
141
142
143
144
145

~ A

[Ny VY.

152
153
154
159
156
157
198
159
100
161
162
161}
104
lo>
160
to?
l6n
louy
170
11

PRy~
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S¥I(Ll)
SH1(12)
Suil(ld)
SHi(14)
SNI(L9)
SNI(16)
sei(t?)
Sul(le)
SH1(19)
Sal(20)
SNi(21)
SNI(22)
SHi(23)
sNl(24)
SHI(25)
SNI(26)
$81¢27)
Sni(28)
SHI(29)
HRUO
FEHSEY

JINENSION
JINENSEDN
JIAENSIDON
JINENSION
JINENSLIN

LU T U I T T I TR T T T O T T T T S T TR T TR

SHIL(6),

DEFINITIUNS

4iGHS
Pz
BICA
4R

Hnnn

NUe, L/Cu*e)
X%, Ob¢ K

(FROM LUN
(FRan LUN

02(1DG), L1/2M2%5 (FUn
03, 1/CHee3  (FRUM
Nu2, 1/CN®**} (FduM
H20, 1/CHee3 (FRON
N, 17Cue*3}  (FRunM
OH, LACHE®)  (FRUM
HU2, t/Cme*y  (Frun
cu, 1/CMee)  (FaUN
N2, t/CH**)  (FRUM
CH4, L/CM**3  (¥FRuv
N(45), L /CM**s  (FRON
N(20), L/CMe o3  (Faun
kel. HUMIDITY, (FeuN
u(to), L/2ue®3  (FrOM
N(2°), 1/CMe e} (FROM
N2e, 1/CHe s  (FRUM
02e, 1/CM**3  (FoUM

usy)

usy)
SPCuaL i)
SPCHiN)
SPCul N)
SPCHIN)
SPCHMLN)
SPCMiIN)
SPCMLIN)
SPCHLN)
SeCMLN)
SPCNLN)
SPCui )
SPCniIN)
SPCNLN)
SPCuin)
SPCMun)
LUNUSUY)
weus )

DENSITY SCALE HEICHT, KA

FRACPIONAL cknUK [N HYORJSTAPIC cQuiLIAKIUN.

OF DATA QUANTITIES

StA-LEVel MeAY NOLECULAR ablsur,

A(6),B8(5),2(0),S5(5),AA(12),00(13)
SYi(6), A.P(D)
0¢20,21),X2(7),Z10N(%),0ONZI(S)
TIMIC(9),21CU2(5),CU0221(S)
FoaY¢31)

SEA-LEVEL PRESSURN, DYNES/CM*®)
AVOGADRU NUMBER, PANTICLES/M)Le
UNIVEL SAL GAS CUNSTANT, EKG/(MULE DEG-K)
(SET LN SUBNOUTINE, RR=SK*Bl:A)

G/%ILE

JAPA BIGHS,PL,B1GA / 28.96,1.01325L006,6.022169¢23 ¢

SK

CAUTIUON ----

=

BULTZMANN CINSTANT, EKG/(DLG-K)
NOEGC - DeGREX OF POLYNUMIAL T0 8E PITTLD PUN THE
DAYTI4E PwOFILE UP SP.

NOEG MUST NOT bXCEED 12 WIPHJUT MAKING
APPROPRLIATE CHANGeS IN PRUSRAN,

Jara PL,5K / 3.141392653590,1.,3800622L-16 /, NDES / 1) /

GL
RE

SeA-LEVEL GHAVITATIUNAL ACCL.rnATLlun,
MzAN NADEDS 07 RANTH, KM

WUANTITILS, 1973)

JATA 5L, RE / 980.021, 6.3712380) ¢/

15
sui(l)

JATA IS, (SnIC(I)el=1,0) / ©, 4.0517%-23, 5. 31 V5 -2),
babJiSe=~23, b.0404c-24, T.39d0.-2)/

i —— e

NUMY &R

JF MAJJR SpeCles

MASS UF N2, 02, U, AR,

e, AVD CuZ,

Cu/avZee
(A.LeM, ASTRIPHYSICAL

LAY

dehol.=21,

ATMy LY
ATHLLY
ATY 5
ATRIS )
ATNULY
ATHGY
ATaudU
ATHuUOU
ATNUSY
ATN U
ATwliSH
ATHUSY
ATMUSY
ATnISY
ATNUSY
ATRISU
ATnUSY
At )3
ATMOSY
ATui)sU
AToi>d
ATMSY
ATHNSY
ATA, LY
ATndsyd
ATHLSY
ATmOSH
ATAUDY
ATMULY
ATMUSY
ATHUSY
ATnusd
ATNTSY
ATNOSY
ATwIsY
ATNI LY
ATHSY
ATnSU
ATNUSY
ATnUuSY
ATH)SY
ATHISY
ATMaouy
ATw 15U
ATHSH
ATH: L4
AT LU
ATW IO
AT™ 1)
AT«
Als )5y
ATw 0
ATwi, 05U
ATwu0J
ATM 5t
ATm vt
AT LU

172
173
174
17
170
171
178
17y
180
161
182
184
144
145
180
1a7
183
184
190
141
192
193
194
199
1vo
1917
194
199
200
']
202
203
204
409
200
207
203
209
210
411
212
213
214
219
21
Nl
Jla
21
Ju
21
dde
2214
224
PP Y
PRI
221
<lo
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(2]
(X3

cce
ccc

ALP(L) = TuERMAL OIFrUSIUN COEFFICLIENT

(ALP(E),1=1,6) / 4*0.0, -0.40, 0.0 /
IFe VALUES 04904777 FJk FDaY
(PDAY(E)o051,31) 7 1.14E<~17,1.4T7E~16,5.9%c-106,3.86<-1Y,

3.472~14,2.71e-13,2.%0E-12,2.15¢L~11,
1¢592=10,1.212£-09,5.90¢~09,2.61£-00,9.14c-08,2.7%001-07,
7.23t-07,1.83E~006,3.836~06,6.34r-00,1,192-05,3.20E£-25,
3.628-095,2.44:-04,7.114~04,2.386-03,1.056-02,2.40£-02,

3.65>

5‘02' ‘-7‘&'02,5.b5$’02' 6-82£'02[1. 6bh‘ol ,

& & ARITHMETIC STATEYENT PONCTIINS TO CALCOLAT:
® ¢ C/TM, INTEGRAL UF G/TM, AND C.

SOTMAF( Aa
L 4
*
SENIAP( A2
*

*
*

sAP( 82 ) =

) = OOl ARLL )" o AACLDL))*AQ » AN(10))*AQ
AA(9))*AQ & AAN(B))I*AQ ¢ AN(T))I*AQ ¢ AA(D)) %A
AA(S))%AQ « AA(4))*AU ¢ AA(I))%AQ « AMC2))*Au ¢ AA())

) = CCCCOCOCCCCAR(L)/Z12.%AQ « AA(1L)/711.)%Q
AAC10)/10.)%AQ & AA(9)/9.)%A0 ¢ AM(8)/8.)*M0Q
AACTI/T.)"AQ ¢ AA(6)/6.)%AQ ¢ AA(1)/5.)%AQ
AAC4)/4.)% 4 ¢ AA(3)/3.)%Ad ¢ AA(2)/72.)%0Q + AM(1))*MQ

GZ/(1.00BA/RE)®*2

& ¢ ARITHMETIC STATEWENT POUNCPLON USED TU CALCILATE H/HSTAR DaY.

SPOAP( 3Q )

= EXPO (COCOCCEeCeon(13)*sQ « DD(12))*3Q « DO(LL))"BQ
* DUCL0))®*BQ ¢ DD(9))*BY ¢ DD(B))*8Q ¢ DD(T))*8d

¢ DD(6))*8Q » DO(5))*3Q ¢ DD(4))eBu ¢ DO(I))*uQ

e DU(2))*sQ ¢ DU(1) )

® ¢ AxlTANERIC STATLMENT FONCILION USED TO CALCJLATE DENSITY SCALR
e & HEIGHT (KW).

SREZAF( AQ

) 2 CCOELEEUC ARLL2)%11.%AQ ¢ AA(L1)%L0.)%AQ

¢ AACL0)®9.)%AQ ¢ AA(9)*3.)%AY ¢ AA(H)*T1.)*Ad
¢ AAC T)*6.)%AQ & AA(6)*5.)%AQ ¢ AA(5)%¢.)"AQ

»

STATENE
ATeISU(

AAC 4)%3.)%AQ ¢ AA(3)%2.)%4Q ¢ AA(2)

NTS 100 TO 200-1 ARE OONE JUST ONCc, ON A CALL TJ
1,120), T3 ScT UP NEcDED PANAMETeLS AND T EVALUATE

SOLAR-FLUX-DEPENDENT FUUKLER COLFFICIENTS U3eD IN CUMPUTING

THE TIM
TEYPERA
EXISPHE
5, P. 4
TRANSIT
PHE LOU#
SU3SEQU
dHIKEAF
LeSS Tl

LHiTIAL

s0 T2 (100,

E-DEPENDENT VALUELS OF TAU, THE VAxladLe CONTRULLING THE
TUNE GMADIENT AT TAE LOWeR BUUNDARY, TIF, THe

KIC TEMPERATURE (StE Je Se NISJHET, RAuIU SCIeNCE VL.
37 (1971)), AND THE COEFFICLENTS i N PAr PAKABILLIC

LUN FUNCTION FOR THE DaNSLITY SCALu-Hettdl! BeTeted

~ AND HISH-ALTLITJOr MUDELS.

ENT CALLS, TJ aATHUSUL2,2U), GJ P STATuMENT 22D

TEXR A LIo-ALPITUOE MUDZL (5 USuD 7ux ALPITUDLS 2

AN 120 XM AND A WIGH=ALTITUDE MOD:L Is5 UseED uldbddlon.

LLATLON

200), 42

123

aTtduLJ
ATMULI
AYnuay
ATMULU
ATHUDY
AT HUS
ATHUSY
ATMLON
ATNOSY
ATMIsY
ATYILU
ATMUSY
AThuUSU
ATMUDU
ATHOSY
ATMISY
Afn1S0
ATMOIY
ATHOSU
ATNULSU
ATMOSY
ATALSY
ATMUSO
ATHUSY
ATuUSU
ATuusU
ATHOSU
AT HOSY
ATHUSY
ATHUSTH
ATn)SU
ATHULU
ATAISU
ATaJ50
ATHNS)
ATHOSY
ATMIISU
ATmi}aU
ATMULU
ATmiisY
ATNULU
ATH5d
ATHSY
ATwiusU
ATHLNY
ATu oU
ATd0v
ATw Jol)
ATvIS U
AT
ATu o0
AT %S
AT wou
AT 4)SY
Atausy
ATAS)
ATMLOY

224
230
211
2d¢
243
234
235
430
231
214
239
240
241
242
24)
<44
245
240
247
244
249
250
251
252
2%3
254
25%
250
251
258
299
260
261
02
263
26 4
2065
2006
2617
269
269
270
21
272
2113
273
P
270
21

279
240
lnl
282
PER]
2643
L

Vo s




100 RR = SK*uICa ATnusu 1]
eCl = 1.0E*05*8A0NMS/ e ATMOSH 287
[+ CALL THE S AUXILIARY xOUTINeS. ATHUSY 84
cALL ZPRuY ATRULY 89
CALL JILIAN(YKFJI,LVEWI,DAYJ) ATHIISU 290
sALL SJLCYC(DAYJ) AT sl 291
cALL SILURB(YRFPJIL,VEQI,DAYJ,SOLLAT,SULLON) ATMLLU 292
SALL SJLZEN(SULLAT,SJLLON) ('Y 8. REYY) <94
[ SALCULATE FAT COEPPLCAENTS DD(1l) USED TU COMPUTE SF. ATHUSU 294
SALL PLTYTERC Ilul’.llr'ﬂ)ll,loecg 1 ’ 2 20D) ATHNSY 299
00(13) = 0.0 ATNOSU 290
[ CALL RUOUTINE TO GET SLASONAL TEMPERATURE PRUFILE. ATAIdU 2917
SALL TEMPZH ATns5U 294
30 124 u=1,82ZHT AT 299
SP = SPOAF( ZHT(N) ) ATMOSY 300
c RESET TZH(N) TO BE THe RATIU (GDTM) IF P4k ACCELERATLIIN DUE TO ATMISY Jot
[ SRAVITY TU THE MOLECULAR-SCALE TeMPLKATUR:z AT ALTITUDL 2ZHT(N). ATMUSY 302
PZU(u) = GAF( ZHT(B) )/((l.¢SF)*TZH(N)) ATMI U 303
104 CONTINUE ATHUOU 1Y )
SALL FITTER(NZHT,ZNT,TLZH, 11, 2 , 2 ,AR) ATHUSU IuY
[ COMPUTE GRAV. ACCEL. G, G DIVIDED BY MUL. SCALEZ TEMP. M, AND ATMUNU 306
4 [MTECRAL OF C/Tn AT 120 «u. ATHUSU 407
o6 = GAP( ZH ) ATHOISY 304
COTM = COTMAFP( ZH ) ATHI)SY 309
S0IMl = CYMIAP( 2ZH ) ATMUSO 410
c COMPUTE PRESSURE, DENSITY, AND TEMPERATURE AP 120 KM ATMLSU i1 ]
[ ACCIRDING TUO THE LOW-ALTITUDE MUDEL. THdSe VJALUES PxJVIDe ATHUSY n2 X
c THE GUUNDARY CUNDITIONS AT 120 KM PUR THE MIGH-ALTITUDE MubEL. ATMUOU 313
PP = PLeEXP(-CCLl®COPMI) ATNOSU 314
dMD = JIGMS*GDTN/RR*PP/CC ATALISY 319
4 CALCULATE DeNSITY AT 5 KM FOR USE IN SUBRUUTINE WATzR. AT MU U ile
PP5 = PL*EXP(=-CCI1*CINIAF( S. )) ATMOSU N1
RHOSKM = BIGCMS®GCOTHAP( 5. )/RR*PPI/GAF( S. ) ATHUSY 318
[4 [NITIALIZE SUBRIUTINE SPCNIN ATHOSY 13
CALL SPCHMIN(1,Zd) ATHUSU 320
4 EVALUATE BMJIMS AT 120. &M ATHMUSY 321
37 = SPFDAF( ZH ) ATMISY 322
BNBNMS = 1.0/( 1. ¢ SP ) ATKASY 3123
[ #3 = BMBNS*GG/GELTY ATHJSU 424
[4 CONMPUTE THE SPRLCIZS NUMBER DENSITIES AT 12V KN. ATMOSU 325
4 CUNPUTE TOTAL NUMBER DEASITY, N(1/CM*e3) ATMUSY 320
SN = JIGCA/DEGNS®RHO/ BeLNS ATHO3Y N
' [ COVPUTE TOTAL NUMIER DENSLITY IF NuU DISSOCLATION,MSTAR(I/CN®*]3) ATMUSY 3dd
388 = BLCA*RHO/BIGHS ATHUSY 329
[+ COMPUTZ DENSITIES (1/Chee3) OF N2, 02, O, AR, H&E, AND CO2. ATHMOSY 330
. SNIZ(1) = 0.78*SNsS ATHUSU 331
SNIZ(2) = 1.211*SNS - SN ATMOSU 332
SNIZ(I) = 2.*SNSesSP ATHNOSY kR k)
SHIZ(4) = 0.009*SaS ATauUsY 334
SHEZ(S) = 4.625:.-05°S4S ATHYSY 335
4 3NLZ(6) = CO2(25) ATHULSU 136
} c ATROSY 37
1120 = Reel 20, ATMUSU J3d
sGSK = GG/SK ATNISU 339
CC = PI*HL/12. ATMHISUY 340
PP = SBAN ATAULU 341
(4 COCPUTE POURIER COEFPPICIENTS USED FOR TAJ AT 120 &M, ATMISY 42

124 {




A(Ll) = ¢2,210150E~02 - 1.9720J0E-)5 * F¥ ATH)GU Iy
4(2) = ¢6.712358E-03 - 1.181127~-05 * FF ATRISY e
A(3) = ¢2.748180L~-04 ¢ 3.390522:-07 * F¥ ATMUSU 34y
A(4) = =5.663477E-24 ¢ B.5609016E=-2T * ¥F ATHISY 40
A(S) = ~4.65225BE~03 ¢ 2.322930E-27 ™ FF¥ ATHOSY 347
A(6) = ¢8.984354€-05 - 1.1281575<=07 * FF ATHISY 44
8(Ll) = =3.4073968E-03 ¢ 1.900959:-05 * rF ATH,SY 4y
B(2) 3 =5.4208597E~-D4 ¢ 4.101313E-)6 * F¥ AT, %9
8(3) = =-2.518983E-04 - 9.3411122=07 * FF AThual kLY
8(4) = =1,380845E~0¢ ¢ 2.079324-07 * PP ATMOLU 352
3(5) = ¢1.358994E-04 ¢ 3.9316811€=)7 ¢ FF ATAalUSY LY
c ONPUTE FOUKICER CIEFPPLCIFNTS JSEY FUR TIF. ATM)SY 354
S(1) 3 ¢5.443531BE¢02 ¢ 4.328827£¢00 ¢ PP ATausy 355
S(2) = =1.179819E¢02 - 6.4953600-01 * FPF ATM!IDY %0
C(3) = ¢3.115091Ee0) - 4.766818B5=02 * FF ATHYSU 57
2(8) 3 ¢4,069323E¢0) ¢ 4.154632:-02 * FF ATRUSY 1S54
2(5) = =6.389001E0) ¢ 1.415760e-02 * PP ATHMUSY 3459
2(6) = 01.045482E+00 - 1.99%6%2e-22 * PP ATHANSY J60
$(1) = =1.138663E¢0L =~ 7.293749e-01 * PF Atmusl 6l
$C2) = ¢1.35%08Ee3L ¢ 2.815729c-03 * PF ATRNSY 362
$€(3) z ¢9.0859158F-01 ¢ 8,133831£-02 * FF ATMULGY Jos
$(4) = ¢7.061132E-21 - 1.151728L=-22 * FF¥ ATMOSH 64
3¢(5) = =2.9253158-01 - 4.0625230E-22 * FF Atansy oS
[ COSPUTE TAU (L1/KM) AND TIF (DEGREES KELVIN) ATMuSU Jbo
rAU = A(1) ATWSY 67
eir = C(1) ATHUSU 3on
00 110 1=1,5 ATNOSY Joy
rl =i ATHOSU 370
SFI = SIM(CIerl) ATMyYSUY m
sF1 s CIs(CCerI) ATHUSY 372
TAD = TAU & CFPI®A(fel) ¢ SPI%™(1) ATMOSU 373
L10 CI? = PIP o CPI*C(Iel) ¢ SPI*S(I) ATH)SY 374
dRLETE(5,800L)TIF,TAD ATNUSY 17
8001 FORMATY (/* TIP = *P8,.3* DEC K, TAU = ¢1PEL2.5* L/KM, FROM SUBROUT ATW)SV s
SINE ATHW,SU (FURMAT 8001)*) ATMUSY am
c ATMOSY 318
c T3 PROVIDE A CONTINUOUS DENSITY SCALE HEIGHT ACRISS PH4E ATMISU 39
c BUURDARY BETWEEM THE LOd~ AND HICH=-ALTITIDE MIVeLd>, WE USc A AYMUSY 389
c PARABULIC TRANSLTION PUNCIION, ATHOSY 381
c HRHD = PHR120 * ZuM110%%2 ¢ SB ® ZHMLILO ¢ HKkOL10 ATAUSY n2
c UHERE ATROLY LY
c HRUL10 = DENSIPY SCALE HEICHT AT 110 K¢ ATHUSY 1Y)
c THM110 = ZH-110. ATMISY 189
c 111 = APPRIXKIMATE DERIVATIVE UF DeNSITY SCALe HelGuT ATnuSY 8o
[ AT 110-K9 ALTITUDE ATNUSY 387
c = HR1105-KHR1095 ATMISY ITT
4 NR1105 = DENSIPY SCAiLt AEJCGHT AT 110.5 Knm. ATHISY 389
[ HR1095 = OENSITY SCALt HEIGCHT AT 109.5 KM. ATMyaY 490
c PHRI20 = (HRILI2D - 10.°58 =~ HKJU110)/7(120.-110.)"2 ATw )oY 9l
c I¥ THIS INETLALIZATION CALL wE NEFD YO CIMeUle THe ATVSYH 392
c SCALE HEIGHT AT 120 KM, HROL2), ACCURDING ) THe HIGH~ALTIPUUL ATHMuSY) 393
c MUDEL, #MICh DEPE4VS uN H. AN) S3AR, AID ALSJ THE Do WSITY ATHOSU 394
c SCALE HELIGHTS ACCURVLING TJU THE L)¢=ALTITJDL MJUEL AT 110 Kw, AT YUY 19
c 112.5 Kn, AND 109.5 KMo ATHUISU I9n
c COMPUTE SMALL A. IS CWERY') 291
34 = (PIF - TL)/TIP ATH 5y Ve
c CONPUTE COLFFLCIENT OF M=SUB~L LN GCAMMA-3U4-] ATNISY AT Y]
125
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SANT 3 1.0Z005°CESK/(TLF*TAY) ATRUSY 400 ]
RHO = 0.0 ATHULY 401 ;

IRO0LN = 0.0 ATNULU 402

30 120 g=s1,1s AT.QISN @)
SHZSHI = SNIZ(I)eSuI(l) ATMUSU 404

SAN = GAMT*SNMI(L) ATNULY 404
ALsAYl = ALP(1) ¢ GAN ¢ 1,0 ATHOSY 406

MO = 240 ¢ SaLsSnl ATRiSU 407
ORIOZN = DRODZN ¢ SNLSHI®(GAM ¢ ALGANI*SA/(l.-354)) ATHUSO 4040

120 Comtinoe ATMUSY 407
#0120 = RHO/DRODZN/TAV ATMUSU 410

c CONPUTE DENSITY SCALE MEIGCHY AT 110 Kn. ATAQOY 411
cOrN = CDTMAF( 110. ) ATHUSU 412
1R0110 = 1.0/7(cCc1*CDhTN ATRUSY 413

. - 2.0/(REe110.0) - GuKZAF( 110.0 )/G0CN) ATAUSY a“a4e

[+ CONPUTE OEMSITY SCALE HEIGHY AT 110.5 K. ATNOSU 119
DTN = CUTHAF( 110.5 ) AYAUSY 410
WRilds =z 1.0/7(CC1%GDTy ATNMUSO 417

. > 2.0/(RE*11D.5) ~ GKKZAF( 110.5 )/cDPN) ATMUSY 418

c CONPUTE DENSITY SCALE MEICHT AT 109.5 &N. ATMOSY 449
0T = corMar( 109.5 ) ATRHOSU 420
81093 = 1.0/7(CC2*5DTN ATRUSY °21

. = 2.0/(RL®109.5) - CKKZAF( 109.5 )/CDTNM) AT HOSU 422

$B = HR1105-HR1V9S ATHUSD 423

] PURL120 = 0.01°(HRUL12D0 -~ 10.°S3 - ©RUL10) ATNOSH 424
1 4 ATHOSY 425
[ AT NICHTTIME, O OLFFERS FROm DAYTIME U UNLY BeLOW ALTITULE ATHLSU 426
[ Z10M(S) = 90 KMe IP( 2d4.LY.Z250M(1)), wHaRE ZiUN(1) = 60 KM, ATRUSUY 427
4 SNI(3) = ONZI(1) = ONMITE(L1]) = 1.1 . ATRUSU 428
c IP(ZH.GE.ZION(L) .AND. ZH.LT.ZION(2)), WiLKE ZION(2) = 75 KM, ATHANSY 42y
c SHE(3) = ONZI(2)*cXP(ZN2Un"0NSCHL) MHERE atuusl 430
c ONLL(2) = DNITE(LIL) = 4.9)E+08 ATHUSY 431
[ TN20N = TH-ZIUNC2) ATROSU 432
c ONSCHI = ALOG(ONZI(2)/UNZI(L))/c2lUnC2)~20uUN(1)) ATHJSU 43)
[4 IP(ZN.CP.ZI0N(2) .AND. ZHoLho ZION(4)) wHEKRE ZJON(4) = d5 KN, ATNUSU 434
[ SHI(3) = ONZL(Q)*EXP(-(8S. -ZH)/SL) ATAOSY 435
c WHERE ST IS AN ALTITUOL-DcPENDENY SCALe 4ciGHY S0 DETERMINED ATHLSY 436
4 PHAY THE PUNCTION PASSES THROUGH THE DATA PULNMES AT 75, o0, ATRUSY 4137
Cc AND B85 KN, ATHUSU 43y
c SZ = S85 - (585-580)e(85.-ZH) /5. ATN0OSY 439
4 S80 = S./7ALIG( uNITE(18)/70METL(1T) ) ATHUOSY 440
c SdS = 2.%5d0 - 10./aLIGC ONITE(14)/0MITECLE) ) ATNUSUY 4“l
[4 IP(ZH.CP.ZIONCE) AND. ZH.LT.LION(S)) wdbkE 24uN(S5) = 90 EKm, ATNUSU 442
c SHI()) = ONZI(4)°LXP(IN40N/UNSCh) WHeRE ATROSY 443
[4 JNLI(4) = UMITE(1B) = 9.0c¢10 ATHUSU 444
c LRAON = ZH - Z1DM(4) ATwUSU 445
c JUSCH = (ZION(S) - ZIUN(4))/ALOG( ONZLI(S)/0MZI(4) ) ATHUSY 446
c THE MIGHTTIME O CuNSTANEIS ARE NUW Stt. ATHUSY 447
] LdIN(1) = ALTEM(1]) ATNOSO 440
3 JOLA(1l) = OMITE(1]Y) AtnusSH 449
b 30 130 1=2,5 ATHOGY 450
LIONCL) = ALTKM(1e14) ATNOSU "1
INZICL) = ONETECLeLl4) ATNNSY 452

130 JomrTinde ATAUSY 4“3
M2 = zION(S) ATROSU 4 4¢

[+ TO RESET ONZI(S) TO ITS PROPER VALOE wt #EED TO FIRST ATNUSY 455
4 CALCULATE ODAYLS... ATNOSU 450
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(4 AtwysY 457
[ COVPUTE CRAV. ACCEL. G, G DIVIDED 8Y MUL. SCALE TrhP. TH, AT )59 LY ]
[4 AND IMTEGKAL OF G/7¥n AT ALTITUDE ZH2. ATNUSY 499
4 ATadU 460
CC = GAF( ZH2 ) ATA0SY 4061
a0tN = GDTMAP( ZNHZ2 ) ATmusy 462
0TNI = GTMIAFP( ZH2 ) ATRUSY 463
c COMPUTE PHESSURL AND DENSITY AT ALTITUOE ZMH2 ATAULSU 404
PP = PLOEXP(-CCL*GUENI) ATnOV 465
RMU = LGNS COTN/RR®*PP /LG Atadsu 460
c COMPUTE M/NSTAR DAY AT ALTITUDE ZH2 ATRUSY 407
ST = SPOAP( ZH2 ) ATHUSU 468
MINS z 1.0/(l. ¢ SP) ATROSY 4
4 CONPUTE TOTAL NUMBER UENSITY, NLL/CHM®*]) AT ALTITUDE LH2 AT40S0 470
SN = BICA/BIGNS® RHO/ BNBAS ATNOSU 471
[ CONPUTE TOTAL NUMNSER DENSITY IF MU DISSOCIATIUN, ATHDSY 472
c BSPAR (1/Cumey) ATRISU 4713
388 = JIGA*RHO/BICHS ATROSU 474
IDAYRS = 2.*SNSeSP ATNUSY 474
IMTL(S) = ODAYLS ATNLSGY 476
JESCHI = ALJGC(ONMZIC(2)/70uZ1IC1))/¢Z10N(2)-210N(1)) ATMUSU 477
S80 3 S./AL0G( OwNITR(1B)/7uNITE(LD) ) ATNOSY 474
$85 = 2.%580 - 10./ALJG( uNITE(18)/UNITE(16) ) ATHUSY 479
JNSCH = (LLIOM(S) - Z10M(4))/ALOG( ONZI(S)/0NLI(®) ) ATROSY 4R0
c ATHUSY 481
. € T0 PROVIDE A CONTINUOUS TRANSLTION IN THe CUO2 DeNSITY Befdeed ATMUGY 482
c THE ALTITUDE OF 100 KM, BELUMW WHICH A CUNSTANTY NIXLINC RATIO ATMOSU 44
C IS ASSUNED, AND THE ALTITIDe JF 120 KM, AT WHICH THE ATNOSU ATMOSU 404
[ WISH-ALTITUDE NOOSL (YASED UN DIFFUSIVE SQUILIBRIUNM) BEGINS, ATN0OSY 495
(4 dE USE THE PULYWOMIAL ATHUS0 486
(4 LOGIO(SHI(6)) = SUM( XC(I)*ZN1CO2*2(I~-1)), 1=1,1 ATHOSY 407
c JUERE THE CONSTANTS XC(L1)e1=1,T7 , ARE DETEKMiNeD S FHAT THe Atausy 448
[ 4 SLIPE OF ALOCLO(SHMI(S)) AT ZICO2(1) = 100 KM, DLCZ1IZ, AND ATNG3Y L LY
c AT ZICO2(5) = 120 Kv, DLCISZ, 1S CONTINUDUS AND ALUGIO(SNI(O)) ATHuSU 490
c RJUALS THE VALUES POR CJ2 AT ZICD2(L) = 100,105,110,115, AND ATNRUSU 491
c 129 KN POUR I=1,5 . ATHOSY 492
[ THE CU2 CUNSTABNTS ARE NulM SETeee atnusu 493
50 160 k=1,5 ATMOSY 494
LECO2CL) = ALTEN(L*20) ATHJSU 494
202Z2I(1) = CO2(1+20) ATRISY 4v6
160 Zostrinve ATROSY 491
[ RLSET CO2Z1(1) TJ THE VALUE DITAINED FROYC TH: LOW-ALTLTUDE ATROSY 494
c MOdEL AT ALTITUDR ZICO2(1) = 100 KM. TO D0 THIS Wb MUST FIRST ATNUSU 499
[4 CONPUTE GRAV. ACCEL. G, G DIVIDED BY MOL. SCALE TENP, TH, AND ATHUSD %00
c INTEGRAL OF G/TM AT 100 «n. ATNOSY 501
4 ATHIISU 502
c COMPUTE GHAY. ACCEL. G, C DIVIDaAD BY MOL. SCALe TENP. TN, AND ATHMULU 503
c INTEGRAL OF G/P4¢ AT 100 Kn ATnu30 504
66 = CAr¢ 100. ) ATMUSU 509
sOtM = COTNAF( 100. ) ATHOSU S0o
OINL = CEMIAP( 100. ) ATMUSU $07
4 COMPUTE PRESSURE AND OENSITY AT 100 &N aTnISY S04
PP = PLOEKP(~-CCL*COPNL) ATnuSY S0y
RMO = BIGHS®*GCOTN/RR*PP /GG ATMUSY 510
[4 CONPUTE TOTAL NUMBER DENSITY [F NU DISSOZIaTiuN, ATHOSY 511
14 BSTAR, AT 100 K4, ATwST 512
S8S = BICA*RHO/BIGNS ATnUSY 513
127
s po——r g1 - - —
._'!"u = Ll *
O iicin i VP 1u-n--n--u----i-i--illilll-ilﬁilﬁiliiilillllliii"




S0221(Ll) = 3.20c-04 * SaS
EC(T) = ALUGLIO(CU22L(1))
THE SLUPE UP ALJISL10(S«1¢6)) AT ALTITUDE 21CJ2(1) = 100 KN,
DLZZ1Z, IS GEVEN BY DLCZIZ = ALUGIO(EXP(Ll.0))*((1./K40)
*(O(RHO)/DZ)) = ALOGLU(cXP(Lle0))®(-1a/HRUU).
COMPUTE DENSITY SCALE HeIGHYT AT 100 &N,
180100 = 1.0/7(CCL1°COPN
. e 2.0/(ueel00.) - GKKZAF( L00. )/GUTNM)
SZAZ = (-1.0/HRULDD)*ALULGIO( EXP(2.0) )
(C(6) = bLCZil
33 le4 1=2,5
LINLIC(L) = ZICO2(I)-2ICu2(])
164 CONTINIE
30 169 I=1,4
LII2 = LINLC(lel)
i) = ZI12*2112
30 155 J=1,4
MI1,5=3) = LI12°D(I,0-J)
16> CONTINUE
LilS = LEIMLC(S)
)S5,3) = 2.%LI1S
JO 170 J=1,4
PIl = Jed
3(5,3=0) = BLES*((FILe]1.)/FI]1)*D(3,0~d)
170 zoNTiadg
30 175 1=1,4
3M1,5) = ALOGLOCCO2ZIC1+1)) ~ KC(a)*ZIMLICCL®L) - KC(T)
175 >osriedt
MLZSZ = ALOGLO( BKP(l.0) D*TAUR(SA*SNI(6)*GANT)/(SA-1.0)
)(5,6) = DLCISZ-XC(6)
"0 =3
SALL SJLVR(D,XC,NU)

L N Ny

S04PUTE O DENSITY AT 160 kM FIR USE IN D(1U) COMPUTATLIN 1M
SU3IROOTINE SpCuln.

2T = RI120°(ALTKN(33)-120.)/(REFALTKN(II))

3TL = EXP(-TAU®ZI)

TIOTR = (TIP-(TLIF-TL)®EYZ)/TL

A8 = CANT*SHNI(])

ALCANL = ALP(3)eGaNel.0

33200 = SHIZ(I)*ETZ**CAR/TTIOTL*"ALGAN]

ann

CVALUATL ATMOSPHERIC PRJPoRTILS AT 90-KM ALTITJOE PRIUR
tu IWIPIALLIZING [JINUSJ.
LUSAVE = INW
tH = 90.
Jjump = 0
0 13 210
177 Jomp = 2
[ INIPLALIZE LONDSU ROUTINE.
SALL 1J803U(1,4d)
td = IHSAVE
[ SET ZHFLAG AND SPIFLC (ARBITRARY NeGATIVE VALUES)
sPivLe = -20.
LHFLAG = ~20.
etV

onn

cc
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ATHUOY
'y £, BT
ATRHUSY
ATHISY
ATHULY
ATHOLSY
ATaiidY
ATHULY
ATHUSY
ATHSY
ATANSY
ATNOSY
ATMUNY
ATa)SH
ATHMOSU
ATHMLSY
AT4USY
ATHIISY
AT
ATHOSU
ATHOSU
ATHMUSY
ATNUSJ
ATWOSY
ATNHOSY
ATHAUSY
ATAOSY
ATHLSY
ATMUY
ATMOLU
ATMISL
ATHISY
ATHUOY
ATHISY
ATHNISY
ATAOSY
ATMuSU
ATMUSH
ATROSY
ATMOSU
ATMNSY
ATHISU
ATMOSY
ATMILU
ATMIST
ATm{ISU
AT™ULU
ATM.ISY
ATnUSU
ATRHISY
ATMILU
ATHISY
[ R IVEYT)
ATNLLUY
ATAIGY
Ale sy
ATH IS

214
212
210
s
21 d
219
920
521
222
9213
924
223
9206
021
504
529
239
531
532
533
53¢
535
%30
231
Y43
539
40
541
542
b4
544
545
5S40
547
S48
549
550
551
552
5513
554
99
256
497
554
559
20V
a0l
202
264
204
26
R T
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R

[x
o

aonNaoanonan

[2]
(2]

4
ccoccc

a o0 6 N N O nn

oo o

200

210

230

235

239

cONTINUE
IP( LH.EQ.ZHFLAG ) RETURN

AN EHRUNEUUS CUNDITIUG wilL OCCUR IF I0NJSU UR PCMEIN [>
CALLED wiTH JJ=2 AND A CIVEN VALUEL OF Zd I¥ ATMOSU haAS d0T
JE&Y CALLED FLIRSYT WATH JJ=2 AND FUN THE SAMN: VALUL UF LH.
THE VARLIABLE ZHFLAG ES USED T] DETECYT THIS CONLLTION AND
T0 WAKE THE REQUIKED CALL TU ATRHOSU.

LUPLAGC 1S INLTIALIZED TD AN ARDITKARY NESATLIVE VALUE L
TUE INITIALIZATION CALL TO ATNOSU.

LHFLAG = 2H

seriane

REZHI = 1.0/( RkEeZd )

IFC Zy .GE. 120, ) GJ TD 250

LOW~ALTITODL MODEL (24 .LT. 120.)

CUNMPUTE GRAV. ACCEL. AT ALTITUDE ZH, G3(CN/SEC®=*2).
$6 = GAF( 24 )
CONPUTE GRAV. ACCél. DIVIDED BY MULECULAI-3SCALE TuMPERATUAE.
DTN = GDTMAF( ZH )
CONPUTE INTEGRAL OF G/T¥.
GOTNI = GTMIAP( ZH )
COMPUTE PUNCTION MEEDED POR OENSLITY SCALE HelGHE
CKKZ = GKKZAF( I# )
CONPUTE PRESSURE (DYNES/CN**2)
PP = PL*EXP(-CCl*GDEMI)
SONPUTE DENSITY (G/CN*"*))
MO = ILGNS*GOTM/HR*PP/GCC
COMPUTE DENSITY SCALE HEIGHY (KM).
If (Zd -.GE. 110.) GO TU 230
2RH0 = 1.0/7(CCL*COTN - 2,.0*RELHI - GEKKZ/GCOTH)
0 TJ 235
LHAL10 = ZH - 110.
4840 = (FARL20SZHMLLD o SB)*ZuN110 ¢ HROL10
OSEZ PIT POUNCTLION PO UMLIVERSAL PRIFILE OF SF rUNCPION.
SP = SPDAF( ZH )
INBNS = 1.0/(1. ¢ SP)
CINPUTE TEMPERATURE (DEGC [)
PT = BHBMNS*GC/LDTH
CUMPUTE NUMLER DENSITIES JPF SPECIES. WL PHESCRIBE THE
DAY-NIGHT DLPENMDENCE OF O AND USE THE LO«-ALTITUDE MODEL TO
COCPUTE THE ASSICIATED SLICHT DAY-MIGHT DEPENDENCE OF 02 .
SNS x BIGA®RHU/BIGMS
S¥ = SHS/BYBNMS
SHItl) = 0.78¢5NS
SHIC2) = 1.211*"SNS - Sa
SUE(3) = 2.*SNS*SF
IF( IDORN.CE.D ) GO TO 245
COMPOTE NIGHTTINE VALOE OF O
(P( IH ~GE. 90.0 ) GO TO 245
IPC 2w - ZION(4) ) 240,240,239
PIT FOR 85.0 .LT?. Z4 LY. 90.0
LudoN = ZH - ZION(4)
SHICI) = ONZI(4)*EXP(ZN4ON/0NSCH)
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ATHLY
ATKNLLY
AThuSY
ATHiISY
ATHULY
ATNUSY
ATH)SY
ATwUSY
ATHUISO
ATHOSN
ATAOSY
ATHOSY
ATMUSY
AT%iIIdY
ATMULU
ATRUSU
ATHuY
ATHOSY
ATMUSU
ATMNOSY
AThUSY
ATHusY
ATHOSY
ATMUSUY
ATal)SY
ATHOSU
ATMUSY
ATROSUY
ATHUSU
ATHUSY
ATNUSU
ATNISU
ATMOSU
ATHISU
ATHISY
ATMOISY
ATHUSY
ATMUSY
ATHMO3U
AfRusY
ATHUSU
ATADSY
ATMUSY
ATMUSU
ATHUSY
ATHUIU
ATNOSY
ATMOSY
ATADSY
ATAUSY
ATHUSY
ATNUSY
ATRUSU
ATNNSU
ATuUaD
ATHNOSY
ATNUSY

271
Y
5713
574
97,
270
577
7o
579
80
56l
42
543
564
Suy
YT
587
%64
Sd 4
590
591
992
993
994
595
SY0
997
598
999
olU
601t
002
003
004
60Y
6046
6017
604
009
ol0
oll
ol 2
613
6l4
6l%
ol6
6117
618
ol9
620
6l
622
623
624
625
020
021




20 TO 245 ATHDY vld

E‘.
|

24) IPC L - ZION(2) ) 242,242,241 ATHUSY w29

c FI? FOR 75.0 .LT. ZH .LL. B3.0 ATnuSY 030

241 81 = S¥5 = (S85-S80)*(85>.-2M)/5. ATNULY 63}

SHL(3) = ONITE(18)*EXP (~(4S.~-LH)/S2) ATH DY 042

33 1) 245 AT atldy 633

242 1P( ZH-210M(1) ) 244,243,24) AtnlsU 04

[ FIT POR 60.0 obe IH oLEe 75.0 ATMOSY 035

443 LN204 = ZH-LZ108(2) ATMUSU 036

SNEC(3) = ONZIC(2)*aXP(ZN208°0NSCHI) ATHMUSU 037

0 TO 2¢5 ATNULU 639

4 PIF POR 24 .L¥. 60.0 ATHIISY (X3

244 381(3) = OMLZi(1) ATAUSUY 640

[ FOR 2N .Gt. 90.0, USE DAY SNI(3). PROCLED WITH OTHedt SPECIES. ATMUSY o4l

245 SNI(e) = 0.009+SNS ATMUSU 04l

SHI(S) = 4.625h-05*5SNS ATHUISY 04)

(P LH.LE.100. ) G2 TO 246 ATHISU o4 d

tNlCO2 = ZH-21ICO02(1) ATHMUSU o4y

SUECS) = 1. **CCCCCCRC(2)*2Zn1C0O2 ¢ XC(2))*ZMICU2 ¢ KC(3))®*Zvl1CO2 ATHISY o40

b e XCC(4))®ZNICO2 ¢ XC(S5))*Z¢1ICI2 ¢ XC(6))*INLCI2 » KC(7)) ATMIISY 647

0 T0 247 ATMUSY 64

5 246 SNI(6) = 1.20c-04 * SkS ATAUSU o4y

' [ 4 COMPUTE FRACTLID4AL tRWOM FRUM HYOROSTATEC BQUALIBMION... ATALSY 650

’ c PEUSEQ = -1.0E-05*DPPOZH/( RHO*GG) - 1.0 ATHUSY  oS]

[ = =2.66709952E-12 * RR * Zii**1,833 / (vlcCHa * COIN) ATMLOU 692

[ 4 dHERK 2.66709952E~-12 = L.0E-05 * 2,833 * v.4144L-00 ATHISY 651)

247 PEUSEQ = -2.667099528-12 * up * Z4°*1.833 /7 (BiGusS * COTN) ATROSY o4 4

IP( JUNP.EQ.O0 ) GO TO 177 AT M) U 04%9Y

1ETURY ATAUSUY 590

c ATMUSY 697

gceeee HISN-ALTITUDE MJID&L (2H .6E. 120.) IS CURNT 0548

(4 ATMUSY 659
COWPUTK THE CEDPOTENTIAL ALYTIFUDE ABOVE 120 KM, ZLZ(KkM). ATNOSU o6l L

250 CDNTINOE ATRUSY 601l
I3 = RE120°(2ZH~120.) *KEZHI ATHMUSY 662 3

c CUNPUTE THE TEMPERATUNE AT THE GEUPJUTENTLAL ALTITUDE,TT(DEG K) ATMUSY 66

ETL = EXP(-TAUM2Z) ATHYSU 664

Ir = ¢LF - (TIF-TZ)*ETZ ATnuUSU [T%}

c CONPUTE RATIO OF TENPLRATURE PD TEMPERATIRE AT 120 K« ATNUGU 666

oYt = /1l ATMOSU o6l

PP = 0, ATH0SY 668

R0 = 0.0 ATROSU 669

R0DZN = 0.0 ATMUSY 670

DPPDLH = 0.0 ATHO3Y 671

3) 260 1=1,I1S ) ATHUSU 072

[4 CONPUTE GAMMA-SUB-I. ATMuOU [YF]

AN = CAMT*SMHLI(IL) ATMOSU 074

ALGAYM] = ALPLI) ¢ GAYM ¢ 1.0 ATNUSU 679

[4 COMPUTE DENSITIES (1/Cue*e3) OF N2, U2, O, AR, HL, AND CO2. ATADSY ole

SHICL) = SNIZ(I)®ETZ**GAN / TTOTZ*®ALGANM] ATHUSY 677

[4 CONPUTE TOTAL NUMBER DENSITY (l/CHt*3), ATHUSY 678

PP = PP o SHNI(L) ATHOSU [YA)

c CONPUTZ TOTAL NASS DENSITY (C/CM**])., ATNMUGY 669

8O0 = R40 ¢ SHI(1)*Sul(]l) ATHUSU odl

(4 CONPUTE A PURTION OF FHE SPATIAL DERIVATLVE JF THE DENSLITY. ATNUOSY 682

SGAET = SNICI)®(CAN o ALGANMI®ETZO(TIF-TZ)/T7T) AtauSy 68)

JRODZN = DRODZN ¢ SGAET*S+I(l) ATHUSY 684

[ CuNMPUTE A PURTIDN UF THe SPATIAL DEKRIVATIVE UF THE PRESSUKE. ATMOSY Y.

406) IPPLLINH = DPPOLH o ScAeT ATMULY 6H4

[ COMPUTE SPATIAL DERIVATIVE UF PKRESSURE. ATHMOSYD [T ¥

JPPULY = ( WAP( 2ZM )/GAMT ) *(SA*PPETZ - TTeUPPUZK/TIP) ATHMUNY 684

c ZOMPUTE FRACTIONAL ERKUM FROM MYORJISTATIC tWuilLIBRIUN. ATM MU vd 9

PRUSEY = =(OPPDLH/(AHI®GAF( 2d )) ¢ 1.0) ATRULU 690

c CONMPUTE PRESSURs (DYNLS/CHee2), ATHUSY 091

PP = ProPP*SK ATV (AP}

[ CISPUYE DENSITY SCALE HEIZHT (KN). ATMUSU 693

JRIOLN = DRIDZN*TAUS(NE120-22) *REZNIE ATHSY) 694

ARHO = RHO/ORJUDZN ATAULUY (3" MY

wrvas ATNNSU oYo0

tuo ATAUSU 697




SUBRIUTINE FPLITTER(NPYS X,V 00, IK1dD,I51ICN,2) FITToR e

cce FitTren 3
c SUIROUTINE FLITTER USES THE MEPHOD OF LEASY SyUAMES T) CINPUTE FITTuw 4
[ PHS COEPFPICLIENTS, T(J),J=1,N0 IN A POLYNIMIAL UF DEGREE N0 FLTTc S
[ REPRESENTING THE DEPENDeNT VARLIABLE Y(I) (ui, UPTIUNALLY, 4T3 FITTiR M
[ NATURAL LOGARLITHW) SPLCIFAED (AND GIVEN EQUAL welGHTS) At FiTtex 7
4 BPTS VALUES OF THE INUEPENDeNT VARIAMLE £(1). FiItleR [}
ccc [ 4% 4 £ 9
cce N0 REVISIUN REQUARED 1M GIING FROM RJISCUOL~KAVAR TO RISCUE-IM. FITTeH 19
[ = e FITTER 1t
4 I[NPOr PARAMETERS FitTTon 12
[ 4 HPTS ~ NUSIER UF DATA PULINTS Fireen 13
[ 4 KCLI) - VALOES OF THE INOEPEMDENT VACiABLE, £.C., PLTfen 14
c ALPITUDE, KXn FITTCR 15
c ¥(I) - YALJE3 UPF THE DEPENDENT VARIABLE, £.C., SPECICES FiTTEN lo
Cc CONCENTRATIIN, 1. /CNe) Fittew 17
c 80 - DRGREE OF POLYNUMIAL TO BE FLYTED Flttek 1d
[ IKIND = INJDEX FOR KIND OF EQUATION T) bR FITTLD FlTTcm | ]
c = 1 IF cQUATION IS FITTLR 20
4 LMQ(Y) = AD & ALSX ¢ A2°K%*®] ¢ ... * ANOK°**n FiTrun 21
(4 = 2 I7 £QUATIUR [S FITTck 22
c ¥ = AD ¢ ALK ¢ A2°K%%2 ¢ o.ee ¢ ANTUO®) Fittend 2)
C ISIGN ~ IMOEK FOR SIGN OF EXPONENTS FITY N 24
c = 1 PUR NELATIVE EXPUNLNTS FlTren 25
4 = 2 FPOR POSITIVE EXPUNLATS PITTeR 206
cce FITTLR 21
c JUTPUT PARANETEMS PiITTuN 29
[+ Z(J) - THE LEAST-SQUARLS FIT COCEFFACIENYS. FITT2R 29
4 2(1) CORRESPONDS TO A0, Z(2) TU al, EXC. FITTeEN 30
cCcc FiTTcR 31
JINENSION A(20,21), X(100), ¥(102), Z2(20) FITrenr 32

101 = ¥Del FltTen 33

102 = ¥)e2 rLTTLR 34

)0 9 [sl,m8)] FiTrew IS

0 9 J=1,402 FiTTew Jo
a(i,J) = 0.0 FITTeNR 37

? CONTINUR FLYTEN k1]

30 20 L1=1,MP2S FITren Iy

= ¥D rFitten 40
ACL,1) = A(l,1) ¢ 1.0 FLTTeN q1

0 T (10,12), LKiND Fitten 42

10 @ = ALIS(R) FITPeR 43

12 3 = (1) Fi¥Tex 44

30 T) (14,16), 1SI1CN FITTLA 49

14 3 = 1,)/58 FITTek 40
10 2 = 1.0 riteee 47
M1,822) = A(L,8U2) ¢ R Fitren 44d

30 13 )z2,N01 FiTreu 49

P I L} FITtaN 50
ACL,I) = A(1,0) ¢ Q YITLen 51

13 A(J,002) = A(J,a02) * Q°*R FLTTLY 82

3D 20 K=2,N811 FLTTex 53

A = QS FITTeR S4

20 A(K,NUL) = A(K,NOL) o Q FiTtew S5

30 3) 132,N01 PITTun 56

)0 30 3=zQ,N) FiTrew 4“7
1(1,0) = A(l-1,J¢}) Fiteen HY ]

30 Justiade Fittew ue
cALL SILVE(A,1,801) Fitlen hy
LR FITTcl ol

[{]] FLYrN (Y4
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SUBRIURLNE H20SVP(TeNP,H20,t1iCE)

SUBRUUTINE H2USVYP CUMPUTES [He SATURATIUN VAPUN PRL3ISURe uf¥
dATER VAPUR DVER A PLANE SURFACE UF (1) gafex FOR Tut
PENPCHATURE RANGE FxOW 173.15 T0 373419 Jes K (~100 ) <100
085G C) AND (2) ICec FOR THe TENPLMATURE WadNue FRUM [T73.15 1)
273.19% LEG K (-100 tu O DiC C).

VALJES OF ZERO ARe NETURNeD FIR THE PARACETERS J0TSi0e THE
LAOICATLD TLMPEKATUKE KANIZES &ND A mESSA.e I35 PuINTeD [P TiHe
ROUTINE IS CaALLED OUTSIUE THE INOICATED dAdCe.

PdlS LS A MEW RIUTINE FIN KOSCIOE-iIR.

PHE FURNULA USED POR THE WATER AEFERENCE I> A THIRD Oeiute
PILYNUMIAL GCIVEN BY wtXLbr (We=T76, £I(163)) AS aN APPrIXLMA-
T1I8 T HIS €Q(15) FUR THE MATUKAL LOGARLTHN UF THE VAPUR
PRESSURE (IN PASCALS) UF JATEX IN THE RAVGE FRJM 0 TD 100

JEG € JUT USED 4ERE ALSY 1N THE EXTRAPOLATEY WEGIUN FPRIN D TU
-100 DEC C. THE 3ASIC FOKWULA FUR THE L1CZ WEFLMENCE 1> THAT
CLULN BY GOFP (CO-03, Ed(5)). HUWeVeR, T3 SIWMPLLIFY THE CO4PU-
TAPION, WE HAVE FLTTED 4 SIXTH DECREE POL.YNOMiAL (relEl) TU
THE RATIU En20/tl, dHERE EI [S T4t SATURATLD VAPIK PHESSUxe
JVER ICE AS GIVEN BY GUFF (GU~03, BuY(5)), AND CUNPUTE fiICc
FRJIN THE EXPRASSIJN ELCE = eH20/EwWDEI.

L8P0T PARAMETER
TLMP = TLMPaRATUNe (DrG K)
JUTPUT PARAMETERS
EH20 = SATURATION VAPUR PKESSURE OVER @ATER (MILLIBAR =
1000 DYMc/CHe*2 = 100 PASCAL)
ELICEL = SATURATIUN VAPOR PRESSURE UVEN ICe (MILLIBAR)

JINENSION AA(4),83(D)

DEFINITIUNS OF DATA QUANTITIES
AACE) = COEFPICILNYS IN THIRD DEGREE PULYNJIMIAL FIu
EH2U, GIVEN dY WEXLER (WE-T0, cd(10R))
BB(1) = COLPFICIENMTS IN SIXTH DEGRE: pJLYANuMIAL ewOEl
USeD TJ FLIY THE RATIU EH20/el, IN THE RANGE FROM
0 T -100 DES C.

JATA  (AA(L),1=1,4) / <-0.06353063115004,00.3404920034c002,
. «0.19>09874£~-01,¢0.1281180>5L-04 /
JATA (0B(I),1=1,7) / *1.0009368,-9.72230106E-03,¢5.2105%080E-0Y,
. =1e9329451€6~-07,~1.2522564E-09,-1.0U981376k-11,
. “1.3597429k-13 ¢
I420 = 3.0
gick = 0.0
PTC = TENP-2T73.15
IFC (TPC.LT.-100.) .ORe (TTC.5T.¢100.) ) GO TO 40
SH20 = (AA(A)®TLNP ¢ AA(D))*TEMP o AA(2) * AR (L)/TeNp
EH20 = 0.0L1*ELXP( BH2U )
$12E = ).0
(FC tTC.Cre0.0 ) 3D t0 20
SMDEE = (((((BB(7)*TIC o BB(6))OTEC o BU(H))*TIC ¢ BU(4))*TYIC
e * BB(3))*TTC ¢ BB(2))°TIC « BB(1)
EICE = E¥20/EuDi]
2) ETUMN
40 ZOoNTiNnJg
*RINE 11, TENP
11 PORMAT (1HI,67H TEMe LIS NOT N THE RANGE 173.1> ) 373.15% DtG.
S*ENLYIN, TEMP = ELl4.6%, FUON SUBRIUTINE H2USYP (FUukmAT 11)°)
SALL BRLY
c€uo
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hZusve
H2UusYe
H2usvP
Huuvp
H2Usep
W2us v?
HiuL¥?
H2JI5vP
H2use?
H2uLve
n2dasyp
H2USYP
H2USvVP
H2usve
H20SVP
nusee
heusvp
h2usve
H2U5VYP
H2USVP
w2usve
R2uSVP
nH20svp
R2usvVP
n20sve
H2U>VP
H20SyP
H20SVP
HZ2U5VP
H2usvp
H2USVP
Hn2asvyp
H2JSVvP
H20SV?
R2Usye
H2USYP
H2usvP
h2usve
H2Usvy
H2usvP
®H205yP
H2udV?P
H2USYP
H2usvp
hH2UsvpP
HiJdsvp
H2USYP
H2usve
H2uSVP
H2USVYP
H2USYP
h2usve
wausve
H2usvP
H2Us VP
H2usvp
H20SvP
H2usSvp
H20s P
H2usve
H2U5S¥P
H2usvyp
H2usvP
H2USVYP
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SOIRIUTLINE LUNOSU(II,LH) Lintisu 2
1ususy 3
SUIRDUTINE TUNISU PHOVIDES THE PRUPENTILS UF THe AMoleNT LanNsd 4
IOMOSPHERE REQUINRED uY ALL THE CHeMISTRY MUDULeS. [RLTY >
I BRIy [
REVISION 04 (03/01/74) PRUVIDAES... Ludusy 7
Lle RLPLACENENT OF PHe E< AND P-NREGLON CeNERIC MULECULAR | QY1 TVEYT] d
10N Me BY NJe, N2e, AND 0Z¢, FOR kI3Cuc~-ine. LUNSY ’
BITE=- PHIS VERSLUN OF 1INJISU (S STILL LINITED (m THAT THe Lumisy 10
PROFPILES 0OF IONOSPHERIC PROPERTILS ANE RLPRESLNTATIVE LONOS ) 11
BUT NUT NSCESSARILY THE FINAL SELECTLIONS. lunusy 12
REVESION 05 (06/27/79) PROVIDES... LuN.ast 13
2o GAM(I) SPECIFICATION HY FURTRAN STATLMENT INSTEAD OF Tumysy 14
DATA STATLMENTYS, UWING TO A REVISC) COMNCEPTUAL 1ONLOY 15
DEFIMITION. NOTE YHAY GSAM(I), wITd [=1,4, ARE ¥Du A LONSU lo
FONCTLION JF ALTLITODE. Tumusy 17
LONIS) 18
PHE E~ ANO F-RECIUN CHEWISTKY MUDULE REQJIKES... FUKUSU | )
(1) QCr/7(Cnu®%]3 SEC)) = £F2, THE EFFRCTIVE TOTAL 10N LJNnsy 29
PRJIDUCTION RATE THAAT REPRIDUCES THE AMBIENT TUNUSPHEM: IJINGSY 21
MHEN USeD WITH THe CHeMNISPRY MOUVEL. LuNusY 22
(2) Oe(1/Cn**3) = EFOP, THE PISLITIVE ATOCIC 104 DENSITY. 10NOSU 23
(3) NOe(L/CHee3) = EFNOP, THE NOe® NMOLECU.AR 1Ud DENSITY. Lunusy 24
(4) M2e(1/Cum*3) = cFM2P, THE N2¢ MOLECULAX 10N DENSITY. 1ONOOY 25
(S) u2e(l/Cmu*e3) = EFU2P, THE 02¢ MULECULAR IUN DENSITY. 1uNUuSy 26
(6) TE(DEG X), THE ELeCTRON ASD N2 VIBRALLIUMNAL TENPERATUR:. FJuyst 21
Lun0sSy 28
THE D-REGION CHadISTRY MODULE REQUIKES.«. TUNUOSY 29
(1) Q(1/7(Cmu*®3 SEC)) = 0Q, THE EFFECTIVE TUuTAL (ON PRIDUCTION LIUNISY 3
RATE THAT REPRODUCES THE AMBLENT [UN)ISPHeE ke WHEN USeD WJITH 1Ua0SU 31
THE CHEMISTRY MODEL. LuNUJab 32
LuNusY 33
LBPUT PARANETERS LONYSY 34

ANGUMENT LIST LUNISY 15 i

JJ - CA.CULATIUN PFLAG FONULY 36 |

= 1, CALCULATE INITIALIZATION PARAMETERS | {RY B YY) 37 [k

= 2, CALCULATE APHISPHERIC PROPEMTIES | (8] BEY 3d |

IH - ALTITUDE OF INTAWEST (KNM) fuNuay 3y !
ATNOUP CUNNON luadsy 40
UORM, SNE(L), SNL(2), SNI¢3), SNiI(T), SNI(8), TT 1UNISH 44
ALTODN COMMON 1ONJSY q2
ALTKNM(47) IuAusy 43
RATCUF FUNCTION 1UNOSY 44
RATCO? funusy 4+
ZHCHEX CUMNON LINYSY 46
ZHEPLAS LuNusY 47
JUTPUT PARAMETERS Lungst 4y
ATHOUP CUMMNN LUNUSY 49
SHI(9), SHLI(10), SNI(LL), SNE(L2), 3NIi(28), Luaday XY
Sni(29) LOwisy 91
tONI0P COMMON LoNs 52
LFE, “FOP, LFNOP, EFN2P, bFU2P, IX, QULF 1ans) 53
VARTABLES IN [JaNuUP L,y S4
EFE=SNI( ?) - ELECTRON DENSLTY [y &= Aud [ AR 23
F-REGIUN, 1/CA®*) 1UNGS) S0
EFOP=SNI(10) - ATUNMIC UXYGEN TuN JedSITY Iw b= ANL Ladcay 9!
F-REGIUN, 1/CA%*} luausyd 53
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[ EFNOP=SHI(11l) « NOe MULECULAR [UN JLNSLITY IN k- AND B OEREY FE ]
c FP-RLGION, 1/CNnee¢] ILausy 6
c EFN2P=SHNI(23) - N2¢ MULLCULAR IUN JENSITY IN o= AWD LuNULY 6l
[4 F-REGION, L/Cn®*j U LUNISY 6l
C EFD2P=SNL(29) - DO2¢ MOLECULAR I1ON JENSLITY 1IN E- AND LiNnsYy 63
[ F-RzGCION, 1/Chee3 1uNisY 64
c TX=SNMI(12) - ELZCTRON AND N2 VISHRATIUNAL LUNUSY 65
Cc TENP ERATUKRE, UEG K [UITIRY 65
c ADEF - EFFECTIVE TOTAL IUN PHUDUCTION KATE, | EVLTTNY ol
c 1/7(CH**3 SEC) Lunuau 6d
[4 ZHCHEX COMMON LuNNSUY vy
C IMFPLAG, SPIfFLS LUNOSU 70
cce LUNDSY 71
[ THE QUANTITIES REJUIRED FUR THE E~ AND FP-KEGLON IUNOSPHERIC LUNULSU 7
[+ CHENISTRY [N RISCIE-1d ARE OBTAINED BY A NATURAL EXTENSLION UF  Juwus" 13
[ PHE mMEPHOD USED FUR ROSTCOE-WADAR (Ske THS ®OSCuc HASUAL, funasy 74
c DMA 3964F-14A, PAGES 6T-74). THE PRINCIPAL CHANGE 1S A CuadGE luduosy 15
[ FROM THE GENERIZ WULECULAR=LIUN Me¢ TU Nue, N2¢, AND D2e. LUNOSU 7o
4 THE WEJJLIRED QUANTLTIES ARE D3TALMcD AS POLLOWS... [N 11
c (1) EBFQ IS COWPUTED FKOM tumisd Tq
[ o EFQ = EFE*EFE/(BICACBRIGB*"CAN(]1)/PACTd) 1unNus!! (A
c WHERE 10895U 80
c &FE = ELECTROM DENSITY PROVIDED AS INPUT DATA TU 1UNOSY al
c {ONGSU  (L/CHe*%3) 1Qdusy 82
[ BIGA = APOCP CAN(3I)/A20ENCFACTAI®CAN(Y) i10ausSy d43
[ BIGS = BPePACTAI®BETAL 1uN0Ssy 84
4 FACTQ = BETIteALPLleLPE LONIISY 85
c AP = GAM(L)/7ALP2eGAM(2)/ALP2¢GAM(I)IALPI¢GAN(4)/aLP4 1aN1sy 8o
[ BP = BET21* (1 /ALP2~1./ALPL)eALETAL*( 1. /ALP4-1./70LP)) 1UN0a 817
[ CP = BET23°(1l./ALP2~1./ALP3) Tunasy 8a
c DP = BeT24* (1. /ALP2~1./ALPY) TUNUSY a9
c A20EN = BET23eALPi%cFE 1UNOSY 90
[4 AJDEN = BET240ALPAFE 1ONUSY 91
c FACTA3 = DP/AYOLEN LONOSY 92
[ ALPLl = EFFECTIVE T40-8B30Y ZOLLISLIONAL=-RADLATLIVE 1un)sy 94
c RECONS [INATIUN RATE COLFPFICIENT FJi ATUNIC (JNS luNusU 94
c = RATCOF(10,TX) ¢ RATCOF(11,TX)*gFs ¢ 1.9E-07 IUNAS 99
c SURT(LFE)/TXO*]} {dNusy 96
c dHERE RATCOF(L,T) IS THE FUNCTION RIOUTINE FIR 108050 97
(4 £~ AND F-REGIIN IUNISPHENIC KAPE CueFFICIELNTS Linusu 98
Cc ALP2 = DISSOCIATLVE RECOMBINATION RATE COLPPICIENT PUR THE JUNJ3SU 9y
[ REACTLJN (NJe) ¢ £ = PRUUUCTS, CH**3/SEC [ %] WEYY 100
[ = RATCIF(2,7X) Lussy 101
c ALP3 = DISSICIATIVE WECOMBINATION KATE CIeFFICILNT FUKR THE LuNiSJ 102
c ReACTIUN (N2¢) ¢ v = PRUDUCTS, CM**3/SLC 108000 103
c = RATCIF(JI,TK) LUNISY 104
c ALPA = DISSITIATIVE RECOMBLINATIUN KRATY CUCFFICIENT FUR tHE LONONT 10y
c We ACTIUN (02¢) ¢ £ = PrAQUUCTS, CHM**3/SceC Lususu iue
c = KATCOP(4,TK) LuNuoJ 1017
¢ BET21 = RATCIP(2,TP)*SNICL) (1/5FC) Linse 103
c BEY2Y = WATCOF(/,TT)*5NI(3) (1/73e) LuNas) 109
[+ BeT24 = RATCOP(d,TT)25NL(T) ¢ QATCUF(Y, TT) vl (B) (1/5:20) LN 1y
c BET41 = RATCOF(5>,rT)*SNI(L) (L/5tl) LuNasy 111
c 3ETLI1 = ReT2l ¢ BrtT4l (1/75£C) 1.18'13) 112
[+ GAM(L) = RLLATIVe eFYICIENCY PeR PARTICL. (FUn 0, nu, n2, [BERF 1.3
c AND U2 Pux t=142,3,4) Ld OcTondining THL 6= AND LuN1sd 114
c F=ReGLIN SFPECTIVE 1UN PRUDUCTIUN <ATC tunisl 115




[y — - et e T

c RARCUP(5,TT) = RATE CIEFFLCLENT FUX THE obaCrius LunusY 1o
c O¢ ¢ N2 = NOe ¢ N(4S) 1untiay 111
[ RATCUF(6,TT) = oATE COUEFFICIENTY PUR THE QEACTIUN LuNs 114
C d¢ ¢ 02 = 32¢ ¢ O Lasastt 11¢
c RAPCOF(7,TT) = RATE CUEFFICIENT FUKR THE WcACTluw IO DEY] 120
c #2¢ ¢ U = d0e o N(ZD) J10NUY 121
4 RATCUF(B,7T) = RATE COEFFICLENT FUR THE oiACTLud LOWNSY 122
c J2¢ ¢ a(4S) = a0 ¢+ U Tunusl 21
c RATCUF(9,1T) = RATE CUEPFICLENT POR THE WLACTLON LUNLISY 124
c 02¢ ¢ NU = NUe ¢ D2 LuNLsY 145
c SNI(L) = N2 COUCENPRATION L08JS0 126
c SNI(2) = 02 CONRCENTRATION LONDSY (B4
(4 SHI(3) = U CONCENTHATLIOY LususY 28
[ SHNI(7) = COMCENTRATION LUNJSY 129
c SHI(8) = MO CIuUCENPKATLON 10NGSY 130
c (2) EFPUP 15 COMPUTED PROM 1udusu 13 1
c EFOP = GAN(L)*eFQ/FACTQ 1da0sy 132
c (3) EFN2P IS CONPIYED PROV LUNJS" 133
c EPN2P = GAM(J)*EFI/A20EN [(IL LR 1)4
c (4) EFO2P IS CONPJITLL FPROM 1UNULY 13>
c EF02P = (GAM(4)*EFQeBETALI*EFIP)/AIVEN dausy 130
c (S) EFNIP IS CONPUT=D FPkON 1Uausy 137
[ EFNOP = (GAN(2)*EFUeBLT21*EFOP¢LUET 230 LFN2P BT 24P U2P)/ TusioU 134
c (ALP2*EFE) LUNNSY 13v
c (6) TX(DEC K) IS COMPUTED FPROM AN aNTExIWM PHESCRIPTLIN. Luausy 140
cco 1OND S 141
c ELECTRUN DESSITY PRUFILES FUR NUMLIAL MIJLATITJUDE DaVTIME AND Rumusy 142
[o SICHTTIME CONDITIINS IN THE E- AND F=REGIUONS ARE PROVIDED AS 1J61)5U 143
4 APPROXIMATE FITS TO CUKRVES IN FIG. 1 UF dHe KISHHETH, PHYSICS 108350 144
[4 AMD CHEMISTRY OF THe [ONOSPHERE, CONTEMP. PHYOICS. VUL. 14, VR TORY) 145
(4 Pe 229(1973) (RL1-73). 1unJsy 146
cce L ONuSY 147
c FOR DAYTIME ELECTYROM DENSITY... LONISY 1449
cce LuNuUSY 149

i C ASSUME PARABOLIC INCR&ASE IN LOG OF ELECIRDN DENSITY FRONM LUN'IST 150

1 c ALOGIO(EBOTD) = S.0 AP ALTITUOL HewOTD = 100.0 KM tU 10NUS ) 151
c ALDGLO(eP2MXD) = ALUGLO(T7.5E¢05) AT ALTITUDE HP2MXD = 300. KM, 1UNUODY 152
c FOLLUMED AT HIGAER ALTITUDE BY EXPINENTIAL DECREASE 4ITH [ QI 'NEY] 153
4 SCALE HEIGHY F2ISCH = 200. KM. 3elOW ALTLTUDE HERAITD, ASSUNE 1ONISU 1%¢
c SXPOMELMTIAL DACREASE WITH SCALE HELIGHT EJOSCH = S.0 KN. 11IN)SY 199
c 10KUSY 150
[+ IF(ZH G HP2MXD) EPE = EF2MXI "LXP((HF2MLD~2n1)/P2DSCH) 1ONUSY 151
4 IF(LH.GELEBUTD AND, ZH.LE  .HF2MXD) TuNOSy 1ud
c EFE = EF2MXU®10.** (P oA (HF2MRD-2ZH)**2) T1oKusU 154
[4 dHERE THE CUEFPICLENT EFFA LS DEPERMISEU SJU THAT bFE = EBIOT LUNNSY 160
c AT ALTLITUDE HERJID, TUNUSU 161l
[ 4 leEoy EFEA = ALOCGLO(EBUTOD/EP 2MKD )/ (HF 2MRD -HeusUTD ) **2 LUail3Y 162
c (184 ] [BLDE Y lo3
[ HF2MKD = ALTLTIDE UP F2IMAX IN DAYTUME, KN4 UK s 164
c EF2MXD = ELLECTAUN DENSITY AT F2MAX IN DAYPIMc, 1/3Meey LONIS lods
[ EBUTD = ELECTIUN UENSITY AT HRsulb, 1/Cv**3 LuN )aU 1o
c IF(LH LT HEJOTY) EFE = FIUTD*EXPL(LH-He3UTU)/cbDSCH) 1GNISU 107
cce 1uN:sY lod
[ FPOR NWIGHTTIME ELECTAUN DEYSITV..w LUNUOY 169
cc: Lunus.t 170
c ASSUME SINuSULD ENCREASe LK LIG JF ELECPLIN DeasldTY FRIY tusas" 171
c ALJS10CERUTN) = 3.0 AT ALTITUDE HeBUTN = 100, Ka TU LUNISY 112
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Al
c ALOGIO(KEF2MXN) = ALUGIO(4.0LedS) AT ALTIFUDC ur2MXN = 360. &n, JUNISJ 173
4 POLLUMED AT HIGHER ALPITUDE BY LERPUNENTIAL DeCkbhastE 41T4 SCalk LuNoosY 174
[ HEIGHT F2NSCH = 200. &M BELIN HeBUTN, ADSINE LAPINENTIAL LUndsY 17>
c DEMEASE WwITH SCALE HelGHY RDNSCH = 5.0 (M, LususSY e
4 EF(TH.CT . HFP2MXN) FE = EF 2MAN*LXP ((HP 2MEN-ZH)/F 2KSCH) 10NV m
4 IP(lH.CELEBUTN <« ANDe LHoLE.HF2MXN) [OFIRY] 174
c ALIGLO(EFE) = ALO310(cBITY) * 0.50°ALOGLI(eF2MAN/EBUTH) {uNsy 174
c * (L OSIN(PIV2® (2.°LH-HEBUTN =HP 2MKN)/ LINUOU [§.1V)
c (4F2MAN~HERITN))) LuNuy 191
4 IFLLH.LY.HEBOTN) EFE = EJUTHCEXP((LH-HESUTN)/cDUSCH) 1Unusi 142
cce LUNUOSY 1813
C ELECTHUN TEMPERATURE PRUFPLLES IN THE E- aNU P-weEGLlUN ARE JUNUSU 11
[+ JBTAIKED, FOR (NUJN) VAYTIME CONDAITLUNS, BY PxtSCKkIBING Tut US>y 185
[ DIPPFERENCE BETJEEN THE ELSCTRIN TEMPEKATJINE TX AND THe GAS IaNusy loe
c TEMPERATURE TT AT TWO ALTLTUDES AND USENU A PARABOLIC FIT fuddov 167
c T0 THIS DIFFERENCE. POW NIGHTTYIME CONMOLPIUNS, @E ASSUMe TE=TT LUNULSU tog
cce L)ausY 18y
4 FOR DAVYIME ELACTIRON TEMPERATURE... LONOSY 190
c ALTITUDE, KM TX-TT, VEC K TT(CliA-65, NMODEL-Y, B-HR) luausy 191
[+ LAY 192
c 120 0 = rXri20 135 IOasy 194
[ 200 500 = TXr200 933 1UNISU 1y4
ccc LONGSY 195
[ THESE VALUES OF TX~TT ARE CONSISTENT wWiITw THt VALUES 2rFr tX 10w)SU 190
[ REPIRTED BY J.¥. EVANS (MILLSTUONE HILL THUMSIN SCATTER RESULTS 1uniisd 197
[ PUR 1966 AND 1967, PLANLT. SPACE 5Cl. V¥JibLe. 21, PP. 703-792 luNuaU 190
c (1373), C(EV=-73)) AND THE CIRA-1905 MUDEL-YS U-HR ATHOSPubRE iumusy L9y
[ (CL-65). JUNUSY 200
c 1ON3SU 201
c IP(ZH.LT.120.) TX =TT LuNisy 202
[4 IF(LH.GEL120.) TET = SaRP( ZHM120/4 ) LUN)SE 204
c HERE LONDSY 204
[+ LHNL20 = ZH-120. 1Inusu 205
c A3 80, / S00.%*2 LJaISY 206
cce 1ONUSY 201
c THE REQUIRED QUAMTITY PUR THE D-REGION CHEMISTRY [S ISTAINCD INIAEN 04d
[ AS '(I.I.Ul.)..- 1uNusSy 209
c DQ [S PURCEDVD TO EwUAL THE VALJE OF tfQ AL THe 3JTTIN )P THE 1LUNOSY 210
c SRID (90-KM) AMD [S DETERMINED BY INPUT JATA AT LOdew 1AUN'ISY 211
c ALTITUDLS. TudNULY 212
[+ MITE eoe WOEF = DQ D QDEY = EFQ UEPENJING UN THE 1uNisuy 413
c ALT(TUDE Zu. [T NRY) 214
cce LAONISY 215
[ Fud DAYTIME... sUNISY 210
Cc [T WEY 17
c (F(LH.LE.HO.) TR 214
c 0W = UVQUAY(T) * QULIOT**(ZHNZOT/LLSNMUL) Luatou 219
[ Q1307 = UQDAY(13)/7UQLAY(T) LNNHSY 2290
Cc LidMZ0T = Zi=-ALTKM(T) LuNnIsy 221
[ 213407 = ALTKNM(LI)-ALLKNM(T) [KIATYRY'] 222
3 c IF(b60esoLTeZ LAYD. ZHoLT.90.) [BILNEY PPy
[ Dd = uQDAY(L1d) * 401912 (ZHMLLIIZIINMLS) LN IDN 224
b [ Q01913 = cFwll9/7DLDAY(13) LUNISY 224
Cc LHMZL Y = LH-ALTK4(11]) FUNILY 20
: c Liynt) = ALTEM(19)-aLtKY (1) LN LU 221
ccs Laxisl 4249
C FON NIGHTY? IMEqeo LunudY 229




c Tusast FEY]

4 IF(ZH.LE.DO.) LUN LY 231

[ Da = DUNIT(T?) * 4nl30720(2d4ML07/7L13M00) bun'isl 232

4 Qul307 = DQNIT(L3)/0QuIT(Y) LaNG 233

[ 4 TuNaoil 34

c IP(00eolTeZut AND: LH.LT.90.) LJadsu 235

c DQ = DQNIT(13) * QNLOLI**(ZHMZLI/ZLIYNL]) TuNuaY 2o
[ QU913 = wFQZLI/DUNIT(L1S) Juausy 41 :
cc: [V RETY “«$3 !

JINENSLIN GAM(A) Lun:10U 439

JINENSION DDAY(18),DANIT(18) 10NUSY 24y

COMMIN/ZALTUON/ ALTKM(47),0NITEC1B),Cu2(29),33200 Km0} 2

COMMIN/ZATMOUP/ HL,SHAR L IDURN,PP,RHD,TT,SNIL3) ), HHO,FENSES KUMM) 2 P

CONMIN/ZLURIUP/ EFE,SFOP,LFNOP,EFN2P,eFU2P,TK,uDLF Kunu04 2

CONMIN/LHCHER/ ZdPLAG,SPLFLG Kuim )9 2

cc: 108450 294>

9ATA E3UTD,HEBUTD,EF2MXD,HF24XD,F20SCH,EDDSCH / 1.0E¢05,1.0:£¢02, JUNUSU 246

t 7.05405,3.0£902,2.0:5¢02,5.0 / 10NOSY 247

JATA ELUTN,HEBUTN,eF2NXN,HFP2MXN ,F 20SCH, EDONSCH / 1.0£¢03,1.06¢02, LUNUSY 243

® 4.)E®DS,3.68¢02,2.0£402,5.0 / LuAUSY 249

Jata TIT120,TXT200,TATd00 / 0.0,5.0E402,1.88+03 / Lumiisy 25)

JATA PL /7 3.141592653590 ¢ lddtay 251

c LNTPERIM VALUES 06/10/75 LUNOOSUY 252

JATA (DADAY(I), 1=1,19)/6%04,3.3,5%0.,0.06,5%0./ LUNDSY 4593

c INTZRIM VALUES 06710715 LUNQSY 254

JATA (DANIT(I), I=1,18)/6%0.,3.3,5%0.,0.006,5%0./ 1UN0SU 55

ccc 10N0S" 2%

30 T (100,200), JI 1UNUSY 257

[+ IMITEALIZATION, CALLAD ¥ROM SUBROUTINE ALMUSYU UVURING [T5 TUROSY %4

c INITIALIZATLION. 1UKNSY %9

100 COMTIMIOE LONOSY 260

2802 = P1/2. 10859 261

92Pu02 = 0.50°(HFP2MKNeHCBUTH) 1UNLSY 262

H2%802 = D .50 (HF2MAN-HEBITA) 108ISY 263

ALC201 = 0.S50%ALOGLOC(ZF2MXN/EBOUTN) LUNUSY 04

EPEA = ALOGLO(EBNTID/EF2MRU)/ (HFP2MXD-HoBUTU)*2 1UNUSU 26>

A = B80. /7 (500.2500.) LONOGU 260

c TULPLALLIZATLION POR D=RESIIN Qoo 108JS0 261

c COMPUTE ELECTRON TEMPLRATURE AT 90-KM ALLITUDe 10NOSY 264d

X = ot LuNJSU 269

F(1dlan.LT.0) O T2 15D 10a018Y 270

c CUMPUTE DAYTIME :LECTHRON OENSITY AT 90 Kn TuNusy 271

EPE = Ed(UTD * ERXP( (90.-HeBUTD )/ EVDSCH) | LET TV RYT] 272

0 10 130 IRLU A 273

(4 CONPUTE WICHTTIYE ELECTAON DENSITY AT 90-KM ALTIPUDE foNasy 274

150 tPg = 3u0TN * EXP((90. - HEBOTN)/EDNSCH) 1LUuNus ) 27%

180 ALPL =z WATCOP(10,T8) o RATCUF(11,TX)oLrE TuNuaY 276

$ ® 1.50-07*SQRT(EFL)/TA"®] 1ONDSU 217

ALP2 = WATCOP( 2,7X) 108U 274

ALPI = RAYCOP( J,TX) Lususy 279

ALP4 = RaTCOF( 4,TK) 1ON)SY 280

cce 1ususy 281

[4 SAT SPIFLG=2.224 SO TuUAT A CALL TO SPCMIN wilLlL GET SNI(T) LUNUSY 2492

[ 4 ABD SHI(8). AL3U Sc? ZAFLAGSIH SO THAY AN UNNeCESSARY Call LuNudJ 483

[ ¢ILL NOT BE MADK TO ATMUSU. PHe CALL “"CALL ATMISU(2,90.)°° funushH L}

c HAS EFPPECTIVL'VY BEKN WMADE OURING THE INIPIALIZATIOUN CALL LUNDSTH 289

[ TU ATHOSV. LuNual P{ 1Y
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cce [OTPEY] PLY]
turlav = 2H LUNLSY FLL!
SPIFLG = ZHelH LuNnsY 28)
CALL SPCMIN(2,1l) LuNUSY 290
JET2L = KRATCOF( S,TP)*sSmi(l) G EY] 491
JEF23 = RATCUFC 7,TP)eSal()) LUa0SY 292
BeP24 = WATCUF( B,TT)*SNI(T7) ¢ RATCUF( 9,TT)eSNI(d) LUNNSY 293
JET4L = RATCUF( 6,7r)*5u1(2) LuNsy v 4
JETLIL = BET2] « BET4] Luw'isy 27
Al = SYI()) Luansy 290
A2 = SKI(8)=*2, [YYLWEY] 297
A3 = SHI(1)*2. 1U8)5d 294
A = Sdl(2)%2. 1Uaasy 299
SAL = AL ¢ A2 ¢ A ¢ A4 JINOSY 100
sAn(l) = al/sal 1usiisu Jo1
sAN(2) = A2/Sal 108SH 302
sAN(3) = A3/SAL TunJoy 3013
CAN(¢) = A4/SAI | AT TVEY 304
AP = GAM(1)/ALPl o GAM(2)/ALP2 o GAM(3)/7ALPI ¢ GaN(4)/aLPA 1UNDSY 405
1] 4 2 BEFP21%(¢1.0/4LP2 ~ 1.0/7ALPL) ¢ BET41*(1.0/4LP4 ~ 1.074LP1) 1DmusS" 306
ce = BET23°(1.0/4LP2 ~ 1.07ALP3) LunJsy 307
P T BEP24°(1.0/ALP2 -~ 1.07ALPY) LUNILU 308
A20EN = BET23 ¢ ALPICErFE LUNJSY 309
AIDED = BET24 o ALPA*EFx 1uNuSy o
PACTA) = DP/AJOLN TUNUSY Jil
JICA = AP ¢ CP*GAN(3)/7A20EN ¢ FACTAI*GAN(Y) IUNNSY 312
3IGB = 3P ¢ PFACTAJI*BETAL L0MUSY 313
PACTQ = BeTll ¢ ALPLI*EF: [080SU 4
EPAZLY = EFPE"EPL/(31GA ¢ BICB*GAN(1)/FACYQ) 1uNnsy ins
IFP(100RN.LT.0) GO T) 190 10NUSY 16
W1913 = EFQZ19/040AY(13) [ {ITTEY n
01407 = DQDAY(13)/0Q0AY(?) LuNLSY e
30 T 135 10N3Y 31y
192 JM1913 = EPJZ19/DQuIT(13) 10nUSY 329
AML307 = DAMLIT(13)/0QNIT (D) LUNTSH an
195 costiiiL LONLSY $2¢
LL9NL] = ALTKML19)-ALTEN(1)) 1Uea)SY 324
ELINIT z ALTKN(L3)-ALTKN(T) | VL HE¥) 324
4 RETURN 1UNUSU 325
cc 10N)3U Jdo
cc 11INTISH 3217
200 ZoNTINOR LONUISY Jlo
IF( ZH.ME.ZHFLAG ) CALL ATMUSU(2,2ZHd) Luhusy 429
cce 10dd31 480
[4 AN ZUNONEOUS CUND{TIOM #ILL OCCUR IF IUNJISU (S CALLLD wiTH LOaNiISUY 3
C JJz2 AND A GIVEN VALUL OF 2H [F ATMUSU HAS NJUT bEeN CALLED [SVRBEFY] 332
c PIRST JITH JI=2 aAND FUR THLE SaMe VALUE uf cu. [ NEY] 333
c PHE VARLABLE ZHPLAG 1S USED T) DETECT THLIS CJunDLPAON AND LJUN 1ol 3s4
c TO MAKE THE KeJUIHED CALL Tu ATMISU. LuNs ) 339
C CHFLAG IS5 INITIALLZoY TU AN ARPBATHARY NelATIVE VALUL LN LN o0 4o
c THE INITIALLZATLON CALL T) ATwOSU. 1hiads’ 31
cce luntod 333
IF(ZH.GE.Y0.) GU TO 205 LaNusl 139
c SET ELECTRUN TEMPCRATURE PONR ZH.LT.90. luvasy J4
g = 1t LUNGDU 341
[ Lek) EFE, EFOP, AND EFPMILP FOR ZH.LT.90. LaW s L P
gFPE = EFOUP = eFMOLP = 0.0 Lunust 343
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323

350

s

318>

cc:
203
cce

cce

n

212
214

216
222
222
224
ccc

cce

PRUCELD WITH DQ CALCULATIJUN FIR ZH.LT.90.
IP(100aN.LT.0) GO TO 350

CONPUTE DAYTINE D4
IP(ZN.LE.60.) GU TO 328

COMPUTE OAYTINE DQ FOR b0.LT.ZH.LT.90.
LUNZLI =z ZH-ALTEN(13)
JQ = DQOAY(L13) *= WOIILI**(ZUMLILI/L194)))
20 TJ 38S
<oNTLINDL

COMPUTE DAYTIME DQ FOR ZH.Lk.50.
LUNZOT = ZH-ALTKNM(T)
5Q = DQOAY(?) * QD1I07**(ZHNZ07/213M07)
30 T2 385
s0NTLNUL

ZOGPUTE NIGHTTINE DQ
IP(2d.Lk.60.) GU T0 375

CONPUTE MIGHTTIME DY FOK 50.LY.ZH.LT.90.
ZUNZ1) = ZH-ALTKM(13)
30 = DQNIT(13) * Qul913**(ZuNLli/L19M13)
0 T2 385
cosrinve

cONPUTE MIGHYTINE DQ FOR ZH.LE.60.
LUNZIT = ZA-ALTKN(Y)
3@ = DQNIP(7) * QNI3D7°°(ZHNZ07/213M07)

VLT = DQ
Sui( ¥) = 0.0
3mi(10) = 0.0
sWI(ll) = 0.0
Sul(12) = 1«
ng(28) = 0.0
snl(29) = 0.0
I3 { 14 ]

tr( 1DJRN.LT.0 ) GO 1D 250

CONPUTE DAVTINE ELECTRON DENSITY AND TENPLRATURE OF
E= AND FP-RECIONS.

ELECTRON DENSITY

IP( LH-4EBOTD ) 213,212,212

Irg = E30TD * EXP((ZH-HEBOYD)/EDDSCH)

G0 T0 220

LP( LA-AF29KD ) 214,214,216

EFE 2 EFZNED * 10.*S(EFPEASCHF2NXD-ZH)**2)

30?2 220

EPE = EP2MXD ® EXP(( WP 2MXD-ZH) /F20SCH)
ELECTRON TEMPRLRATURE

(P( ZH-120. ) 222,224,224

rx = tr

a0 TJ 240

LHMR20 = ZH-120.

PR = TP & SQuT( ZHML20/A )

S0 1) 280

COMPUTE NLGHTTIME ELECTKUN DENSITY AND TimPLRATUK: UF
B~ AND F-NLLEONS.
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104000
LJaUSH
TR
Lubusy
LJhJsSn
1un0su
JUwuou
fualsy
1UNGSY
L0U0S)
106UV
LUNUSY
LOaUSY
1UNLSU
108039
LuNusy
108084
1ONUS0
1uUNOSY
| ] Y
fuausy
10NUSY
A0mISY
10ON0SUY
1UN)SY
L0NYSY
IUNDSY
10NUSU
10N05U
108037
LUNOSY
L0n0sU
10305Y
10N0SV
1Uususy
LUNOLY
108058
1UNOSY
LLNUSY
LUNOSY
LONUSUY
LUdt U
LUNTSU
LUNUSY
funusi
1LNDSY
1080aU
TUNISH
VETTRY]
LUNUdY
LuUmSY
Ldaus
I LTV Y
Tuxasy
lumnysy
LaNuLow
TGV EY)

il - _ ) -

FIL]
4%
34
J4a7
44
3149
390
3l
352
3
Y|
435
Jve
457
358
359
400
jol
362
3ol
64
05
Jod
s07
368
169
370
M
302
373
374
31>
376
m
37e
Ty
380
it
382
jel
JHe
385
jdo
387
i1Y.}
349
390
391
392
93
394
399
906
FLR)
3y
399
400




150
00

462
264

265
¢

270
cc2
c
cce
c

489

(2]
(2]

a
(£}

ﬂﬂﬂgﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ
n

(2]
L2]

ELEC TRUM DENSITY
IP( LH-4EBITN ) 260,262,262
EPL = EDUTN * EAP((ZH-HebUTN)/EDNSCH)
30 T2 270
IPC In-HrF2uEN ) 264,264,266
IFg = SB0UTN * 10.°9( ALS201o(Ll .OOSINCPLID24(Zd-12PBU2)/H2NOD2)Y))
30 T2 270
PG = EP2MEN * EXP((HY 2uKE-LH) /¥ 24SCH)
SLECTHON TENPERATUKE
=1

COuPUTE EFQ, EFIP, EFNOP, EFN2P, AND EFDZP

EFQ
ALPY1 = RATCOF(10,TX) ¢ RATCJUF(11,TX)*EFL
¢ 1.S5E-075SQRT(EFL)/TX**3
ALP2 = WATCOP( 2,TX)
ALP3 = RATCOF( 3,17X)
ALP4 = 2ATCOF( 4,TX)
IP( ZH.MK.SPIFLC ) CALL SPCNIN(2,ZH)

Al ERRONMEOUS CONOITIUM #ILL OCCUR IF 10MISU LS CALLED eifH
J3=2 AND A CIVEN VALUL UF Zd LF SPCHIN HAS NOY HEEN CALLED
PIRST JITH JJ=2 AND FOR THE SAMe VALUE OF ZH.

THE VARLIABLE SPIPLG IS USED T) DETECT THIS CuNuitTioN AW
t0 MAKE THE REJUIRED CALL TO SecCwlw.

THE OPTINUM ORDER IS ““CALL ATMOSU(2,ZH)°° THed
“eCALL SPCMIMN(2,Lu)"° AND THMEN “°CALL LOMOSU(2,iH)"".
LUPLAC AND SPLIPLC WILL VETECTY CALLS MADE Id Awy OTHeR OkDei.

SPLIFLG IS INITIALIZED TD AN ARBITRARY NeoATIVE VALUE IN
TUE INITIALIZATION CALL T3 ATHOSO.

BET21 = RATCOF( S,TTr)esSni(l)

3EP23 = RATCOF( 7,TT)*SAid3)

JEP24 = RATPCOF( B,YP)*SNI(7) ¢ RATCOF( 9,TT)*Saltd)
SLT4l = RATCOF( 6,TT)*SNI(2)

3ETLI1 = BET21 ¢ BLT41

Al = Sul¢3)

A2 = SNi(B)°2.

A3 = sui(l1)*2.

A4 = Sil(2)*2.

340 T AL * A2 ¢ A3 ¢ ¢

GAN(L) = Al/Sal

SA%(2) = A2/sAl

SAN(3) = Ad/sal

sAN(4) = a4/sal

(14 = GAM(1)/ZALPY o GAM(2)/ALP2 ¢ GAM(I)/A.PJ3 ¢ CaN(4)/MLP4A

w z BET21*(1.0/ALP2 = L1.0/ALPLl) ¢ ULTQL®(1.0/ALPY = 1.0/7ALPL)
o 4 z deP23%(1.0/ALP2 ~ 1.0/ALPY)

b 14 = HeP24%°(1.0/ALP2 - 1.0/7ALP4)

0208 = BET23 o ALPIOEFPE

AIDEW = BETZLE o ALPA*EP:

PACTAD = DP/A30CEN
SIGA = AP o CP*GAM(I)/A20N @ FACLAI*GAN(4)
31G8 = 8P ¢ FACTAJ®3ET AL
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108337
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1085
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LUNDISI
106J3Y
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TACT2 3 BETI1 o ALPLI®*LP: [OT HEY 4%d
L{ 4] = RPECEFE/(BIGA « dlGB*GAM(1)/FACTY) LINOS S 459
0EF = c£rQ TUTNEY] 460
gErle 104133y 461
SPIP = CAM(L)*EFQ/FACTQ funisy 4?2
EFN2P, EFO2P, AND cFNUP Luatisy %63
CPU2P = CAM(3)*eFu/A20EN TUNUSY ¢
EFI2P = (GAM(4)®EFQ ¢ BETALISEFOP)/7AIDEN 1yali3y 465
SPNOP = (GAM(2)°EFQ o BET21°EF0P o HET2ILPN2P ¢ deT24°:PU2P) 131 NER 466
¢/ (ALP2*EFE) Luansy 467
SHI(?) = brt 1usasy 469
3e1(10) = groe 0T TV 4wy
SHECLLE) = EFNQP Tustisy 470
SHI(12) = & TUTTUNT 47
3ni¢28) = grn2e 10uiiSUY 472
3nl(29) = gFu2P 1ONDSS 173
TV RN fulal 474
[ 1) []17 VA1 47>
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SUBRIUTINE JULIANCYRFJ,VEWJ,DAYJ) JULLan p
cec JULTAN )
c JULEAN LS ReVISION 03 (05/21/78) UF SUSAUUTINE JULIAM JUL LA "
c DEFELOPED FOR RISCUE-RADAN. JUL AN s
c REVESION 01 (05/04777) PRIVIOES JULLAN ®
c 1. CALCULATION OF (1) THe VARIABLE FVd, The PRACTIOVAL JULLAK '
c SEASON-YLAR, NELOED FUR THE NEW WATex VAPUR ANC UZONE  JULLAW M
c NOOELS AND (2) THL VAKIABLE FST, THE PRACTIUNAL SUMNEK, JULLIAN 9
c NEEDED FOM THE SEASINAL INTLRPOLATION ScTWEEN THE JULTAN 10
c SUMNER AND WINTLR TcMPERATURE PROPILcS LMPUTTED AS JULLAYN 1
c DATA FOK TdE REVISED LO«~-ALTITUDE €aJIR SPECIES WUDEL.  JULEAY 12
c 2. REVERSAL OF SCASONS IN SOUPHEKN HE4LSPHERE. JULLAY 13
c REVISION 02 (10/15/77) PROVIOES JULLAN 14
c 3. REVISED CUMMENT CARDS. JULLAN 1>
c REVESION 03 (05/21/78) PRUVIDES JULIAN le
c t. DELETION JP VAMIABLES KYRS, KNOWS, AND KUAYS FROUM THE  JULIANW 17
c ARCUMELNY LIST SINCE THESE VARIABLES ARE Sud SUPPLED JULIAN 18
c TURUUCH TINE COMMUN WHEKE THEY ARe KNOdN AS IYNS, IMINS, JULTAN 19
4 AuD IDays. JULI AN 20
c S. REVISED COMMENT CARDS. JULLAN 21
cce JULLAN 22
c SUBROUTINE JULIAN COMYEKTS A SREGORIAN DATE AT GREENWICH TO  JULLAN 23
c JOLIAN DAY WUMBER DAVJ FOR SUBRUUTINE SULUKY. JULIAN 24
c SUBRUUTINE JULIANM I35 VALID POR YEARS 1901 TJ 1999 INCLUSIVE.  JULILAY 2>
cce JuLlaN 20
c LNPOL PARAMETERS JULIAN 21
c PINE COMMON JuLIaN 24
c 1TRS - NUMBER UF THE YcAR N THE 1900 5 (c.Ce., 1974 JULIaN 29
c BeCIMES 74), IN GREEMWICH TINE ZJNe. JULIAN 30
c IMONS - WUN3EX OF THE MONTH (t.G., FOBKUARY BECIMES 2), JULLAN n
c 18 GREENWICH [IME ZUNE. JULLAN 32
c IDAYS - DAY UF THe MOMTH, IM GREEMWICH TIME ZONE. JUL1AY 33
c PLAT - NIQTH LATLITIDE JF POINT P (RADLANS) JULTAN 34
cce JuLian 35
Cc OUTPUT PARAMETERS JULL aN 36
c ARGUNENT LIST JULLAN 17
c YRFJ - JULLAN DAY WUMBER (A HALF INPEGCER) AT O 4KkS UT JULIAY 19
c ON JANUARY 1 OF THE YEAR OF INTEREST. JULLAN 39
c VEQJ - JULIAN UATE FIR VERNAL cQUINJX. JULLAN 40
c DAVJ - JULIAN DAY WUMBER (A HALF LNPEGEK) AT O HRS UT JULTAN 4
c ON THE DAY UF INTEREST. JULL AN @
c TINE COMMON JOLLAN 43

, c FYR = PRASTINNAL SEASIN=-YEAK JULLAN .
c BEING 0 UM 1-JAN IN NORTHERN HEMISPHERE AND JULLAN 4

) c 0 ON 1-JULY I SOUTHERN HEWISPHERE. JULTAN %
[ FST = FRACTIONAL SUMMER JULLAN 47

¢ BEING L OM 1-JULY AND O ON 1-JAN IN NURTHERN JULTAN a8

R c HEMISPHER: ANO WEVLKSED IN SOUTHeRN HeMISPHARE. JULIAN ’
cce JUL1AN 50

, c JEPLIBITION OF DATA JULLAN st
} c DAYN(I) - THE CUMJLATIVE NUMBER OF OAYS FKUM THE BLGINNING  JULIAM 52
c OF THE YEAR TJ THE ENU UF THs (I-L1)TH NONTH, IN  JULIaw 53

c A BON-LEAP YEAN. JULTAN 54

cc: JULIAN 55

JINGUSION DAYM(12) JuL1AN 54

SONMON/ T INE/ 1YRS,1M0NS, 1DAYS,ZT,PLAL,PLON,UL,GAT,FYR,PST, KRHOOKN  KUNMOT 2

. .Cl KONNO7 3
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cce
c
c
[

c
ccc

ann aonn

A TR Rt a1t
. — -

JATA  (DAYM(L),151,12) 4 0.,310,99.,90.,120,,15).,181.,212.,
L] 2‘3.,21.‘-130‘.,3."- /

JAES = [0AYS

IRS = LYRS

THE FIRST TERM POR DAYJ [5 THe JULIAN DAY NUMbeLs AT 0 HeS UT
1920 JANUARY 1. THE THARD TERM FOR DAYJ (S Tue NUMBER OF
EXTRA (LEAP-YLAK) DAYS SLNCE 1900 tD THE STANY UF THE VYeax
IF INTEREST.

DAY¥J = 2415020.5 ¢ 365.°YRS ¢ AINTL (YRS-1.)/4. )

rary = 0AvJ
VERNAL EQUINOX UCCURS MITHIN ABUUT 7 SECJmuUS UF FIMt AT
90 4UURS OW 21 WMARCH 1974, AT WHICH TIME THE JULIAN DAY
WOMBER IS5 2442127.5 . FIR NEAIBY YEARS THE JULIAN DATE FUK
FERNAL EQUINOX WILL Bb GIVEN 8Y VeQde.

FEAJ = 2442127.5 ¢ 365.25%(YR5-74.)

LEAP IS AN INDEX THAT EJUALS 0 Pul A LEAP YEAK AND UTHEKWISE
EQUALS 1, 2, UR 3 .

EAP = WUD(LYRS,4)
(F( [MD¥S.LT.3 ) GU YO 1
17( LEAP.EQ.O ) DAYJ = DAYJel.0
OAYJ = UAYJ ¢ DAYNUININS) ¢ (DAY¥S-1.0)
JAYYR = 365.
IF( LEAP.EQ.O ) DAYYR = 366,
PYR = (DAYI-YRFJ)/DAYYR
ST = 2.*FYR
IF( PYR.CT.0.5 ) OSP = 2.-FS?
[F( PLAT.CE.0.0 ) GO TU 2
CORRECT FOR SOUTHERN HEMISPUERE
PYR = PUKe0.50
IP( PYR.GT.1.0 ) PYR = FYR-1,0
ST = 1.0-¥ST
RELORN
tud
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SUBRIVUTINE OZUNB(KK,2&N,UL3) ULdwne
ccc wZuN.
[ SUBRUUTINE UZUNE CUNPUTES THE LAPLTUODE AND SEASUN DEPeNUENCE Uuiine
c IF DJZUNE FPOK ALTLTPUDES 7RIN 0- TO SS-KNMe. (FOd HIGHEX ALTITUDES UZun:
c SEX SUBROUTING SPTMIN) ULuNE
ccC LZUhe
ccC PHIS IS A NEw RJQUTINE FOR RISCOK-IR. UZuAs
cce UZune
c LNPUT PARAMETLRS VY AVETA
c ARGUMENT LIST UZuace
[ KK = CALZUVLATLIN PLAG ULZJN~
4 = 1y CALCULATE INITIALIZATION PAKAMETLRS uluNe
[ = 2, CALCULATE JZUNE MIXISGC RATIU FUR 0= TJ SH-KN ULuNz
c ZEM = ALTLITUDE OF INTEREST, FROM O0- TU 93-KN uzZuve
[4 PAME COMMODN UZUNE
c PLAT = NURTH LATITUDE OF POLNT (RAJLANS) uzZuse
[ FYR = FRACYTIUNAL SEASUN-YEAR, BEING O DN 1~JANUARY |n UiuNe
[ NIXTuEnN HEMLSPHERE AND ON 1-JULY i SOOTHERMN ULUNG
4 HEMISPHEKE UZuNe
c JUTPUT PARAMETER UlUNe
4 ARGUMENT LIST [VYAVE 1A
[+ DL3 = MAXING WHATID J)F ULONE AT ALTITUDE ZKM, 1IN KGC/KG ULuNE
cce UZUNE
TUNHMIN/ATNOUP/ HL,SBAR,ADURN,PP,RIO,TT,SHNI(30), HRHO,PEHDER KOM=02
COMNIN/TINE/ LYRS,INOINS,I1DAYS,ZT,PLAT, PLIN,UL,CAT,PYR,FST,RHOSKN KUmMu0?
. #CHI KUnMO Y
JATA P) / 3.1415925653590 / uZutie
ccs OZuUNe
30 T) (100,200), K& UZuNe
(4 [MITEIALIZATION, CALLED FRUM SUBROUTIME SPCMIN DURING LTS 0Zuve
c INITAEALLZATLION. v2ulie
100 21180 = PL/1AO. 0zUKe
3LL = ABS(PLAT)/PILAO OTuUNE
AL = 2.56e=09%(105.~BLL)*LXP(~(105.-8LL)/47.) uZude
38 = 0.988 ¢ 0,0136%BLL 0luNe
90 = (1.837 - 0.014°3LL)*1.0E~0Y UZUNE
EE = 0.50/(1.04eXP(0.UT70(bLL-44.))) ¢ 6.0E-05%BLL*BLL - 0.014 UZuNs
PP = (3LL-35.7(1.00EXP(-0.243*(BLL-00.)))) "2 UZuNE
Il = 12.54 - 0.093%3L, ¢ 0.0/(1.00EXP(~0.318%(BLL~83.5))) uZone
22 5 29,20 - 0.193%*8LL - 0.0/(1.00EXP(0.08%(8LL-10.))) UZuNe
ALPHE = 0.20 - 6.79E-04*bLL UZUNE
LOT = (7.24E-04*BLL & 6.62E-0))*BLL + 4b.9Y (VPO LT
‘ ALPHA = 0.235 ¢ 0.295/(C1.0etXP(-0.0982%(BLL~-37.))) OZune
J JETA = 0.55 ¢ 0.40/(1.0eeXP(0.094°(BLL-30.))) Uluht
j LOIC = 31.0 = 0.329%3LL ¢ 1l.o/(1. 00X (-0.112%(3LL-74.))) QZ0NE
232C = 37.5 = 04193%3LL ¢ 9.43/(1.0eEXP(=0.195%(BLL=T7%.))) [VRAVI RS
: RETUNN UluNe
: 200 Zueridug UZune
. LERUN = 0.0 [FYAYRE S
LP( (2ZK4aGE.S53.) AND. (ZKML.55.) ) ZKHUN = 1.0 ULZUN:
3 BZL = BB*(LKM-Z1) WYANLT
(P( B3ZL.CE.50.0 ) 32¢ = 50. W) er,
sFL = PP/(LKM®®Y ¢ [0).) - EE*(ZKY-22) JZuN..
IF( ZPZ.GE.S0.0 ) EFZ s 50. UZun.
ATZ = ALPHT*(2ZKM-20T) ulune
SHR = AA®(1.0¢0.,027%kM)/(1.00EXPL{BZL)) ® LD/l 0P XPLLFL)) Uiuie
Nt = SHR/(1.0%cXP(ATL)) [FYAYL I
AZL = -ALPHA*(ZKM-ZDIC) ultse
IV( AZ2.GE«S50e ) ALL = 50, Liute
SZL = sdkETA*(laM-1020C) [(VIAVRY
LP( CZLZ.CE.Y%0. ) CZZ = 50. UZuNe
SAPK = ( 1.05E-06/(1.0¢cXP(AZZ)) ) / (1.0¢EXP(CZZ)) uluse
32T = 1.465%°(2KN-22.1) uZise
retL = 0.70%(2kn~13.2) ULUNF.
sAMNA = 00.12°(1.0/(1.00EXP(DLZ)) ¢ 0.055/(1.0e0XP(¥FLL))) [FYAVEYS
AMGLE = (J60.*PYR-GANNA)®*P1B0D ULLAE
JLIT = CAPKSSINCANGLE) & SR gZuNe
IPSMR = 3.10E-06 - D2)Y 0L0NE
323 = OL3T ¢ DPSMR*LKRON®*(0.50¢S1CGN(0.50,DPSHNR)) [WATLT
RWEBLURN UluNe
(1 1] OLuse
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FUNCTION RATCOF(L,T) RATC e ¢
cce ATl 3
[ PUNCTIUN KATCUP PROVIDES THe WATE COEFFLICLcUlS mEEDED FIx The KATCLF q
[ $= AND F-MRGION JUNUSPHBKE NOUEL USeDd (N xUSCUc-INK. KATC ¥ 5
[ KATC P o
c THLS FUNCTLIUN WdAS PREPAxED (03/01/778) FI¢ aNTEwi M USE RATC b 7
c PENDING DEVALUPHENT BY Ge. Eo TLNPU OF AN AUCJUATRE XTeNSIUN KATC IF 3
[ OF THE FUNCTIUN RAT: USLD IN RUSCUE~-RAUAR. KATCur v
cce HATC Y 10
c LUPOT PANAMETERS RATC 11
c ANGUMENT L1ST? RATCUY 12
C I - KEASPLIJON InDeX (o>EE BELUW) KATC U 13
C T - TEMPERATURE {DeC K) NATCUY 14
c S aLECTRIN AnbD VIBRATIUNAL TENPERATUKE FUR RATCOY 15
c REACTEING 2, 3, 4, 10, AND 11 RATCUF 10
c 2 HEAYY-PARTICLE KINETIC TLNPERATURE FUR KATUON 1?7
c UTHER REACTLIINS KATCUF 18
c QUTPUT PANAMETER RATCUF 1y
[ FUNCTIUN RATCUZ? - «EACTIUN RATE COEFFILICLENTY, KATCO¥ 20
[ CMOe3/SES FIR 2-BUDY WEACT. INS HATCUP 21
c Cueep /ST FOK 3-BUDY MEACTIUNS RATCUP 22
[ ool RATCLNF 24
c REACTIONS laCLUDBI... NATCUY 24

c RATCUF 24 4
c 8. RLACTLION RATE-COLFF ICleNT REFLRENCE RAICUF 26
c SECARSOEARN RN ANERGANAAASPRR ARt aRRORARAGCsRORRRATASRROERARSEYD “‘TCU" 2'
c RATCUF 24
c 24 BU* o I = N(4S) o u HUANG ET AL.(1975) KATCUF 2y
[+ 28 duUe o [ Y = H(20) o V] HUANG ET AL<(1975) RATCUF 30
c 3 d2e o 3 = g(4S) ¢ N(20) BLINDL (190)) NATCOF n
[« & D20 ¢ [3 2 ] * J(1D) WALLS AN ODUNN (1974) KATCOF 32
c S De o W2 3 N0e * N(4S) OUNKIN £ AL.(lvod) KATCub 3
c 8§ ¢ ¢ w2 s J2e . u CCFARLAND LT AL.(197)) RATCOF 34
c T n2e o 0 = B ¢ B(20) SCFAALAND &P AL.(197)) KATCF 3o
(4 3 D2¢ o+ N(45) = NDe . U GULDEN P AL.(1900) KATCOY lo
c 9 Ule ¢ W = H0e ¢ W2 FEHSENFE.D ET AL(19T0) RATCOF 31

c 1) Je o 3 =0 ¢ HMU BLOCK DATA BL&CHN, ®ISCIE-RADe RATCIN kY] :
c 11 Je ¢ § o g =) 3 [ BLOCK DATA BLKCHM, KOSCJIK-HAD. WATCO¥ A1) i

(4 HATCLF 4
c SARCESRAGRCRN AR RECRANSSROCARCANEEACa et enRatucRRantd®adaataRes RA'CJ' “
c RATCUF (P
c FOR REACTIONS 2 THMUUGH 9, KRATE CURFFICI=nT> Adc TAKSN RATC Y 1
c WITHUUT REVIEW AS PReSENTED IV S0=-T76 (Stiuntl T AL., JGR NATULF 44
[ VOL. Bl, J745(1370)). FUL KEACTIUNS 10 anv 11, RATE KATCO 4
c CORFFICLCNTS ARE TAKEN FRIM H.KCIN QN RISCUZ-KAVANR. RATCOF 40
ccc NATCUF LR
JIMeNSION  KAT(11), PJUE(1l) NACC O q4a
JATA AT / 0.0, 7.3e-07, 2.9.-07, <£.4:=07, 3.0&-13, 2.0:-11, NATCOF [T
2.55-10, 1.8:-10, o0.3z-10, 4.4c-12, lo2e-19 ¢/ KATC Y 5
JATA 2ud / Veu, 0.50, V.43, 0.40, V.0, V.40, V.44, 0.0, V.U, NATCON LY}
? 0.7, %.0 ¢/ KaTC ¥ 92
cc: RATC ¥ 53

RATCIF = WAT(L) * (300.7T)**Paw(l) KAPC O £ .

Pl 1.63.2 ) Gu T 2 RATOCF S, b

1P 1.E3.5 ) GO T4 » NaTCOF B '
WIUNAN MNATC 0P 1
2 WUTCIF = RATCUF * (330./300,)**Pua(<) KATCOM 94
LTURN RATCO¥ o
5 IF( P.LT.600. ) RATCIUF = RATCON®600./T) MATC W 60
Wroen RATCUF ol
({1} RATCUF o2
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JUTLME SULCYC(DAYI)

SUBRUUTINE SOLCYC CUMPUTES THE SILAL FLUK SHAK, AN LNPUT TO
ATROSU THROUGH CONMON ATMOUP, BASLD ON Ad ASSUMCO SEINUSULOAL
L1=UR (U0 401B-DAY) VARIATION, WITH THe WARINUM VYALUE OF 250
FOR SdA, ASSOCLATELD 4ITH CLRA=b5 MODEL 9, JICCUKRLNG JN

1958 JUNE 1. THE NININUM VALUE OF 0S5 FUR SHAR IS ASSJICIATZD
diTH CLea-65 MOOEL 1.

WEUESION 01 (037/01778) PROVIDES...
le REVISED ATMUUP COMMUN FOR ROSCOL-1R.

T PARAMETER
DaAYJ - JULIAN DAY NUNBER (A HALF LurtCek) AT O HeS UT
ON TdE DAY OF INTLRLST.

UT PARAMETEM
SBAR - AVERAGE 10.7-CN SULAR FLUX, 2.08-22 ¢/(M**2 HZ).

SuAR IS AN INPUT TU ATMUSU T4RUUGH COMMUN ATMUUP.

JN/ATNUUP/ HL,SUAR,IDURN,PP, RHO,TT,SNI(3D), HKHU,FEHSERQ

MITION UF DATA
DJ806 - JULLAN DAY wOUMBEM ON 1958 JUNE 1 = 243633%.5
025806 /7 24306355.5 /
Pl /7 3.141592653590 ¢/

: 2.*P1
2 157.9 ¢ 92.5%C0S( (DAYJ-0JU5806)*P12/401l0u. )
(1]

lso

e —— e —— - m4 -

SuLCYC
SuLcCyC
suLcyc
SuLc
SULCYC
SOLCYC
sSaLc«C
SOLCYL
SuLcyc
SuLCyYC
suLceC
SuULCy’l
SuLCyC
SuLcyc
2ULCYC
SHLeYce
SJaLcvyC
souerl
SULCYC
SOLCYC
Ktimmu?
SUL.CYC
SULCYC
SuLCyC
SuLcyc
5 LCYe
sudlCYC
SuLCycC
SulLCYC
SILCYC
suLcye
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SOBNJUTLNE SOLORB(YRPI,VEWJ,0AYI,SULLAT,SULLIN)

SOSRUUTINE SOLORD COMAPUTES THE NIRTH LATLTUDE SILLAT AND
SAST LONGITUODL SJULLON OF THE APPAKENT (ACTUAL MUTION)
SUSSULAR PULNT, GIved THE JULLAN DAY NUMIER AT U HRS UT ON
JANJARY 1 UF THE YEAR OF LNTEREST (YRFJ), Tk JULLAN UATE AT
MHLCH VERNAL BJUINOE UCCURS (VEWI), THE JULIAN DAY NUNHER AT
J dRS ON THA DAY OF INTEREST (VLAYJ), ANU Tub UNLIVERSAL
TivE (ur).
ARVISL N 02(10/15/77) PRUVLIDES...
1o DLFIMITION JF A Nt W VARIADLL, JulJdJT, TD AVOID LISS OF
SIGNIFICANCE 1IN CUMPUTILIAG SULLUN JY & SHMALL-"URD MACHING
de REVISION OF THE ANGUMENT LN THE RQJATIIN-OP-Tlve,
CINSISTENT WITH ITS DEFINITIOUN.
REFISION 03 (0J/01778) PRUVIDES...
3. REVISED TINK CUNMUN FUR RUSCUE-IK.

[x]
N

INPUT PARAMETERS
YRFJD ~ JULLAN DAY wUNBER (A HALF INCEGER) AT O HRS UT us
JANJARY 1 UF THr YEAR UF INTaRoST.
VeEdJ - JULEAN DATE FJIR VeRNMAL EQUINDX.
DAYJ - JULILAN DAY NUMHER (A HALF INPLLER) AT O Hus UT
O8 t4e DAY JF INTEREST.
UT - UNIVERSAL TINE (DECINAL HRS).

[a]
N

JUTPUT PARAMETERS
GAT - GREENGICH APPARENT TIME (DECIMAL HNS).
GAT IS PLACED N TONWON TINME.
SULLAY - WURTH LATITUDE UF SUBSOLAR PILNT (RADLANS).
SULLON - EAST LONGITUDE UF SUISOLAR PJIINT (RADIANS).

(2]
L 2]

JEPINITIONS AND CUMMENTS
U024 15 THr DECIMAL PRACTION OF UAY CUNIESPUNDING T ut.
DAYJUT 1S rvdE JOLLAR (OECIMAL) UAY BUNBRER AT UT HRS DN THE
DAY OF INTEREST.
DAYNU [S THE MUMULR OF bLAPSE) (DoCIMAL) DAYS SINCE Tde
DEGLNNENG OF THE YEAR AT 0 HkS UT UN JANJARY ).
THE QUANTITY (DAYIUT - aTaT(DAYJIUT)), Tds wEST LINGITODYS 2P
THE SUHSJOLAR POINT EXPRESSED AS A OuCINMAL FRACTION OF 2°+p1
RADIANS, [S SUBTWACTED FRUM 1 TUO UBTALN Tht FRACTLUNAL EAST
LONMSITUDE. THE PIRST To40 EXPRESSIONS FUOR SJOLLUM ARE THa EAST
OBSITUNE UF THE SUBSOLAR PUINT JF THE (FICPITLIUUS) NeAM SUN.
I? 1S PUSSIBLAE TO NAKE AN APPRUOXIMATE CUHRECTLIN POR Txe
DIFFER:NCE BETWEEN THR APPARENT (ACTUAL 40TiUN) SOLAR Tiwe
AND THE WMEAN SOLAR TINE, KNOWY AS THE BJIATLIIN-DP-PLlus (SKEE,
Bevesr AMERICAN PRACTICAL WAVISATOX (URLGINALLY BY N.
BUMOITCH), U.5. NAVY H.U. PUbe NJ. 9, P. 3715, UF 1902
CONRECTED REPRINT EDITRON, AVALLABLE FRUY UeSe GOV, PRINTING
JPPLCE).  IB THE U.S.Ae (UN CINTRAST TU sWalAT HNITALN) THu
SIGN UF THE EQUATION-UF-TIME 1S CUNSIORRaD PudITIVE [P The
TLIME OF THE MERIDLAW TRANSIT BY THE SUN IS EARLIEN THaAN 1200
HRS AND NRGATIVE AP LATER THAN 1200 HwSe (MJIPL THAT &
MERIDIAN TRANSIT BEFOKRE 1200 4NS COKNcSPINOS TU THY taST
LUNGITUDE OF THe SUN BEING SMALLER THAN FHE VALUE EXPelttd
SASED JM A MEAN SJN.) ANVUAL EDITIUNS ¥ THL NAUTICAL
ALNANAC PRIUR TO 1902 TARBULATED VALUES OF THE eQUATIIN-UY-TING
AT L 2-HK INTERVALS. THLSE TABULATEYD VALJED OF THeE cQJATIUN-UP

anNaOOoanNONAaOAaNAnNOOONAanTOnNOnNAanNNAONANOON NN ANNOONANANONDN
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SULUnl
SHLIKH
SJULUxR
SOLIRH
SuLuny
Suliind
SubLiirn
Ul uin
SuULUNY
Sub.xH
SUbLury
Sl .ixk
SOLukR
SUL AR
SJL ukd
SuLIkad
SLuRY
SaL<s
Sl LKA
R WYY ]
»llurtl
SaL4s
Sl IR®
Sl Ind
SULONR
SUL. UKIs
SULINA
SuUL. kB
SuL.aNu
Sul.Ing
SJUbL.nA
SULRA
SuULudn
SULIRR
Stil.wn
SULIRH
SuL.anA
SuLusy
SUL:.IxB
SULURY
SULOKS
SULINN
Sul.uiRe
SJLlund
SJILIRA
SuL.anrn
SULURA
SOLunb
SULUOKH
Sul.linb
SULUKY
SULDRS
SOLORY
Sulaxs
SUOLURA
SubLuUre
SULURDB

—
L= AN - S - NV R VY
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e s e - A 3 ot 4

c =PINE CUULD Bt AUVDED TO THE GRECNWICH McAN TIM: (Uk UNIVERSAL SuLu~# 99
[ PIME) 10 OBLAIN THE GREENaICH APPARENT (JR ACTUAL MUTION) Subltirit €0
[ PUNE. NEWER ANNUAL EDATLINS DF Tl AmrERICAN tPHEMLKIS AND SUL.Jeh ol
[ MAUT ECAL ALNANAC OR THE ASTKRONOMICAL cPHuMeRES DU Nul eVEs SULUNRG o2
C EXPLICITLY KEFER TO THE TERM cQUATION-UF-TLiMCE. INSTEAD, FOM Stbu~H [ ¥)
4 SERIDLAN TUANSITS AND OTHER PHENIMENA TUHAT DePEND Om HIUR Sul Iny 64
[ ANGLES AND GEUSRAPHIC LICATION, THE NewtEw LDITLUNS REFEN NOT SULJ s 65
c TU THE GREENWICH MERIDIAMN AND YU UNLVERSAL fLMeZ BUT TO A Sublasl 6o
c MERIDILAN 1.002734°(UELTA T) EAST UF THE SEUGRAPHIC MERIVDIAN SULu~Y 67
[ JF GREENWICH (KNIdN AS THE LPHERERIS MEKRIDIAN) AND TU SULUKR ud
[ EPHEMERIS TIME. THE SOLAR EPHEMERIS TRAMSLIT, duICh LI> THe Suluns 6y
C EPHEMERLS TIME AT TdF LNSTANT OF SULAR TRANSIT ACROSS THE SOLYRS 70
[ EPAEMERLS MERADAAN, 1S TAIULAPED AT 1~DAY LINPERVALS L1¥ CHE SuULIuH 7
¢ NEWEK EDITIONS. dE HAVe ADUPTED THE DcPARTUke OF THE VALUVE OF SOLUKA 12
[ THE SOLAR EPHEMERIS TRANSIT FPROM 12 HR 00 miN U0 SEC AS & SULUKY T3
[ CONVENIENT APPROXIMATION TO THE NEGATIVE VALUE OF THE SOLMNxa 74
c BQIATION-UF-TINMe. IN PARTICULAK, WE HAYE USED VALUES OF THE SuLiind 75
c SOLAR EPHEMERIS THANSLT PUR 1974 TABULATED IM THE 1974 EOITION suLuUib 76
c 0F EITHER THE ASTRONOMICAL EP1EMERIS UR [He AMERLCAN EPHEMERIS SOLIKH 17
c AND MAUTICAL ALMANAC, AND FITIED QUR ADJI?TLD VALUES 1f THE SULOKK 78
c EQUATION-OP-TIME 3Y A FOUR-TERM FOURIER SERIES. oE ICNORE THE SULDKo Ty
[ MEAK DEPENUENCE OF THE EQUATIIN-0OF-TIME JN Tdt YEAR UF SuLixy 80
[ IWTEREST. OUR PITTED EIPRESSIOM FOR THE EWDATION-OF-TIME (S SULNKA al
c olyen BY SOLxd 82
[ SULORG 83
|4 EQr = 0.385175*COS(F) - 3.146125°COS(F2) SOLJxH 84
[ = 7239263595 I8(F) - 9.516325°SiN(r2) , Mid SULIKB 89
c SOLORS 86
c WHERE SULUKE 87
[ F = RADDAY*(OAYJ-YRrJ) SULURS LT}
c P2 = 2.°r SULIKE L)
c RADDAY = 2.°P1/365.25 KADIANS PER DAY suLuRe Yu
[ = 0.0172024238 . SULUxo 91
c T0 COMVERT FROM MINOTES OF TI¥E TU RADIAMS IF LUNGLTODE wE SLURY 92
c HUST MULTIPLY EQT BY SULbRAY 93
[ RADMIN = 2.°P /1440 MADIANS PER MINUTE sul.ury 94
c = 0.004316332313 . SuLJ3x8 94
[ THOS, THE EAST LONGLYUDE (RADLANS) OF THi APPARENT SUN IS SOLUKRK 96
c SUOLLON = SULLUN-HRADMLN® QT SOLiRY 91
C THE MORTH LATITUDE (RADLANS) JFP THE APPAQENT SUN IS SOLUKS 94
[ SOLLAT = SLATMX*SINC (DAYJUT=VeQJ)*RAINAY ) SOLJxA 'Y
i [ MHERE THE MAXIWMUN VALUE OF THE SJLAR LATLITUDS Is SRS 169
' [ SLATMX = 0.40912) RADIANS . Cabiird 10§
j cce SULIRK 102
SONMIN/T ENE/ LYMS,LMINS, LDAYS, 2T, 2LAY,PLIN, UL ,GAL,FYR,FST, RHUDKN (LT 2
. #CHI KilMwy? }
€cc SOLuRA 104
. [ JEFLNITIUNS JF DATA AND CINSTANTS Sulns 1Us
[ Pl = 3.141292653%90 SULOKY 100
C PL2 = 2.%p1 SJL.ikb 107
c RADDAY = PL2/30%9.25 HADIANS Prc DAY AN & JULIAN Yeaw Sl x4 100
c = 0.J172024238 S L) 109
c RADMIN = PI2/1440 KADIANS Pk MEINITL LN A DAY SNL R v
[ = 0.00430334313 Sal Ve 11
C SLATMX = MAXL4JM VALUE OF SULAN LATITJU. Sdbl.xA 112
c = 0.407123 KADIANS Sk IxH 113
[ of s UL UK 143
148
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: 32 =z 2.%P|

i 2W0DAY = PI2/305.25
WONLN = PL2/1440.
JT024 = UT/24.

JAVJIT = DAYJ o UTD24

c INTRUOUTE A NEd VARIABLE,
JELJIAT = 0.30 ¢« UTD24
JAYNO = OAYJIUT - VYRPJ

SOLLIN = PI2%(1.0-DELIUT)

(F( SOLLUN.LT.0.0 ) SOLLUN =
P = RADDAXS(DAYJI-YRFJ)

2 = 2.°f

AT = UT ¢ EQY/60.
SOLLOE = SOLLUN - RADWINC®RQT

L TURE
Lu0

A AR . SR A, e

JATA PE,SLATHX / 3.14152265359%0, 0.409123 /

c t0 AVOIU LOSS O7 SIGNLIFICANCE ON A SHALL-WURD MACHINE,
DELJUT.

cc SOLLIN = PL2%(1.0-DAYIUTeALINT( DAYIVUY ))
SULLONePI2

QT = 2.385175%C0OS(P) ~ 3.146125%C0S(F2)
. = 7.392035°SIN(F) ~ 9.536825*51M(F2)

SOLLAT = SLATHK®SINC (OAYJIUT-VEQJ) *KADOAY )
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EYUWVRY |
SuLlxy
SULDKK
SuLNKb
SuLunB
SULuxf
S Inl
Sul.uitt
snLiny
SULUNKB
Sulixb
S0LUAY
SOLUxA
SuLudY
SULONRS
SuLuxs
SOLUKY
SuLunB
SulORb
SuL.nxg
SuLUK3
SULOxE
SOLOx8

11y
i16
17
1le
1y
120
121
122
123
124
125
120
127
128
129
130
131
132
13
134
135
130
137




SUBROVTINE SULVE (A, K, ND) Sul.ve «
cc: SyLve )
[ SUBRUUTINE SOLVE, CALLED PRUM SUIKUUTINE FITlew, SOLVES A SEY SuLve L]
c I N0 SIMULTANEOUS LINEAK ALGEBNALIC tQUARLUNS dY USING SuLVe P
c SAUSS=JUNDAN METHUD dITH WAXIWUN PIVOT FEATURe. (SEE, FURTHAN osuLvr b
c IV PROGRAMMLNG ANU CUMPUTLNG BY JAMLS T. GULDLEWN, Salve 7
c PRENTICE-HALL, INC., 1965, PAGES 88-99) StuiVe ]
ccc suLVe 9
cce 00 REVISIUN REQUIRED AN GUINGC FKUM RUSCUs-kADAR TU KJISCOr-Ixe SlLve 10
cce SOULVE 11
c [WPUL PANANETLKS SJLve 12
c A(E,)) - MATRIX UP CUNGTANT CUEFPICIEATS I SET CINTAldlal SLVE 14
c THE NUMIER o0 SIMJILTANEOUS LLINGLAR ALGEBMALC SOLYE 14
c EQUATLONS ShLve 1
(4 MO - THE NUMBER OF EJDATIONS sOLYe 106
cce SuLve 17
c JUTPOUT PARANETERS suLve 14
c X(K) ~ THE LEAST-SQUARLS FIT CUEFFICIcNTS Sarve | I
[ SuLve 290

JINENSLION A(20,21), B8(20,21), X(20), LOCL20), dUw(20) SuLve 21

K] =z 4del SuLvVe 22

30 150 [=1,ND SULVe 214

30 150 J=1,KNU SLVe 24

M1,0) = A(1,9) SiLve 29

150 Zomriaug shiLve 26
)0 10 N:z1,NQ sulve 27
<0C(%¢) = 0 SOLYE 24

10 0uW(n) = 0.0 SuLVe 29

P = N)el >Lve 30

30 100 1=1,u0 SULYE n

P = el SutLve 32
Coe===7100 MAK ELEMENT IN ]-TH COL. SuLve 33

AMAX = 0.0 SULvYE 34

JO 2 k=L ,MD Subve 34

IF(AnAL - ABS{ A(K,1))) 3,2,2 stieve o
Co====[S NE4 NAX I[N ROW PREVIUUSLY USeD A> PIVOT. siVe 3?7

3 1P (RJ8(K)) 4,4,2 Sulve 1d
¢ .00(l) = K SoLve 39

ANAX = ABS( A(K,1)) SutVe 40
2 S0uTINIE sLvVe 41

1rCatAn) 99,99,98 SILYa 4“2
Cec==~¢AK ELENENT IN [-TH COL IS A(L,I) subve 41

98 L = LOC(I) >ulLVe 414

R04(L) = 1.0 FRINTA [P
Cowwe=IbdFf IRY ELIVMINATEON, L 1S PAVIT wIW, ACL,0) 1S PLVUT tlrdeN?, Sul Ve b

JO 50 J=1,u) siLve 47

[(r(L-J) 6,50,606 Suatve 43

o AIF = ~A(J,1)/74¢L,10) salve W

JJ 40 K=IP,aP SOLve Hy

A(J,K) = A(JI,K) & QF*A(L,K) KYV R XA 51

40 ZomTimge S Wvr 8 e
5) 20MTINUE > lve LY}

100 ZuNTiNdg R 54
JU 200 I=1,80U o LV 9
« = LUc(l) Sowve '

200 K1) = A(L,NU*L)/ZA(L,tL) > Lv.. 4

c WRETL(6,103) (Jse K(J),d=1,N0) aul. Ve o
C 103 PURMAY (4(18,21,E15.8)) aul. Ve Yy
W LURN SaLve (Y]

9) oRITE(G,104) SiLve (]

104 PORMAT (SX,27H MO UN QUL SOLUT ION EXISTS.) Sl Ve [
RETURN SuLvr [¥]
[{ 1] SuLVe 64
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SUBKIUTINE SULZEN(SJILLAT,SOLLUN) StiLZe 2
ccc suLL-N 3
c SUIRUUTLINE SULZEN CUMPUTES COsCHI, TME CJOSINE b THt LENLTH SuLLen 4
c ANSLE OF Tiie SUN AT A PUINT P, GEVEN THE GedoHAPHIC MIRTH suLzew 5
c LATITUDE PLAT AND EAST LONMGITIODE PLON UF THe PULNT P AND THL SULZeuN [y
c NORTH LATITUOE SULLAT AND EAST LINGLTUDE SULLUN OF THE Sublrn 1}
c SUSSULAR POLNT, THE DAY=IR=-NIGHT PARAMEPENR LDuxN 15 1 PUK SulZen 3
[ JAYPINE, I1.E+y, IP(CUSCHIGF.0.0), AND IS -1 Fux NIGHTTIMc, SULZeN 9
4 LeBey IP(CUSCHILY?0.0)s THE LUCAL APPARCNT TINME HL SJLiee 1
C {S ALSU CUMPUTEU FRIM THE GRELNWICH APPARLAT TIME GAT AND THe Sull:d 11
c LONGITUDE PLON. SOLLeN 12
c REVLSIUN D01 (06/07/77) PRUVIDES SULLLN 1)
¢ 1. SULAR ZEWITH ANGLE, CHI (RADIANS) SOLZuN 14
[+ 2EVLSION 02 (03/01/778) PRUVIDES... SULZz=m 19
c 2. MEVISED ATNOUP AMD TIME CUMMUNS FOR RUSCUc~-IR. SULZeN 1)
cc: SuLlew 11
c INPUT PARAMETERS SuLZen 18
c PLAT - NORTH LATITUDE OF PUINT P (KRADIANS) soLZew 19
c PLUN = EAST LONCITUDE UF PULNT P (RADLANS) SULZoN 20
c SULLAT - NORTH LATLTUO. DF SUBSOLAR PILNT (RADIANS) SULZEN 21
c SOLLUS - EAST LONGITYODE DF SUBSJLAN PIINT (RADIANS) SULZ.w 22
ccc SULZeN 23
c JUPUT PARAMETERS suLinw 24
c CHI = ZEMITH ANGLE JF THE SUN AT PILINT P (RADLANS) SULZen 29
(4 IDORN ~ PARAMETER FUR DAY OR NIGHT. IF CUSCHI IS SOLZ 2N 20
c THE CuSINE UF THE ZENITH ANGLE UF THE SUN AT suLleN 217
c POINT P, IDURN IS 1 POR DAYPIME, 1.b., sulZew 24
c IF(COSCHI.CE.0.0), AND IS =1 FUR NIGHTTIAE, SuLZew 29
¢ T1.Ee, IP(COSCAI.LP.0.0) . [LDORN LS AN LY¥PUT TO SULZEN 10
c ATHOSU THAOUGH CUMMUN ATMOUP. suLiewn 3
c HL = LOCAL APPARENP TIME (DECIMAL HRS, £.G. 2230 HxS SJLLEN 32
c BLCIONES 22.50 HkS). WL IS Aw LNPUT TO ATHOSU SOLZEN 3
c THROUGH CUMMON ATHOUP. SuLZzxw 3¢
[ of o SHZeN 9
SONMIN/ATMOOP/ HL,SBAR,LIDJIRN,PP, RHU,TT,SNI(3D), HRHU, PLHSEQ KUNRO2 2
COMMON/TIME/ 1YRS,IMONS, I0AYS,ZT,PLAT,PLON,UL,CAT,PYR,PST, RHOSKN  KUMMUT 2
. <CHL RUNNDT n
JATA Pl / 3.1415926535%90 ¢ SuLZew kL]
ccs SJLZuLN 3y
¢ THE POLLOJING FURMULA I5 BASED UN EQ. (1.41) UF TUNUSPAERIS SULZEN 0
c RADLO PHUPACATION BY K. DAVIES, NuS MUNOSRAPH 40, 1965 Sl Zey al
c APRIL 1. IT MAY ALSO Be DERIVED BY APPLYING THE LAwW OF SULZEN 42
c COSIMES PUR AN 0BLIGUL SPHERICAL TRIANGCLM. SLZeN 43
cc: SOLLEN 'Y
SOSCHI = SIM(PLAT) * SIN(SOLLAT) SOLZEN “
. ¢ COS(PLAT) » COS(SOLLAT) * COS(PLON-SULLON) SuULZeN 4s
SHI = ACUS( CUSCHI ) SULZEN 47
10Juw = 1 SULZ ey 'Y
{F( COSCHI.LT.0.0 ) (DURN = -IDURN sulZeh 4y
PI2 = 2.°P1 SOL2eN 50
240HR = PI/12. SoLiew s
IL = GAT - (PL2=-PLON)/RADMR SOLZew 52
IFC HLeLT.0.0 ) HL = HLe24. SLZEN 93
IETURN sukZen 54
EN0D SuLZus %9
151
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SUBKRDUTLNE SPCHIN(KK,LH)

POR RUSCOE-RALAR (MAY 1973),

THE HIGH-ALTITUOL CHEMISTWY MIDUL: WEQUIKED THe WINOKR meUTRAL
SPECIaS 0O, CD2, N, AND d0. PROFILES FUR DAY AaD WICHE AT ALI
ALTITUOLS ARE PROVAOED FOR U AND Cu2 IN ATMUSU., HERE IN
SPCMIN ot PROVIDSE PuOrALES OF W AND NO.

PHE LOW-ALTITUON CHEMISTRY NMOODULE ReJUIRBS, IN ADDITION TU U,
CU2, N, AND NQ, PHE MINUR NeUTRAL SPECIES d2U, U2(SINGLEY
OdLTA G), 03, ASO NO2, ALSO PROVIDED BY sPCNiN,

FOR RUSCOE-IR (MANCH 1978),

THE CHEMISTMY-NJOEL RRQUIRES NEUTRAL SPECIcS 1d ADULITION TO
THISE LUNDICAYED ASOVE PFOR ROSZOE-WADAR. THUS, SUBKUUTINE
SPCMIN ADDITIUNALLY PROVIDES ALTITUDE PRI¥1LeES OF CO, w20,
CHe, H, OH, HO2, N(2D), N(2¢), AND 0CLD), AS well AS wEVISED
PRIF ILES OF 03, 420, s, N(4S5), AND WU.

REVISION Ol (05/04/78) PRUVIDES

1o SETTING OF Ted CONSTSNTS [N THE HICHTTING 03 PRUFILE.
tEVISIdN 02 (05/21/78) PRUVIDES

2. JELETION UF URUSED AMKAYS ANONZI(8), X(9), ZIMN2NU(B), AND

LinNON(8).

SEVLSLIIN 03 (06/24/79) PRUVIDES

REMIVAL UF SMALL DISCONTINULITY 1N HO2 PRUFPLLE AT 100 KM,
COIRRECTIUN Ul KCYPUNCH LRROR EN DATA FJUi NIGHfTINE H DENSLTY
AT 80 M (FRON L.OE*08 T0 1.0Le07).

CIRRECTIUN UF COMMENT-CARD JNITS FOR 03 MASOH-NIXING~KATIV
OATA.

LOWER LIMET OF 1.0 YO/ H ODENSITY AT WISHT OBETEEEN 74 ANy
7> K9,

SIRRSCYED CUNVERSION UF N20O VULUML-MIXING RATIO (PPAV) TO
N2U NUMBER DESSITY (1/Cu*e)]).

AdSOLUTE VALUE JF LATITUDE §¥ CUMPUTING LATLITUDE FACTOR
FIR N20.

REVLISION 04 (07/06/79) PRUVIDES
CORRECTED FLIY FUNCTLION FOR 402 FUR 75.0 oLP. ZH .LT. d5.0 KN

(NPUP PARAMLTLRS
ARGUMEANT LIST

KA = CALCULATIUN FLaG
T 1, CALCULAT: INITIALIZATION PAKASCTERS
= 2, CALCULATE ATHOSPLERIC PRUPLRTLeS

LH - ALTITJDE OF INTEReST (KN)

ATVIUP CUMMLN
IDIKN - IND=K FuR DAY OR NIGHT
= el, DAY
= -1, NIGHT

SNI(L) = SPECIZS DeNSITIeS FRIn SUSRIITINEG ATMUSU
ATM)ISPHLRIC NuDel.
1 = 1,6 Puk N2, U2, ), AR, Uz, CU2

PLYE CIOMMON

PLAT ~ NURTU LATITUDE UF PUINT (RADIANJ)

LHCHeX CUMMUN

LUFLAG, = PLAGS USEU N DETELCT AND CIRRLCT Aw Erxuhe JUS
SPIFLG SLIVENC. LF CALLS Yd SUdhUUTINCO almidod, dEIwIY,
AND [JNusU IN THE OPERATLIUNA. PHAoce APPRUPRIATE
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SPCuly
SPCuln
SPCvin
SPCuN
SPCuIN
SiCvly
SPCuIN
SPCHLY
SPCULN
SPCviy
SPCviIN
sPCul s
SPCalnN
SPChIN
SPCul N
SPCHinN
SPCviN
SPCmiN
SPCHIN
SPCulv
SPCmiIN
S>PCuiN
SPCMIN
sPCun
SPC¥IN
SPCuIN
SPCHlw
SPCniN
>PCHIN
SPCHIN
SPCYiN
SPCuIN
SPCHLN
SpCvwiw
SPChiN
SPCHiN
SPCHIN
SPCaLN
SPCHAN
SrcalN
SPCwN
SPCulwN
SPCuIN
SPUeln
SPCuywN
SPCHIN
PCuly
SPCw,. N
SPCvI[n
SHCUIN
SPCw1ly
SPCN
sPeviN
2PCY N
HECH LN
SHU LY
2HCel N
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E
c EXCSPTIUNS ARe ALLOWED I Tz JWLITIALLZATLIUN SPCML Y
[ PHASE. S2PCY Y 6y
c JIVTPYUT PARAMETENS SPC«IN ol
4 ATHOUP CONMnON SPCu N [TV
c SNI( 7) - & DeNsITY, 1/CH**) SPUMLs (¥}
[ SNi¢ 8) - NU DeMSITY, L/CNeej SPCveh ad
[ SNI(13) - D2(S0G) DeNSITY, L/CNee) SPCWIN b
(4 Sul(le) - 03 DeNSITY, 1/CHe*] oPCmyf ¢ bo
c SNI(15) - NuU2 DeNSITY, 1/Cuee) SPCY LU 6
c Sui{16) - H20 DelSITY, L/CHer) LPCaiN (1)
c SHI(17) - M DENSITY, 1/Coen) SPCHin hy
c SNi(l18) - OH DENSITY, L/CHeey SPCetN 70
c Sut(l19) - wo2 DeMSITY, L/CH=*] SPCaw n
c Swl(20) - cO DLNSITY, 1 /CHee) SPCwiN 72
c sSal(21) - w0 OrNSITY, L/Cu=*}3 SPCuIN 74
[ SNI(22) - CHA DENSIPY, 1/Cuee) SPCHLN 74
c Sul(23) - N(4S) DENSITY, 1/CHee) SPCuiy 75 l
c SNI(24) - N(2V) DeNSITY, 1/Cueny SPCulN o k
c SNI(23) = RELATIVE HUMIDITY, PERCENT SPCALN 11
c SHi(26) ~ 0(1D0) DENSIFY, 1/CH**3 SPCIN T4
c SHNI(27) - N(2P) DeNSITY, 1/Cue*) sPCain Ty
[+ ALTUON COMMON SPCuiw [} |
c ALTEM(4T7) - THE ALTLITONeS AT JHICH MiNOx SPECIES ARE SPCHiIN R}
[ 4 SPECIFLcD AS DATA SPCKEN 82
c OMITE(L18) - THE WIGHTTIME O-VALUES SPRCIFILD AS DATA JPCuiN ¥}
[ C02(25) - THE CO2-VALJES SPECLIFLIED AS JATA SPUMIN e
c LHCHER COMMUN SPCwiN L}
(4 SPIPLG SPCw QN do
€ce SPCuUIN 47
JANENSIIN  AALL13),B3¢ T),CCC B, AVONITL21),A0450N033),Ae20NN(4)) SPCuin LT
M ueNSIIN U250CD(47),0250Cu(47),33DAY(26),0301T(27),0D(11) SPCu]N 8y
JINENSLION ¥(6),Z(6),T03(6),003(6),VU3(0),MUl(0b) SPCHiIN 99
ILNENSEION H2000C21) ,ANUDAY(21),G3(13),FF(L2),LE(L4) SPCeiy 91l
JINEUSEIN DOHDAY(21),0048LT(21),40204Y(21),402017(21),CCaH(B), SPC=IN 22
. CHO2(B8) ,0ATCU(I1),SMLTH (25) SPUvILN 93
JINESSEUN DAHUAY(21),DAHNIT(21),J1D0AY(33),0M20(12),CN20(9) SPCuilwn 914
JENENSION A(20,21) SPCuly 9y
I NENSIOIN  SNO2D(33),5NU20(33),Hii(13) SPCvin 9o
SUMMIN/ALT UON/ ALTKM(47),0NITE(LB),CL2(25),53200 KUMMU] e
COMMIN/ATN JUPY, HL,SBAR,LUURN,PP,REU, TT,5N1(1)) ,HettU,FEHSERQ [SL LAY 2
SOMMOIN/TINE/S LURS, Le0uS, IDAYS, 22,2 LAT,PLIN, UL, AL, FYR, FST, RHOSKN AUmRU0T? 2
. 2CHI (WL Y I
CUMMIN/VPC/ WVFPLAG,%eTH0),420120 KJN403 2
CONMIN/LHCHER/ ZufLAc,SPIFLG KUMvyD Pl
cc: SPCwIN 12
JATA WUEGNU / 12 /, 40cGlD,NUEG4AS / 0,5 / SBCULN v
JATA  MALTNO / 21 /7, MALTZID,NALTAS / 16,13/ SKHCel ¢ 104
JATA NDGU2D,NALTOU2 7/ 10,11 ¢/ SPCe N 199
JATA NOGH2ULNKMHZ2O / 12,21 /[, H2APCC / 3. 10426uviuceld / SPCNLy 1086
JATA  NOUMTH,NALTMH / 11,2% /7, CHAPCC / 3.79369000dr¢10 / SHCYIN 101
JATA M JIPCC / 1.254932T710ed2 7, SUMPCC / 2.1499405ucelo 7/ AP aNn 194
JARA PI / 3.1415925953590 ¢/ S 10+
JATA  NOGNJ2,NKMNU2 / 12,33 / FYR B v
JATA  (ALYKN(L),1351,47) /7 Dap % gl 00150 ,200020e030003%9800p8%., DPUNILN 111
. BUerp 99006000690 5T04 o 130,000,890 100p 90y LPC-IN 112
* 1000, 10%,0000,0150,0200,129440300,13%.,1404,165.,190.,1M99,, shewla (R
® L0009, 1700,072.,180.,08%¢,1900,1994,2004,235%4,210.,213,, arialy 1143
153
- T m—————P o i . . s et et = )
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® 24).,225.,280. /
3PN vaLUES 02/722/7s Fik ) MIGHTY
JALA (a.‘f‘((,"‘l'ls’ / ‘J.l-l' 2'0.0, 4.00@005,
. 3.00E¢10, 9.00E10 /
8FN VALUES 12707774 VIR CO2
JATA  (CO2(¢1)o121,29) 4 21%0.0, 1.30£¢09,4.8)c+08,1.70L¢04,
b 9. 652¢07 /
THE CO2 VALUES AT ALTITUDES FROM 0.0 TU 100, &M ARE RESET
18 SUBRIUTINE ATNISU 3Y USINGC A CONSTANT MIKING-RATLD OF
3.20€-04
8FN VALVES 10701771 FIR N0 DAY
JAPA  (ANODAY(ID,1=1,21) /7 1.0b¢10,3.40E¢09,1.30L¢09,5.80¢E¢08,
. T7.00E¢08,1.75E209,2.106¢09,1.25F09,
* 1,256¢09,8.50c00d,5.10c008, 3,00850008,1.40c¢00,6,40.¢07,2.70e¢017,
® 1.30£¢07,6.20E000,4.30c¢006,8.2060006,1.900007,3.40£¢07 /
3rN VALJES 100U/ M Flk 80 NIGHT
JARA (AwONIT(I),151,21) / 11°1.00Le00,1.00c¢04,1.10ce05,
L 2.30E005,4.80c¢05,1.00:¢06,2.00E¢00,
® 4.30E*)6,0d.20Fe00,1.90c¢07,3.40E¢07 /
AFN VALJUES 11/705/M Fle o DAY AND NIGHT N(TITAL)
JATA  (ANASON(CI),E=1,33) 7 20°0.0,1433E¢00,2.90L¢006,5.20c¢00,

. $.60c¢006, Lo20E007,1,74E¢017,2.20F07,
. 2.82%007,3.1446¢07,3.30£¢07,3.35€¢07,3.31£¢07,3.20-¢07 ¢
BFN VaLUES 11/720/717 FOR o DAY AND NIGHT N(2))

JATA  (AN2DON(LI),131,41) 7 25%U.0,1.30L¢04,3.000004,6.304004,
. 1.40£005,2.00€¢05,3.106¢05,4.60¢t¢35,
. 9.90E¢05,6.005¢05,0.402¢05,6.506¢05,0.50£009,0.4020¢05,
. 6.30c005,6.10E¢09,5.70c¢05 /
AFN vALUES 01/04/73 ¥IR  J2(SDG) LAY
JATA  (J250C0(Ch),1=8,4T7) ¢ 2.600.406,4.40£¢06,2.70¢.407,1.25E¢04d,
4.90ee06,1.25¢09, 2.70¢09,9.001¢09,
1.808010,2.70€¢10,3.306¢20,2.106¢010,1.506.¢10,2.006¢10,6.,13L¢09,
3.106¢09,2,05E009,3,60E¢09,1.30E009,3.00E¢03,5.60e¢07,4.30L¢06,
6.23E8¢05,1.00E005,1.402¢04,3.306¢0),7.10E¢02,2.00£002,1,00c002,
4.70E¢01,2.308001,1.205001,15%.10 ¢/
8rn vALUES 0Ol204/77 PIR DJ2(SLC) NlcuT
JATA  (J2SOCM(L),h=1,4T7) ¢ 15%3.40,%9.80£¢02,1.00e905,8.060E¢07,
. 2.000008,1.40E400,5.602+07,4.30t¢00,
® 6.206¢059,1.00E405,1.40£004,3.30E¢003,7.10E¢042,2.600¢02,1.00E¢02,
* 4,760013,2.302001,1.201¢01,15%6.10 /
BFN VALVUES OS5/04/ 7 FUR 03 0OLONE DAY (KG/KQ)
JATA  (J3DAY(1),1=1,206) / 11%0.0,3.1:-06,1.9.-06,1.0E-00,%.3¢.-07,
. 2.06-07,2,9.-07,1.,2:5-06,7.0E-07,1.4E~-07,
* 3.61-00,1.2E-08,3.08-09,7.1E-10,1.5E-10,4.5¢~11 /
BrM VALUES OS/04/77 POR 0} 0ZONE alcuY (KG/KGQ)
JATA  (IJNITCN),1=1,27) /7 11%0,.0,3.1t-00,J.3E-00,5.9E=0b,4.4¢-D0,
¢ 19€-06,2.6£~07,5.63=06,4.0E-06,1.%E~-00,
L] 3.88-01,9-95-08,3.38-08¢6.58-09'U.BE-10,I.55-10,2-7E-ll /
BFN VALUES O5/04/T77 FUR CU CARDBON M)NUX]DE (PPun)
JATA (DATCO(1),I=0,31) / 0.12,0.12,0.11,0.072,0.054,0,048,0.048,
. 0.046,0.048,0.096,2.070,0.127,0.1254,
* 0.442,0.967,2.210,10.2,18.5,24.3,26.6,29.2,30.9,32.0,32.06,33.06,
®  34.4,34.8,34.8,34.8,34.5,34.1 ¢

IFN VALDES 0S/04&/r M POIR CA4 NETHANE (PPNY)
JATA  (SWMETH(E),I=1,25) / 3%0.77,0.006,0.01,0.53,0.50,0.38,0. i1,
. 0.24,0.11,4.70E~2,2402E=2,1.3420~2,
L 0.36E-3,4.806~3,2.6968-3,1.04E-3,1.02E-3,8.77e-4,7.03t~4,
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SPCIN
SHCuu Y
SPCHIN
SPCALN
SPCel
SPCuln
SPCalN
SPCvN
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SPLC N
SPCaIN
SPCH{N
SPCviLw
SpCuiw
SPC AN
SPCH N
SPCYin
SPCHIY
aPCuly
SPC4aLN
SPCe]N
SPCYLN
SPCuIN
SPCuin
SPCuiy
SPCuly
SPCaln
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SPCHIN
SPCuily
SPCw N
SPCMIN
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sPCuly
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SPCYin
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SPCH N
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SPCminN
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SPCu N
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SPuniy
SPCwyiw
SPCulin
SrCain
SPCuin

11>
116
111
110
119
12)
121
124
123
124
12>
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121
120
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130
(¥ XS
132
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134
13>
fio
137
13s
139
140
141
le¢
144
144
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l4o
147
145
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150
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154
154
155
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1%9
160
161
162
163
164
109
loo
to?
168
16v
17
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. 2. T0L~4,4.40L~-4,2,.55E~4,1.06E~84 /
3FM VALUES OS/d247 M FIK H20 WATLR (PPnu)
JATA  (H200N(1),1=1,21) / 2020,52.39,2.50,2.60,4.74,2.71,2.00,
® 2.35,2.00,1.80,1.51,0.25,0.94,0.76,0.40,0.2L,0.0606,0,018,
* 0,.0375,0.0053,0.0040 ¢
BFM VALUES 07/02/77 FPFOR 8 ATUAIC KYUQUGEN DAY
DATA (DAHDAY(U),1=1,21) /7 T.3E-05,T7.6£=-03,1.0c-02,1.0E=02,
. 9502E-02,3.20-00,2.9L000,1.00¢02,
. 4.00004,1.05005,2.46¢05,5.1E¢05,1.0c000,1.8L¢00,4.9C¢00,
® 1e29E¢07,3.58007,8.6E007,7.4E¢07,5.0E¢07,3,uc00? /
8PN VALUES 07/3%2/77 FUR H  ATIMIC nVORUGEN NIGHTY
JAPA  (DAMNLT(A),1=1,21) / 15°0.0,5.0c902,1.0E¢07,8.6L07,
L] To4E007,5.0£007,3,0:907 /
BEN VALUES (05702/77) FPUR HYDROXYL WADICAL uH DAY
JAPA  (DUMODAY(E),I=1,21) /7 1.0Fe00,1.0E006,1.05C000,5.852¢00,
. 1.5b¢00,2.36¢00,4.0L%00,0.8L¢00,
® 1.05Ee07,1.1E007,9.9£000,7.2F006,5.3¢¢00,3.TLe0b,2.5E¢06,
hd 1.6E000,7.0E¢09,7.0L004,0.3E¢03,5.7E¢02,06.7L¢D) /
8FN VALUES (05/02/77) FUR HYDROXYL wADICAL uJu wmtenr
JATA (ODOMNLT(L),I=1,21) 7 1.7E¢02,1.8L002,2.1L¢02,2.7E402,
. 4.28¢02,8,1£02,2,.0k¢03,d.0E403,
. 9¢78004,2.9E¢09,1.2E¢06,4.4E000,06.5£¢06,5.9E906,4.5E¢06,
. 3.2¢0000,1.6E¢006,1.7E¢05,1 .TEeQ4,1.T7Le03,2. 20002 /
BPN VALUES (05/02/77) FUR HYDROPEKOXYL wADICAL Hu2 Day
JATA  (HMUZDAY(L),L=1,21) 7 1.0E®G>,7.5E905,2.4L006,6.92405,
. 1.150007,1.56¢07,1.0E¢07,1.5.¢07,
. 1.28007,9.1E406,6.6E¢006,4.2E¢06,2.2E¢06,7.9£¢05,4.2E¢006,
. 1,26407,9.26400,5.7004,5.7E¢03,4.9E¢02,7. 40001 /
SFN VALUES (05/02/77) FOR HYDRUPERDXYL RADICAL HU2  WIJHT
JATA  (HU2NIT(I),1=1,21) / 4.3EeO0l,4.2E¢02,1.60%03,5.9E903,
. 1o4E004,2.76¢04,4.Tee04,d.3Ee04,
e 1.3E005,2.4E005,4.6E¢05,6.9E¢05,T.3E¢05,4.6E0)5,3.5E¢00,
b 1.20007,9.26¢00,5.76¢04,5.7€¢03,4.9E¢02,7.4r¢21 /
BPR VALUES 07/02/77 PUR uJ(lD) ATONIC uUkY¥Ged.
JATA (J100AY¥C(I), 151 ,33) 7 3°1 .0E-04,3.8E~01,2.4L+00,1.1E¢01,
3.9E¢01,1.4E¢002,3.5c¢02,6.0E¢02,
0.0£002,5.0E002,4.2£002,2.7E002,4.6E¢01,1.Te+01,1,0E¢01,
5.2E001,5.85001,2.2E+402,8.0¢002,2.0£¢03,3.9:¢03,5%.2E¢03,
6.45003,6.45003,6.1LN).!,&.BEOOJ,S.&E'OJ,S.56003,5.13003.
9.22¢03,5.08003 /
BFN VALUES 07/30/77 FPUR a2u (pPBY)
JATA (ON2I(1),1=1,12) / 310.,20604,280.,290,,210.,120.,60.,25%.,
. 9.4,2.9,0.78,0.13 ¢
BFM VALUES 02/14775 FOR %02 OAY
JATA (SNO2D(1),1=1,34) / 2.506¢10,d.306¢09,1,40:.407,1,40000,
1.90r.009,2.40r¢09, 2.5%0:¢09,1.25r¢09,
¢ 3.40£008,7.1000¢07,7.40=400,2.%002¢006,7.000005>,2.60.¢05,1.008Le¢05,
95600E004,2.40FE¢04,1.20c¢u4,6020E003,3,40c¢03,1.802003,1.10c003,
6.7)E0I2,4.30F002,2.30c¢02,1.90t¢02,1.40t002,0.15.¢02,9.9uk0)1,
0.00£¢01,7.00L¢01,6.20c¢01,4.60L¢01 /
BFM VALUES 02/14/7 FIOR  wU2 AdlICHT
JATA (SNO22N{L),1=1,33) / 3.4900¢10,1.206¢10,2.701409,2,001.0014,
2.200009,4.150009, 4,.55:409,3,00r¢0v,
lew0£e09, 9,20r¢08,5,20.¢008,1.00L00H,1.40c¢09,94500¢07,1,20e097,
Jo0U0LoVL,3.0ure0d, L 2v004,0,4uLe0d) 3040 0Us, eV ®0d, 000U,
0.7)60)2,4.30E002,2.30..004,1.90F002,1,40L002,0a1%92¢02,9.50¢00J1,
8.002¢01,7.00E¢01,5.00z001,4.60E001 /
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SPC L
SPCr [V
SPCmly
>PCuid
2PCulIN
SHCulY
sPUlNLN
SpCuw
SPCMIN
SPCmiN
aPCriv
SPCuin
aPCYLN
SPCNIN
SPCuiwn
SPCmin
SPCeinN
5pCuiwn
SPCulw
SPCH4IN
SPCuly
SPCuIN
SPCuy
SPCUIN
SPC N
SPCuiv
SPCmly
SPCuly
SPCvinN
SPCHIN
SPCYLN
SpCuin
SPCulN
SPCMIN
SPCuiwn
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SPCuIN
SPCuy
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SPCu]v
SECu N
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HPCMpN
SIC Iy
2PCw N
SPCely
SPCep N
SPU [y
SBEUCLY
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112
113
174
17>
170
111
179
179
| LY
inl
182
183
144
ldy
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Ld?
18a
LY}
1990
191
192
194
194
193
i9von
191
194
199
200
201
202
203
204
PO
200
207
Wd
209
210
211
212
13
214
213
PIR ]
217
210
29
22)
M
222
PPy
224
22>
clu
el
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cce
cC e
Cce
cce

cce
cC e
c e
cce

SPCHIN 24
& & AMITUMETIC STATLNMENT FUNCTIUN USED TO CALCJLATE NITHIC OKfDe N SPCuiv 24V
® & DAYTINE FOR ALTITJDES Beliw 100.0 € SPCHIN PEY
SPCVIN 232
ANODAF( 8Q ) = EXPCCCCCCCCCC(C AMCLI)%HQ & AA(L2)) %0l ¢ AA(L1))*bN SPCHuIN 213
L ¢ AA(L1D))*HQ ¢ AA(9))*BY ¢ AA(8))*BY ¢ AA(T))%BQ SPCuIN 234
- ¢ AR(O))*BQ ¢ 4AA(S5))28Q ¢ AL(4))%HQ ¢ ad(I))*8e SPCUiIN 239
. ¢ AM(2))*8Q ¢ aA(1)) SPCulY 230
SPCuIN 237
® * ARITHMEYIC STATENLNY FUNCTION USELD T0O CALCULATEL ATOMIC MITRIGEN SPUMLY 438
& o ( NCPITAL) ) BETWEEN 100.0 AND 160.0 KM FOk BUTH DAY AND MIGHT. SPCrIN 239
SPCPIN 240
lllQS( BQ ) = rXP(((((CC(L)"BQ ¢ 2C(S5))*BQ ¢ CC(4e))"BQ SkCuLy 241
¢ CC(3))*3Q ¢ CC(2))*3Q ¢ CCc1)) SPCuiN 242
SPCuin 243
& ¢ ARITHMETIC STAToMENT PUNCTIUN USED TO CALCULATE ATOMIC MICTRJUGEN SPCuin 244
& o ( N(20) ) BETWEEN 125. AND 200. KM POR BOTH UAY AND NICHT. SPCULN 245
SPCulIN 240
ANN20C BQ ) = EXPCC((((BB(T)*3Q » BH(6))*BQ ¢ uB(5))*u0 PCulv 247
. ¢ BB(4))*3Q ¢ BU(3I))*3Q ¢ BB8(2))*Hu ¢ B88(1)) SPCrin 244
SPCYLN 243
¢ ¢ ARITHMATIC STATEMENT FUNCTION USED TO CALCJLATE U2(1l D:ELTA) SPCHIN 259
® & 1§ OAYTINE FOR ALTITUDES MELOd 50. KNM. SPCH4lY 251
SPCwWN 252
AD2SOFP( BQ ) = EXPCCCCCCCCCC DOC1L)*"BQ ¢ DD(L10))*sy ¢ DD(Y))*uud SPCuln 2%3
. * DD(B))*BQ ¢ DD(T7))*BY ¢ DD(6))*ud ¢ DD(S5))*dQ SPCuly 254
L] ¢ DD(4))*8Q ¢ DD(3))*8Q ¢+ DD(2))*HQ ¢ DO(1)) sPCmin 259
SPCuIN 256
® & ARITAMETIC STATRMENT FUNCTION USED TO CALCOLATE Cu FUN SPCMIN 51
® ¢ ALTITUDES BELUW 150 Knm, SPCuiv 450
SPCuilw 259
l!cuur( BQ ) = EXPUCECCCOOC(((( EEC14)%8BQ + SE(LI))*BU SPCulN 260
¢ LE(12))*0Q ¢ En(11))%8Q ¢ LE(LO))*BY ¢ EL(Y))*uQ SPCuiN 261
. e EE(B))*BU ¢ EE(T))*BQ ¢ EE(6))®8Q ¢ EE(S5))*8Q SPCuiN LY
. o LE(4))*BQ ¢ EE(3))"BQ ¢ LE(2))*BU ¢ EEL1)) SPCuIN 263
SkCHlw 204
® & ANMITHMETIC STATEMENT PUNCTIUN USED YO CALCJLATE MeTHANE FUR SPCULN 265
® & ALTITUDES FRUM 10. «¥ TU 120. KN, sPcuin 260
SPCuIN 201
ACHAPP( 8] ) = EXP(CCCC(CCC((PP(12)°BQ ¢ FFP(Ll1))°HY ¢ PF(10))*du  SPCVIN 268
. e FF(9))24Q ¢ FF(8))*8Q ¢ FF(T))*5Q ¢ rrF(6))°8Q SPCalN 269
. ¢ Fr(S))*8q ¢ FP(4))*BQ ¢ PP(I))*BQ ¢ FF(2))°8Q SPCuly 270
. e FP(L)) sPCuIN 27
SPCul4 272
® & ARITYMETIC STATEMENT PUNCTION USED TO CALCULATE WATER FUR SPCHIN 273
® & 45,0 JLE. ALTATUDES (&KM) .LE. 120.0 KN. SPCHiy 274
SPCALN 274
AH2UPP( BO ) = EXPCCCOCCCCCC(C CE(13)*BQ @ Go(12))*3Q ¢ Gi(l1))*8Q sSPCHMIN 270
. ® GG(10))*BQ ¢ GC(9))*8A ¢ GG(B))I*HQ » GG(7))*8Q SPCHinN 271
. * GC(6))®RQ ¢ GG(S5))*BU ¢ CC(4))*BQ ¢ GG(I))*BQ SPCHIN 278
L] * GC(2))*BQ ¢ GG(1)) SPCHIN 279
SPCuLN 240
¢ & ARITHMETIC STATEMENT FUNCPLION USED YO CALCJLATE w02 FUR SPCuN 281
& ¢ DAVTIME AT ALTITUOES BELOY 160. KNM. SPCH N 282
SPCuln 244
Alazrr( BQ ) = EXPCOCCCCLOL((L HHLL1D)*BUY ¢ HA(L2))*Bd ¢ HH(11))*Bu SPCHLN PLY ]
* HHCLD))®HQ ¢ HH(D))*HQ ¢ HN(B8))*8Q ¢ WI(T))*BQ SPCHIN 285
156
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CccC
c e

Ceaoe
cc:

CcCcC
cC*a

Cee
cce

ccc
¢
€
100

ann

[] e HH(O))*BUY ¢ HH(S))*BQ ¢ HH(4))*ud * HH(I))*8B]
. ¢ HH(2))*B4Y ¢ Hi(1))
® ARLTHMETPLIC STATEMENT FUNCTIUN USeD TU CALCJLATE UH FOk

¢ DAYTINE Uk NIGHTTIME FOR ALTITUDES HELOJ 8). KNM.

ADUDUFL 8Q ) = EXP(CLL(L(CCIH(R)®IQ & CCOH(T))I*By o CCUH(B))*4u
. ¢ CCun(S5))*Bd ¢ CCOH(A))*Bd ¢ CCOH(I))*BY
. ¢ CCUH(2))*BuY ¢ CCUH(1))

® ARETHMETIC STATEMENT PUNCTION USED Tu CALCJLATE HU2 FUN
® DAYTINL Ok MIGHTTINE FOK ALTITWES bELOW 65. KN,

AMI2PPC BQ ) = EXPCCLL(C(CHU2(R)*A4 ¢ CHO2(T7))*%4 ¢ CHO2(6)) "84
. & CRU2(S5))*Bd ¢ CHO2(4))*Bu » C302(3))*BYQ
. ¢ CHU2(2))*8Q ¢ CHU2(1))

® ARLTHAETIC STATEMENT FUNCTIUN USED TU CALCJLATE N20 AT
® ALTITUDES BELOW 55. KM,

AN20PF( BQ ) 3 EXPLOCLLLLLCN20()*RU » CN20(3))*BQ ¢ CN2D(T))*BU
. ¢ CN20(06))*BQ ¢ CN2((S5))*8Q ¢ CH20(4))*8Q
. o CN20(3))*8a ¢ CN20(2))*BQ ¢ Cy¥2u(l))

0 T (100,200), KK
INETIALIZATION, CALLED PROM SUBROUTINE ATMISU DUKING IS
INLTLALLIZATION.

-08TINTE

SLIGER = ALUCLIO( EXP(1.0) )

PEPLAT = 180./P1%ABS( PLAT )

APINIC MITROGEN PROFPILE PARAMETERS.
¢ TOPAL ATOMIC NITROGEN, BUT CALLED N(4S) 1IN CODING * & = & o oy
445100 = aLvxn(21)
145150 = ALTKN(33)
SALL FITTER(MALTAS,ALTKN(21),AN4SON(21),NDLGCAS, } , 2 ,CC)
A4S100 = ANN4S( H4S100 )
445150 = ANNGS( H4S5160 )
£344S = 0.693*SLIM( (2.°FYK-0.50)*P1 )
PSN4S = SIN( (15.°HL-141.)*P1/180. )
P24EKP = 1.0 o EXP(0.07%(PIPLAT-24.))
P2M4S = SQRT( 0.60 ® (0.56 ¢ 0.44°TSNA4S)*2.87/724cKP )
PISERP = 1.0 ¢ EXP(0.1A0°(PIPLAT-75.))
T4NAS = 1.42°TSNAS/TTHEXP
ESH4S 3 1.0 ¢ 3.0/¢ 1.0 o EXP(~0.10*(5BAR-132.)) )

® ATOMIC MITRUGEN N(20) * ® ® @ 2 ¢ 2 ¢ o ¢ 2 o & &4 8 = & & y(2p)
420125 = ALYKM(26)

120200 = ALTKMN(41)

CALL FPITCLR(NALT2D,ALTEN(26),AN2D0N(26),00EG20, L , 2 ,8H)

A20125 = ANN20¢ H2D125 )

020200 = ANN2D( H20200 )

PON20L 2 (1 00EXP(-2.097*(HL~0.)))*(1.0¢EXP(02.297*(RL-18.)))
r8020Z = 1.0 /7 TBN2DZ

115 Z0NTINDE

€
Ceo

¢ NITRIC OXIDE PROFILE PARAMETERS * * ¢ & ¢ ¢ v ¢ 2 = & ¢ ¢ & )
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SPCLN
LPCuiy
SPC¥n
SPCHIN
SPCH LN
SPCuN
SPCYN
SPCMIN
SPCHIN
SPCHIN
SPCuIN
SPCMIN
SeCuiN
SPCw N
SPCMIN
SPCMiN
S5PCvLN
SPCniN
SPCuln
SPCulN
SPCYN
SPCMIN
SUCuiN
SPCHIN
SPCHIN
SPCMIN
SPCMIN
SPCuLN
SPCHIN
SPCHIN
SPCHIN
SPCuIN
sPCYIN
SPCuIN
SPCuEN
SPCHIN
2PCuiA
SPCVIN
SPCmiw
SPCULN
SPCyLN
SPCayy
SPCHIN
SPCuiLN
SPCuN
SPCuIN
SPCwiy
SPCNIN
SPCHIN
SPCYlN
SPCuinN
SPCywiLN
SPCwiN
SPCuly
SPCm]N
SPCulN
SPCuIN

2tt
ul
PLL
)
299
eI
272
293
294
294
290
291
<vd
499
09
Jui
J0e2
103
304
304
J0b6
307
308
309
310
31l
2
313
4
415
J1é
3117
3ld
319
J20
b3
322
323
324
325
320
3217
J2d
329
FELY
ER)Y
332
333
334
349
430
3117
14
33y
349
Jel
342




-

142

144

146

150

POR DAVTINE NO..
SALL FITTER(NALTNO,ALTEN,ANUDAY,NOEGNU, 1 , ¢ , AA)
187100 = ALTKN(21)
AN2100 = ALUG( ANQDAF( H4ND100 ) )
CH0100 = 1.0/7CLl.00EXP(~0.22°(14K0100-72.)))
ALOGGL = ALOGL 0.37% ¢ 0.0125°PIPLAT )
S80100 = ANUL0O - (R.0-CNULODO) *ALUGLL
PHOSIN = SIN( PL®(15.%HL-105.)7180. )
SED THE CUBE UF THE 10,.7=CW SOLAR FLUX S3AR, SHBARJ.
SBAM) = SBAdY®)
Q21SF = 9.68 ¢ 0.08°SBAKRI/(SBARI®S.08005)

A21SPL = (A215F-CNOL00)/11S.

du0050 = aALTKu(ll)

180055 = ALTKn(12)

$80080 = ALTKN(1])

183035 = ALTKN(18)

48030 = ANDNIT(11)

ANDO0SS = ANONIT(12)

AN00S0 = anONLIT(13)

ANJ03S = ANDOAF( HNDOBS )

SNI63S = 25.0/AL0G( ANDOB5{ANIO6O )
SNDO0SS = 5.0/ALOG( ANUO60/ANOOSS )
SN006O = 2.°(SNUOSS - S.0/ALDS( ANDOBO/ANUOOS) ))

¢ MOLECULAR OXYGEN (SLNGLAT DALYA €) PHOFLLE PARAMLTERS * 02(304)

LU2090 = ALTKN(19)

202100 = aALTxM(21)

102090 = 025DGD(19)

302090 = -ALOC( 0250CD(22)/402090 )/CALTXN(22)-202090)
(r{ 10088 ) 142,150,150

02070 = ALTKN(1S5)

102080 = ALTKM(17)
AL2070 = U25DCH(1S)
402030 = 02sDuN(1?)

302070 = -ALOG( AU2080/402070 )/(102080-202010)
L(6) = ALOG10( 402080 )

30 144 1=1,4

L412 = ALYEN(L1¢17)-202080

(I,5) = 2112

30 144 )=1,4

AC(1,5-0) = Z112%A¢1,6-))

conTINdg

t1i8 = 102100-202080

A(S,b) z 1.0

0(3,5) = -302090*aLlcrE

)0 140 J=1,4

') =)

A(3,5-3) = LLIRS(LPIeL)/PI)*A(S,0~))
sonrinug

JO 148 1=1,3

ACL,5) = ALOGIOC U2SOUN(L*1T7) ) - Z(b)
ZJetinid

A(4,06) = ALOGIO( AD2030°LXP(-BN2020°(L02100-202M'V)) ) = L(D)
W =5

CALL SILVE(A,L,N0)

20 1) 1%

t02050 = ALTKM(11})
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SPCHIN
SPUNIL Y
SPCrin
SPCuIN
SPCH LN
SPCHi N
SPCHIN
2PCHIN
SPCMIN
SPCPinN
SPCu Y
SPCein
SPCHUiN
SPCuln
SHCHIN
Sriuiy
SPCHIN
SECHIN
SPCHIN
SPCYiN
SPCHI
SPCuiy
SrCvlN
SPCMIN
SPCuIN
SPCHiIN
SPCuin
SPCulN
SPCulw
SPCNiN
SPCuIN
SPCuiN
SPCmiN
SPCusn
SPCHLY
SPCuIN
SPCuln
SPCHIN
SPCyiv
SPCuiN
SPCuyn
SpPCulvN
2PCHIN
SPCuLy
SPCHIN
SPCYiN
SPCeiN
SPCuil s
2BCHlY
2>PCal N
SiPCas
SPCuIn
sPCeN
SPCaaN
SPCY L
SPC N
VLWl

FL K]
344
349
340
341
EILL}
34y
350
391
492
53
54
359
Jhe
517
ERL )
3459
Jod
Jol
62
Jod
Jeod
365
Joo
367
Jod
ey
370
M
372
3N
314
FYR)
J7e
n
37e
179
vy
il
g
FLE]
44
E1. 3
280
FLN)
ET-R]
FLR]
399
Wi
VY
ILX}
Jod
EE N
FR I
'Y
[ER]
39y




U205 = ALTKM(16) SPCuis [YVIN]
AUZ2050 = U250 1) SPCu N Wl
A0200S s 0250uD(16) SPCH N 402
802030 = ~ALOG( AQ2075/a020%0 )/(LU2075-£U2030) 2PCNEIN W

SALL PETTER(NALTUZ,ALTKN,U2SDC0,ND602D, 1 , 2 ,0U) SkCv N 40 4 h

1(6) = ALOS1O0¢ AO2075 ) sPCrin 40n ;

0(5) 3 =d020S0°ALUCTR SPCulyN 406 © 4

30 152 1=1,3 SPCmN 07 ;

312 = ALTUN(I+16)-202075 SPCHiN 409 i
A(1,4) = 2112°2112 SPChiw 404
A1,5) = ALUGLO( U2SUCD(L*16) ) ~ TEL2°Y(5) - u(b) SPCMIN 19
30 152 J=1,3 SPCuin 411
Mlot=)) = Li12%A(1,5~)) SPCuin 112
152 contvisug SPCxIN 411
ti18 = Lu2090-z0207S aPCuin a1 ¢
AMe,4) = 2.02118 SPCHin LR
A(4e,5) = -HU2090*ALIGTE - V(D) SPCMIN dlo
)0 154 J=1,3 SPCulv 417
3 = Jel SPCMN 134
Mt,0=)) = L110%((PIel.)/P0)%0(4,5~) SPCnin 41y
154 20aTINIE SPCMN 420
v = ¢ SeCuin @l
CALL SILVELA,Y,N0) SpPCvin 422
156 Z0srimoe SPCHN 421
c SPCaL N 4?24
C o & & 20 (CARBOM MONGXIOE) PARAMEREXRS @ ® & & & & ¢ & ¢ @0 ¢ & 8 2 () SPCMIn 4“2
SALL PIPYPEN(I1,ALTKN,DATCULLI, 1 +» 2 ,ER) SPCu Ly 420
S0Z150 = APCUAP( 150, ) SPCuIN €27
c SPCNN 424
C ® * ¢ CHG (NATHANE) PARANESTLRS @ & ¢ ¢ o2 & & 0 & & o 0 & & & 8 & Cpn§  SPUNILN 429
WNTH = MALTNN-2 SPCelN 430
SALL FITTYRR(NMTH, ALTKM(D),SHEDH(I) ,NDGMTH, 1 , 2 ,FF) SPCuly 431
cHSTEN = ACHAFF( 10, ) Skl n 432
CME120 = ACHAPP( 120. ) SPCYiN 4313
4 SPUuLN 434
C e e et () (DIZUNE) PARANETERS ¢ @& ® & & & ¢ ¢ ¢ ¢ ¢ 0 o ¢ @& ¢ 2 @& @ ;] HPCHLN 431>
1 [ FOR UAY UR NIGHT, LWITIALIZE SUBRUVUTENE JZUNE FUR IH .LT. %5.0 SPCulN LRYY
ZaLL OLINE(1,2IH,D2)3) SPC«1N 437
fPC 1028N ) 162,172,172 >PCuLN 444
[4 START NIGHYTIME RNITIALLZATYION FPOM ZH 6k 55.0 &N, NEW TR 449
162 tOIN3S = ALTKN(LE2) SICvin 44
L03IDSS = TUINSS SPCwlN 441
c DETEUMINE PARAMETERS FUN MIGHT EXKPUNENTLIAL PFOR SPCuiN "2
4 70.) LY. ZH .LEe T79.) KN. SPUNIY 443
LO3INT0 = ALTKA(L1S) SpCelv LYY
LOINDS = ALTKAN(L1G) ShCmly 44
AOINTO = QINIT(LS) SPCulN 440
JUINTO 2 ~ALJGC DINETLLO)/ZAD3INT0 D/ (LUINTH-Z238T0D) SPCugn LLR)
X c JETERMINGE COEFPFICIENTS (VO3 L) [=1,06) SU TuAT STH-0.CHaa SPCeln Ly
] (4 POLYNUMEAL EQUALS DATA POINTS AT 55(5)70 XM, THe (ZERU) SPCuN a“y
[ OLRAVATIVE AT 55 &M OF THE FIT FUNCTION 35LDw 5% KN, ANJ THe SPCe [ BYY]
c (NINVANLSHING) DERIVATIVE AT JO KM UF THe 70- TO 75-K4 FIT sPCuln 4“1
4 FPUNCTION. SPCuly ™
FU3(S6) = ALUCLO(OINET(12)) SPCuly L L
103¢(3) = 0.0 SPCHN LPY]
30 1e4 11, SPCuln 45y
BI12 = ALTEN(IeL2) = 203IN5S SPCNIN 450




(2 Na Rzl

anog

16>

(¥ 1]

1N

172

11,4
A(L,3) = ALOGIOC OIMIT(L*12) ) = LE12°VUI(S) =~ VII(0)
MW 1sd J51,)

A(L,¢=0) = Z2112°A(1,5J)
CONTINGGE

s =
Y PY } ]

z rll2*Lilz

TUINTO-Z0In5S
= 2.°L418

8(4,5) = -B0INT0*ALIGCTR - VUI(S)

30 166

J=I'J

F2 = Jel
A(e,4-)) = 2118 ((PIel)/FI)%A(4,5~))
CoNTiale

10 = ¢

SALL SOLVE(A,VUI,N0)

OETEMMINE PARANKTERS FOR NIGHT LXPONENTIAL FUR LW .UE.

Lo3Ind0
L0330

= ALTKM(L9)
2 0etT(l9)

U390 = ~ALUGC OINLT(22)/AJ3990 )/7(ALTKM(22)-LJ3n9V)

JETERNINE STH-DLGREE POLYNOMIAL (CUELPFICIENTS 403(1) 131,0) TU
CATCH NDATA PULNTS AT 75(5)90 KM AND DLRIVATIVES OF 70-T0-75-KN
PAT-PUNCTLION AT 75 KM AdD .ub.-90.0-KM FIT FUNCILIUN AT 90.0 KN

403(6)
003(3)
30 18
tii2 =
AL,
A(1,5)
30 168

= ALDGL1OC ulwlr(1l6) )

3 ~3J3NT0%ALICTE

1=1,3

ALTKN(L¢16) - ZOINTS

= ZL12%L112

= ALOGLO( UINET(Lle*l6) )
J=l'J

AL, 4-)) = ZLE2*A(L,5-0)
Slurinioe

g8 =
A4, 4)

L03N90-203u7%
= 2.°2118

- LIL2*WU3I(S) - dui(sb)

AM4,5) = -3IIN90*ALICTE - wUILS)

30 170

J=1,3

) = Jel
A(e,8-]) = Z118%((FPJel.)/rJ)*A(4,5-0)
SINTin0g

0 = 4

CALL SJLVE(A,w03,H0)
0 T3 178
SPARY DAVYINE INMETAALIZATION.

DETERMIBE PARAMETERS FUR DAY EXPONENTIAL

L0300
A03D30
303090

DETERNINE STH-OLGREE POLYMOMIAL (CUCFFICLENTS TO3(I) 