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SECTION 1

INTRODUCTION

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]. The overall model

consists of 16 subroutines of which three are major subroutines:

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

b. SPCMIN, supplemented by Subroutines OZONE, WATER,
WVOPT, and H2OSVP, provides the minor neutral
species, and

d. IONOSU provides the ambient ionized species and the
general properties of the ionosphere.

The principal changes for these three routines in going from

ROSCOE-Radar to ROSCOE-IR are summarized below.

The new Subroutine ATMOSU provides for:

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

b. 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-661.

c. Use of a specified universal profile of the
wolecular-weight function [(M,/M)-I] f = fnAYP
independent of latitude, season, and diurnal
variation. (The new f-function is specified by
the DD-coefficient array for an 11th-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.

9



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 profile of CO, N20, CH4 , H, OH, HO2 ,
N(2D), N( 2p), and O(ID).

b. Revised altitude profiles of 03, H20, N, N(
4 S), and NO.

The new Subroutine IONOSU provides for:

a. Replacement of the E- an F-region generic molecular
ion M+ by NO+ , N+, and V

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(I,

120.) to set up needed parameters and to evaluate the solar-flux-

dependent Fourier coefficients used in computing the time-dependent

values of T (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 (ROSOE Model 1).

INPUT

Initialization

Location (geographic colatitude and longitude)

Time (year, month, day, local zone time)
*Kinetic temperature profile (< 120 kin) 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

N2, 02, 0, Ar, He, C02, N( S), N( D), N( P), NO, NO 2, N 20, 0 3.

0 2(1Ag ), 0( 1D), CO, CH 4 1 H2 0, OH, HO 2, H

Ionized Species (> 90 kin)

e, 0, NO+ 02 , N 2

Atmospheric Properties

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

Ionospheric Properties

Electron (and N2 vibration) temperature, effective ion-pair

production rate

Option for user specification.
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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), day
(IDAYS), and zone time (ZT) at easL 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 -

M a
M DAY

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



b. Evaluating g/[T(l+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(l,ZH),

fit parameters are determined for 0 (nighttime only) and CO2 and

several other initializations are made; eventually, an initialization

call is made to IONOSU(I,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(2D), NO, 02( 1 Ag), CO, CH4 , 03, NO2, H20, H, OH, HO2,

0(1D), and N20. 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 W4VFLAG # 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(I), 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(I,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 ATHOUP 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).

14
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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,ZH), ATMOUP Common is used to return the number densities of

the five charged species (SNI(I), I = 9-11, 28, 29) and the electron

(and N2 vibration) temperature (SNI(12)) 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, H2OSVP, 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

373.150 K (-100 to +100 0 C) and (2) ice for the temperature range from

173.15 to 273.15 0K (-100 to 00 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.

15
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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. 14a] 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/TM (where g

is the acceleration due to gravity and TM 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 (n) from the perfect gas law

M,,

R TM g

16

o. ,. 
1 "

; ' "



Call auxiliary routines ZTTOUT,
Subroutine JULIAN, SOLCYC, SOLORB, and
ATMOSU / 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
g/TM profile. Compute Fourier co-

Initialization yefficients for temperature gradient
Call e variable and the exoatmospheric

? Jtemperature, parabolic coefficients
for density scale height in 110- to

No 120-km transition region, coefficients
for O(night) profile, coefficientsfor CO2 profile in 100- to 120-km
transition region, 0 at 160-kmaltitude for 0 (1 D) evaluation, cnd

atmospheric properties at 90-km for
IONOSU initialization.

Is HIGH ALTITUDE MODEL
Altitude, Computes pressure, density,ZH, above Y temperature, density scale

12 kmheight, and N2, 02, 0, Ar, He,
<and CO2 concentrations.
No

LOW ALTITUDE MODEL Re9Iu m
Computes pressure, density,
temperature, density scale
height, and N2, 02, 0, Ar, He,
and CO2 concentrations.

etuD

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

JJ - Calculation flag

if JJ = i: calculate initialization parametersIJJ = 2: calculate atmospheric properties.

ZH - Altitude of interest (km).

ALTODN Common

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

ONITE(18) - The nighttime O-values specified as data in SPCMIN.

C02(25) - The C02-values specified as data in SPCMIN.

ATMOUP Common

HL - Local time (hrs).

SBAR - Average 10.7-cm solar flux [10-22 W/(m 2 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.

ZT - 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

OUTPUT VARIABLES

ALTODN Common

S3ZOD - 0 density at 160-km altitude for use in evaluating
O(lD) in SPCMIN

ATMOUP Common

PP - Pressure (dynes/cm 2

RHO - Density (g/cm3 )

TT - Temperature (°K)

SNI(l) - N2 concentration (1/cm
3)

SNI(2) - 02 concentration (1/cm
3)

SNI(3) - 0 concentration (1/cm 3)

SNI(4) - Ar concentration (1/cm
3)

SNI(5) - He concentration (1/cm 3)

SNI(6) - CO2 concentration (1/cm
3)

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
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and the kinetic temperature (T) from

T = M TM (2)

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

M 1 1
TWT +M*[O]/2Lp (3)

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/TM, the low-altitude por-

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/TM , 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. [O]Day will be computed from

2 =2Lpf/M* 2 n*f (4)

C. [O]Night will be computed directly from fit functions,

as in ROSCOE-Radar.
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2-2.2 Kinetic Temperature Data and Interpolation

2-2.2.1 Temperature Data

The temperature data, dependent on latitude and season but
diurnally-independent, are from US-66, with locations as indicated in
Table 2-2. The data are collated in Table 2-3 and plotted in Figures
2-2a through 2-2d.

Provision has been made for the user to read in his own pre-
ferred temperature profile at z = 0(4)120 kmn, accomplished by setting
TPFLAG 0.0 which enables Subroutine TEMPZH to read the desired data.

2-2.2.2 Interpolation in Latitude

The procedure for interpolating the data base is, first, to
derive summer and winter tabular temperature profiles at the latitude
of interest, according to the following rules:

TLATBND Use

I The single temperature profile for 150 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.

2-2.2.3 Interpolation in Season

If LATBND > 1, determine the temperature profile for the
calendar date of interest by linearly interpolating between January and
July temperature profiles, with proper account of northern and southern
hemispheres. To do this, we:

(1) Determine a parameter FST where

F -S fraction of summer temperature to be used in
FST the linear combination of summer- and winter-

temperature profiles
-fraction of July terncerature in northern latitudes.
-fraction of January temperature in southern

lat itudes.
FST is evaluated in Subroutine JULIAN.
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Table 2-2. Location of temperature data.

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

150N Annual [0(4)116 km]a pp. 99,10

1 0< < 15
15'N Annual [0(4)116 km]a pp. 99,10

2 15 < < 30

300N January [0(4)116 km]a pp. 103,105
July [0(4)116 km]a pp. 107,109

3 30 < <45 350N 3January [0(4)116 kmJa pp. 111,113
450N Julv " [0(4)116 km]a pp. 115,117

4 45 < 60
600N jJanuarv [0(4)116 km a pp. 123,125

Julv 0(4)116 km] pp. 135,137
5 60 < < 75

.J75°N January [0(4)28 km] b a P 139
160'N January [32(4)116 km] a p. 125

175°N July [0(4)28 km] p. 145
600 N July f 2'(4)l1t km] a 'c  p. 137

6 75 < K 90
{Same as 75 boundary}

a 120-km value obtained by extrapolation.

b 0-km value changed from 249.22 to 254.0'K.

28-km value changed from 207.65 to 212.5K.
c 32-km value changed from 238.47 to 241.0"K.
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120

100

~80

D 60

150 N
<40 -- ANNUAL

20

150 200 250 300 350 400

TEMPERATURE, OK

Figure 2-2a. Adopted data for temperature profile at 15'N latitude.

120-

100 -

2 80() 300 N
e - JANUARY

S60 -JULY

40 -3

20- -

1;0 200 250 300 350 400

TEMPERATURE, OK

Figure 2-2b. Adopted data for temperature profile at 30'N latitude.
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- - 450 N
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2020 .- =~

1020250 300 350 400

TEMPERATURE, OK

Figure 2-2c. Adopted data for temperature profile at 450N latitude.
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60- s JANUARY
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0- A

150 200 250 300 350 400

TEMPERATURE, OK

Figre2-d.Adopted daafor temperature profile at 75'N latitude.
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(2) Compute the temperature at given altitude from

T FSTT + (1 - FST) Twinter (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.

450N Midlat. 450N Midlat. 450N Midlat.z, Spring/ z, Spring/ Z, Sprin/

km Mean Fall km Mean Fall km Mean a  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

a Average of January anJ 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

f 7-- 1  (6a)

ODa .(6b)
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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 tement in Subroutine SPCMIN [HS-75]).

b. Take air density, p, from US-66 (pp. 119,121,
Table 5.1, 450 latitude, spring/fall).

c. Compute f from Equation (6b).

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

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

b. Compute f from Equation (6a).

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 = (M./M)T

= (I + f)T , z = 0(b)120 km (7)

2-2.5 The Ratio g/TI

Tabular values of the ratio

g/TM , z = 0(4)120 km (8)

are computed, followed by fitting the tabular data by the 11th-degree

polynomial

kJ gkz0 , 0 z < 120 km  (9)
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Table 2-5. Molecular weight function adopted for
Subroutine ATMOSU in ROSCOE-IR.

Zp Z, Z, Z,
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)

20 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(-11) 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. [0]Dav , computed in HS-75 and currently from

[O]Dav = 2n* (M - 1) 2n* fDa\ E 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.

c. [O]N ht, as in HS-75, is set equal tG [0] D for
90 < 120 km and is computed from a fitUHnction for
z < 90 km (see Table 4-2).
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Figure 2-4. Adopted molecular-weight-function profile
and fit function.
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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 SUi-,0JTINE 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

11-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. Input and output variables for Subroutine
JULIAN.

INPUT VARIABLES

Argument List

None

TIME Common

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

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

IDAYS - Day of the month in the Greenwich time zone

PLAT - North latitude of point P (radians)

OUTPUT VARIABLES

Argument List

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

VEQJ - Julian date for vernal equinox

DAYJ - Julian day number (a half integer) at 0 hours
UT on the day of interest

TIME Common

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

FST - 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-m solar flux
[I.0E-22 W/(m z 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 0-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 0-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 suxmary of inputs and outputs for Sub-

routine SOLORB.
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Table 3-4. input and output variables for Subroutine
SOLORB.

INPUT VARIABLES

Argument List

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

VEQJ - Julian date for vernal equinox

DAYJ - Julian day number (a half integer) at 0
hours UT on the day of interest

TIME Common

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 angleCHl 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
1 for daytime, i.e., IF(COSCHI.GE.O.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.

38



Table 3-6. Input and output variables for Subroutine
TEYIQZH.

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
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
1=1,31 altitudes z = 0(4)120 km

OUTPUT VARIABLES

Argument List

None

ZHTEMP Common

TZH(I), - Temperature profile, determined by inter-
1=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. Input 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 (kin)

Y(I) - Values of the dependent variable, e.g.,
species concentration (cm-3 )

NO - Degree of polynomial to be fitted

IKIND - Index for kind of equation to be fitted

NO
= 1 if equation is ln(Y) = NO A Xn

n=O

NO
= 2 if equation is Y =  AnXn

n=O

ISIGN - Index for sign of exponents

= 1 for negative exponents

- 2 for positive exponents

Common

None

OUTPUT VARIABLES

Argument List

Z(J) - The least-squares fit coefficients. Z(1)
corresponds to Ao , Z(2) to A1 , 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.
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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 0, CO2, CO, N(
4S), N( 2D), N(2P),

NO, NO2, 02(A g), 03, H, OH, HO2, H20, and He (in practice, however,

CO 2, CO, H20, and He are nonreacting species). The ROSCOE-IR low-

altitude external chemistry module [Volume 11-1] requires the minor

neutral species 0, CO2, N(
4S), N(2D), NO, NO2, 02(l'g), 03, H, OH,

HO2, and H20. (The additional species CO, CH4, and N20 were initially

requested but they are not used.) All-altitude profiles for diurnal

coneitions are provided for 0, CO2 , and He in Subroutine ATMOSU.

Subroutine SPCMIN provides (either directly or indirectly) the pro-

files for the remaining species listed above.

The inputs and outputs for Subroutine SPCMIN are sunmmarized

in Table 4-1. The nature of the functions used for fitting the

adopted data-base values [Volumes 14b and 14c] in various altitude

ranges is given in Tables 4-2 through 4-18 for 0, O( D), 02( A ),
03, N, N(2D), N(2P), NO, NO 2, N20, C02, CO, CH4 , H20, OH, HO2 , and H,

respectively.

4-2 OZONE

Our model for altitude profiles of the 03 mass-mixing ratio

has been specified as a function of latitude and season [Mv-78, Sec-

tion 3]. The altitude dependence of the 03 mass-mixing ratio

(mR(O3)) is treated by using a transition boundary 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 - Calculation flag

= 1, calculate initialization parameters

= 2, calculate atmospheric properties

ZH - Altitude of interest (km)

ATMOUP Common

IDORN - Index for day or night

= +1, day
= -1, night

TIME Common

PLAT - North latitude of point P (radians)

DATA

ALTKM(47) - Altitudes (z=0(5)230 km) at which minor species
densities are specified as data

ANODAY(21) - Noontime data-3ase values of [NO] at altitudes
0(5)100 km at 500 latitude

ANONIT(21) - Midnight data-base values of [NO] at altitudes
0(5)100 km at 500 latitude

ANzDDN(41) - Data-base values of the basic component (T (z))
of the N(2D) densities between 125- and 206-km
altitude, augmented by 25 zeros below 125 km

AN4SDN(33) - 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

CH4PCC - Factor used (3.75369008E+16) with total mass
density (g/cm3) to convert CH4 mass-mixing ratio
(ppnum) to molecules/cm3

COMPCC - Factor used (2.14992030E+16) with total mass
density (g/cm3 ) to conyert CO mass-mixing ratio
(ppmm) to molecules/cm

C02(25) - Data-base values of [CO 2 ] at altitudes 0(5)120 km

(Continued)

43



Table 4-1. (Cont'd)

DAHDAY(21) - Noontime data-base values of [H] at altitudes
0(5)100 km

DAHNIT(21) - Midnight data-base values of [H] at altitudes
0(5)100 km

DATCO(31) - Data-base values of CO mass-mixing ratio (ppmm)
at altitudes 0(5)150 km

DN20(12) - Selected values of N20 volume-mixing ratio
(ppbv) at altitudes 0(5)55 km

DOHDAY(21) - Noontime data-base values of [OH] at altitudes
0(5)100 km

DOHNIT(21) - Midnight data-base values of [OH] at altitudes
0(5)100 km

HO2DAY(21) - Noontime data-base values of [HO.,] at altitudes
0(5)100 km

HO2NIT(21) - Midnight data-base values of [HO 2] at altitudes

0(5)100 km

H2ODN(21) - Data-base values of H20 mass-mixing ratio (ppmm)
aL altitudes 20(5)120 km

H2OPCC - Factor used ( 34260935E+16) with total mass
density (g/cmi) to convert H20 mass-mixing ratio
(ppmm) to molecules/cm3

NALTMH - Two plus the number of altitudes (NMTH=23) be-
tween 10 and 120 km used to fit CH4 mass-mixing
ratios

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

NALT02 - Number of altitudes (111 between 0 and 50 km
used to fit daytime 02( 1Ag ) densities

NALT2D - Number of altitudes (16) between 125 and 200 km
used to fit the basic component (T7 (z)) of the
N(2D) densities

NALT4S - Number of altitudes (13) between 100 and 160 km
used to fit the basic component (T1 (z)) of the
N densities

NDEGNO - Degree of the polynomial (12) used to fit the
daytime NO densities between 0 and 100 km at500 latitude

NDEG2D - Degree of the polynomial (6) used to fit the
basic component (T7 (z)) of the N(2 D) densities
between 125 and 200 km

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

NDEG4S - Degree of the polynomial (5) used to fit the
basic component (Tl(z)) of the N densities be-
tween 100 and 160

NDGH20 - Degree of the polynomial (12) used to fit the
HjO mass-mixing ratio (ppmm) between 20 and

NDGMTH - Degree of the polynomial (11) used to fit the
CH mass-mixing ratio (ppmm) at altitudes
0(5)120 km

NDGNO2 - Degree of the polynomial (12) used to fit the
daytime NO2 densities between 0 and 160 km

NDGO2D - Degree of the polynomial (10) used to fit the
daytime o2(l g) densities between 0 and 50 km

NKMH20 - Number of altitudes (21) between 20 and 120 km
used to fit H20 mass-mixing ratios (ppnm)

NKMNO2 - Number of altitudes (33) between 0 and 160 km
used to fit the daytime NO2 densities

ONITE(18) - Midnight data-base values of [0] at altitudes
0(5)85 km

OZ3PCC - Factor used (1.25459271E+22) with total mass
density (g/cm3 ) to convert 03 mass-mixing ratio
(kg/kg) to molecules/cm3

OIDDAY(33) - Noontime data-base values of [O(ID)] at
altitudes 0(5)160 km

02SDGD(47) - Noontime data-base values of [02( Ag)] at
altitudes 0(5)230 km

02SDGN(47) - Midnight data-base values of [02( 1 Ag)] at
altitudes 0(5)230 km

O3DAY(26) - 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

03NIT(27) - Midnight data-base values of 03 mass-mixing
ratio (ppmm) at altitudes 55(5)120 km, augmented
by two assigned values at 125 and 130 km to
facilitate fitting

PI - 3.141592653590

SMETH(25) - Data-base values of CH4 mass-mixing ratio (ppmm)
at altitudes 0(5)120 km

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

SNO2D(33) - Noontime data-base values of [NO2] at
altitudes 0(5)160 km

SNO2N(33) - Midnight data-base values of [NO2] at
altitudes 0 (5) 160 km

OUTPUT VARIABLES

Argument List

None

ATMOUP Common

SNI() -N cocenratin (/cm3
SNI(7) - NO concentration (1/cm)

SNI(13) - 02(1Ag) concentration (1/cm 3

SNI(14) - 03

SNI(15) - NO2
SNI(16) - H20
SNI(17) - H

SNI(18) - OH

SNI(19) - HO2
SNI(20) - CO

SNI(21) - N20

SNI(22) - CH4
SNI(23) - N(4S)

SNI(24) - N(2D)

SNI(25) - Relative humidity, percent

SNI(26) - O(1 D) concentration (1/cm3)

SNI(27) - 0(2P) concentration (1/cm3)

ALTODN Common

ALTKM(47) - See input

ONITE(18) - See input

C02(25) - See input (Note that the CO2 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

>120 ATMOSU high-altitude model

Nighta,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

a My-75, Table 2-5.

b Fits are made in Subroutine ATMOSU.
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Table 4-3. Fit functions for O(1D) density profiles.a

Altitude Range,
km Description

Day

0 - 47 Exponential-like function (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 Exp',nential-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 12) and 160 km and passing through data point
at 120 km

>160 Proportional to 0,

[O(ID)] = {[O(iD)]/[O]}160[O(z)]

Night

>0 Constant, at assigned value of 1.0

a My-78, Table 9-1.

b This procedure makes [0(1D)] 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 02(iAg) density profiles.
a

Altitude Range, b
km Description

Day

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

50 - 75 Exponential, determined by data points at 50 and
75 km

75 - 90 5th-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

>90 Exponential, determined by data points at 90 and
105 km

Night

0 - 70 Constant at data-point value

70 - 80 Exponential, determined by data points at 70 and
80 km

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

>100 Daytime fit-function

a My-75, Table 3-1.

b Unchanged from HS-75, Table 14.
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Table 4-5. Fit functions for 03 mass-mixing ratio profiles,

Altitude Range,
km Description

Day or Night

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

Dayb

55 - 75 5th-degree polynomial (coefficients T03(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 polynomial (coefficients U03(I)), to
match data points at 75(5)90 km and derivatives of
55- to 75-km fit-function at 75 km and N90-km fit-
function at 90 km

>90 Exponential, determined by data points at 90 and
105 km

Night

55 - 70 5th-degree polynomial (coefficients V03(l)). to
match data points at 55(5)70 km. the (zero)
derivative of the 0- to 55-km fit-function at 55 kin,
and the derivative of the 70- to 75-km fit-function
at 70 km

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

75 - 90 5th-degree polynomial (coefficients 1103(I)), to
match data points at 75(5)90 km and derivatives of
70- to 75-km fit-function at 75 km and N90-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.
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aTable 4-6. Fit function for N density profiles.

Altitude Range,
km Description

Day or Night

z 0 Analytic expressionb dependent on altitude, local
apparent time, latitude, fractional season-year,
and solar decimetric flux. Five factors include
an altitude-dependent basic factor (TI), lati-
tudinal factor with diurnal variation (T?),
seasonal factor (exp(T )), d0iurnal factor with
altitudinal and latitu ina Ivariations (exp(T4)),
and solar-flux factor (T5)

Tl (z)

0 - t0 Exponential function, passing through the fit-
function value at 100 km

L0 - 160 5th-degree polynomial, determined by least
squares (coefficients CC) for data points at
100(5)160 km

160 Exponential function, passing through the fit-
function va~ue at 160 km

T2(L, t)

".0 Analvtic expression dependent on latitude and
local apparent time

T3 (f)

10 Analytic expression dependent on fractional
season-year

T4 (t, zL)

10 Analytic expression factorable into an expression
dependent on the local apparent time and the
latitude and an expression dependent on the
altitude

T5 (F)

Analvtic expression dependent on solar decimetric
flux

a My-78, Section 12.

b My-78, Section 12, Equations (1) through (5).



Table 4-7. Fit functions for N(2D) density profiles.
a

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,
fractional season-year, and solar decimetric
flux

SNI(7) and T.(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

T8 (t)

>0 Analytic expression dependent on the local
apparent time

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

0 - 119.9 R2P2D 5 [N( 2P)]/[N(2D)] = 0.01

>119.9 R2P2D 5. x 10 -4 P2D e9 0 0/z

P2P2D = 0.01

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

B.F. Myers has qffered an esLirnate based on simplifying assump-
tions: (1) [N(LP)] and [N( 2 D)] are in steady state, (2) the
production rate of N(2P) is a factor P2P2

n % 0.01 times that
for N(2D), (3) the col isional deactivation rate of N(2p) is
the same as that for N(iD), (4) the radiative decay rate of
N(2D) is small compared with its collisional decax rate,
(5) the altitude profile of the ratio R2P2D 1 [N(P)1/1N(2D)],
computed by using nominal rate coefficients, can be approxi-
mated by the expression 5.5 x 10-4 ' Pgp2D x exp(900'z) for
z 120 km, at which altitude R2P2D = UUL
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Table 4-9. Fit functions for NO density profiles.a

Altitude Range,
km Description

Dayb

0 - 100 12th-degree polynomial, determined by least
squares (coefficients AA) for data ponts at
0(5)100 km

Nightb

0 - 50 Constant at data-point value of 1.0

50 - 60 Exponential-like function (lower-limited to 1.0),
with altitdde-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.

b 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 NO2 density profiles.a

Altitude Range, bkm Descriptionb

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 - 55 [N02]night = [NO]day + [NO2]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

a My-75, Table 7-1.

b Unchanged from HS-75, Table 16.
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Table 4-11. Fit functions for N20 volume-mixing ratio profilesa

Altitude Range,
km Description

Day or Nightb

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

>55 Constant at volume-mixing ratio data-point

a My-78, Table 10-2.
b This profile, obtaining at high latitude, must be multiplied

by a latitude-dependent factor which itself is altitude-
dependent. See My-78, Section 10, Equation (2).

Table 4-12. Fit functions for CO2 volume-mixing ratio profiles.
a

Altitude Range, b
km Description

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

a My-75, Table 8-1.

b Unchanged from HS-75, Table 10.

c Fits are made in Subroutine ATMOSU.
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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

a My-78, Table 5-1.

Table 4-14. Fit functions for CH4 mass-mixing ratio profiles.
a

Altitude Range,
km Description

Day or Night

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

10 - 120 11th-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

a My-78, Table 4-1.
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Table 4-15. Fit functions for H20 mass-density and mass-
mixing ratio profiles.a

Altitude Range,
km Description

Day or Night

0 - 5 Analytic fit functions for water vapor mass
density (g/m3), expressed as the sum of a mean
and a seasonal term,

[11201 = Mean(,z) + Season(f,a,z),

where . = type of moisture region (six in total,
distributed 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,

mR = Mean(with transition at latitude L 28°

for z 30 km)

+ Season(f,L,z k 20 km)

45 - 120 12th-degree polynomial for natural logarithm of
mass-mixing ratio (ppmm), determined by least
squares (coefficients GC) for data points at
20(5)120 km

-.120 Exponential,

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

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

a 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

a My-78, Table 6-1.

Table 4-17. Fit functions for HO2 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
C1102) 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) lOF(z) where F(z) is given by

- ,1.0 - 0.2 Iz-801, 75--z,85

0o , z,85

Product-function passes through data-point values
at 75 and 95 km

'100 Exponential, passing through fit-function value
at 100 km with prescribed slope

a Fly-7 , able 7-1. 59



Table 4-18. Fit functions for H density profiles.a

Altitude Range,
km Description

Day

0 - 35 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

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

40 - 86 Exponential, with slope determined by data point
at 40 and assigned value of 9.0 10' at 86 km
and passing through data point at 40 km

Night

0 - 74 Constant, at assigned value of 1.0

74 - 86 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

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

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

a My-78, Table 8-1.
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(I) An increase in the total 03 content of the atmosphere
with increasing latitude,

(2) A general increase in the maximum 03 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 0 to 55 km by evaluat-

ing Equation (14) 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

' .. .. ... . . . . .. .. l



ca r.

co '00 r-(4$ -
4-J N-4) $4o U

caw Cn :;:1-4 >,x ~ $4 .
~ "-4

-4

,a_ __ 2 0

(JU U) ( Uj)

r4 Q4 a)$4
4-1 *.- >4 4

I- >' *-4
-4 m) --

4- 0 0 $4 e
r. r- 0) Q) Q -1 -j

L ) $4 > -4
r. tk' C:~'- 44

-4 :'4 0 -) 1-
(3) u r~ ,4 ' Z

CL 4- P4 ) 0
0 0) -- r:: 2
2= -e co 00 m

r- r_ "0 0 z 0 C: w
a) 0-4 0 W) 4- -A4 -4 Ln
C: U)l J 0z ZL 4.JU
0 m 01 U) a))MI 0 +
N " (3) 01 U) - P- r) $4w
o w4U Ln W)U L'0

a. 00 00o4-1 N "
4-4 --4 9:C 0 C :1 .
O -4 00 0: -1 410

0L ) 0l -.- 0 -,x ): 4-' -- 40 C : V 4-
0):j I) E w cc 0 4

$4 :j U).C 0 Ln 0 Q)0c
:3 -4 0)4JO 4 -4 U) 44~ %

4- U- n ~ co4 Q0U ) 11
0o 0 r. co .0 [1
a) 0Uo (n (n) E N

00 0

0 w $4 ) 4 U)
-6 a% Q:) 14-4 4-) '44 .0 (s .D -r4

I f 000w ) w 0) "o0 Qd) 10 r_ m: ) :$
r. C13 r: 0 C: 0 r- 0 Z:'-4 w) r 0 4- U 00c
(1)-,.4 -4 '4 A. -4 --4 -r4 L) 4-4 $4 4 -r4 $4 -,4 0u
a. wL$ X' 4- x 0 X " CL Q) '-4 0 4U C) En U >,

-4 w)m -40 C A -40m Q) 14 0O 4-4 co > .4 U)
.0 im> u w $ -A a: 00) r-
0a -4 01) $4 0 "1 $4 0

S-A U) CL 0. a )
>).- -'-4 x M~

d) E U) Zu 2 w
!4C) 0 ~z -4 r~ -4

Ln C14 r=) to (I a )
V-1 A -4 CD w) 0 r. z: u0

v.40 C14 (i N U N 0 0 Ck.(1) U- 0o
410 NN -4 a) -4 0 -.4 i) Le) C- C:

r-4C 'N V A -,40 Ud 0 U 4-4 0
C13 C) LA) N 0u > ) 0 0o ) 0)- 0-r4

C4LA Q) C: N U) c U
___ ___ __ QL) -A- -.-4 .40 w U

i)U " 14 2= 0 -4 $4o
1 01 i ~ :3 :3 0 $4

a) p4'- 0 -- 4 2j 0 Q 4-444
C: 0 0 $4f LU - 4 w

--4 .0 ., -U) Q -A- .0 -4 Q)
w P -4 M. ia C: 0 : 0 X
z m Vio ) 1-4 )2 S F 4

0 00
$4 N 0 0 U "0 0) 4-

62



F ZH 55

243
DAY OR NIGHT, ZH < 55
CALL OZONE (2, ZH, OZ3)
SNI (14) = OZ3

01+ MORN

239
NIGHT 55 -- ZH -, 70

-- v
< ZH - 70 ZHMKM =

>- SNI (14) =

240 F 70 ZH, -- 75
ZH 75 SNI (14) =

241 T 75 ZH -, 90

ZH F ZHMKM =90 SNI (14) =
T

242 ZH-, 90

> 2" 

01 SNI 
(14) 

=

2"
DAY 55 ZH 75

ZH -- 75 F ZHMKMF ZHMI
SNI (14)

2451 T F Z HM
245 75 ZH 90

ZH 90 F ZHMKM
SNI (14)

246 ZH 90
4 04SNI 04)

247
[-SNI (14) 7

Figure 4-1. Flow chart for the 03-portimi of Subroutiiie
SPCMIN during its (1perational 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

OZ3 - 03 mass-mixing ratio at altitude ZKM (kg/kg)
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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 iven in Section 2 of My-78 and

may be summarized thusly. The altitude dependence of the H20 density

is treated by using transition boundaries at 5- and 14-km altitude.

For the 0- to 5-kmi altitude range, the Earth's surface is divided in-

to 11 geographic zones with six types 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 14-km

altitude region, H.)O densities are determined by interpolating the mix-

ing ratios at 5- and 14-km altitude. At and above 14-km altitude, we

include a seasonal dependence which (1) decreases with increasing

altitude and vanishes for altitudes above about 20 kin, and (2) 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 30" 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 11.0 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.,O-portion of Subroutine SPCMIN; the nature of the fit

functions evaluated 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 summarized in Table 4-23.

4-3.2 Option for User-Specified H.,O Profile

To supplement our HO dersitv 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 then 0.0 for

th 5
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IH2 SMEASN (ta, z) EQUATION ()
+ SEASN (fa, z)SECTION 2 [ My -78]

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

f =FRACTION OF YEAR

z =ALTITUDE

IH20 = ITERPLATEEQUATIONS (3a) & (3b),
1H20 INERPOATESECTION 2 [My -78]

IH2 01j MEAN (WITH BOUNDARY AT L--300  EQUATIONS (5) & (7),
FOR z': 30 KM)

+ SEASON 0I, L, z '-20 KM) SECTION 2 [My -781

Figure 4-2. Simpl~e guide to the H20 model.
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lable 4-23. Input and output variables for Subroutine WATER.

INPUT VARIABLES

Argument List

KK - Calculation flag

= 1, calculate initialization parameters

= 2, calculate H20 mass-mixing ratio for 0- to 45-km
altitude

ZH - Altitude of interest, from 0 to 45 km

ATMOUP Common

RHO - Mass density of dry air (g/cm )

TIME Common

PLAT - North latitude of noint P (radians)

PLON - East longitudinal of point P (radians)

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

RHO5KM - Mass density of dry air at 5-km altitude (g/cm 3)

OUTPUT VARIABLE

Argument List

H20 - Mass-mixing ratio of H20 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 0.0, 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

Hif(NZ1i) = 120.0. If 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 (ppmnm).

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

[H20] = H 20 molecules/cm
3

The corresponding vapor pressure at temperature T is

Dw  = [H20]kT dyne/cm
2  (la)

= 10- 3 [H20]kT mb (lb)

2. Absolute Humidity

H20= (grams of H20)/m
3

also called vapor concentration or vapor density. Note the convention

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

ture T is
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NA

i6  (/ 3  NA 2 (aPw " 10-6 PH 20 (g/m3) R0 kT dyne/cm (2a)

2

10- 6 PH (g/m3) R T dyne/cm2  (2b)
H20 2

where NA Avogadro's number, R = gas constant, and MHo = molecular

weight of water vapor.

3. Mass-Mixing Ratio

rm = the dimensionless ratio of the mass of water vapor to

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

by mass, i.e.,

rm(PPmm) = ( 11 0 /m (drv air/cm3 (3a)

= PH20 (g/m3 )/dry air(g/cm 
3 ) (3b)

4. Relative Humidity

Uw = the dimensionless ratio of the actual vapor pressure

(pw) to the saturation vapor pressure (e w), usually expressed in per-

cent, i.e.,

Uw  = 00 P w/e w (4)

At temperatures less than OC, the relative humidity is evaluated with

respect to water, not ice [Li-71, p. 348].

5. Dew Point (or dew-point temperature)

Td = 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 H20 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.

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

the absolute humidity, H 2o (grams H20/m
3). The desired values of mass-

mixing ratio are computed from Equation (3b).

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

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

mixing ratio are computed from the following steps:

a. Compute saturated vapor pressure (over water),
ew(mb), from Subroutine H2OSVP.

b. Compute vapor pressure from

Pw(mb) = 0.01 Uwe w  (4a)

c. Compute the absolute humidity from

10 9 P w(mb)
PH 0 (g/m

3 ) = l (2c)

2 (R/MH 0 )T

d. 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-
point temperature (Td), by using Sugroutine H2OSVP.

b. Compute the absolute humidity from Equation (2c).

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

Since most of our H20 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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31. Water-Vapor Number Density ([H20], molecules/cm 3)

Compute the number density

[H20] = 106 rm(PPmM) Pdry air(g/cm3 ) NA/MH20. (5)

2. Relative Humidity (Uw, percent)

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

b. Compute saturation vapor pressure (e w(mb)) by using
Subroutine H2OSVP.

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

In the above discussion we have mentioned Subroutine H2OSVP

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 0K (-100 to +100'C) and (2) ice for the

temperature range from 173.15 to 273.150K (-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 uscd

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/ei, where ei is the saturated

vapor pressure over ice as given by Goff [Go-63a, Equation (5)], and

compute ei from the expression

ei = ew/EWDEI. (6)

The input and output variables for Subroutines WVOPT and

H2OSVP 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 - Calculation flag

= 1, initialization call

= 2, normal operation call

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

ATMOUP Common

RHO - Air density (g/cm )

TT - Temperature (°K)

VPC Common

METHOD - Flag indicating one of four options for treatment
of water vapor

= 1, data values in parts per million by mass (ppmm)

= 2, data values in absolute humidity (g/m )

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

- 4, data values in dew-point temperature ('K)

NOTE: For METHOD = 2,3,4, the subroutine converts the
first NOP values of the data into parts per
million by mass, during initialization.

DATA Read In

HH(N) - Altitude array 0.0 to 120.0 km

WVC(N) - H20 data using one of the four options. For N=I,NOP,
data have dimensions dictated by the option used.
For N=NOP+I,NZH, data have dimensions of parts per
million by mass. NOP=NZH is a valid input condition.

OUTPUT VARIABLE

Argument List

H2OMR - 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 H2OSVP.

INPUT VARIABLES

Argument List

TEMP - Temperature ('K)

DATA Quantities

AA(I) - Coefficients in third-degree polynor ial for
EH20 - ew, given by Wexler [We-76, Equation (16b)]

BB(I) - Coefficients in sixth degree polynomial for EWDEI
used to fit the ratio EH20/EICE -- ew/e i , in the
range from 0 to -100'

OUTPUT VARIABLES

Argument List

EH20 - Saturation v~por 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 14c and 14h] of minor species densities are given in

Figures 4-4 through 4-20. Normally, circles and triangles are used to

denote the data-base values for day and night conditions, respectively.

Data-base values originally specified as mixing ratios LMv-78] have

been converted to particle number densi tics here so that all profiles

would be in terms of number densities. Where the day 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 daytime conditions and

dashed curves for the nighttime conditions. If the daytime and night-

time values do not differ, only the solid curves are shown. For those

species with dependencies on local apparent time (t), geographical

position (or latitude, L), fractional seasonal-year (f). or solar deci-

metric flux (F), the legends normally 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 14a, pages 67-74). The principal change is from the generic

molecular ion M+ to NO+, N2, and 02. 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 iQnosphere when used with
the chemistry model (cm"3 sec-l)

b. O+ , the positive atomic-ion density (cm
-3 )

c. NO+, the NO+ molecular-ion density (cm
- )

d. N2, the N molecular-ion density (cm"3)
+ +

e. 02, the 0 molecular-ion density (cm 3)

f. T, the electron (and N2 vibration) temperature (0K).

The E- and F-region ionospheric chemistry equations, which

are a natural extension of the pair of equations used for ROSCOE-Radar

(Volume 14a, 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

If IJJ= I : calculate initialization parameters
'JJ=2: calculate ionospheric prQperties

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)

SNI1 - N2 concentration (I/cm
3

SNI(2) - 02 concentration (1/cm3 )

SNI(3) - 0 concentration (1/cm 3 )

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

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 - Dayti e electron density at altitude HEBOTD
(i/cm )

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

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

EF2MXD - Dayti e electron density at altitude HF2MXD
(i/cMI )

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

F2DSCH - Scale height with which the daytime electron
density decreases above altitude HF2MXD

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

EBOTN - Nighttime elgctron density at altitude
HEBOTN (i/cm )

HF2MXN - Altitude at which the maximum nighttime
electron density occurs (km)

EF2MXN - Nighttime el~ctron density at altitude
HF2MXN (/cm )

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

F2NSCH - Scale height with which the nighttime elec-
tron density decreases above altitude HF2MXN

TXTI20 - The difference between the electron tempera-
ture and the gas temperature at 120-km alti-
tude in the ambient daytime ionosphere (°K)

TXT200 - The difference between the electron tempera-
ture and the gas temperature at 200-km alti-
tude in the ambient daytime ionosphere (°K)

TXT800 - The difference between the electron tempera-
ture and the gas temperature at 800-km alti-
tude in the ambient daytime ionosphere (°K)

DQDAY(18) - The effective total ion-production rate at
altitudes 0(5)85 km that reproduces the
ambient daytime D-region ionosphere when
useo with the chemistry model (ion pairs/
[cm sec])

DQNIT(18) 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/
[cm 3 sec])

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

OUTPUT VARIABLES

ATMOUP Common

SNI(9) - Electron concentration for ZH > 90 km (i/cm 3
SNI(10) - 0+ concentration for ZH > 90 km ( 1/cm3)

SNI(II) - NO+ concentration for ZH > 90 km (1/cm3)

SNI(12) - Electron (and N2 vibration) temperature (*K)

SNI(28) - N 2 concentration for ZH > 90 km (1/cm )

SNI(29) - 0+ concentration for ZH > 90 km (1/cm 3)
2

IONOUP Common

EFE - See SNI(9) above

EFOP - See SNI(10) above

EFNOP - See SNI(ll) above

EFN2P - See SNI(28) above

EFO2P - See SNI(29) above

TX - See SNI(12) above

QDEF - The effective total ion-production rate that
reproduces the ambient ionosphere when used
with the chemistry model
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[0+1 " q, - 8n1°0 ]  - cl[O+]Ee] (1)

++

NO+] - q2 + a21[O+ + 823 N] + 824102] - a2 [NO
+ 1[e] (2)23 2

iN B = q3  - 833[N+] - 3[]le] (3)

[0] = q4 + 841[0+ ] - 844102) - a4 [02][e] (4)

[e] = [0+] + [NO+ ] + [N] + [o+) (5)

=qi yiq (6a)

4
F Yi 1 (6b)

4
Yi= Ai/ E  A i  (7)

i=1

A1  = [0] (8a)

A2  = 2[NO] (8b)

A3  = 2[N 2] (8c)

A4  = 2102] (8d)

The assumed reactions and rate coefficients are given in Table 5-2.

The rate coefficients are supplied to Subroutine IONOSU by Function

RATCOF.

In the above equations, the quantities are defined as

follows:

[0+] = 0+ atomic-ion density (cm
3)

[NO+ ] = NO+ molecular-ion density (cm
- )

IN+] = 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 ab
Here S0-76 Reaction Rate Coefficient

10 -- 0+  0 + hv

11 -- 
+  + 0 + h

2a R6 NO+ + e * N(4S) + 0 3.5 x 10 7 (Te/380) 0 5

2b R5 NO+ + e N(2D) + 0 3.5 x 10-7 (Te/380O 0 5

3 R3 N+ + e * N(4S) + N(2D) 2.9 - 10- 7 (T /300)-0.33
2 a

4 R20 0+ + e 0 0 + (01D) 2.2 x 10
- 7 (300/Te)

0 .9

4: 10-13 Ti > 600"K
5 R2 0+ + 2 *NO + + N( S) 6 10"13 (600/T) T<600+o (T1/600/T)- ~0

6 R21 0+ + 02 * 0+ + 0 2.0 x 1011 (T/300)-
0 .4

7 R4 N+ + 0 *NO+ + N(2D) 2.5 x 10- 10 (3001/T 0 "44
+ -10

8 R8 02 + N(4S) - o- + 0 1.8 x 10 "10

+-1
9 R9 02 + NO NO+ + 02 6.3 x 10 "10

a In units of cm3/sec 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.

1 is given by: a1 - Cl0 + Cll [ e ] + 1.5 x 10 "7 [e]4/T3

C - radiative recombination rate coefficient for the
10 reaction 0+ + e - 0 + hv

- 4.4 x 10
12  (Te/300)

0 75

C11 - collisional-radiative recombination rate coefficient for
the reaction 0

+ + e + e 0 + e

- 1.2 x 10
- 1 9 (Tel

3 0 0 )-5.0
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[O" M 02 molecular-ion density (cm
" )

q - total ion-production rate (cm
"3 sec - )

qM O+-ion production rate (cm-3 sec-)
+ + -3+

q2 ,q3 ,q4  NO-, N2-, O2-ion production rate (cm. sec " )

OiI , C5[N2J + C6[02] = 821 + 841

821 = C5 [N2 1

C5 ' ion-molecule interchange rate coefficient (cm 3/sec)

C6  = ion-molecule charge-exchange rate coefficient (cm 3/sec)

823 = C7[O]

a24 = C8 [N] + C9[NO]

a33 = C7 10] = 823

841 = C6 [O 2 ]

844 = C8 [N] + Cg[NO] = 824

i = C1 (corresponds to cr in ROSCOE-Radar)

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

L2 = C 2

= dissociative recombination rate coefficient for the
reaction NO+ + e - products (cm3 /sec)

L3 = C3

= dissociative recombination rate coefficient for the
reaction N+ + e - N(4 ) + N( 2D) (cm3 /sec)

OL4 = C4

= dissociative recombination rate coefficient for the
reaction 0+ + e - 0 + O(ID)
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Assume steady-state conditions. After putting Equation (6)

into Equations (1) through (4), we have

ylq - 011[0+1 - a 1 [0+1[e] = 0 (9)

+ 021' + 3[+ + 02410+1 - ct2LN0+][e] = 0 (10)

y3q a 8 3 N] - ax3[N+]Le] -0 (11)

Y4q + 411+ 44[02] - c 4[0+2]Le = 0. (12)

By regarding [e] as known, we have five equations ((5), (9), (10), (11)

and (12)) in five unknowns (q, [0 +], [NO+], [Nt], and [0]) Rert
2+1.Rert

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

[0 +][e] = {ylq - 1[+}a

[NO ][e] = +y~ +I + a [ +

[N+)[e] [N= 1/a3

[0+1[e] = 0y~ ++ 4[Q]/

2 fyq + 1+ 4+21c

[e] 2 - A'q + B'[0 +j + C'[N2 ] + D'[02 ] (13)

with

A'= Y/l+ Y202+ Y/t3+ Y4 /O 4  (14a)

=1 a + a2 /cL2  + 64 / a 21(ct a-

+ a41(...- (14b)

C' a = 23/a~2 - 33/3 02(- -L (14c)
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824/a2" 4 4 / 4  24( 7 - (14d)

Solve Equations (11) and (12) for [N + and [0] and put into Equation

(13).

++ c3[e]} (15)

[02] = {y4q + 841[0+1]/{"44 + a4 [e]} (16)

[e] 2 = Aq + Bj[O + ] + C'y3q/{a 33 + c3[e]}

+ D-{y 4q + 041[0+]}/{B44 + x4[e])

= (A- + C-Y3/{33 + cx3[e]} + D-y4/{B44 + a4[e]})q

+ (B' + D' 41/{B44 + c4[e]}) [0+ ]. (17)

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

[0+] = ylq/{ll + al[e]} (18)

[e] 2  Aq + B[O + ]

= Aq + By1q/{a 1 1 + l1[e]}

- (A + Byl/{ ll + al[e]}) q

or

[e]2 (19)

q = A + ByI/(a 11 + al[e])
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with

A = A' + C'Y3/{833 + a3 [Ce]} + D' 4 /{844 + c4 [e]) (20)

B = B' + D'8 4 1/{844 + a4 [e]} (21)

Solve Equation (10) for [NO+]:

[NO+] y2q + 821[ +] + 82 3 [N+] + 824102] (22)2[e] (2

Collate Equations (19), (18), (15), (16), and (22) in the order in
which they must be evaluated. Also use

a23 = a33 ' a24 = 44

q = [e]2

A + ByI/FACTQ (23)

Y I
q

[0 + ] = (24)

[N _ 3q
2N~] = (25)

o+ = Y4 q + '41[°+]

2 A3DEN

[NO + ] = Y2q + B21[O +] + 8 2 3 N] + 24[0] (27)

where

FACTQ = + l[e]-

A2DEN = 833 + a3 [e]
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A3DEN = 824 + (X4 [e]

FACTA3 = D'/A3DEN

A = A' + C'y 3/A2DEN + Y4 FACTA3

B = B' + a41 FACTA3

In Subroutine IONOSU we use Equations (19), (18), (22), (15),

and (16) to compute q, [o+], [NO+], [N+], and [0+] 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-lb. The fit functions used to obtain these profiles are described

in Table 5-3.

The prescribed electron temperature profile and the heavy-

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 × 10-22 W m- 2 Hz-l profiles of q are shown for noon and mid-

night conditions in Figure 5-3 and the corresponding values of [0 +

[+] [N+], an 0+
[NO+, [N ]2 , and 2 are shown in Figures 5-la and 5-lb.

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.a

Altitude Range,

km Description

Day

90 - 100 Exponential, determined by data-point value
(EBOTD) at 100-km altitude (HEBOTD) and scale
height EDDSCH

100 - 300 Parabola, determined by data-point values EBOTD
and EF2MXD at altitudes HEBOTD and HF2MXD and
vertical slope at altitude HF2MXD

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

Night

90 - 100 Exponential, determined by data-point value
(EBOTN) at 100-km altitude (HEBOTN) and scale
height EDNSCH

100 - 360 Sinusoid, determined by data-point values EBOTN
and EF2MXN at altitudes HEBOTN and HF2MXN and
vertical slope at the same altitudes

>360 Exponential, determined by data-point value
(EF2MXN) at 360-km altitude (HF2MXN) and scale
height F2NSCH

a Based on Figure I 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 5000K at 200-
km altitude. The parabola

T - T = 500[(ZH - 120)/80]k

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 700) and for sun-

spot-minimum and sunspot-maximum conditions. For the geomagnetic

latitude of 50', Webber [We-62] finds qmax = 0.04 and qmin = 0.08 at

60-km altitude and qmax = 2.1 and qmin = 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

Night

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. D-region effective ion-production rates. The values
shown are IONOSU-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 4 0.0. DRVATM next loops over

the test-altitude array, exercises the ATMOSU, SPCMIN, IONOSU, and

H2OSVP routines for each altitud2, 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, 0+, 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, 0+, and NO+ in row-i 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 - Number of test altitude values

ALTS(I) - Test altitude values (km)

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

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

IDAYS - Day of the month at east longitude GLO

ZT - Zone time for the 15-degree longitude interval containing
east longitude GLO

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

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

WVFLAG - Flag for optional treatment of water vapor

= 0.0, normal treatment
# 0.0, optional treatment

METHOD - Flag indicating one of four options for treatment of water
vapor

= i data values in parts per million by m ss (ppmm)
= 2 data values in absolute humidity (g/ml)
= 3 data values in relative humidity (percent. 10

percent is input as 10., not 0.10)
= 4 data values in dew-point temperature ('K)

TPFLAG - 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 ac altitudes
ZZ = 0.0(4.0)120.0 km.
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PROGRAMI UVAUM CLMPUT,OUTPUT,TAPESzIIVUfTAPrb:JPUfj lUwIVuw d

C uklveti 4

C tHIS MJJTIM4 IS PROVIDLD to DRIVE AND TEST ArMUSU AN3 THL JAVA
C 4&LATE) RUTfIMK5 wHICH COMPUTE THE PRuI'ERT195 if TiI& DICIVL 6
C JUDISTIIRSED AhWOSPHKR9 AMU IOdOSPH~k9i. Dki vob 1
C DRIVER

C ZMUt PARAMETERS LiRIVLR 10
C MALYS - MUN1iU OF TESt-ALTITUDE VALUiS DRIVERU 11
C ALTS(I) - ThST-ALITIJDE VALUES, KM4 hIV)Rlw 1
C AIRS - NUNIKA UP TAL VEAH 1M THE 19JO S AT CAST DRivKri 13
C LON21tUDE GO (1;. 1974 WEOMES 74) 0kIV4k 14
C IMJS - MUSSERI UP THE MONTH AT LAST LQMGLTdJEL GO UNIVLR is
C (e..G., FEbRUARV 86CO04ES 2) DRAVIAat 1b
C WDAYS - DAY Of TaIL 4ONTH AT EAST LOM;ATUDE GLD D"lVcw 11
C If - Z~lJ TIME FOR THE 15-DK.GiE LUN ITUDE ITLIIVA. DRIVtR 18
c CUTAIMIUG LAST L3MCITUOL GI DRIVLi 11

C cc - GEO;RAPRIC :OLATATUDL UP GRI U21GIN ORa iMATEVaR Dak1v.R 20
cREF69dWCE PILOT IS D9SIREO (ik:CILs) DuLVElt 21

C GLD - GEOGRAPHIC KAS? LONGITUIDE UP, GRID URIGIN OR £JRIVt.R 21
C WHATEVER REFERENCE PaINT IS UJ.SIdLU (DEGREES) oRIVtH4 23
C dVFLAG - FLA: fat JP11JR&L TREAT1*.dT IF WATER Vke3A. DWLVa.R 24
C igQ. 0.0 N)U4AL TREATM4ENT DidIVa.R 2!k
C .ME. 0.0 OPTIOUA. TREATMENT DRIVE.R 26
C 4ETMOD - FLA; IMJICATING UWE OF FJUR JI'TIJMS, FOR IJRLVLR 27

rOPfLSIAL TREArNE~t Of WATER dAPJR. DRIVER 28
C =1 DATA VALUES IN PARTS PER *ILLION aVW EIGHT oRtV LK 2
C -2 DATA VkLJEi IN ABSULUUa HJM1OITV, DRIVER 30
C GRAN4S/MLTkERS**] DRIVER 31
C =3 DATA VALUES IN RELATIVI HJMIDITY, P~kCgMT DRI V~r 32
C (10 PERC-10T IS INPUT AS 10. NUT 0.10) DRIVc.R 31
C -4 DATA VALUE; AM GEW-PaINT tEMPLNATURL, DEG a iJI[VER 34
C TPrLAG F LAG fOR JPtIJNAL TREATMENT IF TEMPERATURi DkI VtL 35
C PROF ILL. DwIv~ Sb' J
C LfrQ. 0.0 MUR4AL tRiATMLM? DRIVER .11
C .ME. 0.0 OPTIOMA TREATMENT DuIlftu id
C TPFLAG IS TRANSFERRED TO SUSKUUTINK TLNPLN IIMIVEw 3
C THROUGH CUNMN tHTemp. A MUMZERO VALUE uP TPFLAG DRIVER 40
C ALLOWS SUiRjUTIM9 TLMPZN TO dEAD THL USER- URIVaR 41
C -SPECIFIE PurIILL At ALTITU)ES LZ=O.0(4.0)120. KM4 DRIV~hk 42
Ccc DRIVER 43

hDNN311ATNLJUP/ HLSSARt,IDUR,P,R0,TT,SbA(30), HRHa,FEHNSLQ KUHNI02 j
:ON%]IIOJDP/ EK,EFOP.EFNOP,LM2PEPO2P.TK,wDEF KJMNO4 2

DOMMDU /SPZCQ/ CM2,.:U2,CNO,CN4S,CN20D.CUCNP,CJP,CENtE,TV,fgITC KRM~ob 2
C0hMOMITIN&I IYRS,1uJMS,AUAVS,ZT,PLATPLOMU,rCAT,fVRPST,RHOSKN &UNN07 2

a CHI A U"0M0 3
:QNNMIVPC/ WVvLAG,MdTdoOD,N2312 AU1M409 2

CCC DRIVER so
)IMLMSIiJl ALTSt200) DRIVt~m 51
WAA PA / 3.141592653590 IDkIkLR 52

c DRIVER S3
?102 x P1/2. DRiV ER 54
DADooig a P11I80. DRIVER 56

C DRIERi 56
C R EAD IN fTSf ALTITUDES DkIVER 57
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agiD(S,1 001 IMLTS Dkiftit 6
loot P01617(1) uklvck e,0

3igAD(5,1002)(ALTS(I),K:LMALT$) IJMLWE 61
1301 FORN&!(6F13.2) uitIVtE 62l

C DwIVr.M 63
C 0 * 2130 IN VLAR#%ONTH,3AV#LUNI Tl*;, GLOGRAPHtC CULAT~tUDE AND umh1Vr.. 64
C a IGTO ftJ1M1 f GID 091,19. LokiftiH 6
c DIdVW 60
1010*t490(5,1003) IV6S.1INJNS,IDAVSZTGC,GLOMVLG,,4tiuO,TP7rLAG DRiIVE61 67
100) FOR14AT (iIS,4EL0.4,15,EIO.4) VN1VLM 6d

C CONVERT GL&3 Ti THEl COi~iLSPOND1IG PUSITIVE WUAMTITV, IF GL URL1V&.I 610
C is READ IN AS A 99:ArIVE QjAbrity. oMIvI.6 70

IF( ;L3 LT. 0.0 ) GL = GLO * 360. UN1VER 71
C A M1AIME VALUIE tiP KYRS IS USED TO TERMINATE EXA14PLES. VitIVER 71

IF( 1VRS.LE.O ) Cki.L LAI DW1vkdc 7J
C IJIIV,.l 74
C **PRIMT OUT? INPUT V&LU&.S uI4IvLI 76j
C DaiIVER 10

dEITIC S,2001 hALTS Dbh~vem 71
2001 FORMATCIHI,/1#2061 TEST VALUEIS IRAD IMII,811 SALTS :,5I,1I WIVLII 76

*3d I .24,1N ALtS(1).EU4,I) iuH1Vt; 79
ERITEC6, 2002)(I.ALTS~i ),[:1,MALTS) DRIILII 80

2002 !D&Nk? C6(21,1UP1O.2)) DkIvtii 61
dRl?1(6,2004) 1YRSIKONS,IDkVS,Zf,GCO,GLO DRIVER 82

2004 FORMAT (//,ON IYUS =15,10H [MOMS =15,106 1DAVb =IS/ Dkd1VtlR di
* am IT z912.4,146 dRS CCO zE12.4*14H 31G GL3 =912.4,p DkIVEad 84
* 41 99;) DRIVtJE 66,
iEIT9CI,2011 WVFLiGM9TIIOU.TPPLAG DkAVe.' 86

2301,FORMAT (ONl MVVLAG=,Yd.2,IDX,8H M~rHOD,j5,I1t.IH TI'FLAG,fS.2) DRIVtul 67
C :DOVER? GCO AND GLU FROM MEG&ES TO RADIANS. oktV.i( so

GCO aGCOIRADDLG biwaVLkt 89
;LO a ;LUORAODDG £JRIVLH R

C 101dTLFf TH9 GRID 091;19 AS 149 POINT P. DkiVLK 91
DLA? = P102-GCO DH1v.6.a 91
PLOd z GLO DRIVER1 93

C iJkIvLM 94
C 1I1lAkL1 THE i7M3SO kOUTIME Diazvtaa 9S
C uhiVtk 96

dIKT9(6, 6020) O.(IVw 97
6323 FOIN&W(/248 INLTZALKLAflal CALL,1/) DkkVf.a 9d

C OH1Vt.M 99
CALL ArNOSu(1,120.) UMLVERI 100
[F( iVFLAG.9Q.0.O ) GO TO 2038 0141611 101

*C INITIALIZE SODR39TINE WVOP? Of INPUTTING USER'S OPTIONAL DATA UWI1V&. 102
C FOR WATER VAPOR CONTEST, PERl DOE OF FOURi nbT6UJ)S. OhllVtO9 10J

*:ALL iUOPT(1,120.,420120) DilIVER 104
C WI dATER VAPOR qMING IMO At 120 KM P~bt USEINK DRIVik 105
C EITEAPOLATING 73 ll1GHLU ALTITUDES IM SUBROUTINE SPCMNM. ONIV~Ll 100

CALL d13P?(2,L20.,H2uiIZO) DltiWcR 107
260 CONTIMUE URIViR 108

C DkIVER 109
IRIE(b,20) IVRS,IM1OMS,IUAVS,Zr.GC,G.O DRIIVEW 110

2006 FORMAT C/1,84 IVRS =15,10H INOMS Z15,10" ADAYS :15/ owiVel III
INS IT z112.4,14d dRS ;C3 =912.4,14H NAB GLD z112.4, DM2616 112

*4" RAO) UMIVLI Ili
iEKT9(I,2005) IODU,UTGAT*PLAT,PLU9 DRIVER 114
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200s raomiT (II,811 10099 215,10H UT xL12.4,IJHI GAT =e.Id.4#I014 U1li I I
PLAT =L12.41GM PLUM zLL2.4) fDkIVbd 11c.

21101 FORMAT W/ HL a*F6.2 MRSS (LOCAL T11E At CISLJ URIG.1A), SLJLAM FLU& JIIVctw 11d
S SdAR zIF71 1.1-22 d/(14 SQ 4Z)#'/1,'FRUM PMJGMAMI DhVATM (9JUN17 UR I V 40 119
$ 2003)8) DRUVwi. 120

C UlIaiyt. 121
C L30 L OV ER TZSt hL71TUtS DilLVk 1211
c DidI v wi 12.3

iRITZOV8.002) UM1Vc.N 124
802 FORMAT (1110,12911 ALT d2 02 U OUiYlSI. 125

& R dl xc02 L u# Mat. LoSst i 12 P
ADJEF Ii0K,9(5R,4N1/CC,3X),?IIOHI/(C; SE~C)) &JMIVLk 121

Va1T(6003) DRIVERI Lis
$gas FORMAT (180,91,12041 d NO mu .JUSDG) UkIVE0 12)

*3 023 It N. D i 130
of 110I,10(5Z,44IICC.31 UWiVL.I III

dIlI T 9 (, 00 0 4) U I VLA 1 lji
6004 FORMTIMO.IX,1209 PRESSUR" FENSEI uUSITI O)EM SC HT LJIL. 13J

* nip r rtEMP N ONl M02 C DRIVER 134
:0 1101.,72" vvUESICM&*2 GUAMS/CC KoM tjI1VLR uSj

09 aI DEC 9 ,4(51,4dIIfcC,3x)) D1Vto lho
&ITiE(6,8006) DIVERh Ii.,

60Gb FORM&T (XHO,91,12M 020 CH4 N (Als) N (2k)) DIVLR 1303
a (2p) 0 (1D) ,J(JX,7fiSAT. VP,213,121 W# U DIIL 09~

diTI(b,9007) DMIV160 141
6001 FORMAT (1110,61i,12H REL. HUMID./SJX,12N PERKUNT DIiVERI 141

3D S0 I:1.MALTS DkIVLI 143
98 z LISh bIwAvto 144
'ALL ATMUSII(20ZM) uIklvLI 14 S
CALL SPCWIq(2*zH) DIVLI 146
CALL I3MUNSU(2,910 DRIVER 147
993121 z 0.0 OU1VdER 148
FICs 0.0 UR1Vc.U 149
IF( C Tf .Ge. 173.1S ) .AND. CTT *LE. 373.h i DkIlSIp ISO

*:ALL Ml3SWP(TT,VP123,#pACc) Di~lViK 151
199Q z 3.0 UIVLSI 152
3P0 a 0.0 DkLVSi 15.3
9MPQ a 3.0 ORI V t 154
IF( 99.LT.)D. ) G3 Ti 45 0 IIV tI 1 J,
:M2= SOLO) OIIV.ui 156
:u2 = S1(2) b I Veit 157

:0 $10) ni(1Lt I,,d
'03 zSWIM( 0wIV~~d t54
:04S =SPii(7) UMIVcS 160
:M20 = 1.0 l&MIVtM 161

3l .0 Dw1vp-k 162
J 0. 0 ORV1 161
:EE 9 .0 IW114 1 r o4

TV = TI Vt.iqLd I bt
rE= 9 ~lto 16

fG = T URIV1S 16?
C iUaRJUflMK CIIE4O, NIZH~ is NOT AN Ullr#NAT1U4A. I'AkT UI THE# Af'4,1SU URIvr.E 16.
C PACKAG6# WAS PREP1IS0 Ofl (NAP? inn~ JJwnflAI (KJ-74,KJ-743) Tj Dmlv~m Iu'
C CJ'4PUT9 THEK STLAOY-STATL IUNII&TIUMi FOR tHig L- &Mi) F-IieGLJN. uLJvL., 170
c IrS U.SULTS FURS L,#,#q, AMU At IN R1u-ToU JF TtL JUTeUtT dLujCK I fVS.S III
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c &i IN:LUQED FJR 0N,'AVLSJI wiTH T,4k; QUAiftA? to U#, hhU but uiVk..W 1%

C III lAug-ONE AND Nit ANJ) 12# iN iROd-I'OtW cIpIitD av L3MUSU. T'WAVr.,' Ili

:ALL C4P(40CFvENPQ,3P~reLNLQJ O I V ij~ 114

4 INQ :~NgiJ-OQEM] o1vto 11

* &NQEP~,PIFLISIJ~k1O,&HHUTTS~mI 12)&JMVLW 1'lb

8005 ?9Rs&f (hg,OPf9.2,1PI3E1l2.3,3(ZOK,lP1l1t2.31/d2LIIPE12.l? h~~vle 1111

so CONTINWI biA'k.hW Jut

9453 FORN&T/1,201i END 0r ?FST PMOdLk.N) UH1vrf lull

;0T31.1 
Diii VcWI Ihil
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iU*ROUtINEt ATMUSU(JJ*ZI) AT$43jU I
c ATM )SU 3
c AF43JSU CJM)'UYLS TilE PaUPEATIES UP THE~ UN)L..rJtD AT4JSP'NIWR, ATilujU 4
C GIVEN THE ALTITUDE ZH, AFTER ASSUCIAT40 S~oRJUTIMtS ZJMPUT. ATNISU
C ~ IE LOCAL APPARENT T1INE HL, SILAR VLUX SJAR, AMU) DAY-3k-ILGH? ATM iz.UU
C ?PA&I4TER 100MM. ATi4fl)SU 7
C AT'43SU IS REVISIOJN 13 t01107/79) flY 0. A. NA14LIN AND K. k. ATp(JSU tU
C sciOuNOvtEIO UT LIMS DLYtLPEL) MY R. W. LJdLN (SL6, &I AMBIENT AT4uSU 9
C AT4LISPIERtE MODEL FOK RUSCJE, P. Id7, VO)L. 5 31 IPlOC. uNk t973 ATAIL ;U 10
C miMsPNEmic LeriCTS stmposiump DNA 3131-2, 5 JUNd 1973.) A~uIU.;U 11
C REWISIJN 0? (06/01/74) PHJVILS ATNUSOS 11
C 1. IN HILH-ALrt1UDE 4ODEL, FOA U4E UF GAF(120.) INStEA3 UF AT'4jSU 13
C GAF(O.) = L IN CJMDT lUG ;A4 AND IZ. ATM )SJ 14
C 2. DENSITY SCALE H616Ht FUg4 BOTHI LUd- AND NIltI-ALTITUJi. ATI4O.i it)
C MODUELS, WITH AN AU HOC PARAHLLIC TiAbSIT1ON FrwM 110- TJ AT#4JSU 16
c 120-&M ALTITUDE TI PROVIDE A CJNfIMUUJS OLNS1TY SCALE AT#40:U 17
C HEIGHT ACRJSS TilE AJUwiOARY RHiTNE6M THEL rd MODELS. AT#eldSU 13
c 3. ALTLRabO FORM4ULA FOW 0 DENSITY ON FIRST CALL AND A? L06 AT4u~.U 1 1
c ALTITUDE SJ AS TO USE SF-FUNCTION 31itECTLY. AT#4hjSU 20
C 4. COMMENT C&2DS. ATMU.U 21
C RKVISION 03 (ID12S/74) IRJYIDES ATNOJSJ 21
C S PRUVISIUN FOR DAY U4 kI;HT VALUES Jr ATOMIC OXVCEN &TMtISU 21
C (OBTAINED FRO4 THE AINOR SPECIES SJBNOUTLOE SI'CMIN) ATNOSI) 24
c FOR ALTIfUDdS RtLO 120 KM. ATmLJSU 2tb
C 6. AUTOMATED PROCLJURF FOR EVALUATING CONSTANtS IN DEMSITY ATMUSU 26
C SCALE-HkE1;Hr FORMULA USED IN THE 110- TO 120-14 ATMflxU 21
C TRANSITIOM REGION. AT04LSU 28
c 1. PROCEDURE FOR LETTING SOLAR FLUX SdAk, AN INPUT To AT140SU 21
C AlMOSU, BE LIETEOMINE) f Tier AUXILIARY sIUTIhk. S'J6LfC. ATMOSU 30
c 0. PROCEJUNE FIR LETTING THE LOCAL (APPARENT) TAMP 4L, ATMJSU 31
C AN INPUT T 3 ATMSI, 86 DETERMED IY TNLe AUXILIARY ATmoSU 32
C SUBRODUTINE SOLO~tH. ATmuSU 33
C 4. PRUCEDURE FIR Lt:TTING Tdt DAY JR NIGHT PARAMETER tDIRN AT musO 34
C 36 DETEk4MED 8V THE AQAILIARY SUB4OUTIhe. SJLZEd. AT04USU 3tp
C RAVISION 04 (12/06174) PROVLtS ATNIISU 36
C 10. CARBON 0IJXIDd AS TI4E SIXTA SPECItS IN ATMU..U, dITH ATNtS 31
C PROFILE SPECIVIED Of 8. r. MYERS ON 12/01/74. ATMdUSF 38
c I.1t. EVALUATION Of DL.PARTURE FROM HYDROSTATIC L4UILIilRIUM. A T #40 5U 39
C 12. A FLAG, AIIFLAG, TU INSURE THAT SUB~uUTIN"~ IuMJSU AID ATM-jiU 40
C SPCNMN ARE CALLtD AT THE SAME ALTITUDE AT oHICH ATNJSU ATNJ~iU 41
C WAS LAST CALLED. ATmuiU 42
C 13. DAY AND NIGHT PROFILES Of ATOMIC OXYGEN SPEC IFIA.3 BY ATNUSI 41
C B. F. MYERS ON 11/09/74 AND 11/23/14, RESPECTIVELY. ATMOSU 44
C 14. CJRRECTED PROCEDURE FUR EVALUATING CONSTANtS IN DENSITY ATMJSU 4S
C SCALE-1IEISHT FORMULA USED IN T4E 110- TO 120-KM ATMOUSI 4o
C TRANSITION REGIuN. ATAOS~U 41
C Is. CRtrECED CONsTANT 10 LIW-ALTiTUD FORMULA P'OR DENSITY AT005tU 48
C SCALE HEI;dT. ATAOSU 49
C RKVISION 05 (02104/75) PROVIO4;S ATMOSU so
C 16. INTERFACE WITH SP:MLN dlIC4 NOW COMPUTES DENSITIES UP ATMJSU 51
C H20, N, NO, NJ2, 32(SIN;LLT DELTA ;), AND 03. AfMaS) si
C t7. INTERFACE WITH IOkOSU MIIICH NON CJ)4IUt&S THE EFFECTIVE A TNISJ 53
C ION PRUDUCTION RATE AT ALL ALTITUOL S. ATMJSU 64
C REVISION 06 (04/Od/75) IRJVIDES ATMUSU 55
C 13. REVISED NI~tIT PNOFI.E Of ATOMIC OUtI.EN SPECIFIE BY ATNOSU .,A
C B.F. MYERS UN 02/2217b (MINOR CHANGL dELU9 60 EM). ATNI1SU b61
C 19. REVISED DAY AND NiG4T PROFILES OF NITRIC OXIDE ATMtovU 5d
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C SPECIFIED 3V S.F. uVEtRS UN 04/0b/7!. AtMJisu t)
C 23. REVISED Dig AND NIC!iT PdOYILES OF &?JN&C NITMUOCE AT1M1JSJ 60
C SPECIFIE~D By a.F. MYERSS 1)5 04/11/7i. AT,4IS 1 61
C IlKIASIdd 07 (04124/75) a'RUVIUe.S AMU~iU 6d
C 21. REVISED PI1OCEUUIIE FIR1 SPECIFVING AN0 US1INGU ATE IF [t.L ATPICJSU 6s
C VERNAL LQU1101 (PLR1 R.W. LJiEN (02/2d/75)b. ATsqI.SU b4
c REuISzouOs 0805123/75) PROVIDES ATOIO.U 6!)
C 22. RE6VISED PRuFILE UP? IATEA VAPOR SI'LCfiVie. $1 S.F. NVc11S &TMA:bU 6c0
c ON 05110/75. &Ald-su 01
C RkVISIGN 09 (06102/75) PI4OV[DeS A?040SJ ba
C 23. CIECTED FORIMULA IN HI;It-ALTITUDE MuOLL FOIR LV&LUATIUk ATMuU b~p
C LIP OLVIARTUI1E FROM HiORLIATIC EwUIddIUM. ATMlSI) 70
C RdVISIJN 10 (05/01/7) PRUT106S ATILSU 71
C 24. REPLACEMENT OF PRLOET6INKD FIT CI.IPCtNTS FJiI G/Tot AT#4UjU 72
C PROFILE 81 rNasI; tIVE.) IIUIING Tih6 LILALIAT139I ATo4JiU 71
c PHASE PMO4 SPECIF9IkG TIRPEkAT0M6 PkgrLJPdcS AND 4 ATi4OSU 74
C MULECULAR-WLIGHT PROFILE. AT'41aU 7t,
C 2S. USE OF 0- Tj 12U-KH TEMPERATURE PRJFILK FOR ANY LATITUDe. ATMu1SU 7b
C AND SEASON, MATINE) BY LINEAR IwT~.IIO6AT1)N OF A S.t? ATMUSI 77
C OP LATITUDE AND Se.ASUN PROFILES BA$ED ON U.S. STANDARD ATm 153 78
C AT14USPH.RE SUPPLEMENTS, 1966. ATMu-'U 79
C 26. USE OF A SPECIFIED UNIVERSAL PRUFL.E OF TidE 4ULECtJLkR- AMiISU bJ
C dEICU? FUNCTION, (NSTAII/4-1.) =SF =SPUAF, 1hflPLWDtT ATj%,JU B!
C LIr LATITUDEo SEASON, A13 DIURNAL VAAtILU. (TH6t NE4d Sr AT4uiU 82
C FUNCTION IS SPECIFIiD BY THE. DU-CUc.FFICtNT ARRIAY FJik AN ATFMjSU di
C 11TH-DEGREE PJLVINIAL.) HONEVER, 1AGHFTIML AT34IC ATmjSI 84
C OKYGEd PROFILE DIFFiRS FROM OAVTIMi. PROFILE St.LJW 90 KM ATmi]SL tI

C AND IS CU4PUTED PROM A SEPARATE Fit FUOCridn. 0IT1?4E AT14d.1U 86
C ATOMIC 0OIGEW PROFILE IS COMPUTLD PXM k-PCIFIC&TIUM UP ATNJdtJ 07
C TE1PERATURK AND NJU9CULAR-d.Ik;HT PWOfIL. INSTt.AD OF AT#q:JSU ad
C SL.ING SPECIFL) DIRe.CTLY AND E#Yrit.D AS DATA IN ATmu.,U byi
C SUBROUTINE SPCMIN. ATHIISU 30
C 27. .PPORTOWITI P0U1 USER TO SPECIFY Hli TEN .RATUhkE P.gOF1L AfM ~iJ 91
C OF INTEREST (AT ALTITUDt.S Z 0(4)120 KM) IF' HE IdES ATPMISU 92
C Aut CHUGS& TO USE THdE OWE SLLECTED BV tNL. COOL. AS A Ar"..I" 91
C FUNCTIG6N Of LATITjD. Ami SEASOn. ATm'iSJ 94
C 23. ELIKINATIN Of A PRESSUWE-CORWECTIJN FACTOR EMPLOYE) 10 AfmASJ 9
C ThdE ORIGINAL MODEL TO MATCH CIRA-1i6S CumuITlu4s AT AT" .)i 96
C 120-KH ALTITUDE. ATM JiJ 91
C 23. SEASLIN-DEPENDENT COIOITIUNS AT 120-KM kLTITuOE (TilE BASE ATM4jNU 98
C ALTITUDE P0UR TlE. HI.I1-AL1LTUDI. MODEL) INST6AD nP A T0II..U 9
C CONSTANT :ONDITIUMS. AT0.1 3 U 100
C 32. INCREASE IF THE DIM4EW1IN OfP THE Sil AURAV PROM 6 TO 30. ATmuSU 101
C RKNISION 11 (03I01178) PR111015 ATA'flJ 102
C 31. INCLUSION Of N(JP) IN SJBR3UTILN~ SCKIN. 31m1.au 10)
C 32. REPLACEM4ENT OF THE GENERIIC MOLECULAR 1ON m* IN ATMIS 104
C SUBROUTINE iObJSU BY TH. THREE M4LJL-CULAN IONS MJ*, 42** ATMi)S1 10S
C AND 02o. IONJUP CONMCM IS ACCUIILINGLV CHAkNGED. AT104U 106

C iEVISI3U 12 (05121178) PROVLdS ATMJ~iU 107
C 33. 3ELe.TION UP THE PFIRST TIIREE VAOIAR.iS IN THlE ARGUMNT ATM.iS lod
C LIST IN THlE CALL TO SUBROUTINE JUILIAN SINCE ThESE ATMJSU Loy
C VARIABLES ARE SUPPLIED THROUGH Tim,. cJMMLJ. ATMLaU 110
C 34. DELETION LIP THE UNUSED ARRAY H580). ATMJSiU III
C 4&UISIJN 13 (01107/79) P11011065 A?MJw.J 112
C JS. REVISe.D FORMAT 8001. ATNOJoU 11i
C REVISIOIN 14 (0611ti/79) PROVIDES ATMllU 114
C 16. CONRECTED SPECIFICATION OP MOLECULAR dEIGH? PROFILE ATMBI' 1115
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C (I.E., PAA4Ec~il FDAW) AT &L?1?Uti.S LH Y6(4)120 Ko. AYM40SU 116
C ?HkESi CHAVGt;S ARE~ RL.LAT1LV SMALL (AJ33UT 10 PLRiCc.UT). &rm~wju 117
C 49VjS1j3j 15 (07/0b/79) PRJVIDES AMO:W lid
c 31. RLW.ISk.D Pit rUu:T10u FOR NIGHMM 0I 14NSIrw WLdee AtDmus" 119
C 75 AND 90 K4. £T4I11:U 120
cc ATbW,.U 121
C IPUT PARA04LTERS A1.ILSU 122
C &mG!UNI~? LISt ATOWN~U 123
C JJ -CALCULAIILN FLAG ATiu3)U 114
C x , :ALCULA1K 1M1?LALIZATLUU PAkAgM*'TbtS ATO~LiU l21s
C =2, CALCUL&T& AT40SPNKh11C PdUPE.6TtES £?TKOSU 126
C iN ALTITUD. LIF INTERLST (Ke4) ATMIsu 121
C ATHJUP CJMMUv £?NLJ.U 128
C MLOO SdAR, 100MM AY4(ISU 129
c f IM& COMMON AT"1SU 130
C IYRS, IONS, LOAVS, A?, PLAT, ?LUM ATmJ~U III
C &LYLON COMMON AToj.iU 13
C ALTKM(47), IITe.(18), C02(25) ATMjS(I 133
C 1NTemP tOMMIE ATmUSLI 134
C XZHT, TZII(Ji), L1f?(JI) A1MLJ..U I 3b
C ]UTPU? PRAMETERMS ATNIJu.U 136
C &TNIOP CLImmiU ATMUSU 131
C PP, RH4O, Tf, SNL1i0), MR00, FeaiSe.41 ATM(I.U lid
C ALTODN COMMON ATMUJtU III
C S3103 ATN3SD 140
C fine COMMON &Tgflsu 141
C RM4ATm.'o 142
C IMCkILK COmmos AtMisI 143
C ZM6&;, SPIFLG ATpdiSU 144
C ATHU:,U 145

.0D04390ALTJON/ ALTK(4),UITE(),:2(25),,3500 OLU40401
:0ONJN/AVMUuP/ KoAiDJU',4,TN(3)MN.tSd1m1402 2
:OgNM/mSO]LARPI SGLLfTSJLLiNvSfILIRR(I0) Adm##,LO
C04934/1iNE/ IYMSINUMISIuAvs,ZT,?LAT,PLDNU,Gkt,vM.F,NNff4OhKe KU041407 I

a CHI umUMO? I
:04MNuI10CdC~Il ZHFLAL,SPI PLG MJM.109 2
CUMWL)E/LILMPt NZMTLTZ3),ZIT(iL),TZ~Z( 3), tLH( 31),?PLAG KON010 2

C ATM ibU 152
C I&IIIABLAS IN ATI)jp ATM ):iU 153
C I.= LUCAL TIML, KOS ATM41SL I 14
C :b6&R AlgA. 10.7-:Nm SuLAI F1.111, 1.---22 al04"2 OIL) ATOW.)I 15t)
C 101MM = 1N61 FUR DAY 09 M IGHT. F34~ I 3L.3W 120 KOM, USt. ATM iStf 156
C DAYTIE PRUfIfG IF(IOdkN.46.3) AMU N9G~rTIM.. Arprij IS1
C PMOI37L. 1I(IUIBM#.LT.0) AT14j iU lid
C PP =PRESSJRt, 0Vp~tS/C46*2 ATM i.-U 1510
C RaNo= DENSITY, ';C4~j ATM J.,I lbo
C IT = t.4?LMATUMI,, 0)LGMW&S Ke.LVIN ATWI.U 161
c SMiI ) zMI, I /C'ie (Fwmm A4usu) c""t *u 16'1
C SMI(2) = 2, 1/C"Moi (FI" A?4LISU) ATM 61h 163
C 541( 3. z, o' /CM*43 (PRIM AEO1SU) At ..iI 164
C SWM = ANt, 1/C4*3 (Flail A?'4uSU) Ara '..?l lb.,
C SMI 0 ) =HI., I/Cm**J (Vka). ATO010SU ) ATMO .'lj I166
C SWIM6 C02, IIcm**) (hUMN ATMiSU) AT4.1fI Ibi

C S1110) 4, IICM6&i (FMJ4 iPC'41.6) A tq. iU 1Ib
c SN1(8 NU, I /!1''Ik (vwjq' SPCMIh) A r 141 j It. 0
C SuLfit E, I ICAO!"* (Flaui I 1);EJS" Of~ ATM ), 17
C S4t10) U., 1/cm~f3 (PlUM IUMU0su) Atpq.I.u 1L
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C SUL( 11) NU., IICN*8 (Vi4JN AUMUSU) ATIWUjU 171
C SH1(12) =TX, ULIL. (FkJPM IUNU5U) ATe4,jU L74
C SALIM1 a 02(00'). II:M..j (ium SPc~tA.) A 1 4. S, 174
C SVI(14) =03, I/CM**3 (fl~im SPCMIN) ATiq I~j 17!)
C SMI(15) zNd2* 1jCN**] (FduE SPCK1%) AMi.:U 17 f
c SoZ(16) z 5440, 1/CM* (rI4OR SpI id1) AT.43iuJ 177
C SNI(t1) z4, ilcmee (VULIN SPCMjh) ATA.JbI ld
C SM It Id) =054, 1,4CN* t (F134 SpC'411) AMd4U 1
c SOL(19) = 402, 1/:148 (FOiUR SS'CKL) AT.SUsU 160
c saj(lo) =cu, 11cMeeJ VIj 44Spci'C4) A T 14,1U 161
C SMI( 21) = N23, IIC1N *3 FI'cm5 SeCMIN) ATf4h.Ii ibi
C SVI(22) =C144, 1/CM**J (FOUR4 SPCM54id) hTAgj~U I b
C SWI(IJ) x WL45)f I/C'4''s (FOURq S&'CMNt) Ai4J.;I 1(14
C S§1(24) r ROD), t/CM*83 ( FOUR4 SPCesI NJ AfTcSUb~ I H13
C SNI(15) = kLL. NMJ1)tY, (Pqw4 SPCNIL) ArmsuU 154o
c SNI(26) = (10), [/MN*i (flRi34 SPC'41 f) Ao~jiU Id')
c SN1(28) z 3(2 i 1/ C 14*3 ( FA[ U % SPC~U) A T P4u 1 184
C Slit( 2) xN2#, / C Ms -3 ( F4LM SPCM&N) At-# S'? Ib'1
C $81(29) =02*, 1lCM**3 (FOURw IUbUiU) ATN .su 19fl
C HI DLNS1?W SCALE HI .1H?, K4 AMiIjiU 1'11
C euL= Fii.IFONAL t.Rk~ik 10 HYLJdJStAfIC CULItILIO. A14Il~j 19?
c ATs~LU 191

JIWESIlI SULZ(6J, S'11(6), A..P(6) Affijal 195

)1WENSlI3M LplMIC(b),4ICU2(S),CUflI(b) ATNUSiJ 191
lNeNS Lia foA V(31) A NL1S If 19d

c ArAUISU 199
C DLFIMLTIUUS OF DATA QJAVTITILS AMu.ll 200
c 8LGNS =SCA-LEVEL Nt.Al NO .ECJLAR dt..dr, G/#WJL.E A1MLL..J :u I
C P1 SEA-L6VLL PuiESSUIt., 0VMES/CMt'i A T #4 S 202
C BIGA =AVOGADHL3 NUMBER, PArICLES/MJLt& ANIJ10 10 1
c RR UN[164SAL GAS CUsiFAIT, fLRW4ULL. 06G-9) AM!) I1 d04
C (SET IN Su§M0JT1NW, it4:SK*BL.A) AT401S~ do 5
C ANi11~iu 206

WAA BIGNS,PZ,BIGA / 28.06,I.OiJl5L#O6,6.O22lIb9L.2J I AtN4'),V j07
c AT?4,lZj 20.1
c SK BULTIIIAIM CJISTAMI, iR~/(DLG-K) AYTIAU 20 1
c V094G - LGRF6e Of PJLVNUNIAL TO HE FITTLJ FURs THE ATX0SJ 210
C DAlf14E Pk0V1LE UP Sf. AI4us'J d11
C AT'4.5'J 212
C :A~tLUV ---- 43;UST NJ? t.KCLI) 12 Miaih jf MAKING Aro4..;j 21 3
C APPIIO'HIATE CHA14GLS IN PMLI;IIAM. AYM.-.U 114
C AT,4 jSU 21'1

W&t OfSX / 3. 14Ii)2b5Ji,90,1 .J83b22h-Ib /, hbt?.. / 11 /ATM'JSII ?It)
C AtM-j,U .117

c E=ScA-L.VKL GOAV ITA MANL AC..i~fAr IdA, C01 :- AT'4d1.U .1*
C RE = PA. 4 ADAJUS J?~ 5hAifl, K4S (A.LLN, ASY.1JI'HISACAL A~T 4 )-'1 10
c wJANfIt.S, 1913) Arm i..5 .lU
C A T 4,10 .21

)AVA ;1, RE / Itt.b2l, 6.313JL4-33 I A r- 1' vie i '

C 1:; MUMdt.M .t MAJJR S~rLC1LS ATmt,.iU 214
c S0NI( ) MASS JF W2, 02, U, AR, 11L, A41) CJ2, (.NAlci Af-S,,J d2lj
c AT" J' ".'u

)ATA IS, t,,1)11b)I~ 
4 . b S17,.- 23, 1. 11Vi. - 23, 1. L2 1, ATm ' .5 121

*b.b JiSr.-13, o. o4b4c-14, 7. JidO..-, 11 4.T.1%, i2d
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c AT04J.IJ Ili
C ALP(L) TiIER44EL UIVIVUS1UM COErVVCL~mf AT#4U..I 113
C ATmu.,U III

)AT& (ALP(1)o1zI.6) / 480.0, -0.40, 0.0 IAT4.j.U Med
C If* VALUES 0%/04/77 I'J 6 VDAV ATp4IJ5U 243

)AA FDA()Lz1,31) / l.t4t-t7,1.47L-16,b.9te.-1b,3.l6t-1b, AT t4jSJ 13 4
*3.47i.-1 4, 2.1-1 L-t 3 ,2. 506- 1I,2. 1 bt- I , AT14USJ I it

* ~ATM.jaI dJO

* & A?,JjUl 2174
* .65i;-02. 4ld-04,7.bte.-042 .3t-03,1.0b-0d /2.0602 ATmIJJU lid

cc: A rlLJu U e
C 4 A " AUAMiqLTC STATE011W VUUMt!S TU CALCOL.A- AA~uiU 241
c a a a CIMEI INkTGRAL UP C/T1M, AND G. ATOMU 24.1
CC., ATqnSU 243

;Utwirt 44 i((t(c(( AA~t2)AJk 6 AA(I1)j OJ * AA(1))*&AJ AIEJSII 44
a* AA(9))OAQ * O & A#6)'' Ak(7))*AQ # AA(bsdIA Aeft-SI 241
*~ * S AA MP)Q* A4)AU # AA(3)AQ + AA(2))A4 * ACI ATH0SU 14a

c AINL3:U 247
;tuIAP( A4 + (((((AI1)1.t AA(11)I11.)*AQ ATEusIu 2404

# AA(I0)/I2.)*AQ * AA(9)19.)OAJ * A&(d)/d.)*iQ ATpMSI 144
a* AA(7)/7.)O&Q * AA(bU/6.)ftQ * AA(j)/!P.)*AQ ATAI).'O IS0
a* AA(4)/4.)*AJ # AA(3/J.)A It AAMJ/2.)OAU * AAt1))A AINJSO 151

c ITNUSIJ 252
;AF( BO G Zj(1.OaMJ8/iE)**2 AT#NUSU 2!11

cc: ATitJSU 2 *4
C at 6 OAHMETIC STATE~mr rubciJU IIskD TO CALCJLft A/ASfAIR DAY- AT140SU 2 tb5

ccc AWii J
030a( IQ = EXP( ((((((((((tDD(13)*44Q * DU(12))OJQ + BD(11))aBQ ATpMuSI 251

a DU(10))OBQ 0 DO(9))08J DDCS))a44Q + D0(7))*84 AYTJSI 258
+ DD(6))*BQ * O0(5))*dQ * D(4)).44W o 00(3))*OQ ATmJSLI IS1

a* DU(I))*OQ * 00() ATMLJJU lbU
cc: ATE ISU 16L
C Aa * 6AwlT610&C STATIMO&T FUNCrLJW Usi.o TJ CALCJLItL DENSITY SCAL.L AT.4J..J 22
C & 0 * 4411Gtif (KN). ATWISJ 261
ccc ATWflIS d64

KIZAFI AQ (((IAtc AAI2)*I1.*kJ + AA(I1)*I0.)*AJ AMIISU Ib5
a *AA(10)*9.)*AJ * AA(9)*9.)*Aq + AA(44)*1.)*AJ ATAOSIU 216b

M A 7i66.)*AQ * AA(6).5.)*A~j * AA!)4)A AT!IijU 1167
a*AA( 4)03.)NAQ + AA(3)*2.)*AJ # AA(d) ATMflSU 266

CC. A TkU..U
c STATEMNMTS 100 TO 200-1 AR~E DOUN& JUST (lt~z., ON A CALL. TJ ArsI.j 170
c k?jSU(1,1201, fa SO. UP 6Ske.De.O PAWA4.T.9S AND T~J l.VALJATr. AT#l11iU 171
c SOLi1-VLUX-01YIENDNT VUi~kILR Ct)LIF1CI4r; U~.IJ IN CUMPI'UGd ATF~lU M7
c THE~ TIML-DEP&END6T. VALUtS LW TAU, TI4IF VA@ 1AdLt. CJNTWuL11N., TN,. ATPE4iJ 271
C Ik4PUMATURC 1.WAOILN) AT TiC L36e.Q BUUNUA4V, rhF, The. AT-ciaU 174
C eZ3$PHftAIC T04PEW.IATUN. (StEk J. S. 'iLSdET, kAJ1IJ StILA.CL VJL. AT14 3jU 2 7b
c S,, P. 417 ( 1971) ), AN') TNe. CO .FCt.i I~ Mt'. P~bktiJLI C ATF% )al l1tj
C TIRANSLUM FUI4CTIJIN Fll T1iE iO.NSLTY SCAL4-.-PL&.I4 HB1.Le. AT'4 U j7 1
c fKE LUd- AND H1;9-AwfiT1J~r. P4UDELS. AT-4-1,11 ,7 to
c 3LUiSEQL-kT CALLS, 1., ATI4LSU( 2, li,r GJ f!) StATtArt 233 ATM.-ill 279
C d*tktAFT~M A Liu-ALrITujiE MUO .L 1!. USLO 'Uo ALfrlU)LS Ii AT4.J 'IN 243
C 4c.SS THAI 120 KM AMUJ A HlItI-ALT1TUD. MUU..L IS UiLLJ Ufr04oliLe. ATqijjU d61
cc: AT 411,U I2A .
cc: IMMIALiALUM Afk.4i 2q1
ccc ArAINiJ Pb4

;U TJ (100,200), JJ ~2~
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Lao Re a SCOUICj AtojiU cub
C1 .oE*05*IACMSIwA ATM4JS'I 28V1

C CALL ITk. 5 AUXILIARYW NOUTIULS. AT0MUSJ db
:ALL IffOUT ATesJZFII d69D
CALL JJLIAiS(VkJ#VEdJfUAvJ) ATpqijsu 190
:ALL SJLCYC(OAVJ) AT.;tjiU 29~1
:ALL S3LUMN(VMIFJVEIJoAVJ,SOLLA?,SULLOU) ATr4UjjU IVI
:ALL. S36Zk.M(SULLAT#SJLLUN) ATmlli 'e9 Vj

C :ALCULAtk. FIT COEFFICIENTS D0(M USEDO TO CJ4PUT. SF. ATMU~SU 194
:ALL FITTER(NZT,Z~r,PDA1V0EG, I , 2 ,Do) ATWt! W 29 .
60(131) 0.0 £TMLJ.U '19b

C CALL ROUTINE TO GET SE~ASONAL fLNPEMATURE k. JFLL. ATAi~'i 297
:ALL T94iOZH ATnJSU 29d
20 134 N=1.UZHT ATEIIJW 999
If z SFDA?( INTOM) AfN&)sU J00

C iES,.? 71111) TO BE TdL. RATIO (ODYM) 3F t CCELERAT1JO DUEk ?0 ATMISU j01
C ;RaAWITV TO) THE. IOLLCULAR-SCAL. TkMP&kATUdi. AT ALTITUDE. I8711). ATPIJS'f 401

104 CoITIiJA. ATj.L~U )U4
:ALL fIITER(NZHT.ZNt,TZN,11, 2 p 2 ,IA) ATKLJSU 3..'%

C COMPUTE GRAW. ACCEL. G, C DIVIDED BY MUL. SCALi fk.NP. IN, AND AT~tbU job
C INTEGRAL Of G/T4 AT 120 94. AT.EJSU J07

;c Girt IN ) ATIISU 30o
99IN GOTHArc ZN AT#4bU 309
;9rNI CTIEIAP( Zig ATMjS(I J10

C C134PUTE PRESSURE, DENSITY, AND TEMPERATUIk. Af 120 KM ATMOSIP ill
C ICCa)RDING TO THE LON-ALTITUDE MUO&L. T~i~d dALUES PRJV1DL. 4TMOSJ 312
C THlE NUMOART CUNDITIONS AT 120 K4 FUiR T~g MICHI-ALTITUDIE MUUe.L. AT0404U )I13

PPz PL*EEP(-CCI*GoYNI) &TmfISU 314
ABOz S1GIMS*DTNikR*PP/CG ATWhISU 31 ,

C CALCULATE Dk.USITY AT 5 KM FOR USE IN SUBROUTINE. WAT&R. ATMU4U jib
FPS zPL*EKP(-Cc1*GrfIAF( S. )) AT1'iU J17
IMOSIM = IGNS*GOTMAFt S. )/Rd*PPSICAFI S. ) TMUSJ 318

CINITIALIZE SUMRJUTINK SPC41N ATWUSJ 113
CALL SPCN1I4(I,ZM) ATMJi.)U 320

C EVALUATE SMIINS AT 140. KM ATViISU ji1
If= STDAf( ZN ) AT~u)SU 322
@MBNsz 1.0/( 1. * Sp AtmflSJ 321
fl a 344S*GC/GUiT ATMJSU j24

C COMPUTE TdLE SPECI9S NUER DILISITIES AT 121) LM. ATHtJSU 32 t
C COiMPUTE TOTAL IIINIE9 Dk.STV,N(1ICN**3) ATMdOii 32a

IN d1CA/dIGMS*RO/84S AN4uiU 327
C OM4PUTE TOTAL NUNMIEN DENSITY IF VU 0ISSOCiAT1OIvWSTA6iC1/CM**J) ATMIJSU 348

Ids ah;A*RHOIIGOS AT8iISO 329
C COMPUTE 0k.IsITI&S (1/CN663) OF W2, 02, 0, AR, Hd, AND C02. ATPIOS 330

SIMI) =0.70*51 ATMUSU 431
SN11(2) =1.211*SNS - Sm ATNOSO J3d
SN11(3) z 2.*SNS*Sf ATKrISJ 333
SIIZ(4) = 0.009*SNS ATq4uSU J34
SNll(5) z 4.625L-OSOSIS ATNdSU A]3)
NIZl(6) x C(12(25) ATKUSU Jib

C ATi~fSd J37
ELk120 zR&*i20. ATNUSU j3
;G51 GGISK A THJSU J.19

"C= I*HL/12. ATKM)SU 340
FF a SOIAM ATAu4U 341

c C04PUJTE FOURIER C3FICLENTS JSLO TOR TAJ AT 1420 K4. ATM.iSU 342
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3(3a 6712358C-03 - A~817-~*P TUmJSI 344
AM3 = t.146180L-04 * i.901J52&-07 * VF AT14,jaU J4*.
AM4 x -S653477L-34 # d.b690t6t;-37 &VF ATM-ISO s4tj
AM5 a -4.65225SE-Di * 2.1229309-37 a Ff ATICIS J 347
I(b) a o8.984354E-OS - .12d157-37 a Frr Ate. ISt .4d
11(t) a -3.4073Wd-03 1 .9009$9&.-O5 rF AISU J4v
3(2) a -5. 4285-M-04 *4. 10 t 36~-3 6 * Irv £fM'jS'I Jj j
S60) a -2.S189 -04 !) .3 411 t2F.-3 7 * Fir ATo~iU 3% 1
1(4) a -1.380845L~-04 *2.075324L-07 * P ATMoIiU Js 2
IM5 z 01.358994Et-04 J .93 11111E-3 7 *Fr ATMIJ.UW J!)J

C CcIIpufe FQIJMIR cJIPFiChITS IS0. FUR1 fir. A T X1 1 J 44
:(I) z #S. 4435 38E.02 *4. 3288# 7E*00 a Fr AT.4 JS J isl

:()a -1.17981199#02 -6.49*,
3 6OL-01 0 FF ATM~i U JI6

CCJ) a # J. 115091 E 0I 1 4.766810,6-32 ft PF AMJSU £j 7
NO4 a # 4. 069323E.03 *4.1S4612e-02 a FF ATti.e.U ISd
:(5) a -6.389061L.03 *1. 415760&t-0 2 & FF £?40:.U 45S

xcI ft*.045s482E*02 I . 9 a ,h)2 Pr 1e4fisu Jb0

SM1 a -1.138663E.01 7147~j49L.-01 PP A~ftJiU 361t
S(2) x 4,1. 359bmbob)*3 2.d16729t.-03 *rr £ywrlso 162
SC) a #9.85915ar-Ol 8.13d8416-02 P r ATMjuW 361
S(4) is #7.3611J2E-fl 1 .1517)8k.-32 ay AIMOiII .364
SO5) z-2.92S3151-01 4.62523bE.-32 *Pf AT0flnio 36s

C Ca4F.Uf9 TAU (11(N) AND fiP (DEGRMiS KELVIN) ATF41jU £6.
rAw z AM1 AINI)SU £67
fir x CMI AT04JSU 3bae
ma It& 1=3,5 LTNIjSJ J69
PI a I ATM]1.U .370ISri x SINUCC:ov) AT~uSU ill1
:rI a C)S(CC&FI) ATAUSU 372
fau x Tau * cri*A(i.1) * spi'6C1 ATMiuU ill

&io rip x tir * cFiC(I.I * srLos(£ A£?DUSO .74
iftiL? 1. 8001)T1F4*03 £TI411 17!b

8001 FONA&T (1 IP = *ps.3* oD.c Kv TAU *lPt~2.5* /Kin, FRO14 susitou? ATVIISU J70
$13% &?4jSU (PURinA? S001)*) ATMiISU 377

C ATMiSIJ 378
C TJ PROVIDE A C3*IrIUOIIS OgiSIff SCALE 119IHT~ ACR3SS tilE ATPIJS1 379
C *BiUNUARV BETVILEM I'll. L~id- AND HIGH-ALITJO.; NJ13tLb, dL USi A ATPMUxU 180~
C PARAIIULIC ?RANSLTL3& Fumcriuu, ATe.IISU jai3
C wit A a = rH4a120 & Zdim11oaa2 f sa a 114141k # tMoIlto ATMJ ZJ 3132
C N6ER ATIO. U id 3
C IBRUI 10 OEbS~V SCALE )JECN AT 110 K4 APfIjsu J4
C 111114110 a &H-110. ATMJ3J 31
C soM APP143I14AyT 0l.IIVAfIVL LIP DiNITY SCALt6 nH.IrGU ATNIJSU 380
C AT 110-K4s ALTIfUUE ATMusU .3"7
C = HII05-HR(1095 ATMiSU Jed1
C 4141105 = DENSIrV SCAEk 4ElGHlT AT 110.5 Xm. AT,4.1Nl 3134
C NU11095 =DENSITY SCALE dLI.11 AT 109.5 KIII. ATMj3U .I9U
C FdR1120 = CHR312D - 10.as5l - RkJl10)/(lW0.-IIU.)*f2 AT~cI.i .391
C 10 IRS INITIALtI&TION CALL WE NEED. TO CiJs,'ur. THE~ PtirvI A?!'iSI J92
C SCALE RtIGH? AT 120 KH, 1111012), ACCURUING f) TtlL HIl -ALI140k. A T#4wbI .39J
c 'IfUDEL, EMICI, DEPEIVS UN HSL *8.3 SiAI, An ALSJ rN6 .bjSITV Ae..,U 394
C SCALE HLIGHTS ACCJRjIIG TJ THE Lld-ALTIrJut. 4juiLl AT 110 KOO, AT,4j~il J9-
C 113.5 KNq, AND 109.5 XKM. ATekitSU 39.t
C CO'sPUIE SMALL A. AT'4.jd v7

iA t rip - T1l/TIP ATM-Isu .11 i
C C0GNPUT9 CI3LPFICAEiC ? Of 4SfIS- IN GA'sMA-iUj-I ATNljsU 39)
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;AM? a 1.0E#OS*GCsKI(T1F*rA0) ATmUASU 400
two a 0.0 £1P4u..U 401
)93092 a 0.9 AT1pl.uU 404
30 120 IzlipS £T4115fl 44 3
SKuLl4 a SM1Z(I)6SU[(1) ATM~JSJ 404
.68 a CANT&SN1(1) ATM4UjU 40!b
&L;AlI a ALP(l) * CAN * 1.0 &?mflju 406
ado a dU # SMLSNI AAIJSU 401
023019 z ROOZN # SX&SNI*(CAN *ALGAN1OSAM(.-SAj A1NUSU 40d

120 :OiImul AT14USU 40,o
4110120 a RNOIIIROUZIAU ATMUSU 410

C CONPUT9, DENSITY SCALE NEIUMT AT 110 KU1. Atflho. 411
got* x GD?81?P( 110. ) ATMUSU 412
523110 21.0/(CC1*GDfq ATAhLSI 413

41 - 2.0/(ME6110.9) - GIKLAF( 110.0 )IGOTN) ATAUSU 414
C COMPUTE OdESITY SCALE HEIGH? AT 110.5 KA. ATN(JSU lit)

.ITM a CUfsIAF( 110.5 ) AT14USO 41b
091135 a 1.0/1CC1200Tq ATMUSI 417

* - 2.01(RL*113.5) - GKKLAF( 110.5 )IMMr) AtkUSif 4111
C CO4P/UTE DEUSITY SCALE NEI1M AT 109.5 9N. AtMUSU 419

*OTM z CDTMAV( 109.5A ) ATICISU 420
1115 21.0G/(CCl*:DtW ATNUSU 421
* -2.0/(RklD9.5) - GXIZAr( 109.5 )/GDTM) ATMOSI 4JI

So3 li10-H1095 ANUSU 42.*
F*2110 0.0l*(NRu120 - 10.*Sd - URUIIO) ATMOSU 44

C ATMUSU 42%
c A? IIGNTTINE, 0 aiFUI.ms rook DAYTINL U UNLI B&.IUd ALTITU&IL A1N~.su 426
C MOM() 90 K4. If( Zd.LT.ZAOh(1))* WNtML LIUM~l) 60 IN, ATMUSU 427
C SIL()) ONZI(l) z ONLTECI)) =1.1 . LTolUSU 428
C IF(ZH.G9.ZION(1) .AND. LI.LT.ZI0M(2)). WILksh ZIU(2) 275 EM, AroflS 424
c 51(3) z UNZIC2)'6XP(ZK2UmONSCNL) VI4EM6 £Nu')u 430
C 0§11(2) z ONIM16l) = 4.936+08 ATMUSO 431
C ZN201 = ZM-LIUN(2) AIUJSU 432
C ONSCHI saLO(M12IMI1)(Ij()ZU ) ATfdSU 433
C I?(ZN.Gf.ZJOM(2) AND0. LNf.Lk..Z1o(4)) gMbEwE ZLJN(4 i S AM, ATMUSU 434
C SWIM3 2 ONI(4)*EXP(-(@S. -Zll)IS) ATOVISU 43!p
C WHERE SL IS AN ALITU L-DdPfrNN SCAL. ieLGd? SO DETLNNIIE0 AtMtjSU 436
C 181?TM FUNCTION PASSES THMOUGCI THE DATA VUANTS At 15, 4O, AT61jSU 437
C AND 85 Kole ATMUSU 43b1
C SL = S65-e S-S)*U.z)5 AT140SJ 439
C SOO a S./AL3G( UNIk1IMNITL(17) 3 TN4JSU 440
c SNS = 2.Sd* - 10.1aLM~ ONITE(1d)/Ou1!16) )ATMUSU 441
C 1r(ihl.GV.ZION(4) .&MD. LH.LT.&ION(S)) WlbKg L~I(S) 90 Kk, ATMUSU 442
C SMIll) OMZZ(4)*6XP(ZM4O#/UISCh) NWa.RI ATN~o.,1 44J
C 3111(4) U6119(18) r9.0i*10 AT8I1SU 444
C 90140N IN - 9130(4) At"USU 445
C JOSCH z(LION(S) - ZIU*( 4))/ALOG~( 0111 5)IMULM4 I ATNUSU 44b
c TH9 NIGHTTIME 0 CONISTANTS ARE N Sgt. AT~uSU 441

U13N(1) 2 4LTENMl) ATN4USO 448
11(l) a OITE13) ATotUSII 449
30 130 1=2,5 ATNIS~U 450
5101(1) z ALITEN(1*14) AT14OSU 4%1
31111(I) a ONME14) *TMIQS 452

130 :o0ftuw ATMUSI 4% J
a1 1111(s) &Tolosa 4b 4

C TO R9SET ONIl(S) TO ITS FROMI VALUE WE dikO TO) FIRST ATNUSIO 456i
C CALCULATE ODAVES... ATNJJSU 4S6
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C ATOqjIl 451
C CO4PIT9 CRAY. ACCIL. Go, G 01VIDEO jil NAg. SCALE t NP. ftM, AT4'0SO 458~
C AId 11NTk.GIAL OF WINU A? ALTATIIDE ZH2. ATI4USU 41J9
C ATmilbU 460

s6 GMF L02 AT04USd 461
2311 GO~TNA7( £142 IAtmusu 46J
Mal1 z CIIAFA ZI.? ATI4usu 46J

C CadPUTE PR4ESSURE AND DENSITY AT ALTITUDE ZM2 ATI#LJSU 4u4
PP a PL'41P(-CCI0DFM1) ATOIUA1 46 i
Iiu a IIGNS@GDTNINM*PPIIG &TocIjl" 460

C C04PUTE M1'MS?A2 DAY AT ALrITUoC 9042 ATNUSU 467
SF a SFOAF( ZM2 ) £TIEusu 468
ANINS 2 1.0M(. # SP) ATNIISU 461

C C04PUTE TOTAL NUNAE UCISITY, Ott/CM**j) At ALTkfUDE ZN) AT4USU 470
so = IGA/SIGMS*RmO/WsK8S ATNIUSU 471

C C04PUTE TOTAL NU~dL9. USI?! IF Mu UIjiSOCIATIUd, AfMa.,U 472
C *sfRa C1ICM283 ATNJsu 473

INS a SIGA*RHO/IGNCS ATMh1%U 474
)DAVIS 2.*SNS&SF AT84UiSO 476.
3411(5) z WDAILS ATN4USU 476
INSCNK z LCOZ()OZ()/~O(I101) ATmusu 477
S91 z $./&LOG( OWITMWU)UNIME171 I TxflsI 47d4
MS a Z.*sio - 10.IALJG( u11ITE(ld)/UNITE(16) J ATNO~iU 479
115CA z (LION(S) - ZLjv(4))/ALOs;( OULMS(/OUL14 3 TM(ISU 460

C AT1SdiO 461
C 1O PROVIDE A CONTINUOUS TIIANSLTInN INITNt. C02 Ue.NSITV 44sTdt.N ATMUMi 48J
C TIC ALT1TUDL OF 100 KM, BELO3W WHICH A CUIbTANT 9IIILNG RATIO ATMO'SU 444s
C IS ASSURED, AND TOOC ALM7e. 37 120 Km, at WI4LCM THlE ATmuJsu ATri3SU 464
C N1;#-ALTITIDE XODSL (aASIO ON DI7FFUSIVE igUILIBUI) BIGINS. ATmuSl 4445
C IC USE THEk POLYNOMIAL AT*Ju" 486
C LOGIO(SN1(6) = SUN( IC(I)*ZM1CO2**0-I)), 1=1,7 ATNOSU 467
C IE TIE CONStANTS IC(i),ll7 v Aid DErfrkNIALD S3 fIAT THs AT#%uSO 4488
C SLJPE Of ALOG1O(SNI(6)) At ZICO2(1) =100 K14, DLCZlZ, AND kpaTMu 481A
C it LIC02CS) z120 K4, DLCLZZ IS CONTLNU3USi ANU ALUIO~t(SMl(b)) ATN4JSU 490
C KJWALS ?Mfg VALUES FURl C32 At LIC32(t) = t0Ue10se110.1I5. AND ATHUSU 491
C 122 K11 FOR Iz1,S . ATIStIJ 49J
C TIC Ciii CONSTANTS ARC NJM SET... ATNUiSU 493

30 110 1=105 AT04()Sv 494
IICOMC) a ALTEM(1#20) AT14dsU 491
:0291(l) a CO2(L. jO) AtNJaiu 496

163 :08IN0uw ATHUSU 491
C RLSET CO2ZI(1) TfI THlE VALWE IITAINID 7604 T109 LUI-ALTifUDC ArKOSU 4944
C M039L AT ALTITUDE ZICO2(I) z 100 KM. TO 4O THIS Nb. MOST FIRST ATm~ig' 4910
C CONPUTE CRAY. ACCEL. C, G DIVIDED $I AO3L. !DCALE tEMP. TM, AND ATNUSU %00
C INTEGRAL OF CJT4 AT 100 K%. ATMUSU !001
C ATIIIISU 5102
C COMPUTE CRAY. ACCEL. G, G DIVIDED 5! MOL. SCAL. TEMP. TM, AND AtMUiU s03
C IMYIGRAL OF C/M AT 100 K4 ATNUSS 604

9a GAP( 100. ) AT14USV 605
;DIN G CTNAF( 100. 3ATMIISU sob
;oal CTM1AP( 100. 3ATMUII !) 07

C CcJIPUTE PRESSURE AND DENSITY At 100 IN ATNI1SU s0od
PP aP&LKP(-CCI'COTMI) AiTMUSU %09#
290 x BGN5*CDN/RN*PP/GG ATMUOU b10

C C04PUTZ TOTAL NUMBER DENSITY IF NJ OLSO:1ATI.N AT14JSU sit
C NSlAM, AT loo KM. ATW11Sil 512

5 5 agGA&RHO/sIGNS ATHUSU 613
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.0111)=3.20c.-04 *SinS AT4113U 614

CL):ALJGLO(CU11(L)) *tIJjU ~
c !H& SLJP9 UF AL3'aI0tSdIk6)) At £LTLTUDE &LCJ( 100 114, ATmj!I bi

c OL:LEZP IS I1VEINY 1 LCIIL zALUGI0(EXP(t.0)1((I./W401 A?4ISU 110

C N(J(IIHO)/DZ)) = AL0GI0(cLIP(1.0))(1./HWiU). 041.iU *I Id
c C04PUTE DENSITY SCALE NI.;Ht AT 100 KN. A1IV(bU I9

IJ416 a I.M/CC1IOGM AT41i , * 5!20
- 2.0Jt(lkL00.) - UKKZAF( 100. )IGU&TH) ATfII..U !II1

3L1Z a (-1.0/IRUID0)&ALuGIO( WI(1.0) )AT"USU 6142
(CMA a DLCZII £TrsU's t)23

33 164 1=2,5 A?.40l5J !)24

114I1M) aZLC02M1-ZLCj2(I) A?4Osu tol-
164 CONTIflG( AT"WUd IJ2

30 115 1=1,4 AftJSfj j231

A112) a IZ[M *1.) AT94UU !)II

Mo)a 1112*ZAI2 AHMLU W o

30 16S J-1,4 Af4iJSU to3)

=(,5i EIlI2*0(Ivb-Jj AtM11SU S531

915= Z1'41C(s) ATI4%d.U 533

)(o)= 2.61115 ATAUISU 534

PJI --J# At04J4J tSi

3(5,5-i) a 115 1 F11)/J)DibJ)£NSfj 537

110 :ovthai ATN(3SJ toil

30 115 1=1#4 AT4USU tP39

)(I,$) = ALOGO(C2LU1.1)) - Ct.p)*1141C(1.1) - gCM AtIUSU tP44

115 :oitlae A164ISU 541

ILMLS = &LOGLOC &EP(1.0) )*T&U*(SA+SMI(6)*G&HT)/(SA-I.O) £?~4uaU b4l

J($,6) aOLCZSZ-IC(6) AMfljU !43

10 x 5 ATM~iSU S44

.51.). SiLwWr(0.Cou) £?DilSff 54to

c ATl~daU 54b

C :04PU?1E 0 DENSITV At 160 IN4 FIR US5 IN 0(11)) CONI'UTATL3910I &T,4.ISO 5417
c suiaiogItu SPCRIN. ATPIJSU 54d

&Z a R11200(ALIKN(33)-120.)/(MtEALTKN(33)) £?4LSU !4 1

9T - IEP(-TAUZ*Z) AT040SU 55 0

TTOL a (tlF-(Tf-l)*ETLJ/TZ Am1isu 551
A* ;A41SMI(3) AThflSI 552

1LGA41 ALPM*)GAW1.0 APMS)U b53

.iJLU SM)*TZ**;/T?L ALGAM1 AMflSU 5S4

C arP%,j4u tbb t

C KWALUAV&. ATMOSPUd431C PRJPaitTU.S At 90-184 ALTIJOE PIL ATm'lsj 556

C Ifl IdItLALIZING IJNuSJ. £r'4t.U tit)

911SAVE = IN Afmly 5ST V 5m

IN=90. AAWISU Y) I

jump = 0 A T 04,1U :,blp

.0 Ta 210 AP4.isu I0

Mi JOKP = 2 ATJAdji 642

c -L INITIALIZE IUMOSU ROfUTINE. ATM,13J :i6j

.AL JNU3U(1,ZdI AlK~N.U tio4
IN = ItISAVE A T 4 V" 1 16*

C S&T ZIIILAG AND SIFLG (AW11ITRANV WLGAT1iL VALUe.S) A AIJ A S f t

SPIIPLA; = -20. A T4L U t. I

ENFLAG z -20. A TAIi U jd

cc AT~q I SJ 0S
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cc AT'IIlj 01j
200 :OT~EAtmNu. J.

IF(IdZ.EQa.ZMFLAG )RiTURN AThu~i3 '04
CC. AtOCIS1 'j74
C ad ERROJNEOUS CUNDLTLU4 dILL OCCUII IF LIi.U &JM jPCXLN lb ATlj.U s *,j
C CALLED d[TH JJ=2 AND) A GIVEN VALUt Of Zd IV AT'4OSU hAS SOT &TMll~iIJ ,76
C §EkS CALLED FIRST WITH JJ22 AND FUR THE Sa14t VALUL (iF ZN. £TXJl J 1377
C THE VARIABLL ZNFLAG IS USLD T3 DETECT THIS CONDITIOJN AND) AT~cUsu 0,a
C TO NAlE THE R6QUIREL3 CALL TU ATNOS~o £TIVISU t17)
C ZIFLAG IS 16ITiALILD T) AN ARBIfkARY ULEATLVE VALUL IN A1&~llsil !)H(
C fIg INITIALIZATION CALL TO ATNOSS. £T401SJ SDI
CCC ATNOSU lie I

INFLAG =ZN ATAdSJ 584i
210 :30TIN9I ATq411!U 584

Rulml 1.0/( RE+Zm) ATPEu4U bbsl
If( IN4 ."E. U20. ) Gj To 250 ATKUSU tadb

C AUU flW '8
CCcCC LOW-ALTITUD. MODELi (ZN UL. 120.) ATmnfSJ tbad
C ATKUSU 5d 0
C COMPUTE GRAW. ACCEL. AT &:TITISDL ZN, G2(CM/SEC**2J. ATMaSU 590

;GzGap( IN ) ATiUSj 691
C COMPUTE GRAU. ACC&L. DIVIDED V 31 CULAOiCALE TEMPERATUNE. ATMHjU S91

ZDtK =GDTMAF( ZN ) AT~tus t6lj
C COIPUTE IUTI.CRAL OF lT%. ATKtISU 6,94

art=GrmiAF ZN ) ATfwJ 596)
C CO4PUTE FUNCTIal NEEDED FOR DENSiTV SCALE NtlIGd? ATHOSU 690

GK&Z z GKAA? IN ) ATNULI S97
c COMPUTE PRESSUR9 (DVNLS/C4*"Z) ATI)SU S98

PP =PI*EXP(-CC1*G~f NI ATUs~uSI 599
C :OlPUTK DENSITV (G/CM0*3) AT14JSJ Qol

AID aJIGNS&GDTM/RPP/GC &rasMIu 601
C COMPUTE DENSITY SCALE HxEIGHT (KH). ATH3SU 602

IF (IN .G9. 110.) GO TO 230 ATlM)SU Doi
IRMO a I.0I(CCI'CL)TN - l.0'RELHI - GIKZ/GOTN) ATmtJSU b04
;0 Tj 235 AT-40SJ bo!6

230 LM4110 Z" - 110. ATMWISU b0h
Si~d 2 CFlaa120*Zaau11D * Sb)oZNM1IO + H414010 ATNIJSU 601

c ISE PIT FOUCT139 rO UNIVEASAL PRIFILI OF SF FUNCTION. AT04USU 608
235 SrF SFDAF( ZN ) ATMIGSU 0

A3NSz 1.0/(I. + SF) ATAUSU 610
C CaMPUTE TENPF*AURE (DEC 1) ATmjSU 611

ff SXSNSS&G/GDTN ATi4nsj 012
C CUPUTE NUMbER DENSITIES 37 SPECIES. WE PMESCRI86r THE ATNsjuW 613
C lAl-NICNT DEPENDENCK OF 0 AND USE THE Lad-ALTITUDE MODEL TO AT14USU 614
C C34PUTE THE ASS3CiATED SL9CdT DAY-MIGHT 3EPKNDENCK OF 02 * ATNUSU 61,

535 H UGA8RHO/HIGNmS ATKuSU b16
SN SISISNUMS AT040SO 617
531(1) 0.78&SNS ATmus!) 618
511(l) = .21l*SNS - So ATAOSU .19
SIM() 2 .*SNs~sF AT04USU 620
I?( IDORN.GE.0 ) GO TO 245 ATmusu bi1

C CONPUTI NIGHTTI19 VALVSE OF J ATmUSU 622
IF( ZN .CE. 90.0 3GD TO 245 ATNd.4U 623
I19Z ZLON(4) )240,240,239 AT-411SU j4

C PIT FOR 65.0 .Lt. IN .Lt. 90.0 ATRU'jil 621b
239 £1401 ZU - ZIONM4 ATNISU 62.p

591M3 a OZ1(4)*mEIP(I4uN/0MSCNI ATNUSII *27
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;a TO 24S

L24123a ( Sd5Z88-ZWfN(I)/5 ATqi~jU 631

3 133 245-IO(2 AT.40WU 633

242 TO 245OM 2424,4 ATNIJSU 634
C Fif FOl 60- .L. &M9.0 5. ATMOiSu b,

3 4 13 * -OMIC) ATMUSU b6

c FOR UN .Gk. 90.0, USE DAY SN1(3). PIIOCL60E WITH OTNM SPECIk.S. ATWMU 641
24S 511(4 a 0.009*535 ATMbUs a4l

SUE(S z 4o625bL-0$S4S ATNiISU o43
I( LM.LS.100. ) GO TO 246 ATNJ)SU 644
&X1COZ ZH-LIC02CI) AT04USU u4b,
SKI(S a ~o.*(cC((((1)fzu1CO2 * xc(2))ZMtCu2 * KC(3)P*Z41coj ATM11SU 64

o 1C(4))OZNIC02 * XC(S))Z4IC32 # XC(&))*ZN1CJ2 * KCMi) ATMtDSU 647
GO TO 247 AT IWSJ 640

346 31(6) z 3.206-04 * 535 ATiAdaU 64,0
C COMPUTEI FRk1CTIONA6 ERROR P913 HYOI(OSTATI: ha4kLI~k14... AT.IISU b,3 )
c PIUSco -1.0E-0s*DPP0zH/(RHO*GG) - 1.0 ATNIISIJ 653
C z -2.667094519-12 e RR * Z11**.83J (dli;Ni * COIN) AT46SU 652
c 35611K 2.66709452C-12 a1.01-06 2.dJ3 vt.4144L-00 ATm1SJ 6531

341 PENS99 -2.667099S29-t2 * dR* td*01.633 / (B&GNS 0 GDTm) hTAIJsu bl4
IF( JUMP.xQ.0 3 GO TO 117 AT Ma.U bb!
Al ruito AT.4dS bb

C ATWusu 65i7
cCCCCC 111M-ALTITUOE MaDCL (AN .CE. 120.) AT.IJSU 65$
c ATMUSU 6S9
c COMPUTS ?ME GKOPaTENTIAL ALTITUDK ABOVE 120 90M, &Z(KM). ATMoSU bh0

353 :ouTz IR ATNIJSII 661
&axR11204(ZO-120.)*EAitZI ATMLjsj 662

C CJMPUTE THE TEMPERATURE Ar TUE 4IEUPJTEMTLAL ALTITUDETT(DtG 9) ArMJSU 663
11 a RKP(-Tk'IIZZ) AT'IuSU 664
i r. Tir - (TI-TZ)eTZ ATMeiU "IS

C COMPUTE RATIO Of TEMPI.RATdRk TO TERPERATJIIL if 120 K4. ATNJ.U 666
rT0Tl a TTITfZ ATMUSJ 067
Pp 0.,3 ATI4us' 6b$

RH 00ATmflsu 669
320011 a 0.0 £1Nubu 670
OPPDLN c 0.0 ATNusU 671
23 260 ial,IS ATmUSU 072

C COMPUTE GAMM-SUB-I. AT~euaU 674
A4 a aAMTSMI(I) ATMJSU u74
&LGAM1 x WlP) * GA4 # 1.0 ATmuSU 67s

C COdPUT9 DZNSIT1IS (ICM103) of P2, ud2, 0. AR, Mt., AND C02o £'.IOS) o76
531(1) a SNIz(1)*ZTZ**CA1M / TTDTZNALCAMI AT14USU 677

c COMPUTE TOTAL IUWNIA DENSITY il/CM&*3). AT04USU 676
pp z P # SHM) ATAI~ISU bEY

C COMPy?.r TOTAL MASS DENSITY (GJCM**J). AT~uiU 66)
RHO0 ad RI0 SMI(NM) ATMUS11 bd1

C COMPUTE A PORTION OF tHE SPATIAL DEkIVATIV Nm. r tU DENSITY. ATMUS) 692
56111 a SN1(1)O(GAM # ALGAI*T*mTI-rZ)/TT) ATMUSI) be)
D100IN x DEOA * SGAETSUI(I) ATMIJSU 664

C CIJMPUTe. A PURTI3N Or THt. SPATIAL 0tkIVATIVI. Ub TRLE PRtSbUkL. ATP40ShJ ooi
463 )PPVLIN a OPPULII 0 SGA,.T ATMUAI;t 6N 1)

C CJMPUTE SPATIAL DKNIVATIW,. UF PWZSSURt. itros 6d'i
ippuLM ( ;Ar( ZN )/GANT ) *(SA*PP*EZ - tT*uI'PUZ~m/T) ATMOSU 6$$

C :uqPUTE FMAcTiUMAL FRN~d FROM HVDWdJSTATIC LgUIL1BN1UM. ATAI1.U 0814
!g35(J a -(DPP04N/(iHjo;A7( Zd )) # 1.0) &Tmtl:.U 690

C COMPUTE PVt.SSUR& (DYMLS/CM62). &T'4uU 691
PP z PA*'1TSK ATKJiU 0.04

C CJMPUTE DENSITY $CALL. HLIZHT (EM). ATmUSU 691
SEJDIN DRJZN*TAU*(wk;I20-ZZ)@k9&"I ArwjsIj 694
lNdu RHIDO/WJOZN ATfMUjO (.9,
ILlUgs ATfmnSu b'a
to0 AT#4JSiU 691
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CC. VITe.&t 3
C sunoivcII F1TTice USES THc Ero Nor I LEAST SUaIS Ti CIMPUTE fITTLM 4
C 1Mt COEFFICIENTS& (J),J=IoM0 IN A PULINJ14LAL UJV DEGREE NO 1,IT? cot
C REPRESENTING Till DEPEISD&Nr VARIABLE III) (laM, JPTIUMALLY, ITS VITTv.k U
C NATURAL LOGARITWil) SPL&CIVE) (AND GIVES EQ'UAL It.IGNTS) AT FATTt~k 7
C NPfS VALUES OF TdU INOEPENDLNT VARIABLE l(l). ?iTra.M d
CCC F I T of
CC,. No 2EVISIJI R&E0jIME IN GJKIG FELIN MjSCOd-MAjAM TO 9iSCIJE-Im. VITTLE to
CC." FITTLM it
C INPUT PARAMRS ?ITTcfM 12
C uptS - vuil3ER Ur DATA POINTS fiT.9 IS
c 1e.1) - VALUES oF TdE INDEPEUDINT VALE, 1.6., FITTe~u 14
C ALTITUDE. Ka FITfr.R it,
C V(I) - VALJES UP THlE DMPEDENtTVAIIIABLE, i.G., SPCCIlES FITT.I lo
C CONCLOTRATI39, 1./CNO-3 VITTtLM 17
C so - DEGMEE or P3LVNSMIA. TO BE ViTT90 FITT.1 1$
C 11110 - IJKi rum KiND or EQUATION TJ Ml ?1TT.0 VITTc.M 1.0
C z I IF cQATiioN is WITTc.1 20
C LIII) a AD # £161 f A2*1'** . * ANeg.I F&TT-'w 21
C a2 If dQUATIUM IS FITT. 21
C V z Al) 0 A1X * A2*1* . * AM*K9N VITTLO 23
C [SIGN - KNzC FOR SIGN OF EXPONEMTS FITTt J4
C -I rum SE.ATIVE exPL*NLTwS VIT~evk 75
C z 2 FOR POSITIVE LAPUNLATS FITTLM 26
CCZ: bILs a?
C MUIT PARAilETEMS FlTTcIE 28
C X(J) - THE LEAST-SQ0ARES FIT COEJFiCILMS. Fl3T:. 29
C III) CORRESPONDS TO A0, Z(2 TU Al, ETC. FITTER 30
CCC V1TTc.R 33

)1I1KUS138 A(20.2l), 1(00). V(103), Z(20) F I T .i 32
101 a moat ?ITTlO 3J
102 a 43.2 VtTTLU 34
)o 9 1:1,M51 FiTftaf 3%'
)0 9 J:1.1L32 rITTLW 3

&(0)x0.0 FITTER 1
i 00T11U FITTLE il

30) 20 I:I,NPTS VITT,.W 3 1
I x II) FITTLW 40

z(,3 s (1,1) . 1.0 V ITTLw 41
00 Ti 13i) 11190 riTTtw 41

10 A a kLI;(R) FITrLNk 43
12 1 a II) FITrrx 44

14 ; a 1.1 FITtk 4b
16 3 a 1.0 ITtTLI 47

W(1,32) 2 A(1,602) # fitr.0 46
30 13 Jzj,l$01 FAiTrL 413

J dS lITTC.4 So
1(,) (1,5) * Q V3T.1 S1

IS &(J*N02) : ACJ,I102) * Q@R FITTLV S2
33 20 1:-2,N51 F1TT., !) ~3
3 = Gas FITTL.R S4

20 k(K,101) a £11,N01) * Q VLTtri, b13

)0 30 3:,)F3TTa.' %7

30 :OSTIuE9 V iTY,.co t,#
:ALL SILVE(A,L,0O1) vitte," ha
11ITUmv V I T7'I t- I
ang FiTtt.R 
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SUBIIJUfIN& d2USVT. ,EICL) hlu.t;)
cc: I2VI
C SJBRUUTtNL N2OSVP CUMPUTI.s tht. SATuI1ATiJ wApu Pwtssuq&e. V Iif,
C dAtLR V&PUk UVtg A t'LAN SURFACE Or (1) 4ALd. FOR 't 112t:O
C ff4PiigATUk9 RANGL Pdu4 173.16 TU 313.16 )e.. a (-100 I) #100 nI2u,;d
C DEG C) AND (2) Icr. Flom tHe. TEMPe.MATUR I..r LvIIUM 173.15 tj It us V"
C 273.16 DEG K (-100 Tu 0 O C C). ll~u.,vp
C 9A4LS OF ZERO &Ae. RETUNLO Vil thLE PAWl4TE JUTSIDLe TH~ tild~vp
C Id3ICAr&D TENP~kTUke. IAN;FS AND A OESSA.g. IS PeImtrLD If tHL. 1t2weU I)
C ROIUTIE IS C&LLtO uUTSIUE THlE INOIC0tmI dAdG9. IiJU.,VP 11
cc: 112 UJ9vP 11
cc: tadlS IS A NEW HiINE riml wis:OE-l.1. HiodgVP 1.1
CC, I JUSVP' 14
C THE FUJE4ULA USE3 FURl In eArTR AFelEteu i., A tHuND 0.1Ee. H2u.,V? t~
C P3LVMU4IAL GIVEN a1 OLILEBI L(e-76# e.J(163)) AS AN APP3k)iNA- h2usvp Ij
C thuN TJ HIS £Ea(15) FOiR THE 4ATUkAL LOGARITHM UF THlE VAPJR II2USVP it
C PRESSURlE (IN PASCALS) OF dAIFA IN THE RA4(IE FehM a) T3 100 IlurvP Id
C DEC C 3UT USED iEClE ALSO IN TdE EXTNA'JLATLJa kLaIuN VAJ.4 D TU "2i.ve I)
C -LOD DEC C. THE SASIC FJIINULA F~d THE lCe ueEI'eIENCE IN T4AT hIdsv1 20
C GIVEN 89 GOFF (GO-b3o L.1(5)). HUWe.Ve.M Ti SiAPLIFV Tie. U4PU- hIU.,VP 21
C tAiflO, WE HAVE FITTED A SIXIN DEGREE PJ4VOOlAL (L*06e1) TU d2Usvp 2.1
C THlE RATIO EI,20/Et, dHER El IS Tie. ShTURl&TcD VAP.3N POESSUkZ h2usvp 11
C ]VIR ICC AS GIVEN 9V CUFF (GU-63, 94(b)), ANJ CuNPUTE P.LC6 hlOVP 24
C 78.26 TRLE LIPRIISSIJ11 EICE~ = HJOIEMD6I. H2usiVP 2-j
CC, tw2USVP 26
C INPOT PARAMETER N2dbvP 27
C TEIIP 2TE4P&lAT~lh (DAG K) h 20S VP Its
C 3UTPUT PARlAMETERS H2O0SVP 14
C £142u SATIUATION VAPOR Pk.SSURL OfER IATER 4,046LLAI HIOSVP 30
C 1000 DVN6/Ckw&2 z100 PASCA6) H2usvP 31
C LCE SAfRoATlUu VAPOR PRE.SSURIE aIVEW ICt. (NILLLSAW) h2usvp 3j
cc: 102kiSVP 33

OllENS1il AA(4)1 0) H2Jsvp 34
CC., H is" !
C DEFINITIONS Of DATA QJANTITIEi t12usvi, 3b
C &ht) zCiiEVFICILeTS IN THIRD DEGIIE6 eJLV.d'4lAL riml I2uSVP 37
C CH213. GIVEN 6V dEXLEI (WE-76, 64(Ia) mu~svP 3d
C NOLL) aCotrfICIENtS IN SIXTH DEGRLe. PdLVguMIA. eMWe.I heusvp
C USE.D TJ VLt tHE RATIO EHIO/e.I, IN THE IlANaL IRON toliSets 40
C 0 Ti -100 DE; C. H2UsiVP 41
CCC 14205 VP 42

JAA (400#),=1,4) / -D.635)36311E.04,#0.340)49dtoO34E.02, Hdu~VP 43
*-0.19109874.-01,*0.1281103.-04 / h2USVP 44

MAA 1I~)ZI7 I .. 0009g6d,.9.122301bE;-O3,.6.2l.Sidb£.0s, H2USVP 4Lj
-L.9i29461E-07,- I.2S)22664E-09,-1.U9dlJ76E-11, Ii2Osvp 46

*-1.3597429K-13 f hlIi~JvI 41
11120 a 0.0 H2USVP 48
ticu z 0.0 h 20SV1, 49
rTc a t£P-273.15 H2jSVP s0
171 MTC.LT.-100.) .09l. (TTC.GT.#100.) ) GO TO) 40 II2OSVP sI
IHZO a (Afi(4)*TNP # AA(3)TtMP, # AIMZ # Ai(I)IT.NP h2aJsvP 52
£1420 z0.OVEMP LH2O )hidusvp ji

z1: a0.0 Hilisve 64
If( rtiC. .. ) :3 to 20 Il2uSivp to
IML (((S()TtC # 68(h))GTTC # Ihl(00)TTC # 11(4)*tTC h2OSVP %b

88I(3))*TTC # 8I(2))eTtC 0 B1(1) HJ,jSVP 51
SICK a £M1i/EdDLI H2OSWP 514

22 lEtUdi h2uSVP 11
40 :13011hid It II sVP eb,

paIuf II, ttMP Hjusvp bi
it FURNAT (lI40,M1H TEl.' IS Not IN THE RANGE 17.13 ri 373.15 DEC. hdUCU'P 6.1

*KKLVIOP TSNP 914.b*, FROM SUNMJUTINE HIUSIP (fUIkNAT II) fl2tjbVI b4
:ALL LILT hldsvp 64
coo HIJSVP 6~
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SDualluTlul LJvoSu(JJILN)I hII:b
CCz UaSAi #I
C SUSI4UTIME IUJ3SU PROVIDES THE I'NQPL&ITILS UP TilL A~hsuk.NI 1J: 4
C IOdiISPHEIIE REQUIIRED isV ALL THlE CH441STRY MLJDULe.S. 1'Jbui.J
CCC I JuiS 1 6
C d9VLIJN 04 (03/01/7d) PRUVIO&.S... 1UdU~j 1
C 1. RePLACENENT Of thL. &- AND P-4LG.CUN C*.MERIC MULECULAW liumi.;U d
C lam1 I* By NJ#, uij*p AO OJ*, VOR ItJSC0r.-IN. I um!bu i

C 83t- THIS VERSLJN OF I]NJSU IS STILL LLIE1TEO if THAT ti IJh.JSU 10
c PROFILES 0? LONLJSPHEIIIC PSIOPEIITILS ARk. RLPRESLUf&TIVE If I)*::;I IL
C BUT NUT? MiCESSARtILY THE FINAL SEL9:TIONS. 1umtj .U 12
C REVISI1ION 05 06117/79) P ROV IDS... I JftIS!l ii
C 2. GAMl() SPECITICATIOW 81 FURANI STATLMENT INSTEAD Of Iumusul 14
C DATA STATEMENTS# JWIG TO A REVI1r.3 CaACLPTUAL 1Ul.Umj It
C DEFINITION. 11OTE TIAT GAMM1, ilTi 121,4# ARE 90d A IOU 1au lb
c FUNCTAI JF ALTITUDE. IUNLISU 17
CCC IONJS isI I t
C THE E- AND) F-R9GIJN CIIE41MR MuDULE RLQJIUES... LUINdSU l
C (I) Q(MICK663 SEC)) EFz 01 HE EFFECTIVE IJIAL ION tim(OSU 21
C PRODUCTION RATE TIIAT REPRODUCES THE AMBIENT IUNUSPHLmt IdNjwj 21
C WHEN USE~D WITH THE. C116HIStMV MOULL. lumiU 22
C (2) =*1CNJ EFOI'. THE PJSITIVE AT041C 131 DENSITY. IOldSU 21
C (3) NO.(1/CN&03) =EPNOP, THEl NO. MULECU.AR IUi DE.NSITY. Iumusi 24
C (4) N2*(1/CK*03) = 6FV2P, THE M20 MOLiCULARt LON OLMSITY. 10100:0i 2
C (S) &2.(/CN"*3) z KPJZP. THE 020 MULECU6AR 1131 DENISITY. lUNLbDu 26
C (6) TI(D9G A), THE LLCTRJ3 AID N2 VISMAtIUMAL 1EMPERATUUL. IJoUSI 27
cc: IUNtJS' 20
C THE D-REGION CH41STRV NODULE REQUIRE.S... IulldiU 29
C (1) Q(1/(CNOOJ SEC) = OQ, THE EFFECTIVE TUT&L LON PRJOIJCTION IJNllSD Ii
C RATE THAT R~eidODUCKS THE AMIENT IUMJSPHEWE WHEN USED 11TH IdhUSU 31
C THE CHEMISTRY MODEL. IUMJjU 32
cc: IjuU il
c INPUT PARAMETERS i101151) 34
C ARGUMENT LIST It~iM3S is
C JJ - CA.CULATIUN FLAG 10004U 36
C = 1, CALCuLATE INITIALIZATION PARAMETERS IIN1"su A1
C = 2p CALCULATE AMJ3SPIIEWIC PWOPHrIKS IL~hJsU 3d
C ZN - ALTITUDE oF INT4REST (KH) IuAUwU 3v
C ATNOUP CuNmloNl lil*,SU 40
c lullImg SId), SKI (2). SNI13), SNAMl, SRI (0), TT 10M1551' 41
C ALTOON COMMON IJMJSIl 42
C ALTKN(47) I1dl i.U 4J
C IATCJV VUNCTIJN IUMOSI 44
C RATCJF IoN0SU 4)
C INCHES CUmmom IdNi'so 46
C ZIlFLA; ltuhu:t 47
C 3UTPuT PARAMETERS IukJst! 44
C AINJUP CUMMON 10umlsd 49
C Shl(9), 1(h) shltll), sNIIi2), ill(21), I0A.~luU .u
C ShI(l)) I II M, INU li I
C iulNJP COgmi4NA ONI iztl 3
C LVE, FDP, EFIOP, EFM2P# LFUIP, rl, 4ULF 11114 IS' I
C VARLAISLES IV N~l IJNJU$ 1 J 54
C EFE=SNI( ~)-ELECTRON DENSITY 11 L- AwO I,1NOSI s3
C F-peKGILUN* l1CA**I hlN.Ij: 5,
C EFIJP=SNI( 10) -Artjqi CjxvzLN RUN J6Ld,2Tv IN L.- ANU 1 -41 au 'l I
C F-REcIuve IIclu4'iIuweaJ 5
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C 9FIOPxSVI(II ) - MNJ' NLLLCUI.A LUN JLNSITV IN t.- AND I ]I J1 t 1)
C F-RI.GIOV# I/CN**3 1IJAU..U t' )
C EUN2PSI(.3) - 02* MULtCULAR IUN JLNSITV 1N L.- AWt) IL.MUJU 61
c F-REGAump LICmNi '0 Ji 6
C EF02PxSNt(2) - 02# MOLECULAW IUN )ENSLYV IN E- AND 11111411:0 63
C F-Rt;GIUN* I/C1,63 1 UN j~ 64
C T~zSNIC 12) - ELECTRON A'IU N2 WIIdATIUiAL Iikjh;j. ~ 6 5
C TM.NtEwA!UhdE# tEG &. LUNU i!I 6ji
C o2DeF - EFFECTIVE f0TAL 14)1 PILUDUCTION WAlE, 1041)SU bi
C 1j(cwa*3 SEC) 1Ij'..aiU Ad
c &MCNEX CONNON lItifliu to 1
C ZNPLAG, SPIfL2 AI UM 70
cc: I wI1)S 1 71
C THE QUANTITIES REAUIRED FUR THlE E- Amu r-RciotLD iuNusp~emlIc IluUtsu 711
C CNENISTRY IN R3SCJE-1at ARE OBTAINED BY A MATURILt LXTtLiIoN uF ltjai~j ; 73
C rid tfdOD USEDO 7)1 RUS:09-kAR ML.~ TNi KOSCJL. MANUAL, I I imnsu 74
C DNA .1964F-14A, PAGES 67-74). THE PRINCIP'AL CIIAdlE IS A CIAAE 1IdU4UU 17
c FED'Sl T49 CENKI 4ULECULAI-LON 14* lU NU*, 42*, AM~) 02'. LuhiJ.U 7b
C Till kKJJIRED Q3ANfLTILS AAE 03TALb~l) AS FULL(3Ns... ILsu.tJ v
C (1) MF IS CONPUtM. 714N IL ISI SO 7d
C EFQ z EfFEP/(diiGA8IGM*GAM(1)jACTJ) lupwjil 710
c uIEMde IoM!iS so
C 09= ELECTRON DENSITY PRavID&D AS INPUT DATA TU IUM1.10 61
C LUOSU W(1CN') IQ.'duj4 82
C SICA =APOCPaGAw(3)/A2U)ENFACTAJOGAN(4J IlNIJsu dI3
C BIG$ BP*PACTAJ*BET41 IUN(JSU 84
C FACTQ = BE TI #ALPI 80L IUNlISl) bb
C AP = A94C)/ALP2'CAWI(?J/ALPZ*GAM(3)V£LP3.CAI(4)/ALP4 IlJ~ij So
C 5P zBET219.I./ALP2-1./ALPI).qbT41ilt./ALP4-1.,ALPL) IUNO.U 87
C CP z 8LT23*C1./ALP2-1./ALP3) 141NJsu ed
C OP =s.t?24(1.ALP2-1ALP4) IU,4u3il 89
C ADEN = 9LT23#&LPJ*6rK IUN(ISU 90
C AJOEM = ET24# V.P4t.FC ILIN4ISU 91
C FACTA3 DP I A 3)Eli LQjNISU 92
c ALPI EFFECTIVE TdO-83DV :DLLISLNAL-ADATIVE IUNbSU 93
C RECU'6INATIJ11 RATE COjEfFICILNT F.19 AtiI41C lJNS I udLIf 94
C R ATCOP(1OTX) # RATCOF(lT1).EI9 * 1.5tZ-070 lUjiLISo 9t)
C S(JT(cF)/TX**3 I U'vU.1,U 96
C dHNEdE IWACOVC,T) IS THlE FUNCTIOV EJUTINE VJR IUMOSU 97
C C- £10 7-atEGIJN lUbJSPlkE.(C HArtL CUh.F'ICEENI4S 1JI'MI 98
c ALP2 DISSOCIATIVE MECONSIN1ATIOM RATE COt.[7VIC.'INT FUR TttL IUNJSU 99
C KLrACTLJN (NJ*) # t PQUUUCTS, C,40J/SLC 1jd.'U 100
C z RATC)PU2,TX) 1 iimI1Sj 101
c ALP3 DISSICIATIVL IEeCOMBNSLAT N HAIL CJLFICI.UT rik tUa fLJNJsJ 102
C RHLACTIJM (NJ,) * L PZ PJUCTS# CNO*3ISk.C L1.i j , Lf l03
c = RATCIF(J,TX) LilNAiL 1U4
C 4LP4 = DISS)IITLV4 KFCOD4HINAT1a LI ATt C~tVviCIl.NT FUR~ ti 10%111%I 1flb
C MLACTIWI (02#) # L. PMOIJUCS, CM**iISLC Lj.~iU Il.o
C =kATCOf(,rx) I LiNo aJ 101
C 3LT21 = RACJt3#TT)SI(I) (ISE) AilMISI 10:1
C SET23 = ATCLV(1,TT)*bNI(3) (1/~. hIis z1NA1
C OL T14 r A rcoJ(d, rr p* :)m(7 ) * YArCJF(q,TT1',.v&(t t") I~~ I I4N13, Ii

c K4. ACF~~T*SL,)(1/stc) ItJNA.J III
C ~ IETI = RLT21 # r.?41 MIS~.c) 1.l i'l 112
C GAMML = RLLAT1Vt. 0.F'1C1NCV PLW PAWTICL.. (f'j.( 1, du, r42, I I. L,1J 1.3
C AND U12 nLj.< LA3,)i rrg.qtN~ L- ANDl lih 1.J 114
C F-R.LJt k.FeCTiV VI 49 '!UUN PRA~mui w £I h iI 11'1
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C RaTculP(SOTT) z ATE CIFFCIEN? rUtt THE ALACrIui fumuez. II',
C Ot * N2 No. & N(4S) 1IjmI1jU III
C RATEur~b.TT) MaTa Ci)EFFICUMNT POW THE~ ttAcIIUN IJ~ lI
C a3* # 02 32#. 0 1 LJd*iS' 11 #
c RATCOMO1TT) = RATE CUEFFICIENT FORM THE it.ACfIUM IIINIISJi 120
C i2f * Ll NO* f N(20ij 040.0J I'll
C mAr:uF(dvTT) z ATE COEVVICILET VOR THEl ALACTIUA IONISJ anj
C 32. * 6(4S) ZO No +U IUSU 121
C *ATCLVC9*TT) 2 RATE COEFFICIENT FOR THE gL.ACTION Ikjhlj~U 124
C 02. + MU = NO* + 32 1UlltiI 1 db
C 511(1 a N2 CaMcENTAATIIJN In&JsIJ 126
C SVI(2) =02 CONCCNTRATEON WI3Nsu 122
C SWM = U CONCEMTWATIOV IUhuzSU 126
C SNIVt) 2 9 CONCENTRIATION 100UJsu 119
C SWIMC x 8 C36CKNTNATLON 1UNOSU 130
C (2) EFUP is COMP'UTED) FelO1 1UidUSU lit
C EFOP = Aqt1)*.FQIFACTQ IlIMII..U lin
C (3) EFw2P IS C04PJTLD F0ON 1UN)s'1 131
C 0 f 2P GAM(MOEF-4/42JEN IINtlsI 1 1.4
C (4) EFLI2P IS CDPJTLO FROM4 IUNkiU 13
c EFOJ' z (GApI(4)*EQ*0ET4IEF3')/A3EN I 0su~it 136
C (5) EFM3P is CONPUTi.0 FROM IiJdusu 137
C EFSOP = (GAe()FQBeT21FOP~kET3iFNLP.dT24*Lf.J2P)I IUM'IjU 1315
C (ALP2*KFK) IuMIIis IJv
C (6) TK(D&G. K) IS COMPUTED Fida4 AN iLtEadl4 PNESCWIPf&39. IuhJsU 140
cc: IUN351I 141
C ELECTILIN DENIY PROFILES rum HNISAL MIJLATiTIJUE DaYII AlSO IuuNitl 142
C NIGHTTIME COITI3NS IN THdE E- ANIJ V-RLGIO1NS ARE PRIOVIDED AS IJMIISU 14J
c APPROXIMATE Firs To cumMES IN FIG. I OF d5. kISIEIETH, PHYNSICS lJub!SU 144
C AND CHEMISTRY OF THEr IONOSPHERE, CON9iENP. PHVI1CS. VOL. 14, IuU.tjU 14ti
c P. 229(1973) (RI-73). IUNJSU 146
CC., 101uso 141
c P13k IMYTiNx EIXriov DENSITY... IONISJ 14d5
CCC IUuSt) 142
C ASSUME P'ARABOLIC INCR".SE IN LOG~ Of ELECfkON DENSITY FROM LUN'1S2 1640
C &LOGI0(EBUTD) z5.0 AT ALTITUDE HLRIOTD =100.0 to TU 101051 151
C ALOGI0(LF2MXD) ALUCIO(7.5E#05) AT ALTIfUDE IIf2MLU 300. KN, IUNtJ~U 152
C POLLIEO AT HIGdXEM ALTITUDE BY EKPJNENTIiL DECRLASL dIfd 1011.ij 163
C SCALE HEIGHT P23SCH = 200. KM. 3~L~d ALtITUDE HERJTOp ASSUAE IIINOSU 064
C CIP3NTIAL DkCNEA&S4 WITH SCALE HEIGHT k.JOSCH = 5.0 99. 1ihNwJSi IS%
C I~j1JN):;J ISO
C IF(ZII.GT.HVdiIIUJ EVE = EF2MXJ'k.KP((HF2AID-a4)/V2SC) AUNiS 151
C IFc~l.G..UTD .AND. LI4.Le .F2M)LD) ZUN(Ils IIJ3
C Erg = KP2Ngu*1.0(EF.A(Hr2NID-zid)*2) 1OjwtjU 15.)
C dAERE TVIE CUEFFICLLOT EVEA IS OLf6RiMINFO SJ [sCAT .IE z LBiTji 1UfirL;j 164
C At ALTITUDE HE93tf), 1tJNOUU 161
C I.E., &FLA =AL0G10(EOfD/F2X)/(IifdhXJ-t,~iouT),2 IU..diU 162
C dIlt lIJ"UsI 1 10
C HFJMKO ALTITIDE tip FIMAX IN DAYTIME, K 1 id):..1 16.4
C er2M1D LLECTAULI DENSITY AT f?'4AX IN DAYTIf4r., I/Me j IJNIs- Ih.0
C EdUt1J = LECf~iJM LOEMSIT AT KtEjufI), IICq*lj I UN J:01 Ibu
C IV(LH.LT.dEJOTi) EV1. = EdU)TOEX(StH-HLUO)/.UOSCflJ IIjh.JSUj 167
CC, lUM11ti 1615
C FOR Nl .HTT1m. LLtCTtum 3VSITv... it)IftJ.U It, 0
cc: AI~il!)I 173
C ASSJ4L. SihUS11lO IMOiEASt. IN L)G 'IF E.Lr.CfAIN .Di1TV F434i &aI'js?1 171
C ALi..10(kHUTh) 3.D AT ALTITUDE ic.RUTN 100O. Ktl TIC INI)SI I d
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C I LOGIO(iF2NXN) zALUGIOC 4.01.4)5) AT ALTLttJD& ste24IN = 60. In, IluiN.iJ 171
C P(.LUWJEU AT 111C941. ALMIUOI. BY 1.PUNKNTAAL Wt.M1. dilii $CALL. ~i~ 174
C HI~GHT F2MSCII a 200. LM. 8LL2 H&.iU~b, ibSJ~K. LKPJU1.tL&4L iumdS11 17,
C 01gMCASL WITH SCALE H..IGHF LDMSCH = .0 K#4. 1 u~t.1i 1ll,
C IP(ZIL GT.hF2IN) t x kf2MN*LP((HrjmIN-zH)/r2IiscH) I (IN~')JU 171
C IF(9/l.GL..K8UTA .AND. 4H.Lt;.F2X4A) L0.4 Ja.u U 7
C kL3;10(9f9) iL3;l0(LS3JT%) * 0.50OALUGI3(.V2i4usIFaUr) Iuis~jU 17#
c II0SNPJ(.hHAUVHJA) Itj~U thu
C (1F2MXgi-HkEAJTh))) kuhij.AJ I ts
C 1F1114.LT.HEBOTN) EYE r. E1UTh6EAP~tSHH uf1)jLDNSCH) Idmusi 1H?
ecC IIjwdIsj 1$)
C [LICTWOM TL$4P6RhTURL PMUFII.k:S IN THE L.- AMU F-MW.CIUM Alt. ILIE4ISU lb4
C IsTAIIELo, V014 (%Sjil) UAVTIM. CUN0ATIJNS# BV PeESCkId1NG NTil IugINiU 161
C DIFFERENMCE BE~dEEM INCt EL6CT4M TEMPl.MATJkE TI AND THi GAS IiINLISU lbb
C TEMPERATURE. T? AT TWOl ALT&TJDLS AND USIN#G A PARABOLIC FIT liUdo3 u Ib7
C TO THIS DIFFERENCE. FUN BIGHTTI14L CUNDLtIuMS, WE A.1iU~t TA=T? IU~td:.U lbfj
CCCI Agui- 19Y
C FOR DAyTIME ELLCTi4OM TENPCRATUIIE... IIJNUSd 190
C ALITUDE, KM A-fT, LREC K TT(CdA-65, IIOlEL- ip 8-HR) luiUNJ.U 19~1

C 120 0 = fl20 335 1 01,)St 191
c 200 s00 =txr200 933 IUbfJsu 194
CCC II)N'sSO 195
C TNfSZ VALUES Of fI-TI ARE CUNSISTENT WITH THt. VALUES 3r TX I(JOJSU 19b
C REPJRT90 BY J.V. EVANS (MILLSTONE. HILL TtIUNSJ. SCATTE) RESULTS lLlJN;SJ 191
C FUR 1966 AND 1967p PLANT.. SLPACE. SCJ. VJL. 21, Pp. 7b3-792 I umu. X 19.,
C C191), (EW-73)) AND TdE CLRA-1905 NUOL-5 d-HN ATNOSI&.L9 lImdusd 199
C (CI-65). IUNuSU 200
C i(N3Uas 101
C M&(H.L1.I20.) T1 f T £uhi.sU 202
c Z(l.gI0) TIT =sQ~r( 11N1201A I JhidS(1 203
C IcaNe lamNSi 204
C Z14N120 = ZH-120. 1JNlosU dot)
C A x dO. / 500.'*2 INa Aso) 206
CCC Il1wdsU 201
c TUCl REQUIREU QUANTITY FRu Tha& D-RMAUN CA&MLSTRdV IS iNTAIMI;D IdaIS) 20d
c AS FOLLUWNi... IUusu 204
C DQ IS PUNCEU TO EQUAL THE VALJE OF L.FI At THE. d3111W IF THlE I UMOS1 210
C ;R10 (90-ANI) AND IS DLEAdIVED of INPUT )ATA A? LuA.m INISJ 211
C &LfITUDAS. I,)NjUx 212
C MITC ... WOLF =U DO[) QDEF = KFQ UEPL.NJING LIN THE 1U40SU 413
C ALTITUDEA Ed. lJmJsU 214
CCC I ON hI) "is
C FUN DAYTIM[... tum')SI 23 0
C ihisi 117
C i(LH.1.6.60.) I JeNOS11 21 d
C 0IJ = IQUAV(7) * Q~t1S01*(ZNL7/Zl4UlJ IiItjau 2l1
C 931IJ07 = UQUAV(131/uQjPAV() 1mi'lsU Ila
C L.4NZ07 = Zfl-AL?4M(7) 1, 1 NiSU 221
C Z131407 ALTKN(L3)-&LfKm(7) li.P...U III
C IF(b0..LT.Za *AvU. Zr.Lt.90.) iiho,j lj
C D =. UQflAV(13j 1l9J')I41/aNJ ).).'1 224
C .1D913 = c.Fw119/ODdf&4(lJ) ItimJs I 22Th
C IN0uIJ~ z 11-AL ft('(13) 12.~. n
C L14MIJ ALTIP4(l9)-ALtIL4(lJ) L,, .,u 2.0
cc: 1,140Lh1 dd
C FORE NIGHTTIME*- duU l

1 36



C 1F(IN. Lk .b0 1UN3, i I
C DA Diia1Ti1) B Jb1307'*(ZImSO1/jIImu7)I ') h1 1131
C QIP1307 = DQNr(lJ/JQII ) j11%19 I lij
C IA'i iJ,.. .4
C IP(b0..LT.Zij .490. I.LT.90.) A&aJ~u i 3
C Da =OQhr(13) 0 UJW1913*6(&hfIIZ3/Z1.~13) iijuAS~U )11.,
C QML911 = atJQZk9/DQhM1T(IJ) £IAUSU dii
cc: LUCISU dS.I

)IWENSLJW GA!(4) it~b d.J 39
)ICeUS13M DQI0&V(18),00m1Tl(l8) ILUNUSU 241,
:OIM3MALTIJOM/ AL7K(47),OUItEtlS),CU2(2t),JUU Kijm.oI 2

Ci3MMI/ATII0UUI/ *L,SiAd,LtJRN.I'PRtO,T??gSMLt3 ).$HO,VEIISC.d auMo-2 2
0OM)mjiUNJUP/ EFrF~LMPEk2,F2,twt Kt~aqW4 2

CDNMIZICHE.1 ZdiFL&G,SPILG KolMQ~9 2
cc: IOMeI)SU W4)

U*r* ?3tJTDHEBLTD,E?2NXD,l424XD,?2DSClipED0SMt I 1. OE.05, 1.OLO2, Aumuu z4b
B1. 0#0,3.0Li-02,2.0ti*O2,5.0 I IUNCJSU 147

IATA EbT,HkBN,P2EM,H2XN,2SC4,EL)S1 / 1.01#03,1.06#.02, LdMJSIJ 24d
4.KEf05,3.6k..O2,2.O0..02,5.0 / luisSi 144

)if& rXT120,tKT200,uard00 / 0.0,5.0E*02,146*103 / uallsu 253
IAIA P1 / 3.1415SO2653590 / 1 Ll~tiU 151

c MER14u VALUES 3b/10/75 L1O.:.U 252
WA1 (04OAY(I)e 1=1,19)/6*0.,3.3,5*0.,0.06*5*0./ AdMC)S'I JSJ

C 1IRIM VALUES Ob/10/75 i~m[l.' 254

CCC I09OSli 2!)b
;0 13 (100,200),p JJ IuNUSU 257

C INITIALIZATION, CALLb.sI VriJM S~bi4OUTIME AtMUSU OURING ITS ItlNOJU 2591
CINITIALIZATION. IIJI(isi ISO

MID2 =P.1/2. IO~dS'J A61
9 2 PMO2z 0.50*(IP2MKM#HctlI4.Td) sLJMI)bu 26to2
4241502 =.D&FMMNa~i IfJxJSlI 261
Lr201 = .501LG0(d2NlN/E80TN) luitis) 2*4
1111 z ALOGI0(k8O10/E721Xu)(N2N1D-cUTU)BB2 lJux~U 26
A zso. / (500.0500.) ION0l.U 16o

C IMrIALIZATInu POO D-uaI.;l)N ii... 10J511 261
C C01MPUTE ELKCTROU TE1PLMATUIt AT 90-KMI ALfl TU3L lONtlsj 26d

fl I It 1lsMSu 26 1
IVjI3331.LT.0) 1;0 T:3 153 luai(1S!J 270

C CUiAPUTE DAYTIO49 ,LECTbiOM DEhSITV AT 90 K4 iutLs.) 271
&FE 2 Ed B * IP( (90.-HLJT)j9lhD,)Cli) IIINUbU 212
;0 TO 140 AslmiM3U 273

c C04?UTE UlGHTTi4E CLECcr40 OLOSIVY AT 90-KN hLTIIUOC IUw()SU 274
160 Lrd tot aW~ B IMP(90. - NKLOTN)IKDUSCN) JUNUS1 17%
1SO AMI MAICO(10,TK) R ATCi(I,)8LJE luMi.if) 27b

$ .5L.O7*SQartEFa)jTaBB3 IiroSU 277
ILP2 MATCOF( 2,71) l0Nh133J 278
ALPJ a ATCJ3P( J,T%) LuslusU 279
£LP4 a ACJI?( 4,71? £UrMeSU 2810

ccz II1bUSti 2R1
C Stl SPIfL~x).*i SO TMAV A CALL TO SPCAII wILL tZET 5.1(7) IUMiis.J 2992
c AND SIdB). ALSU S..? XFLACSLM SO THAT AN UNMtCESSARY :ALL ikusj 283
C dILL NOT BE NADK TO AMjSU. ni.. CALL '*ALL AM4JSUt2,90.)** ItiHUS11 2.4
C RAS EFPKCTIUL'v 194 4ADL DURING THE INItIAL14ATIUI CALL, liliJMSII 2"!)
C Ill ATUUSU. 1UNUu~a 215
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7-VL 1dI~I 2

CALL SPCHIM(2,pZ~s) tUILujU 119I
J3frl IAtCOV( SoTI)*SmICI) L4)NdISj 441
31f23 a RaTCUF( 7ffi)*Sm1(3) I Li ,0SU 2'4d
Btr24 a MATCUF( BeTf)NSNI(7) *MAiCUF( ITT)*SNL~d) LU~nOJ 191
fC141 x RAtCLJFC 6o?t) 0

*aid(2) 1UN)SU 9V 4
AiCI1I a betll + 90.41 1umisu 191
11 a SIM() iUalisLI 29o

UxSNLCO)*2. 1ukj. u 197
£3 x SAMI2. 1Ub~jj 19d
k4 a SNK(2)62. IuhiJsu 294
111 a &1 * £2 # A3 # £4 ZJNUSJ 3G0o
.AMCI) a AtISAI lualiLJ Jot
;Aq(2) x 121Sl 1Us:)SII 102
;£I(3) a £3/SAl IJIJ.i J 3
G&K(4) m £4/Shl 1UMUSU 404

Ap 2CA'I(1)/ALPI + GAM(2)/ALP2 G AI(3)/ALPJ *G&N(4)/ALP4 1Uil)s5 so!
)P z s~r21*(I.Q/ALP2 - l.OIALPI) 0 BE?41*(I-0/A1p4 - .01ALPIl) 13MUSIJ 306
CP = 89T236(1.0/90P2 - l.0/ALP3) £uhdSu J07

Sp z b?24*(l.01ALP2 - l.O/ALP4) IumI);U 30I0
k20ILN z NMI + ALPJ&EPI LImJS1 .60
MEN1 x OCT24 * ALP46CF& lubhsu 310
PACI13 = DP/AJULN lOjidiU ill
1ICA z &P + CP2GAMC3)/A2DtM + FACtA3*GAN(4) IUoflSa 312

119a SP * FACTA3*@E?4t 1018USU 31J
FAT zBLIl * ALPl&E~t IUmoSt 114
9rZ P a9FEk/(%1;£ f SIGU&CAN(l)IVACIQ) Aunfl.st J15

EP(IDORN.LI..0) GO T.) 190 IALJU 316
10191 z ErQzi9/D~dOAV(l3) IUmaUS3 317
301.07 = OQOAV(13)/OQOAY(7) ILJMLIJU 31d
.0 T3 1iS IONi130 319

193 401913 z 9F3L19/DQM11CI3) RONSuU 321)
11130= DQNLT(L3h/DQVlT(?) LokiS~il ill

195 coUmJlit tol;;;1I 321
11JR13 a L?Ki4%19)-£LT£N(R3) lUelJsU jai
913M137 * ALTKk(13)-ALTKK(7) RJmllsJ 324
EaTURN 1UNUsu 32!b

cc IOhJsU 320
cc Rfivisif 327

200 :0uT1101 RLNOSJ 316
Mi 98Md.thf~iLAC ) CALL ATmUSUC2,ZII) 1uftjsu J21)

CCC IILOdJ..1 3ju)
C AN I9MOOUs CONIT~IRON NILL OCCURI IF ldNiSU LS CALL0. WITH AL141su 331
C JJ:2 AND A GIVLM V&LUL OF Zil IF ANuiU HAS NJt &itCeN CALLEU Iti.'dI)U 332,
C FIRST dITH JJz2 AND FJIR TIE SANe VALUE Uf 4it. 10 J.J.i 433j
C fHE VARIARBLE ZMFLAG IS JSED ?I nKiECr THIS CjhDLrflbk AND U. .. tIj 334
C fJi 0AKE THIK Rt.4IWE,) CALL Tu AT'4JSU. Ij~kl&U 1 331)
C 1HFLAG IS INITIALtLS.0 N AN A~iRlIIAIIv Nt. ATLVkL VALUE IN IJ'4i >I .Jjj
c THE INIfIALIZAIJS CALL TJ AT4L)SU. Ifail Si.,
cc: Rjhijd 333

IF(LH-.C9.0.) GU TO 205 I 4~.404 J39
C SET ELLCTIIUN Tt4PLRATUR. VOW ZH.LT.90. Ru%&.;u 34.)

f9 f ijjN11bU 341
C i..H3 EVE, 9FOP, AN)) LFMJLP FOR LH.LT.10. 1J~i IS 1 .142

1FIK EPIJP EVHULP 0.0 & jhftf 141
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c PllJC"0 WITH Da CALCULATIJU 739 ZH.LT.90. 10~Ali. j4 4
17(IDJAN.L?.0) GO TLo 350 ijhs.Jl £4.o

CCOMPUTE DAYTIM DJ LLIM11i.U j4
IF(U.LE-6O.) GU) T0 325 1&*&u3d J47

c COMPUTE DAYTIME og FOR 60.LT.&N.1T.90. Iihisof £419
&81Z13 a ZH-ALTEM(13) IunaiSU 349
30 z 0DAVC13) 0 0401413(W1MZ11119413) 1uud 3 5
:0 13 385 LUmOsu ito1

i :081129& aUIIrjS, .sl
c C04PUTE DAYTIME DO FOR~ £19. Lb... tlosjs j!)j

900ZOI x ZH-ALTKN(7) 1"u&jU J1.4

50 a DODAM() 0 QV1301*.(ZMMZ07jZ13l4D7) £ukbuU JVJ
;0 T3 3I% LUhIJsu jbb

15o :o1TMako. 101diohu JS
c D4PIITSM ICNTT11L Do 1U'4flU s5d

Ifild.LI..60.) GL) TO 375 £umusJ i3S9
c COMPUTE NIGHTTKIME 0.1 FOR 6O.Lt.Z1.LT.90. iowOsJ J60

98413 z ZH-ALTImt13) 1011uSU £61
36 z 00111(13) a QNIVI30&tZMNL11fL19NI3) IUN~USLI J62
;0 13 385 iouusti 13

C :OMPuTL ILGHTI1'EE DQ FOR iH.Lig.6O. IOuiUSU jb!
9MV137 a ZH-&LI9N0C1 iOu'jsu J66
)Q z 5QmI7(1) * Qh13D7Q*(Z~xZ0WZl3ft07) IlIusII J67

Jft 30KIP a 00Q LUNLI.U .68
581( 0) = 0.0 10hUSU J69
IN1C10) a 0.0 1UkL)Sj 370
sul(11) a 0.0 1ONUSU 371
$81(12) z T1 IUNUJIJ J72
J21(28) z0.0 IUbusl 373
511(29) = 0.0 jumusu 374
I& TUE. IOMUSI 31 .

cc: 1aML).iiu j76
10i 1 LDBM.L.0 3G3 TO 250 lOuMlSu J77

C COOPUT'd DAYTIME EL.ECTRON DENSITY AND TEP&MIATUNL Of LUfl0jU J71o
c 1- AND F-REGIONS. 10UUtt 380
CCC iUwdSW 3011
c CfL9CYRON DENSITY 1I;NosU jai2

MF &M-MEBOtD ) 213,212,212 IUNOThd £8.1
210 171 2 99UTO * 91P((L9.gfDTD)/EDDSCH) IL)MUSiU 3894

90 TO 220 1Udl,.jU ISd
212 IF( LI-AF2'490 3214,214,216 AuoiqSlJ Jab
Alt IF5 z EFIMID a 1.**(9PCA*(sF2MID-Zh)0**) AJNusIP 381

;0 13 220 iohwjlpl 3819
21b 9F91 EPJNXO * &XP((hF2NXU-&H)/F21)SCH) ILNk..U .989

C ELECTRON TEMPEAT.aURE Ilahlju £90
223 If( IN-120. ) 222,224,224 111bt1sil 391
222 fl z tT 1UIj Lmk£o 91

;0 ?1 2090 A II h U U 344

224 £1120 a £1-120. ljdfl, S, .94
11 a T? SQaiTI ZIMI231A 3 IML)SJ £9,1
30 13 280 1tj~t 9b

C C04PUTC NiGHTTIME ELECTkUM DENSITY AMU T NPLRATUk& UF Itiads.) 39
C L- AND 7-Nk...EOVS. 1,,1..,II J94
cc: IUsid-v 400)
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C LE:TILIU DENSITV IUMbO 40
259 IF &N £-dEarJT ) 260,262,262 lisiusi 402
2.0 EFI s &.OTM 4 EAP((LM-Ht~bJTMUEDNSCH) Luhaju 404

;0 T13 210 IIII:DU 40 4
J61 IF( Lai-ii2i4Ki ) 164,264,g66 Albis'I 40,.
264 IF9 EHLIT1 0 10.011C ALi2D1N( .OS 1UCPlD2'(Zd-h2PMII2)lH2MdD2)j) Ili MIS 40b

ZOTO27 1o 14dSI 407
96 9d z 2NZU EIP((HF2141g-LH)/V2HSCMJ WIai~J 4UI

C ELECTRON T11:PMPRATIdfr IUlUSU 409
270 ra = iT IUAUbu 41)

cc: lihAj~j %it
C C041'UTC6 EN, 03IP, EFNOP, EP02P, AND tF02p ILJM.JSU 412
CCe LUM)S11 413
C IQ IAjij 414

J60 &LP! a RATCOFCIO.U1) # RATcjr(ii,Tx)oEF. lioi~SU 41'1
$ o t.sE-o7*sQwrCEFE)T1-3 lundsu 410

ALP2 = dAYcurA 2,TX) I uNuSU 417
WL3 a HATCJ)FC 3,?X) 1UNiJSU 41d
kLP4 a dATCOFt 4,?!) IUMI)SU 419
If( &V.IEh.SFKFLG I CALL. SFCHMfi(2oZH) 101113s 42d1

CCC lkb~sJ 421
C Ad ERRONEOUS COIDITIUd dILL OCCUR IF IOA]SU IS CALLED aittl IO~u.1JiJ 421
C JJz2 AND~ A GIVEN VALU. uF z IF SPCMIN His NOT dXEN CALLED Ide. Jsj 473
C FIRST dITM JJ=2 AND FUR THlE SAME VALUL UP ZN. 1LiuU 424
C fH9 VARLIBLE SPIFLG IS USe.D Ti DETECT THIS CjftuITIOLIII &s UNISU %2-1
C TO M~E. TME REJ0II*ED CALL TO SPC419. iuNJSU 42b
cc: IOPCISJ 41
C THE UPT14Uiq ORDER IS "CALL ATMO0SU(2,ZH)- THEN IUIUjiJ 428
C -CALL SPCMNM(2,LW3-- AhO THEN -CALL IOiOSU(1,LM)--. tomasUi 424
C IFLAG AND SPIFLG WILL DETECT CALLS MADE 19 ANY OTHER OkDe.M. IUNIJSi 430
CCC t1uidU 411
C spirLC is INITIALIZE.D ?a AN AWIBTMARY ML AfIVE VALUE IN 10611ISU 43d
C tIE IN[TIALIMAIOU CALL T3 AT4OSR. IUNU.SJ 433
CCC Il)HfISJ 414

BET21 s RATCOP( 5,TT)SNIC1) Iuh&Jsu 43-1
W123 xRATCOF( 7,T?*SAj(J) z0Omwu 436
W124 a WATCUF( *,Tf)6SNI(7) *MATCIIf( 9p?T)*SNI~d1 1UiisU 41-1
51141 IAcor( 6,TT)4SI(2) 1UNLISU 43d
3111 r BET21 0 SET41 IdiL)sU 434
ki a SAI(3) 1iJN.JSI 443
k2 =SuIM*)2. LJN1SJ 441
63 z SNICIWh. idNi.jSU 44.,
14 a SII(2)*2. IL)U 4431
;&1 2 it * A2 * A3 A 4 Jlubdal 444
GAMMI zAl/SAL 1d~m baU 44,.
;A4(2) a A2/SAI Id0k J~U 44u
ZAqt)) a £3/SA1 111hISU 447
;AM(4) z £4/SAI IiINJSJ 44 t
aP z GIEC 1)/ALPI * GAM(2)/ALP2 * AM(3)/A.PIj + (i.M(4)1ALP4 13)ri.u 44Y
3p = MLT?2111.O/ALP2 - 1.D/ALPI) 0 1LtT41~k.0/&LP4 - .3/AL*'1JIu jtNU 4'jj

:p = 6023*(1.0/40P2 - 1.0/ALP3) 1I dI)1 451
)p fr.240.0/ALP2 - 1.O/ALP4) 14.14diU 45 .1
92 8 =BT23 * ALP1In;F. 4.1.,1 )'j
W6 zRfd4 & ALP4Ef?. 10 .I I ij 45 1

*A*Tk3 = UP/A306% A J..1 J .S,
OIGA a AP # CP*GA4(J)/A1o.Lw * rCtAJ*L£'4C4) I 0%,IN. -d
15 a SP * FACfAJ'8E141 adeLIN aI 4'j 1
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P6CT4 a W611 * ALPIL0t; 118:b.it V,..d
Ira 6keaLJ(81G1 0 dicaBkGAN( I)IvFAC?1 AisI 459
301F 2F ir s1i 460

c grip L~Ii~J" 461
UP C.AN(1)NFQ/FAC7Q I UNAJsI 4t,.2

c £FIZPO LFQZPO AND 6FMup LUiU..U 46£
gopa GA4(3M)1dA2o63 IUNiu 464

ZF32P a (GAN(4EFA 84*T4EPOPIfA3U. lusunSif 465
IFlop (G&N(2)*EfQ ocrneTiruFp & OCT230EPI12P d&?24*t.PU?P) LUMISI1 466

$ 1 (ALP2'EFE) LuM0.1Ii 461
SoM() k L ILUNLSU1 46d

511(11) = EIop IIJNI).MI 470
SU1(12) = 71 AUuLii~U 471
ImiIeU) a IPm2P R1m IS' 472
smi(29) a t(Fu2P IUflisJ 473
16U MN tuuibU 474
too tUMUsu 47-3
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SUIRJVTNE JULIA~tVIPJOVEUJ,DAYVJ) JULIAtA
ccc JULIAN I
C JUILIANi IS M.VISION 03 (05121178) UP SUidUtINE JULIAN JULEAud 4
C DEVELOPED FOR 23S:UL-UADAM. JULLAE
C a1lIStall 01 (05f04/77) PR3YIDES JULIAN~ 6
c 1. CALCULATION OV (1) fHLt VARIABL9 PYl, Tdt, FRACTIONAL JULIAu
C SEASDN-t.AR, WELDED FOR THE ULMI MAftE IAVkJR AMC OZONE~ JULI14~ d
C MODELS AND (2) THE VARIABLE FS?, TiE FdACTIUNAL SUNMMIk, JUJLIAN '1
C NEEDED FOR THlE SEASJNAL INTt.RPOLATION ucrwEN THE JULIANi 10
C SUMMERA AID WINTLR ILMPERATURE PMOVILq.S INPUTTED AS JULIA3I 11
C DATA VOR INK REVISED L~o-ALTITUDE 4AJJR SPECIES MODEL. JULIA4 14
C 2. REVERISAL Of Sr.ASONS 1N SUTNERN ME4lISPIIER. JULIA% 13
C MKIESION 02 (1/511PROVIDES JUIAN 14
C 3. REVISED CJX4EENT CARDS. JULIAN 1
C 291ISIL3N 03 (05121/78) PR3VII)ES JULIAN 16
C 4. DELETION Jr VARIA*L6S KVRS, KMJUS, AND KUAYS FROM THE JULIAN 17
C ARCUMeNT LIST SINCE TllLE VARI&LM ARE lUw SUPPL60 JULIAN IM
C TIJMUU#CH TI4E COMM4N WHIERE TH1EY ARe. &MOdM AS Iv.ASo IMNS, JUL1A44 14
C AND IDAYS. JULIAN 20
C 5. RdVIS&D COMMENT CARDS. JULIAN 21
CCC JUJLIAN 22
C SUBROUTINE JULIAN ClONVEkTS A ;REGORIAN UhTh AT CIAKENMICH TO JfILIAN 21
C JULIAN DAY NUMBER DAYJ FOR SUBROUTINE SJLUkd. JULIAN 24
C SUBROIUTINE JULIAN IS VALID FOR YEARS 1901 TO 1999 IUCLUSIVE. JULIA4 2
CCC JUL1&I 2 t
C INUTo PARAMETERS JULIAN 27
C rime COMMON JJL1A4 2d
C IVIS - NUNIE4 Or THE Ve.AR IN THE 19JU S (E~.G., 1974 JULIAN 29
c B&CINES 74), IN GWEFENVICH T14L ZJkc. JULIAN JO
C idaus - aUIndu or THE MOUNTH (L.G., FIIIUARY BECOJMES 2)0 JULIAN 31
C IN GEMNIC* tIME LUNE. JULIAN 34
C WDAYS - DAY OF TIML MONTH, IN GRLEENWICII T10ML ZONE. JULIAN ji
C FLAT - MIRTH LATITIDL If POINT P (RADIANS) JULIAN 34
CCC JULIA~N is
C OUTPwT PARAMETERS JUJLIAN 36
C ARGUNENT LIST JULIAN 37
C YRFJ - JUJLIAN DAY NUMBE.R (A HALF I~tel.EM) AT 0 dRS UT JULIAW IS
C ON JANUARY I aP TNlE YLAR Of INTEREST. JULIA% 3V
C VKQJ - JULIAM OATE VIR VERNAL 6QUINJX. JuLIAIW 40
C DAVJ - JULIAN nAY NU4ALR (A HALF IatEGiR) AT o dRs uT JULIAN 41
C ON TdlE DAY OP INTdRI.ST. JULI AN 42
C riNe COMMON JULIAN 41
c FiR a Maj:TIfwA. %EASIN-YEAk JULIAi 44
C 89ING 0 Us 1-JAN 10 NORTHEVN MEMISPIIERI AND JULIAN 41)
C 0 ON I-JULY IN SOUTHERN &IENISPHERE. JULIAN 46
C rST = PrACTIOdAL SUMM4ER JULIAN 47
C BEING 1 0N 1-JULY AND 0 ON I-JAN 19 NORTHIERN JULIAIN 4d
C H&MISPHLie. AND REVERSED 1N SOUTHeRN HLOISPIER. JULIAN 49
CCC JULIAN SO
C urPiviftI oP DATA JULLAW s1
C DAVId) - THE CJNULATIVii NUMBER or DAYS PROM THE BLGINNIN%. JULIAN 52
C OF THlE YEAR TO THlE gMU UP THu. (I-I)TH MONTH, IN JIILIAII 53
C A IO-LEAP YEAR. JULIAN 64
cc: JULIAN 55

3IMNSION DAYN(iJI JULIAN 56
:D1MONIT LMI IYRS,INUNS, IDAYS,ZT,PLAT,PLONUt~igAt,rYR,rST,R I11IOK KUM0N0l 2

* CUI KUMiMOI J
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)ATA (OAWW(l),Ac~ol2) I O,1.9,U12.L.1d,1. JULIAN '
243.,27J.,104.,3J4. I JILIA% !14

JAWS foals JJLIAN 60
IR IRS JULIA(# 61

CC c JULIAN b2
C THE FIRST tIUN PUN UAVJ IS T~t. JULIAN OAI MU~hLm AT 0 FINS UT JULIAN 6.1
C 1933 JANUARY t. TM, THIR3 TER0 Vail OAVJ is na, NUMNi.M Iii JULIAV 64
c C11'RA (LEAP-ILAV) DAIS SLvCr; 1900 TO THE STAM? UF THE VdA0 JUL&Aw 6,1
C ZIF INTICMEST. JUlLIAN bb
CCC JULIA#$ bi

3AVJ a2415020.5 * 36b.*VRS # Aloft (YRS-1.)I4. I JULIAN b"
IAFj z AVJ JUIAN 09

C VERNMAL hEQUtMOK UCCURlS WITHINI &BUUT 7 SECJMUS UF li'fE AT JULIAN 70
C 30 4UORS (10 21 KA(C4 1914, AT iHLC" TIML THL. JULIAN DJAY JULIANi 71
C NONIEII IS 2442127.5 .FJR NkEAiB YEIARS TIE JULIAN DAfI POWc JULIAN 72
C IERNAL LQUINDI MILL BL GIVEN bV VLQJ.. JIJLIAN1 71

I~J22442127.5 * 365a5')(VIS-74.) JULIANi 74
CCe JULIAN 7'j
C 6L.AP IS AN 1101.1 THAT EFUILS 0 FUR A LEAP YeAk ago UfNiMMESE JIILIAWi *1o
C EQUALS 1,2, UR3. JULIAN 77
cc: JUIAN 70

.EAP = uDCLVRS,4) JULIAN 79
If( INONS.LT.3 G TO toI JJ~iA% 80
MP LEAP.9a.0 )DAVJ zDAVJ.1.0 JULIAN 81

I DAIJ x JAVJ *DAVMNJMS) * (DAVS-1.01 J'JLIAN d6?
MA z 36S. JJLIAM 63
MP LEAP.EII.0 ) DAM~ = 66. JULIAN 84
FIR = (DAVJ-VIIFJ)/DAVVR JULIAI 85

!Pfz2.*Pli JULIAW at)
ir( PYR.CT.o.s j sr = 2.-FSr JULIAN d7
IF( PLAT.GE.0.0 G O TU 2 JULIAN dd

C CoRMECT FOR SOdTHERd FIEPISPdME JULIAN 99
?TV Ptk*..0 JULIA% 90)
If( PYR.GT.1.0 M I P111-1.0 JULIAN 91
PST = .0-FST JULIAN 92

A Agrom JULIAN 93
too JULIAN 94
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CCC uLUv.. j
C SiiARUUTzuK UZU96 :w41uTkLS THE LAfITUOt: A10 SLASUM DFLUC uinclr 4
C IF JEUNE TOk ALTITUDES FR3N 0- TO 55-KM. (V34 NLCHG49 &LTLTUDt.S UZUN4..
C SEA SIIBMQITINb. SPCM[H) UZ$%t
CCC lizill.cL 7
ccc THIS IS A N1:w St3UTIE FOR~ R3SCOk-IR. uzotA. i
CC. UzLuft.. 9

C INPUT PARANbXkRS Uzu.4r. 10
C ARGUMENT LIST Uuh&. it
C K = CAL:J6ATIJI FLAG utJ. 12
C= 1, -ALCULATE~ INITIALIZATION P*AifthUS UIULJ& 1)
C =2, CALCULAT. JZuNE MIXING kArlU F7dM 0- TJ SS-LeG uzjh.. 14
C ZUN =ALTLTJOU. OF LITLREMST, FRO14 0- TJ S -Km uzLjq, is
C TIME COMMON UZdLJN I&
C PLAT = NITI LATITU)E Of POINT (IGAIIANS) uz~l 17
C FFR a MA:TIIIIAL SiASLJN-YEAM, BEING 0 ON I-JANUARY IN UA.uht I8

C hblATmad H4MLSPNKM&L AND OS I-JJLV 11 SOOfHERN ULUN.. 19
C HK4[SPNgkg UzuhQ 2J
C OUTPUT PARAMETEA Utuhc. 21
C ARGUMENT LIST UZUmh. 22
C 013 = MI1I1 AA713 5? LJDME AT ALTITUDE ZEN, IN EGIKG UZUNe. 21
CCc uzupic 24

:UMN30/ATNOUP/ tL,SA,DUM,PP,RriO,TT,SI(J),HkO,F~.a, K014002 2
COMNIA/TINb1 IYMS,I4JMS,IDAVS,ZT,PLAT,PLJN,Uf.GAT,?YM,FST,RNO)KM lummol 2

,CHI KIJM'401 3
WAA PI / 3.14159265i590 I uz.jPAL 27

cc; DZUN. 28
;0 f) (100,200), II ULUmNL 2.

C IMITIALIZATIUN, CALLED FRUM SUSIR)UTINE SPCNLW OUWING ITS OidJt. 30

C INITIALIZATION. Uizut~r 31
103 P115. PL1lA. ULI1'iL 32

3LL = aS(PLAT)/PI180 UZd)Nt 33
&A = 2.S66L-09(105.BgLL)LZ.P((10.-LL)/47.) uZ.JIc. 34

=8 O.48* 0.01.36*BLL uzj4L 3
DO (t.837 0.O146dLL*1.0g-06) Liz 0NE 36
ZE = O.5O/(1.L1P(0.U1m(iLL- 44.))) + 6.0b -68LL~tiLL - 0.014 Uzald. A7

Ll = 12.54 - 0.093*&L. 0 a.0/(1.Q.EXt-O.318m(BLL-tl .5))) ulopit 3
92 =29.20 - 0.153*@L. - 6.0/I l.0.EXP(O.0S'(dLL-I0.))) UZUNL 40
&LPHT 0.20 - 6.78E-04*%LL Ul/UNL 41
LUT =(7.24L-04*BLL * 6.62E-03)*BLL + 4b.9 UztPEc. 42
ki.PkH 0.23S + 0.2)6#(I.0,*.Xe(-0.0982*BILL-37.))) OZkl.srt 41
3KfA 0.56 0.40j(1.0OEX1P(0.094(LL-3S.))) uL..it 41

CUI 31.0 -0.329*3LL # 01b(..*(O128L1.) Z]'d. 45
C32C 37.$ 0.19i"I.L a, 9.4i/UI.0.tXe(-0.1I6S(aLL-7.))) Uluh ' 46
~Luruo UZI) 4. 47

20(1 ZuNTIiWe uJ~os. 48
&&RN = 0.0 010t. 41
If( (ZK4.GE.53.) .ANO. (SML.6 )ZKRMu z 1.0 ulkj. N
SZE SB*(LKm-ZL) j'ar !
IF( aZ1.G6.!3u.0 ) LL = t0. ti~lt)4. 5
SFL ff/(K~**t 103.) - LE*(ZK4-Z4) dzdN.. !
M7 gfl.G6.50.O ) f z 60. UZkj%. S4
%T1 a ALPHT?(LKN-Zuf) uLUolt. !) .
SRO : kAA(1.0+0.021'LLM)/j1.0.iAPqHLL)1 UU1%I.O9LXe(Etlt)) 01LL.
191 a SvGkI.0*4XP(ATL)) uLJd 1
41L x -ALPEA(ZKN-ZJIC) U/1% r. I
IV( ALL.GE.50. ) ALL =60. 'uft 1.1
:1zi # *8TA*(ZLW-ZO1C) Uid'.L. 6
171 CZ&.Gg.!60. ) CIZ = S0. UZUIL bi

:APK ( 1.05&E-O6/(1.0aLXP(AZZ)j) /(1..EAPCCZZ)j uJ~u%c. 61
HEi x .465(ZC-2?.1) U7.(P. 63
PEI x 0.70*tLKM-I3.2) UIUNEF 61
;ANN& a b0.I2*(1.0/(1.O#9P(OL[Z)) * .bb51(l.0.a.II(VZZ))) ULUL v.
kNGLE a (j60.sFYI-GA414A*?11e0 uup 6b
JZTf x CAPIOSIN(INGLE) * 6M14 tjziqc. 67
)PS41 z 3.10E-06 - OZ3? OfuvcEk bi

HZ3 a 0L1 # OPSNR*LKMONCO0.50.SIGN(0.50,DPSMMi)) I.4uNe by
AETrulN u~uNZ. 70
goo OlUbe. 71
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OU~CTiam NaTCoV(ILT) wATCujf I
cc: AC1 I
c FUNctiuN I4ATCUFP uAVIDS f~l. jAiT9 COL.77I1A4rS lbtntDo FJW ?Ht~ kITCV 4
C I- AND1 F-M&.CIUN 1JMUS#PN~klt NOLL US.( IN kUSCL-1&. w£tr, 1

C fMIS PUNCTIUM dAS Pilt:AsiLD (0310117R) Fit £Miv..4ili us., NArt I
c PgaD11u1 DLCfLUP111611T at: I;. E. t&.PU Of AN AUt.JUAt. ,.XTtLSION kATCW a
c alt t"l VUNCTIUM RATt. USED IN *USCUE-BlAUAA. JaCir I
ecc kACIV 11)
C INPUT PARAqe.ILts kATC.9F 11
c ARGUi4E3t LIST UATCjV 11
c I - kEATfLJN LO.K (.*LE B6LI)) BRATCut 13
C T - TEMPER&TU1L JDLG 9) k&at 14
C zaLhCtWi3 AmO WI~kAIUMAL TEXilitlUi. FUR BNATCWI is
C BWtACTIJU, 2, 3, 4, 10, AND) 11 BBACJv 16
c = BILAVV-?AWT1IC6L KINETIC T h'&.IATUith URu bdATC11 1'?
C UTI47d iCACTIS RATCJF Is
c OUJTPUT PARiAMETER MATCOF 1
c FUNCyiUN RAT:LJF - e.LACrzUM WAt CJlEFF1CIt.T, it Arc t 10
C CNN-i/SEZ F3k 2-BIDOI ilk&CftjbS kATC~jF 21
C Chb/SkC rJk 3-11001 VLM ONTI~S MATCBlt 22

C REACTIaUS IUCLOU... hA~TI)? 24
C R aTC.Wr 2 1
c V3. REACTION RA~k.-CdiFIt.CIN REFERENt~CE uircFl 26

C IkAICBJ 21

c I& MU. * Ii z(41s) 0 U HU&NG Ef AL.(197S) kATCUV .
C 2s NO. * c a (211) * LI NU&WC Et AL.(1975) hArnur IL)
C 3 12. * L a 1SM * M(2d) 61160L1 (19b)) bi ?C11F it
C 4 12.* C E aj * J010) dALLS All) OUM1h (1974) xAIC.V 312
c 5 L0.* & 2 =11 MU * M(4S) DUNKIN 6ft AL.Cl16*I) IkAIcjt it
c 6 ) It U 2 z J20 U %CB'ARLAN3 LI AL.(1473) k£ICuF 14
c 1 02# 0 0I OL)# 0 M(20) lCt

t
A.LAN) t.T aL.(141) kATC1? I

c 1 32.* 0(WS) aI) *O tB U ULDEN Lr £L.E.1966) W 4AIP I*
C 9 iii.* 0 t No .= .O 01 FtBlEtVE-0L LT AL.(I1LB)1 k~ATCAVP 37
C 13 3. * L. a a * lINU BLOCK oArA d.kCliM, il3SC01-IIU. BIATCBI is
c 11 .14 * h * L z 1 9 BLUCK DATA @LKCH01, kaSCih-Nao. MlTIW 1
C WATC,j? 4)
c R AYLXIF 41
C kATCI' 4.2
c FORl REACTIOINS 2 Tr~hIBU. 9, RATE: CUk:rVICIr.m)- 4. TAKm wAMW~C, 41
C OItNLSJ? RCIEIFI AS PIOLChtcL) [ 11 d-76 (STiJbt. ET At.., JCR NAI, 44
C IVU.. dt, 3745(1411b)). Fog4 kECM14LBS 10 Avou It, RATE B(ATCL.4? '
C CJ97P1C1L.TS AREt TAKEN FRIN LI..CIM 13 W.)SCUe-WAUAM. wA~rIv 46
CCC .e&Trjv 47

JII14LOSI JN IdAMI), PJd(I1) 1%A cit' 4*

$.6.1,1.8t.-I0, b.36-10, 4.4i.-1 2, 1.2t-14 I INAC IV Sj
)ATA ?ijd / O.iJ, 0.50, 0.3.3, 0.40, U.0, 0.40, U.44, 0.0, 0.0, ..ATCBI '.

0.16, !1.0 k kATC W 5
CC- WArC IF )

RATCJr hAt(t) * k X./)B'W1 Wtc*i 0.
IF1 I.Kt.J G TIi Id 2 ATCt S .
M7 I.E4.5 GO CL) 1.1 kaTc' W~ 1.
ALTUiI11 kA .lip 1) 1

I VAICOP z NAriCJ * (3dJ.13d0.)**Pkh0(,0 N A Tt"it !'
IETURN J, ATCMa!t
IF £7f.LT.600. I AfCJF BACOVI600./T) B.AIC J0 h0
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SVSIJUt14. SLILCWC(1)IJ) SULLCYC I
CCa SJLCVC i
C S93NUUTIt SULCVC CLJW.UVES ?TdE SILA4 FLUX SlIAkg, AN 1IPUT Ti) SULCYC 4
C 4TNOSU THROUGH COMMON ATMOOIP, BASLU ON Ad ASSUM. SIMUSLJID&L SiJLC VC
c 11-IR (JR 44J18-DAW) VARIATION, WITHI tilt. 4LAI0UM VALUE Of 2 oO SuLCYV
C FOR SdAi, ASSUCtTEj WITH CIRA-65 WIID&L i, JCCUkilLNG Jh S(ILYC 1
C 19$8 JUNE 1. THE AINIMUM VALUE OF bS FUM bMAI IS ASSJCIAT.U SJLCiC
C WITH C~I&-65 NLJUEL 1. SLcyc
CCz SOLCYC 10
C 490IS138 01 (03/01178) RUVIDES... SuLCYC 11
C I. RI;VLSIND ATft)OP CONNUM FOR MOSCUE-1I. SULCIC 11
Ccc SidLCIZ 14
C INPUT PARAMETERI SjLCVC 14
c DLVJ - JULIAN DAY NUVOER (A HALF IuttGeW) At 0 RKS Ur SJLCYC is
C 0N Tdi DAY LI? INTLILST. 4ULCIC 16
cc: SirILCVC 11
C 3UTPUIT PARAgETEM SJLCIC Id
C SOAR - AVIIIAI. 10.7-CM StiLAR FLU&, l.Ot-22 W/(M442 4Z). SILCYC lip
C SmAit IS AN INPUT ft) kTMUSU TdUU i. C044UN ATnuiP. SLJLCVC 20
CICC SnLCVC 21

011N/iTNLlUP/ HLSWkaI.IDUMI,PPIWO,TT,SI(3)NHdHU7cHSSJ kue~mu2 2
CICC ;wl~cyc 21
c ILFINIIION if DATA SLILCvC d4
c DJS96 - JULIAN DAV NU98LI ON 1958 JUNL 1 2 43b31i%.5 SIJLCYC 21)

2ArA DJ5806 / 243&35S.5 SULCYC 26
W1A P1I /i.141592653590 /cv S .C

CCC :'J'cvc 28
?92 2.*PI SIILCYC 2v
$BAR I1.S~ 92.56COSc (oAVJ-UJSSO6)*PzU/4O~b. )SULCVC SO
INEIMAN sJLCVC it
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SUm~UuT111b SLU1OM(YRIPJVE1JDAJ,SULLAT,SULLJNJ) SL~oiJ.t I
cc: SIILlim j
C SO9i1UUTMN SOLaMll CJNeUfES THll NiNTH LATITUDE SJLLAT &NO SJLJ^R 4
C CAST LaGITUD~. SJLLON OF THE APPARENMT (A.TUAL MOTION) SOLJaH
C SUSSULAM POINT, GIVE* THE JULI AN DAY NUNAe.R AT 0 tNS UT tIN SOLuxdl 6
C JANJ UY I UP' TNd WEAR Oil INTMESt (VRFJ), Tilt JULIAN DATE AT SuLl
C dNtCH VEtRNAL U4INUK OCCURS (VEWJ), THE JULIAN DAY NUMBERU AT SiJLWli d
C 3 HIIS Oil TH& DAY Of INTLRk.ST (I)AVJ)# ANU TUL UNIVERS~AL aIIluuh 1
C Tille (UT). SULh11 1a
C illt ISI.Iu 020VisI17) PgUV13LS... SU~( Ii
c 1. DLFINITIJiN JF A NEW VARIAdLt, JLLJJT, r.) AVOID LISS of SUL:IRh 11
C SIGNIFICANCE IN CJMPUTIAG SULLUN J1 A S (&LL-WL1R3 4ACdl~t S~lL.1sd 13
C 2. RLVISION OF THE ARCUMLwr IN TH4E LQJATIJW-JV-I'4L, SULIo0~ 14
C C)NSIST6MT WITH ITS DEFINIfTON. SjL'iiM 1)
C REVISION 03 (01/0~1d) t'RUYIUI.... SOL.Md lo
C 3. REVISED TIME :U4NUN FOR RUSCU6-IR. Sol.-il 11
CCC S,11.0pi4 li
C INPUT PANA14KTIRS Sol-041 110
C YVlFJ - JULIAN DAY NUiddtR (A HtALF INfLE.) AT 0 MRS UT uiW :I ,1-01 1i
C JANJiAAV I UF THK. WEAR d L NTLHc.Sf. .4ILOPiH i1
C VE4J - JUL14N DATE Frw V&RNAL EIJUiNJX. S . ,; itIt 22
C DAVJ - JULIAN DAY NUMHER (A HALF Imtt4.e.m) At 0 idEs LI SJ L -I,(h 23
C 0N TiE JAY JF INTeRLST. soLjkR~ 24
C UT - UNIt.iiSAL TIME (DIECIMAL MRS). S:L ).!1 11,
ccc SOLORM 2
C 3UTPIIT P&AAHETL15 VuLkiwis 27
C ;AT - GkF6NdICH API'aRKNT TINE (DECIMAL H145). S11L~lhi IS
C GAT IS PL&CLD IN 0NM4IN TIN6. SUL 1148 2y
C SULLAT - NORTH LATITU~d Of SUBSOLAR PJLNT (RA3IANS). S 0 L.) 11 to
C SULLON - EAST LOINGITUJDE Ur SUBSOLAM PjIhT (WADIANS). SLILIh.R it
CCG SJL,)xq 31
C )AFivitioas AND) cUNmiLws SLLfhA 31
C OTD24 IS Tfk. DEC14AL FRACTION OF1 UAY CO Ef:)PJN0IINC TO Uf. SULjdr4 1 4
C OAIJUt IS Ttk. JULI&K (OLCLW.AL) Ul NUNI4LR AT IT NtiS IN TiE S01-1wR ,
C DAY or INTEREST. bUw 30
C 31 VII IS THE NOLtIE Or ELAPSE) (DILCIMAL) DAYS SINCE Ti. SULhR44 17
C oWcINoIN Or TIC WEAR AT 0 HkS UT UN JANJAkV 1. SLUL1R4 34
C THE QUANTITY (DAVJUT - AINTID&VJJT)), T416 stir LJNGAT0D-- IF SiILJui' 314
C THE SUHSJLAR PI'MT EXPRIESSED AS A DbCIMAL VIIACmIN &F 2ii SLLIR 43
C RADIANS, IS SUBTRIACTED FROM I TO UbTAIN rhLE FRACTIONAL LAST .L)I.LJNt 4 1
C LUN'.ITiJDE. THE FIRST TOO EXPiESSILINS FOR SJLLdM ARE Tit& EAST SJLIxh 42
C .O4;LYJnK OF THE SUtISILAR PoINT JF THll (FiCfITIUOS) MEAN SUN. SkOLhidi 41
C IT IS 'LiSSINILE TO MAXE AN APPWOXIMATL CONRMtIN FOR TIE S01-iiit 44
C DIFFKR,.NCL BETWEEN THE APPARENT (ACTUAL MOTION) SOLAR TINt SJLU k 3 4
C AND THE HLAN SOLAR TMN, KNON AS THE t~lATI IN-OP-TINE (SEE, S0161 41i
C 1.;.. AMERICAN PRACTICAL NAVI;ATOW (.Il#h.INALLY BY 0. SOL.Ioil 41
C NUNLITCiI), U.S. NAVY iI.U. PUb. NJ. 9, P. JIi, Lif 19b2 SULOKM 414
C CUIWECTED REPRINT EDITION, AVAILAbLE FRUM U.S. t~iV. PR1NTIML; StOLosdh 49
C )FFCK). 10 THE O.S.A. (IN CINTRAST TO ;kLtk HNITAIM) Tilb SILOti4 tio
C SIGN Of THE EUUATIUN-UIF-TIM6 IS COiNSIUM46I) PojLTIVL If THE SuI.Uib 51
c TI49 OIF THE MELRIDIAN TRANSIT 8Y THE SUN IS EARLIR TIAN 1200 btLILO148 b5
C HAS ANfl 4ECATIVE IF LATiR THAN 1200 IRS. (l~rE THAT A S~3l.0,0q b3
C 4ERIDIAN TRANSIT BEFORE 1200 INS COWRLSPJNJS TO THE LAST SiILOold S4
C LUNGITUDE Of THL SUN 1JEING SMALLER THAN fHLe VALUE EXLZTLJ SoLIRN !I:i
C BASED ON A MEAN SJN.) AMIUAL EDITIONS il THE NAUTICAL SLiR !)b
C %ALMNAC PRIOR TO 19b2 TA11ULAT6D VALUES Of THE t..UATIJN-Jr-TIoNE SkJLJWH 51
C AT 12-HR INTERVALS. THESE TABULATED VALJES JF THE. LIJATIJNLIP SOLURb lid
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c -TIME COULD Bk. ADIJEL TO THlE GREENWICH Nc.AN tIMe (UR UNIVERISAL SuLiJqM
c M~e) TO MlIAIN THE GCHELWoICN APPARi&Nr (Jag ACTUAL 4UTIOn) boLIdt, 60
c MEq. MERUM ANNUAL EOjri]NS IF THE AbID.)ICAN 011IEMr4[S ANt) SL-L.Jdk b
V NAUTICAL ALMANAC OR THlE ASTwOMN~ICAL E.PH4R,NjL NU t 4u Egii ULLRis b j
c KPLICITLV NEVER TO THlE TE~RM eQUATION-UV-TI146. INSTLA9, FUR StILjI4h 61
c 4ERIOIAN TRIANSITS AND OTHER PiEhJNEMA THAT DEPE'~ND in PIlUW SuLAiWl 64
c kNGL9S AND GEU;MAPH1C LJCkTIONv THE MA.WLM LOITIUNS R.FERl NwOT :ULJti0 6!
V Iii THlE GREENWICH IERHIDIAN AND Tu UNIVERSAL TIME. SUT TO A SLiLIq~h 66
c 4ERLDIAN 1.0027340(JELA T) EAST Or TlE. ZEUGRiAPI'IC MIMIUIAN SLL jPI 67
V IF QGkEldICH (KmadiM AS THE k.P4EkRIS MERIDIAN) AMD TJ SuLUdtf wbd
C IPI~e.14kIS TIME.. THE SOLAR kPdLMEHIS TRAi.'IT, dhlCh 14 THe. :ULU~i4s 6y
V EPILEA~ILS TIME At THE. INStAOT OF SULAU TRANSIT ACROSS THlE SWIJJi 70
V Oj~tll.S NELRIDLAM, IS TAIDLiTED AT 1-DAV INTERVALS IN tre. SuLJiiH 71
c V9119k EDITIUMS. 49 HAVE. AOUPTLi) THA. DePATIkL Of THE VALUE Or SrLURi 72
V THE SOLAM EPHE.MERIS TRANSIT FROM 12 HR 00 HM 00 SEC AS A SoLUwt 74
V CONVENIENT APPROXIMATION TO THlE NEGATIVE VALUE 0F THE SULrieR 74
V IQJkTIJN-UF-TIM.. IN PARTICULARw, ME HAV USED VALUES Of THE Si~lAR$ 75
V SOLAR EPHEMERIS T4ANSIT FUR 1Y74 TABULATED IN THlE 1974 EDITION ;iULUd 76
V Of EITHER THE AStrAOOICAL EP4EXERIS UKI THE AMLRtCAM EPHk.NERIS SOL(]WfH 77
c AND NAUTICAL ALMANAC, AND FITTED OUR A

3
TED VALUES if THE SULtJxN 78

V IQIATION-V-TIa, dY A FOUR-TERM FOURIE.R SERIES. RE IGNO~kE THE SULfl.n 74
V dFAK BEPENZIENCE UPV THlE EQUATIJU-UF-TI14E iN THlE YEAR UP SuLox4~ 80
c iNTEREST. ouR FITTED EIPESSION FOR THE EQUATIaU-Or-TINE IS 5SLrflA mI
V ;KVEN By SOLOI,(d 82
V SuLsiwO 83
e Z 3 .385175'CUS(f) - 3.1461256CO052) SOLJiH 84
V 7.39263ti51N(F) - 9.536825*SIN(?2) , Mid SUL~ik8 85
c SOLO~a 86
c dNIE SILUtJR 07
V r = RADDAV*CDAVJ-VRFJ) S0LAJ NF3
V P2 =2.*F S(ILJl8 199
c RADDAY = 2.*PI/365.25 kADIANS PER DAY 4ULU~d 9U
V 0.0172024236 . SULdk.s 91
c Ta CONVERT FROM NINOTtS OF TINE TO RADIAdS IF LUNGITODE WE SIJLJx4 92
V MUST MULTIPLY &4jT RY SflLIU.4 93
V NADHM = 2.*P111440 RADIANS PER NUfg ,.uLoN~j 94
V 0.D041633231 . SLJL3#(q q)
c THUS, THlE EAST LaNGITUDE (RADIANS) Of Tdi APPARENT SUN IS SLLUJM 9t6
c SOLLON = SULL(IN-RADNIN*EUT sOl.jo 97
c THE N04TH LATITUDE (RADIANS) Jr THE APPULENT SUN IS Sr)L~i(4 94
C SULLAT = SLIT4K*SLN( (OAYJUT-VLJJ)*RA)DAV ) SJLJt4Q 94
c NUKE THE MAXINUM VALUE OF THE SJLAN LATITUO IS SIlt.4wj. Io'j
C SLAT41 0.409123 t1AUIAiJS * jL0R1 101
cc: Sill. )Ri 1U2

:OMMJNITILIL IVkS,143NS,IDAVS4T,LA,LJ,U,CFIFV,FST,IiidUK &dhjkml 2
* CHI Ki)m-v7

CCC :uJl.nl 10 4
C JEFINITIONS Jr DATA AMD CJXSTANri SuLlmi ljU
C P1 3.141b9db53590 S'ILOW-1 10t
C P'12 =2.P 1 SdJIU 107
C RAUULAY P12k lo!.lbo -CA3 IANS Pe.,( DAlY IN a JIULIANI YEAR SAL io i It)',
C z0.3171024238 S iLliwi tIl)
V MAD.41N =P12/1443 iwA3!NS P&6H kMNITr IN A 0AY S'11L~i 4 Ili
C= 0.03 43b33z3I3 SLi 141 I1
C SLATMX MAXLNJ4 VALUE OF SOLAR LATITU. iL, jtl 112
C =0.43)123 RADIAN!, SI~m? 11 1
cc:JLR 114
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Ja& PJSLATM1 / 1.1415)265.J%9iJ, 0.40912J IliLJd 3
CC." S010id 116

311 x .*Pa bUOR III
RAUV=P12/3b5.25 S'JLn1ub 11a

4&OMN M P12/1440. SULUK8 t1I
JTD24 aUT/24. SULuw9 120
3&VJJI = OAVJ * UT024 StLJob 121

C f0 AVOID1 LOSS Of SIGNIFICANCE ON A SALL-dW3O NACNIMC, bULLIRM 121
C INTRUoUCL & Nkd V&R1ABL., DELJUr. S11L.0sib 121

U~LM = 0.30 U T024 Sul.Umb 124
UYN = IAYJUT -VIIPj SuUxb lit,

cc SOLLJI Pll(1.O-DAVJJT#Albt D&VJUI 1 SOLU-4 120
SOLL3U PI2*I.0-0ULJUt) SULWhIA 127
If( SOLLUM.L?.0.0 ) SOLLUB SULLOI.P12 SULJLhi 12d
p = dA110Awe(DAvj-VRPj) SUJIORi 129

2 .o SULuAR 130
Of 3.385175*C0S(P) -3.146125*:SCF2) SIlLUNCH 131

7 .392b35SSM(F) - 9.5J6d2!b'SIM(F2) SuLull 1il
Ut o f k:QIbO. SjLInb Iii

SOLL39 a SLLLM - RaD4196LQI SULlUB 134
SOLLAI z SLC.*1eiN( (0Avjur-lc~j)*RAoDAv SULU11d 13

Ido SOLCJ08 137
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SUIIR3ITL SJ)LV& (A* go NU) S)uLVL

CC. :;uLvt i
C SUBROU4TINE SOLVis CALLED fRUM SUla(JUTtXE rFrreti, SJLVe.S A SLT SJLVr- 4
C W3 NU SIMULTANEOGUS LINEAR ALGL.o.AIC LUUArIUMS dV USIMi. SULV. '
C ;AUSS-JJWUAS MI.THaj dITH 4AX14UN PIVOT FiATUR&. (SL, fVJITOAR .iuL~ft
C If IPM0GuAMM; &W4 CLIIPTLNG SV JAUX.S T. GULULN, SJLVL
C P099tIC9-HALL, INC., 1965v PAGES 80-99) StiLVr.

CCC 9 L) bLSIUM RIEQ91R90 AN CUING FIUPS MUSCL1i-kAgAi Tu WJ5CiX-IX. SllLVL l
CCC S~ILVP: 11
c [uPUf PAkA46TLS SJLVk. 11
C k(IJ) - AT419 Ur CJMSANF CU~.fFICILITS IN ,xET C~ltAIdIbG; S,)LVL li
C THE~ MUNdEIS id SINJLTAMr.OUS LIMLAR ALGLOIMAIC SOLVt 14

C E'JUtiloNs btiLVL I1)

C No THE MJNdsw of EQU1ATIONS SL)LVe lb
CCC SuLVt. 11
C IMTPOT PARlAIETEkS SULVr. Ad
C AMK - TH9 LiAST-SJUARLS MI CUEFI~c.975 SJI.We 1-
CCC S.ILV4 2

3IMEMdSLJM A(20,21), @(10,21), A420), LUC(2), AJAC20) StJLVt 21
go] 2 I).! SoLVe. 2?

)0 150 1=10NO SULVr. 21
)a 150 J=1.KNU SUJLVL 24

l(*) A(LoJ) SJLVE 2.p
ISO :0u?IOU SI1LVr 16

)0 AD qz1,q3 .aLVL 27

AOCM = 0 :p LV t 21
10 AGMA) - 0.0 SJLVL 74

IF = MN3.1 oIL Vr. 31

30 100 I:1,NO SOJLVE it

(P = lo SilLft 32
C-'!N MAl ELIMENT IN 1-TH COL. S~LI iLW4 i

&MAX 0.0 Z~ULVL 34
30 2 9ZION31 JL V 6 3

IF(Amat - ASS( A(,))3,2o2 t I L VC. 30
C-I-S NMU KAI A*NOW13 PRLVIuUSLV JSL.U AS PIVOT. .vc, 37

3 IF(aA~(K)) 4,4,2 SjL V . Id
art sDAA a S'JLVr 39

Ml2ABS( A(K.!)) .ilL V r 4

2 OINTINJK SJLVt. 41
IF(A4A&) 9 , 9 9Ig9N S ILV.. 411

C--AR &L94tENr INI -TN C3L IS A(L,1) kiuLoc 41
98 L = LOCMI >tjLVL- 44

C---LiV3R4 LL141MATION, L IS PA VJ? MIN, A(L,t) &S PI'VJt tLr~4GWT. bjLVc. 4t

)0 50 Jz1,N'J ,OL V 47
Ir(L-J) 6,S0,6 :SaL V 4 d
AV =y -A(,J,Ij/A(L,1) b,IL Wr- 41
)1 40 K=IP,NP I LV. 1
k(J,K) -- A(J,K) # QiV'A(L,K) . V t. t

40 :oUygmIN IL LVr
51 :!3iTlbE IL W

100 :UNTINJi .. ILv.
3D20 lI:,vuL ~L V r.
24 LJC( 1) 

LV

C IIVITLIA, 103) (j, K(J),J=1,SII)

C 101 PUENAT(I 8J,1.)),.Le

91 IIM614 SBLV t-

104 P05514AT (51,27H N0 ULAJUA. SOLUTION EXISS.) SAILi. b
ACTls SuLVt t. i
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SUGR39fItIN SUL~bkN(SJLLAT*SULLUJ St§L.% 2

C SUANUUTINtE SULZtm COMP'UTES C~iChI# THlE CJSIML t tHlL lilTH SULle-h 4
C AN;LL UP THL. SUN it A POINT P, .IVeiN THlL GLJ~eb'AVHIC UJRTH SLJLZLW t
C LATITUDE PLAT AND LAST LOWGITJOk. PLOM (If THt. PUINT P AMu THlt ~iJL7LN 6
C UJktd LATITUDt. SLLAT AND EAST L3GITUDL SLULLuh Of THEt 4Lzr.4 7
C SUSSULAR POINT. TdiI~ AY-)M-NICHT PAIIAMLT~di DURN lb I VUs4 SJLIL.& q
C 3AVTIMEO .. If(CUSC:If.G.0.0), AND IS -1 FUN NIGHTTZNr.. SuL..4
C I.E., IP(CIJSCHI.L.0.0). THlE LiICAL APPA~t;MT time HL SkJLZLO Ill
C IS ALSLJ CU.U'UTEU PRJM THE GMwk.NMicM APPARk~hT TIME GAT Alil THE SuLZL.M ti
C LONGITUDE PLO*. Sr)Llc.4 12
C IEVISIUI 01 (0617177) PROVIDES bULltm. 11
c 1. SULAM ZENITH ANGLE, CHI (RADIANS) S(JLLLN 14
C 2901SIUN 02 (03/01/78) PROUVIDES... SULZ7.6 Is
C 2. REVISED ATMOUP AND TIME COMONS FOR RUSCU-III. 4LLl.i lb
cc: SuLZecq if
C INPUT PAMAWEERS SJLZLh IN
C PLAT - NORTH LATITUDE OF PUINT P (RADIANS) S(L1L% 19
C PLUM - EAST LONGITUDE UP POINT P (MADIAdS) SUL/. 20)
C SULLAT - NORYM LATITUD. OP SUSStIL~A I'3IN (RADIANS) SUL?.Li 21
C SOLLON - EAST LONGITIV9 OF SVSSJLAM PuNYT (RADIANS) SULZiw 22
ccc SIJLZtx 2J
C JUFUT PARAMETERS SULLt.N 24
C CHI - ZENITH ANGL. Jf TIE SUN AT P)11? P (RADIANS) SdL~iLN 2'j
C IDLIRN - PARA4ETigR FOR DAY ONl NIt4llT. If CUSCHI IS SiILz.4 2e
C THE CJSINE UP THE ZENITH ANGLE UP TH9 SUN AT SULIPM 21
C POINT P, IDLJRM IS I FOR1 DAYTIML, I.E., .djLZ.Lq 2d
c IP(C3SC,4I.Gi.D.0)r AND IS -1 IFJR NIGHTTIME, SIILZcft 29
C I.E., IF(COSCdI.LT.O.O) . 0MMN IS AN INPUT TO StILZLN 30
C AMOSU TlHODUGl CO4MMN ATN~UI'. SULhL-N 31
C HL - LD:AL APPARENT Ti4E CDECIMAL 84S* E.G. 2210 NO.S %JLZLN 32
C Bk.C34ES 22. 0 HkS). I1L IS AN INPUT TO ATMOSU SdJLZ~m 3)
C THROUiIGH CIUM409 AT401UP. SULZzli 34
CCC S.ILZe.M 3 i

DM3NIATUP/ IIL,S SkisI DJdasPP, RN U, TT, SUI( 33 ), Nllu, r.HSEQI &w4,,2 2
DONMONITINE/ I~alSINONSIOAYfS,ZTPLAT,PLONM,ur,Aif,VR,FST,ROIKM K00P4,407 2

* CHI IL IM-40 7
3ATA PI / 3.14159265J590 ISLJL?.EI 3"

CC.- SILl t 3
C THE FIJLLIJNING FJRMULA 1S 6A~iEO UN EQ. (1.41) OF IUMIISPAERI SLJLICN 40
C RADIO PMtUPkt.AIIM BV 9. DAVIES, NOS MUN.U;API 00, 196b, ShILZLI 41
C APRIL 1. IT MAY ALSO 06 DERMIVED RV APPLV Iii THE LAW 3F SULZEt. 42
c COSINES FUR AN OBLIOU SPIIEMICAL TRlIANCL6. SOLLLM 43
cc: SULL LN 44

:OSCI x StN(PLAT) & SIN(SOLLMT SftL4 *to
* CJ3S(PLAT) 6 CI3S(SOLLAT) 8 C135(PLIN-SULLUM) SULZrN% 46

:K1z ACUS( CUSCI) SULZER 47
[Oaks c I SOI ltm 4 d
MP :OSCMI.LT.0.0 ) ID013MM -IOORN SuLZi'E 49~
P12 2.*PI SoLzem s0
AADR z P1112. S3LLCM 51
iL z AT - (Pil-PLJU)IRADik SOLZEW 52
If( NL.L?.G.0 ) IL :HL#24. Slz~ bi
iETURN SULLM b4
too SUL.LLN b%



CCCSPCqMI I

C FIUI WUISCOi-RAAIA (MAY 197i), SgCuaN 4
c VIA III.N-ALTITVU CHEMISTRY N)DUL. kXtWUIML~ THt. 161NOR NLUTI4AL SPCi4IN I
c SPECIIS C), COJ# N, AN') 16. PROFILES Fag6 IAV Lu40 NIGHTr At ALI SPC411 6
c ALYITUOLS &RE PROIDDI) FOR U AND CJ2 IN ATMiJSU. HERIE IN Secl 14 1
C SPC'6IN dt PROVIDE PuQV1iES Of 0 AI9 NO. SIAC 1414 d
c VIII LOW-ALTITUOE CHEMISTRV MODULE R..JUINES# 1N AOUIITI)NI TJ U, SPCoIq v
c CIUi, No AND) 90, MS Ilillu ht.UfAL SPECIES .42), UI(SINCLKT bPcmi1U t0
C DELTA G), 03, ago NO),. ALSO PROVIDED BY SPCMIN. Sipcvi% 11
CC. SPCIIN 12
C FOR RUSCOg-IM (MARCH 1978), SpC414 Ii
c fIE CHENISTNV-NJDEL RL.QdIAES NEUTRAL SPXCItS IN ADDITION TO SIOC41N 14
c fHOSE INDICATED flOVE Fag6 ROS:OE-MADAR. THUS, SUNMOUTINE SPCpqq
C SPCMIN ADDITIONALLY PROVIDES ALTITUDE PRJVALCS OP Co, via, SPCqIq 16
c C04, 16, ON, 1602, 0(20), N(2ie)v AND 0(10), AS Ntd.L. AS MW.VIS6& s'C,41N 11
C P93FILES OF 03, 420, 16, N(145), £AN0 IL. SPC'116 11
C SPC"Iq 19
C 4111510 01 (05/Gu/7l) PRuVID6S seC4i" 24)
C 1. SETTING OF Wa CUSSVTS IN THE 11IGHiTtl~. J3 PRUVILE. SPCWI4 21
C 19915131 02 (05121/16) PROVIDES SPCORIN 22
C 2. DELETLI UP UNUSED ANMAVS ANUNZI(S), 1(9), Z192NO(B), Lou bpcmlI4 23
c ZINOM(e). SPCMAU 24
C AIVASIJI1 01 406/24/19) PRUVIDES SPC41w 2'j
c 3. IRNOWAL OFp SMALL DISCONTINUITY IN 1602 PI4urILL At 100 KM. SPC-O14 26
C 4. COIECTIUN UP KITPUSCH *.RWOR IN OATA FJN NhI~dfTI4L N DCNSITY SI'CL 21
c at so) am jPUO4 I.OE*08 To I. OL007). SPC'N 286
C S. CO]aMECTIUN UP COMMENT-CUD JNiITS PFUR 03 MASzb-MIIINw-I4ATId SPCKN 29
C DATA. ),Pc~I1 30
C 6. L0Mm64 LIMIT UP 1.0 P016 I DENSITY AT NI;HT iLTdE.N 14 Abu SPCMIN it1
C ?a K". NPCWAN 32
C 7. :3W.iCTi0 cuNV~siom ur 162U VULUNL-NIILN'. RATIO (PPdV) TJ SPC04IM 33
C Ni2U 904uER UEISITY (ICWO**3). bpc4ik 34
C d. hdSOLUTE VALUE iF LATITJ~i IN CIIMPUTIN; LATIfUDL VACTOM SIeCWN Jii
C PiN 910. S1SCkId 30
C REVISION 04 (071/06/79) PRUVIDES s&'CMI4 37
C 9. CIJUMECTED FIT FUNCTION P016 402 PUR 75.0 .LT. IN .LT. db.0 KM SIPC4MI .61
C SI'C0%A 39
C ippur P A RA ftTt. RS SI'C.WAN 44)
C ARGONL.16 LIST SVC 4I14 41
C ii - CALCULATION V.AG SPiA4AN 42
C z 1, :ALCuLATL INITIALIZATIOIN PA4A4t.TLMS spr.4IM 43
C =2, CALCJLATE AT4DSPuisLIC PtUPWiILS SPC4116 44
C IN - ALTITJDE 3LI 1TL6tST (94) slcI.m& 4,
C ATMOUP CONNUN sloC"1i 46
C IDJkN - 1160.i PuN DAY I1lk NIGHT6 spc~1N 4
C *I, DAY :.PC I m 4 d
C -1, 41I.uiT .PC'*Am 4.1
C SWIM1 - SPECI -.S Dt.ISITIe.S V14)P S~idHJJT&Ni ATMI)SU spc'If 131
C ATkMJS!HLl4IC MJfleL. btel>4I'i uI
C £1, LJ lobrub N 2U, 1, AR, H-?., CJ1 svc(1Id 51
C ImE CimmiU !0c-14 si
C PLAT - 1014116 LATITUDt. UP POINT (NALJIANJI0 ..I v 14 54
C LWCHr.X CUMMuN PdC-&% 3-
C LdIfl.A, -VLA.S 11LJ I'l IkTLCT AMU L 1141L.T 4-t f '~jht W",S SPC"1h
C SPIFL;; StJUENC. bF CALLS TJ .iUdk14UTihfra fW b " ~C, I~ 'q
C AND) I~jNuzU IN THE OPKWAIMNA. till.... AI'PtJP I AI r. 4PC'14 tj
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C EXCiPTIUMS Aug. ALLOWED IN Tht. INITIALLI~rum .a ,g.&t. '14
C PU1*5k. .hwI' f, V.
C 3UPgV PAbiANETk~aS SPC4Il1 toI
c £TNLJUip CgoN£40 :01Cueld t, j
c suit 1) - 0 DLWIfV* I/CM*03 bv-1 hi
c suit 8) - WU 04NIrtY I/Cq*Oj SC'f 1
C S41(11) - 0 2( S Di) DENSITY, I/C8*3 ,AP C' 001 4
C 311(14) - 0.1 Uc. NSiI f , 1/CM8*3 4., 1 i ho
c SULE15) - NU2 DeI~SITY0 I/CM8*J Sphij b
C Smi(16) - 1120 DENISITY, 11/CuI83 :,PC.4iW bd
C Sal(17) - N ti)lN~TW~ 1/C4**i sI)CMIft h#
C SW I( I ) - ON1 DrtNIITY, IICMN'J 511c 4 14 10
C SNI(L9) - 1102 ooe.iSfy, 11Cq8*3 SPC-4N114 1
C SNI( 20) - CO DENSITY, I/CM*03 SrC..w 12
c Sd 1(21) - via OE:q4 IT, I gCN*3 SIAc14IN 7j
C 511(22) - CHt4 Ok.Usty, 1/C4-S SI'Coe& '74
c SWIM~) - N(4S) DENS I rVo IIC43 5PCNI% 7,)
C SVI(24) - NJ 2L)) Di~fY, 1/C%** SiDCM4 lh
C SVIth ) - RELATIVE. utUe4LITVe PERCENT ;.iiimi 71
C SNI(2b) - 0(ID) Dk.Hsiry, 1/Cmo*3 s'C-41m 7d
c SNI(27) - N(2P) DENSITY, 1JCM**J .Pc 4a N lv
c AMtON CU4NON SPC'.ite do
C ALT(M41) - THlE ALTITUOOLS At dIHI Mildd SPCIE~S ARES silCuift "I
c SPECIFIED AS DATA SPI'C41 V 82
C UNItS.() - THlE NIGHTTIME O-VALUES :iPSCIFILO AS DAfA .ilpCfl% 63
C :a32(25) - THEk C02-VALLES SPtCIFLE) AS JATA sIpC4.4 ~ 84

c SPIFLG SPC%.'d d6,
CCC *.PC 4 14 d7

)ALISI3N AA(IJ),Bi 7J,CC( b),A4UhIT(21),A4SDNJJ),AA2fla(4l) SPCwAIf Rd
JILIS13sm U2Sc004i),02SDGa(47),03VAV(2,),f)irI(?7),DD(i11 SPC1IN a.)

1I4K.USIaK t UD h I I) v I ) 0A V21 ),G; I13 )*F V (I J , E f( 14 sec'.iw 41
INLMSIJN DONDAV(21 ),D015Iht(2 1),,IJ23AV(2L),IUJuaT(21),CCJ"(S), SPC~lM )i

CNU2(8),0ATCU(3lp,SmETHCS) SPc'LI4 9.1
)IMt.ISILM DAHOAV(21 ),DANIT(I)oJIDDAV(33),2N2U(12),CN2U(9) SP'qA 1

3L,41ENS1JU SNO2D(33),SVJ2N(J3),I( 13) SPcwjq 9",
:UW4JV/ALTJ0N/ ALTKN(47),OMIt.(18),CU2(25)~ilUi K.dMM4UI I
:04M3m/ATNJUP/ IlBKi1JRPRdm1mM(),kak.Sl I
:UMMNIITL~il IlmsS,1q4JiS, I)AVS,Zt,PLAf,PLIa.,Ut,4.Ar,FVR,FST.R4OKM b.U#1*40 I

* CHI p. J4Ae7 i
CU'MJNIVPC/ dWr-AL;,46.TH4J,-12JI20 KJA40:1 I
Cammis3/L1ICHk.X/ Zai?Li,.,SPLV6G Kd2J

cc: SpcqI% 112
)Ar* UiOEGIU /12 /, 4Oc.CDO.N0~i;4: b,!h R 'C,4 11 lii
)Ark NALTWt 91 1 , NAI.TJV),NALT4S lb1,13 : ,IC- 1 4 1.3
WA1 NOGU21,IIALTU2 / 10,11 / SPICL4 1,1,
3Ark M(1CI1?J,NKftf2 / 12,21 1, 2JPCC / s5.~ lobu9I#6 ~ ~ d, 3
)AT& 40 tMr,WLTMHi / 11,2b / CH4I'CC / 3.716bv0i.dIb/ s6 lot
)ATA .tsiCC / 1.24 01UAL.42 1, :UMOCC / 2.149940Juu.&6 f b"Cital £34
)Ark PI / 3.141S92SS15fl / 5'c-vl 1ov
3AfA N0GNJ2,#.X4WU2 f 12,55 I ..a'C'1. Ili
3AIA (AL?KM(1),l~l,4?) / l~.c-&'4 III

163b., 1 mp ,170. 1, 1, 0. 181 ., 190.,l9t# , 0 1,2J,3.,210. , 1t., Se'CmL' 114
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c SFM VALUo.S 02/2J/TS FIR I MIGHT .Pci4 lift
nraf (aMIrg~jcI,I8 1 301.1, 200.0, 4.#OL*00a, SPCPEV III

*3.0OLk.0, 9.00t..10 i b&'Cia'e 110
c IPM VALUES 12/07174 FIR C3J SPCWIIS 119

)&VA (CO2C)V.1025Z) 1 2L*0.0, 1.31.09,q4.@3t.Os,1.10k..Od, bPC,4LI 12)
5 .6b1#07 / ,)Pc-41 4 11

C THE COI VALUES At ALTUTD05 FAUN 0.0 TO 100. 604 &WEC Ue.T vC'1IW 121
c IN suONJUrIug Argisu if 051MG A CONhSTANT "lxAMC-MWar1 if 5pci'1% 121
C 3.20t-04 soc'1'Iq 114
C &PS VALUE~S 10/01/77 PM' go DAY svCI4LN L2 3,

Wa (AMOOMVI.Ital,21) 1 1.2OL.10,3.40F09o1.30.09,5.DIt, sIec'1k 12L,

1. I2$L*O9,S.#&.do $.I O*O, A. ODE#Od, 1. 406*0a6. 40.*01, 2.70L#07, ),Pcm 1 lid

c Iru VALJES 10/1/17 FRii ou NIGHT SIAC14119 130
)if& (AUIT(1)P.1a141) I 111.00h*00,1.00L*04,1.10L*405, SAPC41'i III

* 0sb4.Jt40 060,2.o0, seoi IIIP&d 3
4.J0L.36,ci.20F.0b,1a.OE07,3.40E.07 / SPC%1$1 134

c 8PM VALjcS 1I/7/ rio v DAY AN) M1I1IT M(TJTAL) sc~Il~l 134
3AtA (AN4SDU(1),I%1,ii) I 2000.0,1.JIE*0bo2.9UL*0b,5.20t.0Db, 4PC4i% III

8 .b0L.O0b,t.2bt.0'11..4.01,..2bF.0Di, SI'C'1M ljo
* lw.07,3.14ALt-0,3.30La*07,3.3bE*01,3.319*07,3.20,.*07 1 spco1'i 131

c 8PM VALJLS 11/26/77 FORN DAY £13 Mh.IIT NiM) SPCM4ZN lid
JATA (AN2uOM(I),1z1,4I) I )6*u.,.1.30 04,3.OJe.u4,6.S0:.04, spc~ik 130

* S~0L0S,.OOaO5b.4~aO, .S0#0Sb.5~*Ob.th.b, spcwiq 141
* 6.iock'Os.6.t3E#06ss.70L+Qs SPCWI'u 141e

c SFN VALUES 01I04/17. r3R )2(SI2G) UAV SPC4i 143
)At& (J2S0~0(A,L1,47J I 2.60 .06,4.401.06,2.70t.*01.2$E*Od, SPC4Ih 144

*4.9OL#01.,1.25c;#O9, 1.70t.*09,9.00kt09, SPC41% 14,~

*3.10h..09,2.0SE.09,3.60E#09,1. J0E09,.0L0,.60L..O7,A.30L.06, SPCM1N 147
6 .2OE.O%,1.009.OSl.406.04,3.30LO3,7.1OE.D4?,L.t02,z.Ooe.D2, SA'CN1W 146
*4.J0E.01.2.301i.01,1.20e.01,1LS*6.10 / bIpCML' 144

c 1PM VALUES 01/04/7b FIR1 32(Sbc) NI..T ,.Vcmlv 15U
oirA (JJSOGM(L),1:1,473 I 15*3.40,S.dE02L.OL0S.,8.0.EO1* INPCMN 1131

* 2.Q0L900S.1.40E*0d, 5.60it.07,4. JOkAOo, bIpCml' 152
S6. 2U0 tp, I . QU*Otp1I. 4O0 04, 3. 30E* 0,.1O*04,. 0t *0 2, 1. 3 3h 0 , zipL'I1N IS
*4.7OLbOI.2.JO1.+01,1.20L.01,lj'6.10 I seC-ith 154

c BFPM VALUES 05/0411 FOR 03 JL009 DAY (IC/KG) SPCM1I 15t)
OATA (USUAV(1),1=1,2b) / 110031L0,.1.o,.E-os31-1 :C4l" 156

* .bE-07,2 .9L-07,1.2h-06,.K-07,1 .4E-07, SI'CwIw v)7
*3.6(-OI,1.2E-08,3.OE-04,7.1E-10,1.5E-10*4.Sg-11 I SPC'iIN 150

c 8PM VALUES 05104/77 FOR 03 OZONE NMACMT (KG/KG) bpcwj1 159
)AT& (3311f(1), I1121) / 11.,.1-oJJ-b5'-b4s;), SPCM14 160

e 1.51E06,2 .6e-07,5.6siJk6g4.01-06, 1.51-06, SPIAAWN 161
e 3.8I-07,9.91-OS,3.31-O0,6.51-09,6B.E-10,1.,.-10,2.1-I / Si'C~qI 16)

c 8PM VALUES 0!2/04/71 FUR cu CAABON NJNUA1Do. (PMM1) St'Chik 163
3ATh 0TtC),AL 0.12,0.12,0.I110.012,0.0 4,0.04A,0.04H, Si.Cwlq 164

0.046.0.048,0.05)6,3.010,0.127,3.154, SdC1 Pc O t'
a0.4

4JO.967,2.210,102,10.5,24.J,26.6,29.2, 30.9,J).0,JI.b.J3.6, zSPC'41N 160
*34.4,34.6,34.6,34.8,34.5,J4.1 1 SPLMI'i I C1

C 5PM VALUES 05/34171 FIR CiI4 4ETHANE (lPMW1) bPCkis 168
MAA (SMETM(I),=1#25) I 3*O.77,0.ab,O.bI,O.53,O.SO0,0.3d,0.ui, 4aPC44L L64

154



C iF'S VALUES 0513417 fiR 520 WATERU (P;Nmm) SPC~1v Ili
)ATA (HIDgiJ01(1)Il2l) I ;.~23,~Q2b,.42?,~0 ilIC4L' 174

* .3. ,.0,1.11J..d01,.b02,)0b0.001S, ,WC-4114 170

C WV'S VALUES 07102/77 FORd H AttJ'IC HYLdtlGt: DAY SPCuI'4 177

* 4.0g.04,1I.0g.05,2.4g.O6,5.IE.06, l.Oe.Ob.tdk..b,4.9E.Ob, sPC#41% 1140
1.I5E#0lJ.E,07,M.bE*O7,1.4E'07,6.UE*07,3.uL*U1 j bpckili AWE

C 5,11 VALUES 07/52/71 FdIU H AtiesIC HV~dJG~m RIGHT Spcw'il loll
WA DhuT),1,) 15a0.0,5.0c;.02,1.JE.01.d.6it.01, 6&'CptW 10)

* .4E#07,b.O0.*07,S.0r.*07 / Dilcmjix 14
C IF11 VALUES (0j/02/77) FUR HYDIIUZVL RADICAL u4 DAY iPWt411 1d'i

)AfA (OUkIOAV(I),L:1,2l) / 1.f.0b,I.0t:.06,1.06E.Ob,1.Ie..0b, SPCNI% 148
*I .5LtOb,2.3t;.Ob,4.OLtOb,o.ast.0b, SPCMIII Ido

a1.0!bC.07,1IE.O7,9.t~..0b,1.2F.Ob,6.3.Ob.J. 1.L*Ub,2.6k.0D6, SI'C.4A1 tl~d
1 .6Eb,7.0.O6#,7.&.04,.E.0i,.7h.02,b.7..D1 / SPCdifs Ill

C BF'S VALUES (05102171) FUR HYDMLIXVL RADICAL J11 UIZ1IT SPC'414 191
MAA (DOHNIT(L),Z=1,21) I 1.7E.0J,1.dL..02.2.1L.02,2.7E.02, SPC414 P1

*4.dIE.O2,d.laE.O2,2. 0I..0s,d.0IE.33, S1,041.4 1.11
a .7g0,0,..06,1.2E.0O6,4.4a.Ub,b.5E.0b,5. 9L'06,4.SE#06, SpCq1% 191
* 3.2t.0a,1.bE.O,.*06,I~,.1E.04,l1.tOJi..*02 / SI'C414 194

C &FM1 VALUES (05/02/77) FiRl HVDtI0P~.RDVL RADICAL 4U2 DAY SPC#4IN 1Ili
JAVA (,LI2A(1),II.4I I 1. #03,7.SE.06i,2.4L,26,8.9E.08, SIPCVAM 190

1 .I5L.07,1.5L.O7,1.bE.01.5&.03, s.'CmPE 195
a .2K.O1,9.IEO6,6.6EObj,4.2E.06,2.2E.Db,7. 9E#.0,4.2b:.0b, bpCmtq 19d

C IF'S VALUES (05/02171) F~1R HYDI01 ERLXVL RADICAL HU? NI;HT SP1,11 700
WAA (Ntu211(),I=I,2l) I 4.)E.01,4.2E.02,1.6L*i,6.Vr.0i, bIPCs'If 201

a1 .4t.04,2.7L#04,4. 7t.04,d.IE*04, spim~i 202
a 1.3E.05,2.4E.06,4.6E.0 ,6.9EC.0),7.3E.0S,4. 6L*#36,J.SEDob, SpC"AH 203
a .2g.O1,g.2E.0,,..0*4,.7e.O3,4.9E,02,7.4L.3I I spcq1Ix 104

C SF11 VALUES' 07/02/71 FUR Ui(ID) AT1341C UIiitg. Sl'C'IN du")
JAfA (3DA()ItiJ/ SPE03d-l2.i.0Il'l SI'CI IV I00

*3.9f.*Olg1.4E*02f3.!6.*0d6.0E#02, Svc-til 201
a b.Of..02,6j.OE.02,4 .u6.O2.2.7F.02, 4.6e.*01,I.1..0I, 1.01Ot, bpcEI N 10d

a 6.4E.03,6.41a03,6.1 L.03,6.SE.0i,5.6iE03,..E03,6o.3E.03, SPC~ IN 210
a 5.2i#03,5.0E#03 I SPCUwv Ill

C SF'S VALUES 07/30/77 FUR xi2L (FPOV) 511CMlN 211
WAA (D112i(I),I:1,t2) / 31.20,R.20,I0,2.6.s,, .PC1'4 I13

a9.4f2.9,0.ld,0.I3 I !,PC*[% 214
C 8711 VALUEIS 02/141175 FOR 402 DAY 4p1c~t4 21:1

WAA SODiil,) / it'CP 2b
a 1..oQ,2.4or:o9, 2. '0t..09.1. 2ir;.04, sPC.'% 211

a3.40E#..O410L.01,7.d0--,7b,2.10L+Ob,7.O0L.*O) ,2.bO05,.O.J6,', Civ IV Ito
a .0E04,2.4W.*04,1.2OL*0u4,6.4t03.J3.40'03,1.14JLa0,1.10L4*U3, zw.1'4&N 2I4

a 67JE3h4.3F.2,hs0,.0, 190.02I.4e.02,.1 4.0,9.JLi1,~PN1 m% 22)
a .00e.01, 1.00 02,fh.30c.01I,4.60Lj.01I /ic ~I"~ ,2 I

C IAF'S VALUES 02/14/7,3 131 UJ A I GHT ..Ilch2 1 21

JAA SNh'~J,=1i~) I.6)Ot..l09,.OI~j*lG, 4.!sjt. 9 , 3.00r*.O2, :jp't.4 2,14
a .00tfaq2 , 10. 20t#06, S. 2O.#Ou, 1.00to.081 .40G#01 ~ s'.U*O,1 Oidg~ 't 1'. 22~
a.Jt#b 3.u,#41 ,vln 4uL.03,s.4uL.#uj,k.u.O,.U.u, .r''

a .O3 L*O1, 1.00a*.0I,~c. jt4.60E.01 I t
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cc: SpCM Ifd
C & & 4 &MINC~hTIC StAT&N&Nfi FUNCTIUN USED TO CALCJLAft. NITRiIC 0110,. IN bPC 4L d v
C 4 6 * DAWT19 FLIR &LTITJUeS BGLJW 100.0 ift Si'C41'4 dii
cc:. spcfwgm 232

&SODA?( ISO ) &P((((((( AA(1J)*BU * Ak&112))sQ 0 &At11))*bj :PC'MLN l33
aAA(LO))'WQ * AA(91)'Bu 0 AA(d))*U AA(7))08Q SIPCMLR J34

0 AA6))SOQ * &A(S))agSj * AA4)iwfd AA(3)*5. SPC$M1 23a
* AA(2))OBQ f AAM) 5PCMI'4 23t,

CCC b T~MM pColl" 23?
Ce RT41 TTN# YUNCT1ON USEDu TO CALCJ1LATr ATOMtC MITRdt.N SPCO413 iR
C a ft a ( ITAL) ) SEMEN 100.0 &NO) 1A0.O KM FOR RUTH DAV AND V1';HT. SPCPLN 239
CCC spco1N I 240

A54S( AQ ) a LP((M(CC(6)SBQ * :C($))*BQ * CC(4))OUQ 4VCN1% 241
a * CCC*))*%Q * CC(J)3Q & CCM1) SPCMqIN 142

CCC SPC0414 243
C 8 a * ARITHME~TIC STAT.49NT FUNCTIUW US&.U TO CALCOLAtE ATOMNIC *1tBR)GEN SPCmi% t44
C a at a ( UI)) ) BETWEENl 145. AND 400. IN FOR SOTM uAV ANlD NIGNT. SPC4L% 2C)
CCC SPC-tI 24

49423( BQ I CIPC((((sBI7)*dQ * BM(6))*dQ * bb()))O 4PC1411 147
* *gf(4))*gQ * fi(J))agQ * BOMP)~is a Bd(l)) SPCoav 14d

CCC SPCMIN 4
C a 0 1i1RMKT041C STAT64gUT FUNCTION USED TO CALCJLATE U2(L DU.LTA) SPCOLM 153
C * & a19 OLVtIWE FOR ALTITUDE$ MELOid $0. IN. b'C 41V 2to
cc: SPC14LM is2

kOlSSF( SQ EXPC((((((((( OD(LL)aSQ * OD(LO))'M4 * DO())*M SpcmiIM 2S
aaDD(R))*MQ * 0D(7))OBg a DU(6))*uJ * OD(c5),ad SPC1NL lh4

O D(4))&BQ * DD(3))@GQ * DO(2))ObQ a D0(1) SPCwim 455
CCC SPCV&W 256
C a a a AMIETIC STATbL9T FUNCTION US9D TO CALCULATE Cd FOR SiPCMLt 4 ISI
C * a a ALTITUDES BELOW ISO 9N. sl'C-4q 1!)d
CC. SYCL% 259

MFOMF SQ ) LIP((((((((( 99(14)66U a iE(1))R9a SPC,41M 260
L E(12))69Q aEh(It))'GB * k.E(10)Bu * Lt(4 3))*wQ SPC4ig 161

aaEE(8))*BQ a EF(7))OBQ a KE(6))*dQ * LE(S))GdQ SOC-41M OZ
* ab.4))*BQ a E3))RBQ a L9(2))Q8Q a CEtt)) SPCMIN 263

cc. SPC41w 264
C aaaANITUMILC ST&TLNiNt FUMCTUM USED TO CALCJLAT% K6,TiiAM FOR bC~1W l6to
Caaa ALTITU1DES FROM ID. tx Tj 120. am. SPC4qI i 260
ccc SPC141N 261

ICI4FF( SQ ) 1(C((((F(2'. FF(11))6B8a a PF(10))OdJ SPC4IU 16d
a Ff(91)'Q a Vf(e))*BQ a rf(1))*WQ a VfC6))aB SPC41V 260

* afFLS))a514 o FF(41)a5 a pp1 j))OBQ a F712))5 SPCq41 270

C * a a AHMiETIC STATt4LT FUNCTIUM USED TO CALCULATE WATER FLOR 5I'Cl~I 211
C * a a 45.0 .LL. ALTITUDES (KH) .L9. 120.0 am. SPCod1R 274
ccc bPC,41W 27 t

1020MF HQ z LIP(((((((( GG(13)*BQ a~.i)i0aG.(11))*dQ SPCMIN 276
* GG(10))*BQa GG(9))sbJa GG(B))*#Q a C(7)Dagg SPCWAU0 277
* a (6))4RQ a C(5))*BQ GG(4)JtvQ a G(Moa bpcmIW 278
* CC(l))*BQ aGCC1)) 1SPC'e1N J79

CCC SPCId idO
C 0 a a &RITNNVTLC STATE49NT FUNCTON USE) TO CALCJLATg ut02 FUA SPCI41N 281
C 0 a a DAVTI14I At ALTITUDES BELOW 160. KM. SPCaI 181
CCC ,pcwlm 2113

hU32FFt 80 ) LII'I(((KI( HKI13)S a HM12)aS a HNitt1)*Ie SPC~&N 194
a aNI(I0))*vQ a IMM(9084 a HH(We)sol "lNI(Mo)*5 SPCWIW 205
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** NN(b) )StA # HH(5) )GBQ *H k4)1d4 HH(M 084~S b'c'.tI Jt.
* HH(2))MtJ # 11(1)) !,P'C'p 4 4 cuI

ccc sCj
C W a & AITHMETIC STAh:M&NT FUMCYIUW USLD ?U CALCJLATL UN~ FOk SIPC*1N ~
C * 0 AITIM6 ORl N1UITTINE~ VOW ALTITrUDES IiELO 83- I(M. . PC'q 10 1 d
CC., SPCMIN z~t

k010171 0II ) 1P(11((CCJiN(R)*3Q 0 CCONOW)34~ f CCUia(b)~iu SPCNIh d1fl
* * CC5))SWaJ * CCWI(4))484 * CCUMMO)*0t SPCkIN~ 291
**CCUlf(Ma)11 # CCU"(1)) SPCiI% IV4

CCC PeC to I 295
C * a & iktAI STATEMIET? FUNCTION USED TU C&LCJLA?1 HU2 FUie S'C!~lq 29o
C 0 & 0 OAWT19k& Oie MIGllTT144 FOR £LT1TUOIb 691.01 6S. KM. bpc4ml J.97
CC". %PC04L4 .4v

&imwri7 IQ ) 3 EP((1L((GtHd2(R)s4Q1 * CNOI(1))aid * CHO2(b))tfQ pc
m
im "94

a*CIHU2(5))&84 0 ClIO2(4))O3e1 * CAO2c3J))681 SPCk:I.1 soj
a *CIW)2(2))*aQ * M~UMC) .PCMLk JIul

C a a a &M4tlIgfC STATEMENT FUNCrzUN USED T(3 CALCJLA~TL k20 AT sPCq1N 303
C a a &Lf1IUD4S BELOW 55. KN. blI'I jot
CC., Sica PC 1 o 41

MuOMF SIQ e a XP((Mm11CN20(9)*81U + CN20(JW8~Q # CN23(1))4 SP1CmLN 306
+ Ck20(b,))GBQ & CN2015))aaQ * Ci20(4))*BQ SpIqC& J07

a* CN20(3))*HhI * CN2O(2))*BQ * C11uCI)) Ni'C411 s~
ccc sPc~1td 309

;9 TI (100,200)o KK spCfqIN 330
c INITIALIZATIN CALLL) FROM SUbAOUTIN1 &TNJSU UUMLUC trS spC'411 ill
c INITIALATION. SPcMIw j12

103 :03T1IM1 SPCWItm 313
1LjCr9 z ALJIlo( KIP(1.0) )SPCN141 J14
PIPLif a IB0.jP1JABS( PLAT )SPCNIN 41

c SPCP'IN 316
c AC 81TRUIN PMOFILE PARA1M&TLRS. bPCk1IN 31
C T OTAL &TOXIeC NITROGEN* BUT CALLED N(4S) IN COING1 N a S PC414 ild

445100 z ALTENCJI) :Ibt1'd .114
145166 2 ALKNl(33A SIPC M 4 J20
'ALL PftTEkt(NALT4SILTKN(21),Al4SDN(21)ND.4S, 1 s 2 #CC) SPCO41N 321
k4S100 a &M14S( 144SI00 ) SPCq14 JJJ
A4S510 -ANX4S( H04160 ) SPC'aN 323
r314S a 0.693'SIN( (2.*FVk-D.50)*P1 3 sPCe~I' 324
T514S z SIM( (I5.*"L-14I.)*P1/180. 3spC4L1 31!b
724E1P 1.0 # CXP(0.076(P11LAr-24.)) Svc4I.%a 320
rU5EEP 1.QR 0 E1P(0.56 # 01PL ft-154)*.?T4 SPC14&% J27
r72k45 1.0at 0.6 E a(0.6 *P .44AT-7u-)a.1t4p SPCm4&m 321
r4945 c 1.42*S4S/T7SCX.P SPCmAI4 321
1114S a 1.0 # 3.0/1 1.0 0 LgP(-O.I0*(SBAR-1J1.)j 3PMI sJiew

c spcmlm 33t
C *a ATOMIC IITRuCLm 0(2D) ft ft N (21)) SPC41V 332

420125 u ALTKNI(26) SPCH1I 333
W)S200 x ALTIW(41) spCWAIN 334
:ALL FIffb.I(NALT2D.ALTEN(26),ANZDGN(26),IOE;G~o. I v 2 vilb) JC1 1~i 35
k20125 a AIN20( 120126 ) SfC4LIN 330
920230 a &N*29( 1120200 )sPCUANM 331
f@9209 2 (10EpSP9aI..;)c,0Ep..n(Lz., ~ CMIN 313

a@2D 1.0 1 T8923Z $iPC411 334
It$ :OITIUUE SPCwdII j40)

c 5PCfq1M 341
c *a a mirvic 01109 eeROIid PARME£TERS a a a a a aa a a a a a Nd £;pCNmw J41
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c FOR DAVT1NL NO.. ji~cmilf .441
:ALL Fl1TEA(NALTIOA;.FK4,ANUDAVNJIGIU. I a & A) SP#4* .44
MID1I a ALTKN(21) SpColm .3C,

k93100 a ALUG( ANUDAF( alNflI00) S104'4 .46

C10100 a 1.0/)I.Q.CXPC-0.fl6(INU0O-12.))) *&cii 14l
&LOGUI a ALUG( 0.37S # 0.012SOPIPLAt SPCOOAN 3414
240100 z AmuIoG - (1.0-Cml OALiG4L spcm I o 149
furiSIV a SIN( P*(1S.HL-I05.)/180. ) 4pco 1 J'S 0

c SET THE~ CUBE Uf VIN 10.7-:N SOLAR YLU. SdA, SBARS. SI'CNII 351
SIAMa) a SBA46*3 SPC'mIt J152
1215F a 9.66 # b.0eSdIIM3/(S9AR.J5.0I*05) SpCilliq J1
6215FL a WAISF-CdOlOOMj11. lIC41Nh J54
d@0056 a ALTL11(11) SPCm&h js
130055 a ALTKn(12) :ipcm41W )be
10060 a ALKM(13) wPC141 Jt7
i&oois x ALTKN(18) SPO' it)"
AMO3jO a ANIT(11) !PPCKN .Ib
A10051 a AMQNIT(12) siPCNI. .3O3
A00060 a £iiUNIT(13) bl'CM41h 361
903015 a ANODAF( Woes15 SICMIN .6.
S13665 a 25.01ALOG( AVOOSSJANJ060 SPCO4 ltk 3bA
SUc3OSS a 5.OlALOcc £u.30601ANDos55 SPCSh. .364
50060 a 2.*(SNuOSS - 5.OIALO;( AN00bO/ANU05) )) SIdE*4 J613

c SPCHaIo 366
C * *mLACOUII O1Vt.U (SLNGL&T D&LTA G) PROM&L IPAIA11LTI.S *02(SDO.) SI'CWI. .367

£02090 a ALTKP(19) SPCIIN Jbd
£02100 a ALIKH(21) SPCWIW% jhe#
102090 a 02S0G0(19) SOCNIN 370
802090 x -ALOC( OlSDGD(2Z)/A01090 )I(ALTKN(ll)-ZJ2090) SPCNIN J73
IF( 10033 ) 142,153,150 SPC1414 .57J

144 £02010 a ALYKIIS) SPCqIlg .37.3
£02010 x ALTKN(17) SPCNIN J714
IU2070 a d2saGN(1S) SPCNIl s7t)
K02038 a 02SDZ.N(17) SPCNAN 376
002070 a -ALOG( AiJ20801402070 )/(020410-L02010) bpc~tq 371
9(6) z ALI3G10( £02060 s pcwlM iluo
30 144 1=1,4 sipcqlh .379
£,112 m ALtKN(1I7)-&O0d0 bpc'4IU 3ho~
1(1.5) z ZIL2 spc41w J813
10 144 J=:1,4 !ieCiiiw idd

14 (1,5-i) z 112*AtI,6-J) srCq 1d4j

£118 a Z(jOO-ZOZOAo iPCI41t J1411

Ii.iS) z -Ui20904AL3GC SPC.4 1 N 41
)0 146 JzI,4 SPC41'd ib Is

i(i,i-J) aINIP9./J*ObJ SPC-Ah% 3J'
146 :01TINJ9 .itC mV4 I'a I

A(1,S) = LJGIO( U2S0i~m(L1i) -Z(b) SI~c4&% J4.3

1(4ob) = ALOLI( A02040*LXP-Bf20i0(Ld21JO-I3fl'u) j 4 (b) zi!C 4 1 I 4 ,
ou =5 J'C 4V & I jjc
CALL SJLVE(A,L.N0 ;Pc -L t;4 ) #I
.3 ?) Lab ec-1'4 *4 1

150 £102050 SALTKN(11) PPL,m1 J4'#
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WLIiQS a ALrK'4C161 pmI J
AUJOSO a UlS"i..IMI) S PC " 1 431
k02015 a O2SO%.D(14) Spc- 114 02.
90100o a -AL0i~t £A2075/AUjObQ )I(4ulO75-4UJ0b, D~PCi, t 40i J
:ALL FI1TEb)(MaLTU4&ALtKm,UJS0D 1DC620, I o ,0u) SPAWd 401
f16) a ALO;10t Aa001 ) pco1Ii 40,j
IMS a -dO2OSD*ALUCT9 SrCII1U 406
)0 151 [:1,3 SPCIIAN 403
1112 a ALIKUU.#16)-JOS spcit. 4U

1(14) Z12*Z12 PCiqIV 40-1
4(1,$) z ALUGIOC OlSUGD(Z.1b) ) XIIJ*1(b) 9(b) spCm&N 411
)0 152 J=1,3 :ilCOI VA 411
it1.4-J) a L112AC1.s-J) SPCMiIA 412

1110 a lu2090-zdaQ1s ),coqlk 414
ki4.4) 2 .2zhli seCMih WI.
4(4,.if -BVj2O9Q*ALJiwYK - Y(5 SI'CAIV 41a
30 1$4 Jzl,i SPI It1 411
pjz J.1 Se'cM i 41 A
lt4.4-J) a £LI*(CPj..)/F.j)*A(4,S-j) 5pCkgf. 419

M5 :O@TluJi :iPCP4 420
III 4 SIeC~&u 421
'ALL S)LVK4Av,NOu) spIlbi% 424

ksb COMMi~ spCMIN 421
C ,$PC" 19 424
C * :IJ (CARBON KONOXIOK) PAiALEaER CU S11 aSSSa u CMIN 4 21

:ALL FltW(JI1ALTK%,OATCJ,13, 1 2 OWb. pcwit 426
:01150 a AFCL)AF( ISO. )SPCII1 427

C .5Cil M 428
C * CH4 (4MANE) PARANiTt.RS **** *a ap SaaCh4 SPi.Ni% 42')

11334 a 111111N-2 sl'Cf- 10 43J
CALL flTt.HIMNTHALTKM(),SMETNI(J),ND0'ETU. I I ~ VF) SPC'4I.s 4.11

CM10a ACd4Fr( 120. )SPCI1W 431
C spiqIU 434
c a a3 (OZONK) PAIIAMETIUS U3 a aSSS55 0 i &C.4LM 43-1
C FOR 041 LOa IbitHT, IdITIALMZ SUBRO)UTINE MINE~ FUR ZN LT.. !P!.0 SPCW1I 43b

CALL 111JME(I,10,OZ) SI'C'lm 431

c START NIGHTTIME INITIALIZATION FUil ZH .6i. Si.0 KH. S1'1044 434
161 103iS a ALTAN(12) St*CWI%. 440)

£03055 z ulass SI)CWII 441
C OMMiI1i1M PARA146TERS FUR~ NIGHT L&PUMENTL&L FUR ~ SPC-im 442
c 10.0 .LT. 18 .Lt. 71.3 tM. SFLIC41 441

103N10 x ALTKft(15) beCqlq4 444
L0JN15 a ALTKN(18) SlICM 1 44!)
103*10 a 03NMCS) bvc',L1. 440
1U070 a -&LJGt nlNITtlI)/A370 )/(ZJJ%7!o-ZJU1)) slpcwam 447

c 3ATMhMINK COEFFICIENTS (WO3(1) 1:1,b) SO THtAT F-OAt SPLWIV 44 t
C PaLVNUOWIAlL EQUALS DATA PO1INTS AT 550)70 K9, TtL (Lt.1111) b'C41% 44v~
c 3L.R1VAfIVL AT 55 904 Or THE FIT PIIMCTIOII 41LL0U K%, &NJ TM.. S'Pt~a 4')d
C (INVANISHIIG) DERIVATIVE AT 10 KM Of THL 70- To) 7s-K4 Fit SPCI% 4%1
C rUNCTIIIM. spCI * Vid

103(6) a ALOCIO(OiMI(M) SI'CuI' 4.-1
903M5 a 0.0 spcliq 4,.,4
)0 164 121,3 S.eCu&% 45,.
9112 a ALTKNCI.12) L0jN~s spCqIW 4!16
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a~~i 3 £LGIO. UJIl?(*121 11-(A2WVU.)(') -VJ3(b) qPC'a -I

1(14-i)J ZI(~-) SPC4It 46%)J
iz4 CONTIMJ SPCLI4 4tbl

£118 a 1u3w70-ZO3a5$ bpCp'Ie 4t.2
WOO,4 a 2.OZIIS bp~o 4b3

A(4,S) z -3a3N70*LJ;Tg - VuJ(5) SPCqi% 4o4
)a £66 J:1.3J silCuth 4t) j

J*1 zjtscm1% 4bb

1(4,4-J) bPCS(J../JA(,-)~'44 
ibb Ca3Utlaut spCMI% 46d~

so 4 SI'C4It 4b4
:ALL S3LLI(&,VUJI0) bPc"a's, 470

C DETEMNMI PARANXERS FOR MIGHT LIPOUNKSTIAL FJW LN .1;. 40.0 KM SPCI% 471
E03h10 aALTKUt19) N.PCW 1 472
UL36)0 a 03M1T(191 SIFC'4[N 411
IL190 z -ALUG( 0iMIT(22)/A03490 )/(ALTLM(22)-LJ~v9V) spI'4 474

C JELHN1ME !iH-Db.GREE POLYUOMIAL (COLVV1C1ENS dd](I) 1I,b) Ti] SPC*14 47-
C WACH !IATA P~UNTS At 7b(5)90 KN AND DLIVIWtVL. Of 7O-TJ-15-KH S&PCm[N 41o~
C Fir-fUNCr1ON AT 7S KM AMD .4it. -90.Q-KN FIT FJNCtIUS At 90.0 99 .OPCP41Id 471

i03t6) z ALUGlO( u301T(16) )SIPC41 47d
i03(i) a -iJ3N70QALiCTI SPCMIN 479
30 16 1=1.3 S PC %I i 48v
L132 = ALTKU4(10161 - L0OJU5h SPCq1N 481
MOO =4 1112OZ112 SI'CU41 482
M(1.) z ALUJCID( U3diI(1*16) )-L112*1U3(s) -dii(b) sPCk..1 4H.1
30 166 J=1,3 spc1iq 43b4
A(1.4-J) = 9112*A(1,S-J) SPCNIN 4d!

160 :3iTuWz SPC41N 4A6
1118 = L03490-ZO397S SPC.41N 407
1(4,4) a 2.*ZlIN WPCUiN 48d
k(4,i) z-*JJN90*&LJaZT1 - uJJI6) SPCWIN 4111
)0 110 J=1,3 SPC-q t 490

rj=J*1 ,bpc"14 491
1(4,4-J) = Z1d*((FJ.)/FJ)*A(4,!i-J) spC1410 442

M7 :36TIU SPCM1N 49)

40 4 sL'C1ULI 44
CALL SILW~AlwaiM0) :dPCoq1N 49'j

;0 T3 18 SPCUII 49*
c St DAYTIME INITIALIZATION. SPCN1N 491
C UERMUNE PARAMETER1S FOR )AV EXPONENTIAL FUR( £1 *GE. V0.0 KH. SPC04LN 49a

172 IOD;0l z ALTKNCII) SPCmI1% 490
k03010 a 030AY(19) SPColm N0.3
103090 z -ALOi;( 03DAY(22)/A03D90 )/(ALTKN(22)-103090) SPC41N 501

C 3KtUkN1UE STH-OLGAE POLYNOMIAL (CUiFIIN.TS T03(l) 1:1,6) TO S'C41N sol
c 4ATCH DATA POINTS At S5tS)75 IN A1A0 THECU1RL)) ULMIVft1VL JP SPCNAM s0i
c THI 0-TU-5S-KH FIT PUNCTIJI At 5i KM. sPC.4lN :04

£03055 =ALTKN(ll) sPCm1 I. Ju
103355 2 ZO3055 SPcm1I% !)0
103D15 a ALTINCZS) bpc'm1W JO7
M0(6) a ALCJGIO(O301V(121) SPCUIII 50d
103(5) x 0.0 b,'c0'IN ) s0
Ja IJ0 1-1,4 SPCOIM 5310
91[2 z ALTLN(I+12) - L0305S S3FC4Il 511
1(1,4) a L112Z1112 >Pci.4m il
&(I,$) a ALOGIO(OJDAV(I.12)) - 112TfUJ(S) -Tui(b) SPCKLM b33
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3016 J1* wimj 44
SpcNI I j

taoCOI !,Iuo.~
NU a 4 SPCwtt. !S b7 :

C 11MMK~INE STH-0(iGI~e; Ir0LVOn11L (CU&FFIC1I.lT UJUtI) Il.) 711 SPCMIN l
C DATA POINTS AT 75(5,)90 KH ANDODLRtVA?1V.S uF S-TJ-7$-Km FIT- V~CI1h slu
C ruN:tIJu AT 7b 94 AND .iK-0.-g IT-FJWCTlJM AT 90.D K9. SI'C14 t 1 si

30)(6) z ALUMIO UID1V(1b) )e"I si'Clu %
9118 = £U3D7!-WO3055 SOCN&V SI )
J0130) ((.TC)Z18*4.*TJ3(2)Zllt. * J.OTU3(3))Otl1M .PC.41N 524

*2.0?03(4)j'L11B TUiAb) SPCNIN j,2S
)U 174 1:1.3 SPCNIN j~c
Mi1= AL?KMCI.16) - ZUJsU75 SPCb~1q s21
A(1,4) a 1112*ZLI2 ;;PC"IN sd
&((,i) =ALUGIO( 030&1(1#16) )-L1120U03(b) -UjJ(6) SPCl1M 529
30 174 J=1,3 SPC41N bi3l
M(,4-i) z 1121A,s-J) %PCNIN 5it

174 CONTIUE SPC'4jN tb3
gida Z03D90-Z1130I6j spcmLfd 31

&(4,4) z2.*ZlI8 SPCN1I 04
A(4,3) =-8330906AL3CrK - UJ3(5) SPC4lV 53-
)a 116 J=IJ1  SPC'41. s3b
lJ= Jot SeC-qhW 5J7

1(,4-i)azI*(J./J&4) 6PCMA'4 tbi
17& COSTlaUE secMaq S31)

60 = 4 S1'CiL1% 'j40
:ALL SJLV6(A,U0oVOU) Spcp4i 6 41

176 :OuTINUo svcmim 541
C SPC4Im '43
c F IT Cac7FICIS rume 402 (DAY Ago 4l,;H) VU * *** N" Ib1t 544

UALL [PITT CMK'4dDobA1tKN,SNu2o,iD~rNU3, 1 , 2 ,NH) SPCqI% 54S
1131 ALMu(29) SIvC~&4 s4b

M1220 a ALTKM(33) SPC41N S47
iNO2P0 z AM021P( HM022 Wc% I qP1 54 d
41i32DO z 3JMtUD-311MM23 bpc.411 s44
400212 z Alij2FF( HU321D ) /1112[PD SPCm~t Id t6O

F&25wANJ2I( ~s. 3*AJDAP( 56. 1-Awns266 SpCO1% M) I
W1265 z SMUlIM(14) bIC,41U 551
WU255 v AL1I4( 12) bpvi~q *,i
1§3265 = &LTK#4(14) bPCII 664
dM02D5 = HMU2S!-HMIJ26!S 0'0~4 S-
INJ2FA zVYJd2bb/ 443lb! SIP4AIl *.)S i
133242 z dJ2Pft 82. b pchai S1
fhJ242 = to 7 SPC',1 556~
4MLIJOS z H'iulbb-HXU282 La'ckil Ili,
1b3J2 z AM1J2b5/A31328 SI'c"14 t,60

C %PC-1 I% bb
C **FLT CJLJ71CILNTS 701U4t.. S B5 00 5 0 1410 areI. 1'4 6
C Ir dVFLAG WE~. 0.0, US~:k %UST SUPP'LY TALIJLA 4 ot A-VAl'UW ).C'41%
C PkJflLr* (ViLtIN 0.0- tO 120.0-K4 ALTLTUnr:) uulIClt IS Rck) 1GW 'PLw1WJ %b4
C SUiOiII1t WVU1Sf. 14 f*:,IJNAL Phdit~', Sdd,iJrlmce dLJi'? ,cx v 4
c PLOI1PIR4b A L&.MAiITllqIC iNTEIIPJLA1IIJN T.3 4LTURN tHt IiIJ Nl.q* SI~& t."

41114G RATIOI. S I$..L4 if I
mF #vPLAG.hIE.o.o ) ;J T3 1*7) ;pr~l%

C THIS ITIALtZAT hAN CALL TO Sulk 1'TL!4r. W&Tt.G -V4LUkTt.- tilL ,Vcwla t

C 133KM 11 Fdk TIE JUA.l-4U4OkL~W40US 4dJiTJIkL kt.6iUh AhOD ~ L i



C EVALUATES THEk L3iGAITH OF THL. 1120 111111. udATIL) A? 5i- AND 14- SC14 7l
C IN ALTITUDE.S. T7l1S IMIfIALLZATI:JN ALLI~dS SOUiUUTlN. dAttAu IN SCOINt j7l
c TUa; 11PRATIONAL PHlASE TU CIUTP3? ThL 1120 4111MG kAI (PPftflj .4'cmt% -,7
C FUR ZH.LT.4b AN. blc1 4 i .,4

CALL dAfR ~1,ZH,CjI2i) SPCW'*v )7.
C MOd DbLT~i4IE THEl 110 MASS-N1ING-RATIU fi?-Cllc.FPICIEWTS GG SI'CJ41 1t.b
C P04 THE~ ALTITUDEI R1ANGE eRUM 20 tJ 120 94# kEVL. THUCN TflL FIT buPCOLM !)77
C FUNCTION MILL BE USED) IN THIE IPERAT&ONAL PHASL UNLV F30 SPCIM 108I
C 45.LK.ZH.LT.12O Ki. SPCO-114 57

CALL FITT&R(NKNM20,ALTlN4(5),HnIJM(1),N0i;NJO, I , I ,GG) bicmiq !Pb
C THEl VALUE Of THE1 4ASS-NIZINdG aATIO AT 12) IKM IS 11LE060 FOA 711k ')PC4kk todl
C 3PEIIATtONAL PHASL. SPCwIM 58 2

323120 = 112aFF( 120. ) 5C1111 581
179 CONUTINUE SPCmlIt tPH4

C sI'C414 tb85
C f ir c3EJIIIhTs F3Ji ATJNIC HYMUOGEM N H SPCMIM 'J46

NIS 9.OL..07 byC.4I4 t.d7
1100 z .77d*I2aE1P(-O.II74a0O.) * 4.07E+062100.00(-0.7169) SPC"Lol Jdt
583130 =14./ALUJGtd8S/HIOO) SPCML11 " )
MF [DORM ) 107Io1D72,10?2 SDCM1N by()

1011 SODa 6.OjALOC(MB610AIUIT(17)) SPC-41N b91
sBS= 2.20a(SdO - 6.O/ALUIC11S6/0AdMiTt16))) SPC414 b9l
;0 TI 1073 spc.41N 59J

1072 330 = DAIWAY(7) SPCM1u 54
13 z D&NDAW(B) SPCOR11 t)93

443 - 0&HO&1t9) SPC%*I S90
S303S5 S.OIALOG(H35#t130) SPC"ulM 597
M3~40 =5.O/ALOC(h4O/435) SPC411 *j9d
S40dS 46./ALOG(M3311140) SPC4I4 t)99

1073 :OsTINW9 SPCAp hjOO 0
C SPCMN bol
c a aa rp COEFFICIENTS FOR 1VDMUXVL RkDICAL *aaaIa*a aauN CH I bpqm 02

IF( IDIRM ) 181,182,182 SpcdLN b03
II1 &0N100 = DINNIT(21) SPC414 b04

CALL F11T&R(17,ALTKM,0OdNIT, 7, 1, 2,CCOH) ,3PCmIg bob
;o 73 134 SPC4k% bob

III A01100 0*3l40&21) SPCMIN 607
CALL FITTLR(17,ALTKN,DONDAV, 1, 1, 2,CCOU) SlCMIq 60d

184 1011080 = AHOMFI 80. ) :sPClIN bog
3011030 x -AL0GtAO~i100IAO11080)/CALfKNt21)-ALTINI17)) SPCWIN 610

C spC~li' ol L
C Firapj CafYIFCLLNTS FOR~ NVDRJP&.ROIVL RADICAL a aaaa 2 SPC~j4 612

LOS 01VT1121 !SPCMl 614
:ALL FITT6H(I4oALTKN,1102N1T, 1, 1, 2,CHtjlJ )PCP 14 ni
;J TJ 190 NIT-4~ I 0 t

186 OM1TIMU. 5'1c4im u17
:ALL FIrTtl.(14,ALTKK,HU2OAY, 6, 1, 2,CHu2) slPC-t' old
C1102(d) = 0.0 z.f'cu11 (,I

190 AH327S zH32DAVC16) zi PC -414 t)2
A 111J)5 zH3)20AY(20) .. 1'c, t . b21
AHJ2b5 =AII312FV( 65. 1St'C.id fi
3HU2556 -ALUc(Alfu275/Adt326b)/ (ALrXPM(l6)-LTKHt 1 1) kC 1 4.
3HJ)215 =-ALOG(AHd2O5/AghJ2,7)ItALrKMt2O)-ALTlimt1b)) WP~L ai
102100 =AHU2)5aEXP( -B~u27:)a(l00. - 75).) ) 9~d I.?),

C 3I4 &i u ,
C fa i.a IFC~LLNTS FJR4 ATuMIC OLYV~t. I) a a 1lj) S11L''Ae u.~
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1381 3047 a 7.0-ro02 sPcnI% 102
JD25 - UIDr)AV(6) Z0e>04 L k tiIU
1040 a UIDOAYID) SP'CO N cJi1
3065 z 31OOAV(14) !bpchq1 b32
3080 - OID)Al( 17) SPC1419 611
MOD0 a OLuUAV(21) SPC04LO O14
10110 as0 OUIOAVI3) SvCqIh 63)
30120 x LJ100AV(2S) sp'coim b3o
30160 x OIUDAV(ii) bpC614 b37
50D40 27.ODIALUG(004710040) bcl1 3
10347A (l./I).)(SJD40 - 7.0IALOG(OD47/O02t)j) SPCloIN 63'4
SO065 I8.lALOC(0047/O~b!) SPCS4IN 640
S0)478 z 33./15.)f(SjD65 - ia./AI.OC(UD4?/OO@0)) S1C41% a4l
S5l)1)3 z 20.14LOGtOO100111u8D) SPCML8i 6411
i00110 z I0./ALOG(3Dt20b11h110) SPC"Iq b4l
S00120 = 2.0*(SUD110 - IO./AL0G(00120/JDI0O)) bpcumI 644
S13120 z 40.IALLJG(00I20/UjdbO) SOCi4I4 04t)

C1364 :31T1139 SPC.4i% 646

c * a* FIT caaFicigaTs pJm NITROJUS UXIDE '**** 33* Nku SPC14LW u48
CALL FITLR(I2,ALTlNUN2O0 d 0 1 , 2 ,cm2a) SPCVI4 649

:N05 ANZOPF( ~s. ) SPC'mhS b!)
*LLXP 1 .0/( 1.0 # cgpt 0.170(PIPLAT - 2J.) ))spc'41N t~1

cc ETURN SI'C041 blJ2

cc SPCmIi4 bSi4
l0o COITINWE SPCEAN 651.

IF(I Z.dc.lNFLAG ) CALL ATKOSU(2,ZH) SPC4I' 06
CCz sPcOIN &S7
C AN ERRIONEOUS CONDITION WILL OCCUR IF spcqiw IS CALLi0 WITH SPCM'4 65 t
C K9=2 AND A GIVEN VALUZ Ur ZN IF AT4USU 4AS NJ? dE :ALLED SPCKIN bil
C F14ST WITH K1=2 AND FJR TdE SAME VALUE Of ill. SpCwI% 860
C till VAWIAOLK ZI4PLAG is u1so Ti oJtr~cr THIS coNotiTuN AN) .PC~ 661IN bt
C TOJ KAJE THE R~EQUIRlED CALL TU ATMOS~U. !I'C14AW 661
C ANfLAG IS INITIALLL6) TJ AN AilHIfaARV NE;ATIVE VALUL IN ;iPciIN 66J
C nil INIfLALIZATIJU CALL TJ AIUSU. SPC41M 6b4
CCC SIPCuI4 66,3

IF( Ld.LQ.SPIVLG ) RETURN bAl'4iN 00
CCC spcmim 667
C AN SkMLJNELUS CONDITION WILL OCCUR IF IUNJSU IS CALLED iltil SPC"14 66d
C JJ=J AND A GIVEN VALUE ur ZN If SPCNIN HAS NJT d1EN CALLED blICi11 66
C FIRST dITM JJSZ AND FUN THE SAKE VALUE Of &NH. SPC-4Iu 670
C fHl VARIABL& SPIFLG IS USED T) DETECT THIS CONDITION AND SI'C414 671
C TO MAKE THE Ua4IIIME) CALL TO SPCNIN. SPC,4IN 672
ccc SPC#4Ai 67)
C THE OPTIMUM ORDER1 IS -CALL AMUSU(2,ZII)- THLN bd'C"fIN 674
C "CALL SPCMIN(2,LN)" AND THEN -CALL IUvOSU(2,ZN)-. bk'cMill 67
C ANrLAG AND SPIPLG WILL DETECT CALLS MADE IN ANV OTH&R ORDER. sPC%4IM 676
CCc iPC'4&4 671
C spirLG IS INITIALIZED T3 AN ARSITRARIY NE;AfIVL VALUE IN SI'Ceqa 678
C fdg INITIALIZATION CALL TO ATMOSU. SPCAIN 679
CCC %PC*4 1 680

spirLG z IN SPClMAM baH
C **seClim 682
C COPT DENSITY Of N ***a*a a* 0aS swSN(7):i SPCwIw beJ

IF( IN.L.T.M4SloQ Go) TO 210 SI'CWI" bd4
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AI Ld.,T.'44sibo ) ;j Tu 212 1ILL .4
F194SA ANI4S( ZII I bI'C01,4 e.'I
so TO 214 sps.. 4 bul

410 rII4SZ A4SI000LP(.44(Z4-45003) WrC-rI t~d a
;0 T3 214 srcoauu OM'

Il tlM4SZ A4SIb0*L.1P(-0.0178*(L-I4Slb0I) SIVC-11 t.90U
114 14V4SZ a1.0 0 Z.P(-0.02*(Za-2;.)) blPC-1 b~I

i~l( 7) =VlN4SZ*T2l4S~aXP(T34S # T4il4S/7404Ss) *T504S sIpCj4 O'd
C SPCAtIN bi3
C * * CUNPUTE OLNSITY OF iRCITEd) &TONIC NLMOGtlN i SkI(24)zN(1)) VC-41#1 61P4

IF( &R.1T.H2012! ) GJ TO 216 bpcmiu ul!
IF( Ll.;T.I4JD20 G J TO 210 SPc4IN q~t
r~ist x avt zuD ZU S PCMIee 1.91
GO TO 220 :iC1i t4d

216 T7N2DZ x A2OIj5*EXP(*0.td4(Z-*0I2%)3 SIPC"% bliv
;0 T) 220 SPC: o 700

lid r70221i A20200*EAP(-0.02S2'(ZH-l2O20OO)) SI'C*1% 701
220 SNI(24) =(S#I(7)/?14S1J*Tv1u0St8N2OZ blUCtfik 701,

C spco, i 703
C ZAP0~UT9 DtEkSITY JF i1CITEO ATINIC MITk~eo;9% Su1(2)mNO) SPI~N 704
C F2P20=ASS1IWL VALUE UP TdE~ MAY10 UF THE1 PkUJUCTtUM kATi. Ur bPCw1M *34*
C MCIP) TO TdAT Of W~D). SPL4MI 70b

F2P2D 0.01 SPC-4LN 101
22P20 =0.01 SPC41N 70d
AI id.CC.119.90 I P20 z 5.9D*22*E?9Uj PC141N 109
$01127) x RMPO&SVIC44) :iPCMqI' 110

C spc~sl% I31
C aaaaCOMPUTE DLNSITV Of GROU~nr-STAtE ATOMIC NiTvJCLUN Sl(J1s4~ PC414 112

991123) = SNA1l) - SOL(24) -SWMl) SPC.41i. 713
C seCUlk 714
C 6 a 6 CONPUTE DENSITY Of NO 6 a a a a 6 a a *SUI(M)'NU I'Cmi% 71!1

MF ZLi.GT.HIVU100 G O TU 227 .Cs'~ I'd 7b
I 1D3MN1.L..0 ) GJ TO 225 51'C,4114 717
If( iH.CQ.LlHO085 a.)i To 22si SPCI.IN 7134

cc If GET TO THIS POINT TMN ZN.LT.d6i. Kid &NO If IS NIGI4FFLt. ,Aeck I N 71 -
If( LH.;6.11N060 )GJ Tu 223 SPC4&hi 120
173 L11j.rE.MIL00 GJC TO 221 SPCwt% 721
S61AU) x1.0 bh)Cwiq 722
;0 TJ 219 sPC.41w 72J

ill 960"90 a NMOO16O-zaI spt:41# 714
AOFZNO x SNLO060 - 0.2D*(SWO063-SNJ0%5)aZ6OZt ,APCW 1 7 1,t

1CFZ .0 # LXP(-0.224(ZiH-72.)) . P C 114 72u,
SNI(8) ANU060*kX(LUG1;IL/CCJFZH ZbONLII/SJFLNJI s3PCVaIN 121
SNIll A4A11( 1.00$0149) sIwi 7P~~ 21
;U Ti 219 SIIC-14 12v.

22.1 Z60NLM a HJ060-Zu .PC-,m 73U
:C orI Hz 1.0 # L P( - .22(Zit- 12.) :)e, .* 7.11
SkiM z Am3O6u*EXP(ALOGGL/CCiFLN - b0NLat/Slubdj) zieCI'4 1.11
GO TJ 229 SrCm3e I'll

* 223 511(4) 2A4J0AP( lii 1 ICL 14
* CCLJYLN a 1.0 :.P W.eC02~Z-2) 1c % 11,1

SNIM4 z 541(d) * EMPALUGGL/CCUFIN) I)(, f
;u TJ 229 ?.LI~ itl

14) 1.44130 al-N1100 wLt4 1331

hAZY GMUIOO * A21SIPL5/.HID0 dC4 9.
SNI(d) '- L41( AAZf 0 4UFLNUOTMUSLN *AL4J,;.1. J 11c 4 1 141
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jai :UNTINWL PP'Ck L 742,
C Sipco!I. 14 4j
C **CiJIUUTE O&IiSITY IV 020! OeLTA G) Ski S hlL)zJ2(SI)6) SPC.4Aq 7443

LI LM.LT.zjZIOu ) iii TO 2.31 :.I,CNL'd 74-
433 5uh(13) a £02U900Llpt-iLi209US1Za-LO2090)) SPCbLju 71#j

:U TO 238 SeCig1 '041
231 [F( [BOWN ) 232*23%*231 pDICf4i N 74d

C fi;Htt146 02(t OLLTA G) MIC-ald 149
131 IF( 9M.GT.L32070 ) 0 TO 233 SPC'q1k 7,s)

SM1(1.3) = A02070 bpc#91M 7%I
;o TJ 238 SPC41M 7S

933 IV( L4.QT.L0J20d0 Ga ?aTI 234 lb'ec"1h 7-js
501(13) = A2070091P(-8O2010*(ZH-1O2D70)) spC'41q 7'j4
go T3 238 SPCuw 14 1.

234 LIK4 m ZU-IU2040 spckil. 7 lb
901(13) a I0.6*((CCZ1)aZHNK * 1(2))OZI4MKN # Z(3))*ZMM bpc~ih 7NI

a* Z(4))*ZMNK4 * Z($))ZNKK # Z~b)) :iPC~oq 7~,,s
;o Tj 236 SpC.41s Ui'

c DAMMIE U2(1 0ILTA 9) SPC'Al 100
235 INZ.GE.LJ2090 G O TO 230 SPCt1lM 7le&

LI( IN.;E.zU2050 )Gi TO 236 SPCMLN 761
511(1) =AOISDF( LN S PC41'i 763
;U T) 238 SPCIlN 764

23. LI IN.GT.Z0207!o ) Go To 237 spcm1N Uto
SMIIIJ z AU0OAX(B200(HL25) 5l'CA1h 16
;a T) 238 SPCWdjh lb?

231 IUNK = LU-102075 SPC$4[v lba
511(M3 0a(((()ZI% * V(2))*l4KM f Y(3))ZHKM SPCV410 7b.)

a*v(4))eLhmKN * V(5))*Zd4Am # VIO)) SI'CWll 710
236 :08I39 bpcm1u 771

c SPCMIN 71
C a a 04PUI9 OLNS1TV Of CO (CARBON1 MONILLk) a a Skt(20)=CU ;;PC%&% 773

171 iLd;.150. ) GI TO 2001 SPCWih 774
511(20) zAVCO&V( z" SPCP4IN 'M
:0 TO 2002 SPC.q 10 776

2001 SN1(20) = COZ16O*LKP(-0.00411tZlf-I0.)) SPC'41% 777
2002 M1(20) = COMpCC~xaMLSSI(20) SI'Cm1W l18

C bpcmlm 77v
Caaaa C04PUTE DENSITY Of CH4 (1t.THlAME) aaaaaaaaSNl12)=CI14 SPC411 780
C CONIERT TO HOLI.ZULLS/CC SPC'&h 181
C 8H4PCC = 10g-o~ a b.022045L*.23 f 16.043 SPCNIN 782

IF( L14.CM.12. ) GJ TO 2382 SPCV1N US4
MF tt.;T. 10. ) 1.) TO 23141 spCooI 1"4

511(22) =CU4PCCa14NiSDCH4TK(M SPC 04 1N Iti 3
GO TO 2383 sf'Cq 76C.

2161 SN1(22) =CH4PCCak3HO*&CH4V( 4H )spCM41N 181
;a t3 2383 SPC'lN 78 e

2382 511(22) =CH4PCCSJIHlfaCH4120a31P(-O.11aa(Lfi-1dU.)) SPC~Ii ip
2383 CUNTINUE :'C"41 74%o

C :;vcmjq '91
C aa*aCU4PUTF D~kITV' Mv u (JJNE) ft aa a a ),C- I N 'u(4).3 Pv1tw

If( l.LT.Z03U'b! ) iAJ TI) 243 S PC141 1I
I71 IDJMtN ) 219,244,244 NPC'-ah. 794

C i1;NTT14f 03 NPC0'q 79'j
234 IF( )Hi~L~1 I; .. u 240 ~ipCm1% 1448

C 91CUT4 MT1-06,.CNI POLYtiO4IAL, 55O -Le £I .Lf. 10.0 S'C-'4 7v?
(IIMaI LHn-LOJrb :ilLm91 79#4
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SN11ICM 0~111i1iI'~ V33(*))8ZiPK4 # V31ms)*14AgN" NDPC~tL 1914
* a 03(4))OZMIKM Vi3(5))&&Ld,4 & Vii3(O)) SPCO1td 'Jo.

20 T3 247 )P14s 10 1Hui

443 IF( Ld.G?.Zo3ilb G C TO 241 SPCUAL% :10 1
c 1I.aeT &E1POIdIt1&Lv 10.0 .6E. IN *LF. 7s.) :#P'C AI in

511(1) = A03U0'h.iPC-3O)3k1001Za4-LO3l10)) SPC'44 . u4
U) 13 247 ipc,4i h ou'j

441 Sf1 I£4.GEIZJ190 ) GJ TO) 242 ;iCwA4 n10b
c uI;V T 5TN-D1CU~iL PULVuOP6I4L# 15.0 -LT. Ld .LT. 90.0 SPCr'1l d07

IM1q9% z Z14-ZOSI5 bpc.41)d dud
51(4)a10~(((JJtL~K *wJ~~0~~ *e- 10~))N~ bP~19 'Iff

*adO1(4))*LH4£m # VJ3(5))*ZN4Ml # .03(6)) SPCNI% slo
GO TO 247 SPC'41b b

C112dT 11'IiUNUL. &H1 GE. 90.0 KM. SI'C I" Il
442 301(14) a &Q3l90eLP.l03Md90'1ZM-i03Iq0)) SPCMAk "123

;0 fa 247 $PC$* I d14
C IF LILLT.55. IN, BUTa DAV AND NIGHT USE~ FULLI~iLAG. lCfi14 btis

24J :00TINuE SPCO41W 81a
:ALL O&JNK(2sZMvOZ3) SeolN 81l
SM1(14) a 013 SIPC"i' eaa
:0 Ta 247 SPCMLM *I#

c DAITINE 01 SPCNI4 420
244 IF( II.?.L)375 GO TO 245 SPCWIt $~1

jUN14 = Z14-ZOJD5 ~Pcol d62d
31114 z10'(CCCJII)ZHIN* T33(2))*ZHM&1 * ?U0))"INKI1 SPC"L,4 all

fJ 13(4))*IH4K4 # TJJ(5))O1144 * 133(6)) SPCV1% #J74
GO) TO 247 spC4Lt, u 15

J41i AI ZU.2.LiiO90 GOC TO 246 opCwklw '440
1#44z I-103075 SPC 1111 d27

511(14) f 0~((U31'Mk U03(2))OZ414KA # UU3(0))*Z~mKm SPC~lb d2$
*aUUJ(4))ZHMIN * UOJ(!b))*ZmMN # UOJ(b)) .aPCWI' bod'f

;U T 247 sIpCk1%~ 830
C lW mIP2IbIIAL, (IN .C. 40.0 KM spcbII 431

246 S11(1) z A03090*L.IP(-8113090*(ZH-Z01090)) SPCI,4' 332
c :iJIVCT FROUM N&SS-KtXIMG RA112 TO MURBI~k ULN61TY. Sl)CMI% 63J

143 5811(14) a OL3PCWmHOOSMIC14) s&Cioh ZJ34
c SPCN.i1a 03t
C *S*5CO4P UTE IUSITV Oill **SS SNI(1b)=Nu2 spC .1 d~b

17(10mw ) 24d,252,152 silcm1 I m to
c iIGNTIWE 102 SPCd1% 't3@

241 IF( IN.GE.11M0255 GO TOII 250 SPCO-114 di1
SNI(IS) z AM02ff( 19 ) M£JDAU( IN I-SNIM S11CNAI j40
;01 13 261 spcm&W 341

150 I( LM.GT.11I0265 )GO TO 251 SPCW1% b42
SIMIS) z &MUM6 RdUIL2FA**((ZNf-NI0265)141U2JM) SPC#t1N d4l
;1D TO 261 *1C#4 1N 844

251 AI 9H.GT.41u282 S J TO 2W SPC%M 14 4o5V
HIM(1) = AN0282 *RMu2l246((Ll-MIO282)jHNOJ~o) SPC~j% 840
VUI TO 261 SPC'4LM ail

c DAITIE N02 PC4 "448
252 IF( IN.GT.411122D 3GJ TO 253 ipcmix 849

5Y1115) = 4902pF( Zu ) 3C-41N Woo0
;0 T3 261 SPC4LN4 -I!,

253 INI(IS) x AUOMF RW2I2**((LH-1022)/H1U2)U) SPCIm1% 452
261 :ouTIVun SPC'i1q 4js

C SPC,411 a34
c a a * jLqp~uy ObIStTY Op U21) a a a a 0 a 0 0 Sh1(1i)ZHNdL SPIN~~
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:r M .Ge-.U0. -l to 10 l3 se,14 %
1F( 91PLAG.6Q.0.O ) GO Tu 2S4 sPc".I4 wi
:ALL idi3P?(d#ZfH2OMRUIUc, ~I'Ca % WA

:0 ?1 264 SpCo*I % rig. )
154 If( 9M.G6. 4b. ) Go To 262 Spcw1m t61

:ALL I~fh;V(1ILN#CM1O) SPCNId ~
511116) zCIHlO srivd

16J SMI(16 a ANli77( 9d6 0 &CU 61
20 T3 264 5IhCWAi Hba

161 SN1(16) = 2t)1206EZP(-0. 0o7b( ZH-I10.)) pf PCI N dcl I
C CONVER6T TO NDOLECULES/CC bPC'4IU U60
C d2JPCC = .0E-Ob 0 6.02204S4#213 I18.016 Slrc"Iw inb

164 511116 x H20PCC*JddJSVI(I6J spc~ift F30
C sPC'ElN 671
C 6 CALCULATE REL6T1VL aIUPIUM! SN1(lS):I(LLATIVL HUAIUITV SlICS41 071

1120 z 0.0 5I'CdlIw d7J
IICZ a 0.0 spckmI J74
M7 I T? .GE. 173.15 ) AND0. ( tt LIE. 373.1 o 3 151cqw1l 0

*:ALL Nl03SVP(tT0ElOK1CK) SPC4It. dio
591(25) z 0.0 SPCMNt4 877

C bpC~1 I l~
C a*a :04PUTE DL.ISI?V Jf ATiINIC MV AOGLU N a Sd1117)zN SPCUIv u163

M7 IN.C.T.86. I GO TI 2266 SPCK1M dot
IF( ID0MM ) 226102263,22b3 Sd'C..At 816)

2261 1PC lN.Gh9.74. ) GO TO 2262 5pc~i4m 0:J1

;0 13 z1be S~pC'qIU W)
2J62 3071 = £86 - (Sd6-Sd0)6(86.-ZN)/6. Spc" 1 4 tde)

sm1(1) z d~1((6.Z)SV. SPCMLw 887
511(11) - ANMi 1., 511(11) )spc"I1h dud
go TO 2268 s P041 N " It

2263 IF( 1I.GT.40. ) tGO TJ 226S, 5Pc'MIq 1690
IF( &M.GT.35. ) GO T.) 2264 SiC~lm t"9
511(17) = M30E1P((&V-30.)/S303S) SP .411 9
501(17)= 'AN £161 .OSN1(17) ) PC,410 69.6
:0 T3 226d CSPCWqU 094

2264 511(7) a NJS'KlP((lW3S.)/:0S40) bPC-41N 89S
GO TO 2268 sPCw1M U96

2M6 511(11) - d40*XlP((ZI40.)/s438a) SPCW1I 1691
;0 T3 2268 %PCMIIA did8

22" 1F( lU.;T.100. ) GJ TO 2267 SPCtIlI 89
511(1) z: H$6*lggP(-(ZM-86.)/S$6100) bPCIM1 900
;0 T3 2168 SPC414 901

221511(17) = 3.77l.120 LzP(-0.Ih74Z4) *4.07e;#0b6LK4*(-0.7Ib9) SPCqI16 902
2168 OU1TIUU9 SPC'4AM 903

C SI'C411 -004
Caaaa C04PUTE DENSITY OF WVflM311L EIDICAI. OHN SdI(1)ailH bPCWAM0 90S

IF( iM.G9.00. Gi To 265 seC"1W 906
IF( &16.99. 80. 1 C TO 260 b.'c"1u 901
511(11) x £0160171 ZN ISPC'4LW 908
20 T] 216 SPC'%1l 909

160 511(1) a &hN0N0 g&ZP(.IOH0@0*(ZH-60.)i SPC,419 910
20 TO 266 seC4AWi III

165 SIMI1) a 1o. # l.a(I3i0@l1.)/(1.0.E1I.(O.4Ia(Zum0Oo.))) SPCqI" 412
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266 :01T115S 511C -I v 13
c aPC 1414 014l
C & C04'UTE OtLMSITY 490MOOII~UCVL RADICAL 1109 WI140 !#I1)111 *Pjd l

IF( IM.GV.1OO. )CJ) TO 269 SPC'i~ olb
If( L14.Gg. 75. 1 C. TI 268 SPC 4 IN oll
If( &H.G9. 65. ) Ci TO 261 SPC4L4d Yd
SvI(19) = AIJO2VF( iIN SPC'4&M 911?
;13 TI 210 SPC'qlv '12u

261J S11(19) 2 10265*a.2P(-6W156(Z1-65.)) S1pCMlh oil
:0 To 210 SPC14i 1 22

123 plis a 1.0 SPC,41k 923
If( LH .LT. 85.0 ) rlit) = 0.046( 1.0 - 0.2aAoSt(LN-80.) ISI'C4LW -j24
331(19) = FZ75SAHui1SEP-b)2Th*(ZH-7Th.)) %PC,4ib 92j
:0 TI 210 SPCq4L 421

26) S11(1) = N2IO0009P(-0.3@*(IH-I0O.)) SPC4I% Y,21
21 CONTIV5 bpco'1 r vla

C SiOC1 121
C aa* CONPUTE OCNSITV ue ATOMIC OzVG&a 0(10) *a a so81b)ZOt1o, SPCWIk 931J

f(P MUMI~ ) 211,21Z222 spctl13 '131
Jil 331(26) = 1.0 SPC0414 91

2U T3 219 SPC%11 '131
272 IP( 19.9t.160. ) 3. TO 278 SPCMIN 934

MINL.GT.120. IGJ To 21 siPCu~v V35
IF( Z8.9t.100. G O TO 216 :ipcq~i Y30
IF( &W.;T. 60. )Ga TO) 215 SPC4W1N 937
tPC LU.i.?. 41. G3C. TO 214 SPCNIN 93d
IF( 111.G?. 20. )GO TO 21.) Pcm1m V19
511(26) = 1.0 ,PLA1 IW #40
;0 T3 219 Si'CoqtU o4l

213 saPzi= SUD47A -(SOD47A-S004))0(41.-Li)/7. SoC,41% '142
311(26) = 3D47*LlP(-(41. -Le)IsOVXA) ~bpcqih 941
su1.2b) a &"All( 1.0,3l16) 1SPCAIN 944
za r3 219 spcm1m 941

214 SOPZB = 034781 - (SOD47b-SOU65)0(lH-47.)/I8. ,PC'41m 946
SNI(26) = IG7NV-t14./UZ)S~I'C% 041
:3 T) 219 zoPC.tm 448

275 531(26) = OD0a1P((Z,4-.10)Sd0100) SlCOIN o4,p
ZJ TO 219 :ipcki1k ySo

17b SOFLC = SO120 - (SO0IZ0-SOII0) 0 1(120.-ZH)/I3. bPCldik 9SI
531(26) = O120*9XP(-(120.-Z")/SOpZC) SPI-kIv Y132
9O t0 219 ecal1 N 9S i

277 SAI(2b) = O0I20*ElP(-(Zd-I20.)/S10I20) 51ctqti v.54
;a13 T 219 SPC"1N 955S

273 Sd1(2b) 2 030160/01L00) *SUL( 3) 5 PCof 1 V5oa
279 COItidUI 4PC"Iw 9%7

c SPCLIX 9!b8
C *aaBC34PUTE OKISITI OF MITkJUS OXIDE 92a SNI(21)&N2U SPCkId 9s.)

If( &K.GE.55. i GO TO 280 bpColls 960
S11(2) =A92UFV( ilIN SPCI41M )61
:a Tj 231 SPC1IN 962

JIG 501(21) MOSS05 SPC."1q #61
281 CSHAIC 0.26*(ZH-30.) becl~& '64

COSIIL a(EIP(*CSNARG) # EKP(-CSNARG))/I. SPC"iII 96*4
SUNSII z S41(l) * SII(2) # SUM() *SUI(4) *SMI(h) # SU1(6) SPC.414 960
511(21) 2 .0L-09*SoNSNI*sIL(2I)*( 1.0 * bLbgP'A2.121(1..ClSI)) SPCMAN 9167

299 aCTUEMl S'C'411 '16
9ID SpC#4tw '16'
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cc: TJ6P't4 I
C SUBROUTINE ThAP&H D&TLInmINES THE TEM4PLI4ATUW& PHUPILL TLM11.1t 4
C (TAIULAM, 0(4)120 LII)* UY IMTERIOLATIhG MaI DATA BkAJL. Vt.9i114
C (US STU, 1966) FJII LATITUD6 AND1 SEASUN, TJ BE USED AS INPUT TEMP'LH b
C TO THLE AAJON ATWOSPWIC.IC SPECILS MODEL fiN Td& L~U-ALTITUDE ?LA4R'7. I
C VANG9 F'ROM 0- TO 120-AM ALTITUDL. T041-111 li
C THlE USER MAY BYPASS TH4E CJDVS SPLCIVLCAI ION JIV TL4ATU4lC Tc,I111
C PRIFILK IN THE L~d-&LTIfUI)F (9 TI) 120-9k) ME&.IUlt BY -- TS.NPZl II0
C (1) REQUIRING TdL DRIVING ROUTINE TU SET TPfLAG TO A NONZ4RU Tt."pzH It
C VALUE* d4hICII IS TRANSPEaIREI TO SI~dkOUtIN6 ?CMPLd THROIUGH4 Tt.0MLH 12
C CMIN ZIITEMP# AND (2) ALLOWING SUSMJIITIvL Te.M4PLI TO OEAD TelL Tr~PlIE 13
C 3SER-SPKCIPISD PkrOLLa At ALTITUDES ZZ=C.0c4.0)I20. Ka T~l'ViL 14
CCC T EMe~ VZH 1
CCC THIS IS A MEN RJUTINE FiR P.ZSCDEL-IR. IL"I'# to
Ccc ItE~tll 11
C [%put PARANLT.RS Tt.Mt'zH IN
C time COMMON TE04PLH 14
C FLAT a 3dT4 LATITUDE Of PJINT P (dAULkkS) TtAi'4H 20
C PST a FRACTION Of SUNMLR TLNPENATJRz PwiJ9ILk Ti eiE ?LM1144, It
C USED, VITH (1.-PS?) UP THE dINtEk TLMPek:ATUMd. TL04vzi 4
C PROFPILE, 161 DETERMINING THLn TEMPEWATUI. PRiL. ttMpzHI 21
C FO3R i GIVEN DIV OF THE YEAR AT A GIVEN LATITUD.. TKOWrtLd 24
C IITEMP COMMON T L04 n I H 2*1
C TPFLAG FLAa FOR OPTIONAL TREATMENT UV TLMYEMATUML ITe.lmaH 2b
C PROFPILE. tEMI'LH 21
C .EQ. 0.0 NORMAL TREATMENT TcLpzPH 24
C .NE. 0.0 OPTIONAL. ftaTNENf, ALLUNIla SUJUTINk TtMP~d 20
C TEFIZLN TO READ) TIlE USER-SI'I.IPILD PRUPALE At T-"MP~4 .50
C ALTITUDES ZZ z0.0(4.0)120. KM. TteMPLN 31
CCC TE0.ML'A4 3.
C OBTPUT PAkAMETaiS TEMI'LH 31
C INHUMP CUMMON TE.MPLa 34
C (Z()II3) TEPERATURME PROFILe. OLTERm[NEO fit TLMP44 j
C INTg.RPfILATIUN Of THEl D.TA SAS. T&.MILII 36
C (US SfO 1966' rOR LATITUOE AND SEASJN, TeLel~ 37
C USED AS [WP TO THlE MtAJOR ATMOSPHERIC TI.AIIb4 1:
C SPECIES MUOL. FPil THlE LUM-ALfITUO6 TiO411zN 39
C RANGE FROM 0- TO 140-K4 ALTITJDE. TE.IPLH 40
CCC ?EIkPLIH 4

COMIDNTIE/ TMSIIINSI0ASTPATPN,1.~TVRSFMUKM QMJ7 2
,CHI &jm4c7 3

CONM3WILKTRMPI NZHT,ZNTZ(3),14~T13),tZHZ.3),TLIIIJI),TPFLAG V~INa4h 2
3INEVSIIN AUNUAL(31),TM4PJAN(31,4),TNPJOL(31,4) TfCNPZl 44

C Zkf(I) ARE *tHL (MLHTJ1l) ALTITUDES AT dMACH THE TEN0fr.RAtUNE TENPPII 4to
C PROFILES ARE DEffINED. TEMI'LO 46

)ATA MTII3i) 0.0,4.0,e.0,12.,1b.,20.,24.,28.,32.,3b., Tt.NPLH 47

C ANIBALMI, TEMPERATURES FIR IS-DEG NI ANVJAL 'OFILE (tJS-66). TF.NPtd so
WAA (INNAL().1,301) / 302.6p9,277.44,25.3,223.b4,1)7.07. TeLIlf %

*206.71, 219.23,227.94,236..63,24-1.32, Te",'L4 ~j
* 212.06,198.41,114.78,177.10, l77.05,179.SQol~id.77,100.70v TEmaPZH 54
* 205.961,229.79.25iJ.2ZS*3IS.S2,319.70 / TKI'LH S *

C TNPJA(I.I), TENPERATURES P0R 30-DKG N JAN. POFILE (US-bb). ttM'SW !Do
WAA (tMPJAN(Il),IaI.31) I 11.2ZU4,1.d464.0. TL04PLN 57
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*207.92,21b.90,224.dJ,2-32.74,242.14, To- 11'11 old
0251.b2*2bl.0li.2b9.1~28 T4202,b.4J99,77.1.6 TLII~ 04' iI

275.76,304.46,333.30 ITo4ptl 61
c INPJAN(1*2), TI.,4PI&TUOLS FUlR 45-091; N JAN. t'N3FILE (IIS-eit. T he4!4 t t .2

)Afh (Y4PJAN(1*2),tz4,JI) / Z72.!)9,255.79,2J1.72,J1I.66,J1b.b7, TfiMIvlft b1
* 26.1,21.1S21.d~~I902,30.J, TL14PIN 64

*243.l7,255.41,265.65,2b5.65,Z5l.63,25.77,242.3,24.b.226a.54# ?T..LO'H bl

a 2S.6530106,33.0 ITL04PLH bi
C fNPJAX(I,3),, 794PEMhUM&S FOR 60-116C N JAN. PM~3u?1L9 (11-6b). Tto%'Z 6d

lAVfA (?,eJAN(1,3),1=1,31) I 257.2B,24.81,220.55,2i1.15,21b.56, TL04PLH 6v
a 214.17,211.79,21 4.06,418.03,224.76, TYRtIZ4 70
" 234.65,244.S3,d54.40,260. 1$,257.30,250.89,24S.9J,246.97,241.1 2. TE-46-1 71
* 232.5l,2?j.91,21.27,26.32.5,212.7,218.49,30.24,245.33* T*.ApzJi 72
a 261.48,297.SO,331.30 / TLMI4ZII 71)

c ISPJANCL.4), TENPERAUR&LS FUR 75-b#l; N JAN. PIRUY1L (Us-No). TE1NILH1 74
lAVA (Ifl'JAN(1,4),L3I) / 2S4.0O.239.U9,217.86,4l3.2!b,210.0!, TLAPZH 7,j

0 207.b5,201.b5.212.5Q, 21.O,124.76, T.14r'zLw 76
234.6j,244.S3,254.40,260.!a,257.30,250.I9,24W.93,Z46.97,241.12, Ttstpz" 77

a232.bIt,223.91,215.27,206.63,205.55,2t2.70,JI U.49,JJO.24,245.33, t.PZH 7d
a M.43.297.50,333.30 / TEP4 1

c ?NPJUL(,1)* VENIP&R*TURtS FUR 30-0&EG 9 JJLW PRUFILE (US-66). ?t-41'zil 80
JAVA (tswJUL(I,I),1:1.J1) I 304.58,277.d7, 2.41,44.42,IDI.I5, TED4I'Lit ti

a2 l1.75,219.90,247. Ji,23!P.74. 245i.14, ?T.NPZH t12
*254.,2, 2b4.08,272.15,271 .14,26J.l8,254.79,2i. 91, 225.04,J10. 19. Te.MP.lI bi

a265.72,322.72,379.70 ITt.mN1?.i '.
C ?kPJUL(,2), ?IISP~lATURLS FUR 46l-DEC N JJLV 1PMUV1LE (US-bb). TLMP?.d Hue

WAA (VMPJUL(I,2),Iz1,JI) 1 296.22,273.6)7,24d.26,2.2.30,216.bS, TtslNldr U7
a219.1 7.4J3.94,299. 4vaJ1.d1,247.f4, TI.MI'LH til

a2S7.52, 261.39,276b.65,275.6%.,266.97,26i7.Ob,244.52,226.9209.28. Te.kPZl' 44
a191.69,174.12,1b5.10.165.06,169.98,180.96,190.%1,214.04,146.42, TiEfN~il 9 0
0218.63,329.46,379.70 1 Ttl4PL4 91

C YWPSUL(1,3), 7ENIPERATUR.S FOR 60-DEC 0 JULY PRlUMIE (JS-6u). TVLNPlH 92
lAfA (VNPJUL(l,,3)el:-L,31) I 288.45,2bS.S7,239.18,JI.1'i,22%.163, TEMOtI4 41

022.1b,226.56,232.52,238. 47,26,0. Id, TLX1L1 94
a262.05,272.4d,276.82,277.15,271 .99,262.71,244.26,215.03,207.41, TLMI?.H 91
0 19.01,170.64,161.71, 161.66,167.51,179.67,190.39,217.t2,262.6)7, Te:bpiH 9b

a238.06,1J4.14,J79.701 / u Th-ogc V7JL ur ~ s~~

30VA Cf.MPJUL(1,4)1s1,31) I 279.92,2a.09,21.8,29.6'j,230.16), TLNIPeI 9)
0230.15, ?30.71,?35.48,241 .00,250.18, Tt.Ml',l1 103

a262.05, 272.4d,276.g2,277.1:i,271.99,2e2.73,244.2,6l.dJ,207.41, T .001Vi 101

0288.06,334.14,379.70 / TI.,qiI V10I
)ATA P1 I 3.14159M6J590 /, MZIIT / JI / ?mtl.I 104

*cc: t'.P11,14 I J
C If VPPLAG HAS BEEN SLT (kJN Z&.IU) US~k W AUS IN IIS ldh VTM.'i 106
c TV4PENAUidE PN0P1L4. At ALTITUDES UZ = 0.0 (4.0) 120. KA. Tt.401.l 101
CCC Ti.Ae/.il 104

If( fI'TFLAG.LQ.D.0 3 ?J K) T r IOI U
REiU(6, 101) (714(m) ,%=t,MZdT) -1.,' liv

i01 FU~lNIT (dLI0.4) Tr, m~ III
;U tJ 99 T 'iA-4 1.1,2

i 3111H) a HI/Boo. TrA,141 11 1
c )EfiRMILm. 11061l, L4TdN0, UP 15-UM LATATJUc. tA.0., T .pl, 4 1 114
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C INCRE~ASING POL~dARD. fM.a 1
&Af a AIS(lLAWPI1UO T t. 411.I 11 t11
.ATSO z 441.#15011. TL

4 4hJI 11j7
(tLAISMD.GT.6 ) LAMBD Tte4PIa 116

C 909ROME 190bl, IN, JF LATITIiD *I1UNUARV, dilh lb=0,1,2,1,4 rk"'1111 liI
c :OtAESPUNUozu 13 LATITVLIES 15- 30-, 45-, 69-, ANl) 15-VLdCK6S, T1.'4I1et 120)
C I KSPLCf IVSLV- TrospL,4 121

1U = L&TfaU-l Tt49#H III

C DfiEX4HNIE FRACTIONAL VALUli OF PUS1TLa3N Of &dfidLkST toltHuN Tt P4PLI 124
C LATITUDC 1111. T a4'tl 1 17

FLAT a ALA~I/15. - PlIMAT(id) TtF4PZH 120
PLAT41 1.0-FLAT Ti,4111#1 127

90 TO (11,21,J1,31,31,41), LATbMiD TEMPLii III
C DIT£RM1UE T~EERATUR PROFILE FOWl 0- TU iS-Dtd. LATITUU BAND Tt.Nl. 14PZH 1
C (03 LATITUDS 03 SEA OkAL DEPEIDEMCB). T 04t'Zzi lit

130 10 lz1,mz"T I TLkectI4 III
MM(N a ANUALCI) TF0I'LH 133

12 CONTINEI TEiPIM 134
:0 TO 99 TKiirLM 135i

C DM;TLRN1UK TCHPLUATURE PROFILE FORl POSITIJN WITHIN 15- TU TLKNIZ lib
C 30-DA.C LATITUDE 1AID (SLASUNAI. DEPENDEICI.). TFu:M,1u 137

21 30 23 mal,NLHT TE0pIIlH 136
T3O z FST*?IPJUL(mvZU) # FSTIITMPJA(l,IM) TI.NPLM 131)
tZHMI a FLATN1'ANIAL(N) * FLAT*T3O Tt."I'Li 140

:0 TI 9o TEMNI'11 142
C D&tkhRINME TXKPERATUME PROFILE FUll PUSITISI WiTattl 30- TU TEMIH 14J
C 45-066, 45- TO 60-OIG, OJR 60- TO 75-DiG LATITUDE MAUD TM-0PLe 144
C MSASONAL OELPENDEdCL). TL0ei1zI 14 !6

31 )0 3D Izl,4ZHT TLIVZ4l 14o
rLbMD = FSTGTMPJUL(VIB-1) * PStNI*T4PJA(4,1B-1) Ttmplli. 141
TURNS z FST*TIJULIW, 16 ) # rSTlWI*TKPJAI(M, Ld Tt.mPzm 14d
tUCKM) =FLATM1'TLBNS * FLAT*TUMID Te.P4PZH 149

la :0UTIIUk TeCeePti 1ijo
;a TaJ 99 TEpfpzm 161

C DEV:IILII ?AWPERAMER PkOFIL& P04 75- TO 90-DEG LATiTUD6 9AmO TEMIIZH 1S?
C (SIASUMAL DEPEIDEICK). T r'04 163t t)

41 30 40 #xlZ~fN Tr;.'Jl~zi 14
fZutl) z ST*TNPJUL(M,1B) *FSTNIP6TPJAN(N,ld) ?A.MPZH Vill

40 :OUflINU& Tt.4?lt 15.6
9,p RETURN TE~nlu it)1

chi) Te.lplH ISO
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CC.,~ti
C SVIRuuriNE uli~a CONPin&S THE L~UNcaTUDE~, LarLrU',., AND SFASU16 a 4 f.. x
c 0KP410DEACk OF WATtLE VAPOR FURN ALTITULALS fwUk 0- TU 45-WN. wr~
C (FOR HIGHER u~ArUoiS, SE6 SUdRULUTIb6 SPVMLI) SATr...
CCC WATfk i
CC. THis is A Iffi RJuTIBE FUR UUSCL-IE. MAT.,(
CCC m&r-.o
C INPUT l'ARAPE&ThAS b %tt.,4 to)
c Aaso'Ebat LlSr SA~rm 11
C KX a CALCJLATION FLAk;A~ 11
Ca 1, CALCULAY.; INITIALIZATIOIN PARA4LT.UWUb~ Ii
Ca 20 CALCULAT. dAtEN VAPORM 1M11LG o8ATrL FURM Wlt 14
C 0- TU 4S-94 ALTITUDE. wTaIl
C IN =ALTITUDE U? INTe.REST, FROM 0 Tu 45 Kit em.i 1
C AT~nUP CUNNOM 11tr1( i
C RHO = MASS DEMSLTY ii 0alY AIR, G/C44*3 6AtrW le
C TIME COMMON dAtrp, I
C PLAT =NORTH LATITUJE UP POINT P (MAUIANS) *ATr.ft 10
C PLUM z AST LOMGITUJF OF P31? P' (IAUIA'wzJ OAT'4 21
C PFlE 3 FRACTIONAL SEASONl-VEAR, BLING 0 04 I-JAN IN ImArr.14 2
C NORTHLRM HLMISPHER6 AND UN I-JULY 1.4 SJftu4L.M w4T.I 2j
C ME4SPIERE 64TPN. 24
C MMLISKN = MASS DENSilTY OF DRY Alit AT I-AN ALTiTUD., G/C4*3 WA1 .A 2
C 3UTPUT P&ANMTEM N9AT.,e 26
C AuGIINIUT List Wi-'.K 27
C H20 aNIIG RATIO JF wATk;lE WAIUM AT ALTIUDL IN, PeMM 1NATr~ 28
CC., MATI. 21
C DEFINITIUNS OF DATA QUANTITIb.S aA~tM .10
C (ALRz(IIAj,IzI*J) 3 S4ALL A-COEVFIC1e.NTS IN CUBIC FUR1 whT.x it
C LAlEGE-A CaJfFFAClLMT A(AA,Z4) V39 fAAT.R 31
C IaUAS[-HiNjG9N6aus M3ISTUR4 Mt.C&UN IX IN 0- TO 5-KN mATt.4 3
C FORMULA M&LT-. 34
C LC ZI1w LAR;E S-ClIEV7IC1FNLi is REGION IX Is bArt~pl 3
C 0- TO S-Kh FORMULA niATe #4 3
CCC NATtM J17

3149#SIJN ALRZ(3,6),@Li((6) &ATiM id
CiJMNI/ATNJUP/ NL,S3AI.1001NPPoRdOtTSNIIJJ ),8tU,LHSt KJ0MO? I
:0114MNITIME1 IYUSIMOUSIDAYSZT,PLAT,PL~UI,Ut,i6AT,FYR,7ST,WdU!)KM IONMW0 2
a OCNI KdM)1O j
)At& (ALMLII,1),I14,18) f 0.1485, 0.0372, J5.0, 0.32133, 0.30b9, mATtw 41

* 0.0352t 0.3107, 0.02'33, 0.0, 0.4080, 0.0337, 0.0, 1.0, 0.1001, kfVf 42
ft 0.0120t 1.1390, 0.1062, 0.0086 / ATLCl 43
3ATA (ILR(I),Izl,b) 1 2.854, 2.$37, 2.467, 2.024, 1.BS2, 1.2641 / WATC, 44
)AA P1 I 3.t4LS9265sI40 0 LTt.c( 4'

CCC WiThol 4o
;0 TJ (100,200), KK w ATt4( 47

C INIALIZATION, CALLED FRI34 SJONJUTIMi SPCHIN DURING ITS NhAT.9i 4 d
c INITIALIZATIO6. WAT"It 4

100 101180 a P1/180. *A t. 4 )
X * PLUN/PildO *&Ttei 1

3I.AT x (P1/2. - PL~f)/PLIO mAT--c 1
kLAT z ASS(PLAT)/P118D mA~t.4 si

CCCa uA Tt. P( S4
CCC DeTINNINE WAXb. 19, or QUASI-HNMGENEOUS MJISTUAE RLkC1JN. WATt.( 51,
ccc *ATt~N 5b

If( CDLAf.GI..J0.) *AND. (ULAT.Ld.150.) I GO Nu IUI bAiLR S7

17 2
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7 77

1t 6 dl.
.1 T) 1)2 ai

1021 M LAI.LE.12S. ) f n 1D4 *y.
11 4 wAt TE1
WO Ti 122 SAPPu, 6

IX W ATERl 64
;u Ti 112 WATER 6,

Lo$ IF( DLft.Lr.60. c~3 Tij 110 AF.
M7 (D'.4t..E.M0.) .441). (fnLJN.G9.120.) .111). (CLUX.L.150.) WATKRI 61
* i To t0o WATERl 6'4
171 (OLAT.0-80I.) .440. ((DLn4.Gr..3,0.) UR. (ULUM.LK.S0.)) W ATLRe 60
*C) ra [0OR WATF * 70
11 x I WATER 71
:u Ta 122 WATER Ti

lot IX =2 WATERM 71
;J T) 122 WATERU 74

I10 17( OLAT.LT.50. ) GO TO 114 WTR 7
IF( (BLAT.LT.SS.) .ASO. (M0L0.CT.M3.) Alto. (0LCJ.LL.2420) WATKR 76

* i Ili11 WATFR 71
II WATER 18

M0 Ti 122 WATER 79
11 1 = 4 WATER P

;J Ti12 MWATER NI
1114 If( 10LON.CT.230.) .AVD. (DLON.LT.255.) ) G) T11 110 WATER 0

IF( (OLAT.LT.4S.) *AND. ((DLtU.GC.2S5.) .AND. (OLUM.L..JOJ.) WATER 03
G3 CTO 116 WaTER 84

[71 (DLJu.:E.I10.) .AqD. (DLOU.LE.135.) ) ) TO 316 WATER 8%
IF( (OLAT.LT.40.) AND0. ((OLON.GT-30.) .AVO. (ULIJ.LT.110.)) W AteR 86,
*ci) to 116 WATER 81
It 4 WTEI "I
GCI TI 122 WfiTfE 89

111 13 5 VATER 90
;J Ti 122 WATER at

11I If( 3LAY.L.T.40. ) GO T.) 120 WATER 92
IF1 L0LJO.LIF.240. I d GOUi 112 WATER 9)
If( (OLAT.Lt.4up.) .AMJ- ((DON.CFL247.) .AWD. ID)LJN.LT.255.)) W ATER 94

It a 3 wArc.e 96
;J Ti 122 WATER 97

M2 171 DLJU.G.24). ) TO 116 WATER 9
11 3 WATER 911

122 LJUITIM3C WAriie 100
cc.: WATER lot
ccc FWALUATE PkiwAMFTE45 At 5- AND 14-KOO ALTIM6D. WATER 102
CC., WATER 10)

FI1JSO r .60.*7te-120. WATtER 104
S1012SMN 7VR3*Pl'1so IWATtR 10s

C -'146UATF 3ATUH&L Lk if H1 12(1 M1KIua RATIL) AT S KM, Z'4Rfln uATrrs 1 Oft
INM 50bATCRh 101

4A = aL.RZ(I,1E)*Z8K8 * ALRLM,1I)*ZHK-4 ALRL(1,1A) eATE0. I "I
IN = RLM) - (0.4144S 1 .JJE-04*ALkT)*1.HKk4 MATF1 103

171 141. .7' JR. 19. IJ. S . W. It. C .s (. rI 71 l.WATER 110
114 Z141005 F':t( WA*,110aV'W.' ) WATE:R III

?.10)S :aL .NOtflq) WATER 112
;.1 TJ 129 WATER Mi

12, 40 O - (0.1 l70.,. 91E-0)ALA)EP(-.IKR) *ATKR 114
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;Ui Ti 124 Ilir,( A
C dVALUkT9 VATUMAL LU3 UF UO2 MLXIMG R&TLU IT 14 &go IMRO14 sATr.. Il

128 &MKWal 14. wA~ ? III
CC =FVRi60 - 6.9L*ALATj(1.U*6.1Pt0.805(dI4-L.))) W"01. Ila
DD = 0.069 EkZP-O."2b.KM Ii
ILL= 1.OIAi.O.EKPtO.44(A6.AT-28.))) SAT. 120
DD = 00 * 30.9*OLMLd1*exP(-0.221ZIIEM) odAT.m 121
LMR014 z D*B(.0,J23.*EP(-0.448OZHKMO1:d(C:&hAldu)) dAT.i( 121
iaaITEc6#9011 11,FvMIIFST SATGC. 123

901 r3RI4Ar CLHO,24H FROM SOUR~OULNd ihTR-,tiH 1=,L3,SX,SH PVU., &A trax i24
F8.505105N FST=OFB.5) dATc.H 12i
A~fURN dAILAd 12b

20) :ONINDE INATK: 127
IF( Z.E.14. ) Ga TJ 212 whyco lid
IF( ZM.GE. S. ) GO TJ 214 mAt.o( 129
1LA =(&LM1L X)*ZH * ALRZE.2*LX))OZA * ALKat1.1X) WAT!,. 130
818 z BLR(11) - (0.4845 # 2.3-04&LAT)OZHf 11A~r.l 131
IF( I1.L.Q.2 ORU. [E.LQ.5 .OR. 11.6Q.6 ) Gu ru 2iu bAtru 132

205 SMR = 9P( AA*SIUAr*88 3 ATt:. USJ
$MR S~wIRHo dATL11 134
;0 TJ 21b a ATe. tx I m

210 B& = 00 - (0.1170 # S.91E-03*&ATaJa.LXP(-ZHn £ATUbi ijo
;0 TO 23d NArtse 137

212 CC = FVR36D - 6.2A&/IOiP(085(Ht.) mATco 13ki
5D = O06f19*z1fk1Xp(-0.0226ezIl) bArtit 139
OD = 00 + 30.9*DLSLIEUP(-0.221'LII) wATk 14%)

S g =9P( D(1.0.323.KXP(-0.44ZN)SN(CCV[Idu)) I oAttuc 141
GO TO 21b WAfr.14 141

214 Salk z EXP( ZMR014.(ZMOD-ZR314)(14.-ZNi)/9. NAts 141
216 iJO = SM mATfek 144

agruamwAt 14t,
992 NATLId 146
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SU6uJJfLNE WIUPT(JJ,NKUU204lR) dvw'Tr
ccc kouur
C SUdNOIJTLNE WVUPT hLLUNS THlE USER 1O BYPASS T1i-. NJhdIAL NVUPT 4
C TREATMNT (ACHIEVEDU bV SETTING NVFLAC:0.0) JF mATLI VAPJI IN mliii':a
C SUSRUUTINE SPC4M~ FUR TH4E ALTLTU3. RANGE FrU14 0. tU 140. aM. majFT ?
C THE USER EFFECTS THlE OVPASS Rf READING 1rj WVFLAG.GT.0.0 AND vVuPT 7
c HIS OWN DATA 19 0NE uF FOUR OPTIONAL VOW4S ACCUNOING TO bvUPT
C 4LliUD z 1,2,3,4. WVtwpT
C IT IS ANTICIPATED THAT THE USER dILL BE 4UST INTERESTED Lu NVUI'T 10
C USING HIS OWN LJd-ALTITUDE DATA OVER THE ALTITIJDE RANGE FROM WIUPT 11
C OH(I)=0.O TO UH(MJP), BUT HIE MOST ALSU ACTUALLY 04AU IN UATA wVUpT 12
C 3VER THlE ktEMAANIM; IIGHeLA-ALTITUDE RANGE kslJM tfld(hOI'.1) TU MIVl'? 13
C HH(VZH):120. LV THL USE.R HAS NO PEkSnNA. PdEFEINAuCE FIR DATA b1W'? 14
C IN TdlE HIGHEkR-ALTITUDL RANGE, HE NAl FIN) IT CuNVEMILNt TU wVuPT 16
C USE THE DATA If A DATA STATEMENT LU $UBMJUTINE SPCMItI. GIVEN NIUPT' 14
C IT ALTITUDES 20(5)120 KK AND IN JNITS If PARTS PER MILLION BY mVUPT 11
C MASS (PPftM). WVuPT if]
CCC NVu*'T
Ccc THIS IS A MN RaUTINE FJR ROSCOE-LR. uVliPT d0
Cc WuuiT 21
C INPUT PARAN&Tm&RS arVOPT 21
C ARGOMENT LIST wVjPT 23
C JJ - =1 FOR INITIALIZATION CAL. WVUJPT 24
c =2 NORMAL OPERATION CALL WUVT 25
c HN - &LTITUDE OF INTEREST, K14 (UStAJ lULY IF JJ=2) NIL)'? 2
C ATMOIIP CUUEON wVut'T 21
C RHO - DENSITY, GRAMS/CM**3 waVT 2
C TT - TEMPERATURE., OLGRLES KE.LVIN wuPT I
C VPC CUOM lmVjpT 30
C METHOD - FLAG IMDLCATIM; 0NE OF FDJR aPTIONS, WVJPT 31
c =1 DATA VALUES IN PARTS P.R MILLION 6v miss bviPT 42
C z2 DATA VALUES IN &BSISLUT& HUIMIULTY, IwVJP? 33
C akAMS/MTERSftJ 11db'? 34
C =3 DATA VALUES IN RELATIVE. NUMIDITY, PiRCLUT WmV3
C (10 PERCENT IS INPUT AS 10. NUST 0.10) bVui'T J6
c =4 DATA VALUES IN DEW-POINT TbNMERATURE, DEG K WUlb' 41
C bVOP? 38
C NOTE - FOR NETHJD =203, OR 4 THr. SUHROUUTINE ZOMVERTS wYOPT 1
C THE F14ST MOP VALUES OF TiE DATA INTO PARTS vVul'T 40
C PER MILLION BY MASS, DURIdG INITIALLZATldh. WVLJPT 41
C 1)AT A READ IN wV0fir' 4?
C HH(U) - ALTITUDE ARRAY, 0.0 TO IlU.0 KM bVUPT 43
C NVCCM) - 42J DATA USING ONE UP THE FOUR OPTIONS. INVUPT 44
C VOwNzl:,ND?, DATA HAVE DiMEMSIUNS DICTATED BY NIUFT 41
C THE UPTIUN USED3. FOR N=XJP*I,hLH, DATA HAVE hbv~jpT 46
C DIMENSIONS Of PARTS PERt MILLION BY MASS. WVIIPT 47
C MOP = ZH IS A VALID INPUT CONDITION. wVUI'T 44
C OUTPUT PARAMETER WIIIPT 49
c ARGUMENT LIST gVl'? b0
C 1120HR - dATEW VAPOR CONTENT Or MJIlS? AIR IN UNITS OF ahuiPT b1
C PARTS PER MILLION BY MASS AT ALTI TUDE HKM. *mYOPT 52
CCC siVUPT Si

)IMENSION HH(61),NVC(61) wVuvT b4
COMMIN/ATMOUP/ HLS~,DPRDtN(JduES~AJHMO2 I
:0914N9VPC/ WVF LAGv METH OD, H 23 120 K OMIIO 8
)AIA CASC,ZMH2U 1 8.i14167814+07#18.016 I VUPT b7
;o T3 (100,200), JJ OUuPT bd
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cc INIrIALIATIJN. CALL~EJ VI3M Milk Pk3GRZA4 AVTLR suaskiuriLE iVILW?
cc ktq3SU H4AS dEEI LkLrikLIZ9D. mupabT

L00 IF( gktidiO J 111,111,112 10Vu?T 61

III READIS,103) MLM,NOP WVIJlP? 63
L03 FORMAT (215) ouupf 64

49AU(Sv105) CHH(h)#dVCCM),N=1I,A~d) vVuaeT 6'j
105 FORMIAT (d610.4) sVJpT 6-j

IlI = 4&THJD wVLJPT h7
90 TO (120,140,160,180)o NTH wVuI'T 6d

120 ISTURN wuPT 6 p
cc qetfdlli-2 INITIALIZATION. NVOl'? 70

140 )O 144 N=1.UUP NVuPT 71

CALL ATNOSU(2,zz) NVUIP? 73
dVcl) = VC(N)/RNO IVwupT 74

cc WATEI-WAPOR-CONTEUT DATA, VCCI) NOW t;XPILSSLU 1N UNltS OF wduPT 75
cc PARTS PER MILLION 8V MasS. aWilt

144 :OUINUE wVuI'T 77
;0 TO III dV0i'T 7i

cc METHLD-3 INITIALIZATION. NVJPT 79
t63 RZM a GSCILNH20 OVLjP? 80

30 164 9=1,MOP OWtJPT 81
El = ltII(N) mVLJPT 8
:ALL Ar4uSU(2,ZZ) aNVUPT 11i
NPH23 0.0 VVUP? 84
IPICI 0.0 dVOPIT a!
IF( I ft GE~. 173.15 ) *AND. ( TT *LE. 373.1 WVUPT do

*:ALL 423SVP(tT,VPh2a,VPICL) wVIJPT 87
cc dOd HAVE SATURATED VAPOR PRESSUR4E OVER A WATERa SUkFACE AT wVupT 8
cc TEMPERIATURE TT, VPH20 (MILLIBARS). 8fvupt 8.0

dICCI) = .OK.O7*MVC(N)*VPH20/(RZM'TTOK) NVtIPT 90
114 CONTINUE ibVUI'T 91.

;a Ta III OVUPT 92
cc gETHUDL-4 INITIALIZATION. Nv&JPT 9j

LBO aZ = ;SC/1Mt12U hNVOPT 94
13 1II 41.043p 10VUPT 95
to =WVC(m) Mvupf 9
Lz = "I(*) NVUPT 91
CALL ATNLSU(2,zz) WYCJI' 90
1PH23 z 0.0 hVJpT 9
IPICE =0.0 ivVJPT t00
IV( C fT GE~. 173.15 ) -AND. ( TT *LE. 373.15 1 ) uVUPT 10t)*:ALL tt2)SVP(TT,VPH23,VP1CE1 NVUPT 102
dVC(%) = 1.0E40V*VPH2O/(kzx'TF'kHul wVUP? 103

184 :ONTINuE f~vuIt 104
;0 Tj III mVap'? t0j

cc START LOGARITHMIC INTLI4POLATIJN Se.CIjNr C&LL .U FkJM 4A1N 41&r I
cc PtkJGUA9 AT ALTLTujE HK8.120. AS PAIE( JF 1 11L 1IhlT1hLIZAFIU.4 &VuiT It,)
cc PkJCOLJlk AND VR-J4 TH&. H1 PURTIUN Ur 5UJLjr4f. ;PC'414 avullT Iu'
cc )UR&NG UPERATIOi. avtji't 10 0

203 01NT1NUE vuvr Ili

091 lul NuLfIIT 112

1)92 VIL2 ( m114NX3 W/ aw 111II
cc NE1,NdK2, ANU MuJ A~r. TRIAL 1?UICLj lSrdLA icir. SILANCI PdirtV. .vr 114

ECM12.U.NXI $;aO TJ 1102 bJIT 11~
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1494 MF NK2-NXI-1 1098,109b,109d mia
ccNI zl INDE.X NUtdh4 UV ?THE TAJ3JLAM AITITUJL At UR JUST dLLjd 6 vk~ft I18
cc THE ALTITUDE Or LMTLR6sr t.Hil). ovjl 11 0
1396 INK a 911 evul'T I?uj

;0 To 1100 bvjpT III
129d1 13 2 012 all-IFT 121e

;0 T3 1392 aVl wp 123
1100 If( 413-NX2-1 ) 1104,1102,1104 oVIlPT 114
1102 109 z 112 *VoeT I I

;U T3 1106 wV&JpT 12b
1104 111 -- 12 ouIT 121

GO TO 1092 WIuIP? 12 t
cc i= FAACTIONAL DISTANCE THAT THE ALrTUJC Of~ 1xftkI*St IS wVo'T 1210
cc AS3VIE THE LOWER UP THE. fli ADJACENhT TA8U.ATCD ALTITUDES. bV1T 130
1106 90 ( C *KN-HH(NN1) M/ HH(hWX#t)-MH(NiII ) kolul? III

32004a vvctmI)ot UVC(dmiI.1)divc(NUX) )**Z NoVulT 13d
agulm WVOPIT 133
IKE dijdpt 114
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SUsaR3Uf[Md LTTOUT TIJ2
CCC £tlY .
C SUIMUUTLML ITTOJT CUNOIkTS A GRLGURIAN CALLEMI)&E DATL (2 fm ZTT'lJT 4

C CaIurmW YEAR IIS, MONMTH INUMSP BAY ADAVS) AMU /.JME Time~ zT ZTTJUT

C AT EAST LONGITUDLE PLOW TO GREGORLIAN CALENDARI DATA AND) Mr.AN ZTYwT 6

C TINE of AT G29911UMci. ZT.IIJ?
CCC TT JIT d

C 9991SIUd 02 (111113174) PROVIDdS... £TitJri I

C 1. TEST FOR LEGAL iMUf DATE. Z~fiJuT 10
C RalsIIJ Di(1iols/77) PaLiv IDES ... ZTTIJT 11
C 3. CJILNECTILD CJMPUTAT!L3M Of THlE ZONE J6SC91IPT1&J, L0o ZYTiDUT 12

C WHEN ZD SHIOULD 66 0. LTT'WTr 13
C 3. REVYISED CJMKMT CARDS. ZT~tIUT 14
C IMESION 04 (0J3/)1/78) PRUVIDLS ... ZTTII Ito
C 4. ihCV1SID TINK COMMONI FUR RUSCUE-lR. ZTTIIJT 16

C IhltSIaA 0% (02106/19) PRuVIDdS... ZTIOUT 11
C S. CONVERSIONU Or PLOM TO THE CORMEFSPONJANG PU)SITIVE ZTT0XIT 10

C JUANrTV IF INPUTTED AS A ML4ATIVk QUAITITY. ITTIJUT 14
C INPUT PARAMETERIS &TTuUT 201

C IVILS - MUNIEM UP T49 VKABI IN TI4E 1930 S (t.G., 1974 XTTJUT 21
C SdC314S 74), IN LICAL TINE LINL. ITTOUTJ 21

C INJIS - MUMBER Of THE JmuTN (E.G., rlFbthUMv GECUNES 2), ZTTOUT )1
C IN LOCAL TINE ZONE. STTUT 24
C IDAVS - DAI Of THE MONTH, IN L[OCAL rALk. LOWL. ZfTijIIT 21

C It - LUNE TINE FOR TH4E IS-DEGREE. L.UGITU09 INTERVAL LTTL)UT 2.
C CONTAINING PLOW (JECINAL tIPS) LTTuUT 27
C MUTE. A VALUE UP 24.0, TMCArbA) 6Y THlL CJDEt AS ZTT'luT 28

C ILLIGALo MUST BF INPUTTED AS 0.0 dM THE MEET? DAY. ZTTJ3T 29
C PLJU - EAST LONCITJOi UP POINT P (ILADiAMS) ZTTIIJV jo
C (PLOW MUST dX POSITIVE) ZTTOUT it
CCC ZTT'IUT 32

C iUrPUf PARAMETERS ITYTlUT 33
C LYRS - A POSSIbLY REVISE) VALUE UP fI L. INPtUT PARAMiTLI1, ZSToLUT 34

C CORRESPONDOING TU CIIEEMwICm. ZTTJUT j
C IMOWS - A l'OSSIaLf kEV ISE VALUE aP rHie IPUt PaRamiTcdI, ZTT.UT 36

C CURRlESPtlDING TU CRkEEMWICII. ZtT I'll Si

C IDAWS - A P.JSSINLY WEVIS93 VALUE OP rile. INPUT PAREAMKfTL, LTYiltIT .18l
C COARESPLJMUINC TI) GRENICIl. ZTTmIr J9

C UT - UNIVERISAL TIME (DICIMAL MRtS) ZTT:IJT 4)

CC )PNTtWiDAAzTT~uUT 41

CC ZYtttLkJ DT TJUT 41
C IAMUMI a DAIS IN TisE I TH quNTN uP A OU-LLAP VEAO ZTTIIUT 43
CCC ZTTaU1 44

CONNITfNg/I VRS,IISOM,I0AYVS,LTPLAT,PLUN,Uf,G;AT,VVR,FST,MNUbKN4 AU1440? j
,CHI KUmWJl i

)1NEISlJM IDAYNO(12) ZTIIUT 4*
)AfA (IDAVMI1(I),ll,l2) / I, Ii.0J~t.lJ~0J,0J ZYTkIUT 47

CC ATA PI f J.14191b 5SO0 TT.IUT 480

C CUMVehkSION P110 LOSE TIME ZT TO GRELPMNICA MEAN TINK (I.&., ZTrl'T SO
C UNIVERSAL TINE UIT) IS DONE BY FARST FINDING THE TINE ZONE 0TTUT 51
C CJNTAINLNG THE LJNGITJOE PLIOW. ZT JUT S2
C 47PfS IS THE IMTl;MAL NUM@ER Of 7.S-OEt.x&6 INT6WVALS IN T'I1. rTiur S3
C VESTEHLV DIRECTION PRJM GREbENdICH TO thL LuNCITUD. U)' IMTe.NtST LTrLUT '

C PLUM. 97PTS NAf It 0 UM AMY INTEGER lie' f0 AMU IMCLUOICG 47. .ZTr2LT 55
C IOVVE, THE TIE-9UM. IIINHR IZONE 15 0 FUN 47101!) EQUAL6 Ir ZT'IUT S6
C 0 3M1 47. ILONA RANGES PRUM 0 to 23. ZTTdIIT 57



CCa ZYTLIUT 5d
C fist U'4KTdLU INPUT 0AL IS LE;AL. 2.rrfluy !b

LI IT.LT.D0OR0. lT...24. C3 T3 999 ZITtuiT (0
If( IINS.LT.1 .OR. IVRcS.G?.99 ) 0 TU 999 ZITuhJT 61
If( INI3NS.Lf.1 .OR. IWLjiS.Gf.12 ) CC) TU 999 ZT~tiUT 62

C IF fRS IS A LEAP V9AR* SET ZOAYNJ(2) x 20 ZtT~Tj 6S
. CAP Z U(IVAS4) Z~TUUT 64
iF( LE,&P.kL3.0 ) IDAYNO(l) = 29 ZTT&JUT 65
IF( I0£tS.LT.I OR1. IUAVS.GT.I0AVaIO(LNUAS) i GJ TO 999 ZT1 111t 6o

Pa a2.pIZTTUIJJ 67
PID2 =P1/2. ZIT0UJT bd
RADOE.C = P11180. ZTfuUT 64
IF( PLOI .LT. 0.0 ) PLUM aPLON P12 ZtdjT 7u
liPTi a(Pl2-PLOm)/(7.$*NAD0D) ZTTuUJT 71,
IF( N7PT5-47 ) 10v20,20 ZTrujr 71

10 [LOSE =(N7PT5S.I)/2 ltT1111T 74S
:0 T3 33 ztJJ? 74

20 IZa1N1 24 zITT1JT 7b
30 LW&E PLOAT(IWUE9) ZTTUIUT 76

CC-. zrtlT 71
C SUIFT TO CONVENlINAL ZUNE DESCkII'ION, LD (SL~,k.G. ZITIJUT 78
C AMERICAN PRACTICAL NAVIGATORI (OIGIINALLY dY W. HONUATCH), ZTTJT 710
C U.S. NAVY U.O. PUB. Nu. 9p P.469, OF 1962 COwI.CT*L0 REPRINT *LTTJJT do
c IDITIOd, AVAILABLE FROM U.S. ;OV. PRINTldG DFFiCE. Z~tuJT 81
CCC ZTTJT 82

IF( PLON.GT.PI ) CJi TO 3b zrruu 113
£0 =ZONE-24. ZTTOUT 84
;a ?1 43 ZITOUT bh

35 g0 ZONE ZITfI~J 86
40 J? zr Zf# ZTTIT d8I

C 11UST SHIFT TO MEET DAY IFtUt.;E.24.) ZTTuiUT 88
IF( ur..E.24. 3 O 50 ZTTfjUT 01

C MUST SHIFT1 TO PRLEVIOUS DAY IV(UT.LT.0.) ZTTOUT 94)
if( IIT.LT.0.0 )GJ T3 45 ZTTuuT 9t

C va SKIFT IS NECESSARIY MFUT.GE.0.0 -&NO- UfoLt.24.) ZTTjuT 92
;Q TO 60 ZITUJYT 9j

41p Jt UT*24. STTLHJT 94
IDAWS IaVLS-1 ZTTujT 9!i

C COEMECT NOkH AND 14AR If NiCESSARY, DUE TO. CHANGING T49 DATE ZTiUT 913
C IN CONVERTING TO] UT. ZYTuOT 97
C CORRECT WDAYS AND LNONS, iF MONTH DECREASED At GREENNI.H XYTJIJT 98

irt ID&WS.GE.1I ) 3 fa 60 ZTTOUT 91,
IDAYS =IDAYNO(IMONS-1) ZITOUT 100
imams IMI]US-1 ITTIJJT 101

C :ORRECT IMOdS AND LVRS IF YEAR DECREASED AT CMEk.NoICH ZToUT 102
IF(11I311S.GE.1 ) 03 TO 60 ZTTuUT 103
IMNS 12 XITU1OT 104
Ivas IRS-1 ZTTUUT 10i
;D 13 63 ZTTJtT 106

50 1 = Uf-24o zTTnrnJ 101
EDAVS a IUAWS#1 ZTTUUT too

C COReuCr MONTH1 AND YEAR IF MECESSAiIY, UE TLJ CIIAXIG THE LUAtf ZITOUT 109
C am CuVEIITING Ta iT. ZTIJUT 110
C IF VRS IS A L&.AP ICAR, SET LDAVMO(2j 29 ZTTuUT I11

;.CAP z MOMYRS.4I ZITout 11.1
Ifl, LEAP.KJ.0 ) IDAYMO(2) z29 ZITOUT 113

c CORRECT IDAYS, AND 1IN0NS If MONTH INCREASD AT GWKNICH ZITOIIT 114
I( IDAVS.LC.IDAYNO(LNUNSJ ) GO TO 60 zttUj? it!)
[DAVS zI ZTTuJT lif
Imams a I"JNS*1 zTIJIT 117

C oRIwt.CT imuNs AgD [vws IF YL~h [UCke.ASED At 6k~.r.NICd zTII' 11.1
IF( IM0j1S.LE.12 ) IG0 Ti) 60 zTful)? 119
Imams I ZTLJIJT 120
IRSa IIRS#I zTUT 121

60 IITURN zTflJT 122
094 iiII(b,177) ZTTuIJT 121
m1 FORM&T 1,4010 ft 2 ILLEG.AL DATE INPUTTED IZTTaUT 124

CALL 911T ZTTiIUT 125
91N0 ZToUT 126
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