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PREFACE

This preface covers a two«part publication. NASA TMX-64871, Four-D
Global Reference Atmosphere, Technical Description and NASA TMX-
64872, Four-D Global Reference Atmosphere Model, Users Manual and
Programmers Manual, Part II, both with publication date of September
1974.

The motivation for the development of a global reference atmospheric
model is from recognized needs for engineering design, mission planning,
performance analysis, and possibly operational usage for the Space Shuttle
program.

The concept of a global reference atmospheric model has its origin as an
extension of the Range Reference Atmospheric Model which is a model of

the gas properties over a particular geographic location. Particular range
reference atmospheric models are the Patrick Reference Atmosphere (Annual)
which is valid for Cape Kennedy, Florida, Vandenberg AFB Reference Atmos-
phere (Annual) and Edward AFB Reference Atmosphere (Annual). To represent
the dispersions in the gas properties, pressure, temperature, and density there
are also the Hot and Cold Reference Atmospheres for these three sites. Range
Reference Atmospheres have been developed for a number of U, S, National
Missile Test Ranges under the auspices of the Range Commanders Council/
Meteorology Group (formerly the Inter-Range Instrumentation Group/Meteorol-
ogical Working Group, IRIG/MWG).

The first development toward the present global reference atmosphere was

a Four-Dimensional World-Wide Model valid for 0 - 25 km altitude. The four
dimensions come from the three coordinates, latitude, longitude, and altitude,
plus time, where time is with respect to monthly reference periods. The
parameters modelled are gas properties and moisture. The monthly means
and daily variation of these parameters are obtained for any latitude, longitude,
altitude, and monthly reference period by a computer interpolation program.
This four-dimensional world-wide model was developed for the design and per-
formance analysis of earth viewing instrumentation used on earth orbiting
satellites, :

" Man-made earth orbiting satellites created a need for and a means to develop
atmospheric models at orbital altitudes. Models for these altitudes have a

much different form than those at lower altitudes because of the strong solar
influence which contributes to variation and the contrasting differences in the
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" basic measurements. Orbital altitude modeéels express thé gas properties
as continuous variables with respect to time. The variables are given

by a few simple, but complex equations, as a function of time with param-
eters for solar activity. The data for orbital models are derived from
continuous sensors (satellites) which make many earth revolutions, over
short periods up to many years covering all earth reference coordinates,
whereas the data available for modelling at lower altitudes are derived
from point measurements in time which are constrained to fixed earth
coordinates of latitude and longitude, e.g., rawinsonde and meteorological
rocketsonde measurements. Although difficult as it is to establish, a
continuous atmospheric model from the earth's surface to and including
orbital altitudes is required for a mission of the Space Shuttle. Layered
models with respect to altitude and at discrete latitudes are not satisfactory
for a Space Shuttle flight performance analysis. The Four-Dimensional
Global Reference Atmosphere presented in this report is a first attempt to
offer a means to represent the gas properties in a continuous manner over
all altitudes for all earth coordinates (latitude and longitude) from the earth's
surface up to orbital altitudes or from orbital altitudes down to the earth's
surface.

The Feur-D Global Reference Atmosphere Model (GRA) is in the form of

a computer program which has several options for output data. The computer
card input depends on the desired output option. The principal input param-
eters are height, latitude, longitude, solar activity parameters (geomagnetic
index, F10.7 and 81 day mean 10.7 cm flux), date (month, day, and year or
annual reference period) and Greenwich time. The computer used is the
Univac 1108 with a core requirement of slightly under 32K words. All magnetic
tapes are seven track, One program tape and one data tapearerequired for

all altitudes above 30 km and from one to four data tapes for altitudes below

30 km altitude. Standard card punch is required if one of the optional card
outputs is selected. The computer program is completely documented in a
separate volume, entitled "Four-D Global Reference Atmosphere Model,

Users Manual and Programmers Manual, Part II'". Qualified requestors may
receive the computer program, which includes the program magnetic tape and
the required magnetic data tapes, and the documental manual by addressing
their request to Chief, Aerospace Environment Division, ES41, Space Sciences
Laboratory, NASA Marshall Space Flight Center, AL 35812.

iv



A feature of the GRA is that representative wind fields may also be
derived. This was done to assure consistency in the modelling process
and for scientific interest in the general circulation pattern and for ‘
potential applications for long-term diffusion processes. With some
innovations one can envision further adaptations and applications of the
GRA for a general class of ascending and descending aerospace vehicles.

It is envisioned that as more famil'iarity with this Global Reference Atmos-
phere is gained, improvements and adaptations of various computer program

options will be developed for specific problems. However, any near future
revisions will not change the basic program.

The Four-D Global Reference Atmosphere Model should be used in its entirety
where appropriate to include the monthly means and standard deviations of
dispersions of the gas properties and the Monte Carlo generated profiles along
the trajectory. For some analyses it may be sufficient to use only the means
plus and minus 2.3263 standard deviations of the variables to obtain satisfactory
engineering design or operational solutions. The means + 2.3263 standard
deviations give the lst and 99th percentile values of the variables which is the
98th interpercentile range of the variables. In other cases, such as maximum
point aerodynamic heating, or for some particular feature of the guidance and
control system a number of Monte Carlo generated atmospheric profiles may
be required to obtain design and performance limits.

O. E. Smith and W. W, Vaughan
September 1974
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A. USERS MANUAL

1. GENERAL PROGRAM CHARACTERISTICS

As outlined in Figure 1.1 of the technical write-up of the PROFILE pro-
gram, the simulation of monthly mean parameters is handled by three differ-
ent models governing three sections of altitudes with transition regions in
between to ensure a smooth resultant profile. The 0-25 km height range is
modeled by the 4-D section of PROFILE, based on the NASA 4-D model (Spiegler
and Fowler, 1972). The 30-90 km section is simulated by a modified Groves
(1971) model. Above 115 km the atmosphere is simulated entirely by the
Jacchia (1970) model. Between 25 and 30 km the model interpolates between
4-D and modified Groves values, and between 90 and 115 km the program fairs
between the modified Groves values and the Jacchia results. In addition to
the thr;e methods of determining mean atmospheric parameters, Based on
height region, there are also two kinds of perturbations added to the mean
parameters: random perturbations, and quasi-biennial oscillations.

‘The PROFILE program is designed to produce atmospheric parameter values
either along a linear path (to be called a profi]e)-with automatically
stepped constant height, latitude, and longitude increments, or along any
set of connected positions (to be called a trajectory) which must be input
individually into the program.

There are three general types of input to the PROFILE program: (1) A
set of three cards, called the initial data, which contain the va]ues of the
program options, the initial position, the profile increments, and other

information required before the calculations are begun, (2) A data tape



(SCIDAT) contafning parameter values for %he Groves (1971) model, the stat-
ionary perturbations (deviations from the Groves model, to produce longitude
varying monthly means), and random and quasi-biennial perturbation parameter
values, and (3) The 4-D data tapes with one data file for each month, con-
taining profiles of monthly mean pressure, density, temperature, and thei}
variances from the surface to 25 km, for the entire globe. If it is de-
sired to compute atmospheric parameters along a trajectory instead of a lin-
ear profile, then a fourth type of data - the trajectory times and posit-
ions - must be irput.

In terms of program function, the major elements of the PROFILE pro-
gram are the main segment (PROFIL), the‘subroutine SCIMOD, which is a driver
for all of the atmospheric evaluation subroutines, and SETUP, a subroutine
used to read the SCIDAT data tape, anc load the necessary starting condit-
ions for execution. Figure 1 shows a simplified schematic of the main seg-
ment and illustrates the function of the SETUP and SCIMOD subroutines.

Output of the PROFILE program consists of monthly mean pressure, den-
sity, temperature, wind, and wind shear, total (mean plus perturbation)
values of pressure, density, temperature, winds, perturbatjon values, and
magni tudes.

Complete discussion of the input, output, and program operation char-
acteristics for the PROFILE program are given in the following sections of

the users manual.
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\, JECTORY
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Figure 1: Simplified flow chart of the PROFILE program.
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i 2. THE 4-D INPUT DATA TAPES (0-25 Km)

The description contained in this section was paraphrased from the 4-D

program users manual (Fowler and Willard, 1972). For more information on

the 4-D section of PROFILE, consult that document and Spiegler and Fowler
(1972).

The world-wide meteorological data set developed for the 4-D model by
Allied Research Associates is stored on three 7-track, 800 bpi binary tapes
labelled WWI1A-WW3A. Each tape contains four files of data where one fila
represents one month; WWIA contains months 1-4, WW2A contains months 5-8, and
WW3A contains months 9-12. A 13th month containing the annual reference per-
iod has been added as a fourth tape.

Within each file are 3490 records representing the values at individ-
ual grid points. These points are grouped into three grids: 288 points on
the northern hemisphere equatorial (EQN) grid; 1977 points on the northern
hemisphere (National Meteorological Center) grid; and 1225 points on the
southern hemisphere (SH) grid. On the NMC grid, the data was computed at
NMC points and stored in the order given by the NMC grid table shown in the
SCIDAT data tape listing in Appendix A. On the other two grids, the data
was given at 5° latitude - longitude intersections westward from the Green-
wich Meridian to 5° east. The EQN grid covers the latitudes from 0° to 15°
north with points occuring in the following order: 1-4 = Lon. 0, Lat. O,

5, 10, 15; 5-8 = lon. 5W, Lat. 0, 5, 10, 15; ... 285-288 = Lon. 5°, Lat.
0, 5, 10, 15. The SH grid contains all data from 5% south to the south
pole as follows: 1 = South Pole, 2-18 = Lon. 0, Lat. -5 to -85; 19-35 =



Lon. 5%, Lat. -5 to -85; ... 1209 - 1225 = Lon. 5°F, Lat. -5 to ~85.
It should be noted that the south.pole is given only once, as the first
point of the SH data set.

Each record consists of 106 36-bit words where the first 104 words con-
tain the computed data for a point and the last two are identifiers. ATl
data values are multiplied by 100 and converted to integer; they are then
packed with two 18-bit values to a word. The data is arranged by level for
each parameter; thus, the first 13 words contain the pressure means from the
surface to 25 km and the next 13 words contain the pressure variances for
the same levels. This pattern continues for the 26 levels of temperature
means and variances, moisture means and variances, and density means and
variances.

Wo-d 105 contains the latitude and longitude of the point in question.
These are integer values that have been multiplied by 10; each occupies 18
bits of the word. The latitude is always positive (since the southern hemis-
phere is identified by grid), and the longitude is always west.

The last word contains three 12 bit integer values. The left-most
group of bits is the homogeneous moisture region in which the point lies,
the center group is the point number, and the right-most group of bits is the
month. It should be noted that the points are numbered within the grid that
contains them, and not by their location on tape. Thus the point numbers
run from 1-288, 1-1977, and 1-1225, not from 1-3490. Figure 2 shows the

tape structure for one month.
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3. The "SCIDAT" DATA TAPE

This section describes in detail the data contained on the SCIDAT data
tape. A listing of this tape, and a one page synopsis of the data contained
on it are given in Appendix A.

NMC Grid Data

This data set gives the 4-D northern hemisphere point number and the
dual index for the corresponding NMC Tocation. The NMC grid locations form
an octagonal array, centered on the North Pole. The points are at square
grid locations on the polar projection used for the NMC grid. A conversion
between the latitude and longitude (treated as polar coordinates on the flat
NMC grid plane) and the NMC grid indices (treated as Cartesian coordinates
on the projection plane) is accomplished by a polar to Cartesian coordinate
transformation, via equations programmed into the 4-D model. The NMC grid
data on the SCIDAT tape merely establishes the equivalence between the se-
guential 4-D NMC point number and the two-dimensional x-y NMC grid point lo-
cation. The NMC grid data constitute the first file on the SCIDAT tape. An
end of file marker appears on the tape at the end of the NMC grid data.
Croves Data

The Groves (1971) data for monthly mean pressure, density, and tempera-
ture are tabulated at 10 degree latitude intervals from O to 90° for each
month. The yearly average Groves data is coded as month 13. ‘The southern
hemisphere data is the same as the northern hemisphere data disp]acgd by 6
months. Annual mean (month 13) data is the same for both northern and

southern hemispheres.



THe format of the Groves data is the same as in Groves (1971) original
report, except that a prefix code P, D, or T has been added at the front of
each record. Each record contains the code, the month, the height in km
and the 0, 10, 20, ... 90° 7atitude values of the parameter expressed as a
three digit integer, with an exponent common to all of the values on the
racord appearing at the end of the record. Thus a value of 276 with an
exponent at the end of the record of -6, would be the same as 276 x 10'6 =
2.76 x 10'4. Pressure data are in units of nt/mz, density values are in

kg/m3, and temperatures are in %K.

Stationary Perturbations

The stationary perturbations are latitude-longitude dependent relative
perturbations to be applied to the Groves values, considered to be the
longitudinal mean value. Data for each of 12 months and for the annual ref-
erence period (month 13) are given for the northern hemisphere latitudes.
Southern hemisphere data are the same as the northern hemisphere values dis-
placed by 16 months. |

Each record contains the code S, the month, the height in km, the west
longitude, in degrees, and then 15 values of stationary perturbations in per
mill (%/10). The first five of the values are for pressure perturbations at
latitudes 10, 30, 50, 70, and 90. The next give values are for density, and
the last five values are for femperature. The monthly mean value Y for
parameter y at any latitude and longitude can be computed from the Groves
value Gy at the latitude and the stationary perturbation Sy (in per mill)

at the latitude and longitude by the relation

e Y



Yo = G, (1+s,/1000) (1)

Note that the stationary perturbation values at 90° 1atitude are always zero.
However, there is a place for 90° values on the data tape, so that if a
systemmatic debarture from Groves values is desired at the poles, a set of
stationary perturbation data reflecting this condition could be developed
and put on the tape.

The Groves data and stationary perturbation data constitute the second
file on the SCIDAT tape. An end of file marker appears at the end of the
stationary oJerturbation data.

The Random Perturbation Data

Random perturbation magnitudes (standard deviations) are latitude de-
pendent only. E;ch code R record has the code, the month (1-13) and the
height in km, followed by 15 values of random perturbation magnitude, five
for pressure (in per mill, at latitudes 10, 30, 50, 70, and 90), five for
density, and five for temperature. These data give the relative standard
deviations cp/p . Op/p, and oT/T, for use in the random perturbation model.

The code RW data are similar, except that only ten wind values appear
in each record (after the code, month, and height): five for eastward wind
magnitude (in m/s at latitudes 10, 30, 50, 70, and 90) and five for north-
ward wind magnitude.

The code R and RW data constitute the third file on the SCIDAT tape.
An end-of-file mark appears on the tape at the end of the code RW data.
The Quasi-Biennial Oscillation (QBO) Data

The QBO data consists of height and latitude dependent amplitudes and



phases for quasi-biennial variations in pressure (QP), density (QD), tem-
perature (QT), and eastward and northward wind componénts (QU and QV, re-
spectively). The amplitude of the QBO thermodynamic parameters are in per
mill (%/10). The amplitudes of the QBO wind components are in decimeters
per second (0.1 m/s). The phases of all of the QBO parameters are measured
in days after Jénuary 0, 1966 for the occurrence of the first maximum value.
Since the period of the QBO variations is taken to be 870 days, the phases
could vary from 0 to 870.

Each QBO data record contains the code, the height in km, the amplitude

and phase for 10° Tatitude, the amplitude and phase for 30° latitude, etc.

out to the amplitude and phase for 90° latitude.
A final end of file mark appears at the end of the code QV data.

Appendix A gives a brief summary of the data on the SCIDAT tape and a

complete 1isting of all the values appearing in the tape records.
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4. THE INITIAL INPUT DATA

The initial input data consists of two free field (no set format with
commas after each number) cards containing initial position data, program
options, and otter information required to begin computation, plus an opt-
ional third free field card to give initial random perturbation data if
random perturbations are to be computed, plus an optional set of trajectory
position data cards (followed by a backup card), if trajectory positions are
to be read in rather than a linear profile generated automatically in the
program. Appendix B gives a brief summary of the input characteristics, a
summary of the data deck setup, and some sample input and output for the
program. The following gives a more detailed description of each program
input card.

Input Card Number 1

The first input card, read in by the main program segment PROFILE in
free field format contains the following information. Designation R indi-
cates real QUantities, I denotes integer quantities.

1. Initial Height (R): The initial height in km for the beginning

point of the profile or trajectory. This can be any non-negative real num-
ber. Atmospheric parameters are never evaluated at the first position,
which is used only to establish the initial conditions. If the ihitia]
height is near the surface the program may not be able to compute atmos-
pheric parameters at the first few heights. This happens when the surface
at one or-more adjacent 4-D grid points is higher than the surface at the
initial position, so the interpolation between the 4-D grid positions can-

1
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not be made. If the first height is below 30 km, care should be taken that
subsequent positions do not go more than 152 of latitude or Tongitude away
from the initial position while the height remains below 30 km. For normal
ascent and re-entry trajectories this restriction will not pose any problem.

2. Initial Latitude (R): The latitude of the initial position in de-

grees, with southern latitudes negative. If the initial latitude, or any

subsequent latitude is greater than 90° in absolute magnitude, then a trans-

formation

lat (180° - |1at])(1at/|1at|)

. (2)
lon + 180

Ton

is made.

3. Initial West Longitude (R): The west longitude of the initial posit-

ion in degrees. Each longitude can be put in as negative or converted to 0 -
360° west longitude. If negative (east) longitudes are input they are con-
verted to the 0-360° scale before being used by the program. At any time dur-
-ing the run if a longitide gets outside the 0-360° range it is put back into
that range by adding or subtracting 360°, as necessary.

4. F10.7 (R): The solar 10.7 cm radio noise flux in units of ]0'22
watts/m2 (the normal units for this parameter) at the time for which the atmos-
pheric values are to be computed. This factor is used only in the Jacchia sect-
ion, so a value of zero can be used on input if the height never goes above 90 km.
A value of 230 for both design steady state conditions and for maximum condit-
ions may be used, or consult the Aerospace Environment Division (AED) of Mar-
shall Space Flight Center (MSFC) for monthly predictions.

5. Mean F10.7 (R): The 81 day mean solar 10.7 cm radio flux. This para-

meter is used in the Jacchia section to compute the nighttime minimum gliobal
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exosphefic temperature (equation (14) in Jacchia, 1970). Use zero if the
height does not go above 90 km. A value of 230 may be used for both design
steady state or maximum conditfons, or consult the AED or MSFC for monthly
predictions.

6. AP (R): The geomagnetic index ap, used to compute a geomagnetic
correlation to the exospheric temperature, in equation (22) of Jacchia,
(1970). Use zero if the height does not go above 90 km. A design steady
state value of 20.3 and a maximum condition value of 400 may be used for
a_, or éonsu]t the AED at MSFC for monthly predictions. |

p
7-9. Date (I): The date, for the starting time of the trajectory or pro-

file evaluation in month/day/two digit year form, as three integer input val-
ues. The day of the month and the year have no direct effect on the program
calculations, except in the case of the quasi-biennial oscillation terms.

For the annual reference period, use month 13. The quasi-biennial terms are
automatically set to zero if month 13 is used. The month is used to establish
which Groves data, stationary perturbation data, and random data to load from
the SCIDAT data tape into the working arrays. The program will work more
efficiently if multiple trajectories or profiles are evaluated during one run
operation and the months are the same. (This avoids repeated look-up of the
Groves, stationary perturbation, and random data from the SCIDAT tape).

10-12. Greenwich Time (I): The Greenwich mean time for the starting posit-

ion in hours, minutes, and seconds, as three integer values. Only the Jacchia
section is directly affected by the time of day, so unless the height goes
above 90 km, the starting time would serve merely as a reference parameter
for the particular run being done. Greenwich time corresponding to a ‘local
time of 0900 hours should be used for design steady state conditﬁons, énd for

maximum conditions the local time should be taken as 1400 hours.
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13. Latitude Increment (R): If a linear profile is to be generated

automatically this is the latitude increment (in degrees) between successive
profile positions. The new latitude would be the old latitude plus the lat-

itude increment. For a profile with decreasing latitude (going southward)

the increment must be negative. Use zero if separate trajectory position
input is to be read in. If a vertical profile (i.e. changing only heighz)
is to be evaluated, then use zero latitude increment.

14. MWest Lorgitude Increment (R): If a linear profile is to be gen-

erated automatically this is the west longitude increment (in degkees) be-
tween successive profile positions. The new longitude will be thé old lon-
gitude plus the longitude increment. For a profile progressing eastward
use a negative increment. Use zero if separate trajectory position input

is to be read in. If a vertical profile is to be evaluated, then use zero

increment.

15. Height Increment (R): The height decrease in km between success-
ive positions, for an automatically generated linear profile. The profiles
normally are generated downward (descending height). (New height = old
height - height increment). If an upward generated profile is desired the
height increment should be negative. Downward generated profiles will be
evaluated until the height is incremented to a negative value or until the
height becomes less than the surface height hS which is the highest surface
height of the four 4-D grid points being interpolated between (or until the
maximum number of positions (item 16, Ist card) is exceeded). If the height
is above sea level (i.e. > 0) but below the surface height hs’ then upward
generated profiles will continue incrementing but will not output atmos-
pheric parameter values until the height exceeds the surface Eeight hs'

16. Maximum Number of Positions (I): The maximum number of profile

positions to be generated automatically. This does not include the intital
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position, for which no atmospheric parameters are evaluated. Use zero if
trajectory positions are to be read in.

17. Time Increment (I): The time displacement (seconds) between

successive automatically generatad profile positions. This would normaily
be set to zero, but could be used as a counter to be printed out in the
time position with the output. For trajectories the time for each position
is read in with the position data (see trajectory input section below).

The hours, minutes, and seconds parameters (read in as items 10-12, ist
card) are updated according to the new time generated by the time increment.
However, only the elapsed time in seconds is printed out on the present
output. |

18. Trajectory Option (I): This option tells the program whether a

trajectory or a linear profile is to be evaluated. A value of 0 means a
Tinear profile is to be generated automatically from the parameters read on
the.first card. A value greater than zero means that trajectory position
data cards must be read in to determine the positions at which atmospheric
parameters are to be evaluated.

19. Punch Option (I): This option tells the program whether or not

to punch the atmospheric parameter output (see the output descrition sect-
ion). Punched output is convenient to use as card input to plotter programs.
A value of O means no punch output. A value greater than 0 means to punch

the output.

With normal numbers of decimal places and no unnecessary blank spaces,

the above 19 items should fit onto one card. However, if they occupy more
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than the 80 columns allowed on one card, they may be spread out onto two
cards if the following rule of UNIVAC 1108 free field input are observed

on the first of the two cards: (1) Do not put a comma after the last num-
ber appearing on the first card. (2) If the Tast number on the first card
is an integer, it should be right justified to column 80. For input on
other computers, consult your operations manual for characteristics of free
field input.

Input Card Number 2

The second input card is read in by the subroutine SETUP and contains
various unit numbers to be used and options controlling the random and
quasi-biennial calculations. The unit numbers are the pérameters used in
read statements in the FORTRAN program to control which file is being read
from. The unit numbers are required in the input in order to give maximum
flexibility in choice of I/0 devices for the program. Al1l input items on

card number 2 are integers.

1. Groves Input Unit: This is the unit number of the SCIDAT tape file.

If the SCIDAT tape has been assigned by the control statements -

@ ASG, T SCIDAT, T, U1961 N

@ USE 3, SCIDAT
where U 1961 is the reel number for tape SCIDAT, then the Groves input unit
number should be‘3 on this input card. The Groves and Stationary perturbat-
jon data must be\read from the SCIDAT tape. Later options an this card
allow the NMC grid data, the random perturbation data, and the quasi-bien-

nial data each to be read from other files.
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2. Random Input Unit: This is the unit number for the random pertur-

bation standard deviations. If this unit number is the same as the Groves
input unit number, then the random perturbations are read from the SCIDAT
data tape. Otherwise the random data is read from the file for
whatever the unit number is set to. For card input, the unit number should
be set to 5. The SCIDAT tape is read with NTRAN, but if alternate random
data are read in from a different file, the file must be FORTRAN readable
with format |

1X, A1, 12, 14, 3(1X, 514)
for the random pressure, density, and temperature data (see Appendix A and
Section 3 for which values must go in each record). For the random wind

data the FORTRAN readable format for the alternate data is

1X, A2, 12, 14, 2(1X, 514)
Both random pressure, density, and temperature data and random wind data
must be read in from the same file, either both from SCIDAT, or both from
the alternate FORTRAN readable file.

3. 0BO Input Unit: If the QBO data parameters are to be read in from

the SCIDAT data tape, this unit number is set the same as the Groves input
unit. If alternate QBO parameters are to be read in the QBO unit number
can be any FORTRAN readable file. Use Unit 5 for card input. The format
for all of the alternate QBO input is

1X, A2, I3, 5(14, I5)

(See Appendix A and Section 3 for which data values must go into each record).
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A1l of the QBO pressure, density, temperature, and wind data must be read
from the same file, either all from SCIDAT or all from the alternate QBO
input file.

4, 4-D Input Unit: This is the unit number for the 4-D data tape.

Any available unit number can be used. If the 4-D tape WW1A, containing the

Januéry data, has been assigned by the control statements

@ ASG, T WWIA, T, U 2400 N
@ USE 4, WWIA |

then the 4-D input unit number is 4.

5. Random Option: This option tells the program whether or not to

Compute random perturbations. If the value is 1 random perturbations are
- computed. If the value is 2 then random perturbations are not computed.
If any values other than 1 or 2 are input the run is terminated with a
message "ERRPR IN SETUP INPUT" and a dump of the parameters most recently
read in.

6. QBO Option: This option tells the program whether or not to com-
pute QBO perturbations. If the value is 1 QBO perturbations are computed.
For 2 no QBO perturbations are computed, and for any other values the "ERR@R
IN SETUP INPUT" and dump of most recent parameters read in is given.

7. First Random Number: This number is required as a starting para-

meter for the random number generating sybroutine RAND. Any odd positive
integer can be used. Use a value of 1 for a standard design application
run. Provided all other input is the same a given value for the starting

random number will always produce the same random perturbation output.
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Therefore, to get a set of different perturbations along a given single
trajectory, a set of different staring random numbers should be used. Note,
however, that if any other parameters are changed (different spacing along
the trajectory, different starting position, etc.) then the same starting
random number will produce a different set of random perturbations.

8. NMC Read Option: This option tells the program whether to read the

NMC grid data from the SCIDAT data tape (value O for the option) or from an
input card file (any non-zero value for the option).

9. 4-D Scratch Unit: In order to save array space the 4-D profiles

required to interpolate to the 50 x 59 grid locations are read from the
tapes to this scratch file rather than being put into arrays. The unit num-
ber for this scratch file can be any available unit. Normally the file is

a temporary drum file, and, if so, does not have to be assigned (@ ASG) be-
fore execution of the program.

10. NMC Grid Point Scratch Unit: Also in order to save computer stor-

age, the NMC grid point array read in from the SCIDAT tape (or from cards)
is stored in a temporary scratch file (usually on drum). If the drum
scratch file is used, it does not have to be assigned before execution of
the program. |

Input Card Number 3

This card is read by the SETUP subroutine and contains starting values
for the random perturbation parameters at the initial position. If random
perturbations are not to be computed (Random Option = 2), then this card

should not be put in. All values on this free field format card are real.
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For a normal design application the values on this card should all be zero,
unless the run is to be a continuation of a previously run trajectory or
profile segment, in which case the output random parameters of the last out-
put position are input, and the last output position becomes the initial
position of the new run.

1-3. Initial P, D, T: These are initial values of random relative

1 | ) 1 -

pressure (p /p), density (p /p), and temperature (T /T) in percent. These
are starting values for the initial position. Use zero for standard design
applications.

4-6. Sigma P, D, T: These are initial values of relative standard

deviations (in percent) for the random pressure (op/ﬁ), density (op/S). and
temperature (oT/f). Use zeros for standard design application runs. If
zero values are input, the program looks up appropriate values for the init-
ial height and latitude.

7-8. Initial U, V: Initial values of the random eastward and north-

ward random wind components in m/s. Use zeros for standard design applicat-
ions.

9-10. Sigma U, V: Initial values of the standard deviations (in m/s)
for the eastward and northward random wind components. Use zeros for stand-
ard design application runs. If zero values are input, the program 1ooks |
up the appropriate values for the initial height and latitude.

Trajectory Input

The free field trajectory position input and backup cards are put in
only if a trajectory is to be evaluated, rather than a linear profile, gen-

erated automatically in the program from information on the first input
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card. There is no limit to the number of trajectory positions which can be
put in. The program continues evaluating the atmospheric parameters and
looping back to read a new trajectory position until a position below the
surface is reached (see Figure 1), or until the trajectory backup card is
reached. Each free field trajectory card has the time (integer seconds),
the height (kilometers), the latitude (degrees, southern latitude negative),
and the west longitude (degrees, 0-360° or east longitudes negative). Any
east longitudes read in as negative values are converted to the 0-360° Sys-
tem before being used by the program. The trajectory backup card has the
same free field form as a regular trajectory card, except any negative
value for height is used. The negative height terminates the loop which
evaluates atmospheric parameters and reads a new trajectory card. If a
trajectory height goes below the surface height hs, thén the remaining tra-
jectory input cards are read and ignored. The surface height hS is deter-
mined as the lowest height for which all four 4-D grid locations has non-

zero data values required for interpolation to the trajectory position.
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5. OUTPUT OF THE PROGRAM

The first few lines of print output are primarily a listing of the
input parameters. Following a heading which describes each output value
- for the trajectory or profile evaluations, the position, time, monthly
mean and total pressure, density, temperature, and winds are listed for
each position. The thermal wind shear for the monthly mean winds, the
percent deviation from the standard atmosphere (p, o, and T) and the per-
turbation data are also given for each position. The perturbation data
consist of the stationary perturbations. the quasi-biennial values at the
position and time, the quasi-biennial magnitudes, the random perturbatién
values, and the random perturbation standard deviations. Optional punch
output for values at each position is also available to be used for card
input to plotter programs, or for other purposes.

Heading Information

Primarily the heading information contains a listing of the input data
values. However, there are some changes from the values input. If an east
longitude is put in as a negative value, -180° < Tat < 0%, then it is con-
verted to a west longitude in the 0-360 range before the heading is listed.
If zero values for the random pressure, density, temperature or wind stand-
ard deviations are input, then the program evaluates these from the data on
the SCIDAT data tape, and lists the computed values on the heading. The
Julian date is compdted by the program from the input date and is also

listed with the heading information. The Julian date is required by the
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Jacchia and QBO sections of the program. If month 13 (annual refergnce per-
jod) is input, then the Julian date is set to zero. (The Jécchia section
takes the exospheric temperature to be 1000° K and the QBO section is by-
passed if month 13 is input).

Position and Time Output

Positions and times as generated by the automatic Tlinear profile fea-
tures or as input by the trajectory input cards are listed on the output.
The time is given in seconds. Within the program, the input time in hours,
minutes, and seconds are updated in that form also. However, only a contin- ‘
uously increasing time in seconds is printed out. If time in hours, minutes,
and seconds were desired, these variables could easily be printed out by add-
ing them to the output Tist. A1l output west longitudes are converted to
the 0-360 range before being printed out. If a latitude greater than 90° in

absolute magnitude is generated (or input) then a transformation

lat

(180° - |1at])(1at/|1at|)
(3)

Ton Ton + 180°
is made.

Monthly Mean (and Thermal Wind Shear) Data

The monthly mean values of pressure, density, and temperatures, consist
of either: (1) values from the 4-D data tapes if the height is below 25 km,
(2) the sum of Groves plus stationary perturbation values if the height is
between 30 and 90 km, (3) an interpolation between 4-D at 25 km and Groves
plus stationary perturbations at 30 km if the height is between 25 and 30 km,
(4) Jacchia model values if the height is above 115 km, and (5) faired val-
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ues between Groves and Jacchia if the height is between 90 and 115 km.

The percent deviations from the U.S. 1962 Standard Atmosphere are eval-
uated by using standard atmosphere values computed by the subroutine STDATM.
The percent deyiations are evaluated by the relations 100(T - TS)/TS,

100(p - ps)/ps, and 100(p - ps)/ps, where the subscript s refers to the
standard atmosphere values. This subroutine accurately reproduces the tab-
ulated U.S. Standard Atmosphere 1962 values to within an accuracy of better
than 0.2% above 90 km. The STDATM values are based on a model of parabolic
segments for the height variation of the molecular height above 90 km. The
subroutine reproduces the tabular values even more accurately in the height
region below 90 km, where the molecular wefght is constant. Since the U.S.
1952 Standard Atmosphere is not defined above 700 km, the percent deviations
printed out for heights above 700 km are zero.

The thermal wind shear values are values of 5u/3z and av/sz for the
monthly mean geostrophic wind. The wind values, computed from the geo-
stropic wind equation, are determined by horizontal gradients of the monthly
mean pressure. The thermal wind shear components, computed by the thermal
wind equations, are determined by the horizontal gradients of the monthly
mean temperature. Thus, a comparison of numerically differentiated geo-
strophic mean winds and the thermal wind shear serve as a check of the mean
pressure and temperature fields (see Seétions 7 and 10 of the technical
disucssion portion of this report).

The Total (Mean Plus Perturbation) Data

The parameter values listed under the heading of "Mean Plus Perturbat-

ions" are the monthly mean values, as defined above, plus the random pertur-
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bations, plus (if the height is between .15 and 90 km) the quasi-biennizl per-
turbations. These mean-plus-perturbation values represent values which would
be typical "instantaneous" values of the pressure, density, temperéture or
winds. The percent deviations from the U.S. Standard atmosphere are com-
puted in the same way as for the percent deviations of the monthly mean
values from the standard atmosphere.

Perturbation Values

The data under the "Perturbation Values" heading are the various
perturbation values, magnitudes, and amplitudes. The stationary perturbat-
ions (denoted SP on the printout) are defined only if the height is between
30 and 90 km. The monthly mean Ym of parameter y should be the Groves
value Gy, evaluated from the SCIDAT data tape, modified by the given stat-

ionary perturbation value Sy’ in percent by the relation

Yo = G (14 s,,/100) (4)

The data labeled "QBO" are the values of the QBO oscillation at the output
time and position. The data labeled "MAG" gives the magnitude of the QBO
oscillations at the output position and time. The QBO values should always
be less than the magnitude values in absolute value. The data labeled
“RAND" are the random perturbations evaluated at the output time and place.
The data labeled "SIG" are the standard deviations of the random components
at the output time and positions. According to the Gaussian distribution,
on which the random perturbations are based, the perturbation values should

be within the range + ¢ 68% of the time and outside the range + g 32% of
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the time. Simi]arly, the perturbation values should be within the range

+ 20 95% of theitime, and outside the range *+ 20 5% of the time. The eval-
uation of the (BO and random perturbation output can be suppressed by the
QB0 and random options, if desired.

Punch Output

The punch output is available as an option, controlled by the input
value of the punch option parameter. If punch output is desired, it comes
out in the form of two cards for each position. The first, code "A", card
contains the following information: (1) the time, in seconds, (2) the
height in km, (3) the latitude in degrees, (4) the west longitude in de-
grees 0-360, (5-7) the mean monthly pressure, density, and temperature,
(8-10) the percentage deviation of the mean monthly values of pressure, den-
sity, and temperature from the 1962 U.S. Standard Atmosphere, (11-12) the
eastward and northward components of the monthly mean (geostrophic) wind,
(13-14), the eastward and northward components of the mean wind shear. The

format for the code "A" card is
14, F5.1, 2F7.2, 2E8.3, F5.0, 3F5.1, 4F5.0, "A"

The second, code "B", card contains the following information: (1-4) the
time, height, latitude, and longitude (same as on the code "A" card), (5-7)
the total (monthly mean plus perturbation) values for pressure, density,
and temperature, (8-10) the percent deviations of the total pressure, den-
sity, and temperature from the 1962 U.S. Standard Atmosphere, (11-12) the

total (mean plus perturbatior) values for the eastward and nortward wind
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components. The format for the code "B" card is

14, F5.1, 2F7.2, 28.3, F5.0, 3F5.1, 2F5.0, 10X, “B".
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6. PROGRAM DIAGNOSTICS

There are several possible reasons which can cause the printing of
diagnostic messages and termination of the run during the SETUP phase. If,
during the setup procedure, the NMC grid point number data table does not
contain the required 1977 values, a message

Diagnostic 1: "N RECGRDS WRITTEN BY GETNMC @N SCRATCH FILE M"
is printed, and EXECUTION IS TERMINATED. This situation should only arise
if the NMC grid point table is being read from cards, rather than the SCIDAT
data tape. If during the reading of the SCIDAT data tape, any record is
read which does not have the expected code character or characters (p, D, T,
S, R, RW, QP, QD, QT, QU, or QV; see Appendix A), then the message results
Diagnostic 2: "ERRPR IN SETUP INPUT"
followed by a listing of the latest data values read in. This message is
also produced if the random option and the quasi-biennial option do not have
a value of either 1 or 2 (see Section 4). Any condition which results in
this error message terminates the execution.

There are also general conditions which could result in diagnostic
messages in the 4-D section: If during the reading of the 4-D data tape on
the first access of the region below 30 Km, a parity error is encountered,

a message

Diagnostic 3: "INPUT UNIT N@. M IN ERR@R (-3) F@R RECPRD NP N*
is printed - execution continues. Such an error will only be of consequence
if the particular record read is required for interpolation. If an end of

file is read, a messages is written
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Diagnostic 4:
"k x % x * UNIT N@. JT IN ERR@R IRC REC@ARDS READ
IREAD(IRN, 3) = XXXX MP = XX M@NTH = XX IP = XXXX IPT(I, J) = XXXX IRN = XX
M STATUS L"
Where
JT = Unit on which 4-D data tape is mounted
IRC = Total number of record; read thus far from 4-D tape
IREAD(IRN, 3) = Sequential point number selected by SELEC4
MP = Month word in last record read
MPNTH = Run month
IP = Point number word in last record read

IPT(I, J) = Point number required for profile J to be interpolated
to Ith requested profile

IRN = Sequential point number required

M = Unit status (READ)

L = NTRAN status (-2 for end of file, -3 for parity, etc.)
and EXECUTIQN IS TERMINATED

If IRC > IREAD(IRN, 3), the diagnostic message 4 is written - L should
be 106, and IRC and IREAD values should indicate this condition. EXECUTI@N
IS TERMINATED. ‘

If MP # MPNTH, or IP # IP(I, J) the diagnostic message 4 is printed,
again with L = 106, and MP/M@NTH or IP/IP(I, J) indicating error. EXECUTION
IS TERMINATED.

The writing of scratch file SFRCHI with data for subsequent unpacking

i
and interpolation is also checked. If there is a write error, the diagnostic
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4 is printed, with JT the scratch file unit number, M as WRITE and L as -3
or -4, EXECUTION IS TERMINATED.

These diagnostics can arise if a bad or wrong 4-D data tape is being
accessed, or if there is a malfunction of the tape drive. In some cases a
tape will, for example, indicate parity errors when being read from one tape
drive, but not another.

If, during the course of evaluation of position in the 4-D height
range, it is found that the position is outside the previously established
4-D grid, then a message results

Diagnostic 5: "P@SITIQN QUTSIDE 4-D GRID"
The 4-D grid is either a polar grid between 75° N or S of the pole, or a
non-polar 16 point grid at 59 x 5° latitude spacing. If the position is
less than 5° (total latitude and Iongitude) outside the 4-D grid (i.e.
2 2)1/2 < 50

!1atitude| < 70° for the polar grid, or (alat for the non-

+ Alon
polar grid), then the atmospheric parameters are evaulated by extrapolation
or setting them equal to the nearest grid point. If the position is more
than 5° outside the 4-D grid, then no evaluation is made and printed out,
however execution does continue to cycle to subsequent positions, in hopes
of finding valid positions for evaluation,

A diagnostic message

Diagnostic 6: "CPRRELATI@N C@EFFICIENT ERR@R"

indicates that the correlation parameter E2 < 0, as computed by equation (B10)

from Appendix B of the technical description section of this report. If

this occurs, E is set to zero and execution continues. The numbers listed
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fo]]owiné diagnostic 6 are values of various correlation parameters. Con-

sult a ?isting of subroutine PERTRB for their meaning.
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B. PROGRAMMERS MANUAL

1. DESCRIPTION OF SUBROUTINES

The following is a brief description of each of the PROFILE program

subroutines, in alphabetical order:

CORR:

DXHLVL:

FAIR:

GEN4D:

GETNMC:

GRIDA4D:

GTERP:

Evaluates the correlation between density and temperature from a
set of linear segments approximating the curve from NASA-TM X-
64589. These values are used as default values if the corre-
lation value computed directly from the variances on the 4-D
data tape has a magnitude greater than 1.

Evaluates the horizontal and vertical correlation scales from
equations plotted in Figure 8.3 of the technical description
section of this report.

Fairs between the Groves and Jacchia values in the 90 to 115 km
height range. (See equation 5.8, technical description section)

Generates the polar (|latitude| > 75%) or non-polar (16 50 x 5°
points) grid of pressure, density, temperature and variance pro-
files. See Figure 3 for a flow chart of this subroutine.

Reads the NMC grid point values from the SCIDAT data tape or
from cards and loads them onto a scratch file. This subroutine
is essentially unchanged from the subroutine of the same name
in the original 4-D program.

After array of 4-D grid lat-lons has been evaluated, this sub-
routine Tooks up the data from the 4-D data tapes and interpo-
lates to determine profiles of pressure, density, temperature,
and variance at the 4-D grid locations. Profiles to be interpo-
lated to 4-D grid locations are loaded onto a scratch file from
the tapes before the interpolation is done.

Uses linear latitude interpolation and linear temperature and
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SUBROUTINE

GENAD
DETERMINE LOCATION
OF 4 x 4 GRID
‘ CALL GRIDAD
LOOP THRU ) END OF LOOP
ALL PROFILES J™>— RETURN
DATA
MISSING
AT TOP?
DETERMINE HV
(HIGHEST VALID
ALTITUDE)
YES J,,/">kl“\\\\‘ NO
CALL GTERP CALL GTERP
(30 KM) (25 KM)
M v
CALL PDTUV FOR CALL INTER2 FOR
STATIONARY HV TO 25 KM
PERTURBATIONS
(30 KM) J,
Y EVALUATE o'S
CALL INTERZ FOR > FOR HV TO 25 KM
HV TO 25 KM ‘*
<
Figure 3: Simplified flow chart of the GEN4D subroutine.
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linear logarithm of density iéterpo]ation on height to eval-
uate Groves data to a given latitude and height. See Section
5 of the technical description section.

INTERW: Two variable linear interpolation between known value Ul and

V1 at Z1 and U2 and V2 at 72 to determine U and V at Z, where
Z is between Z1 and Z2.

INTERZ: Three variable interpolation, 1linear on temperature, and gas
constant (R = p/pT), and linear on the logarithm of ﬁressure,
with pressure computed from perfect gas law and interpolated
temperature and density, and gas constant. See Section 5 of
the technical description section.

INTER2: Three variable interpolation, 1inear on all three variables.

INTER4: Interpolates between the pressure, density, and temperature
profiles at the 4-D grid locations. This subroutine calls
subroutine INTLL to do the latitude interpolation.

INTLL:  One variable interpolation between values in an array of lat-
jtude and longitude locations by equation (5.6) of the techni-
cal description section.

INTRP4: The subroutine for the latitude-longitude interpolation of
values from the 4-D data tapes into the 4-D grid array. This
is a modification of the INTERP subroutine of the original
4-D program. '

INTRUV: Evaluates the standard deviations of the random wind components

at given height and latitude by calling INTERW subroutine.

JAC: Calculates the molecular weight, density, and temperature for
the Jacchia model.

JACCH: Main subroutine of the Jacchia section, serves as a driver for
JAC and the other Jacchia section subroutines. JACCHIA also
evaluates the seasonal and latitudinal variations in the lower
thermosphere.
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NORMAL :

PDTUV:

PERTRB:

PROFIL:

QBOGEN:

RAND:

- RIG:

RTERP:

RTRAN:

SCIMOD:

Computes two independent random numbers selected from a Gaus-
sian distribution with mean zero and unit standard deviation.

Interpolates the stationary perturbations on latitude and longi-
tude at a given height. This subroutine is similar to INTLL.

Evaluates the pressure, density, temperature and wind component
random perturbations by the correlated random perturbation
model discussed in Section 8 of the technical description sect-
ion of the report.

The main segment of the PROFILE program The main segment serves
as a driver for the SETUP and SCIMOD subroutines. See Figure 1
in the users manual section.

Computes the QBO perturbation values and their amplitudes and
phases. The amplitudes and phases of the QBO pressure, density,
temperature, and wind perturbations are interpolated from the
amplitude and phase data from the SCIDAT data tape, by calling
the INTERZ and INTERW subroutines.

Produces a random number selected from a uniform distribution

between 0 and 1. This is required as input to the subroutine
NORMAL .

Computes the acceleration of gravity and the radius from the
center of the Earth for a position at a given latitude and
height.

Computes the standard deviations ofvthe random pressure, density,
and temperature perturbations by calling surboutine INTERZ.

This subroutine contains several NTRAN read sections with multi-
ple entry points coming from subroutine SETUP. The NTRAN read
statements are for reading the SCIDAT data tape.

The heart of the PROFILE program. This subroutine branches on
height to evaluate the atmospheric parameters by the Jacchia,
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the modified Groves, or the 4-D methods. The QBO and random
perturbations are also evaluated and the output is printed
(and optionally also punched) by the SCIMOD subroutine. See
Figure 4 for a flow chart of the SCMOD subroutine and Figure
1, in the users manual section, for a flow chart showning how
SCIMOD fits into the overall PROFILE program.

SELEC4: Selects the 4-D data needed for interpolation. This subroutine
is a modification of the INPUT subroutine of the original 4-D
program.

SETUP:  This subroutine reads in the NMC grid points with the GETNMC
subroutine and reads and loads the data from the required
month on the SCIDAT data tapes into arrays. See Figure 5 for
a flow chart of the SETUP subroutine, and Figure 1 for a flow
chart showing how SETUP fits into the overall PROFILE program.

SORT4:  Sorts the 4-D locations for sequential tape reading from the
4-D data tapes. This subroutine is a modification of the SORT
subroutine from the original 4-D program.

STDATM: Evaluates the 1962 U.S. Standard Atmosphere values of pressure,
) density, and temperature, at any given height up to 700 km.

TINF: This subroutine computes the exospheric temperature for the
Jacchia model.

.

TME: This subroutine calculates the variables necessary for input -
into the subroutine TINF in the Jacchia model.

If the PROFILE program is mapped without segmenting the program, it re-
quires slightly less than 32 K core storage. In order to take up less core
storage (e.g. to make room for further program additions), the program can
be mapped in segmented form. An efficient segmentation of the program can be
accomplished by subdividing the program into a primary segment, a setup seg-

ment, a Jacchia segment, and a 4-D segment. The primary segment should con-

36



"3UL3N0AGNS (OWIDS dY3 40 14BYD MOLS PaBLABUAGQR UY :f Sunbid

1nd1N0 INIYd T.l

MIN HLIM SNOILYSHNLY3d
ONV NOILISOd Q70 30V1d3d

Q4LY3d 1TV) pe&— 3L TIVO

NYnL3d

043z 0l
1ndino L3S

ON

SANIM

JIHd0Y.1S039

2

243INI
T

1

PU3LINI
1)

1

P4IINI
TV

TATHXA TI

X

..
L ant

N39080 1VD

ANYLINT %9

I

SNOILVEYNLIY3d
AJYNOILVLS
+ SIN0YUY

ZY3INI TWD

ayN39 1V0

o

PY3ILNI TIVD
ON

2

_ SONIM
J1Hd0¥1S033

¥

ZYIINT 10

ANLGd TV

dy3aLd 1

ayNIs Anlad TV)
TV 7
d¥3Lo 1)
06> H > G2
1H9T3H
Wi Ges H

aoWIOS 3INILNO¥ENS]

>
A
SANIM
JIH0YLS039 A
Iy
Z43INI TVD
{
W1V 1TV
44319 TIVD
A SONIM
SONIN Y04 404
HOOVC
HO2VC ooy
1)
¥ A
HIoVD
HOIVC
1) 1V
S3 A
¢ SLL > H

37



SUBROUTINE SETUP

¥
EVALUATE JULIAN DATE

YES
)
M1 = MONTH (N. HEMISPHERE)
M2 = MONTH + 6 (S. HEMISPHERE)
Y
CALL GETNMC
)
MOVE PAST EOF NTRAN NTRAN MOVE PAST EOF
ON SCIDAT READ READ ON SCIDAT
GROVES STATIONARY
PERTURBATIONS

MOVE PAST EOF
ON SCIDAT

A

FORTRAN READ
e < -<<- RANDOM
QBO ,f PERTURBATIONS
ZERO SET RANDOM PERTURBATIONS <
TO ZERO
—
_ r EVALUATE

FORTRAN READ
QB0 ON SCIDAT

DEVIATIONS [} NOT ALREADY

4 CONVERT TO RANDOM
MOVE PAST ECF RELATIVE SIGMAS IF
EVALUATED

A N7
> RETURN

Figure 5: Abbreviated flow chart of the SETUP
Subroutine.
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tain CORR, DXHLVL, GTERP, INTERW, INTERZ, INTERZ, INTRUV, NORMAL, PDTUV,
PERTRB, PROFIL, QBOGEN, RAND, RIG, RTERP, SCIMOD, and STDATM. The setup segment
should contain: GETNMC, RTRAN, and SETUP. The Jacchia segment should con-
tain: FAIR, JAC, JACCH, TINF, and TME. The 4-D segment should contain:
GEN4D, GRIDAD, INTER4, INTLL, INTRP4, SELEC4, and SORT4. The following MAP
statement for file PROFILE, to create absolute element ABS will accomplish

the mapping of the program with these segments setup as described:

@MAP, IS , PROFILE. ABS
IN PROFILE. CORR, . DXHLVL, . GTERP, . INTERW, . INTERZ
IN PROFILE. INTERZ, . INTRUV, . NORMAL, . PDTUV, . PERTRB
N PROFILE. PROFIL, . QBOGEN, . RAND, . RIG, . RTERP
IN PROFILE. SCIMOD, . STDATM
NOT TPF$ -
SEG SETUP*
IN PROFILE. GETNMC, . RTRAN, . SETUP
NOT TPF$
SEG JACCH*, SETUP
IN PROFILE. FAIR, . JAC, . JACCH, . TINF, . TME
NOT TPF$
SEG SEGAD*, SETUP
IN PROFILE. GEN4D, . GRID4D, . INTER4, . INTLL, . INTRP4
IN PROFILE. SELEC4, . SORT4
NOT TPF$
END

This segmented map saves approximately 4 K in core stcrage, but does not
significantly affect run time, since the segments being overlayed (the set-
up, Jacchia, and 4-D segments) only have to be loaded in once during any
given trajectory or profile evaluation.

Some characteristics of some of the subroutines in each of these seg-

ments are described more fully in the following sections.

39



2. THE PRIMARY SECTION

.This section consists of the main program segment PROFIL, the SCIMOD
subroutine, the subroutines for evaluating Groves values, the stationary
perturbations, the QBO and random perturbations, and general interpolation
- subroutines. With the exception of PROFIL and SCIMOD the parts of this
section were adequately described in the previous section.

Many of the subroutines transfer their input and output via COMMON
statements. This procedure saves much in core storage space. The discuss-
jon in this and subsequent sections describes the input and output of some
of the subroutines, both by argument 1ists and via COMMON statements.

Main Segment PROFIL

This program serves as a driver for the SETUP and SCIMOD subroutines
(see Figure 1 in the users manual section). It reads one card, the first

input card, in free field format. This card contains:

1. The initial height H1
2. The initiel latitude (degrees) PHIT
3. The initial west longitude (degrees) THET1
4. The F10.7 solar flux F10
5. The 81 day mean F10.7 solar flux F10B
6. The a_ geomagnetic indix ApP
7-9. The date month/date/2 digit year MN/IDA/IYR
10-12. The Greenwich time hours: minutes: seconds IMRO; MINO; ISECO
13-15. The latitude, longitude, and height increments DPHI, DTHET, DH
16. The maximum number of profile positions © NMAX
17. The time increment between profile positions INCT
18. The trajectory option I0PT
19. The punch option 10PP
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The trajectory input cards (if used) are also read by PROFIL, after control

has returned from SETUP, which reads the second and third initial data input

cards.

description of the card input.

See Section 4 of the users manual section and Appendix B for further

The COMMON "IOTEMP" transfers data from the card input in PROFIL to

the other subroutines called by PROFIL (SETUP, SCIMOD, and RIG).

Subroutine SCIMOD

This program is the primary subroutine of the PROFILE program. It

serves as a driver for all of the various sections of the atmospheric eval-

uation.

See Figure 4 for a flow chart of this subroutine.

The input to SCIMOD, transfered by COMMON statements IOTEMP and PDTCOM,

is:

18-20.

21-23.

Acceleration of gravity (m/secz)
Earth radius to height H (km)
Height (km)

Latitude (Radians)

Longitude (radians)

F10.7 solar flux

Mean F10.7 solar flux
Geomagnetic index a
Date

Time

Previous height (km)

P

Previous latitude (radians)
Previous longitude (radians)

Previous random pressure, density, and tem-
perature perturbations (%)

Previous random pressure, density, and tem-

,perature standard deviations (%)
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H

PHIR

THETR

F10

F10B

Ap
MN/IDA/IYR
IHR: MIN: ISEC

H1

PHITR

THETIR

RP1, RD1, RT1

sP1, SDT, STI1



24-25. Previous random winds (m/s) RUT, RV1
26-27. Previous standard deviation of random winds (m/s) Sutl, svi

The COMMON "PDTCOM" contains data transferred into SCIMOD from SETUP.
The COMMON "IOTEMP" transfers data in from PROFIL. The COMMON "C4" trans-
fers data out to the 4-D section of the program. The COMMON "COMPER" trans-
fers data out to the random perturbation subroutines.

The present SCIDAT data tape has the random wind component standard
deviation arrays (UR and VR) equal. In order to save space in core, these
arrays were equivalenced in SCIMOD. If a subsequent SCIDAT tape is gener-
ated with different random wind standard deviation components, then the

equivalence statement

EQUIVALENCE (UR (1, 1), VR (1, 1)

should be removed and the array VR (25, 10) added to the COMMON Tist "PDTCOM".
Similar corrections are also required in subroutine SETUP.

The SCIMOD subroutine prints and (optionally) punches the output des-
cribed in the users manual section and in Appendix B. It also transfers
outnhut to other subroutines via the above-mentioned COMMON lists. The
SCIMOD subroutine updates the profile or trajectory positions by setting the
current position equal to the previous position before exit. The previous
position information then stays in the COMMON list until the next call to

SCIMOD. The previous random perturbations are handled in similar fashion.

42



3. THE SETUP SECTION

The function of the setup section of the program is to load the initial
data and the data from the SCIDAT tape. See Figure 1 for a flow chart illus-
trating how the SETUP subroutine fits into the overall program and Figure 4
for a flow chart of the SETUP subroutine.

The SETUP subroutine reads the second and third cards of input. Tne

second card contains

1. Groves input unit : IUG

2. Random input unit IUR

3. QBO input unit ' 1UQ

4. 4.D input unit U4

5. Random option IOPR
6. QBO option I10PQ
7. First random number . NR1

8. NMC read option NMCOP
9. 4-D scratch unit I0TEM]
10. NMC grid point scratch unit I0TEM2

The third card (optional, read only if IOPR = 1) contains:

1-3. Initial random perturbations in pressure, density,

and temperature (%) RP1, RD1, RT1
4-6. Initial standard deviations for random pressure,

density, and temperature (%) SP1, SD1, ST1
7-8. Initial random wind perturbation (m/s) RUT, RV1

9-10. Initial standard deviations for random winds (m/s) SuUl, SV1

The COMMON list "PDTCOM" transfers the arrays, loaded with the approp-
raite data from the SCIDAT data tape, to the other subroutines. This COMMON
Tist contains the following arrays:

1-3. Groves pressure, density, and temperature PG, DG, TG
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4-6.
7-11.

12-16.

17.21.

Stationary perturbations in pressure, density,

Amplitudes of QBO pressure, density, and tem-
perature

Phases of QBO pressure, density, and tempera-
ture, and winds

Standard deviations for the random pressure,
density, temperature and winds

(UR = VR equivalence)

PSP, DSP, TSP
PAQ, DAQ, TAQ,
UAQ, VAQ

PDQ, DDQ, TDQ,
ubQ, VvDQ

PR, DR, TR,
UR, VR

The COMMON 1ist "COTRAN" is used to transfer data to SETUP from the

NTRAN read subroutine RTRAN, which has multiple entry points for various

different types of data from the SCIDAT data tape.
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4. THE JACCHIA SECTION

The subroutine JACCH calculates the pressure, density, and tempera-
ture at a point in space for heights above 90 km for a particular time.

The inputs to JACCHIA are:

height in km - H
2. Tlatitude in radians PHIR
West Tongitude in degrees
(0 to 360 degrees) THET
4. solar radio noise flux F10.7 (10722 watts/m®)  F10
5. 81 - day average solar flux F10.7 F10B
6. geomagnetic index a, AP
7. month MN
8. day of month IDA
9. year IYR
10. hour of day in universal time IHR
11. minute of hour in universal time - MIN
12. mean Julian day XMJD
The outputs are:
1. pressure in units of nt/m2 PH
2. density in units of kg/m> DH
3. temperature in Kelvin degrees TH

The theory and methods used in JACCH for calculating the pressure,
density, and temperature are given in Jacchia, (1970). A brief explanation
will be given below.

The subroutine JACCH consists of four sections: the main routine
- and three imbedded subroutines. All sections have numerous comments to

explain each part of the program.
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Main Routine (JACCH)

The main routine acts as the calling routine and, also, calculates the
seasoha] - 1atithdina1 variations in the lower thermosphere.

The seasonul - latitudinal density variations are given by equation
(2.1) of the technical description section.

The equations for the molecular weight and the relative temperature
were given as equations (2.2) and (2.3) of the technical description section.

After the density, temperature, and molecular weight are calculated,

the pressure is calculated from the ideal gas law:

= PRT
P M

where o is the density, R is the universal gas constant, T is the tempera-
ture, and M is the molecular weight.

An option is included in the main routine whereby the yearly mean val-
ues of the density, pressure, and temperature may be calculated directly.
If the value of the month input variable is thirteen, (MN = 13), the exo-
sphere temperature is immediately set equal to 1000° K (which is the recom-
mended design value for annual mean conditions) and the yearly mean density,
pressure, and temperature values are calculated. Note that the 1962 U.S.
Standard Atmosphere has an exospheric temperature of approximately 1500° K
and is thus considerably different from the 1000° K results of the annual
mean in the PRO?ILE program.

Subroutine TME

This subroutine calculates variables necessary for input into the sub-
routine TINF. The input variables are:

1. month (month = 13 denotes annual mean and

bypasses this subroutine) MN
day of month IDA
year IYR
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4. hour of day in universal time IHR
5. minute of day in universal time MIN
6. mean Julian day XMJD
7. Tlatitude in radians XLAT
8. longitude in degrees (input: 0 to 360 degrees

turning westward; output: -180 to +180 degrees) XLONG

The output variables are:

1. solar declination angle in radians SDA
2. solar hour angle in radians SHA
3. day number from January 1 DD
4. day number divided by tropical year

(365.2422 days) DY

Subroutine TINF

This subroutine calculates the exospheric temperature. The input var-

jables are:

1. solar radio noise flux (10'22 watts/mz) F10
2. 81 - day average F10 F108
3. geomagnetic latitude in radians XLAT
4, solar declination angle SDA
5. solar hour angle SHA
6. day number divided by tropical year DY
7. diurnal factor equal to 0.31 R

The output is the exospheric temperature, TE. Factors included in the
calculation of the exospheric temperature are solar activity variations,
diurnal variations, variations with the geomagnetic activity, and semi-
annual variations.

Subroutine JAC

This subroutine calculates the molecular weight, density, and tempera-

ture without the seasonal - latitudinal variations. The input variables are:
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1. height in km
2. exospheric temperature

The output variables are:

1. temperature
2. molecular weight
3. density
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5. THE 4-D SECTION

GRID4D and subroutines S@RT4, INTRP4 and SELEC4 are basically the MAIN
PRPGRAM, S@RT, INTERP and INPUT as documented in the 4-D users reference
manual and suysequent updates.

Some changes have been made.

Statement numbers have been ordered in GRID4D and S@RT4.

In GRID4D, RTRAN M@VE statements are used to select the appropriate
file for a given month on the 4-D data tape mounted on UNIT IT.

If a parity error is encountered in reading IT, a message

"INPUT UNIT NO. IT IN ERRPR FPR REC@RD N@ IRC"
is printed - execution continues. Such an error will only be of consequence
if the particular record read in error is required for interpolation.

Grid point profiles for subsequent interpo]étion are tagged and filed
on a dynamically assigned scratch UNIT SCRCH1 (I@TEM1 in calling program),
instead of occupying core as in the 4-D model.

Any error in the handling of the 4-D data tape or UNIT SCRCH1 (IGTEMI
in calling program) by GRID4D which results in a transfer to

STATEMENT NO. 30
is fatal, and results in the printing of an error message and termination of
execution (see user's manual).

Slight changes have been made to the logic of SQRT4 in the interests
of efficiency.

SELEC4 is concerned only with the selection of the record numbers of

the appropriate interpolation profiles.
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GETNMC has been added to file the NMC grid point data, read either
from cards of the SCIDAT data tape on UNIT IUG, on a dynamically assigned
scratch file SCRCH2 (I@TEM2 in calling program), instead of occupying 1977 .
words of core as in the 4-D model. If other than 1977 records are filed,
an error message

"N REC@RDS WRITTEN BY GETNMC ON SCRATCH FILE M"
is printed and execution terminated.

INTRP4 uses a modified latitude - longitude interpolation scheme in the
mixed NMC - equatorial, equatorial and southern hemisphere regions.

The dimensions of some variables have been altered in keeping with the
maximum number of profiles to be used in interpolation (16 istead of 25 us
in the 4-D model), and to provide the index word for each record on SCRCHI
(IN (107) instead of (106)).

A11 references to, and subroutines associated with, the determination
of the coefficients of the best fit polynomials to the selected profiles,
as performed in the original 4-D model, have been deleted. All vertical

interpolations required are performed by SCIMZD.
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APPENDIX A
LISTING OF THE DATA TAPE "SCIDAT" FOR THE PROFILE PROGRAM

The tape contains the following data, identified by code characters; at
the beginning of each record. Month 13 refers to annual mean values. For
code P, D, T, S, R, and RW data, southern latitude are given by northern
hemisphere dqta displaced six months. Annual mean data and the QBO para-
meters are the same for both southern and northern hemispheres. For a more

complete discussion of the input data, see Section 2 of the Users Manual.

Code Data ' Description
None NMC Grid Data Same as NMC Grid Required by NASA

version 4-D program. Data consists
of sequential point number followed
by the two corresponding NMC grid
indices. There are five points per
record on the tape.

P Groves Pressure (nt/mz) ‘

3 Month, height, values at latitudes

D Groves Density (kg/m”) 0, 10, 20, ... 90 exponent. Same

format as in Groves report.

T Groves Temperature (°K)

S Stationary Perturbations Month, height, longitude, Ap at
in monthly means (per north latitude, 10, 30, 50, 70, 90,
mill) bp same, AT same.

R Random pressure, density, Month, height, Ap at north latitude
and temperature pertur- 10, 30, 50, 70, 90, Ap same AT same
bation magnitudes (per o '
mill)

RW Random magnitudes wind Month, height, au at north 1at1tude
perturbation (m/s) 10, 30 50, 70, 90, av same
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Code Data Description

QP QBO pressure parameters - Height, amplitude and phase at 10° o
- amplitude (per mi1l) and latitude, amplitude and phase at 30,
phase (days after Jan. 0, ... , amplitude and phase at 90°.
1966 when 1st maximum
occurs)

QD BO density parameters
as in QP)

QT  QBO temperature parameters

Qu QB0 eastward wind para-
meters - amplitude
(0.1 m/s) and phase
(days after Jan. 0, '66)

Qv QBO northward wind para-
meters - (as in QU)

The tape consists of four NTRAN readable files with an NTRAN end of file after
each file. The first file contains the NMC grid data, the second contains the
Groves and stationary perturbation data, the third contains the random pertur;
bation data, and the fourth contains the QBO data. The number of words per NTRAN
record is 15 for the NMC grid data. Each record contains NMC grid x~-y coordinates
for 5 points. The total number of NMC grid points is 1977. The NMC grid data
file contains a total of 395 records, with the last record containing points 1976
and 1977 and zeros in the remaining words. There are 14 words per record for the
Groves data (including the code word), 19 for the stationary perturbations, 18
for the code R data, 13 for the code RW data, and 12 for the quasi-biennial data.
The Groves data coﬁtains 702 records, the stationary perturbation data contains
1248 records, the code R random data contains 260 records, the code RW random
winds data contain 325 records, and the QBO data contain 80 records.

Following is a listing of the data contained on the SCIDAT tape.
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*NMC GRID DATA»()=x

151
456
161l
166
171
176
i81
i8¢6
i91
196
<01
206
€ll
¢l6
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147
152
157
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172
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252
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- S wwd
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«66
71
276
<81
286
291
<96
301
306
J11
316
21
326
331
336
S41
346
351
356
361
366
371
376
o581
386
391
396
401
406
411
416
421
426
431
436
441
i 6
451
456
461
466
471
476
481
486
4931
496
v01

L6

511
016
v2l
L26
©31
536
H41
546

267
272
277
282
287
292
297
302
3n7
312
317
322
327
332
537
342
347
352
357
362
367
372
377
382
587
592
397
4p2
497
412
417
422
427
432
437
442
447
452
457
462
467
u72
477
482
487
492
497
5n2

027

547

268
273
278
283
288
293
298
303
308
313
318
323
328
333
3358
343
348
353
356
363
368
373
378
363
388
393
398
4063
408
813
k18
423
428
433
438
443
448
453
u4s8
463
468
473
478
485
4848
493
498
503
508
513
518
523
528
533
538
543
548

54

269
274
279
284
289
294
299
204
09
I14
319
04
229
334
x39
24
249

039

uyY
us4
us9
ue4
469
574
479
ugh
ugy
u94
ugy
S04
509
"4
s19
s24
C29
=34
539
K44
w49

270
275
280
285
290
295
300
305
310
315
320
325
330
335
340
345
350
355
360
365
370
375
380
385
390
395
400
405
410
415
420
425
430
435
440
445
450
455
460
465
470
475
480
485
gan
495
500
505
510

520
525
530
535
540
545
550



551 9 1?7 5%2 10 17 553 11 17 =54 12 17 555 13
LS6 14 17 557 15 17 558 16 17 &59 17 17 560 18
o261 19 17 562 20 17 563 21 17 se4 22 17 565 23
566 24 17 567 25 17 S68 26 17 569 27 17 SToO 28
o571 29 17 572 30 17 573 31 17 w74 32 17 578 33
576 34 17 577 35 17 578 36 17 =79 37 17 580 38
o81 39 17 582 40 17 583 41 17 =84 42 17 585 43
586 Ly 17 587 45 17 588 46 17 =89 47 17 590 L
591 2 18 592 3 18 593 y 18 &94 5 18 595 6
96 7 18 597 8 18 59 9 18 =99 10 18 600 11
001 12 18 602 13 18 603 14 18 e&o4 15 18 605 le
o006 17 18 en7 18 18 608 19 18 w09 20 18 610 21
o111 22 18 o012 23 18 613 24 18 e14 25 18 615 26
616 27 18 617 28 18 618 29 18 ¢19 30 18 620 31
021 32 18 622 33 18 623 k1t 18 24 35 18 62% 36
026 37 18 627 38 18 628 39 18 629 40 18 630 41
031 42 18 0632 43 18 633 e 18 634 45 18 635 46
036 47 18 637 1 19 638 2 19 639 3 19 640 4
641 5 19 642 6 19 643 7 19 644 8 19 645 9
oL6 10 19 ou7 11 19 6u8 12 19 €49 13 19 650 iy
051 15 19 652 16 19 AS3. 17 19 &54 18 19 655 19
056 20 19 657 21 19 658 22 19 659 23 19 660 24
061 25 19 662 26 19 663 27 19 664 28 19 665 29
066 30 19 o067 31 19 668 32 19 669 33 19 670 34
671 35 19 o672 36 19 673 37 19 &74 38 19 675 39
676 40 19 677 41 19 678 42 19 &79 43 19 680 4y
681 45 19 682 46 19 6563 47 19 e84 1 20 685 2
086 3 20 687 4 20 648 5 20 689 6 20 690 7
091 8 20 692 9 20 693 10 20 &9% 11 20 695 12
696 13 20 697 14 20 698 15 20 699 16 20 700 17
701 i8 20 702 19 20 703 20 20 704 21 20 705 22
706 23 20 707 24 20 708 25 20 709 26 20 710 27
711 28 20 712 29 20 713 30 20 714 31 20 715 32
116 33 20 717 34 20 718 35 20 719 36 20 720 37
721 38 20 722 39 20 723 40 20 724 41 20 728 42
726 43 20 727 4y 20 768 45 20 729 46 20 730 47
731 1 21 732 2 21 733 3 21 734 4 21 73% 5
736 6 21 737 7 21 738 8 21 739 9 21 740 10
741 11 21 742 12 21 743 13 21 744 14 21 745 15
746 16 21 747 17 21 748 18 21 749 19 21 750 2e
751 21 21 7s2 22 21 753 23 21 754 24 21 75% 25
756 26 21 757 27 21 758 28 21 759 29 21 760 30
761 31 21 762 32 21 763 33 21 764 34 21 765 35
766 36 21 767 37 21 768 38 21 769 39 21 7170 40
771 41 21 772 42 21 773 43 21 774 44 21y 775 45
776 46 21 777 47 21 778 1 22 77Y 2 22 780 3
781 4 22 782 5 22 783 6 22 784 7 22 785 8
786 9 22 787 10 22 788 11 22 789 12 22 790 13
791 14 22 792 15 22 793 16 22 794 17 22 795 18
796 19 22 797 20 22 798 21 22 799 22 22 800 23
601 24 22 802 25 22 803 26 22 PRO4 27 22 805 28
b06 29 22 897 30 22 A08 31 22 809 - 32 22 810 33
oil 34 22 b12 35 22 813 36 22 R4 37 22 81% 38
blé 39 22 817 40 22 818 41 22 819 42 22 820 43
821 44 22 622 45 22 R23 46 22 R24 47 22 82% 1
26 2 23 827 3 23 8286 4 23 e29 S 23 830 6
631 7 23 832 8 23 R33 9 23 A34 10 23 835 11
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v36
b4y
b46
851
856
861
866
b71
876
081
686
891
696
901
906
911
916
921
926
931
936
Y41
Y46
951
956
Y961
966
971
976
981
Y86
991
996
1001
1ule
1ull
1016
lu2l
1026
1L31
1L36
1041
1u46
1u51
1U50
lubl
1U66
1u71
iu76
1u81
1u86
1091
1u96
1101
1106
1111
1116

837
842
847
852
657
862
867
b72
877
Bne2
887
892
897
902
907
912
917
9,2
927
932
937
gy
947
952
957
962
967
972
977
gne
987
992
997
fune
1007
1012
1017
1022
1027
1032
1037
1042
1047
1052
1057
1ue2
1067
1072
1077
1082
1087
1092
1097
11n2
11n7
1112
1117

R34
843
848
853
858
B3
868
R73
R78
AB3
BR48
R93
898
au3
908
Q13
918
az3
928
Q33
938
Ay
aug
a53
958
%963
968
973
278
983
ats
Qyy
agg
1n03
1008
1013
1n18
1023
1028
1033
1n3s
1043
in4g
1n53
1058
1nod
1ne8
1n73
in78
1083
1nby
1193
1098
1103
11u8
1113
1118

56

f39
44
a49
AS54
259
RE4
R69
T4
/79
ABY
r8Y
/94
899
ooy
agy
o14
019
[-3-1%
29
axy
a3y
oyl
o49
agy
059
agk
g9
a7y
a79
ag4
agy
agl
agy
in04
1np9
ini&
1r19
1r24
1029
in3y
1039
ing4
1049
1nS4
1059
1064
1ne9
1074
1n79
ing&k
1rg9
1no4
1n99
1104
1109
1114
1119

8u0
845
850
855
860
865
870
875
880
885
890
895
900
9085

915
920
925
930
935
940
945
950
955
960
965
970
975
980
985
990
995
1000
1005
1010
1015
1020
1025
1030
1035
1040
1045
1050
1085
1060
1065
1070
1075
1080
1085
1090
1095
1100
1108
1110
1115
1120



1121
1126
1131
1136
1141
1146
1151
1156
lle61
1166
1171
1176
1181
1186
1191
1196
1201
1206
icll
1216
1221
1226
1231
1236
124]
1246
1251
1456
1z61
1266
1271
1276
1«81
1286
1291
1296
1501
1306
1511
1316
1321
13526
1331
1336
1541
1346
1351
1356
1361
1566
1571
1376
1381
1386
1391
1396
1401

20

26

1122
1127
1132
1137
1142
1147
1152
1157
112
1167
1172
1177
1182
1187
1192
1197
1202
1207
1212
1217
1222
1227
1232
1237
1242
1247
1252
1257
1262
1267
1272
1277
12122
1287
12902
1297
13n2
1307
1312
1317
1322
1327
1332
1337
1342
1347
1352
1357
1362
1367
1372
1377
1382
1387
1392
1397
1402

1123
1128
1133
1138
1143
1148
1153
1158
1163
1168
1173
1178
1183
1188
1193
1198
1203
1208
1213
1218
1223
1228
1233
1238
1243
1248
1253
1258
1203
1268
1273
1273
1283
1248
1293
1298
1303
13u8
1313
1318
1323
1328
1333
1338
1343
1348
1353
1358
1363
1368
1373
1378
1383
11388
1393
1398
1403

57

1124
1129
1134
1139
1144
1149
1154
1159
1164
1169
1174
1179
1184
1189
1194
1199
17204
1209
1214
1219
1224
1229
1234
1239
1244
1249
1254
1259
1264
1269
1274
1279

1284

1289
1794
1299
1304
1309
1x14
1319
1324
1229
1334
1239
1344
1249
1354
1359
1264
1%69
1374
1379
1384
1389
1394
1399
lu04

1125
1130
1135
1140
1145
1150
1155
1160
1165
1170
11785
1180
1185
1190
1195
1200
1205
1210
1215
1220
1225
1230
1235
1240
1245
1250
1255
1260
1265
1270
1275
1280
1285
1290
1295
1300
1305
1310
1315
1320
1325
1330
1335
1340
1345
1350
1355
1360
1365
1370
1375
1380
1385
1390
1395
1400
1405



1406
141]1
1416
1421
1426
1431
1436
le4]
1446
145}
1456
1461
1466
1471
1476
1481
1486
1491
1496
1501
1L06
1511
1516
1b21
1L26
1531
1536
1541
pRSYITN
1551
1556
161
1966
1571
1u70,
1081
1586
1591
1996
lv0l
1006
lecll
lole
lo21
126
1031
1036
lo4]
1046
1051
1056
lobl
1666
lo71
1076
1u81
1086

12

1407
14312
1417
1422
1427
1432
1437
1442
1447
1452
1457
1462
1467
1472
1477
1482
1487
1402
1497
1502
1597
1512
1517
1522
1527
1532
1537
1542
1547
1552
1557
1562
1567
1572
1577
1582
1587
152
1597
lon2
1007
1612
1017

1622.

1627
1032
1637
iou2
1647
1052
1657
l1o62
1667
1672
1677
1082
1687

1408
1413
1418
1423
1428
1433
1438
1443
1448
1453
1458
1463
1468
1473
1478
1483
1488
1493
1498
1503
1508
1513
1518
18523
1528
1533
1538
1543
1548
1553
1558
1563
1568
1573
1578
1583
1588
1593
1598
1603
1608
1613
1618
1623
1628
1633
1638
1643

1648

1653
1658
1663
1668
1673
1A78
1683
1688

58

1409
1414
1419
1u24
1429
1434
1439
la44
1449
1us54
1459
1464
1469
1474
1479
1uB4
1489
1u94
1499
1504
1509
1514
1519
1524
1529
1534
1539
1844
1549
1554
1559
1564
1569
1874
1579
1584
1789
194
1=99
le04
1609
le14
161y
le24
1629
1634
1639
leyh
1649
1654
1659
1664
1669
1674
1679
1684
1689

1440
1415
1420
1425
1430
1435
1440
1445
1450
1455
1460
1465
1470
1475
1480
1485
1490
1495
1500
1505
1510
1515
1520
1525
1530
1535
1540
1545
1550
1555
1560
1565
1570
1575
1580
1585
1590
1595
1600
1605
16310
1615
1620
1625
1630
1635
1640
1645
1650
1655
1660
1665
1670
1675
iesao
1685
1690



1691
1696
1701
1706
1711
1716
1721

1726

1731
1736
1741
1746
1751
1756
1761
1766
1771
1776
1781
1786
1791
1796
1501
1806
1611
1616
1v21
1626
1831
1836
1b4}
1646
1851
1856
1661
1666
1071
1676
1881
1086
1091
1696
1901
1906
1911
1916
1921
1926
1931
1936
1941
1946
1951
1956
1961
1966
1971

1692
1697
1702
1707
1712
1717

L1722

1727
1732
1737
1742
1747
1752
1757
1762
1767
1772
1777
1782
1787
1792
1797
16802
1807
1812
1817
1822
1827
1832
1837
1842
1847
1852
1857
1862
1867
1872
1877
1882
1887
1892
1897
1902
1907
1912
1917
1922
1927
1932
1937
1942
1947
1952
1957
1962
1967
1972

1693
1698
1703
1708
1713
1718
1723
1728
1733
1738
1743
1748
1753
1758
1763
1768
1773
1778
1783
1788
1793
1798
1803
1808
1813
1318
1823
1828
1833
183e
1842
1R48
1853
1858
1863
1868
1”73
1878
1R83
1888
1893
1898
1903
1908
1913
1918
1923
1928
1933
1938
1943
1948
1953
1958
1963
19%8
1973

39 41 1694 40 41 1695
6 42 1699 7 42 1700
11 42 1704 12 42 1705
16 42 1709 17 42 1710
21 42 1714 22 42 1715
26 42 1719 27 42 1720
31 42 1724 32 42 1725
36 42 1729 37 42 1730
41 42 1734 42 42 1735
10 43 1739 11 43 1740
15 43 1744 16 43 1745
20 43 1749 21 43 1750
25 43 1754 26 43 1755
30 43 1759 31 43 1760
35 43 1764 36 43 1765
40 43 1769 41 43 1770
11 44 1774 12 44 1775
16 44 1779 17 44 1780
21 4y 1784 22 44 1785
26 44 1789 27 44 1790
31 44 179% 32 4y 1795
36 44 1799 37 uu 1800
9 45 1p04 io 4% 1805
14 4% 1,09 15 45 1810
19 45 1r14 20 45 1815
24 45 19019 25 4% 1820
29 45 1e24 30 45 1825
34 45 1Rr29 35 45 1830
39 45 1p34 10 46 1835
14 46 1039 15 46 1840
19 46 1844 20 46 1845
24 46 1R49 25 46 1850
29 46 i1as4 . 30 46 1885
34 46 1989 35 46 1860
11 47 1864 i2 47 31885
16 47 1Re9 17 47 1870
21 47 1874 22 47 1875
26 47 1879 27 47 1880
31 47 1884 32 47 1885
36 47 1p89 37 47 1890
15 48 1po4 16 48 31895
20 48 1099 21 48 1900
25 48 1004 26 48 1905
30 48 19009 31 48 19410
35 48 1014 36 48 1915
16 49 1919 17 49 31920
21 49 1024 22 49 1925
26 49 1029 27 49 1930
31 49 1034 32 49 1935
14 50 1039 15 50 1940
19 50 iouy4 20 50 1945
24 S0 1o49Y 25 50 1950
29 50 1054 30 50 1955
34 50 1059 15 S] 1960
19 51 1964 20 51 1965
24 51 1ogY 25 51 1970
29 51 1074 30 51 1975
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1976

32

D

A

51 1977

33

" 51
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v
P
F
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P
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P
P
P
P
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25
30
35
40

250
118
582
2¢9
157
842
454
241
122
577
255
110
471
197
803
350
168
ags
250
118
581
298
157

848 .

458
243
122
577
256
111
469
200
a55
395
199
113
251
118
582
299
159
860

4es

244
i2l
569
255
110
476
206
903
419

47
117
576
295
185
832
449
237
119
561
249
108
463
194
791
345
168
889
246
116
572
293
156
839
455
238
119
551
245
1p6
448
118
802
S6l
in2
101
246
117
575
297
198
8499
461
241
117
547
240
105
444
191
811
374

244
114
562
286
152
816
442
232
117
549
243
105
446
187
767
338
160
856
242
114
560
286
152
820
443
231
114
534
240
105
451
188
797
362
178

%
24y
115
566
290
154
833
446
231
113
528
237
105
450
191
802
362

GROVES MODFEL DATAr(DeP,T)=

239
112
546
275
146
778
4290
217
110
519
236
102

440

1R4
778
345
163
843
239
112
543
274
184
773
413
215
106
5Ny
229
102
439
1R7
784
357
171

o)
2u0
113
562
279
146
781
416
214
106
5N3
2%
1n3
4he
188
789
354

237
111
529

. 261

130
720

383

198
100
481
222
100
437
190
833
379
177
899
239
111
531
P4
157
T34
390
202
100
482
223
101
440
191
334
306
174

24y
112
533
207
139
741
392
203
101
487
225
1u2
358
167
785
354

434
192
843
377
179

243
112
529
262
135
718
380
196

475
223
102
G4k
191
804
365

60

244
111
509
237
116
587
306
155

79
382
183

84
384
174
813
376
181
887
241
111
517
246
122
625
325
165

397
188

393
175
792
359
174

238
110
521
255
130
675
354
181

T 434

205

4
420
182
783
355

240
105
u7e
216
103
g15
€0
134

x17
140

05
13b
646
a0l
145
701
231
105
485
227
110
sS40
279
140

=21
147

60
»2Q5
139
60U
270
132

220
109
50l
24z
121
6106
219
162

x72
171

39
140
645
298

23R8
101
45n
203

95
472
242
121

278
127

258
116
S46
256
123
589
225
101
466
216
103
499
251
125

275 .

122

54
236
108
485
229
112

60
217
102
489
234
116
581
298
151

72
335
151

65
290
124
562
264
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213
122
251
119
590
305
163
R86
478
250
123
575
253
110
479
212
Q920
416
202
112
251
120
%95
309
164
889
480
253
126
582
254
111
489
213
887
379
172

251
119
592
306
16l
869
468
248
125
585
255
112
486
208
853
360
162
840
250

183
1o4

119
58
306
1e2
883
473
247
121
568
250
109
471
2n6
880
386
182

54
120
598
311
165
896
481
254
127
597
263
115
496
214
899
379
172

253
120
597
3u8
163
881
474
251
127
599
<65
114
487
206
852
362
le4
837
252

175

%
246
117
583
300
159
861
462
2490
119
565
257
113
494
213
900
386
178

250
120
595
307
163
882
475
2u8
125
600
271
118
505
215
904
382
175

253
121
597
306
162
878
474
249
126
592
264
114

479

201
833
361
167
867
256

169

24y

242
122
587
268
115
4Rs5
199
819
351
163

253
121
599
ang
163
886
477
251
125
593
262
11y
456
183
737
327
156
836
259

167

88
241
114
554
282
148
RO1
427
223
111
539
250
112
478
198
812
359
165

86
247
117
576
298
158
Rbl
464
244
122
591
267
115
46y
161
7606
308
145

78
256
122
602
311
166
ape
487
258
128
607
265
110
423
156
577
260
127
719
263

174

94
241
114
553
282
149
804
430
225
112
546
253
114
475
192
769
348
167

2u6
117
577
300
160
880
474
250
126
607
276
118
459
169
619
276
135

258
123
611
318
171
935
508
271
137
652
286
117
423
141
480
214
108
640
265

61

177

98
240
113
545
273
142
761
407
210
106
511
240
108
458
184
754
341
176
102
249
118
581
299
159
869
470
2u8
125
608
280
121

170
622
280
145

260
125
627
326
176
965
528
282
144
695
313
128
453
145
489
216
112
689
269

153

86
239
111
522
o254
130
~86
69
18%

93
4yd
209

x92
158
650
x05
164

99
254
120
=80
292
155
A32
456
239
123
%96
283
121

477 .

170
49
P92
162
10V
265
126
6u2
230
176
074
37
286
150
731
335
136
ugd
152
r26
230
124
771
oTH

139

79
238
110
508
243
123
641
337
175

410
190

84
352
142
600
283
157

257
121
589
288
153
810
448
234
122
589
285
121
480
170
665
299
172
107
268
130
651
332
179
979
542
292
154
753
348
141
501
156
548
238
131
820
277

134

76
238
190
Soy
239
120
626
328
170

398
184

81
339
137
581
276
154

97
258
122
590
286
152
802
445
232
123
586
285
121
481
170
671
3n2
176
109
269
130
654

180
9a1
544
293
155
760
353
142
507
158
556
241
134
837
278
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118
582
299
157

84
454
2ul
122
577
255
110
471
197
ALS
250
168
898
250
118
581
298
157
848
458
243
122
577
256
111
469
200
£55
395
199
113
251
118
s82
299
159
860
465
244
121
569
255
110
476
206

90
419
213
122
°51
119
€90
305

119
591
391

57

256

120
589
351
159
&58
Ly
245
124
6)0
275
122
527
230
inl
410
246
141
250
119
588
3n2

122
600
305
161

87
466
245
123
573
253
109
460
191
793
354
168
895
257
122
595
303
158
852
454
240
121
579
261
l1e
501
21y
902
412
199
109
254
123
596
303
160
858
461

125
606

104
487

298

123
6ns
3n9
163

470
2u6
122
562
245
1Ny
423
170
688
317
153
835
2h0
123
6Ne
an7
1A}
863
462
241
120
563
251
1n9
459
189
796
389
171

ag
257
122
507
3n2
158
8u%5
451
234
118
560
255
112
477
2n0

a7
uny
199
in7
253
120
5R3
295

125
622
318
109

91
492
257
128
595
257
104
395
145
569
262
152
725
264
126
623
319
109
907
ugs
252
124
571
250
104
408
158
b0
301
145

75
259
124
607
307
1o
R65
4ol
235
115
5¢8
233

L4oud
166

72
328
158

254
119
578
269

128
640
331
177

96
521
275
139
654
284
111
393
131
479
218
110
4]
265
128
640
330
175
946
509
266
132
615
268
106
390
140
567
255
122

260
124
613
313
165
883
471
241
117
537
234

96
378
150

63
280
131

254
118
564
281

130
653
340
184
101
551
295
152
730
322
126
425
131
458
198
101
576
270
130
o048
335
178
971
526
280
141
76
295
115
397
134
504
216
102

52
260
124
610
310
153
875
467
2u3
121
573
252
103
399
153

265
119

250
116
556
274

191

KS‘)
276
132
€SU
332
177
069
=25
281
145
709
216
125
430
136
ugy
199

45
262
124
599
201
157
ALY
usu
237
120
S8«
262
11V
u39
164

o4
261
11U

us
oud
119
39
264

135
667
348
186
103
572
314
163
808
364
144
468
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APPENDIX B

SAMPtE INPUT AND OUTPUT FOR THE PROFILE PROGRAM

Input to PROFILLE is as follows:
(A11 input data cards are in free field format.)

CARD 1

INITIAL HEIGHT
INITIAL LATITUDE

INITIAL WEST
LONGITUDE

F10.7

MEAN F10.7

AP

DATE

GREENWICH TIME
LAT INCREMENT
WEST LON

INCREMENT

HEIGHT INCREMENT

MAXIMUM NUMBER
OF POSITIONS

Height of starting position, km

Latitude of starting position (degrees, southern
latitudes negative)

West longitude of starting position (degrees, 0
to 360 degrees, or east longitudes negative)

Solar 10.7 cm radio noise flux (10‘22 watts/mz)

at time of calculations. Use zero if height does
not go over 90 km. Use 230 for design applications
or consult Aerospace Environment Division (AED) of
Marshall Space Flight Center (MSFC) for monthly pre-
dictions.

81 day mean solar 10.7 cm flux. Use zero if height
does not go over 90 km. Use 230 for design appli-
cations or consult AED, MSFC for monthly predict-
jons.

Geomagnetic index ap. Use zero if height does not
go over 90 km. Use 20.3 for design steady state
conditions, or 400 for maximum conditions, or con-
sult AED, MSFC.

Date for starting time of calculations (month, date,
two digit year). Use month 13 for annual reference
period.

Time for starting position (hours, minutes, seconds).
Use time corresponding to local time = 0900 for de-
sign steady state, or 1400 for maximumidancitions.

Latitude displacement (degrees) between successive
positions (new lat = old lat + lat increment). Use
zero if trajectory positions are to be read in.

West longitude displacement (degrees) between success-
ive positions (new lon = 0ld lon + lon increment).
Use zero if trajectory positions are to be read in.

Height decrease (km) between successive positions
(new height = old height ~ height increment). Nor-
mal profiles are generated downward. If an upward
generated profile is desired set height increment
negative.

Number of positions to be computed, not including
initial position. Use zero if trajectory positions
are to be read in.
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CARD 1

TIME INCREMENT

TRAJECTORY OPTION

PUNCH OPTION

Time displacement %seconds) between succeisiv po-
sitions for automatically generated profiles ?new
time = old time + time increment) - -

0 for linear profile generated automatically internal
to the program, greater than 0 for a trajectory with
each position to be read in. ‘ ’

0 for no punch output of atmospheric parameter va'ues,
non-zero to get punch output.

————t=— CONT'D —

CARD 2

GROVES INPUT UNIT

RANDOM INPUT UNIT

“QBO INPUT UNIT

4-D INPUT UNIT
RANDOM OPTION
QBO OPTION

FIRST RANDOM
NUMBER

NMC READ OPTION

NMC GRID POINTS
SCRATCH UNIT

Unit number for tape containing Groves and stationary
perturbations (SCIDAT tape in Appendix A). Use any
available unit number.

Unit number of file from which random perturbation
data are to be read. If same as Groves input unit,
these are.read from SCIDAT tape. If card input, use
5. '

Unit number of file from which QBO parameters are to
be read. If same as Groves input unit, these are
read from SCIDAT tape. If card input, use 5.

Unit number for 4-D input data tape.

Use any avail-
able unit number.

1 means compute random perturbation output, 2 means
do not compute random perturbation output.

1 means compute QBO output, 2 means do not compute
QBO output.

Initial number for random number generator used to

- compute random perturbations (can be any odd positive

integer). Use 1 for standard design applications.

0 means read NMC grid data from SCIDAT tape, other-
wise these data are read from cards.

Unit number for scratch file for 4-D grid profiles
required in computations. Use any available unit
number. This normally is a temporary drum file,

Unit number for scratch file to store NMC grid point
data. Use any available unit number. This normally
is a temporary drum file.

e

*

CARD 3

l<—— (OPTIONAL)

INITIAL P, D, T

SIGMA P, D, T

INITIAL U, V

SIGMA U, V

Initial values of random relative pressure, density,
and temperature perturbations, percent. Use zeros
for standard design applications.

Initial values of relative standard deviation (per-
cent) for random pressure, density, and temperature.
Use zeros for standard design applications.

Initial values of random wind components, m/s. Use
zeros for standard design applications.

Initial values of standard deviation for random winds,
m/s. Use zeros for standard design applications.

* - Include card 3 only if random option = 1.
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TRAJECTORY INPUT - Use only if Tinear profile is not to be generated
automatically. Each record has time (seconas)g
height (km), latitude (degrees), and west longitude

(degrees).
TRAJECTORY BACK- Only if trajectory input is used. Same form as a
UP CARD trajectory position but with any negative height
value.

The trajectory input cards are optional, in free field format.
If included, use as many cards as necessary.

A sample output listing is shown beginning on page 112. The input for
this sample run would be:

CARD 1: 121.92, 57.97, 350.80, 136., 155., 9., 1, 1, 73, 0, 0, O, .0, .0,
.0, 58, 0, 58, 0,

CARD 2: 3, 3, 3, 4,1, 1, 8941, 0, 12, 13,

CARD 3: .0, .0, .0, .0, .0, .0, .0, .0, .0, .0,

TRAJECTORY INPUT: 0, 121.92, 57.97, 350.80,
30, 118.82, 59.80, 352.80,
50, 116.73, 61.00, 354.50,

1850, 5.11, 34.61, 120.43

1882, 3.53, 34.64, 120.47

9992, -9.9, 99.99, 99.99, (trajectory backup card)

Input for the sample outout listing beginning on page 120 is as follows:
CARD 1: 92.9, 28.45, 80.53, .0, .0, .0, 1, 1, 73, 0, 0, O, .0, .0, 2., 46,
0, 0, 0,

CARD 2: 3, 3, 3, 4, 1, 1, 8941, 0, 12, 13,
CARD 3: -12.7, -7.2, -5.6, 10.21, 10.43, 9.91, -18.0, -16.0, 19.96, 19.96,
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A SUMMARY OF THE ORGANIZATION OF AN
INPUT DATA DECK IS AS FOLLOWS

Initial Data

Card 1, See Section 4 or earlier in this Appendix
Card 2, See Section 4 or earlier in this Appendix
Card 3, Optional, included only if random option = 1

NMC Grid Data

Optional. Include as card input only if this is not to be read from
the SCIDAT data tape.

Random Perturbation Data

Optional. Include as card input only if the random input unit is 5
and these data are not to be read from the SCIDAT data tape or some other
input file. Do not include if random option = 2.

QB0 Parameters

Optional. Include as card input only if the QBO input unit is 5 and
these data are not to be read from the SCIDAT data tape or some other file.
Do not include if QBO option = 2.

Trajectory Position Data and Backup Card

Optional. Include if trajectory, rather than linear profile generated
by the program, is to be evaluated.

More Data of the Same Kind (Starting with Initial Data, Card 1)

If additional trajectories or profiles are to be evaluated, the data
may be input one set immediately after the other. The program is actually
more efficient for such multiple runs if the month remains the same. This
is because as long as the month remains the same the SCIDAT data tape read

H

can be avoided for each subséquent data set.
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OUTPUT OF PROFILEIS AS FOLLOWS

JULIAN DATE - Computed from input date, set equal to zero for month
13 (annual average)

HEIGHT, LAT, _ Position and time where atmospheric parameters are

LON, TIME evaluated

UNPERTURBED PRESSURE

DENSITY, TEMPERATURE _ Computed from Jacchia, 4-D, or Groves - plus - stat-
AND GEOSTROPHIC WIND = ionary perturbations, depending on height.

(monthly mean values)

ngé%T$?E$égsgﬁA_ _ Monthly means plus random perturbations and QBO per-

TURE, AND WIND turbations

THERMAL WIND SHEAR - From thermal wind equations using finite differences
of Jacchia, 4-D, or Groves - plus - stationary per-
turbations, depending on height.

PERTURBATION _ Stationary perturbations, QBO perturbations and amp-

VALUES litudes, and random perturbations and magnitudes.
Perturbations are those which were added to monthly
means to produce total results output.

Following is a listing of sample output from the PROFILE program. Init-
ial lines of output are merely Tistings of the input data for easy reference.
These listings are provided to indicate formats and kinds of input and out-
put data. For a listing of the input cards for these sample outputs, see

page 109.
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APPENDIX C - PROFILE PROGRAM LISTING

Following is a listing of the PROFILE program. The subroutines
are in order alphabetically. Numbers on the left hand side of the list-
ing are relative addresses and consecutive record numbers. Sequence
numbers containing a three character subroutine code and a five digit
number appear on the right of the printout. Information on the storage
requirements, and a listing of the identifiers used appear at the be-

ginning of each subroutine.
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APPENDIX D - SUMMARY OF PROGRAM CHARACTERISTICS

(Program Operating Environment)

Hardware

+¥]

Computer - Univac 1108

b. Core Requirements - slightly under 32 K words

c. Magnetic Tapes - All tapes are 7 tracks. Tapes required are:
1 program tape, 1 "SCIDAT" data tape (see pages 7-10 and
51-106), from 1 to 4 4-D data tapes, depending on the num-
ber of months to be used under control of one run card
(see pages 4-6).

d.  Card Punch - Standard card punch required if optional card
output is selected (see page 108).

e. Plotter - None required

f. Drum or Disk - 2 temporary drum files are required. No perm-

anent drum or disk files are created by a program run.

Optional punch output could easily be converted to come out

on permanent drum or disk file instead.

g. Other Hardware - None
Software

a. Operating System - EXEC 8

b. Language - FORTRAN IV (UNIVAC FORTRAN V)
c. Type of Run - Batch

d. Library Subroutines - None

e. Program Overlays - (Optional) see page 39
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Program Specifications

a. Common - See pages 40-44

b. Program Segments - See pages 39-50

c. Program Subroutines - See pages 32-36

d. Listing.- See pages 126-202

e. Flow Charts - See pages 3, 33, 37, and 38

f. Sample Input - See pages 107-110, and 11-21
g. Sample Output - See pages 111-125, and 22-27

h. Diagnostic Messages - See pages 28-31]
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